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Foreword

This Technical Specification (TS) has been produced by the 3" Generation Partnership Project (3GPP).

The contents of the present document are subject to continuing work within the TSG and may change following formal
TSG approval. Should the TSG modify the contents of this present document, it will be re-released by the TSG with an
identifying change of release date and an increase in version number as follows:

Version x.y.z
where:
x the first digit:
1 presented to TSG for information;
2 presented to TSG for approval,
3 or greater indicates TSG approved document under change control.

y the second digit is incremented for all changes of substance, i.e. technical enhancements, corrections,
updates, etc.

z the third digit is incremented when editorial only changes have been incorporated in the document.
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1 Scope

The present document specifies and establishes the characteristics of the physicals layer procedures in the FDD and
TDD modes of E-UTRA.

2 References

The following documents contain provisions which, through reference in this text, constitute provisions of the present
document.

e References are either specific (identified by date of publication, edition number, version number, etc.) or
non-specific.

e For aspecific reference, subsequent revisions do not apply.

¢ For a non-specific reference, the latest version applies. In the case of a reference to a 3GPP document
(including a GSM document), a non-specific reference implicitly refers to the latest version of that document in
the same Release as the present document.

[1] 3GPP TR 21.905: "Vocabulary for 3GPP Specifications".

[2] 3GPP TS 36.201: "Evolved Universal Terrestrial Radio Access (E-UTRA); Physical Layer —
General Description".

[3] 3GPP TS 36.211: "Evolved Universal Terrestrial Radio Access (E-UTRA); Physical channels and
modulation”.

[4] 3GPP TS 36.212: "Evolved Universal Terrestrial Radio Access (E-UTRA); Multiplexing and
channel coding™.

[5] 3GPP TS 36.214: "Evolved Universal Terrestrial Radio Access (E-UTRA); Physical layer —
Measurements".

[6] 3GPP TS 36.101: "Evolved Universal Terrestrial Radio Access (E-UTRA); User Equipment (UE)

radio transmission and reception”.

[7] 3GPP TS 36.104: "Evolved Universal Terrestrial Radio Access (E-UTRA); Base Station (BS)
radio transmission and reception”.

[8] 3GPP TS 36.321, "Evolved Universal Terrestrial Radio Access (E-UTRA); Medium Access
Control (MAC) protocol specification™.

[9] 3GPP TS 36.423, "Evolved Universal Terrestrial Radio Access (E-UTRA); X2 Application
Protocol (X2AP)".

[10] 3GPP TS 36.133, "Evolved Universal Terrestrial Radio Access (E-UTRA); Requirements for
support of radio resource management".

[11] 3GPP TS 36.331, "Evolved Universal Terrestrial Radio Access (E-UTRA); Radio Resource
Control (RRC) protocol specification”.

[12] 3GPP TS 36.306: "Evolved Universal Terrestrial Radio Access (E-UTRA); User Equipment (UE)
radio access capabilities”.

3 Symbols and abbreviations
3.1 Symbols

For the purposes of the present document, the following symbols apply:

ng System frame number as defined in [3]
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Ng

DL
Ncells

DL
NRrg
UL
NrB
UL
Nsymb
RB
Ngc
T

S

3.2
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Slot number within a radio frame as defined in [3]

Number of configured cells

Downlink bandwidth configuration, expressed in units of N&° as defined in [3]
Uplink bandwidth configuration, expressed in units of NSFEB as defined in [3]

Number of SC-FDMA symbols in an uplink slot as defined in [3]

Resource block size in the frequency domain, expressed as a number of subcarriers as defined in

(3]

Basic time unit as defined in [3]

Abbreviations

For the purposes of the present document, the abbreviations given in TR 21.905 [1] and the following apply.
An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any,

in TR 21.905 [1].

ACK
BCH
CCE
CDD
cG

CIF

cal
CRC
CRI

csl
CSI-IM
DAI
DCI

DL
DL-SCH
DTX
EPDCCH
EPRE
MCG
MCS
NACK
NPBCH
NPDCCH
NPDSCH
NPRACH
NPUSCH
NPSS
NSSS
NRS
PBCH
PCFICH
PDCCH
PDSCH
PHICH
PMCH
PMI
PRACH
PRS
PRB
PSBCH
PSCCH
PSCell

Acknowledgement

Broadcast Channel

Control Channel Element

Cyclic Delay Diversity

Cell Group

Carrier Indicator Field

Channel Quality Indicator

Cyclic Redundancy Check

CSI-RS Resource Indicator

Channel State Information

CSl-interference measurement

Downlink Assignment Index

Downlink Control Information

Downlink

Downlink Shared Channel

Discontinuous Transmission

Enhanced Physical Downlink Control Channel
Energy Per Resource Element

Master Cell Group

Modulation and Coding Scheme

Negative Acknowledgement

Narrowband Physical Broadcast CHannel
Narrowband Physical Downlink Control CHannel
Narrowband Physical Downlink Shared CHannel
Narrowband Physical Random Access CHannel
Narrowband Physical Uplink Shared CHannel
Narrowband Primary Synchronization Signal
Narrowband Secondary Synchronization Signal
Narrowband Reference Signal

Physical Broadcast Channel

Physical Control Format Indicator Channel
Physical Downlink Control Channel

Physical Downlink Shared Channel

Physical Hybrid ARQ Indicator Channel
Physical Multicast Channel

Precoding Matrix Indicator

Physical Random Access Channel

Positioning Reference Signal

Physical Resource Block

Physical Sidelink Broadcast Channel

Physical Sidelink Control Channel

Primary Secondary cell
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PSDCH
PSSCH
PSSS
PUCCH
PUCCH-SCell
PUSCH
PTI

RBG

RE

RI

RS

SCG
SINR
SPS C-RNTI
SR

SRS
SSSS
TAG
TBS
UCl

UE

UL
UL-SCH
VRB

10

Physical Sidelink Discovery Channel
Physical Sidelink Shared Channel
Primary Sidelink Synchronisation Signal
Physical Uplink Control Channel
PUCCH SCell

Physical Uplink Shared Channel
Precoding Type Indicator

Resource Block Group

Resource Element

Rank Indication

Reference Signal

Secondary Cell Group

Signal to Interference plus Noise Ratio
Semi-Persistent Scheduling C-RNTI
Scheduling Request

Sounding Reference Symbol
Secondary Sidelink Synchronisation Signal
Timing Advance Group

Transport Block Size

Uplink Control Information

User Equipment

Uplink

Uplink Shared Channel

Virtual Resource Block

3GPP
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4 Synchronization procedures
4.1 Cell search

Cell search is the procedure by which a UE acquires time and frequency synchronization with a cell and detects the
physical layer Cell ID of that cell. E-UTRA cell search supports a scalable overall transmission bandwidth
corresponding to 6 resource blocks and upwards.

The following signals are transmitted in the downlink to facilitate cell search: the primary and secondary
synchronization signals.

A UE may assume the antenna ports 0 — 3 and the antenna port for the primary/secondary synchronization signals of a
serving cell are quasi co-located (as defined in [3]) with respect to Doppler shift and average delay.

4.2 Timing synchronization
4.2.1 Radio link monitoring

The downlink radio link quality of the primary cell shall be monitored by the UE for the purpose of indicating out-of-
sync/in-sync status to higher layers.

If the UE is configured with a SCG [11] and the parameter rlf-TimersAndConstantsSCG is provided by the higher layers
and is not set to release, the downlink radio link quality of the PSCell [11] of the SCG shall be monitored by the UE for
the purpose of indicating out-of-sync/in-sync status to higher layers.

In non-DRX mode operation, the physical layer in the UE shall every radio frame assess the radio link quality,
evaluated over the previous time period defined in [10], against thresholds (Qou: and Qin) defined by relevant tests in
[10].

In DRX mode operation, the physical layer in the UE shall at least once every DRX period assess the radio link quality,
evaluated over the previous time period defined in [10], against thresholds (Qou: and Qin) defined by relevant tests in
[10].

If higher-layer signalling indicates certain subframes for restricted radio link monitoring, the radio link quality shall not
be monitored in any subframe other than those indicated.

The physical layer in the UE shall in radio frames where the radio link quality is assessed indicate out-of-sync to higher
layers when the radio link quality is worse than the threshold Qout. When the radio link quality is better than the
threshold Qin, the physical layer in the UE shall in radio frames where the radio link quality is assessed indicate in-sync
to higher layers.

4.2.2 Inter-cell synchronization

No functionality is specified in this subclause in this release.

4.2.3  Transmission timing adjustments

Upon reception of a timing advance command for a TAG containing the primary cell or PSCell, the UE shall adjust
uplink transmission timing for PUCCH/PUSCH/SRS of the primary cell or PSCell based on the received timing
advance command.

The UL transmission timing for PUSCH/SRS of a secondary cell is the same as the primary cell if the secondary cell
and the primary cell belong to the same TAG. If the primary cell in a TAG has a frame structure type 1 and a secondary
cell in the same TAG has a frame structure type 2, UE may assume that Nta > 624.

If the UE is configured with a SCG, the UL transmission timing for PUSCH/SRS of a secondary cell other than the
PSCell is the same as the PScell if the secondary cell and the PSCell belong to the same TAG.

Upon reception of a timing advance command for a TAG not containing the primary cell or PSCell, if all the serving
cells in the TAG have the same frame structure type, the UE shall adjust uplink transmission timing for PUSCH/SRS of
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all the secondary cells in the TAG based on the received timing advance command where the UL transmission timing
for PUSCH /SRS is the same for all the secondary cells in the TAG.

Upon reception of a timing advance command for a TAG not containing the primary cell or PSCell, if a serving cell in
the TAG has a different frame structure type compared to the frame structure type of another serving cell in the same
TAG, the UE shall adjust uplink transmission timing for PUSCH/SRS of all the secondary cells in the TAG by using
Nraofiset = 624 regardless of the frame structure type of the serving cells and based on the received timing advance
command where the UL transmission timing for PUSCH /SRS is the same for all the secondary cells in the TAG.
Nraofiset IS described in [3].

The timing advance command for a TAG indicates the change of the uplink timing relative to the current uplink timing
for the TAG as multiples of 16 T . The start timing of the random access preamble is specified in [3].

In case of random access response, an 11-bit timing advance command [8], Ta, for a TAG indicates Nta values by index
valuesof TA=0, 1, 2, ..., 256 if the UE is configured with a SCG, and Ta=0, 1, 2, ..., 1282 otherwise, where an amount
of the time alignment for the TAG is given by Nta = Ta x16. Nrais defined in [3].

In other cases, a 6-bit timing advance command [8], Ta, for a TAG indicates adjustment of the current Nta value, Nta oid,
to the new Nra value, Ntanew, by index values of TAa =0, 1, 2,..., 63, where Ntanew = Ntaod + (Ta —31)x16. Here,
adjustment of Nra value by a positive or a negative amount indicates advancing or delaying the uplink transmission
timing for the TAG by a given amount respectively.

For a timing advance command received on subframe n, the corresponding adjustment of the uplink transmission timing
shall apply from the beginning of subframe n+6. For serving cells in the same TAG, when the UE's uplink
PUCCH/PUSCH/SRS transmissions in subframe n and subframe n+1 are overlapped due to the timing adjustment, the
UE shall complete transmission of subframe n and not transmit the overlapped part of subframe n+1.

If the received downlink timing changes and is not compensated or is only partly compensated by the uplink timing
adjustment without timing advance command as specified in [10], the UE changes Nra accordingly.

4.3 Timing for Secondary Cell Activation / Deactivation

When a UE receives an activation command [8] for a secondary cell in subframe n, the corresponding actions in [8]
shall be applied no later than the minimum requirement defined in [10] and no earlier than subframe n+8, except for the
following:

- the actions related to CSI reporting on a serving cell which is active in subframe n+8

- the actions related to the sCellDeactivationTimer associated with the secondary cell [8]
which shall be applied in subframe n+8.

- the actions related to CSI reporting on a serving cell which is not active in subframe n+8
which shall be applied in the earliest subframe after n+8 in which the serving cell is active.

When a UE receives a deactivation command [8] for a secondary cell or the sCellDeactivationTimer associated with the
secondary cell expires in subframe n, the corresponding actions in [8] shall apply no later than the minimum
requirement defined in [10], except for the actions related to CSI reporting on a serving cell which is active which shall
be applied in subframe n+8.
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5 Power control

Downlink power control determines the Energy Per Resource Element (EPRE). The term resource element energy
denotes the energy prior to CP insertion. The term resource element energy also denotes the average energy taken over
all constellation points for the modulation scheme applied. Uplink power control determines the average power over a
SC-FDMA symbol in which the physical channel is transmitted.

5.1 Uplink power control
Uplink power control controls the transmit power of the different uplink physical channels.

For PUSCH, the transmit power ﬁpuSCHYC(i) defined in subclause 5.1.1, is first scaled by the ratio of the number of

antennas ports with a non-zero PUSCH transmission to the number of configured antenna ports for the transmission
scheme. The resulting scaled power is then split equally across the antenna ports on which the non-zero PUSCH is
transmitted.

For PUCCH or SRS, the transmit power Ppccp (i), defined in subclause 5.1.1.1, or IsSRS,c(i) is split equally across

the configured antenna ports for PUCCH or SRS. FA’SRSYC(i) is the linear value of Pggg ¢ (i) defined in subclause 5.1.3.

A cell wide overload indicator (Ol) and a High Interference Indicator (HII) to control UL interference are defined in [9].

For a serving cell with frame structure type 1, a UE is not expected to be configured with
UplinkPowerControlDedicated-v12x0.

5.1.1 Physical uplink shared channel
If the UE is configured with a SCG, the UE shall apply the procedures described in this clause for both MCG and SCG

- When the procedures are applied for MCG, the terms ‘secondary cell’, ‘secondary cells’ , “serving cell’, ‘serving
cells’ in this clause refer to secondary cell, secondary cells, serving cell, serving cells belonging to the MCG
respectively.

- When the procedures are applied for SCG, the terms ‘secondary cell’, ‘secondary cells’, ‘serving cell’, ‘serving
cells’ in this clause refer to secondary cell, secondary cells (not including PSCell), serving cell, serving cells
belonging to the SCG respectively. The term “primary cell’ in this clause refers to the PSCell of the SCG.

If the UE is configured with a PUCCH-SCell, the UE shall apply the procedures described in this clause for both
primary PUCCH group and secondary PUCCH group

- When the procedures are applied for primary PUCCH group, the terms ‘secondary cell’, ‘secondary cells’ ,
‘serving cell’, ‘serving cells’ in this clause refer to secondary cell, secondary cells, serving cell, serving cells
belonging to the primary PUCCH group respectively.

- When the procedures are applied for secondary PUCCH group, the terms ‘secondary cell’, ‘secondary cells’,
‘serving cell’, “serving cells’ in this clause refer to secondary cell, secondary cells, serving cell, serving cells
belonging to the secondary PUCCH group respectively.

51.1.1 UE behaviour

The setting of the UE Transmit power for a Physical Uplink Shared Channel (PUSCH) transmission is defined as
follows.

If the UE transmits PUSCH without a simultaneous PUCCH for the serving cell c, then the UE transmit power
Ppusch,c (i) for PUSCH transmission in subframe i for the serving cell cis given by

Pemax,c (1),
1010930 (Mpysch,c (i) + Po_pusch,c (1) + ac (i) - PLe + Atg o (i) + fc (i)

Peusch,c() = min{ } [dBm]
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If the UE transmits PUSCH simultaneous with PUCCH for the serving cell c, then the UE transmit power
Ppusch,c (i) for the PUSCH transmission in subframe i for the serving cell c is given by

N 10|0910(|3CMAX,C(i)_ISPUCCH(i)):
PouscH,c (i) = min ) ) . . .
10log10(MpyscH,c (1)) + Po_pusch,c (1) + ¢ (1) - PLe + Aqp o (1) + fc (i)

[dBm]

If the UE is not transmitting PUSCH for the serving cell c, for the accumulation of TPC command received with DCI
format 3/3A for PUSCH, the UE shall assume that the UE transmit power Ppygcy (i) for the PUSCH transmission in

subframe i for the serving cell ¢ is computed by
Pouschc (i) = min{PCMAX,c (1), Po_puscr,c@ +ac (D) -PL, + f (i) } [dBm]

where,

- Pomax (i) is the configured UE transmit power defined in [6] in subframe i for serving cell ¢ and

FA’CMAX,C(i) is the linear value of Pcpax (i) - If the UE transmits PUCCH without PUSCH in subframe i for

the serving cell c, for the accumulation of TPC command received with DCI format 3/3A for PUSCH, the UE
shall assume Peyax (i) as given by subclause 5.1.2.1. If the UE does not transmit PUCCH and PUSCH in

subframe i for the serving cell ¢, for the accumulation of TPC command received with DCI format 3/3A for
PUSCH, the UE shall compute Peyax (i) assuming MPR=0dB, A-MPR=0dB, P-MPR=0dB and ATc =0dB,

where MPR, A-MPR, P-MPR and AT are defined in [6].
- Pouccn (i) is the linear value of Pojccy (i) defined in subclause 5.1.2.1

- Mpysch,c (i) is the bandwidth of the PUSCH resource assignment expressed in number of resource blocks valid
for subframe i and serving cell c.

- If the UE is configured with higher layer parameter UplinkPowerControlDedicated-v12x0 for serving cell ¢
and if subframe i belongs to uplink power control subframe set 2 as indicated by the higher layer parameter
tpc-SubframeSet-ri2,

- when j=0, Py pyscrc(0) = Po_ue_puscrc2 (0) + Fo_nommar_puscrc.2 (0) - where j=0 i used for PUSCH

(re)transmissions corresponding to a semi-persistent grant. Py ¢ pyscric2(0) and Py yommar puscricz (0)
are the parameters p0-UE-PUSCH-Persistent-SubframeSet2-r12 and p0-NominalPUSCH-Persistent -
SubframeSet2-r12 respectively provided by higher layers, for each serving cell c.

- when j=1, By pusce (1) = Po_ue_puscrc2 (1) + Fo_nomimar_puscrc2 (1) . where j=1 is used for PUSCH
(re)transmissions corresponding to a dynamic scheduled grant. By ¢ puschic. () and

PO NOMINAL PUSCH .2 (1) are the parameters p0-UE-PUSCH-SubframeSet2-r12 and p0-NominalPUSCH-
SubframeSet2-r12 respectively, provided by higher layers for serving cell c.

- when j=2, PO_PUSCH,c (2)= PO_UE_PUSCH,c (2) + PO_NOMINAL_PUSCH,C(Z) where PO_UE_PUSCH,C (2)=0 and
PO_NOMINAL_PUSCH,C(Z) = PO_PRE + APREAMBLE_MsgS » Where the parameter
preamblelnitialReceivedTargetPower [8] ( PO_PRE )and Appeaveie msgs are signalled from higher layers
for serving cell ¢, where j=2 is used for PUSCH (re)transmissions corresponding to the random access
response grant.

Otherwise

- Po_pusch,c (1) is @ parameter composed of the sum of a component Py nominaL_pusch,c(J) Pprovided
from higher layers for j=0 and 1 and a component Py yg pysch,c(j) Provided by higher layers for j=0 and
1 for serving cell c¢. For PUSCH (re)transmissions corresponding to a semi-persistent grant then j=0, for
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PUSCH (re)transmissions corresponding to a dynamic scheduled grant then j=1 and for PUSCH
(re)transmissions corresponding to the random access response grant then j=2. Py yg_pusch,c(2) =0 and

Po_NOMINAL _puscH,c(2) = Po_pre +ApreamBLE _Msg3 . Where the parameter
preamblelnitialReceivedTargetPower [8] ( Py pre ) and A preampLe msgs are signalled from higher layers
for serving cell c.

If the UE is configured with higher layer parameter UplinkPowerControlDedicated-v12x0 for serving cell ¢

and if subframe i belongs to uplink power control subframe set 2 as indicated by the higher layer parameter
tpc-SubframeSet-r12,

- Forj=0orl, aj)=a.,€ {0, 0.4,0.5,0.6,0.7,0.8,0.9, 1}. a, , is the parameter alpha-
SubframeSet2-r12 provided by higher layers for each serving cell c.

- Forj=2, e (])=1.
Otherwise

- Forj=0orl, ;¢ {O, 0.4,0.5,0.6,0.7,0.8,0.9, 1} is a 3-bit parameter provided by higher layers for
serving cell c. Forj=2, a.(j)=1.

PL. is the downlink path loss estimate calculated in the UE for serving cell ¢ indBand PL, =

referenceSignalPower — higher layer filtered RSRP, where referenceSignalPower is provided by higher layers
and RSRP is defined in [5] for the reference serving cell and the higher layer filter configuration is defined in
[11] for the reference serving cell.

- Ifserving cell ¢ belongsto a TAG containing the primary cell then, for the uplink of the primary cell, the
primary cell is used as the reference serving cell for determining referenceSignalPower and higher layer
filtered RSRP. For the uplink of the secondary cell, the serving cell configured by the higher layer parameter
pathlossReferenceLinking defined in [11] is used as the reference serving cell for determining
referenceSignalPower and higher layer filtered RSRP.

- Ifserving cell ¢ belongs to a TAG containing the PSCell then, for the uplink of the PSCell, the PSCell is
used as the reference serving cell for determining referenceSignalPower and higher layer filtered RSRP; for
the uplink of the secondary cell other than PSCell, the serving cell configured by the higher layer parameter
pathlossReferenceLinking defined in [11] is used as the reference serving cell for determining
referenceSignalPower and higher layer filtered RSRP.

- Ifserving cell ¢ belongs to a TAG not containing the primary cell or PSCell then serving cell ¢ is used as
the reference serving cell for determining referenceSignalPower and higher layer filtered RSRP.

Atg ¢ (i) :10Ioglo((ZBPRE'KS —1)- OF;fLSJeStCH) for Kg =1.25and 0 for Kg =0where Kg is given by the

parameter deltaMCS-Enabled provided by higher layers for each serving cell ¢. BPRE and ﬂfﬁggtc"' , for

each serving cell c, are computed as below. Kg =0 for transmission mode 2.

c-1
- BPRE =0Ocq, / Ngg for control data sent via PUSCH without UL-SCH data and Z K, /N g for other

r=0
cases.
- where C is the number of code blocks, K, is the size for code block r, Ocq, is the number of
CQI/PMI bits including CRC bits and N is the number of resource elements determined as
Ngg = M FPUSCH —initial ‘NSF;,LrJn%CH'i”i“a' , where C, K, MSF;USCH initial g N PUSCH-Ntal e defined in

symb
[4].

- RS = g% for control data sent via PUSCH without UL-SCH data and 1 for other cases.

offset offset
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- JpyuscHc IS acorrection value, also referred to as a TPC command and is included in PDCCH/EPDCCH with

DCI format 0/4 or in MPDCCH with DCI format 6-0A for serving cell c or jointly coded with other TPC
commands in PDCCH/MPDCCH with DCI format 3/3A whose CRC parity bits are scrambled with TPC-
PUSCH-RNTI. If the UE is configured with higher layer parameter UplinkPowerControlDedicated-v12x0 for
serving cell ¢ and if subframe i belongs to uplink power control subframe set 2 as indicated by the higher
layer parameter tpc-SubframeSet-r12, the current PUSCH power control adjustment state for serving cell cis

given by f_, (i), and the UE shall use f_,(i) instead of f (i) to determine Ppyscy ¢ (i) . Otherwise, the

current PUSCH power control adjustment state for serving cell cis givenby f.(i). f_,(i) and f.(i) are
defined by:

- fC (l) = fc(l —1) +5PUSCH,C (l - KPUSCH) and fC,Z(i) = fc,Z(i —1) + 5PUSCH,C (I — KPUSCH) if accumulation

is enabled based on the parameter Accumulation-enabled provided by higher layers or if the TPC
command SpyscH¢ 1S included in a PDCCH/EPDCCH with DCI format 0 or in a MPDCCH with DCI

format 6-0A for serving cell ¢ where the CRC is scrambled by the Temporary C-RNTI

- where SpyscH ¢ (i — Kpysch ) was signalled on PDCCH/EPDCCH with DCI format 0/4 or MPDCCH
with DCI format 6-0A or PDCCH/MPDCCH with DCI format 3/3A on subframe i — Kpgcy , and where
fc (0) is the first value after reset of accumulation. For a BL/CE UE configured with CEModeA,
subframe i—Kpyscy 1S the last subframe in which the MPDCCH with DCI format 6-0A or MPDCCH
with DCI format 3/3A is transmitted.

- Thevalue of Kpygey IS
- For FDD or FDD-TDD and serving cell frame structure type 1, Kpyoey =4

- For TDD, if the UE is configured with more than one serving cell and the TDD UL/DL configuration
of at least two configured serving cells is not the same, or if the UE is configured with the parameter
EIMTA-MainConfigServCell-r12 for at least one serving cell, or for FDD-TDD and serving cell frame
structure type 2, the "TDD UL/DL configuration" refers to the UL-reference UL/DL configuration
(defined in subclause 8.0) for serving cell c.

- For TDD UL/DL configurations 1-6, Kpuscn is given in Table 5.1.1.1-1
- For TDD UL/DL configuration 0
- If the PUSCH transmission in subframe 2 or 7 is scheduled with a PDCCH/EPDCCH of DCI

format 0/4 or a MPDCCH of DCI format 6-0A in which the LSB of the UL index is set to 1,
Kpusch =7

- For all other PUSCH transmissions, Kpscy is given in Table 5.1.1.1-1.

- Forserving cell ¢ and a non-BL/CE UE, the UE attempts to decode a PDCCH/EPDCCH of DCI format
0/4 with the UE's C-RNTI or DCI format 0 for SPS C-RNTI and a PDCCH of DCI format 3/3A with this
UE's TPC-PUSCH-RNTI in every subframe except when in DRX or where serving cell ¢ is deactivated.

- Forserving cell ¢ and a BL/CE UE configured with CEModeA, the UE attempts to decode a MPDCCH
of DCI format 6-0A with the UE's C-RNTI or SPS C-RNTI and a MPDCCH of DCI format 3/3A with
this UE's TPC-PUSCH-RNTI in every BL/CE downlink subframe except when in DRX

- For anon-BL/CE UE, if DCI format 0/4 for serving cell cand DCI format 3/3A are both detected in the
same subframe, then the UE shall use the &pysch ¢ Provided in DCI format 0/4.

- For a BL/CE UE configured with CEModeA, if DCI format 6-0A for serving cell cand DCI format 3/3A
are both detected in the same subframe, then the UE shall use the &pygcy ¢ provided in DCI format 6-

0A.
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OpuscH,c = 0dB for a subframe where no TPC command is decoded for serving cell ¢ or where DRX
occurs or i is not an uplink subframe in TDD or FDD-TDD and serving cell ¢ frame structure type 2.

The Spysch,c dB accumulated values signalled on PDCCH/EPDCCH with DCI format 0/4 or

MPDCCH with DCI format 6-0A are given in Table 5.1.1.1-2. If the PDCCH/EPDCCH with DCI format
0 or MPDCCH with DCI format 6-0A is validated as a SPS activation or release
PDCCH/EPDCCH/MPDCCH, then &pyscy ¢ is 0dB.

The Jpyscy dB accumulated values signalled on PDCCH/MPDCCH with DCI format 3/3A are one of

SET1 given in Table 5.1.1.1-2 or SET2 given in Table 5.1.1.1-3 as determined by the parameter TPC-
Index provided by higher layers.

If UE has reached Pgypax c(i) for serving cell ¢, positive TPC commands for serving cell ¢ shall not
be accumulated

If UE has reached minimum power, negative TPC commands shall not be accumulated

If the UE is not configured with higher layer parameter UplinkPowerControlDedicated-v12x0 for serving
cell ¢, the UE shall reset accumulation

- Forserving cell ¢, when P yg pusch,c Vvalue is changed by higher layers

- For serving cell ¢, when the UE receives random access response message for serving cell ¢

If the UE is configured with higher layer parameter UplinkPowerControlDedicated-v12x0 for serving cell
c 1

- the UE shall reset accumulation corresponding to f. () for serving cell ¢
- when P yg pusch,c value is changed by higher layers
- when the UE receives random access response message for serving cell ¢

- the UE shall reset accumulation corresponding to fc’z(*) for serving cell ¢

- when PO_UE_PUSC,J,VCY2 value is changed by higher layers

If the UE is configured with higher layer parameter UplinkPowerControlDedicated-v12x0 for serving cell
¢ and

- if subframe i belongs to uplink power control subframe set 2 as indicated by the higher layer
parameter tpc-SubframeSet-ri2 f (i) = f (i —1)

- if subframe i does not belong to uplink power control subframe set 2 as indicated by the higher layer
parameter tpc-SubframeSet-r1i2 f_,(i) = f_,(i—1)

- fC (l) = 5PUSCH,C (l - KPUSCH) and fC,Z(i) = 5PUSCH,C(i - KPUSCH) if accumulation is not enabled for
serving cell ¢ based on the parameter Accumulation-enabled provided by higher layers

where Spysch (i — Kpysch ) Was signalled on PDCCH/EPDCCH with DCI format 0/4 or MPDCCH
with DCI format 6-0A for serving cell ¢ on subframe i—Kp,scy - Fora BL/CE UE configured with

CEModeA, subframe i—Kpygcy IS the last subframe in which the MPDCCH with DCI format 6-0A or
MPDCCH with DCI format 3/3A is transmitted.

The value of Kpygoy IS

- For FDD or FDD-TDD and serving cell frame structure type 1, Kpygey = 4
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- For TDD, if the UE is configured with more than one serving cell and the TDD UL/DL configuration
of at least two configured serving cells is not the same, or if the UE is configured with the parameter
EIMTA-MainConfigServCell-r12 for at least one serving cell, or FDD-TDD and serving cell frame
structure type 2, the "TDD UL/DL configuration” refers to the UL-reference UL/DL configuration
(defined in subclause 8.0) for serving cell c.

- For TDD UL/DL configurations 1-6, Kouscn is given in Table 5.1.1.1-1.
- For TDD UL/DL configuration 0

- If the PUSCH transmission in subframe 2 or 7 is scheduled with a PDCCH/EPDCCH of DCI
format 0/4 or a MPDCCH with DCI format 6-0A in which the LSB of the UL index is setto 1,

Kpusch =7
- For all other PUSCH transmissions, Kpscy is given in Table 5.1.1.1-1.

The SpyscH,c dB absolute values signalled on PDCCH/EPDCCH with DCI format 0/4 or a MPDCCH

with DCI format 6-0A are given in Table 5.1.1.1-2. If the PDCCH/EPDCCH with DCI format O or a
MPDCCH with DCI format 6-0A is validated as a SPS activation or release
PDCCH/EPDCCH/MPDCCH, then pyscp ¢ is 0dB.

for anon-BL/CE UE, f.(i)=f.(i-1) and f_,(i)= f_,(i—1) fora subframe where no

PDCCH/EPDCCH with DCI format 0/4 is decoded for serving cell ¢ or where DRX occurs or i is not an
uplink subframe in TDD or FDD-TDD and serving cell ¢ frame structure type 2.

for a BL/CE UE configured with CEModeA, f. (i) = f.(i-1) and f_,(i) = f_,(i—1) for asubframe

where no MPDCCH with DCI format 6-0A is decoded for serving cell ¢ or where DRX occurs or i is
not an uplink subframe in TDD.

If the UE is configured with higher layer parameter UplinkPowerControlDedicated-v12x0 for serving cell
¢ and

- if subframe i belongs to uplink power control subframe set 2 as indicated by the higher layer
parameter tpc-SubframeSet-ri2 f (i) = f (i —1)

- if subframe i does not belong to uplink power control subframe set 2 as indicated by the higher layer
parameter tpc-SubframeSet-r12 f_,(i) = f_,(i—1)

- For both types of f.(*) (accumulation or current absolute) the first value is set as follows:

If Po ue_puscH,c Value is changed by higher layers and serving cell ¢ is the primary cell or, if
Po_UE_puscH,c Vvalue is received by higher layers and serving cell ¢ is a Secondary cell

- fC(O):O

Else

- If the UE receives the random access response message for a serving cell ¢

- f(0)=AP, . 4§

ampup, ¢ msg2,c’ where

0

msg2,c 1S the TPC command indicated in the random access response corresponding to the

random access preamble transmitted in the serving cell c, see subclause 6.2, and
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10109,,(M pysch (0))
AP =min|<max| 0, PcMAX,c -t PO_PUSCH,C(Z) + 5m

rampup,c 592 J

+a,(2)-PL+ A« (0)

AP and AP

rampuprequested ,c

is provided by higher layers and

rampuprequested,c

corresponds to the total power ramp-up requested by higher layers from the first to the last
preamble in the serving cell ¢, M PUSCH,C(O) is the bandwidth of the PUSCH resource

assignment expressed in number of resource blocks valid for the subframe of first PUSCH
transmission in the serving cell ¢, and Are¢(0) is the power adjustment of first PUSCH
transmission in the serving cell c.

- 1fPy ue puscrcz Vvalue is received by higher layers for a serving cell c.

- fcz(o) =0

Table 5.1.1.1-1: K, 4 for TDD configuration 0-6

TDD UL/DL subframe number i

Configuration |0 |1 |2 |3|4|5]|6|7|8]9
0 6|74 -1 6|7]4
1 - -[eflal-[-[-]6]4
2 -l -lal-1-1-1-1Tal-]-
3 - -4 1414 -]-]-]-1-
4 S -Talal-1-1-1-1-1-
5 - Tal-1-1-1-1-1-1-
6 - -J7l7s]-1-]7]7]-

Table 5.1.1.1-2: Mapping of TPC Command Field in DCI format 0/3/4 to absolute and accumulated
5PUSCH,C values

TPC Command Field in
DCl format 0/3/4 Accumulated JpyscH,c [dB] | Absolute Jpysch,c [dB] only DCI format 0/4
0 -1 -4
1 0 -1
2 1 1
3 3 4

Table 5.1.1.1-3: Mapping of TPC Command Field in DCI format 3A to accumulated Jdpyscn values

TPC Command Field in
DCI format 3A

0 -1

1 1

Accumulated pyscH ¢ [dB]

If the UE is not configured with an SCG or a PUCCH-SCell, and if the total transmit power of the UE would exceed
Peuax (i) , the UE scales Ppysc ¢ (i) for the serving cell ¢ in subframe i such that the condition

Z W(i) ’ ISPUSCH,C (') B (ISCMAX (') - lSPUCCH ('))
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is satisfied where Poycep (i) is the linear value of Poyccp (i), ﬁpUSCH’C(i) is the linear value of Ppysch (i),
f’CMAX (1) is the linear value of the UE total configured maximum output power Pe,,y defined in [6] in subframe i
and w(i) is a scaling factor of ﬁPUSCH,c(i) for serving cell ¢ where 0<w(i)<1. In case thereis no PUCCH
transmission in subframe i Ppycep (i) = 0.

If the UE is not configured with an SCG or a PUCCH-Scell, and if the UE has PUSCH transmission with UCI on
serving cell j ancj PUSCH without UCI in any of the remaining serving cells, and the total transmit power of the UE

would exceed Py, (i) , the UE scales Poygch ¢ (i) for the serving cells without UCH in subframe i such that the
condition

S W) - Buyscrre (1) < (Povuax (D) = Povsarn; ()

C#]

is satisfied where ﬁpUSCH’J‘ (i) is the PUSCH transmit power for the cell with UCI and w(i) is a scaling factor of

ISPUSCH,c(i) for serving cell ¢ without UCI. In this case, no power scaling is applied to ISPUSCH'J- (i)

unless Zw(i) -Poyusch ¢ (i) =0 and the total transmit power of the UE still would exceed Pgyay (i) -

C#]j

For a UE not configured with a SCG or a PUCCH-SCell, note that w(i) values are the same across serving cells
when w(i) > 0 but for certain serving cells w(i) may be zero.

If the UE is not configured with an SCG or a PUCCH-SCell, and if the UE has simultaneous PUCCH and PUSCH
transmission with UCI on serving cell j and PUSCH transmission without UCI in any of the remaining serving cells,

and the total transmit power of the UE would exceed Pgy,ay (1) , the UE obtains ﬁpuSCHyc(i) according to

F’;PUSCH,j ()= min(ﬁPUSCH,j (i), (ISCMAX (i) - ISPUCCH (')))

and

S W) - Pugscre (1) < (e () = Procort () = Prusarr; ()

Cc#j

If the UE is not configured with a SCG or a PUCCH-SCell, and

- If the UE is configured with multiple TAGs, and if the PUCCH/PUSCH transmission of the UE on subframe |
for a given serving cell in a TAG overlaps some portion of the first symbol of the PUSCH transmission on
subframe 1+1 for a different serving cell in another TAG the UE shall adjust its total transmission power to

not exceed Py, ON any overlapped portion.

- Ifthe UE is configured with multiple TAGs, and if the PUSCH transmission of the UE on subframe i fora
given serving cell in a TAG overlaps some portion of the first symbol of the PUCCH transmission on subframe
i +1 for a different serving cell in another TAG the UE shall adjust its total transmission power to not exceed

P.yax 0N any overlapped portion.

- If the UE is configured with multiple TAGs, and if the SRS transmission of the UE in a symbol on subframe i
for a given serving cell in a TAG overlaps with the PUCCH/PUSCH transmission on subframe i or subframe
i +1 for adifferent serving cell in the same or another TAG the UE shall drop SRS if its total transmission

power exceeds Py, ON any overlapped portion of the symbol.

- If the UE is configured with multiple TAGs and more than 2 serving cells, and if the SRS transmission of the UE
in a symbol on subframe 1 for a given serving cell overlaps with the SRS transmission on subframe 1 for a
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different serving cell(s) and with PUSCH/PUCCH transmission on subframe | or subframe i +1 for another
serving cell(s) the UE shall drop the SRS transmissions if the total transmission power exceeds Pey,ay 0n any
overlapped portion of the symbol.

- If the UE is configured with multiple TAGs, the UE shall, when requested by higher layers, to transmit PRACH
in a secondary serving cell in parallel with SRS transmission in a symbol on a subframe of a different serving

cell belonging to a different TAG, drop SRS if the total transmission power exceeds P,y 0n any overlapped
portion in the symbol.

- If the UE is configured with multiple TAGs, the UE shall, when requested by higher layers, to transmit PRACH
in a secondary serving cell in parallel with PUSCH/PUCCH in a different serving cell belonging to a different
TAG, adjust the transmission power of PUSCH/PUCCH so that its total transmission power does not exceed

Powax on the overlapped portion.

For a BL/CE UE configured with CEModeA, if the PUSCH is transmitted in more than one subframe io, i1, ..., in1
where ig< i1< ...< in-1, the PUSCH transmit power in subframe ix, k=0, 1, ..., N-1, is determined by

PPUSCH,c(ik) = PPUSCH,c(iO)

For a BL/CE UE configured with CEModeB, the PUSCH transmit power in subframe i is determined by

PPUSCH,C (ik ) = PCMAX,C (io)

51.1.2 Power headroom

There are two types of UE power headroom reports defined. A UE power headroom PH s valid for subframe i for
serving cell c.

If the UE is configured with a SCG, and if the higher layer parameter phr-ModeOtherCG-r12 for a CG indicates
‘virtual’, for power headroom reports transmitted on that CG, the UE shall compute PH assuming that it does not
transmit PUSCH/PUCCH on any serving cell of the other CG.

If the UE is configured with a SCG,

- For computing power headroom for cells belonging to MCG, the term “serving cell’ in this subclause refers to
serving cell belonging to the MCG.

- For computing power headroom for cells belonging to SCG, the term “serving cell” in this subclause refers to
serving cell belonging to the SCG. The term ‘primary cell’ in this subclause refers to the PSCell of the SCG.

If the UE is configured with a PUCCH-SCell,

- For computing power headroom for cells belonging to primary PUCCH group, the term ‘serving cell” in this
subclause refers to serving cell belonging to the primary PUCCH group.

- For computing power headroom for cells belonging to secondary PUCCH group, the term “serving cell’ in this
subclause refers to serving cell belonging to the secondary PUCCH group. The term ‘primary cell’ in this
subclause refers to the PUCCH-SCell of the secondary PUCCH group.

Type 1:

If the UE transmits PUSCH without PUCCH in subframe i for serving cell ¢, power headroom for a Type 1 report is
computed using

PH ype1,c(i) = Pemax,c (i) {10|0910(M puscH,c (D)) +Po_pusch,c (1) +ac(§) - Ple + Atg o (i) + fc (i) } [dB]

where, Peya (i), Mpuschc@) . Po puscrc(i): @c(i), Plg, Ar (i) and fe(i) are defined in subclause
5.1.1.1.
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If the UE transmits PUSCH with PUCCH in subframe i for serving cell c, power headroom for a Type 1 report is
computed using

PH ype1,c (i) = Pemax o (i) {10|0910(M puscH,c () + Po_pusch,c (1) +ac (1) - Ple + Aqe (i) + fc (i) } [dB]

where, Mpysch,c(1). Po pusch,c (i), ac(i), Ple, A (i) and f¢(i) aredefined in subclause 5.1.1.1.
ISCMAX ¢ (1) is computed based on the requirements in [6] assuming a PUSCH only transmission in subframe i . For

this case, the physical layer delivers l;CMAX (i) instead of Pcyax (i) to higher layers.

If the UE does not transmit PUSCH in subframe i for serving cell ¢, power headroom for a Type 1 report is
computed using

PH yper (i) = §CMAX,C(i)_ { Po_pusch,c (@) +ac (1) - PLe + (i) } [dB]

where, '5CMAx,c(i) is computed assuming MPR=0dB, A-MPR=0dB, P-MPR=0dB and AT¢ =0dB, where MPR , A-
MPR, P-MPR and ATc are defined in [6]. Po pysch,c(1), ac(1), PLc,and f.(i) are defined in subclause 5.1.1.1.

Type 2:

If the UE transmits PUSCH simultaneous with PUCCH in subframe i for the primary cell, power headroom for a Type
2 report is computed using

(1010930 (M puscre (1)) +Po,_puscre (1)+@e ()-PLe +Atec (D)+ fo (i))/10

PH ypeo (i) = Pemaxc (i) —1010g;9 [dB]

+ 10(P07PUCCH +PL¢ +h("col \NHARQ Nsr )+AF7PUCCH (F)+Amnp (F)+(i ))/10
where, Pcyaxc: MpuscH,c () Po pusch,c (1), @c(i), A (i) and fc(i) are the primary cell parameters as
defined in subclause 5.1.1.1 and Py pycers Ple, N(NcorsNHarg Nsr)» Ar pucer(F). Ao (F') and g(i) are
defined in subclause 5.1.2.1

If the UE transmits PUSCH without PUCCH in subframe i for the primary cell, power headroom for a Type 2 report is
computed using

(L010g36 (M puscc () +Po_puscre ()+ @ (i)-PLe +Ate (i)+ o (i) )/10

dB]

PH type2 (i) = Pemax c () —1010g;9 . 1O(Po_pUCCH+PLc+g(i))/10

where, Pomax.c(1)» Mpusch,c (). Po pusch,c (i), ac(i), A (i) and fc(i) are the primary cell parameters as
defined in subclause 5.1.1.1 and Py pyccr» PLe and g(i) are defined in subclause 5.1.2.1.

If the UE transmits PUCCH without PUSCH in subframe i for the primary cell, power headroom for a Type 2 report is
computed using

(Po_puscre (W +ac (1)-PL, + f, (i))/10

PH type2 (1) = Pcmax, ¢ (1) —101ogyg [dB]

i 1O(P0_PUCCH +PLc+ h(nCQI NHARQ Nsr )*A r puccH (F)+Aqep (F)+g(i ))/10
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where, Po pusch,c(D), ac(l)and f.(i) are the primary cell parameters as defined in subclause 5.1.1.1,

Pemaxc() » Po pucchs Ple, N(Ncor Nparg:Nsr)» Af pucch(F) . Ao (F') and g(i) are also defined in
subclause 5.1.2.1.

If the UE does not transmit PUCCH or PUSCH in subframe i for the primary cell, power headroom for a Type 2
report is computed using

O(POJUSCHL (D+ac(1)-PL+f¢ (i))/lo

dB
: 10(P0_PUCCH +PLg+g(i ))/10 L8]

PH ype2 (i) = Pemax, ¢ (i) ~1010g;

where, ISCMAX,c(i) is computed assuming MPR=0dB, A-MPR=0dB, P-MPR=0dB and ATc =0dB, where MPR ,
A-MPR, P-MPR and AT are defined in [6], Py pysch,c(d), (1) and fc(i) arethe primary cell parameters as

defined in subclause 5.1.1.1 and Py pyccn» PLc and g(i) are defined in subclause 5.1.2.1.

If the UE is unable to determine whether there is a PUCCH transmission corresponding to PDSCH transmission(s) or
not, or which PUCCH resource is used, in subframe i for the primary cell, before generating power headroom for a
Type 2 report, upon (E)PDCCH detection, with the following conditions:

- if both PUCCH format 1b with channel selection and simultaneousPUCCH-PUSCH are configured for the UE,
or

- if PUCCH format 1b with channel selection is used for HARQ-ACK feedback for the UE configured with
PUCCH format 3 and simultaneousPUCCH-PUSCH are configured,

then, UE is allowed to compute power headroom for a Type 2 using

(1010g30 (M puscric (1) +Po_puscric (1) +ac (3)-PLe +Arec (i)+ e (i))/10

PH ype2 (1) = Pemax, ¢ (1) —101ogsg dB]

+ 10(P07PUCCH +PLg+g(i ))/ 10

where, Pemaxc() . Mpusch,c () Po pusch,c (1), ac(i), A (i) and fc(i) are the primary cell parameters as
defined in subclause 5.1.1.1 and Py pyccn, PLc and g(i) are defined in subclause 5.1.2.1.

The power headroom shall be rounded to the closest value in the range [40; -23] dB with steps of 1 dB and is delivered
by the physical layer to higher layers.

If the UE is configured with higher layer parameter UplinkPowerControlDedicated-v12x0 for serving cell ¢ and if
subframe i belongs to uplink power control subframe set 2 as indicated by the higher layer parameter tpc-

SubframeSet-r12, the UE shalluse f_, (i) instead of f¢ (i) to compute PH (i) and PH (i) for

typel.c type2,c

subframe i and serving cell ¢, where f_,(i) is defined in subclause 5.1.1.1.

5.1.2 Physical uplink control channel

If the UE is configured with a SCG, the UE shall apply the procedures described in this subclause for both MCG and
SCG.

- When the procedures are applied for MCG, the term *“serving cell’ in this subclause refers to serving cell
belonging to the MCG.

When the procedures are applied for SCG, the term ‘serving cell’ in this subclause refers to serving cell belonging to the
SCG. The term ‘primary cell’ in this subclause refers to the PSCell of the SCG.If the UE is configured with a PUCCH-
SCell, the UE shall apply the procedures described in this subclause for both primary PUCCH group and secondary
PUCCH group.

- When the procedures are applied for the primary PUCCH group, the term “serving cell’ in this subclause refers
to serving cell belonging to the primary PUCCH group.
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- When the procedures are applied for the secondary PUCCH group, the term “serving cell’ in this subclause refers
to serving cell belonging to the secondary PUCCH group. The term “primary cell’ in this subclause refers to the
PUCCH-SCell of the secondary PUCCH group.

51.2.1 UE behaviour

If serving cell cis the primary cell, for PUCCH format 1/1a/1b/2/2a/2b/3, the setting of the UE Transmit
power Py ey for the physical uplink control channel (PUCCH) transmission in subframe i for serving cell ¢ is
defined by

Pemax e (1),

P i)=min . A+ [dBm]
pucc 1) {PO_PUCCH +PLc + h("0Q| NMHARQ, NsR )+ Ag puccH (F)+ Aryp (F') +g(i )}

If serving cell cis the primary cell, for PUCCH format 4/5, the setting of the UE Transmit power P for the
physical uplink control channel (PUCCH) transmission in subframe i for serving cell ¢ is defined by

By} min] ger
PUCCH PO_PUCCH +PL, +10log,, (M PUCCHc(i ))+ Age. (i)+ AF_PUCCH(F)+ g(i)

If the UE is not transmitting PUCCH for the primary cell, for the accumulation of TPC command for PUCCH, the UE
shall assume that the UE transmit power Ppccy for PUCCH in subframe i is computed by

PouccH (i): min{PCMAX,c(i)v Po_pucch +PLc + g(i)} [dBm]
where

- Pcmaxc (i) is the configured UE transmit power defined in [6] in subframe i for serving cell c. If the UE

transmits PUSCH without PUCCH in subframe i for the serving cell c, for the accumulation of TPC command
for PUCCH, the UE shall assume Peyax (i) as given by subclause 5.1.1.1. If the UE does not transmit

PUCCH and PUSCH in subframe i for the serving cell c, for the accumulation of TPC command for PUCCH,
the UE shall compute Peyax (i) assuming MPR=0dB, A-MPR=0dB, P-MPR=0dB and ATc =0dB, where

MPR, A-MPR, P-MPR and AT are defined in [6].

- The parameter Ag pyce(F) is provided by higher layers. Each Ag pyccy (F) Vvalue corresponds to a PUCCH
format (F) relative to PUCCH format 1a, where each PUCCH format (F ) is defined in Table 5.4-1 of [3].

- If the UE is configured by higher layers to transmit PUCCH on two antenna ports, the value of At (F')is
provided by higher layers where each PUCCH format F' is defined in Table 5.4-1 of [3] ; otherwise,
Ao (F)=0.

- h(ncor NHArRg: Nsr) is @ PUCCH format dependent value, where neq, corresponds to the number of
information bits for the channel quality information defined in subclause 5.2.3.3 in [4]. ngg =1 if subframe i is
configured for SR for the UE not having any associated transport block for UL-SCH, otherwise ngg =0. If the

UE is configured with more than one serving cell, or the UE is configured with one serving cell and transmitting
using PUCCH format 3, the value of nyarq is defined in subclause 10.1; otherwise, nyarq is the number of

HARQ-ACK bits sent in subframe i.

- For PUCCH format 1,1a and 1b h(nCQ| ,nHARQ Nsr ): 0

- For PUCCH format 1b with channel selection, if the UE is configured with more than one serving cell,

(harg —1)

h(an| , nHARQ, nSR) = , OtherWise, h(an| , nHARQ  NsR ): 0

- For PUCCH format 2, 2a, 2b and normal cyclic prefix
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n
): 10|Oglo[%J if nCQ| >4

0 otherwise

h(nCQI NHARQ, NsR

- For PUCCH format 2 and extended cyclic prefix

n +n
10'09]0(%} if nCQ| + nHARQ >4

0 otherwise

h(nCQI NHARQ, nSR):

- For PUCCH format 3 and when UE transmits HARQ-ACK/SR without periodic CSl,

- If the UE is configured by higher layers to transmit PUCCH format 3 on two antenna ports, or if the UE
transmits more than 11 bits of HARQ-ACK/SR

NHARQ +Nsr —1

h(ncqr NHARQ: NsR) = 3

- Otherwise

NHARQ +Nsr —1

h(Ncqr s NHARQ  NsR) = 5

- For PUCCH format 3 and when UE transmits HARQ-ACK/SR and periodic CSlI,

- If the UE is configured by higher layers to transmit PUCCH format 3 on two antenna ports, or if the UE
transmits more than 11 bits of HARQ-ACK/SR and CSI

Narg T Neg +N -1

3

cql

h(nCQI 1 Nparg s nSR) =

- Otherwise

nHARQ +Nge + nCQI -1
2

h(nCQI 1 Niaros nSR) =

- For PUCCH format 4, M e (I) is the bandwidth of the PUCCH format 4 expressed in number of

resource blocks valid for subframe i and serving cell ¢. For PUCCH format5, M PUCCH,c(i) =1

Are (1) =10l0g,, (220 _1) where BPRE(i)= 0y (i)/ Nee(i).

Oy (i) is the number of HARQ-ACK/SR/RI/CQI/PMI bits including CRC bits transmitted on PUCCH
format 4/5 in subframe i;

T Nee(i)= Moo (i)- N2 - NZueeH for PUCCH format4 and n__(i)=NF®- NZUCCH /2 for PUCCH format 5;

- NPUCCH _ 2~(N uL _1)_1 if shortened PUCCH format 4 or shortened PUCCH format 5 is used in subframe i

symb symb

and npucer _p.(Nu, —1) otherwise.

Po_pucch Is @ parameter composed of the sum of a parameter Py yominal_pucch Provided by higher layers

and a parameter Py e pyccy Provided by higher layers.

- Opuccn s a UE specific correction value, also referred to as a TPC command, included in a PDCCH with DCI

format 1A/1B/1D/1/2A/2/2B/2C/2D for the primary cell, or included in a MPDCCH with DCI format 6-1A, or
included in an EPDCCH with DCI format 1A/1B/1D/1/2A/2/2B/2C/2D for the primary cell, or sent jointly
coded with other UE specific PUCCH correction values on a PDCCH/MPDCCH with DCI format 3/3A whose
CRC parity bits are scrambled with TPC-PUCCH-RNTI.
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- For anon-BL/CE UE, if the UE is not configured for EPDCCH monitoring, the UE attempts to decode a
PDCCH of DCI format 3/3A with the UE's TPC-PUCCH-RNTI and one or several PDCCHs of DCI format
1A/1B/1D/1/2AJ2/2B/2C/2D with the UE's C-RNTI or SPS C-RNTI on every subframe except when in
DRX.

- Ifa UE is configured for EPDCCH monitoring, the UE attempts to decode

- aPDCCH of DCI format 3/3A with the UE's TPC-PUCCH-RNTI and one or several PDCCHs of DCI
format 1A/1B/1D/1/2A/2/2B/2C/2D with the UE's C-RNTI or SPS C-RNTI as described in subclause
9.1.1, and

- one or several EPDCCHs of DCI format 1A/1B/1D/1/2A/2/2B/2C/2D with the UE's C-RNTI or SPS C-
RNTI, as described in subclause 9.1.4.

- For a BL/CE UE configured with CEModeA, the UE attempts to decode a MPDCCH of DCI format 3/3A
with the UE's TPC-PUCCH-RNTI and MPDCCH of DCI format 6-1A with the UE's C-RNTI or SPS C-
RNTI on every BL/CE downlink subframe except when in DRX.

- If the UE decodes
- aPDCCH with DCI format 1A/1B/1D/1/2A/2/2B/2C/2D or
- an EPDCCH with DCI format 1A/1B/1D/1/2A/2/2B/2C/2D or
- an MPDCCH with DCI format 6-1A

for the primary cell and the corresponding detected RNTI equals the C-RNTI or SPS C-RNTI of the UE
and the TPC field in the DCI format is not used to determine the PUCCH resource as in subclause 10.1,
the UE shall use the Jpyccy provided in that PDCCH/EPDCCH/MPDCCH.

Else

- if the UE decodes a PDCCH/MPDCCH with DCI format 3/3A, the UE shall use the Jpyccy provided in
that PDCCH/MPDCCH

else the UE shall set Spyccy =0 dB.

M-1
- g()=9(-D)+ Z Opucch (i—Kky) where g(i) is the current PUCCH power control adjustment state and
m=0
where g(0) s the first value after reset.

For FDD or FDD-TDD and primary cell frame structure type 1, M =1 and k, =4 .

- For TDD, values of M and km are given in Table 10.1.3.1-1, where the “UL/DL configuration” in

Table 10.1.3.1-1 corresponds to the eimta-HARQ-ReferenceConfig-r12 for the primary cell when the UE
is configured with the parameter EIMTA-MainConfigServCell-r12 for the primary cell.

- The Opyccy B values signalled on PDCCH with DCI format 1A/1B/1D/1/2A/2/2B/2C/2D or EPDCCH

with DCI format 1A/1B/1D/1/2A/2/2B/2C/2D or MPDCCH with DCI format 6-1A are given in Table
5.1.2.1-1. If the PDCCH with DCI format 1/1A/2/2A/2B/2C/2D or EPDCCH with DCI format
1/1A/2A/2/2B/2C/2D or MPDCCH with DCI format 6-1A is validated as an SPS activation
PDCCH/EPDCCH/MPDCCH, or the PDCCH/EPDCCH with DCI format 1A or MPDCCH with DCI
format 6-1A is validated as an SPS release PDCCH/EPDCCH/MPDCCH, then Spyccy is 0dB.

- The Opyccy 0B values signalled on PDCCH/MPDCCH with DCI format 3/3A are given in Table
5.1.2.1-1 or in Table 5.1.2.1-2 as semi-statically configured by higher layers.

- If Py ue puccn Value is changed by higher layers,
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- Else
- g(0)= APrampup + 5msgz , Where
Omsg2 1S the TPC command indicated in the random access response corresponding to the random
access preamble transmitted in the primary cell, see subclause 6.2 and

- if UE is transmitting PUCCH in subframe i,

P puccH
Aprampup =min| s max| 0, Pewaxc —| +PL. + h(nCQI,nHARQ,nSR) )
+Ae puce (F)+Ano(F)
AI:)rampuprequested
Otherwise,
Aprampup = min[{maX(O, PCMAX,C - (PO_PUCCH + PLC ))}, Aprampuprequested ]and AI:’rampuprequested

is provided by higher layers and corresponds to the total power ramp-up requested by higher layers
from the first to the last preamble in the primary cell.

- If UE has reached Pcpax (i) for the primary cell, positive TPC commands for the primary cell shall

not be accumulated.
- If UE has reached minimum power, negative TPC commands shall not be accumulated.
- UE shall reset accumulation

- when Py e puccn Value is changed by higher layers

- when the UE receives a random access response message for the primary cell

- g(i)=g(i—2) if i isnotan uplink subframe in TDD or FDD-TDD and primary cell frame structure
type 2.
For a BL/CE UE configured with CEModeA, if the PUCCH is transmitted in more than one subframe io, i1, ..., in-1
where o< i1< ...< in-1, the PUCCH transmit power in subframe iy , k=0, 1, ..., N-1is determined by

PPUCCH,C (ik) = PPUCCH,c (io)

For a BL/CE UE configured with CEModeB, the PUCCH transmit power in subframe i is determined by

PPUCCH c (ik ) = PCMAX,C (io)
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Table 5.1.2.1-1: Mapping of TPC Command Field in DCI format 1A/1B/1D/1/2A/2B/2C/2D/2/3t0 Opyccy

values
TPC Command Field in S [dB]
DCI format 1A/1B/1D/1/2A/2B/2C/2D/2/3 PUCCH
0 -1
1 0
2 1
3 3

Table 5.1.2.1-2: Mapping of TPC Command Field in DCI format 3A to Jpccy Values

TPC Command Field in
DCI format 3A Opucen [dBI

0 -1

1 1

5.1.3 Sounding Reference Symbol (SRS)
5.1.3.1 UE behaviour

The setting of the UE Transmit power Pggg for the SRS transmitted on subframe i for serving cell ¢ is defined by

Pors,c(i)= min{ Pemax.c (i), Psrs_orFseT (M) +1010g10(Mgrs ) + Po_puscr,c(J) + ¢ (i) - PLe + (i) } [dBm]

where

- Pemaxc (i) is the configured UE transmit power defined in [6] in subframe i for serving cell c.

- Psrs_orrseT,c (M) is semi-statically configured by higher layers for m=0 and m=1 for serving cell c. For SRS
transmission given trigger type 0 then m=0 and for SRS transmission given trigger type 1 then m=1.

- Mggs, is the bandwidth of the SRS transmission in subframe i for serving cell ¢ expressed in number of

resource blocks.

- f.(i) isthe current PUSCH power control adjustment state for serving cell c, see subclause 5.1.1.1.
- Po pusch,c(]) and ac(j) are parameters as defined in subclause 5.1.1.1 for subframe i,where j=1.

If the UE is not configured with an SCG or a PUCCH-SCell, and if the total transmit power of the UE for the Sounding
Reference Symbol in an SC-FDMA symbol would exceed I3CMAX (i) , the UE scales Psgs (i) for the serving cell ¢
and the SC-FDMA symbol in subframe i such that the condition

D (i) Pogs, o (1) < Poia (1)

is satisfied where ﬁSRS,c(i) is the linear value of Pggs . (i), Powax (i) is the linear value of Peyay defined in [6] in

subframe i and w(i) is a scaling factor of ﬁSRS’C(i) for serving cell ¢ where 0 < w(i) <1. Note that w(i) values are
the same across serving cells.

If the UE is not configured with an SCG or a PUCCH-SCell, and if the UE is configured with multiple TAGs and the
SRS transmission of the UE in an SC-FDMA symbol for a serving cell in subframe 1in a TAG overlaps with the SRS
transmission in another SC-FDMA symbol in subframe | for a serving cell in another TAG, and if the total transmit

power of the UE for the Sounding Reference Symbol in the overlapped portion would exceed ISCMAX (i), the UE scales
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ISSRS,c(i) for the serving cell ¢ and each of the overlapped SRS SC-FDMA symbols in subframe 1 such that the
condition

D w(i) - Pags, o (1) < Peiax (i)

is satisfied where lSSRS,c(i) is the linear value of Pgg . (i), Powax (i) is the linear value of Peyay defined in [6] in

subframe i and w(i) is a scaling factor of ISSRS,c(i) for serving cell ¢ where 0<w(i) <1. Note that w(i) values are
the same across serving cells.

If the UE is configured with higher layer parameter UplinkPowerControlDedicated-v12x0 for serving cell ¢ and if
subframe i belongs to uplink power control subframe set 2 as indicated by the higher layer parameter tpc-
SubframeSet-r12, the UE shall use f_, (i) instead of f¢ (i) to determine Py (i) for subframe i and serving cell

c,where f_,(i) isdefined in subclause 5.1.1.1.

5.1.4 Power allocation for dual connectivity
If a UE is configured with multiple cell groups,

- if the UE supports synchronous dual connectivity but does not support asynchronous dual connectivity, or if the
UE supports both synchronous dual connectivity and asynchronous dual connectivity and if the higher layer
parameter powerControlMode indicates dual connectivity power control mode 1

- if the maximum uplink timing difference between transmitted signals to different serving cells including
serving cells belonging to different CGs is equal to or less than the minimum requirement for maximum
transmission timing difference for synchronous dual connectivity defined in [10].

- The UE shall use the procedures described in sub clause 5.1.4.1.

- If a PRACH transmission of the UE on the Pcell starting in subframe 11of MCG overlaps in time domain
with another PRACH transmission of the UE starting in subframe 12 of SCG, and if subframe i1 and
subframe 2 overlap in time with more than one symbol, and if the total power of both the PRACH
transmissions would exceed Poy,ay (11,i2) , the UE shall transmit the PRACH on the Pcell using the
preamble transmission power Pog, .y, described in subclause 6.1. The UE may drop or adjust the power
of the PRACH transmission in subframe 12 of SCG such that the total power does not exceed

Poyax (11,12) , where  Poy,a (id,2) is the linear value configured transmitted power for Dual

Connectivity for the subframe pair (il, i2)as described in [6]. If the UE drops the PRACH

transmission, it sends power ramping suspension indicator to the higher layers. If the UE adjusts the
power of PRACH transmission, it may send power ramping suspension indicator to the higher layers.

- if the UE supports both synchronous dual connectivity and asynchronous dual connectivity and if the higher
layer parameter powerControlMode does not indicate dual connectivity power control mode 1

- The UE shall use the procedures described in sub clause 5.1.4.2 .

- If a PRACH transmission on the Pcell in subframe i1of MCG overlaps in time another PRACH
transmission in subframe 12 of SCG, and if the time difference between the start of the two PRACH
transmissions is less than 30720 - T, and if the transmission timing of the PRACH on the Pcell (according
to subclause 6.1.1) is such that the UE is ready to transmit the PRACH on Pcell at least one subframe before
subframe i1of MCG, and if the total power of both the PRACH transmissions exceeds ey, (i1,12) , the
UE shall transmit the PRACH on the Pcell using the preamble transmission power Peracn described in
subclause 6.1. The UE may drop or adjust the power of the PRACH transmission in subframe 12 of SCG

such that the total power does not exceed FA’CMAX (11,i2) , where ISC,\,IAX (11,12) is the linear value
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configured transmitted power for Dual Connectivity for the subframe pair (il, i2)as described in [6]. If the
UE drops the PRACH transmissions, it sends power ramping suspension indicator to the higher layers. If the
UE adjusts the power of PRACH transmission, it may send power ramping suspension indicator to the higher
layers.

5.14.1 Dual connectivity power control Mode 1

If the UE PUSCH/PUCCH transmission(s) in subframe 11 of CG1 overlap in time with PUSCH/PUCCH
transmission(s) in more than one symbol of subframe 12 of CG2 or if at least the last symbol the UE PUSCH/PUCCH
transmission(s) in subframe 11 of CG1 overlap in time with SRS transmission(s) of subframe 12, and

if the UE has a PUCCH/PUSCH transmission with UCI including HARQ-ACK/SR in subframe i1 of CG1: If
the UE has a PUCCH transmission with UCI including HARQ-ACK/SR in subframe i1 of CG1 and if

ISF,UCCH _cc1(i1) would exceed S1(i1), the UE scales FA’PUCCH _cc1(12) such that the condition
al(il) - FA’PUCCH (i) = max{0, S1(i1)} is satisfied where 0 < 1(i1) <1 and
Poucen_ce1 (1) = al(i1) - Poyeen cer(iD) - 1f Poycen cer(i1) would notexceed S1(il),
IS'F,UCCH et (D)= ISPUCCH _cc1(i1) . If the UE has a PUSCH transmission with UCI including HARQ-ACK in
subframe ilof serving cell ¢, € CG1, and if I:A’PUSCH < (11) would exceed S1(i1), the UE scales
ISPUSCH <, (i1) such that the condition 1(i1)- APUSCH o (11) = max{0, S1(i1) } is satisfied where
0<l(il) <1 and IS"F,USCH,Cl (i1) = 21(i1) - ISF,USCH o (1) 1f ISF,USCH o, (i) would not exceed S1(i1),
P ouscr ™ (i1) = PPUSCH,cl(il) :
S1(i1) is determined as follows
0,

~ n n maxs< - oo ~ . )
Sl(il) = PCMAX (i]-! i2) - Pul(il) - qu(iZ) —min PCMAX(I:I" '2) '%_ Pq1(|2) ;
P, (i2)
where
Isul(il) = ISPRACH_CGl(il) ;

- ifCGlis MCG and CG2 is SCG,

Isql(iz) = ISPRACH7C62 (i2);
B0 (2) = Prucos_cca1D)+ T (Brusere, (12) + Prs. (12) )
c,eCG2
- ifCGlis SCG and CG2 is MCG

- if the UE has a PUCCH transmission with UCI including HARQ-ACK/SR subframe 12 of CG2,

Isql(iz) = ISPRACH ce2(i2) + |5‘PUCCH_CG2 (i2);

- P2 T (Pusens (2)+Prs,, (i2)
c,eCG2
- else if the UE has a PUSCH transmission with UCI including HARQ-ACK in subframe 12 of serving cell
j,eCG2,
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Isql(iz) = ISPRACH_CGZ (i2) + IS'PUSCH,jZ (i2);
ISIql (i2) = Z lSPUSCH o, (12)+ Z |55R5,C2 (i2);

c,eCG2,c# ], c,eCG2

- otherwise,

ISql(i 2) = IsPRACH _CG2 (i2);

ISIql (i2)= ISPUCCH _cez(iz) + Z (ISPUSCH ,cz(iz) + ~’3Rs,c2(i2))

¢,eCG2

- if the UE has a PUCCH/PUSCH transmission with UCI not including HARQ-ACK/SR in subframe il of CG1:
If the UE has a PUCCH transmission with UCI not including HARQ-ACK/SR in subframe i1 of CG1 and if

ISPUCCH_CGl(il) would exceed S2(il), the UE scales ISPUCCH_CGl(il) such that the condition

a?2(il)- I:A’PUCCH (i) = maX{O, SZ(il)}is satisfied where 0 < 2(i1) <1 and

Poucen _cer (11) = @2(i1) - Poseey cor(i1) - If Prycey cor (i) would not exceed S2(i1),
IS'F,UCCH_CGl (i1) = ISPUCCH_CGl(il) . If the UE has a PUSCH transmission with UCI not including HARQ-
ACK in subframe ilof serving cell ¢, € CGL, and if I:A’PUSCH < (11) would exceed S2(i1), the UE scales
ﬁpuscml (i1) such that the condition «2(il)- IZA’chH o (1) = max {0, S2(i1)} is satisfied where
0<a2(il) <1 and IS'F,USCH’Cl (i) = a2(i1)- ISPUSCH o (1)1 ISPUSCH’Cl(il) would not exceed S2(il),

PlPUSCH,cl (il) = PPUSCH ,cl(il)-
S2(il) is determined as follows

0,
; 5 P 5 (i 5 (i _|maxy 5 50y Yee2 _ B (i
S2(i1) = Poyax (iL,i2) — P, (i) - P,,(i2) — min Peovax (i1,12) 100 P2(12)
P, (i2)
where

- P,(i1) = Pogac_co1 (1) + P'pucen_cor (i) if the UE has a PUCCH transmission with HARQ-ACK/SR
and a PUSCH transmission with UCI not including HARQ-ACK in subframe i1 of CG1, otherwise,

P (i1) = Porack _CGl(il) .
- ifCG1lis MCG and CG2 is SCG

- if the UE has a PUCCH transmission with UCI including HARQ-ACK/SR in subframe 12 of CG2,

I:A)qz (i2) = ISPRACH_CGZ(iZ) + ISIPUCCH_CGZ (i2)

P,302)= > (ﬁPUSCH,CZ(iZH LSRS@z(iZ));

,eCG2

- else if the UE has a PUSCH transmission with UCI including HARQ-ACK in subframe 12 of serving cell
J,€CG2,
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P2 (12) = Pogach_ce2(i2) +P PUSCH, j, (i2)

|5'q2 (i2) = z ISPUSCH < (i2) + Z 5SRS,C2 (i2);

c,eCG2,C# c,eCG2

- otherwise,

|3q2 (i2) = ﬁPRACH _CG2 (i 2)

- FA)'qz (i2) = F’SPUCCH_CGZ(iz) + Z [F’SPUSCH,CZ (i2) + ~SFes,c2 (iZ)J

¢,eCG2
- ifCG1is SCG and CG2 is MCG

- if the UE has a PUCCH transmission in subframe 12 of CG2 and/or a PUSCH transmission with UCI in
in subframe 12 of serving cell j, € CG2

Po2(12) = Pogac co2(i2)+ Povcen coz (12)+Ploserr ;, (12)

- |3'q2 (i2) = z lSPUSCH < (i2)+ Z 5SRS,02 (i2)
c,eCG2,c,# ], c,eCG2

~

P i2)=0. s .
where, = PUCCH —CGz( ) if the UE does not have a PUCCH transmission in subframe 12 of

CG2; Pouson,j, (12) =0 if the UE does not have a PUSCH transmission with UCI in subframe
i20f CG2;

- otherwise

Isqz (i2) = ISPRACH _CG2 (i 2)

Pl 3 (P, (2)+Prs., (2)

c,eCG2

- If the UE has PUSCH transmission(s) without UCI in subframe ilof CG1, the UE shall determine
0,

. . . maxy . A
S3(i1) = Pyax (iL,12) = Py (i1) — P,5(i2) — min Pemax (i,12) -%— Ps(i2)

P2 (i2)
where

- if the UE has a PUCCH transmission in subframe ilof CG1 and/or a PUSCH transmission with UCI in in
subframe i1of serving cell j; € CGL P5(i1) = Pogacy co1(iD) +P'pucen cer (ID) + P'oysen , (1),

where FA’PUCCH ce1(i1) =0 if the UE does not have a PUCCH transmission in subframe i1of
CG1, I:A’F,USCH’jl (i1) = Oiif the UE does not have a PUSCH transmission with UCI in subframe 11of CG1;

otherwise P, (11) = Pogach_ccr (1) ;

- ifCG1lis MCG and CG2 is SCG
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- if the UE has a PUCCH transmission in subframe 12 of CG2 and/or a PUSCH transmission with UCI in
in subframe 12 of serving cell j, € CG2

Pos(12) = Pogacht co2(i2)+ Plovcen ooz (12) + P'oysenr 1, (12)

- |3'q3 (12)= Z IsPUSCH,cz (i2) + Z IS:sRs,c2 (i2)
c,eCG2,Co# ) c,eCG2

PPUCCH _CG2 (i2) =0

where, if the UE does not have a PUCCH transmission in subframe 2 of

Poean - (i2) =
CG2; PUSCH*JZ( )=0 if the UE does not have a PUSCH transmission with UCI in subframe
i2of CG2;

- otherwise

|5q3 (i 2) = ISPRACH _CG2 (i2)

Po(2)= 3 (Pusene,(2)+ Prs, (2)):

¢,eCG2

- ifCG1is SCG and CG2 is MCG

Isqs(iz) = ISPRACH _CG2 (i2) + ISIPUCCH _CG2 (i2) + z ISIPUSCH s (i2)

¢,€CG2

B (i2) = 3 Pas (12)

,eCG2 )

- If the total transmit power of all the PUSCH transmission(s) without UCI in subframe i1of CG1 would exceed
S3(i1) , the UE scales Pyqy (1 (i1) for each serving cell ¢, € CG1 with a PUSCH transmission without UCI

in subframe i1 such that the condition Zw(il) : ISPUSCchl(il) < max{0,S3(i1)} is satisfied, where
¢,eCG1

ISIPUSCH,cl (i1) = w(il)- ISPUSCH’q(il) , and where W(il) is a scaling factor of lsPUSCH,q (i2) for serving cell
¢, where 0 <w(il) <1. Note that W(il) values are the same across serving cells within a cell group

when W(il) > O but for certain serving cells within the cell group W(il) may be zero. If the total transmit power
of all the PUSCH transmission(s) without UCI in subframe 11of CG1 would not exceed S3(il1),

Is.PUSCH,cl (iy) = ISPUSCH,CI (i1).
where

If’CMAX (i1,i2) is the linear value of configured transmitted power for Dual Connectivity for the subframe pair
(i1,i2)as described in [6];

- ifCGlis MCG and CG2 is SCG

A~

Pouccr cer (i1) s the linear value of Py, (1) corresponding to PUCCH transmission on the primary

cell ; Poycen cop (12) is the linear value of Py, (12) corresponding to PUCCH transmission on the
PSCell.

Vee1 = Vwmce
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if CG1is SCG and CG2 is MCG;

A~

Poucer cer (1) is the linear value of Py, (11) corresponding to PUCCH transmission on the PSCell;

A

Pouccr cez (12) s the linear value of Py, (12) corresponding to PUCCH transmission on the primary

cell.

Yce1 = Vsce s

A~

Pousch ., (1) is the linear value of Pyygcy; , (1) for subframe iLof serving cell of serving cell ¢, € CG1, and

ISPUSCH,CZ (i2) s the linear value of P,qcy, . (i2) for subframe 12 of serving cell of serving cell ¢, € CG2.

Vwmcs and ¥ are given by Table 5.1.4.2-1 according to higher layer parameters p-MeNB and p-SeNB
respectively;

If the UE has a PRACH transmission for CG1 overlapping with subframe i1 of CGL1, FA’PRACH cer(iD) isthe

linear value of the transmission power of that PRACH transmission; otherwise, ISPRACH_CGl(il) =0;

If the UE has a PRACH transmission for CG2 overlapping with subframe 12 of CG2, IsPRACH coo (12) is the
linear value of the transmission power of that PRACH transmission; otherwise, ISF,RACH cc2(12) =0.

A

ISSRs,cz (i2) is determined as follows

- if the PUSCH/PUCCH is not transmitted in the last symbol of subframe i1 of CG1, or if the UE does not
have an SRS transmission in subframe 12 of serving cell C, € CG2 or if the UE drops SRS transmission

in subframe 12 of serving cell C, € CG2 due to collision with PUCCH in subframe 12 of serving cell

c,eCG2

- Issrzs,c2 (12)=0;

- if the UE has an SRS transmission and does not have a PUCCH/PUSCH transmission in subframe i2 of
serving cell ¢, € CG2

A

Paas.c, (12) = Pgs ., (i2) ;

- if the UE has an SRS transmission and a has PUCCH transmission, and does not havea PUSCH
transmission in subframe 12 of serving cell ¢, € CG2

2 0,
Py o, (12) = max{ - ) . _
e {PSRSYCZ (i2)- PPUCCH_CGZ(IZ)}

- if the UE has an SRS transmission and a has PUSCH transmission, and does not have a PUCCH
transmission in subframe 12 of serving cell ¢, € CG2

2 0,
Pegs ¢ (12) = maxs - . - .
e {PSRS,C2 (12) = Poyscr o, ('2)}

3GPP

Samsung Exhibit 1013, Page 34 of 381
Samsung Electronics Co., Ltd. v. Asus Technology Licensing Inc.
IPR2024-01036



Release 13 35 3GPP TS 36.213 V13.2.0 (2016-06)

- if the UE has an SRS transmission and has a PUSCH transmission and a PUCCH transmission in in subframe
12 of serving cell ¢, € CG2

2 0,
Pars o (12) = maxy 4 _ . _ R _
e {PSRchz (I 2) - I:)PUSCH ,Cy (I 2) - PPUCCH _CG2 (| 2)}

If the total transmit power for the Sounding Reference Symbol in an SC-FDMA symbol across all the serving cells
within a TAG of a cell group CG1 would exceed S4(il) , the UE scales Py . (i1) for the serving cell

¢, € CGland the SC-FDMA symbol in subframe 11 such that the condition Zv(il)- lSSRS,cl(il) < S4(i1)
,cCG1

is satisfied, where IS"SRS’Cl (1) = v(i1)- ISSRS,CL(il) is the transmission power of SRS after scaling and where
FA’SRS’Cl (i) is the linear value of Pyqg . (i1) described in section 5.1.3.1, and V(i) is a scaling factor of FA’SRS’Cl (i2)

for serving cell ¢, € CG1 where 0 < V(i) <1. Note that V(i) values are the same across serving cells within the
same CG.

If the UE is configured with multiple TAGs within CG1 and the SRS transmission of the UE in an SC-FDMA symbol
for a serving cell in subframe ilin a TAG belonging to CG1 overlaps with the SRS transmission in another SC-FDMA
symbol in subframe i1for a serving cell in another TAG belonging to CG1, and if the total transmit power of the UE

for the Sounding Reference Symbol in the overlapped portion would exceed S4(il), the UE scales FA’SRSVC1 (i1) for the
serving cell C; € CG1 and each of the overlapped SRS SC-FDMA symbols in subframe i1 such that the condition

ZV(il) : ISSRsycl(il) < S4(i1) is satisfied, where ISISRS,cl (i1) = v(i1)- ISSRsycl(il) is the transmission power of
,€CG1

SRS after scaling, and where Vv(il) is a scaling factor of FA>SRS’Cl (i1) for serving cell ¢, where 0 <v(il) <1. Note

that v(i1) values are the same across serving cells within a cell group.

S4(il) is determined as follows
0,

. 5 - 5 (i .| maxy 5 i1 59y, Yce2 _ B (i
S4(i1) = Pyyax (i1,i2) = P, (i2) — min Pemax (1L,12) 100 - P (i2)

P4 (i2)

where

- ifCG1lis MCG and CG2 is SCG

|3q4(i2) = ﬁpRACH_cez(iZ) + 5'PUCCH_CGZ (i2) + Z 5'Puscn-l C (i2)

¢,€CG2

|3'q4 (i2) = Z lSSRS,cz (i2)

c,eCG2

- ifCG1lis SCG and CG2 is MCG
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|Sq4 (i2) = ~PRACH _CG2 (i2) + lSIPUCCH _CG2 (i2) + Z IS'PUSCH < (i2) + Z |S|SRS,02 (i2)

c,eCG2 c,eCG2
B, (12) =0

- if the UE has no PUCCH transmission or has a shortened PUCCH transmission in subframe 12 of CG2,

ISIPUCCH_CGZ (12) = 0; otherwise ISIPUCCH_CGZ (i2) = ISIPUCCH _CG2 (i2)

- if the UE has no PUSCH transmission in the last symbol of subframe 12 of serving cell ¢, € CG2,

ISIPUSCH < (12) = 0; otherwise IS'PUSCH ,c2 (i2)= ﬁ'PUSCH ,cz (i2)

- if the UE has PRACH transmission in CG2 that overlaps with the last symbol of subframe 12 of CG2,

PRACH_CGZ(iZ) = PPRACH_CGZ(iz) ; otherwise Popacy, _cc;z(iz) =0
For both cell groups

- if the PUCCH/PUSCH transmission of the UE on subframe i1 for a given serving cell in a TAG of CG1
overlaps some portion of the first symbol of the PUSCH transmission on subframe i1+ 1 for a different serving

cell in another TAG of CG1 and/or overlaps with the PUCCH/PUSCH transmission on subframe i2+1 fora
serving cell in another TAG of CG2, the UE shall adjust its total transmission power of all CGs such that the

total transmission power of the UE across all CGs does not exceed P, on any overlapped portion.

- if the PUSCH transmission of the UE on subframe i1 for a given serving cell in a TAG of CG1 overlaps some
portion of the first symbol of the PUCCH transmission on subframe i1+1 for a different serving cell in another

TAG of CG1 and/or overlaps with the PUCCH/PUSCH transmission on subframe 12 +1 for a serving cell in
another TAG of CG2, the UE shall adjust its total transmission power of all CGs such that the total transmission

power of the UE across all CGs does not exceed P, on any overlapped portion.

- if the SRS transmission of the UE in a symbol on subframe i1 for a given serving cell in a TAG of CG1
overlaps with the PUCCH/PUSCH transmission on subframe ilor subframe il+1 for a different serving cell

in the same or another TAG of CG1 and/or overlaps with the PUCCH/PUSCH transmission on subframe 12 +1
for a serving cell of CG2, the UE shall drop the SRS in CG1 if its total transmission power across all CGs

exceeds Py, Onany overlapped portion of the symbol.

- if the SRS transmission of the UE in a symbol on subframe i1 for a given serving cell in CG1 overlaps with the
SRS transmission on subframe i1 for a different serving cell(s) in CG1 or overlaps with SRS transmission on
subframe 12 for a serving cell(s) in CG2, and if the SRS transmissions overlap with PUSCH/PUCCH
transmission on subframe i1 or subframe i1+ 1 for another serving cell(s) in CG1, and/or if the SRS
transmissions overlap with PUSCH/PUCCH transmission on subframe 12 +1 for a serving cell of CG2, the UE
shall drop the SRS transmissions in CG1 if its total transmission power across all CGs exceeds Py, on any
overlapped portion of the symbol.

- UE shall, when requested by higher layers, to transmit PRACH on subframe ilor subframe 11+1 ina
secondary serving cell in CG1 and/or to transmit PRACH on subframei2 +1 in a serving cell in CG2 in parallel
with SRS transmission in a symbol on subframe i1 of a different serving cell belonging to a different TAG of
CG1, drop SRS in CG1 if its total transmission power across all CGs exceeds P, 0n any overlapped portion
of the symbol.

- UE shall, when requested by higher layers, to transmit PRACH on subframe i1+ 1 in a secondary serving cell
in CG1 and/or to transmit PRACH on subframe i2 +1 in a serving cell in CG2 in parallel with
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PUSCH/PUCCH on subframe il in a different serving cell belonging to a different TAG of CG1, adjust the
transmission power of PUSCH/PUCCH in CG1 so that the total transmission power of the UE across all CGs

does not exceed P,y On the overlapped portion.

5.1.4.2 Dual connectivity power control Mode 2

If subframe 11 of CG1 overlaps in time with subframe 12 —1 and subframe 12 of CG2, and if the UE has
transmission(s) in subframe 11 of CG1,

- if the UE determines based on higher layer signalling that transmission(s) in subframe i1 of CG1 cannot
overlap in time with transmission(s) in subframe 12 of CG2, the UE shall determine

N A
Peei(i1) =ming . A . A ~ .
Pemax (ILi12 1) = Bopach o1 (D) = Peg2 (12 =1) = Pogach ceo (12 1)
- Otherwise, the UE shall determine

P (i1)

A o ,
Powax (1,12 -1) - 1((:)(302 ,

Pomax (11,12 1) — PPRACH_CGl(il) —Mmax |5(;1@2(i2 -1+ ﬁpRACH_CGZ(iZ -1),

PPRACH7062 (i 2)

PL.,(i1) = min

where,

qul(il) = ISPUCCH_CGl(il) + Z (ISPUSCH,c(il) + ~SRS,c(i1))

ceCG1

ISCMAX (11,12 —1) is the linear value of configured transmitted power for Dual Connectivity for the subframe
pair (il, i2 —l), as described in [6];
P i1)=0 o

- PUSCH 'C( ) , if the UE does not have a PUSCH transmission in serving cell Ce C:Gl;

A~

_ Poucen —CGl(Il) =0 if the UE does not have a PUCCH transmission in CG1;

51 /; _ .
- PCGZ (i2-1)=0 if the UE has no transmission of PUCCH, PUSCH, or SRS in subframe i2-1 of CG2;
. Teer T 7mee | and Yce2 TVsce jf CG1is MCG and CG2 is SCG;

. Yeer =7Vsce | ang 7ce2 T 7mce | if CG1 is SCG and CG2 is MCG:

- MG ang 7'5cG gre given by Table 5.1.4.2-1 according to higher layer parameters p-MeNB and p-SeNB
respectively;

- If the UE has a PRACH transmission for CG1 overlapping with subframe i1 of CG1, ﬁPRACH_CGl(il) is the

linear value of the transmission power of that PRACH transmission; otherwise, IsPRACHfCGl(il) =0.
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- If the UE has a PRACH transmission for CG2 overlapping with subframe 12 of CG2, and if the transmission
timing of the PRACH transmission (according to subclause 6.1.1) is such that the UE is ready to transmit the

PRACH at least one subframe before subframe 12 of CG2, ISPRACH _c2(12) is the linear value of the

transmission power of that PRACH transmission; otherwise, ISPRACH cc2(12) =0.

- Ifthe UE has a PRACH transmission for CG2 overlapping with subframe i2-1 of CG2,

A

Porach cer (12 —1) is the linear value of the transmission power of that PRACH transmission; otherwise,

A

PPRACH_CGZ (i2-1)=0.

FN’SRSYC(il) is determined as follows

- if the UE does not have an SRS transmission in subframe 11 of serving cell Ce CGlor if the UE drops the

SRS transmission in subframe i1 of serving cell Ce CG:I-due to collision with a PUCCH transmission in
subframe i1 of serving cell €€ CGL

- ISSRS,c(il) =0;

- if the UE has an SRS transmission and does not have a PUCCH/PUSCH transmission in subframe i1 of
serving cell € €CGl

ISSRS,C (il) = ISSRS,C (il) ;

- if the UE has an SRS transmission and a has PUCCH transmission, and does not have a PUSCH transmission
in subframe i1 of serving cell C € CGl

2 0,
Pis (i) =maxq ~ R .
- {PSRS,«Z(']') - PPUCCHCGl(Il)}

- if the UE has an SRS transmission and a has PUSCH transmission, and does not have a PUCCH transmission
in subframe i1 of serving cell €€ CGl

L Ol
Pars . (11) = maxy ~ . - .
e {PSRS,C(IJ') - PPUSCH,C(Il)}

- if the UE has an SRS transmission and has a PUSCH transmission and a PUCCH transmission in subframe
i1 of serving cell C€CGl

2 0,
Pegs « (i1) = maxy - . A . - .
Pers . (11) — Pousen ¢ (I1) = Poycen cea(11)

where ISSRS’C(il) is the linear value of Py . (i1) described in section 5.1.3.1.

If ISPUCCH_CGl(i) would exceed Isclel(i) , the UE scales ISPUCCH_CGl(i) such that the condition

al(i)- ISF,UCCH ()< FA’Clel(i) is satisfied where
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- ifCG1is MCG, FA’PUCCH cc1 (1) s the linear value of Poycch (i) corresponding to PUCCH transmission on the

primary cell, in case there is no PUCCH transmission in subframe i on the primary cell Phccy cc (1) =0.

- ifCGlis SCG, FA’PUCCHicel(i) is the linear value of Ppycch (i) corresponding to PUCCH transmission on
PSCell, in case there is no PUCCH transmission in subframe i on the PSCell ISPUCCH_CGI(i) =0.

ﬁPUSCH,c(i) is the linear value of Ppyscp (i)
- 0<al(i) <1isascaling factor of ISPUCCHicel(i) .

If the UE has PUSCH transmission with UCI on serving cell j € CG1, and FA’PUSCH’J- (i) would exceed IséGl(i) the

UE scales If)PUSCH,j (i) such that the condition a2(i)- FA’PUSCH’J. (i) < Isclel(i) is satisfied where FA’PUSCH’J. (i) isthe
linear value of the PUSCH transmit power for the cell with UCI, and 0 < ar2(i) < Lis a scaling factor of

Pouscn,j (1) for serving cell  j € CG1.

If the total transmit power across all the serving cells of a cell group CG1 would exceed Pclel(i) , the UE scales
Pousch,c (i) for the serving cell ¢ € CG1 in subframe i such that the

condition ZW(i) : ISPUSCH’C(i) < (Ischl(i) - ISPUCCH_CGl(i)) is satisfied; and w(i) is a scaling factor of
ceCG1

|3PUSCH'C(i)for serving cell ¢ where 0<w(i)<1.

If the UE has PUSCH transmission with UCI on serving cell j € CG1 and PUSCH without UCI in any of the
remaining serving cells belonging to CG1, and the total transmit power across all the serving cells of CG1 would

exceed Isclel(i) , the UE scales ﬁPUSCH,c(i) for the serving cells belonging to CG1 without UCI in subframe i such

that the condition Zw(i) . ISPUSCH’C(i) < (Ischl(i) - ISPUSCH'j(i)) is satisfied;
ceCG1,c#j
where FA’PUSCHJ- (i) is the PUSCH transmit power for the cell with UCI and w(i) is a scaling factor of ﬁpUSCH,C(i) for

serving cell C without UCI. In this case, no power scaling is applied to ﬁpUSCH,j(i)

unless > w(i)- ISPUSCH,c(i) =0 and the total transmit power across all of the serving cells of the CG1 still would
ceCGlc#]j

exceed Isclel(i) .

If the UE has simultaneous PUCCH and PUSCH transmission with UCI on serving cell j e CG1 and PUSCH
transmission without UCI in any of the remaining serving cells belonging to CG1, and the total transmit power across

all the serving cells of the CG1 would exceed P, (i), the UE obtains Peuscr.c (1) according to
- - - by - Al - by -
Pouschj ()= mln(PPUSCH,j(I)v (PCGl(I) - PPUCCH_CGl(I))) and
- ko - Al - - - hay -
ZW(l) “Poyscre (1) < (PCGl(I) - PPUCCH_CG:L(I) - PPUSCH,j ('))

ceCGl, c#j

where

- ifCGlis MCG, ISPUCCH_CGI(i) is the linear value of Ppycch (i) corresponding to PUCCH transmission on the
primary cell.

3GPP

Samsung Exhibit 1013, Page 39 of 381
Samsung Electronics Co., Ltd. v. Asus Technology Licensing Inc.
IPR2024-01036



Release 13 40 3GPP TS 36.213 V13.2.0 (2016-06)

- ifCGlisSCG, ﬁPUCCH co1 (1) is the linear value of Poyccp (i) corresponding to PUCCH transmission on
PSCell.

Note that w(i) values are the same across serving cells within a cell group when w(i) > 0 but for certain serving cells
within the cell group w(i) may be zero.

If the total transmit power for the Sounding Reference Symbol in an SC-FDMA symbol across all the serving cells
within a TAG of a cell group CG1 would exceed Pag, (i), the UE scales Pygs . (i) for the serving cell ¢ € CGland
the SC-FDMA symbol in subframe i such that the condition

. kg . "1 .
ZV(I) *Pags.c (1) < Py ()
ceCG1
is satisfied where ﬁSRs,c(i) is the linear value of Py . (i) described in section 5.1.3.1, and v(i) is a scaling factor of

ﬁSRS,c(i) for serving cell ¢ € CG1 where 0 < V(i) <1. Note that V(i) values are the same across serving cells
within the same CG.

If the UE is configured with multiple TAGs within CG1 and the SRS transmission of the UE in an SC-FDMA symbol
for a serving cell in subframe 1ina TAG belonging to CG1 overlaps with the SRS transmission in another SC-FDMA
symbol in subframe i for a serving cell in another TAG belonging to CG1, and if the total transmit power of the UE for

the Sounding Reference Symbol in the overlapped portion would exceed Ischl(i) , the UE scales Pygs . (i) for the
serving cell ¢ € CGL and each of the overlapped SRS SC-FDMA symbols in subframe 1 such that the condition

zv(i) ) IsSRS,c (i) < Iscle1(i)

ceCG1

is satisfied where Psgs (i) is the linear value of Pygs (i) described in section 5.1.3.1, and V(i) is a scaling factor of

Psrs.c (i) forserving cell ¢ € CGL where 0 < V(i) <1. Note that V(i) values are the same across serving cells
within the same CG.

For a cell group CG1

- if the UE is configured with multiple TAGs within CG1, and if the PUCCH/PUSCH transmission of the UE on
subframe 1 for a given serving cell in a TAG of CG1 overlaps some portion of the first symbol of the PUSCH

transmission on subframe 1+1 for a different serving cell in another TAG of CG1, the UE shall adjust its total

transmission power of CG1 to not exceed PclGl on any overlapped portion.

- if the UE is configured with multiple TAGs within CG1, and if the PUSCH transmission of the UE on subframe
I for a given serving cell ina TAG of CG1 overlaps some portion of the first symbol of the PUCCH

transmission on subframe 1+1 for a different serving cell in another TAG of CG1 the UE shall adjust its total

transmission power of CG1 to not exceed PclGl on any overlapped portion.

- if the UE is configured with multiple TAGs within CG1, and if the SRS transmission of the UE in a symbol on
subframe | for a given serving cell in a TAG of CG1 overlaps with the PUCCH/PUSCH transmission on

subframe i or subframe i+1 for a different serving cell in the same or another TAG of CG1 the UE shall drop

SRS if its total transmission power of CG exceeds |301G1 on any overlapped portion of the symbol.

- if the UE is configured with multiple TAGs within CG1 and more than 2 serving cells within CG1, and if the
SRS transmission of the UE in a symbol on subframe 1 for a given serving cell in the CG1 overlaps with the
SRS transmission on subframe 1 for a different serving cell(s) in CG1 and with PUSCH/PUCCH transmission

on subframe i or subframe i+1 for another serving cell(s) in CG1, the UE shall drop the SRS transmissions in

CG1 if the total transmission power of CG1 exceeds I%Gl on any overlapped portion of the symbol.
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if the UE is configured with multiple TAGs within CG1, the UE shall, when requested by higher layers, to
transmit PRACH in a secondary serving cell in CG1 in parallel with SRS transmission in a symbol on a
subframe of a different serving cell belonging to a different TAG of CG1, drop SRS in CGL1 if the total

transmission power of CG1 exceeds IsclGl on any overlapped portion in the symbol.
if the UE is configured with multiple TAGs within CG1, the UE shall, when requested by higher layers, to

transmit PRACH in a secondary serving cell in CG1 in parallel with PUSCH/PUCCH in a different serving cell
belonging to a different TAG in CG1, adjust the transmission power of PUSCH/PUCCH in CG1 so that its total

transmission power of CG1 does not exceed PclGl on the overlapped portion.

Table 5.1.4.2-1: ycs (Or ¥4 ) values for determining power allocation for dual connectivity

(ofbh{lggl\?B) Ywes (OF ¥scg ) Value (in %)
0 0
1 5
2 10
3 15
4 20
5 30
6 37
7 44
8 50
9 56
10 63
11 70
12 80
13 90
14 95
15 100

515 Power allocation for PUCCH-SCell

If a UE is configured with a PUCCH-SCell, power allocation for serving cells in the primary PUCCH group and
secondary PUCCH group is performed according to section 5.1.4.1, with the following exceptions:

5.2

the term ‘MCG’ is replaced by ‘primary PUCCH group’;
the term *‘SCG’ is replaced by ‘secondary PUCCH group’;

i1=i2=1i and Isc,\,IAX (iLi2)= f’CMAX (i) is the linear value of the UE total configured maximum output

power Py defined in [6] in subframe i; and

Ymcs = Vs = 0.

Downlink power allocation

The eNodeB determines the downlink transmit energy per resource element.

For the purpose of RSRP and RSRQ measurements, the UE may assume downlink cell-specific RS EPRE is constant
across the downlink system bandwidth and constant across all subframes with discovery signal transmissions until
different cell-specific RS power information is received.

For a cell that is not a LAA Scell, the UE may assume downlink cell-specific RS EPRE is constant across the downlink
system bandwidth and constant across all subframes until different cell-specific RS power information is received.

The downlink cell-specific reference-signal EPRE can be derived from the downlink reference-signal transmit power
given by the parameter referenceSignalPower provided by higher layers. The downlink reference-signal transmit power
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is defined as the linear average over the power contributions (in [W]) of all resource elements that carry cell-specific
reference signals within the operating system bandwidth.

For a LAA SCell, the UE may assume that the EPRE of downlink cell-specific RS in subframe n is same as the EPRE
of downlink cell-specific RS in subframe n-1, if all OFDM symbols of at least the second slot of subframe n-1, are
occupied.

The ratio of PDSCH EPRE to cell-specific RS EPRE among PDSCH REs (not applicable to PDSCH REs with zero
EPRE) for each OFDM symbol is denoted by either p, or pgaccording to the OFDM symbol index as given by

Table 5.2-2 and Table 5.2-3. In addition, p, and pg are UE-specific.

For a UE in transmission mode 8 - 10 when UE-specific RSs are not present in the PRBs upon which the corresponding
PDSCH is mapped or in transmission modes 1 — 7, the UE may assume that for 16 QAM, 64 QAM, or 256 QAM, spatial
multiplexing with more than one layer or for PDSCH transmissions associated with the multi-user MIMO transmission
scheme,

+ P, +10l0g,,(2) [dB] when the UE receives a PDSCH data transmission using
precoding for transmit diversity with 4 cell-specific antenna ports according to subclause 6.3.4.3 of [3];

- p, isequaltod

power-offset

- p, isequaltod + P, [dB] otherwise

power-offset

where 5power—offset

parameter provided by higher layers.

is 0 dB for all PDSCH transmission schemes except multi-user MIMO and where P, is a UE specific

For a UE configured with higher layers parameter servCellp-a-r12, and the UE in transmission modes 8-10 when UE-
specific RSs are not present in the PRBs upon which the corresponding PDSCH is mapped or in transmission modes 1-
7, the UE may assume that for QPSK and transmission with single-antenna port or transmit diversity transmission
schemes or spatial multiplexing using a single transmission layer, and the PDSCH transmission is not associated with
the multi-user MIMO transmission scheme, and the PDSCH is scheduled by a PDCCH/EPDCCH with CRC scrambled
by C-RNTI,

- pa isequalto P, +10-log,, (2) [dB] when the UE receives a PDSCH data transmission using precoding for
transmit diversity with 4 cell-specific antenna ports according to subclause 6.3.4.3 of [3];

- pa isequal to P, [dB] otherwise

and where P, is given by the parameter servCellp-a-ri12.

For transmission mode 7, if UE-specific RSs are present in the PRBs upon which the corresponding PDSCH is mapped,
the ratio of PDSCH EPRE to UE-specific RS EPRE within each OFDM symbol containing UE-specific RSs shall be a
constant, and that constant shall be maintained over all the OFDM symbols containing the UE-specific RSs in the
corresponding PRBs. In addition, the UE may assume that for L6QAM, 64QAM, or 256QAM, this ratio is 0 dB.

For transmission mode 8, if UE-specific RSs are present in the PRBs upon which the corresponding PDSCH is mapped,
the UE may assume the ratio of PDSCH EPRE to UE-specific RS EPRE within each OFDM symbol containing UE-
specific RSs is 0 dB.

For transmission mode 9 or 10, if UE-specific RSs are present in the PRBs upon which the corresponding PDSCH is
mapped, the UE may assume the ratio of PDSCH EPRE to UE-specific RS EPRE within each OFDM symbol
containing UE-specific RS is 0 dB for number of transmission layers less than or equal to two and -3 dB otherwise.

A UE may assume that downlink positioning reference signal EPRE is constant across the positioning reference signal
bandwidth and across all OFDM symbols that contain positioning reference signals in a given positioning reference
signal occasion [10].

For the purpose of RSRP and RSRQ measurements on CSI-RS of a discovery signal the UE may assume that the EPRE
of CSI-RS is constant across the downlink system bandwidth and constant across all subframes with discovery signal
transmissions for each CSI-RS resource.
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If a serving cell is not configured for a UE as a LAA Scell, and if CSI-RS is configured in the serving cell then the UE
shall assume downlink CSI-RS EPRE is constant across the downlink system bandwidth and constant across all
subframes for each CSI-RS resource.

If a serving cell is configured for a UE as a LAA Scell, the UE may assume that EPRE of CSI-RS in subframe n2 is
same as EPRE of CSI-RS in earlier subframe n1, if all OFDM symbols of subframe nl and all subframes between
subframe nl1 and subframe n2, are occupied.

The cell-specific ratio pg / p, is given by Table 5.2-1 according to cell-specific parameter Pz signalled by higher
layers and the number of configured eNodeB cell specific antenna ports.

Table 5.2-1: The cell-specific ratio pg/p, for 1, 2, or 4 cell specific antenna ports

PB PB /pA
One Antenna Port | Two and Four Antenna Ports
0 1 5/4
1 4/5 1
2 3/5 3/4
3 2/5 1/2

For PMCH with 16QAM, 64QAM, or 256QAM, the UE may assume that the ratio of PMCH EPRE to MBSFN RS
EPRE is equal to 0 dB.

Table 5.2-2: OFDM symbol indices within a slot of a non-MBSFN subframe where the ratio of the
corresponding PDSCH EPRE to the cell-specific RS EPRE is denoted by p, or pg

OFDM symbol indices within a slot where the OFDM symbol indices within a slot where the
Number of | ratio of the corresponding PDSCH EPRE to the | ratio of the corresponding PDSCH EPRE to the
ant;zrrtlga cell-specific RS EPRE is denoted by pp cell-specific RS EPRE is denoted by pg
P Normal cyclic prefix Extended cyclic prefix Normal cyclic prefix Extended cyclic prefix
One or two 1,2,3,5,6 1,2,4,5 0,4 0,3
Four 2,356 2,4,5 0,1, 4 0,1,3

Table 5.2-3: OFDM symbol indices within a slot of an MBSFN subframe where the ratio of the
corresponding PDSCH EPRE to the cell-specific RS EPRE is denoted by p, or pg

OFDM symbol indices within a slot where the OFDM symbol indices within a slot where the
Number ratio of the corresponding PDSCH EPRE to the ratio of the corresponding PDSCH EPRE to the
of cell-specific RS EPRE is denoted by pp cell-specific RS EPRE is denoted by pg
antenna Normal cyclic prefix Extended cyclic prefix Normal cyclic prefix Extended cyclic prefix
ports nmod2 | nnmod2=| nmod2 | nymod2 | nymod2 | n,mod2 | nymod2 | ngmod 2
=0 1 =0 = =0 =1 =0 =1
One or 1,234, 0,1,23, 1,2,3,4, | 0,1,2,3 0 ) 0 )
two 5,6 4,5,6 5 4,5
2,3,4,5, 0,1,23, 0,1,2,3
Four 6 4.5.6 2,4,3,5 45 0,1 - 0,1 -
5.2.1 eNodeB Relative Narrowband TX Power (RNTP) restrictions

The determination of reported Relative Narrowband TX Power indication RNTP(N,gg ) is defined as follows:

.. E,(n
0 if %SRNTtheshold

max_nom

RNTP(Npgg ) =
1 if W is made

max_nom

no promise about the upper limit of

3GPP

Samsung Exhibit 1013, Page 43 of 381

Samsung Electronics Co., Ltd. v. Asus Technology Licensing Inc.
IPR2024-01036



Release 13 44 3GPP TS 36.213 V13.2.0 (2016-06)

where E,(Npgg) is the maximum intended EPRE of UE-specific PDSCH REs in OFDM symbols not containing RS

in this physical resource block on antenna port p in the considered future time interval; N, is the physical resource

block number Npgg =0,..., Ngg —1; RNTP, .4 takes on one of the following
values RNTP, .q € {—,-11,-10,-9,-8,~7,-6,-5,-4,-3,-2,~1,0,+1,+2,+3} [dB] and
po . 1
max Af
E (P —
max_nom N RDBL . NSR(?

where P{P) is the base station maximum output power described in [7], and Af , N 2% and N&°
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6 Random access procedure

If the UE is configured with a SCG, the UE shall apply the procedures described in this clause for both MCG and SCG

- When the procedures are applied for MCG, the terms “secondary cell’, “secondary cells’ , ‘serving cell’, ‘serving
cells’ in this clause refer to secondary cell, secondary cells, serving cell, serving cells belonging to the MCG
respectively.

- When the procedures are applied for SCG, the terms ‘secondary cell’, ‘secondary cells’, “serving cell’, ‘serving
cells’ in this clause refer to secondary cell, secondary cells (not including PSCell), serving cell, serving cells
belonging to the SCG respectively. The term ‘primary cell’ in this clause refers to the PSCell of the SCG

Prior to initiation of the non-synchronized physical random access procedure, Layer 1 shall receive the following
information from the higher layers:

- Random access channel parameters (PRACH configuration and frequency position)

- Parameters for determining the root sequences and their cyclic shifts in the preamble sequence set for the
primary cell (index to logical root sequence table, cyclic shift ( Ng), and set type (unrestricted or restricted set))

6.1 Physical non-synchronized random access procedure

From the physical layer perspective, the L1 random access procedure encompasses the transmission of random access
preamble and random access response. The remaining messages are scheduled for transmission by the higher layer on
the shared data channel and are not considered part of the L1 random access procedure. A random access channel
occupies 6 resource blocks in a subframe or set of consecutive subframes reserved for random access preamble
transmissions. The eNodeB is not prohibited from scheduling data in the resource blocks reserved for random access
channel preamble transmission.

The following steps are required for the L1 random access procedure:
- Layer 1 procedure is triggered upon request of a preamble transmission by higher layers.

- A preamble index, a target preamble received power (PREAMBLE_RECEIVED _TARGET_POWER), a
corresponding RA-RNTI and a PRACH resource are indicated by higher layers as part of the request.

- For a BL/CE UE, a number of PRACH repetitions for preamble transmission attempt is also indicated by higher
layers as part of the request. For a non-BL/CE UE or for a BL/CE UE with the PRACH coverage enhancement
level 0/1/2, a preamble transmission power Pprach is determined as
Peracr = Min{ Popax (), PREAMBLE_RECEIVED_TARGET_POWER + PL; }_[dBm], where

Pcmax ¢ (i) is the configured UE transmit power defined in [6] for subframe i of serving cell ¢ and PL; is

the downlink path loss estimate calculated in the UE for serving cell c. For a BL/CE UE, PpracH is set to
Pcmax c (i) for the highest PRACH coverage enhancement level 3.

- A preamble sequence is selected from the preamble sequence set using the preamble index.

- Assingle preamble is transmitted using the selected preamble sequence with transmission power Pprach 0N the
indicated PRACH resource. For a BL/CE UE, the single preamble is transmitted for the number of PRACH
repetitions for the associated PRACH coverage enhancement level as indicated by higher layers.

- For non-BL/CE UEs, detection of a PDCCH with the indicated RA-RNTI is attempted during a window
controlled by higher layers (see [8], subclause 5.1.4). If detected, the corresponding DL-SCH transport block is
passed to higher layers. The higher layers parse the transport block and indicate the 20-bit uplink grant to the
physical layer, which is processed according to subclause 6.2.

- For BL/CE UEs, detection of a MPDCCH with DCI scrambled by RA-RNTI is attempted during a window
controlled by higher layers (see [8], subclause 5.1.4). If detected, the corresponding DL-SCH transport block is
passed to higher layers. The higher layers parse the transport block and indicate the Nr-bit uplink grant to the
physical layer, which is processed according to subclause 6.2.
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6.1.1  Timing

For the L1 random access procedure, a non-BL/CE UE's uplink transmission timing after a random access preamble
transmission is as follows.

a) If aPDCCH with associated RA-RNTI is detected in subframe n, and the corresponding DL-SCH transport
block contains a response to the transmitted preamble sequence, the UE shall, according to the information in the
response, transmit an UL-SCH transport block in the first subframe n-+k;, k; >6, if the UL delay field in
subclause 6.2 is set to zero where n+Kk; is the first available UL subframe for PUSCH transmission, where for TDD
serving cell, the first UL subframe for PUSCH transmission is determined based on the UL/DL configuration (i.e., the
parameter subframeAssignment) indicated by higher layers. The UE shall postpone the PUSCH transmission to the
next available UL subframe after n+Xk; if the field is set to 1.

b) If a random access response is received in subframe n, and the corresponding DL-SCH transport block does not
contain a response to the transmitted preamble sequence, the UE shall, if requested by higher layers, be ready to
transmit a new preamble sequence no later than in subframe n+5.

c¢) If no random access response is received in subframe n, where subframe n is the last subframe of the random
access response window, the UE shall, if requested by higher layers, be ready to transmit a new preamble
sequence no later than in subframe n+4.

For the L1 random access procedure, a BL/CE UE’s uplink transmission after a random access preamble transmission is
as follows.

a) If a MPDCCH with associated RA-RNTI is detected and the corresponding DL-SCH transport block reception
ending in subframe n contains a response to the transmitted preamble sequence, the UE shall, according to the
information in the response, transmit an UL-SCH transport block in the first subframe n+k;, k; 26, if the UL
delay field in subclause 6.2 is set to zero where the subframe n+k; is the first available UL subframe for
PUSCH transmission, where for TDD serving cell, the first UL subframe for PUSCH transmission is determined
based on the UL/DL configuration (i.e., the parameter subframeAssignment) indicated by higher layers. The
subframe n+Kk; is the first available UL subframe for PUSCH transmission determined based on the parameter
fdd-UplinkSubframeBitmapBR for FDD and the parameters fdd-DownlinkOrTddSubframeBitmapBR and
subframeAssignment for TDD. The UE shall postpone the PUSCH transmission to the next available UL
subframe after n+k, + A, if the field is set to 1. The value of A is the number of Msg3 PUSCH repetitions as

indicated in the random access response.

b) If a random access response is received and its reception ends in subframe n, and the corresponding DL-SCH
transport block does not contain a response to the transmitted preamble sequence, the UE shall, if requested by
higher layers, be ready to transmit a new preamble sequence no later than in subframe n+5.

c¢) If no random access response is received in subframe n, where subframe n is the last subframe of the random
access response window, the UE shall, if requested by higher layers, be ready to transmit a new preamble
sequence no later than in subframe n+4.

In case a random access procedure is initiated by a "PDCCH order" in subframe n for non-BL/CE UEs, or “PDCCH
order” reception ending in subframe n for BL/CE UEs, the UE shall, if requested by higher layers, transmit random
access preamble in the first subframe n+k,, k, >6, where a PRACH resource is available.

If a UE is configured with multiple TAGs, and if the UE is configured with the carrier indicator field for a given serving
cell, the UE shall use the carrier indicator field value from the detected "PDCCH order" to determine the serving cell for
the corresponding random access preamble transmission.

6.2 Random Access Response Grant

The higher layers indicate the Nr-bit UL Grant to the physical layer, as defined in 3GPP TS 36.321 [8].
This is referred to the Random Access Response Grant in the physical layer.

If BL/CE UE then

- If the most recent PRACH coverage enhancement level for the UE is O or 1, the contents of the Random Access
Response Grant are interpreted according to CEModeA.
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- If the most recent PRACH coverage enhancement level for the UE is 2 or 3, the contents of the Random Access
Response Grant are interpreted according to CEModeB.

- The content of these Nr bits starting with the MSB and ending with the LSB are given in Table 6-2 for
CEmodeA and CEmodeB:

- where N = LN;E';/GJ and N}ﬁge*=[|092(NNB)]

Table 6-2: Random Access Response Grant Content field size

DCI contents CEmodeA CEmodeB
Msg3 PUSCH I\ index 2
narrowband index NB
Msg3 PUSCH Resource 4 3
allocation
Number of Repetitions for 2 3
Msg3 PUSCH
MCS 3 0
TBS 0 2
TPC 3 0
CSl request 1 0
UL delay 1 0
Msg3/4 MPDCCH

. 2 2
narrowband index
Total Nr-bits 20 12

- For CEmodeB, the Msg3 PUSCH narrowband index indicates the narrowband to be used for first subframe of
Msg3 PUSCH transmission as given in Table 6.2-A.

- NBgag given in Table 6.2-A and Table 6.2-B is the narrow band used for first subframe of MPDCCH for

Random Access Response and is determined by higher layer parameter mpdcch-NarrowbandsToMonitor-r13 if
only one narrowband is configured, otherwise, it is determined by Table 6-2-E.

Table 6.2-A: Msg3 PUSCH Narrowband Value for CEmodeB.

\Value of 'Msg3 narrowband index’]Msg3 PUSCH Narrowband|
'00' NBgagr Mmod Nyg
01" (NBgag +1) mod N yg
10" (NBgag +2) mod Nyg
11’ (NBgag +3) mod N yg

- The Msg3/4 MPDCCH narrowband index indicates the narrowband used for first subframe of MPDCCH for
Msg3 PUSCH retransmission and MPDCCH for Msg4 PDSCH transmission as given in Table 6.2-B. The

number of downlink narrowbands is given by Ny, = LN ey 6J :
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Table 6.2-B: Msg3/4 MPDCCH Narrowband Value for CEmodeA and CEmodeB.

\Value of 'Msg3/4 MPDCCH narrowband index’]Msg3/4 MPDCCH Narrowband
‘00’ NBg,zmod N,
01" (NBgag +1) mod N,
10 (NBgag +2) mod N,
11 (NBgg +3) mod Ny,

- The repetition number field in the random access response grant configured by higher layers indicates the
repetition level for Msg3 PUSCH as given in Table 6.2-C for CEmodeA and Table 6.2-D for CEmodeB, where
Ya is determined by higher layer parameter pusch-maxNumRepetitionCEmodeA-r13, and Ys is determined by
higher layer parameter pusch-maxNumRepetitionCEmodeB-r13.

Table 6.2-C: Msg3 PUSCH Repetition Level Value for CEmodeA.

Value of 'Repetition number’ | Msg3 PUSCH Repetition level
00’ Ya/8
'01' Yald
‘10" Yal?2
‘11 Ya

Table 6.2-D: Msg3 PUSCH Repetition Level Value for CEmodeB.

Value of 'Repetition number’ | Msg3 PUSCH Repetition level

‘000" Ys /128

'001' Ye /64

'010' Ys /32

‘011’ Ys /16

100’ Ys /8

‘101 Ye /4

‘110" Ye /2

'111' Ys

Table 6.2-E: Narrowband ( NBg,g ) for MPDCCH RAR.

Mapped Preamble Index NBgar
First narrowband configured by
mod( Preamble Index, 2 )=0 high layer parameter mpdcch-

NarrowbandsToMonitor-r13
Second narrowband configured by
mod( Preamble Index, 2 )=1 high layer parameter mpdcch-
NarrowbandsToMonitor-r13

- The resource allocation field is interpreted as follows:

- For CEmodeA, insert one most significant bit with value set to '0', and interpret the expanded resource
allocation using UL resource allocation type 0 within the indicated narrowband.

- For CEmodeB, interpret the resource allocation using UL resource allocation type 2 within the indicated
narrowband.

3GPP

Samsung Exhibit 1013, Page 48 of 381
Samsung Electronics Co., Ltd. v. Asus Technology Licensing Inc.
IPR2024-01036



Release 13 49 3GPP TS 36.213 V13.2.0 (2016-06)

The truncated modulation and coding scheme field is interpreted such that the modulation and coding scheme
corresponding to the Random Access Response grant is determined from MCS indices 0 through 7 for
CEmodeA in Table 8.6.1-1

The truncated TBS field is interpreted such that the TBS value corresponding to the Random Access Response grant is
determined from TBS indices 0 through 3 for CEmodeB in Table 7.1.7.2.1-1

else,

end if

Nr=20, and the content of these 20 bits starting with the MSB and ending with the LSB are as follows:
Hopping flag — 1 bit

Fixed size resource block assignment — 10 bits

Truncated modulation and coding scheme — 4 bits

TPC command for scheduled PUSCH - 3 bits

UL delay - 1 bit

CSlI request — 1 bit

The UE shall use the single-antenna port uplink transmission scheme for the PUSCH transmission corresponding
to the Random Access Response Grant and the PUSCH retransmission for the same transport block.

The UE shall perform PUSCH frequency hopping if the single bit frequency hopping (FH) field in a
corresponding Random Access Response Grant is set as 1 and the uplink resource block assignment is type 0,
otherwise no PUSCH frequency hopping is performed. When the hopping flag is set, the UE shall perform
PUSCH hopping as indicated via the fixed size resource block assignment detailed below.

The fixed size resource block assignment field is interpreted as follows:

if Nag <44

- Truncate the fixed size resource block assignment to its b least significant bits, where
b= (Iog2 (N e -(N 5 +1)/ 2)-‘ , and interpret the truncated resource block assignment according to the rules
for a regular DCI format 0

else

- Insert b most significant bits with value set to ‘0" after the Ny _nop hopping bits in the fixed size resource block
assignment, where the number of hopping bits Nut_nop iS zero when the hopping flag bit is not set to 1, and is

defined in Table 8.4-1 when the hopping flag bit is set to 1, and b = Glog2 (N o -(N 5 +1)/ 2)-‘ —10) ,and
interpret the expanded resource block assignment according to the rules for a regular DCI format 0
end if

The truncated modulation and coding scheme field is interpreted such that the modulation and coding scheme
corresponding to the Random Access Response grant is determined from MCS indices 0 through 15 in Table
8.6.1-1.

The TPC command Jy,s,, shall be used for setting the power of the PUSCH, and is interpreted according to

Table 6.2-1.
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Table 6.2-1: TPC Command &, for Scheduled PUSCH

TPC Command | Value (in dB)
0 -6
1 -4
2 -2
3 0
4 2
5 4
6 6
7 8

In non-contention based random access procedure, the CSI request field is interpreted to determine whether an aperiodic
CQI, PMI, RI, and CRI report is included in the corresponding PUSCH transmission according to subclause 7.2.1. In
contention based random access procedure, the CSI request field is reserved.

The UL delay applies for TDD, FDD and FDD-TDD and this field can be set to 0 or 1 to indicate whether the delay of
PUSCH is introduced as shown in subclause 6.1.1.

7 Physical downlink shared channel related procedures

If the UE is configured with a SCG, the UE shall apply the procedures described in this clause for both MCG and SCG
unless stated otherwise

- When the procedures are applied for MCG, the terms ‘secondary cell’, “secondary cells’, ‘serving cell’, and
‘serving cells’ in this clause refer to secondary cell, secondary cells, serving cell or serving cells belonging to the
MCG respectively unless stated otherwise. The terms ‘subframe’ and ‘subframes’ refer to subframe or subframes
belonging to MCG.

- When the procedures are applied for SCG, the terms “‘secondary cell’, ‘secondary cells’, ‘serving cell” and
‘serving cells’ in this clause refer to secondary cell, secondary cells (not including the PSCell), serving cell,
serving cells belonging to the SCG respectively unless stated otherwise. The term ‘primary cell’ in this clause
refers to the PSCell of the SCG. The terms ‘subframe’ and ‘subframes’ refer to subframe or subframes belonging
to SCG

If a UE is configured with a LAA Scell, the UE shall apply the procedures described in this clause assuming frame
structure type 1 for the LAA Scell unless stated otherwise.

For FDD, there shall be a maximum of 8 downlink HARQ processes per serving cell.

For FDD-TDD and primary cell frame structure type 1, there shall be a maximum of 8 downlink HARQ processes per
serving cell.

For TDD and a UE not configured with the parameter EIMTA-MainConfigServCell-r12 for any serving cell,, if the UE
is configured with one serving cell, or if the UE is configured with more than one serving cell and the TDD UL/DL
configuration of all the configured serving cells is the same, the maximum number of downlink HARQ processes per
serving cell shall be determined by the UL/DL configuration (Table 4.2-2 of [3]), as indicated in Table 7-1.

For TDD, if a UE is configured with more than one serving cell and if the TDD UL/DL configuration of at least two
configured serving cells is not the same, or if the UE is configured with the parameter EIMTA-MainConfigServCell-r12
for at least one serving cell, or for FDD-TDD and primary cell frame structure type 2 and serving cell frame structure
type 2, the maximum number of downlink HARQ processes for a serving cell shall be determined as indicated in Table
7-1, wherein the "TDD UL/DL configuration™ in Table 7-1 refers to the DL-reference UL/DL configuration for the
serving cell (as defined in subclause 10.2).

For FDD-TDD and primary cell frame structure type 2 and serving cell frame structure type 1, the maximum number of
downlink HARQ processes for the serving cell shall be determined by the DL-reference UL/DL configuration for the
serving cell (as defined in subclause 10.2), as indicated in Table 7-2.

A BL/CE UE configured with CEModeB is not expected to support more than 2 downlink HARQ processes.
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For TDD and a BL/CE configured with CEModeA, the maximum number of downlink HARQ processes for a serving
cell shall be determined as indicated in Table 7-3.

The dedicated broadcast HARQ process defined in [8] is not counted as part of the maximum number of HARQ
processes for FDD, TDD and FDD-TDD.

Table 7-1: Maximum number of DL HARQ processes for TDD

TDD UL/DL configuration | Maximum number of HARQ processes
4
7
10
9
12
15
6

OO |WIN|F|O

Table 7-2: Maximum number of DL HARQ processes for FDD-TDD, primary cell frame structure type
2, and serving cell frame structure type 1

DL-reference UL/DL Maximum number of HARQ processes
Configuration
0 10
1 11
2 12
3 15
4 16
5 16
6 12

Table 7-3: Maximum number of DL HARQ processes for TDD
(UE configured with CEModeA)

TDD UL/DL configuration | Maximum number of HARQ processes
6
9
12
11
14
16
8

OO |W|IN|F|O

7.1 UE procedure for receiving the physical downlink shared
channel

Except the subframes indicated by the higher layer parameter mbsfn-SubframeConfigList or by mbsfn-
SubframeConfigList-v12x0 or by laa-SCellSubframeConfig of serving cell ¢, a UE shall

- upon detection of a PDCCH of the serving cell with DCI format 1, 1A, 1B, 1C, 1D, 2, 2A, 2B, 2C, or 2D
intended for the UE in a subframe, or

- upon detection of an EPDCCH of the serving cell with DCI format 1, 1A, 1B, 1D, 2, 2A, 2B, 2C, or 2D intended
for the UE in a subframe

decode the corresponding PDSCH in the same subframe with the restriction of the number of transport blocks defined
in the higher layers.

For BL/CE UEs configured with higher layer parameter fdd-DownlinkOrTddSubframeBitmapBR, the higher layer
parameter indicates the set of BL/CE DL subframes.

For BL/CE UEs not configured with higher layer parameter fdd-DownlinkOrTddSubframeBitmapBR, subframes other
than those indicated by the higher layer parameter mbsfn-SubframeConfigList are considered as BL/CE DL subframes.
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A BL/CE UE shall upon detection of a MPDCCH with DCI format 6-1A, 6-1B, 6-2 intended for the UE, decode the
corresponding PDSCH in one more BL/CE DL subframes as described in subclause 7.1.11, with the restriction of the
number of transport blocks defined in the higher layers

If a UE is configured with more than one serving cell and if the frame structure type of any two configured serving cells
is different, then the UE is considered to be configured for FDD-TDD carrier aggregation.

Except for MBMS reception, the UE is not required to monitor PDCCH with CRC scrambled by the SI-RNTI on the
PSCell.

A UE may assume that positioning reference signals are not present in resource blocks in which it shall decode PDSCH
according to a detected PDCCH with CRC scrambled by the SI-RNTI or P-RNTI with DCI format 1A or 1C intended
for the UE.

A UE configured with the carrier indicator field for a given serving cell shall assume that the carrier indicator field is
not present in any PDCCH of the serving cell in the common search space that is described in subclause 9.1. Otherwise,
the configured UE shall assume that for the given serving cell the carrier indicator field is present in PDCCH/EPDCCH
located in the UE specific search space described in subclause 9.1 when the PDCCH/EPDCCH CRC is scrambled by C-
RNTI or SPS C-RNTIL.

If a UE is configured by higher layers to decode PDCCH with CRC scrambled by the SI-RNTI, the UE shall decode the
PDCCH and the corresponding PDSCH according to any of the combinations defined in Table 7.1-1. The scrambling
initialization of PDSCH corresponding to these PDCCHs is by SI-RNTI.

Table 7.1-1: PDCCH and PDSCH configured by SI-RNTI

DCI format Search Transmission scheme of PDSCH corresponding to PDCCH
Space

DCI format 1C Common | If the number of PBCH antenna ports is one, Single-antenna port, port 0 is used (see
subclause 7.1.1), otherwise Transmit diversity (see subclause 7.1.2).

DCI format 1A Common | If the number of PBCH antenna ports is one, Single-antenna port, port 0 is used (see
subclause 7.1.1), otherwise Transmit diversity (see subclause 7.1.2).

If a UE is configured by higher layers to decode PDCCH with CRC scrambled by the P-RNTI, the UE shall decode the
PDCCH and the corresponding PDSCH according to any of the combinations defined in Table 7.1-2.
The scrambling initialization of PDSCH corresponding to these PDCCHSs is by P-RNTI.

If a UE is configured by higher layers to decode MPDCCH with CRC scrambled by the P-RNTI, the UE shall decode
the MPDCCH and any corresponding PDSCH according to any of the combinations defined in Table 7.1-2A.
The scrambling initialization of PDSCH corresponding to these MPDCCHs is by P-RNTI.

The UE is not required to monitor PDCCH with CRC scrambled by the P-RNTI on the PSCell.

Table 7.1-2: PDCCH and PDSCH configured by P-RNTI

DCI format Search Transmission scheme of PDSCH corresponding to PDCCH
Space

DCI format 1C Common | If the number of PBCH antenna ports is one, Single-antenna port, port 0 is used (see
subclause 7.1.1), otherwise Transmit diversity (see subclause 7.1.2)

DCI format 1A Common | If the number of PBCH antenna ports is one, Single-antenna port, port 0 is used (see
subclause 7.1.1), otherwise Transmit diversity (see subclause 7.1.2)

Table 7.1-2A: MPDCCH and PDSCH configured by P-RNTI

DCI format Search Transmission scheme of PDSCH corresponding to MPDCCH
Space
6-2 Typel- If the number of PBCH antenna ports is one, Single-antenna port, port 0 is used (see
common subclause 7.1.1), otherwise Transmit diversity (see subclause 7.1.2)
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If a UE is configured by higher layers to decode PDCCH with CRC scrambled by the RA-RNTI, the UE shall decode
the PDCCH and the corresponding PDSCH according to any of the combinations defined in Table 7.1-3. The
scrambling initialization of PDSCH corresponding to these PDCCHs is by RA-RNTI.

If a UE is configured by higher layers to decode MPDCCH with CRC scrambled by the RA-RNTI, the UE shall decode
the MPDCCH and the corresponding PDSCH according to any of the combinations defined in Table 7.1-3A. The
scrambling initialization of PDSCH corresponding to these MPDCCHs is by RA-RNTI.

When RA-RNTI and either C-RNTI or SPS C-RNTI are assigned in the same subframe, the UE is not required to
decode a PDSCH on the primary cell indicated by a PDCCH/EPDCCH with a CRC scrambled by C-RNTI or SPS C-
RNTI.

Table 7.1-3: PDCCH and PDSCH configured by RA-RNTI

DCI format Search Transmission scheme of PDSCH corresponding to PDCCH
Space

DCI format 1C Common | If the number of PBCH antenna ports is one, Single-antenna port, port 0 is used (see
subclause 7.1.1), otherwise Transmit diversity (see subclause 7.1.2)

DCI format 1A Common | If the number of PBCH antenna ports is one, Single-antenna port, port 0 is used (see
subclause 7.1.1), otherwise Transmit diversity (see subclause 7.1.2)

Table 7.1-3A: MPDCCH and PDSCH configured by RA-RNTI

DCI format Search Transmission scheme of PDSCH corresponding to MPDCCH
Space
6-1A or 6-1B Type2- If the number of PBCH antenna ports is one, Single-antenna port, port O is used (see
common | subclause 7.1.1), otherwise Transmit diversity (see subclause 7.1.2)

If a UE is configured by higher layers to decode PDCCH with CRC scrambled by the G-RNTI or SC-RNTI, the UE
shall decode the PDCCH and the corresponding PDSCH according to any of the combinations defined in Table 7.1-4.
The scrambling initialization of PDSCH corresponding to these PDCCHs is by G-RNTI or SC-RNTI.

Table 7.1-4: PDCCH and PDSCH configured by G-RNTI or SC-RNTI

DCI format Search Transmission scheme of PDSCH corresponding to PDCCH
Space

DCI format 1C Common | If the number of PBCH antenna ports is one, Single-antenna port, port 0 is used (see
subclause 7.1.1), otherwise Transmit diversity (see subclause 7.1.2).

DCI format 1A Common | If the number of PBCH antenna ports is one, Single-antenna port, port 0 is used (see
subclause 7.1.1), otherwise Transmit diversity (see subclause 7.1.2).

If a UE is configured by higher layers to decode PDCCH with CRC scrambled by the SC-N-RNT], the UE shall decode
the PDCCH according to the combination defined in table 7.1-4A.

Table 7.1-4A: PDCCH configured by SC-N-RNTI

DCI format Search
Space
DCI format 1C Common

The UE is semi-statically configured via higher layer signalling to receive PDSCH data transmissions signalled via
PDCCH/EPDCCH according to one of the transmission modes, denoted mode 1 to mode 10.

For a BL/CE UE, the UE is semi-statically configured via higher layer signalling to receive PDSCH data transmissions
signalled via MPDCCH according to one of the transmission modes: mode 1, mode 2, mode 6, and mode 9.
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For LAA Scells, the UE is not expected to receive PDSCH data transmissions signalled via PDCCH/EPDCCH
according to transmission modes 5,6,7.

For frame structure type 1,

- the UE is not expected to receive PDSCH resource blocks transmitted on antenna port 5 in any subframe in
which the number of OFDM symbols for PDCCH with normal CP is equal to four;

- anon-BL/CE UE is not expected to receive PDSCH resource blocks transmitted on antenna port 5, 7, 8, 9, 10,
11, 12, 13 or 14 in the two PRBs to which a pair of VRBs is mapped if either one of the two PRBs overlaps in
frequency with a transmission of either PBCH or primary or secondary synchronization signals in the same
subframe;

- the UE is not expected to receive PDSCH resource blocks transmitted on antenna port 7 for which distributed
VRB resource allocation is assigned.

- The UE may skip decoding the transport block(s) if it does not receive all assigned PDSCH resource blocks
except if it is capable of receiving the non-colliding PDSCH resource blocks in an assignment which partly
collides in frequency with a transmission of PBCH or primary synchronization signal or secondary
synchronization signal in the same subframes and that capability is indicated by pdsch-CollisionHandling [12]. If
the UE skips decoding, the physical layer indicates to higher layer that the transport block(s) are not successfully
decoded.

For frame structure type 2,

- the UE is not expected to receive PDSCH resource blocks transmitted on antenna port 5 in any subframe in
which the number of OFDM symbols for PDCCH with normal CP is equal to four;

- the UE is not expected to receive PDSCH resource blocks transmitted on antenna port 5 in the two PRBs to
which a pair of VRBs is mapped if either one of the two PRBs overlaps in frequency with a transmission of
PBCH in the same subframe;

- anon-BL/CE UE is not expected to receive PDSCH resource blocks transmitted on antenna port 7, 8, 9, 10, 11,
12, 13 or 14 in the two PRBs to which a pair of VRBs is mapped if either one of the two PRBs overlaps in
frequency with a transmission of primary or secondary synchronization signals in the same subframe;

- with normal CP configuration, the UE is not expected to receive PDSCH on antenna port 5 for which distributed
VRB resource allocation is assigned in the special subframe with configuration #1 or #6;

- the UE is not expected to receive PDSCH on antenna port 7 for which distributed VRB resource allocation is
assigned;

- with normal cyclic prefix, the UE is not expected to receive PDSCH resource blocks transmitted on antenna port
5 in DWPTS when the UE is configured with special subframe configuration 9.

- The UE may skip decoding the transport block(s) if it does not receive all assigned PDSCH resource blocks
except if it is capable of receiving the non-colliding PDSCH resource blocks in an assignment which partly
collides in frequency with a transmission of PBCH or primary synchronization signal or secondary
synchronization signal in the same subframe and that capability is indicated by pdsch-CollisionHandling [12]. If
the UE skips decoding, the physical layer indicates to higher layer that the transport block(s) are not successfully
decoded.

If a UE is configured by higher layers to decode PDCCH with CRC scrambled by the C-RNTI, the UE shall decode the
PDCCH and any corresponding PDSCH according to the respective combinations defined in Table 7.1-5. The
scrambling initialization of PDSCH corresponding to these PDCCHs is by C-RNTI.

If a UE is configured by higher layers to decode EPDCCH with CRC scrambled by the C-RNTI, the UE shall decode
the EPDCCH and any corresponding PDSCH according to the respective combinations defined in Table 7.1-5A. The
scrambling initialization of PDSCH corresponding to these EPDCCHSs is by C-RNTI.

If a BL/CE UE is configured by higher layers to decode MPDCCH with CRC scrambled by the C-RNTI, the UE shall
decode the MPDCCH and any corresponding PDSCH according to the respective combinations defined in Table 7.1-
5B. The scrambling initialization of PDSCH corresponding to these MPDCCHs is by C-RNTI.
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If a UE is configured with CEModeA, the UE shall decode MPDCCH DCI Format 6-1A. If the UE is configured with
CEModeB, the UE shall decode MPDCCH DCI Format 6-1B.

If the UE is configured with the carrier indicator field for a given serving cell and, if the UE is configured by higher
layers to decode PDCCH/EPDCCH with CRC scrambled by the C-RNTI, then the UE shall decode PDSCH of the
serving cell indicated by the carrier indicator field value in the decoded PDCCH/EPDCCH.

When a UE configured in transmission mode 3, 4, 8, 9 or 10 receives a DCI Format 1A assignment, it shall assume that
the PDSCH transmission is associated with transport block 1 and that transport block 2 is disabled.

When a UE is configured in transmission mode 7, scrambling initialization of UE-specific reference signals
corresponding to these PDCCHs/EPDCCHs is by C-RNTI.

The UE does not support transmission mode 8 if extended cyclic prefix is used in the downlink.

When a UE is configured in transmission mode 9 or 10, in the downlink subframes indicated by the higher layer
parameter mbsfn-SubframeConfigList or by mbsfn-SubframeConfigList-v12x0 or by laa-SCellSubframeConfig of
serving cell ¢ except in subframes for the serving cell

- indicated by higher layers to decode PMCH or,

- configured by higher layers to be part of a positioning reference signal occasion and the positioning reference
signal occasion is only configured within MBSFN subframes and the cyclic prefix length used in subframe #0 is
normal cyclic prefix,

the UE shall upon detection of a PDCCH with CRC scrambled by the C-RNTI with DCI format 1A/2C/2D intended for
the UE or, upon detection of an EPDCCH with CRC scrambled by the C-RNTI with DCI format 1A/2C/2D intended for
the UE, decode the corresponding PDSCH in the same subframe.

A UE configured in transmission mode 10 can be configured with scrambling identities, n2MRS1 i =01 by higher

layers for UE-specific reference signal generation as defined in subclause 6.10.3.1 of [3] to decode PDSCH according
to a detected PDCCH/EPDCCH with CRC scrambled by the C-RNTI with DCI format 2D intended for the UE.
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Table 7.1-5: PDCCH and PDSCH configured by C-RNTI

Transmission

Transmission scheme of PDSCH

mode DI et SRENE SEE6E corresponding to PDCCH
Common and .
Mode 1 DCI format 1A UE specific by C-RNTI Single-antenna port, port 0 (see subclause 7.1.1)
DCI format 1 UE specific by C-RNTI Single-antenna port, port 0 (see subclause 7.1.1)
DCI format 1A Common and Transmit diversity (see subclause 7.1.2)
Mode 2 UE specific by C-RNTI ty 1.
DCI format 1 UE specific by C-RNTI Transmit diversity (see subclause 7.1.2)
Mode 3 DCI format 1A Sgn;g];c?fzngy C-RNTI Transmit diversity (see subclause 7.1.2) -
DCI format 2A UE specific by C-RNTI Lgrge .delay CDD (see subclause 7.1.3) or Transmit
diversity (see subclause 7.1.2)
Common and - .
DCI format 1A UE specific by C-RNTI Transmit diversity (see subclause 7.1.2)
Mode 4 DCI format 2 UE specific by C-RNTI Closed-loop spatial multiplexing (see subclause 7.1.4)or
p Y Transmit diversity (see subclause 7.1.2)
Common and . .
Mode 5 DCI format 1A UE specific by C-RNTI Transmit diversity (see subclause 7.1.2)
DCI format 1D UE specific by C-RNTI Multi-user MIMO (see subclause 7.1.5)
Common and o .
DCI format 1A UE specific by C-RNTI Transmit diversity (see subclause 7.1.2)
Mode 6 DCI format 1B UE specific by C-RNTI Closed-loop spatial multiplexing (see subclause 7.1.4)
p Y using a single transmission layer
If the number of PBCH antenna ports is one, Single-
Mode 7 DCI format 1A ngm:c?ﬁing C-RNTI antenna port, port O is used (see subclause 7.1.1),
P y otherwise Transmit diversity (see subclause 7.1.2)
DCI format 1 UE specific by C-RNTI Single-antenna port, port 5 (see subclause 7.1.1)
If the number of PBCH antenna ports is one, Single-
DCI format 1A Commor} gnd antenna port, port O is used (see subclause 7.1.1),
UE specific by C-RNTI herwise T it di f bel 712
Mode 8 otherwise ransm.lt _|verS|ty (see subclause 7.1.2)
Dual layer transmission, port 7 and 8 (see subclause
DCI format 2B UE specific by C-RNTI 7.1.5A) or single-antenna port, port 7 or 8 (see subclause
7.1.1)
. Non-MBSFN subframe: If the number of PBCH
antenna ports is one, Single-antenna port, port 0 is
DCI format 1A Common and UE specific by used (see subclause 7.1.1), otherwise Transmit
C-RNTI diversity (see subclause 7.1.2)
. MBSFN subframe: Single-antenna port, port 7 (see
Mode 9 subclause 7.1.1)
Up to 8 layer transmission, ports 7-14 (see subclause
7.1.5B) or single-antenna port, port 7, 8, 11, or 13 (see
DCI format 2C | UE specific by C-RNTI subclause 7.1.1) if UE is configured with higher layer
parameter dmrs-tableAlt, single-antenna port, port 7 or 8
(see subclause 7.1.1) otherwise
. Non-MBSFN subframe: If the number of PBCH
antenna ports is one, Single-antenna port, port O is
Common and UE specific by used (see subclause 7.1.1), otherwise Transmit
DCI format 1A C-RNTI diversity (see subclause 7.1.2)
. MBSFN subframe: Single-antenna port, port 7 (see
Mode 10 subclause 7.1.1)

DCI format 2D

UE specific by C-RNTI

Up to 8 layer transmission, ports 7-14 (see subclause
7.1.5B) or single-antenna port, port 7, 8, 11, or 13 (see
subclause 7.1.1) if UE is configured with higher layer
parameter dmrs-tableAlt, single-antenna port, port 7 or 8
(see subclause 7.1.1) otherwise
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Table 7.1-5A: EPDCCH and PDSCH configured by C-RNTI

RS el DCI format SAIEln Transmission scheme of PDSCH corresponding to EPDCCH
mode Space
DCI format 1A gyECSpR?ﬁ.I_'IC Single-antenna port, port O (see subclause 7.1.1)
Mode 1 —
UE specific .
DCI format 1 by C-RNTI Single-antenna port, port 0 (see subclause 7.1.1)
DCI format 1A EESF;fﬁq_'f Transmit diversity (see subclause 7.1.2)
Mode 2 U3|'E S
specific - .
DCI format 1 by C-RNTI Transmit diversity (see subclause 7.1.2)
DCI format 1A LJyEngeﬁ'.];.'f Transmit diversity (see subclause 7.1.2)
Mode 3 DCI format 2A UE specific Large delay CDD (see subclause 7.1.3) or Transmit diversity (see subclause
by C-RNTI 7.1.2)
DCI format 1A gfépr\?ﬁ.{_'f Transmit diversity (see subclause 7.1.2)
Mode 4 DCI format 2 UE specific Closed-loop spatial multiplexing (see subclause 7.1.4)or Transmit diversity
by C-RNTI (see subclause 7.1.2)
DCI format 1A gEgﬁfﬁq}f Transmit diversity (see subclause 7.1.2)
Mode 5 U)I'E S
specific -
DCI format 1D by C-RNTI Multi-user MIMO (see subclause 7.1.5)
DCI format 1A LJECSpReﬁ%C Transmit diversity (see subclause 7.1.2)
Mode 6 Y — - — - -
UE specific Closed-loop spatial multiplexing (see subclause 7.1.4) using a single
DCI format 1B e
by C-RNTI transmission layer
UE specific If the number of PBCH antenna ports is one, Single-antenna port, port 0 is
DCI format 1A b P used (see subclause 7.1.1), otherwise Transmit diversity (see subclause
y C-RNTI
Mode 7 7.1.2)
UE specific .
DCI format 1 by C-RNTI Single-antenna port, port 5 (see subclause 7.1.1)
UE specific If the number of PBCH antenna ports is one, Single-antenna port, port 0 is
DCI format 1A b P used (see subclause 7.1.1), otherwise Transmit diversity (see subclause
y C-RNTI
Mode 8 7.1.2)
DCI format 2B UE specific Dual layer transmission, port 7 and 8 (see subclause 7.1.5A) or single-
by C-RNTI antenna port, port 7 or 8 (see subclause 7.1.1)
. Non-MBSFN subframe: If the number of PBCH antenna ports is one,
DCI format 1A UE specific Single-antenna port, port 0 is used (see subclause 7.1.1), otherwise
by C-RNTI Transmit diversity (see subclause 7.1.2)
Mode 9 . MBSFN subframe: Single-antenna port, port 7 (see subclause 7.1.1)
Up to 8 layer transmission, ports 7-14 (see subclause 7.1.5B) or single-
DCI format 2C UE specific antenna port, port 7, 8, 11, or 13 (see subclause 7.1.1) if UE is configured with
by C-RNTI higher layer parameter dmrs-tableAlt, single-antenna port, port 7 or 8 (see
subclause 7.1.1) otherwise
e Non-MBSFN subframe: If the number of PBCH antenna ports is one,
DCI format 1A UE specific Single-antenna port, port 0 is used (see subclause 7.1.1), otherwise
by C-RNTI Transmit diversity (see subclause 7.1.2)
Mode 10 . MBSFN subframe: Single-antenna port, port 7 (see subclause 7.1.1)
Up to 8 layer transmission, ports 7-14 (see subclause 7.1.5B) or single-
DCI format 2D UE specific antenna port, port 7, 8, 11, or 13 (see subclause 7.1.1) if UE is configured with
by C-RNTI higher layer parameter dmrs-tableAlt, single-antenna port, port 7 or 8 (see
subclause 7.1.1) otherwise
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Table 7.1-5B: MPDCCH and PDSCH configured by C-RNTI

Transmission Transmission scheme of PDSCH corresponding to
mode DCI format Search Space MPDCCH
6-1A TypeO-Common
Mode 1 Single-antenna port, port O (see subclause 7.1.1)

6-1A or 6-1B | UE specific by C-RNTI

6-1A TypeO-Common
Mode 2 Transmit diversity (see subclause 7.1.2)
6-1A or 6-1B | UE specific by C-RNTI

6-1A TypeO-Common Transmit diversity (see subclause 7.1.2)
Mode 6 Closed-| ial multiplexi bcl 7.1.4) usi
6-1A UE specific by C-RNTI losed-loop spatial multiplexing (see subclause 7.1.4) using a
single transmission layer
If the number of PBCH antenna ports is one, Single-antenna
6-1A TypeO-Common port, port 0 is used (see subclause 7.1.1), otherwise Transmit
diversity (see subclause 7.1.2)
6-1A UE specific by C-RNTI Single-antenna port, port 7 or 8 (see subclause 7.1.1)
Mode 9
6-1B UE specific by C-RNTI Single-antenna port, port 7 (see subclause 7.1.1)

If a UE is configured by higher layers to decode PDCCH with CRC scrambled by the SPS C-RNTI, the UE shall
decode the PDCCH on the primary cell and any corresponding PDSCH on the primary cell according to the respective
combinations defined in Table 7.1-6. The same PDSCH related configuration applies in the case that a PDSCH is
transmitted without a corresponding PDCCH. The scrambling initialization of PDSCH corresponding to these PDCCHs
and PDSCH without a corresponding PDCCH is by SPS C-RNTI.

If a UE is configured by higher layers to decode EPDCCH with CRC scrambled by the SPS C-RNTI, the UE shall
decode the EPDCCH on the primary cell and any corresponding PDSCH on the primary cell according to the respective
combinations defined in Table 7.1-6A. The same PDSCH related configuration applies in the case that a PDSCH is
transmitted without a corresponding EPDCCH. The scrambling initialization of PDSCH corresponding to these
EPDCCHs and PDSCH without a corresponding EPDCCH is by SPS C-RNTI.

If a UE configured with CEModeA is configured by higher layers to decode MPDCCH with CRC scrambled by the SPS
C-RNTI, the UE shall decode the MPDCCH on the primary cell and any corresponding PDSCH on the primary cell
according to the respective combinations defined in Table 7.1-6B. The same PDSCH related configuration applies in
the case that a PDSCH is transmitted without a corresponding MPDCCH. The scrambling initialization of PDSCH
corresponding to these MPDCCHs and PDSCH without a corresponding MPDCCH is by SPS C-RNTI.

When a UE is configured in transmission mode 7, scrambling initialization of UE-specific reference signals for PDSCH
corresponding to these PDCCHs/EPDCCHs and for PDSCH without a corresponding PDCCH/EPDCCH is by SPS C-
RNTI.

When a UE is configured in transmission mode 9 or 10, in the downlink subframes indicated by the higher layer
parameter mbsfn-SubframeConfigList or by mbsfn-SubframeConfigList-v12x0 of serving cell ¢ except in subframes for
the serving cell

- indicated by higher layers to decode PMCH or,

- configured by higher layers to be part of a positioning reference signal occasion and the positioning reference
signal occasion is only configured within MBSFN subframes and the cyclic prefix length used in subframe #0 is
normal cyclic prefix,

the UE shall upon detection of a PDCCH with CRC scrambled by the SPS C-RNTI with DCI format 1A/2C/2D, or
upon detection of a EPDCCH with CRC scrambled by the SPS C-RNTI with DCI format 1A/2C/2D, or for a configured
PDSCH without PDCCH intended for the UE, decode the corresponding PDSCH in the same subframe.
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A UE configured in transmission mode 10 can be configured with scrambling identities, n2MRS1 i =01 by higher

layers for UE-specific reference signal generation as defined in subclause 6.10.3.1 of [3] to decode PDSCH according
to a detected PDCCH/EPDCCH with CRC scrambled by the SPS C-RNTI with DCI format 2D intended for the UE.

For PDSCH without a corresponding PDCCH/EPDCCH, the UE shall use the value of Ny, and the scrambling

identity of Ny

(nseio)

associated SPS activation for UE-specific reference signal generation.

Table 7.1-6: PDCCH and PDSCH configured by SPS C-RNTI

(as defined in subclause 6.10.3.1 of [3]) derived from the DCI format 2D corresponding to the

Transmission

Transmission scheme of PDSCH corresponding to

mode DCI format Search Space PDCCH
Common and )
Mode 1 DCI format 1A UE specific by C-RNTI Single-antenna port, port 0 (see subclause 7.1.1)
DCI format 1 UE specific by C-RNTI | Single-antenna port, port 0 (see subclause 7.1.1)
DCI format 1A Common and Transmit diversity (see subclause 7.1.2)
Mode 2 UE specific by C-RNTI T
DCI format 1 UE specific by C-RNTI | Transmit diversity (see subclause 7.1.2)
Common and - .
Mode 3 DCI format 1A UE specific by C-RNTI Transmit diversity (see subclause 7.1.2)
DCI format 2A UE specific by C-RNTI | Transmit diversity (see subclause 7.1.2)
Common and - .
DCI format 1A UE specific by C-RNTI Transmit diversity (see subclause 7.1.2)
Mode 4 Transmit diversity (see subclause 7.1.2)
DCI format 2 UE specific by C-RNTI o
Common and - .
Mode 5 DCI format 1A UE specific by C-RNTI Transmit diversity (see subclause 7.1.2)
Common and - .
Mode 6 DCI format 1A UE specific by C-RNTI Transmit diversity (see subclause 7.1.2)
Common and .
Mode 7 DCI format 1A UE specific by C-RNTI Single-antenna port, port 5 (see subclause 7.1.1)
DCI format 1 UE specific by C-RNTI | Single-antenna port, port 5 (see subclause 7.1.1)
DCI format 1A Comman and Single-antenna port, port 7(see subclause 7.1.1)
Mode 8 UE specific by C-RNTI ’ "
DCI format 2B UE specific by C-RNTI | Single-antenna port, port 7 or 8 (see subclause 7.1.1)
Common and .
DCI format 1A UE specific by C-RNTI Single-antenna port, port 7 (see subclause 7.1.1)
Mode 9 Single-antenna port, port 7, 8, 11, or 13 (see subclause 7.1.1) if
DCI format 2C UE specific by C-RNTI | UE is configured with higher layer parameter dmrs-tableAlt,
Single-antenna port, port 7 or 8, (see subclause 7.1.1) otherwise
Common and )
DCI format 1A UE specific by C-RNTI Single-antenna port, port 7 (see subclause 7.1.1)
Mode 10 Single-antenna port, port 7, 8, 11, or 13 (see subclause 7.1.1) if

DCI format 2D

UE specific by C-RNTI

UE is configured with higher layer parameter dmrs-tableAlt,
Single-antenna port, port 7 or 8, (see subclause 7.1.1) otherwise
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Table 7.1-6A: EPDCCH and PDSCH configured by SPS C-RNTI

Transmission

Transmission scheme of PDSCH corresponding to

mode DCI format | Search Space EPDCCH
DCI format 1A g_ER?\lp.ﬁcmc by Single-antenna port, port 0 (see subclause 7.1.1)
Mode 1 —
DCI format 1 gFRT\Ip.ﬁC'f'C by Single-antenna port, port 0 (see subclause 7.1.1)
DCI format 1A gFRT\IpﬁC'f'C by Transmit diversity (see subclause 7.1.2)
Mode 2 UE specific b
DCI format 1 C-RNpTI Y Transmit diversity (see subclause 7.1.2)
DCI format 1A g_ERT\Ip.ﬁC'f'C by Transmit diversity (see subclause 7.1.2)
Mode 3 —
DCI format 2A (L;FRT“pﬁC|flc by Transmit diversity (see subclause 7.1.2)
DCI format 1A g_ERT\Ip.ﬁcmc by Transmit diversity (see subclause 7.1.2)
Mode 4 —
DCI format 2 gFRT\Ip.ﬁC'f'C by Transmit diversity (see subclause 7.1.2)
Mode 5 DCI format 1A gFRT\lpﬁc'flc by Transmit diversity (see subclause 7.1.2)
Mode 6 DCI format 1A g_ER?\lp.ﬁC'f'C by Transmit diversity (see subclause 7.1.2)
DCI format 1A g_ERT\IpﬁC'f'C by Single-antenna port, port 5 (see subclause 7.1.1)
Mode 7 —
DCI format 1 g_ERT“pﬁC'f'C by Single-antenna port, port 5 (see subclause 7.1.1)
DCI format 1A g_ER?\lp.ﬁC'f'C by Single-antenna port, port 7(see subclause 7.1.1)
Mode 8 —
DCI format 2B gFRT\Ip_I(_éICIfIC by Single-antenna port, port 7 or 8 (see subclause 7.1.1)
DCI format 1A g[ER?\lp_ﬁcmc by Single-antenna port, port 7 (see subclause 7.1.1)
Mode 9 UE specific b Single-antenna port, port 7, 8, 11, or 13 (see subclause 7.1.1) if UE is
DCI format 2C C—RNpTI Y configured with higher layer parameter dmrs-tableAlt, Single-antenna
port, port 7 or 8, (see subclause 7.1.1) otherwise
DCI format 1A g_ER?\lp_ﬁmflc by Single-antenna port, port 7 (see subclause 7.1.1)
Mode 10 Single-antenna port, port 7, 8, 11, or 13 (see subclause 7.1.1) if UE is

DCI format 2D

UE specific by
C-RNTI

configured with higher layer parameter dmrs-tableAlt, Single-antenna
port, port 7 or 8, (see subclause 7.1.1) otherwise

Table 7.1-6B: MPDCCH and PDSCH configured by SPS C-RNTI

Transmission Transmission scheme of PDSCH corresponding to
mode DCI format Search Space MPDCCH
6-1A TypeO-Common
Mode 1 Single-antenna port, port 0 (see subclause 7.1.1)
6-1A UE specific by C-RNTI
6-1A TypeO-Common
Mode 2 Transmit diversity (see subclause 7.1.2)
6-1A UE specific by C-RNTI
6-1A TypeO0-Common Transmit diversity (see subclause 7.1.2)
Mode 6
6-1A UE specific by C-RNTI Transmit diversity (see subclause 7.1.2)
6-1A Type0-Common Single-antenna port, port 7 (see subclause 7.1.1)
Mode 9
6-1A UE specific by C-RNTI Single-antenna port, port 7 (see subclause 7.1.1)

If a UE is configured by higher layers to decode PDCCH with CRC scrambled by the Temporary C-RNTI and is not
configured to decode PDCCH with CRC scrambled by the C-RNTI, the UE shall decode the PDCCH and the
corresponding PDSCH according to the combination defined in Table 7.1-7. The scrambling initialization of PDSCH
corresponding to these PDCCHs is by Temporary C-RNTI.
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If a UE is configured by higher layers to decode MPDCCH with CRC scrambled by the Temporary C-RNTI and is not
configured to decode MPDCCH with CRC scrambled by the C-RNTI during random access procedure, the UE shall
decode the MPDCCH and the corresponding PDSCH according to the combination defined in Table 7.1-8. The
scrambling initialization of PDSCH corresponding to these MPDCCHs is by Temporary C-RNTI.

If a UE is also configured by higher layers to decode MPDCCH with CRC scrambled by the C-RNTI during random
access procedure, the UE shall decode the MPDCCH and the corresponding PDSCH according to the combination
defined in Table 7.1-8. The scrambling initialization of PDSCH corresponding to these MPDCCHSs is by C-RNTI.

Table 7.1-7: PDCCH and PDSCH configured by Temporary C-RNTI

DCI format Search Space Transmission scheme of PDSCH corresponding to PDCCH

Common and
DCI format 1A | UE specific
by Temporary C-RNTI

If the number of PBCH antenna port is one, Single-antenna port, port 0 is used (see
subclause 7.1.1), otherwise Transmit diversity (see subclause 7.1.2)

UE specific If the number of PBCH antenna port is one, Single-antenna port, port O is used (see

DCI format 1 by Temporary C-RNTI | subclause 7.1.1), otherwise Transmit diversity (see subclause 7.1.2)

Table 7.1-8: MPDCCH and PDSCH configured by Temporary C-RNTI and/or C-RNTI during random
access procedure

DCI format Search Space Transmission scheme of PDSCH corresponding to MPDCCH

If the number of PBCH antenna port is one, Single-antenna port, port O is used (see

DCl format 6-1A | Type2-Common subclause 7.1.1), otherwise Transmit diversity (see subclause 7.1.2)

If the number of PBCH antenna port is one, Single-antenna port, port O is used (see

DCI format 6-18 Type2-Common subclause 7.1.1), otherwise Transmit diversity (see subclause 7.1.2)

The transmission schemes of the PDSCH are described in the following sub-subclauses.

7.1.1 Single-antenna port scheme

For the single-antenna port transmission schemes (port 0/5/7/8/11/13) of the PDSCH, the UE may assume that an eNB
transmission on the PDSCH would be performed according to subclause 6.3.4.1 of [3].

If the UE is not configured with higher layer parameter dmrs-tableAlt and in case an antenna port p {7,8} is used, or
if the higher layer parameter dmrs-tableAlt is set to 1 and in case an antenna port p €{7,8} corresponding to one

codeword values 0-3 in Table 5.3.3.1.5C-2 [4] is used, the UE cannot assume that the other antenna port in the set
{7,8} isnot associated with transmission of PDSCH to another UE.

If the UE is configured with higher layer parameter dmrs-tableAlt, and in case of single layer transmission scheme on
antenna port p e{7,8,1113} corresponding to one codeword values 4-11 in Table 5.3.3.1.5C-2 [4] is used, the UE

cannot assume that the other antenna ports in the set {7,8,11,13} is not associated with transmission of PDSCH to
another UE.

7.1.2  Transmit diversity scheme

For the transmit diversity transmission scheme of the PDSCH, the UE may assume that an eNB transmission on the
PDSCH would be performed according to subclause 6.3.4.3 of [3]

7.1.3 Large delay CDD scheme

For the large delay CDD transmission scheme of the PDSCH, the UE may assume that an eNB transmission on the
PDSCH would be performed according to large delay CDD as defined in subclause 6.3.4.2.2 of [3].

7.1.4 Closed-loop spatial multiplexing scheme

For the closed-loop spatial multiplexing transmission scheme of the PDSCH, the UE may assume that an eNB
transmission on the PDSCH would be performed according to the applicable number of transmission layers as defined
in subclause 6.3.4.2.1 of [3].
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7.1.5 Multi-user MIMO scheme

For the multi-user MIMO transmission scheme of the PDSCH, the UE may assume that an eNB transmission on the
PDSCH would be performed on one layer and according to subclause 6.3.4.2.1 of [3]. The  Oy,er.ofset 4B Value

signalled on PDCCH/EPDCCH with DCI format 1D using the downlink power offset field is given in Table 7.1.5-1.

Table 7.1.5-1: Mapping of downlink power offset field in DCI format 1D to the 5power_oﬁset value.

Downlink power offset field 5power_offset [dB]

0 -1010010(2)
1 0

7.1.5A Dual layer scheme

For the dual layer transmission scheme of the PDSCH, the UE may assume that an eNB transmission on the PDSCH
would be performed with two transmission layers on antenna ports 7 and 8 as defined in subclause 6.3.4.4 of [3].

7.1.5B Up to 8 layer transmission scheme

For the up to 8 layer transmission scheme of the PDSCH, the UE may assume that an eNB transmission on the PDSCH
would be performed with up to 8 transmission layers on antenna ports 7 - 14 as defined in subclause 6.3.4.4 of [3].

If the UE is configured with higher layer parameter dmrs-tableAlt, and in case of dual layer transmission scheme on
antenna ports{7,8} or{11,13} corresponding to two codewords values 2-5 in Table 5.3.3.1.5C-2 [4] is used, the UE

cannot assume that the other antenna ports in the set {7,8,11,13} is not associated with transmission of PDSCH to
another UE.

7.1.6 Resource allocation

The UE shall interpret the resource allocation field depending on the PDCCH/EPDCCH DCI format detected. A
resource allocation field in each PDCCH/EPDCCH includes two parts, a resource allocation header field and
information consisting of the actual resource block assignment.

PDCCH DCI formats 1, 2, 2A, 2B, 2C and 2D with type 0 and PDCCH DCI formats 1, 2, 2A, 2B, 2C and 2D with type
1 resource allocation have the same format and are distinguished from each other via the single bit resource allocation
header field which exists depending on the downlink system bandwidth (subclause 5.3.3.1 of [4]), where type O is
indicated by O value and type 1 is indicated otherwise. PDCCH with DCI format 1A, 1B, 1C and 1D have a type 2
resource allocation while PDCCH with DCI format 1, 2, 2A, 2B, 2C and 2D have type 0 or type 1 resource allocation.
PDCCH DCI formats with a type 2 resource allocation do not have a resource allocation header field.

EPDCCH DCI formats 1, 2, 2A, 2B, 2C and 2D with type 0 and EPDCCH DCI formats 1, 2, 2A, 2B, 2C and 2D with
type 1 resource allocation have the same format and are distinguished from each other via the single bit resource
allocation header field which exists depending on the downlink system bandwidth (subclause 5.3.3.1 of [4]), where type
0 is indicated by 0 value and type 1 is indicated otherwise. EPDCCH with DCI format 1A, 1B, and 1D have a type 2
resource allocation while EPDCCH with DCI format 1, 2, 2A, 2B, 2C and 2D have type 0 or type 1 resource allocation.
EPDCCH DCI formats with a type 2 resource allocation do not have a resource allocation header field.

MPDCCH with DCI format 6-1A utilizes a type 2 resource allocation. Resource allocation for MPDCCH with DCI
format 6-1B is given by the Resource block assignment field as described in [4]. MPDCCH with DCI format 6-2
assigns a set of six contiguously allocated localized virtual resource blocks within a narrowband. Localized virtual
resource blocks are always used in case of MPDCCH with DCI format 6-1A, 6-1B, or 6-2.

A UE may assume, for any PDSCH transmission scheduled by a cell with physical cell identity given in NAICS-
Assistancelnfo-r12 and the PDSCH transmission mode belonging to transmissionModeList-r12 associated with the cell
except spatial multiplexing using up to 8 transmission layers in transmission mode 10, that the resource allocation
granularity and precoding granularity in terms of PRB pairs in the frequency domain are both given by N, where N is
given by the higher layer parameter resAllocGranularity-r12 associated with the cell. The first set of N consecutive
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PRB pairs of the resource allocation starts from the lowest frequency of the system bandwidth and the UE may assume
the same precoding applies to all PRB pairs within a set.

For a BL/CE UE, the resource allocation for PDSCH carrying SystemInformationBlockTypel-BR and SI messages is a
set of six contiguously allocated localized virtual resource blocks within a narrowband. The number of repetitions for
the PDSCH carrying SystemInformationBlockTypel-BR is determined based on the parameter schedulingInfoSIB1-BR-
r13 configured by higher-layers and according to Table 7.1.6-1. If the value of the parameter schedulingInfoSIB1-BR-
r13 configured by higher-layers is set to 0, UE assumes that SysteminformationBlockTypel-BR is not transmitted.

Table 7.1.6-1: Number of repetitions for PDSCH carrying SysteminformationBlockTypel-BR for

BL/CE UE.
Value of Number of
schedulingInfoSIB1- PDSCH
BR-r13 repetitions
0 N/A
1 4
2 8
3 16
4 4
5 8
6 16
7 4
8 8
9 16
10 4
11 8
12 16
13 4
14 8
15 16
16 4
17 8
18 16
19-31 Reserved
7.16.1 Resource allocation type 0

In resource allocations of type 0, resource block assignment information includes a bitmap indicating the Resource
Block Groups (RBGs) that are allocated to the scheduled UE where a RBG is a set of consecutive virtual resource
blocks (VRBs) of localized type as defined in subclause 6.2.3.1 of [3]. Resource block group size (P) is a function of

the system bandwidth as shown in Table 7.1.6.1-1. The total number of RBGs ( N g ) for downlink system bandwidth
of NS5 isgiven by Nggg = ’-N Y. P-‘ where LN Re ! PJ of the RBGs are of size P and if NSt modP >0 then one

of the RBGs is of size NS5 — P-|[NBL /P . The bitmap is of size Nggg bits with one bitmap bit per RBG such that

each RBG is addressable. The RBGs shall be indexed in the order of increasing frequency and non-increasing RBG
sizes starting at the lowest frequency. The order of RBG to bitmap bit mapping is in such way that RBG 0 to

RBG Nggs —1 are mapped to MSB to LSB of the bitmap. The RBG is allocated to the UE if the corresponding bit
value in the bitmap is 1, the RBG is not allocated to the UE otherwise.
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Table 7.1.6.1-1: Type 0 resource allocation RBG size vs. Downlink System Bandwidth

System Bandwidth | RBG Size
NRs P)
<10 1
11-26 2
27-63 3
64 — 110 4
7.1.6.2 Resource allocation type 1

In resource allocations of type 1, a resource block assignment information of size N indicates to a scheduled UE

the VRBs from the set of VRBs from one of P RBG subsets. The virtual resource blocks used are of localized type as
defined in subclause 6.2.3.1 of [3]. Also P is the RBG size associated with the system bandwidth as shown in Table

7.1.6.1-1. ARBG subset p,where 0 < p < P, consists of every P th RBG starting from RBG P . The resource
block assignment information consists of three fields [4].

The first field with ﬂogz(P)—| bits is used to indicate the selected RBG subset among P RBG subsets.

The second field with one bit is used to indicate a shift of the resource allocation span within a subset. A bit value of 1
indicates shift is triggered. Shift is not triggered otherwise.

The third field includes a bitmap, where each bit of the bitmap addresses a single VRB in the selected RBG subset in
such a way that MSB to LSB of the bitmap are mapped to the VRBSs in the increasing frequency order. The VRB is

allocated to the UE if the corresponding bit value in the bit field is 1, the VRB is not allocated to the UE otherwise.

The portion of the bitmap used to address VRBs in a selected RBG subset has size NJs = and is defined as

NP =[NBL /P | ~[iog, (P)] -1

The addressable VRB numbers of a selected RBG subset start from an offset, A, (P) to the smallest VRB number

within the selected RBG subset, which is mapped to the MSB of the bitmap. The offset is in terms of the number of
VRBs and is done within the selected RBG subset. If the value of the bit in the second field for shift of the resource

allocation span is set to 0, the offset for RBG subset P is given by Ay, (P) = 0. Otherwise, the offset for RBG
subset P is given by Ay (P) = NAsC™™* (p) — N2y"=", where the LSB of the bitmap is justified with the

highest VRB number within the selected RBG subset. NFS¢**™* () is the number of VRBs in RBG subset P and
can be calculated by the following equation,

DL DL _
M.mp ,p<MmodP
p2 P
bL DL
NSBBGsubset(p): NRPBZ 1 _p+(N% ~)modP+1 ,p= % mod P
DL _ DL _
NR82 Lip o> | Nee ) pogp
P2 L P

Consequently, when RBG subset p is indicated, bit i for i=0,1,---,Nga = —1 in the bitmap field indicates VRB
number,

n\F/ngBB subset ( p) _ |\ I+ As;:w)ift ( p)

JP2+ p-P+(i+Agir (p))mod P
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7.1.6.3 Resource allocation type 2

For BL/CE UEs with resource allocation type 2 resource assignment, NF?BL =6 and N\?,;B =6 is used in the rest of
this subclause.

In resource allocations of type 2, the resource block assignment information indicates to a scheduled UE a set of
contiguously allocated localized virtual resource blocks or distributed virtual resource blocks. In case of resource
allocation signalled with PDCCH DCI format 1A, 1B or 1D, or for resource allocation signalled with EFDCCH DCI
format 1A, 1B, or 1D, one bit flag indicates whether localized virtual resource blocks or distributed virtual resource
blocks are assigned (value 0 indicates Localized and value 1 indicates Distributed VRB assignment) while distributed
virtual resource blocks are always assigned in case of resource allocation signalled with PDCCH DCI format 1C.
Localized VRB allocations for a UE vary from a single VRB up to a maximum number of VRBSs spanning the system
bandwidth. For DCI format 1A the distributed VRB allocations for a UE vary from a single VRB upto NP- VRBs,

VRB

where NO- is defined in [3], if the DCI CRC is scrambled by P-RNTI, RA-RNTI, or SI-RNTI. With PDCCH DCI

RB
format 1B, 1D with a CRC scrambled by C-RNTI, or with DCI format 1A with a CRC scrambled with C-RNTI, SPS C-
RNTI or Temporary C-RNTI distributed VRB allocations for a UE vary from a single VRB upto ND2:. VRBs if
NS is 6-49 and vary from a single VRB up to 16 if N2 is 50-110. With EPDCCH DCI format 1B, 1D with a CRC
scrambled by C-RNTI, or with DCI format 1A with a CRC scrambled with C-RNTI, SPS C-RNTI distributed VRB
allocations for a UE vary from asingle VRBupto Nt VRBs if NZb is6-49 and vary from a single VRB up to 16
if NSt is 50-110. With PDCCH DCI format 1C, distributed VRB allocations for a UE vary from N3 VRB(s) up to
[NCL /N |- N VRBs with an increment step of N, where N value is determined depending on the

downlink system bandwidth as shown in Table 7.1.6.3-1.

Table 7.1.6.3-1: N3 values vs. Downlink System Bandwidth

System BW (N o5 ) Nge.
DCI format 1C
6-49 2
50-110 4

For PDCCH DCI format 1A, 1B or 1D, or for EPDCCH DCI format 1A, 1B, or 1D, or for MPDCCH DCI format 6-1A,
a type 2 resource allocation field consists of a resource indication value (RIV) corresponding to a starting resource block

(RBgr ) and a length in terms of virtually contiguously allocated resource blocks Lgg, . The resource indication value
is defined by

if (Loge, 1) <[N2-/72] then

RIV = N2 (Legge —1) + RB

start

else
RIV = NF?EI;_(NF?EI;_ - LCRBS +1)+ (NRDBL -1- RBstart)

DL
where Lgg, > 1 and shall not exceed Nyzz — RBg, -

For PDCCH DCI format 1C, a type 2 resource block assignment field consists of a resource indication value (RIV)

corresponding to a starting resource block (RBgu =0, NP, 2N3%,..., (NO%, /NP [-1)N:) and a length in terms
of virtually contiguously allocated resource blocks (Leggs = N3P, 2N3%,..., |_N o IN SIGPJ. NZeP).

RB ! RB
The resource indication value is defined by:

if (Lie —1) < [NJ2E /2] then
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RIV = N\VIIEIB_(LC,:RBS _1) + RBgtart
else
RIV = Nigs (Nygs — Lérgs +1) + (Nigs =1 RBL,,)

where Ling, = Logss / N3P, RBL, = RB_oo /NS and NJ2% =[N /NS |, Here,

start start

/ DL '
Lires > 1 and shall not exceed N,z —RB., -

7.1.6.4 PDSCH starting position
This subclause describes PDSCH starting position for UEs that are not BL/CE UEs.
PDSCH starting position for BL/CE UEs is described in subclause 7.1.6.4A.

The starting OFDM symbol for the PDSCH of each activated serving cell is given by index .. .

For a UE configured in transmission mode 1-9, for a given activated serving cell

- if the PDSCH is assigned by EPDCCH received in the same serving cell, or if the UE is configured to monitor
EPDCCH in the subframe and the PDSCH is not assigned by a PDCCH/EPDCCH, and if the UE is configured
with the higher layer parameter epdcch-StartSymbol-r11

- oatstart s given by the higher-layer parameter epdcch-StartSymbol-r11.

- else if PDSCH and the corresponding PDCCH/EPDCCH are received on different serving cells
- oastart s given by the higher-layer parameter pdsch-Start-r10 for the serving cell on which PDSCH is
received,

- Otherwise

- basunt is given by the CFI value in the subframe of the given serving cell when N re >10, and lpyog 1S

given by the CFI value + 1 in the subframe of the given serving cell when N 3% <10.

For a UE configured in transmission mode 10, for a given activated serving cell

- if the PDSCH is assigned by a PDCCH with DCI format 1C or by a PDCCH with DCI format 1A and with CRC
scrambled with P-RNTI/RA-RNTI/SI-RNTI/Temporary C-RNTI
- oatstart g given by the span of the DCI given by the CFI value in the subframe of the given serving cell
according to subclause 5.3.4 of [4].

- if the PDSCH is assigned by a PDCCH/EPDCCH with DCI format 1A and with CRC scrambled with C-RNTI
and if the PDSCH transmission is on antenna ports 0 - 3

- if the PDSCH is assigned by EPDCCH received in the same serving cell

- 'pawstart js given by | for the EFDCCH-PRB-set where EPDCCH with the DCI format 1A was

EPDCCHStart

received (| as defined in subclause 9.1.4.1),

EPDCCHStart

- else if PDSCH and the corresponding PDCCH/EPDCCH are received on different serving cells

- loatastan jg given by the higher-layer parameter pdsch-Start-r10 for the serving cell on which PDSCH is

received.

- otherwise
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- baasant jg given by the CFI value in the subframe of the given serving cell when N RDé >10, and | Datastart

is given by the CFI value+1 in the subframe of the given serving cell when N ,5’,'3- <10.

- if the PDSCH is assigned by or semi-statically scheduled by a PDCCH/EPDCCH with DCI format 1A and if the
PDSCH transmission is on antenna port 7

- if the value of the higher layer parameter pdsch-Start-r11 determined from parameter set 1 in table 7.1.9-1
for the serving cell on which PDSCH is received belongs to {1,2,3,4},

- ouasinjs given by the higher layer parameter pdsch-Start-r11 determined from parameter set 1 in table

7.1.9-1 for the serving cell on which PDSCH is received.
- else,
- if PDSCH and the corresponding PDCCH/EPDCCH are received on different serving cells,

- Joaastan is given by the higher-layer parameter pdsch-Start-r10 for the serving cell on which PDSCH is

received
- otherwise

- Jowesan g given by the CFI value in the subframe of the given serving cell when N &5 >10, and

petastart s given by the CFI value + 1 in the subframe of the given serving cell when NZR§ <10.

- if the subframe on which PDSCH is received is indicated by the higher layer parameter mbsfn-
SubframeConfigList-r11 determined from parameter set 1 in table 7.1.9-1 for the serving cell on which
PDSCH is received, or if the PDSCH is received on subframe 1 or 6 for the frame structure type 2,

- IDataStart = mln(zv I DataStart ) ,

- otherwise

- IDataStart = IDataStart )

- ifthe PDSCH is assigned by or semi-persistently scheduled by a PDCCH/EPDCCH with DCI format 2D,

- if the value of the higher layer parameter pdsch-Start-r11 determined from the DCI (according to subclause
7.1.9) for the serving cell on which PDSCH is received belongs to {1,2,3,4},

lpausar 1S 91VEN by parameter pdsch-Start-r11 determined from the DCI (according to subclause 7.1.9) for
the serving cell on which PDSCH is received

- else,
- if PDSCH and the corresponding PDCCH/EPDCCH are received on different serving cells,

-0 is given by the higher-layer parameter pdsch-Start-r10 for the serving cell on which PDSCH is

DataStart

received

- Otherwise

I is given by the CFI value in the subframe of the given serving cell when N F'?BL >10, and

DataStart

patastart g given by the CFI value+1 in the subframe of the given serving cell when N ,EE'; <10.

- if the subframe on which PDSCH is received is indicated by the higher layer parameter mbsfn-
SubframeConfigList-r11 determined from the DCI (according to subclause 7.1.9) for the serving cell on
which PDSCH is received, or if the PDSCH is received on subframe 1 or 6 for frame structure type 2,

- IDataStan = min(2, IDataStart),
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The starting OFDM symbol for PDSCH is given by index Ipase in the first slot in a subframe K and is determined

as follows

- for reception of SIB1-BR

Ipawstart = 31f N &g >10for the cell on which PDSCH is received

I patasare = 4 1T N5 <10 for the cell on which PDSCH is received

- else

IlIDataStart is given by the higher layer parameter startSymbolBR

- ifsubframe K is configured as an MBSFN subframe and if the BL/CE UE is configured in CEModeA

IDataStart = mln(zl IDataStart)

- else

I DataStart *

DataStart —

7.1.6.5 Physical Resource Block (PRB) bundling

A UE configured for transmission mode 9 for a given serving cell ¢ may assume that precoding granularity is multiple
resource blocks in the frequency domain when PMI/RI reporting is configured.

For a given serving cell c, if a UE is configured for transmission mode 10

- if PMI/RI reporting is configured for all configured CSI processes for the serving cell ¢, the UE may assume that

precoding granularity is multiple resource blocks in the frequency domain,

- otherwise, the UE shall assume the precoding granularity is one resource block in the frequency domain.

Fixed system bandwidth dependent Precoding Resource block Groups (PRGs) of size P’ partition the system
bandwidth and each PRG consists of consecutive PRBs. If N% mod P’ >0 then one of the PRGs is of size

N% - P'\_N RDé‘ / P’J. The PRG size is non-increasing starting at the lowest frequency. The UE may assume that the
same precoder applies on all scheduled PRBs within a PRG.

If the UE is a BL/CE UE P’ =3 otherwise the PRG size a UE may assume for a given system bandwidth is given by:

Table 7.1.6.5-1
System Bandwidth PRG Size (P')

(Ngs) (PRBS)

<10 1
11 - 26 2
27 -63 3
64 — 110 2
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7.1.7 Modulation order and transport block size determination

To determine the modulation order and transport block size(s) in the physical downlink shared channel, the UE shall

first

if the UE is a BL/CE UE
- if PDSCH is assigned by MPDCCH DCI format 6-1A

- read the 4-bit "modulation and coding scheme ( 1},.¢ )" field in the DCI

- The UE is not expected to receive a DCI format 6-1A indicating 1y, >15
if PDSCH is assigned by MPDCCH DCI format 6-2

- read the 3-bit "modulation and coding scheme ( 1},.¢ )" field in the DCI

- The UE is not expected to receive a DCI format 6-2 indicating I,f,lcs >7
else if PDSCH is assigned by MPDCCH DCI format 6-1B

Il

- read the 4-bit "modulation and coding scheme ( I .5 )" field in the DCl and set 1756 = I1cs -

else if the UE is a BL/CE UE and if PDSCH carriers SystemInformationBlockTypel-BR
- set l;gg to the value of the parameter schedulingInfoSIB1-BR-r13 configured by higher-layers
otherwise

- read the 5-bit "modulation and coding scheme" field (1,,.s ) in the DCI

and second if the PDCCH DCI CRC is scrambled by P-RNTI, RA-RNTI, or SI-RNTI then

else

for DCI format 1A:
- setthe Table 7.1.7.2.1-1 column indicator N, to N3rg from subclause 5.3.3.1.3 in [4]

for DCI format 1C:

- use Table 7.1.7.2.3-1 for determining its transport block size.

if the UE is a BL/CE UE
- if PDSCH is assigned by MPDCCH DCI format 6-2
- use Table 7.1.7.2.3-1 for determining its transport block size.
- else if PDSCH carriers SystemInformationBlockTypel-BR
- use subclause 7.1.7.2.7 for determining its transport block size.

- otherwise,
- set Njgg to the total number of allocated PRBs based on the procedure defined in subclause 7.1.6.

- setthe Table 7.1.7.2.1-1 column indicator N = Npgg -

- if PDSCH is assigned by MPDCCH DCI format 6-1B

- use subclause 7.1.7.2.6 for determining its transport block size.
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- otherwise

- set Npgg to the total number of allocated PRBs based on the procedure defined in subclause 7.1.6.

if the transport block is transmitted in DWPTS of the special subframe in frame structure type 2, or is
transmitted in the subframes with the same duration as the DwPTS duration of a special subframe
configuration in frame structure type 3, then

- for special subframe configuration 9 with normal cyclic prefix or special subframe configuration 7 with
extended cyclic prefix:

N :max{ N’ . x0.375], 1}
- setthe Table 7.1.7.2.1-1 column indicator > L PRB J

- for other special subframe configurations:

- setthe Table 7.1.7.2.1-1 column indicator Nz = Max {LN;RB X O.75J, 1} ,

else, set the Table 7.1.7.2.1-1 column indicator Npzg = Npgg -

The UE may skip decoding a transport block in an initial transmission if the effective channel code rate is higher than
0.931, where the effective channel code rate is defined as the number of downlink information bits (including CRC bits)
divided by the number of physical channel bits on PDSCH. If the UE skips decoding, the physical layer indicates to
higher layer that the transport block is not successfully decoded. For the special subframe configurations 0 and 5 with
normal downlink CP or configurations 0 and 4 with extended downlink CP in frame structure type 2, or for subframes
with the same duration as the DwWPTS duration of the special subframe configuration 0 and 5 in frame structure type 3,
with the special subframe configurations shown in Table 4.2-1 of [3], there shall be no PDSCH transmission in DWPTS
of the special subframe.

7.1.7.1 Modulation order and redundancy version determination
For BL/CE UEs configured with CEModeA, | ;,,CS is used in place of 1, in the rest of this subclause.

The UE shall use Q,, =2 if the DCI CRC is scrambled by P-RNTI, RA-RNTI, or SI-RNTI, or if PDSCH is assigned by
MPDCCH DCI Format 6-1B, or if PDSCH carriers SystemInformationBlockTypel-BR, or if PDSCH carries BL/CE Sl
messages, otherwise,

- if the higher layer parameter altCQI-Table-r12 is configured, and if the PDSCH is assigned by a
PDCCH/EPDCCH with DCI format 1/1B/1D/2/2A/2B/2C/2D with CRC scrambled by C-RNTI,

- if the assigned PDSCH is transmitted only in the second slot of a subframe, the UE shall use I, and Table
7.1.7.1-1A to determine the modulation order (Q, ). The modulation order (Q,, ) used in the physical
downlink shared channel issetto Q =Q, ;

- otherwise, the UE shall use |, and Table 7.1.7.1-1A to determine the modulation order (Q,, ) used in the
physical downlink shared channel.

- else

- if the assigned PDSCH is transmitted only in the second slot of a subframe, the UE shall use I,,.s and Table
7.1.7.1-1 to determine the modulation order (Q, ). The modulation order (Q,, ) used in the physical downlink
shared channel issetto Q_=Q ;

- otherwise, the UE shall use I, and Table 7.1.7.1-1 to determine the modulation order (Q,, ) used in the
physical downlink shared channel.
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Table 7.1.7.1-1: Modulation and TBS index table for PDSCH

MCS Index | Modulation Order | Modulation Order | TBS Index
I MCS Qm Qm I TBS
0 2 2 0
1 2 2 1
2 2 2 2
3 2 2 3
4 2 2 4
5 2 4 5
6 2 4 6
7 2 4 7
8 2 4 8
9 2 4 9
10 4 6 9
11 4 6 10
12 4 6 11
13 4 6 12
14 4 6 13
15 4 6 14
16 4 6 15
17 6 6 15
18 6 6 16
19 6 6 17
20 6 6 18
21 6 6 19
22 6 6 20
23 6 6 21
24 6 6 22
25 6 6 23
26 6 6 24
27 6 6 25
28 6 6 26/26A

29 2 2
30 4 4 reserved
31 6 6

Table 7.1.7.1-1A. Modulation and TBS index table 2 for PDSCH

MCS Index | Modulation Order | Modulation Order | TBS Index
Uies o/ Qn I 7es
0 2 2 0
1 2 2 2
2 2 2 4
3 2 4 6
4 2 4 8
5 4 6 10
6 4 6 11
7 4 6 12
8 4 6 13
9 4 6 14
10 4 8 15
11 6 8 16
12 6 8 17
13 6 8 18
14 6 8 19
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MCS Index | Modulation Order | Modulation Order | TBS Index

[ Q, Qn I 7es
15 6 8 20
16 6 8 21
17 6 8 22
18 6 8 23
19 6 8 24
20 8 8 25
21 8 8 27
22 8 8 28
23 8 8 29
24 8 8 30
25 8 8 31
26 8 8 32
27 8 8 33/33A
28 2 2

29 4 4

30 6 6 reserved
31 8 8

For BL/CE UEs, the same redundancy version is applied to PDSCH transmitted in a given block of N, . consecutive

subframes, if the PDSCH is not carrying SysteminformationBlockTypel-BR or SI message. The subframe number of the
first subframe in each block of N, consecutive subframes, denoted as N, , , satisfies (nabs,l -0 )mod N,. =0,

where 0 =0 forFDDand & =2 for TDD. Denote Error! Objects cannot be created from editing field codes.
as the subframe number of the first downlink subframe intended for PDSCH. The PDSCH transmission spans Error!
Objects cannot be created from editing field codes. consecutive subframes including non-BL/CE subframes where
the PDSCH transmission is postponed. Note that BL/CE subframe(s) refers to either BL/CE DL subframe(s) or BL/CE
UL subframe(s). For the Error! Objects cannot be created from editing field codes. block of Error! Objects cannot
be created from editing field codes.consecutive subframes, the redundancy version (rvig) for PDSCH is determined

according to Table 7.1.7.1-2 using rv = (j +'Vpq )m0d4 ,where j=01,...,J PDSCH _1 and

PDSCH
J PDSCH — |V Nabs

—l. The JPP5" blocks of subframes are sequential in time, starting with j =0 to which
acc

subframeError! Objects cannot be created from editing field codes. belongs. For a BL/CE UE configured in
CEModeA, Error! Objects cannot be created from editing field codes. and v, isdetermined by the

‘Redundancy version’ field in DCI format 6-1A. For a BL/CE UE configured with CEModeB, Error! Objects cannot
be created from editing field codes. for FDD and Error! Objects cannot be created from editing field codes. for

TDD, and IV =0.

Table 7.1.7.1-2: Redundancy version

Redundancy version Index
v I'Vidx
0 0
1 2
2 3
3 1
3GPP
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7.1.7.2 Transport block size determination
For BL/CE UEs configured with CEModeA, |}, is used in place of 1. in the rest of this subclause

If the DCI CRC is scrambled by P-RNTI, RA-RNTI, or SI-RNTI then

- for DCI format 1A:

- the UE shall set the TBS index ( 1,55 ) equal to 1,,. and determine its TBS by the procedure in subclause
7.1.721for 0<1,,,<26.

- for DCI format 1C and DCI format 6-2:
- the UE shall set the TBS index ( I,y ) equal to I,,.; and determine its TBS from Table 7.1.7.2.3-1.

else if the higher layer parameter altCQI-Table-r12 is configured, then

- for DCI format 1A with CRC scrambled by C-RNTI and for DCI format 1/1A/2/2A/2B/2C/2D with CRC
scrambled by SPS C-RNTI:

- for 0<1,, <28, the UE shall first determine the TBS index ( I g5 ) using I s and Table 7.1.7.1-1 except if

the transport block is disabled in DCI formats 2, 2A, 2B, 2C and 2D as specified below. For a transport block
that is not mapped to more than single-layer spatial multiplexing, the TBS is determined by the procedure in
subclause 7.1.7.2.1.

- for29<1,,.s <31, the TBS is assumed to be as determined from DCI transported in the latest
PDCCH/EPDCCH for the same transport block using 0 < I, < 33. If there is no PDCCH/EPDCCH for the
same transport block using0 < I, < 26, and if the initial PDSCH for the same transport block is semi-
persistently scheduled, the TBS shall be determined from the most recent semi-persistent scheduling
assignment PDCCH/EPDCCH.

- In DCI formats 2, 2A, 2B, 2C and 2D a transport block is disabled if |
transport block is enabled.

wes =0 and if rvig = 1 otherwise the

- for DCI format 1/1B/1D/2/2A/2B/2C/2D with CRC scrambled by C-RNTI

- for 0<1,,,s <27, the UE shall first determine the TBS index ( |55 ) using I . and Table 7.1.7.1-1A except

if the transport block is disabled in DCI formats 2, 2A, 2B, 2C and 2D as specified below. When |, .. = 27,
if the UE is scheduled by DCI formats 2C/2D and is configured with a33 in thsindexAlt, 1.z is 33A;

otherwise 1,55 is33. For a transport block that is not mapped to more than single-layer spatial multiplexing,

the TBS is determined by the procedure in subclause 7.1.7.2.1. For a transport block that is mapped to two-
layer spatial multiplexing, the TBS is determined by the procedure in subclause 7.1.7.2.2. For a transport
block that is mapped to three-layer spatial multiplexing, the TBS is determined by the procedure in subclause
7.1.7.2.4. For a transport block that is mapped to four-layer spatial multiplexing, the TBS is determined by
the procedure in subclause 7.1.7.2.5.

- for 28<1,,.. <31, the TBS is assumed to be as determined from DCI transported in the latest

MCS —

PDCCH/EPDCCH for the same transport block using 0< 1, < 27.

- In DCI formats 2, 2A, 2B, 2C and 2D a transport block is disabled if |
transport block is enabled.

wes =0 and if rvig = 1 otherwise the

else

- for0<l,,.s <28, the UE shall first determine the TBS index ( I,g4) using I ,,.s and Table 7.1.7.1-1 except if the
transport block is disabled in DCI formats 2, 2A, 2B, 2C and 2D as specified below. When |, .. = 28, if the UE

is scheduled by DCI formats 2C/2D and is configured with a26 in thsindexAlt, 1., is 26A; otherwise 1,55 is

MCs
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26. For a transport block that is not mapped to more than single-layer spatial multiplexing, the TBS is
determined by the procedure in subclause 7.1.7.2.1. For a transport block that is mapped to two-layer spatial
multiplexing, the TBS is determined by the procedure in subclause 7.1.7.2.2. For a transport block that is
mapped to three-layer spatial multiplexing, the TBS is determined by the procedure in subclause 7.1.7.2.4. For
a transport block that is mapped to four-layer spatial multiplexing, the TBS is determined by the procedure in
subclause 7.1.7.2.5.

- for29<l,,.s <31, the TBS is assumed to be as determined from DCI transported in the latest
PDCCH/EPDCCH for the same transport block using 0<1,,.s <28 . If there is no PDCCH/EPDCCH for the

mes < 28, and if the initial PDSCH for the same transport block is semi-

persistently scheduled, the TBS shall be determined from the most recent semi-persistent scheduling assignment
PDCCH/EPDCCH.

same transport block using0 < |

- In DCI formats 2, 2A, 2B, 2C and 2D a transport block is disabled if 1,,.s =0 and if rvig = 1 otherwise the
transport block is enabled.

The NDI and HARQ process ID, as signhalled on PDCCH/EPDCCH/MPDCCH, and the TBS, as determined above,
shall be delivered to higher layers.

7.1.7.2.1 Transport blocks not mapped to two or more layer spatial multiplexing

Forl< Npgg <110, the TBS is given by the (15, Npgg ) entry of Table 7.1.7.2.1-1.

Table 7.1.7.2.1-1: Transport block size table (dimension 34x110)

([, N prs
1 2 & 4 5 6 7 8 9 10
16 32 56 88 120 152 176 208 224 256
24 56 88 144 176 208 224 256 328 344
32 72 144 176 208 256 296 328 376 424
40 104 176 208 256 328 392 440 504 568

208 256 328 408 488 552 632 696
72 144 224 328 424 504 600 680 776 872
328 176 256 392 504 600 712 808 936 1032
104 224 328 472 584 712 840 968 1096 1224
120 256 392 536 680 808 968 1096 1256 1384
136 296 456 616 776 936 1096 1256 1416 1544
10 144 328 504 680 872 1032 1224 1384 1544 1736
11 176 376 584 776 1000 1192 1384 1608 1800 2024
12 208 440 680 904 1128 1352 1608 1800 2024 2280
13 224 488 744 1000 1256 1544 1800 2024 2280 2536
14 256 552 840 1128 1416 1736 1992 2280 2600 2856
15 280 600 904 1224 1544 1800 2152 2472 2728 3112
16 328 632 968 1288 1608 1928 2280 2600 2984 3240
17 336 696 1064 1416 1800 2152 2536 2856 3240 3624
18 376 776 1160 1544 1992 2344 2792 3112 3624 4008
19 408 840 1288 1736 2152 2600 2984 3496 3880 4264
20 440 904 1384 1864 2344 2792 3240 3752 4136 4584
21 488 1000 1480 1992 2472 2984 3496 4008 4584 4968
22 520 1064 1608 2152 2664 3240 3752 4264 4776 5352
23 552 1128 1736 2280 2856 3496 4008 4584 5160 5736
24 584 1192 1800 2408 2984 3624 | 4264 | 4968 5544 5992
25 616 1256 1864 2536 3112 3752 4392 5160 5736 6200
26 712 1480 2216 2984 3752 4392 5160 5992 6712 7480
26A 632 1288 1928 2600 3240 3880 4584 5160 5992 6456

©o|o(~N|o|ulbs|w|Nv|e o
o1
o
P
)
o

N PRB
11 12 13 14 15 16 17 18 19 20
0 288 | 328 | 344 | 376 | 392 | 424 | 456 | 488 | 504 | 536
1 376 | 424 | 456 | 488 | 520 | 568 | 600 | 632 | 680 | 712
2 472 | 520 | 568 | 616 | 648 | 696 | 744 | 776 | 840 | 8712
3 616 | 680 | 744 | 808 | 872 | 904 | 968 | 1032 | 1096 | 1160
4

5

776 840 904 1000 1064 1128 1192 1288 1352 1416
968 1032 1128 1224 1320 1384 1480 1544 1672 1736
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6 1128 1224 1352 1480 1544 1672 1736 1864 1992 2088
7 1320 1480 1608 1672 1800 1928 2088 2216 2344 2472
8 1544 1672 1800 1928 2088 2216 2344 2536 2664 2792
9 1736 1864 2024 2216 2344 2536 2664 2856 2984 3112
10 1928 2088 2280 2472 2664 2792 2984 3112 3368 3496
11 2216 2408 2600 2792 2984 3240 3496 3624 3880 4008
12 2472 2728 2984 3240 3368 3624 3880 4136 4392 4584
13 2856 3112 3368 3624 3880 4136 4392 4584 4968 5160
14
15
16
17

3112 3496 3752 4008 4264 4584 4968 5160 5544 5736
3368 3624 4008 4264 4584 4968 5160 5544 5736 6200
3624 3880 4264 4584 4968 5160 5544 5992 6200 6456
4008 4392 4776 5160 5352 5736 6200 6456 6712 7224
18 4392 4776 5160 5544 5992 6200 6712 7224 7480 7992
19 4776 5160 5544 5992 6456 6968 7224 7736 8248 8504
20 5160 5544 5992 6456 6968 7480 7992 8248 8760 9144
21 5544 5992 6456 6968 7480 7992 8504 9144 9528 9912
22 5992 6456 6968 7480 7992 8504 9144 9528 | 10296 | 10680
23 6200 6968 7480 7992 8504 9144 9912 | 10296 | 11064 | 11448
24 6712 7224 7992 8504 9144 9912 | 10296 | 11064 | 11448 | 12216
25 6968 7480 8248 8760 9528 | 10296 | 10680 | 11448 | 12216 | 12576
26 8248 8760 9528 | 10296 | 11064 | 11832 | 12576 | 13536 | 14112 | 14688
26A 7224 7736 8504 9144 9912 | 10296 | 11064 | 11832 | 12576 | 12960

N prs
21 22 23 24 25 26 27 28 29 30
0 568 600 616 648 680 712 744 776 776 808
1 744 776 808 872 904 936 968 1000 1032 1064
2 936 968 1000 1064 1096 1160 1192 1256 1288 1320
3 1224 1256 1320 1384 1416 1480 1544 1608 1672 1736
4 1480 1544 1608 1736 1800 1864 1928 1992 2088 2152
5
6
7
8
9

1864 1928 2024 2088 2216 2280 2344 2472 2536 2664
2216 2280 2408 2472 2600 2728 2792 2984 2984 3112
2536 2664 2792 2984 3112 3240 3368 3368 3496 3624
2984 3112 3240 3368 3496 3624 3752 3880 4008 4264
3368 3496 3624 3752 4008 4136 4264 4392 4584 4776
10 3752 3880 4008 4264 4392 4584 4776 4968 5160 5352
11 4264 4392 4584 4776 4968 5352 5544 5736 5992 5992
12 4776 4968 5352 5544 5736 5992 6200 6456 6712 6712
13 5352 5736 5992 6200 6456 6712 6968 7224 7480 7736
14 5992 6200 6456 6968 7224 7480 7736 7992 8248 8504
15 6456 6712 6968 7224 7736 7992 8248 8504 8760 9144
16 6712 7224 7480 7736 7992 8504 8760 9144 9528 9912
17 7480 7992 8248 8760 9144 9528 9912 | 10296 | 10296 | 10680
18 8248 8760 9144 9528 9912 | 10296 | 10680 | 11064 | 11448 | 11832
19 9144 9528 9912 | 10296 | 10680 | 11064 | 11448 | 12216 | 12576 | 12960
20 9912 | 10296 | 10680 | 11064 | 11448 | 12216 | 12576 | 12960 | 13536 | 14112
21 10680 | 11064 | 11448 | 12216 | 12576 | 12960 | 13536 | 14112 | 14688 | 15264
22 11448 | 11832 | 12576 | 12960 | 13536 | 14112 | 14688 | 15264 | 15840 | 16416
23 12216 | 12576 | 12960 | 13536 | 14112 | 14688 | 15264 | 15840 | 16416 | 16992
24 12960 | 13536 | 14112 | 14688 | 15264 | 15840 | 16416 | 16992 | 17568 | 18336
25 13536 | 14112 | 14688 | 15264 | 15840 | 16416 | 16992 | 17568 | 18336 | 19080
26 15264 | 16416 | 16992 | 17568 | 18336 | 19080 | 19848 | 20616 | 21384 | 22152
26A || 13536 | 14112 | 15264 | 15840 | 16416 | 16992 | 17568 | 18336 | 19080 | 19848

Npre
31 32 33 34 35 36 37 38 39 40

840 872 904 936 968 1000 1032 1032 1064 1096
1128 1160 1192 1224 1256 1288 1352 1384 1416 1416
1384 1416 1480 1544 1544 1608 1672 1672 1736 1800
1800 1864 1928 1992 2024 2088 2152 2216 2280 2344
2216 2280 2344 2408 2472 2600 2664 2728 2792 2856
2728 2792 2856 2984 3112 3112 3240 3368 3496 3496
3240 3368 3496 3496 3624 3752 3880 4008 4136 4136
3752 3880 4008 4136 4264 4392 4584 4584 4776 4968
4392 4584 4584 4776 4968 4968 5160 5352 5544 5544
4968 5160 5160 5352 5544 5736 5736 5992 6200 6200
10 5544 5736 5736 5992 6200 6200 6456 6712 6712 6968
11 6200 6456 6712 6968 6968 7224 7480 7736 7736 7992
12 6968 7224 7480 7736 7992 8248 8504 8760 8760 9144
13 7992 8248 8504 8760 9144 9144 9528 9912 9912 | 10296
14 8760 9144 9528 9912 9912 | 10296 | 10680 | 11064 | 11064 | 11448
15 9528 9912 | 10296 | 10296 | 10680 | 11064 | 11448 | 11832 | 11832 | 12216

I TBS

O (N[O~ (W|N[(F|O

3GPP

Samsung Exhibit 1013, Page 75 of 381
Samsung Electronics Co., Ltd. v. Asus Technology Licensing Inc.
IPR2024-01036



Release 13 76 3GPP TS 36.213 V13.2.0 (2016-06)

16 9912 | 10296 | 10680 | 11064 | 11448 | 11832 | 12216 | 12216 | 12576 | 12960
17 11064 | 11448 | 11832 | 12216 | 12576 | 12960 | 13536 | 13536 | 14112 | 14688
18 12216 | 12576 | 12960 | 13536 | 14112 | 14112 | 14688 | 15264 | 15264 | 15840
19 13536 | 13536 | 14112 | 14688 | 15264 | 15264 | 15840 | 16416 | 16992 | 16992
20 14688 | 14688 | 15264 | 15840 | 16416 | 16992 | 16992 | 17568 | 18336 | 18336
21 15840 | 15840 | 16416 | 16992 | 17568 | 18336 | 18336 | 19080 | 19848 | 19848
22 16992 | 16992 | 17568 | 18336 | 19080 | 19080 | 19848 | 20616 | 21384 | 21384
23 17568 | 18336 | 19080 | 19848 | 19848 | 20616 | 21384 | 22152 | 22152 | 22920
24 19080 | 19848 | 19848 | 20616 | 21384 | 22152 | 22920 | 22920 | 23688 | 24496
25 19848 | 20616 | 20616 | 21384 | 22152 | 22920 | 23688 | 24496 | 24496 | 25456
26 22920 | 23688 | 24496 | 25456 | 25456 | 26416 | 27376 | 28336 | 29296 | 29296
26A | 20616 | 20616 | 21384 | 22152 | 22920 | 23688 | 24496 | 24496 | 25456 | 26416

N prs
41 42 43 44 45 46 47 48 49 50
0 1128 1160 1192 1224 1256 1256 1288 1320 1352 1384
1 1480 1544 1544 1608 1608 1672 1736 1736 1800 1800
2 1800 1864 1928 1992 2024 2088 2088 2152 2216 2216
3 2408 2472 2536 2536 2600 2664 2728 2792 2856 2856
4 2984 2984 3112 3112 3240 3240 3368 3496 3496 3624
5 3624 3752 3752 3880 4008 4008 4136 4264 4392 4392
6
7
8
9

4264 4392 4584 4584 4776 4776 4968 4968 5160 5160
4968 5160 5352 5352 5544 5736 5736 5992 5992 6200
5736 5992 5992 6200 6200 6456 6456 6712 6968 6968
6456 6712 6712 6968 6968 7224 7480 7480 7736 7992
10 7224 7480 7480 7736 7992 7992 8248 8504 8504 8760
11 8248 8504 8760 8760 9144 9144 9528 9528 9912 9912
12 9528 9528 9912 9912 | 10296 | 10680 | 10680 | 11064 | 11064 | 11448
13 10680 | 10680 | 11064 | 11448 | 11448 | 11832 | 12216 | 12216 | 12576 | 12960
14 11832 | 12216 | 12216 | 12576 | 12960 | 12960 | 13536 | 13536 | 14112 | 14112
15 12576 | 12960 | 12960 | 13536 | 13536 | 14112 | 14688 | 14688 | 15264 | 15264
16 13536 | 13536 | 14112 | 14112 | 14688 | 14688 | 15264 | 15840 | 15840 | 16416
17 14688 | 15264 | 15264 | 15840 | 16416 | 16416 | 16992 | 17568 | 17568 | 18336
18 16416 | 16416 | 16992 | 17568 | 17568 | 18336 | 18336 | 19080 | 19080 | 19848
19 17568 | 18336 | 18336 | 19080 | 19080 | 19848 | 20616 | 20616 | 21384 | 21384
20 19080 | 19848 | 19848 | 20616 | 20616 | 21384 | 22152 | 22152 | 22920 | 22920
21 20616 | 21384 | 21384 | 22152 | 22920 | 22920 | 23688 | 24496 | 24496 | 25456
22 22152 | 22920 | 22920 | 23688 | 24496 | 24496 | 25456 | 25456 | 26416 | 27376
23 23688 | 24496 | 24496 | 25456 | 25456 | 26416 | 27376 | 27376 | 28336 | 28336
24 25456 | 25456 | 26416 | 26416 | 27376 | 28336 | 28336 | 29296 | 29296 | 30576
25 26416 | 26416 | 27376 | 28336 | 28336 | 29296 | 29296 | 30576 | 31704 | 31704
26 30576 | 30576 | 31704 | 32856 | 32856 | 34008 | 35160 | 35160 | 36696 | 36696
26A || 26416 | 27376 | 27376 | 29296 | 29296 | 29296 | 30576 | 30576 | 31704 | 32856

51 52 53 54 55 56 57 58 59 60
0 1416 1416 1480 1480 1544 1544 1608 1608 1608 1672
1 1864 1864 1928 1992 1992 2024 2088 2088 2152 2152
2 2280 2344 2344 2408 2472 2536 2536 2600 2664 2664
3 2984 2984 3112 3112 3240 3240 3368 3368 3496 3496
4 3624 3752 3752 3880 4008 4008 4136 4136 4264 4264
5
6
7
8

4584 4584 4776 4776 4776 4968 4968 5160 5160 5352
5352 5352 5544 5736 5736 5992 5992 5992 6200 6200
6200 6456 6456 6712 6712 6712 6968 6968 7224 7224
7224 7224 7480 7480 7736 7736 7992 7992 8248 8504
9 7992 8248 8248 8504 8760 8760 9144 9144 9144 9528
10 9144 9144 9144 9528 9528 9912 9912 | 10296 | 10296 | 10680
11 10296 | 10680 | 10680 | 11064 | 11064 | 11448 | 11448 | 11832 | 11832 | 12216
12 11832 | 11832 | 12216 | 12216 | 12576 | 12576 | 12960 | 12960 | 13536 | 13536
13 12960 | 13536 | 13536 | 14112 | 14112 | 14688 | 14688 | 14688 | 15264 | 15264
14 14688 | 14688 | 15264 | 15264 | 15840 | 15840 | 16416 | 16416 | 16992 | 16992
15 15840 | 15840 | 16416 | 16416 | 16992 | 16992 | 17568 | 17568 | 18336 | 18336
16 16416 | 16992 | 16992 | 17568 | 17568 | 18336 | 18336 | 19080 | 19080 | 19848
17 18336 | 19080 | 19080 | 19848 | 19848 | 20616 | 20616 | 20616 | 21384 | 21384
18 19848 | 20616 | 21384 | 21384 | 22152 | 22152 | 22920 | 22920 | 23688 | 23688
19 22152 | 22152 | 22920 | 22920 | 23688 | 24496 | 24496 | 25456 | 25456 | 25456
20 23688 | 24496 | 24496 | 25456 | 25456 | 26416 | 26416 | 27376 | 27376 | 28336
21 25456 | 26416 | 26416 | 27376 | 27376 | 28336 | 28336 | 29296 | 29296 | 30576
22 27376 | 28336 | 28336 | 29296 | 29296 | 30576 | 30576 | 31704 | 31704 | 32856
23 29296 | 29296 | 30576 | 30576 | 31704 | 31704 | 32856 | 32856 | 34008 | 34008
24 31704 | 31704 | 32856 | 32856 | 34008 | 34008 | 35160 | 35160 | 36696 | 36696
25 32856 | 32856 | 34008 | 34008 | 35160 | 35160 | 36696 | 36696 | 37888 | 37888
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26 37888 | 37888 | 39232 | 40576 | 40576 | 40576 | 42368 | 42368 | 43816 | 43816
26A || 32856 | 34008 | 34008 | 35160 | 36696 | 36696 | 36696 | 37888 | 37888 | 39232

N pre
61 62 63 64 65 66 67 68 69 70
1672 1736 1736 1800 1800 1800 1864 1864 1928 1928
2216 2280 2280 2344 2344 2408 2472 2472 2536 2536
2728 2792 2856 2856 2856 2984 2984 3112 3112 3112
3624 3624 3624 3752 3752 3880 3880 4008 4008 4136
4392 4392 4584 4584 4584 4776 4776 4968 4968 4968
5352 5544 5544 5736 5736 5736 5992 5992 5992 6200
6456 6456 6456 6712 6712 6968 6968 6968 7224 7224
7480 7480 7736 7736 7992 7992 8248 8248 8504 8504
8504 8760 8760 9144 9144 9144 9528 9528 9528 9912
9528 9912 9912 | 10296 | 10296 | 10296 | 10680 | 10680 | 11064 | 11064
10680 | 11064 | 11064 | 11448 | 11448 | 11448 | 11832 | 11832 | 12216 | 12216
12216 | 12576 | 12576 | 12960 | 12960 | 13536 | 13536 | 13536 | 14112 | 14112
14112 | 14112 | 14112 | 14688 | 14688 | 15264 | 15264 | 15264 | 15840 | 15840
15840 | 15840 | 16416 | 16416 | 16992 | 16992 | 16992 | 17568 | 17568 | 18336
17568 | 17568 | 18336 | 18336 | 18336 | 19080 | 19080 | 19848 | 19848 | 19848
18336 | 19080 | 19080 | 19848 | 19848 | 20616 | 20616 | 20616 | 21384 | 21384
19848 | 19848 | 20616 | 20616 | 21384 | 21384 | 22152 | 22152 | 22152 | 22920
22152 | 22152 | 22920 | 22920 | 23688 | 23688 | 24496 | 24496 | 24496 | 25456
24496 | 24496 | 24496 | 25456 | 25456 | 26416 | 26416 | 27376 | 27376 | 27376
19 26416 | 26416 | 27376 | 27376 | 28336 | 28336 | 29296 | 29296 | 29296 | 30576
20 28336 | 29296 | 29296 | 29296 | 30576 | 30576 | 31704 | 31704 | 31704 | 32856
21 30576 | 31704 | 31704 | 31704 | 32856 | 32856 | 34008 | 34008 | 35160 | 35160
22 32856 | 34008 | 34008 | 34008 | 35160 | 35160 | 36696 | 36696 | 36696 | 37888
23 35160 | 35160 | 36696 | 36696 | 37888 | 37888 | 37888 | 39232 | 39232 | 40576
24 36696 | 37888 | 37888 | 39232 | 39232 | 40576 | 40576 | 42368 | 42368 | 42368
25 39232 | 39232 | 40576 | 40576 | 40576 | 42368 | 42368 | 43816 | 43816 | 43816
26 45352 | 45352 | 46888 | 46888 | 48936 | 48936 | 48936 | 51024 | 51024 | 52752
26A || 40576 | 40576 | 40576 | 40576 | 42368 | 42368 | 43816 | 43816 | 45352 | 45352

I TBS

e R RN T S
BIRIBGIEISIRIE|IB|o|e|N|o|a|s|win - |o

N s
71 72 73 74 75 76 77 78 79 80
0 1992 1992 2024 2088 2088 2088 2152 2152 2216 2216
1 2600 2600 2664 2728 2728 2792 2792 2856 2856 2856
2 3240 3240 3240 3368 3368 3368 3496 3496 3496 3624
3 4136 4264 4264 4392 4392 4392 4584 4584 4584 4776
4 5160 5160 5160 5352 5352 5544 5544 5544 5736 5736
5
6
7
8
9

6200 6200 6456 6456 6712 6712 6712 6968 6968 6968
7480 7480 7736 7736 7736 7992 7992 8248 8248 8248
8760 8760 8760 9144 9144 9144 9528 9528 9528 9912
9912 9912 | 10296 | 10296 | 10680 | 10680 | 10680 | 11064 | 11064 | 11064
11064 | 11448 | 11448 | 11832 | 11832 | 11832 | 12216 | 12216 | 12576 | 12576
10 12576 | 12576 | 12960 | 12960 | 12960 | 13536 | 13536 | 13536 | 14112 | 14112
11 14112 | 14688 | 14688 | 14688 | 15264 | 15264 | 15840 | 15840 | 15840 | 16416
12 16416 | 16416 | 16416 | 16992 | 16992 | 17568 | 17568 | 17568 | 18336 | 18336
13 18336 | 18336 | 19080 | 19080 | 19080 | 19848 | 19848 | 19848 | 20616 | 20616
14 20616 | 20616 | 20616 | 21384 | 21384 | 22152 | 22152 | 22152 | 22920 | 22920
15 22152 | 22152 | 22152 | 22920 | 22920 | 23688 | 23688 | 23688 | 24496 | 24496
16 22920 | 23688 | 23688 | 24496 | 24496 | 24496 | 25456 | 25456 | 25456 | 26416
17 25456 | 26416 | 26416 | 26416 | 27376 | 27376 | 27376 | 28336 | 28336 | 29296
18 28336 | 28336 | 29296 | 29296 | 29296 | 30576 | 30576 | 30576 | 31704 | 31704
19 30576 | 30576 | 31704 | 31704 | 32856 | 32856 | 32856 | 34008 | 34008 | 34008
20 32856 | 34008 | 34008 | 34008 | 35160 | 35160 | 35160 | 36696 | 36696 | 36696
21 35160 | 36696 | 36696 | 36696 | 37888 | 37888 | 39232 | 39232 | 39232 | 40576
22 37888 | 39232 | 39232 | 40576 | 40576 | 40576 | 42368 | 42368 | 42368 | 43816
23 40576 | 40576 | 42368 | 42368 | 43816 | 43816 | 43816 | 45352 | 45352 | 45352
24 43816 | 43816 | 45352 | 45352 | 45352 | 46888 | 46888 | 46888 | 48936 | 48936
25 45352 | 45352 | 46888 | 46888 | 46888 | 48936 | 48936 | 48936 | 51024 | 51024
26 52752 | 52752 | 55056 | 55056 | 55056 | 55056 | 57336 | 57336 | 57336 | 59256
26A || 45352 | 46888 | 46888 | 48936 | 48936 | 48936 | 51024 | 51024 | 51024 | 52752

81 82 83 84 85 86 87 88 89 90
0 2280 2280 2280 2344 2344 2408 2408 2472 2472 2536
1 2984 2984 2984 3112 3112 3112 3240 3240 3240 3240
2 3624 3624 3752 3752 3880 3880 3880 4008 4008 4008
3 4776 4776 4776 4968 4968 4968 5160 5160 5160 5352
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4 5736 5992 5992 5992 5992 6200 6200 6200 6456 6456
5 7224 7224 7224 7480 7480 7480 7736 7736 7736 7992
6 8504 8504 8760 8760 8760 9144 9144 9144 9144 9528
7
8
9

9912 9912 | 10296 | 10296 | 10296 | 10680 | 10680 | 10680 | 11064 | 11064
11448 | 11448 | 11448 | 11832 | 11832 | 12216 | 12216 | 12216 | 12576 | 12576
12960 | 12960 | 12960 | 13536 | 13536 | 13536 | 13536 | 14112 | 14112 | 14112
10 14112 | 14688 | 14688 | 14688 | 14688 | 15264 | 15264 | 15264 | 15840 | 15840
11 16416 | 16416 | 16992 | 16992 | 16992 | 17568 | 17568 | 17568 | 18336 | 18336
12 18336 | 19080 | 19080 | 19080 | 19080 | 19848 | 19848 | 19848 | 20616 | 20616
13 20616 | 21384 | 21384 | 21384 | 22152 | 22152 | 22152 | 22920 | 22920 | 22920
14 22920 | 23688 | 23688 | 24496 | 24496 | 24496 | 25456 | 25456 | 25456 | 25456
15 24496 | 25456 | 25456 | 25456 | 26416 | 26416 | 26416 | 27376 | 27376 | 27376
16 26416 | 26416 | 27376 | 27376 | 27376 | 28336 | 28336 | 28336 | 29296 | 29296
17 29296 | 29296 | 30576 | 30576 | 30576 | 30576 | 31704 | 31704 | 31704 | 32856
18 31704 | 32856 | 32856 | 32856 | 34008 | 34008 | 34008 | 35160 | 35160 | 35160
19 35160 | 35160 | 35160 | 36696 | 36696 | 36696 | 37888 | 37888 | 37888 | 39232
20 37888 | 37888 | 39232 | 39232 | 39232 | 40576 | 40576 | 40576 | 42368 | 42368
21 40576 | 40576 | 42368 | 42368 | 42368 | 43816 | 43816 | 43816 | 45352 | 45352
22 43816 | 43816 | 45352 | 45352 | 45352 | 46888 | 46888 | 46888 | 48936 | 48936
23 46888 | 46888 | 46888 | 48936 | 48936 | 48936 | 51024 | 51024 | 51024 | 51024
24 48936 | 51024 | 51024 | 51024 | 52752 | 52752 | 52752 | 52752 | 55056 | 55056
25 51024 | 52752 | 52752 | 52752 | 55056 | 55056 | 55056 | 55056 | 57336 | 57336
26 59256 | 59256 | 61664 | 61664 | 61664 | 63776 | 63776 | 63776 | 66592 | 66592
26A || 52752 | 52752 | 55056 | 55056 | 55056 | 55056 | 57336 | 57336 | 57336 | 59256

91 92 93 94 95 96 97 98 99 100
0 2536 2536 2600 2600 2664 2664 2728 2728 2728 2792
1 3368 3368 3368 3496 3496 3496 3496 3624 3624 3624
2 4136 4136 4136 4264 4264 4264 4392 4392 4392 4584
3 5352 5352 5352 5544 5544 5544 5736 5736 5736 5736
4 6456 6456 6712 6712 6712 6968 6968 6968 6968 7224
5 7992 7992 8248 8248 8248 8504 8504 8760 8760 8760
6
7
8
9

9528 9528 9528 9912 9912 9912 | 10296 | 10296 | 10296 | 10296
11064 | 11448 | 11448 | 11448 | 11448 | 11832 | 11832 | 11832 | 12216 | 12216
12576 | 12960 | 12960 | 12960 | 13536 | 13536 | 13536 | 13536 | 14112 | 14112
14112 | 14688 | 14688 | 14688 | 15264 | 15264 | 15264 | 15264 | 15840 | 15840
10 15840 | 16416 | 16416 | 16416 | 16992 | 16992 | 16992 | 16992 | 17568 | 17568
11 18336 | 18336 | 19080 | 19080 | 19080 | 19080 | 19848 | 19848 | 19848 | 19848
12 20616 | 21384 | 21384 | 21384 | 21384 | 22152 | 22152 | 22152 | 22920 | 22920
13 23688 | 23688 | 23688 | 24496 | 24496 | 24496 | 25456 | 25456 | 25456 | 25456
14 26416 | 26416 | 26416 | 27376 | 27376 | 27376 | 28336 | 28336 | 28336 | 28336
15 28336 | 28336 | 28336 | 29296 | 29296 | 29296 | 29296 | 30576 | 30576 | 30576
16 29296 | 30576 | 30576 | 30576 | 30576 | 31704 | 31704 | 31704 | 31704 | 32856
17 32856 | 32856 | 34008 | 34008 | 34008 | 35160 | 35160 | 35160 | 35160 | 36696
18 36696 | 36696 | 36696 | 37888 | 37888 | 37888 | 37888 | 39232 | 39232 | 39232
19 39232 | 39232 | 40576 | 40576 | 40576 | 40576 | 42368 | 42368 | 42368 | 43816
20 42368 | 42368 | 43816 | 43816 | 43816 | 45352 | 45352 | 45352 | 46888 | 46888
21 45352 | 46888 | 46888 | 46888 | 46888 | 48936 | 48936 | 48936 | 48936 | 51024
22 48936 | 48936 | 51024 | 51024 | 51024 | 51024 | 52752 | 52752 | 52752 | 55056
23 52752 | 52752 | 52752 | 55056 | 55056 | 55056 | 55056 | 57336 | 57336 | 57336
24 55056 | 57336 | 57336 | 57336 | 57336 | 59256 | 59256 | 59256 | 61664 | 61664
25 57336 | 59256 | 59256 | 59256 | 61664 | 61664 | 61664 | 61664 | 63776 | 63776
26 66592 | 68808 | 68808 | 68808 | 71112 | 71112 | 71112 | 73712 | 73712 | 75376
26A || 59256 | 59256 | 59256 | 61664 | 61664 | 61664 | 63776 | 63776 | 63776 | 66592

N g
101 102 103 104 105 106 107 108 109 110
0 2792 2856 2856 2856 2984 2984 2984 2984 2984 3112
1 3752 3752 3752 3752 3880 3880 3880 4008 4008 4008
2 4584 4584 4584 4584 4776 4776 4776 4776 4968 4968
3 5992 5992 5992 5992 6200 6200 6200 6200 6456 6456
4 7224 7224 7480 7480 7480 7480 7736 7736 7736 7992
5
6
7
8

8760 9144 9144 9144 9144 9528 9528 9528 9528 9528
10680 | 10680 | 10680 | 10680 | 11064 | 11064 | 11064 | 11448 | 11448 | 11448
12216 | 12576 | 12576 | 12576 | 12960 | 12960 | 12960 | 12960 | 13536 | 13536
14112 | 14112 | 14688 | 14688 | 14688 | 14688 | 15264 | 15264 | 15264 | 15264
9 15840 | 16416 | 16416 | 16416 | 16416 | 16992 | 16992 | 16992 | 16992 | 17568
10 17568 | 18336 | 18336 | 18336 | 18336 | 18336 | 19080 | 19080 | 19080 | 19080
11 20616 | 20616 | 20616 | 21384 | 21384 | 21384 | 21384 | 22152 | 22152 | 22152
12 22920 | 23688 | 23688 | 23688 | 23688 | 24496 | 24496 | 24496 | 24496 | 25456
13 26416 | 26416 | 26416 | 26416 | 27376 | 27376 | 27376 | 27376 | 28336 | 28336
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14 29296 | 29296 | 29296 | 29296 | 30576 | 30576 | 30576 | 30576 | 31704 | 31704
15 30576 | 31704 | 31704 | 31704 | 31704 | 32856 | 32856 | 32856 | 34008 | 34008
16 32856 | 32856 | 34008 | 34008 | 34008 | 34008 | 35160 | 35160 | 35160 | 35160
17 36696 | 36696 | 36696 | 37888 | 37888 | 37888 | 39232 | 39232 | 39232 | 39232
18 40576 | 40576 | 40576 | 40576 | 42368 | 42368 | 42368 | 42368 | 43816 | 43816
19 43816 | 43816 | 43816 | 45352 | 45352 | 45352 | 46888 | 46888 | 46888 | 46888
20 46888 | 46888 | 48936 | 48936 | 48936 | 48936 | 48936 | 51024 | 51024 | 51024
21 51024 | 51024 | 51024 | 52752 | 52752 | 52752 | 52752 | 55056 | 55056 | 55056
22 55056 | 55056 | 55056 | 57336 | 57336 | 57336 | 57336 | 59256 | 59256 | 59256
23 57336 | 59256 | 59256 | 59256 | 59256 | 61664 | 61664 | 61664 | 61664 | 63776
24 61664 | 61664 | 63776 | 63776 | 63776 | 63776 | 66592 | 66592 | 66592 | 66592
25 63776 | 63776 | 66592 | 66592 | 66592 | 66592 | 68808 | 68808 | 68808 | 71112
26 75376 | 75376 | 75376 | 75376 | 75376 | 75376 | 75376 | 75376 | 75376 | 75376

26A || 66592 | 66592 | 66592 | 68808 | 68808 | 68808 | 71112 | 71112 | 71112 | 71112

N PRB

27 648 1320 1992 2664 3368 4008 4584 5352 5992 6712
28 680 1384 2088 2792 3496 4264 4968 5544 6200 6968
29 712 1480 2216 2984 3752 4392 5160 5992 6712 7480
30 776 1544 2344 3112 3880 4776 5544 6200 6968 7736
31 808 1608 2472 3240 4136 4968 5736 6456 7480 8248
32 840 1672 2536 3368 4264 5160 5992 6712 7736 8504
33 968 1992 2984 4008 4968 5992 6968 7992 8760 9912
33A 840 1736 2600 3496 4392 5160 5992 6968 7736 8760

N e
11 12 13 14 15 16 17 18 19 20

27 7224 7992 8504 9144 9912 | 10680 | 11448 | 11832 | 12576 | 12960
28 7736 8504 9144 9912 | 10680 | 11064 | 11832 | 12576 | 13536 | 14112
29 8248 8760 9528 | 10296 | 11064 | 11832 | 12576 | 13536 | 14112 | 14688
30 8504 9528 | 10296 | 11064 | 11832 | 12576 | 13536 | 14112 | 14688 | 15840
31 9144 9912 | 10680 | 11448 | 12216 | 12960 | 14112 | 14688 | 15840 | 16416
32 9528 | 10296 | 11064 | 11832 | 12960 | 13536 | 14688 | 15264 | 16416 | 16992
33 10680 | 11832 | 12960 | 13536 | 14688 | 15840 | 16992 | 17568 | 19080 | 19848
33A 9528 | 10296 | 11448 | 12216 | 12960 | 14112 | 14688 | 15840 | 16416 | 17568

21 22 23 24 25 26 27 28 29 30

27 14112 | 14688 | 15264 | 15840 | 16416 | 16992 | 17568 | 18336 | 19080 | 19848
28 14688 | 15264 | 16416 | 16992 | 17568 | 18336 | 19080 | 19848 | 20616 | 21384
29 15840 | 16416 | 16992 | 17568 | 18336 | 19080 | 19848 | 20616 | 21384 | 22152
30 16416 | 16992 | 18336 | 19080 | 19848 | 20616 | 21384 | 22152 | 22920 | 23688
31 17568 | 18336 | 19080 | 19848 | 20616 | 21384 | 22152 | 22920 | 23688 | 24496
32 17568 | 19080 | 19848 | 20616 | 21384 | 22152 | 22920 | 23688 | 24496 | 25456
33 20616 | 21384 | 22920 | 23688 | 24496 | 25456 | 26416 | 27376 | 28336 | 29296
33A || 18336 | 19080 | 19848 | 20616 | 22152 | 22920 | 23688 | 24496 | 25456 | 26416

N prg
31 32 33 34 35 36 37 38 39 40

27 20616 | 21384 | 22152 | 22920 | 22920 | 23688 | 24496 | 25456 | 25456 | 26416
28 22152 | 22152 | 22920 | 23688 | 24496 | 25456 | 26416 | 26416 | 27376 | 28336
29 22920 | 23688 | 24496 | 25456 | 26416 | 26416 | 27376 | 28336 | 29296 | 29296
30 24496 | 25456 | 25456 | 26416 | 27376 | 28336 | 29296 | 29296 | 30576 | 31704
31 25456 | 26416 | 27376 | 28336 | 29296 | 29296 | 30576 | 31704 | 31704 | 32856
32 26416 | 27376 | 28336 | 29296 | 29296 | 30576 | 31704 | 32856 | 32856 | 34008
33 30576 | 31704 | 32856 | 34008 | 35160 | 35160 | 36696 | 37888 | 39232 | 39232
33A | 27376 | 27376 | 29296 | 29296 | 30576 | 30576 | 31704 | 32856 | 34008 | 35160

N g
41 42 43 44 45 46 47 48 49 50

27 27376 | 27376 | 28336 | 29296 | 29296 | 30576 | 31704 | 31704 | 32856 | 32856
28 29296 | 29296 | 30576 | 30576 | 31704 | 32856 | 32856 | 34008 | 34008 | 35160
29 30576 | 31704 | 31704 | 32856 | 34008 | 34008 | 35160 | 35160 | 36696 | 36696
30 31704 | 32856 | 34008 | 34008 | 35160 | 36696 | 36696 | 37888 | 37888 | 39232
31 34008 | 35160 | 35160 | 36696 | 36696 | 37888 | 39232 | 39232 | 40576 | 40576
32 35160 | 35160 | 36696 | 37888 | 37888 | 39232 | 40576 | 40576 | 42368 | 42368
33 40576 | 40576 | 42368 | 43816 | 43816 | 45352 | 46888 | 46888 | 48936 | 48936
33A | 35160 | 36696 | 36696 | 37888 | 39232 | 40576 | 40576 | 40576 | 42368 | 43816
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N PRB
I TBS
51 52 53 54 55 56 57 58 59 | 60
27 | 34008 | 34008 | 35160 | 35160 | 36696 | 36696 | 37888 | 37888 [ 39232 | 30232
28 | 35160 | 36696 | 36696 | 37888 | 39232 | 39232 | 40576 | 40576 | 42368 | 42368
20 | 37888 | 39232 | 39232 | 40576 | 40576 | 42368 | 42368 | 43816 | 43816 | 45352
30 | 40576 | 40576 | 42368 | 42368 | 43816 | 43816 | 45352 | 45352 | 46888 | 46888
31 | 42368 | 42368 | 43816 | 45352 | 45352 | 46888 | 46888 | 46888 | 48936 | 48936
32 | 43816 | 43816 | 45352 | 46888 | 46888 | 46888 | 48936 | 48936 | 51024 | 51024
33 | 51024 | 51024 | 52752 | 52752 | 55056 | 55056 | 57336 | 57336 | 59256 | 59256
33A | 43816 | 45352 | 45352 | 46888 | 48936 | 48936 | 48936 | 51024 | 51024 | 52752
N PRB
s
61 62 63 64 65 66 67 68 69 | 70
27 | 40576 | 40576 | 42368 | 42368 | 43816 | 43816 | 43816 | 45352 | 45352 | 46888
28 | 42368 | 43816 | 43816 | 45352 | 45352 | 46888 | 46888 | 46888 | 48936 | 48936
20 | 45352 | 45352 | 46888 | 46888 | 48936 | 48936 | 48936 | 51024 | 51024 | 52752
30 | 46888 | 48936 | 48936 | 51024 | 51024 | 51024 | 52752 | 52752 | 55056 | 55056
31 | 51024 | 51024 | 52752 | 52752 | 52752 | 55056 | 55056 | 55056 | 57336 | 57336
32 | 52752 | 52752 | 52752 | 55056 | 55056 | 57336 | 57336 | 57336 | 59256 | 59256
33 | 59256 | 61664 | 61664 | 63776 | 63776 | 63776 | 66592 | 66592 | 68808 | 68808
33A | 52752 | 55056 | 55056 | 55056 | 57336 | 57336 | 57336 | 59256 | 59256 | 61664
N PRB
I TBS
71 72 73 74 75 76 77 78 79 | 80
27 | 46888 | 46888 | 48936 | 48936 | 48936 | 51024 | 51024 | 51024 | 52752 | 52752
28 48936 | 51024 | 51024 | 52752 | 52752 | 52752 | 55056 | 55056 | 55056 | 57336
20 | 52752 | 52752 | 55056 | 55056 | 55056 | 57336 | 57336 | 57336 | 59256 | 59256
30 | 55056 | 57336 | 57336 | 57336 | 59256 | 59256 | 59256 | 61664 | 61664 | 63776
31 | 59256 | 59256 | 59256 | 61664 | 61664 | 63776 | 63776 | 63776 | 66592 | 66592
32 | 61664 | 61664 | 61664 | 63776 | 63776 | 63776 | 66592 | 66592 | 66592 | 68808
33 71112 | 71112 | 71112 | 73712 | 75376 | 76208 | 76208 | 76208 | 78704 | 78704
33A | 61664 | 61664 | 63776 | 63776 | 66592 | 66592 | 66592 | 68808 | 68808 | 68808
N prg
I TBS
81 82 83 84 | 85 86 87 88 89 | 90
27 | 52752 | 55056 | 55056 | 55056 | 57336 | 57336 | 57336 | 59256 | 59256 | 59256
28 | 57336 | 57336 | 59256 | 59256 | 59256 | 61664 | 61664 | 61664 | 61664 | 63776
20 | 59256 | 61664 | 61664 | 61664 | 63776 | 63776 | 63776 | 66592 | 66592 | 66592
30 | 63776 | 63776 | 63776 | 66592 | 66592 | 66592 | 68808 | 68808 | 68808 | 71112
31 | 66592 | 68808 | 68808 | 68808 | 71112 | 71112 | 71112 | 73712 | 73712 | 73712
32 | 68808 | 71112 | 71112 | 71112 | 73712 | 73712 | 73712 | 75376 | 76208 | 76208
33 | 81176 | 81176 | 81176 | 81176 | 84760 | 84760 | 84760 | 87936 | 87936 | 87936
33A | 71112 | 71112 | 71112 | 73712 | 75376 | 75376 | 76208 | 76208 | 78704 | 78704
N PRB
I TBS
91 92 93 94 95 96 97 98 99 | 100
27 | 59256 | 61664 | 61664 | 61664 | 63776 | 63776 | 63776 | 63776 | 66592 | 66592
28 | 63776 | 63776 | 66592 | 66592 | 66592 | 66592 | 68808 | 68808 | 68808 | 71112
29 66592 | 68808 | 68808 | 68808 | 71112 | 71112 | 71112 | 73712 | 73712 | 73712
30 | 71112 | 71112 | 73712 | 73712 | 75376 | 75376 | 76208 | 76208 | 78704 | 78704
31 | 75376 | 76208 | 76208 | 78704 | 78704 | 78704 | 81176 | 81176 | 81176 | 81176
32 | 78704 | 78704 | 78704 | 81176 | 81176 | 81176 | 84760 | 84760 | 84760 | 84760
33 | 90816 | 90816 | 90816 | 93800 | 93800 | 93800 | 93800 | 97896 | 97896 | 97896
33A | 78704 | 81176 | 81176 | 81176 | 81176 | 84760 | 84760 | 84760 | 84760 | 87936
| N PRB
"™ 17701 | 102 | 103 | 104 | 105 | 106 | 107 | 108 | 109 | 110
27 66592 | 66592 | 68808 | 68808 | 68808 | 71112 | 71112 | 71112 | 71112 | 73712
28 71112 | 71112 | 73712 | 73712 | 73712 | 75376 | 75376 | 76208 | 76208 | 76208
20 | 75376 | 76208 | 76208 | 76208 | 78704 | 78704 | 78704 | 81176 | 81176 | 81176
30 | 78704 | 81176 | 81176 | 81176 | 81176 | 84760 | 84760 | 84760 | 84760 | 87936
31 | 84760 | 84760 | 84760 | 84760 | 87936 | 87936 | 87936 | 87936 | 90816 | 90816
32 | 87936 | 87936 | 87936 | 87936 | 90816 | 90816 | 90816 | 93800 | 93800 | 93800
33 | 97896 | 97896 | 97896 | 97896 | 97896 | 97896 | 97896 | 97896 | 97896 | 97896
33A | 87936 | 87936 | 87936 | 90816 | 90816 | 90816 | 93800 | 93800 | 93800 | 97896
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Transport blocks mapped to two-layer spatial multiplexing

Forl< Nz <55, the TBS is given by the (I;55,2- Npgg ) entry of Table 7.1.7.2.1-1.

For56 < N,z <110, a baseline TBS_L1 is taken from the (1,55, Npgg ) entry of Table 7.1.7.2.1-1, which is then
translated into TBS_L2 using the mapping rule shown in Table 7.1.7.2.2-1. The TBS is given by TBS_L2.

Table 7.1.7.2.2-1: One-layer to two-layer TBS translation table

TBS L1 TBS_L2 TBS_L1 TBS_L2 TBS L1 TBS_ L2 TBS L1 TBS_L2
1544 3112 3752 7480 10296 20616 28336 57336
1608 3240 3880 7736 10680 21384 29296 59256
1672 3368 4008 7992 11064 22152 30576 61664
1736 3496 4136 8248 11448 22920 31704 63776
1800 3624 4264 8504 11832 23688 32856 66592
1864 3752 4392 8760 12216 24496 34008 68808
1928 3880 4584 9144 12576 25456 35160 71112
1992 4008 4776 9528 12960 25456 36696 73712
2024 4008 4968 9912 13536 27376 37888 76208
2088 4136 5160 10296 14112 28336 39232 78704
2152 4264 5352 10680 14688 29296 40576 81176
2216 4392 5544 11064 15264 30576 42368 84760
2280 4584 5736 11448 15840 31704 43816 87936
2344 4776 5992 11832 16416 32856 45352 90816
2408 4776 6200 12576 16992 34008 46888 93800
2472 4968 6456 12960 17568 35160 48936 97896
2536 5160 6712 13536 18336 36696 51024 101840
2600 5160 6968 14112 19080 37888 52752 105528
2664 5352 7224 14688 19848 39232 55056 110136
2728 5544 7480 14688 20616 40576 57336 115040
2792 5544 7736 15264 21384 42368 59256 119816
2856 5736 7992 15840 22152 43816 61664 124464
2984 5992 8248 16416 22920 45352 63776 128496
3112 6200 8504 16992 23688 46888 66592 133208
3240 6456 8760 17568 24496 48936 68808 137792
3368 6712 9144 18336 25456 51024 71112 142248
3496 6968 9528 19080 26416 52752 73712 146856
3624 7224 9912 19848 27376 55056 75376 149776
76208 152976 81176 161760 87936 175600 93800 187712
78704 157432 84760 169544 90816 181656 97896 195816

7.1.7.2.3 Transport blocks mapped for DCI Format 1C and DCI Format 6-2

The TBS is given by the |55 entry of Table 7.1.7.2.3-1. For DCI Format 6-2, 0< |

<T7.

TBS —

Table 7.1.7.2.3-1: Transport Block Size (TBS) table for DCI format 1C and DCI Format 6-2

l1as 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

TBS | 40 | 56 | 72 | 120 | 136 | 144|176 | 208 224 | 256 | 280 | 296 | 328 | 336 | 392 | 488

ligs | 16 | 17 | 18 | 19 | 20 | 21 | 22 23 24 25 26 27 28 29 30 31

TBS | 552 | 600 | 632 | 696 | 776 | 840 | 904 | 1000 | 1064 | 1128 | 1224 | 1288 | 1384 | 1480 | 1608 | 1736
3GPP

Samsung Exhibit 1013, Page 81 of 381
Samsung Electronics Co., Ltd. v. Asus Technology Licensing Inc.
IPR2024-01036



Release 13 82 3GPP TS 36.213 V13.2.0 (2016-06)

7.1.7.2.4 Transport blocks mapped to three-layer spatial multiplexing

For 1< Npgg <36, the TBS is given by the ( Iz, 3- Npgg ) entry of Table 7.1.7.2.1-1.

For 37 < Npgg <110, a baseline TBS_L1 is taken from the (I g5, Npgg ) entry of Table 7.1.7.2.1-1, which is then
translated into TBS_L3 using the mapping rule shown in Table 7.1.7.2.4-1. The TBS is given by TBS_L3.

Table 7.1.7.2.4-1: One-layer to three-layer TBS translation table

TBS L1 TBS L3 TBS L1 TBS L3 TBS L1 TBS_L3 TBS_L1 TBS_L3
1032 3112 2664 7992 8248 24496 26416 78704
1064 3240 2728 8248 8504 25456 27376 81176
1096 3240 2792 8248 8760 26416 28336 84760
1128 3368 2856 8504 9144 27376 29296 87936
1160 3496 2984 8760 9528 28336 30576 90816
1192 3624 3112 9144 9912 29296 31704 93800
1224 3624 3240 9528 10296 30576 32856 97896
1256 3752 3368 9912 10680 31704 34008 101840
1288 3880 3496 10296 11064 32856 35160 105528
1320 4008 3624 10680 11448 34008 36696 110136
1352 4008 3752 11064 11832 35160 37888 115040
1384 4136 3880 11448 12216 36696 39232 119816
1416 4264 4008 11832 12576 37888 40576 119816
1480 4392 4136 12576 12960 39232 42368 128496
1544 4584 4264 12960 13536 40576 43816 133208
1608 4776 4392 12960 14112 42368 45352 137792
1672 4968 4584 13536 14688 43816 46888 142248
1736 5160 4776 14112 15264 45352 48936 146856
1800 5352 4968 14688 15840 46888 51024 152976
1864 5544 5160 15264 16416 48936 52752 157432
1928 5736 5352 15840 16992 51024 55056 165216
1992 5992 5544 16416 17568 52752 57336 171888
2024 5992 5736 16992 18336 55056 59256 177816
2088 6200 5992 18336 19080 57336 61664 185728
2152 6456 6200 18336 19848 59256 63776 191720
2216 6712 6456 19080 20616 61664 66592 199824
2280 6712 6712 19848 21384 63776 68808 205880
2344 6968 6968 20616 22152 66592 71112 214176
2408 7224 7224 21384 22920 68808 73712 221680
2472 7480 7480 22152 23688 71112 75376 226416
2536 7480 7736 22920 24496 73712
2600 7736 7992 23688 25456 76208
76208 230104 81176 245648 87936 266440 93800 284608
78704 236160 84760 254328 90816 275376 97896 293736
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7.1.7.2.5 Transport blocks mapped to four-layer spatial multiplexing

For 1< Nppg <27, the TBS is given by the ( Iz, 4- Npgg) entry of Table 7.1.7.2.1-1.

For 28 < Npgg <110, a baseline TBS_L1 is taken from the (I g5, Npgg ) entry of Table 7.1.7.2.1-1, which is then
translated into TBS_L4 using the mapping rule shown in Table 7.1.7.2.5-1. The TBS is given by TBS_L4.

Table 7.1.7.2.5-1: One-layer to four-layer TBS translation table

TBS L1 TBS L4 TBS L1 TBS_L4 TBS L1 TBS L4 TBS L1 TBS L4
776 3112 2280 9144 7224 29296 24496 97896
808 3240 2344 9528 7480 29296 25456 101840
840 3368 2408 9528 7736 30576 26416 105528
872 3496 2472 9912 7992 31704 27376 110136
904 3624 2536 10296 8248 32856 28336 115040
936 3752 2600 10296 8504 34008 29296 115040
968 3880 2664 10680 8760 35160 30576 124464
1000 4008 2728 11064 9144 36696 31704 128496
1032 4136 2792 11064 9528 37888 32856 133208
1064 4264 2856 11448 9912 39232 34008 137792
1096 4392 2984 11832 10296 40576 35160 142248
1128 4584 3112 12576 10680 42368 36696 146856
1160 4584 3240 12960 11064 43816 37888 151376
1192 4776 3368 13536 11448 45352 39232 157432
1224 4968 3496 14112 11832 46888 40576 161760
1256 4968 3624 14688 12216 48936 42368 169544
1288 5160 3752 15264 12576 51024 43816 175600
1320 5352 3880 15264 12960 51024 45352 181656
1352 5352 4008 15840 13536 55056 46888 187712
1384 5544 4136 16416 14112 57336 48936 195816
1416 5736 4264 16992 14688 59256 51024 203704
1480 5992 4392 17568 15264 61664 52752 211936
1544 6200 4584 18336 15840 63776 55056 220296
1608 6456 4776 19080 16416 66592 57336 230104
1672 6712 4968 19848 16992 68808 59256 236160
1736 6968 5160 20616 17568 71112 61664 245648
1800 7224 5352 21384 18336 73712 63776 254328
1864 7480 5544 22152 19080 76208 66592 266440
1928 7736 5736 22920 19848 78704 68808 275376
1992 7992 5992 23688 20616 81176 71112 284608
2024 7992 6200 24496 21384 84760 73712 293736
2088 8248 6456 25456 22152 87936 75376 299856
2152 8504 6712 26416 22920 90816
2216 8760 6968 28336 23688 93800
76208 305976 81176 324336 87936 351224 93800 375448
78704 314888 84760 339112 90816 363336 97896 391656

7.1.7.2.6 Transport blocks mapped for BL/CE UEs configured with CEModeB
The UE shall set I g = l7gs and determine its TBS by the procedure in subclause 7.1.7.2.1 for 0< 1., <9, and

Norg =40rNpgg =6.
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7.1.7.2.7 Transport blocks mapped for BL/CE UEs SystemInformationBlockTypel-BR
The TBS is given by the |z entry of Table 7.1.7.2.7-1.

Table 7.1.7.2.7-1: Transport block size (TBS) table for PDSCH carrying
SystemInformationBlockTypel-BR

lgs| O 1 2 3 4 5 6 7 8 9 |10 | 11 | 12 | 13 | 14 | 15

TBS| N/A | 208 | 208 208 256 | 256 | 256 | 328 | 328 | 328 | 504 | 504 | 504 | 712 | 712 | 712
ligs| 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
TBS| 936 | 936 | 936 Reserved

7.1.7.3 Redundancy Version determination for Format 1C
If the DCI Format 1C CRC is scrambled by P-RNTI or RA-RNTI, then

- the UE shall set the Redundancy Version to 0
Else if the DCI Format 1C CRC is scrambled by SI-RNTI, then

- the UE shall set the Redundancy Version as defined in [8].

7.1.8  Storing soft channel bits

For FDD, TDD and FDD-TDD, if the UE is configured with more than one serving cell or if the UE is configured with
a SCG, then for each serving cell, for at least k. - min(M b nargs M "mi[) transport blocks, upon decoding failure of a

code block of a transport block, the UE shall store received soft channel bits corresponding to a range of at least
Wie Wy Wingd(k ingg 1., » WHETe:

N, =min| N N o ;
SB T ch? R
C- ch:_ls 'KMIMO 'mm(M DL_HARQ ' M Iimit)

W, C, Ny Kymor and My, are defined in subclause 5.1.4.1.2 of [4].

MbL_Harg is the maximum number of DL HARQ processes.
If the UE is configured with a SCG

- N2 is the number of configured serving cells across both MCG and SCG.

else

- NP is the number of configured serving cells.

cells

If the UE signals ue-CategoryDL-r12, N/ . is the total number of soft channel bits [12] according to the UE category

ft
indicated by ue-CategoryDL-r12 [11]. Else if the UE signals ue-Category-v1170 and not ue-CategoryDL-r12, N/ is

the total number of soft channel bits [12] according to the UE category indicated by ue-Category-v1170 [11]. Else if the

UE signals ue-Category-v1020 and not ue-Category-v1170 and not ue-CategoryDL-r12, N/ is the total number of
soft channel bits [12] according to the UE category indicated by ue-Category-v1020 [11]. Otherwise, N/ is the total

number of soft channel bits [12] according to the UE category indicated by ue-Category (without suffix) [11].

In determining k, the UE should give priority to storing soft channel bits corresponding to lower values of k. W, shall

correspond to a received soft channel bit. The range W, Wiy ,..., Wioq(sng, -1.n,,) MY include subsets not containing
received soft channel bits.
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7.1.9 PDSCH resource mapping parameters

A UE configured in transmission mode 10 for a given serving cell can be configured with up to 4 parameter sets by
higher layer signaling to decode PDSCH according to a detected PDCCH/EPDCCH with DCI format 2D intended for
the UE and the given serving cell. The UE shall use the parameter set according to the value of the ' PDSCH RE
Mapping and Quasi-Co-Location indicator' field (mapping defined in Table 7.1.9-1) in the detected PDCCH/EPDCCH
with DCI format 2D for determining the PDSCH RE mapping (defined in subclause 6.4 of [3]), and for determining
PDSCH antenna port quasi co-location (defined in subclause 7.1.10) if the UE is configured with Type B quasi co-
location type (defined in subclause 7.1.10). For PDSCH without a corresponding PDCCH/EPDCCH, the UE shall use
the parameter set indicated in the PDCCH/EPDCCH with DCI format 2D corresponding to the associated SPS
activation for determining the PDSCH RE mapping (defined in subclause 6.4 of [3]) and PDSCH antenna port quasi co-
location (defined in subclause 7.1.10).

Table 7.1.9-1: PDSCH RE Mapping and Quasi-Co-Location Indicator field in DCI format 2D

[Value of 'PDSCH RE Mapping and Quasi-Co-Location Indicator’ field Description
'00' Parameter set 1 configured by higher layers|
'01' Parameter set 2 configured by higher layers|
'10' Parameter set 3 configured by higher layers|
'11' Parameter set 4 configured by higher layers|

The following parameters for determining PDSCH RE mapping and PDSCH antenna port quasi co-location are
configured via higher layer signaling for each parameter set:

- crs-PortsCount-ril.

- crs-FregShift-ri1.

- mbsfn-SubframeConfigList-r11.
- csi-RS-ConfigZPId-r11.

- pdsch-Start-r11.

- qcl-CSI-RS-ConfigNzZPId-r11.

- zeroTxPowerCSI-RS2-r12 if the UE is configured with higher layer parameter eMIMO-Type for TDD serving
cell.

To decode PDSCH according to a detected PDCCH/EPDCCH with DCI format 1A with CRC scrambled with C-RNTI
intended for the UE and the given serving cell and for PDSCH transmission on antenna port 7, a UE configured in
transmission mode 10 for a given serving cell shall use the parameter set 1 in table 7.1.9-1 for determining the PDSCH
RE mapping (defined in subclause 6.4 of [3]), and for determining PDSCH antenna port quasi co-location (defined in
subclause 7.1.10) if the UE is configured with Type B quasi co-location type (defined in subclause 7.1.10).

To decode PDSCH corresponding to detected PDCCH/EPDCCH with DCI format 1A with CRC scrambled with SPS
C-RNTI and PDSCH without a corresponding PDCCH/EPDCCH associated with SPS activation indicated in
PDCCH/EPDCCH with DCI format 1A, a UE configured in transmission mode 10 for a given serving cell shall use the
parameter set 1 in table 7.1.9-1 for determining the PDSCH RE mapping (defined in subclause 6.4 of [3]), and for
determining PDSCH antenna port quasi co-location (defined in subclause 7.1.10) if the UE is configured with Type B
quasi co-location type (defined in subclause 7.1.10).

To decode PDSCH according to a detected PDCCH/EPDCCH with DCI format 1A intended for the UE on a given
serving cell and for PDSCH transmission on antenna port 0 — 3, a UE configured in transmission mode 10 for the given
serving cell shall determine the PDSCH RE mapping (as described in subclause 6.4 of [3]) using the lowest indexed
zero-power CSI-RS resource.

7.1.10 Antenna ports quasi co-location for PDSCH

A UE configured in transmission mode 8-10 for a serving cell may assume the antenna ports 7 — 14 of the serving cell
are quasi co-located (as defined in [3]) for a given subframe with respect to delay spread, Doppler spread, Doppler shift,
average gain, and average delay.
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A UE configured in transmission mode 1-9 for a serving cell may assume the antenna ports 0 — 3, 5, 7 — 30 of the
serving cell are quasi co-located (as defined in [3]) with respect to Doppler shift, Doppler spread, average delay, and
delay spread.

A UE configured in transmission mode 10 for a serving cell is configured with one of two quasi co-location types for
the serving cell by higher layer parameter qcl-Operation to decode PDSCH according to transmission scheme
associated with antenna ports 7-14:

- Type A: The UE may assume the antenna ports 0 — 3, 7 — 30 of a serving cell are quasi co-located (as defined in
[3]) with respect to delay spread, Doppler spread, Doppler shift, and average delay.

- Type B: The UE may assume the antenna ports 15 — 30 corresponding to the CSI-RS resource configuration
identified by the higher layer parameter qcl-CSI-RS-ConfigNZPId-r11 (defined in subclause 7.1.9) and the
antenna ports 7 — 14 associated with the PDSCH are quasi co-located (as defined in [3]) with respect to Doppler
shift, Doppler spread, average delay, and delay spread.

For a LAA Scell, the UE is not expected to be configured with quasi co-location type B.

7.1.11 PDSCH subframe assignment for BL/CE UE using MPDCCH

A BL/CE UE shall upon detection of a MPDCCH with DCI format 6-1A/6-1B/6-2 intended for the UE, decode the
corresponding PDSCH in subframe(s) n+k; with i =0, 1, ..., N-1 according to the MPDCCH, where

- subframe n is the last subframe in which the MPDCCH is transmitted and is determined from the starting
subframe of MPDCCH transmission and the DCI subframe repetition number field in the corresponding DCI;
and

- subframe(s) n+k; with i=0,1,...,N-1 are N consecutive BL/CE DL subframe(s) where, x=ko<ki<...,kn-1 and the
value of N € {nl, nz2,...n } is determined by the repetition number field in the corresponding DCI, where

nl,n2,...n, are given in Table 7.1.11-1, Table 7.1.11-2 and Table 7.1.11-3, respectively and subframe n-+x is
the second BL/CE subframe after subframe n.

max

If PDSCH carrying SystemInformationBlockTypel-BR is transmitted in one narrowband in subframe n+k;, a BL/CE UE
shall assume any other PDSCH in the same narrowband in the subframe n+k; is dropped. If PDSCH carrying SlI
message is transmitted in one narrowband in subframe n+k;, a BL/CE UE shall assume any other PDSCH not carrying
SystemInformationBlockTypel-BR in the same narrowband in the subframe n+k; is dropped.

For single antenna port (port 0), transmit diversity and closed-loop spatial multiplexing transmission schemes, if a
PDSCH is transmitted in subframe n+k; and subframe n+k; is configured as an MBSFN subframe, a BL/CE UE shall
assume that the PDSCH in subframe n-+k; is dropped.

Table 7.1.11-1: PDSCH repetition levels (DCI Format 6-1A)

Higher layer parameter
‘pdsch- {n1,n2,n3,n4}
maxNumRepetitionCEmodeA’
Not configured {1,2,4,8}
16 {1,4,8,16}
32 {1,4,16,32}
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Table 7.1.11-2: PDSCH repetition levels (DCI Format 6-1B)

Higher layer parameter
‘pdsch-mngum)Fliepr:atitionCEmodeB’ {nl’ nz,.., n8}

Not configured {4,8,16,32,64,128,256,512}
192 {1,4,8,16,32,64,128,192}
256 {4,8,16,32,64,128,192,256}
384 {4,16,32,64,128,192,256,384}
512 {4,16,64,128,192,256,384,512}
768 {8,32,128,192,256,384,512,768}
1024 {4,8,16,64,128,256,512,1024}
1536 {4,16,64,256,512,768,1024,1536}
2048 {4,16,64,128,256,512,1024,2048}

Table 7.1.11-3: PDSCH repetition levels (DCI Format 6-2)

2-bit “DCI subframe repetition number”

{n1,n2,...,n8}

field in DCI Format 6-2
00 {1,2,4,8,16,32,64,128}
01 {4,8,16,32,64,128,192,256}
10 {32,64,128,192,256,384,512,768}
11 {192,256,384,512,768,1024,1536,2048}

3GPP

Samsung Exhibit 1013, Page 87 of 381
Samsung Electronics Co., Ltd. v. Asus Technology Licensing Inc.

IPR2024-01036



Release 13 88 3GPP TS 36.213 V13.2.0 (2016-06)

7.2 UE procedure for reporting Channel State Information (CSI)

If the UE is configured with a PUCCH-SCell, the UE shall apply the procedures described in this clause for both
primary PUCCH group and secondary PUCCH group unless stated otherwise

- When the procedures are applied for the primary PUCCH group, the terms ‘secondary cell’, ‘secondary cells’,
‘serving cell’, and “serving cells’ in this clause refer to secondary cell, secondary cells, serving cell or serving
cells belonging to the primary PUCCH group respectively unless stated otherwise.

- When the procedures are applied for secondary PUCCH group, the terms ‘secondary cell’, ‘secondary cells’,
‘serving cell’ and ‘serving cells’ in this clause refer to secondary cell, secondary cells (not including the
PUCCH-SCell), serving cell, serving cells belonging to the secondary PUCCH group respectively unless stated
otherwise. The term “‘primary cell’ in this clause refers to the PUCCH-SCell of the secondary PUCCH group.

The time and frequency resources that can be used by the UE to report CSI which consists of Channel Quality Indicator
(CQI), precoding matrix indicator (PMI), precoding type indicator (PTI), CSI-RS resource indicator (CRI), and/or rank
indication (RI) are controlled by the eNB. For spatial multiplexing, as given in [3], the UE shall determine a Rl
corresponding to the number of useful transmission layers. For transmit diversity as given in [3], Rl is equal to one.

A non-BL/CE UE in transmission mode 8 or 9 is configured with or without PMI/RI reporting by the higher layer
parameter pmi-RI-Report.

A UE in transmission mode 10 can be configured with one or more CSI processes per serving cell by higher layers.
For a UE in transmission mode 10,

- If a UE is not configured with higher layer parameter eMIMO-Type, each CSI process is associated with a CSI-
RS resource (defined in subclause 7.2.5) and a CSl-interference measurement (CSI-1M) resource (defined in
subclause 7.2.6). A UE can be configured with up to two CSI-IM resources for a CSI process if the UE is
configured with CSI subframe sets Ccg o and Ccgp 1 by the higher layer parameter csi-

SubFramePatternConfig-ri2 for the CSI process.

- If the UE is configured with higher layer parameter eMIMO-Type, and eMIMO-Type is set to ‘CLASS A’, each
CSI process is associated with a CSI-RS resource (defined in subclause 7.2.5) and a CSl-interference
measurement (CSI-IM) resource (defined in subclause 7.2.6). A UE can be configured with up to two CSI-IM
resources for a CSI process if the UE is configured with CSI subframe sets Ccg g and Ccg g by the higher

layer parameter csi-SubFramePatternConfig-r12 for the CSI process.

- If the UE is configured with higher layer parameter eMIMO-Type, and eMIMO-Type is set to ‘CLASS B’, each
CSI process is associated with one or more CSI-RS resource (defined in subclause 7.2.5) and one or more CSI-
interference measurement (CSI-1M) resource (defined in subclause 7.2.6). Each CSI-RS resource is associated
with a CSI-IM resource by higher layers. For a CSI process with one CSI-RS resource, a UE can be configured
with CSI-IM resource for each CSI subframe sets if the UE is configured with CSI subframe sets Ccg; o and

Ccsi1 by the higher layer parameter csi-SubFramePatternConfig-ri2 for the CSI process.

For a UE in transmission mode 10, a CSI reported by the UE corresponds to a CSI process configured by higher layers.
Each CSI process can be configured with or without PMI/RI reporting by higher layer signalling.

For UE in transmission mode 9 and the UE configured with higher layer parameter eMIMO-Type, the term ‘CSlI
process’ in this subclause refers to the CSI configured for the UE.

For a UE in transmission mode 9, and if the UE is configured with higher layer parameter eMIMO-Type, and,

- eMIMO-Type is set to ‘CLASS A’, each CSI process is associated with a CSI-RS resource (defined in subclause
7.2.5).

- eMIMO-Type is set to ‘CLASS B’, each CSI process is associated with one or more CSI-RS resource (defined in
subclause 7.2.5).

For a CSI process, and if a UE is configured in transmission mode 9 or 10, and UE is not configured with higher layer
parameter pmi-RI-Report, and UE is configured with higher layer parameter eMIMO-Type, and eMIMO-Type is set to
‘CLASS B’, and the number of CSI-RS antenna ports in at least one of the one or more configured CSI-RS resource is
more than one, the UE is considered to be configured without PMI reporting.
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A UE is configured with resource-restricted CSI measurements if the subframe sets Ccg; o and Ccg; are configured
by higher layers.

For a serving cell with frame structure type 1, a UE is not expected to be configured with csi-SubframePatternConfig-
ri2.

CSI reporting is periodic or aperiodic.

A BL/CE UE configured with CEModeB is not expected to be configured with either aperiodic CSI or periodic CSI
reporting.

If the UE is configured with more than one serving cell, it transmits CSI for activated serving cell(s) only.

If a UE is not configured for simultaneous PUSCH and PUCCH transmission, it shall transmit periodic CSI reporting on
PUCCH as defined hereafter in subframes with no PUSCH allocation.

If a UE is not configured for simultaneous PUSCH and PUCCH transmission, it shall transmit periodic CSI reporting on
PUSCH of the serving cell with smallest ServCellindex as defined hereafter in subframes with a PUSCH allocation,
where the UE shall use the same PUCCH-based periodic CSI reporting format on PUSCH.

A UE shall transmit aperiodic CSI reporting on PUSCH if the conditions specified hereafter are met. For aperiodic
CQI/PMI reporting, RI reporting is transmitted only if the configured CSI feedback type supports RI reporting.

Table 7.2-1: Void

In case both periodic and aperiodic CSI reporting would occur in the same subframe, the UE shall only transmit the
aperiodic CSI report in that subframe.

If the higher layer parameter altCQI-Table-r12 is configured and is set to allSubframes-r12,
- the UE shall report CQI according to Table 7.2.3-2.

Else if the higher layer parameter altCQI-Table-r12 is configured and is set to csi-SubframeSet1-r12 or csi-
SubframeSet2-r12,

- the UE shall report CQI according to Table 7.2.3-2 for the corresponding CSI subframe set configured by
altCQIl-Table-r12

- the UE shall report CQI for the other CSI subframe set according to Table 7.2.3-1.
Else
- the UE shall report CQI according to Table 7.2.3-1.

For a non-BL/CE UE, when reporting RI the UE reports a single instance of the number of useful transmission layers.
For each RI reporting interval when the UE is configured in transmission modes 4 or when the UE is configured in
transmission mode 8, 9 or 10 with PMI/RI reporting, a UE shall determine a RI from the supported set of RI values as
defined in subclause 5.2.2.6 of [4] and report the number in each RI report. For each RI reporting interval when the UE
is configured in transmission mode 3, a UE shall determine RI as defined in subclause 5.2.2.6 of [4] in each reporting
interval and report the detected number in each RI report to support selection between transmit diversity and large delay
CDD.

For a UE configured in transmission mode 9 or 10, when reporting CRI the UE reports a single instance of a selected
CSI-RS resource. For each CRI reporting interval when a UE is configured with higher layer parameter eMIMO-Type,
and eMIMO-Type is set to ‘CLASS B’, and the number of configured CSI-RS resources is more than one for a CSI
process, the UE shall determine a CRI from the supported set of CRI values as defined in subclause 5.2.2.6 of [4] and
report the number in each CRI report, where CRI value 0 corresponds to the configured csi-RS-ConfigNZPId, first entry
of csi-IM-ConfigldList, first entry of p-C-AndCBSR-PerResourceConfigList, and
alternativeCodebookEnabledFor4TXProc, and CRI value k (k>0) corresponds to the configured k-th entry of csi-RS-
ConfigNZPIdListExt, (k+1)-th entry of csi-IM-ConfigldList, (k+1)-th entry of p-C-AndCBSR-PerResourceConfigList,
and k-th entry of ace-For4Tx-PerResourceConfigList.
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For a non-BL/CE UE, when reporting PMI the UE reports either a single or a multiple PMI report. The number of RBs
represented by a single UE PMI report can be N35 or a smaller subset of RBs. The number of RBs represented by a
single PMI report is semi-statically configured by higher layer signalling. A UE is restricted to report PMI, Rl and PTI
within a precoder codebook subset specified by one or more bitmap parameter(s) codebookSubsetRestriction,
codebookSubsetRestriction-1, codebookSubsetRestriction-2, codebookSubsetRestriction-3 configured by higher layer
signalling.

For a UE configured in transmission mode 10 and the UE not configured with higher layer parameter eMIMO-Type for
a CSl process, or for a UE configured in transmission mode 9 or 10 and the UE configured with higher layer parameter
eMIMO-Type, and eMIMO-Type is set to ‘CLASS B’, and one CSI-RS resource configured and except with higher layer
parameter alternativeCodebookEnabledCLASSB_K1=TRUE configured and except with higher layer parameter
alternativeCodebookEnabledCLASSB_K1=TRUE configured for a CSI process, the bitmap parameter
codebookSubsetRestriction is configured for each CSI process and each subframe sets (if subframe sets Ccg o and

Ccsi1 are configured by higher layers) by higher layer signaling.

For a UE configured in transmission mode 9 or 10, and for a CSI process and UE configured with higher layer
parameter eMIMO-Type, and eMIMO-Type is set to ‘CLASS A’, the bitmap parameters codebookSubsetRestriction-1,
codebookSubsetRestriction-2 is configured for the CSI process and each subframe sets (if subframe sets Ccg; o and

Ccsi1 are configured by higher layers) by higher layer signaling.

For a UE configured in transmission mode 9 or 10, and for a CSI process and UE configured with higher layer
parameter eMIMO-Type, and eMIMO-Type is set to ‘CLASS B’, and one CSI-RS resource configured, and higher layer
parameter alternativeCodebookEnabledCLASSB_K1=TRUE, the bitmap parameter codebookSubsetRestriction-3 is
configured for the CSI process and each subframe sets (if subframe sets Ccg o and Ccg 1 are configured by higher

layers) by higher layer signaling.
For a UE configured in transmission mode 9 or 10, and for a CSI process and UE configured with higher layer
parameter eMIMO-Type, and eMIMO-Type is set to ‘CLASS B’, and more than one CSI-RS resource configured, the

bitmap parameter codebookSubsetRestriction is configured for each CSI-RS resource of the CSI process and each
subframe sets (if subframe sets Ccg o and Ccg; 1 are configured by higher layers) by higher layer signaling.

For a specific precoder codebook and associated transmission mode, the bitmap can specify all possible precoder
codebook subsets from which the UE can assume the eNB may be using when the UE is configured in the relevant
transmission mode. Codebook subset restriction is supported for transmission modes 3, 4, 5, 6 and for transmission
modes 8, 9 and 10 with PMI/RI reporting, and transmission mode 9 and 10 without PMI reporting. The resulting
number of bits for each transmission mode are given in Table 7.2-1b, Table 7.2-1d, Table 7.2-1e, and Table 7.2-1f. The
bitmap parameter codebookSubsetRestriction, codebookSubsetRestriction-1 or codebookSubsetRestriction-3 forms the

bit sequence @, _y,...,85,8,,8;,3yWhere @, isthe LSBand a, _, is the MSB and where a bit value of zero

indicates that the PMI and RI reporting is not allowed to correspond to precoder(s) associated with the bit. The bitmap
parameter codebookSubsetRestriction-2 forms the bit sequence bg _,,...,b5,b,, b, bywhere b, isthe LSBand bg _,is

the MSB and where a bit value of zero indicates that the PMI and RI reporting is not allowed to correspond to
precoder(s) associated with the bit. The association of bits to precoders for the relevant transmission modes are given as
follows:

1. Transmission mode 3

a. 2antennaports: bit @,_;, U = 2 is associated with the precoder in Table 6.3.4.2.3-1 of [3]
corresponding to v layers and codebook index O while bit &, is associated with the precoder for 2
antenna ports in subclause 6.3.4.3 of [3].

b. 4 antenna ports: bit @, U = 2,3,4 s associated with the precoders in Table 6.3.4.2.3-2 of [3]

corresponding to v layers and codebook indices 12, 13, 14, and 15 while bit @, is associated with
the precoder for 4 antenna ports in subclause 6.3.4.3 of [3].

2.  Transmission mode 4

a. 2 antenna ports: see Table 7.2-1c
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4 antenna ports: bit ayg,y),; IS associated with the precoder for v layers and with codebook index

I, in Table 6.3.4.2.3-2 of [3].

3.  Transmission modes 5 and 6

a.

b.

2 antenna ports: bit a; is associated with the precoder for v =1 layer with codebook index iC in
Table 6.3.4.2.3-1 of [3].

4 antenna ports: bit a; is associated with the precoder for v =1 layer with codebook index iC in
Table 6.3.4.2.3-2 of [3].

4. Transmission mode 8

a.

b.

2 antenna ports: see Table 7.2-1c

4 antenna ports except with alternativeCodeBookEnabledFor4TX-r12=TRUE configured: bit
Ayg(,-1)+i, 19 associated with the precoder for v layers and with codebook index ic in Table

6.3.4.2.3-20f [3], v=12.

4 antenna ports with alternativeCodeBookEnabledFor4TX-r12=TRUE configured: bit @, ;.; Is
associated with the precoder for v layers (v {1,2}) and codebook index i, and bit Qg0 16(0-1)+i, 1S

associated with the precoder for v layers (p e{1,2}) and codebook index i, . Codebook indices i,
and i, are given in Table 7.2.4-0A or 7.2.4-0B, for v=1 or 2 respectively.

5.  Transmission modes 9 and 10

a.

2 antenna ports except when a UE configured with higher layer parameter eMIMO-Type, and eMIMO-
Type is set to ‘CLASS B’, and one CSI-RS resource configured, and higher layer parameter
alternativeCodebookEnabledCLASSB_K1=TRUE for a CSI process: see Table 7.2-1c

4 antenna ports except with alternativeCodeBookEnabledFor4TX-r12=TRUE configured or for a CSI
process the UE is configured with higher layer parameter eMIMO-Type, and eMIMO-Type is set to
‘CLASS B’, and one CSI-RS resource configured, and higher layer parameter
alternativeCodebookEnabledCLASSB_K1=TRUE: bit ajq(,,_1)j_ IS associated with the precoder for

v layers and with codebook index i; in Table 6.3.4.2.3-2 of [3].

4 antenna ports with alternativeCodeBookEnabledFor4TX-r12=TRUE configured except when a UE
configured with higher layer parameter eMIMO-Type, and eMIMO-Type is set to ‘“CLASS B’, and one
CSI-RS resource configured, and higher layer parameter

alternativeCodebookEnabledCLASSB_K1=TRUE for a CSI process: bit @y, ,,; is associated with
the precoder for v layers (v e {1,2}) and codebook index i, and bit Bgp.16(u-1)+i, 19 associated with

the precoder for v layers (v <{1,2,3,4}) and codebook index i, . Codebook indices i, and i, are
given in Table 7.2.4-0A, 7.2.4-0B,7.2.4-0Cor 7.2.4-0D, for v=1,2,30r4 respectively.

8 antenna ports except when a UE configured with higher layer parameter eMIMO-Type, and eMIMO-
Type is set to ‘CLASS A’, or for when a UE configured with higher layer parameter eMIMO-Type,
and eMIMO-Type is set to “CLASS B’, and one CSI-RS resource configured, and higher layer

parameter alternativeCodebookEnabledCLASSB_K1=TRUE for a CSI process: bit @, y,; is
associated with the precoder for v layers (v €{1,2,34,5,6,7,8}) and codebook index I,

where f1() = {0.16,32,36,40,44,4852 | and bit 8y, 4y, )., IS associated with the precoder for v
layers (v €{1,2,34}) and codebook index 1, where gi()= {0,16,32,48 } Codebook indices i, and

i2 are given in Table 7.2.4-1,7.2.4-2,7.2.4-3, 7.2.4-4, 7.2.4-5, 7.2.4-6, 7.2.4-7, or 7.2.4-8, for
v=1,2,3,4,5,6,7, or 8 respectively.
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e. 8,12, and 16 antenna ports and for a CSI process the UE is configured with higher layer parameter
eMIMO-Type, and eMIMO-Type is set to “CLASS A’: bit ay ,.m IS associated with the precoder

based on the quantity v, , 1=01..,N;0; -1, m=0,,..,N,0, -1 and bit ay o n,0,+,-1 I associated
with the precoder for v layers (v €{1,2,3,4,5,6,7,8}). The quantity v, ., is defined in subclause 7.2.4.
Bit by(,_1).i, isassociated with the precoder for v layers (v €{1,2,34}) and codebook index I,

where g(-) is given in Table 7.2-1g. Codebook index I, is given in Table 7.2.4-10, 7.2.4-11, 7.2.4-
12,7.2.4-13,7.2.4-14, 7.2.4-15, 7.2.4-16, or 7.2.4-17, for v=1,2,3,4,5,6,7, or 8 respectively.
f. 2,4, or 8 antenna ports and for a CSI process the UE is configured with higher layer parameter

eMIMO-Type, and eMIMO-Type is set to ‘CLASS B’, and one CSI-RS resource configured, and
higher layer parameter alternativeCodebookEnabledCLASSB_K1=TRUE: bit a;,_;),; is

associated with the precoder for v layers and codebook index i, where v e{1,2} and f ()= {0,4}
for 2 antenna ports, ve{.,2,3,4} and f()={0816,20} for 4 antenna ports, and v €{1,2,34,5,6,7,8}
and f()=1{0,16,32,48,56,57,58,59 } for 8 antenna ports. Codebook index i is given in Table 7.2.4-18,
7.2.4-19, or 7.2.4-20, for 2, 4, or 8 antenna ports respectively.

For a BL/CE UE, when reporting PMI the UE reports a single PMI report. A UE is restricted to report PMI within a
precoder codebook subset specified by a bitmap parameter codebookSubsetRestriction configured by higher layer
signalling. For a specific precoder codebook and associated transmission mode, the bitmap can specify all possible
precoder codebook subsets from which the UE can assume the eNB may be using when the UE is configured in the
relevant transmission mode. Codebook subset restriction is supported for transmission modes 6 and 9. The resulting
number of bits for each transmission mode is given in Table 7.2-1b. The bitmap forms the bit sequence

Ap ge083,8,,8;,8, Where @, isthe LSBand a, ; isthe MSB and where a bit value of zero indicates that the

PMI reporting is not allowed to correspond to precoder(s) associated with the bit. The association of bits to precoders
for the relevant transmission modes are given as follows:

- Transmission mode 6

- 2 antenna ports: bit a; is associated with the precoder for v =1 layer with codebook index iC in Table
6.3.4.2.3-1 of [3].

- 4 antenna ports: bit a; is associated with the precoder for v =1 layer with codebook index iC in Table
6.3.4.2.3-2 of [3].

- Transmission mode 9

- 2 antenna ports: bit a; is associated with the precoder for v =1 layer with codebook index iC in Table
6.3.4.2.3-1 of [3].

- 4 antenna ports: bit a; is associated with the precoder for v =1 layer and with codebook index i, in Table
6.3.4.2.3-2 of [3].
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Table 7.2-1b: Number of bits in codebook subset restriction codebookSubsetRestriction bitmap for
applicable transmission modes

Number of bits A,
2 antenna 4 antenna ports 8 antenna
ports ports
Transmission mode 3 2 4
Transmission mode 4 6 64
Transmission mode 5 4 16
Transmission mode 6 4 16
64 with

Transmission mode 8 6 alternativeCodeBookEnabledFor4TX-

r12=TRUE configured, otherwise 32
Transmission modes 9 . 96 with
and 10 6 alternatweCodeE_»ookEnabIedF_or4TX- 109

r12=TRUE configured, otherwise 64

Table 7.2-1c: Association of bits in codebookSubSetRestriction bitmap to precoders in the 2 antenna
port codebook of Table 6.3.4.2.3-1 in [3]

Codebook index ic Number of layers v
1 2
0 ao -
1 ai a4
2 az as
3 as -

Table 7.2-1d: Number of bits in codebook subset restriction codebookSubsetRestrictionl bitmap for

appli

cable transmission modes

Number of bits A,

and 10

Transmission modes 9

N,O;N,0, +8

Table 7.2-1e: Number of bits in codebook subset restriction codebookSubsetRestriction2 bitmap for

appli

and 10

Transmission modes 9

cable transmission modes
Value of codebookConfig Number of bits A,
1 12
2 56
3 56
4 56

Table 7.2-1f: Number of bits in codebook subset restriction codebookSubsetRestriction3 bitmap for
applicable transmission modes

Number of bits A,

2 antenna
ports 4 antenna ports 8 antenna ports
Transmission modes 9 6 - "
and 10
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Table 7.2-1g: g(-) for a CSI process with eMIMO-Type set to ‘CLASS A’

Value of codebookConfig 90)
1 {04810}
2 {0,16,32,48 }
3 {0,16,32,48 }
4 {0,16,32,48 |

For a non-BL/CE UE, the set of subbands (S) a UE shall evaluate for CQI reporting spans the entire downlink system
bandwidth. A subband is a set of k contiguous PRBs where k is a function of system bandwidth. Note the last

subband in set S may have fewer than k contiguous PRBs depending on N35 . The number of subbands for system

bandwidth given by NR5 is defined by N = (N R /k-‘ . The subbands shall be indexed in the order of increasing

frequency and non-increasing sizes starting at the lowest frequency.

For transmission modes 1, 2, 3 and 5, as well as transmission modes 8, 9 and 10 without PMI/RI reporting,
transmission mode 4 with RI=1, transmission modes 8, 9 and 10 with PMI/RI reporting and RI=1, and
transmission modes 9 and 10 without PMI reporting and RI=1, a single 4-bit wideband CQI is reported.

For transmission modes 3 and 4, as well as transmission modes 8, 9 and 10 with PMI/RI reporting, and
transmission modes 9 and 10 without PMI reporting, CQI is calculated assuming transmission of one codeword
for RI=1 and two codewords for RI > 1.

For RI > 1 with transmission mode 4, as well as transmission modes 8, 9 and 10 with PMI/RI reporting, and
transmission modes 9 and 10 without PMI reporting, PUSCH based triggered reporting includes reporting a
wideband CQI which comprises:

- A 4-bit wideband CQI for codeword 0
- A 4-bit wideband CQI for codeword 1

For RI > 1 with transmission mode 4, as well as transmission modes 8, 9 and 10 with PMI/RI reporting, and
transmission modes 9 and 10 without PMI reporting, PUCCH based reporting includes reporting a 4-bit
wideband CQI for codeword 0 and a wideband spatial differential CQI. The wideband spatial differential CQI
value comprises:

- A 3-bit wideband spatial differential CQI value for codeword 1 offset level
- Codeword 1 offset level = wideband CQI index for codeword 0 — wideband CQI index for codeword 1.

- The mapping from the 3-bit wideband spatial differential CQI value to the offset level is shown in Table 7.2-
2.

Table 7.2-2 Mapping spatial differential CQI value to offset level

Spatial differential CQI value | Offset level
0

1

2

>3
<-4

-3

-2

-1

N[OOI~ |W|IN|F|O

7.2.1  Aperiodic CSI Reporting using PUSCH

The term “UL/DL configuration” in this subclause refers to the higher layer parameter subframeAssignment unless
specified otherwise.
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A non-BL/CE UE shall perform aperiodic CSI reporting using the PUSCH in subframe n+k on serving cell ¢, upon
decoding in subframe n either:

- an uplink DCI format [4], or

- aRandom Access Response Grant,
for serving cell ¢ if the respective CSI request field is set to trigger a report and is not reserved.
A BL/CE UE shall perform aperiodic CSI reporting using the PUSCH upon decoding either:

- an uplink DCI format [4], or

- aRandom Access Response Grant,

for serving cell c if the respective CSI request field is set to trigger a report and is not reserved. The subframe(s) in
which the PUSCH carrying the corresponding aperiodic CSI reporting triggered by an UL DCI format is transmitted is
determined according to subclause 8.0.

If the CSI request field is 1 bit and the UE is configured in transmission mode 1-9 and the UE is not configured with
csi-SubframePatternConfig-r12 for any serving cell, a report is triggered for serving cell c, if the CSI request field is
setto '1".

If the CSI request field is 1 bit and the UE is configured in transmission mode 10 and the UE is not configured with csi-
SubframePatternConfig-r12 for any serving cell, a report is triggered for a set of CSI process(es) for serving cell ¢
corresponding to the higher layer configured set of CSI process(es) associated with the value of CSI request field of '01'
in Table 7.2.1-1B, if the CSI request field is set to 1",

If the CSI request field size is 2 bits and the UE is configured in transmission mode 1-9 for all serving cells and the UE
is not configured with csi-SubframePatternConfig-r12 for any serving cell, a report is triggered according to the value
in Table 7.2.1-1A corresponding to aperiodic CSI reporting.

If the CSI request field size is 2 bits and the UE is configured in transmission mode 10 for at least one serving cell and
the UE is not configured with csi-SubframePatternConfig-r12 for any serving cell, a report is triggered according to the
value in Table 7.2.1-1B corresponding to aperiodic CSI reporting.

If the CSI request field is 1 bit and the UE is configured with the higher layer parameter csi-SubframePatternConfig-r12
for at least one serving cell, a report is triggered for a set of CSI process(es) and/or {CSI process, CSI subframe set}-
pair(s) for serving cell ¢ corresponding to the higher layer configured set of CSI process(es) and/or {CSI process, CSI
subframe set}-pair(s) associated with the value of CSI request field of '01' in Table 7.2.1-1C, if the CSI request field is
setto '1".

If the CSI request field size is 2 bits and the UE is configured with the higher layer parameter csi-
SubframePatternConfig-r12 for at least one serving cell, a report is triggered according to the value in Table 7.2.1-1C
corresponding to aperiodic CSI reporting.

If the CSI request field size is 3 bits and the UE is not configured with the higher layer parameter csi-
SubframePatternConfig-r12 for any serving cell, a report is triggered according to the value in Table 7.2.1-1D
corresponding to aperiodic CSI reporting.

If the CSI request field size is 3 bits and the UE is configured with the higher layer parameter csi-
SubframePatternConfig-r12 for at least one serving cell, a report is triggered according to the value in Table 7.2.1-1E
corresponding to aperiodic CSI reporting.

For a given serving cell, if the UE is configured in transmission modes 1-9, the "CSI process" in Table 7.2.1-1B, Table
7.2.1-1C, Table 7.2.1-1D, and Table 7.2.1-1E refers to the aperiodic CSI configured for the UE on the given serving
cell. A UE is not expected to be configured by higher layers with more than 5 CSI processes in each of the 1%t and 2™
set of CSI process(es) in Table 7.2.1-1B. A UE is not expected to be configured by higher layers with more than 5 CSI
processes and/or {CSI process, CSI subframe set}-pair(s) in each of the 1%t and 2™ set of CSI process(es) and/or {CSI
process, CSI subframe set}-pair(s) in Table 7.2.1-1C. A UE is not expected to be configured by higher layers with more
than one instance of the same CSI process in each of the higher layer configured sets associated with the value of CSI
request field of '01','10, and '11' in Table 7.2.1-1B and Table 7.2.1-1C respectively. A UE is not expected to be
configured by higher layers with more than 32 CSI processes in each of the 1% to 6" set of CSI process(es) in Table
7.2.1-1D. A UE is not expected to be configured by higher layers with more than 32 CSI processes and/or {CSI process,
CSlI subframe set}-pair(s) in each of the 1% to 6" set of CSI process(es) and/or {CSI process, CSI subframe set}-pair(s)
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in Table 7.2.1-1E. A UE is not expected to be configured by higher layers with more than one instance of the same CSlI
process in each of the higher layer configured sets associated with the value of CSI request field of '001', '010', '011,
'100', '101', '110"and '111"in Table 7.2.1-1D and Table 7.2.1-1E respectively.

A UE is not expected to receive more than one aperiodic CSI report request for a given subframe.

If a UE is configured with more than one CSI process for a serving cell, the UE on reception of an aperiodic CSI report
request triggering a CSI report according to Table 7.2.1-1B is not expected to update CSI corresponding to the CSI

reference resource (defined in subclause 7.2.3) for all CSI processes except the maX(NX - Nu, 0) lowest-indexed
CSI processes for the serving cell associated with the request when the UE has N, unreported CSI processes

associated with other aperiodic CSI requests for the serving cell, where a CSI process associated with a CSI request
shall only be counted as unreported in a subframe before the subframe where the PUSCH carrying the corresponding

CSl is transmitted, and N g, _p is the maximum number of CSI processes supported by the UE for the serving cell and:

- for FDD serving cell N, = N p;
- for TDD serving cell

- if the UE is configured with four CSI processes for the serving cell, N, = N,
- if the UE is configured with two or three CSI processes for the serving cell, N, =3.

If more than one value of N, p isincluded in the UE-EUTRA-Capability, the UE assumes a value of N, , that

is consistent with its CSI process configuration. If more than one consistent value of N, p exists, the UE may
assume any one of the consistent values.

If a UE is configured with multiple cell groups, and if the UE receives multiple aperiodic CSI report requests in a
subframe for different cell groups triggering more than one CSI report, the UE is not required to update CSI for more
than 5 CSI processes from the CSI processes corresponding to all the triggered CSI reports.

If a UE is configured with a PUCCH-SCell, and if the UE receives multiple aperiodic CSI report requests in a subframe
for both the primary PUCCH group and the secondary PUCCH group triggering more than one CSI report, the UE is
not required to update CSI for more than 5 CSI processes from the CSI processes corresponding to all the triggered CSI
reports, in case the total number of serving cells in the primary and secondary PUCCH group is no more than 5. If a UE
is configured with more than 5 serving cells, and if the UE receives aperiodic CSI report request in a subframe

triggering more than N y CSl reports, the UE is not required to update CSI for more than N y CSl processes from the

CSI processes corresponding to all the triggered CSI reports, where the value of N y is given by
maxNumberUpdatedCSI-Proc-r13.

Table 7.2.1-1A: CSI Request field for PDCCH/EPDCCH with uplink DCI format in UE specific search

Space
Value of CSI request field Description
‘00" No aperiodic CSlI report is triggered
‘01" Aperiodic CSlI report is triggered for serving cell ¢
'10' Aperiodic CSlI report is triggered for a 1% set of serving cells configured by higher layers
'11' Aperiodic CSI report is triggered for a 2" set of serving cells configured by higher layers
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Table 7.2.1-1B: CSI Request field for PDCCH/EPDCCH with uplink DCI format in UE specific search

space
Value off;lsdl request Description
'00' No aperiodic CSlI report is triggered
01 Aperiodic CSl report is triggered for a set of CSI process(es) configured by higher layers for
serving cell C
‘10 Aperiodic CSl report is triggered for a 15 set of CSI process(es) configured by higher layers
11 Aperiodic CSI report is triggered for a 2" set of CSI process(es) configured by higher layers

Table 7.2.1-1C: CSI Request field for PDCCH/EPDCCH/MPDCCH with uplink DCI format in UE specific
search space

Value of CSI o
request field DEEElEe)
'00' No aperiodic CSI report is triggered
01" Aperiodic CSl report is triggered for a set of CSI process(es) and/or {CSI process, CSI subframe
set}-pair(s) configured by higher layers for serving cell ¢
10 Aperiodic CSI report is triggered for a 1%t set of CSI process(es) and/or {CSI process, CSI subframe
set}-pair(s) configured by higher layers
11 Aperiodic CSl report is triggered for a 2" set of CSI process(es) and/or {CSI process, CSI subframe
set}-pair(s) configured by higher layers

Table 7.2.1-1D: CSI Request field for PDCCH/EPDCCH with uplink DCI format in UE specific search

space

WIS aff Cell Description

request field
'000' No aperiodic CSI report is triggered
001" Algl)eriodic CSl report is triggered for a set of CSI process(es) configured by higher layers for serving

cell C

‘010 Aperiodic CSI report is triggered for a 15t set of CSI process(es) configured by higher layers
‘011 Aperiodic CSlI report is triggered for a 2" set of CSI process(es) configured by higher layers
'100' Aperiodic CSI report is triggered for a 3™ set of CSI process(es) configured by higher layers
'101' Aperiodic CSI report is triggered for a 4™ set of CSI process(es) configured by higher layers
'110' Aperiodic CSI report is triggered for a 5™ set of CSI process(es) configured by higher layers
111 Aperiodic CSI report is triggered for a 6 set of CSI process(es) configured by higher layers

Table 7.2.1-1E: CSI Request field for PDCCH/EPDCCH with uplink DCI format in UE specific search

space
FELEEles Description
request field
'000' No aperiodic CSlI report is triggered
001" Aperiodic CSl report is triggered for a set of CSI process(es) and/or {CSI process, CSI subframe
set}-pair(s) configured by higher layers for serving cell ¢
010" Aperiodic CSl report is triggered for a 15t set of CSI process(es) and/or {CSI process, CSI subframe
set}-pair(s) configured by higher layers
011" Aperiodic CSlI report is triggered for a 2" set of CSI process(es) and/or {CSI process, CSI subframe
set}-pair(s) configured by higher layers
100’ Aperiodic CSI report is triggered for a 3" set of CSI process(es) and/or {CSI process, CSI subframe
set}-pair(s) configured by higher layers
101" Aperiodic CSI report is triggered for a 4™ set of CSI process(es) and/or {CSI process, CSI subframe
set}-pair(s) configured by higher layers
110' Aperiodic CSI report is triggered for a 5" set of CSI process(es) and/or {CSI process, CSI subframe
set}-pair(s) configured by higher layers
111" Aperiodic CSI report is triggered for a 6™ set of CSI process(es) and/or {CSI process, CSI subframe
set}-pair(s) configured by higher layers
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NOTE: PDCCH/EPDCCH/MPDCCH with DCI formats used to grant PUSCH transmissions as given by DCI
format 0, DCI format 4 and DCI format 6-0A are herein referred to as uplink DCI format when common

behaviour is addressed.

For a non-BL/CE UE, when the CSI request field from an uplink DCI format is set to trigger a report, for FDD k=4, and
for TDD UL/DL configuration 1-6, k is given in Table 8-2. For TDD UL/DL configuration 0, if the MSB of the UL
index is setto 1 and LSB of the UL index is set to 0, k is given in Table 8-2; or if MSB of the UL index is set to 0 and
LSB of the UL index is set to 1, k is equal to 7; or if both MSB and LSB of the UL index is set to 1, k is given in Table
8-2.

For TDD, if a UE is configured with more than one serving cell and if the UL/DL configurations of at least two serving
cells are different, or if the UE is configured with the parameter EIMTA-MainConfigServCell-r12 for at least one
serving cell, or for FDD-TDD and serving cell frame structure type 2, the "TDD UL/DL Configuration™ given in Table
8-2 refers to the UL-reference UL/DL configuration (defined in subclause 8.0).

For a non-BL/CE UE, when the CSI request field from a Random Access Response Grant is set to trigger a report and is
not reserved, k is equal to Kk, if the UL delay field in subclause 6.2 is set to zero, where K, is given in subclause 6.1.1.
The UE shall postpone aperiodic CSI reporting to the next available UL subframe if the UL delay field is set to 1.

For a BL/CE UE, when the CSI request field from a Random Access Response Grant is set to trigger a report and is not
reserved, the subframe(s) in which the corresponding aperiodic CSI reporting is transmitted is determined according to
subclause 6.1.1.

The minimum reporting interval for aperiodic reporting of CQI and PMI and RI and CRI is 1 subframe. The subband
size for CQI shall be the same for transmitter-receiver configurations with and without precoding.

If a UE is not configured for simultaneous PUSCH and PUCCH transmission, when aperiodic CSI report with no
transport block associated as defined in subclause 8.6.2 and positive SR is transmitted in the same subframe, the UE
shall transmit SR, and, if applicable, HARQ-ACK, on PUCCH resources as described in subclause 10.1

A UE is semi-statically configured by higher layers to feed back CQI and PMI and corresponding RI and CRI on the
same PUSCH using one of the following CSI reporting modes given in Table 7.2.1-1 and described below. For a BL/CE
UE the UE shall not transmit the RI for any CSI reporting mode in Table 7.2.1-1.

Table 7.2.1-1: CQIl and PMI Feedback Types for PUSCH CSI reporting Modes

PMI Feedback Type
No PMI | Single PMI | Multiple PMI
(Wi\évégggzng@) Mode 1-0 | Mode1-1 | Mode 1-2
Feedback Type | (subbandcoy | Mode 20 Mode 2-2
Highﬁ;&ggg;—gocrgil?ured Mode 3-0 | Mode 3-1 Mode 3-2

For non-BL/CE UE and for each of the transmission modes defined in subclause 7.1, the following reporting modes are
supported on PUSCH:

Transmission mode 1
Transmission mode 2
Transmission mode 3
Transmission mode 4
Transmission mode 5
Transmission mode 6
Transmission mode 7
Transmission mode 8

Transmission mode 9

: Modes 2-0, 3-0, 1-0

: Modes 2-0, 3-0, 1-0

: Modes 2-0, 3-0, 1-0

: Modes 1-2, 2-2, 3-1, 3-2, 1-1

: Mode 3-1, 1-1

: Modes 1-2, 2-2, 3-1, 3-2, 1-1

: Modes 2-0, 3-0, 1-0

- Modes 1-2, 2-2, 3-1, 3-2, 1-1 if the UE is configured with PMI/RI reporting; modes 2-0,
3-0, 1-0 if the UE is configured without PMI/RI reporting

: Modes 1-2, 2-2, 3-1, 3-2, 1-1 if the UE is configured with PMI/RI reporting and number
of CSI-RS ports > 1; modes 2-0, 3-0, 1-0 if the UE is configured without PMI/RI reporting
or without PMI reporting or number of CSI-RS ports=1 or the number of CSI-RS ports in
each of one or more CSI-RS resources in a CSI process is one when eMIMO-Type is set to
‘CLASS B’.
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Transmission mode 10 : Modes 1-2, 2-2, 3-1, 3-2, 1-1 if the UE is configured with PMI/RI reporting and number
of CSI-RS ports > 1; modes 2-0, 3-0, 1-0 if the UE is configured without PMI/RI reporting
or without PMI reporting or number of CSI-RS ports=1 or the number of CSI-RS ports in
each of one or more CSI-RS resources in a CSI process is one when eMIMO-Type is set to
‘CLASS B’.

For a BL/CE UE configured with CEModeA, the following reporting modes are supported on PUSCH:

Transmission mode 1 : Mode 2-0
Transmission mode 2 : Mode 2-0
Transmission mode 6 : Mode 2-0
Transmission mode 9 : Mode 2-0

For Transmission mode 6 and a BL/CE UE configured with a C-RNTI, the BL/CE UE reports CQI for the closed-loop
with spatial multiplexing PDSCH transmission scheme.

The aperiodic CSI reporting mode is given by the parameter cgi-ReportModeAperiodic which is configured by higher-
layer signalling.

For a serving cell with N F?é < 7, PUSCH reporting modes are not supported for that serving cell.

For a non-BL/CE UE, RI is only reported for transmission modes 3 and 4, as well as transmission modes 8, 9 and 10
with PMI/RI reporting, and transmission modes 9 and 10 without PMI reporting.
For a BL/CE UE, RI is not reported.

For serving cell ¢, a UE configured in transmission mode 10 with PMI/RI reporting or without PMI reporting for a CSlI
process can be configured with a 'Rl-reference CSI process' for the CSI process. If the UE is configured with a 'RI-
reference CSI process' for the CSI process, the reported RI for the CSI process shall be the same as the reported RI for
the configured 'RI-reference CSI process'. The RI for the 'RI-reference CSI process' is not based on any other
configured CSI process other than the 'RI-reference CSI process'. The UE is not expected to receive an aperiodic CSI
report request for a given subframe triggering a CSI report including CSI associated with the CSI process and not
including CSI associated with the configured 'Rl-reference CSI process'. If the UE is configured with a 'Rl-reference

CSlI process' for a CSI process and if subframe sets Ccgjo and Ceg) 1 are configured by higher layers for only one of

the CSI processes then the UE is not expected to receive configuration for the CSI process configured with the subframe
subsets that have a different set of restricted RIs with precoder codebook subset restriction between the two subframe
sets. The UE is not expected to receive configurations for the CSI process and the 'Rl-reference CSI process' that have a
different:

- Aperiodic CSI reporting mode, and/or
- number of CSI-RS antenna ports, and/or

- set of restricted Rls with precoder codebook subset restriction if subframe sets Ccg o and Ccg ;1 are not
configured by higher layers for both CSI processes, and/or

- set of restricted Rls with precoder codebook subset restriction for each subframe set if subframe sets Ccg o
and Ccg 1 are configured by higher layers for both CSI processes, and/or

- set of restricted Rls with precoder codebook subset restriction if subframe sets Ccg g and Ccgq are

configured by higher layers for only one of the CSI processes, and the set of restricted RIs for the two subframe
sets are the same, and/or

- number of CSI-RS antenna ports for any two CSI-RS resources for the two CSI processes, if a UE is configured
with higher layer parameter eMIMO-Type, and eMIMO-Type is set to ‘CLASS B’, and the number of configured
CSI-RS resources is more than one for at least one of the two CSI processes, and/or

- set of restricted RIs with precoder codebook subset restriction for any two CSI-RS resources for the two CSI
processes, if a UE is configured with higher layer parameter eMIMO-Type, and eMIMO-Type is set to ‘CLASS
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B’, and the number of configured CSI-RS resources is more than one for at least one of the two CSI processes
and if subframe sets Ccg o and Cgg 1 are not configured by higher layers for both CSI processes, and/or

- set of restricted RIs with precoder codebook subset restriction for each subframe set and for any two CSI-RS
resources for the two CSI processes, if a UE is configured with higher layer parameter eMIMO-Type, and
eMIMO-Type is set to ‘CLASS B’, and the number of configured CSI-RS resources is more than one for at least
one of the two CSI processes and if subframe sets Ccg o and Ccg; 1 are configured by higher layers for both

CSI processes, and/or

- set of restricted RIs with precoder codebook subset restriction for any two CSI-RS resources for the two CSI
processes, if a UE is configured with higher layer parameter eMIMO-Type, and eMIMO-Type is set to ‘CLASS
B’, and the number of configured CSI-RS resources is more than one for at least one of the two CSI processes
and if subframe sets Ccg1g and Ccg) g are configured by higher layers for only one of the CSI processes, and

the set of restricted RlIs for the two subframe sets are the same.

For a non-BL/CE UE, a RI report for a serving cell on an aperiodic reporting mode is valid only for CQI/PMI report or
CQI report without PMI reporting for that serving cell on that aperiodic reporting mode.

For a UE configured in transmission mode 9 or 10, and for a CSI process, if a UE is configured with parameter eMIMO-
Type configured by higher layers, and eMIMO-Type is set to ‘CLASS B’ and the number of configured CSI-RS
resources is more than one, and the total number of antenna ports across all configured CSI-RS resources is more than
15, the UE on reception of an aperiodic CSI report request triggering a CSI report in uplink subframe n is not expected
to update CRI corresponding to the CSI process if CRI for the CSI process has been reported and updated on or after
subframe n-5.

e Wideband feedback
0 Mode 1-2 description:

o For a UE configured in transmission mode 9 or 10, and for a CSI process, if a UE is configured
with higher layer parameter eMIMO-Type, and eMIMO-Type is set to ‘CLASS B’, and the
number of configured CSI-RS resources is more than one, the UE shall report one wideband CRI
which is calculated assuming transmission on set S subbands.

0 For each subband a preferred precoding matrix is selected from the codebook subset assuming
transmission only in the subband

0 A UE shall report one wideband CQI value per codeword which is calculated assuming the use
of the corresponding selected precoding matrix in each subband and transmission on set S
subbands.The UE shall report the selected precoding matrix indicator for each set S subband
except with

= 8 CSI-RS ports configured for transmission modes 9 and 10 or with
alternativeCodeBookEnabledFor4TX-r12=TRUE configured for transmission modes 8,
9 and 10, in which case a first precoding matrix indicator i, is reported for the set S

subbands and a second precoding matrix indicator i, is reported for each set S

subband, if the UE is not configured with higher layer parameter eMIMO-Type, or UE
reports CRI, or UE is configured in transmission mode 9 or 10, and with higher layer
parameter eMIMO-Type, and eMIMO-Type is set to ‘CLASS B’, and one CSI-RS
resource configured, and except with higher layer parameter
alternativeCodebookEnabledCLASSB_K1=TRUE configured.

= UE is configured in transmission mode 9 or 10, and with higher layer parameter
eMIMO-Type, and eMIMO-Type is set to ‘CLASS A’, in which case a first precoding
matrix indicator i, is reported for the set S subbands and a second precoding matrix

indicator i, is reported for each set S subband.

0 Subband size is given by Table 7.2.1-3.

o For transmission modes 4, 8, 9 and 10, the reported PMI and CQI values are calculated
conditioned on the reported RI. For other transmission modes they are reported conditioned on
rank 1. If CRI is reported, the reported PMI, CQI, and RI values are calculated conditioned on
the reported CRI.

0 Mode 1-1 description:
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For a UE configured in transmission mode 9 or 10, and for a CSI process, if a UE is
configured with higher layer parameter eMIMO-Type, and eMIMO-Type is set to
‘CLASS B’, and the number of configured CSI-RS resources is more than one, the UE
shall report one wideband CRI which is calculated assuming transmission on set S
subbands.

A single precoding matrix is selected from the codebook subset assuming transmission
on set S subbands

A UE shall report a wideband CQI value per codeword which is calculated assuming
the use of the single precoding matrix in all subbands and transmission on set S
subbands

The UE shall report the selected single precoding matrix indicator except with

e 8 CSI-RS ports configured for transmission modes 9 and 10 or with
alternativeCodeBookEnabledFor4TX-r12=TRUE configured for transmission
modes 8, 9 and 10, in which case a first and second precoding matrix indicator
are reported corresponding to the selected single precoding matrix, if the UE is
not configured with higher layer parameter eMIMO-Type, or UE reports CRI,
or UE is configured in transmission mode 9 or 10, and with higher layer
parameter eMIMO-Type, and eMIMO-Type is set to ‘CLASS B’, and one CSI-
RS resource configured, and except with higher layer parameter
alternativeCodebookEnabledCLASSB_K1=TRUE configured.

e UE is configured in transmission mode 9 or 10, and with higher layer
parameter eMIMO-Type, and eMIMO-Type is set to ‘CLASS A’, in which case
a first and second precoding matrix indicator are reported corresponding to the
selected single precoding matrix.

For transmission modes 4, 8, 9 and 10, the reported PMI and CQI values are calculated
conditioned on the reported RI. For other transmission modes they are reported
conditioned on rank 1. If CRI is reported, the reported PMI, CQI, and RI values are
calculated conditioned on the reported CRI.

0 Mode 1-0 description:

o

If a UE is configured in transmission mode 9 or 10, and UE is configured with higher layer
parameter eMIMO-Type for a CSI process, and eMIMO-Type is set to ‘CLASS B’, and the
number of CSI-RS antenna ports in at least one of the one or more configured CSI-RS resource
is more than one,

otherwise,

If the number of configured CSI-RS resources is more than one, the UE shall report one
wideband CRI which is calculated assuming transmission on set S subbands.

A single precoding matrix is selected from the codebook subset assuming transmission
on set S subbands

A UE shall report a wideband CQI value per codeword which is calculated assuming
the use of the single precoding matrix in all subbands and transmission on set S
subbands

The selected precoding matrix, and reported CQI values are calculated conditioned on
the reported RI. If CRI is reported, the selected precoding matrix, reported CQI, and RI
values are calculated conditioned on the reported CRI

For a UE configured in transmission mode 9 or 10, and for a CSI process, if a UE is
configured with higher layer parameter eMIMO-Type, and eMIMO-Type is set to
‘CLASS B’, and the number of configured CSI-RS resources is more than one, the UE
shall report one wideband CRI which is calculated assuming transmission on set S
subbands.
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A UE shall report a wideband CQI value which is calculated assuming transmission on
set S subbands

The wideband CQI represents channel quality for the first codeword, even when RI>1.

For transmission mode 3 the reported CQI value is calculated conditioned on the
reported RI. For other transmission modes they are reported conditioned on rank 1. If
CRI is reported, the reported CQI values are calculated conditioned on the reported
CRI.

e Higher Layer-configured subband feedback

0 Mode 3-0 description:

o IfaUE is configured in transmission mode 9 or 10, and UE is configured with higher layer
parameter eMIMO-Type for a CSI process, and eMIMO-Type is set to ‘CLASS B’, and the
number of CSI-RS antenna ports in at least one of the one or more configured CSI-RS resource
is more than one,

otherwise,

If the number of configured CSI-RS resources is more than one, the UE shall report one
wideband CRI which is calculated assuming transmission on set S subbands.

A single precoding matrix is selected from the codebook subset assuming transmission
on set S subbands

A UE shall report one subband CQI value per codeword for each set S subband which
are calculated assuming the use of the single precoding matrix in all subbands and
assuming transmission in the corresponding subband.

A UE shall report a wideband CQI value per codeword which is calculated assuming
the use of the single precoding matrix in all subbands and transmission on set S
subbands

The selected precoding matrix, and reported CQI values are calculated conditioned on
the reported RI. If CRI is reported, the selected precoding matrix, reported CQI, and Rl
values are calculated conditioned on the reported CRI

For a UE configured in transmission mode 9 or 10, and for a CSI process, if a UE is
configured with higher layer parameter eMIMO-Type, and eMIMO-Type is set to
‘CLASS B’, and the number of configured CSI-RS resources is more than one, the UE
shall report one wideband CRI which is calculated assuming transmission on set S
subbands.

A UE shall report a wideband CQI value which is calculated assuming transmission on
set S subbands

The UE shall also report one subband CQI value for each set S subband. The subband
CQlI value is calculated assuming transmission only in the subband

Both the wideband and subband CQI represent channel quality for the first codeword,
even when RI>1.

For transmission mode 3 the reported CQI values are calculated conditioned on the
reported RI. For other transmission modes they are reported conditioned on rank 1. If
CRI is reported, the reported CQI values are calculated conditioned on the reported
CRI.

0 Mode 3-1 description:

For a UE configured in transmission mode 9 or 10, and for a CSI process, if a UE is
configured with higher layer parameter eMIMO-Type, and eMIMO-Type is set to
‘CLASS B’, and the number of configured CSI-RS resources is more than one, the UE
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shall report one wideband CRI which is calculated assuming transmission on set S
subbands.

A single precoding matrix is selected from the codebook subset assuming transmission
on set S subbands

A UE shall report one subband CQI value per codeword for each set S subband which
are calculated assuming the use of the single precoding matrix in all subbands and
assuming transmission in the corresponding subband.

A UE shall report a wideband CQI value per codeword which is calculated assuming
the use of the single precoding matrix in all subbands and transmission on set S
subbands

The UE shall report the selected single precoding matrix indicator except with,

e 8 CSI-RS ports configured for transmission modes 9 and 10 or with
alternativeCodeBookEnabledFor4TX-r12=TRUE configured for transmission
modes 8, 9 and 10, in which case a first and second precoding matrix indicator
are reported corresponding to the selected single precoding matrix, if the UE is
not configured with higher layer parameter eMIMO-Type, or UE reports CRI,
or UE is configured in transmission mode 9 or 10, and with higher layer
parameter eMIMO-Type, and eMIMO-Type is set to ‘CLASS B’, and one CSI-
RS resource configured, and except with higher layer parameter
alternativeCodebookEnabledCLASSB_K1=TRUE configured.

e UE is configured in transmission mode 9 or 10, and with higher layer
parameter eMIMO-Type, and eMIMO-Type is set to ‘CLASS A’, in which case
a first and second precoding matrix indicator are reported corresponding to the
selected single precoding matrix.

For transmission modes 4, 8, 9 and 10, the reported PMI and CQI values are calculated
conditioned on the reported RI. For other transmission modes they are reported
conditioned on rank 1. If CRI is reported, the reported PMI, CQI, and RI values are
calculated conditioned on the reported CRI.

0 Mode 3-2 description:

For a UE configured in transmission mode 9 or 10, and for a CSI process, if a UE is
configured with higher layer parameter eMIMO-Type, and eMIMO-Type is set to
‘CLASS B’, and the number of configured CSI-RS resources is more than one, the UE
shall report one wideband CRI which is calculated assuming transmission on set S
subbands.

For each subband a preferred precoding matrix is selected from the codebook subset
assuming transmission only in the subband

A UE shall report one wideband CQI value per codeword which is calculated assuming
the use of the corresponding selected precoding matrix in each subband and
transmission on set S subbands.

A UE shall report the selected single precoding matrix indicator for each set S subband
except with,

e 8 CSI-RS ports configured for transmission mode 9 and 10, or with
alternativeCodeBookEnabledFordTX-r12=TRUE configured for transmission
modes 8, 9 and 10, in which case the UE shall report a first precoding matrix
indicator for all set S subbands and also report a second precoding matrix
indicator for each set S subband, if the UE is not configured with higher layer
parameter eMIMO-Type, or UE reports CRI, or UE is configured in
transmission mode 9 or 10, and with higher layer parameter eMIMO-Type, and
eMIMO-Type is set to ‘CLASS B’, and one CSI-RS resource configured, and
except with higher layer parameter
alternativeCodebookEnabledCLASSB_K1=TRUE configured.
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e UE is configured in transmission mode 9 or 10, and with higher layer
parameter eMIMO-Type, and eMIMO-Type is set to ‘CLASS A’, in which case
a first precoding matrix indicator i, is reported for the set S subbands and a

second precoding matrix indicator i, is reported for each set S subband.

= A UE shall report one subband CQI value per codeword for each set S subband
reflecting transmission over the single subband and using the selected precoding matrix
in the corresponding subband.

= For transmission modes 4, 8, 9 and 10, the reported PMI and CQI values are calculated
conditioned on the reported RI. For transmission mode 6 they are reported conditioned
on rank 1. If CRI is reported, the reported PMI, CQI, and RI values are calculated
conditioned on the reported CRI.

0 Subband CQI value for each codeword are encoded differentially with respect to their respective
wideband CQI using 2-bits as defined by

=  Subband differential CQI offset level = subband CQI index — wideband CQI index. The
mapping from the 2-bit subband differential CQI value to the offset level is shown in
Table 7.2.1-2.

Table 7.2.1-2: Mapping subband differential CQI value to offset level

Subband differential CQI value | Offset level
0 0
1 1
2 >2
3 <1

0 Supported subband size (k) is given in Table 7.2.1-3.

Table 7.2.1-3: Subband Size (k) vs. System Bandwidth

System Bandwidth | Subband Size
Nrg ()
6-7 NA
8-10 4
11-26 4
27 - 63 6
64 -110 8

e UE-selected subband feedback
0 Mode 2-0 description:

o Ifa UE is configured in transmission mode 9 or 10, and UE is configured with higher layer
parameter eMIMO-Type for a CSI process,, and eMIMO-Type is set to ‘CLASS B’, and the
number of CSI-RS antenna ports in at least one of the one or more configured CSI-RS resource
is more than one,

= If the number of configured CSI-RS resources is more than one, the UE shall report one
wideband CRI which is calculated assuming transmission on set S subbands.

= The UE shall perform joint selection of the set of M preferred subbands of size k within
the set of subbands S and a preferred single precoding matrix selected from the
codebook subset that is preferred to be used for transmission over the M selected
subbands.

=  The UE shall report one CQI value per codeword reflecting transmission only over the
selected M preferred subbands and using the same selected single precoding matrix in
each of the M subbands.
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A single precoding matrix is selected from the codebook subset assuming transmission
on set S subbands

A UE shall report a wideband CQI value per codeword which is calculated assuming
the use of the single precoding matrix in all subbands and transmission on set S
subbands

The selected precoding matrix, and reported CQI values are calculated conditioned on
the reported RI. If CRI is reported, the selected precoding matrix, reported CQI, and RI
values are calculated conditioned on the reported CRI.

0 otherwise,

For a UE configured in transmission mode 9 or 10, and for a CSI process, if a UE is
configured with higher layer parameter eMIMO-Type, and eMIMO-Type is set to
‘CLASS B’, and the number of configured CSI-RS resources is more than one, the UE
shall report one wideband CRI which is calculated assuming transmission on set S
subbands.

The UE shall select a set of M preferred subbands of size k (where k and M are given in
Table 7.2.1-5 for each system bandwidth range) within the set of subbands S.

The UE shall also report one CQI value reflecting transmission only over the M selected
subbands determined in the previous step. The CQI represents channel quality for the
first codeword, even when RI>1.

Additionally, the UE shall also report one wideband CQI value which is calculated
assuming transmission on set S subbands. The wideband CQI represents channel quality
for the first codeword, even when RI>1.

For transmission mode 3 the reported CQI values are calculated conditioned on the
reported RI. For other transmission modes they are reported conditioned on rank 1. If
CRI is reported, the reported CQI values are calculated conditioned on the reported
CRI.

0 Mode 2-2 description:

For a UE configured in transmission mode 9 or 10, and for a CSI process, if a UE is
configured with higher layer parameter eMIMO-Type, and eMIMO-Type is set to
‘CLASS B’, and the number of configured CSI-RS resources is more than one, the UE
shall report one wideband CRI which is calculated assuming transmission on set S
subbands.

The UE shall perform joint selection of the set of M preferred subbands of size k within
the set of subbands S and a preferred single precoding matrix selected from the
codebook subset that is preferred to be used for transmission over the M selected
subbands.

The UE shall report one CQI value per codeword reflecting transmission only over the
selected M preferred subbands and using the same selected single precoding matrix in
each of the M subbands.

A single precoding matrix is selected from the codebook subset assuming transmission
on set S subbands

A UE shall report a wideband CQI value per codeword which is calculated assuming
the use of the single precoding matrix in all subbands and transmission on set S
subbands

The UE shall report the selected single precoding matrix indicator preferred for the M
selected subbands and the selected single precoding matrix indicator for all set S
subbands except with,

e 8 CSI-RS ports configured for transmission modes 9 and 10 or with
alternativeCodeBookEnabledFordTX-r12=TRUE configured for transmission
modes 8, 9 and 10, in which case the UE shall report a first precoding matrix
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indicator for all set S subbands, a second precoding matrix indicator for all set
S subbands and another second precoding matrix indicator for the M selected
subbands, if the UE is not configured with higher layer parameter eMIMO-
Type, or UE reports CRI, or UE is configured in transmission mode 9 or 10,
and with higher layer parameter eMIMO-Type, and eMIMO-Type is set to
‘CLASS B’, and one CSI-RS resource configured, and except with higher layer
parameter alternativeCodebookEnabledCLASSB_K1=TRUE configured.

e UE is configured in transmission mode 9 or 10, and with higher layer
parameter eMIMO-Type, and eMIMO-Type is set to ‘CLASS A’, in which case
the UE shall report a first precoding matrix indicator i, for all set S subbands,

a second precoding matrix indicator i, for all set S subbands and another
second precoding matrix indicator i, for or the M selected subbands.

=  For transmission modes 4, 8, 9 and 10, the reported PMI and CQI values are calculated
conditioned on the reported RI. For other transmission modes they are reported
conditioned on rank 1. If CRI is reported, the reported PMI, CQI, and RI values are
calculated conditioned on the reported CRI.

o0 For all UE-selected subband feedback modes the UE shall report the positions of the M selected
subbands using a combinatorial index r defined as

M1 /N —s,
[ r =
Sl
M-1

= where the set {s;}" *, (1<s <N, s

<s;,,) contains the M sorted subband indices

X
X
and < >: (y] X=y is the extended binomial coefficient, resulting in unique label
y 0 x<y

0 The CQI value for the M selected subbands for each codeword is encoded differentially using 2-bits
relative to its respective wideband CQI as defined by

= Differential CQI offset level = M selected subbands CQI index — wideband CQI index

=  The mapping from the 2-bit differential CQI value to the offset level is shown in Table
7.2.1-4.

Table 7.2.1-4: Mapping differential CQI value to offset level

Differential CQI value | Offset level
0 <1
1 2
2 3
3 >4

0 Supported subband size k and M values include those shown in Table 7.2.1-5. In Table 7.2.1-5 the k
and M values are a function of system bandwidth.

N
0 The number of bits to denote the position of the M selected subbands is L = {IOQZ[M N .

For a BL/CE UE, the reported CQI values are calculated conditioned on rank 1.
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- UE-selected subband feedback
- Mode 2-0 description:

- The UE shall report one wideband CQI value which is calculated assuming transmission on all
narrowband(s) in the CSI reference resource.

- Additionally, if frequency hopping is configured for MPDCCH,

- the UE shall select M=1 preferred narrowband defined in subclause 6.2.7 of [3] within the set of
narrowband(s) in which MPDCCH is monitored.

- the UE shall also report one CQI value reflecting transmission only over the selected narrowband
determined in the previous step.

- The CQI value for the M=1 selected narrowband is encoded differentially using 2-bits relative to its
respective wideband CQI as defined by

- Differential CQI offset level = selected narrowband CQI index — wideband CQI index
- The mapping from the 2-bit differential CQI value to the offset level is shown in Table 7.2.1-4.

- the UE shall report the positions of the M=1 selected narrowband according to Table 7.2.1-6.

Table 7.2.1-5: Subband Size (k) and Number of Subbands (M) in S vs. Downlink System Bandwidth

System Bandwidth
DL Subband Size k (RBs) M
Nrs

6-7 NA NA

8-10 2 1
11-26 2 3

27 - 63 3 5

64 — 110 4 6

Table 7.2.1-6: Reporting UE selected narrowband position for BL/CE UEs

- arl;lgvr\?bt;rdc;f o UE reported bit(s) for
narrowband position MPDCCH Narrowband Reported
MPDCCH
- (MSB, LSB)
monitoring

2 0 Narrowband with lowest narrowband index
1 Narrowband with highest narrowband index
00 Narrowband with lowest narrowband index

4 01 Narrowband with second lowest narrowband index
10 Narrowband with third lowest narrowband index
11 Narrowband with highest narrowband index
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7.2.2 Periodic CSI Reporting using PUCCH

A UE is semi-statically configured by higher layers to periodically feed back different CSI components (CQI, PMI, PTI,
CRI, and/or RI) on the PUCCH using the reporting modes given in Table 7.2.2-1 and described below. A UE in
transmission mode 10 can be configured by higher layers for multiple periodic CSI reports corresponding to one or
more CSI processes per serving cell on PUCCH.

A BL/CE UE configured with CEModeB is not expected to be configured with periodic CSI report.

Table 7.2.2-1: CQIl and PMI Feedback Types for PUCCH CSI reporting Modes

PMI Feedback Type
No PMI | Single PMI

Mode 1-0 | Mode 1-1

Wideband
PUCCH CQl (wideband CQI)

Feedback Type UE Selected

(subband CQI)

Mode 2-0 | Mode 2-1

For a non-BL/CE UE and for each of the transmission modes defined in subclause 7.1, the following periodic CSI
reporting modes are supported on PUCCH:

Transmission mode 1 : Modes 1-0, 2-0

Transmission mode 2 : Modes 1-0, 2-0

Transmission mode 3 : Modes 1-0, 2-0

Transmission mode 4 : Modes 1-1, 2-1

Transmission mode 5 : Modes 1-1, 2-1

Transmission mode 6 : Modes 1-1, 2-1

Transmission mode 7 : Modes 1-0, 2-0

Transmission mode 8 : Modes 1-1, 2-1 if the UE is configured with PMI/RI reporting; modes 1-0, 2-0 if the UE is
configured without PMI/RI reporting

Transmission mode 9 : Modes 1-1, 2-1 if the UE is configured with PMI/RI reporting and number of CSI-RS
ports>1; modes 1-0, 2-0 if the UE is configured without PMI/RI reporting or without PMI
reporting or number of CSI-RS ports=1 or the number of CSI-RS ports in each of one or
more CSI-RS resources in a CSI process is one when eMIMO-Type is set to be ‘CLASS B’.

Transmission mode 10 : Modes 1-1, 2-1 if the UE is configured with PMI/RI reporting and number of CSI-RS
ports>1; modes 1-0, 2-0 if the UE is configured without PMI/RI reporting or without PMI
reporting or number of CSI-RS ports=1 or the number of CSI-RS ports in each of one or
more CSI-RS resources in a CSI process is one when eMIMO-Type is set to be ‘CLASS B’.

For a BL/CE UE configured with CEModeA, the following periodic CSI reporting modes are supported on PUCCH:

Transmission mode 1 : Mode 1-0
Transmission mode 2 : Mode 1-0
Transmission mode 6 : Mode 1-1
Transmission mode 9 : Modes 1-1, 1-0.

For a UE configured in transmission mode 1-9, one periodic CSI reporting mode for each serving cell is configured by
higher-layer signalling.

For a UE configured in transmission mode 10, one or more periodic CSI reporting modes for each serving cell are
configured by higher-layer signalling.

For UE in transmission mode 9 and the UE configured with higher layer parameter eMIMO-Type, the term ‘CSI
process’ in this subclause refers to the CSI configured for the UE.

For a UE configured with transmission mode 9 or 10, and with 8 CSI-RS ports, if the UE is not configured with
parameter eMIMO-Type by higher layers, or UE is configured with parameter eMIMO-Type by higher layers, and
eMIMO-Type is set to “CLASS B’, and one CSI-RS resource configured, and except with higher layer parameter
alternativeCodebookEnabledCLASSB_K1=TRUE configured, or UE is configured with parameter eMIMO-Type by
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higher layers, and eMIMO-Type is set to ‘CLASS B’, and more than one CSI-RS resource configured, and at least one
CSI-RS resource with 8 CSI-RS ports, mode 1-1 is configured to be either submode 1 or submode 2 via higher-layer
signaling using the parameter PUCCH_formatl1-1_CSI_reporting_mode.

For a UE configured with transmission mode 8, 9 or 10, and with alternativeCodeBookEnabledFor4TX-r12=TRUE
configured, if the UE is not configured with higher layer parameter eMIMO-Type, or UE is configured with parameter
eMIMO-Type by higher layers, and eMIMO-Type is set to ‘CLASS B’, and one CSI-RS resource configured, and except
with higher layer parameter alternativeCodebookEnabledCLASSB_K1=TRUE configured, or UE is configured with
parameter eMIMO-Type by higher layers, and eMIMO-Type is set to ‘CLASS B’, and more than one CSI-RS resource
configured, and at least one CSI-RS resource with 4 CSI-RS ports, mode 1-1 is configured to be either submode 1 or
submode 2 via higher-layer signaling using the parameter PUCCH_format1-1_CSI_reporting_mode.

For the UE-selected subband CQI, a CQI report in a certain subframe of a certain serving cell describes the channel
quality in a particular part or in particular parts of the bandwidth of that serving cell described subsequently as
bandwidth part (BP) or parts. The bandwidth parts shall be indexed in the order of increasing frequency and non-
increasing sizes starting at the lowest frequency.

For each serving cell

- There are a total of N subbands for a serving cell system bandwidth given by N2 where LN Re /kJ subbands

are of size k. If (N RE /k-‘ —LN RE /kJ> 0 then one of the subbands is of size N2% —k -[NBS /k .

- A bandwidth part j is frequency-consecutive and consists of N j subbands where J bandwidth parts span S or
Ngg asgivenin Table 7.2.2-2. If J=1 then N, is(N R /k/ﬂ IfJ>1then N; is either (N gg/k/ﬂ

or ’-NF% /k/J-‘ —1, depending on N Rt , k and J.
- Each bandwidth part j, where 0 <j < J-1, is scanned in sequential order according to increasing frequency.
- For UE selected subband feedback a single subband out of Nj subbands of a bandwidth part is selected along

with a corresponding L-bit label indexed in the order of increasing frequency, where L = {Iog2 (N,% Ikl ﬂ .

The CQI and PMI payload sizes of each PUCCH CSI reporting mode are given in Table 7.2.2-3.

The following CQI/PMI and RI reporting types with distinct periods and offsets are supported for the PUCCH CSlI
reporting modes given in Table 7.2.2-3:

- Type 1 report supports CQI feedback for the UE selected sub-bands
- Type lareport supports subband CQI and second PMI feedback

- Type 2, Type 2b, and Type 2c report supports wideband CQI and PMI feedback
- Type 2a report supports wideband PMI feedback

- Type 3 report supports RI feedback

- Type 4 report supports wideband CQI

- Type 5 report supports Rl and wideband PMI feedback

- Type 6 report supports Rl and PTI feedback

- Type 7 report support CRI and RI feedback

- Type 8 report supports CRI, Rl and wideband PMI feedback

- Type 9 report supports CRI, Rl and PTI feedback

- Type 10 report supports CRI feedback
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For a UE configured in transmission mode 1-9 and for each serving cell, or for a UE configured in transmission mode
10 and for each CSI process in each serving cell, the periodicity N4 (in subframes) and offset Nogeser cqi (in

subframes) for CQI/PMI reporting are determined based on the parameter cqi-pmi-Configindex (Icq;/py ) given in

Table 7.2.2-1A for FDD or for FDD-TDD with primary cell frame structure 1 and Table 7.2.2-1C for TDD or for FDD-
TDD and primary cell frame structure type 2. The periodicity Mg, and relative offset Nopeer gy for RI reporting
are determined based on the parameter ri-Configindex ( I, ) given in Table 7.2.2-1B. For a UE configured in

transmission mode 9 and for each serving cell, or for a UE configured in transmission mode 10 and for each CSI
process in each serving cell, if the UE is configured with parameter eMIMO-Type by higher layers, and eMIMO-Type is
set to ‘CLASS B’, and the number of configured CSI-RS resources is more than one, when RI reporting is configured,
the periodicity M, for CRI reporting is determined based on the parameter cri-Configindex (1, ) given in Table

7.2.2-1D. When the number of antenna ports in each configured CSI-RS resource is one, the periodicity M., and

relative offset Nrser cr, for CRI reporting are determined based on the parameter cri-Configindex (1, ) given in

Table 7.2.2-1E. The parameters cqi-pmi-ConfigIndex, ri-Configindex , and cri-Configindex are configured by higher
layer signalling. The relative reporting offset for Rl Nogeser g, takes values from the set {0,-1,...,—(Npg —1)}. Ifa

UE is configured to report for more than one CSI subframe set then parameter cqi-pmi-Configlndex, ri-Configindex and
cri-ConfigIndex respectively correspond to the CQI/PMI, RI, and CRI periodicity and relative reporting offset for
subframe set 1 and cqi-pmi-ConfigIndex2, ri-Configindex2 and cri-Configindex2 respectively correspond to the
CQI/PMI, RI, and CRI periodicity and relative reporting offset for subframe set 2. For a UE configured with
transmission mode 10, the parameters cqi-pmi-Configindex , ri-Configindex, cri-Configindex, cqi-pmi-ConfigIindex2, ri-
ConfigIndex2, and cri-Configindex2 can be configured for each CSI process. A BL/CE UE is not expected to be
configured with the parameter ri-Configlndex.

In the case where wideband CQI/PMI reporting is configured:

- The reporting instances for wideband CQI/PMI are subframes satisfying
(10xn¢ +[ng /2|~ Noreser coi Jmod(N g )=0.

- For a UE configured in transmission mode 9 or 10, and UE configured with the parameter eMIMO-Type by
higher layers, and eMIMO-Type set to ‘CLASS A’, the reporting interval of wideband first PMI reporting is an
integer multiple H' of period N4 (in subframes).

- The reporting instances for wideband first PMI are subframes satisfying
(10 XN + Lns /ZJ— NorrseT col )mod(H "Npg ): 0.

- Incase RI reporting is configured, the reporting interval of the RI reporting is an integer multiple Mg, of
period N g (in subframes).

- The reporting instances for RI are subframes satisfying
(oxn¢ +[ng /2|~ Noreser cor — Norrser ri Jmod(N pd *MRi )=0.

- Incase CRI reporting is configured,
- if the number of antenna ports in each configured CSI-RS resource is one,

- the reporting interval of the CRI reporting is an integer multiple M., of period N4 (in subframes)

CRI

- The reporting instances for CRI are subframes satisfying
(10 xNg + Lns /ZJ* NOFFSET,CQI - NOFFSET,CRI )mOd(N pd MCRI ): 0

- otherwise

- the reporting interval of the CRI reporting is an integer multiple M, of period N4 -Mg, (in
subframes).

- The reporting instances for CRI are subframes satisfying
(10 xNg + |_ns /ZJ— Norrser.cor — Norrset ri )mod(N pd " Mg - Mcg )= 0.
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In the case where both wideband CQI/PMI and subband CQI (or subband CQIl/second PMI for transmission modes 9
and 10) reporting are configured:

- The reporting instances for wideband CQI/PMI and subband CQI (or subband CQI/second PMI for transmission
modes 9 and 10) are subframes satisfying (L0xn¢ +[ng /2|~ Nogpser.cor Jmod N pg =0.

When PTI is not transmitted (due to not being configured) or the most recently transmitted PTI is equal to 1
for a UE configured in transmission modes 8 and 9, or for a UE configured in transmission mode 10 without
a 'Rl-reference CSI process' for a CSI process, or the transmitted PTI is equal to 1 reported in the most recent
RI reporting instance for a CSI process when a UE is configured in transmission mode 10 with a 'RI-
reference CSI process' for the CSI process, or the transmitted PT1 is equal to 1 for a 'RI-reference CSI
process' reported in the most recent RI reporting instance for a CSI process when a UE is configured in
transmission mode 10 with the 'Rl-reference CSI process' for the CSI process, and the most recent type 6
report for the CSI process is dropped:

- The wideband CQI/ wideband PMI (or wideband CQIl/wideband second PMI for transmission modes 8, 9
and 10) report has period H - N pq , and is reported on the subframes satisfying

(Loxn¢ +[ng /2]~ Nopeser cor Jmod(H - N yq )=0. The integer H s definedas H =J-K +1,
where J is the number of bandwidth parts.

- Between every two consecutive wideband CQI/ wideband PMI (or wideband CQIl/wideband second PMI
for transmission modes 8, 9 and 10) reports, the remaining J-K reporting instances are used in
sequence for subband CQI (or subband CQIl/second PMI for transmission modes 9 and 10) reports on K
full cycles of bandwidth parts except when the gap between two consecutive wideband CQI/PMI reports
contains less than J-K reporting instances due to a system frame number transition to 0, in which case
the UE shall not transmit the remainder of the subband CQI (or subband CQI/second PMI for
transmission modes 9 and 10) reports which have not been transmitted before the second of the two
wideband CQI/ wideband PMI (or wideband CQIl/wideband second PMI for transmission modes 8, 9 and
10) reports. Each full cycle of bandwidth parts shall be in increasing order starting from bandwidth part 0
to bandwidth part J —1. The parameter K is configured by higher-layer signalling.

When the most recently transmitted PT1 is 0 for a UE configured in transmission modes 8 and 9 or for a UE
configured in transmission mode 10 without a 'RI-reference CSI process' for a CSI process, or the transmitted
PTI is O reported in the most recent RI reporting instance for a CSI process when a UE is configured in
transmission mode 10 with a 'RI-reference CSI process' for the CSI process, or the transmitted PT1 is O for a
'Rl-reference CSI process' reported in the most recent RI reporting instance for a CSI process when a UE is
configured in transmission mode 10 with the 'RI-reference CSI process' for the CSI process, and the most
recent type 6 report for the CSI process is dropped:

- The wideband first precoding matrix indicator report has period H'-N o4, and is reported on the
subframes satisfying (L0xn¢ +|ng /2]~ Nopeser cor Jmod(H'- N 4 )=0, where H'is signalled by
higher layers.

- Between every two consecutive wideband first precoding matrix indicator reports, the remaining

reporting instances are used for a wideband second precoding matrix indicator with wideband CQI as
described below

- Incase RI reporting is configured, the reporting interval of Rl is Mg, times the wideband CQI/PMI period
H N4, and Rl is reported on the same PUCCH cyclic shift resource as both the wideband CQI/PMI and
subband CQI reports.

The reporting instances for RI are subframes satisfying
(Loxn¢ +[ng/2]- NorrseT,cQl — NOFFSET R Jmod(H - N pd “ MR )=0

- In case CRI reporting is configured,

if the number of antenna ports in each configured CSI-RS resource is one,

- the reporting interval of the CRI reporting is M times the wideband CQI/PMI period H - N

CRI
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- The reporting instances for CRI are subframes satisfying
(10 XNy + Lns IZJ_ NOFFSET,CQI - NOFFSET,CRI )mOd(H -N pd MCRI ): 0-

- otherwise

- the reporting interval of the CRI reporting is M .., times the RI period H.N 4 - Mg, (in subframes).

CRI

- The reporting instances for CRI are subframes satisfying
(1O>< Nt +|ﬁs /ZJ_ Norrser,cor = NorrseT ri )mOd(H “Npg Mg -Mcg ): 0

If a UE is not configured with higher layer parameter eMIMO-Type, or for a CSI process a UE is configured with higher
layer parameter eMIMO-Type and eMIMO-Type is set to ‘CLASS A’, or for a CSI process a UE is configured with
higher layer parameter eMIMO-Type and eMIMO-Type is set to ‘CLASS B’, and one configured CSI-RS resource, in
case of collision of a CSI report with PUCCH reporting type 3, 5, or 6 of one serving cell with a CSI report with
PUCCH reporting type 1, 1a, 2, 2a, 2b, 2c, or 4 of the same serving cell the latter CSI report with PUCCH reporting
type (1, 1a, 2, 2a, 2b, 2c, or 4) has lower priority and is dropped.

For a CSI process, if a UE is configured with higher layer parameter eMIMO-Type and eMIMO-Type is set to ‘CLASS
B’, and more than one configured CSI-RS resources, in case of collision of a CSI report with PUCCH reporting type 7,
8, 9, or 10 of one serving cell with a CSI report with PUCCH reporting type 1, 1a, 2, 2a, 2b, 2c, 3, 4, 5, or 6 of the same
serving cell the latter CSI report with PUCCH reporting type (1, 1a, 2, 2a, 2b, 2c, 3, 4, 5, or 6) has lower priority and is
dropped.

For a serving cell and UE configured in transmission mode 10, in case of collision between CSI reports of same serving
cell with PUCCH reporting type of the same priority, and the CSI reports corresponding to different CSI processes, the
CSI reports corresponding to all CSI processes except the CSI process with the lowest csi-Processld-r11 are dropped.

For a serving cell and UE configured in transmission mode 1-9 and configured with CSI subframe sets Ccgj and
Ccsi,1 by the higher layer parameter csi-SubframePatternConfig-ri2 for the serving cell, in case of collision between

CSl reports of same serving cell with PUCCH reporting type of the same priority, the CSI report corresponding to CSI
subframe set Ccg) 1 is dropped.

For a serving cell and UE configured in transmission mode 10 and configured with CSI subframe sets Ccg) and
Ccsi1 by the higher layer parameter csi-SubframePatternConfig-r12 for the serving cell, in case of collision between

CSI reports of same serving cell with PUCCH reporting type of the same priority and the CSI reports corresponding to
CSI processes with same csi-Processld-r11, the CSI report corresponding to CSI subframe set Ccg 1 is dropped.

If a UE is not configured with higher layer parameter format4-MultiCSI-resourceConfiguration or format5-MultiCSI-
resourceConfiguration,and if the UE is configured with more than one serving cell, the UE transmits a CSI report of
only one serving cell in any given subframe. For a given subframe, in case of collision of a CSI report with PUCCH
reporting type 7, 8, 9, or 10 of one serving cell with a CSI report with PUCCH reporting type 1, 1a, 2, 2a, 2b, 2c, 3,4, 5
or 6 of another serving cell, the latter CSI with PUCCH reporting type (1, 1a, 2, 2a, 2b, 2c, 3, 4, 5 or 6) has lower
priority and is dropped. For a given subframe, in case of collision of a CSI report with PUCCH reporting type 3, 5, 6, or
2a of one serving cell with a CSI report with PUCCH reporting type 1, 1a, 2, 2b, 2c, or 4 of another serving cell, the
latter CSI with PUCCH reporting type (1, 1a, 2, 2b, 2c, or 4) has lower priority and is dropped. For a given subframe, in
case of collision of CSI report with PUCCH reporting type 2, 2b, 2c, or 4 of one serving cell with CSI report with
PUCCH reporting type 1 or 1a of another serving cell, the latter CSI report with PUCCH reporting type 1, or 1a has
lower priority and is dropped.

For a given subframe and serving cells with UE configured in transmission mode 1-9, in case of collision between CSI
reports of these different serving cells with PUCCH reporting type of the same priority, the CSI reports for all these
serving cells except the serving cell with lowest ServCellindex are dropped.

If a UE is not configured with higher layer parameter format4-MultiCSI-resourceConfiguration or format5-MultiCSI-
resourceConfiguration, for a given subframe and serving cells with UE configured in transmission mode 10, in case of
collision between CSI reports of different serving cells with PUCCH reporting type of the same priority and the CSI
reports corresponding to CSI processes with same csi-Processld-r11, the CSI reports of all serving cells except the
serving cell with lowest ServCellindex are dropped.
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If a UE is not configured with higher layer parameter format4-MultiCSI-resourceConfiguration or format5-MultiCSI-
resourceConfiguration, for a given subframe and serving cells with UE configured in transmission mode 10, in case of
collision between CSI reports of different serving cells with PUCCH reporting type of the same priority and the CSI
reports corresponding to CSI processes with different csi-Processld-r11, the CSI reports of all serving cells except the
serving cell with CSI reports corresponding to CSI process with the lowest csi-Processld-r11 are dropped.

If a UE is not configured with higher layer parameter format4-MultiCSI-resourceConfiguration or format5-MultiCSI-
resourceConfiguration, for a given subframe, in case of collision between CSI report of a given serving cell with UE
configured in transmission mode 1-9, and CSI report(s) corresponding to CSI process(es) of a different serving cell with
the UE configured in transmission mode 10, and the CSI reports of the serving cells with PUCCH reporting type of the
same priority, the CSI report(s) corresponding to CSI process(es) with csi-Processld-r11 > 1 of the different serving
cell are dropped.

If a UE is not configured with higher layer parameter format4-MultiCSI-resourceConfiguration or format5-MultiCSI-
resourceConfiguration, for a given subframe, in case of collision between CSI report of a given serving cell with UE
configured in transmission mode 1-9, and CSI report corresponding to CSI process with csi-Processld-r11 =1 of a
different serving cell with the UE configured in transmission mode 10, and the CSI reports of the serving cells with
PUCCH reporting type of the same priority, the CSI report of the serving cell with highest ServCelllndex is dropped.

See subclause 10.1 for UE behaviour regarding collision between CSI and HARQ-ACK and the corresponding PUCCH
format assignment.

If a UE is not configured with higher layer parameter format4-MultiCSI-resourceConfiguration or format5-MultiCSI-
resourceConfiguration, the CSI report of a given PUCCH reporting type shall be transmitted on the PUCCH resource

néﬁgéH as defined in [3], where néﬁg)cH is UE specific and configured by higher layers for each serving cell.

If a UE is not configured with higher layer parameter format4-MultiCSI-resourceConfiguration or format5-MultiCSI-
resourceConfiguration, and
- if the UE is not configured for simultaneous PUSCH and PUCCH transmission or,

- if the UE is configured for simultaneous PUSCH and PUCCH transmission and not transmitting PUSCH,

in case of collision between CSI and positive SR in a same subframe, CSI is dropped.

If a UE is configured with format4-MultiCSI-resourceConfiguration or format5-MultiCSI-resourceConfiguration, for a
subframe in which only periodic CSI and SR (if any) is transmitted,
— if there is only one CSI report in the subframe,

o the CSl report of a given PUCCH reporting type shall be transmitted on the PUCCH resource
nF(,fJCp)CH as defined in [3], where néﬁ’ééH is UE specific and configured by higher layers for each
serving cell;

o0 In case of collision between CSI and positive SR in a same subframe, if the UE is not configured
for simultaneous PUSCH and PUCCH transmission, or if the UE is configured for simultaneous
PUSCH and PUCCH transmission and not transmitting PUSCH, CSI is dropped.

— if there are more than one CSI reports in the subframe,

o if the parameter simultaneousAckNackAndCQI-Format4-Format5-r13 provided by higher layers is
set TRUE, when a PUCCH format 4/5 transmission of CSI reports coincides with a sub-frame
configured to the UE by higher layers for transmission of a scheduling request, the UE shall
transmit the CSI and SR on the PUCCH; Otherwise, CSI is dropped;

o if the UE is configured with a single PUCCH format 4 resource n¢ .~ according to higher layer
parameter format4-MultiCSI-resourceConfiguration, the PUCCH format 4 resource n()_ . is used

b
for transmission of the CSI reports and SR (if any);

o ifthe UE is configured with a PUCCH format 5 resource n®__.

parameter format5-MultiCSI-resourceConfiguration, the PUCCH format 5 resource n()_ . is used
for transmission of the CSI reports and SR (if any);

according to higher layer
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o if the UE is configured with two PUCCH format 4 resources pn®

PUCCH,1
higher layer parameter format4-MultiCSI-resourceConfiguration, if
(OSR +0, e +Ogne )g min(M pucca RP;JCQCM). NES . NFUSeH o, the PUCCH format 4 resource with
the smaller M fosere between n( .. and n{ ., isused for transmission of the CSI reports;
otherwise, the PUCCH format 4 resource with the larger nFPuecH between n¢) and p®@

PUCCH,1 nPUCCH,Z
is used for transmission of the CSI reports, where

and n@__ according to
PUCCH,2

* Oy is the total number of CSI report bits in the subframe;
" O IS the number of CRC bits;

= O =if there is no scheduling request bit in the subframe and O =1 otherwise;

PUCCH4 | — i (4) 4 H f
" M, 1=12,isthe number of PRBs for n{) . and n{® respectively, according

to higher layer parameter numberOfPRB-format4-r13 according to Table 10.1.1-2;

m o PuccHe _ 2'(N5Ly’;b _1)_1 if shortened PUCCH format 4 is used in the subframe and

symb

NZuCoH — 2. (N, 1) otherwise; and

symb

»= I isthe code rate given by higher layer parameter maximumPayloadCoderate-r13
according to Table 10.1.1-1.

If a UE transmits only periodic CSI and SR (if any) using either a PUCCH format 4 n(_ .. or PUCCH format 5

(5)
NpuccH

N i reporied CSI report(s) for transmission in ascending order of Pri g, (y,s,c,t), where:
0, s Is the total number of CSI report bits in the subframe;

in a subframe and if (OSR +0Op ¢ +OCRC)>2-NRE -r, the UE shall select the SR (if any) and

= O I8 the number of CRC bits

- O% =0 if there is no scheduling request bit in the subframe and O =1 otherwise;

T Nge = MEYEoHs . N BB N PuceH for PUCCH format4 and n__ - NE® . NFUCCH /2 for PUCCH format 5, where
N PUCCH _ 2'(N5Ly’ann _1)_1 if shortened PUCCH format 4 or shortened PUCCH format 5 is used in the subframe and

symb

NPUCCH _ 5. (NSL;anb _1) otherwise;

symb

- I isthe code rate given by higher layer parameter maximumPayloadCoderate-r13 according to Table 10.1.1-1;

- for a CSl report of a serving cell, Prig, (y,s,c,t) for the CSI report is defined
asPricg (y,s,c,t)=y-4-32-2+5-32.-2+¢c-2+t, Where

-y =0for CSI report type 3/5/6/2a, 'y =1for CSI report type 2/2b/2c/4, and 'y = 2 for CSI report type
1/13;

- Sisthe CSI process ID according to csi-Processld-r11 if the serving cell is configured with transmission
mode 10, and S =1 if the serving cell configured with transmission mode 1-9;

- Cisthe serving cell index;

- t=0 and t=1 for CSI subframe sets Ccgo and Ccg) 1 respectively if CSI subframe sets are
configured for the serving cell, and t =0 otherwise.
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NCSI,reported
- Thevalue of N¢g eponeq Satisfies O + ZO,LCS, 2T O0cre |£2-Nge -1 and
n=1

NCSI,reponedJrl
ZOP,CS, 2T Ocre | > 2 Nge T, where O =0 if there no scheduling request bit in the
n=1

O +

subframe and O** =1 otherwise. Op_cg, , is the number of CSI report bits for the nth CSI report in

ascending order of Prig (y, S, C,t).

If a UE is configured with format4-MultiCSI-resourceConfiguration or format5-MultiCSI-resourceConfiguratio and if
the UE is configured with more than Ny periodic CSI reports in a subframe, the UE is not required to update CSI for
more than N y CSI processes from the CSI processes corresponding to all the configured CSI reports, where the value

of N y is given by maxNumberUpdatedCSI-Proc-r13.

Table 7.2.2-1A: Mapping of lcqpyi t0 Npg and Nogeger cq for FDD or for FDD-TDD and primary
cell frame structure type 1

lcor/pmi Value of N pq [Value of Nogpser coi
0< leqipm <1 2 leqi/pmi
2< lequpm <6 5 leqrpm =2
7< legiem <16 10 lequem =7
17< leqpm <36 20 lequpm =17
37< leqipm <76 40 lcqupm —37
77< lequpw <156 80 lcqiipm =77
157 < oy <316 160 lcqipm — 157
lcoipm =317 Reserved
318 < lggupu <349 32 lcoi/pm —318
350 < legpwi <413 64 lcqipmi —350
414 < leoypw <541 128 lcqipm —414
542 < legpwi <601 60 lcoi/pm — 542
602 < leopw <1023 Reserved

Table 7.2.2-1B: Mapping of Iy to Mg and Noppser g -

Ig Value of Mg, Value of Noepget gy

0< lg <160 1 -y

161< lgp <321 2 - (lg -161)
322< lg <482 4 -(lg -322)
483< g, <643 8 - (lg -—483)
644 < lp, <804 16 - (lg —644)
805< Il <965 32 -(lg —805)
966 < | <1023 Reserved
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Table 7.2.2-1C: Mapping of lcqpwy t0 Npg and Noggger cqr for TDD or for FDD-TDD and primary
cell frame structure type 2

Table 7.2.2-1D: Mapping of |, I

lcor/pmi Value of N pq [Value of Noppser col
lcoi/pmi =0 1 lcqipmi

1< lequem <5 5 lcqipm —1

6< legpm <15 10 lcqipm —6
16 < legipm <35 20 lcqipm — 16
36< legipm <75 40 lcqipm —36
76 < lcoypwi <155 80 lcoipmi — 76
156 < lcgpwi <315 160 lcqiem — 156
316 < lcoypm <375 60 lcoi/pm — 316
376 < ICQ,,PM, <1023 Reserved

cait0 Mg, Mz when Rl reporting is configured

Q
&

Value of Megr M,

1

2

4

8

16

32

64

~N|jo|a|hlw|IN|F|O

128

72

ICRI

<1023

Reserved

Table 7.2.2-1E: Mapping of 1, Mz t0 My, Memrand Nggeser opy Norrser.car When the number of
antenna ports in each configured CSI-RS resource is one

I &/alui:f Value of Norreer cry
crI ** LRI '

0< leg lear <160 1 ~leri Tear
161 < |, Iy <321 2 = (Tar l gy —161)
322 < |y femy <482 4 ~Ucrr g —322)
483 < |y Ionr <643 8 = (car lgp —483)
644 < |_, Iz <804 16 ~(car lop —644)
805 < 1o Icr; <965 32 = Ugrr g —805)
966 < | Icgy <1023 Reserved

For TDD or FDD-TDD and primary cell frame structure type 2 periodic CQI/PMI reporting, the following periodicity
values apply for a serving cell ¢ depending on the TDD UL/DL configuration of the primary cell [3], where the UL/DL
configuration corresponds to the eimta-HARQ-ReferenceConfig-r12 for the primary cell if the UE is configured with the

parameter EIMTA-MainConfigServCell-r12 for the primary cell:

The reporting period of Ny =1 is applicable for the serving cell c only if TDD UL/DL configuration of the

primary cell belongs to {0, 1, 3, 4, 6}, and where all UL subframes of the primary cell in a radio frame are used
for CQI/PMI reporting.
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- The reporting period of N4 =5 is applicable for the serving cell ¢ only if TDD UL/DL configuration of the
primary cell belongs to {0, 1, 2, 6}.

- The reporting periods of N4 ={10,20,40,80,160} are applicable for the serving cell ¢ for any TDD UL/DL
configuration of the primary cell.

For a serving cell with N R?é‘ <7, Mode 2-0 and Mode 2-1 are not supported for that serving cell.

The sub-sampled codebook for PUCCH mode 1-1 submode 2 for 8 CSI-RS ports is defined in Table 7.2.2-1D for first
and second precoding matrix indicator i; and i,. Jointencoding of rank and first precoding matrix indicator i; for

PUCCH mode 1-1 submode 1 for 8 CSI-RS ports is defined in Table 7.2.2-1E. The sub-sampled codebook for PUCCH
mode 2-1 for 8 CSI-RS ports is defined in Table 7.2.2-1F for PUCCH Reporting Type 1a.

For a UE configured with transmission mode 9 or 10, , and the UE configured with parameter eMIMO-Type by higher
layers, and eMIMO-Type is set to “CLASS A’, and PUCCH Reporting Type 1a, the sub-sampled codebook for PUCCH
mode 2-1 for value of parameter codebookConfig set to 2, 3, or 4 is defined in Table 7.2.2-1F, for value of parameter

codebookConfig set to 1, the value of the second PMI, "PMi2 issetto i,.

Table 7.2.2-1D: PUCCH mode 1-1 submode 2 codebook subsampling

Relationship between the Relationship between the

RI first PMI value and codebook index i second PMI value and codebook index iy total

Value of the first PMI loy; | ogebook index 't | Value of the second PMI I, , | Codebook index iy | #bits
1 0-7 2l opin 0-1 A P 4
2 0-7 2l vt 0-1 Lowi 4
3 0-1 v] P 0-7 4 Vo /4] + oz | 4
4 0-1 2|PMI1 0-7 IPMIZ 4
5 0-3 Lo 0 0 2
6 0-3 lowi 0 0 2
7 0-3 lowi 0 0 2
8 0 0 0 0 0

Table 7.2.2-1E: Joint encoding of Rl and i; for PUCCH mode 1-1 submode 1

Value of joint encoding of Rl and the first PMI . .
I RI Codebook index Iy
RI/PMI1
0-7 1 2y pwin
8-15 2 2( IRI/PMII_S)
16-17 3 )
18-19 4 2( IRI/PMI1_18)
20-21 5 2( IRI/PMI1-20)
22-23 6 2( IRI/PMI1_22)
24-25 7 2( IRI/PMI1_24)
26 8 0
27-31 reserved NA
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Table 7.2.2-1F: PUCCH mode 2-1 codebook subsampling

Relationship between the second PMI value and codebook index i,
RI - -
Value of the second PMI_'Pwi2 Codlsmnls B 1y
1 0-15 o>
2 0-3 2o
3 0-3 8| Townz /2 |+ (1o, mod 2) +2
4 0-3 2IF-Mlz
5 0 0
6 0 0
7 0 0
8 0 0

The sub-sampled codebook for PUCCH mode 1-1 submode 2 for transmission modes 8, 9 and 10 configured with
alternativeCodeBookEnabledFor4TX-r12=TRUE is defined in Table 7.2.2-G for first and second precoding matrix
indicator i; andi,. Joint encoding of rank and first precoding matrix indicator i; for PUCCH mode 1-1 submode 1
for transmission modes 8, 9 and 10 configured with alternativeCodeBookEnabledFor4TX-r12=TRUE is defined in
Table 7.2.2-1H. The sub-sampled codebook for PUCCH mode 2-1 for transmission modes 8, 9 and 10 configured with
alternativeCodeBookEnabledFordTX-r12=TRUE is defined in Table 7.2.2-11 for PUCCH Reporting Type la.

Table 7.2.2-1G: PUCCH mode 1-1 submode 2 codebook subsampling with 4 antenna ports

Relationship between the first PMI Relationship between the second PMI
value and codebook index i value and codebook index i, total
Value
of
the Value of
first the
PMI ) second
RI lowis Codebook index " PMI oy, Codebook index I #bits
1 0-3 Aoy 0-3 20ez +4- oz /2] 4
2 0-3 Al oy, 0-3 IPM|2+2‘UPM|2/2J 4
3 0 0 0-15 Loz 4
4 0 0 0-15 lpwn2 4

Table 7.2.2-1 H: Joint encoding of Rl and for PUCCH mode 1-1 submode 1 with 4 antenna ports

Value of joint Codebook index i
encoding of
Rl and the
first PMI RI
IRI /PMI1
0-7 1 I RI/PMI1
8-15 2 IRI/PMI1_8
16 3 0
17 4 0
18-31 reserved NA
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Table 7.2.2-1 I: PUCCH mode 2-1 codebook subsampling with 4 antenna ports

Relationship between the second PMI
value and codebook index i,
Value
RI of the
second
PMI
[[— Codebook index i,
1 0-15 IPMI2
2 0-3 IPMI2+2'|_IPMI2/2J
3 0-3 2|PM|2+4'UPM|2/2J
4 0-3 2'PM|2+4'UPM|2/2J

An CRI or RI or PTI or any precoding matrix indicator reported for a serving cell in a periodic reporting mode is valid
only for CSI reports for that serving cell on that periodic CSI reporting mode.

For serving cell ¢, a UE configured in transmission mode 10 with PMI/RI reporting or without PMI reporting for a CSI
process can be configured with a 'Rl-reference CSI process'. The RI for the 'RI-reference CSI process' is not based on

any other configured CSI process other than the 'Ri-reference CSI process'. If the UE is configured with a 'RI-reference
CSI process' for a CSI process and if subframe sets Ccgjg and Ccg) 1 are configured by higher layers for only one of

the CSI processes then the UE is not expected to receive configuration for the CSI process configured with the subframe
subsets that have a different set of restricted RlIs with precoder codebook subset restriction between the two subframe
sets. The UE is not expected to receive configurations for the CSI process and the 'RI-reference CSI process' that have a
different:

periodic CSI reporting mode (including sub-mode if configured), and/or
number of CSI-RS antenna ports, and/or

set of restricted RIs with precoder codebook subset restriction if subframe sets Ceg o and Ccg; 1 are not
configured by higher layers for both CSI processes, and/or

set of restricted Rls with precoder codebook subset restriction for each subframe set if subframe sets Ccg) o
and Ccg 1 are configured by higher layers for both CSI processes, and/or

set of restricted Rls with precoder codebook subset restriction if subframe sets Ccg;p and Ccgq are

configured by higher layers for only one of the CSI processes, and the set of restricted RIs for the two subframe
sets are the same, and/or

number of CSI-RS antenna ports for any two CSI-RS resources for the two CSI processes, if a UE is configured
with higher layer parameter eMIMO-Type, and eMIMO-Type is set to ‘CLASS B’, and the number of configured
CSI-RS resources is more than one for at least one of the two CSI processes, and/or

set of restricted RIs with precoder codebook subset restriction for any two CSI-RS resources for the two CSI
processes, if a UE is configured with higher layer parameter eMIMO-Type, and eMIMO-Type is set to ‘CLASS
B’, and the number of configured CSI-RS resources is more than one for at least one of the two CSI processes
and if subframe sets Ccg g and Ccg g are not configured by higher layers for both CSI processes, and/or

set of restricted RIs with precoder codebook subset restriction for each subframe set and for any two CSI-RS
resources for the two CSI processes, if a UE is configured with higher layer parameter eMIMO-Type, and
eMIMO-Type is set to “CLASS B’, and the number of configured CSI-RS resources is more than one for at least
one of the two CSI processes and if subframe sets Cgg o and Ccg 1 are configured by higher layers for both

CSI processes, and/or
set of restricted RIs with precoder codebook subset restriction for any two CSI-RS resources for the two CSI

processes, if a UE is configured with higher layer parameter eMIMO-Type, and eMIMO-Type is set to ‘CLASS
B’, and the number of configured CSI-RS resources is more than one for at least one of the two CSI processes
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and if subframe sets Ccg o and Ccgy g are configured by higher layers for only one of the CSI processes, and
the set of restricted RIs for the two subframe sets are the same.

If a UE is configured for CRI reporting,

For the calculation of CQI/PMI/RI conditioned on the last reported CRI, in the absence of a last reported CRI the
UE shall conduct the CQI/PMI/RI calculation conditioned on the lowest possible CRI. If reporting for more than
one CSI subframe set is configured, CQI/PMI/RI is conditioned on the last reported CRI linked to the same
subframe set as the CSI report.

For the calculation of CQI/PMI conditioned on the last reported RI and CRI, in the absence of a last reported RI
and CRI, the UE shall conduct the CQI/PMI calculation conditioned on the lowest possible RI associated with
the lowest possible CRI and as given by the bitmap parameter codebookSubsetRestriction and the parameter
alternativeCodeBookEnabledFordTX-r12 if configured. If reporting for more than one CSI subframe set is
configured, CQI/PMI is conditioned on the last reported RI associated with the last reported CRI and linked to
the same subframe set as the CSI report

otherwise,

For the calculation of CQI/PMI conditioned on the last reported RI, in the absence of a last reported RI the UE
shall conduct the CQI/PMI calculation conditioned on the lowest possible RI as given by the bitmap parameter
codebookSubsetRestriction and the parameter alternativeCodeBookEnabledFordTX-r12 if configured. If
reporting for more than one CSI subframe set is configured, CQI/PMI is conditioned on the last reported RI
linked to the same subframe set as the CSI report.

- For a non-BL/CE UE, the periodic CSI reporting modes are described as following:

e Wideband feedback
0 Mode 1-0 description:

= In the subframe where Rl is reported (only for transmission mode 3, and transmission
mode 9 or 10 without PMI reporting with one configured CSI-RS resource or with more
than one configured CSI-RS resource and the number of CSI-RS ports of the selected
CSI-RS resource is more than one):

e Ifa UE is configured in transmission mode 10 with a 'Rl-reference CSI
process' for a CSI process, the RI for the CSI process shall be the same as the
RI in the most recent CSI report comprising RI for the configured 'RI-reference
CSlI process' irrespective of subframe sets if configured; otherwise, for
transmission mode 3 the UE shall determine a RI assuming transmission on set
S subbands, and for transmission mode 9 or 10 without PMI reporting, the UE
shall determine a RI assuming transmission on set S subbands conditioned on
the last reported periodic CRI.

e The UE shall report a type 3 report consisting of one RI.

= In the subframe where Rl and CRI is reported (only for transmission mode 9 or 10
without PMI reporting and number of configured CSI-RS resources more than one):

e A UE shall determine a CRI assuming transmission on set S subbands.

e Ifa UE is configured in transmission mode 10 with a ‘'RIl-reference CSI
process' for a CSI process, the RI for the CSI process shall be the same as the
RI1 in the most recent CSI report comprising RI for the configured 'Rl-reference
CSlI process' irrespective of subframe sets if configured; otherwise, the UE
shall determine a RI assuming transmission on set S subbands conditioned on

the reported CRI.
e The UE shall report a type 7 report consisting of one Rl and one CRI.

= In the subframe where CRI is reported (only for transmission mode 9 or 10 with CRI
reporting and the number of antenna ports in each of configured CSI-RS resources is

one):
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o A UE shall determine a CRI assuming transmission on set S subbands.
e The UE shall report a typel0 report consisting of one CRI.
= In the subframe where CQI is reported:

e [fthe UE is configured without PMI reporting (only for transmission mode 9
or 10):

o Asingle precoding matrix is selected from the codebook subset
assuming transmission on set S subbands.

0 A UE shall report a type 4 report consisting of

=  Asingle wideband CQI value which is calculated assuming
the use of a single precoding matrix in all subbands and
transmission on set S subbands.

=  When RI>1, an additional 3-bit wideband spatial differential
CQlI, which is shown in Table 7.2-2.

o If the UE is configured with CRI reporting,

= |faUE is configured in transmission mode 10 with a “'RI-
reference CSI process’ for a CSI process, and the most
recent type 3 report for the CSI process is dropped, and a
type 3 report for the “'RI-reference CSI process™ is reported
in the most recent RI reporting instance for the CSI process,
the selected precoding matrix and CQI for the CSI process
are calculated conditioned on the reported periodic RI for the
configured “'RI-reference CSI process™ in the most recent RI
reporting instance for the CSI process and last reported
periodic CRI for the CSI process; otherwise the selected
precoding matrix and CQI are calculated conditioned on the
last reported periodic RI and the last reported periodic CRI.

o otherwise,

= |faUE is configured in transmission mode 10 with a *'RI-
reference CSI process’ for a CSI process, and the most
recent type 3 report for the CSI process is dropped, and a
type 3 report for the “'RI-reference CSI process’ is reported
in the most recent RI reporting instance for the CSI process,
the selected precoding matrix and CQI for the CSI process
are calculated conditioned on the reported periodic RI for the
configured “'Rl-reference CSI process’ in the most recent RI
reporting instance for the CSI process; otherwise the selected
precoding matrix and CQI are calculated conditioned on the
last reported periodic RI.

e otherwise,

0 A UE shall report a type 4 report consisting of one wideband CQI
value which is calculated assuming transmission on set S subbands.
The wideband CQI represents channel quality for the first codeword,
even when RI>1.

o For transmission mode 3 the CQI is calculated conditioned on the last
reported periodic RI. For other transmission modes it is calculated
conditioned on transmission rank 1. If the UE is configured with CRI
reporting, the CQI is calculated conditioned on the last reported
periodic CRI.

0 Mode 1-1 description:
= In the subframe where RI is reported (only for transmission modes 4, 8, 9 and 10):

o If the UE is configured with CRI reporting,
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o Ifa UE is configured in transmission mode 10 with a 'Rl-reference
CSI process' for a CSI process, the RI for the CSI process shall be the
same as the RI in the most recent CSI report comprising RI for the
configured 'RI-reference CSI process' irrespective of subframe sets if
configured; otherwise, the UE shall determine a Rl assuming
transmission on set S subbands conditioned on the last reported
periodic CRI.

e otherwise,
o IfaUE is configured in transmission mode 10 with a 'RI-reference
CSl process' for a CSI process, the RI for the CSI process shall be the
same as the RI in the most recent CSI report comprising RI for the
configured 'RI-reference CSI process' irrespective of subframe sets if
configured; otherwise, the UE shall determine a Rl assuming
transmission on set S subbands.

e The UE shall report a type 3 report consisting of one RI.
= In the subframe where RI and CRI is reported for transmission modes 9 and 10:
e A UE shall determine a CRI assuming transmission on set S subbands.

e Ifa UEis configured in transmission mode 10 with a 'Rl-reference CSI
process' for a CSI process, the RI for the CSI process shall be the same as the
RI1 in the most recent CSI report comprising RI for the configured 'RI-reference
CSI process' irrespective of subframe sets if configured; otherwise, the UE
shall determine a Rl assuming transmission on set S subbands conditioned on
the reported CRI for the CSI process.

e The UE shall report a type 7 report consisting of one RI and one CRI.

= |n the subframe where Rl and a first PMI are reported for transmission modes 9 and 10
configured with submode 1 and 8 CSI-RS ports without CRI reporting or 8 CSI-RS
ports or 4 CSI-RS ports with alternativeCodeBookEnabledFor4TX-r12=TRUE in the
selected CSI-RS resource and UE is configured with CRI reporting, and for
transmission modes 8, 9 and 10 configured with submode 1 and
alternativeCodeBookEnabledFor4TX-r12=TRUE without CRI reporting:

e If the UE is configured with CRI reporting,

o IfaUE is configured in transmission mode 10 with a 'RI-reference
CSl process' for a CSI process, the RI for the CSI process shall be the
same as the RI in the most recent CSI report comprising RI for the
configured 'RI-reference CSI process' irrespective of subframe sets if
configured; otherwise, the UE shall determine a Rl assuming
transmission on set S subbands conditioned on the last reported
periodic CRI.

e otherwise,

o Ifa UE is configured in transmission mode 10 with a 'Rl-reference
CSI process' for a CSI process, the RI for the CSI process shall be the
same as the RI in the most recent CSI report comprising RI for the
configured 'RI-reference CSI process' irrespective of subframe sets if
configured; otherwise, the UE shall determine a RI assuming
transmission on set S subbands.

e The UE shall report a type 5 report consisting of jointly coded RI and a first
PMI corresponding to a set of precoding matrices selected from the codebook
subset assuming transmission on set S subbands.

e If the UE is configured with CRI reporting,

o0 Ifthe UE is configured in transmission mode 10 with a 'RI-reference
CSI process' for a CSI process and in case of collision of type 5 report
for the CSI process with type 5 report for the 'RI-reference CSI

3GPP

Samsung Exhibit 1013, Page 122 of 381

Samsung Electronics Co., Ltd. v. Asus Technology Licensing Inc.
IPR2024-01036



Release 13

123 3GPP TS 36.213 V13.2.0 (2016-06)

process', the wideband first PMI for the CSI process shall be the same
as the wideband first PMI in the most recent type 5 report for the
configured 'Rl-reference CSI process'; otherwise, the wideband first
PMI value is calculated conditioned on the reported periodic RI and
last reported periodic CRI.

otherwise,

o Ifthe UE is configured in transmission mode 10 with a 'RI-reference
CSl process' for a CSI process and in case of collision of type 5 report
for the CSI process with type 5 report for the 'Rl-reference CSI
process', the wideband first PMI for the CSI process shall be the same
as the wideband first PMI in the most recent type 5 report for the
configured 'Rl-reference CSI process'; otherwise, the wideband first
PMI value is calculated conditioned on the reported periodic RI.

= In the subframe where CRI, RI and a first PMI are reported for transmission modes 9,
and 10 configured with submode 1 and 8 CSI-RS ports in at least one of the configured
CSI-RS resources, or for transmission modes 8, 9 and 10 configured with submode 1
and alternativeCodeBookEnabledFor4TX-r12=TRUE and 4 CSI-RS ports in at least
one of configured CSI-RS resources:

A UE shall determine a CRI assuming transmission on set S subbands.

If a UE is configured in transmission mode 10 with a 'Rl-reference CSI
process' for a CSI process, the RI for the CSI process shall be the same as the
RI in the most recent CSI report comprising RI for the configured 'Rl-reference
CSI process' irrespective of subframe sets if configured; otherwise, the UE
shall determine a RI assuming transmission on set S subbands conditioned on
the reported CRI.

If the configured CSI-RS resource corresponding to the determined CRI
comprises 8 CSI-RS ports or 4 CSI-RS ports with
alternativeCodeBookEnabledFordTX-r12=TRUE, the UE shall report a type 8
report consisting of jointly coded CRI, RI and a first PMI corresponding to a
set of precoding matrices selected from the codebook subset assuming
transmission on set S subbands. Otherwise, the UE shall report a type 8 report
consisting of jointly coded CRI, RI and a first PMI fixed to zero.

If the UE is configured in transmission mode 10 with a 'RI-reference CSI
process' for a CSI process and in case of collision of type 5 report for the CSI
process with type 5 report for the 'Rl-reference CSI process', the wideband first
PMI for the CSI process shall be the same as the wideband first PMI in the
most recent type 5 report for the configured 'Rl-reference CSI process';
otherwise, the wideband first PMI value is calculated conditioned on the
reported periodic RI and last reported periodic CRI conditioned on the reported
CRI.

= In the subframe where the wideband first PMI is reported, for transmission modes 9 and
10 with higher layer parameter eMIMO-Type configured, and eMIMO-Type set to
‘CLASS A’,

A set of precoding matrices corresponding to the wideband first PMI is
selected from the codebook assuming transmission on set S subbands.

A UE shall report a type 2a report consisting of the wideband first PMI
corresponding to the selected set of precoding matrices.

If a UE is configured in transmission mode 10 with a 'Rl-reference CSI
process' for a CSI process, and the most recent type 3 report for the CSI
process is dropped, and a type 3 report for the 'Rl-reference CSI process' is
reported in the most recent RI reporting instance for the CSI process, the
wideband first PMI value for the CSI process is calculated conditioned on the
reported periodic RI for the configured 'Rl-reference CSI process' in the most
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recent RI reporting instance for the CSI process; otherwise the wideband first
PMI value is calculated conditioned on the last reported periodic RI.

= In the subframe where CQI/PMI is reported for all transmission modes except with,

e UE is configured with higher layer parameter eMIMO-Type, and eMIMO-Type
is setto ‘CLASS A’, or

e 8 CSI-RS ports configured for transmission modes 9 and 10, or with
alternativeCodeBookEnabledFor4TX-r12=TRUE configured for transmission
modes 8, 9 and 10, if the UE is not configured with higher layer parameter
eMIMO-Type, or UE configured with CRI reporting, or UE is configured with
higher layer parameter eMIMO-Type, and eMIMO-Type is set to ‘CLASS B’,
and one CSI-RS resource configured, and except with higher layer parameter
alternativeCodebookEnabledCLASSB_K1=TRUE configured:

0 Asingle precoding matrix is selected from the codebook subset
assuming transmission on set S subbands.

0 A UE shall report a type 2 report consisting of

= Asingle wideband CQI value which is calculated assuming
the use of a single precoding matrix in all subbands and
transmission on set S subbands.

= The selected single PMI (wideband PMI).

=  When RI>1, an additional 3-bit wideband spatial differential
CQlI, which is shown in Table 7.2-2.

o If the UE is configured with CRI reporting,

= |faUE is configured in transmission mode 10 with a “'RI-
reference CSI process’ for a CSI process, and the most
recent type 3 report for the CSI process is dropped, and a
type 3 report for the “'RI-reference CSI process’™ is reported
in the most recent RI reporting instance for the CSI process,
the PMI and CQI for the CSI process are calculated
conditioned on the reported periodic RI for the configured
“RI-reference CSI process’ in the most recent RI reporting
instance for the CSI process; otherwise the PMI and CQI are
calculated conditioned on the last reported periodic RI and
the last reported periodic CRI.

0 otherwise,

= For transmission modes 4, 8, 9 and 10,

e IfaUE is configured in transmission mode 10 with
a “Rl-reference CSI process™ for a CSI process, and
the most recent type 3 report for the CSI process is
dropped, and a type 3 report for the “'RI-reference
CSl process’ is reported in the most recent RI
reporting instance for the CSI process, the PMI and
CQlI for the CSI process are calculated conditioned
on the reported periodic RI for the configured *'RI-
reference CSI process’ in the most recent RI
reporting instance for the CSI process; otherwise
the PMI and CQI are calculated conditioned on the
last reported periodic RI.
=  For other transmission modes the PMI and CQI are
calculated conditioned on transmission rank 1.
= In the subframe where wideband CQI/second PMI is reported for transmission modes 9
and 10 with 8 CSI-RS ports and submode 1 configured and for transmission modes 8, 9
and 10 with submode 1 and alternativeCodeBookEnabledFor4TX-r12=TRUE
configured, and for transmission modes 9 and 10 with higher layer parameter eMIMO-
Type configured, and eMIMO-Type set to ‘CLASS A’:
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e Asingle precoding matrix is selected from the codebook subset assuming
transmission on set S subbands.

e A UE shall report a type 2b report consisting of

o Asingle wideband CQI value which is calculated assuming the use of
the single precoding matrix in all subbands and transmission on set S
subbands.

0 The wideband second PMI corresponding to the selected single
precoding matrix.

o0 When RI>1, an additional 3-bit wideband spatial differential CQI,
which is shown in Table 7.2-2.

o If the UE is configured with CRI reporting,

o IfaUE is configured in transmission mode 10 with a 'RI-reference
CSI process' for a CSI process, and the most recent type 5 report for
the CSI process is dropped, and a type 5 report for the 'Rl-reference
CSI process' is reported in the most recent RI reporting instance for
the CSI process,

=  The wideband second PMI value for the CSI process is
calculated conditioned on the reported periodic RI and the
wideband first PMI for the configured 'Rl-reference CSI
process' in the most recent RI reporting instance for the CSI
process and the last reported periodic CRI for the CSI
process.

=  The wideband CQI value is calculated conditioned on the
selected precoding matrix for the CSI process and the
reported periodic RI for the configured 'Rl-reference CSI
process' in the most recent RI reporting instance for the CSI
process and the last reported periodic CRI for the CSI
process.

o Otherwise,

»  The wideband second PMI value is calculated conditioned on
the last reported periodic RI and the wideband first PMI and
the last reported periodic CRI.

=  The wideband CQI value is calculated conditioned on the
selected precoding matrix and the last reported periodic RI
and the last reported periodic CRI.

e .otherwise,

o IfaUE is configured in transmission mode 10 with a 'RI-reference
CSI process' for a CSI process, and the most recent type 5 report for
the CSI process is dropped, and a type 5 report for the 'Rl-reference
CSI process' is reported in the most recent RI reporting instance for
the CSI process,

=  The wideband second PMI value for the CSI process is
calculated conditioned on the reported periodic RI and the
wideband first PMI for the configured 'Rl-reference CSI
process' in the most recent RI reporting instance for the CSI
process.

=  The wideband CQI value is calculated conditioned on the
selected precoding matrix for the CSI process and the
reported periodic RI for the configured 'Rl-reference CSI
process' in the most recent RI reporting instance for the CSI
process.
0 Otherwise,

=  The wideband second PMI value is calculated conditioned on
the last reported periodic RI and the wideband first PMI.
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=  The wideband CQI value is calculated conditioned on the
selected precoding matrix and the last reported periodic RI.

= In the subframe where wideband CQI/first PMI/second PMI is reported for transmission
modes 9 and 10 with submode 2 and 8 CSI-RS ports configured without CRI reporting
or 8 CSI-RS ports or 4 CSI-RS ports with alternativeCodeBookEnabledFor4TX-
r12=TRUE in the selected CSI-RS resource and UE is configured with CRI reporting,
and for transmission modes 8, 9 and 10 with submode 2 and
alternativeCodeBookEnabledFor4TX-r12=TRUE configured without CRI reporting:

e Asingle precoding matrix is selected from the codebook subset assuming
transmission on set S subbands.

e A UE shall report a type 2c report consisting of

o Asingle wideband CQI value which is calculated assuming the use of
a single precoding matrix in all subbands and transmission on set S
subbands.

0 The wideband first PMI and the wideband second PMI corresponding
to the selected single precoding matrix as defined in subclause 7.2.4.

o0 When RI>1, an additional 3-bit wideband spatial differential CQI,
which is shown in Table 7.2-2.

e If the UE is configured with CRI reporting,

o Ifa UE is configured in transmission mode 10 with a 'RI-reference
CSI process' for a CSI process, and the most recent type 3 report for
the CSI process is dropped, and a type 3 report for the 'Rl-reference
CSI process' is reported in the most recent RI reporting instance for
the CSI process, the wideband first PMI, the wideband second PMI
and the wideband CQI for the CSI process are calculated conditioned
on the reported periodic RI for the configured 'RI-reference CSI
process' in the most recent RI reporting instance for the CSI process
and the last reported periodic CRI for the CSI process; otherwise the
wideband first PMI, the wideband second PMI and the wideband CQI
are calculated conditioned on the last reported periodic RI and the last
reported periodic CRI.

e  otherwise

o Ifa UE is configured in transmission mode 10 with a 'Rl-reference
CSI process' for a CSI process, and the most recent type 3 report for
the CSI process is dropped, and a type 3 report for the 'Rl-reference
CSl process' is reported in the most recent RI reporting instance for
the CSI process, the wideband first PMI, the wideband second PMI
and the wideband CQI for the CSI process are calculated conditioned
on the reported periodic RI for the configured ‘'RI-reference CSI
process' in the most recent RI reporting instance for the CSI process;
otherwise the wideband first PMI, the wideband second PMI and the
wideband CQI are calculated conditioned on the last reported periodic
RI.

e UE Selected subband feedback
0 Mode 2-0 description:

= In the subframe where RI is reported (only for transmission mode 3, and transmission
mode 9 or 10 without PMI reporting with one configured CSI-RS resource or with more
than one configured CSI-RS resource and the number of CSI-RS ports of the selected
CSI-RS is more than one):

e Ifa UE is configured in transmission mode 10 with a 'Rl-reference CSI
process' for a CSI process, the RI for the CSI process shall be the same as the
RI in the most recent CSI report comprising RI for the configured 'Rl-reference
CSI process' irrespective of subframe sets if configured; otherwise, for
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transmission mode 3 the UE shall determine a Rl assuming transmission on set
S subbands, and for transmission mode 9 or 10 without PMI reporting, the UE
shall determine a Rl assuming transmission on set S subbands conditioned on
the last reported periodic CRI.

e The UE shall report a type 3 report consisting of one RI.

= |n the subframe where Rl and CRI is reported (only for transmission mode 9 or 10
without PMI reporting and number of configured CSI-RS resources more than one and
the number of antenna ports in at least one of the configured CSI-RS resources is more
than one):

e A UE shall determine a CRI assuming transmission on set S subbands.

e Ifa UE is configured in transmission mode 10 with a 'Rl-reference CSI
process' for a CSI process, the RI for the CSI process shall be the same as the
RI in the most recent CSI report comprising RI for the configured 'Rl-reference
CSI process' irrespective of subframe sets if configured; otherwise, the UE
shall determine a RI assuming transmission on set S subbands conditioned on
the reported CRI.

e The UE shall report a type 7 report consisting of one Rl and one CRI.

= In the subframe where CRI is reported (only for transmission mode 9 or 10 with CRI
reporting and the number of antenna ports in each of configured CSI-RS resources is
one):

e A UE shall determine a CRI assuming transmission on set S subbands.
e The UE shall report a typel0 report consisting of one CRI.
= In the subframe where wideband CQI is reported:

e [fthe UE is configured without PMI reporting (only for transmission mode 9
or 10):

o0 Asingle precoding matrix is selected from the codebook subset
assuming transmission on set S subbands.

0 A UE shall report a type 4 report on each respective successive
reporting opportunity consisting of

= Asingle wideband CQI value which is calculated assuming
the use of a single precoding matrix in all subbands and
transmission on set S subbands.

= When RI>1, an additional 3-bit wideband spatial differential
CQI, which is shown in Table 7.2-2.

o If the UE is configured with CRI reporting,

= |faUE is configured in transmission mode 10 with a *'RI-
reference CSI process™ for a CSI process, and the most
recent type 3 report for the CSI process is dropped, and a
type 3 report for the “'RI-reference CSI process™ is reported
in the most recent RI reporting instance for the CSI process,
the subband selection, selected precoding matrix and CQI for
the CSI process are calculated conditioned on the reported
periodic RI for the configured “'RI-reference CSI process™ in
the most recent RI reporting instance for the CSI process and
the last reported periodic CRI for the CSI process; otherwise
the subband selection, selected precoding matrix and CQI are
calculated conditioned on the last reported periodic RI and
the last reported periodic CRI.

o0 otherwise
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= [fa UE is configured in transmission mode 10 with a “'RI-
reference CSI process’ for a CSI process, and the most
recent type 3 report for the CSI process is dropped, and a
type 3 report for the “'RI-reference CSI process™ is reported
in the most recent RI reporting instance for the CSI process,
the subband selection, selected precoding matrix and CQI for
the CSI process are calculated conditioned on the reported
periodic RI for the configured “'RI-reference CSI process™ in
the most recent RI reporting instance for the CSI process;
otherwise the subband selection, selected precoding matrix
and CQI are calculated conditioned on the last reported
periodic RI.

e otherwise,

0 The UE shall report a type 4 report on each respective successive
reporting opportunity consisting of one wideband CQI value which is
calculated assuming transmission on set S subbands. The wideband
CQI represents channel quality for the first codeword, even when
RI>1.

o0 For transmission mode 3 the CQI is calculated conditioned on the last
reported periodic RI. For other transmission modes it is calculated
conditioned on transmission rank 1. If the UE is configured with CRI
reporting, the CQI is calculated conditioned on the last reported
periodic CRI.

= |n the subframe where CQI for the selected subbands is reported:

e |f the UE is configured without PMI reporting (only for transmission mode 9
or 10):

0 The UE shall select the preferred subband within the set of N;
subbands in each of the J bandwidth parts where J is given in Table
7.2.2-2.

0 Asingle precoding matrix is selected from the codebook subset
assuming transmission on on the selected subband within the
applicable bandwidth part.

0 The UE shall report a type 1 report per bandwidth part on each
respective successive reporting opportunity consisting of:

= CQI value for codeword 0 reflecting transmission only over
the selected subband of a bandwidth part determined in the
previous step along with the corresponding preferred
subband L-bit label.

=  When RI>1, an additional 3-bit subband spatial differential
CQI value for codeword 1 offset level

e Codeword 1 offset level = subband CQI index for
codeword 0 — subband CQI index for codeword 1.

= The mapping from the 3-bit subband spatial differential CQI
value to the offset level is shown in Table 7.2-2.

o If the UE is configured with CRI reporting,

= [faUE is configured in transmission mode 10 with a “'RI-
reference CSI process’ for a CSI process, and the most
recent type 3 report for the CSI process is dropped, and a
type 3 report for the “'RI-reference CSI process™ is reported
in the most recent RI reporting instance for the CSI process,
the selected precoding matrix and CQI for the CSI process
are calculated conditioned on the reported periodic RI for the
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configured “'Rl-reference CSI process’ in the most recent RI
reporting instance for the CSI process and the last reported
periodic CRI for the CSI process; otherwise the selected
precoding matrix and CQI are calculated conditioned on the
last reported periodic RI and the last reported periodic CRI.

0 otherwise,

= [fa UE is configured in transmission mode 10 with a “'RI-
reference CSI process™ for a CSI process, and the most
recent type 3 report for the CSI process is dropped, and a
type 3 report for the “'RI-reference CSI process’ is reported
in the most recent RI reporting instance for the CSI process,
the selected precoding matrix and CQI for the CSI process
are calculated conditioned on the reported periodic Rl for the
configured “'Rl-reference CSI process’ in the most recent RI
reporting instance for the CSI process; otherwise the selected
precoding matrix and CQI are calculated conditioned on the
last reported periodic RI.

e otherwise,

0 The UE shall select the preferred subband within the set of Nj

subbands in each of the J bandwidth parts where J is given in Table
7.2.2-2.

0 The UE shall report a type 1 report consisting of one CQI value
reflecting transmission only over the selected subband of a bandwidth
part determined in the previous step along with the corresponding
preferred subband L-bit label. A type 1 report for each bandwidth part
will in turn be reported in respective successive reporting
opportunities. The CQI represents channel quality for the first
codeword, even when RI>1.

o0 For transmission mode 3 the preferred subband selection and CQI
values are calculated conditioned on the last reported periodic RI. For
other transmission modes they are calculated conditioned on
transmission rank 1. If the UE is configured with CRI reporting, the
preferred subband selection and CQI values are calculated
conditioned on the last reported periodic CRI.

0 Mode 2-1 description:

= In the subframe where RI is reported for transmission mode 4, transmission mode 8
except with alternativeCodeBookEnabledFor4TX-r12=TRUE configured, transmission
modes 9 and 10 with 2 CSI-RS ports, and transmission modes 9 and 10 with 4 CSI-RS
ports except with alternativeCodeBookEnabledFor4TX-r12=TRUE configured, and for
transmission modes 9 and 10 with higher layer parameter eMIMO-Type configured,
eMIMO-Type set to ‘CLASS B’, one CSI-RS resource configured, with higher layer
parameter alternativeCodebookEnabledCLASSB_K1=TRUE:

e If a UE is configured with CRI reporting,

o IfaUE is configured in transmission mode 10 with a 'RI-reference
CSlI process' for a CSI process, the RI for the CSI process shall be the
same as the RI in the most recent CSI report comprising RI for the
configured 'RI-reference CSI process' irrespective of subframe sets if
configured; otherwise, the UE shall determine a Rl assuming
transmission on set S subbands conditioned on the last reported
periodic CRI.

e otherwise,

o IfaUE is configured in transmission mode 10 with a 'RI-reference
CSI process' for a CSI process, the RI for the CSI process shall be the
same as the RI in the most recent CSI report comprising RI for the
configured 'RI-reference CSI process' irrespective of subframe sets if
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configured; otherwise, the UE shall determine a Rl assuming
transmission on set S subbands.

e The UE shall report a type 3 report consisting of one RI.

In the subframe where R1 and PTI are reported, for transmission modes 9 and 10 with 8
CSI-RS ports configured and higher layer parameter eMIMO-Type not configured, or
for transmission modes 9 and 10 with 8 CSI-RS ports or 4 CSI-RS ports with
alternativeCodeBookEnabledFor4TX-r12=TRUE in the selected CSI-RS resource and
UE is configured with CRI reporting, or for transmission modes 9 and 10 with 8 CSI-
RS ports configured and UE is configured with higher layer parameter eMIMO-Type,
and eMIMO-Type is set to ‘CLASS B’, and one CSI-RS resource configured, and
except with higher layer parameter alternativeCodebookEnabledCLASSB_K1=TRUE
configured, or for transmission modes 9 and 10 with higher layer parameter eMIMO-
Type configured, and eMIMO-Type set to ‘CLASS A’,or for transmission modes 8, 9
and 10 with alternativeCodeBookEnabledFor4TX-r12=TRUE configured without CRI
reporting then:

e Ifa UE is configured with CRI reporting,

o IfaUE is configured in transmission mode 10 with a 'RI-reference
CSl process' for a CSI process, the RI for the CSI process shall be the
same as the RI in the most recent CSI report comprising RI for the
configured 'RI-reference CSI process' irrespective of subframe sets if
configured; otherwise, the UE shall determine a Rl assuming
transmission on set S subbands conditioned on the last reported
periodic CRI.

o IfaUE is configured in transmission mode 10 with a 'RI-reference
CSI process' for a CSI process, the PTI for the CSI process shall be
the same as the PTI in the most recent type 6 report for the configured
‘Rl-reference CSI process'; otherwise, the UE shall determine a
precoder type indication (PTI) conditioned on the last reported
periodic CRI.

e otherwise,

o Ifa UE is configured in transmission mode 10 with a 'Rl-reference
CSI process' for a CSI process, the RI for the CSI process shall be the
same as the RI in the most recent CSI report comprising RI for the
configured 'Rl-reference CSI process' irrespective of subframe sets if
configured; otherwise, the UE shall determine a Rl assuming
transmission on set S subbands.

o Ifa UE is configured in transmission mode 10 with a 'Rl-reference
CSl process' for a CSI process, the PTI for the CSI process shall be
the same as the PTI in the most recent type 6 report for the configured
'Rl-reference CSI process'; otherwise, the UE shall determine a
precoder type indication (PTI).

e The PTI for the CSI process shall be equal to 1 if the RI reported jointly with
the PTI is greater than 2 for transmission modes 8, 9, 10 with
alternativeCodeBookEnabledFor4TX-r12=TRUE configured.

e The UE shall report a type 6 report consisting of one Rl and the PTI.
In the subframe where RI and CRI is reported for transmission modes 9 and 10 with

parameter eMIMO-Type configured by higher layers, and eMIMO-Type is set to
‘CLASS B’, and the number of configured CSI-RS resources is more than one:

e A UE shall determine a CRI assuming transmission on set S subbands.

e Ifa UE is configured in transmission mode 10 with a 'RI-reference CSI
process' for a CSI process, the RI for the CSI process shall be the same as the
R1 in the most recent CSI report comprising RI for the configured 'Ri-reference
CSI process' irrespective of subframe sets if configured; otherwise, the UE
shall determine a RI assuming transmission on set S subbands conditioned on
the reported CRI for the CSI process.

3GPP

Samsung Exhibit 1013, Page 130 of 381
Samsung Electronics Co., Ltd. v. Asus Technology Licensing Inc.
IPR2024-01036



Release 13 131 3GPP TS 36.213 V13.2.0 (2016-06)

e If each of the maximum number of ports in the configured CSI-RS resources is
2, or 4 except with alternativeCodeBookEnabledFor4TX-r12=TRUE
configured,

0 The UE shall report a type 7 report consisting of one RI and one CRI.

e otherwise,

o IfaUE is configured in transmission mode 10 with a 'Rl-reference
CSI process' for a CSI process, the PTI for the CSI process shall be
the same as the PTI in the most recent type 6 report for the configured
'Rl-reference CSI process'; otherwise, the UE shall determine a
precoder type indication (PTI) conditioned on the reported CRI for
the CSI process.

o Ifthe configured CSI-RS resource corresponding to the determined
CRI comprises 2 CSI-RS ports or 4 CSI-RS ports except with
alternativeCodeBookEnabledFordTX-r12=TRUE configured, PTI is
fixed to zero.

0 The PTI for the CSI process shall be equal to 1 if the RI reported
jointly with the PTI is greater than 2 for transmission modes 9, 10
with alternativeCodeBookEnabledFor4TX-r12=TRUE configured.

0 The UE shall report a type 9 report consisting of one CRI, RI, and the
PTI.

= In the subframe where wideband CQI/PMI is reported for all transmission modes except
with
e UE is configured with higher layer parameter eMIMO-Type, and eMIMO-Type
is set to ‘CLASS A’, or

e 8 CSI-RS ports configured for transmission modes 9 and 10, or with
alternativeCodeBookEnabledFor4TX-r12=TRUE configured for transmission
modes 8, 9 and 10, if the UE is not configured with higher layer parameter
eMIMO-Type, or UE is configured with CRI reporting, or UE is configured
with higher layer parameter eMIMO-Type, and eMIMO-Type is set to ‘CLASS
B’, and one CSI-RS resource configured, and except with higher layer
parameter alternativeCodebookEnabledCLASSB_K1=TRUE configured:

0 Asingle precoding matrix is selected from the codebook subset
assuming transmission on set S subbands.

0 A UE shall report a type 2 report on each respective successive
reporting opportunity consisting of:

= A wideband CQI value which is calculated assuming the use
of a single precoding matrix in all subbands and transmission
on set S subbands.

=  The selected single PMI (wideband PMI).

=  When RI>1, an additional 3-bit wideband spatial differential
CQlI, which is shown in Table 7.2-2.

e If the UE is configured with CRI reporting,

o Ifa UE is configured in transmission mode 10 with a 'RI-reference
CSI process' for a CSI process, and the most recent type 3 report for
the CSI process is dropped, and a type 3 report for the 'Rl-reference
CSI process' is reported in the most recent RI reporting instance for
the CSI process, the PMI and CQI values for the CSI process are
calculated conditioned on the reported periodic Rl for the configured
‘Rl-reference CSI process' in the most recent RI reporting instance for
the CSI process and the last reported periodic CRI for the CSI
process; otherwise the PMI and CQI values are calculated conditioned
on the last reported periodic RI and the last reported periodic CRI.
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e otherwise,
o For transmission modes 4, 8, 9 and 10,

= [faUE s configured in transmission mode 10 with a 'RI-
reference CSI process' for a CSI process, and the most recent
type 3 report for the CSI process is dropped, and a type 3
report for the ‘RI-reference CSI process' is reported in the
most recent RI reporting instance for the CSI process, the
PMI and CQI values for the CSI process are calculated
conditioned on the reported periodic RI for the configured
'Rl-reference CSI process' in the most recent RI reporting
instance for the CSI process; otherwise the PMI and CQI
values are calculated conditioned on the last reported
periodic RI.

o For other transmission modes the PMI and CQI values are calculated
conditioned on transmission rank 1.

= |n the subframe where the wideband first PMI is reported for transmission modes 9 and
10 with 8 CSI-RS ports configured and higher layer parameter eMIMO-Type not
configured, or for transmission modes 9 and 10 with 8 CSI-RS ports or 4 CSI-RS ports
with alternativeCodeBookEnabledFor4TX-r12=TRUE in the selected CSI-RS resource
and UE is configured with CRI reporting, or for transmission modes 9 and 10 with 8
CSI-RS ports configured and UE is configured with higher layer parameter eMIMO-
Type, and eMIMO-Type is set to ‘CLASS B’, and one CSI-RS resource configured, and
except with higher layer parameter alternativeCodebookEnabledCLASSB_K1=TRUE
configured, or for transmission modes 9 and 10 with higher layer parameter eMIMO-
Type configured, and eMIMO-Type set to ‘CLASS A’, or for transmission modes 8, 9
and 10 with alternativeCodeBookEnabledFor4TX-r12=TRUE configured without CRI
reporting:
e A set of precoding matrices corresponding to the wideband first PMI is
selected from the codebook subset assuming transmission on set S subbands.

e A UE shall report a type 2a report on each respective successive reporting
opportunity consisting of the wideband first PMI corresponding to the selected
set of precoding matrices.

e If the UE is configured with CRI reporting,

o IfaUE is configured in transmission mode 10 with a 'Rl-reference
CSI process' for a CSI process, and the most recent type 6 report for
the CSI process is dropped, and a type 6 report for the 'Rl-reference
CSI process' with PT1=0 is reported in the most recent RI reporting
instance for the CSI process, the wideband first PMI value for the CSI
process is calculated conditioned on the reported periodic RI for the
configured 'RI-reference CSI process' in the most recent RI reporting
instance for the CSI process and the last reported periodic CRI for the
CSI process; otherwise with the last reported PT1=0, the wideband
first PMI value is calculated conditioned on the last reported periodic
RI and the last reported periodic CRI.

e otherwise,

o IfaUE is configured in transmission mode 10 with a 'RI-reference
CSI process' for a CSI process, and the most recent type 6 report for
the CSI process is dropped, and a type 6 report for the 'Rl-reference
CSI process' with PT1=0 is reported in the most recent RI reporting
instance for the CSI process, the wideband first PMI value for the CSI
process is calculated conditioned on the reported periodic RI for the
configured 'Rl-reference CSI process' in the most recent RI reporting
instance for the CSI process; otherwise with the last reported PTI1=0,

3GPP

Samsung Exhibit 1013, Page 132 of 381
Samsung Electronics Co., Ltd. v. Asus Technology Licensing Inc.
IPR2024-01036



Release 13 133 3GPP TS 36.213 V13.2.0 (2016-06)

the wideband first PMI value is calculated conditioned on the last
reported periodic RI.

= In the subframe where wideband CQI/second PMI is reported, for transmission modes 9
and 10 with 8 CSI-RS ports configured and higher layer parameter eMIMO-Type not
configured, or for transmission modes 9 and 10 with 8 CSI-RS ports or 4 CSI-RS ports
with alternativeCodeBookEnabledFor4TX-r12=TRUE in the selected CSI-RS resource
and UE is configured with CRI reporting, or for transmission modes 9 and 10 with 8
CSI-RS ports configured and UE is configured with higher layer parameter eMIMO-
Type, and eMIMO-Type is set to “CLASS B’, and one CSI-RS resource configured, and
except with higher layer parameter alternativeCodebookEnabledCLASSB_K1=TRUE
configured, or for transmission modes 9 and 10 with higher layer parameter eMIMO-
Type configured, and eMIMO-Type set to ‘CLASS A’,or for transmission modes 8,9,
and 10 with alternativeCodeBookEnabledFordTX-r12=TRUE configured without CRI
reporting:

e Asingle precoding matrix is selected from the codebook subset assuming
transmission on set S subbands.

e A UE shall report a type 2b report on each respective successive reporting
opportunity consisting of:

o0 A wideband CQI value which is calculated assuming the use of the
selected single precoding matrix in all subbands and transmission on
set S subbands.

0 The wideband second PMI corresponding to the selected single
precoding matrix.

0 When RI>1, an additional 3-bit wideband spatial differential CQI,
which is shown in Table 7.2-2.

e If the UE is configured with CRI reporting,

o Ifa UE is configured in transmission mode 10 with a 'RI-reference
CSI process' for a CSI process, and the most recent type 6 report for
the CSI process is dropped, and a type 6 report for the 'Rl-reference
CSI process' with PTI1=1 is reported in the most recent RI reporting
instance for the CSI process,

»  The wideband second PMI value for the CSI process is
calculated conditioned on the reported periodic RI for the
configured 'RI-reference CSI process' in the most recent Rl
reporting instance for the CSI process and the last reported
wideband first PMI for the CSI process and the last reported
periodic CRI for the CSI process,

=  The wideband CQI value is calculated conditioned on the
selected precoding matrix for the CSI process and the
reported periodic RI for the configured 'Rl-reference CSI
process' in the most recent RI reporting instance for the CSI
process and the last reported periodic CRI for the CSI
process.

0 Otherwise, with the last reported PTI=1,

»  The wideband second PMI value is calculated conditioned on
the last reported periodic RI and the wideband first PMI and
the last reported periodic CRI.

= The wideband CQI value is calculated conditioned on the
selected precoding matrix and the last reported periodic Rl
and the last reported periodic CRI.

e otherwise,
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o IfaUE is configured in transmission mode 10 with a 'Rl-reference
CSI process' for a CSI process, and the most recent type 6 report for
the CSI process is dropped, and a type 6 report for the 'Rl-reference
CSI process' with PTI1=1 is reported in the most recent RI reporting
instance for the CSI process,

=  The wideband second PMI value for the CSI process is
calculated conditioned on the reported periodic RI for the
configured 'RI-reference CSI process' in the most recent RI
reporting instance for the CSI process and the last reported
wideband first PMI for the CSI process,

=  The wideband CQI value is calculated conditioned on the
selected precoding matrix for the CSI process and the
reported periodic RI for the configured 'Rl-reference CSI
process' in the most recent RI reporting instance for the CSI
process.

0 Otherwise, with the last reported PTI=1,

= The wideband second PMI value is calculated conditioned on
the last reported periodic RI and the wideband first PMI.

=  The wideband CQI value is calculated conditioned on the
selected precoding matrix and the last reported periodic RI.

o If the last reported first PMI was computed under an RI assumption that differs
from the last reported periodic RI, or in the absence of a last reported first PMI,
the conditioning of the second PMI value is not specified.

= In the subframe where CQI for the selected subband is reported for all transmission
modes except with

e UE is configured with higher layer parameter eMIMO-Type, and eMIMO-Type
is setto ‘CLASS A’, or

e 8 CSI-RS ports configured for transmission modes 9 and 10, or with
alternativeCodeBookEnabledFordTX-r12=TRUE configured for transmission
modes 8, 9 and 10, if the UE is not configured with higher layer parameter
eMIMO-Type, or UE is configured with CRI reporting, or UE is configured
with higher layer parameter eMIMO-Type, and eMIMO-Type is set to ‘CLASS
B’, and one CSI-RS resource configured, and except with higher layer
parameter alternativeCodebookEnabledCLASSB_K1=TRUE configured:

0 The UE shall select the preferred subband within the set of N;
subbands in each of the J bandwidth parts where J is given in Table
7.2.2-2.

0 The UE shall report a type 1 report per bandwidth part on each
respective successive reporting opportunity consisting of:

= CQI value for codeword 0 reflecting transmission only over
the selected subband of a bandwidth part determined in the
previous step along with the corresponding preferred
subband L-bit label.

=  When RI>1, an additional 3-bit subband spatial differential
CQI value for codeword 1 offset level

e Codeword 1 offset level = subband CQI index for
codeword 0 — subband CQI index for codeword 1.

e  Assuming the use of the most recently reported
single precoding matrix in all subbands and
transmission on the selected subband within the
applicable bandwidth part.
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=  The mapping from the 3-bit subband spatial differential CQI
value to the offset level is shown in Table 7.2-2.

e If the UE is configured with CRI reporting,

o FIfaUE is configured in transmission mode 10 with a 'Rl-reference
CSI process' for a CSI process, and the most recent type 3 report for
the CSI process is dropped, and a type 3 report for the 'Rl-reference
CSI process' is reported in the most recent RI reporting instance for
the CSI process, the subband selection and CQI values for the CSI
process are calculated conditioned on the last reported periodic
wideband PMI for the CSI process and the reported periodic RI for
the configured 'RI-reference CSI process' in the most recent Rl
reporting instance for the CSI process and the last reported periodic
CRI for the CSI process; otherwise the subband selection and CQI
values are calculated conditioned on the last reported periodic
wideband PMI, Rl and CRI.

e otherwise,
o For transmission modes 4, 8, 9 and 10,

= |faUE is configured in transmission mode 10 with a 'RI-
reference CSI process' for a CSI process, and the most recent
type 3 report for the CSI process is dropped, and a type 3
report for the 'Ri-reference CSI process' is reported in the
most recent RI reporting instance for the CSI process, the
subband selection and CQI values for the CSI process are
calculated conditioned on the last reported periodic
wideband PMI for the CSI process and the reported periodic
RI for the configured 'Rl-reference CSI process' in the most
recent RI reporting instance for the CSI process; otherwise
the subband selection and CQI values are calculated
conditioned on the last reported periodic wideband PMI and
RI.

o For other transmission modes the subband selection and CQI values
are calculated conditioned on the last reported PMI and transmission
rank 1.

= In the subframe where wideband CQI/second PMI is reported, for transmission modes 9
and 10 with 8 CSI-RS ports configured and higher layer parameter eMIMO-Type not
configured, or for transmission modes 9 and 10 with 8 CSI-RS ports configured and UE
is configured with CRI reporting, or for transmission modes 9 and 10 with 8 CSI-RS
ports or 4 CSI-RS ports with alternativeCodeBookEnabledFor4TX-r12=TRUE in the
selected CSI-RS resource and UE is configured with higher layer parameter eMIMO-
Type, and eMIMO-Type is set to “CLASS B’, and one CSI-RS resource configured, and
except with higher layer parameter alternativeCodebookEnabledCLASSB_K1=TRUE
configured, or for transmission modes 9 and 10 with higher layer parameter eMIMO-
Type configured, and eMIMO-Type set to ‘CLASS A’,or for transmission modes 8, 9
and 10 with alternativeCodeBookEnabledFordTX-r12=TRUE configured without CRI
reporting:

e Asingle precoding matrix is selected from the codebook subset assuming
transmission on set S subbands.

e The UE shall report a type 2b report on each respective successive reporting
opportunity consisting of:

0 A wideband CQI value which is calculated assuming the use of the
selected single precoding matrix in all subbands and transmission on
set S subbands.
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0 The wideband second PMI corresponding to the selected single
precoding matrix.

0 When RI>1, an additional 3-bit wideband spatial differential CQI,
which is shown in Table 7.2-2.

If the UE is configured with CRI reporting,

o Ifa UE is configured in transmission mode 10 with a 'RI-reference
CSI process' for a CSI process, and the most recent type 6 report for
the CSI process is dropped, and a type 6 report for the 'Rl-reference
CSI process' with PT1=0 is reported in the most recent RI reporting
instance for the CSI process,

=  The wideband second PMI value for the CSI process is
calculated conditioned on the reported periodic RI for the
configured 'Rl-reference CSI process' in the most recent RI
reporting instance for the CSI process and the last reported
wideband first PMI for the CSI process and the last reported
periodic CRI for the CSI process.

= The wideband CQI value is calculated conditioned on the
selected precoding matrix for the CSI process and the
reported periodic RI for the configured 'Rl-reference CSI
process' in the most recent RI reporting instance for the CSI
process and the last reported periodic CRI for the CSI
process.

o0 otherwise, with the last reported PTI=0,

=  The wideband second PMI value is calculated conditioned on
the last reported periodic RI and the wideband first PMI and
the last reported periodic CRI.

= The wideband CQI value is calculated conditioned on the
selected precoding matrix and the last reported periodic Rl
process and the last reported periodic CRI.

otherwise,

o0 IfaUE is configured in transmission mode 10 with a 'Rl-reference
CSI process' for a CSI process, and the most recent type 6 report for
the CSI process is dropped, and a type 6 report for the 'Rl-reference
CSI process' with PT1=0 is reported in the most recent RI reporting
instance for the CSI process,

=  The wideband second PMI value for the CSI process is
calculated conditioned on the reported periodic RI for the
configured 'RI-reference CSI process' in the most recent Rl
reporting instance for the CSI process and the last reported
wideband first PMI for the CSI process.

= The wideband CQI value is calculated conditioned on the
selected precoding matrix for the CSI process and the
reported periodic RI for the configured 'Rl-reference CSI
process' in the most recent RI reporting instance for the CSI
process.

0 Otherwise, with the last reported PTI=0,

=  The wideband second PMI value is calculated conditioned on
the last reported periodic RI and the wideband first PMI.

=  The wideband CQI value is calculated conditioned on the
selected precoding matrix and the last reported periodic RI.
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o If the last reported first PMI was computed under an RI assumption that differs
from the last reported periodic RI, or in the absence of a last reported first PMI,
the conditioning of the second PMI value is not specified.

In the subframe where subband CQl/second PMI for the selected subband is reported,
for transmission modes 9 and 10 with 8 CSI-RS ports or 4 CSI-RS ports with
alternativeCodeBookEnabledFor4TX-r12=TRUE in the selected CSI-RS resource and
higher layer parameter eMIMO-Type not configured, or for transmission modes 9 and
10 with 8 CSI-RS ports configured and UE is configured with CRI reporting, or for
transmission modes 9 and 10 with 8 CSI-RS ports configured and UE is configured with
higher layer parameter eMIMO-Type, and eMIMO-Type is set to ‘CLASS B’, and one
CSI-RS resource configured, and except with higher layer parameter
alternativeCodebookEnabledCLASSB_K1=TRUE configured, or for transmission
modes 9 and 10 with higher layer parameter eMIMO-Type configured, and eMIMO-
Type set to “CLASS A’,or for transmission modes 8, 9 and 10 with
alternativeCodeBookEnabledFor4TX-r12=TRUE configured without CRI reporting:

e  The UE shall select the preferred subband within the set of N; subbands in each
of the J bandwidth parts where J is given in Table 7.2.2-2.

e The UE shall report a type 1a report per bandwidth part on each respective
successive reporting opportunity consisting of:

0 CQI value for codeword 0 reflecting transmission only over the
selected subband of a bandwidth part determined in the previous step
along with the corresponding preferred subband L-bit label.

0 When RI>1, an additional 3-bit subband spatial differential CQI value
for codeword 1 offset level

=  Codeword 1 offset level = subband CQI index for codeword 0
— subband CQI index for codeword 1.

= Assuming the use of the precoding matrix corresponding to the
selected second PMI and the most recently reported first PMI
and transmission on the selected subband within the applicable
bandwidth part.

0 The mapping from the 3-bit subband spatial differential CQI value to
the offset level is shown in Table 7.2-2.

0 Asecond PMI of the preferred precoding matrix selected from the
codebook subset assuming transmission only over the selected
subband within the applicable bandwidth part determined in the
previous step.

e If the UE is configured with CRI reporting,

o Ifa UE is configured in transmission mode 10 with a 'RI-reference
CSI process' for a CSI process, and the most recent type 6 report for
the CSI process is dropped, and a type 6 report for the 'Rl-reference
CSI process' with PTI=1 is reported in the most recent RI reporting
instance for the CSI process,

= The subband second PMI values for the CSI process are
calculated conditioned on the reported periodic RI for the
configured 'Rl-reference CSI process' in the most recent RI
reporting instance for the CSI process and the last reported
wideband first PMI for the CSI process and the last reported
periodic CRI for the CSI process.

= The subband selection and CQI values are calculated
conditioned on the selected precoding matrix for the CSI
process and the reported periodic RI for the configured 'RI-
reference CSI process' in the most recent RI reporting
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instance for the CSI process and the last reported periodic
CRI for the CSI process.

0 Otherwise, with the last reported PT1=1

= The subband second PMI values are calculated conditioned
on the last reported periodic RI and the wideband first PMI
and the last reported periodic CRI.

= The subband selection and CQI values are calculated
conditioned on the selected precoding matrix and the last
reported periodic RI and the last reported periodic CRI.

e otherwise,

o Ifa UE is configured in transmission mode 10 with a 'RI-reference
CSI process' for a CSI process, and the most recent type 6 report for
the CSI process is dropped, and a type 6 report for the 'Rl-reference
CSI process' with PTI=1 is reported in the most recent RI reporting
instance for the CSI process,

= The subband second PMI values for the CSI process are
calculated conditioned on the reported periodic RI for the
configured 'Rl-reference CSI process' in the most recent RI
reporting instance for the CSI process and the last reported
wideband first PMI for the CSI process.

=  The subband selection and CQI values are calculated
conditioned on the selected precoding matrix for the CSI
process and the reported periodic RI for the configured 'RI-
reference CSI process' in the most recent RI reporting
instance for the CSI process.

0 Otherwise, with the last reported PTI=1

=  The subband second PMI values are calculated conditioned
on the last reported periodic Rl and the wideband first PMI.

= The subband selection and CQI values are calculated
conditioned on the selected precoding matrix and the last
reported periodic RI.

o If the last reported first PMI was computed under an RI assumption that differs
from the last reported periodic RI, or in the absence of a last reported first PMI,
the conditioning of the second PMI value is not specified.

Table 7.2.2-2: Subband Size (k) and Bandwidth Parts (J) vs. Downlink System Bandwidth

System Bandwidth NJ5 | Subband Size k (RBs) | Bandwidth Parts (J)
67 NA NA
8-10 4 1
11-26 4 2
27-63 6 3
64 — 110 8 4

For a BL/CE UE, the periodic CSI reporting modes are described as following:
- Wideband feedback
0 Mode 1-0 description:

= In the subframe where CQI is reported:
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e A UE shall report a type 4 report consisting of one wideband CQI value which is
calculated assuming transmission on all narrowband(s) in the CSI reference
resource. The wideband CQI is calculated conditioned on transmission rank 1.

0 Mode 1-1 description:

= In the subframe where CQI/PMI is reported:

e Asingle precoding matrix is selected from the codebook subset assuming
transmission on all narrowband(s) in the CSI reference resource. The PMI is
calculated conditioned on transmission rank 1.

e A UE shall report a type 2 report consisting of

0 Asingle wideband CQI value which is calculated assuming the use of a
single precoding matrix in all narrowband(s) in the CSI reference resource
and transmission on all narrowband(s) in the CSI reference resource. The
wideband CQI is calculated conditioned on transmission rank 1.

0 The selected single PMI (wideband PMI).

If parameter ttiBundling provided by higher layers is set to TRUE and if an UL-SCH in subframe bundling operation
collides with a periodic CSI reporting instance, then the UE shall drop the periodic CSI report of a given PUCCH
reporting type in that subframe and shall not multiplex the periodic CSI report payload in the PUSCH transmission in
that subframe. A UE is not expected to be configured with simultaneous PUCCH and PUSCH transmission when UL-

SCH subframe bundling is configured.
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Table 7.2.2-3: PUCCH Reporting Type Payload size per PUCCH Reporting Mode and Mode State

et PUCCH Reporting Modes
Reporting Reported Mode State Mc.)de 1'} Mt?de 2‘} Mc.)de l-? M(?de 2-(3
Type (bits/BP" | (bits/BP* | (bits/BP* | (bits/BP
) ) ) )
L Sub-band RI=1 NA 4+L NA ::ll__l
CQl RI>1 NA 7+L NA 7412
8 antenna ports or 8/12/16 antenna ports with
codebookConfig={2,3,4}, RI = 1 NA 8+L NA NA
8 antenna ports or 8/12/16 antenna ports with
codebookConfig={2,3,4}, L <RI <5 NA 9L NA NA
8 antenna ports or 8/12/16 antenna ports with
codebookConfig={1,2,3,4} RI > 4 NA L NA NA
Sub-band CQI 8/12/16 antenna ports with codebookConfig=1,
1a / second PMI RI=1 NA 6+L NA NA
8/12/16 antenna port;lviltg codebookConfig=1, NA 0+l NA NA
8/12/16 antenna ports with codebookConfig=1,
2<RI<5 NA 8+L NA NA
4 antenna ports RI=1 NA 8+L NA NA
4 antenna ports 1<RI<4 NA 9+L NA NA
2 antenna ports RI = 1 6 6 NA NA
4 antenna ports RI = 1, Note® 8 8 NA NA
2 antenna ports Rl > 1 8 8 NA NA
4 antenna ports RI > 1, Note® 11 11 NA NA
4 antenna ports RI = 1, Note® 7 7 NA NA
2 Wideband 4 antenna ports RI = 2, Note® 10 10 NA NA
CQI/PMI 4 antenna ports RI = 3, Note® 9 9 NA NA
4 antenna ports RI = 4, Note® 8 8 NA NA
8 antenna ports RI = 1 8 8 NA NA
8 antenna ports 1<RI<4 11 11 NA NA
8 antenna ports Rl =4 10 10 NA NA
8 antenna ports RI > 4 7 7 NA NA
8 antenna ports Rl <3 NA 4 NA NA
8 antenna ports 2<RI <8 NA 2 NA NA
8 antenna ports Rl = 8 NA 0 NA NA
. 4 antenna ports 1<RI<2 NA 4 NA NA
2a \A?i?setbsm 4 antenna ports 2<RI<4 NA NA NA NA
8/12/16 antenna ports with codebookConfig=1, 3 3
Note Note NA NA
1<RI<8
8/12/16 antenna ports with " 4
codebookConfig={2,3,4} Note Note NA NA
8 antenna ports or 8/12/16 antenna ports with
codebookConfig = {2,3,4}, RI=1 8 8 NA NA
8 antenna ports or 8/12/16 antenna ports with
codebookConfig = {2,3,4}, 1 <RI < 4 1n 1 NA NA
8 antenna ports or 8/12/16 antenna ports with
codebookConfig = {2,3,4}, RI = 4 10 10 NA NA
8 antenna ports or 8/12/16 antenna ports with 7 7 NA NA
2b Wideband CQI codebookConfig = {1,2,3,4}, RI > 4
/ second PMI 4 antenna ports RI=1 8 8 NA NA
4 antenna port 1<RI<4 11 11 NA NA
8/12/16 antenna port%\,:t;] codebookConfig=1, 6 6 NA NA
8/12/16 antenna port;lviltg codebookConfig=1, 9 9 NA NA
8/12/16 antenna ports with codebookConfig=1,
2<RI<5 8 8 NA NA
8 antenna ports RI = 1 8 NA NA NA
. 8 antenna ports 1 <RI <4 11 NA NA NA
Wlde_band cal 8 antenna ports 4 <RI <7 9 NA NA NA
2c / first PMI
/ second PMI 8 antenna ports Rl = 8 7 NA NA NA
4 antenna ports RI=1 8 NA NA NA
4 antenna port 1<RI<4 11 NA NA NA
2/4 antenna ports, 2-layer spatial multiplexing 1 1 1 1
) . . NA® NA*
8 antenna ports, 2-layer spatial multiplexing 1 NA 12 12
3 RI 4 antenna ports, 4-layer spatial multiplexing 2 2 2 2
) . ) NA! NA®
8 antenna ports, 4-layer spatial multiplexing 2 NA 22 2
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8-layer spatial multiplexing 3 NA N3,§1 N3'§l
12/16 antenna ports, 2-layer spatial
multiplexing 1 NA NA NA
12/16 antenna p_orts,_4-|ayer spatial 2 NA NA NA
multiplexing
12/16 antenna p_orts,_8-|ayer spatial 3 NA NA NA
multiplexing
RI =1 or RI>1, without PMI/RI reporting NA NA 4 4
4 Wideband CQI RI = 1 without PMI reporting NA NA 4 4
RI>1 without PMI reporting NA NA 7 7
8 antenna ports, 2-layer spatial multiplexing 4
8 antenna ports, 4 and 8-layer spatial 5
5 RI/ first PMI multiplexing NA NA NA
4 antenna ports, 2-layer spatial multiplexing 4
4 antenna ports, 4-layer spatial multiplexing 5
8 antenna ports, 2-layer spatial multiplexing NA 2 NA NA
6 RI/PTI 8 antenna ports, 4-layer spatial multiplexing NA 3 NA NA
8 antenna ports, 8-layer spatial multiplexing NA 4 NA NA
4 antenna ports, 2-layer spatial multiplexing NA 2 NA NA
4 antenna ports, 4-layer spatial multiplexing NA 3 NA NA
2-layer spatial multiplexing k+1 k+1 k+1 k+1
7 CRI/RI 4-layer spatial multiplexing k+2 k+2 k+2 k+2
8-layer spatial multiplexing k+3 k+3 k+3 k+3
) 2-layer spatial multiplexing k+4 NA NA NA
8 CRIRIfirst PMI 4 and 8-layer spatial multiplexing k+5 NA NA NA
2-layer spatial multiplexing NA k+2 NA NA
9 CRI/RI/PTI 4-layer spatial multiplexing NA k+3 NA NA
8-layer spatial multiplexing NA k+4 NA NA
10 CRI Without PMI/RI reporting NA NA k k
NOTE " For wideband CQI reporting types, the stated payload size applies to the full bandwidth.
NOTE 1: Without PMI/RI reporting
NOTE 2: Without PMI reporting k = ﬂogz(K)—| where K is the number of configured CSI-RS resources
NOTE 3: Sum of Wideband first PMI i1,1 bit width and Wideband first PMI i1,2 bit width in Table 5.2.3.3.2-3B-1 of [4]
with PTI=0
NOTE 4: Sum of Wideband first PMI i1,1 bit width and Wideband first PMI i1,2 bit width in Table 5.2.3.3.2-3B-2 of [4]
with PTI=0
NOTE 5: Not configured with parameter eMIMO-Type by higher-layers
NOTE 6: Configured with parameter eMIMO-Type by higher-layers
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7.2.3 Channel Quality Indicator (CQI) definition

The CQI indices and their interpretations are given in Table 7.2.3-1 for reporting CQI based on QPSK, 16QAM and
64QAM. The CQI indices and their interpretations are given in Table 7.2.3-2 for reporting CQI based on QPSK,
16QAM, 64QAM and 256QAM. The CQI indices and their interpretations are given in Table 7.2.3-3 for reporting CQI
based on QPSK and 16QAM.

For a non-BL/CE UE, based on an unrestricted observation interval in time unless specified otherwise in this subclause,
and an unrestricted observation interval in frequency, the UE shall derive for each CQI value reported in uplink
subframe n the highest CQI index between 1 and 15 in Table 7.2.3-1 or Table 7.2.3-2 which satisfies the following
condition, or CQI index 0 if CQI index 1 does not satisfy the condition:

- Asingle PDSCH transport block with a combination of modulation scheme and transport block size
corresponding to the CQI index, and occupying a group of downlink physical resource blocks termed the CSI
reference resource, could be received with a transport block error probability not exceeding 0.1.

For a BL/CE UE, based on an unrestricted observation interval in time and frequency, the UE shall derive for each CQI
value the highest CQI index between 1 and 10 in Table 7.2.3-3 which satisfies the following condition, or CQI index 0
if CQI index 1 does not satisfy the condition:

- Asingle PDSCH transport block with a combination of modulation scheme and transport block size
corresponding to the CQI index, and occupying a group of downlink physical resource blocks termed the CSI
reference resource, could be received with a transport block error probability not exceeding 0.1.

If CSI subframe sets Ccg o and Ccg;q are configured by higher layers, each CSI reference resource belongs to either
Ccsio Or Ccgp1 butnotto both. When CSI subframe sets Ccgjo and Ccg g are configured by higher layers a UE

is not expected to receive a trigger for which the CSI reference resource is in subframe that does not belong to either
subframe set. For a UE in transmission mode 10 and periodic CSI reporting, the CSI subframe set for the CSI reference
resource is configured by higher layers for each CSI process.

For a UE in transmission mode 9 when parameter pmi-RI-Report is configured by higher layers and parameter eMIMO-
Type is not configured by higher layers, the UE shall derive the channel measurements for computing the CQI value
reported in uplink subframe n based on only the Channel-State Information (CSI) reference signals (CSI-RS) defined in
[3] for which the UE is configured to assume non-zero power for the CSI-RS. For a non-BL/CE UE in transmission
mode 9 when the parameter pmi-RI-Report is not configured by higher layers or in transmission modes 1-8 the UE shall
derive the channel measurements for computing CQI based on CRS. For a BL/CE UE the UE shall derive the channel
measurements for computing CQI based on CRS.

For a UE in transmission mode 10, when parameter eMIMO-Type is not configured by higher layers, the UE shall
derive the channel measurements for computing the CQI value reported in uplink subframe n and corresponding to a
CSI process, based on only the non-zero power CSI-RS (defined in [3]) within a configured CSI-RS resource associated
with the CSI process.

For a UE in transmission mode 9 and the UE configured with parameter eMIMO-Type by higher layers, the term ‘CSI
process’ in this clause refers to the CSI configured for the UE.

For a UE in transmission mode 9 or 10 and for a CSI process, if the UE is configured with parameter eMIMO-Type by
higher layers, and eMIMO-Type is set to ‘CLASS A’, and one CSI-RS resource configured, or the UE is configured
with parameter eMIMO-Type by higher layers, and eMIMO-Type is set to ‘CLASS B’, and parameter
channelMeasRestriction is not configured by higher layers, the UE shall derive the channel measurements for
computing the CQI value reported in uplink subframe n and corresponding to the CSI process, based on only the non-
zero power CSI-RS (defined in [3]) within a configured CSI-RS resource associated with the CSI process. If the UE is
configured with parameter eMIMO-Type by higher layers, and eMIMO-Type is set to ‘CLASS B’ and the number of
configured CSI-RS resources is K>1, and parameter channelMeasRestriction is not configured by higher layers, the UE
shall derive the channel measurements for computing the CQI value using only the configured CSI-RS resource
indicated by the CRI.

For a UE in transmission mode 9 or 10 and for a CSI process, if the UE is configured with parameter eMIMO-Type by
higher layers, and eMIMO-Type is set to ‘CLASS B’, and parameter channelMeasRestriction is configured by higher
layers, the UE shall derive the channel measurements for computing the CQI value reported in uplink subframe n and
corresponding to the CSI process, based on only the most recent, no later than the CSI reference resource, non-zero
power CSI-RS (defined in [3]) within a configured CSI-RS resource associated with the CSI process. If the UE is
configured with parameter eMIMO-Type by higher layers, and eMIMO-Type is set to ‘CLASS B’ and the number of
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configured CSI-RS resources is K>1, and parameter channelMeasRestriction is configured by higher layers, the UE
shall derive the channel measurements for computing the CQI value using only the most recent, no later than the CSI
reference resource, non-zero power CSI-RS within the configured CSI-RS resource indicated by the CRI.

For a UE in transmission mode 10, when parameter eMIMO-Type is not configured by higher layers, the UE shall
derive the interference measurements for computing the CQI value reported in uplink subframe n and corresponding to
a CSI process, based on only the configured CSI-IM resource associated with the CSI process.

For a UE in transmission mode 10 and for a CSI process, when parameters eMIMO-Type and
interferenceMeasRestriction is configured by higher layers, the UE shall derive the interference measurements for
computing the CQI value reported in uplink subframe n and corresponding to the CSI process, based on only the most
recent, no later than the CSI reference resource, configured CSI-IM resource associated with the CSI process. If the UE
is configured with parameter eMIMO-Type by higher layers, and eMIMO-Type is set to ‘CLASS B’ and the number of
configured CSI-RS resources is K>1, and interferenceMeasRestriction is configured, the UE shall derive interference
measurement for computing the CQI value based on only the most recent, no later than the CSI reference resource, the
configured CSI-IM resource associated with the CSI-RS resource indicated by the CRI. If interferenceMeasRestriction
is not configured, the UE shall derive the interference measurement for computing the CQI value based on the CSI-IM
associated with the CSI-RS resource indicated by the CRI.

If the UE in transmission mode 10 is configured by higher layers for CSI subframe sets Ccgjg and Cggy g for the CSI

process, the configured CSI-IM resource within the subframe subset belonging to the CSI reference resource is used to
derive the interference measurement.

For a UE configured with the parameter EIMTA-MainConfigServCell-r12 for a serving cell, configured CSI-IM
resource(s) within only downlink subframe(s) of a radio frame that are indicated by UL/DL configuration of the serving
cell can be used to derive the interference measurement for the serving cell.

For a LAA Scell,
- for channel measurements, if the UE averages CRS/CSI-RS measurements from multiple subframes

- the UE should not average CSI-RS measurement in subframe nl with CSI-RS measurement in a later
subframe n2, if any OFDM symbol of subframe nl or any subframe from subframe n1+1 to subframe n2, is
not occupied.

- the UE should not average CRS measurement in subframe nl1 with CRS measurement in a later subframe n2,
if any OFDM symbol of the second slot of subframe n1 or any OFDM symbol of any subframe from
subframe n1+1 to subframe n2-1, or any of the first 3 OFDM symbols in subframe n2, is not occupied.

- for interference measurements, the UE shall derive the interference measurements for computing the CQI value
based on only measurements in subframes with occupied OFDM symbols.

A combination of modulation scheme and transport block size corresponds to a CQI index if:

- the combination could be signalled for transmission on the PDSCH in the CSI reference resource according to
the relevant Transport Block Size table, and

- the modulation scheme is indicated by the CQI index, and

- the combination of transport block size and modulation scheme when applied to the reference resource results in
the effective channel code rate which is the closest possible to the code rate indicated by the CQI index. If more
than one combination of transport block size and modulation scheme results in an effective channel code rate
equally close to the code rate indicated by the CQI index, only the combination with the smallest of such
transport block sizes is relevant.

The CSI reference resource for a serving cell is defined as follows:

- For anon-BL/CE UE, in the frequency domain, the CSI reference resource is defined by the group of downlink
physical resource blocks corresponding to the band to which the derived CQI value relates. For a BL/CE UE, in
the frequency domain, the CSI reference resource includes all downlink physical resource blocks for any of the
narrowband to which the derived CQI value relates.

- In the time domain and for a non-BL/CE UE,
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- for a UE configured in transmission mode 1-9 or transmission mode 10 with a single configured CSI process
for the serving cell, the CSI reference resource is defined by a single downlink or special subframe n-ncqi_ref,

- where for periodic CSI reporting ncoi_ref  is the smallest value greater than or equal to 4, such that it
corresponds to a valid downlink or valid special subframe,

- where for aperiodic CSI reporting, if the UE is not configured with the higher layer parameter csi-
SubframePatternConfig-r12,.

- nNcoi_ref 1S such that the reference resource is in the same valid downlink or valid special subframe as
the corresponding CSI request in an uplink DCI format.

- NcoLref IS equal to 4 and subframe n-ncqi_ref corresponds to a valid downlink or valid special
subframe, where subframe n-ncoi_ref IS received after the subframe with the corresponding CSI request
in a Random Access Response Grant.

- where for aperiodic CSI reporting, and the UE configured with the higher layer parameter csi-
SubframePatternConfig-r12,

- for the UE configured in transmission mode 1-9,

- Ncorret IS the smallest value greater than or equal to 4 and subframe n-ncqi_ref  COrresponds to a
valid downlink or valid special subframe, where subframe n-ncqi_ref  is received on or after the
subframe with the corresponding CSI request in an uplink DCI format;

- Ncoirer IS the smallest value greater than or equal to 4, and subframe n-ncqi rer  COrresponds to a
valid downlink or valid special subframe, where subframe n-ncqi_ret IS received after the subframe
with the corresponding CSI request in an Random Access Response Grant;

- if there is no valid value for nco_ref  based on the above conditions, then ncoi_rer IS the smallest
value such that the reference resource is in a valid downlink or valid special subframe n-ncq_ret
prior to the subframe with the corresponding CSI request, where subframe n-ncqi_rer IS the lowest
indexed valid downlink or valid special subframe within a radio frame;

- for the UE configured in transmission mode 10,

- Ncorrer IS the smallest value greater than or equal to 4, such that it corresponds to a valid
downlink or valid special subframe, and the corresponding CSI request is in an uplink DCI format;

- Ncorrer IS the smallest value greater than or equal to 4, and subframe n-ncqi rer  COrresponds to a
valid downlink or valid special subframe, where subframe n-ncqi_ret  is received after the subframe
with the corresponding CSI request in a Random Access Response Grant;

- for a UE configured in transmission mode 10 with multiple configured CSI processes for the serving cell, the
CSI reference resource for a given CSI process is defined by a single downlink or special subframe n-ncq_re,

- where for FDD serving cell and periodic or aperiodic CSI reporting ncoi_ref IS the smallest value greater
than or equal to 5, such that it corresponds to a valid downlink or valid special subframe, and for
aperiodic CSI reporting the corresponding CSI request is in an uplink DCI format;

- where for FDD serving cell and aperiodic CSI reporting ncoi_rer  is equal to 5 and subframe n-ncqi_rer
corresponds to a valid downlink or valid special subframe, where subframe n-ncqi _ref is received after the
subframe with the corresponding CSI request in a Random Access Response Grant.

- where for TDD serving cell, and 2 or 3 configured CSI processes, and periodic or aperiodic CSI
reporting, ncoi_rer IS the smallest value greater than or equal to 4, such that it corresponds to a valid
downlink or valid special subframe, and for aperiodic CSI reporting the corresponding CSI request is in
an uplink DCI format;

- where for TDD serving cell, and 2 or 3 configured CSI processes, and aperiodic CSI reporting, Ncoi_ref IS
equal to 4 and subframe n-ncqi_rer  corresponds to a valid downlink or valid special subframe, where
subframe n-ncoi_rer IS received after the subframe with the corresponding CSI request in a Random
Access Response Grant;

- where for TDD serving cell, and 4 configured CSI processes, and periodic or aperiodic CSI reporting,
Ncarrer IS the smallest value greater than or equal to 5, such that it corresponds to a valid downlink or
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valid special subframe, and for aperiodic CSI reporting the corresponding CSI request is in an uplink DCI
format;

- where for TDD serving cell, and 4 configured CSI processes, and aperiodic CSI reporting, Ncoi_rer S
equal to 5 and subframe n-ncqi_rer  COrresponds to a valid downlink or valid special subframe, where
subframe n-ncoi_ref IS received after the subframe with the corresponding CSI request in a Random
Access Response Grant.

- In the time domain and for a BL/CE UE, the CSI reference resource is defined by a set of BL/CE downlink or
special subframes where the last subframe is subframe n-ncqi_rer,

- where for periodic CSI reporting ncqi_rer 1S >4;
- where for aperiodic CSI reporting Ncoi_ref 1S > 4;
where each subframe in the CSI reference resource is a valid downlink or valid special subframe;

- where for wideband CSI reports:

- The set of BL/CE downlink or special subframes is the set of the last (:eiI(RCSI IN ,f,'g%';p) subframes

before n-ncqi rer Used for MPDCCH monitoring by the BL/CE UE in each of the narrowbands where
the BL/CE UE monitors MPDCCH, where N ﬁ,“B"?h;p is the number of narrowbands where the BL/CE
UE monitors MPDCCH.

- where for subband CSI reports:

- The set of BL/CE downlink or special subframes is the set of the last R®' subframes used for
MPDCCH monitoring by the BL/CE UE in the corresponding narrowband before n-ncoi_ref;

where R®'is given by the higher layer parameter csi-NumRepetitionCE.

A subframe in a serving cell shall be considered to be a valid downlink or a valid special subframe if:
- itis configured as a downlink subframe or a special subframe for that UE, and

- in case multiple cells with different uplink-downlink configurations are aggregated and the UE is not
capable of simultaneous reception and transmission in the aggregated cells, the subframe in the primary
cell is a downlink subframe or a special subframe with the length of DwPTS more than 7680-T,, and

- except for a non-BL/CE UE in transmission mode 9 or 10, it is not an MBSFN subframe, and

- itdoes not contain a DWPTS field in case the length of DWPTS is 7680-T, and less, and

- it does not fall within a configured measurement gap for that UE, and

- for periodic CSI reporting, it is an element of the CSI subframe set linked to the periodic CSI report when
that UE is configured with CSI subframe sets, and

- for a UE configured in transmission mode 10 with multiple configured CSI processes, and aperiodic CSI
reporting for a CSI process, it is an element of the CSI subframe set linked to the downlink or special
subframe with the corresponding CSI request in an uplink DCI format, when that UE is configured with
CSI subframe sets for the CSI process and UE is not configured with the higher layer parameter csi-
SubframePatternConfig-r12, and

- for a UE configured in transmission mode 1-9, and aperiodic CSI reporting, it is an element of the CSI
subframe set associated with the corresponding CSI request in an uplink DCI format, when that UE is
configured with CSI subframe sets by the higher layer parameter csi-SubframePatternConfig-r12, and

- for a UE configured in transmission mode 10, and aperiodic CSI reporting for a CSI process, it is an
element of the CSI subframe set associated with the corresponding CSI request in an uplink DCI format,
when that UE is configured with CSI subframe sets by the higher layer parameter csi-
SubframePatternConfig-r12 for the CSI process.
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except if the serving cell is a LAA Scell, and at least one OFDM symbol in the subframe is not occupied.

except if the serving cell is a LAA Scell, and ns’ # N, as described in sub clause 6.10.1.1 in [3].

except if the serving cell is a LAA Scell, and for a UE configured in transmission mode 9 or 10, the
configured CSI-RS resource associated with the CSI process is not in the subframe.

For a non-BL/CE UE, if there is no valid downlink or no valid special subframe for the CSI reference resource in

a serving cell, CSI reporting is omitted for the serving cell in uplink subframe n.

In the layer domain, the CSI reference resource is defined by any RI and PMI on which the CQI is conditioned.

In the CSI reference resource, the UE shall assume the following for the purpose of deriving the CQI index, and if also
configured, PMI and RI:
The first 3 OFDM symbols are occupied by control signalling

No resource elements used by primary or secondary synchronization signals or PBCH or EPDCCH

CP length of the non-MBSFN subframes

Redundancy Version 0

If CSI-RS is used for channel measurements, the ratio of PDSCH EPRE to CSI-RS EPRE is as given in
subclause 7.2.5

For transmission mode 9 CSI reporting of a non-BL/CE UE:

CRS REs are as in non-MBSFN subframes;

If the UE is configured for PMI/RI reporting or without PMI reporting, the UE-specific reference signal
overhead is consistent with the most recent reported rank if more than one CSI-RS port is configured, and is
consistent with rank 1 transmission if only one CSI-RS port is configured; and PDSCH signals on antenna
ports {7...6+v}for v layers would result in signals equivalent to corresponding symbols transmitted on

0 ()
antenna ports {15...14 + P}, as given by : =W (i) : , where
y(l4+P) (|) X(u—l) (l)

x(i) = [x(o)(i) .o xeD (i)]T is a vector of symbols from the layer mapping in subclause 6.3.3.2 of [3],

P e{1,2,4,8,12,16}is the number of CSI-RS ports configured, and if only one CSI-RS port is configured,
W (i) is 1, otherwise for UE configured for PMI/RI reporting W (i) is the precoding matrix corresponding to
the reported PMI applicable to X(i) and for UE configured without PMI reporting W (i) is the selected
precoding matrix corresponding to the reported CQI applicable to X(i) . The corresponding PDSCH signals
transmitted on antenna ports {15...14 + P} would have a ratio of EPRE to CSI-RS EPRE equal to the
ratio given in subclause 7.2.5.

For transmission mode 10 CSI reporting, if a CSI process is configured without PMI/RI reporting:

If the number of antenna ports of the associated CSI-RS resource is one, a PDSCH transmission is on single-
antenna port, port 7. The channel on antenna port {7} is inferred from the channel on antenna port {15} of
the associated CSI-RS resource.

- CRSREs are as in non-MBSFN subframes. The CRS overhead is assumed to be the same as the CRS
overhead corresponding to the number of CRS antenna ports of the serving cell;

- The UE-specific reference signal overhead is 12 REs per PRB pair.
Otherwise,

- If the number of antenna ports of the associated CSI-RS resource is 2, the PDSCH transmission scheme
assumes the transmit diversity scheme defined in subclause 7.1.2 on antenna ports {0,1} except that the
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channels on antenna ports {0,1} are inferred from the channels on antenna port {15, 16} of the associated
CSI resource respectively.

- If the number of antenna ports of the associated CSI-RS resource is 4, the PDSCH transmission scheme
assumes the transmit diversity scheme defined in subclause 7.1.2 on antenna ports {0,1,2,3} except that
the channels on antenna ports {0,1,2,3} are inferred from the channels on antenna ports {15, 16, 17, 18}
of the associated CSI-RS resource respectively.

- The UE is not expected to be configured with more than 4 antenna ports for the CSI-RS resource
associated with the CSI process configured without PMI/RI reporting.

- The overhead of CRS REs is assuming the same number of antenna ports as that of the associated CSI-RS
resource.

- UE-specific reference signal overhead is zero.

- For transmission mode 10 CSI reporting, if a CSI process is configured with PMI/RI reporting or without PMI
reporting:

CRS REs are as in non-MBSFN subframes. The CRS overhead is assumed to be the same as the CRS
overhead corresponding to the number of CRS antenna ports of the serving cell;

The UE-specific reference signal overhead is consistent with the most recent reported rank for the CSI
process if more than one CSI-RS port is configured, and is consistent with rank 1 transmission if only one

CSI-RS port is configured; and PDSCH signals on antenna ports {7...6+ v}for v layers would result in
signals equivalent to corresponding symbols transmitted on antenna ports {15...14 + P}, as given by
15) /3 0) /3
y©2 (i) x© (i)
: =W(@) , Where x(i) = [x(o) (i .. x@Dd (i)]T is a vector of symbols from the
14+P) v-1)
y P (i) @ (i)
layer mapping in subclause 6.3.3.2 of [3], P €{L,2,4,8,12,16}is the number of antenna ports of the
associated CSI-RS resource, and if P=1,W (i) is 1, otherwise for UE configured for PMI/RI reporting
W (i) is the precoding matrix corresponding to the reported PMI applicable to X(i) and for UE configured
without PMI reporting W (i) is the selected precoding matrix corresponding to the reported CQI applicable

to X(i) . The corresponding PDSCH signals transmitted on antenna ports {15...14 + P} would have a
ratio of EPRE to CSI-RS EPRE equal to the ratio given in subclause 7.2.5

- Assume no REs allocated for CSI-RS and zero-power CSI-RS

- Assume no REs allocated for PRS

The PDSCH transmission scheme given by Table 7.2.3-0 depending on the transmission mode currently
configured for the UE (which may be the default mode).

If CRS is used for channel measurements, the ratio of PDSCH EPRE to cell-specific RS EPRE is as given in
subclause 5.2 with the exception of o 5 which shall be assumed to be
- pa =Py + A +10109,,(2) [dB] for any modulation scheme, if the UE is configured with

offset

transmission mode 2 with 4 cell-specific antenna ports, or transmission mode 3 with 4 cell-specific
antenna ports and the associated RI is equal to one;

- pa = Pa + Agset [dB] for any modulation scheme and any number of layers, otherwise.

The shift A yfset is given by the parameter nomPDSCH-RS-EPRE-Offset which is configured by higher-layer

signalling.
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Table 7.2.3-0: PDSCH transmission scheme assumed for CSI reference resource

Transmission

Transmission scheme of PDSCH
mode

1 Single-antenna port, port 0

Transmit diversity

Transmit diversity if the associated rank indicator is 1, otherwise large delay CDD

Closed-loop spatial multiplexing

Multi-user MIMO

Closed-loop spatial multiplexing with a single transmission layer

N[O~ w]N

If the number of PBCH antenna ports is one, Single-antenna port, port O; otherwise Transmit diversity

If the UE is configured without PMI/RI reporting: if the number of PBCH antenna ports is one, single-
antenna port, port 0; otherwise transmit diversity

If the UE is configured with PMI/RI reporting: closed-loop spatial multiplexing

For a non-BL/CE UE, if the UE is configured without PMI/RI reporting: if the number of PBCH antenna
ports is one, single-antenna port, port 0; otherwise transmit diversity

For a non-BL/CE UE, if the UE is configured with PMI/RI reporting or without PMI reporting: if the
number of CSI-RS ports is one, single-antenna port, port 7; otherwise up to 8 layer transmission, ports
7-14 (see subclause 7.1.5B)

For a BL/CE UE, if the UE is not configured with periodic CSI reporting mode 1-1: if the number of
PBCH antenna ports is one, single-antenna port, port 0; otherwise transmit diversity

For a BL/CE UE, if the UE is configured with periodic CSI reporting mode 1-1: if the number of PBCH
antenna ports is one, single-antenna port, port 0; otherwise closed-loop spatial multiplexing with a
single transmission layer

If a CSI process of the UE is configured without PMI/RI reporting: if the number of CSI-RS ports is one,
single-antenna port, port7; otherwise transmit diversity

10 If a CSI process of the UE is configured with PMI/RI reporting or without PMI reporting: if the number of
CSI-RS ports is one, single-antenna port, port 7; otherwise up to 8 layer transmission, ports 7-14 (see
subclause 7.1.5B)

Table 7.2.3-1: 4-bit CQI Table

CQl index | modulation | code rate x 1024 | efficiency

0 out of range

1 QPSK 78 0.1523
2 QPSK 120 0.2344
3 QPSK 193 0.3770
4 QPSK 308 0.6016
5 QPSK 449 0.8770
6 QPSK 602 1.1758
7 16QAM 378 1.4766
8 16QAM 490 1.9141
9 16QAM 616 2.4063
10 64QAM 466 2.7305
11 64QAM 567 3.3223
12 640QAM 666 3.9023
13 64QAM 772 4.5234
14 64QAM 873 5.1152
15 640QAM 948 5.5547
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Table 7.2.3-2: 4-bit CQI Table 2

COl index | modulation | code rate x 1024 | efficiency
0 out of range
1 QPSK 78 0.1523
2 QPSK 193 0.3770
3 QPSK 449 0.8770
4 16QAM 378 1.4766
5 16QAM 490 1.9141
6 16QAM 616 2.4063
7 64QAM 466 2.7305
8 64QAM 567 3.3223
9 640AM 666 3.9023
10 64QAM 772 45234
11 64QAM 873 5.1152
12 2560QAM 711 5.5547
13 2560QAM 797 6.2266
14 2560QAM 885 6.9141
15 2560QAM 948 7.4063

Table 7.2.3-3: 4-bit CQI Table 3
CQl index | modulation | code rate x 1024 | efficiency
csl
x R
0 out of range
1 QPSK 40 0.0781
2 QPSK 78 0.1523
3 QPSK 120 0.2344
4 QPSK 193 0.3770
5 QPSK 308 0.6016
6 QPSK 449 0.8770
7 QPSK 602 1.1758
8 16QAM 378 1.4766
9 16QAM 490 1.9141
10 16QAM 616 2.4063
11 Reserved Reserved Reserved
12 Reserved Reserved Reserved
13 Reserved Reserved Reserved
14 Reserved Reserved Reserved
15 Reserved Reserved Reserved
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71.2.4

For transmission modes 4, 5 and 6, precoding feedback is used for channel dependent codebook based precoding and
relies on UEs reporting precoding matrix indicator (PMI). For transmission mode 8, the UE shall report PMI if
configured with PMI/RI reporting. For transmission modes 9 and 10, the non-BL/CE UE shall report PMI if configured
with PMI/RI reporting and the number of CSI-RS ports is larger than 1. For transmission modes 9, the BL/CE UE shall
report PMI based on CRS. A UE shall report PMI based on the feedback modes described in 7.2.1 and 7.2.2. For other
transmission modes, PMI reporting is not supported.

Precoding Matrix Indicator (PMI) definition

For 2 antenna ports, except with UE configured with higher layer parameter eMIMO-Type, and eMIMO-Type is set to
‘CLASS B’, and one CSI-RS resource configured, and higher layer parameter
alternativeCodebookEnabledCLASSB_K1=TRUE, each PMI value corresponds to a codebook index given in Table
6.3.4.2.3-1 of [3] as follows:

= For 2 antenna ports {01} or {15,16} and an associated Rl value of 1, a PMI value of n e {0,,2,3}

corresponds to the codebook index N given in Table 6.3.4.2.3-1 of [3] with v =1.
= For 2 antenna ports {0,1} or {15,16} and an associated RI value of 2, a PMI value of n e {0,1} corresponds to

the codebook index N+ 1given in Table 6.3.4.2.3-1 of [3] with v = 2.

For 4 antenna ports {0,1,2,3} or {15,16,17,18}, except with UE configured with higher layer parameter eMIMO-Type,

and eMIMO-Type is set to “CLASS B’, and one CSI-RS resource configured, and higher layer parameter
alternativeCodebookEnabledCLASSB_K1=TRUE configured, each PMI value corresponds to a codebook index given
in Table 6.3.4.2.3-2 of [3] or a pair of codebook indices given in Table 7.2.4-0A, 7.2.4-0B, 7.2.4-0C, or 7.2.4-0D as
follows:

e APMI value of ne{0],---15} corresponds to the codebook index N given in Table 6.3.4.2.3-2 of [3] with v

equal to the associated RI value except with alternativeCodeBookEnabledFor4TX-r12=TRUE configured.
o If alternativeCodeBookEnabledFor4TX-r12=TRUE is configured, each PMI value corresponds to a pair of
codebook indices given in Table 7.2.4-0A, 7.2.4-0B, 7.2.4-0C, or 7.2.4-0D, where the quantities ¢,, @',

and v'  in Table 7.2.4-0A and Table 7.2.4-0B are given by
¢, ="
(/’In _ ej27zn/32
V= [1 ej2mn/32]T
m
o Afirst PMI value of I, € {0,1,~~~, f (u)—l} and a second PMI value of i, € {0,1,~~-, g(u)—l}
correspond to the codebook indices i, and 1, respectively given in Table 7.2.4-0j with o equal to
the associated RI value and where j ={A,B,C,D} respectively when p = {1,2,3,4 }
f(v)={1616,11} and g(v) = {16,16,16,16 }.
0 The quantity WH{S} in Table 7.2.4-0C and Table 7.2.4-0D denotes the matrix defined by the columns
given by the set {s} from the expression W, = 1 —2u,u/” /u,'{'un where | isthe 4x4 identity
matrix and the vector u, isgiven by Table 6.3.4.2.3-2in[3]and n=i,.

0 In some cases codebook subsampling is supported. The sub-sampled codebook for PUCCH mode 1-
1 submode 2 is defined in Table 7.2.2-1G for first and second precoding matrix indicators i; and i,.

Joint encoding of rank and first precoding matrix indicator i; for PUCCH mode 1-1 submode 1 is

defined in Table 7.2.2-1H. The sub-sampled codebook for PUCCH mode 2-1 is defined in Table
7.2.2-11 for PUCCH Reporting Type la.

Table 7.2.4-0A: Codebook for 1-layer CSI reporting using antenna ports 0 to 3 or 15to 18

il i2
0 1 2 3 4 5 6 7
@ @ @ @ @ @ 0) @
0-15| W, Wi W, 56 W, 2 Witso | Witsao | Witsis | Wil
il i2
8 9 10 | 11 | 12 | 13 14 15
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@ @ @ (©) (©) @) @ ®
0-15 Wi1+16,4 Wi1+16,12 Wi1+16,20 Wi1+16,28 Wi1+24,6 Wi1+24,14 Wi1+24,22 Wi1+24,30

[ v
where Wn(llgl =E o :;
L% nVm

I I

0 1 2 3
(2) (2) (2) (2)
0-15 iLin 0 W, i,+8,i,48,0 i, 48,481
iy Iy
4 5 6 7

(2) (2) (2) (2)
0-15 | W iisiue0 | Witteisasr | Wi2aii2a0 | Wii2ai 241

Iy iy

8 9 10 11
(2) (2) (2) (2)
0-15 iL,i,+8,0 i 8.1 i,8,i,+16,0 i\+8,i, +16,1
h i
12 13 14 15

(2) (2) (2) (2)
0-15 | Wi'iio0 Wit | Witsiizao | Wilsiioas

where W, :i Vi Vi
e \/g (Dnvlm _Q)nvlm'

Table 7.2.4-0C: Codebook for 3-layer CSI reporting using antenna ports 15 to 18

I I

0 1 2 3 4 5 6 7
0 W0{124} / \/5 Wl{lzs} / \/5 W2{123} / \/5 W3{123} / \/5 W4{124} / \/5 W5{124} / \/5 W6{134} / \/5 W7{134} / \/5
i

2
10 11 12 13 14 15

8 9
o [/ [ w3 | Wi/ | w5 | wg s | wi s | w5 | wg /s

Table 7.2.4-0D: Codebook for 4-layer CSI reporting using antenna ports 15 to 18

iy iy
0 1 2 3 4 5 6 7
0 | wisa /2 w2 /2 w2 /2 w1 /2 w2 /2 w2 /2 w2 /2 w2 /2
iy iy
8 9 10 11 12 13 14 15
1234 1234 1324 1324 1234 1324 3214 1234
o | w2 | W [ WE e | w2 | w2 | Wi | Wi | wER0 2

For a non-BL/CE UE, the UE is not expected to receive the configuration of alternativeCodeBookEnabledFor4TX-r12
except for transmission mode 8 configured with 4 CRS ports, and transmission modes 9 and 10 configured with 4 CSI-
RS ports. For a UE configured in transmission mode 10, the parameter alternativeCodeBookEnabledFor4TX-r12 may
be configured for each CSI process.

For a BL/CE UE, the UE is not expected to receive the configuration of alternativeCodeBookEnabledFor4TX-r12.

For 8 antenna ports, except with,
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- UE is configured with higher layer parameter eMIMO-Type, and eMIMO-Type is set to ‘CLASS A’, or

- UE is configured with higher layer parameter eMIMO-Type, and eMIMO-Type is set to ‘CLASS B’, and one
CSI-RS resource configured, and higher layer parameter alternativeCodebookEnabledCLASSB_K1=TRUE

configured,

each PMI value corresponds to a pair of codebook indices given in Table 7.2.4-1, 7.2.4-2, 7.2.4-3, 7.2.4-4, 7.2.4-5,
7.2.4-6,7.2.4-7, or 7.2.4-8, where the quantities ¢, and v,, are given by

o,
v, :[1 pizmy32 g jam/32 ej6zzm/32]T

—glm/2
, =€

as follows:For 8 antenna ports {15,16,17,18,19,20,21,22 }, a first PMI value of i, {0,1,~~, f(v) —1} and

a second PMI value of i, € {0,1,--, g(u)—l} corresponds to the codebook indices i, and i, givenin
Table 7.2.4-j with o equal to the associated RI value and where j = v, f(u):{16,16,4,4,4,4,4,1} and

g(v) = {1616,16,81111}.

In some cases codebook subsampling is supported. The sub-sampled codebook for PUCCH mode 1-1
submode 2 is defined in Table 7.2.2-1D for first and second precoding matrix indicator i; and i,. Joint
encoding of rank and first precoding matrix indicator i; for PUCCH mode 1-1 submode 1 is defined in
Table 7.2.2-1E. The sub-sampled codebook for PUCCH mode 2-1 is defined in Table 7.2.2-1F for PUCCH
Reporting Type 1a.

Table 7.2.4-1: Codebook for 1-layer CSI reporting using antenna ports 15 to 22

0 1 2 3 4 5 6 7

1) 1) @) @ @) @) @ @)
0-15 Waio Woia Woi 2 Woi's 2i,+1,0 2i+11 2i+1,2 2i,+13

i iy

! 8 9 10 11 12 13 14 15

@) @) ] @) @ @) @ @
0-15 Wii2,0 Woi'i21 Wii2,0 Woii2s Wiia0 Woi'iaa Wyiia2 Woitas

v
where W :i{ m }
8| PnVm
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Table 7.2.4-2: Codebook for 2-layer CSI reporting using antenna ports 15 to 22

i by
! 0 1 2 3
(2) (2) (2) 2)
0-15| Wy%i0 Wi 21 2i,+1,2i;+1,0 2i,+1,2i; 11,1
i ty
! Z 5 6 7
(2) (2) (2) (2)
0-15 | Wyitozison | Waitoniron | Waitazirao | Wairsoi+an
h
8 9 10 11
(2) (2) (2) (2)
0-15 | Wy %10 Woi 2 | Waisaziszo | Waisoi+2a
. i2
h
12 13 14 15
(2) (2) (2) )
0-15 W2i1,2i1+3,0 W2i1,2i1+3,1 Wai 21,21, +3,0 W2i1+1,2i1+3,1
1] v v,
where W, =—{ " " }
o 4 PV — PV

Table 7.2.4-3: Codebook for 3-layer CSl reporting using antenna ports 15 to 22

. iy
h
0 1 2 3
(©) (©) v 3 v 3
0-3 Wi, i, 8i, +8 Wi, +5.8i, 8i,+8 Wi, 8i,+8,8i,+8 Wi +8.8i, 8,
. iy
h
4 5 6 7
03| WO @ EI. EN.
8i;+2,8i;+2,8i; +10 8i;+10,8i,+2,8i, +10 8i;+2,8i;+10,8i, +10 8i,+10,8i;+2,8i; +2
. i
iy e
8 9 10 11
0.3 |lw® EN. e VO
- 8i;+4,8i;+4,8i; +12 8i;+12,8i,+4,8i, +12 8i; +4,8i;+12,8i, +12 8i,+12,8i;+4,8i; +4
. iy
h
12 13 14 15
0.3 |w® @ e N
- 8i;+6,8i,+6,8i, +14 8i;+14,8i,+6,8i; +14 8i;+6,8i,+14,8i; +14 8i;+14,8i,+6,8i,+6
1 |V Vi Vi ~ 1 |V Vi Vi
where Wn(13r)n . m m m ’ Wn(13r)n'm = |'m m m
Y 24|V —Vyr — Ve Y 24|V Vi — Ve

Table 7.2.4-4: Codebook for 4-layer CSI reporting using antenna ports 15 to 22

i i2
! 0 1 2 3
(4) (4) (4) (4)
0-3| Wy gis0 Wei gire1 | Wais2gi+100 | Wai, 28 +101
i l
! 4 5 6 7
(4) (4) (4) (4)
0-3 | Wgilagivizo | Wairasisiz1 | Wairesi+1a0 | Wi resi+141
v V. v V.
where W _L{ m m m m }
Y V32| PV PnVm —PVm — @pVi
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Table 7.2.4-5: Codebook for 5-layer CSI reporting using antenna ports 15 to 22.

i i2
h

0
e 1 | Ve, Vo, Vaies  Vaiss  Vaij4i6

I
! V40 [ Vai,  —Vaip Vai+s  —Voi+s  Vai46

Table 7.2.4-6: Codebook for 6-layer CSI reporting using antenna ports 15 to 22.

i i
1
0
0-3| WO - 1 |Vai, Vo  Vai+s  Vaies  Voi46  Vai+16
I
! VA48 | Vai,  —Vaip Vai+s Vot Vai+s  ~Vai 46

Table 7.2.4-7: Codebook for 7-layer CSI reporting using antenna ports 15 to 22.

. i,
h

0
@ 1 |V, Vo Vaise Vaiee  Voise Voi4ie V2i1+24:|

I
! 56 | Vai, Vo, Vaip+s  ~Voi+s Vo416 —Vai+e  Vai+24

Table 7.2.4-8: Codebook for 8-layer CSl reporting using antenna ports 15 to 22.

i ty
1
0
@ _ 1| Ve, Vo,  Vairs  Voise  Voive  Voirae  Voie24 Voii24

0| w®==
I
! 8|Vai, —Vaii Vaiwg —Voipss Vaiuie —Vaise  Voi+2a  ~Vair

For 8 antenna ports {15,16,17,18,19,20,21,22 }, 12 antenna ports {1516,17,18,19,20,21,22,23,24,25,26 }, 16 antenna

ports {15,16,17,18,19, 20, 21,22, 23,24, 25,26, 27,28,29,30 }, and UE configured with higher layer parameter
eMIMO-Type, and eMIMO-Type is set to ‘CLASS A’, each PMI value corresponds to three codebook indices given in
Table 7.2.4-10, 7.2.4-11, 7.2.4-12,7.2.4-13, 7.2.4-14, 7.2.4-15, 7.2.4-16, or 7.2.4-17, where the quantities ¢,, U_ and

Vi m aregiven by

jm/2
(/7n_ej /
i 27m j2;zm(N2—l)
Up=I1 e %Nz g 2N
2 27N ) U
Vim=|Un € °Muy ..o 9Ny

The valuesof N;, N,, O;,and O, are configured with the higher-layer parameter codebookConfigig-N1,
codebookConfig-N2, codebook-Over-Sampling-RateConfig-O1, and codebook-Over-Sampling-RateConfig-02,
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respectively. The supported configurations of (01,02) and (N;,N,) fora given number of CSI-RS ports are
given in Table 7.2.4-17. The number of CSI-RS ports, P, is 2N;N,.

- UE is not expected to be configured with value of CodebookConfig set to 2 or 3, if the value of

codebookConfigN2 is set to 1.

- UEshall only use i;, = 0and shall not report iy , if the value of codebookConfigN2 is set to 1.

- Afirst PMI value i; corresponds to the codebook indices pair {il’l,ilyz}, and a second PMI value

i, corresponds to the codebook index i, given in Table 7.2.4-j with v equal to the associated RI value and

wherej= v+9.

- Insome cases codebook subsampling is supported. The sub-sampled codebook for PUCCH mode 2-1 for value
of parameter codebookConfig set to 2, 3, or 4 is defined in Table 7.2.2-1F for PUCCH Reporting Type 1la.

Table 7.2.4-9: Supported configurations of (0;,0,)and (N;,N,)

Number of
CSI-RS antenna ports, P (NuN2) | (0,,0,)
8 (2,2) (4,4), (8,8)
1 23) | (84).(88)
(3,2 (8,4), 4,4
(2,4) (8,4), (8,8)
16 (4,2 (8,4), (4,4
(8.1) (4,-), (8,)
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Table 7.2.4-10: Codebook for 1-layer CSI reporting using antenna ports 15 to 14+P

Value of . . i
Codebook- |1,1 |1,2
Config 0 1 2 3
1 @ () @ (3]
0L .'OlNl -1]0L- .'Oz N 2= 1 Wi1‘1ri1,2x0 Wi1,1vi1,211 Wi1,1vi1,212 Wi1,1vi1,2v3
11 v
where W,(in) n=—= hm
o \/E ¢nvl,m
Value of . . i
Codebook- U g
Config 0 1 2 3
2 N,O N,O (@) [©) (@) D
0L, .,%—l 0,1....,%—1 Wai' 21, .0 Wai 20y, 1 Wair' iy 5.2 Wai 2i,, 3
Value of ) ) iy
Codebook- 1 I
Config 4 5 6 7
2 N,O N,O (] (] ()] @)
0,1,.-.,%—1 0,1,....%—1 Wai, 41,21, 0 Wais2i,a | Waiiazi,e | Wai,ea2i, 3
Value of . ) iy
Codebook- 1 )
2 N,O N D @ @ @
0,1,...,%—1 0,1,...,%—1 W2i1_1,2i1v2+1,0 2i;,2i; ,+11 W2i1‘1,2i1v2+1,2 2iy,2i,,+1,3
Value of . . iy
Codebook- Ijq I2
2 N,O N,O () ® (@) (@)
0,1,...,%—1 0,1,...,%71 W2i1v1+1,2i112+1,0 W2i1,1+1,2i1,2+1,1 W2i1v1+1,2i1,2+1,2 W2i111+1,2i1v2+1,3
1]V
where W|(,1ﬂ)n L
Y \/F PV m
Value of . ) iy
Codebook- 1 Iy o
Config 0 1 2 3
3 1 1 1 1
0,1,...,%—1 O,l,...,NZTOZ—l WZ(X?Zy,O WZ(x),Zy,l W2(x),2y,2 Wz(x?Zy,3
Value of . ) iy
Codebook- 1 Iy
Config 4 5 6 7
3 1 1 1 1
0,1,...,NlTOl—l 0,1,...,%71 WZ(X)+2,2y,0 Wz(x)+2,2y,1 WZ(X)+2,2y,2 WZ(X)+2,2y,3
Value of . . i
Codebook- 1 Iy
3 1 1 1 1
01..., NlTOl -11{01.., % -1 WZ(X)+1,2y+1,O Wz(x)+1,2 y+11 WZ(X)+1,2 y+1,2 WZ(x)+1,2y+l,3
Value of . . i
Codebook- 1 I
Config 12 13 14 15
3 1 1 1 1
01,..., NlTOl -1 04%.., NZTOZ -1 W2(x)+3,2 y+1,0 WZ(X)+3,2 y+1,1 WZ(X)+3,2 y+1,2 WZ(x)JrS,2y+1,3
. - 1 Vim .
where X=ij;, y=i,, W® =—| "™ | if N,>N
) , I,m,n \/F ¢nvl,m 1 2
i i @ __ 1 Vmr |
X=lp, y=hy, Wih,= Jif Np<N,
TP | Vi,
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Value of ) . i
Codebook- I1 I . 1 5 3
Config
4 1 1 1 1
041,... %—1 O,l,...,NZTOZ—l WZ(X),Zy,O W2(x?2y,1 WZ(X?Zy,Z WZ(X),Zy,S
Value of . . i
Codebook- Iq o p c 5 .
Config
4 1 1 1 1
041,... %—1 0,1,...,%—1 W2(x)+1,2y,0 WZ(X)+1,2y,1 Wz(x)+1,2y,2 Wz(x)+1,2y,3
Value of . . i
Codebook- |1’1 |1,2 s 9 10 1
Config
4 1 1 1 1
01,... NlTolfl 0,1,...,%—1 W2(x)+2,2y,0 WZ(X)+2,2y,1 Wz(x)+2,2y,2 WZ(X)+2,2y,3
Value of . . i
Codebook- s 2 ik 13 14 15
Config
4 1 1 1 1
0l... %—1 0,1,...,%71 W2(x)+3,2y,0 WZ(X)+3,2y,l Wz(x)+3,2y,2 WZ(X)+3,2y,3
. . 1]V .
where x=iy, y=i,, WG, :ﬁ{‘/’ IVT } it N,>N,
n l,m
v
_i i o _ 1 ml|
X=lp Y=l Wip,=—= Jif Np <N,
WP | @aViny

Table 7.2.4-11: Codebook for 2-layer CSI reporting using antenna ports 15 to 14+P

2 Layers, Codebook-Config = 1
i, =0,--,N,0,-1
ill I2
' 0 1 2 3
_ (2) (2) (2) (2)
O’ ! Nlol 1 il‘lvil,lvil,zvil,zvo il,lvil,lvil‘zvil,z vl il‘lvil,lvil,zvil,zvz il,l!il‘lvil‘Zvil,Zv?’
1 v Vs o
where W@ —_=_| °'m ot
LEmm,n V2P | PaVim Vi
2 Layers, Codebook-Config = 2
If N;>N,,p =lotherwisep =0,
i, =0,--,N,0,/2-1
ill I2
' 0 1 2 3
0.... NO, ) ) () 2)
(A 1T 2i11,2i14,2i; 5,21 5,0 2i11,2111,2i1 5,20 5,1 2iy1+P,2i3+P,21 5,201 5,0 2iy 1+, 20 1+P, 21 5,20 5,1
. iy
Il,l
4 5 6 7
0... NGO 4 @ ©) ) 2)
T 20y 1,2y 1+ P 21y p+1,2iy ,+1,0 2iy1+P,2iy 1+ P 20y 1,28 , 11 214,212y 41,21 ,+1,0 2iy3,2iy 5,20y 1,20 411
. iy
Il,l
8 9 10 11
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0... NGO 4 (2) 2 ) 2
T, 2iy 1,211+ P21 5,211 5.0 2i11,2i 1+ P20 5.2 5.1 2iy 1,21+ P,2i; p+1,2iy ,+1,0 2i1,2ig 1+ P, 20y p+1,2i1 ,+11
. I
LT
12 13 14 15
2)
N,O, (2) (2) (2) ¢ ) S
0, T T 1 20y 21y 1,20 5 21y 51,0 20y, 211,20 5 21 ,+11 W2im+ P.2iy 1+ .2 5 20 5 +1,0 Zuat P 2hy P 2. 2h o4l
1|V Vi
where W® . ——— " .
e 2P PVim PV
2 Layers, Codebook-Config = 3
i, =0,--,N,0,/2-1
. i2
Iy
0 1 2 3
N,O (2) (2) (2) (2
0: T ’% -1 sz,2x,2y,2y,o Wz><,2x,2y,2y,1 W2x+1,2x+1,2y+1,2 y+1,0 W2x+1,2x+1,2y+1,2 y+11
. ip
U
4 5 6 7
N,O @ @ @ @
0:"'1%_1 W2x+2,2x+2,2y,2y,0 W2x+2,2x+2,2y,2y,1 W2x+3,2x+3,2y+1,2y+1,0 W2x+3,2x+3,2y+1,2y+1,1
. ip
LT
8 9 10 11
N,O, @ @ @ @
0, ’T -1 WZx,2x+l,2y,2 y+1,0 WZx,2x+l,2y,2y+1,1 W2x+l,2x+2‘2 y+1,2y,0 W2><+1,2><+2,2y+1,2y,1
. i2
LT
12 13 14 15
N,O
1~1 (2) (2) (2) (2)
O: e ’T - 1 W2><,2><+3,2y,2y+1,0 WZx,2x+3,2y,2 y+11 W2x+1,2x+3,2y+1,2y+1,0 W2x+1,2><+3‘2 y+1,2y+11
. . 1 [ v Vi | .
where x=iy,, y=i, W@ == " " |if N, >N, and
e 2P q)nvl,m _q)nvl’,m'
. . 1 \ Vorr .
— _ (2) _ m,| m’,l
X= Ilvzl y= lel' WI,I',m,m',n ] ' if Nl < N2
2P (pnvm,l _(pnvm’,l'
2 Layers, Codebook-Config = 4
i,=0,--,N,0,/2-1
. i2
ly
0 1 2 3
N,O, (2) (2) (2) )
0, 2 -1 W2x,2x,2y,2y,0 W2x,2x,2y,2y,l W2x+l,2x+1,2y,2y,0 W2x+l,2x+1,2y,2y,l
i Iy
11
4 | 5 | 6 | 7
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N,O (2) (2) (2 (2)
12 t-1 W2x+2,2x+2,2y,2y,0 W2x+2,2x+z,2y,2y,1 W2x+3,2x+3,2y,2y,0 W2x+3,2x+3,2y,2y,1
i Iy
- 8 9 10 11
N,O (2) (2) (2) (2)
T 12 t-1 WZx,2x+1,2y,2y,0 W2x,2x+1,2y,2y,1 W2x+1,2x+2,2y,2y,0 W2x+1,2x+2,2y,2y,1
i Iy
- 12 13 14 15
N,O (2) (2) (2) (2)
12 t-1 W2X,2x+3,2y,2y,0 sz,2x+3,2y,2y,1 W2x+1,2x+3,2y,2y,0 W2x+1,2x+3,2y,2y,1
. . 1 V| Vl’ m’ -
_ _ (2) _ m X
where x =i, y=i, W . _EL’ v oy } if N, =N, and
n'l,m n*l',m
- - 1 vml Vm’ I .
X=i,, y=i, W®  =——— ™ oL if Np<N,
v " LEmm.n \/ﬁ (DanJ _¢nvm',l’

Table 7.2.4-12: Codebook for 3-layer CSI reporting using antenna ports 15 to 14+P

3 Layers, Codebook-Config=1, N, >1, N, >1

i,,=0,1---,N,0, -1

. i2
1
0 1
(3) v/ (3)
0, 'OlNl -1 ip12012+0p 200 I, +00iy 5.0 5
(3) v (3)
OlNl’.“ ! 201N1 -1 i11.012.02+0; 10010012, +0,

where w2 [m Ve Ve g 1 (Ve Ve Vs
Lrmm V3P V|,m _Vl,m —V,'. ' IFmm ISP Vl,m V," _V, }

3 Layers, Codebook-Config=1, N, =1

i,=0
b 0 . 1
0, ~,01N1 -1 il(‘i)il‘l-kol,0,0 ~il(,ls,)i1,1+ol,0,o
O1N1" T 201N1 -1 il(f,)ilv1+201,0,0 Nil(‘i)il‘lJrZOl,O,O
201N1" ’ "301N1 -1 il(i)ilyﬁaol,o,o ~i1(‘13,)il‘1+301,0,0

Where Wl(IS)m m = i Vlym Vlym Vly)m‘ ’ VVI(IS)I‘H m = l Vlvm VI Ym‘ VI"mv
Lm, 3P Vl,m _Vl,m _VI’,m' e 3P Vl,m VI’,m‘ _VI’,m‘
3 Layers, Codebook-Config = 2
i,=01---2N, -1
i I
11 5 - | . .
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(3) (3) v (3) 7 (3)
0,--+,2N, -1 W2i1_1,2i1’1+4,2i1‘2,2i1,2 2iy 1 +4,2i; 1,21 5,21 5 2i; 1,21y, +4,2i; 5,21 2iy 1 +4,2i; 1,21 5,21 5
(3) (3) 7 (3) v/ (3)
2N, 4N, -1 W2i1v1,2i1v1,2i1v2 2y, +4 2iy1,2iy4,2i; 5 +4,2i; 5 2iy3,2iy5,2i; 5,20y, +4 2iy;,2iy4,2i; 5 +4,2i; 5
; i
11 2
’ 4 S 6 7
(3) (3) v/ (3) 7 (3)
0,--+,2N, -1 W2i1v1+1,2i1‘1+5,2i1’2 2ig, 2i; 145,21 +1,2iy 5, 2i; 2iy 1 +1,2i; 1 +5,2i 5,20 2iy 145,21 +1,2iy 5, 2]
(3) (3) 7 (3) v/ (3)
2 Nl’ 4 Nl -1 \NZi1v1+l,2i1v1+l,2i1v2 2y 5 +4 2iy1+1,2iy 1 +1,2i; ,+4,2; 2iy 1 +1,2iy 1 +1,2i; 5,21 p +4 2iy1+1,2iy 1+1,2i1 , +4,2i;
. i2
11
8 9 10 11
0.--- 2N. -1 WAS) (3) v (3) v/ (3)
i elNg 2iy 1,20y +4,2i; 41,20 , +1 21y 1 +4,2i 1,20 41,20, +1 2iy 1,20y +4,2i; 41,20 , +1 2iy 1 +4,2i 1,20 41,20, +1
(3) (3) 7 (3) 7 (3)
2N+, 4N, -1 W2i1v1,2i1’1,2i1’2 +1,2iy ,+5 2iy;,2iy;,2; 545,20, +1 2iy1,2iy5,2i; 541,20 , 45 2iy,2iy5,2]; 545,20, +1
. i2
11
12 13 14 15
0 2N 1 W (3) (3) ~2(i2+1,2i11+5,2i12+1,2i1 2+l ~2(i3)+5 2y 141,20, »+1,2i; ,+1
it eNg = 2iy 141,21 +5,2iy ,+1,2i; 5 +1 2iy 145,21y +1,2i; 5 +1,2i; 5 +1 " " ' ' LTHEITREL2 T2
2N AN 1 W (3) (3) ~2(ifi+1,2i11+1,2i12+1,2i1 215 ~2(i3)+1 2i; 141,20, 45,20, ,+1
1 aNy = 2iy+1,2iy 141,21y ,+1,2iy ,+5 2iy 41,2y +1,2i; ,+5,2iy ,+1 : ‘ ‘ : LTI A2
1 [Vaom Vouo, Voo 1 [Veuom Yoy Voo
Whel’e W(?) S 4 4 4 7 (3) - 4 4 4 4
1,I',m,m _ _ ! 11 m,m’ _
V3P Vo 0, Vo 0, Vo0, V3P Vo, 0, Vo0, Vo0,
44 4 "4 4 "4 44 4 "4 4 "4
3 Layers, Codebook-Config =3
i,,=01---2N, -1
. i2
1
0 1 2 3
0.--- N. -1 (3) (3) v/ (3) v/ (3)
i Np 4iy 142,41, +6,2i 5,21 4ip 1 +6,4i 142,21 5,2 4iy 442,41y, +6,2iy 5,2i; 4i 1 +6,4i 142,21 5,2,
N, - 2N. =1 W(3) (3) v (3) 7 (3)
177 1 4y +2,4i1+2,2i; 5,21 ,+4 4y +2,4i1+2,2) ,+4,2i; 5 4y +2,4i1+2,2i; 5,2, +4 4y +2,4i1+2,2) ,+4,2i; 5
. i2
1
4 5 6 7
0.--- N. -1 w® (3) 7 (3) v (3)
i Np i3 +3,4i; 147,28 5,20, 4iy 147,811 +3,2i; 5,20 i3 +3,4i; 147,28 5,20, 4iy 147,811 +3,2i; 5,20
N, 2N, -1 | WS (3) V@ 7 @)
v elNg 41 +3,4i; 1 +3,2i; 5,21 , +4 4iy 1 +3,4iy,+3,2i ,+4,2i , 4iy 1 +3,4i; 1 +3,2i; 5,21 , +4 4iy 1 +3,4iy+3,2i ,+4,2i ,
: i
1 2
8 9 10 11
0.--- N. -1 w® (3) 7 (3) v/ (3)
T INg Ay 1,4y 4 +4,20g o +1,2; o +1 Ay +4,4i; 1,20 o +1,20; o +1 Ay 1,4y 4 +4,2i) o +1,2i; p+1 Ay +4,4i; 1,20 o +1,20; o +1
(3) (3) 7 (3) 7 (3)
Ny, 2N, -1 W4i1v1,4i1v1,2i1v2 +1,2iy,+5 4iy 1,4y 1,20 ,45,2i; ,+1 4iy 1,4y 1,20 ,+1,2i; ,+5 4iy 1,4y 1,20 ,45,2i; ,+1
: i
1 2
12 13 | 14 15
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@) 3) v/ (3) v (3)
— 4iy 1 +1,4i 1+5,2i; ,+1,2i; ,+1 4iy 145,40 1+1,2i; ,+1,2i; ,+1
0,---,N, -1 A 11,4, +5,20, 5 +1,2iy , +1 | YV 1 +5,4i, 11,20, 541,20, +1 127580 42 e T e
3) 3) v (3) v (3)
— 4iy 1 +1,4iy 141,20 ,+1,2i; ,+5 4iy 1 +1,4iy 1 +1,2i; ,+5,2i; ,+1
Ny, 2N, =1 4y +1,41y 1 +1,20 5 +1,21 +5 | Vi +1 4k +1,28; 55,2 5+ M2 TR MR TR
1 Vorom  Voiom o)l opm 1 Vorom Vo om Ol Opm
44 44 44 ~ 474 4 4
(3) 4 4 (3) 4 4 4 4
Where WI,I',m,m' - \/3_ vV -V -V ! WI,I',m,m' - \/3_ vV Vv -V
P Vos om O O;m ol om’ PVorom Vo om o) om’
4" 4 4" 4 4 4 4 4 T4 aae
3 Layers, Codebook-Config =4, N,>1 N, >1
il’2 =0,1---,4N, -1
i b
11
0 1 2 3
(3) (3) v/ (3) v/ (3)
O’ T N1 -1 Ay Ay +4ig o000, W4i111+4,4i1v1,i1‘2,ily2 Ay g, 4y +40 o 0, Ay +4,401 1,0 5,5
(3) (3) i) A7 (3)
Nl,-",ZNl -1 W4i1‘1'4i1v1,i1‘2,i1‘2+4 Aig 1,401 1,1 o +4,01 4y 1,801 1,01 9,0, +4 4y 1,40 10 o +40
: i
11 2
’ 4 5 6 7
(3) (3) n (3) n (3)
0, Nl -1 4iy 1 +1,4i3 145,11 5,015 W4i1’1+5,4i1v1+1,i1‘2 NP 4y, +1,4iy 145,015,015 4iy 1 +5,4i15+1,1 5,01 5
N. .- 2N. -1 (3) (3) v (3) n (3)
1 1 4y 1 +1,4ip 1 +1ig 5 iy o +4 Aip 1 +1,4iy 1 +10; o +4ip 5 Ay 1 +1,4i 1 +10p 5,1y, +4 4ip 1 +1,4iy 1 +1i; o +4ig 5
i1 '2
8 9 10 11
(3) (3) v ) i)
O’ T Nl -1 4y 1+2,4i1 146,y 5,1 5 Vv4i14+6,4i1v1+2,i112,ily2 4y 1+2,411 146,11 5,0 5 4y 1+6,411 1+2,i1 5,11 5
(3) (3) v (3) n (3)
N11"'12N1 -1 4y 142,41 14+2,ip 5,1y o +4 4y 1 +2,4i 1 +2,i o +4,iy 5 W4i1v1+2,4i1v1+2,i1v2,i1‘2+4 Aiy 42,401 +2,i) ,+4ip 5
i1 '2
12 13 14 15
(3) (3) v ) )
0, N1 -1 W4i1v1+3,4i1‘1+7,i1v2,il‘z W4i1v1+7,4i111+3,i1‘2,il‘z iy 1 +3,4iy 1 +7,iy 5,0p 5 4y 1 +7, 41431 5 5
N. .- 2N. —1 (3) (3) v (3) A (3)
IR 1 Ay 1+3,4i1 1 +3,ig 5, iy o +4 Ay 1+3,4iy 1 +3,i;  +4,iy 5 Ay 1+3,4iy 1 +3,i1 5 iy o +4 Ay 1+3,4i1 1 +3,i;  +4,iy 5
1 Vgﬂ 0,m Vgﬂ 0,m Voll o,m 1 VOJ O,m Voll' o,m ol o,m
474 44 raare ~ 44 4 T4
3) _ 4 4 3) _ 4 4 4 4
Where Wl,l‘,m,m. - ISP Vv -V -V ) ! Wl,l‘,m,m‘ - I3P vV V. ) Vv .
9l Om 9l Om o)l om Ol om  Tol om o)l opm
A ‘e s S8 e aa
3 Layers, Codebook-Config =4, N,=1
iy, =0,1-,4N, —1
: i
1 2
’ 0 1 2 3
0--- N -1 (3) (3) 7 (3) v/ (3)
i Ny 4iy;,4i;,+4,0,0 4iy;+4,4iy;,0,0 4iy;,4i;,+4,0,0 4iy;+4,4i1;,0,0
(3) (3) v (3) 7 (3)
N, 2N, -1 4iy4,4i1,+8,0,0 4i;,+8,4i;,,0,0 4i;, ,4i;,+8,0,0 4i;;+8,4i;,,0,0
(3) (3) 7 (3) v/ (3)
2N;,--+,3N; -1 4iy;,4i;,+12,0,0 4iy,+12,4i1,0,0 4i;,4i;,+12,0,0 4i;,+12,4i1,0,0
: i
1 2
4 | 5 | 6 | 7
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(3 (3) v (3) v (3
0,---,N; -1 4iy, +1,4iy,+5,0,0 4iy,+5,4i;;+1,0,0 4iy;+1,4i,+5,0,0 VV451+54hJ+L00
(3) (3) v (3) v (3)
Ny, 2N, -1 4iy;+1,4i;,+9,0,0 4i,+9,4i;,+1,0,0 4iy1+1,4i;,+9,0,0 W4i1‘1+9,4i1.1 +1,0,0
(3) (3 v (3) N (3)
2Ny,--+,3N, -1 4iy 1 +1,4iy,+13,0,0 W4i1‘1+l3,4i1v1+l,0,0 4iy,+1,4i;,+13,0,0 W4i1v1+13,4i1v1+1,0,0
1
8 9 10 11
0. N. -1 (3) (3) v (3) v (3)
TN 4iy1+2,4i1,+6,0,0 4i;,+6,4i,+2,0,0 4iy,+2,4i,+6,0,0 4iy,+6,4i,+2,0,0
(3) (3) v (3) v (3)
N;,--+,2N; -1 4iy 1 +2,4i1,+10,0,0 W4i1‘1+10,4i111+2,0,0 4iy,+2,4i,,+10,0,0 W4i1v1+10,4i111+2,0,0
(3 (3) v (3) v (3)
2N,,--+,3N, -1 4iy 1 +2,4iy,+14,0,0 W4i1v1+14,4i111+2,0,0 4iy,+2,4i,,+14,0,0 W4i1v1+14,4i1.1+2,0,0
1
12 13 14 15
0. N. -1 (3) (3) v (3) v (3)
v N 4iy1+3,4i,+7,0,0 4iy4+7,4i,+3,0,0 4iy,+3,4i,+7,0,0 4iy4+7,4i,+3,0,0
(3) (3) v/ (3) v (3)
(R 17 i1 +3,4i;,+11,0, i +11,4i,,+3,0, i1 +3,4i;,+11,0, i1, +11,4i,,+3,0,
N 2N 1 4iy1+3,4i1,+11,0,0 W41‘1 11,4i,+3,0,0 4iy1+3,4i,+11,0,0 W41‘1 11,4i,+3,0,0
(3 (3 v/ (3) v (3)
2Ny,--+,3N, -1 4iy 1 +3,4i;1+15,0,0 W4i1‘1+15,4i111+3,0,0 4iy,+3,4i;,+15,0,0 W4i1v1+15,4i111+3,0,0
Vorom  Vorom  Voyom Vorom Vorom  Vorom
where WO :i 44 4" 4 4" 4 v (3) L 4" 4 44 4" 4
1LI'mm _ ’ _
V3P [Voiom  Vorom Voo, V3P [ Voiom Voiom Voo
44 474 R 474 44 a4

Table 7.2.4-13: Codebook for 4-layer CSI reporting using antenna ports 15 to 14+P

4 Layers, Codebook-Config=1, N,>1, N, >1
i1,2 =0,1---,N,0,-1
. i2
11
0 1
(4) (4)
0, N0, -1 iy 1,0 1+0iy 9, 5.0 iy 1,010 +0 21k 511
(4) (4)
O/N;,---, 20N, -1 i1 i i1 54050 i1y 12 0.1
where W (4) - i Vl,m vll,m' Vl,m VI‘,m‘
Lmm.n A/ 4P @nvl,m (onvyym' - (onvl,m - @nvrym'
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4 Layers, Codebook-Config=1, N, =1
i1,2 =0
i
1
0 1
(4) (4)
0,---,ON, -1 Wilyl,il‘lJrOl,O,O,O ip1.p1+0;,0,0,1
(4) (4)
O,N;,---, 20N, -1 Wilvl,iMJrZOl,O,O,O Wil‘l,il‘lJrZOl,O,O,l
(4) 4)
20,N,,---,30,N, -1 Wilyl,i1v1+301,0,0,0 iy1.i1+301,0,01
@ B 1 Vl’m Vl‘,m‘ Vl,m Vl',m'
ILmmn ~ ] — —
. 4P gonvl,m (Dnv|"m‘ (pnvl,m §0nV|‘Ym‘
4 Layers, Codebook-Config = 2
i,=01---,2N, -1
. i
11 2
0 1 2 3
(4) (4) (4) (4)
0,---,2N, -1 W2i1‘1,2i1v1+4,2i1‘2,2i1‘2,0 W2i1‘1,2i1’1+4,2i1|2,Zilvz,l 2i1+1,2i 145,21 5,21 5,0 2iy1+1,2iy,+5,2i 5,2 5.1
(4) (4) (4) (4)
2Ny, 4N; -1 W2i1‘1,2i1v1,2i1‘2,2i1‘2+4,0 W2i1,1,2i1,1,2i1,2,2i1,2+4,1 2iy 141,21y 1 +1,2i 5, 2]y 5 +4,0 2iy 141,21 +1,2i 5,20y , +4,1
iy
11
4 5 6 7
@ @ (4) (4)
- 2iy 141,21 1+5,2i; 5 +1,2i; , +1 2i1+1,2i; 1+5,2i; ,+1,2i; , +1,1
0,--,2N, -1 2iy1,2i; 1 +4,2i; 5 +1,2i; ,+1,0 201,20y +4,20 5 +1,2i; 5 +11 #1201 +5.20 41,24, +10 I +1.2 45,20 5 +1.24 o+,
(4) (4)
(4) (4) 412 4124121 Wai 10t 120,12
2N,,---,4N, -1 W2i1‘1,2i1v1,2i112+1,2i112+5,0 W2i1‘1,2i1v1,2i112+1,2i112+5,1 2iy 1+1,2iy 1 +1,2iy ,+1,2i; ,+5,0 2iy 5 +1,21y 1 +1,2iy ,+1,211 p+5,1
Vv Vv \" Vv
o L WG uge T
Lommn _ _
mmne 4P §0an| [ (oanl‘ 0 Vo, [ (/)nvgl‘ [
44 4 "4 44 4 "4
4 Layers, Codebook-Config =3
i, =01---,2N, -1
. i
i 2
11
0 1 2 3
(4) (4) (4) 4
0N, -1 W4i1v1+2,4i1’1+6,2i1v2,2i1v2,0 4iy1+2,4iy,+6,2i; 5,2 5.1 iy 1 +3,4iy,+7,2i1 5,20y 5,0 W4i1,1+3,4i1‘1+7,2i1‘2,2i1_2,1
(4) (4) (4) (4)
Ny, 2N; -1 W4i1v1+2,4i1,1+2,2i1‘2,2i1‘2+4,0 W4i1v1+2,4i1,1+2,2i1‘2,2i1‘2+4,1 4iy 1 +3,4i; 1 +3,2i 5,20 5 +4,0 W4i1‘1+3,4i1,1+3,2i1v2,2i1v2+4,1
. )
1
4 5 6 7
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(4) (4) (.4) ) . . W (.4) . : .
0,--,N, -1 W4i11 i +4.2i, 121, 410 W4i11 G 44,21, 4120, 11 4iy 3 +1,41; 1 +5,2i; 5 +1,2i ,+1,0 4iy 1 +1,4i 5 +5,2; 5 +1,2iy p 411
(4) (4)
4 4 . . . . . . . .
Ny, 2N, -1 W4(i13 iy 21y, 4121450 W4(i13 4y 21,4121, 451 4iy; +1,41; 1 +1,2i) 5 +1,2iy ,+5,0 W4|111+l,4|1v1+1,2|112+1,2|112+5,1
1| You%m Voo Yoo, Voo
4 — 474 44 44 44
LI'm,m’, / — —
mm.n 4P (angl &m (Dnvgl‘ &m' €0an %m (Dnvgl‘ &m'
44 4 "4 44 4 "4

4 Layers, Codebook-Config =4, N;>1 N, >1

i, =01-,4N, -1

; i
11 2
0 1 2 3
(4) (4) (4) (4)
0,--,N, -1 W4i1‘1,4i111+4,i1v2,i112 0 Aig g, 41y 1 +4i1 500501 4y +1,4iy 3451y 5.1y 5.0 Aig 1,41 +5001 5,k 5 1
(4) (4) (4) (4)
Ny, 2N, -1 W4i1‘1,4i111,i112 15 +4,0 W4i1‘1,4i1,1,i1,z 1o +ad W4i1‘1+1,4i111+1,i112 15 +4,0 W4i1‘1+1,4i111+1,i112 1o +ad
I
1
4 5 6 7
0.--- N. -1 (4) (4) (4) (4)
1 Ny 4i 142,41y +6,2i; 5,2i; ,,0 4i 142,41y +6,2i; 5,20 5,1 4i 143,41 147,21 5,20y, 4i 143,40 147 2iy, 20, 1
N. .- 2N. -1 (4) (4) (4) (4)
SRR 1 4ip1+2,4i1+2,21) 5,21 ,+4,0 4ig 1 +2,4iy 42,21 5,20 p+4,1 4iy1+3,41)1+3,211 5,21 ,+4,0 4iy1+3,41)1+3,211 5,21 , +4,1
Vo, o, Vo, 0, Vo, o, Vo, . 0,
1 =1, 22m e ) =1, =2m =) 22y
4 — 44 44 44 4 "4
1lmm,n — _
V4P anV&I [ (angl‘ 0, (Dnvgl [ (angl‘&m-
44 4 "4 44 4 4
4 Layers, Codebook-Config =4, N,=1
i,=0
- i
I11 2
0 1 2 3
(4) (4) (4) (4)
0, N1 -1 4iy,4iy,+4,0,0,0 W4i1‘1,4i1’1+4,o,o,1 W4i1v1+1,4i111+5,0,0,0 W4i111+1,4i1v1+5,0,0,1
(4) (4) (4) (4)
Ny, 2N, -1 W4i1v1,4i1‘1+8,0,0,0 W4i1‘1,4i1’1+8,0,0,1 W4i1,1+1,4i1,1+9,0,o,o W4i1v1+1,4i1‘1+9,0,0,1
(4) (4) (4) (4)
2N;,--+,3N, -1 4y ,4i;,+12,0,0,0 W4i1v1,4i1‘1+12,0,0,1 W4i1v1+1,4i111+13,0,0,0 W4i111+l,4i1v1+13,0,0,1
- i
1 2
' 4 5 6 7
(4) (4) (4) (4)
O’. " Nl -1 4i1’1+2,4i1‘1+6,0,0,0 4i1,1+2,4i1v1+6,0,0,1 W4i111+3,4i1v1+7,0,0,0 W4i1v1+3,4i1‘1+7,0,0,1
(4) (4) (4) (4)
Ny, 2N; -1 W4i1v1+2,4i1‘1+10,0,0,0 W4i1‘1+2,4i1v1+10,0,0,1 W4i1,1+3,4i1,1+11,0,0,0 W4i1,1+3,4i1‘1+11,o,o,1
(4) (4) (4) (4)
2Ny,-+,3N; -1 W4i1v1+2,4i1‘1+14,0,0,0 W4i1‘1+2,4i1,1+14,0,0,1 W4i1,1+3,4i1,1+15,0,0,o W4i1,1+3,4i1,1+15,o,o,1
Vv Vv Vv Vv
1 9y %, Oy Oy 9, Oz, Oy Qo py
@ 44 4 "4 44 4 "4
1L mm’, _ _
VAP | PaVo, 0, Vo, o, PVo, o, PuVo,, o,
44 4 "4 44 44
3GPP
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Table 7.2.4-14: Codebook for 5-layer CSI reporting using antenna ports 15 to 14+P

5 Layers, P=8, N1=N2
Value of Codebook-Config i iy,
(5
1 0L---0ON; -1 | 0L--,0,N; -1 Wilyl,il‘1+01,i1‘1+01,i1‘2,ilyz,i1v2+02
(5)
2-4 01---4N; -1 014N, -1 Wilvl,i1yl+4,i1‘1+4,i1yz,iM,i1v2+4
Vo, o, Vo, o, Vo,.0, . Vo.0,. Vo,o,.
®) 1 7I,Tm 7I ,Tm TI ,Tm 7I ,Tm 7I ,Tm L
Wt = T for Codebook-Config = 2-4
P Vo 0, Vo,0, Vo,o0.. Vo0, Voo
44 44 4 4 4 4 "4
(5) 1 Vim Vi VI“m‘ I'm Vl”,m” —
W == for Codebook-Config =1
. VOP [Vim Vi Vim Vi Vi
5 Layers, P=12
Value of Codebook-Config | Configuration iy i,
(5)
1 N;>1 N;>1 1| 0L---,O;N; -1 | 01---,0,N; -1 iy 1y #0100y 2.y 510y 20,
(5)
2 N,>LN,>1 | 0L--4N;-1 | 0L--4N,—1 o g o g4
(5)
N, 2N, 0%--4N;-1 | 01---4N,-1 iy 1y 3+ iy 18,1 5 5y o +4
3
()
N; <N, 01---4N; -1 014N, -1 iyt iy 1+ 0y oA 548
(5)
N; >N, 014Ny -1 014N, -1 iy 13 iy 1801 0 i
4
)
N; <N, 01---4N; -1 014N, -1 iyt iy 102y o+ 548
where
1 Voo Voo Voo Voyo Voo
A ol A ‘ol “* | for Codebook-Config = 2-4
T NBPIVg o, Vo0, Vo0, Voo, Voo -
L 44 44 4 "4 4 "4 4 "4
(Vim Vim Ve VoV _
© L |0 mootmo ot B for Codebook-Config = 1
LI ,mm,m /5P Vl,m _Vl.m V|‘ . _V|' . V|” .
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5 Layers, P=16
Value of Codebook-Config | Configuration iy i,
(5)
Nl > 1’ N2 >1 0’1'“.’01N1 -1 0’1’“.’02N2 -1 Wi1,1vi1‘1+01vi1‘1+01xi1.2xi1.2xi1,2+02
1
— (5)
N2 =1 O’l’“.’OlNl -1 0 Wi1,1vi1,1+01vi1,1+201vi1,2ri1.2xi1,2
(5)
2 N,>1L N,>1 01,---,4N, -1 014N, -1 Wi1‘11i1,1+41i1,1+4ri1‘2’i1,2!i1,2+4
(5)
N; >N, 0L---4N;-1 | 01---4N, -1 Wilvl,i1‘1+4,i111+8,i1‘2,il‘z,i1v2+4
3
(5)
N; <N, 01---4N; -1 014N, -1 Willl,il‘l,i1,1+4,il‘z,i1l2+4,i1,2+8
(5)
N, 2N, 01--4N;-1 | 01---4N,-1 Wi 81102
4
(5)
N, <N, 01---4N; -1 01---4N,-1 Wil,llil,llil.lvil,z'i1,2+4'i1.2+8
where
1 [V Voo Voo Voyou Voo
wo. =) ol ol A ** | for Codebook-Config = 2-4
Shmmme 5P| Vg, o Vo, 0 Vo,.0,. Vo,.0,. Vo.o0,.
=L, 2m =L, =2m =L 22m =L 22m = 2Zm
44 44 4 "4 4 "4 4 "4
v v V..oV VL
o I AR Codebook-Config = 1

Table 7.2.4-15: Codebook for 6-layer CSI reporting using antenna ports 15 to 14+P

6 Layers, P=8, N1=N2

Value of Codebook-Config i i
11 1,2
1 _ ] _ (6)
0,1, ,OlN 1 1 0111 102 N 2 1 Wiiyl,i111+01,i1v1+01,i1‘2 12402 +0;
24 ©
01---,4N; -1 0%---,4N, -1 Wi1,1vi1,1+4~i1‘1+4’i1,2 g gyt
where
1 Vgl’&m Vﬂl,&m V&,"&m‘ V&fy&m‘ V&r‘,&m“ V&l“,&m”
,(ﬁ)p - 472 272 42 4 "4 44 44 for Codebook-Config = 2-4
. V6P V&| % _V&| O V%r Oy _Vgl‘ Oz V&I" Oy _V&'" e
4 474 474 474 44 4

6 1 Vlvm v'vm VI' m VI‘ m VI” m’ VI” m’ -
we, == ' ’ : ’ for Codebook-Config = 1
wmmn 6P Vim Vim Vi Vi Ve Ve
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6 Layers, P=12

Value of Codebook-Config | Configuration i i,
(6)
1 Ny >1 Ny 21 | 0L ON; =1 | 02,0,N, =1 | W 000
(6)
2 N,>L N, >1 | OL-+4Nj=1 | Ol dNp-1 | WO o
(6)
N, 2N, 0%---,4N, -1 0L---,4N, -1 Wi1‘1!i1,1+4’i1.1+81i1,21i1,2vi1,2+4
3
(6)
N, <N, 01---,4N; -1 014N, -1 Wi1,11i1,1~i1,1+4vi1‘zvi1,2+4vi1,z+8
(6)
N, >N, 0L---4N;-1 | 01---4N,-1 W it i,
4
(6)
N, <N, 014Ny =1 | 0L aN,—1 | WO oo
where
_Voo Vo, o Vo, 0, Vo0, Vo,.o,. Vo.o,.
6 (O S S L S e S L S L ,
o == for Codebook-Config = 2-4
T NBP Vo o, Vo0, Voo, Voo, Voo Voo,
L 44 44 474 44 4 s 4 s
(v v, VooV VL VL
we. I R L Codebook-Config = 1
e V6P _Vl,m “Vim Vl',m' _Vl‘,m‘ Vl'\m" _Vl",m”
6 Layers, P=16
Value of Codebook-Config | Configuration i, i,
(6)
Nl >1, N2 >11]0L-0ON; =1 | 0L-,0,N, -1 Wi1,1xi1,1+01xi1,1+01vi1,2ri1,21i1.2+02
1
(6)
N2 =1 0'1'.“'01N1 -1 0 Wiuxi1‘1+01vi1,1+201vi1,2vil,zri1.2
(6)
2 N,>L N, >1 | 0L ANy =1 | OL--dNp=1 | WO o
(6)
N, >N, 01---,4N; -1 01---4N,-1 Wi1‘1yi1,1+4vi1,1+8,i1,2,il,z,i1,2+4
3
(6)
N, <N, 01---,4N; -1 01---4N,-1 Wi1‘1yi1,1vi1,1+41i1‘z,i1‘2+4vi1,z+8
(6)
N, >N, 0L1---,4N, -1 0L---,4N, -1 Wil‘l,i1,1+4,i1,1+8,i1,2,il‘z,il‘z
4
(6)
N, <N, 01---4N; -1 01---4N,-1 Wi1,1vi1,1’i1,1vi1‘zvi1,z+4vi1,z+8
where
1 Voo Voo, Voo Voyou Voo Vogon
A e ol sl ‘e * % | for Codebook-Config = 2-4
T V6P Vo0, Vo,0, Vo,0,. Vo,o0, Voo Vo o
a2 2" g P 2"
v, v Vo ooV VL VL
we. :—L meotm Tim im TEe T and for Codebook-Config = 1
s 6P V'vm _V|vm VI m _VI',m VI”,m" _Vl",m”
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Table 7.2.4-16: Codebook for 7-layer CSI reporting using antenna ports 15 to 14+P

7 Layers P=8, N1=N2

Value of Codebook-Config

il,l i1,2
1 (7)
0,1,' "!OlNl -1 0,1,“-,02 N2 -1 iy 1,013 +01 1400y 110 2 1 21y 2705 1k 240,
2-4 (7)
0,1,' . ',4N1 -1 0,1,' . ',4N2 -1 it g g i o 4 o +4
where
n Vo0, Voo, Voo Voo Voo Voo Voo
woo =] 4 A ‘e el e * % |for Codebook-Config =
oo mmmn P V01| S, _V01| S, V01|' [ _V01|' [ O1|" O, _Vo1|” O V01|‘" Oy "
L' e e 27" 3 2 S
2-4
W(?)., - 1 Vlvm Vlvm VI',m VI‘,m‘ "m’ VI”,m" vlm,mm
L mm,m ,m
A mmm, JIP|V, . =V, V.. —V. . V. —V. V. . )
Ltm o m e e T, tm T Ifor Codebook-Config = 1
7 Layers, P=12
Value of
Coglf_ £ Configuration iy i,
Config
01,---,0,N, -1 (7
1 N;>1 N, >1 01---,0,N; -1 272 iy 1,13 +00iy 14Oy i s .0y . 5405 1y 40,
(@)
2 N;>1L N,>1 014N, -1 014N, -1 AT R VR N N A VR e
(7)
N, 2N, 014N, -1 01---4N; -1 iy A+ T 5 5+
3
(7)
N, <N, 014N, -1 01---4N; -1 iy iyl 1+ 1+ 2 iy iy o 48, p+4
(@)
N, =N, 014N, -1 014N, -1 PR RRRE N I N A v
4
(7)
N, <N, 01---4N, -1 01--4N; -1 iy 1 3, gHi 4 B0
where
(7) 1 V'vm V|vm I'm VI',m' Vl",m" VI”,m" VI‘",m"‘ .
= = for Codebook-Config = 2-4
S VTP [ Vi —Vim Vi Vi Vi Ve Vi
1 [VYim Vi, LV e Ve Ve _
oo =Tt T for Codebook-Config = 1
S V7P V'vm _VLm I'm _VI‘,m‘ Vl",m” _Vl”,m VI‘",m"‘
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7 Layers, P=16
Value of Co_debook- Configuration i, iy,
Config " '
(@)
Nl > 1’ N 2 > 1 0'1‘.“'01N1 -1 0’1'“.’02N2 -1 Wi1,1vi1‘1+01xi1.1+01vi1,1vi1‘2vi1‘2vi1‘2+ozxi1‘2+02
1
_ _ @
N2 _1 0’1’ ’OlNl 1 0 Wil,l:i1,1+01xi1,1+201:i1,1+3011i1.2xil,z:i1,2xi1‘2
(7)
2 N,>1 N,>1 0%---,4N; -1 0%---,4N, -1 Wil,l’i1.1+4ri1‘1+4vi1‘1li1.2li1,21i1‘2+4'i1‘2+4
(7)
N, 2N, 01---4N, -1 014N, -1 Wim,i111+4,i111+8,i111+12,i1‘2,ilvz,i1v2+4,i112+4
3
()
N; <N, 014N, -1 01---4N; -1 Wil‘l,il_l,i111+4,i1‘1+4,i1’2,i1‘2+4,i1‘2+8,i1‘2+12
(7)
N, 2N, 014N, -1 014N, -1 Wil_l,i1‘1+4,i1‘1+8,i1‘1+12,ilvz,il_z,il_z,ilyz
4
(7
N; <N, 01---4N; -1 014N, -1 Wim,in,iu,im,iu,i1,2+4,i1.2+3,i1,2+12
where
1 Voo, Voo, Voo, Voo Voo Voron Voro
wo = ae “od ‘o e ‘o * % | for Codebook-Config =
TR NTP AV, o, Vo0 Voo, Voyo Voyo Voyo Voo
=L ==m =L ==m 2L ==m 2L ==m I —=2m =L =Zm =L =Em
44 44 4 "4 4 "4 4 "4 4 4 4 4
2-4
1 Vim Vim Ve Ve Voo Voo Ve )
wo o o | Tt b B and for Codebook-Config = 1
R VIP [Vim  —Vim Vl‘,m‘ Vi V|",m" _Vl”,m" 1"m"

Table 7.2.4-17: Codebook for 8-layer CSI reporting using antenna ports 15 to 14+P

8 Layers, P=8, N1=N:

Value of Codebook- i i
Config 11 12
1 0L-+,0;N; —1 0L-+,0,N, —1 w®
R 22 12,3 +00 #0001 2.0 200 2 +02,1 240,
2-4 ®)
0111""4N1 -1 01 "’4N2 -1 Wim,i1v1+4,i1v1+4,i111,i1v2,ilvz,i1v2+4,i1v2+4
v Y v v v v v Y
where W . L :T for
8P Vo, 0, Vo0, Vo,0,. Voyo. Vo,o. Voro. Voro. Voo
44 44 4 "4 4 "4 4 "4 4 "4 4 4 4 4
Codebook-Config = 2-4
W (8) _ 1 Vl m V| m Vlv,m' vl‘ m VI” m’ vl“ m VIN m" VI‘-- m’
L mm m'm” __l
8P| Vim Vi Vl',m' _Vl',m' Vl“,m" _Vl",m” Vl"‘,m“’ _Vl"‘,m“'

for Codebook-Config = 1
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8 Layers, P=12
Value of . . . .
i i
Codebook-Config SO e Ll Lz
(8)
1 Nl Z 1’ N2 21 0’1’“.701N1 -1 O’l'“.’OZNZ -1 i 2011401011401y 24 2011 2105 1, 10,
(8)
2 N,>1L N,>1 01,---4N; -1 014N, -1 i1+ i1 i i g i i 44
(8)
N, >N, 014N, -1 01---4N,-1 gy 48, g+ 0y o+ o4
3
(8)
N, <N, 014N, -1 014N, -1 iy iy 1+ iy 3 p iy 5 480 o+
(8)
Nl = NZ 0'1’“"4N1 -1 0’1’“.'4N2 -1 Iyt 8l oy 2k p g o 4
4
Ny <N, 0L+ 4N, -1 014N, -1 il(i)imviu:i1.1+4’i1,2’i1,2+4:i1.2+8’i1,2
1 Voo Voo, Voo Voyo Voo Yoy Voo Vogo
where W®. . =—_—_| 44 474 4 4 42 PR 4 2 2 2 3 for
LI mm,m m 8P v _ ‘ ‘ ) ) —v ) ) v —v
v 0,0, Vo0, Vo,o,. Voo Voro Voo Voo 0, 0,
44 44 "4 4 "4 4 "4 4 4 4 4 4 4
Codebook-Config = 2-4
1 [Vim Vim Y, V. . V.. V.. V.. )
WO = " Tootmotmehmehm e for Codebook-Config = 1
B V8P Vim “Vim Vl‘,m‘ _Vl',m' Vl“,m“ _Vl",m” Vl“‘,m“‘ e
8 Layers, P=16
Value of . . . :
. i i
Codebook-Config Ceni/LE o 1 L2
(8)
Nl > l’ N 2> 1 010Ny -1 01-,0,N; -1 11,03 +O0101 #0010y 200 2,0 2 +032 1 +0;
1
_ _ (8)
N2 _1 O’l’ ’OlNl 1 0 ip,104,1+01,iy,1 #2041y 1 +30y iy 5,1 2,001 200 2
(8)
2 N,>1 N,>1 044N, -1 | 0L--4N,-1 b ia it
(8)
N; >N, 0L---4N; -1 01---4N, -1 iy 140y 480 H12,0 9y o o+ +A
3
(8)
N, <N, 014N, -1 014N, -1 by i+ 5 480y 412
(8)
Nl = N2 0'1'.“'4N1 -1 0'1'.“’4N2 -1 i1, 4480 +1200 5 o ko ko
4
N, <N, 014N, -1 014N, -1 il(f,)ilvl,il‘l,ilvl,ilvz,i1v2+4,i1I2+8,i1v2+12
1 Yoo Voo, Voo Voyo Voo Yoy Voo Vogo
Where WI(IS)I P __ - 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 fOf
T N8P Va0, Vo0, Yoy, TVoyo, Voro TYoron Voron Voro
44 474 4 "4 4 "4 4 "4 4 "4 4 4 4 4
Codebook-Config = 1
1 [Vim Vim Ve Ve Ve Ve oo V.o )
we. == " mootmotm e T, '™ | Codebook-Config = 2-4
e 8P Vlvm _V|vm VI‘,m _VI‘,m vl”,m _VI”,m" VI m" - " m"
3GPP
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For a UE configured with higher layer parameter eMIMO-Type, and eMIMO-Type is set to ‘CLASS B’, and one CSI-RS
resource configured, and higher layer parameter alternativeCodebookEnabledCLASSB_K1=TRUE configured,

For 2 antenna ports {15,16 } a PMI value corresponds to the codebook index N given in Table 7.2.4-18 with
v equal to the associated RI value.

For 4 antenna ports  {1516,17,18 }, a PMI corresponds to the codebook index N given in Table 7.2.4-19 with
v equal to the associated RI value.

For 8 antenna ports {15,16,17,18,19,20,21,22 } a PMI value corresponds to the codebook index N given in
Table 7.2.4-20 with v equal to the associated RI value.

where elEN) is a length-N column-vector where its I-th element is 1 for k=I (k,l {0,1,---, N —1}), and 0 otherwise.

Table 7.2.4-18: Codebook for v-layer CSI reporting using antenna ports {15,16}

Codebook Number of layers v
index, n 1 2
1 [1] 11 1
I R
111 111 1
S I R ]
. | 2]
V2] '
o
’ 2| '
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Table 7.2.4-19: Codebook for v -layer CSI reporting using antenna ports {15,16,17,18 }

Codebook
index, n

Number of layers v

0

-

1

RN
el(2) _ egz) _ el(2)

1 [el? ) &l
5l oo o
1 (e e? &l
J6|el?) &) —e
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Table 7.2.4-20: Codebook for v -layer CSI reporting using antenna ports {1516,17,18,19,20,21,22 }

Codebook Number of layers v
index, n 1 2 3 4
1 [el 1[el) el 1 [el? el e 1 (el e el el
° FAER 2[el) —e| | Jolel) —el —e 22| el e el e
1] el 1[ el el 1 (el el e 1 [l e e el
' Vool | 2gel) el | | Vol —ef) —ef] | 22| jef" el - jef) - jel!
1] el 1[ef®) e 1 [el) & e 1 [el® e e el
2| G| | 2ld | | Tl d | | 2| e o
1[ egw 1[e;4> ey)} ) [ew i eg;w} ) {ew B o egw}
3 — = : - —
2] | 2l -] | VBlel” eff o] | 2v2[jel jei) —jel?) - jef’
1 [el® 1[el?) et 1 [el® e el 1 [el® ) el el
4 E e{‘l) o eg4) —e£4) _6 el(4) —e£4) e24) m e£4) eg4) —e£4) eg4)
1] e 1[ el el 1 [el e el 1 (el e el el
© | V-] | 2]l - el | | VBl e el | | 202 el el - jel - jeld
1[ e 1[el) el 1 [ef® & el 1 [el®) e el el
S| Flied| | 2l 0| | Tl o o] | o] ) e e
1] e 1[ el el 1 [ef) el® el 1 [e & e el
T Tl | 2l ]| Ll o ] |l el e
1 [ef® 1[el) el 1 (el el el
8 2|e] | 2e® —e@| | V6|ed —el —e
. 1 e24) 1 e(()4) e{“) 1 eg4) e£4) eg4)
2|-elt 2| jel - je® 6el) —el) —el®
TTe® ] | 2 @] | 1[e® o oo
0 | ol | ald ) | e b
1 i e£4) 1 e(4) e£4) i eg4) eg“) eg4)
2|-j-e| | 2| e - el 6 el el el
1 el 1[el®) el A A
12 E e§4) 2 e(g4) _eg4) _6 e54) _egA) _eg4)
s 1 eg“) 1 e(()") eg4) 1 e(()4) e54) e(()4)
2|-el 2| jel - jel® 6lel) —el) —el®
y 1 e£4) 1 el(4) e£4) 1 e§4) e(()4) e(()4)
L] | 2l ) | b b
T ] 1[e® o ]| 1[e® @ o
15 e —j-eg“) 2 je{“) —jeg“) /6 eé“) eg4) —eg“)
Codebook Number of layers v
index, n 5 6
0 1 [el) & e ) & 1 (el el ) &4 el e
V10 |el) —eld e _ef )| | 243|el) —ef® e _ef) el _el®
1-15
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Codebook Number of layers v
index, n 7 8
0 e o) o o) o) e o

4

iy | EEN
S
L
~
=
|
D o
o-b
=
()
—
~
=
|
[l
R
~
=
@D
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7.2.5 Channel-State Information — Reference Signal (CSI-RS) definition

For a serving cell and UE configured in transmission mode 9 and not configured with higher layer parameter eMIMO-
Type, the UE can be configured with one CSI-RS resource configuration.

For a serving cell and UE configured in transmission mode 9 and configured with higher layer parameter eMIMO-Type,
and eMIMO-Type is set to “CLASS A’, the UE can be configured with one CSI-RS resource configuration.

For a serving cell and UE configured in transmission mode 9 and configured with higher layer parameter eMIMO-Type,
and eMIMO-Type is set to ‘CLASS B’, the UE can be configured with one or more CSI-RS resource configuration(s).

For a serving cell and UE configured in transmission mode 10, the UE can be configured with one or more CSI-RS
resource configuration(s). The following parameters for which the UE shall assume non-zero transmission power for
CSI-RS are configured via higher layer signaling for each CSI-RS resource configuration:

- CSI-RS resource configuration identity, if the UE is configured in transmission mode 9 and configured with
higher layer parameter eMIMO-Type, and eMIMO-Type is set to ‘CLASS B’, the UE is configured with more
than one CSI-RS resource configurations, or if the UE is configured in transmission mode 10,

- Number of CSI-RS ports. The allowable values and port mapping are given in subclause 6.10.5 of [3].
- CSI RS Configuration (see Table 6.10.5.2-1 and Table 6.10.5.2-2 in [3])

- CSI RS subframe configuration |.g,_gs. The allowable values are given in subclause 6.10.5.3 of [3].

- UE assumption on reference PDSCH transmitted power for CSI feedback P, , if the UE is configured in
transmission mode 9.

- UE assumption on reference PDSCH transmitted power for CSI feedback P, for each CSI process, if the UE is
configured in transmission mode 10. If CSI subframe sets Ccg o and Ccg; ;1 are configured by higher layers
for a CSI process, P, is configured for each CSI subframe set of the CSI process.

- Pseudo-random sequence generator parameter, n,. The allowable values are given in [11].

- CDM type parameter, if the UE is configured with higher layer parameter eMIMO-Type, and eMIMO-Type is set
to “CLASS A’ for a CSI process. The allowable values are given in subclause 6.10.5.3 of [3].

- Higher layer parameter qcl-CRS-Info-r11 for Quasi co-location type B UE assumption of CRS antenna ports and
CSI-RS antenna ports with the following parameters, if the UE is configured in transmission mode 10:

- qcl-Scramblingldentity-ri1.
- crs-PortsCount-ril.
- mbsfn-SubframeConfigList-r11.

P. is the assumed ratio of PDSCH EPRE to CSI-RS EPRE when UE derives CSI feedback and takes values in the
range of [-8, 15] dB with 1 dB step size, where the PDSCH EPRE corresponds to the symbols for which the ratio of the
PDSCH EPRE to the cell-specific RS EPRE is denoted by o, , as specified in Table 5.2-2 and Table 5.2-3.

A UE should not expect the configuration of CSI-RS and PMCH in the same subframe of a serving cell.

For frame structure type 2 serving cell and 4 CRS ports, the UE is not expected to receive a CSI RS Configuration index
(see Table 6.10.5.2-1 and Table 6.10.5.2-2 in [3]) belonging to the set [20-31] for the normal CP case or the set [16-27]
for the extended CP case.

A UE may assume the CSI-RS antenna ports of a CSI-RS resource configuration are quasi co-located (as defined in [3])
with respect to delay spread, Doppler spread, Doppler shift, average gain, and average delay.

A UE configured in transmission mode 10 and with quasi co-location type B, may assume the antenna ports 0 — 3
associated with qcl-CRS-Info-r11 corresponding to a CSI-RS resource configuration and antenna ports 15 — 30
corresponding to the CSI-RS resource configuration are quasi co-located (as defined in [3]) with respect to Doppler
shift, and Doppler spread.
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A UE configured in transmission mode 10, and configured with higher layer parameter eMIMO-Type, and eMIMO-Type
is set to ‘CLASS B’, and the number of configured CSI-RS resources is more than one for a CSI process, and with quasi
co-location type B, is not expected to receive CSI-RS resource configurations for the CSI process that have different
values of the higher layer parameter gcl-CRS-Info-r11.

A BL/CE UE configured with CEModeA or CEModeB is not expected to be configured with non-zero transmission
power CSI-RS.
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7.2.6  Channel-State Information — Interference Measurement (CSI-IM)
Resource definition
For a serving cell and UE configured in transmission mode 10, the UE can be configured with one or more CSI-IM

resource configuration(s). The following parameters are configured via higher layer signaling for each CSI-IM resource
configuration:

- Zero-power CSI RS Configuration (see Table 6.10.5.2-1 and Table 6.10.5.2-2 in [3])

- Zero-power CSI RS subframe configuration l.q_gs. The allowable values are given in subclause 6.10.5.3 of
31

For a serving cell, if a UE is not configured with the higher layer parameter csi-SubframePatternConfig-r12, the UE is
not expected to receive CSI-1M resource configuration(s) that are not all completely overlapping with one zero-power
CSI-RS resource configuration which can be configured for the UE.

A UE is not expected to receive a CSI-IM resource configuration that is not completely overlapping with one of the
zero-power CSI-RS resource configurations defined in subclause 7.2.7.

For a serving cell, if a UE is not configured with CSI subframe sets Ccgjo and Ccg ; for any CSI process, and the

UE is configured with four CSI-1M resources, then the UE is not expected to be configured with CSI processes that are
associated with all of the four CSI-IM resources.

A UE should not expect the configuration of CSI-IM resource and PMCH in the same subframe of a serving cell.

7.2.7 Zero Power CSI-RS Resource definition

For a serving cell and UE configured in transmission mode 1-9 and UE not configured with csi-
SubframePatternConfig-r12 for the serving cell, the UE can be configured with one zero-power CSI-RS resource
configuration. For a serving cell and UE configured in transmission mode 1-9 and UE configured with csi-
SubframePatternConfig-r12 for the serving cell, the UE can be configured with up to two zero-power CSI-RS resource
configurations. For a serving cell and UE configured in transmission mode 10, the UE can be configured with one or
more zero-power CSI-RS resource configuration(s).

For a serving cell, the UE can be configured with up to 5 additional zero-power CSI-RS resource configurations
according to the higher layer parameter ds-ZeroTxPowerCSI-RS-r12.

The following parameters are configured via higher layer signaling for each zero-power CSI-RS resource configuration:
- Zero-power CSI RS Configuration list (16-bit bitmap ZeroPowerCSI-RS in [3])

- Zero-power CSI RS subframe configuration |g,_gs. The allowable values are given in subclause 6.10.5.3 of
(3]
A UE should not expect the configuration of zero-power CSI-RS and PMCH in the same subframe of a serving cell.

For frame structure type 1 serving cell, the UE is not expected to receive the 16-bit bitmap ZeroPowerCSI-RS with any
one of the 6 LSB bits set to 1 for the normal CP case, or with any one of the 8 LSB bits set to 1 for the extended CP
case.

For frame structure type 2 serving cell and 4 CRS ports, the UE is not expected to receive the 16-bit bitmap
ZeroPowerCSI-RS with any one of the 6 LSB bits set to 1 for the normal CP case, or with any one of the 8 LSB bits set
to 1 for the extended CP case.

A BL/CE UE configured with CEModeA or CEModeB is not expected to be configured with zero-power CSI-RS.

7.3 UE procedure for reporting HARQ-ACK

If the UE is configured with a PUCCH-SCell, the UE shall apply the procedures described in this clause for both
primary PUCCH group and secondary PUCCH group unless stated otherwise
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- When the procedures are applied for the primary PUCCH group, the terms ‘secondary cell’, ‘secondary cells’,
‘serving cell’, and ‘serving cells’ in this clause refer to secondary cell, secondary cells, serving cell or serving
cells belonging to the primary PUCCH group respectively unless stated otherwise.

- When the procedures are applied for secondary PUCCH group, the terms ‘secondary cell’, ‘secondary cells’,
‘serving cell” and ‘serving cells’ in this clause refer to secondary cell, secondary cells (not including the
PUCCH-SCell), serving cell, serving cells belonging to the secondary PUCCH group respectively unless stated
otherwise. The term “primary cell’ in this clause refers to the PUCCH-SCell of the secondary PUCCH group.

If each of the serving cell(s) configured for the UE has frame structure type 1, the UE procedure for HARQ-ACK
reporting for frame structure type 1 is given in subclause 7.3.1.

If each of the serving cell(s) configured for the UE has frame structure type 2, the UE procedure for HARQ-ACK
reporting for frame structure type 2 is given in subclause 7.3.2.

If the UE is configured with more than one serving cell, and if the frame structure type of any two configured serving
cells is different, and if the primary cell is frame structure type 1, UE procedure for HARQ-ACK reporting is given in
subclause 7.3.3.

If the UE is configured for more than one serving cell, and if the frame structure type of any two configured serving
cells is different, and if the primary cell is frame structure type 2, UE procedure for HARQ-ACK reporting is given in
subclause 7.3.4.

7.3.1 FDD HARQ-ACK reporting procedure

For FDD with PUCCH format 1a/1b transmission, when both HARQ-ACK and SR are transmitted in the same sub-
frame, a UE shall transmit the HARQ-ACK on its assigned HARQ-ACK PUCCH format 1a/1b resource for a negative
SR transmission and transmit the HARQ-ACK on its assigned SR PUCCH resource for a positive SR transmission.

For FDD with PUCCH format 1b with channel selection, when both HARQ-ACK and SR are transmitted in the same
sub-frame a UE shall transmit the HARQ-ACK on its assigned HARQ-ACK PUCCH resource with channel selection as
defined in subclause 10.1.2.2.1 for a negative SR transmission and transmit one HARQ-ACK bit per serving cell on its
assigned SR PUCCH resource for a positive SR transmission according to the following:

— if only one transport block or a PDCCH/EPDCCH indicating downlink SPS release is detected on a serving
cell, the HARQ-ACK bit for the serving cell is the HARQ-ACK bit corresponding to the transport block or the
PDCCH/EPDCCH indicating downlink SPS release;

— if two transport blocks are received on a serving cell, the HARQ-ACK bit for the serving cell is generated by
spatially bundling the HARQ-ACK bits corresponding to the transport blocks;

— if neither PDSCH transmission for which HARQ-ACK response shall be provided nor PDCCH/EPDCCH
indicating downlink SPS release is detected for a serving cell, the HARQ-ACK bit for the serving cell is set to
NACK;

and the HARQ-ACK bits for the primary cell and the secondary cell are mapped to p(0) and p(1), respectively, where
b(0) and py) are specified in subclause 5.4.1 in [3].

For FDD, when a PUCCH format 3/4/5 transmission of HARQ-ACK coincides with a sub-frame configured to the UE
by higher layers for transmission of a scheduling request, the UE shall multiplex HARQ-ACK and SR bits on HARQ-
ACK PUCCH resource as defined in subclause 5.2.3.1 in [4], unless the HARQ-ACK corresponds to a PDSCH
transmission on the primary cell only or a PDCCH/EPDCCH indicating downlink SPS release on the primary cell only,
in which case the SR shall be transmitted as for FDD with PUCCH format 1a/1b.

For a non-BL/CE UE for FDD and for a PUSCH transmission, a UE shall not transmit HARQ-ACK on PUSCH in
subframe n if the UE does not receive PDSCH or PDCCH indicating downlink SPS release in subframe n-4.

For a BL/CE UE, for FDD and for a PUSCH transmission scheduled by an MPDCCH where the last transmission of the
MPDCCH is in subframe n-4, a UE shall not transmit HARQ-ACK on PUSCH in subframe n if there is no PDSCH or
MPDCCH indicating downlink SPS release transmitted to the UE in subframe n-4 where the last transmission of the
PDSCH or MPDCCH indicating downlink SPS release is in subframe n-4.

When only a positive SR is transmitted, a UE shall use PUCCH Format 1 for the SR resource as defined in subclause
5.4.1in[3].
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If a UE is configured with higher layer parameter codebooksizeDetermination-r13 = dai, for FDD and a subframe n, the
value of the counter Downlink Assignment Indicator (DAI) in DCI format 1/1A/1B/1D/2/2A/2B/2C/2D denotes the
accumulative number of serving cell(s) with PDSCH transmission(s) associated with PDCCH/EPDCCH and serving
cell with PDCCH/EPDCCH indicating downlink SPS release, up to the present serving cell in increasing order of
serving cell index; the value of the total DAI in DCI format 1/1A/1B/1D/2/2A/2B/2C/2D denotes the total number of
serving cell(s) with PDSCH transmission(s) associated with PDCCH/EPDCCH(s) and serving cell with

PDCCH/EPDCCH indicating downlink SPS release. Denote VCD_LDAI ¢ asthe value of the counter DAI in DCI format
1/1A/1B/1D/2/2A/2B/2C/2D scheduling PDSCH transmission or indicating downlink SPS release for serving cell c,
according to table 7.3.1-1. Denote VT%A, as the value of the total DAI, according to Table 7.3.1-1. The UE shall
assume a same value of total DAI in all PDCCH/EPDCCH scheduling PDSCH transmission(s) and PDCCH/EPDCCH
indicating downlink SPS release in a subframe.

If a UE is configured with higher layer parameter codebooksizeDetermination-r13 = dai and if the UE transmits
HARQ-ACK using PUCCH format 3 or PUCCH format 4 or PUCCH format 5 in subframe n, the UE shall determine

the 0, 0,*" ,...,acffclﬁ _, according to the following pseudo-code:

Set ¢ = 0 — cell index: lower indices correspond to lower RRC indices of corresponding cell
Setj=0

Set V, 0

emp —
Set V, =0

Set NP2L  to the number of cells configured by higher layers for the UE

cells
whilec< N2k

if there is a PDSCH on serving cell ¢ associated with PDCCH/EPDCCH or there is a PDCCH/EPDCCH
indicating downlink SPS release on serving cell c,

- DL
if Ve on o =9

VO, o =mod(V,,,,4)+1

C-DAl,c — mo temp ! +

end if
- DL
if VC—DAI,(: SVtemp

j=i+1
end if

DL

Vtemp :VC—DAI ,C

if the higher layer parameter spatialBundlingPUCCH is set FALSE and the UE is configured with a
transmission mode supporting two transport blocks in at least one configured serving cell,

~ ACK

. oL = HARQ-ACK bit corresponding to the first codeword of this cell
8J+2(VC—DAI‘C _1)

~ ACK

T = HARQ-ACK bit corresponding to the second codeword of this cell

V.=V, U {81 + 2(\/CD—LDA|,C _1)’8j + 2(VCD—LDALC _1)+1}

elseif the higher layer parameter spatialBundlingPUCCH is set TRUE and the UE is configured with a
transmission mode supporting two transport blocks in at least one configured serving cell,
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~ ACK
0 .
4j +VCD—LDAI o1

codewords of this cell

= binary AND operation of the HARQ-ACK bits corresponding to the first and second

V,=V,U {41 +Ve ow c _1}

else

~ ACK
4§V -1

= HARQ-ACK bit of this cell

V,=V,U {41 +Ve o c _1}

end if
end if
c=c+1
end while
if VTD—II_DAI <Vtemp
i=j+1
end if

if the higher layer parameter spatialBundlingPUCCH is set FALSE and the UE is configured with a transmission
mode supporting two transport blocks in at least one configured serving cell,

0% =2.(4- j+V,2, )
else
0" =4. ] +VTD—IBA|
end if
5% = NACK forany ie{04,..,0* —1)\V,
if SPS PDSCH transmission is activated for a UE and the UE is configured to receive SPS PDSCH in subframe n-4

OACK :OACK +1

ngc}i _, = HARQ-ACK bit associated with the SPS PDSCH transmission
end if
For a UE configured with higher layer parameter codebooksizeDetermination-r13 = dai, if the UE transmits HARQ-
ACK on PUSCH in a subframe, the UE shall determine the 0, ", 0,°",..., acffcﬁ _, according to the above

procedure as if the UE transmits HARQ-ACK using PUCCH format 3 or PUCCH format 4 or PUCCCH format 5,
except that the higher layer parameter spatialBundlingPUCCH is replaced by spatialBundlingPUSCH.
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Table 7.3.1-1: Value of counter DAI and total DAI

DL
NIIDéAé VC—DAI Ic Number of serving_ cells with PDSCH transmissiqn a_sso_ciated with PDCCH/EPDCCH
' DL and serving cell with PDCCH/EPDCCH indicating DL SPS release
LSB orVi_pa
0,0 1 lor50r9or13o0r17or21or25o0r29
0,1 2 2o0r6o0rl10ori4orl8or22or26or30
1,0 3 3or7orllori5orl19or23or27or3l
11 4 Oor4or8or12or16 or 20 or 24 or 28 or 32

If a UE is configured with higher layer parameter codebooksizeDetermination-r13 = cc and if the UE transmits HARQ-

ACK using PUCCH format 4 or PUCCH format 5 in subframe n, the UE shall determine the 0, ", 0,*",..., agfc'ﬁ .

according to the pseudo-code in subclause 5.2.3.1 in [4].

For a UE configured with higher layer parameter codebooksizeDetermination-r13 = cc, if the UE transmits HARQ-

ACK on PUSCH in a subframe, the UE shall determine the 0, ", 0,"“" ..., 5g\fc'§ _, according to the pseudo-code in

subclause 5.2.2.6 in [4].

7.3.2 TDD HARQ-ACK reporting procedure

For TDD and a UE not configured with the parameter EIMTA-MainConfigServCell-r12 for any serving cell, if the UE is
configured with one serving cell, or if the UE is configured with more than one serving cell and the TDD UL/DL
configuration of all the configured serving cells is the same, UE procedure for reporting HARQ-ACK is given in
subclause 7.3.2.1.

For TDD, if a UE is configured with more than one serving cell and the TDD UL/DL configuration of at least two
configured serving cells is not the same, or if the UE is configured with the parameter EIMTA-MainConfigServCell-r12
for at least one serving cell, UE procedure for reporting HARQ-ACK is given in subclause 7.3.2.2.

When only a positive SR is transmitted, a UE shall use PUCCH Format 1 for the SR resource as defined in subclause
5.4.1in[3].

7.3.2.1 TDD HARQ-ACK reporting procedure for same UL/DL configuration

Unless otherwise stated, the procedure in this section applies to non-BL/CE UEs.

For TDD, the UE shall upon detection of a PDSCH transmission or a PDCCH/EPDCCH indicating downlink SPS
release (defined in subclause 9.2) within subframe(s) n—k, where ke K and K is defined in Table 10.1.3.1-1

intended for the UE and for which HARQ-ACK response shall be provided, transmit the HARQ-ACK response in UL
subframe n.

For TDD, when PUCCH format 3/4/5 is configured for transmission of HARQ-ACK, for special subframe
configurations 0 and 5 with normal downlink CP or configurations 0 and 4 with extended downlink CP in a serving cell,
shown in table 4.2-1 [3], the special subframe of the serving cell is excluded from the HARQ-ACK codebook size
determination. In this case, if the serving cell is the primary cell, there is no PDCCH/EPDCCH indicating downlink SPS
release in the special subframe.

For TDD UL/DL configurations 1-6 and one configured serving cell, if the UE is not configured with PUCCH format 3,

the value of the Downlink Assignment Index (DAI) in DCI format 0/4, V,;JAL, , detected by the UE according to Table

7.3-X in subframe N —K', where k' is defined in Table 7.3-Y, represents the total number of subframes with PDSCH
transmissions and with PDCCH/EPDCCH indicating downlink SPS release to the corresponding UE within all the

subframe(s) n—k , wherek € K . The value V,;JAL, includes all PDSCH transmission with and without corresponding

PDCCH/EPDCCH within all the subframe(s) n—k . In case neither PDSCH transmission, nor PDCCH/EPDCCH
indicating the downlink SPS resource release is intended to the UE, the UE can expect that the value of the DAI in DCI

format 0/4, V5, , if transmitted, is set to 4.

For TDD UL/DL configuration 1-6 and a UE configured with more than one serving cell, or for TDD UL/DL
configuration 1-6 and a UE configured with one serving cell and PUCCH format 3, a value W,;’ALI is determined by the
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Downlink Assignment Index (DAI) in DCI format 0/4 according to Table 7.3-Z in subframe N —Kk', where K' is
defined in Table 7.3-Y. In case neither PDSCH transmission, nor PDCCH/EPDCCH indicating the downlink SPS

resource release is intended to the UE, the UE can expect that the value of W, is set to 4 by the DAI in DCI format
0/4 if transmitted.

If a UE is not configured with higher layer parameter codebooksizeDetermination-r13 = dai, for TDD UL/DL
configurations 1-6, the value of the DAI in DCI format 1/1A/1B/1D/2/2A/2B/2C/2D denotes the accumulative number

of PDCCH/EPDCCH (s) with assigned PDSCH transmission(s) and PDCCH/EPDCCH indicating downlink SPS
release up to the present subframe within subframe(s) n—k of each configured serving cell, where k € K, and shall

be updated from subframe to subframe. Denote V,'DDA'] ¢ asthe value of the DAl in PDCCH/EPDCCH with DCI format
1/1A/1B/1D/2/2A/2B/2C/2D detected by the UE according to Table 7.3-X in subframe N — km in serving cell ¢, where
K_is the smallest value in the set K (defined in Table 10.1.3.1-1) such that the UE detects a DCI format

m

1/1AJ1B/1D/2/2A/2B/2C/2D. When configured with one serving cell, the subscript of ¢ in VDDA", ¢ can be omitted.

For all TDD UL/DL configurations, denote U, ¢ as the total number of PDCCH/EPDCCH (s) with assigned

PDSCH transmission(s) and PDCCH/EPDCCH indicating downlink SPS release detected by the UE within the
subframe(s) n—k inserving cell ¢, where k € K. When configured with one serving cell, the subscript of ¢ in

Upar,c can be omitted. Denote N gpq , which can be zero or one, as the number of PDSCH transmissions without a
corresponding PDCCH/EPDCCH within the subframe(s) n—k, where k e K.

For TDD HARQ-ACK bundling or HARQ-ACK multiplexing and a subframe n with M =1, the UE shall generate
one or two HARQ-ACK bits by performing a logical AND operation per codeword across M downlink and special

subframes associated with a single UL subframe, of all the corresponding U ,,, + Ngpg individual PDSCH

transmission HARQ-ACKSs and individual ACK in response to received PDCCH/EPDCCH indicating downlink SPS
release, where M is the number of elements in the set K defined in Table 10.1.3.1-1. The UE shall detect if at least
one downlink assignment has been missed, and for the case that the UE is transmitting on PUSCH the UE shall also

determine the parameter N, 4jeq -

- For TDD UL/DL configuration 0, N 4. shall be 1 if the UE detects the PDSCH transmission with or

without corresponding PDCCH/EPDCCH, or detects PDCCH indicating downlink SPS release within the
subframe n—k, where k € K. The UE shall not transmit HARQ-ACK on PUSCH if the UE does not receive

PDSCH or PDCCH indicating downlink SPS release within the subframe(s) N —K , where k € K .

- For the case that the UE is not transmitting on PUSCH in subframe n and TDD UL/DL configurations 1-6, if
Upy >0 and VO # (U DAl —1)mod 441, the UE detects that at least one downlink assignment has been
missed.

- For the case that the UE is transmitting on PUSCH and the PUSCH transmission is adjusted based on a detected
PDCCH/EPDCCH with DCI format 0/4 intended for the UE and TDD UL/DL configurations 1-6, if

VI # (Ups + Ngps —1)Mod 4 +1 the UE detects that at least one downlink assignment has been missed
and the UE shall generate NACK for all codewords where N, 44 1S determined by the UE as

N puraies = Vo + 2. If the UE does not detect any downlink assignment missing, N4 iS determined by
the UEas N,y = Vo, - UE shall not transmit HARQ-ACK if U, + Ngps =0and V5 = 4.

- For the case that the UE is transmitting on PUSCH, and the PUSCH transmission is not based on a detected
PDCCH/EPDCCH with DCI format 0/4 intended for the UE and TDD UL/DL configurations 1-6, if

Upy >0 and VO # (U DAl —1)mod 4 +1, the UE detects that at least one downlink assignment has been
missed and the UE shall generate NACK for all codewords. The UE determines Ny, qeq = (U pa + Ngps)
as the number of assigned subframes. The UE shall not transmit HARQ-ACK if U, + Ngs =0.
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For TDD, when PUCCH format 3 is configured for transmission of HARQ-ACK without PUCCH format 4 or PUCCH

format 5 configured for transmission of HARQ-ACK, the HARQ-ACK feedback bits OégK ocAfK ,...,o?gfw 4 for

the c-th serving cell configured by RRC are constructed as follows, where ¢>0, OCACK = BCDL if transmission mode
configured in the c-th serving cell supports one transport block or spatial HARQ-ACK bundling is applied and
0/ = 2B otherwise, where B2" is the number of downlink and special subframes for which the UE needs to
feedback HARQ-ACK bits for the c-th serving cell.

- For the case that the UE is transmitting on PUCCH, BcDL =M where M isthe number of elements in the set

K defined in Table 10.1.3.1-1 associated with subframe n and the set K does not include a special subframe
of configurations 0 and 5 with normal downlink CP or of configurations 0 and 4 with extended downlink CP;

otherwise B>" =M -1,

- For TDD UL/DL configuration 0 or for a PUSCH transmission not adjusted based on a detected
PDCCH/EPDCCH with DCI format 0/4, the UE shall assume B> =M where M is the number of elements

inthe set K defined in Table 10.1.3.1-1 associated with subframe n and the set K does not include a special
subframe of configurations 0 and 5 with normal downlink CP or of configurations 0 and 4 with extended

downlink CP; otherwise B2" = M —1. The UE shall not transmit HARQ-ACK on PUSCH if the UE does not
receive PDSCH or PDCCH/EPDCCH indicating downlink SPS release in subframe(s) n—k , where k e K .

- For TDD UL/DL configurations {1, 2, 3, 4, 6} and a PUSCH transmission adjusted based on a detected
PDCCH/EPDCCH with DCI format 0/4, the UE shall assume B> =W, . The UE shall not transmit HARQ-
ACK on PUSCH if the UE does not receive PDSCH or PDCCH/EPDCCH indicating downlink SPS release in
subframe(s)n—k where k e K and Wy, = 4.

- For TDD UL/DL configurations 5 and a PUSCH transmission adjusted based on a detected PDCCH/EPDCCH
with DCI format 0/4, the UE shall assume BP" =W, + 4{(U ~Wgy )/4—| , where U denotes the

maximum value of U_ among all the configured serving cells,U , is the total number of received PDSCHs and

PDCCH/EPDCCH indicating downlink SPS release in subframe(s) n—k on the c-th serving cell, k e K. The
UE shall not transmit HARQ-ACK on PUSCH if the UE does not receive PDSCH or PDCCH/EPDCCH

indicating downlink SPS release in subframe(s)n—k where ke K and WEL,’/; =4,

For TDD, when PUCCH format 4/5 is configured for transmission of HARQ-ACK and if the UE is configured with
higher layer parameter codebooksizeDetermination-r13 = dai, the HARQ-ACK feedback bits

0ASK oACK | oACK for the c-th serving cell configured by RRC are constructed as follows, where ¢>0,
c,0 cl c OACK 1
1~

OCACK = BCDL if transmission mode configured in the c-th serving cell supports one transport block or spatial HARQ-

ACK bundling is applied and OCACK = ZBCD" otherwise, where BCD" is the number of downlink and special subframes
for which the UE needs to feedback HARQ-ACK bits for the c-th serving cell.

- For the case that the UE is transmitting on PUCCH, BcDL =M where M isthe number of elements in the set

K defined in Table 10.1.3.1-1 associated with subframe n and the set K does not include a special subframe
of configurations 0 and 5 with normal downlink CP or of configurations 0 and 4 with extended downlink CP;

otherwise B> =M —1.

- For the case that UE is transmitting on PUSCH not adjusted based on a detected PDCCH/EPDCCH with DCI
format 0/4, the UE shall assume BP" =M where M is the number of elements in the set K defined in

Table 10.1.3.1-1 associated with subframe n and the set K does not include a special subframe of
configurations 0 and 5 with normal downlink CP or of configurations 0 and 4 with extended downlink CP;

otherwise B" =M —1. The UE shall not transmit HARQ-ACK on PUSCH if the UE does not receive
PDSCH or PDCCH/EPDCCH indicating downlink SPS release in subframe(s)n—k , where k e K.
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For TDD, when PUCCH format 3/4/5 is configured for transmission of HARQ-ACK and if the UE is not configured
with higher layer parameter codebooksizeDetermination-r13 = cc,

for TDD UL/DL configurations 1-6, the HARQ-ACK for a PDSCH transmission with a corresponding
PDCCH/EPDCCH or for a PDCCH/EPDCCH indicating downlink SPS release in subframe n—k is

associated with oé%ﬁ, (k)-1 if transmission mode configured in the c-th serving cell supports one transport

block or spatial HARQ-ACK bundling is applied, or associated with oé%N (k)-2 and OQ%N (k)-1
otherwise, where DAI(K) is the value of DAI in DCI format 1A/1B/1D/1/2/2A/2B/2C/2D detected in subframe
n-k, oé%m (k)-2 and oé%N (k)-1 are the HARQ-ACK feedback for codeword 0 and codeword 1,
respectively. For the case with Ngpg >0, the HARQ-ACK associated with a PDSCH transmission without a

corresponding PDCCH/EPDCCH is mapped to 0:g§c+< 5 The HARQ-ACK feedback bits without any

detected PDSCH transmission or without detected PDCCH/EPDCCH indicating downlink SPS release are set to
NACK;

for TDD UL/DL configuration 0, the HARQ-ACK for a PDSCH transmission or for a PDCCH/EPDCCH

indicating downlink SPS release in subframe n—k is associated with OCATOCK if transmission mode configured
ACK ACK

in the c-th serving cell supports one transport block or associated with 0., and O, otherwise, where

O(fOCK and Oélc K are the HARQ-ACK feedback for codeword 0 and codeword 1, respectively. The HARQ-

ACK feedback bits without any detected PDSCH transmission or without detected PDCCH/EPDCCH indicating
downlink SPS release are set to NACK.

For TDD when format 1b with channel selection is configured for transmission of HARQ-ACK and for 2 configured

ACK L ACK ACK

serving cells, the HARQ-ACK feedback bits 0, 0, ..., 0gack_, ON PUSCH are constructed as follows.

For TDD UL/DL configuration 0, 0{°“ = HARQ-ACK(j), 0< j< A—1 as defined in subclause 10.1.3.2.1. The

UE shall not transmit HARQ-ACK on PUSCH if the UE does not receive PDSCH or PDCCH/EPDCCH
indicating downlink SPS release in subframe(s)n—k where k e K.

For TDD UL/DL configurations {1, 2, 3, 4, 6} and a PUSCH transmission adjusted based on a detected
PDCCH/EPDCCH with DCI format 0/4 with Wy, =1 or 2, 07 is determined as if PUCCH format 3 is
configured for transmission of HARQ-ACK, except that spatial HARQ-ACK bundling across multiple
codewords within a downlink or special subframe is performed for all serving cells configured with a downlink

transmission mode that supports up to two transport blocks in case Wé’ALl =2.

For TDD UL/DL configurations {1, 2, 3, 4, 6} and a PUSCH transmission adjusted based on a detected

PDCCH/EPDCCH with DCI format 0/4 with Wy, =3 or 4, 07 =0(j), 0< j <3as defined in Table

10.1.3.2-5 or in Table 10.1.3.2-6 respectively, where the value of M is replaced by WS,';, . The UE shall not
transmit HARQ-ACK on PUSCH if the UE does not receive PDSCH or PDCCH/EPDCCH indicating downlink
SPS release in subframe(s)n—k where k e K and W, = 4.

For TDD UL/DL configurations {1, 2, 3, 4, 6} and a PUSCH transmission not adjusted based on a detected
PDCCH/EPDCCH with DCI format 0/4 and a subframe n with M =1or 2, 0 = HARQ-ACK()),
0< j< A-1 asdefined in subclause 10.1.3.2.1. The UE shall not transmit HARQ-ACK on PUSCH if the UE

does not receive PDSCH or PDCCH/EPDCCH indicating downlink SPS release in subframe(s) n—k where
keK.

For TDD UL/DL configurations {1, 2, 3, 4, 6} and a PUSCH transmission not adjusted based on a detected
PDCCH/EPDCCH with DCI format 0/4 and a subframe n with M =3 or 4, OJACK =0(]), 0<j<3as

defined in Table 10.1.3.2-5 or in Table 10.1.3.2-6 respectively. The UE shall not transmit HARQ-ACK on
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PUSCH if the UE does not receive PDSCH or PDCCH/EPDCCH indicating downlink SPS release in
subframe(s) n—k where ke K.

For TDD HARQ-ACK bundling, when the UE is configured by transmission mode 3, 4, 8, 9 or 10 defined in subclause
7.1 and HARQ-ACK bits are transmitted on PUSCH, the UE shall always generate 2 HARQ-ACK bits assuming both
codeword 0 and 1 are enabled. For the case that the UE detects only the PDSCH transmission associated with codeword
0 within the bundled subframes, the UE shall generate NACK for codeword 1.

Table 7.3-X: Value of Downlink Assignment Index

DAI vV uL vV pL | Number of subframes with PDSCH transmission and
MSB, LSB | Vpbal Of Vpa with PDCCH/EPDCCH indicating DL SPS release

0,0 1 lor5o0r9

0,1 2 2or6o0r10

1,0 3 3or7

1,1 4 Oor4or8

Table 7.3-Y: Uplink association index k' for TDD

TDD UL/DL subframe number n
Configuration |0 |12 [3|4|5|6|7|8]|9
1 6|4 6|4
2 4 4

3 41414

4 414

5 4

6 71715 717

Table 7.3-Z: Value of Wg,, determined by the DAI field in DCI format 0/4

DAI uL
MSB, LSB Wou
0,0 1
0,1 2
1,0 3
11 4

For TDD HARQ-ACK multiplexing and a subframe n with M >1, spatial HARQ-ACK bundling across multiple
codewords within a downlink or special subframe is performed by a logical AND operation of all the corresponding
individual HARQ-ACKS. In case the UE is transmitting on PUSCH, the UE shall determine the number of HARQ-ACK

feedback bits  O”“* and the HARQ-ACK feedback bits OfCK ., n=0,...,0% —1 to be transmitted in
subframe n.

- Ifthe PUSCH transmission is adjusted based on a detected PDCCH/EPDCCH with DCI format 0/4 intended for
the UE, then O =V unless V3 =4 and U, + Ng =0 inwhich case the UE shall not

transmit HARQ-ACK. The spatially bundled HARQ-ACK for a PDSCH transmission with a corresponding
PDCCH/EPDCCH or for a PDCCH/EPDCCH indicating downlink SPS release in subframe n—k is associated

with Oy Where DAI(K) is the value of DAI in DCI format 1A/1B/1D/1/2/2A/2B/2C/2D detected in
subframe n—k . For the case with Ngpg > 0, the HARQ-ACK associated with a PDSCH transmission

without a corresponding PDCCH/EPDCCH is mapped to ngcﬁ_l. The HARQ-ACK feedback bits without any

detected PDSCH transmission or without detected PDCCH/EPDCCH indicating downlink SPS release are set to
NACK.
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- If the PUSCH transmission is not adjusted based on a detected PDCCH/EPDCCH with DCI format 0/4 intended
for the UE, O*°“ =M , and OiACK is associated with the spatially bundled HARQ-ACK for downlink or

special subframe N — ki , Where ki € K. The HARQ-ACK feedback bits without any detected PDSCH

transmission or without detected PDCCH/EPDCCH indicating downlink SPS release are set to NACK. The UE
shall not transmit HARQ-ACK if Upp +Ngpg =0.

If a UE is configured with higher layer parameter codebooksizeDetermination-r13 = dai, the value of the counter
Downlink Assignment Indicator (DAI) in DCI format 1/1A/1B/1D/2/2A/2B/2C/2D denotes the accumulative number of
{serving cell, subframe}-pair(s) in which PDSCH transmission(s) associated with PDCCH/EPDCCH or
PDCCH/EPDCCH indicating downlink SPS release is present, up to the present serving cell and present subframe, first
in increasing order of serving cell index and then in increasing order of subframe index within subframe(s) n-k

where k € K ; the value of the total DAI in DCI format 1/1A/1B/1D/2/2A/2B/2C/2D denotes the total number of
{serving cell, subframe}-pair(s) in which PDSCH transmission(s) associated with PDCCH/EPDCCHY(s) or
PDCCH/EPDCCH indicating downlink SPS release is present, up to the present subframe within subframe(s) n-k

where k € K, and shall be updated from subframe to subframe. Denote VCD_LDAI ck asthe value of the counter DAI in
DCI format 1/1A/1B/1D/2/2AI2B/2C/2D scheduling PDSCH transmission or indicating downlink SPS release for
serving cell ¢ in subframe n—k where k € K according to table 7.3.2.1-1. Denote VTD—leI,k as the value of the total

DAl in subframe n—-k where k e K, according to Table 7.3.2.1-1. The UE shall assume a same value of total DAL in
all PDCCH/EPDCCH scheduling PDSCH transmission(s) and PDCCH/EPDCCH indicating downlink SPS release in a
subframe.

If a UE is configured with higher layer parameter codebooksizeDetermination-r13 = dai and if the UE transmits

HARQ-ACK using PUCCH format 3 or PUCCH format 4 or PUCCH format 5 in subframe n, the UE shall determine

the 05, 0,°",..., 53&'2 _, according to the following pseudo-code:

Set ¢ = 0 — cell index: lower indices correspond to lower RRC indices of corresponding cell

Set m = 0 — subframe index: lower index corresponds to earlier subframe within subframe(s)n—k where k e K

Setj=0

Set Vigm, =0
Set Vigmpz =0
Set V, =

Set Nc'?ahs to the number of cells configured by higher layers for the UE
Set M to the number of subframes within subframe(s) n—k where k e K
whilem <M

whilec< NZQji

if there is a PDSCH on serving cell ¢ in subframe m associated with PDCCH/EPDCCH or there is a
PDCCH/EPDCCH indicating downlink SPS release on serving cell ¢ in subframe m,

. DL

if Ve b c,m SVtemp
=i+l

end if
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_\/DL
Vtemp - VC—DAI .c,m

.. \/DL
if Vi on m = <

_\/DL
Vtempz - VC—DAI ,c,m

else
_\sDL
Vtempz _VT—DAI,m
end if

if the higher layer parameter spatialBundlingPUCCH is set FALSE and the UE is configured with a
transmission mode supporting two transport blocks in at least one configured serving cell,

~ ACK

oL = HARQ-ACK bit corresponding to the first codeword of this cell
8]+2(VC-DA| c,m —1)

~ ACK

VL = HARQ-ACK bit corresponding to the second codeword of this cell

V.=V, U {81 + 2(\/CD—LDAI om _1)’8j + 2(\/CD—LDAI om _1)+1}

elseif the higher layer parameter spatialBundlingPUCCH is set TRUE and the UE is configured with a
transmission mode supporting two transport blocks in at least one configured serving cell,

~ ACK
4j +VCD}DA| em—1

codewords of this cell

= binary AND operation of the HARQ-ACK bits corresponding to the first and second

Vs :Vs U {4J +VCD—LDAI c,m _1}
else

0,% . = HARQ-ACK bit of this cell

454V ot em =
vV, =V,U {41 +Ve o c.m _1}

end if
c=c+1
end while
m=m+1
end while
if V.

temp2

<V

temp
i=j+1
end if

if the higher layer parameter spatialBundlingPUCCH is set FALSE and the UE is configured with a transmission
mode supporting two transport blocks in at least one configured serving cell,

OACK = 2(4 J +Vtemp2)

else
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0 " =4.j+V

temp2

5% = NACK forany ie{0.,..,0* —1)\V,

if SPS PDSCH transmission is activated for a UE and the UE is configured to receive SPS PDSCH in a subframe n-k
where k e K
O ACK — O ACK +l

ngc'ﬁ _,= HARQ-ACK bit associated with the SPS PDSCH transmission

end if

For a UE configured with higher layer parameter codebooksizeDetermination-r13 = dai, if the UE transmits HARQ-
ACK on PUSCH in a subframe, the UE shall determine the 0, 0. 8K ..., 0K

O ey Ok according to the above
procedure as if the UE transmits HARQ-ACK using PUCCH format 3 or PUCCH format 4 or PUCCCH format 5,
except that the higher layer parameter spatialBundlingPUCCH is replaced by spatialBundlingPUSCH.

Table 7.3.2.1-1: Value of counter DAI and total DAI

VCD—LDAI - Number of {serving cell, subframe}-pair(s) in which PDSCH
MSgAII_SB oL w transmission(s) associated with PDCCH/EPDCCH or PDCCH/EPDCCH
' OI’VT,DAH( indicating downlink SPS release is present, denotedasY and Y >1
0,0 1 mod(Y ~1,4)+1=1
0.1 2 mod(Y —1,4)+1=2
1,0 3 mod(Y 14)+1=3
11 4 mod(Y —1,4)+1=4

If a UE is configured with higher layer parameter codebooksizeDetermination-r13 = cc and if the UE transmits HARQ-
ACK using PUCCH format 4 or PUCCH format 5 in subframe n, the UE shall determine the 0, 0. K 01ACK yeeny asﬁz'ﬁ 5

according to the pseudo-code in subclause 5.2.3.1 in [4].

For a UE configured with higher layer parameter codebooksizeDetermination-r13 = cc, if the UE transmits HARQ-

ACK on PUSCH in a subframe, the UE shall determine the 0, 0, <X 01ACK .0 Afcﬁ _, according to the pseudo-code in
subclause 5.2.2.6 in [4].

For TDD when a PUCCH format 3 or a PUCCH format 4/5 configured with higher layer parameter
codebooksizeDetermination-r13 =cc transmission of HARQ-ACK coincides with a sub-frame configured to the UE by
higher layers for transmission of a scheduling request, the UE shall multiplex HARQ-ACK and SR bits on HARQ-ACK
PUCCH resource as defined in subclause 5.2.3.1 in [4], unless the HARQ-ACK corresponds to one of the following
cases

- asingle PDSCH transmission only on the primary cell indicated by the detection of a corresponding
PDCCH/EPDCCH in subframe n-k_, where k e K, and for TDD UL/DL configurations 1-6 the DAI value

in the PDCCH/EPDCCH is equal to '1' (defined in Table 7.3-X), or a PDCCH/EPDCCH indicating downlink
SPS release (defined in subclause 9.2) in subframe n-k_, where k_ e K, and for TDD UL/DL configurations

1-6 the DAI value in the PDCCH/EPDCCH is equal to '1', or

- asingle PDSCH transmission only on the primary cell where there is not a corresponding PDCCH/EPDCCH
detected within subframe(s) n—k, where k e K and no PDCCH/EPDCCH indicating downlink SPS release
(defined in subclause 9.2) within subframe(s) n—k, where k e K, or
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- aPDSCH transmission only on the primary cell where there is not a corresponding PDCCH/EPDCCH detected
within subframe(s) n—k, where k € K and an additional PDSCH transmission only on the primary cell
indicated by the detection of a corresponding PDCCH/EPDCCH in subframe n—k_, where k e K withthe
DAl value in the PDCCH/EPDCCH equal to '1' (defined in Table 7.3-X) or a PDCCH/EPDCCH indicating
downlink SPS release (defined in subclause 9.2) in the subframe n—k_,where k <K with the DAI value in

the PDCCH/EPDCCH equal to '1',

in which case the UE shall transmit the HARQ-ACK and scheduling request according to the procedure for PUCCH
format 1b with channel selection in TDD.

For TDD when a PUCCH format 4/5 configured with higher layer parameter codebooksizeDetermination-r13 = dai
transmission of HARQ-ACK coincides with a sub-frame configured to the UE by higher layers for transmission of a
scheduling request, the UE shall multiplex HARQ-ACK and SR bits on HARQ-ACK PUCCH resource as defined in
subclause 5.2.3.1 in [4], unless the HARQ-ACK corresponds to one of the following cases

- asingle PDSCH transmission only on the primary cell indicated by the detection of a corresponding
PDCCH/EPDCCH in subframe n—k_,where k <K ,and the counter DAI value in the PDCCH/EPDCCH is

equal to '1' (defined in Table 7.3.2.1-1), or a single PDCCH/EPDCCH indicating downlink SPS release (defined
in subclause 9.2) in subframe n—k_,where k e K, and the counter DAI value in the PDCCH/EPDCCH is

equal to '1', or

- asingle PDSCH transmission only on the primary cell where there is not a corresponding PDCCH/EPDCCH
detected within subframe(s) n—k, where k € K and no PDCCH/EPDCCH indicating downlink SPS release
(defined in subclause 9.2) within subframe(s) n—k, where k e K, or

- aPDSCH transmission only on the primary cell where there is not a corresponding PDCCH/EPDCCH detected
within subframe(s) n—k, where k e K and an additional PDSCH transmission only on the primary cell
indicated by the detection of a corresponding PDCCH/EPDCCH in subframe n-k_,where k e K with the

counter DAI value in the PDCCH/EPDCCH is equal to '1' (defined in Table 7.3.2.1-1) or an additional
PDCCH/EPDCCH indicating downlink SPS release (defined in subclause 9.2) in the subframe n -k, where

k,, € K with the counter DAI value in the PDCCH/EPDCCH is equal to '1' (defined in Table 7.3.2.1-1),

in which case the UE shall transmit the HARQ-ACK and scheduling request according to the procedure for PUCCH
format 1b with channel selection in TDD.

For TDD when the UE is configured with HARQ-ACK bundling, HARQ-ACK multiplexing or PUCCH format 1b with
channel selection, and when both HARQ-ACK and SR are transmitted in the same sub-frame, a UE shall transmit the
bundled HARQ-ACK or the multiple HARQ-ACK responses (according to subclause 10.1) on its assigned HARQ-
ACK PUCCH resources for a negative SR transmission. For a positive SR, the UE shall transmit b(0),b(1) on its

assigned SR PUCCH resource using PUCCH format 1b according to subclause 5.4.1 in [3]. The value of b(0),b(1) are

DL
N gelis —1

generated according to Table 7.3-1 from the Ngpg + ZU pal.c HARQ-ACK responses including ACK in response
c=0

to PDCCH/EPDCCH indicating downlink SPS release by spatial HARQ-ACK bundling across multiple codewords

Nc[t)ehs -1
within each PDSCH transmission for all serving cells Nc'%hs . For TDD UL/DL configurations 1-6, if ZU palc >0
c=0
and VE',DA",'C # (U DAI.¢ —1)mod 4+1 for aserving cell ¢, the UE detects that at least one downlink assignment has been
missed.
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Table 7.3-1: Mapping between multiple HARQ-ACK responses and b(0),b(1)

Ntl::;hs -1
Number of ACK among multiple (Ngpg + ZU pAl,c ) HARQ-ACK responses b(0),b(1)
c=0
0 or None (UE detect at least one DL assignment is missed) 0,0
1 1,1
2 1,0
3 0,1
4 1,1
5 1,0
6 0,1
7 1,1
8 1,0
9 0,1

For TDD if the parameter simultaneousAckNackAndCQI provided by higher layers is set TRUE, and if the UE is
configured with HARQ-ACK bundling, HARQ-ACK multiplexing or PUCCH format 1b with channel selection, and if
the UE receives PDSCH and/or PDCCH/EPDCCH indicating downlink SPS release only on the primary cell within
subframe(s) n—k, where k € K, a UE shall transmit the CSI and b(0),b(1) using PUCCH format 2b for normal CP

or PUCCH format 2 for extended CP, according to subclause 5.2.3.4 in [4] with ag,a; replaced by b(0),b(1). The
thhs -1
value of b(0),b(1) are generated according to Table 7.3-1 from the Ngpg + ZU pal.c HARQ-ACK responses
c=0
including ACK in response to PDCCH/EPDCCH indicating downlink SPS release by spatial HARQ-ACK bundling
across multiple codewords within each PDSCH transmission for all serving cells Nclghs . For TDD UL/DL
NcDehs -1
configurations 1-6, if ZU arc >0 and V25 ¢ #(Upu c —1)mod 4+1 for aserving cell ¢, the UE detects that at
c=0
least one downlink assignment has been missed.

For TDD if the parameter simultaneousAckNackAndCQI provided by higher layers is set TRUE, and if the UE is
configured with PUCCH format 1b with channel selection and receives at least one PDSCH on the secondary cell
within subframe(s) n—k, where k € K, the UE shall drop the CSI and transmit HARQ-ACK according to subclause
10.1.3.

For TDD and a UE is configured with PUCCH format 3,
if the parameter simultaneousAckNackAndCQI is set TRUE and if the UE receives,
- asingle PDSCH transmission only on the primary cell indicated by the detection of a corresponding

PDCCH/EPDCCH in subframe n-k_, where k e K, and for TDD UL/DL configurations 1-6 the DAI value

in the PDCCH/EPDCCH is equal to '1' (defined in Table 7.3-X), or a PDCCH/EPDCCH indicating downlink
SPS release (defined in subclause 9.2) in subframe n-k_, where k<K, and for TDD UL/DL configurations

1-6 the DAI value in the PDCCH/EPDCCH is equal to '1', or

- asingle PDSCH transmission only on the primary cell where there is not a corresponding PDCCH/EPDCCH
detected within subframe(s) n—k , where k € K and no PDCCH/EPDCCH indicating downlink SPS release
(defined in subclause 9.2) within subframe(s) n—k, where k e K,

then the UE shall transmit the CSI and HARQ-ACK using PUCCH format 2/2a/2b according to subclause 5.2.3.4 in [4];
else if

- the parameter simultaneousAckNackAndCQI-Format3-r1l is set TRUE and if PUCCH format 3 resource is
determined according to subclause 10.1.3.1 or subclause 10.1.3.2.2 and

- if the total number of bits in the subframe corresponding to HARQ-ACKSs, SR (if any), and the CSI is not
larger than 22, or
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- if the total number of bits in the subframe corresponding to spatially bundled HARQ-ACKSs, SR (if any), and
the CSlI is not larger than 22

then the UE shall transmit the HARQ-ACKSs, SR (if any) and the CSI using the determined PUCCH format 3 resource
according to [4];

else,
- the UE shall drop the CSI and transmit the HARQ-ACK according to subclause 10.1.3.

For TDD and a UE configured with PUCCH format 4 or PUCCH format 5, and if the UE has HARQ-ACKJ/SR and
periodic CSI reports to transmit in a subframe,

- ifaPUCCH format 3 is determined to transmit the HARQ-ACK/SR according to subclause 10.1.3.2.3 or
10.1.3.2.4, the UE shall use the determined PUCCH format 3 for transmission of the HARQ-ACK/SR and
periodic CSI report(s) if the parameter simultaneousAckNackAndCQI-Format3-r11 provided by higher
layers is set TRUE; otherwise, the UE shall drop the periodic CSI report(s) and transmit only HARQ-
ACK/SR;

- ifaPUCCH format 4 is determined to transmit the HARQ-ACKJ/SR according to subclause 10.1.3.2.3 or a
PUCCH format 5 is determined to transmit the HARQ-ACK/SR according to 10.1.3.2.4, the UE shall use
the determined PUCCH format 4 or PUCCH format 5 for transmission of the HARQ-ACK/SR and periodic
CSl report(s) if the parameter simultaneousAckNackAndCQI-Format4-Format5-r13 provided by higher
layers is set TRUE; otherwise, the UE shall drop the periodic CSI report(s) and transmit only HARQ-
ACKI/SR;

- if there is no PUCCH format 3 or 4 determined to transmit the HARQ-ACK/SR according to subclause
10.1.3.2.3 and there is no PUCCH format 3 or 5 determined to transmit the HARQ-ACKI/SR according to
subclause 10.1.3.2.4 and there are more than one periodic CSI report(s) in the subframe,

o if the parameter simultaneousAckNackAndCQI-Format4-Format5-r13 provided by higher layers is
set TRUE and if the UE is configured with a single PUCCH format 4 resource n(). ., according to

higher layer parameter format4-MultiCSI-resourceConfiguration, the PUCCH format 4 resource
né.., I1sused for transmission of the HARQ-ACK/SR and periodic CSI report(s);

0 if the parameter simultaneousAckNackAndCQI-Format4-Format5-r13 provided by higher layers is
set TRUE and if the UE is configured with a PUCCH format 5 resource n®__ according to higher

PUCCH
layer parameter format5-MultiCSI-resourceConfiguration, the PUCCH format 5 resource n®)__ is

ICCH
used for transmission of the HARQ-ACK/SR and periodic CSI report(s);

o0 if the parameter simultaneousAckNackAndCQI-Format4-Format5-r13 provided by higher layers is
set TRUE and if the UE is configured with two PUCCH format 4 resources n® and

PUCCH,1

n{.en , @ccording to higher layer parameter format4-MultiCSI-resourceConfiguration, if

(OACK +0% +0, +OCRC)S min(M PUCCHA g PUCCH4). NES . NJUCeH o, the PUCCH format 4 resource

RB1 RB12

with the smaller M;’gv?““ between NS and Neens is used for transmission of the HARQ-

ACKI/SR and periodic CSI report(s); otherwise, the PUCCH format 4 resource with the larger

M faceHt between NS and S is used for transmission of the HARQ-ACK/SR periodic

CSlI report(s), where
= O*K js the total number of HARQ-ACK bits in the subframe;

= O =Qif there is no scheduling request bit in the subframe and O =1 otherwise

" O, Isthetotal number of CSI report bits in the subframe;
" O IS the number of CRC bits;

PUCCH4 | — i 4 4 i i
M, 1=12,0s the number of PRBs for n() .. and n&) ., respectively, according

to higher layer parameter numberOfPRB-format4-r13 according to Table 10.1.1-2;
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= PucCHE _ 2'(N§§;b _1)_1 if shortened PUCCH format 4 is used in the subframe and

symb

N PUCCH4 _ 2'(N5L;r|;|b ,1) otherwise; and

symb

= I isthe code rate given by higher layer parameter maximumPayloadCoderate-r13
according to Table 10.1.1-1.

o0 otherwise, the UE shall drop the periodic CSI reports and transmit only HARQ-ACKI/SR.

- if there is no PUCCH format 3 or 4 determined to transmit the HARQ-ACK/SR according to subclause
10.1.3.2.3 and there is no PUCCH format 3 or 5 determined to transmit the HARQ-ACK/SR according to
subclause 10.1.3.2.4 and there is only one periodic CSI report in the subframe,

o if there is no positive SR and the parameter simultaneousAckNackAndCQI is set TRUE and if the
UE receives,

= asingle PDSCH transmission only on the primary cell indicated by the detection of a
corresponding PDCCH/EPDCCH in subframe n—k_,where k e K, and the counter

DAL value in the PDCCH/EPDCCH is equal to '1' (defined in Table 7.3-X), or a
PDCCH/EPDCCH indicating downlink SPS release (defined in subclause 9.2) in subframe
n-k,,where ke K,and the counter DAI value in the PDCCH/EPDCCH is equal to '1',

or
= asingle PDSCH transmission only on the primary cell where there is not a corresponding
PDCCH/EPDCCH detected within subframe(s) n—k , where k € K and no

PDCCH/EPDCCH indicating downlink SPS release (defined in subclause 9.2) within
subframe(s) n—k, where ke K,

then the UE shall transmit the CSI and HARQ-ACK using PUCCH format 2/2a/2b according to
subclause 5.2.3.4 in [4];

o else,

the UE shall drop the CSI and transmit the HARQ-ACK according to subclause 10.1.3.2.3 or
10.1.3.2.4 when UE shall transmit HARQ-ACK only or UE shall drop the CSI and transmit the
HARQ-ACK and SR according to the procedure for PUCCH format 1b with channel selection in
TDD when there is positive SR.

- Ifa UE transmits HARQ-ACK/SR and periodic CSI report(s) using either a PUCCH format 4 n(_~ or
PUCCH format5 nf)_, in a subframe

o if (o A LOF+0, o + OCRC)g 2-Ngg - T, the UE shall transmit the HARQ-ACK/SR
and periodic CSI bits using the PUCCH format4 n(_ .~ or the PUCCH format5 n®)

PUCCH ’

o if (O A LOR + 0, g + OCRC)> 2-Ngg -1, the UE shall select N g epored CSI
report(s) for transmission together with HARQ-ACK/SR in ascending order of Prig (y, S, C,t),

where Pri (y, S, C,t), Nge and r are determined according to subclause 7.2.2; the value of

NCSI,reporled

NCSI,reported satisfies (OACK +OR 4+ ZOP_CS,’n +OCRCJ <2-Nge-r and

n=1

NCSI‘repurted +1

[OACK +0% + Z:O,LCS,’n +OCRCJ >2-Nge-r,and Op g , isthe number of CSI

n=1
report bits for the nth CSI report in ascending order of Prig (y, S,C,t).
For TDD and a BL/CE UE,

- if the UE is configured with csi-NumRepetitionCE equal to 1 and mPDCCH-NumRepetition equal to 1,
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- the UE behaviour for HARQ-ACK reporting is the same as that of a non-BL/CE UE with TDD, except:
- PDCCH/EPDCCH is replaced by MPDCCH; and
- DCI format 1/1A/1B/1D/2/2A/2B/2C/2D is replaced by DCI format 6-1A; and
- DCI format 0/4 is replaced by DCI format 6-0A; and

- PUCCH is transmitted in a set of BL/CE UL subframe(s) according to section 10.2 for TDD and BL/CE
UEs;

- else

- the UE is not expected to receive more than one PDSCH transmission, or more than one of PDSCH and
MPDCCH indicating downlink SPS releases, with transmission ending within subframe(s) n—k, where
ke K and K isdefined in Table 10.1.3.1-1 intended for the UE;

- The UE behavior for HARQ-ACK reporting is the same as that of a BL/CE UE with FDD, except:
- PUCCH resource is determined according to section 10.1.3.1; and

- PUCCH is transmitted in a set of BL/CE UL subframe(s) according to section 10.2 for TDD and BL/CE
UEs.

If the BL/CE UE is configured in CEModeA, and if the PDSCH is assigned by or semi-statically scheduled by a
MPDCCH with DCI format 6-1A, the UE shall assume no PDSCH repetition if the higher layer parameter csi-
NumRepetitionCE-r13 indicates one subframe.

7.3.2.2 TDD HARQ-ACK reporting procedure for different UL/DL configurations

For a configured serving cell, the DL-reference UL/DL configuration as defined in subclause 10.2 is referred to as the
"DL-reference UL/DL configuration" in the rest of this subclause.

For a configured serving cell, if a UE is not configured with higher layer parameter codebooksizeDetermination-r13 =
dai and if the DL-reference UL/DL configuration is 0, then the DAI in DCI format 1/1A/1B/1D/2/2A/2B/2C/2D is not
used.

The UE shall upon detection of a PDSCH transmission or a PDCCH/EPDCCH indicating downlink SPS release
(defined in subclause 9.2) within subframe(s) n—k for serving cell c, where K € K. intended for the UE and for
which HARQ-ACK response shall be provided, transmit the HARQ-ACK response in UL subframe n, wherein set
K. contains values of k e K such that subframe n-k corresponds to a downlink subframe or a special subframe for

serving cell ¢, where DL subframe or special subframe of serving cell ¢ is according to the higher layer parameter
eimta-HARQ-ReferenceConfig-r12 if the UE is configured with the higher layer parameter EIMTA-
MainConfigServCell-r12 for serving cell ¢; K defined in Table 10.1.3.1-1 (where "UL/DL configuration” in Table
10.1.3.1-1 refers to the DL-reference UL/DL configuration) is associated with subframe n. M_ is the number of

elements in set K associated with subframe n for serving cell c.

For the remainder of this subclause K =K.

If the UE is configured with the parameter EIMTA-MainConfigServCell-r12 for the primary cell, “UL/DL configuration
of the primary cell” in the rest of this subclause refers to “DL-reference UL/DL configuration of the primary cell”.

When PUCCH format 3/4/5 is configured for transmission of HARQ-ACK, for special subframe configurations 0 and 5
with normal downlink CP or configurations 0 and 4 with extended downlink CP in a serving cell, shown in table 4.2-1
[3], the special subframe of the serving cell is excluded from the HARQ-ACK codebook size determination. In this
case, if the serving cell is the primary cell, there is no PDCCH/EPDCCH indicating downlink SPS release in the special
subframe.

If the UL-reference UL/DL configuration (defined in Sec 8.0) belongs to {1,2,3,4,5,6} for a serving cell, a value
W;’AL, is determined by the Downlink Assignment Index (DAI) in DCI format 0/4 corresponding to a PUSCH on the

serving cell according to Table 7.3-Z in subframe N —K', where K' is defined in Table 7.3-Y and the "TDD UL/DL
Configuration™ in Table 7.3-Y refers to the UL-reference UL/DL configuration (defined in subclause 8.0) for the
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serving cell. In case neither PDSCH transmission, nor PDCCH/EPDCCH indicating the downlink SPS resource release

is intended to the UE, the UE can expect that the value of W3y, is set to 4 by the DAI in DCI format 0/4 if transmitted.

If a UE is not configured with higher layer parameter codebooksizeDetermination-r13 = dai and if the DL-reference
UL/DL configuration belongs to {1,2,3,4,5,6}, the value of the DAI in DCI format 1/1A/1B/1D/2/2A/2B/2C/2D
denotes the accumulative number of PDCCH/EPDCCH (s) with assigned PDSCH transmission(s) and
PDCCH/EPDCCH indicating downlink SPS release up to the present subframe within subframe(s) n—k of each

configured serving cell, where k € K, and shall be updated from subframe to subframe. Denote V,:,D/h ¢ asthe value of
the DAI in PDCCH/EPDCCH with DCI format 1/1A/1B/1D/2/2A/2B/2C/2D detected by the UE according to Table
7.3-X in subframe N — K, in serving cell c,where K, isthe smallest value in the set K such that the UE detects a
DCI format 1/1A/1B/1D/2/2A/2B/2C/2D.

For all TDD UL/DL configurations, denote Uy ¢ as the total number of PDCCH/EPDCCH (s) with assigned
PDSCH transmission(s) and PDCCH/EPDCCH indicating downlink SPS release detected by the UE within the
subframe(s) n—k inserving cell c,where k e K. Denote Ngpg, which can be zero or one, as the number of

PDSCH transmissions without a corresponding PDCCH/EPDCCH within the subframe(s) n—k, where ke K.

If PUCCH format 3 is configured for transmission of HARQ-ACK without PUCCH format 4/5 configured for

transmission of HARQ-ACK, the HARQ-ACK feedback bits oégK offK ,...,oCAgKACK 3 for the c-th serving cell

configured by RRC are constructed as follows, where c>0, OCACK = BCD" if transmission mode configured in the c-th
serving cell supports one transport block or spatial HARQ-ACK bundling is applied and OcACK = ZBCDL otherwise,

where BcDL is the number of downlink and special subframes for which the UE needs to feedback HARQ-ACK bits for
the c-th serving cell.

- For the case that the UE is transmitting in subframe n on PUCCH or a PUSCH transmission not adjusted based
on a detected DCI format 0/4 or a PUSCH transmission adjusted based on an associated detected DCI format 0/4

with UL-reference UL/DL configuration O (defined in Sec 8.0), then BCDL =M . The UE shall not transmit

HARQ-ACK on PUSCH if the UE does not receive PDSCH or PDCCH/EPDCCH indicating downlink SPS
release in subframe(s) n—k , where ke K.

- If DL-reference UL/DL configuration of each of the configured serving cells belongs to {0, 1, 2, 3, 4, 6} and for
a PUSCH transmission in a subframe n adjusted based on a detected PDCCH/EPDCCH with DCI format 0/4
using UL-reference UL/DL configuration belonging to {1,2,3,4,5,6} (defined in Sec 8.0), the UE shall assume

B> = min(\N,;’:, M, ) The UE shall not transmit HARQ-ACK on PUSCH if the UE does not receive

PDSCH or PDCCH/EPDCCH indicating downlink SPS release in subframe(s)n—k where k e K and
WSy =4.
- If DL-reference UL/DL configuration of at least one configured serving cell belongs to {5} and for a PUSCH

transmission adjusted based on an associated detected PDCCH/EPDCCH with DCI format 0/4 using UL-
reference UL/DL configuration belonging to {1,2,3,4,5,6} (defined in Sec 8.0), the UE shall assume

B = min(W[;’ALI +4‘ (U ~W55 )/4 LMC), where U denotes the maximum value of U, among all the

configured serving cells,U , is the total number of received PDSCHs and PDCCH/EPDCCH indicating

downlink SPS release in subframe(s) n—k for the c-th serving cell, k € K . The UE shall not transmit HARQ-
ACK on PUSCH if the UE does not receive PDSCH or PDCCH/EPDCCH indicating downlink SPS release in

subframe(s)n—k where ke K and Wy, = 4.

If PUCCH format 4/5 is configured for transmission of HARQ-ACK and higher layer parameter

ACK ACK ACK

codebooksizeDetermination-r13 = cc is not configured, the HARQ-ACK feedback bits 0¢ 5™ 0c1 O SACK 4 for

the c-th serving cell configured by RRC are constructed as follows, where ¢>0, OCA K = BCDL if transmission mode
configured in the c-th serving cell supports one transport block or spatial HARQ-ACK bundling is applied and
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OCACK = ZBCD" otherwise, where Bf" is the number of downlink and special subframes for which the UE needs to
feedback HARQ-ACK bits for the c-th serving cell.

- For the case that the UE is transmitting in subframe n on PUCCH or a PUSCH transmission not adjusted based
on a detected DCI format 0/4 or a PUSCH transmission adjusted based on an associated detected DCI format

0/4, then B>- = M _ . The UE shall not transmit HARQ-ACK on PUSCH if the UE does not receive PDSCH or
PDCCH/EPDCCH indicating downlink SPS release in subframe(s) n—k , where k e K .

When PUCCH format 3/4/5 is configured for transmission of HARQ-ACK and if the UE is not configured with higher
layer parameter codebooksizeDetermination-r13 = cc,

- if DL-reference UL/DL configuration belongs to {1,2,3,4,5,6}, the HARQ-ACK for a PDSCH transmission
with a corresponding PDCCH/EPDCCH or for a PDCCH/EPDCCH indicating downlink SPS release in

subframe n—k is associated with oégﬁ (k)-1 if transmission mode configured in the c-th serving cell
supports one transport block or spatial HARQ-ACK bundling is applied, or associated with O?’SEN (k)-2 and
oé%m (k)-1 otherwise, where DAI(K) is the value of DAI in DCI format 1A/1B/1D/1/2/2A/2B/2C/2D detected

in subframe n—-k, OcA,%m (k)-2 and oé%m (k)-1 are the HARQ-ACK feedback for codeword 0 and
codeword 1, respectively. For the case with Ngpg >0, the HARQ-ACK associated with a PDSCH

transmission without a corresponding PDCCH/EPDCCH is mapped to o/CK The HARQ-ACK feedback
¢,00K 1

bits without any detected PDSCH transmission or without detected PDCCH/EPDCCH indicating downlink SPS
release are set to NACK;

- if DL-reference UL/DL configuration is 0, the HARQ-ACK for a PDSCH transmission or for a
PDCCH/EPDCCH indicating downlink SPS release in subframe n—k is associated with OégK if transmission
mode configured in the c-th serving cell supports one transport block or spatial HARQ-ACK bundling is applied,

or associated with Oé SK and Oé 1CK otherwise, where Oé SK and Oé 1CK are the HARQ-ACK feedback for

codeword 0 and codeword 1, respectively. The HARQ-ACK feedback bits without any detected PDSCH
transmission or without detected PDCCH/EPDCCH indicating downlink SPS release are set to NACK.

If DL-reference UL/DL configuration of each of the serving cells belongs to {0,1,2,3,4,6} and if PUCCH format 1b

with channel selection is configured for transmission of HARQ-ACK and for two configured serving cells, the HARQ-

ACK feedback bits og\CK 01ACK yeery OQECKK ,on PUSCH are constructed as follows

- if UL-reference UL/DL configuration (defined in Sec 8.0) belongs to {1, 2, 3, 4, 6}, for a PUSCH transmission

adjusted based on a detected PDCCH/EPDCCH with DCI format 0/4 with W5, =1 or 2, 0
as if PUCCH format 3 is configured for transmission of HARQ-ACK, except that spatial HARQ-ACK bundling
across multiple codewords within a downlink or special subframe is performed for all serving cells configured

with a downlink transmission mode that supports up to two transport blocks in case WgALl =2, where the UL-

reference UL/DL configuration is the UL-reference UL/DL configuration of the serving cell corresponding to the
PUSCH transmission.

is determined

- if UL-reference UL/DL configuration (defined in Sec 8.0) belongs to {1, 2, 3, 4, 6}, for a PUSCH transmission
adjusted based on a detected PDCCH/EPDCCH with DCI format 0/4 with Wy, =3 or 4, OJACK =0(})),
0< j<3asdefined in Table 10.1.3.2-5 or in Table 10.1.3.2-6 respectively, where the value of M is replaced by

W3K where the UL-reference UL/DL configuration is the UL-reference UL/DL configuration of the serving

cell corresponding to the PUSCH transmission. The UE shall not transmit HARQ-ACK on PUSCH if the UE
does not receive PDSCH or PDCCH/EPDCCH indicating downlink SPS release in subframe(s) n—k where

keK and WSJAL, =4,

- if UL-reference UL/DL configuration (defined in Sec 8.0) is 0, or if UL-reference UL/DL configuration (defined
in Sec 8.0) belongs to {1, 2, 3, 4, 6}, for a PUSCH transmission not adjusted based on a detected
PDCCH/EPDCCH with DCI format 0/4, for a subframe n with M =1or2 (M defined in Sec 10.1.3.2.1),
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OjACK =HARQ-ACK(j), 0< j< A-1 as defined in subclause 10.1.3.2.1, where the UL-reference UL/DL

configuration is the UL-reference UL/DL configuration of the serving cell corresponding to the PUSCH
transmission. The UE shall not transmit HARQ-ACK on PUSCH if the UE does not receive PDSCH or
PDCCH/EPDCCH indicating downlink SPS release in subframe(s)n—k where ke K.

- if UL-reference UL/DL configuration (defined in Sec 8.0) is 0, or if UL-reference UL/DL configuration (defined
in Sec 8.0) belongs to {1, 2, 3, 4, 6} and, for a PUSCH transmission not adjusted based on a detected
PDCCH/EPDCCH with DCI format 0/4, for a subframe n with M =3 or 4 (M defined in Sec 10.1.3.2.1),

OjACK =0(]J), 0< j<3asdefined in Table 10.1.3.2-5 or in Table 10.1.3.2-6 respectively, where the UL-

reference UL/DL configuration is the UL-reference UL/DL configuration of the serving cell corresponding to the
PUSCH transmission. The UE shall not transmit HARQ-ACK on PUSCH if the UE does not receive PDSCH or
PDCCH/EPDCCH indicating downlink SPS release in subframe(s)n—k where k e K .

If a UE is configured with higher layer parameter codebooksizeDetermination-r13 = dai, the value of the counter
Downlink Assignment Indicator (DAI) in DCI format 1/1A/1B/1D/2/2A/2B/2C/2D denotes the accumulative number of
{serving cell, subframe}-pair(s) in which PDSCH transmission(s) associated with PDCCH/EPDCCH or
PDCCH/EPDCCH indicating downlink SPS release is present, up to the present serving cell and present subframe, first
in increasing order of serving cell index and then in increasing order of subframe index within subframe(s) n—k
where k e U K, and C is the set of configured serving cells; the value of the total DAI in DCI format

ieC
1/1A/1B/1D/2/2A/2B/2C/2D denotes the total number of {serving cell, subframe}-pair(s) in which PDSCH
transmission(s) associated with PDCCH/EPDCCH(s) or PDCCH/EPDCCH indicating downlink SPS release is present,

up to the present subframe within subframe(s) n—k where k e U K, and Cis the set of configured serving cells,
ieC
and shall be updated from subframe to subframe. Denote VC'D}DA,‘Qk as the value of the counter DAI in DCI format

1/1A/1B/1D/2/2AI2B/2C/2D scheduling PDSCH transmission or indicating downlink SPS release for serving cell ¢ in
subframe n—k where kK € U K; according to table 7.3.2.1-1. Denote VT?"DA, « as the value of the total DAL in
ieC '
subframe n—k where k € U K;, according to Table 7.3.2.1-1. The UE shall assume a same value of total DAI in all
ieC
PDCCH/EPDCCH scheduling PDSCH transmission(s) and PDCCH/EPDCCH indicating downlink SPS release in a

subframe. For a serving cell c and a value k € U K, but k ¢ K., the {serving cell, subframe}-pair {c, n—k}is
ieC
excluded when determining the values of counter DAI and total DAI for HARQ-ACK transmission in subframe n.

If a UE is configured with higher layer parameter codebooksizeDetermination-r13 = dai and if the UE transmits
HARQ-ACK using PUCCH format 3 or PUCCH format 4 or PUCCH format 5 in subframe n, the UE shall determine

the 05, 0,°“,..., G(ffc'i _, according to the following pseudo-code:

Set ¢ = 0 — cell index: lower indices correspond to lower RRC indices of corresponding cell

Set m = 0 — subframe index: lower index corresponds to earlier subframe within subframe(s) n—k where

ke UK,

ieC
Setj=0
Set Vign, =0
Set Vigmpz =0
Set V, =

Set N Pehs to the number of cells configured by higher layers for the UE
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Set M to the number of subframes within subframe(s) n—k where k e U K,
ieC

whilem <M
whilec < N 2ji

if there is a PDSCH on serving cell ¢ in subframe m associated with PDCCH/EPDCCH or there is a
PDCCH/EPDCCH indicating downlink SPS release on serving cell ¢ in subframe m, and if subframe m

belongs to the set of subframe(s) N—k where ke K_,

. DL
if Ve parem <V

emp
=i+l
end if
_\/DL
Vtemp _VC—DAI ,c,m
. DL _
it ViZparm =9
__\s/DL
Vtemp2 _VC—DAI,c,m
else
_\sDL
VtempZ _VT—DAI,m
end if

if the higher layer parameter spatialBundlingPUCCH is set FALSE and the UE is configured with a
transmission mode supporting two transport blocks in at least one configured serving cell,

0./ oL = HARQ-ACK bit corresponding to the first codeword of this cell
8]+2(VC-DA| c,m —1)
0./ = HARQ-ACK bit corresponding to the second codeword of this cell

8j+2(V o ¢ -1
V.=V, U {8J + 2(\/CD—LDAI cm _1)181- + 2(\/CD—LDAI om _1)+1}

elseif the higher layer parameter spatialBundlingPUCCH is set TRUE and the UE is configured with a
transmission mode supporting two transport blocks in at least one configured serving cell,

~ ACK

04j+v oL L= binary AND operation of the HARQ-ACK bits corresponding to the first and second
C-DAl,c,m ™

codewords of this cell
Vs :Vs U {4J +VCD—LDAI .c,m _1}
else

0 A , = HARQ-ACK bit of this cell

4V om m -
Vs :Vs U {4J +VCD—LDAI cum _1}

end if
end if
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c=c+1l
end while
m=m+1
end while
if V

temp2

<V

temp
i=j+1
end if

if the higher layer parameter spatialBundlingPUCCH is set FALSE and the UE is configured with a transmission
mode supporting two transport blocks in at least one configured serving cell,

OACK =2 (4 J +Vtemp2)
else

0" =4.j+V,

emp2
end if
5iACK =NACK forany ie {0,1,...,0ACK —1}\Vs
if SPS PDSCH transmission is activated for a UE and the UE is configured to receive SPS PDSCH in a subframe n-—k
where K € ig K,

OACK :OACK +1

Opsx = HARQ-ACK bit associated with the SPS PDSCH transmission
end if
For a UE configured with higher layer parameter codebooksizeDetermination-r13 = dai, if the UE transmits HARQ-
ACK on PUSCH in a subframe, the UE shall determine the 0, <", 0,"°" ,...,5;&'2 _, according to the above

procedure as if the UE transmits HARQ-ACK using PUCCH format 3 or PUCCH format 4 or PUCCCH format 5,
except that the higher layer parameter spatialBundlingPUCCH is replaced by spatialBundlingPUSCH.

If a UE is configured with higher layer parameter codebooksizeDetermination-r13 = cc and if the UE transmits HARQ-

ACK using PUCCH format 4 or PUCCH format 5 in subframe n, the UE shall determine the 05", 0,""" ,...,0 s _,

according to the pseudo-code in subclause 5.2.3.1 in [4].

For a UE configured with higher layer parameter codebooksizeDetermination-r13 = cc, if the UE transmits HARQ-

ACK on PUSCH in a subframe, the UE shall determine the GOACK , alACK yeeny a(ffc'ﬁ 9 according to the pseudo-code in

subclause 5.2.2.6 in [4].

When a PUCCH format 3 transmission of HARQ-ACK coincides with a sub-frame configured to the UE by higher
layers for transmission of a scheduling request, the UE shall multiplex HARQ-ACK and SR bits on HARQ-ACK
PUCCH resource as defined in subclause 5.2.3.1 in [4], unless the HARQ-ACK corresponds to one of the following
cases

- asingle PDSCH transmission only on the primary cell indicated by the detection of a corresponding
PDCCH/EPDCCH in subframe n—k_, where k e K, and for UL/DL configuration of the primary cell
belonging to {1,2,3,4,5,6}, the DAI value in the PDCCH/EPDCCH is equal to '1' (defined in Table 7.3-X), or a
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PDCCH/EPDCCH indicating downlink SPS release (defined in subclause 9.2) in subframe n—k_, where
k, € K, and for UL/DL configuration of the primary cell belonging to {1,2,3,4,5,6} the DAI value in the
PDCCH/EPDCCH is equal to '1', or

- asingle PDSCH transmission only on the primary cell where there is not a corresponding PDCCH/EPDCCH
detected within subframe(s) n—k , where k e K and no PDCCH/EPDCCH indicating downlink SPS release
(defined in subclause 9.2) within subframe(s) n—k, where ke K, or

- aPDSCH transmission only on the primary cell where there is not a corresponding PDCCH/EPDCCH detected
within subframe(s) n—k, where k € K and an additional PDSCH transmission only on the primary cell
indicated by the detection of a corresponding PDCCH/EPDCCH in subframe n—k_, where k e K with the

DAl value in the PDCCH/EPDCCH equal to '1' (defined in Table 7.3-X) or a PDCCH/EPDCCH indicating
downlink SPS release (defined in subclause 9.2) in the subframe n—k_, where k e K with the DAI value in

the PDCCH/EPDCCH equal to '1',

in which case the UE shall transmit the HARQ-ACK and scheduling request according to the procedure for PUCCH
format 1b with channel selection in TDD.

When a PUCCH format 4/5 transmission of HARQ-ACK coincides with a sub-frame configured to the UE by higher
layers for transmission of a scheduling request, the UE shall follow the same procedure described in subclause 7.3.2.1.

If the parameter simultaneousAckNackAndCQI provided by higher layers is set TRUE, and if the UE is configured with
PUCCH format 1b with channel selection, and if the UE receives PDSCH and/or PDCCH/EPDCCH indicating
downlink SPS release only on the primary cell within subframe(s) n—k, where k € K, a UE shall transmit the CSI
and b(0),b(1) using PUCCH format 2b for normal CP or PUCCH format 2 for extended CP, according to subclause
5.2.3.4in[4] with ag,a; replaced by b(0),b(1). The value of b(0),b(1) are generated according to Table 7.3-1 from
Ncl?ehs -1
the Ngpg + ZU pal.c HARQ-ACK responses including ACK in response to PDCCH/EPDCCH indicating
c=0
downlink SPS release by spatial HARQ-ACK bundling across multiple codewords within each PDSCH transmission for
Nc[t)ehs -1
all serving cells thghs . If DL-reference UL/DL configuration belongs to {1,2,3,4,5,6} and, if ZU palc >0 and
c=0
VDDAL|,c # (U DAI.¢ —1)mod 4+1 for aserving cell c, the UE detects that at least one downlink assignment has been
missed.
If the parameter simultaneousAckNackAndCQI provided by higher layers is set TRUE, and if the UE is configured with

PUCCH format 1b with channel selection and receives at least one PDSCH on the secondary cell within subframe(s)
n—k, where k e K, the UE shall drop the CSI and transmit HARQ-ACK according to subclause 10.1.3.

When both HARQ-ACK and CSI are configured to be transmitted in the same sub-frame and if a UE is configured with
PUCCH format 3 and not configured with PUCCH format 4/5,

if the parameter simultaneousAckNackAndCQI is set TRUE and if the UE receives
- asingle PDSCH transmission only on the primary cell indicated by the detection of a corresponding

PDCCH/EPDCCH in subframe n—k_,where k_e K, and for UL/DL configuration of the primary cell

belonging to {1,2,3,4,5,6} the DAI value in the PDCCH/EPDCCH is equal to '1' (defined in Table 7.3-X), or a
PDCCH/EPDCCH indicating downlink SPS release (defined in subclause 9.2) in subframe n—k_ , where

k,, € K, and for UL/DL configuration of the primary cell belonging to {1,2,3,4,5,6} the DAI value in the
PDCCH/EPDCCH is equal to '1', or
- asingle PDSCH transmission only on the primary cell where there is not a corresponding PDCCH detected

within subframe(s) n—k, where k € K and no PDCCH/EPDCCH indicating downlink SPS release (defined in
subclause 9.2) within subframe(s) n—k, where ke K,

then the UE shall transmit the CSI and HARQ-ACK using PUCCH format 2/2a/2b according to subclause 5.2.3.4 in [4];
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else if

- the parameter simultaneousAckNackAndCQI-Format3-r11l is set TRUE and if PUCCH format 3 resource is
determined according to subclause 10.1.3.1 or subclause 10.1.3.2.2 and

- if the total number of bits in the subframe corresponding to HARQ-ACKSs, SR (if any), and the CSl is not
larger than 22, or

- if the total number of bits in the subframe corresponding to spatially bundled HARQ-ACKSs, SR (if any), and
the CSl is not larger than 22

then the UE shall transmit the HARQ-ACKSs, SR (if any) and the CSI using the determined PUCCH format 3 resource
according to [4];

else,
- the UE shall drop the CSI and transmit the HARQ-ACK according to subclause 10.1.3.

For TDD and a UE configured with PUCCH format 4 or PUCCH format 5, if the parameter
simultaneousAckNackAndCQI-Format4-Format5-r13 provided by higher layers is set TRUE, and if the UE has HARQ-
ACKI/SR and periodic CSI reports to transmit in a subframe, the UE HARQ-ACK/SR and periodic CSI reporting
procedure follow the procedure described in subclause 7.3.2.1 with the parameter simultaneousAckNackAndCQI-
Format4-Format5-r13 provided by higher layers is set TRUE.

7.3.3 FDD-TDD HARQ-ACK reporting procedure for primary cell frame
structure type 1

For FDD-TDD and the primary cell is frame structure type 1, with PUCCH format 1b with channel selection,
- for a negative SR transmission,

- UE shall transmit the HARQ-ACK on its assigned HARQ-ACK PUCCH resource with channel selection as
defined in subclause 10.1.2A.

- for a positive SR transmission,

- if one transport block or two transport blocks or a PDCCH/EPDCCH indicating downlink SPS release is
detected on the primary cell in subframe 1, and if subframe | is an uplink or a special subframe of
configurations 0 and 5 with normal downlink CP or of configurations 0 and 4 with extended downlink CP for
the secondary cell according to the higher layer parameter subframeAssignment for UE not configured with
the higher layer parameter EIMTA-MainConfigServCell-r12 and according to the higher layer parameter
eimta-HARQ-ReferenceConfig-r12 for UE configured with the higher layer parameter EIMTA-
MainConfigServCell-r12,

- UE shall transmit the HARQ-ACK and SR as for FDD with PUCCH format 1a/1b as described in
subclause 7.3.1.

- otherwise

- UE shall transmit the HARQ-ACK and SR as for FDD with PUCCH format 1b with channel selection as
described in subclause 7.3.1.

For FDD-TDD and the primary cell is frame structure type 1, when PUCCH format 3/4/5 is configured for transmission
of HARQ-ACK, for special subframe configurations 0 and 5 with normal downlink CP or configurations 0 and 4 with
extended downlink CP in a serving cell, shown in table 4.2-1 [3], the special subframe of the serving cell is excluded
from the HARQ-ACK codebook size determination.

For FDD-TDD and the primary cell is frame structure type 1, when a PUCCH format 3/4/5 transmission of HARQ-
ACK coincides with a sub-frame configured to the UE by higher layers for transmission of a scheduling request, the UE
shall multiplex HARQ-ACK and SR bits on HARQ-ACK PUCCH resource as defined in subclause 5.2.3.1 in [4],
unless the HARQ-ACK corresponds to a PDSCH transmission on the primary cell only or a PDCCH/EPDCCH
indicating downlink SPS release on the primary cell only, in which case the SR shall be transmitted as for FDD with
PUCCH format 1a/1b as described in subclause 7.3.1.
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For FDD-TDD and for a PUSCH transmission, a UE shall not transmit HARQ-ACK on PUSCH in subframe n if the
UE does not receive PDSCH or PDCCH indicating downlink SPS release in subframe n-4.

When only a positive SR is transmitted, a UE shall use PUCCH Format 1 for the SR resource as defined in subclause
5.4.1in [3].

If a UE is configured with higher layer parameter codebooksizeDetermination-r13 = dai, the FDD-TDD HARQ-ACK
reporting procedure follows the HARQ-ACK procedure described in subclause 7.3.1 for a UE configured with higher
layer parameter codebooksizeDetermination-r13 = dai.

If a UE is configured with higher layer parameter codebooksizeDetermination-r13 = cc, the FDD-TDD HARQ-ACK
reporting procedure follows the HARQ-ACK procedure described in subclause 7.3.1 for a UE configured with higher
layer parameter codebooksizeDetermination-r13 = cc.

7.3.4  FDD-TDD HARQ-ACK reporting procedure for primary cell frame

structure type 2

When only a positive SR is transmitted, a UE shall use PUCCH Format 1 for the SR resource as defined in subclause
5.4.1in[3].

The FDD-TDD HARQ-ACK reporting procedure follows the HARQ-ACK procedure described in subclause 7.3.2.2
with the following exceptions:

for a serving cell with frame structure type 1, and a UE not configured to monitor PDCCH/EPDCCH in another
serving cell for scheduling the serving cell, K is defined in Table 10.1.3A-1, otherwise K is defined in Table
10.1.3.1-1.

for a serving cell with frame structure type 1 and a UE not configured to monitor PDCCH/EPDCCH in another
serving cell for scheduling the serving cell, if the DL-reference UL/DL configuration of the serving cell in Table
10.1.3A-1 belongs to {2,3,4}, BCDL is determined as in subclause 7.3.2.2 for a serving cell with DL-reference
UL/DL configuration {5}.

for a serving cell with frame structure type 1, and if PUCCH format 3 is configured for transmission of HARQ-
ACK, and for a PUSCH transmission in a subframe n adjusted based on a detected PDCCH/EPDCCH with DCI

format 0/4, the UE shall assume the UL-reference UL/DL configuration of the serving cell belongs to
{1,2,3,4,5,6}.

for a serving cell with frame structure type 1, and if DL-reference UL/DL configuration of each of the serving
cells belongs to {0,1,2,3,4,6}, and if PUCCH format 1b with channel selection is configured for transmission of
HARQ-ACK and for two configured serving cells, the UE shall assume the UL-reference UL/DL configuration
of the serving cell belongs to {1,2,3,4,6}.

for a serving cell with frame structure type 1, a value WSJAL| is determined by the Downlink Assignment Index
(DALI) in DCI format 0/4 corresponding to a PUSCH on the serving cell according to Table 7.3-Z in subframe
n—k', where k'=4.

for a serving cell with frame structure type 1, when PUCCH format 3 is configured for transmission of HARQ-
ACK, if the DL-reference UL/DL configuration of the serving cell is 0, the HARQ-ACK for a PDSCH
transmission with a corresponding PDCCH/EPDCCH in subframe n—k is associated with oé%ﬁ, )-1 if
transmission mode configured in the c-th serving cell supports one transport block or spatial HARQ-ACK
bundling is applied, or associated with oCA"%N (k)-2 and oé%m (k)-1 otherwise, where DAI(K) is the value of

DAL in DCI format 1A/1B/1D/1/2/2A/2B/2C/2D detected in subframe n—k, 0f55aia-2 and 0g5baicy-1

are the HARQ-ACK feedback for codeword 0 and codeword 1, respectively. For the case with Ngpg >0, the
HARQ-ACK associated with a PDSCH transmission without a corresponding PDCCH/EPDCCH is mapped to
0?g§CK L The HARQ-ACK feedback bits without any detected PDSCH transmission are set to NACK.

1~e -
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8 Physical uplink shared channel related procedures

If the UE is configured with a SCG, the UE shall apply the procedures described in this clause for both MCG and SCG

- When the procedures are applied for MCG, the terms “secondary cell’, ‘secondary cells’ , ‘serving cell’, ‘serving
cells’ in this clause refer to secondary cell, secondary cells, serving cell, serving cells belonging to the MCG
respectively.

- When the procedures are applied for SCG, the terms ‘secondary cell’, ‘secondary cells’, ‘serving cell’, ‘serving
cells’ in this clause refer to secondary cell, secondary cells (not including PSCell), serving cell, serving cells
belonging to the SCG respectively. The term “primary cell’ in this clause refers to the PSCell of the SCG.

For a non-BL/CE UE, and for FDD and transmission mode 1, there shall be 8 uplink HARQ processes per serving cell
for non-subframe bundling operation, i.e. normal HARQ operation, and 3 uplink HARQ processes for subframe
bundling operation when parameter e-HARQ-Pattern-r12 is set to TRUE and 4 uplink HARQ processes for subframe
bundling operation otherwise. For a non-BL/CE UE, and for FDD and transmission mode 2, there shall be 16 uplink
HARQ processes per serving cell for non-subframe bundling operation and there are two HARQ processes associated
with a given subframe as described in [8]. The subframe bundling operation is configured by the parameter ttiBundling
provided by higher layers.

For FDD and a BL/CE UE configured with CEModeA, there shall be at most 8 uplink HARQ processes per serving
cell.

For FDD and a BL/CE UE configured with CEModeB, there shall be at most 2 uplink HARQ processes per serving
cell.

In case higher layers configure the use of subframe bundling for FDD and TDD, the subframe bundling operation is
only applied to UL-SCH, such that four consecutive uplink subframes are used.

A BL/CE UE is not expected to be configured with simultaneous PUSCH and PUCCH transmission.

8.0 UE procedure for transmitting the physical uplink shared
channel

The term “UL/DL configuration” in this subclause refers to the higher layer parameter subframeAssignment unless
specified otherwise.

For FDD and normal HARQ operation, the UE shall upon detection on a given serving cell of a PDCCH/EPDCCH with
DCI format 0/4 and/or a PHICH transmission in subframe n intended for the UE, adjust the corresponding PUSCH
transmission in subframe n+4 according to the PDCCH/EPDCCH and PHICH information.

For FDD-TDD and normal HARQ operation and a PUSCH for serving cell ¢ with frame structure type 1, the UE shall
upon detection of a PDCCH/EPDCCH with DCI format 0/4 and/or a PHICH transmission in subframe n intended for
the UE, adjust the corresponding PUSCH transmission for serving cell ¢ in subframe n+4 according to the
PDCCH/EPDCCH and PHICH information.

For normal HARQ operation, if the UE detects a PHICH transmission and if the most recent PUSCH transmission for
the same transport block was using spatial multiplexing according to subclause 8.0.2 and the UE does not detect a
PDCCH/EPDCCH with DCI format 4 in subframe n intended for the UE, the UE shall adjust the corresponding PUSCH
retransmission in the associated subframe according to the PHICH information, and using the number of transmission
layers and precoding matrix according to the most recent PDCCH/EPDCCH, if the number of negatively acknowledged
transport blocks is equal to the number of transport blocks indicated in the most recent PDCCH/EPDCCH associated
with the corresponding PUSCH.

For normal HARQ operation, if the UE detects a PHICH transmission and if the most recent PUSCH transmission for
the same transport block was using spatial multiplexing according to subclause 8.0.2 and the UE does not detect a
PDCCH/EPDCCH with DCI format 4 in subframe n intended for the UE, and if the number of negatively
acknowledged transport blocks is not equal to the number of transport blocks indicated in the most recent
PDCCH/EPDCCH associated with the corresponding PUSCH then the UE shall adjust the corresponding PUSCH
retransmission in the associated subframe according to the PHICH information, using the precoding matrix with
codebook index 0 and the number of transmission layers equal to number of layers corresponding to the negatively
acknowledged transport block from the most recent PDCCH/EPDCCH. In this case, the UL DMRS resources are
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calculated according to the cyclic shift field for DMRS [3] in the most recent PDCCH/EPDCCH with DCI format 4
associated with the corresponding PUSCH transmission and number of layers corresponding to the negatively
acknowledged transport block.

If a UE is configured with the carrier indicator field for a given serving cell, the UE shall use the carrier indicator field
value from the detected PDCCH/EPDCCH with uplink DCI format to determine the serving cell for the corresponding
PUSCH transmission.

For FDD and normal HARQ operation, if a PDCCH/EPDCCH with CSI request field set to trigger an aperiodic CSI
report, as described in subclause 7.2.1, is detected by a UE on subframe n, then on subframe n+4 UCI is mapped on the
corresponding PUSCH transmission, when simultaneous PUSCH and PUCCH transmission is not configured for the
UE.

For FDD-TDD and normal HARQ operation, for a serving cell with frame structure type 1, if a PDCCH/EPDCCH
with CSI request field set to trigger an aperiodic CSI report, as described in subclause 7.2.1, is detected by a UE on
subframe n, then on subframe n+4 UCI is mapped on the corresponding PUSCH transmission, when simultaneous
PUSCH and PUCCH transmission is not configured for the UE.

For TDD, if a UE is configured with the parameter EIMTA-MainConfigServCell-r12 for at least one serving cell, if the
UE is configured with one serving cell or if the UE is configured with more than one serving cell and the TDD UL/DL
configuration of all the configured serving cells is the same, then for a given serving cell, the serving cell UL/DL
configuration is the UL-reference UL/DL configuration.

For TDD, if a UE is configured with more than one serving cell and if the UL/DL configurations of at least two serving
cells are different, if the serving cell is a primary cell or if the UE is not configured to monitor PDCCH/EPDCCH in
another serving cell for scheduling the serving cell, the serving cell UL/DL configuration is the UL-reference UL/DL
configuration.

For TDD, if a UE is configured with more than one serving cell and if the UL/DL configurations of at least two serving
cells are different and if the serving cell is a secondary cell and if the UE is configured to monitor PDCCH/EPDCCH in
another serving cell for scheduling the serving cell, then for the serving cell, the UL reference UL/DL configuration is
given in Table 8-0A corresponding to the pair formed by (other serving cell UL/DL configuration, serving cell UL/DL
configuration).

For FDD-TDD and primary cell frame structure type 2, if a serving cell is a primary cell, the serving cell UL/DL
configuration is the UL-reference UL/DL configuration for the serving cell.

For FDD-TDD if the UE is not configured to monitor PDCCH/EPDCCH in another serving cell for scheduling a
secondary serving cell with frame structure type 2, the serving cell UL/DL configuration is the UL-reference UL/DL
configuration for the serving cell.

For FDD-TDD, and for secondary serving cell ¢ with frame structure type 2, if the UE is configured to monitor
PDCCH/EPDCCH in another serving cell with frame structure type 1 for scheduling the serving cell, the serving cell
UL/DL configuration is the UL-reference UL/DL configuration for the serving cell.

For FDD-TDD, if a UE is configured with more than one serving cell with frame structure type 2, and if the serving cell
is a secondary cell with frame structure type 2 and if the UE is configured to monitor PDCCH/EPDCCH in another
serving cell with frame structure type 2 for scheduling the serving cell, then for the serving cell, the UL reference
UL/DL configuration is given in Table 8-0A corresponding to the pair formed by (other serving cell UL/DL
configuration, serving cell UL/DL configuration).

Table 8-0A: UL-reference UL/DL Configuration for serving cell based on the pair formed by (other
serving cell UL/DL configuration, serving cell UL/DL configuration)

(other serving cell UL/DL configuration,
serving cell UL/DL configuration)
(1,1),(1,2),(1,4),(1,5)

(2,2),(2,9)

Set 1 (3,3),(3,4).(3,5)

(4,9).,(4,5
(5.5

Set # UL-reference UL/DL configuration

QB |WN|F-
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(1,0),(2,0),(3.0),(4.,0).(5.0)
(2.1),(4,1),(5.1)
(5.2)

(4.3),(5.3)

(5.4)
(1,6).(2,6).(3.6).(4.6).(5.6)
3.1)

(3.2),(4.2)
(13).(2.3)

(2.4)

(0,0),(6,0)
(0.1),(0,2),(0,4),(0,5),(6.1).(6.,2).(6.5)
Set 4 (0.3),(6.3)

(6.4)
(0,6).(6.6)

Set 2

Set 3

OB |WIFR|O[R|[WINF|O|RW|IN(F|O

If a UE is configured with the parameter EIMTA-MainConfigServCell-r12 for a serving cell, for a radio frame of the
serving cell, PUSCH transmissions can occur only in subframes that are indicated by eIMTA-UL/DL-configuration as
uplink subframe(s) for the serving cell unless specified otherwise.

For TDD and normal HARQ operation, if a PDCCH/EPDCCH with CSI request field set to trigger an aperiodic CSI
report, as described in subclause 7.2.1, is detected by a UE on subframe n, then on subframe n+k UCI is mapped on the
corresponding PUSCH transmission where k is given by Table 8-2, when simultaneous PUSCH and PUCCH
transmission is not configured for the UE.

For FDD-TDD normal HARQ operation, for a serving cell with frame structure type 2, if a PDCCH/EPDCCH with CSI
request field set to trigger an aperiodic CSI report on the serving cell, as described in subclause 7.2.1, is detected by a
UE on subframe n, then on subframe n+k UCI is mapped on the corresponding PUSCH transmission where k is given
by Table 8-2 and the “TDD UL/DL configuration” refers to the UL-reference UL/DL configuration for the serving cell,
when simultaneous PUSCH and PUCCH transmission is not configured for the UE.

When a UE is configured with higher layer parameter ttiBundling and configured with higher layer parameter e-HARQ-
Pattern-r12 set to FALSE or not configured, for FDD and subframe bundling operation, the UE shall upon detection of
a PDCCH/EPDCCH with DCI format 0 in subframe n intended for the UE, and/or a PHICH transmission in subframe
n-5 intended for the UE, adjust the corresponding first PUSCH transmission in the bundle in subframe n+4 according to
the PDCCH/EPDCCH and PHICH information.

When a UE is configured with higher layer parameter ttiBundling and configured with higher layer parameter e-HARQ-
Pattern-r12 set to TRUE, for FDD and subframe bundling operation, the UE shall upon detection of a
PDCCH/EPDCCH with DCI format 0 in subframe n intended for the UE, and/or a PHICH transmission in subframe n-1
intended for the UE, adjust the corresponding first PUSCH transmission in the bundle in subframe n+4 according to the
PDCCH/EPDCCH and PHICH information.

For both FDD and TDD serving cells, the NDI as signalled on PDCCH/EPDCCH, the RV as determined in subclause
8.6.1, and the TBS as determined in subclause 8.6.2, shall be delivered to higher layers.

For a non-BL/CE UE, for TDD and transmission mode 1, the number of HARQ processes per serving cell shall be
determined by the UL/DL configuration (Table 4.2-2 of [3]), as indicated in Table 8-1. For TDD and transmission mode
2, the number of HARQ processes per serving cell for non-subframe bundling operation shall be twice the number
determined by the UL/DL configuration (Table 4.2-2 of [3]) as indicated in Table 8-1 and there are two HARQ
processes associated with a given subframe as described in [8]. For TDD and both transmission mode 1 and
transmission mode 2, the “TDD UL/DL configuration” in Table 8-1 refers to the UL-reference UL/DL configuration for
the serving cell if UL-reference UL/DL configuration is defined for the serving cell and refers to the serving cell UL/DL
configuration otherwise.

For a BL/CE UE configured with CEModeA and for TDD, the maximum number of HARQ processes per serving cell
shall be determined by the UL/DL configuration (Table 4.2-2 of [3]) according to the normal HARQ operation in Table
8-1. For TDD a BL/CE UE configured with CEModeB is not expected to support more than 2 uplink HARQ processes
per serving cell.
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Table 8-1: Number of synchronous UL HARQ processes for TDD

. . Number of HARQ processes Number of HARQ processes
el BILIDl G Eien for normal HARQ operation | for subframe bundling operation
0 7 3
1 4 2
2 2 N/A
3 3 N/A
4 2 N/A
5 1 N/A
6 6 3

For TDD, if the UE is not configured with EIMTA-MainConfigServCell-r12 for any serving cell, and if a UE is
configured with one serving cell, or if the UE is configured with more than one serving cell and the TDD UL/DL
configuration of all the configured serving cells is the same,

For TDD UL/DL configurations 1-6 and normal HARQ operation, the UE shall upon detection of a
PDCCH/EPDCCH with uplink DCI format and/or a PHICH transmission in subframe n intended for the UE,
adjust the corresponding PUSCH transmission in subframe n+k, with k given in Table 8-2, according to the
PDCCH/EPDCCH and PHICH information.

For TDD UL/DL configuration 0 and normal HARQ operation the UE shall upon detection of a
PDCCH/EPDCCH with uplink DCI format and/or a PHICH transmission in subframe n intended for the UE,
adjust the corresponding PUSCH transmission in subframe n+k if the MSB of the UL index in the
PDCCH/EPDCCH with uplink DCI format is set to 1 or PHICH is received in subframe n=0 or 5 in the resource
corresponding to p,cy =0, as defined in subclause 9.1.2, with k given in Table 8-2. If, for TDD UL/DL
configuration 0 and normal HARQ operation, the LSB of the UL index in the DCI format 0/4 is set to 1 in
subframe n or a PHICH is received in subframe n=0 or 5 in the resource corresponding to 1py,cy =1, as defined
in subclause 9.1.2, or PHICH is received in subframe n=1 or 6, the UE shall adjust the corresponding PUSCH
transmission in subframe n+7. If, for TDD UL/DL configuration 0, both the MSB and LSB of the UL index in
the PDCCH/EPDCCH with uplink DCI format are set in subframe n, the UE shall adjust the corresponding
PUSCH transmission in both subframes n+ k and n+7, with k given in Table 8-2.

For TDD, if a UE is configured with more than one serving cell and the TDD UL/DL configuration of at least two
configured serving cells is not the same or if the UE is configured with EIMTA-MainConfigServCell-r12 for at least one
serving cell, or FDD-TDD,

For a serving cell with an UL-reference UL/DL configurations belonging to {1,2,3,4,5,6} and normal HARQ
operation, the UE shall upon detection of a PDCCH/EPDCCH with uplink DCI format and/or a PHICH
transmission in subframe n intended for the UE, adjust the corresponding PUSCH transmission in subframe n+k
for the serving cell, with k given in Table 8-2, according to the PDCCH/EPDCCH and PHICH information,
where the "TDD UL/DL Configuration” given in Table 8-2 refers to the UL-reference UL/DL configuration.

For a serving cell with UL-reference UL/DL configuration 0 and normal HARQ operation the UE shall upon
detection of a PDCCH/EPDCCH with uplink DCI format and/or a PHICH transmission in subframe n intended
for the UE, adjust the corresponding PUSCH transmission in subframe n+k for the serving cell if the MSB of the
UL index in the PDCCH/EPDCCH with uplink DCI format is set to 1 or PHICH is received in subframe n=0 or
5 in the resource corresponding to 1,y =0, as defined in subclause 9.1.2, with k given in Table 8-2. If, for a
serving cell with UL-reference UL/DL configuration 0 and normal HARQ operation, the LSB of the UL index in
the DCI format 0/4 is set to 1 in subframe n or a PHICH is received in subframe n=0 or 5 in the resource
corresponding to 1p,cy =1, as defined in subclause 9.1.2, or PHICH is received in subframe n=1 or 6, the UE
shall adjust the corresponding PUSCH transmission in subframe n+7 for the serving cell. If, for a serving cell
with UL-reference UL/DL configuration 0, both the MSB and LSB of the UL index in the PDCCH/EPDCCH
with uplink DCI format are set in subframe n, the UE shall adjust the corresponding PUSCH transmission in
both subframes n+ k and n+7 for the serving cell, with k given in Table 8-2, where the TDD UL/DL
Configuration™ given in Table 8-2 refers to the UL-reference UL/DL configuration.

For TDD UL/DL configurations 1 and 6 and subframe bundling operation, the UE shall upon detection of a
PDCCH/EPDCCH with DCI format 0 in subframe n intended for the UE, and/or a PHICH transmission intended for the
UE in subframe n-l with | given in Table 8-2a, adjust the corresponding first PUSCH transmission in the bundle in
subframe n+k, with k given in Table 8-2, according to the PDCCH/EPDCCH and PHICH information.
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For TDD UL/DL configuration 0 and subframe bundling operation, the UE shall upon detection of a PDCCH/EPDCCH
with DCI format 0 in subframe n intended for the UE, and/or a PHICH transmission intended for the UE in subframe n-I
with | given in Table 8-2a, adjust the corresponding first PUSCH transmission in the bundle in subframe n+k, if the
MSB of the UL index in the DCI format 0 is setto 1 or if Ipy,cy =0, as defined in subclause 9.1.2, with k given in
Table 8-2, according to the PDCCH/EPDCCH and PHICH information. If, for TDD UL/DL configuration 0 and
subframe bundling operation, the LSB of the UL index in the PDCCH/EPDCCH with DCI format 0 issetto 1 in
subframe norif lpy,cy =1, as defined in subclause 9.1.2, the UE shall adjust the corresponding first PUSCH

transmission in the bundle in subframe n+7, according to the PDCCH/EPDCCH and PHICH information.

Table 8-2: k for TDD configurations 0-6

TDD UL/DL subframe number n

Configuration |0 |1 |2 |3|4|5]|6|7|8]9
0 416 416
1 6 4 6 4
2 4 4
3 4 4|4
4 4| 4
5 4
6 717 717 5

Table 8-2a: | for TDD configurations 0, 1 and 6

TDD UL/DL subframe number n
Configuration |0 |1 |2 |3 |4|5|6|7|8]|9
0 9|6 916
1 2 3 2 3
6 5|5 6|6 8

For BL/CE UEs configured with higher layer parameter fdd-UplinkSubframeBitmapBR or fdd-
DownlinkOrTddSubframeBitmapBR, the higher layer parameter indicates the set of BL/CE UL subframes. For BL/CE
UEs not configured with higher layer parameter fdd-UplinkSubframeBitmapBR or fdd-
DownlinkOrTddSubframeBitmapBR, all UL subframes are considered as BL/CE UL subframes.

A BL/CE UE shall upon detection on a given serving cell of an MPDCCH with DCI format 6-0A/6-0B intended for the
UE, adjust the corresponding PUSCH transmission in subframe(s) n+k; with i =0, 1, ..., N-1 according to the
MPDCCH, where

- subframe n is the last subframe in which the MPDCCH is transmitted; and

- x<ko<ki<...,kn.1 and the value of N e {nl, nz2,...n } is determined by the repetition number field in the

max

corresponding DCI, where Nn1,n2,...n .. are given in Table 8-2b and Table 8-2c; and

- in case N>1, subframe(s) n+k; with i=0,1,...,N-1 are N consecutive BL/CE UL subframe(s) starting with
subframe n+x, and in case N=1, ko=x;

- for FDD, x = 4;

- for TDD UL/DL configurations 1-6, or for TDD UL/DL configuration 0 and a BL/CE UE in CEModeB, the
value of x is given as the value of k in Table 8-2 for the corresponding TDD UL/DL configuration; If the value x
is not given in Table 8-2 for subframe n, denote subframe n’ as the first downlink/special subframe which has a
value in Table 8-2 after subframe n, and substitute n with n’ in the above procedure for adjusting the PUSCH
transmission.

- for TDD UL/DL configuration 0 and a BL/CE UE in CEModeA and N=1, if the MSB of the UL index in the
MPDCCH with DCI format 6-0A is set to 1, the value of x is given as the value of k in Table 8-2 for the
corresponding TDD UL/DL configuration; if the LSB of the UL index in the MPDCCH with DCI format 6-0A is
setto 1, x = 7. The UE is not expected to receive DCI format 6-0A with both the MSB and LSB of the UL index
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set to 1 when N>1. In case both the MSB and LSB of the UL index are set to 1, the HARQ process number of
the PUSCH corresponding the MSB of the UL index is Nparq p and the HARQ process number of the
PUSCH corresponding the LSB of the UL index is (nHARQ_,D +1)mod 7, where Nyagg p IS determined
according to the HARQ process number field in DCI format 6-0A

- The higher layer parameter ttiBundling is not applicable to BL/CE UEs.

- For a BL/CE UE, in case a PUSCH transmission with a corresponding MPDCCH collides with a PUSCH
transmission without a corresponding MPDCCH in a subframe n, the PUSCH transmission without a
corresponding MPDCCH is dropped from subframe n.

- For a BL/CE UE, in case of collision between at least one physical resource block to be used for PUSCH
transmission and physical resource blocks corresponding to configured PRACH resources for BL/CE UEs or
non-BL/CE UEs (defined in [3]) in a same subframe, the PUSCH transmission is dropped in that subframe.

- For a BL/CE UE in half-duplex FDD operation, in case a PUSCH transmission including half-duplex guard
subframe without a corresponding MPDCCH collides partially or fully with a PDSCH transmission with a
corresponding MPDCCH, the PUSCH transmission without a corresponding MPDCCH is dropped.

Table 8.2b: PUSCH repetition levels (DCI Format 6-0A)

Higher layer parameter
‘pusch- {nl, n2,n3, n4}
maxNumRepetitionCEmodeA’
Not configured {1,2,4,8}
16 {1,4,8,16}
32 {1,4,16,32 }

Table 8.2c: PUSCH repetition levels (DCI Format 6-0B)

Higher layer parameter
‘pusch-mngum)I/?ep%titionCEmodeB’ {nl’ n2,., n8}

Not configured {4,8,16,32,64,128,256,512}
192 {1,4,8,16,32,64,128,192}
256 {4,8,16,32,64,128,192,256}
384 {4,16,32,64,128,192,256,384}
512 {4,16,64,128,192,256,384,512}
768 {8,32,128,192,256,384,512,768}
1024 {4,8,16,64,128,256,512,1024}
1536 {4,16,64,256,512,768,1024,1536}
2048 {4,16,64,128,256,512,1024,2048}

A UE is semi-statically configured via higher layer signalling to transmit PUSCH transmissions signalled via
PDCCH/EPDCCH according to one of two uplink transmission modes, denoted mode 1 - 2.

If a UE is configured by higher layers to decode PDCCHSs with the CRC scrambled by the C-RNTI, the UE shall decode
the PDCCH according to the combination defined in Table 8-3 and transmit the corresponding PUSCH. The scrambling
initialization of this PUSCH corresponding to these PDCCHs and the PUSCH retransmission for the same transport
block is by C-RNTI.

If a UE is configured by higher layers to decode EPDCCHSs with the CRC scrambled by the C-RNTI, the UE shall
decode the EPDCCH according to the combination defined in Table 8-3A and transmit the corresponding PUSCH. The
scrambling initialization of this PUSCH corresponding to these EPDCCHSs and the PUSCH retransmission for the same
transport block is by C-RNTI.

If a UE is configured by higher layers to decode MPDCCHs with the CRC scrambled by the C-RNT], the UE shall
decode the MPDCCH according to the combination defined in Table 8-3B and transmit the corresponding PUSCH. The
scrambling initialization of this PUSCH corresponding to these MPDCCHSs and the PUSCH retransmission for the same
transport block is by C-RNTI.
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Transmission mode 1 is the default uplink transmission mode for a UE until the UE is assigned an uplink transmission
mode by higher layer signalling.

When a UE configured in transmission mode 2 receives a DCI Format 0 uplink scheduling grant, it shall assume that the
PUSCH transmission is associated with transport block 1 and that transport block 2 is disabled.

Table 8-3: PDCCH and PUSCH configured by C-RNTI

Transmission DCI format Search Space Transmission scheme of PUSCH
mode P corresponding to PDCCH

Mode 1 DCI format O

Common and
UE specific by C-RNTI
Common and
Mode 2 DCI format 0 UE specific by C-RNTI
DCI format 4 | UE specific by C-RNTI | Closed-loop spatial multiplexing (see subclause 8.0.2)

Single-antenna port, port 10 (see subclause 8.0.1)

Single-antenna port, port 10 (see subclause 8.0.1)

Table 8-3A: EPDCCH and PUSCH configured by C-RNTI

Transmission DCI format Search Space Transmission scheme of PUSCH
mode corresponding to EPDCCH
Mode 1 DCl format 0 | UE specific by C-RNTI | Single-antenna port, port 10 (see subclause 8.0.1)
DCI format 0 | UE specific by C-RNTI | Single-antenna port, port 10 (see subclause 8.0.1)

Mode 2 DCI format 4 | UE specific by C-RNTI | Closed-loop spatial multiplexing (see subclause 8.0.2)
Table 8-3B: MPDCCH and PUSCH configured by C-RNTI
Transmission Transmission scheme of PUSCH
mode DEl Follit Sl Sprise corresponding to MPDCCH
) y TypeO-common (only for 6-0A) . )
Mode 1 DCI format 6-0OA or 6-0B and UE specific by C-RNTI Single-antenna port, port 10 (see subclause 8.0.1)

If a UE is configured by higher layers to decode PDCCHs with the CRC scrambled by the C-RNTI and is also
configured to receive random access procedures initiated by "PDCCH orders", the UE shall decode the PDCCH
according to the combination defined in Table 8-4.

If a UE is configured by higher layers to decode EPDCCHs with the CRC scrambled by the C-RNTI and is also
configured to receive random access procedures initiated by "PDCCH orders", the UE shall decode the EPDCCH
according to the combination defined in Table 8-4A.

If a UE is configured by higher layers to decode MPDCCHSs with the CRC scrambled by the C-RNTI and is also
configured to receive random access procedures initiated by "PDCCH orders", the UE shall decode the MPDCCH
according to the combination defined in Table 8-4B.

Table 8-4: PDCCH configured as "PDCCH order" to initiate random access procedure

DCI format Search Space
DCI format 1A | Common and
UE specific by C-RNTI

Table 8-4A: EPDCCH configured as "PDCCH order" to initiate random access procedure

DCI format Search Space
DCI format 1A UE specific by C-RNTI

Table 8-4B: MPDCCH configured as "PDCCH order™ to initiate random access procedure

DCI format Search Space
DCI format 6-1A or 6-1B Type0-common (only for 6-1A) and UE specific by C-RNTI
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If a UE is configured by higher layers to decode PDCCHs with the CRC scrambled by the SPS C-RNTI, the UE shall
decode the PDCCH according to the combination defined in Table 8-5 and transmit the corresponding PUSCH.

The scrambling initialization of this PUSCH corresponding to these PDCCHs and PUSCH retransmission for the same
transport block is by SPS C-RNTI. The scrambling initialization of initial transmission of this PUSCH without a
corresponding PDCCH and the PUSCH retransmission for the same transport block is by SPS C-RNTI.

If a UE is configured by higher layers to decode EPDCCHSs with the CRC scrambled by the SPS C-RNT], the UE shall
decode the EPDCCH according to the combination defined in Table 8-5A and transmit the corresponding PUSCH.

The scrambling initialization of this PUSCH corresponding to these EPDCCHs and PUSCH retransmission for the same
transport block is by SPS C-RNTI. The scrambling initialization of initial transmission of this PUSCH without a
corresponding EPDCCH and the PUSCH retransmission for the same transport block is by SPS C-RNTI.

If a UE is configured by higher layers to decode MPDCCHSs with the CRC scrambled by the SPS C-RNT], the UE shall
decode the MPDCCH according to the combination defined in Table 8-5B and transmit the corresponding PUSCH.
The scrambling initialization of this PUSCH corresponding to these MPDCCHSs and PUSCH retransmission for the
same transport block is by SPS C-RNTI. The scrambling initialization of initial transmission of this PUSCH without a
corresponding MPDCCH and the PUSCH retransmission for the same transport block is by SPS C-RNTI.

Table 8-5: PDCCH and PUSCH configured by SPS C-RNTI

Transmission DCI format Search Space Transmission scheme of PUSCH
mode P corresponding to PDCCH
Common and .
Mode 1 DCI format O UE specific by C-RNTI Single-antenna port, port 10 (see subclause 8.0.1)
Common and .
Mode 2 DCI format O UE specific by C-RNTI Single-antenna port, port 10 (see subclause 8.0.1)

Table 8-5A: EPDCCH and PUSCH configured by SPS C-RNTI

Transmission Transmission scheme of PUSCH
mode el el SIEElED SorEs corresponding to PDCCH
Mode 1 DCI format 0 | UE specific by C-RNTI | Single-antenna port, port 10 (see subclause 8.0.1)
Mode 2 DCI format 0 | UE specific by C-RNTI | Single-antenna port, port 10 (see subclause 8.0.1)

Table 8-5B: MPDCCH and PUSCH configured by SPS C-RNTI

Transmission scheme of PUSCH
corresponding to PDCCH
Single-antenna port, port 10 (see
subclause 8.0.1)

Transmission
mode

Mode 1

DCI format Search Space

TypeO-common (only for 6-0A)

DCI format 6-0A and UE specific by C-RNTI

If a UE is configured by higher layers to decode PDCCHs with the CRC scrambled by the Temporary C-RNTI
regardless of whether UE is configured or not configured to decode PDCCHSs with the CRC scrambled by the C-RNTI,
the UE shall decode the PDCCH according to the combination defined in Table 8-6 and transmit the corresponding
PUSCH. The scrambling initialization of PUSCH corresponding to these PDCCH is by Temporary C-RNTI.

If a UE is configured by higher layers to decode MPDCCHs with the CRC scrambled by the Temporary C-RNTI
regardless of whether UE is configured or not configured to decode MPDCCHSs with the CRC scrambled by the C-
RNTI during random access procedure, the UE shall decode the MPDCCH according to the combination defined in
Table 8-6A and transmit the corresponding PUSCH. The scrambling initialization of PUSCH corresponding to these
MPDCCH is by Temporary C-RNTI.

If a Temporary C-RNTI is set by higher layers, the scrambling of PUSCH corresponding to the Random Access
Response Grant in subclause 6.2 and the PUSCH retransmission for the same transport block is by Temporary C-RNTI.
Else, the scrambling of PUSCH corresponding to the Random Access Response Grant in subclause 6.2 and the PUSCH
retransmission for the same transport block is by C-RNTI.

If a UE is also configured by higher layers to decode MPDCCH with CRC scrambled by the C-RNTI during random
access procedure, the UE shall decode the MPDCCH according to the combination defined in Table 8-6A and transmit
the corresponding PUSCH. The scrambling initialization of PUSCH corresponding to these MPDCCH is by C-RNTI.
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Table 8-6: PDCCH configured by Temporary C-RNTI

DCI format | Search Space
DCl format 0 | Common

Table 8-6A: MPDCCH configured by Temporary C-RNTI and/or C-RNTI during random access
procedure

DCI format Search Space
DCI format 6-0A, 6-0B | Type2-Common

If a UE is configured by higher layers to decode PDCCHs with the CRC scrambled by the TPC-PUCCH-RNTI, the UE
shall decode the PDCCH according to the combination defined in table 8-7. The notation 3/3A implies that the UE shall
receive either DCI format 3 or DCI format 3A depending on the configuration.

If a UE is configured by higher layers to decode MPDCCHSs with the CRC scrambled by the TPC-PUCCH-RNTI, the
UE shall decode the MPDCCH according to the combination defined in table 8-7A. The notation 3/3A implies that the
UE shall receive either DCI format 3 or DCI format 3A depending on the configuration.

Table 8-7: PDCCH configured by TPC-PUCCH-RNTI

DCI format Search Space
DCI format 3/3A Common

Table 8-7A: MPDCCH configured by TPC-PUCCH-RNTI

DCI format Search Space
DCI format 3/3A | TypeO-Common (for CEModeA only)

If a UE is configured by higher layers to decode PDCCHSs with the CRC scrambled by the TPC-PUSCH-RNTI, the UE
shall decode the PDCCH according to the combination defined in table 8.8. The notation 3/3A implies that the UE shall
receive either DCI format 3 or DCI format 3A depending on the configuration.

If a UE is configured by higher layers to decode MPDCCHs with the CRC scrambled by the TPC-PUSCH-RNTI, the
UE shall decode the MPDCCH according to the combination defined in table 8.8A. The notation 3/3A implies that the
UE shall receive either DCI format 3 or DCI format 3A depending on the configuration.

Table 8-8: PDCCH configured by TPC-PUSCH-RNTI

DCI format Search Space
DCI format 3/3A | Common

Table 8-8A: MPDCCH configured by TPC-PUSCH-RNTI

DCI format Search Space
DCI format 3/3A | TypeO-Common (for CEModeA only)

8.0.1 Single-antenna port scheme

For the single-antenna port transmission schemes (port 10) of the PUSCH, the UE transmission on the PUSCH is
performed according to subclause 5.3.2A.1 of [3].

8.0.2 Closed-loop spatial multiplexing scheme

For the closed-loop spatial multiplexing transmission scheme of the PUSCH, the UE transmission on the PUSCH is
performed according to the applicable number of transmission layers as defined in subclause 5.3.2A.2 of [3].
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8.1 Resource allocation for PDCCH/EPDCCH with uplink DCI
format

Two resource allocation schemes Type 0 and Type 1 are supported for PDCCH/EPDCCH with uplink DCI format.
Resource allocation scheme Type 0 or Type 2 are supported for MPDCCH with uplink DCI format.
If the resource allocation type bit is not present in the uplink DCI format, only resource allocation type 0 is supported.

If the resource allocation type bit is present in the uplink DCI format, the selected resource allocation type for a decoded
PDCCH/EPDCCH is indicated by a resource allocation type bit where type 0 is indicated by 0 value and type 1 is
indicated otherwise. The UE shall interpret the resource allocation field depending on the resource allocation type bit in
the PDCCH/EPDCCH with uplink DCI format detected.

8.1.1 Uplink resource allocation type O

The resource allocation information for uplink resource allocation type 0 indicates to a scheduled UE a set of
contiguously allocated virtual resource block indices denoted by nygg . A resource allocation field in the scheduling

grant consists of a resource indication value (RIV) corresponding to a starting resource block ( RBgyagt ) @nd a length in
terms of contiguously allocated resource blocks ( Legg = 1). For a BL/CE UE, uplink resource allocation type O is only
applicable for UE configured with CEModeA and Né’g =6 in this subclause. The resource indication value is defined
by

if (Lepgs —1) < LN 5 /2J then
RIV = Ngg (Lcrgs 1) + RBsrarr
else

RIV = Ngg (Ngg — Leras +1) + (Ngg —1— RBsragr)

8.1.2 Uplink resource allocation type 1

The resource allocation information for uplink resource allocation type 1 indicates to a scheduled UE two sets of
resource blocks with each set including one or more consecutive resource block groups of size P as given in table

UL
7.1.6.1-1 assuming NF% as the system bandwidth. A combinatorial index r consists of |7|ng[(’7|\] RB ip +1‘Dﬂ bits.

The bits from the resource allocation field in the scheduling grant represent r unless the number of bits in the resource
allocation field in the scheduling grant is

- smaller than required to fully represent r, in which case the bits in the resource allocation field in the scheduling
grant occupy the LSBs of r and the value of the remaining bits of r shall be assumed to be 0; or

- larger than required to fully represent r, in which case r occupies the LSBs of the resource allocation field in the
scheduling grant.

The combinatorial index r corresponds to a starting and ending RBG index of resource block set 1, syand s; -1, and

M-1 N —S.
resource block set 2, s,and s3—1 respectively, where r is given by equation r = z< ,'> defined in subclause
i=0 -

7.2.1withM=4and N = (N % / P-‘ +1. subclause 7.2.1 also defines ordering properties and range of values that s;

(RBG indices) map to. Only a single RBG is allocated for a set at the starting RBG index if the corresponding ending
RBG index equals the starting RBG index.
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8.1.3 Uplink resource allocation type 2

Uplink resource allocation type 2 is only applicable for BL/CE UE configured with CEModeB. The resource allocation
information for uplink resource allocation type 2 indicates to a scheduled UE a set of contiguously allocated resource
blocks within a narrowband as given in Table 8.1.3-1

Table 8.1.3-1: Resource block(s) allocation for BL/CE UE configured with CEModeB.

Value of resource allocation field |Allocated resource blocks
‘000’ 0
‘001’ 1
‘010’ 2
‘011 3
‘100’ 4
‘101’ 5
110’ Oand1
111 2and 3
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8.2 UE sounding procedure

If the UE is configured with a PUCCH-SCell, the UE shall apply the procedures described in this clause for both
primary PUCCH group and secondary PUCCH group unless stated otherwise

- When the procedures are applied for the primary PUCCH group, the terms ‘secondary cell’, ‘secondary cells’,
‘serving cell’, and ‘serving cells’ in this clause refer to secondary cell, secondary cells, serving cell or serving
cells belonging to the primary PUCCH group respectively unless stated otherwise.

- When the procedures are applied for secondary PUCCH group, the terms ‘secondary cell’, ‘secondary cells’,
‘serving cell’ and ‘serving cells’ in this clause refer to secondary cell, secondary cells (not including the
PUCCH-SCell), serving cell, serving cells belonging to the secondary PUCCH group respectively unless stated
otherwise. The term “primary cell’ in this clause refers to the PUCCH-SCell of the secondary PUCCH group.

A UE shall transmit Sounding Reference Symbol (SRS) on per serving cell SRS resources based on two trigger types:
- trigger type 0: higher layer signalling
- trigger type 1: DCI formats 0/4/1A/6-0A/6-1A for FDD and TDD and DCI formats 2B/2C/2D for TDD.

In case both trigger type 0 and trigger type 1 SRS transmissions would occur in the same subframe in the same serving
cell, the UE shall only transmit the trigger type 1 SRS transmission.

A UE may be configured with SRS parameters for trigger type 0 and trigger type 1 on each serving cell. A BL/CE UE
configured with CEModeB is not expected to be configured with SRS parameters for trigger type 0 and trigger type 1.
The following SRS parameters are serving cell specific and semi-statically configurable by higher layers for trigger type
0 and for trigger type 1.

- Number of combs Ky as defined in subclause 5.5.3.2 of [3] for trigger type 0 and each configuration of trigger
type 1, if configured

- srs-UpPtsAdd: two or four additional SC-FDMA symbols in UpPTS as defined in [11] for trigger type 0 and
trigger type 1, if configured

- Transmission comb kTC , as defined in subclause 5.5.3.2 of [3] for trigger type 0 and each configuration of
trigger type 1

- Starting physical resource block assignment Ng.., as defined in subclause 5.5.3.2 of [3] for trigger type 0 and
each configuration of trigger type 1

- duration: single or indefinite (until disabled), as defined in [11] for trigger type 0

- srs-Configlndex Isrs for SRS periodicity Ty, and SRS subframe offset T as defined in Table 8.2-1 and

offset 1
Table 8.2-2 for trigger type 0 and SRS periodicity
8.2-4 and Table 8.2-5 trigger type 1

Tsrsy @nd SRS subframe offset Toﬁsetyl, as defined in Table

- SRS bandwidth Bggs , as defined in subclause 5.5.3.2 of [3] for trigger type 0 and each configuration of trigger
type 1

- Frequency hopping bandwidth, b, . as defined in subclause 5.5.3.2 of [3] for trigger type 0

hop !
- Cyclic shift ngSRS , as defined in subclause 5.5.3.1 of [3] for trigger type 0 and each configuration of trigger type
1

- Number of antenna ports N, for trigger type O and each configuration of trigger type 1

For trigger type 0, if SoundingRS-UL-ConfigDedicatedUpPTsEXt is configured, the SRS parameters in SoundingRS-UL-
ConfigDedicatedUpPTsEXxt shall be used; otherwise, SoundingRS-UL-ConfigDedicated shall be used. For trigger type 1,
if SoundingRS-UL-ConfigDedicatedAperiodicUpPTsExt is configured, the SRS parameters in SoundingRS-UL-
ConfigDedicatedAperiodic shall be used; otherwise, SoundingRS-UL-ConfigDedicated shall be used.
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For trigger type 1 and DCI format 4 three sets of SRS parameters, srs-ConfigApDCI-Format4, are configured by higher
layer signalling. The 2-bit SRS request field [4] in DCI format 4 indicates the SRS parameter set given in Table 8.1-1.
For trigger type 1 and DCI format 0/6-0A, a single set of SRS parameters, srs-ConfigApDCI-Format0, is configured by
higher layer signalling. For trigger type 1 and DCI formats 1A/2B/2C/2D/6-1A, a single common set of SRS
parameters, srs-ConfigApDCI-Formatla2b2c, is configured by higher layer signalling. The SRS request field is 1 bit [4]
for DCI formats 0/1A/2B/2C/2D/6-0A/6-1A, with a type 1 SRS triggered if the value of the SRS request field is set to
1",

A 1-bit SRS request field shall be included in DCI formats 0/1A/6-0A/6-1A for frame structure type 1 and
0/1A/2B/2C/2D/6-0A/6-1A for frame structure type 2 if the UE is configured with SRS parameters for DCI formats
0/1A/2B/2C/2D/6-0A/6-1A by higher-layer signalling.

Table 8.1-1: SRS request value for trigger type 1 in DCI format 4

\Value of SRS request field Description
‘00’ No type 1 SRS trigger
‘01 The 1%t SRS parameter set configured by higher layers
'10' [The 2" SRS parameter set configured by higher layers
11 The 3" SRS parameter set configured by higher layers|

The serving cell specific SRS transmission bandwidths C.¢ are configured by higher layers. The allowable values are
given in subclause 5.5.3.2 of [3].

The serving cell specific SRS transmission sub-frames are configured by higher layers. The allowable values are given
in subclause 5.5.3.3 of [3].

For a TDD serving cell, SRS transmissions can occur in UpPTS and uplink subframes of the UL/DL configuration
indicated by the higher layer parameter subframeAssignment for the serving cell.

When closed-loop UE transmit antenna selection is enabled for a given serving cell for a UE that supports transmit
antenna selection, the index a(nggs ), of the UE antenna that transmits the SRS at time nsgs is given by

a(nSRS): ngsrs Mod 2, for both partial and full sounding bandwidth, and when frequency hopping is disabled (i.e.,

bhop 2 BSRS)’
o) = (Nsgs +|Nsrs /2 |+ B+ Nsrs / K [)mod2 when K is even 5= 1 where K mod4 =0
SRS7T Ngrg MOd2 when K is odd "7 10 otherwise
when frequency hopping is enabled (i.e., bhop < Bggs),
BSRS
where values Bsrs, bhop, Nb, and nsgs are given in subclause 5.5.3.2 of [3], and K = H N,. (where thop =1
b*=byep

regardless of the N, value), except when a single SRS transmission is configured for the UE. If a UE is configured
with more than one serving cell, the UE is not expected to transmit SRS on different antenna ports simultaneously.

A UE may be configured to transmit SRSon N, antenna ports of a serving cell where N, may be configured by
higher layer signalling. For PUSCH transmission mode 1 N, €{0,1,2,4} and for PUSCH transmission mode 2
N {012} with two antenna ports configured for PUSCH and N, €{0,1,4} with 4 antenna ports configured for

PUSCH. A UE configured for SRS transmission on multiple antenna ports of a serving cell shall transmit SRS for all
the configured transmit antenna ports within one SC-FDMA symbol of the same subframe of the serving cell.

The SRS transmission bandwidth and starting physical resource block assignment are the same for all the configured
antenna ports of a given serving cell. The UE does not support a value of K, setto ‘4’, if the UE is configured for

SRS transmission on 4 antenna ports of a serving cell.

If a UE is not configured with multiple TAGs and the UE not is configured with the parameter srs-UpPtsAdd for trigger
type 1, or if a UE is not configured with multiple TAGs and the UE is not configured with more than one serving cell of

3GPP

Samsung Exhibit 1013, Page 214 of 381
Samsung Electronics Co., Ltd. v. Asus Technology Licensing Inc.
IPR2024-01036



Release 13 215 3GPP TS 36.213 V13.2.0 (2016-06)

different CPs, the UE shall not transmit SRS in a symbol whenever SRS and PUSCH transmissions happen to overlap
in the same symbol.

For TDD serving cell, and UE not configured with additional SC-FDMA symbols in UpPTS, when one SC-FDMA
symbol exists in UpPTS of the given serving cell, it can be used for SRS transmission, when two SC-FDMA symbols
exist in UpPTS of the given serving cell, both can be used for SRS transmission and for trigger type 0 SRS both can be
assigned to the same UE. For TDD serving cell, and if the UE is configured with two or four additional SC-FDMA
symbols in UpPTS of the given serving cell, all can be used for SRS transmission and for trigger type 0 SRS at most
two SC-FDMA symbols out of the configured additional SC-FDMA symbols in UpPTS can be assigned to the same
UE.

If a UE is not configured with multiple TAGs and the UE not is configured with the parameter srs-UpPtsAdd for trigger
type 1, or if a UE is not configured with multiple TAGs and the UE is not configured with more than one serving cell of
different CPs, or if a UE is configured with multiple TAGs and SRS and PUCCH format 2/2a/2b happen to coincide in
the same subframe in the same serving cell,

- The UE shall not transmit type 0 triggered SRS whenever type 0 triggered SRS and PUCCH format 2/2a/2b
transmissions happen to coincide in the same subframe;

- The UE shall not transmit type 1 triggered SRS whenever type 1 triggered SRS and PUCCH format 2a/2b or
format 2 with HARQ-ACK transmissions happen to coincide in the same subframe;

- The UE shall not transmit PUCCH format 2 without HARQ-ACK whenever type 1 triggered SRS and PUCCH
format 2 without HARQ-ACK transmissions happen to coincide in the same subframe.

If a UE is not configured with multiple TAGs and the UE not is configured with the parameter srs-UpPtsAdd for trigger
type 1, or if a UE is not configured with multiple TAGs and the UE is not configured with more than one serving cell of
different CPs, or if a UE is configured with multiple TAGs and SRS and PUCCH happen to coincide in the same
subframe in the same serving cell,

- The UE shall not transmit SRS whenever SRS transmission and PUCCH transmission carrying HARQ-ACK
and/or positive SR happen to coincide in the same subframe if the parameter ackNackSRS-
SimultaneousTransmission is FALSE;

- For FDD-TDD and primary cell frame structure 1, the UE shall not transmit SRS in a symbol whenever SRS
transmission and PUCCH transmission carrying HARQ-ACK and/or positive SR using shortened format as
defined in subclauses 5.4.1, 5.4.2A, 5.4.2B, and 5.4.2C of [3] happen to overlap in the same symbol if the
parameter ackNackSRS-SimultaneousTransmission is TRUE.

- Unless otherwise prohibited, the UE shall transmit SRS whenever SRS transmission and PUCCH transmission
carrying HARQ-ACK and/or positive SR using shortened format as defined in subclauses 5.4.1 and 5.4.2A of [3]
happen to coincide in the same subframe if the parameter ackNackSRS-SimultaneousTransmission is TRUE.

If a UE is not configured with multiple TAGs and the UE not is configured with the parameter srs-UpPtsAdd for trigger
type 1, or if a UE is not configured with multiple TAGs and the UE is not configured with more than one serving cell of
different CPs, the UE shall not transmit SRS whenever SRS transmission on any serving cells and PUCCH transmission
carrying HARQ-ACK and/or positive SR using normal PUCCH format as defined in subclauses 5.4.1 and 5.4.2A of [3]
happen to coincide in the same subframe.

In UpPTS, whenever SRS transmission instance overlaps with the PRACH region for preamble format 4 or exceeds the
range of uplink system bandwidth configured in the serving cell, the UE shall not transmit SRS.

The parameter ackNackSRS-SimultaneousTransmission provided by higher layers determines if a UE is configured to
support the transmission of HARQ-ACK on PUCCH and SRS in one subframe. If it is configured to support the
transmission of HARQ-ACK on PUCCH and SRS in one subframe, then in the cell specific SRS subframes of the
primary cell,

- if the UE transmits PUCCH format 1/1a/1b/3, the UE shall transmit HARQ-ACK and SR using the shortened
PUCCH format as defined in subclauses 5.4.1 and 5.4.2A of [3], where the HARQ-ACK or the SR symbol
corresponding to the SRS location is punctured.

- If the UE transmits PUCCH format 4/5 partly or fully overlapping with the cell specific SRS bandwidth in the
cell specific SRS subframes of the primary cell, then UE shall transmit UCI using the shortened PUCCH format
as defined in subclauses 5.4.2B and 5.4.2C of [3].
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For PUCCH format 1/1a/1b/3, this shortened PUCCH format shall be used in a cell specific SRS subframe of the
primary cell even if the UE does not transmit SRS in that subframe. For PUCCH format 4/5, this shortened PUCCH
format shall be used if the PUCCH transmission partly or fully overlaps with the cell-specific SRS bandwidth in the cell
specific SRS subframes of the primary cell even if the UE does not transmit SRS in that subframe.The cell specific SRS
subframes are defined in subclause 5.5.3.3 of [3]. Otherwise, the UE shall use the normal PUCCH format 1/1a/1b as
defined in subclause 5.4.1 of [3] or normal PUCCH format 3 as defined in subclause 5.4.2A or normal PUCCH format
4 as defined in subclause 5.4.2B or normal PUCCH format 5 as defined in subclause 5.4.2C of [3].

For a BL/CE UE, for a SRS transmission in subframe n and if the UE transmits PUSCH/PUCCH in subframe n and/or
n+1, the UE shall not transmit the SRS in subframe n if the SRS transmission bandwidth in subframe n is not
completely within the narrowband of PUSCH/PUCCH in subframe n and/or n+1

A BL/CE UE shall not transmit SRS in UpPTS if SRS frequency location is different from DwPTS reception
narrowband in the same special subframe.

Trigger type 0 SRS configuration of a UE in a serving cell for SRS periodicity, Tg,s , and SRS subframe offset, Ty , is

defined in Table 8.2-1 and Table 8.2-2, for FDD and TDD serving cell, respectively. The periodicity T, ., of the SRS

transmission is serving cell specific and is selected from the set {2, 5, 10, 20, 40, 80, 160, 320} ms or subframes.
For the SRS periodicity T, 0f 2 msin TDD serving cell, two SRS resources are configured in a half frame containing

UL subframe(s) of the given serving cell.

Type 0 triggered SRS transmission instances in a given serving cell for TDD serving cell with T, >2 and for FDD
serving cell are the subframes satisfying  (L0-n; + Kggs — Togser) MOd T = 0, Where for FDD kg = {0,1,...,9} is the

subframe index within the frame, for TDD serving cell, if the UE is configured with the parameter srs-UpPtsAdd for
trigger type 0, Kgrs is defined in Table 8.2-6; otherwise Kggs is defined in Table 8.2-3. The SRS transmission
instances for TDD serving cell with Ty, =2 are the subframes satisfying (kgzg — Tofeer) M0d5=0.

For TDD serving cell, and a UE configured for type O triggered SRS transmission in serving cell ¢, and the UE
configured with the parameter EIMTA-MainConfigServCell-r12 for serving cell c, if the UE does not detect an UL/DL
configuration indication for radio frame m (as described in section 13.1), the UE shall not transmit trigger type 0 SRS in
a subframe of radio frame m that is indicated by the parameter eimta-HARQ-ReferenceConfig-r12 as a downlink
subframe unless the UE transmits PUSCH in the same subframe.

Trigger type 1 SRS configuration of a UE in a serving cell for SRS periodicity, Tggs , , and SRS subframe offset, T g,

is defined in Table 8.2-4 and Table 8.2-5, for FDD and TDD serving cell, respectively. The periodicity of the

TSRS 1
SRS transmission is serving cell specific and is selected from the set {2, 5, 10} ms or subframes.
For the SRS periodicity Tgpg, 0of 2msin TDD serving cell, two SRS resources are configured in a half frame

containing UL subframe(s) of the given serving cell.

For TDD serving cell, and a UE configured for type 1 triggered SRS transmission in serving cell ¢ and configured with
the parameter srs-UpPtsAdd, the UE is not expected to receive trigger type 1 SRS configurations with SRS periodicity
Ters, OF 2 ms.

A UE configured for type 1 triggered SRS transmission in serving cell ¢ and not configured with a carrier indicator field
shall transmit SRS on serving cell ¢ upon detection of a positive SRS request in PDCCH/EPDCCH/MPDCCH
scheduling PUSCH/PDSCH on serving cell c.

A UE configured for type 1 triggered SRS transmission in serving cell ¢ and configured with a carrier indicator field
shall transmit SRS on serving cell ¢ upon detection of a positive SRS request in PDCCH/EPDCCH scheduling
PUSCH/PDSCH with the value of carrier indicator field corresponding to serving cell c.

A non-BL/CE UE configured for type 1 triggered SRS transmission on serving cell ¢ upon detection of a positive SRS
request in subframe n of serving cell ¢ shall commence SRS transmission in the first subframe satisfying n+k,k >4

and

(10-n¢ +ksrs — Toftset,1) M0d Tsrs 1 =0 for TDD serving cell ¢ with Tggg, > 2 and for FDD serving cell c,

(ksrs — Toffset,1) Mod5 = 0 for TDD serving cell ¢ with Tsrs,1 = 2
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where for FDD serving cell ¢ ko = {0,1,...,9} is the subframe index within the frame n, , for TDD serving cell c, if
the UE is configured with the parameter srs-UpPtsAdd for trigger type 1, kSRS is defined in Table 8.2-6; otherwise
Kers is defined in Table 8.2-3.

A BL/CE UE configured for type 1 triggered SRS transmission on serving cell ¢ upon detection of a positive SRS
request of serving cell ¢ shall commence SRS transmission in the first subframe satisfying n +k,k >4, where subframe

n is the last subframe in which the DCI format 6-0A/6-1A with the positive SRS request is transmitted, and

(10-n¢ +ksrs — Toffset,1) M0d Tsrs 1 =0 for TDD serving cell ¢ with Tgpg; > 2 and for FDD serving cell c,

(ksrs — Toffset 1) Mod5 = 0 for TDD serving cell ¢ with Tgps; =2 where for FDD serving cell ¢ kg = {0,1,...,9} is the

subframe index within the frame n , for TDD serving cell ¢ Kggg is defined in Table 8.2-3.

A UE configured for type 1 triggered SRS transmission is not expected to receive type 1 SRS triggering events
associated with different values of trigger type 1 SRS transmission parameters, as configured by higher layer signalling,
for the same subframe and the same serving cell.

For TDD serving cell ¢, and a UE configured with EIMTA-MainConfigServCell-r12 for a serving cell c, the UE shall
not transmit SRS in a subframe of a radio frame that is indicated by the corresponding eIMTA-UL/DL-configuration as
a downlink subframe.

A UE shall not transmit SRS whenever SRS and a PUSCH transmission corresponding to a Random Access Response
Grant or a retransmission of the same transport block as part of the contention based random access procedure coincide
in the same subframe.

Table 8.2-1: UE Specific SRS Periodicity
for trigger type 0, FDD

and Subframe Offset Configuration T

TSRS offset

SRS Configuration Index Isrs | SRS Periodicity Tg.q (ms) | SRS Subframe Offset Toffset
0-1 2 Isrs
2-6 5 Isrs — 2
7-16 10 Isrs — 7

17 — 36 20 Isrs — 17

37-76 40 Isrs — 37

77 — 156 80 Isrs — 77

157 — 316 160 Isrs — 157

317 - 636 320 Isrs — 317

637 — 1023 reserved reserved
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Table 8.2-2: UE Specific SRS Periodicity Ty, and Subframe Offset Configuration T,
for trigger type 0, TDD

SRS Configuration Index | SRS Periodicity | SRS Subframe Offset
Isrs TSRS (ms) Toffset
0 2 0,1
1 2 0,2
2 2 1,2
3 2 0,3
4 2 1,3
5 2 0,4
6 2 1,4
7 2 2,3
8 2 2,4
9 2 3,4
10-14 5 Isrs — 10
15-24 10 Isrs — 15
25-44 20 Isrs — 25
45-84 40 Isrs — 45
85— 164 80 Isrs — 85
165-324 160 Isrs — 165
325 -644 320 Isrs — 325
645 — 1023 reserved reserved
Table 8.2-3: Kyzs for TDD
subframe index n
0 1 213|415 6 71819
1st symbol 2nd symbol 1st symbol 2nd symbol
of UpPTS of UpPTS of UpPTS of UpPTS
Kers in case UpPTS 0 21314 5 21sle
length of 2 symbols
Kers in case UpPTS 1 2134 6 71slo
length of 1 symbol

Table 8.2-4: UE Specific SRS Periodicity T, and Subframe Offset Configuration

for trigger type 1, FDD

SRS Configuration Index

SRS Periodicity

SRS Subframe Offset

Isrs TSRs,l (ms) Toﬁset,l
0-1 2 Isrs
2—-6 5 Isrs — 2
7-16 10 Isrs — 7

17 -31 reserved reserved
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for trigger type 1, TDD

SRS Configuration Index | SRS Periodicity | SRS Subframe Offset

Isrs TSRS,l (ms) Toffset 1

0 reserved reserved

1 2 0,2

2 2 1,2

3 2 0,3

4 2 1,3

5 2 0,4

6 2 1,4

7 2 2,3

8 2 2,4

9 2 3,4
10-14 5 Isrs — 10
15-24 10 Isrs — 15
25-31 reserved reserved

and Subframe Offset Configuration Toﬁset’l

Table 8.2-6: kSRS for TDD and UE configured with two or four additional SC-FDMA symbols in UpPTS

subframe index n
0 1 2(3[4|5 6 71819
1st 2nd 3rd 4th 1st 2nd 3rd 4th
symbo | symbo | symbo | symbo symbo | symbo | symbo | symbo
| of | of | of | of | of | of | of | of
UpPTS | UpPTS | UpPTS | UpPTS UpPTS | UpPTS | UpPTS | UpPTS
kSRS in
case
UpPTS
length 0 1 2 3 5 6 7 8
of 4
symbol
S
Ksgs in
case
UpPTS
length 2 3 7 8
of 2
symbol
s
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8.3 UE HARQ-ACK procedure

For FDD, and serving cell with frame structure type 1, an HARQ-ACK received on the PHICH assigned to a UE in
subframe i is associated with the PUSCH transmission in subframe i-4.

For FDD-TDD, and serving cell with frame structure type 1, and UE not configured to monitor PDCCH/EPDCCH in
another serving cell with frame structure type 2 for scheduling the serving cell, an HARQ-ACK received on the PHICH
assigned to a UE in subframe i is associated with the PUSCH transmission in subframe i-4.

For FDD-TDD, if a serving cell is a secondary cell with frame structure type 1 and if the UE is configured to monitor
PDCCH/EPDCCH in another serving cell with frame structure type 2 for scheduling the serving cell, then an HARQ-
ACK received on the PHICH assigned to a UE in subframe i is associated with PUSCH transmission on the serving cell
in subframe i-6.

For TDD, if the UE is not configured with EIMTA-MainConfigServCell-r12 for any serving cell and, if a UE is
configured with one serving cell, or if the UE is configured with more than one serving cell and the TDD UL/DL
configuration of all the configured serving cells is the same,

- For frame structure type 2 UL/DL configuration 1-6, an HARQ-ACK received on the PHICH assigned to a UE
in subframe i is associated with the PUSCH transmission in the subframe i-k as indicated by the following Table
8.3-1.

- For frame structure type 2 UL/DL configuration 0, an HARQ-ACK received on the PHICH in the resource
corresponding to lpy,cy =0, as defined in subclause 9.1.2, assigned to a UE in subframe i is associated with
the PUSCH transmission in the subframe i-k as indicated by the following Table 8.3-1. For frame structure type
2 UL/DL configuration 0, an HARQ-ACK received on the PHICH in the resource corresponding to lppycy =1,
as defined in subclause 9.1.2, assigned to a UE in subframe i is associated with the PUSCH transmission in the
subframe i-6.

For TDD, if a UE is configured with more than one serving cell and the TDD UL/DL configuration of at least two
configured serving cells is not the same, or if the UE is configured with EIMTA-MainConfigServCell-r12 for at least
one serving cell, or FDD-TDD and serving cell is frame structure type 2,

- For serving cell with an UL-reference UL/DL configuration (defined in subclause 8.0) belonging to
{1,2,3,4,5,6}, an HARQ-ACK received on the PHICH assigned to a UE in subframe i is associated with the
PUSCH transmission in the subframe i-k for the serving cell as indicated by the following Table 8.3-1, where
"TDD UL/DL Configuration” in Table 8.3-1 refers to the UL-reference UL/DL Configuration.

- For aserving cell with UL-reference UL/DL configuration 0 (defined in subclause 8.0), an HARQ-ACK
received on the PHICH in the resource corresponding to |p,cy =0, as defined in subclause 9.1.2, assigned to a
UE in subframe i is associated with the PUSCH transmission in the subframe i-k for the serving cell as indicated
by the following Table 8.3-1, where "TDD UL/DL Configuration™ in Table 8.3-1 refers to the UL-reference
UL/DL configuration. For a serving cell with UL-reference UL/DL configuration 0, an HARQ-ACK received on
the PHICH in the resource corresponding to lpy,cq =1, as defined in subclause 9.1.2, assigned to a UE in

subframe i is associated with the PUSCH transmission in the subframe i-6 for the serving cell.

- For FDD-TDD, if a serving cell is a secondary cell with UL-reference UL/DL configuration 0 and if the UE is
configured to monitor PDCCH/EPDCCH in another serving cell with frame structure type 1 for scheduling the
serving cell, for downlink subframe i, if a transport block was transmitted in the associated PUSCH subframe i-6
for the serving cell then PHICH resource corresponding to that transport block is not present in subframe i.

For a BL/CE UE, the UE is not expected to receive PHICH corresponding to a transport block.
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Table 8.3-1: k for TDD configurations 0-6

TDD UL/DL subframe number i

Configuration |0 |1 |2 |3 |4 |5|6|7|8]|9
0 714 7|4
1 4 6 4 6
2 6 6
3 6 6|6
4 6|6
5 6
6 6|4 714 6

For a non-BL/CE UE, the physical layer in the UE shall deliver indications to the higher layers as follows:

For FDD, and for TDD with a UE configured with one serving cell, and for TDD with a UE configured with more than
one serving cell and with TDD UL/DL configuration of all configured serving cells the same, and UE is not configured
with EIMTA-MainConfigServCell-r12 for any serving cell, for downlink or special subframe i, if a transport block was
transmitted in the associated PUSCH subframe then:

if ACK is decoded on the PHICH corresponding to that transport block in subframe i, or if that transport block is
disabled by PDCCH/EPDCCH received in downlink or special subframe i, ACK for that transport block shall be
delivered to the higher layers; else NACK for that transport block shall be delivered to the higher layers.

For TDD, if the UE is configured with more than one serving cell, and if at least two serving cells have different UL/DL
configurations, or the UE is configured with EIMTA-MainConfigServCell-r12 for at least one serving cell, or for FDD-
TDD, for downlink or special subframe i, if a transport block was transmitted in the associated PUSCH subframe then:

if ACK is decoded on the PHICH corresponding to that transport block in subframe i, or if that transport block is
disabled by PDCCH/EPDCCH received in downlink or special subframe i, ACK for that transport block shall be
delivered to the higher layers; or

if a PHICH resource corresponding to that transport block is not present in subframe i or if UE is not expected to
receive PHICH corresponding to that transport block in subframe i, ACK for that transport block shall be
delivered to the higher layers.

else NACK for that transport block shall be delivered to the higher layers.
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8.4 UE PUSCH hopping procedure

The UE shall perform PUSCH frequency hopping if the single bit Frequency Hopping (FH) field in a corresponding
PDCCH/EPDCCH with DCI format 0 is set to 1 and the uplink resource block assignment is type 0 otherwise no
PUSCH frequency hopping is performed.

A UE performing PUSCH frequency hopping shall determine its PUSCH Resource Allocation (RA) for the first slot of

a subframe (S1) including the lowest index PRB ( n3tg (n) ) in subframe n from the resource allocation field in the latest

PDCCH/EPDCCH with DCI format 0 for the same transport block. If there is no PDCCH/EPDCCH for the same
transport block, the UE shall determine its hopping type based on

- the hopping information in the most recent semi-persistent scheduling assignment PDCCH/EPDCCH, when
the initial PUSCH for the same transport block is semi-persistently scheduled or

- the random access response grant for the same transport block, when the PUSCH is initiated by the random
access response grant.

The resource allocation field in DCI format 0 excludes either 1 or 2 bits used for hopping information as indicated by
Table 8.4-1 below where the number of PUSCH resource blocks is defined as

N — NHO —(N ot mod 2) Type 1PUSCH hopping
Ngs o ={Ngg Type 2N, =1 PUSCH hopping
N — NHO Type 2 N, >1PUSCH hopping

For type 1 and type 2 PUSCH hopping, NHO = NHO +1 if NHO isan odd number where NSO defined in [3].
NRHE? = NEO in other cases. The size of the resource allocation field in DCI format 0 after excluding either 1 or 2 bits

shall be y = ’_Iog2 (Nss (NSE +1)/ 2)-‘ — NyL_nop » Where Nui_nop = 1 0r 2 bits. The number of contiguous RBs
that can be assigned to a type-1 hopping user is limited to \_2" / N,;JBLJ. The number of contiguous RBs that can be

assigned to a type-2 hopping user is limited to min \_2y INSE ,LN ey NsbJ ), where the number of sub-bands

(
Ny, is given by higher layers.

A UE performing PUSCH frequency hopping shall use one of two possible PUSCH frequency hopping types based on
the hopping information. PUSCH hopping type 1 is described in subclause 8.4.1 and type 2 is described in subclause
8.4.2.

Table 8.4-1: Number of Hopping Bits Nu._nop VS. System Bandwidth

System BW | #Hopping bits for 2nd slot RA
N ng- (NuL_hop)
6-49 1
50-110 2

The parameter Hopping-mode provided by higher layers determines if PUSCH frequency hopping is "inter-subframe"
or "intra and inter-subframe".
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For PUSCH hopping type 1 the hopping bit or bits indicated in Table 8.4-1 determine Npgg (i) as defined in Table 8.4-2.

The lowest index PRB (n3 (i) ) of the 1% slot RA in subframe i is defined as n3ig (i) = Agsg (i) + NS /2, where

Nong (i) = RBgragt » and RBgyagy iS Obtained from the uplink scheduling grant as in subclause 8.4 and subclause 8.1.

The lowest index PRB ( npgg (i) ) of the 2" slot RA in subframe i is defined as npgg (i) = fipgg (i) + NES /2.

The set of physical resource blocks to be used for PUSCH transmission are L.ggs cOntiguously allocated resource

blocks from PRB index nPRB (i) for the 1% slot, and from PRB index npgg (i) for the 2™ slot, respectively, where
Lcras is obtained from the uplink scheduling grant as in subclause 8.4 and subclause 8.1.

If the Hopping-mode is "inter-subframe", the 1% slot RA is applied to even CURRENT_TX_NB, and the 2" slot RA is
applied to odd CURRENT_TX_NB, where CURRENT_TX_NB is defined in [8].

8.4.2

Type 2 PUSCH hopping

In PUSCH hopping type 2 the set of physical resource blocks to be used for transmission in slot n;

scheduling grant together with a predefined pattern according to [3] subclause 5.3.4.
If the system frame number is not acquired by the UE yet, the UE shall not transmit PUSCH with type-2 hopping and
Ng, >1 for TDD, where N, is defined in [3].

Table 8.4-2: PDCCH/EPDCCH DCI format 0 hopping bit definition

is given by the

System BW | Number of | Information in o (1)
NH',; Hopping bits hopping bits PRB
PUSCH PUSCH
6 — 49 1 0 (LN RB /ZJ + ks (I)J mod Ngg ™,
1 Type 2 PUSCH Hopping
00 (L o /4J +5gs (')j mod N fg>°"
o1 —\_N PUSCH /4J +ASL (i) | mod N EUSCH
50-110 2 RB PRB
10 (L ol /ZJ + ke (')j mod N £g "
11 Type 2 PUSCH Hopping

8.5

If UL sequence-group hopping or sequence hopping is configured in a serving cell, it applies to all Reference Symbols
(SRS, PUSCH and PUCCH RS). If disabling of the sequence-group hopping and sequence hopping is configured for the
UE in the serving cell through the higher-layer parameter Disable-sequence-group-hopping, the sequence-group
hopping and sequence hopping for PUSCH RS are disabled.

UE Reference Symbol (RS) procedure
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8.6 Modulation order, redundancy version and transport block
size determination

To determine the modulation order, redundancy version and transport block size for the physical uplink shared channel,
the UE shall first

read the "modulation and coding scheme and redundancy version" field ( I, ) if the UE is a non-BL/CE UEs
and read the “modulation and coding scheme” field (1,,. ) if the UE is a BL/CE UE, and

— check the "CSI request" bit field, and

— compute the total number of allocated PRBs ( N .z ) based on the procedure defined in subclause 8.1, and
— compute the number of coded symbols for control information.

8.6.1 Modulation order and redundancy version determination

For a non-BL/CE UE and for 0< I, <28, the modulation order (Q,, ) is determined as follows:

- Ifthe UE is capable of supporting 64QAM in PUSCH and has not been configured by higher layers to transmit
only QPSK and 16QAM, the modulation order is given by Q, in Table 8.6.1-1.

- Ifthe UE is not capable of supporting 64QAM in PUSCH or has been configured by higher layers to transmit
only QPSK and 16QAM, Q, is first read from Table 8.6.1-1. The modulation order is setto Q, =min(4,Q,,) .

- If the parameter ttiBundling provided by higher layers is set to TRUE, then the modulation order is set to

Q. = 2. Resource allocation size is restricted to Nz <3 applies in this case if the UE does not indicate
support by higher layers to operate without it.

For a non-BL/CE UE and for 29 < 1,,.; <31 the modulation order (Q,, ) is determined as follows:

- if DCI format O is used and 1,4 =29 or, if DCI format 4 is used and only 1 TB is enabled and |, = 29 for
the enabled TB and the signalled number of transmission layers is 1, and if

- the "CSI request” bit field is 1 bit and the bit is set to trigger an aperiodic report and, Nppg <4 or,

- the "CSlI request" bit field is 2 bits and is triggering an aperiodic CSI report for one serving cell according to
Table 7.2.1-1A, and, Npgg <4 or,

- the "CSlI request” bit field is 2 bits and is triggering an aperiodic CSI report for more than one serving cell
according to Table 7.2.1-1A and, Npgg <20 or,

- the "CSI request” bit field is 2 bits and is triggering an aperiodic CSI report for one CSI process according to
Table 7.2.1-1Band Nppg <4 or,

- the "CSI request” bit field is 2 bits and is triggering an aperiodic CSI report for more than one CSI process
according to Table 7.2.1-1B and Npgg <20 or,

- the "CSI request” bit field is 2 bits and is triggering an aperiodic CSI report for one CSI process or {CSI
process, CSI subframe set}-pair according to Table 7.2.1-1C and Npgpg <4 or,

- the "CSI request” bit field is 2 bits and is triggering an aperiodic CSI report for more than one CSI process
and/or {CSI process, CSI subframe set}-pair according to Table 7.2.1-1C and Npgg <20, or
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- the "CSI request" bit field is 3 bits and is triggering an aperiodic CSI report for one CSI process according to
Table 7.2.1-1D or Table 7.2.1-1E and Npgpg <4, or

- the "CSlI request” bit field is 3 bits and is triggering an aperiodic CSI report for 2 to 5 CSI processes
according to Table 7.2.1-1D or Table 7.2.1-1E and Npgg <20, or

- the "CSI request” bit field is 3 bits and is triggering an aperiodic CSI report for more than 5 CSI processes
according to Table 7.2.1-1D or Table 7.2.1-1E,

then the modulation order issetto Q, =2.

- Otherwise, the modulation order shall be determined from the DCI transported in the latest PDCCH/EPDCCH
with DCI format 0/4 for the same transport block using 0<1,,.. <28. If there is no PDCCH/EPDCCH with

MCSs —

< 28, the modulation order shall be determined from

DCI format 0/4 for the same transport block using 0< 1, <

- the most recent semi-persistent scheduling assignment PDCCH/EPDCCH, when the initial PUSCH for the
same transport block is semi-persistently scheduled, or,

- the random access response grant for the same transport block, when the PUSCH is initiated by the random
access response grant.

For a non-BL/CE UE, the UE shall use I, and Table 8.6.1-1 to determine the redundancy version (rvis) to use in the
physical uplink shared channel.

Table 8.6.1-1: Modulation, TBS index and redundancy version table for PUSCH

MCS Index | Modulation Order | TBS Index Redundancy Version
I'vics Qn I1es 'Vidx
0 2 0 0
1 2 1 0
2 2 2 0
3 2 3 0
4 2 4 0
5 2 5 0
6 2 6 0
7 2 7 0
8 2 8 0
9 2 9 0
10 2 10 0
11 4 10 0
12 4 11 0
13 4 12 0
14 4 13 0
15 4 14 0
16 4 15 0
17 4 16 0
18 4 17 0
19 4 18 0
20 4 19 0
21 6 19 0
22 6 20 0
23 6 21 0
24 6 22 0
25 6 23 0
26 6 24 0
27 6 25 0
28 6 26 0
29 1
30 reserved 2
31 3
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For a BL/CE UE, the modulation order is determined according to table 8.6.1-2. A BL/CE UE configured with
CEModeB is not expected to receive a DCI format 6-0B indicating 1, >10.

For BL/CE UEs, the same redundancy version is applied to PUSCH transmitted in a given block of N, consecutive
subframes. The subframe number of the first subframe in each block of N, consecutive subframes, denoted as N, ,

satisfies N, , MOdN, . = 0. Denote Error! Objects cannot be created from editing field codes. as the subframe

number of the first uplink subframe intended for PUSCH. The PUSCH transmission spans Error! Objects cannot be
created from editing field codes. consecutive subframes including non-BL/CE subframes where the PUSCH
transmission is postponed. For the Error! Objects cannot be created from editing field codes. block of Error!
Obijects cannot be created from editing field codes.consecutive subframes, the redundancy version (rvig) for PUSCH

is determined according to Table 7.1.7.1-2 using v = (j + Vg )mod 4 ,where J=01,...,J PUSCH _1 and
PUSCH
J PUSCH — |7 Nabs

acc
subframeError! Objects cannot be created from editing field codes. belongs. For a BL/CE UE configured in
CEModeA, Error! Objects cannot be created from editing field codes. and IV, is determined by the

‘Redundancy version’ field in DCI format 6-0A. For a BL/CE UE configured with CEModeB, Error! Objects cannot
be created from editing field codes. for FDD and Error! Objects cannot be created from editing field codes. for

TDD, and IV, =0.

—‘ .The JPYS" plocks of subframes are sequential in time, starting with  j =0 to which

Table 8.6.1-2: Modulation and TBS index table for PUSCH

MCS Index | Modulation Order | TBS Index
I MCS Qm ITBS
0 2 0
1 2 1
2 2 2
3 2 3
4 2 4
5 2 5
6 2 6
7 2 7
8 2 8
9 2 9
10 2 10
11 4 10
12 4 11
13 4 12
14 4 13
15 4 14

8.6.2  Transport block size determination

For a non-BL/CE UE and for 0< I,,.s <28, the UE shall first determine the TBS index ( I, ) using I,,.s and Table

8.6.1-1 except if the transport block is disabled in DCI format 4 as specified below. For a transport block that is not
mapped to two-layer spatial multiplexing, the TBS is determined by the procedure in subclause 7.1.7.2.1. For a
transport block that is mapped to two-layer spatial multiplexing, the TBS is determined by the procedure in subclause
7.1.7.2.2.

For a non-BL/CE UE and for 29 <1,,. <31,

- ifDCl format O is used and 1,,~g =29 or, if DCI format 4 is used and only 1 TB is enabled and I, =29
for the enabled TB and the number of transmission layers is 1, and if

- the "CSl request" bit field is 1 bit and is set to trigger an aperiodic CSI reportand Nppg <4 or,
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- the "CSI request” bit field is 2 bits and is triggering an aperiodic CSI report for one serving cell according to
Table 7.2.1-1A,and , Npgpg <4 or,

- the "CSI request" bit field is 2 bits and is triggering aperiodic CSI report for more than one serving cell
according to Table 7.2.1-1A and, Npgg <20 or,

- the "CSI request” bit field is 2 bits and is triggering an aperiodic CSI report for one CSI process according to
Table 7.2.1-1Band Nppg <4 or,

- the "CSI request” bit field is 2 bits and is triggering an aperiodic CSI report for more than one CSI process
according to Table 7.2.1-1B and, Npgg <20 or,

- the "CSlI request” bit field is 2 bits and is triggering an aperiodic CSI report for one CSI process or {CSI
process, CSI subframe set}-pair according to Table 7.2.1-1C and Nppg <4 or,

- the "CSI request” bit field is 2 bits and is triggering an aperiodic CSI report for more than one CSI process
and/or {CSI process, CSI subframe set}-pair according to Table 7.2.1-1C and Npgg <20, or

- the "CSlI request" bit field is 3 bits and is triggering an aperiodic CSI report for one CSI process according to
Table 7.2.1-1D or Table 7.2.1-1E and N prE <4, 0r

- the "CSI request” bit field is 3 bits and is triggering an aperiodic CSI report for 2 to 5 CSI processes
according to Table 7.2.1-1D or Table 7.2.1-1E and Npgp <20, or

- the "CSI request" bit field is 3 bits and is triggering an aperiodic CSI report for more than 5 CSI processes
according to Table 7.2.1-1D or Table 7.2.1-1E,

then there is no transport block for the UL-SCH and only the control information feedback for the current PUSCH
reporting mode is transmitted by the UE.

- Otherwise, the transport block size shall be determined from the initial PDCCH/EPDCCH for the same transport
block using 0< 1 28. If there is no initial PDCCH/EPDCCH with an uplink DCI format for the same

transport block using 0< |

MCS <

wcs < 28, the transport block size shall be determined from

- the most recent semi-persistent scheduling assignment PDCCH/EPDCCH, when the initial PUSCH for the
same transport block is semi-persistently scheduled, or,

- the random access response grant for the same transport block, when the PUSCH is initiated by the random
access response grant.

In DCI format 4 a transport block is disabled if either the combination of 1,.s=0 and Npgg >1 or the combination

of lpecs =28 and Npgp =1 is signalled, otherwise the transport block is enabled.

For a BL/CE UE configured with CEModeA and a PUSCH transmission not scheduled by the Random Access
Response Grant, the UE shall first determine the TBS index ( I,44) using I,,.s and Table 8.6.1-2. For a BL/CE UE the
TBS is determined by the procedure in subclause 7.1.7.2.1.

For a BL/CE UE configured with CEModeA and a PUSCH transmission scheduled by the Random Access Response
Grant, the UE shall determine the TBS index by the procedure in subclause 6.2.

For a BL/CE UE configured with CEModeB, the TBS is determined according to the procedure in subclause 7.1.7.2.1

for o<1, <10,and Npgg =6 when resource allocation field is *110” or ‘111" otherwise N g = 3.

TBS =
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8.6.3 Control information MCS offset determination

Offset values are defined for single codeword PUSCH transmission and multiple codeword PUSCH transmission.

Single codeword PUSCH transmission offsets ﬂ:f'f’;\eFiQ’ACK , Oif'set and ﬁ;ge't shall be configured to values

HARQ-ACK

offset if the UE transmits no more than

according to Table 8.6.3-1,2,3 with the higher layer signalled indexes |
22 HARQ-ACK bits on a PUSCH, Ifﬁ'set ,and Iocfgét , respectively. Single codeword PUSCH transmission offset

HARQ-ACK
offset

I;’:;?;ACK if the UE transmits more than 22 HARQ-ACK bits on a PUSCH. Multiple codeword PUSCH transmission

shall be configured to values according to [Table 8.6.3-1] with the higher layer signalled index

offsets B0 A BN and S5 shall be configured to values according to Table 8.6.3-1,2,3 with the higher

offset offse offsel
| ; ; HARQ-ACK - ; . RI
ayer signalled indexes | o \c  if the UE transmits no more than 22 HARQ-ACK bits on a PUSCH, | . e and

| CQ!

oifeet Mc + Fespectively. Multiple codeword PUSCH transmission offset /3 HARQ-ACK shall be configured to values

offset

according to [Table 8.6.3-1] with the higher layer signalled index I;ﬁg%é&" if the UE transmits more than 22

HARQ-ACK bits on a PUSCH.
If the UE is configured with higher layer parameter UplinkPowerControlDedicated-v12x0 for serving cell ¢, and ifa

subframe belongs to uplink power control subframe set 2 as indicated by the higher layer parameter tpc-SubframeSet-
r12, then for that subframe, the UE shall use

. . HARQ-ACK HARQ-ACK RI cQl . HARQ-ACK
- the hlgher Iayer indexes Ioffset,setz ! Ioffset,setz,x ! Ioffset,setZ and Ioffset,setz n place of Ioffset !
HARQ-ACK RI cQl . . . HARQ-ACK RI
Lometx —» Vofiset» and | i respectively in Tables 8.6.3-1,2,3, to determine S . Poser and

ﬂgge't respectively for single codeword PUSCH transmissions, and

. . HARQ-ACK HARQ-ACK RI CQl ;

- the hlgher Iayer indexes Iof‘fset,MC,setZ ’ Iof‘fset,MC,setZ,X ’ Iof‘fset,MC,setZ and Iof‘fset,MC,setZ in place of
HARQ-ACK HARQ-ACK RI caQl - - R

losetme o Domsetmex » lomeme @nd oo ye respectively in Tables 8.6.3-1,2,3, to determine

PHARQ-ACK - pR L and P, respectively for multiple codeword PUSCH transmissions.
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Table 8.6.3-1: Mapping of HARQ-ACK offset values and the index signalled by higher layers

I HARQ-ACK o I HARQ-ACK HARQ-ACK

offset offset,MC offset
0 2.000
1 2.500
2 3.125
3 4.000
4 5.000
5 6.250
6 8.000
7 10.000
8 12.625
9 15.875
10 20.000
11 31.000
12 50.000
13 80.000
14 126.000
15 1.0
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Table 8.6.3-2: Mapping of RI offset values and the index signalled by higher layers

I (ffflset ©fF Iff:set,MC oF:flset
0 1.250
1 1.625
2 2.000
3 2.500
4 3.125
5 4.000
6 5.000
7 6.250
8 8.000
9 10.000
10 12.625
11 15.875
12 20.000
13 reserved
14 reserved
15 reserved
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Table 8.6.3-3: Mapping of CQI offset values and the index signalled by higher layers

loer O Voigermc | Botee
0 reserved
1 reserved
2 1.125
3 1.250
4 1.375
5 1.625
6 1.750
7 2.000
8 2.250
9 2.500
10 2.875
11 3.125
12 3.500
13 4.000
14 5.000
15 6.250
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8.7 UE transmit antenna selection

UE transmit antenna selection is configured by higher layers via parameter ue-TransmitAntennaSelection.
A UE configured with transmit antenna selection for a serving cell is not expected to

e be configured with more than one antenna port for any uplink physical channel or signal for any configured
serving cell, or

e be configured with trigger type 1 SRS transmission on any configured serving cell, or
e be configured with simultaneous PUCCH and PUSCH transmission, or

e be configured with demodulation reference signal for PUSCH with OCC for any configured serving cell (see
[3], subclause 5.5.2.1.1), or

e receive DCI Format 0 indicating uplink resource allocation type 1 for any serving cell, or
e be configured with a SCG.
If UE transmit antenna selection is disabled or not supported by the UE, the UE shall transmit from UE port 0.

If closed-loop UE transmit antenna selection is enabled by higher layers the UE shall perform transmit antenna selection
for PUSCH in response to the most recent command received via DCI Format 0 in subclause 5.3.3.2 of [4].

If a UE is configured with more than one serving cell, the UE may assume the same transmit antenna port value is
indicated in each PDCCH/EPDCCH with DCI format 0 in a given subframe.

If open-loop UE transmit antenna selection is enabled by higher layers, the transmit antenna for PUSCH/SRS to be
selected by the UE is not specified.

9 Physical downlink control channel procedures

If the UE is configured with a SCG, the UE shall apply the procedures described in this clause for both MCG and SCG

- When the procedures are applied for MCG, the terms ‘secondary cell’, “secondary cells’ , ‘serving cell’, ‘serving
cells’ in this clause refer to secondary cell, secondary cells, serving cell, serving cells belonging to the MCG
respectively.

- When the procedures are applied for SCG, the terms ‘secondary cell’, ‘secondary cells’, “serving cell’, ‘serving
cells’ in this clause refer to secondary cell, secondary cells (not including PSCell), serving cell, serving cells
belonging to the SCG respectively. The term “primary cell’ in this clause refers to the PSCell of the SCG.

If a UE is configured with a LAA Scell, the UE shall apply the procedures described in this clause assuming frame
structure type 1 for the LAA Scell unless stated otherwise.

9.1 UE procedure for determining physical downlink control
channel assignment

9.1.1 PDCCH assignment procedure

The control region of each serving cell consists of a set of CCEs, numbered from0to N¢cg —1 according to
subclause 6.8.1 in [3], where Nccg  is the total number of CCEs in the control region of subframe k .

The UE shall monitor a set of PDCCH candidates on one or more activated serving cells as configured by higher layer
signalling for control information, where monitoring implies attempting to decode each of the PDCCHs in the set
according to all the monitored DCI formats.

A BL/CE UE is not required to monitor PDCCH.
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The set of PDCCH candidates to monitor are defined in terms of search spaces, where a search space SéL) at
aggregation level L e {1,2,4,8} is defined by a set of PDCCH candidates. For each serving cell on which PDCCH is

monitored, the CCEs corresponding to PDCCH candidate m of the search space SIEL) are given by

L { (Y +mymod [Nece /L }+i

whereY, is defined below, i=0,---,L—1. For the common search space m’=m . For the PDCCH UE specific search
space, for the serving cell on which PDCCH is monitored, if the monitoring UE is configured with carrier indicator field
then m'=m+M® ‘Nc; where ng, isthe carrier indicator field value, else if the monitoring UE is not configured

with carrier indicator field then m’=m, where m=0,---,M® 1. M) s the number of PDCCH candidates to
monitor in the given search space.

If a UE is configured with higher layer parameter cif-InSchedulingCell-r13, the carrier indicator field value corresponds
to cif-InSchedulingCell-r13, otherwise, the carrier indicator field value is the same as ServCelllndex given in [11].

The UE shall monitor one common search space in every non-DRX subframe at each of the aggregation levels 4 and 8
on the primary cell.

A UE shall monitor common search space on a cell to decode the PDCCHs necessary to receive MBMS on that cell
when configured by higher layers.

If a UE is not configured for EEDCCH monitoring, and if the UE is not configured with a carrier indicator field, then
the UE shall monitor one PDCCH UE-specific search space at each of the aggregation levels 1, 2, 4, 8 on each activated
serving cell in every non-DRX subframe.

If a UE is not configured for EFDCCH monitoring, and if the UE is configured with a carrier indicator field, then the
UE shall monitor one or more UE-specific search spaces at each of the aggregation levels 1, 2, 4, 8 on one or more
activated serving cells as configured by higher layer signalling in every non-DRX subframe.

If a UE is configured for EPDCCH monitoring on a serving cell, and if that serving cell is activated, and if the UE is not
configured with a carrier indicator field, then the UE shall monitor one PDCCH UE-specific search space at each of the
aggregation levels 1, 2, 4, 8 on that serving cell in all non-DRX subframes where EPDCCH is not monitored on that
serving cell.

If a UE is configured for EPDCCH monitoring on a serving cell, and if that serving cell is activated, and if the UE is
configured with a carrier indicator field, then the UE shall monitor one or more PDCCH UE-specific search spaces at
each of the aggregation levels 1, 2, 4, 8 on that serving cell as configured by higher layer signalling in all non-DRX
subframes where EPDCCH is not monitored on that serving cell.

The common and PDCCH UE-specific search spaces on the primary cell may overlap.

A UE configured with the carrier indicator field associated with monitoring PDCCH on serving cell ¢ shall monitor
PDCCH configured with carrier indicator field and with CRC scrambled by C-RNTI in the PDCCH UE specific search
space of serving cell c.

A UE configured with the carrier indicator field associated with monitoring PDCCH on the primary cell shall monitor
PDCCH configured with carrier indicator field and with CRC scrambled by SPS C-RNTI in the PDCCH UE specific
search space of the primary cell.

The UE shall monitor the common search space for PDCCH without carrier indicator field.

For the serving cell on which PDCCH is monitored, if the UE is not configured with a carrier indicator field, it shall
monitor the PDCCH UE specific search space for PDCCH without carrier indicator field, if the UE is configured with a
carrier indicator field it shall monitor the PDCCH UE specific search space for PDCCH with carrier indicator field.

If the UE is not configured with a LAA Scell, the UE is not expected to monitor the PDCCH of a secondary cell if it is
configured to monitor PDCCH with carrier indicator field corresponding to that secondary cell in another serving cell.

If the UE is configured with a LAA Scell, the UE is not expected to monitor the PDCCH UE specific space of the LAA
SCell if it is configured to monitor PDCCH with carrier indicator field corresponding to that LAA Scell in another
serving cell,
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- where the UE is not expected to be configured to monitor PDCCH with carrier indicator field in an LAA Scell;

- where the UE is not expected to be scheduled with PDSCH starting in the second slot in a subframe in an LAA
Scell if the UE is configured to monitor PDCCH with carrier indicator field corresponding to that LAA Scell in
another serving cell.

For the serving cell on which PDCCH is monitored, the UE shall monitor PDCCH candidates at least for the same
serving cell.

A UE configured to monitor PDCCH candidates with CRC scrambled by C-RNTI or SPS C-RNTI with a common
payload size and with the same first CCE index nccz (as described in subclause 10.1) but with different sets of DCI

information fields as defined in [4] in the
common search space
PDCCH UE specific search space
on the primary cell shall assume that for the PDCCH candidates with CRC scrambled by C-RNTI or SPS C-RNTI,

if the UE is configured with the carrier indicator field associated with monitoring the PDCCH on the primary cell,
only the PDCCH in the common search space is transmitted by the primary cell;

otherwise, only the PDCCH in the UE specific search space is transmitted by the primary cell.

A UE configured to monitor PDCCH candidates in a given serving cell with a given DCI format size with CIF, and
CRC scrambled by C- RNTI, where the PDCCH candidates may have one or more possible values of CIF for the given
DCI format size, shall assume that a PDCCH candidate with the given DCI format size may be transmitted in the given
serving cell in any PDCCH UE specific search space corresponding to any of the possible values of CIF for the given
DCI format size.

If a serving cell is a LAA Scell, and if the higher layer parameter subframeStartPosition for the Scell indicates ‘s07’,

- The UE monitors PDCCH UE-specific search space candidates on the Scell in both the first and second slots of a
subframe, and the aggregation levels defining the search spaces are listed in Table 9.1.1-1A;

otherwise,
- The aggregation levels defining the search spaces are listed in Table 9.1.1-1.

If a serving cell is a LAA Scell, the UE may receive PDCCH with DCI CRC scrambled by CC-RNT]I as described in
subclause 13A on the LAA Scell.

The DCI formats that the UE shall monitor depend on the configured transmission mode per each serving cell as
defined in subclause 7.1.

If a UE is configured with higher layer parameter skipMonitoringDCI-formatO-1A for a serving cell, the UE is not
required to monitor the PDCCH with DCI Format 0/1A in the UE specific search space for that serving cell.

If a UE is configured with higher layer parameter pdcch-candidateReductions for a UE specific search space at
aggregation level L for a serving cell, the corresponding number of PDCCH candidates is given by
MU = round(ax M gﬁ% ) where the value of @ is determined according to Table 9.1.1-2 and M %3 is

determined according to Table 9.1.1-1 by replacing M Hwith M $5.3 .
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Table 9.1.1-1: PDCCH candidates monitored by a UE

Search space SIEL) Number of PDCCH

Type Aggregation level L | Size [in CCEs] | candidates M
6
12
8
16
16
16

UE-specific

(O IN|F-
N INNO (O

Common

Table 9.1.1-1A: PDCCH UE-specific search space candidates monitored by a UE on LAA Scell

Search space SéL) Number of PDCCH Number of PDCCH
- — candidates M () candidates M ()
Type Aggregation level L | Size [in CCEs] in first slot in second slot
1 6 6 6
- 2 12 6 6
UE-specific 2 8 > >
8 16 2 2

Table 9.1.1-2: Scaling factor for PDCCH candidates reduction

pdcch-candidateReductions | Value of a
0 0
1 0.33
2 0.66
3 1

For the common search spaces, Y, is set to O for the two aggregation levels L=4 and L=8.
For the UE-specific search space SéL) at aggregation level L, the variable Y, is defined by
Y, =(A-Y,_;)mod D

where Y_; =ngym #0, A=39827, D=65537 and K = LnS/ZJ, N, is the slot number within a radio frame.

The RNTI value used for Ny, is defined in subclause 7.1 in downlink and subclause 8 in uplink.

9.1.2 PHICH assignment procedure

If a UE is not configured with multiple TAGs, or if a UE is configured with multiple TAGs and PUSCH transmissions
scheduled from serving cell cin subframe n are not scheduled by a Random Access Response Grant corresponding to a
random access preamble transmission for a secondary cell

- For PUSCH transmissions scheduled from serving cell cin subframe n, the UE shall determine the
corresponding PHICH resource of serving cell ¢ in subframe n+Kkpycy » Where

Kppich IS always 4 for FDD.

Kppicn is 6 for FDD-TDD and serving cell ¢ frame structure type 2 and the PUSCH transmission is for
another serving cell with frame structure type 1.

Kppicw is 4 for FDD-TDD and serving cell ¢ frame structure type land the PUSCH transmission is for a
serving cell with frame structure type 1.

Konicn 1S given in table 9.1.2-1 for FDD-TDD and serving cell ¢ frame structure type 1 and the PUSCH
transmission is for another serving cell with frame structure type 2.
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- For TDD, if the UE is not configured with EIMTA-MainConfigServCell-r12 for any serving cell and, if the UE is
configured with one serving cell, or if the UE is configured with more than one serving cell and the TDD UL/DL
configuration of all the configured serving cells is the same, for PUSCH transmissions scheduled from serving
cell cinsubframe n, the UE shall determine the corresponding PHICH resource of serving cell ¢ in subframe

N+ Kpyicn » Where Kpycn 1S given in table 9.1.2-1.

- For TDD, if the UE is configured with more than one serving cell and the TDD UL/DL configuration of at least
two configured serving cells is not the same, or if the UE is configured with EIMTA-MainConfigServCell-r12 for
at least one serving cell , or for FDD-TDD and serving cell ¢ frame structure type 2, for PUSCH transmissions
scheduled from serving cell c in subframe n, the UE shall determine the corresponding PHICH resource of
serving cell ¢ in subframe n+Kpy ey » Where Kpy e 1S given in table 9.1.2-1, where the "TDD UL/DL

Configuration" in the rest of this subclause refers to the UL-reference UL/DL configuration (defined in
subclause 8.0) of the serving cell corresponding to the PUSCH transmission.

If a UE is configured with multiple TAGs, for PUSCH transmissions on subframe n for a secondary cell ¢ scheduled
by a Random Access Response grant corresponding to a random access preamble transmission for the secondary cell c,

- For TDD, if the UE is configured with more than one serving cell and the TDD UL/DL configuration of at least
two configured serving cells is not the same, or if the UE is configured with EIMTA-MainConfigServCell-r12 for
at least one serving cell, or for FDD-TDD and serving cell ¢ frame structure type 2, the "TDD UL/DL
Configuration" in the rest of this subclause refers to the UL-reference UL/DL configuration (defined in
subclause 8.0) of secondary cell c.

- If the UE is not configured to monitor PDCCH/EPDCCH with carrier indicator field corresponding to secondary
cell ¢ inanother serving cell, the UE shall determine the corresponding PHICH resource on the secondary cell

c insubframe n+Kppcy » Where
Kppicw is always 4 for FDD and where Kpp oy s given in table 9.1.2-1 for TDD.

Kpnich 1S 4 for FDD-TDD and secondary cell ¢ frame structure type 1.
Kpaicy 1S given in table 9.1.2-1 for FDD-TDD and secondary cell ¢ frame structure type 2

- If the UE is configured to monitor PDCCH/EPDCCH with carrier indicator field corresponding to secondary cell
¢ inanother serving cell c1, the UE configured with multiple TAGs shall determine the corresponding PHICH

resource on the serving cell ¢l in subframe n+Kpycy , Where
Kpnicn 1S always 4 for FDD and where Kpy,cy s given in table 9.1.2-1 for TDD.

Kpuicy 1S 4 for FDD-TDD and primary cell frame structure type 1 and frame structure type 1 for secondary

cell ¢ and serving cell cl

Kpricw 1S given in table 9.1.2-1 for FDD-TDD and serving cell ¢ frame structure type 2

Kppicy 156 for FDD-TDD and serving cell ¢ frame structure type 1 and serving cell c1 frame structure

type 2

For subframe bundling operation, the corresponding PHICH resource is associated with the last subframe in the bundle.
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Table 9.1.2-1: kpy,cy for TDD

TDD UL/DL subframe index n
Configuration |0 | 1|2 |3 [4|5|6]|7|8]|9
0 4 171]6 417|6
1 416 416
2 6 6
3 6|66
4 6|6
5 6
6 4]16]6 417

The PHICH resource is identified by the index pair (n35& , Npicn ) Where n3&, is the PHICH group number and

Npricy 1S the orthogonal sequence index within the group as defined by:

group _ group group
NpHicH = (Ipre R + NDMRs)MOAN B icH + oo NBHICH

sq = L group J PHICH
NpricH = (Upre_ra/NpHICH J+ NDmRrs ) MOd 2N g
where

*  Npwmrs IS Mapped from the cyclic shift for DMRS field (according to Table 9.1.2-2) in the most recent

PDCCH/EPDCCH with uplink DCI format [4] for the transport block(s) associated with the
corresponding PUSCH transmission. npygs Shall be set to zero, if there is no PDCCH/EPDCCH with

uplink DCI format for the same transport block, and
» if the initial PUSCH for the same transport block is semi-persistently scheduled, or

« if the initial PUSCH for the same transport block is scheduled by the random access response

grant .
«  NEH'H s the spreading factor size used for PHICH modulation as described in subclause 6.9.1 in
(3].

for the first TB of a PUSCH with associated PDCCH/EPDCCH or for the case of
no associated PDCCH/EPDCCH when the number of negatively acknowledged

. IFRE™aa®  TBsis not equal to the number of TBs indicated in the most recent

PRB_RA ™ PDCCH/EPDCCH associated with the corresponding PUSCH
Ipne " ga ™ +1 forasecond TB of a PUSCH with associated PDCCH/EPDCCH

where 1}SWest_IndeX s the lowest PRB index in the first slot of the corresponding PUSCH

transmission

NSiney is the number of PHICH groups configured by higher layers as described in subclause 6.9 of

(31,

| |1 for TDD UL/DL configuration 0 with PUSCH transmission in subframen =4or 9
PRICH ™10 otherwise
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Table 9.1.2-2: Mapping between npyrs and the cyclic shift for DMRS field
in PDCCH/EPDCCH with uplink DCI format in [4]

Cyclic Shift for DMRS Field in PDCCH/EPDCCH n
with uplink DCI format in [4] DIIRE
000 0
001
010
011
100
101
110
111

N[O~ |WIN |-

9.1.3 Control Format Indicator (CFI) assignment procedure

PHICH duration is signalled by higher layers according to Table 6.9.3-1 in [3]. The duration signalled puts a lower
limit on the size of the control region determined from the control format indicator (CFI). When N Eé‘ >10, if
extended PHICH duration is indicated by higher layers then the UE shall assume that CFI is equal to PHICH duration.

In subframes indicated by higher layers to decode PMCH, when N % >10, a UE may assume that CFI is equal to the
value of the higher layer parameter non-MBSFNregionLength [11].

9.1.4 EPDCCH assignment procedure

For each serving cell, higher layer signalling can configure a UE with one or two EPDCCH-PRB-sets for EPDCCH
monitoring. The PRB-pairs corresponding to an EPDCCH-PRB-set are indicated by higher layers as described in

subclause 9.1.4.4. Each EPDCCH-PRB-set consists of set of ECCEs numbered from 0to Ngeee , —1where
NECCEprk is the number of ECCEs in EPDCCH-PRB-set P of subframe k. Each EPDCCH-PRB-set can be
configured for either localized EPDCCH transmission or distributed EPDCCH transmission.

The UE shall monitor a set of EPDCCH candidates on one or more activated serving cells as configured by higher layer
signalling for control information, where monitoring implies attempting to decode each of the EPDCCHs in the set
according to the monitored DCI formats.

A BL/CE UE is not required to monitor EPDCCH.
The set of EPDCCH candidates to monitor are defined in terms of EPDCCH UE-specific search spaces.

For each serving cell, the subframes in which the UE monitors EPDCCH UE-specific search spaces are configured by
higher layers.

The UE shall not monitor EPDCCH

- For TDD and normal downlink CP, in special subframes for the special subframe configurations 0 and 5, or for
frame structure type 3, in the subframe with the same duration as the DwPTS duration of the special subframe
configurations 0 and 5, shown in Table 4.2-1 of [3].

- For TDD and extended downlink CP, in special subframes for the special subframe configurations 0, 4 and 7
shown in Table 4.2-1 of [3].

- In subframes indicated by higher layers to decode PMCH.

- For TDD and if the UE is configured with different UL/DL configurations for the primary and a secondary cell,
in a downlink subframe on the secondary cell when the same subframe on the primary cell is a special subframe
and the UE is not capable of simultaneous reception and transmission on the primary and secondary cells.

An EPDCCH UE-specific search space ES{" at aggregation level L e { 1,2,4,8,16,32 } is defined by a set of
EPDCCH candidates.
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For an EPDCCH-PRB-set P, the ECCEs corresponding to EPDCCH candidate m of the search space ESé") are
given by

m-N
Ly (Y, + [#C(E)“J +b)mod | Necee o /L] | +i
p

where

Y, is defined below,

b =n, if the UE is configured with a carrier indicator field for the serving cell on which EPDCCH is monitored,
otherwise b =0

nc; s the carrier indicator field value,
m=01..M{" -1,

If the UE is not configured with a carrier indicator field for the serving cell on which EPDCCH is monitored, M gL) is

the number of EPDCCH candidates to monitor at aggregation level L in EPDCCH-PRB-set P for the serving cell on

which EPDCCH is monitored, as given in Tables 9.1.4-1a, 9.1.4-1b, 9.1.4-2a, 9.1.4-2b, 9.1.4-3a, 9.1.4-3b, 9.1.4-4a,
9.4.4-4b, 9.1.4-5a, 9.1.4-5b below; otherwise, M ;L) is the number of EPDCCH candidates to monitor at aggregation

level L in EPDCCH-PRB-set P for the serving cell indicated by ng; .

If a UE is configured with higher layer parameter pdcch-candidateReductions for a specific search space at aggregation
level L in EPDCCH-PRB-set P for a serving cell, the corresponding number of EPDCCH candidates is given by

M f)” = round(ax M Eﬂuu ) where the value of @ is determined according to Table 9.1.1-2 and M Ef?u.. is

determined according to Tables 9.1.4-1a to 9.1.4-5b by replacing M E]L)With M ﬁuu .

If a UE is configured with higher layer parameter cif-InSchedulingCell-r13, the carrier indicator field value corresponds
to cif-InSchedulingCell-r13, otherwise the carrier indicator field value is the same as ServCellindex given in [11].

A UE is not expected to monitor an EPDCCH candidate, if an ECCE corresponding to that EPDCCH candidate is
mapped to a PRB pair that overlaps in frequency with a transmission of either PBCH or primary or secondary
synchronization signals in the same subframe.

If a UE is configured with two EPDCCH-PRB-sets with the same i value (where ni3P°“ is defined in

subclause 6.10.3A.1 in [3]), if the UE receives an EPDCCH candidate with a given DCI payload size corresponding to
one of the EPDCCH-PRB-sets and mapped only to a given set of REs (as described in subclause 6.8A.5 in [3]), and if
the UE is also configured to monitor an EPDCCH candidate with the same DCI payload size and corresponding to the
other EPDCCH-PRB-set and which is mapped only to the same set of REs, and if the number of the first ECCE of the
received EPDCCH candidate is used for determining PUCCH resource for HARQ-ACK transmission (as described in
subclause 10.1.2 and subclause 10.1.3), the number of the first ECCE shall be determined based on EPDCCH-PRB-set

p=0.
The variable 9 is defined by

Y, = (A, Y, 1 )modD

where Y =nNgr #0, Aj=39827, A =39829, D=65537 and Kk = |_ns/2J, N, is the slot number within a

radio frame. The RNTI value used for Ngy, is defined in subclause 7.1 in downlink and subclause 8 in uplink. The

DCI formats that the UE shall monitor depend on the configured transmission mode per each serving cell as defined in
subclause 7.1.
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If a UE is configured with higher layer parameter skipMonitoringDCI-format0-1A for a serving cell, the UE is not
required to monitor the EPDCCH with DCI Format 0/1A in the UE specific search space for that serving cell.

If a serving cell is a LAA Scell, and if the higher layer parameter subframeStartPosition for the Scell indicates *s07’

the UE monitors EPDCCH UE-specific search space candidates on the Scell assuming they start in both the first
slot and the second slot of a subframe.

The aggregation levels defining the search spaces and the number of monitored EPDCCH candidates is given as follows

For a UE configured with only one EPDCCH-PRB-set for distributed transmission, the aggregation levels
defining the search spaces and the number of monitored EPDCCH candidates are listed in Table 9.1.4-1a, Table
9.1.4-1b.

For a UE configured with only one EPDCCH-PRB-set for localized transmission, the aggregation levels defining
the search spaces and the number of monitored EPDCCH candidates are listed in Table 9.1.4-2a, Table 9.1.4-2b.

For a UE configured with two EPDCCH-PRB-sets for distributed transmission, the aggregation levels defining
the search spaces and the number of monitored EPDCCH candidates are listed in Table 9.1.4-3a, 9.1.4-3b.

For a UE configured with two EPDCCH-PRB-sets for localized transmission, the aggregation levels defining the
search spaces and the number of monitored EPDCCH candidates are listed in Table 9.1.4-4a, 9.4.4-4b.

For a UE configured with one EPDCCH-PRB-set for distributed transmission, and one EPDCCH-PRB-set for
localized transmission, the aggregation levels defining the search spaces and the number of monitored EPDCCH
candidates are listed in Table 9.1.4-53a, 9.1.4-5b.

If the UE is not configured with a carrier indicator field for the serving cell on which EPDCCH is monitored,

N F?é =N F?é of the serving cell on which EPDCCH is monitored. If the UE is configured with a carrier indicator field

for the serving cell on which EPDCCH is monitored, NARDBL = N% of the serving cell indicated by ng .

For Tables 9.1.4-1a, 9.1.4-1b, 9.1.4-23a, 9.1.4-2b, 9.1.4-3a, 9.1.4-3Db, 9.1.4-4a, 9.4.4-4b, 9.1.4-5a, 9.1.4-5b

Case 1 applies

- for normal subframes and normal downlink CP when DCI formats 2/2A/2B/2C/2D are monitored and
N2 >25 ,or

- for frame structure type 3, for downlink subframes with PDSCH transmissions starting in the second slot,

- for special subframes with special subframe configuration 3,4,8 for frame structure type 2 or the subframes

following DwWPTS duration of special subframe configuration 3,4,8 for frame structure type 3, and normal
downlink CP when DCI formats 2/2A/2B/2C/2D are monitored and NRDé >25 or

- for normal subframes and normal downlink CP when DCI formats 1A/1B/1D/1/2/2A/2B/2C/2D/0/4/5/6-
0A/6-0B/6-1A/6-1B are monitored, and when Nngppecy <104 (Ngppeen defined in subclause 6.8A.1 in [3]),

or

- for special subframes with special subframe configuration 3, 4, 8 for frame structure type 2 or the subframes
following DWPTS duration of special subframe configuration 3,4,8 for frame structure type 3, and normal
downlink CP when DCI formats 1A/1B/1D/1/2A/2/2B/2C/2D/0/4/5/6-0A/6-0B/6-1A/6-1B are monitored,
and when nNgppeey <104 (Ngppecy defined in subclause 6.8A.1 in [3]);

Case 2 applies

- for normal subframes and extended downlink CP when DCI formats 1A/1B/1D/1/2A/2/2B/2C/2D/0/4/5/6-
0A/6-0B/6-1A/6-1B are monitored or,

- for special subframes with special subframe configuration 1,2,6,7,9 for frame structure type 2 or the
subframes following DWPTS duration of special subframe configuration 1,2,6,7,9 for frame structure type 3,
and normal downlink CP when DCI formats 1A/1B/1D/1/2A/2/2B/2C/2D/0/4/5/6-0A/6-0B/6-1A/6-1B are
monitored , or
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for special subframes with special subframe configuration 1,2,3,5,6 and extended downlink CP when DCI
formats 1A/1B/1D/1/2A/2/2B/2C/2D/0/4/5/6-0A/6-0B/6-1A/6-1B are monitored,;

- otherwise

X
p
NRB

Case 3 is applied.

is the number of PRB-pairs constituting EPDCCH-PRB-set P .

Table 9.1.4-1a: EPDCCH candidates monitored by a UE
(One Distributed EPDCCH-PRB-set - Casel, Case 2)

Number of EPDCCH candidates | Number of EPDCCH candidates
N e M® for Case 1 M for Case 2
RB p p
=2 | L=4 | 1=8|L=16 | 1=32 | L=1|L=2|Ll=4|L=8| L=16
2 4 2 1 0 0 4 2 1 0 0
4 8 4 2 1 0 8 4 2 1 0
8 6 4 3 2 1 6 4 3 2 1

Table 9.1.4-1b: EPDCCH candidates monitored by a UE
(One Distributed EPDCCH-PRB-set — Case 3)

Number of EPDCCH candidates
X (L)
N RB;: M b for Case 3
L=1 | L=2 | L=4 | L=8 | L=16
2 8 4 2 1 0
4 4 5 4 2 1
8 4 4 4 2 2

Table 9.1.4-2a: EPDCCH candid

ates monitored by a UE

(One Localized EPDCCH-PRB-set - Casel, Case 2)

Number of EPDCCH candidates | Number of EPDCCH candidates
N X M for Case 1 M (B for Case 2
RB p p
L=2 L=4 L=8 L=16 L=1 L=2 L=4 L=8
2 4 2 1 0 4 2 1 0
4 8 4 2 1 8 4 2 1
8 6 6 2 2 6 6 2 2

Table 9.1.4-2b: EPDCCH candidates monitored by a UE
(One Localized EPDCCH-PRB-set — Case 3)

Number of EPDCCH candidates
X (L) for Case 3
N RBp M P
L=1 L=2 L=4 L=8
2 8 4 2 1
4 6 6 2 2
8 6 6 2 2
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Table 9.1.4-3a: EPDCCH candidates monitored by a UE
(Two Distributed EPDCCH-PRB-sets - Casel, Case 2)

Number of EPDCCH candidates | Number of EPDCCH candidates
N r)z(gl N égz [M fﬁ) ‘M (pg’] for Case 1 [l\/l :ﬁ) M éLz)] for Case 2
=2 | =4 | L=8 | L=16 | L=32 | L=1 | L=2 | L=4 | L=8 | L=16
2 2 4,4 2,2 1,1 0,0 0,0 4,4 2,2 1,1 0,0 0,0
4 4 3,3 3,3 1,1 1,1 0,0 3,3 3,3 1,1 1,1 0,0
8 8 3,3 2,2 1,1 1,1 1,1 3,3 2,2 1,1 1,1 1,1
4 2 5,3 3,2 1,1 1,0 0,0 5,3 3,2 1,1 1,0 0,0
8 2 4,2 4,2 1,1 1,0 1,0 4,2 4,2 1,1 1,0 1,0
8 4 33122 21 1,1 1,0 33 |1 22|21 ]| 11 1,0
Table 9.1.4-3b: EPDCCH candidates monitored by a UE
(Two Distributed EPDCCH-PRB-sets — Case 3)
Number of EPDCCH candidates
N égl N égz [M .M ;(:Lz)] for Case 3
L=1|L=2|L=4 | L=8 | L=16
2 2 22 | 33| 22|11 0,0
4 4 2,2 2,2 2,2 1,1 1,1
8 8 2,2 2,2 2,2 1,1 1,1
4 2 3,1 3,2 3,1 1,1 1,0
8 2 3,1 4,1 3,1 1,1 1,0
8 4 2,2 2,2 2,2 1,1 1,1
Table 9.1.4-4a: EPDCCH candidates monitored by a UE
(Two Localized EPDCCH-PRB-sets - Casel, Case 2)
Number of EPDCCH candidates | Number of EPDCCH candidates
N égl N Fi(gz [M &) ‘M éé)]for Case 1 [M &), M EJLz)] for Case 2
L=2 L=4 L=8 L=16 L=1 L=2 L=4 L=8
2 2 4.4 2,2 1,1 0,0 4,4 2,2 1,1 0,0
4 4 3,3 3,3 1,1 1,1 3,3 3,3 1,1 1,1
8 8 3,3 3,3 1,1 1,1 3,3 3,3 1,1 1,1
4 2 4,3 4,2 1,1 1,0 4,3 4,2 1,1 1,0
8 2 5,2 4,2 1,1 1,0 5,2 4,2 1,1 1,0
8 4 3,3 3,3 1,1 1,1 3,3 3,3 1,1 1,1

Table 9.1.4-4b: EPDCCH candidates monitored by a UE
(Two Localized EPDCCH-PRB-sets — Case 3)

Number of EPDCCH candidates
N égl N ngz [|\/| .M ég)] for Case 3
L=1 L=2 L=4 L=8
3,3 3,3 11 1,1
3,3 3,3 1,1 1,1
3,3 3,3 1,1 1,1
4.2 4.2 1,1 1,1
4.2 4,2 1,1 1,1
3,3 3,3 1,1 1,1

00|00 |~ [oo|n(N
AININ[O|NN
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Table 9.1.4-5a: EPDCCH candidates monitored by a UE (NOTE)

Number of EPDCCH candidates Number of EPDCCH candidates
N ,;(gl N Fi(gz [M .M E)Lz)] for Case 1 [M .M ’(JLZ)] for Case 2
L=2 L=4 L=8 L=16 L=32 L=1 L=2 L=4 L=8 L=16
4.4 2,2 1,1 0,0 0,0 4.4 2,2 1,1 0,0 0,0
4,2 4,3 0,2 0,1 0,0 4,2 4,3 0,2 0,1 0,0
4,1 4,2 0,2 0,2 0,1 4,1 4,2 0,2 0,2 0,1
4,3 2,4 0,2 0,1 0,0 4,3 2,4 0,2 0,1 0,0
4,1 2,2 0,4 0,2 0,1 4,1 2,2 0,4 0,2 0,1
5,2 4,2 1,1 1,0 0,0 5,2 4,2 1,1 1,0 0,0
4,1 4,2 0,2 0,2 0,1 4,1 4,2 0,2 0,2 0,1
51 4,2 2,1 1,0 0,0 51 4,2 2,1 1,0 0,0
6,1 4,2 0,2 0,1 0,0 6,1 4,2 0,2 0,1 0,0

O[NNI IN
AIN(O(N|O[~|OINN

NOTE: One localized EPDCCH-PRB-set and one distributed EPDCCH-PRB-set, - Casel, Case 2;
P, is the identity of the localized EPDCCH-PRB-set,

P, is the identity of the distributed EPDCCH-PRB-set

Table 9.1.4-5b: EPDCCH candidates monitored by a UE (NOTE)

Number of EPDCCH candidates
X X (L) (L)
N 28 N 252 [M MG ] for Case 3
L=1 L=2 L=4 L=8 L=16
2 2 4,1 4,2 2,2 0,1 0,0
4 4 4,1 4,1 2,2 0,1 0,1
8 8 4,1 4,1 2,2 0,1 0,1
2 4 4,1 4,1 2,2 0,1 0,1
2 8 4,1 4,1 2,2 0,1 0,1
4 2 4,1 4,1 2,2 1,1 0,0
4 8 4,1 4,1 2,2 0,1 0,1
8 2 4,1 4,1 4,1 0,1 0,0
8 4 4,1 4,1 2,2 0,1 0,1
NOTE: One localized EPDCCH-PRB-set and one distributed EPDCCH-PRB-set - Case 3);
P, is the identity of the localized EPDCCH-PRB-set,
P, is the identity of the distributed EPDCCH-PRB-set)

If the UE is not configured with a carrier indicator field, then the UE shall monitor one EPDCCH UE-specific search
space at each of the aggregation levels given by Tables 9.1.4-1a to 9.1.4-5b on each activated serving cell for which it is
configured to monitor EPDCCH.

If a UE is configured for EPDCCH monitoring, and if the UE is configured with a carrier indicator field, then the UE
shall monitor one or more EPDCCH UE-specific search spaces at each of the aggregation levels given by Tables 9.1.4-
la to 9.1.4-5b on one or more activated serving cells as configured by higher layer signalling.

A UE configured with the carrier indicator field associated with monitoring EPDCCH on serving cell ¢ shall monitor
EPDCCH configured with carrier indicator field and with CRC scrambled by C-RNTI in the EPDCCH UE specific
search space of serving cell c.

A UE configured with the carrier indicator field associated with monitoring EPDCCH on the primary cell shall monitor
EPDCCH configured with carrier indicator field and with CRC scrambled by SPS C-RNTI in the EPDCCH UE specific
search space of the primary cell.

A UE is not expected to be configured to monitor EPDCCH with carrier indicator field in an LAA Scell

A UE is not expected to be scheduled with PDSCH starting in the second slot in a subframe in an LAA Scell if the UE
is configured to monitor EPDCCH with carrier indicator field corresponding to that LAA Scell in another serving cell

3GPP

Samsung Exhibit 1013, Page 243 of 381
Samsung Electronics Co., Ltd. v. Asus Technology Licensing Inc.
IPR2024-01036



Release 13 244 3GPP TS 36.213 V13.2.0 (2016-06)

For the serving cell on which EPDCCH is monitored, if the UE is not configured with a carrier indicator field, it shall
monitor the EPDCCH UE specific search space for EPDCCH without carrier indicator field, if the UE is configured
with a carrier indicator field it shall monitor the EPDCCH UE specific search space for EPDCCH with carrier indicator
field.

A UE is not expected to monitor the EPDCCH of a secondary cell if it is configured to monitor EPDCCH with carrier
indicator field corresponding to that secondary cell in another serving cell. For the serving cell on which EPDCCH is
monitored, the UE shall monitor EPDCCH candidates at least for the same serving cell.

A UE configured to monitor EPDCCH candidates in a given serving cell with a given DCI format size with CIF, and
CRC scrambled by C- RNTI, where the EPDCCH candidates may have one or more possible values of CIF for the
given DCI format size, shall assume that an EPDCCH candidate with the given DCI format size may be transmitted in
the given serving cell in any EPDCCH UE specific search space corresponding to any of the possible values of CIF for
the given DCI format size.

For the serving cell on which EPDCCH is monitored, a UE is not required to monitor the EPDCCH in a subframe
which is configured by higher layers to be part of a positioning reference signal occasion if the positioning reference
signal occasion is only configured within MBSFN subframes and the cyclic prefix length used in subframe #0 is normal
cyclic prefix.

A UE may assume the same C,;; value (described in subclause 6.10.3A.1 of [3]) is used for antenna ports 107,108

while monitoring an EPDCCH candidate associated with either antenna port 107 or antenna port 108.
A UE may assume the same C;;; Vvalue (described in subclause 6.10.3A.1 of [3]) is used for antenna ports 109,110
while monitoring an EPDCCH candidate associated with either antenna port 109 or antenna port 110.

9.141 EPDCCH starting position

For a given serving cell, if the UE is configured via higher layer signalling to receive PDSCH data transmissions
according to transmission modes 1-9,

- if the UE is configured with a higher layer parameter epdcch-StartSymbol-r11,
o the starting OFDM symbol for EPDCCH given by index | ppcchsw 1S determined from the higher
layer parameter,
- otherwise
o the starting OFDM symbol for EPDCCH given by index | ppccpsan 1S given by the CFI value in the
subframe of the given serving cell when Ngg >10, and lgppecpsan i given by the CFI value+1 in

the subframe of the given serving cell when NR5 <10

For a given serving cell, if the UE is configured via higher layer signalling to receive PDSCH data transmissions
according to transmission mode 10, for each EPDCCH-PRB-set, the starting OFDM symbol for monitoring EPDCCH
in subframe k is determined from the higher layer parameter pdsch-Start-r11 (defined in subclause 9.1.4.3) as follows

if the value of the parameter pdsch-Start-r11 belongs to {1,2,3,4},

0 I'copcensar 1S 9iven by the higher layer parameter pdsch-Start-ril
- otherwise
0 I'copccnsan 1S given by the CFI value in subframe k of the given serving cell when NR§ >10, and

I'cppccrsan 1S Given by the CFI value+1 in subframe k of the given serving cell when Ngg <10

- ifsubframe Kk is indicated by the higher layer parameter mbsfn-SubframeConfigList-r11 (defined in subclause
9.1.4.3), or if subframe k is subframe 1 or 6 for frame structure type 2,

_ H '
o IEPDCCHSlan - m|n(2, I EPDCCHStart )‘

— otherwise
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0 IEPDCCHStart = IEPDCCHStan .

If a serving cell is a LAA Scell, and if the higher layer parameter subframeStartPosition for the Scell indicates ‘s07’

— for monitoring EPDCCH candidates starting in the first slot of the subframe, the starting OFDM symbol for
EPDCCH is given by index |gppccnsie in the first slot in a subframe;

- for monitoring EPDCCH candidates starting in the second slot of the subframe, the starting OFDM symbol for
EPDCCH is given by index |ppecpser i the second slot in a subframe;

otherwise

- the starting OFDM symbol for EPDCCH is given by index |cppccpsie i the first slot in a subframe.

9.14.2 Antenna ports quasi co-location for EPDCCH

For a given serving cell, if the UE is configured via higher layer signalling to receive PDSCH data transmissions
according to transmission modes 1-9, and if the UE is configured to monitor EPDCCH,

- the UE may assume the antenna ports 0 — 3, 107 — 110 of the serving cell are quasi co-located (as defined in [3])
with respect to Doppler shift, Doppler spread, average delay, and delay spread.

For a given serving cell, if the UE is configured via higher layer signalling to receive PDSCH data transmissions
according to transmission mode 10, and if the UE is configured to monitor EPDCCH, for each EPDCCH-PRB-set,

- if the UE is configured by higher layers to decode PDSCH according to quasi co-location Type-A as described in
subclause 7.1.10

- the UE may assume the antenna ports 0 — 3, 107 — 110 of the serving cell are quasi co-located (as defined in
[3]) with respect to Doppler shift, Doppler spread, average delay, and delay spread.

- if the UE is configured by higher layers to decode PDSCH according to quasi co-location Type-B as described in
subclause 7.1.10

- the UE may assume antenna ports 15 — 22 corresponding to the higher layer parameter gcl-CSI-RS-
ConfigNZPld-r11 (defined in subclause 9.1.4.3) and antenna ports 107-110 are quasi co-located (as defined
in [3]) with respect to Doppler shift, Doppler spread, average delay, and delay spread.

9.1.4.3 Resource mapping parameters for EPDCCH

For a given serving cell, if the UE is configured via higher layer signalling to receive PDSCH data transmissions
according to transmission mode 10, and if the UE is configured to monitor EPDCCH, for each EPDCCH-PRB-set, the
UE shall use the parameter set indicated by the higher layer parameter re-MappingQCL-Configld-r11 for determining
the EPDCCH RE mapping (defined in subclause 6.8A.5 of [3]) and EPDCCH antenna port quasi co-location. The
following parameters for determining EPDCCH RE mapping (as described in subclause 6.8A.5 of [3]) and EPDCCH
antenna port quasi co-location are included in the parameter set:

- crs-PortsCount-ril.

- crs-FregShift-ri1.

- mbsfn-SubframeConfigList-r11.
- csi-RS-ConfigZPId-r11.

- pdsch-Start-r11.

- qcl-CSI-RS-ConfigNZPI1d-r11.

- csi-RS-ConfigZPI1d2-r12 if the UE is configured with CSI subframe sets Cg, and Ccg,, by the higher layer

parameter csi-SubframePatternConfig-r12 for the serving cell or the UE is configured with higher layer
parameter eMIMO-Type for TDD serving cell.
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9.14.4 PRB-pair indication for EPDCCH

For BL/CE UEs and USS, following is applied in the rest of this subclause.
Xy . Xp
- N'g§ isusedin place of Ngg .

- If N 'ég =2+4, PRB-pairs of the 2 PRB set is obtained using resourceBlockAssignment-r11 and the procedure
described in the rest of this subclause. PRB-pairs of the 4 PRB set is the remaining 4 PRB-pairs in PRB-pairs in

MPDCCH-PRB-set p.If N 'ég =2, PRB-pairs of the 2 PRB set is obtained using resourceBlockAssignment-
r11 and the procedure described in the rest of this subclause. If N 'ég =4, PRB-pairs of the 4 PRB set is obtained
using resourceBlockAssignment-r11 and the procedure described in the rest of this subclause.
- N2 issettos.
For a given serving cell, for each EPDCCH-PRB-pair set/MPDCCH-PRB-pair set P, the UE is configured with a
higher layer parameter resourceBlockAssignment-r11 indicating a combinatorial index F corresponding to the PRB

DL
Ngs —ki , where NF?BL is the number of
Ny —i

Nad -1

index {k, }N:Bp‘l (1<k <NZ, k <k;.,)and given by equation  _ 3 <

i=0 !
i=0

PRB pairs associated with the downlink bandwidth, N ,;(B" is the number of PRB-pairs constituting EPDCCH-PRB-
set/MPDCCH-PRB-pair set P, and is configured by the higher layer parameter numberPRBPairs-r11, and

X DL
N
<x> _ [y] Xy is the extended binomial coefficient, resulting in unique label 1 € {0,,_” (N F§<B J_l}
RB

y 0 x<y {

9.1.5 MPDCCH assignment procedure

A BL/CE UE shall monitor a set of MPDCCH candidates on one or more Narrowbands (described in subclause 5.2.4 of
[3]) as configured by higher layer signalling for control information, where monitoring implies attempting to decode
each of the MPDCCHs in the set according to all the monitored DCI formats. The Narrowband in a subframe used for
MPDCCH monitoring is determined as described in [3].

A UE that is not a BL/CE UE is not required to monitor MPDCCH.

Higher layer signalling can configure a BL/CE UE with one or two MPDCCH-PRB-sets for MPDCCH monitoring. The
PRB-pairs corresponding to an MPDCCH-PRB-set are indicated by higher layers. Each MPDCCH-PRB-set consists of

set of ECCEs numbered from 0to N'gep , —1where N'geep o is the number of ECCEs in MPDCCH-PRB-set

P of subframe k.

The MPDCCH-PRB-set(s) can be configured by higher layers for either localized MPDCCH transmission or distributed
MPDCCH transmission.

The set of MPDCCH candidates to monitor are defined in terms of MPDCCH search spaces.
The BL/CE UE shall monitor one or more of the following search spaces

- aType0-MPDCCH common search space if configured with CEmodeA,

- aTypel-MPDCCH common search space,

- aType2-MPDCCH common search space, and

- a MPDCCH UE-specific search space.

A BL/CE UE configured with CEModeB is not required to monitor Type0O-MPDCCH common search space.
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The BL/CE UE is not required to simultaneously monitor MPDCCH UE-specific search space and Typel-MPDCCH
common search space.

The BL/CE UE is not required to simultaneously monitor MPDCCH UE-specific search space and Type2-MPDCCH
common search space.

A BL/CE UE is not expected to monitor an MPDCCH candidate, if an ECCE corresponding to that MPDCCH
candidate is mapped to a PRB pair that overlaps with a transmission of PDSCH scheduled previously in the same
subframe. For aggregation level L'=24 or L'=12 ECCEs, the number of ECCEs refers to the MPDCCH mapping

to the REs of the 2+4 PRB set as defined in [3]. An MPDCCH search space MSé""R) at aggregation level
L'€{1,2,4,8,16,12,24} and repetition level R e {1,2,4,8,16,32,64,128,2561is defined by a set of MPDCCH

candidates where each candidate is repeated in a set of R consecutive BL/CE downlink subframes starting with
subframe Kk . For an MPDCCH-PRB-set P, the ECCEs corresponding to MPDCCH candidate m of the search space

MS,EL"R) are given by

m-N .
L (Yp,k+{$J)mod\_N'ECCEM/L'j +i
) p

where
i=0,...,L'-1

m=01..M*)-1,

M '(pL') is the number of MPDCCH candidates to monitor at aggregation level L' in MPDCCH-PRB-set P in each
subframe in the set of R consecutive subframes.

Yp’k for MPDCCH UE-specific search space is determined as described in subclause 9.1.4, and Ypyk = O for Type0-
MPDCCH common search space, Typel-MPDCCH common search space and Type2-MPDCCH common search
space.

A BL/CE UE is not expected to monitor MPDCCH in subframes that are not BL/CE DL subframes.

Until BL/CE UE receives higher layer configuration of MPDCCH UE-specific search space, the BL/CE UE monitors
MPDCCH according to the same configuration of MPDCCH search space and Narrowband as that for MPDCCH
scheduling Msg4.

The aggregation and repetition levels defining the MPDCCH search spaces and the number of monitored MPDCCH
candidates are given as follows:

For MPDCCH UE-specific search space

- if the BL/CE UE is configured with 'ég =2or N ';g =4 PRB-pairs, and mPDCCH-NumRepetition=1, and
- if the MPDCCH-PRB-set is configured for distributed transmission, the aggregation levels defining the

search spaces and the number of monitored MPDCCH candidates are listed in Table 9.1.4-1a and Table
9.1.4-1b, where L is substituted with L' for L <24,and N ;(Bp is substituted with N '§§ .

- if the MPDCCH-PRB-set is configured for localized transmission, the aggregation levels defining the search
spaces and the number of monitored MPDCCH candidates are listed in Table 9.1.4-2a and Table 9.1.4-2b,
where L is substituted with L' and N2 is substituted with N'k?.

- otherwise

- if the UE is configured with CEModeA, and N ‘ég =2or N 'ég =4, the aggregation and repetition levels
defining the search spaces and the number of monitored MPDCCH candidates are listed in Table 9.1.5-1a
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- if the UE is configured with CEModeA, and ';g =2+4 , the aggregation and repetition levels defining the

search spaces and the number of monitored MPDCCH candidates are listed in Table 9.1.5-1b

- if the UE is configured with CEModeB, and N 'ég =2or N 'é,g =4, the aggregation and repetition levels
defining the search spaces and the number of monitored MPDCCH candidates are listed in Table 9.1.5-2a

- if the UE is configured with CEModeB, and N ';g =2+4 , the aggregation and repetition levels defining the

search spaces and the number of monitored MPDCCH candidates are listed in Table 9.1.5-2b

N 'ég is the number of PRB-pairs configured for MPDCCH UE-specific search space. When N ':g =2+4, it is given by

the higher layer parameter numberPRB-Pairs-r13, and when N 'ég =2or N ';g =4, it is given by the higher layer

parameter numberPRB-Pairs-r11l.

rl, r2, r3, r4are determined from Table 9.1.5-3 by substituting the value of r__ with the value of higher layer

parameter mPDCCH-NumRepetition.

The PRB-pairs within a Narrowband corresponding to an MPDCCH-PRB-set are indicated by higher layers and are

determined using the description given in subclause 9.1.4.4.

If higher layer configuration numberPRB-Pairs-r13 for MPDCCH-PRB-set Pis6, N ':g =2+4, and the number of

PRB-pairs in an MPDCCH-PRB-set p = 2+4.

If Type2-MPDCCH common search space,

- PRB-pairs of the 2 PRB set in the 2+4 PRB set correspond to PRB-pairs with the largest two PRB indices in

MPDCCH-PRB-set p.

- PRB-pairs of the4 PRB set in the 2+4 PRB set correspond to PRB-pairs with the smallest 4 PRB indices in

MPDCCH-PRB-set p

- PRB-pairs of the 2+4 PRB set in the 2+4 PRB set correspond to all PRB-pairs in MPDCCH-PRB-set P

Table 9.1.5-1a: MPDCCH candidates monitored by a BL/CE UE

(CEModeA, MPDCCH-PRB-set size — 2PRBs or 4PRBs)

(L)
N | R M
L'=2 L'=4 L’=8 L’=16 L'=24
2 " 2 1 1 0 0
4 1 1 1 1 0
2 2 2 1 1 0 0
4 1 1 1 1 0
2 3 2 1 1 0 0
4 1 1 1 1 0
2 4 2 1 1 0 0
4 1 1 1 1 0
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Table 9.1.5-1b: MPDCCH candidates monitored by a BL/CE UE
(CEModeA, MPDCCH-PRB-set size — 2+4PRBs)

M (5
MPDCCH PRB set R p
L'=2 L'=4 L’=8 '=16 ‘=24
2 PRB setin 2+4 PRB set 1 1 0 0 0
4 PRB set in 2+4 PRB set rl 0 0 2 1 0
Both PRB sets in 2+4 PRB set 0 0 0 0 1
2 PRB setin 2+4 PRB set 0 1 1 0 0
4 PRB set in 2+4 PRB set r2 0 0 2 1 0
Both PRB sets in 2+4 PRB set 0 0 0 0 1
2 PRB setin 2+4 PRB set 0 0 0 0 0
4 PRB set in 2+4 PRB set r3 0 0 1 1 0
Both PRB sets in 2+4 PRB set 0 0 0 0 1
2 PRB set in 2+4 PRB set 4 0 0 0 0 0
4 PRB set in 2+4 PRB set 0 0 0 0 0
Both PRB sets in 2+4 PRB set 0 0 0 0 1

Table 9.1.5-2a: MPDCCH candidates monitored by a BL/CE UE
(CEModeB, MPDCCH-PRB-set size — 2PRBs or 4PRBs)

(L)
N | R M5
L'=2 L'=4 L'=8 L'=16 =24
2 1 0 0 1 0 0
4 0 0 1 1 0
2 2 0 0 1 0 0
4 0 0 1 1 0
2 3 0 0 1 0 0
4 0 0 1 1 0
2 4 0 0 1 0 0
4 0 0 1 1 0

Table 9.1.5-2b: MPDCCH candidates monitored by a BL/CE UE
(CEModeB, MPDCCH-PRB-set size — 2+4PRBSs)

M (L)
MPDCCH PRB set R P

N
-

olo|o|o|o|o|o|o|o|o|o|ol
D

L’=16 '=24

2 PRB set in 2+4 PRB set

4 PRB set in 2+4 PRB set rl
Both PRB sets in 2+4 PRB set

2 PRB set in 2+4 PRB set

4 PRB set in 2+4 PRB set
Both PRB sets in 2+4 PRB set

2 PRB set in 2+4 PRB set

4 PRB set in 2+4 PRB set
Both PRB sets in 2+4 PRB set

2 PRB set in 2+4 PRB set

4 PRB set in 2+4 PRB set
Both PRB sets in 2+4 PRB set

o

r2

r3

r4

olo|o|o|o|o|o|o|o|o|o|o]f

l_
olo|r|o|o|r|o|o|r|o|o|-|i
©

O|IR|O|I0|R|O|O|Fk OOk
R|O|0O|R|O|0|Fk |00k |O|Oo

Table 9.1.5-3: Determination of repetition levels

Foax rl r2 r3 r4

1 1 - - -

2 1 2 - -

4 1 2 4 -

>:8 rmax /8 rmax /4 rmax /2 rmax
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Table 9.1.5-4: Repetition levels for Typel-MPDCCH common search space

M r1 (r2|r3|r4
256 2 16 | 64 | 256
128 2 16 | 64 | 128
64 2 8 | 32 | 64
32 1 4 | 16 | 32
16 1 4 8 | 16
8 1 2 4 8
4 1 2 4 -

2 1 2 - -

1 1 - - -

For Type0-MPDCCH common search space, the narrowband location and the MPDCCH-PRB-set [ are the same as
for MPDCCH UE-specific search space, and

- if N'R2=2,

M '(pL') =1 for L'=8 and repetition levels rl,r2, r3, r4 given in Table 9.1.5.-3. For all other cases,
M .(pL') -0

- if N'2=4,

M'(pL'):l for L'=16 and repetition levels r1,r2, r3, r4 given in Table 9.1.5.-3. For all other cases,
(L") —
M7 =0
. X
- if N'zg=2+4,

M '(pL') =1 for L'=24 and repetition levels r1,r2, r3, r4 givenin Table 9.1.5.-3. For all other cases,
M .(pL') -0

For Typel-MPDCCH common search space, the number of PRB-pairs in MPDCCH-PRB-set P is 2+4 PRB-pairs, and

M "pL') =1 for L'=24 and repetition levels rl,r2, r3, r4 where the repetition levels are determined from

Table 9.1.5-4 by substituting the value of r_with higher layer parameter mPDCCH-NumRepetition-Paging.

- For all other cases, M ‘(pL') =0

For Type2-MPDCCH common search space, the number of PRB-pairs in MPDCCH-PRB-set p is 2+4 PRB-pairs, and

If the most recent coverage enhancement level used for PRACH is coverage enhancement level 0 and 1, the
aggregation and repetition levels defining the search spaces and the number of monitored MPDCCH candidates
are determined from Table 9.1.5-1b, by assuming that the number of candidates for L'<8 as zero.

If the most recent coverage enhancement level used for PRACH is coverage enhancement level 2 and 3, the

aggregation and repetition levels defining the search spaces and the number of monitored MPDCCH candidates
are determined from Table 9.1.5-2b.

where 1, r2, r3, réare determined from Table 9.1.5-3 by substituting the value of ., with the value of higher
layer parameter mPDCCH-NumRepetition-RA.

In tables 9.1.5-1a, 9.1.5-1b, 9.1.5-2a, 9.1.5-2b, and for Type0, Typel, Type2 MPDCCH common search space, L' is

applied for Ngsee =4,and L" isapplied for NEgeg =8 wherein L"=L"/ 2 substituting the values of L'.
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For Typel-MPDCCH common search space and Type2-MPDCCH common search space, distributed MPDCCH
transmission is used.

For MPDCCH UE-specific search space, Type0-common search space, and Type2-common search space locations of
starting subframe k are given by k =k, where K, isthe b ™ consecutive BL/CE DL subframe from subframe kO,

and b=u-rj,and u=01,... M -1,and je {1,2,3,4}, where

r
- subframe KO is a subframe satisfying the condition (10n, +|n, /2 [)modT =0, where T =t -G

- For MPDCCH UE-specific search space, TypeO-common search space G is given by the higher layer
parameter mPDCCH-startSF-UESS,

- For Type2-common search space, G is given by the higher layer parameter MlPDCCH-startSF-CSS-RA-r13

- I, isgiven by higher layer parameter mMPDCCH-NumRepetition, and

- rl, r2, r3, rdaregiven in Table 9.1.5-3.

A BL/CE UE is not expected to be configured with values of r,_and G that result in non-integer values of T .

For Typel-common search space, k =k0 and is determined from locations of paging opportunity subframes,

If SystemInformationBlockTypel-BR or SI message is transmitted in one narrowband in subframe k , a BL/CE UE shall
assume MPDCCH in the same narrowband in the subframe Kk is dropped.

The BL/CE UE is not required to monitor an MPDCCH search space if any ECCEs corresponding to any of its
MPDCCH candidates occur within a frame before n, = 0and also occur within framen, =0.

For MPDCCH UE-specific search space or for Type0-common search space if the higher layer parameter mPDCCH-
NumRepetition is set to 1; or for Type2-common search space if the higher layer parameter mPDCCH-NumRepetition-
RAissetto 1;

- The BL/CE UE is not required to monitor MPDCCH

- For TDD and normal downlink CP, in special subframes for the special subframe configurations 0 and 5
shown in Table 4.2-1 of [3]

- For TDD and extended downlink CP, in special subframes for the special subframe configurations 0, 4 and 7
shown in Table 4.2-1 of [3];

otherwise
- The BL/CE UE is not required to monitor MPDCCH
- For TDD, in special subframes, if the BL/CE UE is configured with CEModeB

- For TDD and normal downlink CP, in special subframes for the special subframe configurations 0, 1, 2,5,6,7
and 9 shown in Table 4.2-1 of [3], if the BL/CE UE is configured with CEModeA

- For TDD and extended downlink CP, in special subframes for the special subframe configurations 0, 4, 7, 8
and 9 shown in Table 4.2-1 of [3], if the BL/CE UE is configured with CEModeA.

The number of MPDCCH repetitions is indicated in the ‘DCI subframe repetition number’ field in the DCI according to
the mapping in Table 9.1.5-5.
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Table 9.1.5-5: Mapping for DCI subframe repetition number

R DCI subframe repetition number
rl 00
r2 01
r3 10
r4 11
9.15.1 MPDCCH starting position

The starting OFDM symbol for MPDCCH given by index lyppccnsare in the first slot in a subframe K and is
determined as follows

|\ pocchstart 1S given by the higher layer parameter startSymbolBR

- if subframe K is configured as an MBSFN subframe and if the BL/CE UE is configured in CEModeA

—_— 1 !
IMPDCCHStart =min (2' IMPDCCHStart)

- else

N
IMPDCCHStan - IMPDCCHStart '

9.15.2 Antenna ports quasi co-location for MPDCCH

Regardless of transmission modes configuration of PDSCH data transmissions, the BL/CE UE may assume the antenna
ports 0 — 3, 107 — 110 of the serving cell are quasi co-located (as defined in [3]) with respect to Doppler shift, Doppler

spread, average delay, and delay spread.
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9.2 PDCCH/EPDCCH/MPDCCH validation for semi-persistent
scheduling

A UE shall validate a Semi-Persistent Scheduling assignment PDCCH only if all the following conditions are met:

- the CRC parity bits obtained for the PDCCH payload are scrambled with the Semi-Persistent Scheduling C-
RNTI

- the new data indicator field is set to '0'". In case of DCI formats 2, 2A, 2B, 2C and 2D, the new data indicator
field refers to the one for the enabled transport block.

A UE shall validate a Semi-Persistent Scheduling assignment EPDCCH only if all the following conditions are met:

- the CRC parity bits obtained for the EPDCCH payload are scrambled with the Semi-Persistent Scheduling C-
RNTI

- the new data indicator field is set to '0'. In case of DCI formats 2, 2A, 2B, 2C and 2D, the new data indicator
field refers to the one for the enabled transport block.

A UE shall validate a Semi-Persistent Scheduling assignment MPDCCH only if all the following conditions are met:

- the CRC parity bits obtained for the MPDCCH payload are scrambled with the Semi-Persistent Scheduling C-
RNTI

- the new data indicator field is set to '0".

Validation is achieved if all the fields for the respective used DCI format are set according to Table 9.2-1 or Table 9.2-
1A, 9.2-1B, 9.2-1C.

If validation is achieved, the UE shall consider the received DCI information accordingly as a valid semi-persistent
activation or release.

If validation is not achieved, the received DCI format shall be considered by the UE as having been received with a
non-matching CRC.

Table 9.2-1: Special fields for Semi-Persistent Scheduling Activation PDCCH/EPDCCH Validation

DCI format

DCI format 0 DCI format 1/1A 2/2A/2B/2C/2D
TPC command for scheduled PUSCH set to '00' N/A N/A
Cyclic shift DM RS set to '000' N/A N/A
Modulation and codln_g scheme MSB is set to ‘0" N/A N/A
and redundancy version

FDD: set to '000' FDD: set to '000'
HARQ process number N/A TDD: set to '0000" TDD: set to '0000"
Modulation and coding scheme N/A MSB is set to '0' For the enabl_ed transrlJolrt block:
MSB is setto '0
Redundancy version N/A set to '00' For the enabled tll'anlsport block:
set to '00
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DCI format 0 DCI format 1A
set to '00'
TPC command for scheduled PUSCH N/A
Cyclic shift DM RS set to ‘000 N/A
Modulation and coding scheme . :
and redundancy version setto'11111 N/A
Resoyrce block assignment and Setto all '1's N/A
hopping resource allocation
FDD: set to '000'

HARQ process number N/A TDD: set to '0000"
Modulation and coding scheme N/A setto '11111'
Redundancy version N/A set to '00'
Resource block assignment N/A Settoall'l's

DCI format 6-0A

DCI format 6-1A

FDD: set to '000'

HARQ process number set to '000 TDD: set to '0000
Redundancy version set to '00' set to '00'
TPC command for scheduled PUSCH set to '00' N/A
TPC command for scheduled PUCCH N/A set to '00'

DCI format 6-0A

DCI format 6-1A

FDD: set to '000'

HARQ process number set to '000 TDD: set to '0000
Redundancy version set to '00' set to '00'
Repetition number set to '00' set to '00'
Modulation and coding scheme setto'1111' setto '1111'
TPC command for scheduled PUSCH set to '00' N/A
Resource block assignment Settoall'l's Settoall'l's

Table 9.2-1A: Special fields for Semi-Persistent Scheduling Release PDCCH/EPDCCH Validation

Table 9.2-1B: Special fields for Semi-Persistent Scheduling Activation MPDCCH Validation

Table 9.2-1C: Special fields for Semi-Persistent Scheduling Release MPDCCH Validation

For the case that the DCI format indicates a semi-persistent downlink scheduling activation, the TPC command for
PUCCH field shall be used as an index to one of the four PUCCH resource values configured by higher layers, with the

mapping defined in Table 9.2-2

Table 9.2-2: PUCCH resource value for downlink semi-persistent scheduling

\Value of "'TPC command n(1, p)
for PUCCH' PUCCH
'00' The first PUCCH resource value configured by the higher layers
‘01’ [The second PUCCH resource value configured by the higher layers]
'10' The third PUCCH resource value configured by the higher layers
‘11 The fourth PUCCH resource value configured by the higher layers

9.3

A UE shall discard the PDCCH/EPDCCH/MPDCCH if consistent control information is not detected.
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10 Physical uplink control channel procedures

If the UE is configured with a SCG, the UE shall apply the procedures described in this clause for both MCG and SCG

- When the procedures are applied for MCG, the terms “secondary cell’, “secondary cells’ , ‘serving cell’, ‘serving
cells’ in this clause refer to secondary cell, secondary cells, serving cell, serving cells belonging to the MCG
respectively.

- When the procedures are applied for SCG, the terms ‘secondary cell’, ‘secondary cells’, “serving cell’, ‘serving
cells’ in this clause refer to secondary cell, secondary cells (not including PSCell), serving cell, serving cells
belonging to the SCG respectively. The term ‘primary cell’ in this clause refers to the PSCell of the SCG.

If the UE is configured with a PUCCH-SCell, the UE shall apply the procedures described in this clause for both
primary PUCCH group and secondary PUCCH group

- When the procedures are applied for the primary PUCCH group, the terms ‘secondary cell’, ‘secondary cells’ ,
‘serving cell’, ‘serving cells’ in this clause refer to secondary cell, secondary cells, serving cell, serving cells
belonging to the primary PUCCH group respectively.

- When the procedures are applied for secondary PUCCH group, the terms “secondary cell’, ‘secondary cells’,
‘serving cell’, “serving cells’ in this clause refer to secondary cell, secondary cells (not including the PUCCH-
SCell), serving cell, serving cells belonging to the secondary PUCCH group respectively. The term ‘primary
cell’ in this clause refers to the PUCCH-SCell of the secondary PUCCH group.

If a UE is configured with a LAA Scell, the UE shall apply the procedures described in this clause assuming frame
structure type 1 for the LAA Scell unless stated otherwise.

10.1  UE procedure for determining physical uplink control
channel assignment

If a non-BL/CE UE is configured for a single serving cell and is not configured for simultaneous PUSCH and PUCCH
transmissions, then in subframe n uplink control information (UCI) shall be transmitted

- on PUCCH using format 1/1a/1b/3 or 2/2a/2b if the UE is not transmitting PUSCH

- on PUSCH if the UE is transmitting PUSCH in subframe n unless the PUSCH transmission corresponds to a
Random Access Response Grant or a retransmission of the same transport block as part of the contention based
random access procedure, in which case UCI is not transmitted

If the UE is configured for a single serving cell and simultaneous PUSCH and PUCCH transmission, then in
subframe n UCI shall be transmitted

- on PUCCH using format 1/1a/1b/3 if the UCI consists only of HARQ-ACK and/or SR
- on PUCCH using format 2 if the UCI consists only of periodic CSI

- on PUCCH using format 2/2a/2b/3 if the UCI consists of periodic CSI and HARQ-ACK and if the UE is not
transmitting PUSCH

- on PUCCH and PUSCH if the UCI consists of HARQ-ACK/HARQ-ACK+SR/positive SR and
periodic/aperiodic CSI and if the UE is transmitting PUSCH in subframe n, in which case the HARQ-
ACK/HARQ-ACK+SR/positive SR is transmitted on PUCCH using format 1/1a/1b/3 and the periodic/aperiodic
CSlI transmitted on PUSCH unless the PUSCH transmission corresponds to a Random Access Response Grant
or a retransmission of the same transport block as part of the contention based random access procedure, in
which case periodic/aperiodic CSI is not transmitted

If the UE is configured with more than one serving cell and is not configured for simultaneous PUSCH and PUCCH
transmission, then in subframe n UCI shall be transmitted

- on PUCCH using format 1/1a/1b/3/4/5 or 2/2a/2b if the UE is not transmitting PUSCH
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on PUSCH of the serving cell given in subclause 7.2.1 if the UCI consists of aperiodic CSI or aperiodic CSI and
HARQ-ACK

on primary cell PUSCH if the UCI consists of periodic CSI and/or HARQ-ACK and if the UE is transmitting on
the primary cell PUSCH in subframe n unless the primary cell PUSCH transmission corresponds to a Random
Access Response Grant or a retransmission of the same transport block as part of the contention based random
access procedure, in which case UCI is not transmitted

on PUSCH of the secondary cell with smallest SCelllndex if the UCI consists of periodic CSI and/or HARQ-
ACK and if the UE is not transmitting PUSCH on primary cell but is transmitting PUSCH on at least one
secondary cell

If the UE is configured with more than one serving cell and simultaneous PUSCH and PUCCH transmission, then in
subframe n UCI shall be transmitted

on PUCCH using format 1/1a/1b/3 if the UCI consists only of HARQ-ACK and/or SR
on PUCCH using format 4/5 if the UCI consists only of HARQ-ACK and/or SR and/or periodic CSI
on PUCCH using format 2 if the UCI consists only of periodic CSI corresponding to one serving cell

as described in subclause 10.1.1, if the UCI consists of periodic CSI and HARQ-ACK and if the UE is not
transmitting on PUSCH

on PUCCH and primary cell PUSCH if the UCI consists of HARQ-ACK and periodic CSI and the UE is
transmitting PUSCH on the primary cell, in which case the HARQ-ACK is transmitted on PUCCH using format
1a/1b/3 and the periodic CSl is transmitted on PUSCH unless the primary cell PUSCH transmission
corresponds to a Random Access Response Grant or a retransmission of the same transport block as part of the
contention based random access procedure, in which case periodic CSI is not transmitted

on PUCCH and PUSCH of the secondary cell with the smallest SCellIndex if the UCI consists of HARQ-ACK
and periodic CSI and if the UE is not transmitting PUSCH on primary cell but is transmitting PUSCH on at
least one secondary cell, in which case, the HARQ-ACK is transmitted on PUCCH using format 1a/1b/3 and the
periodic CSI is transmitted on PUSCH

on PUCCH and PUSCH if the UCI consists of HARQ-ACK/HARQ-ACK+SR/positive SR and aperiodic CSI in
which case the HARQ-ACK/HARQ-ACK+SR/positive SR is transmitted on PUCCH using format 1/1a/1b/3
and the aperiodic CSI is transmitted on PUSCH of the serving cell given in subclause 7.2.1

For a BL/CE UE, uplink control information (UCI) shall be transmitted in subframe n

on PUCCH using PUCCH formats 1, 1a, 2, 2a for FDD and a UE configured with CEModeA if the UE is not
transmitting PUSCH in subframe n, or if the UE is transmitting PUSCH in subframe nand the number of
PUCCH repetitions defined for the UCI in [3] is larger than 1, or if the UE is transmitting PUSCH in subframe
n and the indicated PUSCH repetition number in DCI format 6-0A/6-0B is larger than 1

on PUCCH using PUCCH formats 1, 1a, 1b, 2, 2a, 2b for TDD and a UE configured with CEModeA if the UE
is not transmitting PUSCH in subframe n, or if the UE is transmitting PUSCH in subframe n and the number
of PUCCH repetitions defined for the UCI in [3] is larger than 1, or if the UE is transmitting PUSCH in
subframe n and the indicated PUSCH repetition number in DCI format 6-0A/6-0B is larger than 1

on PUCCH formats 1, 1a for a UE configured with CEModeB

on PUSCH if the UE is transmitting PUSCH in subframe n and the number of PUCCH repetitions defined for
the UCI in [3] is equal to 1, and the indicated PUSCH repetition number in DCI format 6-0A/6-0B is equal to 1
unless the PUSCH transmission corresponds to a Random Access Response Grant or a retransmission of the
same transport block as part of the contention based random access procedure, in which case UCI is not
transmitted

If the UE is configured with more than one serving cell, then reporting prioritization and collision handling of periodic
CSl reports of a certain PUCCH reporting type is given in subclause 7.2.2.

A UE transmits PUCCH only on the primary cell.
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A UE is configured by higher layers to transmit PUCCH on one antenna port (p = pp) or two antenna ports
(p €[pg, p1]) - PUCCH format 4 and PUCCH format 5 can only be transmitted on one antenna port (p = pg) .

For FDD or FDD-TDD and primary cell frame structure 1, with two configured serving cells and PUCCH format 1b
with channel selection or for FDD with two or more configured serving cells and PUCCH format 3 and without
Nc[e)ahsfl 3 .
PUCCH format 4/5 configured, nyarq = Z Nfeceived where N2k is the number of configured cells and N ****
c=0
is the number of transport blocks or the SPS release PDCCH/EPDCCH, if any, received in subframe n —4 in serving
cell C.

For TDD and a UE not configured with the parameter EIMTA-MainConfigServCell-r12 for any serving cell, if a UE is
configured with one serving cell, or the UE is configured with more than one serving cell and the UL/DL configurations
of all serving cells are the same, then

- For TDD with two configured serving cells and PUCCH format 1b with channel selection and a subframe n with
chhs_l
M = 1, or for TDD UL/DL configuration 0 and PUCCH format 3, nyagq = Z Z N eceived | where
c=0 keK
N *="*is the number of transport blocks or the SPS release PDCCH/EPDCCH, if any, received in subframe

Nn—Kk inservingcell C,where k e K, and M is the number of elements in K.

- For TDD UL/DL configurations 1-6 and PUCCH format 3 and without PUCCH format 4/5 configured, or for
TDD with two configured serving cells and PUCCH format 1b with channel selection and M = 2,

Nl —1
=S (e d4) nACK 37 Njeceived | where Vo . isthe Vi, inserving cell C
NHARQ = DAl ¢ ~UDpAl, ¢ /mod4)-ng™" + k,C DAl par INserving cell C,
c=0 keK

ACK

Upa ¢ isthe Up,, inservingcell ¢, and n;

is the number of HARQ-ACK bits corresponding to the
configured DL transmission mode on serving cell C. In case spatial HARQ-ACK bundling is applied,
no =1 and NS is the number of PDCCH/EPDCCH or PDSCH without a corresponding

PDCCH/EPDCCH received in subframe n—K and serving cellC, where k € K and M is the number of
elements in K. In case spatial HARQ-ACK bundling is not applied, Nf?ived is the number of transport blocks

received or the SPS release PDCCH/EPDCCH received in subframe n—K inserving cell C,where k e K
and M is the number of elements in K. VDLLL,'C =0 if no transport block or SPS release PDCCH/EPDCCH is

detected in subframe(s) N—Kk inserving cell C,where ke K.

- For TDD with two configured serving cells and PUCCH format 1b with channel selection and M = 3 or 4,

Nyaro = 2 if UE receives PDSCH or PDCCH/EPDCCH indicating downlink SPS release only on one serving

cell within subframes n—Kk ,where k € K ;otherwise N, ,po = 4.

For TDD if the UE is configured with more than one serving cell and if at least two serving cells have different UL/DL
configurations, or if the UE is configured with the parameter EIMTA-MainConfigServCell-r12 for at least one serving
cell, or for FDD-TDD and primary cell frame structure 2, then

- For PUCCH format 3 without PUCCH format 4/5 configured, or for two configured serving cells and PUCCH
format 1b with channel selection and M <2 (defined in subclause 10.1.3.2.1 for TDD and subclause 10.1.3A

Nghs_l ]
for FOD-TOD), muarg = 3. | (VEKi ¢ ~Uoar.cJmoda)-nf + 3" njesehed | where V5, is the Vix
c=0 keK

inservingcell ¢, Up,, . isthe Uy, inservingcell C,and N2 is the number of HARQ-ACK bits
corresponding to the configured DL transmission mode on serving cell C. In case spatial HARQ-ACK
bundling is applied, N =1 and N*"* is the number of PDCCH/EPDCCH or PDSCH without a
corresponding PDCCH/EPDCCH received in subframe n—Kk and serving cellC, where k e K and
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K=K, (defined in subclause 7.3.2.2 for TDD and subclause 7.3.4 for FDD-TDD). In case spatial HARQ-ACK
L . ved
bundling is not applied, N,

PDCCH/EPDCCH received in subframe n—K inserving cell C,where ke K and K =K_(defined in
subclause 7.3.2.2 for TDD and subclause 7.3.4 for FDD-TDD). VDDA",‘ . =0 if no transport block or SPS release
PDCCH/EPDCCH is detected in subframe(s) n—K inservingcell C,where ke K and K =K_(defined in

subclause 7.3.2.2 for TDD and subclause 7.3.4 for FDD-TDD). For a serving cell C, set VDDALLc =Upp, cifthe

DL-reference UL/DL configuration (defined in subclause 10.2) for serving cell C is TDD UL/DL
configuration 0,

is the number of transport blocks received or the SPS release

- For two configured serving cells and PUCCH format 1b with channel selection and M = 3 or 4 (defined in

subclause 10.1.3.2.1 for TDD and subclause 10.1.3A for FDD-TDD), Nyrq = 2 if UE receives PDSCH or

PDCCH/EPDCCH indicating downlink SPS release only on one serving cell within subframes n— Kk ,where
keK and K =K, (defined in subclause 7.3.2.2 for TDD and subclause 7.3.4 for FDD-TDD); otherwise

n =4,

HARQ

Throughout the following subclauses, subframes are numbered in monotonically increasing order; if the last subframe
of a radio frame is denoted as k , the first subframe of the next radio frame is denoted as k +1.

Throughout the following subclauses for a non-BL/CE UE, if the UE is configured with higher layer parameter
N1PUCCH-AN-r11 then N$.c isgiven by n1IPUCCH-AN-r11, else N, isgiven by higher layer parameter
n1PUCCH-AN .

10.1.1 PUCCH format information

Using the PUCCH formats defined in subclause 5.4.1 and 5.4.2 in [3], the following combinations of UCI on PUCCH
are supported:

- Format 1a for 1-bit HARQ-ACK or in case of FDD or FDD-TDD primary cell frame structure type 1 for 1-bit
HARQ-ACK with positive SR.

- Format 1b for 2-bit HARQ-ACK or for 2-bit HARQ-ACK with positive SR.

- Format 1b for up to 4-bit HARQ-ACK with channel selection when the UE is configured with more than one
serving cell or, in the case of TDD, when the UE is configured with a single serving cell.

- Format 1 for positive SR.

- Format 2 for a CSI report when not multiplexed with HARQ-ACK.

- Format 2a for a CSI report multiplexed with 1-bit HARQ-ACK for normal cyclic prefix.
- Format 2b for a CSI report multiplexed with 2-bit HARQ-ACK for normal cyclic prefix.
- Format 2 for a CSI report multiplexed with HARQ-ACK for extended cyclic prefix.

- Format 3 for up to 10-bit HARQ-ACK for FDD or FDD-TDD primary cell frame structure type 1 and for up to
20-bit HARQ-ACK for TDD and for up to 21 bit HARQ-ACK for FDD-TDD primary cell frame structure type
2.

- Format 3 for up to 11-bit corresponding to 10-bit HARQ-ACK and 1-bit positive/negative SR for FDD or FDD-
TDD and for up to 21-bit corresponding to 20-bit HARQ-ACK and 1-bit positive/negative SR for TDD and for
up to 22-bit corresponding to 21-bit HARQ-ACK and 1-bit positive/negative SR for FDD-TDD primary cell
frame structure type 2.

- Format 3 for HARQ-ACK, 1-bit positive/negative SR (if any) and CSI report(s).
- Format 4 for more than 22 bits of UCI including HARQ-ACK, SR (if any) and periodic CSI report(s) (if any).
- Format 5 for more than 22 bits of UCI including HARQ-ACK, SR (if any) and periodic CSI report(s) (if any).
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- Format 4 for more than one CSI report and SR (if any).
- Format 5 for more than one CSI report and SR (if any).

For a UE configured with PUCCH format 3, not configured with PUCCH format 4/5, and for HARQ-ACK transmission
on PUSCH or using PUCCH format 3, or for a UE configured with two serving cells and PUCCH format 1b with
channel selection and HARQ-ACK transmission on PUSCH, or for a non BL/CE UE configured with one serving cell
and PUCCH format 1b with channel selection according to Tables 10.1.3-5, 10.1.3-6, 10.1.3-7 and HARQ-ACK
transmission on PUSCH or for a UE configured with PUCCH format 4/5 and HARQ-ACK transmission on PUSCH or
using PUCCH format 3/4/5:

- if the configured downlink transmission mode for a serving cell supports up to 2 transport blocks and only one
transport block is received in a subframe, the UE shall generate a NACK for the other transport block if spatial
HARQ-ACK bundling is not applied.

- if neither PDSCH nor PDCCH/EPDCCH indicating downlink SPS release is detected in a subframe for a serving
cell, the UE shall generate two NACKs when the configured downlink transmission mode supports up to 2
transport blocks and the UE shall generate a single NACK when the configured downlink transmission mode
supports a single transport block.

For a UE configured with PUCCH format 4/5 and with a transmission mode supporting two transport blocks in at least
one serving cell, the HARQ-ACK response for a serving cell configured with a transmission mode supporting one
transport blockis associated with the first codeword. The UE shall generate a NACK for the second codeword if spatial
bundling is not applied, and shall generate the same HARQ-ACK response for the second codeword as that for the first
codeword if spatial bundling is applied.

For a BL/CE UE configured with PUCCH format 1b with channel selection according to Tables 10.1.3-5, 10.1.3-6,
10.1.3-7, if neither PDSCH nor MPDCCH indicating downlink SPS release is detected in a subframe for a serving cell,
the UE shall generate a single NACK.

The scrambling initialization of PUCCH format 2, 2a, 2b, 3, 4 and 5 is by C-RNTI.

For a non-BL/CE UE that is configured with a single serving cell and is not configured with PUCCH format 3, in case
of collision between a periodic CSI report and an HARQ-ACK in a same subframe without PUSCH, the periodic CSI
report is multiplexed with HARQ-ACK on PUCCH if the parameter simultaneousAckNackAndCQI provided by higher
layers is set TRUE, otherwise the CSI is dropped.

For a BL/CE UE,
- if both pucch-NumRepetitionCE-formatl and pucch-NumRepetitionCE-format2 equal 1, in case of collision
among two or more of a periodic CSI report, an HARQ-ACK and a SR in a same subframe without PUSCH, the
UE behavior follows that of a non-BL/CE UE.

- if at least one of pucch-NumRepetitionCE-formatl and pucch-NumRepetitionCE-format2 is larger than 1, in
case of collision among two or more of a periodic CSI report, an HARQ-ACK, and a SR in a same subframe
without PUSCH, the highest priority UCI is transmitted, where the priority of HARQ-ACK is higher than SR
and the priority of SR is higher than periodic CSI report.

For TDD and for a UE that is configured with a single serving cell and with PUCCH format 3, in case of collision
between a periodic CSI report and an HARQ-ACK in a same subframe without PUSCH, if the parameter
simultaneousAckNackAndCQI provided by higher layers is set TRUE or if the parameter simultaneousAckNackAndCQI-
Format3-r11 provided by higher layers is set TRUE, the periodic CSI report is multiplexed with HARQ-ACK or
dropped as described in subclause 7.3, otherwise the CSI is dropped.

For FDD or for FDD-TDD and primary cell frame structure type 1 and for a UE that is configured with more than one
serving cell and is not configured with PUCCH format 4/5, in case of collision between a periodic CSI report and an
HARQ-ACK in a same subframe without PUSCH,

- if the parameter simultaneousAckNackAndCQI provided by higher layers is set TRUE and if the HARQ-ACK
corresponds to a PDSCH transmission or PDCCH/EPDCCH indicating downlink SPS release only on the
primary cell,

then the periodic CSI report is multiplexed with HARQ-ACK on PUCCH using PUCCH format 2/2a/2b

3GPP

Samsung Exhibit 1013, Page 259 of 381
Samsung Electronics Co., Ltd. v. Asus Technology Licensing Inc.
IPR2024-01036



Release 13 260 3GPP TS 36.213 V13.2.0 (2016-06)

- else if the UE is configured with PUCCH format 3 and if the parameter simultaneousAckNackAndCQI-Format3-
r11 provided by higher layers is set TRUE, and if PUCCH resource is determined according to subclause
10.1.2.2.2, and

- if the total number of bits in the subframe corresponding to HARQ-ACKSs, SR (if any), and the CSI is not
larger than 22 or

- if the total number of bits in the subframe corresponding to spatially bundled HARQ-ACKSs, SR (if any), and
the CSlI is not larger than 22

then the periodic CSI report is multiplexed with HARQ-ACK on PUCCH using the determined PUCCH
format 3 resource according to [4]

- otherwise,
CSl is dropped.

For FDD or for FDD-TDD and primary cell frame structure type 1, for a UE configured with PUCCH format 4 or
PUCCH format 5, and if the UE has HARQ-ACK/SR and periodic CSI reports to transmit in a subframe,

- ifaPUCCH format 3 is determined to transmit the HARQ-ACK/SR according to subclause 10.1.2.2.3 or
10.1.2.2.4, the UE shall use the determined PUCCH format 3 for transmission of the HARQ-ACK/SR and
periodic CSI report(s) if the parameter simultaneousAckNackAndCQI-Format3-r1l provided by higher layers is
set TRUE; otherwise, the UE shall drop the periodic CSI report(s) and transmit only HARQ-ACKI/SR;

- ifa PUCCH format 4 is determined to transmit the HARQ-ACK/SR according to subclause 10.1.2.2.3 or a
PUCCH format 5 is determined to transmit the HARQ-ACKJ/SR according to 10.1.2.2.4, the UE shall used the
determined PUCCH format 4 or PUCCH format 5 for transmission of the HARQ-ACK/SR and periodic CSI
report(s) if the parameter simultaneousAckNackAndCQI-Format4-Format5-r13 provided by higher layers is set
TRUE; otherwise, the UE shall drop the periodic CSI report(s) and transmit only HARQ-ACK/SR;

- if there is no PUCCH format 3 or 4 determined to transmit the HARQ-ACKJ/SR according to subclause
10.1.2.2.3 and there is no PUCCH format 3 or 5 determined to transmit the HARQ-ACK/SR according to
subclause 10.1.2.2.4 and there are more than one periodic CSI report(s) in the subframe,

- if the parameter simultaneousAckNackAndCQI-Format4-Format5-r13 provided by higher layers is set TRUE
and if the UE is configured with a single PUCCH format 4 resource n(_ . according to higher layer
parameter format4-MultiCSI-resourceConfiguration, the PUCCH format 4 resource n{)__, is used for
transmission of the HARQ-ACK/SR and periodic CSI report(s);

- if the parameter simultaneousAckNackAndCQI-Format4-Format5-r13 provided by higher layers is set TRUE
and if the UE is configured with a PUCCH format 5 resource n(®__ according to higher layer parameter
format5-MultiCSI-resourceConfiguration, the PUCCH format 5 resource n®)__, is used for transmission of
the HARQ-ACKJ/SR and periodic CSI report(s);

- if the parameter simultaneousAckNackAndCQI-Format4-Format5-r13 provided by higher layers is set TRUE
and if the UE is configured with two PUCCH format 4 resources n(? and n{_ ., ,according to higher

UCCH,1 nPUCCH,
layer parameter format4-MultiCSI-resourceConfiguration, if
(07K + 0% +:0,_cg) + Ocpe )< min(MEYSCH4 M AYSEHA ). N B . NEUSCH 5., the PUCCH format 4 resource with the smaller
MpuecHs between nl - and n{ . isused for transmission of the HARQ-ACK/SR and periodic CSI
report(s); otherwise, the PUCCH format 4 resource with the larger m/ e between n¢ and pw

PUCCH,1 PUCCH,2
is used for transmission of the HARQ-ACK/SR and periodic CSI report(s), where
- 0 s the total number of HARQ-ACK bits in the subframe;
- O® =if there no scheduling request bit in the subframe and O =1 otherwise

- 0, g Isthe total number of CSI report bits in the subframe;

= Oy I8 the number of CRC bits;
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- MmPucew =12, is the number of PRBs for p and p@ respectively, according to higher layer

RB,i PUCCH,1 PUCCH,2
parameter numberOfPRB-format4-r13 according to Table 10.1.1-2;
- NP 2'(N5L;ann _1)_1 if shortened PUCCH format 4 is used in the subframe and NFucers — 2'(N§hb _1)

otherwise; and

- I isthe code rate given by higher layer parameter maximumPayloadCoderate-r13 according to Table
10.1.1-2;

- otherwise, the UE shall drop the periodic CSI report(s) and transmit only HARQ-ACK/SR;

- if there is no PUCCH format 3 or 4 determined to transmit the HARQ-ACK/SR according to subclause
10.1.2.2.3 and there is no PUCCH format 3 or 5 determined to transmit the HARQ-ACKI/SR according to
subclause 10.1.2.2.4 and there are only one periodic CSI report in the subframe,

- if there is no positive SR and the parameter simultaneousAckNackAndCQI provided by higher layers is set
TRUE and if the HARQ-ACK corresponds to a PDSCH transmission or PDCCH/EPDCCH indicating
downlink SPS release only on the primary cell, then the periodic CSI report is multiplexed with HARQ-ACK
on PUCCH using PUCCH format 2/2a/2b

- else, the UE shall drop the CSI and transmit the HARQ-ACK according to subclause 10.1.2.2.3 or 10.1.2.2.4
when UE shall transmit HARQ-ACK only or UE shall drop the CSI and transmit the HARQ-ACK and SR
according to the procedure for FDD with PUCCH format 1a/1b when there is positive SR.

- Ifa UE transmits HARQ-ACK/SR and periodic CSI report(s) using either a PUCCH format4 n%® . or
PUCCH format5 n®_ in a subframe

- if (O A LOR+0, g + OCRC)S 2-Nge -1, the UE shall transmit the HARQ-ACK/SR and periodic
CSI bits using the PUCCH format 4 or the PUCCH format5 pn®

PUCCH PUCCH ’

- if (O MK LOR+0p o + OCRC)> 2-Ngg -1, the UE shall select N g ononeq CSI report(s) for
transmission together with HARQ-ACKJ/SR in ascending order of PriCSI (y, S, C,t), where
Pri (y, S, C,t), Nge and T are determined according to subclause 7.2.2; the value of N g reporteq

NCSI,reported

o c s
satisfies (OA “+OR + Z:O,LCSI’n +OCRCJS 2-Nge -1 and

n=1

NCSI,repnrted+1
[OACK +0% 4+ ZOFLCS,'n +OCRC) >2-Nge T, and Op g, isthe number of CSI report bits
n=1

for the nth CSI report in ascending order of F’I’icSI (y, S,C,t).

For TDD or for FDD-TDD and primary cell frame structure type 2 and for a UE that is configured with more than one
serving cell, in case of collision between a periodic CSI report and an HARQ-ACK in a same subframe without
PUSCH, if the parameter simultaneousAckNackAndCQI provided by higher layers is set TRUE or if the parameter
simultaneousAckNackAndCQI-Format3-r11 provided by higher layers is set TRUE or if the parameter
simultaneousAckNackAndCQI-Format4-Format5-r13 provided by higher layers is set TRUE, the periodic CSI report is
multiplexed with HARQ-ACK or dropped as described in subclause 7.3, otherwise the CSI is dropped.

In case of collision between a periodic CSI report and an HARQ-ACK in a same subframe with PUSCH, the periodic
CSl is multiplexed with the HARQ-ACK in the PUSCH transmission in that subframe if the UE is not configured by
higher layers for simultaneous PUCCH and PUSCH transmissions or if the UE is provided by higher layers a parameter
simultaneousAckNackAndCQI-Format4-Format5-r13 that is set FALSE. If the UE is configured by higher layers for
simultaneous PUCCH and PUSCH transmissions, and if the UE does not determine PUCCH format 4/5 for periodic
CSl and HARQ-ACK transmission or if the UE is provided by higher layers a parameter simultaneousAckNackAndCQI-
Format4-Format5-r13 that is set FALSE, the HARQ-ACK is transmitted in the PUCCH and the periodic CSI is
transmitted in the PUSCH. If the UE is configured by higher layers for simultaneous PUCCH and PUSCH
transmissions and if the UE determines PUCCH format 4/5 for periodic CSI and HARQ-ACK transmission and if the
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UE is provided by higher layers a parameter simultaneousAckNackAndCQI-Format4-Format5-r13 that is set TRUE, the
periodic CSI and HARQ-ACK is transmitted in PUCCH format 4/5.

For a BL/CE UE, in case of collision between a UCI and a PUSCH transmission in a same subframe, if the number of
PUCCH repetitions defined for the UCI in [3] is larger than 1 or if the indicated PUSCH repetition number in DCI
format 6-0A/6-0B is larger than 1, the PUSCH transmission is dropped in that subframe.

For a BL/CE UE in half-duplex FDD operation, in case of collision between a PUCCH format 2 transmission including
half-duplex guard subframe and a PDSCH reception with repetitions, the PUCCH format 2 transmission is dropped.

For a BL/CE UE, in case of collision between at least one physical resource block to be used for transmission of UCI on
PUCCH (defined in [3]) and physical resource blocks corresponding to configured PRACH resources for BL/CE UEs
or non-BL/CE UEs (defined in [3]) in a same subframe, the PUCCH is dropped in that subframe.

If each of the serving cells configured for the UE has frame structure type 1, UE procedures for HARQ-ACK feedback
are given in subclause 10.1.2.

If each of the serving cells configured for the UE has frame structure type 2, UE procedures for HARQ-ACK feedback
are given in subclause 10.1.3.

If the UE is configured for more than one serving cell, and if the frame structure type of any two configured serving
cells is different, and if the primary cell is frame structure type 1, UE procedure for HARQ-ACK feedback is given in
subclause 10.1.2A.

If the UE is configured for more than one serving cell, and if the frame structure type of any two configured serving
cells is different, and if the primary cell is frame structure type 2, UE procedure for HARQ-ACK feedback is given in
subclause 10.1.3A.

Table 10.1.1-1: code rate I corresponding to higher layer parameter maximumPayloadCoderate-r13

Value of maximumPayloadCoderate-r13 | Code rate I

0.08
0.15
0.25
0.35
0.45
0.60
0.80
Reserved

~N|O|O|R|WIN|F|O

Table 10.1.1-2: Number of PRBs for PUCCCH format 4 m!uc* corresponding to higher layer
parameter numberOfPRB-format4-r13

Value of numberOfPRB-format4- M PUCCH4
ri3 RE
0 1
1 2
2 3
3 4
4 5
5 6
6 8
7 Reserved

10.1.2 FDD HARQ-ACK feedback procedures

For FDD and for a UE not configured with PUCCH format 4/5 and transmitting HARQ-ACK using PUCCH format 1b
with channel selection or PUCCH format 3, the UE shall determine the number of HARQ-ACK bits, o, based on the
number of configured serving cells and the downlink transmission modes configured for each serving cell. The UE shall
use two HARQ-ACK bits for a serving cell configured with a downlink transmission mode that support up to two
transport blocks; and one HARQ-ACK bit otherwise.
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A UE that supports aggregating at most 2 serving cells with frame structure type 1 shall use PUCCH format 1b with
channel selection for transmission of HARQ-ACK when configured with more than one serving cell with frame
structure type 1.

A UE that supports aggregating more than 2 serving cells with frame structure type 1 is configured by higher layers to
use either PUCCH format 1b with channel selection or PUCCH format 3/4/5 for transmission of HARQ-ACK when
configured with more than one serving cell with frame structure type 1.

The FDD HARQ-ACK feedback procedure for one configured serving cell is given in subclause 10.1.2.1 and
procedures for more than one configured serving cell are given in subclause 10.1.2.2.

10.1.2.1 FDD HARQ-ACK procedure for one configured serving cell

HARQ-ACK transmission on two antenna ports (p €[pg, p1]) is supported for PUCCH format 1a/1b.

For FDD and one configured serving cell, the UE shall use PUCCH resource n,(fUﬁC)CH for transmission of HARQ-ACK
in subframe n for p mapped to antenna port p for PUCCH format 1a/1b [3], where

- for a PDSCH transmission indicated by the detection of a corresponding PDCCH in subframe n—4 , or fora
PDCCH indicating downlink SPS release (defined in subclause 9.2) in subframe n—4 , the UE shall use
n,(,t%’éH =Neee + NéﬂCCH for antenna port p,, where nece is the number of the first CCE (i.e. lowest CCE
index used to construct the PDCCH) used for transmission of the corresponding DCI assignment and N ey,
is configured by higher layers. For two antenna port transmission the PUCCH resource for antenna port p, is

: 15 1
given by NEuely = Nece +1+ Nideen

- foranon-BL/CE UE, and for a PDSCH transmission on the primary cell where there is not a corresponding
PDCCH/EPDCCH detected in subframe n-4, the value of nét@CH is determined according to higher layer
configuration and Table 9.2-2. For a UE configured for two antenna port transmission, a PUCCH resource value
in Table 9.2-2 maps to two PUCCH resources with the first PUCCH resource néb%’éH for antenna port pg

and the second PUCCH resource né,b%éH for antenna port pq, otherwise, the PUCCH resource value maps to

a single PUCCH resource né,lug’éH for antenna port pg.

- for a PDSCH transmission indicated by the detection of a corresponding EPDCCH in subframe n—4 , or for
an EPDCCH indicating downlink SPS release (defined in subclause 9.2) in subframe n-4 , the UE shall use

o if EPDCCH-PRB-set qis configured for distributed transmission

(LPo) _ (e1)
Nptcen = Necceq T AARO +N PUCCH,q

o if EPDCCH-PRB-set qis configured for localized transmission

5 n
Lpy) _ ECCEq ECCE,q 1 (e1)
nPUCOCH - \‘ N ECCE,q J N RB +n +AARO + NPUCCH,q
RB
for antenna port p,, where Ngeee, s the number of the first ECCE (i.e. lowest ECCE index used to

construct the EPDCCH) used for transmission of the corresponding DCI assignment in EPDCCH-PRB-set ¢,
A jpo is determined from the HARQ-ACK resource offset field in the DCI format of the corresponding

EPDCCH as given in Table 10.1.2.1-1, N é,ej)CCHVq for EPDCCH-PRB-set q is configured by the higher layer
parameter pucch-ResourceStartOffset-ril, N FEBCCE’G' for EPDCCH-PRB-set q is given in subclause 6.8A.1 in
[3], n'is determined from the antenna port used for localized EPDCCH transmission which is described in

subclause 6.8A.5 in [3]. For two antenna port transmission the PUCCH resource for antenna port p, is given
by
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o if EPDCCH-PRB-set q is configured for distributed transmission

(L.p)
nPUC1CH - nECCEq +1+ AARO + NPUCCHq

o if EPDCCH-PRB-set qis configured for localized transmission

n
@p) ECCE,q ECCE,q (e1)
nPUC10H _\‘N ECCE'qJ NRB +1+n+AARO + NPUCCHq

- fora BL/CE UE, and for a PDSCH on the primary cell where there is not a corresponding MPDCCH detected
and subframe N —K is the last subframe in which the PDSCH is transmitted, the value of nguch is

determined according to higher layer configuration and Table 9.2-2.

- for a PDSCH transmission indicated by the detection of a corresponding MPDCCH, or for an MPDCCH
indicating downlink SPS release (defined in subclause 9.2) where subframe n—K is the last subframe in
which the PDSCH is transmitted, the UE shall use

o if MPDCCH-PRB-set qis configured for distributed transmission

(L.po)
nPU(?CH - nECCEq + AARO + NPUCCH .q

o if EPDCCH-PRB-set qis configured for localized transmission

n

(Lpo) _ | _ECCEqg ECCE.q (m1)

Neicen = N ECCE g ‘Neg ¥ +N+A 550 + Nplcon q
RB

for antenna port pg, where Ngeoe s the number of the first ECCE (i.e. lowest ECCE index used to construct
the MPDCCH) used for transmission of the corresponding DCI assignment in MPDCCH-PRB-set ¢, Az, is
determined from the HARQ-ACK resource offset field in the DCI format of the corresponding MPDCCH as
given in Table 10.1.2.1-1, Né’UC)CH q for MPDCCH-PRB-set q is configured by the higher layer parameter

n1PUCCH-AN-InfoList-r13 for the corresponding CE level, N EgCE’q for MPDCCH-PRB-set q isgivenin

ECCE,q
N RB

subclause 6.8A.1 in [3] where the same value is used for each subframe containing a repeat of a

MPDCCH transmission, N' is determined from the antenna port used for localized MPDCCH transmission
which is described in subclause 6.8A.5 in [3]. When an MPDCCH-PRB-set [ is 2+4, following procedures is

applied.
o ifthe detected MPDCCH is located within 2 PRB set, nI(DUC():H is obtained by above procedure.

ECCE,q
N RB

o if the detected MPDCCH is located within 4 PRB set, nguch is the sum between 2 and the

value obtained by above procedure.

o if the detected MPDCCH is MPDCCH format 5, nr(nuch is obtained by the above procedure with

Necceq =0

Table 10.1.2.1-1: Mapping of ACK/NACK Resource offset Field
in DCI format 1A/1B/1D/1/2A/2/2B/2C/2D/6-1A/6-1B to A ,,, values

ACK/NACK Resource offset field A
in DCI format 1A/1B/1D/1/2A/2/2B/2C/2D ARO
0 0
1 -1
2 -2
3 2
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10.1.2.2 FDD HARQ-ACK procedures for more than one configured serving cell

The FDD HARQ-ACK feedback procedures for more than one configured serving cell are either based on a PUCCH
format 1b with channel selection HARQ-ACK procedure as described in subclause 10.1.2.2.1 or a PUCCH format 3
HARQ-ACK procedure as described in subclause 10.1.2.2.2 or a PUCCH format 4 HARQ-ACK procedure as described
in subclause 10.1.2.2.3 or a PUCCH format 5 HARQ-ACK procedure as described in subclause 10.1.2.2.4.

HARQ-ACK transmission on two antenna ports (p [pg, p;]) is supported for PUCCH format 3.

HARQ-ACK transmission on two antenna ports (p €[pg, p1]1) is supported for PUCCH format 1b with channel
selection and FDD with two configured serving cells.

10.1.2.2.1 PUCCH format 1b with channel selection HARQ-ACK procedure

For two configured serving cells and PUCCH format 1b with channel selection, the UE shall transmit po)bz) on

PUCCH resource n,()lu(ﬁ:)CH for P mapped to antenna port p using PUCCH format 1b where

nélug"C)H =n,(313JCCH for antenna port p, where né,lL)JCCH is selected from A PUCCH resources,

NScc j Where 0< j<A-1 and Ae{2,34}, according to Table 10.1.2.2.1-3, Table 10.1.2.2.1-4, Table

10.1.2.2.1-5 in subframe n. HARQ-ACK(j) denotes the ACK/NACK/DTX response for a transport block or
SPS release PDCCH/EPDCCH associated with serving cell ¢, where the transport block and serving cell for
HARQ-ACK(j) and A PUCCH resources are given by Table 10.1.2.2.1-1.

n,()lL,g%H for antenna port p, , where néb%éH is selected from A PUCCH resources,

higher layers where 0< j< A-1 and Ae{2,3,4}, according to Table 10.1.2.2.1-3, Table 10.1.2.2.1-4, Table

nétbééH and replacing néﬂCCH’iwith né,lljpcl():H’i in subframe n, when

1,5 .
nSRe, ; configured by

10.1.2.2.1-5 by replacing né,ll)JCCH with
the UE is configured with two antenna port transmission for PUCCH format 1b with channel selection.
A UE configured with a transmission mode that supports up to two transport blocks on serving cell, c, shall use the

same HARQ-ACK response for both the transport blocks in response to a PDSCH transmission with a single transport
block or a PDCCH/EPDCCH indicating downlink SPS release associated with the serving cell c.

Table 10.1.2.2.1-1: Mapping of Transport Block and Serving Cell to HARQ-ACK(j)
for PUCCH format 1b HARQ-ACK channel selection

A HARQ-ACK())
HARQ-ACK(0) HARQ-ACK(1) HARQ-ACK(2) HARQ-ACK(3)
2 | TB1 Primary cell | TB1 Secondary cell NA NA
3 | TB1 Serving celll | TB2 Serving celll TB1 Serving cell2 NA
TB1 Primary cell TB2 Primary cell TB1 Secondary cell | TB2 Secondary cell

The UE shall determine the A PUCCH resources, né’l&CCH,j associated with HARQ-ACK(j) where 0< j<A-1 in

Table 10.1.2.2.1-1, according to
- for a PDSCH transmission indicated by the detection of a corresponding PDCCH in subframe n—4 on the
primary cell, or for a PDCCH indicating downlink SPS release (defined in subclause 9.2) in subframe n—4 on
the primary cell, the PUCCH resource is néﬂCCHJ =Neee + NF(,lU)CCH , and for transmission mode that supports

up to two transport blocks, the PUCCH resource néﬂcoHJﬂ is given by ng&cm,m =Ngee +1+ NSeey

where N.. is the number of the first CCE used for transmission of the corresponding PDCCH and Ny,
is configured by higher layers.
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- for a PDSCH transmission on the primary cell where there is not a corresponding PDCCH/EPDCCH detected in
subframe n-4, the value of né,lL),CCHyj is determined according to higher layer configuration and Table 9.2-2.

For transmission mode that supports up to two transport blocks, the PUCCH resource n,()ﬂCCH,M is given by

nlglL)JCCH,jﬂ = nIglL)JCCH,j +1

- for a PDSCH transmission indicated by the detection of a corresponding PDCCH/EPDCCH in subframe n-4
on the secondary cell, the value of néﬂccw , and the value of nF(’l&CCH,Hl for the transmission mode that

supports up to two transport blocks is determined according to higher layer configuration and Table
10.1.2.2.1-2. The TPC field in the DCI format of the corresponding PDCCH/EPDCCH shall be used to
determine the PUCCH resource values from one of the four resource values configured by higher layers, with
the mapping defined in Table 10.1.2.2.1-2. For a UE configured for a transmission mode that supports up to two
transport blocks a PUCCH resource value in Table 10.1.2.2.1-2 maps to two PUCCH resources

(néﬂcCH’j , n,(pﬂCCH]H) , otherwise, the PUCCH resource value maps to a single PUCCH resource nF(,l&CCHJ .

- for a PDSCH transmission indicated by the detection of a corresponding EPDCCH in subframe n—4 on the
primary cell, or for an EPDCCH indicating downlink SPS release (defined in subclause 9.2) in subframe n-4
on the primary cell, the PUCCH resource is given by

- if EPDCCH-PRB-set qis configured for distributed transmission

(@) _ (e1)
Npocenj = Mecceq T A aro T Npuceng

- if EPDCCH-PRB-set qis configured for localized transmission

ECCE,q PUCCHq

n

N _ ECCEq ECCEq ' (e1)
nPUCCH,j_\‘N J'NRB +n+AARO+N

RB

where Ngcee, IS the number of the first ECCE (i.e. lowest ECCE index used to construct the EPDCCH) used

for transmission of the corresponding DCI assignment in EPDCCH-PRB-set q, A .5, is determined from the
HARQ-ACK resource offset field in the DCI format of the corresponding EPDCCH as given in Table 10.1.2.1-
1, N é,ej():Cqu for EPDCCH-PRB-set q is configured by the higher layer parameter pucch-ResourceStartOffset-

ri1, N FESCE'q for EPBDCCH-PRB-set g is given in subclause 6.8A.1 in [3], N'is determined from the antenna
port used for localized EPDCCH transmission which is described in subclause 6.8A.5 in [3].

For transmission mode that supports up to two transport blocks, the PUCCH resource néldccru,m is given by

- ifEPDCCH-PRB-set qis configured for distributed transmission

1) _ (e1)
Npdcen,jir = MNecceg T 1+ Ao +N PUCCH,q

- if EPDCCH-PRB-set qis configured for localized transmission

n
o) _ ECCE,q ECCE,q ! (e1)
nPUCCH,j+l = [ N ECCE J N RB +1+n'+A ARO T N PUCCH,q
RB
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Table 10.1.2.2.1-2: PUCCH Resource Value for HARQ-ACK Resource for PUCCH

Value of "'TPC command (@) @ @)
for PUCCH' Npuceh,j Of (nPUCCH,j »Mpycen, j
'00' [The 1st PUCCH resource value configured by the higher layers
‘01 The 2" PUCCH resource value configured by the higher layers
'10' The 39 PUCCH resource value configured by the higher layers

'11' The 4" PUCCH resource value configured by the higher layers

NOTE: (néﬂCCH'j : né’ll.)JCCH,j+l) are determined from the first and second PUCCH

resource lists configured by n1PUCCH-AN-CS-List-r10 in [11], respectively.

Table 10.1.2.2.1-3: Transmission of Format 1b HARQ-ACK channel selection for A=2

HARQ-ACK(0) [ HARQ-ACK(1) | N{leqyy | BOBQ)
ACK ACK neons | 11
ACK NACKDTX | n¥ccno | 1.2

NACK/DTX ACK necns | 0.0
NACK NACKIDTX | nfccno | 0.0
DTX NACK/DTX No Transmission

Table 10.1.2.2.1-4: Transmission of Format 1b HARQ-ACK channel selection for A=3

HARQ-ACK(0) | HARQ-ACK(1) | HARQ-ACK(2) | N8 | BODBQ)
ACK ACK ACK nWeons | L1
ACK NACK/DTX ACK nYeons | 1.0

NACK/DTX ACK ACK nUeons | 0.1
NACK/DTX | NACK/DTX ACK nPecnz | 11
ACK ACK NACKDTX | n®ccno | 11
ACK NACK/DTX | NACKDTX | n¥ccno | 1.0
NACK/DTX ACK NACKDTX | n®ccno | 01
NACK/DTX | NACK/DTX NACK nPecnz | 00
NACK NACK/DTX DTX nPecro | 00
NACK/DTX NACK DTX nSlccro | 0.0
DTX DTX DTX No Transmission
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Table 10.1.2.2.1-5: Transmission of Format 1b HARQ-ACK channel selection for A=4

10.1.2.2.2

HARQ-ACK(0) | HARQ-ACK(1) | HARQ-ACK(2) | HARQ-ACK@3) | NiJeey | b(O)BE)
ACK ACK ACK ACK nSOccrr | 11
ACK NACK/DTX ACK ACK nccrz | 01

NACK/DTX ACK ACK ACK nlccrr | 01
NACK/DTX | NACK/DTX ACK ACK nccrs | 11
ACK ACK ACK NACKDTX | n®cens | 1.0
ACK NACK/DTX ACK NACKDTX | nccnn | 0.0
NACK/DTX ACK ACK NACKDTX | ncons | 00
NACK/DTX | NACK/DTX ACK NACKDTX | n§cens | 1.0
ACK ACK NACK/DTX ACK nccrz | 11
ACK NACK/DTX | NACK/DTX ACK necrz | 1.0
NACK/DTX ACK NACK/DTX ACK necns | 01
NACK/DTX | NACK/DTX | NACK/DTX ACK necns | 0.0
ACK ACK NACKDTX | NACKIDTX | n%cono | 1.1
ACK NACK/DTX | NACKIDTX | NACKDTX | nflccuo | 1.0
NACK/DTX ACK NACKIDTX | NACKIDTX | nccno | 01
NACK/DTX NACK NACKDTX | NACKIDTX | nccno | 0.0
NACK NACK/DTX | NACKIDTX | NACKIDTX | nflccno | 00
DTX DTX NACK/DTX NACK/DTX No Transmission
PUCCH format 3 HARQ-ACK procedure
For PUCCH format 3, the UE shall use PUCCH resource ngﬂ@w or n§P., for transmission of HARQ-ACK in

subframe n for p mapped to antenna port p where

PUCCH

- for a PDSCH transmission only on the primary cell indicated by the detection of a corresponding PDCCH in
subframe n-4, or for a PDCCH indicating downlink SPS release (defined in subclause 9.2) in subframe n-4

on the primary cell, the UE shall use PUCCH format 1a/1b and PUCCH resource nélu?m with

(L,5o)
Nedce

=Nece t NélJCCH for antenna port p,, where ngce is the number of the first CCE (i.e. lowest CCE

index used to construct the PDCCH) used for transmission of the corresponding PDCCH and N )¢, is
configured by higher layers. When two antenna port transmission is configured for PUCCH format 1a/1b, the
=Ngee +1+ NG

cCE PUCCH *

PUCCH resource for antenna port p, is given by

(L.p1)
NeiceH

- for a PDSCH transmission only on the primary cell where there is not a corresponding PDCCH/EPDCCH
detected in subframe n-4, the UE shall use PUCCH format 1a/1b and PUCCH resource nétffCH where the

value of N5y

(L)

is determined according to higher layer configuration and Table 9.2-2. For a UE configured

for two antenna port transmission for PUCCH format 1a/1b, a PUCCH resource value in Table 9.2-2 maps to
two PUCCH resources with the first PUCCH resource n;{,':ggH for antenna port py and the second PUCCH
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resource n,()lL‘JEC%H for antenna port p,, otherwise, the PUCCH resource value maps to a single PUCCH

resource n&,@C)H for antenna port pg.
- for a PDSCH transmission on the secondary cell indicated by the detection of a corresponding
PDCCH/EPDCCH in subframe n—4, the UE shall use PUCCH format 3 and PUCCH resource néﬁg)CH where

the value of néﬁg)CH is determined according to higher layer configuration and Table 10.1.2.2.2-1.

The TPC field in the DCI format of the corresponding PDCCH/EPDCCH shall be used to determine the
PUCCH resource values from one of the four resource values configured by higher layers, with the mapping
defined in Table 10.1.2.2.2-1. For a UE configured for two antenna port transmission for PUCCH format 3, a
PUCCH resource value in Table 10.1.2.2.2-1 maps to two PUCCH resources with the first PUCCH resource
néﬁg‘)C)H for antenna port p, and the second PUCCH resource nﬁjglc)H for antenna port pq, otherwise, the

PUCCH resource value maps to a single PUCCH resource n;i,@gH for antenna port pg. A UE shall assume

that the same HARQ-ACK PUCCH resource value is transmitted in each DCI format of the corresponding
secondary cell PDCCH/EPDCCH assignments in a given subframe.

- for a PDSCH transmission only on the primary cell indicated by the detection of a corresponding EPDCCH in
subframe n-4, or for a EPDCCH indicating downlink SPS release (defined in subclause 9.2) in subframe

n—4 on the primary cell, the UE shall use PUCCH format 1a/1b and PUCCH resource né,bﬁc)CH given by
- if EPDCCH-PRB-set q is configured for distributed transmission

(LBo) _ (e1)
NpjceH = Necceq T Appo + NPUCCH,q

- if EPDCCH-PRB-set q is configured for localized transmission

= n

(LPo) ECCEq ECCEq ' (e1)

nPUCOCH - LWJ N RB +n +AARO +N PUCCH,q
RB

for antenna port p,, where Ngeee s the number of the first ECCE (i.e. lowest ECCE index used to
construct the EPDCCH) used for transmission of the corresponding DCI assignment in EPDCCH-PRB-set ¢,

is determined from the HARQ-ACK resource offset field in the DCI format of the corresponding

EPDCCH as given in Table 10.1.2.1-1, Néﬁ():CH’q for EPDCCH-PRB-set q is configured by the higher layer

A ARO

parameter pucch-ResourceStartOffset-ril, N §§CE"* for EPDCCH-PRB-set q is given in subclause 6.8A.1 in

[3], Nn'is determined from the antenna port used for localized EPDCCH transmission which is described in
subclause 6.8A.5 in [3]. When two antenna port transmission is configured for PUCCH format 1a/1b, the

PUCCH resource for antenna port p, is given by.

- ifEPDCCH-PRB-set qis configured for distributed transmission

(Lp) (e1)
Neicen = Mecceq T1+ Aaro T Npveeng

- ifEPDCCH-PRB-set qis configured for localized transmission

= n

Lp)  _ ECCEq ECCE,q ' (e1)

nPUCICH _[N ECCE q J NRB +1+n +AARO + NPUCCH,q
RB
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Table 10.1.2.2.2-1: PUCCH Resource Value for HARQ-ACK Resource for PUCCH

Value of 'TPC command for PUCCH" n(s,ﬁ)
or 'HARQ-ACK resource offset’ PUCCH
'00' [The 1st PUCCH resource value configured by the higher layers
‘01 [The 2" PUCCH resource value configured by the higher layers
'10' The 3 PUCCH resource value configured by the higher layers
11 [The 4" PUCCH resource value configured by the higher layers
10.1.2.2.3 PUCCH format 4 HARQ-ACK procedure

For PUCCH format 4, the UE shall use PUCCH resource né,t)CCH or nSUQ;H or nF(,luﬁC)CH for transmission of HARQ-

ACK and scheduling request (if any) and periodic CSI (if any) in subframe n for p mapped to antenna port p where

for a PDSCH transmission only on the primary cell indicated by the detection of a corresponding PDCCH in
subframe n-4, or for a PDCCH indicating downlink SPS release (defined in subclause 9.2) in subframe n-4

on the primary cell, the UE shall use PUCCH format 1a/1b and PUCCH resource néluﬁc)CH with

néb?féH =Neee + NF(}U)CCH for antenna port p,, where ncce is the number of the first CCE (i.e. lowest CCE

index used to construct the PDCCH) used for transmission of the corresponding PDCCH and Ny, is
configured by higher layers. When two antenna port transmission is configured for PUCCH format 1a/1b, the

PUCCH resource for antenna port p, is given by N2l =n.e +1+ N, -

for a PDSCH transmission only on the primary cell where there is not a corresponding PDCCH/EPDCCH
detected in subframe n-—4, the UE shall use PUCCH format 1a/1b and PUCCH resource n,i{,‘QCH where the

value of nF(,luﬁc)CH is determined according to higher layer configuration and Table 9.2-2. For a UE configured

for two antenna port transmission for PUCCH format 1a/1b, a PUCCH resource value in Table 9.2-2 maps to
two PUCCH resources with the first PUCCH resource n,glu‘(’:"éH for antenna port p, and the second PUCCH

resource nélu?:%H for antenna port p,, otherwise, the PUCCH resource value maps to a single PUCCH

-
resource NS, for antenna port py.

for a PDSCH transmission on the secondary cell indicated by the detection of a corresponding
PDCCH/EPDCCH in subframe n-4,

- if the UE is configured with codebooksizeDetermination-r13 = cc, or if the UE is configured with
codebooksizeDetermination-r13 = dai and the total number of HARQ-ACK bits O*°¢ and scheduling
request bit O (if any) and periodic CSI bits O (if any) is more than 22, the UE shall use PUCCH

format 4 and PUCCH resource ngt)CCH where the value of né‘gCCH is determined according to higher layer

configuration and Table 10.1.2.2.2-1.

The TPC field in the DCI format of the corresponding PDCCH/EPDCCH shall be used to determine the
PUCCH resource values from one of the four resource values configured by higher layers, with the mapping
defined in Table 10.1.2.2.3-1. A UE shall assume that the same HARQ-ACK PUCCH resource value is
transmitted in each DCI format of the corresponding secondary cell PDCCH assignments in a given
subframe.

P-CSI

- If the UE is configured with codebooksizeDetermination-r13 = dai and if the total number of HARQ-ACK
bits 0#* and scheduling request bit O* (if any) and periodic CSI bitsO (if any) is no more than 22,

the UE shall use PUCCH format 3 and PUCCH resource n,(fUE)CH where the value of n,(;LE)CH is determined

according to higher layer configuration and Table 10.1.2.2.2-1. The TPC field in the DCI format of the
corresponding PDCCH/EPDCCH shall be used to determine the PUCCH resource values from one of the
four resource values configured by higher layers, with the mapping defined in Table 10.1.2.2.2-1. . For a UE
configured for two antenna port transmission for PUCCH format 3, a PUCCH resource value in Table

10.1.2.2.2-1 maps to two PUCCH resources with the first PUCCH resource n,(;Lg)CH for antenna port pgand

P-CsI
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the second PUCCH resource néfJE)CH for antenna port p,, otherwise, the PUCCH resource value maps to a

single PUCCH resource nS;J?:)CH for antenna port pg . A UE shall assume that the same HARQ-ACK PUCCH

resource value is transmitted in each DCI format of the corresponding secondary cell PDCCH assignments in
a given subframe.

- for a PDSCH transmission only on the primary cell indicated by the detection of a corresponding EPDCCH in
subframe n-4, or for a EPDCCH indicating downlink SPS release (defined in subclause 9.2) in subframe

n—4 on the primary cell, the UE shall use PUCCH format 1a/1b and PUCCH resource nSUfQCH given by

- ifEPDCCH-PRB-set qis configured for distributed transmission

LB _ (e1)
Npdcen = Necceq T AARo +N PUCCH,q

- if EPDCCH-PRB-set q is configured for localized transmission

ECCE q

= n
(LPo) _ ECCEq ECCE.q ' (e1)
nPUCOCH - {N—J N RB +N'+A ARO T N PUCCH,q
RB

for antenna port p,, where Ngoce, is the number of the first ECCE (i.e. lowest ECCE index used to
construct the EPDCCH) used for transmission of the corresponding DCI assignment in EFDCCH-PRB-set ¢,
A ro s determined from the HARQ-ACK resource offset field in the DCI format of the corresponding
EPDCCH as given in Table 10.1.2.1-1, N éﬁéCqu for EFDCCH-PRB-set q is configured by the higher layer

parameter pucch-ResourceStartOffset-ril, N ngCE’q for EPDCCH-PRB-set qis given in subclause 6.8A.1 in

[3], Nn'is determined from the antenna port used for localized EPDCCH transmission which is described in
subclause 6.8A.5 in [3]. When two antenna port transmission is configured for PUCCH format 1a/1b, the

PUCCH resource for antenna port p, is given by.

(L)

. . . o . .n =n +1+ A, + NEY
- if EPDCCH-PRB-set q is configured for distributed transmission PUccH ECCEq ARO PUCCHq

- ifEPDCCH-PRB-set qis configured for localized transmission

= n

Lp) ECCEq ECCEq ! (e1)

Npdeen = [ N ECCE J Neg " +1+0+A 4z + Nojeeng
RB

Table 10.1.2.2.3-1: PUCCH Resource Value for HARQ-ACK Resource for PUCCH

Value of "'TPC command for PUCCH' n(4,5)
or 'HARQ-ACK resource offset’ PUCCH
'00' [The 1st PUCCH resource value configured by the higher layers
'01' The 2" PUCCH resource value configured by the higher layers
'10' The 39 PUCCH resource value configured by the higher layers
11 [The 4" PUCCH resource value configured by the higher layers
10.1.2.2.4 PUCCH format 5 HARQ-ACK procedure

The HARQ-ACK feedback procedure for PUCCH format 5 HARQ-ACK procedure is as described in subclause
10.1.2.2.3, by replacing nét)ccra with n,(fJCCH :
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10.1.2A FDD-TDD HARQ-ACK feedback procedures for primary cell frame
structure type 1

For a UE transmitting HARQ-ACK using PUCCH format 1b with channel selection, the UE shall determine the number
of HARQ-ACK bits, o0 insubframe n, based on the number of configured serving cells with subframe n-4
configured as a downlink or special subframe according to the DL-reference UL/DL configuration (defined in subclause
10.2) of each serving cell and the downlink transmission modes configured for each serving cell. For a UE not
configured with PUCCH format 4/5 and transmitting HARQ-ACK using PUCCH format 3, the UE shall determine the
number of HARQ-ACK bits, o0 insubframe n, based on the number of configured serving cells with subframe

n—4 configured as a downlink or special subframe except a special subframe of configurations 0 and 5 with normal
downlink CP or of configurations 0 and 4 with extended downlink CP according to the DL-reference UL/DL
configuration (defined in subclause 10.2) of each serving cell and the downlink transmission modes configured for each
serving cell. The UE shall use two HARQ-ACK bits for a serving cell configured with a downlink transmission mode
that support up to two transport blocks; and one HARQ-ACK bit otherwise.

A UE that supports aggregating at most 2 serving cells shall use PUCCH format 1b with channel selection for
transmission of HARQ-ACK when configured with primary cell frame structure type 1 and secondary cell frame
structure type 2.

A UE that supports aggregating more than 2 serving cells with primary cell frame structure type 1 is configured by
higher layers to use either PUCCH format 1b with channel selection or PUCCH format 3/4/5 for transmission of
HARQ-ACK when configured with more than one serving cell and primary cell frame structure type 1 and at least one
secondary cell with frame structure type 2.

For HARQ-ACK transmission in subframe n with PUCCH format 1b with channel selection, the FDD-TDD HARQ-
ACK procedure follows HARQ-ACK procedure described in subclause 10.1.2.1 if subframe n—4 isan uplink or a
special subframe of configurations 0 and 5 with normal downlink CP or of configurations 0 and 4 with extended
downlink CP for the secondary cell according to the higher layer parameter subframeAssignment for UE not configured
with the higher layer parameter EIMTA-MainConfigServCell-r12, and according to the higher layer parameter eimta-
HARQ-ReferenceConfig-r12 for UE configured with the higher layer parameter EIMTA-MainConfigServCell-r12, and
HARQ-ACK procedure described in subclause 10.1.2.2.1 otherwise.

The FDD-TDD HARQ-ACK feedback procedure for PUCCH format 3 HARQ-ACK procedure as described in
subclause 10.1.2.2.2.

The FDD-TDD HARQ-ACK feedback procedure for PUCCH format 4 HARQ-ACK procedure is as described in
subclause 10.1.2.2.3.

The FDD-TDD HARQ-ACK feedback procedure for PUCCH format 5 HARQ-ACK procedure is as described in
subclause 10.1.2.2.4.

HARQ-ACK transmission on two antenna ports (p €[pg, p;]) is supported for PUCCH format 3.

HARQ-ACK transmission on two antenna ports (p €[pg, p1]) is supported for PUCCH format 1b with channel
selection and with two configured serving cells.

10.1.3 TDD HARQ-ACK feedback procedures

For TDD and a UE that does not support aggregating more than one serving cell with frame structure type 2, two
HARQ-ACK feedback modes are supported by higher layer configuration.

- HARQ-ACK bundling and
- HARQ-ACK multiplexing
For TDD and a BL/CE UE,
- if the UE is configured with csi-NumRepetitionCE equal to 1 and mPDCCH-NumRepetition equal to 1,
- the UE may be configured with HARQ-ACK bundling or HARQ-ACK multiplexing;

- HARQ-ACK multiplexing can be configured only if pucch-NumRepetitionCE-formatl equal 1 and HARQ-
ACK multiplexing is performed according to the set of Tables 10.1.3-5/6/7
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- else

- the UE is not expected to receive more than one PDSCH transmission, or more than one of PDSCH and
MPDCCH indicating downlink SPS releases, with transmission ending within subframe(s) n-k, where
k e K and K isdefined in Table 10.1.3.1-1 intended for the UE;

For TDD UL/DL configuration 5 and a UE that does not support aggregating more than one serving cell with frame
structure type 2 and the UE is not configured with EIMTA-MainConfigServCell-r12 for the serving cell, only HARQ-
ACK bundling is supported.

A UE that supports aggregating more than one serving cell with frame structure type 2 is configured by higher layers to
use either PUCCH format 1b with channel selection or PUCCH format 3/4/5 for transmission of HARQ-ACK when
configured with more than one serving cell with frame structure type 2.

A UE that supports aggregating more than one serving cell with frame structure type 2 and is not configured with the
parameter EIMTA-MainConfigServCell-r12 for any serving cell is configured by higher layers to use HARQ-ACK
bundling, PUCCH format 1b with channel selection according to the set of Tables 10.1.3-2/3/4 or according to the set of
Tables 10.1.3-5/6/7, or PUCCH format 3 for transmission of HARQ-ACK when configured with one serving cell with
frame structure type 2.

A UE that is configured with the parameter EIMTA-MainConfigServCell-r12 and configured with one serving cell is
configured by higher layers to use PUCCH format 1b with channel selection according to the set of Tables 10.1.3-5/6/7,
or PUCCH format 3 for transmission of HARQ-ACK. A UE that is configured with the parameter EIMTA-
MainConfigServCell-r12 for at least one serving cell and configured with more than one serving cell is configured by
higher layers to use PUCCH format 1b with channel selection according to the set of Tables 10.1.3-5/6/7, or PUCCH
format 3/4/5 for transmission of HARQ-ACK.

PUCCH format 1b with channel selection according to the set of Tables 10.1.3-2/3/4 or according to the set of Tables
10.1.3-5/6/7 is not supported for TDD UL/DL configuration 5.

TDD HARQ-ACK bundling is performed per codeword across M multiple downlink or special subframes associated
with a single UL subframe n, where M is the number of elements in the set K defined in Table 10.1.3.1-1, by a
logical AND operation of all the individual PDSCH transmission (with and without corresponding
PDCCH/EPDCCH/MPDCCH) HARQ-ACKSs and ACK in response to PDCCH/EPDCCH/MPDCCH indicating
downlink SPS release. For one configured serving cell the bundled 1 or 2 HARQ-ACK bits are transmitted using
PUCCH format 1a or PUCCH format 1b, respectively.

For TDD HARQ-ACK multiplexing and a subframe n with M >1, where M is the number of elements in the set K
defined in Table 10.1.3.1-1, spatial HARQ-ACK bundling across multiple codewords within a downlink or special
subframe is performed by a logical AND operation of all the corresponding individual HARQ-ACKs. PUCCH format
1b with channel selection is used in case of one configured serving cell. For TDD HARQ-ACK multiplexing and a
subframe n with M =1, spatial HARQ-ACK bundling across multiple codewords within a downlink or special
subframe is not performed, 1 or 2 HARQ-ACK bits are transmitted using PUCCH format 1a or PUCCH format 1b,
respectively for one configured serving cell.

In the case of TDD and more than one configured serving cell with PUCCH format 1b with channel selection and more
than 4 HARQ-ACK bits for M multiple downlink or special subframes associated with a single UL subframe n, where
M is defined in subclause 10.1.3.2.1, and for the configured serving cells, spatial HARQ-ACK bundling across
multiple codewords within a downlink or special subframe for all configured cells is performed and the bundled
HARQ-ACK bits for each configured serving cell is transmitted using PUCCH format 1b with channel selection. For
TDD and more than one configured serving cell with PUCCH format 1b with channel selection and up to 4 HARQ-
ACK bits forM multiple downlink or special subframes associated with a single UL subframe n, where M is defined
in subclause 10.1.3.2.1, and for the configured serving cells, spatial HARQ-ACK bundling is not performed and the
HARQ-ACK bits are transmitted using PUCCH format 1b with channel selection.

In the case of TDD and more than one configured serving cell with PUCCH format 3 and without PUCCH format 4/5
configured and more than 20 HARQ-ACK bits for M multiple downlink or special subframes associated with a single
UL subframe n, where M is the number of elements in the set K defined in subclause 10.1.3.2.2 and for the
configured serving cells, spatial HARQ-ACK bundling across multiple codewords within a downlink or special
subframe is performed for each serving cell by a logical AND operation of all of the corresponding individual HARQ-
ACKs and PUCCH format 3 is used. For TDD and more than one configured serving cell with PUCCH format 3 and up
to 20 HARQ-ACK bits for M multiple downlink or special subframes associated with a single UL subframe n, where
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M is the number of elements in the set K defined in subclause 10.1.3.2.2 and for the configured serving cells, spatial
HARQ-ACK bundling is not performed and the HARQ-ACK bits are transmitted using PUCCH format 3.

For TDD with PUCCH format 3 without PUCCH format 4/5 configured, a UE shall determine the number of HARQ-
ACK bits, 0, associated with an UL subframe n

Neais

accordingto O = ZO?‘CK where N 2% is the number of configured cells, and OCACK is the number of HARQ-bits
c=1

for the c-th serving cell defined in subclause 7.3.

TDD HARQ-ACK feedback procedures for one configured serving cell are given in subclause 10.1.3.1 and procedures
for more than one configured serving cell are given in subclause 10.1.3.2.

10.1.3.1 TDD HARQ-ACK procedure for one configured serving cell

HARQ-ACK transmission on two antenna ports (p €[pg, p1]) is supported for PUCCH format 1a/1b with TDD
HARQ-ACK bundling feedback mode and for PUCCH format 3.

A UE that supports aggregating more than one serving cell with frame structure type 2 can be configured by higher
layers for HARQ-ACK transmission on two antenna ports (p €[pg, p;]) for PUCCH format 1b with channel

selection.

The TDD HARQ-ACK procedure for a UE configured with PUCCH format 3 is as described in subclause 10.1.3.2.2
when the UE receives PDSCH and/or SPS release PDCCH/EPDCCH only on the primary cell.

If the UE is not configured with the higher layer parameter EIMTA-MainConfigServCell-r12, for TDD HARQ-ACK
bundling or TDD HARQ-ACK multiplexing for one configured serving cell and a subframe n with M =1 where M

is the number of elements in the set K defined in Table 10.1.3.1-1, the UE shall use PUCCH resource n,ﬁ{,@CH for
transmission of HARQ-ACK in subframe n for p mapped to antenna port p for PUCCH format 1a/1b, where

- If there is PDSCH transmission indicated by the detection of corresponding PDCCH/EPDCCH or there is
PDCCH/EPDCCH indicating downlink SPS release within subframe(s) n—k, where ke K and K (defined
in Table 10.1.3.1-1) is a set of M elements {ky,k;,---ky, ;} depending on the subframe n and the UL/DL
configuration (defined in Table 4.2-2 in [3]), and if PDCCH indicating PDSCH transmission or downlink SPS
release is detected in subframe n—k, , where k;, isthe smallest value in set K such that UE detects a
PDCCH/EPDCCH indicating PDSCH transmission or downlink SPS release within subframe(s) n—k and
k e K, the UE first selectsa ¢ value out of {0, 1, 2, 3} which makes N; <nccg < N¢,1 and shall use
Nl = (M —=m=1)-N, +m-N

e FNeee + NSeey forantennaport pg, where N$.q, is

configured by higher layers, N, = max{O, \_[NRDE% -(NSFéB -c—4)]/36 J} ,and ngce is the number of the first
CCE used for transmission of the corresponding PDCCH in subframe n-k, and the corresponding m. When

two antenna port transmission is configured for PUCCH format 1a/1b, the PUCCH resource for HARQ-ACK
bundling for antenna port p, is given by nF(,lL’,'(J:%H =M -m-1)-N_+m-N_,; +Ne +1+ NF(,lJCCH .

c+l

- For anon-BL/CE UE and if there is only a PDSCH transmission where there is not a corresponding
PDCCH/EPDCCH detected within subframe(s) n—k, where ke Kand K is defined in Table 10.1.3.1-1, the
UE shall use PUCCH format 1a/1b and PUCCH resource nF(,lu‘(’:)CH with the value of né,lu‘é)CH is determined

according to higher layer configuration and Table 9.2-2. For a UE configured for two antenna port
transmission for PUCCH format 1a/1b and HARQ-ACK bundling, a PUCCH resource value in Table 9.2-2

maps to two PUCCH resources with the first PUCCH resource n,(fU%)C)H for antenna port py and the second

PUCCH resource nélu%():H for antenna port p,, otherwise, the PUCCH resource value maps to a single PUCCH

(L,5)
resource Np gy for antenna port py.
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- If there is PDSCH transmission indicated by the detection of corresponding PDCCH/EPDCCH or there is
PDCCH/EPDCCH indicating downlink SPS release within subframe(s) n—k, where k e K and K (defined
in Table 10.1.3.1-1) is a set of M elements {ky,k;,---ky,_;} depending on the subframe n and the UL/DL
configuration (defined in Table 4.2-2 in [3]), and if EPDCCH indicating PDSCH transmission or downlink SPS
release is detected in subframe n-—Kk, , where k;, isthe smallest value in set K such that UE detects a
PDCCH/EPDCCH indicating PDSCH transmission or downlink SPS release within subframe(s) n—k and
k € K, the UE shall use

- if EPDCCH-PRB-set qis configured for distributed transmission

m-1
(L) _ (e1)
Nedcen = Necceg + Z Necce gk, T Aaro T Neuceng
10

- if EPDCCH-PRB-set 4is configured for localized transmission

_ n m-1

Lpy) _ ECCEq ECCE q ' (e1)

nPUCOCH = \‘ N ECCEa J : NRB + Z N ECCE,q,n—k;; +Nn +AARO + NPUCCH,q
RB i1=0

for antenna port pgy, where Nggce, is the number of the first ECCE (i.e. lowest ECCE index used to
construct the EPDCCH) used for transmission of the corresponding DCI assignment in EPDCCH-PRB-set qin

subframe n-k,, and the corresponding m, N éfi,l():CH’q for EPDCCH-PRB-set ¢ is configured by the higher

layer parameter pucch-ResourceStartOffset-ril, N ngCE'q for EEDCCH-PRB-set g in subframe n—k., is

given in subclause 6.8A.1 in [3], Nn'is determined from the antenna port used for EPDCCH transmission in
subframe n—Kk_, which is described in subclause 6.8A.5in [3]. If m=0, A,,, isdetermined from the

HARQ-ACK resource offset field in the DCI format of the corresponding EPDCCH as given in Table 10.1.2.1-
L1f m>0, A,y isdetermined from the HARQ-ACK resource offset field in the DCI format of the

corresponding EPDCCH as given in Table 10.1.3.1-2. If the UE is configured to monitor EPDCCH in
subframe n—k, NECCE’q'n_kil is equal to the number of ECCEs in EPDCCH-PRB-set ¢ configured for that

iz’
UE in subframen — k., . If the UE is not configured to monitor EPDCCH in subframe n—k;,, NECCEyq‘Hil is

equal to the number of ECCEs computed assuming EPDCCH-PRB-set ¢ is configured for that UE in subframe
n—k,, . For normal downlink CP, if subframe n—k;, is a special subframe with special subframe configuration

Oor5, NECCE,q,n—kil is equal to 0. For extended downlink CP, if subframe n—k, is a special subframe with
special subframe configuration O or 4 or 7, N ECCE q.n-k, IS equal to 0. When two antenna port transmission is

configured for PUCCH format 1a/1b, the PUCCH resource for HARQ-ACK bundling for antenna port p, is
given by

- if EPDCCH-PRB-set q is configured for distributed transmission

m-1

Lp) _ (e1)
Neicen = Necceq +1+ Z N ECCE qn-k; T Apro + NPUCCH,q
i1=0

- if EPDCCH-PRB-set qis configured for localized transmission

_ n m-1
€p) _ ECCEq ECCE q 1 (e1)
nPUCICH - \‘ N ECCE,q J : NRB +1+ Z NECCE,q,n—kI1 +n +AARO + NPUCCH,q
RB i1=0

- For a BL/CE UE, if there is only a PDSCH transmission within one or more consecutive BL/CE downlink
subframe(s) where subframe n—Xk, is the last subframe in which the PDSCH is transmitted where k e K and
K is defined in Table 10.1.3.1-1 and there is not a corresponding MPDCCH, the UE shall use PUCCH format
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1a and PUCCH resource né,b”é’gH where the value of néll’ﬁ?C)H is determined according to higher layer
configuration and Table 9.2-2.

- If there is PDSCH transmission indicated by the detection of corresponding MPDCCH or there is MPDCCH
indicating downlink SPS release within subframe(s) n—k, where ke K and K (defined in Table 10.1.3.1-1)

is a set of M elements {k,,ky,---ky_,} depending on the subframe n and the UL/DL configuration (defined in
Table 4.2-2 in [3]) and subframe n—Xk,, is the last subframe in which the PDSCH or MPDCCH indicating

downlink SPS release is transmitted and there isno K. € K where K. <K, andsubframe n—Kk_. isthe

last subframe in which a PDSCH indicated by the detection of corresponding MPDCCH or MPDCCH
indicating downlink SPS release is transmitted, the UE shall use

- if MPDCCH-PRB-set q is configured for distributed transmission

m-1

Lpo) _ (m1)
Npuceh = Necceq T Z NECCE,q,n—kil +Apro + NPUCCH,q
i1=0

- if MPDCCH-PRB-set Jis configured for localized transmission

n m-1
Lpy) _ ECCE,q ECCE, ! 1
nPU(‘?CH - \‘ N ECCE q J : N RB K + z N ECCE,q,n—k;; +Nn +AARO + NlganJC)CH,q
RB i1=0

for antenna port pg, where Ngoee, is the number of the first ECCE (i.e. lowest ECCE index used to construct
the MPDCCH) used for transmission of the corresponding DCI assignment in MPDCCH-PRB-set ¢,

Néﬂlc)Cqu for MPDCCH-PRB-set g is configured by the higher layer parameter n1IPUCCH-AN-InfoList-r13
for the corresponding CE level, N F'fé:CE’q for MPDCCH-PRB-set q is given in subclause 6.8A.1in [3], Nn'is

determined from the antenna port used for the MPDCCH transmission which is described in subclause 6.8A.5 in
[381.1f m=0, A, isdetermined from the HARQ-ACK resource offset field in the DCI format of the

corresponding MPDCCH as given in Table 10.1.2.1-1. If m>0, A, isdetermined from the HARQ-ACK

resource offset field in the DCI format of the corresponding MPDCCH as given in Table 10.1.3.1-2. If subframe
n—k,, isaBL/CE downlink subframe, N ECCE qnk, 15 €qual to the number of ECCEs in MPDCCH-PRB-set

q configured for that UE in subframen —k;, . If subframe n—k; is nota BL/CE downlink subframe,
N ECCE,qn-k, 15 €qualto 0. Fornormal downlink CP, if subframe n—k;, is a special subframe with special
subframe configuration 0 or 5, N ECCE qnk, IS €qual to 0. For extended downlink CP, if subframe n—k; isa

special subframe with special subframe configuration 0 or 4 or 7, NECCE,q,n—kil is equal to 0. When an
MPDCCH-PRB-set [ is 2+4, following procedures is applied.

o if the detected MPDCCH is located within 2 PRB set, n,(jlupc"gH is obtained by above procedure.

0 if the detected MPDCCH is located within 4 PRB set, néb%’gH is the sum between 2NF'{EBCCE’q and the
value obtained by above procedure.

o if the detected MPDCCH is MPDCCH format 5, nélu'z{’C)H is obtained by the above procedure with

Necceq =0

3GPP

Samsung Exhibit 1013, Page 276 of 381
Samsung Electronics Co., Ltd. v. Asus Technology Licensing Inc.
IPR2024-01036



Release 13 277

Table 10.1.3.1-1: Downlink association set K : {ky,ky,---ky_,} for TDD

3GPP TS 36.213 V13.2.0 (2016-06)

UL/DL Subframe n
Configuration | 0 | 1 2 3 4 |5]|6 7 819
0 6 - 4 6 -1 4
1 - |- 7,6 4 - - |- 7,6 4 -
2 - |- 8,7,4,6 - - -1 -18746]|-]|-
3 - |- 7,6,11 6,5 541 -1 - - - |-
4 - |- 12,8,7,11 6,5 4,7 - - |- - - |-
5 -1 -113,12,9,8,7,5,4,11,6 - - - |- - - |-
6 - |- 7 7 5 - |- 7 71 -

Table 10.1.3.1-1A: elMTA downlink association set K*: {kOA, k...

Higher layer parameter | Higher layer Subframe n

‘eimta-HARQ- parameter

ReferenceConfig-r12’ | ‘subframeAss | 0| 1 2 3 415|6 7 8|9
ignment’

0 - - 7,84 - - - 7,84 - |-

2 1 - | - 8,4 - - - 8,4 - |-

6 - |- 6,8,4 - - - 8,6,4 - |-

0 - |- 12,7,11,8 7,4,5,6 - - - - |-

4 1 - |- 12,8,11 756 | - - - e

3 - |- 12,8 4,7 - - - - |-

6 - | - 12,118 4,5,6 - - - - |-

0 -| -] 12,7,11,13,8,4,9,5 - - - - e

1 - - 13,12,8,11,4,9,5 - - - - - |-

5 2 - |- 13,12,9,11,5 - - - - - |-

3 - |- 13,12,5,4,8,9 - - - - - |-

4 -1 13,5,4,6,9 - - - - - |-

6 -|-] 13,12,11,6,8,4,9,5 - - - - - |-

Table 10.1.3.1-2: Mapping of ACK/NACK Resource offset Field in DCI format
values for TDD when m >0

1A/1B/1D/1/2A/2/2BI2C/2D/6-1A/6-1B to A

ARO
ACK/NACK Resource offset field in A
DCI format 1A/1B/1D/1/2A/2/2B/2C/2D ARO
0 0
m-1
1 - Z N ECCE,q.n-k; 2
i1=0
m-1
2 - Z N ECCE.qn-k, 1
il=m-|m/3]
3 2

3GPP

Samsung Exhibit 1013, Page 277 of 381
Samsung Electronics Co., Ltd. v. Asus Technology Licensing Inc.

IPR2024-01036



Release 13 278 3GPP TS 36.213 V13.2.0 (2016-06)

Table 10.1.3.1-3: Mapping of ACK/NACK Resource offset Field in DCI format

1A/1B/1D/1/2A/2/2B/2C/2D to Ay, values for TDD when i4=M"and i5#0

ACK/NACK Resource offset
field in A
DCI format ARO
1A/1B/1D/1/2A/2/2B/2C/2D
0 0
i4-1 i5-1
1 _Z N ECCE,q,n-k; _Z N ECCE,qn-k? 2
i1=0 i1=0
i4-1 i5-1 (|4 + |5)
2 B Z N ecce gk, ~ Z N ecceqnie =L 10 ={ 3
i1=min(i4, i4-5+i5) i1=max(0, i5-5)
3 2

If the UE is not configured with the higher layer parameter EIMTA-MainConfigServCell-r12, for TDD HARQ-ACK
multiplexing and sub-frame n with M >1 and one configured serving cell, where M is the number of elements in

the set K defined in Table 10.1.3.1-1, denote nél&CCH'i as the PUCCH resource derived from sub-frame n-k; and

HARQ-ACK(i) as the ACK/NACK/DTX response from sub-frame n—k; , where k; € K (defined in Table 10.1.3.1-1)
and 0<i<M -1.

For a PDSCH transmission indicated by the detection of corresponding PDCCH or a PDCCH indicating
downlink SPS release in sub-frame n—k; where k; € K, the PUCCH resource

nl(Dll)JCCH,i =(M—=i-1)-N¢+i-Ncyg +neegi +N SJCCH , Where ¢ is selected from {0, 1, 2, 3} such that

N¢ <nccei <Neyps Ne= max{O, \_[NF?'E; . (NSRCB -c—4)]/36 J} » Necei 18 the number of the first CCE used
for transmission of the corresponding PDCCH in subframe n—k;, and N{.., is configured by higher
layers.

For a PDSCH transmission where there is not a corresponding PDCCH/EPDCCH detected in subframe n—k; ,
the value of né,lL)JCCH’i is determined according to higher layer configuration and Table 9.2-2.

For a non-BL/CE UE and for a PDSCH transmission indicated by the detection of corresponding EPDCCH or a
EPDCCH indicating downlink SPS release in sub-frame n—k; where k; € K, the UE shall use

- if EPDCCH-PRB-set q is configured for distributed transmission

i—1
(1) _ (e1)
nPUCCH,i - nECCE,q + Z NECCE,q,n—k,l + AARO + N PUCCH,q

i1=0

- ifEPDCCH-PRB-set qis configured for localized transmission

n i-1

@ _ ECCEq ECCE q 1 (e1)

nPUCCH,i - [ N ECCE,q J N RB + Z N ECCE,q,n—kj; +n +AARO +N PUCCH,q
RB i1=0

where Ngceeq IS the number of the first ECCE (i.e. lowest ECCE index used to construct the EPDCCH) used

for transmission of the corresponding DCI assignment in EPDCCH-PRB-set q in subframe n—k,, N éej():CH’q
for EPDCCH-PRB-set q is configured by the higher layer parameter pucch-ResourceStartOffset-ri1 ,
N FEEECE"‘ for EEDCCH-PRB-set g in subframe n —k; is given in subclause 6.8A.1 in [3], n'is determined

from the antenna port used for EPDCCH transmission in subframe n —k; which is described in subclause
6.8A.5iIn[3].If i=0, A,y isdetermined from the HARQ-ACK resource offset field in the DCI format of
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the corresponding EPDCCH as given in Table 10.1.2.1-1. If i >0, A, is determined from the HARQ-

ACK resource offset field in the DCI format of the corresponding EPDCCH as given in Table 10.1.3.1-2, where
the variable m in the table is substituted with 1. If the UE is configured to monitor EPDCCH in subframe

n-k,, N ECCE -k, is equal to the number of ECCEs in EPDCCH-PRB-set q configured for that UE in

subframe n -k, . If the UE is not configured to monitor EPDCCH in subframe n—k;,, N ECCE qnk, 15€qual

to the number of ECCEs computed assuming EPDCCH-PRB-set q is configured for that UE in subframe
n—k., . For normal downlink CP, if subframe n—k;, is a special subframe with special subframe configuration
0Oor5 N ECCE.q,n-k, 1S €qual to 0. For extended downlink CP, if subframe n—k;, is a special subframe with

special subframe configuration O or 4 or 7, N ECCE gk, IS equal to 0.

- Fora BL/CE UE, for a PDSCH transmission detected in subframe n—k; without a corresponding MPDCCH,

the value of n,(,ll)JCCHi is determined according to higher layer configuration and Table 9.2-2.

- ForaBL/CE UE, for a PDSCH transmission in sub-frame n—k; where k; € K indicated by the detection of
corresponding MPDCCH or a MPDCCH indicating downlink SPS release in sub-frame n—k; where k; e K,
the UE shall use

- if MPDCCH-PRB-set q is configured for distributed transmission

i-1

1) _ (m1)
nPUCCH,i - nECCE,q + Z NECCE,q,n—kil + AARo + NPUCCH,q
i1=0

- if MPDCCH-PRB-set 4is configured for localized transmission

n i—1

1) | Mecceq ECCE,q ' (m1)

NpuceH,i = N ECCEa *Ngg + Z N ECCE,qn-k, TN +A o +N PUCCH,q
RB i1=0

where Ngcee IS the number of the first ECCE (i.e. lowest ECCE index used to construct the MPDCCH) used
for transmission of the corresponding DCI assignment in MPDCCH-PRB-set q, NF(,Elc)Cqu for MPDCCH-
PRB-set q is configured by the higher layer parameter n1PUCCH-AN-InfoList-r13 for the corresponding CE
level, N FEBCCE'q for MPDCCH-PRB-set q is given in subclause 6.8A.1in [3], n'is determined from the

antenna port used for the MPDCCH transmission which is described in subclause 6.8A.5in [3]. If i =0,
A jpo s determined from the HARQ-ACK resource offset field in the DCI format of the corresponding

MPDCCH as given in Table 10.1.2.1-1. If i >0, A, is determined from the HARQ-ACK resource offset
field in the DCI format of the corresponding MPDCCH as given in Table 10.1.3.1-2, where the variable m in
the table is substituted with 1. If subframe n—k,, isa BL/CE downlink subframe, N ECCE qnk, 1S €qualto

the number of ECCEs in MPDCCH-PRB-set q configured for that UE in subframen — k., . If subframe n—k,,
is not a BL/CE downlink subframe, N ECCE qn-k, 15 €qualto 0. Fornormal downlink CP, if subframe n—k;,
is a special subframe with special subframe configuration 0 or 5, N ECCE q.n-k, IS equal to 0. For extended
downlink CP, if subframe n—k,, is a special subframe with special subframe configuration 0 or 4 or 7,

NECCEM?kil is equal to 0. When an MPDCCH-PRB-set [ is 2+4, following procedures is applied.
o if the detected MPDCCH is located within 2 PRB set, né,lu"ggH is obtained by above procedure.

o if the detected MPDCCH is located within 4 PRB set, né,lu"ggH is the sum between 2NRE§CE'O' and the
value obtained by above procedure.
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o if the detected MPDCCH is MPDCCH format 5, nglupct’gH is obtained by the above procedure with

Necceq =0

If a UE is configured with the higher layer parameter EIMTA-MainConfigServCell-r12, then K'= K where the set K is
defined in Table 10.1.3.1-1 (where “UL/DL configuration” in the table refers to the higher layer parameter
subframeAsssignment), and M 'is the number of elements in set K'.

If a UE is configured with the higher layer parameter EIMTA-MainConfigServCell-r12, then the set K for the rest of
this subclause is as defined in Sec 10.2, and M is the number of elements for subframe n in the set K

If the UE is configured with the higher layer parameter EIMTA-MainConfigServCell-r12, for TDD HARQ-ACK
multiplexing and sub-frame ", denote nlglleCH,iO as the PUCCH resource derived from sub-frame n -k, and HARQ-

ACK(i0) as the ACK/NACK/DTX response from sub-framen —k, , where k; e K ,and 0<i<M —1.
- i0 corresponding to each subframe n -k, Vvi,0<i<M -1 is determined as follows
Set b=0;
for i2=01,..M -1
if the value of k/, is the same as the value of an element k. inset K, where k/, e K',

i0 corresponding to subframe n—k =b;
b=b+1
end if
end for
for i3=0,1,..,.M* -1
if the value of kig\ is same as the value of an element k; inset K, where ki € K* (defined in Table
10.1.3.1-1A)
i0 corresponding to subframe n—k =b;
b=b+1
end if
end for
- For a PDSCH transmission indicated by the detection of corresponding PDCCH or a PDCCH indicating

downlink SPS release in sub-frame n—k;,

- if the value of ki is same as the value of an element e inset K', the PUCCH resource né,lleCHviO is given

by nl(DlL)JCCH,iO =(M'-i2-1)- Nc +i2- Nc+1 +Necei + NIgBCCH ;

A
. . - . . A
- otherwise, if the value of " is same as the value of an element kis inset K®, where

Table 10.1.3.1-1A), the UE shall set, the PUCCH resource néﬂcm,io is given by

k khe K"

(defined in

1) _ A f KA .
Nedeenio = (M7 =i3=1) - N +13-Ng,y +Nece i + Npyeey
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where M * is the number of elements in the set K A defined in Table 10.1.3.1-1A, € is selected from {0, 1,

N¢ = max{O, L[NEQ NRB.c—4)]/36 J}

< : .
2, 3} such that Ne <Nece,i < N”l, , eCEi i the number of the

— o
first CCE used for transmission of the corresponding PDCCH in subframe n-k ,and NEUACCH , Npucen ,are

configured by higher layers.

- For a PDSCH transmission where there is not a corresponding PDCCH/EPDCCH detected in subframe n—k ,

the value of néldccmo is determined according to higher layer configuration and Table 9.2-2.

- For a PDSCH transmission indicated by the detection of corresponding EPDCCH or a EPDCCH indicating

n—Kk, k; e K

downlink SPS release in sub-frame i where , the UE shall use

- if EPDCCH-PRB-set Yis configured for distributed transmission
i4-1 i5-1

) _ Z ’ Z ’ ' (e1)
nPUCCH,iO - nECCE,q + NECCE,q,n—ki’l + NECCE,q,n—ki’i + AARO + NPUCCH,q
i1=0 i1=0

- if EPDCCH-PRB-set Yis configured for localized transmission

n i4-1 i5-1
) _ ECCEq | nJECCEq z ' z ’ ' ' (e1)
Neucchio = [ N ECCE.q Nrg + N ECCE ,q,n—ki; +2 N ECCE q,n-ki} N Appo + NPUCCH,q

RB i1=0 i1=0

where

- ifthe value of Ki is same as the value of an index |<'iz,where k'€ K" then i4=i2and i5=0;

- otherwise, if the value of Ki is same as the value of an index ké, where ki/; € KA, then i4=M'and i5=i3;

, and where Necceq is the number of the first ECCE (i.e. lowest ECCE index used to construct the EPDCCH) used for
transmission of the corresponding DCI assignment in EPDCCH-PRB-set 0 in subframe N— ki, N p(fﬁlc);CH,q for
EPDCCH-PRB-set 0 is configured by the higher layer parameter pucch-ResourceStartOffset-ri1, N EBCCE’Q for

EPDCCH-PRB-set 4 in subframe N—K; is given in subclause 6.8A.1 in [3], Nn'is determined from the antenna port
used for EPDCCH transmission in subframe N—K; which is described in subclause 6.8A.5 in [3].

A'jro s determined as follows

- 11 14=0 and i5=0, A' g0 s determined from the HARQ-ACK resource offset field in the DCI format
of the corresponding EPDCCH as given in Table 10.1.2.1-1.

- If 0<i4<M'and i5=0, A',y, isdetermined from the HARQ-ACK resource offset field in the DCI
format of the corresponding EPDCCH as given in Table 10.1.3.1-2, where the variable A ,., in the table is

substituted with A" ., , the variable M in the table is substituted with 14 the variable N in the table is

substituted with N'and the variable k;,in the table is substituted with k', .

- If i4=M'and i5#0, A',q, isdetermined from the HARQ-ACK resource offset field in the DCI format
of the corresponding EPDCCH as given in Table 10.1.3.1-3,

For a given subframe u ~ N'gece o, is determined as follows

- If the UE is configured to monitor EPDCCH in subframe Y, N'c..¢ ., isequal to the number of ECCEs
in EPDCCH-PRB-set 4 configured for that UE in subframe U,
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- If the UE is not configured to monitor EPDCCH in subframe Y, N |ECCE,q,u is equal to the number of

ECCEs computed assuming EPDCCH-PRB-set s configured for that UE in subframe U,

- For normal downlink CP, if subframe U is a special subframe with special subframe configuration 0 or 5,
N'cccequ iSequal toO.

- For extended downlink CP, if subframe U is a special subframe with special subframe configuration 0 or 4
or7, N'gcee g i €qual to 0.

For a non-BL/CE UE, if the UE is not configured with two antenna port transmission for PUCCH format 1b with
channel selection, and if the UE is not configured with the higher layer parameter EIMTA-MainConfigServCell-r12,
based on higher layer signalling the UE configured with a single serving cell will perform channel selection either
according to the set of Tables 10.1.3-2, 10.1.3-3, and 10.1.3-4 or according to the set of Tables 10.1.3-5, 10.1.3-6, and
10.1.3-7.

If a UE is configured with two antenna port transmission for PUCCH format 1b with channel selection, and if the UE is
not configured with the higher layer parameter EIMTA-MainConfigServCell-r12, then the UE will perform channel
selection according to the set of Tables 10.1.3-5, 10.1.3-6, and 10.1.3-7.

If the UE is configured with the higher layer parameter EIMTA-MainConfigServCell-r12, the UE configured with a
single serving cell will perform channel selection according to the set of Tables 10.1.3-5, 10.1.3-6, and 10.1.3-7.

For the selected table set, the UE shall transmit b(0),b(1) on PUCCH resource né,lu@CH in sub-frame n for p

mapped to antenna port P using PUCCH format 1b according to subclause 5.4.1 in [3] where

n;(vlu@m = nE,l&CCH for antenna port p,and the value of b(0),b(1) and the PUCCH resource nl(DlL)JCCH are

generated by channel selection according to the selected set of Tables for M = 2, 3, and 4 respectively

né{,@éH for antenna port p, , where né{%&H is selected from PUCCH resources né{;@%Hyi configured by
higher layers where 0<i< M -1, according to selected set of Tables for M = 2, 3, and 4 respectively by
replacing néll)JCCH with nélu'é%H and replacing n,&{’JCCHVi with né{;pggH,i , When the UE is configured with two

antenna port transmission for PUCCH format 1b with channel selection.

Table 10.1.3-2: Transmission of HARQ-ACK multiplexing for M = 2

HARQ-ACK(0), HARQ-ACK(1) | n§.cy | b(0),b(®)
ACK, ACK Ncens | 11
ACK, NACK/DTX NScero | 0.1
NACK/DTX, ACK Ncens | 0.0
NACK/DTX, NACK Ncens | 1.0
NACK, DTX NScero | 1.0
DTX, DTX No transmission
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Table 10.1.3-3: Transmission of HARQ-ACK multiplexing for M = 3
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HARQ-ACK(0), HARQ-ACK(1), HARQ-ACK(2) | n¥., | b(0),b()

ACK, ACK, ACK Neenz | L1

ACK, ACK, NACK/DTX Necrs | L1
ACK, NACK/DTX, ACK NSceno | 11
ACK, NACK/DTX, NACK/DTX Ncero | 0.1
NACK/DTX, ACK, ACK Neenz | 1.0
NACK/DTX, ACK, NACK/DTX Ncens | 0.0
NACK/DTX, NACK/DTX, ACK Ncenz | 0.0
DTX, DTX, NACK Necnz | 0.1

DTX, NACK, NACK/DTX Ncens | 1.0
NACK, NACK/DTX, NACK/DTX Nccro | 1.0

DTX, DTX, DTX

No transmission
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Table 10.1.3-4: Transmission of HARQ-ACK multiplexing for M = 4

HARQ-ACK(0), HARQ-ACK(1), HARQ-ACK(2), HARQ-ACK(3) | n%.y | 0(0),b(D)
ACK, ACK, ACK, ACK Neers | L1
ACK, ACK, ACK, NACK/DTX Necns | 1.0
NACK/DTX,NACK/DTX,NACK,DTX Ncens | 11
ACK, ACK, NACK/DTX, ACK Neers | 1,0
NACK, DTX, DTX, DTX Necro | 1.0
ACK, ACK, NACK/DTX, NACK/DTX NOcens | 1.0
ACK, NACK/DTX, ACK, ACK Ncens | 0.1
NACK/DTX, NACK/DTX, NACK/DTX, NACK Ncens | 11
ACK, NACK/DTX, ACK, NACK/DTX Ncens | 0.1
ACK, NACK/DTX, NACK/DTX, ACK Ncero | 0.1
ACK, NACK/DTX, NACK/DTX, NACK/DTX Neco | 11
NACK/DTX, ACK, ACK, ACK NScens | 0.1
NACK/DTX, NACK, DTX, DTX Nccrs | 0.0
NACK/DTX, ACK, ACK, NACK/DTX Neenz | 1.0
NACK/DTX, ACK, NACK/DTX, ACK Ncens | 1.0
NACK/DTX, ACK, NACK/DTX, NACK/DTX Neers | 0.1
NACK/DTX, NACK/DTX, ACK, ACK Neens | 0.1
NACK/DTX, NACK/DTX, ACK, NACK/DTX NQecnz | 0.0
NACK/DTX, NACK/DTX, NACK/DTX, ACK Ncens | 0.0
DTX, DTX, DTX, DTX No transmission

Table 10.1.3-5: Transmission of HARQ-ACK multiplexing for M = 2

HARQ-ACK(0), HARQ-ACK(1) | n% ., | b(O)b(D)
@

ACK, ACK Nelcchs | 1.0
@

ACK, NACK/DTX NeccHo | L1
@

NACK/DTX, ACK Nelcchs | 0.1
@)

NACK, NACK/DTX NedccHo | 0.0

DTX, NACK/DTX No Transmission

Table 10.1.3-6: Transmission of HARQ-ACK multiplexing for M = 3
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HARQ-ACK(0), HARQ-ACK(1), HARQ-ACK(2) | n§).cyy | b(0)b(@)

ACK, ACK, ACK nPecrz | 1.1

ACK, ACK, NACK/DTX nccns | 1.0

ACK, NACK/DTX, ACK nYecnz | 1.0

ACK, NACK/DTX, NACK/DTX nPecro | 11
NACK/DTX, ACK, ACK nYecnz | 0.1
NACK/DTX, ACK, NACK/DTX nccns | 0.1
NACK/DTX, NACK/DTX, ACK necrz | 0.0

NACK, NACK/DTX, NACK/DTX nYecno | 0.0

DTX, NACK/DTX, NACK/DTX No Transmission

Table 10.1.3-7: Transmission of HARQ-ACK multiplexing for M = 4

HARQ-ACK(0), HARQ-ACK(1), HARQ-ACK(2), HARQ-ACK(3) | n$)ccy b(0)b(1)
ACK, ACK, ACK, ACK nPecns | L1
ACK, ACK, ACK, NACK/DTX nccrz | L1
ACK, ACK, NACK/DTX, ACK nUecno | 1.0
ACK, ACK, NACK/DTX, NACK/DTX nPecns | 1.0
ACK, NACK/DTX, ACK, ACK necrs | 1.1
ACK, NACK/DTX, ACK, NACK/DTX nVecnz | 1.0
ACK, NACK/DTX, NACK/DTX, ACK nVecno | 01
ACK, NACK/DTX, NACK/DTX, NACK/DTX nPecno | 11
NACK/DTX, ACK, ACK, ACK necns | 0.0
NACK/DTX, ACK, ACK, NACK/DTX nVecnz | 01
NACK/DTX, ACK, NACK/DTX, ACK nccrs | 1.0
NACK/DTX, ACK, NACK/DTX, NACK/DTX nQecns | 0.1
NACK/DTX, NACK/DTX, ACK, ACK necns | 0.1
NACK/DTX, NACK/DTX, ACK, NACK/DTX necuz | 0.0
NACK/DTX, NACK/DTX, NACK/DTX, ACK necrs | 0.0
NACK, NACK/DTX, NACK/DTX, NACK/DTX nYecno | 0.0
DTX, NACK/DTX, NACK/DTX, NACK/DTX No Transmission
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10.1.3.2 TDD HARQ-ACK procedure for more than one configured serving cell

If a UE configured with EIMTA-MainConfigServCell-r12 for a serving cell, “UL/DL configuration” of the serving cell
in the rest of this subclause refers to the UL/DL configuration given by the parameter eimta-HARQ-ReferenceConfig-
r12 for the serving cell unless specified otherwise.

The TDD HARQ-ACK feedback procedures for more than one configured serving cell are either based on a PUCCH
format 1b with channel selection HARQ-ACK procedure as described in subclause 10.1.3.2.1 or a PUCCH format 3
HARQ-ACK procedure as described in subclause 10.1.3.2.2 or a PUCCH format 4 HARQ-ACK procedure as described
in subclause 10.1.3.2.3 or a PUCCH format 5 HARQ-ACK procedure as described in subclause 10.1.3.2.4.

HARQ-ACK transmission on two antenna ports (p [pg, p1]) is supported for PUCCH format 3 and TDD with more
than one configured serving cell.

If a UE is configured with more than one serving cell and the TDD UL/DL configurations of all serving cells are the
same, TDD UL/DL configuration 5 with PUCCH format 3 is only supported for up to two configured serving cells.

If a UE is configured with two serving cells and the TDD UL/DL configuration of the two serving cells is the same,
TDD UL/DL configuration 5 with PUCCH format 1b with channel selection for two configured serving cells is not
supported. If a UE is configured with two serving cells and if the TDD UL/DL configuration of the two serving cells are
not the same and if the DL-reference UL/DL configuration (as defined in subclause 10.2) of at least one serving cell is
TDD UL/DL Configuration 5, PUCCH format 1b with channel selection is not supported.

If a UE is configured with the parameter EIMTA-MainConfigServCell-r12 for at least one serving cell and is configured
with PUCCH format 3 without PUCCH format 4/5 configured, the UE is not expected to be configured with more than
two serving cells having UL/DL Configuration 5 as a DL-reference UL/DL configuration.

HARQ-ACK transmission on two antenna ports (p €[pg, p1]) is supported for PUCCH format 1b with channel
selection and TDD with two configured serving cells.

10.1.3.2.1 PUCCH format 1b with channel selection HARQ-ACK procedure

If a UE is configured with the higher layer parameter EIMTA-MainConfigServCell-r12, thenK'= K where the set K is
defined in Table 10.1.3.1-1 (where "UL/DL configuration™ in the table refers to the higher layer parameter
subframeAssignment), and M "is the number of elements in set K'.

If a UE is configured with two serving cells with the same UL/DL configurations, then in the rest of this subcaluse, K

is as defined in Sec 10.2 and M is the number of elements for subframe nin the set K,and M orimary =M -
If a UE is configured with two serving cells with different UL/DL configurations,
- then the UE shall determine M for a subframe n in this subclause as M = max(M primary * M secondary ) where

- M primary denotes the number of elements for subframe n in the set K for the primary cell (as defined in
subclause 10.2)

- M denotes the number of elements for subframe n in the set K for the secondary serving cell (as
sec ondary c

defined in subclause 10.2)

- if Mgongary <M, then the UE shall, for the secondary serving cell, set HARQ-ACK((j) to DTX for j =
M to M -1.

sec ondary

- if M nay <M, then the UE shall, for the primary cell, set HARQ-ACK(j) to DTX forj= M to

M-1

primary

If the UE is configured with two serving cells with different UL/DL configurations, then in the rest of this subclause,
K =K, where K. is defined in subclause 10.2.

For TDD HARQ-ACK multiplexing with PUCCH format 1b with channel selection and two configured serving cells
and a subframe n with M =1, a UE shall determine the number of HARQ-ACK bits, o, based on the number of
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configured serving cells and the downlink transmission modes configured for each serving cell. The UE shall use two
HARQ-ACK bits for a serving cell configured with a downlink transmission mode that supports up to two transport
blocks; and one HARQ-ACK bit otherwise.

For TDD HARQ-ACK multiplexing with PUCCH format 1b with channel selection and two configured serving cells
and a subframe n with M < 2, the UE shall transmit p(o)b1) on PUCCH resource né,t‘é)CH for p mapped to antenna
port p using PUCCH format 1b where

n,gluﬁc)w = né,lL)JCCH for antenna port p,, where né,l&CCH selected from A PUCCH resources, nF(’lL?ICCH,j

where 0< j< A-1 and Ae{2,3,4}, according to Tables 10.1.3.2-1, 10.1.3.2-2, and 10.1.3.2-3 in subframe n
using PUCCH format 1b.

- né,lUié%H for antenna port p, , where né,bié%H selected from A PUCCH resources, nét%():Hyjconfigured by

higher layers where 0< j< A-1 and Ae{2,3,4}, according to Tables 10.1.3.2-1, 10.1.3.2-2, and 10.1.3.2-3 by

replacing nl(DlL)JCCHwith nébﬁc%H and replacing né,lL),CCHVi with nét?;éH’i in subframe n, when the UE is

configured with two antenna port transmission for PUCCH format 1b with channel selection,
and for a subframe n with M =1, HARQ-ACK(j) denotes the ACK/NACK/DTX response for a transport block or SPS
release PDCCH/EPDCCH associated with serving cell, where the transport block and serving cell for HARQ-ACK())
and A PUCCH resources are given by Table 10.1.2.2.1-1. For a subframe n with M =2, HARQ-ACK(j) denotes the
ACK/NACK/DTX response for a PDSCH transmission or SPS release PDCCH/EPDCCH within subframe(s) given by
set K on each serving cell, where the subframes on each serving cell for HARQ-ACK(j) and A PUCCH resources
are given by Table 10.1.3.2-4.
If the UE is not configured with the higher layer parameter EIMTA-MainConfigServCell-r12, the UE shall determine
the A PUCCH resources, né’l&CCH,j associated with HARQ-ACK(j) where 0< j< A-1 in Table 10.1.2.2.1-1 for
M =1 and Table 10.1.3.2-4 for M =2, according to

- for a PDSCH transmission indicated by the detection of a corresponding PDCCH in subframe N — krn , Where
k, € K onthe primary cell, or for a PDCCH indicating downlink SPS release (defined in subclause 9.2) in

subframe N — km , where k, € K on the primary cell, the PUCCH resource is

(1) _ @) .
NeoceH,j = (M primary — M —1)- N +m-N¢; +Necgm + Npgeen » Where ¢ s selected from {0, 1, 2, 3}

suchthat N, <noce < Ny, N, =max{0,[ [N25 (NP8 -c—4)]/36 |} where N2 is
determined from the primary cell, and for a subframe n with M =1 and a transmission mode that supports up
to two transport blocks on the serving cell where the corresponding PDSCH transmission occurs, the PUCCH

] s (i (1) — )
resource Npyccn, j.1 1S Given by Npgeey jug = (M primary — M _1)' Ne+m-Ne,y +Nece m +1+ Npgeen

where Neee o, is the number of the first CCE used for transmission of the corresponding DCI assignment and

NSy is configured by higher layers.

- for a PDSCH transmission on the primary cell where there is not a corresponding PDCCH/EPDCCH detected
within subframe(s) n—k, where k € K, the value of né,BCCH'j is determined according to higher layer
configuration and Table 9.2-2.

- For a PDSCH transmission indicated by the detection of corresponding EPDCCH or a EPDCCH indicating
downlink SPS release in sub-frame N — km wherek , € K on the primary cell, the PUCCH resource
né,lL)JCCHJ is given by

- if EPDCCH-PRB-set qis configured for distributed transmission

m-1
(1) _ (e1)
Npdeen,j = Necceg T z Necce gk, T Aaro T Neuccrg
i=0
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- if EPDCCH-PRB-set Yis configured for localized transmission

n m-1

® | Meceeg ECCE.q . e1)

Npucen,j = L N ECCE 0 J Negg "+ Z Necce gnk, TN +Axo + Neyceng
RB i=0

where Ngcceq is the number of the first ECCE (i.e. lowest ECCE index used to construct the EPDCCH) used

for transmission of the corresponding DCI assignment in EPBDCCH-PRB-set q in subframe n—-k_, N ﬁ})CCHVq
for EPDCCH-PRB-set q is configured by the higher layer parameter pucch-ResourceStartOffset-ril ,

N FESCE'q for EEDCCH-PRB-set ¢ in subframe n—k_ is given in subclause 6.8A.1in [3], N'is determined
from the antenna port used for EPDCCH transmission in subframe n—k_ which is described in subclause
6.8A5In[3].1f m=0, A,q, isdetermined from the HARQ-ACK resource offset field in the DCI format of
the corresponding EPDCCH as given in Table 10.1.2.1-1. If m >0, A ., is determined from the HARQ-
ACK resource offset field in the DCI format of the corresponding EPDCCH as given in Table 10.1.3.1-2. If the
UE is configured to monitor EPDCCH in subframe n—k,, N ECCE.qn-k, 1S equal to the number of ECCEs in

EPDCCH-PRB-set q configured for that UE in subframe n—k., . If the UE is not configured to monitor
EPDCCH in subframe n—k,, N ECCE,qn-k, 15 €qualto the number of ECCEs computed assuming EPDCCH-
PRB-set q is configured for that UE in subframe n —k;, . For normal downlink CP, if subframe n—k;, isa
special subframe with special subframe configuration 0 or 5, N ECCE,qn—k,, 1S €qual to 0. For extended downlink
CP, if subframe n—k;, is a special subframe with special subframe configuration 0 or 4 or 7, N ECCE qnk, IS
equal to 0. For a subframe nwith M =1 and a transmission mode that supports up to two transport blocks on

the serving cell where the corresponding PDSCH transmission occurs, the PUCCH resource np(’ldccru,ju is
given by

- if EPDCCH-PRB-set qis configured for distributed transmission

m-1
p) _ (e1)
Neuceh = nECCE,q +1+ Z N ECCE,q,n—kj; + AARO + NPUCCH,q
i1=0

- if EPDCCH-PRB-set Yis configured for localized transmission

_ n m-1
p) ECCE,q ECCE q ' (e1)
nPUClCH - \‘ N ECCE,q J -N RB +1+ Z NECCE,q,n—ki1 +n +AARO + NPUCCH,q
RB i1=0

- for a PDSCH transmission indicated by the detection of a corresponding PDCCH/EPDCCH within subframe(s)
n—k, where k e K on the secondary cell, the value of néﬂCCH’j , and the value of né,lL)JCCHYM fora

subframe n with M =2 or for a subframe n with M =1 and a transmission mode on the secondary cell that
supports up to two transport blocks is determined according to higher layer configuration and Table 10.1.2.2.1-
2. The TPC field in the DCI format of the corresponding PDCCH/EPDCCH shall be used to determine the
PUCCH resource values from one of the four resource values configured by higher layers, with the mapping
defined in Table 10.1.2.2.1-2. For a UE configured for a transmission mode on the secondary cell that supports
up to two transport blocks and a subframe n with M =1, or for a subframe n with M =2, a PUCCH resource

value in Table 10.1.2.2.1-2 maps to two PUCCH resources (NSccy j» MOcc jo1) - Otherwise, the PUCCH

resource value maps to a single PUCCH resource né,lL)JCCHJ . A UE shall assume that the same HARQ-ACK
PUCCH resource value is transmitted in the TPC field on all PDCCH/EPDCCH assignments on the secondary
cell within subframe(s) n—k, where k e K .

Table 10.1.3.2-1: Transmission of HARQ-ACK multiplexing for A = 2
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289
HARQ-ACK(0), HARQ-ACK(1) | n%., | b(O)b()
ACK, ACK necry | 1.0
ACK, NACK/DTX nPeono | L1
NACK/DTX, ACK nlccns | 0.1
NACK, NACK/DTX necro | 0.0
DTX, NACK/DTX No Transmission

Table 10.1.3.2-2: Transmission of HARQ-ACK multiplexing for A =3

NBPUCCH,0

HARQ-ACK(0), HARQ-ACK(1), HARQ-ACK(2) | n§.cy | b(0)b(2)

ACK, ACK, ACK nWecnz | L1

ACK, ACK, NACK/DTX necns | 1.0

ACK, NACK/DTX, ACK nPecrz | 1.0

ACK, NACK/DTX, NACK/DTX nYecno | L1
NACK/DTX, ACK, ACK L
NACK/DTX, ACK, NACK/DTX nlccr | 01
NACK/DTX, NACK/DTX, ACK nYecnz | 0.0

NACK, NACK/DTX, NACK/DTX & 0,0

DTX, NACK/DTX, NACK/DTX

No Transmission

Table 10.1.3.2-3: Transmission of HARQ-ACK multiplexing for A= 4
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HARQ-ACK(0), HARQ-ACK(1), HARQ-ACK(2), HARQ-ACK(3)

RECE

ACK, ACK, ACK, ACK

@
MpuccHy | 11

ACK, ACK, ACK, NACK/DTX

@
NBUCCH,2 1,1

ACK, ACK, NACK/DTX, ACK

)]
NpUCCH,0 1,0

ACK, ACK, NACK/DTX, NACK/DTX

(@)
NBUCCH,1 1,0

ACK, NACK/DTX, ACK, ACK

(@)
NpUccH,3 1,1

ACK, NACK/DTX, ACK, NACK/DTX

@
NpUCCH,2 1,0

ACK, NACK/DTX, NACK/DTX, ACK

@
NpuccHo | 01

ACK, NACK/DTX, NACK/DTX, NACK/DTX

@
Npoccho | 11

NACK/DTX, ACK, ACK, ACK

@)
NpOccHy | 0.0

NACK/DTX, ACK, ACK, NACK/DTX

@
NpuccH2 | 0.1

NACK/DTX, ACK, NACK/DTX, ACK

)
NpuccHs | 1.0

NACK/DTX, ACK, NACK/DTX, NACK/DTX

@)
NpOccHy | 0.1

NACK/DTX, NACK/DTX, ACK, ACK

@
NpuccHs | 01

NACK/DTX, NACK/DTX, ACK, NACK/DTX

@
NBUCCH,2 0,0

NACK/DTX, NACK/DTX, NACK/DTX, ACK

@)
NpuccHz | 0.0

NACK, NACK/DTX, NACK/DTX, NACK/DTX

@
NpuccHo | 0.0

DTX, NACK/DTX, NACK/DTX, NACK/DTX

No Transmission

Table 10.1.3.2-4: Mapping of subframes on each serving cell to HARQ-ACK(j) for PUCCH format 1b
HARQ-ACK channel selection for TDD with M =2

HARQ-ACK(j)
A
HARQ-ACK(0) HARQ-ACK(1) HARQ-ACK(2) HARQ-ACK(3)
The first subframe | The second subframe | The first subframe | The second subframe
4 : X
of Primary cell of Primary cell of Secondary cell of Secondary cell

For TDD HARQ-ACK multiplexing with PUCCH format 1b with channel selection and sub-frame n with M > 2
and two configured serving cells, denotes nE,lL),CCH'i 0 <i<3as the PUCCH resource derived from the transmissions

in M downlink or special sub-frames associated with the UL subframe n

) @ .
- NMogceno and Npgeey o are associated

with the PDSCH transmission(s) or a PDCCH/EPDCCH indicating downlink SPS release (defined in subclause 9.2) on

®

the primary cell and  Ngjjecy, and né,lL),CCHYS are associated with the PDSCH transmission(s) on the secondary cell.

For Primary cell:

- If the UE is not configured with the higher layer parameter EIMTA-MainConfigServCell-r12 on the primary cell,
and if there is a PDSCH transmission on the primary cell without a corresponding PDCCH/EPDCCH detected
within the subframe(s) n—k, where k e K,

- the value of néﬂccm is determined according to higher layer configuration and Table 9.2-2.
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for a PDSCH transmission on the primary cell indicated by the detection of a corresponding PDCCH in
subframe N— km , where K., € K with the DAI value in the PDCCH equal to '1' (defined in Table 7.3-X)
or a PDCCH indicating downlink SPS release (defined in subclause 9.2) in subframe N — km , Where

km € K with the DAI value in the PDCCH equal to '1', the PUCCH resource

né,lL),CCHyl = (M primary — M —l)- Ne+m-Ng; +Necem + N e Where c is selected from {0, 1, 2, 3}

c+l
such that N, <Noce < Ny, N, =max{0,[ [N25 (NP8 -c—4)]/36 |}, where ne, ,, isthe
number of the first CCE used for transmission of the corresponding PDCCH in subframe n-k_, and
NSccy s configured by higher layers.

for a PDSCH transmission on the primary cell indicated by the detection of a corresponding EPDCCH in
subframe N—K_ , where K € K with the DAI value in the EPDCCH equal to '1' (defined in Table 7.3-X)
or an EPDCCH indicating downlink SPS release (defined in subclause 9.2) in subframe N — km , Where

km € K with the DAI value in the EPDCCH equal to '1', the PUCCH resource is given by

- If EPDCCH-PRB-set q is configured for distributed transmission

m-1
1 _ (e1)
nPUCCH,l = nECCE,q + Z NECCE,q,n—kn + AARo + NPUCCH,q
i1=0

- If EPDCCH-PRB-set qis configured for localized transmission

n m-1

16 . ECCEq ECCE.q . (e1)

nPUCCH,l = |‘ N ECCE.a J : NRB + Z NECCE,q,n,ki1 +n +AARO + NPUCCH,q
RB i1=0

where Nggceq IS the number of the first ECCE (i.e. lowest ECCE index used to construct the EPDCCH)

used for transmission of the corresponding DCI assignment in EPDCCH-PRB-set q in subframe n—k_,

N F(,ejéCqu for EPDCCH-PRB-set q is configured by the higher layer parameter pucch-ResourceStartOffset-

riz, N FESCE'q for EEDCCH-PRB-set ¢ in subframe n—k_is given in subclause 6.8A.1in [3], n'is
determined from the antenna port used for EPDCCH transmission in subframe n —k, which is described in
subclause 6.8A5in [3]. If m=0, A,., isdetermined from the HARQ-ACK resource offset field in the
DCI format of the corresponding EPDCCH as given in Table 10.1.2.1-1. If m>0, A ,., is determined

from the HARQ-ACK resource offset field in the DCI format of the corresponding EPDCCH as given in
Table 10.1.3.1-2. If the UE is configured to monitor EPDCCH in subframe n—k.,, N ECCE qn-k, 1S €qualto
the number of ECCEs in EPDCCH-PRB-set ¢ configured for that UE in subframe n—k;, . If the UE is not
configured to monitor EP(DCCH in subframe n—k,, N ECCE,qn-k, 19 €qual to the number of ECCEs
computed assuming EPDCCH-PRB-set ¢ is configured for that UE in subframe n —k;, . For normal downlink
CP, if subframe n—k,, isa special subframe with special subframe configuration 0 or 5, N ECCE gk, IS
equal to 0. For extended downlink CP, if subframe n—k;, is a special subframe with special subframe

configuration 0O or 4 or 7, N ECCE q.n-k, IS €qual to 0.

- If the UE is configured with the higher layer parameter EIMTA-MainConfigServCell-r12 on the primary cell, and
if there is a PDSCH transmission on the primary cell without a corresponding PDCCH/EPDCCH detected within
the subframe(s) n—k, where ke K,

the value of né’BCCH,O is determined according to higher layer configuration and Table 9.2-2.
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for a PDSCH transmission on the primary cell indicated by the detection of a corresponding PDCCH in
subframe n—k; , where k; € K with the DAI value in the PDCCH equal to '1' (defined in Table 7.3-X) or

a PDCCH indicating downlink SPS release (defined in subclause 9.2) in subframe n—k; , where k. e K
with the DAI value in the PDCCH equal to '1',

- ifthe value of k; is same as the value of an element k',,, where k',,e K", the PUCCH resource

1) - - 1 I H 1 .
NeUcen 1S given by nédccm =(M'-i2-1)-N_ +i2-N_,; +Ncee; + NF(>L3CCH ;

- otherwise, if the value of k; is same as the value of an element k3 inset K*, where k/ e K* (defined

in Table 10.1.3.1-1A), the PUCCH resource ngBCCH,l is given by

(o) _ A s : KA .
Nedceny = (M7 =13=1)- N +i3- N3 +Neee; + Nppeey s

where M is the number of elements in the set K* defined in Table 10.1.3.1-1A ,where ¢ is selected
from {0, 1,2, 3} suchthat N <ncee; <N, N_ = max{ 0, L[NF?EE ((NX®.c-4)]/36 J }
where N% is determined from the primary cell, nccg; is the number of the first CCE used for

transmission of the corresponding PDCCH in subframe n—k. , and NXjoo,, N&egy » are configured by
higher layers .

for a PDSCH transmission on the primary cell indicated by the detection of a corresponding EPDCCH in
subframen—k, , where k; e K with the DAI value in the EPDCCH equal to '1' (defined in Table 7.3-X) or

an EPDCCH indicating downlink SPS release (defined in subclause 9.2) in subframe n—k; , where
k; € K with the DAI value in the EPDCCH equal to '1', the PUCCH resource is given by

- If EPDCCH-PRB-set q is configured for distributed transmission

i4-1 i5-1
(1) _ Z ' ' ' (e1)
r-]PUCCH,l - r-]ECCE,q + N ECCE,q,n—k/; + N ECCE,q,n—kI’; + AARO +N PUCCH,q
i1=0 i1=0

- If EPDCCH-PRB-set qis configured for localized transmission

n i4-1 i5-1
0 _ | Mecceq | pjECCEQ z ' z ' N (1)
Meucen,s = L N ECCE.a J Nrg + NE(:(:E,q,n—k{1 + 2N ECCE,q,n—k/; TN+ Aggo + NPUCCH“
RB i1=0 i1=0

where

- ifthe value of k; issame as the value of an index k', , where k',e K',then i4=i2and i5=0;

- otherwise, if the value of k; is same as the value of an index ki’;, where kig e K*, then i4=M"'and
i5=i3;

,and where Ngeep s the number of the first ECCE (i.e. lowest ECCE index used to construct the

EPDCCH) used for transmission of the corresponding DCI assignment in EPDCCH-PRB-set ¢ in subframe

n—xk N é,eul)CCH,q for EPDCCH-PRB-set q is configured by the higher layer parameter pucch-

ResourceStartOffset-ril, N F'fgCE‘q for EPDCCH-PRB-set qin subframe n—k; is given in subclause
6.8A.1in [3], n"is determined from the antenna port used for EFDCCH transmission in subframe

n —k,, which is described in subclause 6.8A5in [3]. A'yeq N'eece gni, N

EcCEqn ki &€ determined

as described in section 10.1.3.1.
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- HARQ-ACK(0) is the ACK/NACK/DTX response for the PDSCH transmission without a corresponding
PDCCH/EPDCCH. For 1< j<M -1, ifa PDSCH transmission with a corresponding PDCCH/EPDCCH

and DAI value in the PDCCH/EPDCCH equal to ' j ' or a PDCCH/EPDCCH indicating downlink SPS release
and with DAI value in the PDCCH/EPDCCH equal to ' j ' is received, HARQ-ACK(j) is the corresponding
ACK/NACK/DTX response; otherwise HARQ-ACK(j) shall be set to DTX.

- Otherwise,

- If the UE is not configured with the higher layer parameter EIMTA-MainConfigServCell-r12 on the primary
cell, for a PDSCH transmission on the primary cell indicated by the detection of a corresponding PDCCH in
subframe N — km , Where km € K and for TDD UL/DL configuration of the primary cell belonging to
{1,2,3,4,6} the DAI value in the PDCCH equal to either '1' or '2' or a PDCCH indicating downlink SPS
release (defined in subclause 9.2) in subframe N — krn ,where k. € K andfor TDD UL/DL configuration
of the primary cell belonging to {1,2,3,4,6} the DAI value in the PDCCH equal to either '1' or 2, the
PUCCH resource néldccm = (M -m —1)- Ne+m-N_, +Necen + NDecy» where ¢ is

primary c+l

selected from {0, 1, 2, 3} such that N, <Neee , <N

c+1’
DL RB . .
N, = max{ 0, L[N s (NG -c—4)]/36 J } ,where Ngee o is the number of the first CCE used for

transmission of the corresponding PDCCH in subframe N — km , NéﬂCCH is configured by higher layers

and for TDD UL/DL configuration of the primary cell belonging to {1,2,3,4,6}, 1 =0 for the corresponding
PDCCH with the DAI value equal to '1'and 1 =1 for the corresponding PDCCH with the DAI value equal
to '2', and for the primary cell with TDD UL/DL configuration 0 i =0 for the corresponding PDCCH.

- If the UE is configured with the higher layer parameter EIMTA-MainConfigServCell-r12 on the primary cell,
for a PDSCH transmission on the primary cell indicated by the detection of a corresponding PDCCH in

subframe n—k_,where k <K and for TDD UL/DL configuration of the primary cell belonging to

{1,2,3,4,6} the DAI value in the PDCCH equal to either '1' or "2' or a PDCCH indicating downlink SPS
release (defined in subclause 9.2) in subframe n—k, , where k_ <K andfor TDD UL/DL configuration

of the primary cell belonging to {1,2,3,4,6} the DAI value in the PDCCH equal to either '1' or '2',

- ifthe value of k_ is same as the value of an element k',,, where k',,e K", the PUCCH resource
nlglleCH,i is given by nlg:t)JCCH,i =(M'—i2-1)- N +i2-Ng,; +Neee  + Nflccn'

- otherwise, if the value of k_is same as the value of an element k/ inset K*, where k/ e K* (defined
in Table 10.1.3.1-1A), the PUCCH resource nélL)JCCH'i is given by

@ A . KA .
Npiccni = (M7 —i3-1)-N¢ +i3-N¢ g +Necgm + Npyccn s

where M is the number of elements in the set K*, where ¢ is selected from {0, 1, 2, 3} such that
N.<n <N N, :maX{O,\_[NRDé-(NSF;B'C—4)]/36J} where Ngy is determined

from the primary cell,

CCE,m c+l?

Nece 1S the number of the first CCE used for transmission of the corresponding

A
PDCCH in subframe n-k_, and N pUccH Nccy » are configured by higher layers. Here, for TDD

UL/DL configuration of the primary cell belonging to {1,2,3,4,6}, i =0 for the corresponding PDCCH
with the DAI value equal to '1'and 1 =1 for the corresponding PDCCH with the DAI value equal to '2', and
for the primary cell with TDD UL/DL configuration 0 i =0 for the corresponding PDCCH.

- If the UE is not configured with the higher layer parameter EIMTA-MainConfigServCell-r12 on the primary
cell for a PDSCH transmission on the primary cell indicated by the detection of a corresponding EPDCCH in

subframe N— km ,where K, € K and for TDD UL/DL configuration of the primary cell belonging to
{1,2,3,4,6} the DAI value in the EPDCCH equal to either '1'or '2' or an EPDCCH indicating downlink SPS
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release (defined in subclause 9.2) in subframe N — km , Where km € K and for TDD UL/DL configuration
of the primary cell belonging to {1,2,3,4,6}the DAI value in the EPDCCH equal to either '1' or '2', the
PUCCH resource is given by

- If EPDCCH-PRB-set qis configured for distributed transmission

m-1
1) _ (e1)
nPUCCH,i - nECCE,q + Z NECCE,q,n—kil + AARO + NPUCCH,q

i1=0

- If EPDCCH-PRB-set qis configured for localized transmission

n m-1

©)] _ ECCEq ECCE q ' (e1)

nPUCCH,i - |‘ N ECCE q J : NRB + Z NECCE,q,n—kll +n +AARO +N PUCCH,q
RB i1=0

where Ngceeq IS the number of the first ECCE (i.e. lowest ECCE index used to construct the EPDCCH)
used for transmission of the corresponding DCI assignment in EPEDCCH-PRB-set q in subframe n—k, ,

N F(,‘ijl)CCqu for EPDCCH-PRB-set q is configured by the higher layer parameter pucch-ResourceStartOffset-

ril1, N SBCCE’q for EEBDCCH-PRB-set ¢ in subframe n —k_,is given in subclause 6.8A.1in [3], n'is
determined from the antenna port used for EPDCCH transmission in subframe n —k_ which is described in
subclause 6.8A.5in [3]. If m=0, A,y isdetermined from the HARQ-ACK resource offset field in the
DCI format of the corresponding EPDCCH as given in Table 10.1.2.1-1. If m>0, A,., is determined
from the HARQ-ACK resource offset field in the DCI format of the corresponding EPDCCH as given in
Table 10.1.3.1-2. If the UE is configured to monitor EPBDCCH in subframe n—k,, N ECCE,qn-k, 1S €qualto

the number of ECCEs in EPDCCH-PRB-set q configured for that UE in subframe n—k;, . If the UE is not

configured to monitor EPDCCH in subframen —k;, , NECCE,q,n—kii is equal to the number of ECCEs

computed assuming EPDCCH-PRB-set ¢ is configured for that UE in subframe n—k,, . For normal
downlink CP, if subframe n—k;, is a special subframe with special subframe configuration 0 or 5,

NECCEWFkil is equal to 0. For extended downlink CP, if subframe n—k, is a special subframe with special
subframe configuration 0 or 4 or 7, N ECCE,q,n-k, 1S €qual to 0. Here, for TDD UL/DL configuration of the

primary cell belonging to {1,2,3,4,6} i =0 for the corresponding EPDCCH with the DAI value equal to '1'
and i=1 forthe corresponding EPDCCH with the DAI value equal to '2', and for the primary cell with
TDD UL/DL configuration 0 i = O for the corresponding EPDCCH.

- If the UE is configured with the higher layer parameter EIMTA-MainConfigServCell-r12 on the primary cell
for a PDSCH transmission on the primary cell indicated by the detection of a corresponding EPDCCH in

subframe N — km ,where K., € K and for TDD UL/DL configuration of the primary cell belonging to
{1,2,3,4,6} the DAI value in the EPDCCH equal to either '1'or '2' or an EPDCCH indicating downlink SPS
release (defined in subclause 9.2) in subframe N — km ,where K., € K and for TDD UL/DL configuration

of the primary cell belonging to {1,2,3,4,6}the DAI value in the EPDCCH equal to either '1' or '2', the
PUCCH resource is given by

- If EPDCCH-PRB-set q is configured for distributed transmission

i4-1 i5-1
oo =P+ 3 >
Npdceni = Mecceq T NECCE‘an,k{l + NECCE,q,n—ki’} +Apro + NPUCCH,q
i1=0 i1=0

- If EPDCCH-PRB-set q is configured for localized transmission
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n i4-1 i5-1
() _ ECCEq4 |, \JECCEq ! (e1)
nPUCCH,i - { N ECCE.q J NRB + Zo N ECCE,q,n—k; + Zo N ECCE q,n—k} +N+ AARO + NPUCCH,Q

RB i1= i1=

where

- ifthe value of k_ issame as the value of an index k',,, where k',e K', then i4=i2;
- otherwise, if the value of k_ issame as the value of an index k/;, where k/ e K*, then i4=i3;

,and where Ngeee s the number of the first ECCE (i.e. lowest ECCE index used to construct the
EPDCCH) used for transmission of the corresponding DCI assignment in EPDCCH-PRB-set ¢ in subframe

n- km , N F(,‘Ll)CCqu for EPDCCH-PRB-set ¢ is configured by the higher layer parameter pucch-

ResourceStartOffset-ril, N FEBCCE‘q for EPDCCH-PRB-set q in subframe n—K, is given in subclause
6.8A.1in [3], n"is determined from the antenna port used for EFDCCH transmission in subframe

n —k,, which is described in subclause 6.8A.5in [3].. A'jy  Neeeey ek Necee qn kA &€ determined
! i 11, TR

as described in section 10.1.3.1. Here, for TDD UL/DL configuration of the primary cell belonging to
{1,2,3,4,6} i =0 for the corresponding EPDCCH with the DAI value equal to '1' and i =1 for the
corresponding EPDCCH with the DAL value equal to '2', and for the primary cell with TDD UL/DL
configuration 0 i = O for the corresponding EPDCCH.

- For 0< j<M -1 and TDD UL/DL configuration of the primary cell belonging to {1,2,3,4,6}, if a PDSCH

transmission with a corresponding PDCCH/EPDCCH and DAL value in the PDCCH/EPDCCH equal to
"j+1"or a PDCCH/EPDCCH indicating downlink SPS release and with DAI value in the PDCCH/EPDCCH

equal to ' j +1'is received, HARQ-ACK(j) is the corresponding ACK/NACK/DTX response; otherwise
HARQ-ACK(j) shall be set to DTX. For 0< j<M -1 and the primary cell with TDD UL/DL configuration

0, if a PDSCH transmission with a corresponding PDCCH/EPDCCH or a PDCCH/EPDCCH indicating
downlink SPS release is received, HARQ-ACK(0) is the corresponding ACK/NACK/DTX response;
otherwise HARQ-ACK(j) shall be set to DTX.

For Secondary cell:

If the UE is not configured with the higher layer parameter EIMTA-MainConfigServCell-r12 on the primary cell,
for a PDSCH transmission on the secondary cell indicated by the detection of a corresponding PDCCH on the

primary cell in subframe N—K, , where K, € K with the DAI value in the PDCCH equal to either '1' or 2,

the PUCCH resources néldccm = (M -m —1)- N, +m- N, +Necen + N Docyy» Where ¢ s
N, = max{0, [ [N2 (N2 -c-4)]/36 |} |

where Ngé‘ is determined from the primary cell, ng.,, is the number of the first CCE used for transmission

primary

selected from {0, 1, 2, 3} such that N, <n.. <N

c+l?

of the corresponding PDCCH in subframe n—k_ , Né,lJCCH is configured by higher layers, i =2 for the

corresponding PDCCH with the DAI value equal to '1'and i =3 for the corresponding PDCCH with the DAI
value equal to '2'.

If the UE is configured with the higher layer parameter EIMTA-MainConfigServCell-r12 on the primary cell, for
a PDSCH transmission on the secondary cell indicated by the detection of a corresponding PDCCH on the

primary cell in subframe N—K, , where K, € K with the DAI value in the PDCCH equal to either '1' or 2,

- ifthe value of k_ is same as the value of an element k'.,, where k', e K', the PUCCH resource néldccm

is given by Nicey; = (M'=i2-1)- N, +i2- N, +Nece py + N

- otherwise, if the value of k_is same as the value of an element k/ in set K*, where k3 € K*(defined in
Table 10.1.3.1-1A, where "UL/DL configuration™ in the table refers to the higher layer parameter
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subframeAssignment), the PUCCH resource né,ldcc,_"i is given by

@ A - : KA .
Npiccni = (M —i3-1)-Ng +i3-N¢yy +Necem + Npyccn s

where M * is the number of elements in the set K” defined in Table 10.1.3.1-1A , where ¢ is selected from
{0,1,2,3}suchthat N, <neee <N, N, = max{ 0, \_[NF?,'B‘ (NB®.c-4)]/36 J } where N2y

is determined from the primary cell, n is the number of the first CCE used for transmission of the

CCE,m

corresponding PDCCH in subframe n-k_, and NF'fUACCH , NSccn » are configured by higher layers. Here,

i =2 for the corresponding PDCCH with the DAI value equal to '1'and i =3 for the corresponding PDCCH
the DAI value in the PDCCH equal to either '1' or 2’

- If the UE is not configured with the higher layer parameter EIMTA-MainConfigServCell-r12 on the primary cell,
for a PDSCH transmission on the secondary cell indicated by the detection of a corresponding EPDCCH on the
primary cell in subframe N—K, , where K, € K with the DAI value in the PDCCH equal to either '1' or 2,
the PUCCH resources are given by

- If EPDCCH-PRB-set qis configured for distributed transmission

m-1

(1) _ (e1)
nPUCCH,i - nECCE,q + z NECCE,q,n—kil + AARo + NPUCCH,q
i1=0

- If EPDCCH-PRB-set q is configured for localized transmission

n m-1

) _ ECCEq ECCE q 1 (e1)

nPUCCH,i - [ N ECCE,q J N RB + Z N ECCE,q,n—kj; +n +AARO +N PUCCH,q
RB i1=0

where Ngcee, IS the number of the first ECCE (i.e. lowest ECCE index used to construct the EPDCCH) used

for transmission of the corresponding DCI assignment in EEDCCH-PRB-set q in subframe n—k_, N éeul)ccﬂq
for EFDCCH-PRB-set q is configured by the higher layer parameter pucch-ResourceStartOffset-ri1 ,

N FEBCCE” for EPBDCCH-PRB-set g in subframe n—k_,is given in subclause 6.8A.1 in [3], n'is determined from
the antenna port used for EPDCCH transmission in subframe n -k  which is described in subclause 6.8A.5 in
[81.1f m=0, A,z isdetermined from the HARQ-ACK resource offset field in the DCI format of the
corresponding EPDCCH as given in Table 10.1.2.1-1. If m >0, A o, is determined from the HARQ-ACK
resource offset field in the DCI format of the corresponding EPDCCH as given in Table 10.1.3.1-2. If the UE is
configured to monitor EPDCCH in subframe n—k,, N ECCE qnk, 15 €qualto the number of ECCEs in

EPDCCH-PRB-set q configured for that UE in subframe n—k,, . If the UE is not configured to monitor
EPDCCH in subframen —k.

. N ECCE qn-k, 15 €qual to the number of ECCEs computed assuming EPDCCH-

PRB-set q is configured for that UE in subframen —k;, . For normal downlink CP, if subframe n—k; isa
special subframe with special subframe configuration0 or5, N ECCE q.nk, IS equal to 0. For extended
downlink CP, if subframe n—k,, is a special subframe with special subframe configuration 0 or 4 or 7,

N ECCE q,n-k, IS equal to 0. Here, i =2 for the corresponding EPDCCH with the DAI value equal to "1 and
i =3 for the corresponding EPDCCH with the DAI value equal to '2".

- Ifthe UE is configured with the higher layer parameter EIMTA-MainConfigServCell-r12 on the primary cell, for
a PDSCH transmission on the secondary cell indicated by the detection of a corresponding EPDCCH on the

primary cell in subframe N—K, , where K, € K with the DAI value in the PDCCH equal to either '1' or 2,
the PUCCH resources are given by

- If EPDCCH-PRB-set q is configured for distributed transmission
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i4-1 i5-1
1) _ z ’ z ' ’ (e1)
nPUCCH,i - nECCE,q + NECCE,q,n—ki’l + NECCE,q,n—ki’i + AARO + NPUCCH,q
i1=0 i1=0

- If EPDCCH-PRB-set qis configured for localized transmission

n i4-1 i5-1

® _ | Mecceq | pjECCEq z ' Z ' VoAl (1)

Neucen,i = { N ECCE.q J Nrg * NECCE,q,n-k{1 + NECCE,q,n—kﬁ TN Ao + NPUCCH!“
RB i1=0 i1=0

where

- ifthe value of k , issame as the value of an index k',,, where k';,e K', then i4=i2;

- otherwise, if the value of K, is same as the value of an index ki’;, where ki’; e K”, then i4=i3;

and where Ngeee o is the number of the first ECCE (i.e. lowest ECCE index used to construct the EPDCCH)
used for transmission of the corresponding DCI assignment in EPDCCH-PRB-set q in subframe N — km ,
N é,eul)CCHﬂ for EPDCCH-PRB-set q is configured by the higher layer parameter pucch-ResourceStartOffset-r11

, N §§CE’q for EPDCCH-PRB-set q in subframe N—K, is given in subclause 6.8A.1 in [3], n'is determined
from the antenna port used for EPDCCH transmission in subframe n—k_ which is described in subclause

6.8A5IN[3l. A'jeo, N'eccegni, N'ecce q.ni 7€ determined as described in subclause 10.1.3.1. For
! B 1y TR
extended downlink CP, if subframe n—k,, is a special subframe with special subframe configuration 0 or 4 or

7, N ECCE,qnk is equal to 0. Here, i =2 for the corresponding EPDCCH with the DAI value equal to '1' and
4,N=Kjq

i =3 for the corresponding EPDCCH with the DAI value equal to '2".

- for a PDSCH transmission indicated by the detection of a corresponding PDCCH/EPDCCH within the
subframe(s) n—k, where k e K on the secondary cell, the value of n}(Dll.)JCCH,Z and néﬂceH’s is determined
according to higher layer configuration and Table 10.1.2.2.1-2. The TPC field in the DCI format of the
corresponding PDCCH/EPDCCH shall be used to determine the PUCCH resource values from one of the four
resource values configured by higher layers, with the mapping defined in Table 10.1.2.2.1-2. A UE shall assume
that the same HARQ-ACK PUCCH resource value is transmitted in the TPC field on all PDCCH/EPDCCH
assignments on the secondary cell within subframe(s) n—k, where ke K.

- For 0< j<M -1, ifaPDSCH transmission with a corresponding PDCCH/EPDCCH and DAI value in the
PDCCH/EPDCCH equal to ' j +1"is received, HARQ-ACK(j) is the corresponding ACK/NACK/DTX response;
otherwise HARQ-ACK(j) shall be set to DTX.

A UE shall perform channel selection according to the Tables 10.1.3.2-5, and 10.1.3.2-6 and transmit b(0),b(1) on

PUCCH resource nF(,luﬁc)CH for p mapped to antenna port p using PUCCH format 1b according to subclause 5.4.1 in
[3] where

n,(fU%’C)H = nF(,lL),CCH in sub-frame N for p mapped to antenna port p, where “any" in Tables 10.1.3.2-5, and

10.1.3.2-6 represents any response of ACK, NACK, or DTX. The value of h(0),b(1) and the PUCCH resource

né,lL)JCCH are generated by channel selection according to Tables 10.1.3.2-5, and 10.1.3.2-6 for M = 3, and 4

respectively.

- né{fggH for antenna port p, , where nF(,luﬁc%H selected from PUCCH resources, nélu(ﬁ:%H’i configured by higher

layers where 0<i<3 according Tables 10.1.3.2-5, and 10.1.3.2-6 for M = 3, and 4 respectively by replacing

ng&CCH with nF(’lUE:lC):H and replacing nélL),CCHYi with n,(:lub(}():H'i , Where "any" in Tables 10.1.3.2-5, and 10.1.3.2-

6 represents any response of ACK, NACK, or DTX, when the UE is configured with two antenna port
transmission for PUCCH format 1b with channel selection.
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Table 10.1.3.2-5: Transmission of HARQ-ACK multiplexing for M = 3

Primary Cell Secondary Cell Resource | Constellation ?nl\g)l,(lztolgiis

HARQ-ACK(0), HARQ-ACK(0),

HARQ-ACK(1), HARQ-ACK(1), N8 ech b(0),b@) | 0(0),0(2),0(2),0(3)

HARQ-ACK(2) HARQ-ACK(2)

ACK, ACK, ACK ACK, ACK, ACK | nSccns 1,1 1,1,1,1
ACK, ACK, NACK/DTX |  ACK, ACK,ACK | nSccs 0,0 1,011
ACK, NACK/DTX, any |  ACK,ACK,ACK | nf)ccns 1,1 01,11

NACK/DTX, any,any |  ACK,ACK,ACK | n§)ochs 0,1 00,11

ACK, ACK, ACK | ACK, ACK, NACK/DTX | n§lccio 1,0 1,1,1,0
ACK, ACK, NACK/DTX | ACK, ACK, NACK/IDTX | n§)cchis 1,0 1,0,1,0
ACK, NACK/DTX, any | ACK, ACK, NACK/IDTX | n§lccpo 0,1 01,10

NACK/DTX, any, any | ACK, ACK, NACK/DTX | n§)ccp 3 0,0 0,0,1,0

ACK, ACK, ACK | ACK, NACK/IDTX, any | n&lccys 1,1 1,1,0,1
ACK, ACK, NACK/DTX | ACK, NACKIDTX, any | n§d ey 0,1 1,0,0,1
ACK, NACK/DTX, any | ACK, NACK/DTX, any | n§dcch 1,0 0,1,01

NACK/DTX, any, any | ACK, NACK/DTX, any | n§Jcch o 0,0 0,0,0,1

ACK, ACK, ACK NACK/DTX, any, any | nScens 1,0 1,1,0,0
ACK, ACK, NACK/DTX | NACK/DTX, any,any | nSlcciis 0,1 1,0,0,0
ACK, NACK/DTX, any | NACK/DTX, any,any | n§}ccio 1,1 0,1,0,0

NACK, any, any NACK/DTX, any, any | nSUccno 0,0 0,0,0,0

DTX, any, any NACK/DTX, any, any No Transmission 0,0,0,0
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Primary Cell Secondary Cell Resource | Constellation b Cod_e
Input Bits
HARQ-ACK(0), HARQ-ACK(0),
HARQ-ACK(1), HARQ-ACK(1), ) . s
e e een | OO | 0(0),00),0(2).00)
HARQ-ACK(3) HARQ-ACK(3)
ACK, ACK, ACK, NACK/DTX | ACK, ACK, ACK, NACKIDTX | n® .., 1,1 1,1,1,1
ACK, ACK, NACK/DTX, any | ACK, ACK, ACK, NACK/DTX | n§dcps 0,0 1,0,1,1
ACK, DTX, DTX, DTX ACK, ACK, ACK, NACK/DTX | NS ey 5 1,1 0,1,1,1
ACK, ACK, ACK, ACK ACK, ACK, ACK, NACK/DTX | N8 ch 3 1,1 0,1,1,1
NACK/DTX, any, any, any ACK, ACK, ACK, NACK/DTX | NS ey 5 0,1 0,0,1,1
(ACK, NACK/DTX, any, any), ’
except for (ACK, DTX, DTX, ACK, ACK, ACK, NACK/DTX | N8 ch 3 0,1 0,0,1,1
DTX) ’
ACK, ACK, ACK, NACK/DTX |  ACK, ACK, NACK/IDTX, any | n§)cpio 1,0 1,1,1,0
ACK, ACK, NACK/DTX, any ACK, ACK, NACK/DTX, any | n% 5 1,0 1,0,1,0
ACK, DTX, DTX, DTX ACK, ACK, NACK/IDTX, any | n$ .o 0,1 0,1,1,0
ACK, ACK, ACK, ACK ACK, ACK, NACK/IDTX, any | n$ .o 0,1 0,1,1,0
NACK/DTX, any, any, any ACK, ACK, NACK/DTX, any | n% 15 0,0 0,0,1,0
(ACK, NACK/DTX, any, any), 1
except for (ACK, DTX, DTX, ACK, ACK, NACK/DTX, any | NS4 0,0 0,0,1,0
DTX) '
ACK, ACK, ACK, NACK/DTX ACK, DTX, DTX, DTX NS ecn 2 1,1 1,1,01
ACK, ACK, ACK, NACK/DTX ACK, ACK, ACK, ACK NS e 2 1,1 1,1,0,1
ACK, ACK, NACK/DTX, any ACK, DTX, DTX, DTX N ecn 2 0,1 1,0,0,1
ACK, ACK, NACK/DTX, any ACK, ACK, ACK, ACK N e o 0,1 1,0,0,1
ACK, DTX, DTX, DTX ACK, DTX, DTX, DTX NS ecn 2 1,0 0,1,0,1
ACK, DTX, DTX, DTX ACK, ACK, ACK, ACK NS ecn 2 1,0 0,1,0,1
ACK, ACK, ACK, ACK ACK, DTX, DTX, DTX N e o 1,0 0,1,0,1
ACK, ACK, ACK, ACK ACK, ACK, ACK, ACK NS ecn 2 1,0 0,1,0,1
NACK/DTX, any, any, any ACK, DTX, DTX, DTX NS e o 0,0 0,0,0,1
NACK/DTX, any, any, any ACK, ACK, ACK, ACK NS e o 0,0 0,0,0,1
(ACK, NACK/DTX, any, any), .
except for (ACK, DTX, DTX, ACK, DTX, DTX, DTX (TS 0,0 0,0,0,1
DTX) ’
(ACK, NACK/DTX, any, any), 1
except for (ACK, DTX, DTX, ACK, ACK, ACK, ACK NS e o 0,0 0,0,0,1
DTX) ’
ACK, ACK, ACK, NACK/DTX NACK/DTX, any, any, any | n%.cpis 1,0 1,1,0,0
(ACK, NACK/DTX, any, any), 1
ACK, ACK, ACK, NACK/DTX | except for (ACK, DTX, DTX, | n%ciis 1,0 1,1,0,0
DTX) ’
ACK, ACK, NACK/DTX, any NACK/DTX, any, any, any | NS ecps 0,1 1,0,0,0
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(ACK, NACK/DTX, any, any), 1
ACK, ACK, NACK/DTX, any except for (ACK, DTX, DTX, | S ey 0,1 1,0,0,0
DTX) ’
ACK, DTX, DTX, DTX NACK/DTX, any, any, any NS ecno 1,1 0,1,0,0
(ACK, NACK/DTX, any, any), 1
ACK, DTX, DTX, DTX except for (ACK, DTX, DTX, | n®ccho 1,1 0,1,0,0
DTX) ’
ACK, ACK, ACK, ACK NACK/DTX, any, any, any | NS -ciy0 1,1 0,1,0,0
(ACK, NACK/DTX, any, any), 1
ACK, ACK, ACK, ACK except for (ACK, DTX, DTX, | n®ccho 1,1 0,1,0,0
DTX) '
NACK, any, any, any NACK/DTX, any, any, any NS ccro 0,0 0,0,0,0
(ACK, NACK/DTX, any, any), 1
NACK, any, any, any except for (ACK, DTX, DTX, ngl)JCCH 0 0,0 0,0,0,0
DTX) ’
(ACK, NACK/DTX, any, any), "
except for (ACK, DTX, DTX, NACK/DTX, any, any, any NS ceno 0,0 0,0,0,0
DTX) ’
(ACK, NACK/DTX, any, any), (ACK, NACK/DTX, any, any), 1
except for (ACK, DTX, DTX, except for (ACK, DTX, DTX, | n%ccno 0,0 0,0,0,0
DTX) DTX) ’
DTX, any, any, any NACK/DTX, any, any, any No Transmission 0,0,0,0
(ACK, NACK/DTX, any, any),
DTX, any, any, any except for (ACK, DTX, DTX, No Transmission 0,0,0,0
DTX)
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10.1.3.2.2 PUCCH format 3 HARQ-ACK procedure

If a UE is configured with the higher layer parameter EIMTA-MainConfigServCell-r12, then K'= K where the set K is
defined in Table 10.1.3.1-1 (where "UL/DL configuration” in the table refers to the higher layer parameter
subframeAssignment), and M 'is the number of elements in set K'.

If a UE is configured with one serving cell, or if a UE is configured with more than one serving cells and the UL/DL
configuration of all serving cells is same, then in the rest of this subclause K is as defined in Sec 10.2, and M is the
number of elements in the set K .

If a UE is configured with more than one serving cell and if at least two cells have different UL/DL configurations, then
K in this subclause refersto K (as defined in subclause 10.2) ,and M is the number of elements in the set K .

For TDD HARQ-ACK transmission with PUCCH format 3 and sub-frame n with M >1 and more than one
configured serving cell, where M is the number of elements in the set K , the UE shall use PUCCH resource néﬁg’CH

or né{,’@w for transmission of HARQ-ACK in subframe n for p mapped to antenna port p where

- If the UE is not configured with the higher layer parameter EIMTA-MainConfigServCell-r12 on the primary cell,
- for asingle PDSCH transmission only on the primary cell indicated by the detection of a corresponding
PDCCH in subframe n—k,_,where k e K, and fora TDD UL/DL configuration of the primary cell
belonging to {1,2,3,4,5,6} the DAI value in the PDCCH is equal to '1' (defined in Table 7.3-X), or

- forasingle PDCCH indicating downlink SPS release (defined in subclause 9.2) in subframe n—k_, where

k, € K, and for a TDD UL/DL configuration of the primary cell belonging to {1,2,3,4,5,6} the DAI value in
the PDCCH is equal to '1',

- the UE shall use PUCCH format 1a/1b and PUCCH resource nF(,luﬁC)CH with

nlglUE:O():H =M -m-1)-N,+m-N_; +Necem + NéﬂCCH for antenna port p,, where N, is

configured by higher layers, c is selected from {0, 1, 2, 3} such that N, <n.. . <N

c+l’

N = max{O, \_[NRDF_% ((NRB.c-4)]/36 J} ,and Nece o, is the number of the first CCE used for
transmission of the corresponding PDCCH in subframe n-k,, where ke K . When two antenna port
transmission is configured for PUCCH format 1a/1b, the PUCCH resource for antenna port p, is given

L) _ A@P)
by Ngicen = Npocen +1

- If the UE is configured with the higher layer parameter EIMTA-MainConfigServCell-r12 on the primary cell,

- for asingle PDSCH transmission only on the primary cell indicated by the detection of a corresponding
PDCCH in subframe n—k_, where k <K, and for a TDD UL/DL configuration of the primary cell

belonging to {1,2,3,4,5,6} the DAI value in the PDCCH is equal to '1' (defined in Table 7.3-X), or

- forasingle PDCCH indicating downlink SPS release (defined in subclause 9.2) in subframe n—k_, where
k, € K, and for a TDD UL/DL configuration of the primary cell belonging to {1,2,3,4,5,6} the DAI value in
the PDCCH is equal to '1',

- the UE shall use PUCCH format 1a/1b, and
- if the value of K, is same as the value of an element K.y where k',eK', the PUCCH resource

(1,ﬁ) - - 1p [ H 1 .
Npgcen 1S given by nI(DUpC)CH =(M'-i2-1)-N_ +i2-N_, +Nece,, + NFSJCCH ;

- otherwise, if the value of k_ is same as the value of an element ki’; inset K*, where
k/ e K* (defined in Table 10.1.3.1-1A, where "UL/DL configuration™ in the table refers to the higher
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layer parameter subframeAssignment), the PUCCH resource n,(,lubc)CH is given by

1P A : KA .
né’UFC)Z)CH =(M"=i3-1)-N_ +i3-N_,; +Nccen + Npyeen s
where M* is the number of elements in the set K* defined in Table 10.1.3.1-1A , where ¢ is
selected from {0, 1, 2, 3} such that N, <N <N

c+l’
N, = max{ 0, |_[N ms -(N2B.c—4)]/36 J } where Npy is determined from the primary

cell, is the number of the first CCE used for transmission of the corresponding PDCCH in

nCCE,m
subframe n-k , and NF'fUACCH , NSccn » are configured by higher layers. When two antenna port
transmission is configured for PUCCH format 1a/1b, the PUCCH resource for antenna port p, is

; L)  _ n(Lbo)
given by NG, = ey +1

- If the UE is not configured with the higher layer parameter EIMTA-MainConfigServCell-r12 on the primary cell,

for a single PDSCH transmission only on the primary cell indicated by the detection of a corresponding
EPDCCH in subframe n -k, where k <K, and fora TDD UL/DL configuration of the primary cell

belonging to {1,2,3,4,5,6} the DAI value in the EPDCCH is equal to '1' (defined in Table 7.3-X), or

for a single PDCCH indicating downlink SPS release (defined in subclause 9.2) in subframe n—k_, where
k, € K, and for a TDD UL/DL configuration of the primary cell belonging to {1,2,3,4,5,6} the DAI value in
the EPDCCH is equal to '1',

- the UE shall use PUCCH format 1a/1b and PUCCH resource nétﬁc)CH given by

If EFDCCH-PRB-set q is configured for distributed transmission

m-1
p)  _ (e1)
Npdcen = nECCE,q + Z NE(:CE,q,n-kil + AARo + NPUCCH,q
i1l=0

If EPDCCH-PRB-set q is configured for localized transmission

N n m-1

@p) _ ECCEq ECCE q ' (e1)

nPUCCH - \‘ N ECCE,q J N RB + Z N ECCE,q,n—kj; +n +AARO + NPUCCH,q
RB i1=0

where Ngceeq  is the number of the first ECCE (i.e. lowest ECCE index used to construct the
EPDCCH) used for transmission of the corresponding DCI assignment in EPDCCH-PRB-set ¢ in

subframe n-k_, N éej)ccqu for EFDCCH-PRB-set q is configured by the higher layer parameter

pucch-ResourceStartOffset-ril, N §§CE'Q for EPDCCH-PRB-set qin subframe n—Kk_,is given in
subclause 6.8A.1 in [3], n'is determined from the antenna port used for EPDCCH transmission in
subframe n —k_which is described in subclause 6.8A.5in [3]. If m=0, A,., isdetermined from

the HARQ-ACK resource offset field in the DCI format of the corresponding EPDCCH as given in
Table 10.1.2.1-1. If m>0, A,y is determined from the HARQ-ACK resource offset field in the
DCI format of the corresponding EPDCCH as given in Table 10.1.3.1-2. If the UE is configured to
monitor EPDCCH in subframe n—k;,, N ECCE qn-k, 1S €qualto the number of ECCEs in
EPDCCH-PRB-set (q configured for that UE in subframe n—k., . If the UE is not configured to
monitor EPDCCH in subframen —k;,, N ECCE,qn-k, 15 €qual to the number of ECCEs computed
assuming EPDCCH-PRB-set q is configured for that UE in subframe n -k, . For normal downlink

CP, if subframe n—k,, is aspecial subframe with special subframe configuration 0 or 5,
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N ECCE gk, 1S €qual to 0. For extended downlink CP, if subframe n —k;, is a special subframe with
special subframe configuration O or 4 or 7, N ECCE .k, IS €qual to 0. When two antenna port
transmission is configured for PUCCH format 1a/1b, the PUCCH resource for antenna port p, is

. 1,5, 1,p
given by Ngie, = néu‘éoc)H +1.

- If the UE is configured with the higher layer parameter EIMTA-MainConfigServCell-r12 on the primary cell,

- for asingle PDSCH transmission only on the primary cell indicated by the detection of a corresponding
EPDCCH in subframe n-k_,where k_e K, and fora TDD UL/DL configuration of the primary cell

belonging to {1,2,3,4,5,6} the DAI value in the EPDCCH is equal to '1' (defined in Table 7.3-X), or

- for asingle PDCCH indicating downlink SPS release (defined in subclause 9.2) in subframe n—k_, where
k. e K, and fora TDD UL/DL configuration of the primary cell belonging to {1,2,3,4,5,6} the DAI value in
the EPDCCH is equal to '1',

- the UE shall use PUCCH format 1a/1b and PUCCH resource nSU@CH given by

- if EPDCCH-PRB-set Yis configured for distributed transmission
i4-1 i5-1

@p)  _ Z ' Z ’ ’ (e1)
r-]PUCCH - nECCE,q + NECCE,q,n—k{l + NECCE,q,n—ki’i + AARO + NPUCCH,q
i1=0 i1=0

- if EPDCCH-PRB-set Yis configured for localized transmission

h n i4-1 i5-1
(Lp) _ | __'ECCEq | pJECCEQ Z , Z ' N (e1)
r]PUCCH - \‘ N ECCE,q J NRB + N ECCE,q,n—k/; + NECCE,q,n—ki’i +N+ AARO +N PUCCH,q
RB i1=0 i1=0

where

- ifthe value of k, issame as the value of an index k',,, where k',,e K', then i4=i2;

- otherwise, if the value of k_ issame as the value of an index k;, where k# e K*, then i4=i3;
and where Ngeee s the number of the first ECCE (i.e. lowest ECCE index used to construct the
EPDCCH) used for transmission of the corresponding DCI assignment in EPDCCH-PRB-set ¢ in

subframe n—k,, N é,eul)CCH,q for EPDCCH-PRB-set q is configured by the higher layer

parameter pucch-ResourceStartOffset-ril, NgBCCE’q for EPDCCH-PRB-set q in subframe

n- km is given in subclause 6.8A.1 in [3], n'is determined from the antenna port used for

EPDCCH transmission in subframe n -k which is described in subclause 6.8A.5in [3]. A’z

N ECCE gk N ECCE qn_kA 8T determined as described in section 10.1.3.1. When two antenna

port transmission is configured for PUCCH format 1a/1b, the PUCCH resource for antenna port

- 1p 1p
p, isgivenby NSkl =niX) 11,

- for asingle PDSCH transmission only on the primary cell where there is not a corresponding PDCCH/EPDCCH
detected within subframe(s) n—k , where k € K and no PDCCH/EPDCCH indicating downlink SPS release
(defined in subclause 9.2) within subframe(s) n—k, where k € K, the UE shall use PUCCH format 1a/1b and
PUCCH resource nF(,luﬁc)CH with the value of nF(,luﬁc)CH is determined according to higher layer configuration and
Table 9.2-2. For a UE configured for two antenna port transmission for PUCCH format 1a/1b, a PUCCH

resource value in Table 9.2-2 maps to two PUCCH resources with the first PUCCH resource n,&t@C’H for
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antenna port pg and the second PUCCH resource n,ﬁ%&H for antenna port p,, otherwise, the PUCCH

resource value maps to a single PUCCH resource né,t'é’gH for antenna port pg.

- for M >1 and

- for a PDSCH transmission only on the primary cell where there is not a corresponding PDCCH detected
within subframe(s) n—k, where ke K and

- for an additional PDSCH transmission only on the primary cell indicated by the detection of a
corresponding PDCCH in subframe n—k_, where k e K with the DAI value in the PDCCH equal to

'1' (defined in Table 7.3-X), or

- for an additional PDCCH indicating downlink SPS release (defined in subclause 9.2) in subframe n-k_,
where k_e K with the DAI value in the PDCCH equal to '1',

- the UE shall transmit b(O),b(l) in subframe n using PUCCH format 1b on PUCCH resource

1)
Noyce

10.1.3.2-1 and Table 10.1.3.2-2 for A=2 and A =3, respectively. For a UE configured with a
transmission mode that supports up to two transport blocks on the primary cell, A = 3; otherwise,

A=2.

- If the UE is not configured with the higher layer parameter EIMTA-MainConfigServCell-r12 on

the primary cell, the PUCCH resource nSL’,CCHYO is determined according to higher layer

selected from A PUCCH resources néﬂCCH’i where 0<1i< A—1, according to Table

configuration and Table 9.2-2. The PUCCH resource né,ﬂCCH,l is determined as
no

PUCCH,1
higher layers, c is selected from {0, 1, 2, 3} such that N, <n

=(M-m-=1)-N,+m-N_,; + Nece n + NSy, where N&ee,, s configured by
<N

CCE,m c+1’

N¢ = max{o, L[NRDé‘ ((NRB.c-4)]/36 J} ,and Nece o, is the number of the first CCE used for

transmission of the corresponding PDCCH in subframe n—k, where k_ eK.

- Ifthe UE is configured with the higher layer parameter EIMTA-MainConfigServCell-r12 on the

primary cell, the PUCCH resource nSL)JCCHO is determined according to higher layer configuration

and Table 9.2-2. The PUCCH resource né’:BCCH,l is determined as

- ifthe value of k_issame as the value of an element k'.,, where k', e K', the PUCCH

resource n®.,, isgiven by NGceys = (M'=i2—1)- N, +i2-N_,; +Necern + NSeen s

- otherwise, if the value of k_ is same as the value of an element k/ inset K*, where
kA e K* (defined in Table 10.1.3.1-1A, where "UL/DL configuration” in the table refers to the

higher layer parameter subframeAssignment), the PUCCH resource né,lL)JCCHvl is given by

@ _ A - . KA .
Npcchy = (M7 =i3-1)- N +i3- N,y +Necem + Npycen s

where M * is the number of elements in the set K” defined in Table 10.1.3.1-1A , Where

c isselected from {0, 1, 2, 3} such that N_<n <N

CCE,m c+1?

N, = max{ 0, \_[NF'?BL ((NSP.c-4)]/36 J b\ Ncen i the number of the first CCE used for

A
transmission of the corresponding PDCCH in subframe n—k_ , and NF'fUCCH , N,&BCCH ,are
configured by higher layers.
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- For a UE configured with a transmission mode that supports up to two transport blocks on the primary

cell, the PUCCH resource n{).,,, is determined as N§)ccy, = NSYcens +1-HARQ-ACK(0) is the

ACK/NACK/DTX response for the PDSCH without a corresponding PDCCH detected. HARQ-ACK(1)
is the ACK/NACK/DTX response for the first transport block of the PDSCH indicated by the detection of
a corresponding PDCCH for which the value of the DAI field in the corresponding DCI format is
equal to '1' or for the PDCCH indicating downlink SPS release for which the value of the DAI field in
the corresponding DCI format is equal to '1'. HARQ-ACK(2) is the ACK/NACK/DTX response for the
second transport block of the PDSCH indicated by the detection of a corresponding PDCCH for which
the value of the DAI field in the corresponding DCI format is equal to '1".

- for M>1 and

- for a PDSCH transmission only on the primary cell where there is not a corresponding EPDCCH detected
within subframe(s) n—k, where ke K and

for an additional PDSCH transmission only on the primary cell indicated by the detection of a
corresponding EPDCCH in subframe n—k_, where k< K with the DAI value in the EPDCCH equal

to '1' (defined in Table 7.3-X), or

for an additional EPDCCH indicating downlink SPS release (defined in subclause 9.2) in subframe
n-k,,where k_ e K withthe DAI value in the EPDCCH equal to '1',

- the UE shall transmit p(0),b(1) in subframe n using PUCCH format 1b on PUCCH resource

n®

W ey selected from A PUCCH resources n,gﬂCCH,i where 0<i< A-1, according to Table

10.1.3.2-1 and Table 10.1.3.2-2 for A=2 and A = 3, respectively. For a UE configured with a
transmission mode that supports up to two transport blocks on the primary cell, A = 3; otherwise,

A=2.
- If the UE is not configured with the higher layer parameter EIMTA-MainConfigServCell-r12 on
the primary cell, the PUCCH resource n{)..,,, is determined according to higher layer

configuration and Table 9.2-2. The PUCCH resource n{)..,,, is determined as

- If EPDCCH-PRB-set qis configured for distributed transmission

-1
(1) _ (e1)
Npdcen = Necceg T Z NECCE,q,n-k,1 +Appo + NPUCCH,q
i1=0

- IfEPDCCH-PRB-set qis configured for localized transmission

n m-1

1) _ ECCEg ECCEq ' (e1)

nPUCCH,l - [ N ECCE,q J -N RB + Z N ECCE,q,n—kj; +n +AARO +N PUCCH,q
RB i1=0

where Ngcceq  is the number of the first ECCE (i.e. lowest ECCE index used to construct the
EPDCCH) used for transmission of the corresponding DCI assignment in EPDCCH-PRB-set
gin subframe n—k_, N ,g(Ll)CCH,q for EPDCCH-PRB-set (is configured by the higher layer
parameter pucch-ResourceStartOffset-r11, N £S5 for EPDCCH-PRB-set in subframe

n—Kk_, is given in subclause 6.8A.1 in [3], N'is determined from the antenna port used for
EPDCCH transmission in subframe n—k_which is described in subclause 6.8A.5 in [3]. If

m=0, A,z Iisdetermined from the HARQ-ACK resource offset field in the DCI format

of the corresponding EPDCCH as given in Table 10.1.2.1-1. If m >0, A, is determined

from the HARQ-ACK resource offset field in the DCI format of the corresponding EPDCCH
as given in Table 10.1.3.1-2. If the UE is configured to monitor EPDCCH in subframe n -k,
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N ECCE qn-k, 1S €qual to the number of ECCEs in EPDCCH-PRB-set q configured for that
UE in subframe n—k, . If the UE is not configured to monitor EPDCCH in subframen -k, ,
N ECCEqnk, 1S €dual to the number of ECCEs computed assuming EPDCCH-PRB-set qis
configured for that UE in subframe n —k,, . For normal downlink CP, if subframe n—k, isa
special subframe with special subframe configuration 0 or 5, N ECCE .k, IS equal to 0. For
extended downlink CP, if subframe n -k, is a special subframe with special subframe

configuration O or 4 or 7, N ECCE, q,n—k, 1S €qual to 0.

If the UE is configured with the higher layer parameter EIMTA-MainConfigServCell-r12 on the

primary cell, the PUCCH resource n{..,,, is determined according to higher layer configuration

and Table 9.2-2. The PUCCH resource n®

pucch.y 1S determined as

- If EPDCCH-PRB-set Jis configured for distributed transmission

i4-1 i5-1
()] _ z ’ Z ’ ’ (e1)
r-]PUCCH,i - r]ECCE,q + NECCE,q,nfk,'l + NECCE,q,n—kI’} + A/-\RO + NPUCCH,q
i1=0 i1=0

- If EPDCCH-PRB-set Jis configured for localized transmission

i4-1 i5-1
' ’ 1 r (El)
N ECCE,q,n—k{; + Z N ECCE,q,n—kj} = AARO +N PUCCH,q
0 i

n® | Meccea | Neccea
PUCCH,i — NECCE,q RB
RB i1=0

i1=

where

- if the value of Ko is same as the value of an index K'iz , Where K, e K , then i4= i2;

A A
- otherwise, if the value of Kn is same as the value of an index ki3, where iz
i4=i3.

A
€K , then

- and where Ngeee , is the number of the first ECCE (i.e. lowest ECCE index used to construct

the EPDCCH) used for transmission of the corresponding DCI assignment in EPDCCH-PRB-
set qinsubframe n—Kk_, N é,ej():CHVq for EPDCCH-PRB-set q is configured by the higher

layer parameter pucch-ResourceStartOffset-ril, N Eg CE.9 for EPDCCH-PRB-set gin
subframe N — km is given in subclause 6.8A.1 in [3], n'is determined from the antenna port
used for EPDCCH transmission in subframe n -k which is described in subclause 6.8A.5 in

8. A'pro, N'eccegnk, ’ N 'ECCE’q‘nfkﬁ\ are determined as described in section 10.1.3.1.

For a UE configured with a transmission mode that supports up to two transport blocks on the

1

primary cell, the PUCCH resource n{..,,, isdetermined as n{ccy, = Neen; +1-HARQ-

ACK(0) is the ACK/NACK/DTX response for the PDSCH without a corresponding EPDCCH
detected. HARQ-ACK(1) is the ACK/NACK/DTX response for the first transport block of the
PDSCH indicated by the detection of a corresponding EPDCCH for which the value of the DAI
field in the corresponding DCI format is equal to '1' or for the EPDCCH indicating downlink SPS
release for which the value of the DAI field in the corresponding DCI format is equal to '1".
HARQ-ACK(2) is the ACK/NACK/DTX response for the second transport block of the PDSCH
indicated by the detection of a corresponding EPDCCH for which the value of the DAI field in the
corresponding DCI format is equal to '1".

- for M>1 and
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- for a PDSCH transmission only on the primary cell indicated by the detection of a corresponding PDCCH in
subframe n-k_,where k_ < K withthe DAI value in the PDCCH greater than '1' (defined in Table 7.3-X),

or

- fora PDCCH indicating downlink SPS release (defined in subclause 9.2) in subframe n—k_, where ke K
with the DAI value in the PDCCH greater than '1', or

- for M =9 and for a PDSCH transmission only on the primary cell indicated by the detection of a
corresponding PDCCH in subframe n-k_, where k < K with the DAI value in the PDCCH equal to '1'
(defined in Table 7.3-X) not being the first PDCCH/EPDCCH transmission in subframe(s) n—k, where
k e K with the DAI value equal to '1', or

- for M =9 and for a PDCCH indicating downlink SPS release (defined in subclause 9.2) in subframe
n-k..where ke K withthe DAI value in the PDCCH equal to ‘1" (defined in Table 7.3-X) not being the

first PDCCH/EPDCCH transmission in subframe(s) n—k , where k € K with the DAI value equal to '1',

- the UE shall use PUCCH format 3 and PUCCH resource néﬁgéH where the value of néﬁEgH is

determined according to higher layer configuration and Table 10.1.2.2.2-1 and the TPC field in a PDCCH
assignment with DAI value greater than '1' (defined in Table 7.3-X) or with DAI value equal to ‘1, not
being the first PDCCH/EPDCCH assignment in subframe(s) n—k, where k € K with the DAI value
equal to '1', shall be used to determine the PUCCH resource value from one of the four PUCCH resource
values configured by higher layers, with the mapping defined in Table 10.1.2.2.2-1. A UE shall assume
that the same HARQ-ACK PUCCH resource value is transmitted on all PDCCH assignments used to
determine the PUCCH resource values within the subframe(s) n—k, where ke K .

- for M>1 and

- for a PDSCH transmission only on the primary cell indicated by the detection of a corresponding EPDCCH
in subframe n—k_, where k e K with the DAI value in the EPDCCH greater than '1' (defined in Table

7.3-X), or

- for an EPDCCH indicating downlink SPS release (defined in subclause 9.2) in subframe n—k_, where
k, e K with the DAI value in the EPDCCH greater than '1', or

- for M =9 and for a PDSCH transmission only on the primary cell indicated by the detection of a
corresponding EPDCCH in subframe n-k_, where k e K with the DAI value in the EPDCCH equal to '1'

(defined in Table 7.3-X) not being the first PDCCH/EPDCCH transmission in subframe(s) n—k, where
k e K with the DAI value equal to '1', or

- for M =9 and for an EPDCCH indicating downlink SPS release (defined in subclause 9.2) in subframe
n-k,,where ke K withthe DAI value in the EPDCCH equal to *1” (defined in Table 7.3-X) not being

the first PDCCH/EPDCCH transmission in subframe(s) n—k, where k e K with the DAI value equal to '1',

- the UE shall use PUCCH format 3 and PUCCH resource néﬁgéH where the value of ngﬁEgH is

determined according to higher layer configuration and Table 10.1.2.2.2-1 and the HARQ-ACK resource
offset field in the DCI format of the corresponding EPDCCH assignment with DAI value greater than '1'
or with DA value equal to ‘1’ (defined in Table 7.3-X), not being the first PDCCH/EPDCCH assignment
in subframe(s) n—k, where k e K with the DAI value equal to '1', shall be used to determine the
PUCCH resource value from one of the four PUCCH resource values configured by higher layers, with
the mapping defined in Table 10.1.2.2.2-1. A UE shall assume that the same HARQ-ACK PUCCH
resource value is transmitted on all EPDCCH assignments used to determine the PUCCH resource values
within the subframe(s) n—k, where ke K.

- If the UL/DL configurations of all serving cells are the same, for a PDSCH transmission on the secondary cell
indicated by the detection of a corresponding PDCCH/EPDCCH within subframe(s) n—k, where k e K, the
UE shall use PUCCH format 3 and PUCCH resource néfJE)CH where the value of néfJE)CH is determined
according to higher layer configuration and Table 10.1.2.2.2-1 and the TPC field in the corresponding
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PDCCH/EPDCCH shall be used to determine the PUCCH resource value from one of the four resource values
configured by higher layers, with the mapping defined in Table 10.1.2.2.2-1. For TDD UL/DL configurations 1-
6, if a PDCCH corresponding to a PDSCH on the primary cell within subframe(s) n—k, where ke K, ora
PDCCH indicating downlink SPS release (defined in subclause 9.2) within subframe(s) n—k, where k e K, is
detected, the TPC field in the PDCCH with the DAI value greater than '1' or with DAI value equal to “1’, not
being the first PDCCH/EPDCCH transmission in subframe(s) n—k, where k e K with the DAI value equal to
'1' (defined in Table 7.3-X), shall be used to determine the PUCCH resource value from one of the four resource
values configured by higher layers, with the mapping defined in Table 10.1.2.2.2-1. A UE shall assume that the
same HARQ-ACK PUCCH resource value is transmitted on all PDCCH assignments in the primary cell and in
each secondary cell that are used to determined the PUCCH resource value within the subframe(s) n—k, where
k € K. For TDD UL/DL configurations 1-6, if an EPDCCH corresponding to a PDSCH on the primary cell
within subframe(s) n—k, where k € K, or an EPDCCH indicating downlink SPS release (defined in subclause
9.2) within subframe(s) n—k, where k € K, is detected, the HARQ-ACK resource offset field in the DCI
format of the corresponding EPDCCH assignment with the DAI value greater than '1' (defined in Table 7.3-X) or
with DAI value equal to ‘1’, not being the first PDCCH/EPDCCH transmission in subframe(s) n—k, where

k e K with the DAI value equal to '1', shall be used to determine the PUCCH resource value from one of the
four resource values configured by higher layers, with the mapping defined in Table 10.1.2.2.2-1. A UE shall
assume that the same HARQ-ACK PUCCH resource value is transmitted on all EPDCCH assignments in the
primary cell and in each secondary cell that are used to determined the PUCCH resource value within the
subframe(s) n—k, where ke K.

- If the UL/DL configurations of at least two serving cells are different, for a PDSCH transmission on the
secondary cell indicated by the detection of a corresponding PDCCH/EPDCCH within subframe(s) n—k, where

k € K, the UE shall use PUCCH format 3 and PUCCH resource néﬁ,E)CH where the value of néﬁg’CH is

determined according to higher layer configuration and Table 10.1.2.2.2-1 and the TPC field in the
corresponding PDCCH/EPDCCH shall be used to determine the PUCCH resource value from one of the four
resource values configured by higher layers, with the mapping defined in Table 10.1.2.2.2-1. For a UL/DL
configuration of the primary cell belonging to {1,2,3,4,5,6} as defined in subclause 10.2, if a PDCCH
corresponding to a PDSCH on the primary cell within subframe(s) n—k, where k € K, or a PDCCH indicating
downlink SPS release (defined in subclause 9.2) within subframe(s) n—k, where k € K, is detected, the TPC
field in the PDCCH with the DAI value greater than '1' (defined in Table 7.3-X) or with DAI value equal to ‘1’,
not being the first PDCCH/EPDCCH transmission in subframe(s) n—k, where k € K with the DAI value
equal to '1', shall be used to determine the PUCCH resource value from one of the four resource values
configured by higher layers, with the mapping defined in Table 10.1.2.2.2-1. A UE shall assume that the same
HARQ-ACK PUCCH resource value is transmitted on all PDCCH assignments in the primary cell and in each
secondary cell that are used to determined the PUCCH resource value within the subframe(s) n—k, where

k € K. For a UL/DL configuration of the primary cell belonging to {1,2,3,4,5,6} as defined in subclause 10.2, if
an EPDCCH corresponding to a PDSCH on the primary cell within subframe(s) n—k, where k e K, or an
EPDCCH indicating downlink SPS release (defined in subclause 9.2) within subframe(s) n—k, where k e K,
is detected, the HARQ-ACK resource offset field in the DCI format of the corresponding EPDCCH assignment
with the DAI value greater than '1' or with DAI value equal to ‘1’, not being the first PDCCH/EPDCCH
transmission in subframe(s) n—k, where k e K with the DAI value equal to '1', shall be used to determine the
PUCCH resource value from one of the four resource values configured by higher layers, with the mapping
defined in Table 10.1.2.2.2-1. A UE shall assume that the same HARQ-ACK PUCCH resource value is
transmitted on all EPDCCH assignments in the primary cell and in each secondary cell that are used to
determined the PUCCH resource value within the subframe(s) n—k, where k e K .

- For PUCCH format 3 and PUCCH resource né?[,géH and a UE configured for two antenna port transmission, a
PUCCH resource value in Table 10.1.2.2.2-1 maps to two PUCCH resources with the first PUCCH resource
nﬁ,g‘gH for antenna port py and the second PUCCH resource nF(,fJEIC)H for antenna port p,, otherwise, the
PUCCH resource value maps to a single PUCCH resource n,ﬂﬁ?;gH for antenna port py.

10.1.3.2.3 PUCCH format 4 HARQ-ACK procedure

TDD HARQ-ACK feedback procedures for a UE configured with PUCCH format 4 and codebooksizeDetermination-
r13 = cc is described in section 10.1.3.2.3.1.
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TDD HARQ-ACK feedback procedures for a UE configured with PUCCH format 4 and codebooksizeDetermination-
r13 = dai is described in section 10.1.3.2.3.2.

10.1.3.2.3.1 PUCCH format 4 HARQ-ACK procedure without adaptive codebook

The procedure in this subclause applies to a UE configured with PUCCH format 4 and codebooksizeDetermination-r13
=ccC.

If a UE is configured with the higher layer parameter EIMTA-MainConfigServCell-r12, then K'= K where the set K is
defined in Table 10.1.3.1-1 (where "UL/DL configuration™ in the table refers to the higher layer parameter
subframeAssignment), and M "is the number of elements in set K'.

If a UE is configured with more than one serving cells and the UL/DL configuration of all serving cells is same, then in
the rest of this subclause K is as defined in Sec 10.2, and M is the number of elements in the set K.

If a UE is configured with more than one serving cell and if at least two cells have different UL/DL configurations, then
K in this subclause refersto K (as defined in subclause 10.2) ,and M is the number of elements in the set K .

For TDD HARQ-ACK transmission with PUCCH format 4 and sub-frame n with M >1 and more than one
configured serving cell, where M is the number of elements in the set K , the UE shall use PUCCH resource n,(j’J)CCH

or néh@CH for transmission of HARQ-ACK and scheduling request (if any) and periodic CSI (if any) in subframe n

for p mapped to antenna port p where

- If the UE is not configured with the higher layer parameter EIMTA-MainConfigServCell-r12 on the primary cell,
- for asingle PDSCH transmission only on the primary cell indicated by the detection of a corresponding
PDCCH in subframe n—k_,where k e K, and for a TDD UL/DL configuration of the primary cell
belonging to {1,2,3,4,5,6} the DAI value in the PDCCH is equal to '1' (defined in Table 7.3-X), or

- forasingle PDCCH indicating downlink SPS release (defined in subclause 9.2) in subframe n—k_, where
k, e K, and fora TDD UL/DL configuration of the primary cell belonging to {1,2,3,4,5,6} the DAI value in
the PDCCH is equal to '1',

- the UE shall use PUCCH format 1a/1b and PUCCH resource né,luﬁc’CH with

nSoRdy =(M —=m=1)- N, +m-N_; +Nee + NWeey forantennaport py, where N&)c,, is

configured by higher layers, c is selected from {0, 1, 2, 3} such that N, <n... . <N

c+l?
N¢ = max{O, \_[N% (NP .c-4)]/36 J} yand Nece o, is the number of the first CCE used for
transmission of the corresponding PDCCH in subframe n-k, where ke K.When two antenna port
transmission is configured for PUCCH format 1a/1b, the PUCCH resource for antenna port p; is given
by nl(vlL)ﬁclc):H = nr(nltﬁ%c)H +1

- If the UE is configured with the higher layer parameter EIMTA-MainConfigServCell-r12 on the primary cell,

- for asingle PDSCH transmission only on the primary cell indicated by the detection of a corresponding
PDCCH in subframe n—k, ,where k e K, and fora TDD UL/DL configuration of the primary cell

belonging to {1,2,3,4,5,6} the DAI value in the PDCCH is equal to '1' (defined in Table 7.3-X), or

- forasingle PDCCH indicating downlink SPS release (defined in subclause 9.2) in subframe n—k_, where
k, € K, and for a TDD UL/DL configuration of the primary cell belonging to {1,2,3,4,5,6} the DAI value in
the PDCCH is equal to '1',

- the UE shall use PUCCH format 1a/1b, and

- ifthe value of k_ is same as the value of an element k'.,, where k', e K', the PUCCH resource

(1.9) FP @p) " P 1) .
Npoec IS given by Ngogey, = (M'—i2-1)-N_ +i2-N_, + Necem + Npucen §
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otherwise, if the value of k_ is same as the value of an element ki‘g inset K*, where
ki’g e K*(defined in Table 10.1.3.1-1A, where "UL/DL configuration” in the table refers to the higher

layer parameter subframeAssignment), the PUCCH resource nSUEé)CH is given by

L _ A : KA .
Neveen = (M7 =i3=1)-N_ +i3-N_,; +Necen + Npyeen s

where M is the number of elements in the set K”* defined in Table 10.1.3.1-1A ,where ¢ is
selected from {0, 1, 2, 3} such that N, <N <N

c+l?
N, = max{ 0, L[N L (N2B.c-4)]/36 J } where N2t is determined from the primary

cell, n is the number of the first CCE used for transmission of the corresponding PDCCH in

CCE,m
A

subframe n—k, , and NF'fUCCH , NScch » are configured by higher layers. When two antenna port

transmission is configured for PUCCH format 1a/1b, the PUCCH resource for antenna port p, is

. Lp L7
given by Ny, = nfuedy +1

- If the UE is not configured with the higher layer parameter EIMTA-MainConfigServCell-r12 on the primary cell,

for a single PDSCH transmission only on the primary cell indicated by the detection of a corresponding
EPDCCH in subframe n—k_,where k e K, and for a TDD UL/DL configuration of the primary cell

belonging to {1,2,3,4,5,6} the DAI value in the EPDCCH is equal to '1' (defined in Table 7.3-X), or

for a single PDCCH indicating downlink SPS release (defined in subclause 9.2) in subframe n—k_ , where
k, e K, and fora TDD UL/DL configuration of the primary cell belonging to {1,2,3,4,5,6} the DAI value in
the EPDCCH is equal to '1',

- the UE shall use PUCCH format 1a/1b and PUCCH resource né,lug)CH given by

If EPDCCH-PRB-set q is configured for distributed transmission

m-1
p)  _ (e1)
Npdcen = nECCE,q + Z NECCE,q,n—k,1 + AARo + NPUCCH,q
i1=0

If EPDCCH-PRB-set q is configured for localized transmission

_ n m-1

@ | "eccegq ECCE,q . (e1)

Nedcen = \‘ N ECCEa J N RB + z N ECCEqn—k, T n +AARO + NPUCCH,q
RB i1=0

where Ngcegq is the number of the first ECCE (i.e. lowest ECCE index used to construct the

EPDCCH) used for transmission of the corresponding DCI assignment in EPDCCH-PRB-set qin

subframe n-k_, N F(,QJ)CCH,q for EPDCCH-PRB-set q is configured by the higher layer parameter

pucch-ResourceStartOffset-ri1, N 559 for EPDCCH-PRB-set qin subframe n—k_ is given in
subclause 6.8A.1 in [3], n'is determined from the antenna port used for EPDCCH transmission in
subframe n —k,, which is described in subclause 6.8A.5in [3]. If m=0, A,;, isdetermined from

the HARQ-ACK resource offset field in the DCI format of the corresponding EPDCCH as given in
Table 10.1.2.1-1. If m>0, A,y isdetermined from the HARQ-ACK resource offset field in the

DCI format of the corresponding EPDCCH as given in Table 10.1.3.1-2. If the UE is configured to
monitor EPDCCH in subframe n-k,, N ECCE qn-k, 15 €qualto the number of ECCEs in

EPDCCH-PRB-set q configured for that UE in subframe n—k., . If the UE is not configured to

monitor EPDCCH in subframen—k,,, N ECCE qn-k, IS €qualto the number of ECCEs computed
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assuming EPDCCH-PRB-set q is configured for that UE in subframe n—k;, . For normal downlink
CP, if subframe n—Kk;, is aspecial subframe with special subframe configuration 0 or 5,

N ECCE gk, 1S €qual to 0. For extended downlink CP, if subframe n —k;, is a special subframe with
special subframe configuration 0 or 4or 7, N ECCE qnk,, IS €qual to 0. When two antenna port
transmission is configured for PUCCH format 1a/1b, the PUCCH resource for antenna port p, is

. 1,p 1, P
given by nF(’U'él()ZH = néu%)c)H +1.

- If the UE is configured with the higher layer parameter EIMTA-MainConfigServCell-r12 on the primary cell,

- for asingle PDSCH transmission only on the primary cell indicated by the detection of a corresponding
EPDCCH in subframe n-k_,where k_e K, and fora TDD UL/DL configuration of the primary cell

belonging to {1,2,3,4,5,6} the DAI value in the EPDCCH is equal to '1' (defined in Table 7.3-X), or

- forasingle PDCCH indicating downlink SPS release (defined in subclause 9.2) in subframe n—k, , where
k,, € K, and for a TDD UL/DL configuration of the primary cell belonging to {1,2,3,4,5,6} the DAI value in
the EPDCCH is equal to '1',

- the UE shall use PUCCH format 1a/1b and PUCCH resource n,(,luﬁc)CH given by

- ifEPDCCH-PRB-set Yis configured for distributed transmission

i4-1 i5-1
@€p) Z ’ Z ' ' (e1)
r.]PUCCH - nECCE,q + NECCE,q,n—kI'l + NECCE,q,n—k,’i + AARO + NPUCCH,q
i1=0 i1=0

- if EPDCCH-PRB-set Yis configured for localized transmission

. n i4-1 i5-1
p) _ ECCEq |, ECCE,q Z ' Z ' ' ' (e1)
Meucen = { N ECCE.a J Nrg + 2N ECCE,q,n-kj; + NECCE,q,n_ki‘i +N'+ Ao +N PUCCHq
RB i1=0 i1=0

where

- ifthe value of k, issame as the value of an index k',,, where k',e K', then i4=i2;

- otherwise, if the value of k_ is same as the value of an index k#, where ke K*, then i4=i3;

and where Ngeee o is the number of the first ECCE (i.e. lowest ECCE index used to construct the
EPDCCH) used for transmission of the corresponding DCI assignment in EPDCCH-PRB-set ¢ in

subframe n—k., N éeJ)CCqu for EPDCCH-PRB-set q is configured by the higher layer

parameter pucch-ResourceStartOffset-ril, N FEBC 9 for EPDCCH-PRB-set g in subframe
n- km is given in subclause 6.8A.1 in [3], Nn'is determined from the antenna port used for

EPDCCH transmission in subframe n -k which is described in subclause 6.8A.5in [3]. A’z

N ECCE gk N ECCE qn_kA 3T determined as described in section 10.1.3.1. When two antenna

port transmission is configured for PUCCH format 1a/1b, the PUCCH resource for antenna port

L 1,p. 1P
p, isgivenby n&P =nlX 11,

- for asingle PDSCH transmission only on the primary cell where there is not a corresponding PDCCH/EPDCCH
detected within subframe(s) n—k, where k € K and no PDCCH/EPDCCH indicating downlink SPS release
(defined in subclause 9.2) within subframe(s) n—k, where k € K, the UE shall use PUCCH format 1a/1b and
PUCCH resource nF(,luﬁC)CH with the value of nF(,luﬁc)CH is determined according to higher layer configuration and
Table 9.2-2. For a UE configured for two antenna port transmission for PUCCH format 1a/1b, a PUCCH
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resource value in Table 9.2-2 maps to two PUCCH resources with the first PUCCH resource n,gtbé)c)H for

antenna port pgy and the second PUCCH resource né,lL’,ﬁc%H for antenna port p,, otherwise, the PUCCH
resource value maps to a single PUCCH resource néb@gH for antenna port pg.

- for M>1 and

- for a PDSCH transmission only on the primary cell where there is not a corresponding PDCCH detected
within subframe(s) n—k, where ke K and

- for an additional PDSCH transmission only on the primary cell indicated by the detection of a
corresponding PDCCH in subframe n—k_, where k e K with the DAI value in the PDCCH equal to

'1' (defined in Table 7.3-X), or

- for an additional PDCCH indicating downlink SPS release (defined in subclause 9.2) in subframe n-k_,
where ke K with the DAI value in the PDCCH equal to '1',

- the UE shall transmit b(O),b(l) in subframe n using PUCCH format 1b on PUCCH resource

1)
Npdcen

selected from A PUCCH resources nélL)JCCH’i where 0 <1< A-1, according to Table
10.1.3.2-1 and Table 10.1.3.2-2 for A=2 and A =3, respectively. For a UE configured with a
transmission mode that supports up to two transport blocks on the primary cell, A = 3; otherwise,

A=2.

- If the UE is not configured with the higher layer parameter EIMTA-MainConfigServCell-r12 on

the primary cell, the PUCCH resource nlglL)JCCH,O is determined according to higher layer

configuration and Table 9.2-2. The PUCCH resource ”S&cem is determined as

Ncers = (M =m=1)- N, +m-N_; +Neee n + NSee, where NS, is configured by
higher layers, c is selected from {0, 1, 2, 3} such that N_ <n.., <N

c+1?
N. = { DL ,\RB . )
¢ =max)0,[ [Ngg -(Ngc -€—4)]/36 |f ,and Nece , is the number of the first CCE used for

transmission of the corresponding PDCCH in subframe n—k,, where k e K.

- If the UE is configured with the higher layer parameter EIMTA-MainConfigServCell-r12 on the

primary cell, the PUCCH resource nS&CCHO is determined according to higher layer configuration

and Table 9.2-2. The PUCCH resource néﬂCCHyl is determined as

- ifthe value of k_, is same as the value of an element k', , where k', K", the PUCCH

5008 1,50V BY Mgy = (M2 N, +i2-Nosy + e + N oy

PUCCH,1 c+l

- otherwise, if the value of k_ is same as the value of an element ki‘s‘ inset K”, where
k’ e K*(defined in Table 10.1.3.1-1A, where "UL/DL configuration in the table refers to the

higher layer parameter subframeAssignment), the PUCCH resource n,(,lleCH’l is given by

@ A - . KA .
Npdcch1 = (M7 =i3-1)- N +13- N,y +Necem + Npucen s

where M * is the number of elements in the set K” defined in Table 10.1.3.1-1A , where
c isselected from {0, 1, 2, 3} such that N, <n.., <N

c+l?

N, = max{ 0, L[NF'?; ((NSP-c-4)]/36 j } » Neeen 15 the number of the first CCE used for

A
transmission of the corresponding PDCCH in subframe n—k_,, and NF},(UCCH , NF(,BCCH , are

configured by higher layers.
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- For a UE configured with a transmission mode that supports up to two transport blocks on the primary

cell, the PUCCH resource n{).,,, is determined as N§)ccy, = NSYcens +1-HARQ-ACK(0) is the

ACK/NACK/DTX response for the PDSCH without a corresponding PDCCH detected. HARQ-ACK(1)
is the ACK/NACK/DTX response for the first transport block of the PDSCH indicated by the detection of
a corresponding PDCCH for which the value of the DAI field in the corresponding DCI format is
equal to '1' or for the PDCCH indicating downlink SPS release for which the value of the DAI field in
the corresponding DCI format is equal to '1'. HARQ-ACK(2) is the ACK/NACK/DTX response for the
second transport block of the PDSCH indicated by the detection of a corresponding PDCCH for which
the value of the DAI field in the corresponding DCI format is equal to '1".

- for M>1 and

- for a PDSCH transmission only on the primary cell where there is not a corresponding EPDCCH detected
within subframe(s) n—k, where ke K and

for an additional PDSCH transmission only on the primary cell indicated by the detection of a
corresponding EPDCCH in subframe n—k_, where k< K with the DAI value in the EPDCCH equal

to '1' (defined in Table 7.3-X), or

for an additional EPDCCH indicating downlink SPS release (defined in subclause 9.2) in subframe
n-k,,where k_ e K withthe DAI value in the EPDCCH equal to '1',

- the UE shall transmit p(0),b(1) in subframe n using PUCCH format 1b on PUCCH resource

n®

W ey selected from A PUCCH resources n,gﬂCCH,i where 0<i< A-1, according to Table

10.1.3.2-1 and Table 10.1.3.2-2 for A=2 and A = 3, respectively. For a UE configured with a
transmission mode that supports up to two transport blocks on the primary cell, A = 3; otherwise,

A=2.
- If the UE is not configured with the higher layer parameter EIMTA-MainConfigServCell-r12 on
the primary cell, the PUCCH resource n{)..,,, is determined according to higher layer

configuration and Table 9.2-2. The PUCCH resource n{)..,,, is determined as

- If EPDCCH-PRB-set qis configured for distributed transmission

-1
(1) _ (e1)
Npdcen = Necceg T Z NECCE,q,n-k,1 +Appo + NPUCCH,q
i1=0

- IfEPDCCH-PRB-set qis configured for localized transmission

n m-1

1) _ ECCEg ECCEq ' (e1)

nPUCCH,l - [ N ECCE,q J -N RB + Z N ECCE,q,n—kj; +n +AARO +N PUCCH,q
RB i1=0

where Ngcceq  is the number of the first ECCE (i.e. lowest ECCE index used to construct the
EPDCCH) used for transmission of the corresponding DCI assignment in EPDCCH-PRB-set
gin subframe n—k_, N ,g(Ll)CCH,q for EPDCCH-PRB-set (is configured by the higher layer
parameter pucch-ResourceStartOffset-r11, N £S5 for EPDCCH-PRB-set in subframe

n—Kk_, is given in subclause 6.8A.1 in [3], N'is determined from the antenna port used for
EPDCCH transmission in subframe n—k_which is described in subclause 6.8A.5 in [3]. If

m=0, A,z Iisdetermined from the HARQ-ACK resource offset field in the DCI format

of the corresponding EPDCCH as given in Table 10.1.2.1-1. If m >0, A, is determined

from the HARQ-ACK resource offset field in the DCI format of the corresponding EPDCCH
as given in Table 10.1.3.1-2. If the UE is configured to monitor EPDCCH in subframe n—k,,,
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N ECCE qn-k, 1S €qual to the number of ECCEs in EPDCCH-PRB-set q configured for that
UE in subframe n—k, . If the UE is not configured to monitor EPDCCH in subframen -k, ,
N ECCEqnk, IS €dual to the number of ECCEs computed assuming EPDCCH-PRB-set qis
configured for that UE in subframe n —k,, . For normal downlink CP, if subframe n—k, isa
special subframe with special subframe configuration 0 or 5, N ECCE .k, IS equal to 0. For
extended downlink CP, if subframe n -k, is a special subframe with special subframe

configuration O or 4 or 7, N ECCE, q,n—k, 1S €qual to 0.

If the UE is configured with the higher layer parameter EIMTA-MainConfigServCell-r12 on the

primary cell, the PUCCH resource n{..,,, is determined according to higher layer configuration

and Table 9.2-2. The PUCCH resource n®

pucch.y 1S determined as

- If EPDCCH-PRB-set Jis configured for distributed transmission

i4-1 i5-1
()] _ z ’ Z ’ ’ (e1)
r-]PUCCH,i - r]ECCE,q + NECCE,q,nfk,'l + NECCE,q,n—kI’} + A/-\RO + NPUCCH,q
i1=0 i1=0

- If EPDCCH-PRB-set Jis configured for localized transmission

i4-1 i5-1
' ’ 1 r (El)
N ECCE,q,n—k{; + Z N ECCE,q,n—kj} = AARO +N PUCCH,q
0 i

n® | Meccea | Neccea
PUCCH,i — NECCE,q RB
RB i1=0

i1=

where

- if the value of Ko is same as the value of an index K'iz , Where K, e K , then i4= i2;

A A
- otherwise, if the value of Kn is same as the value of an index ki3, where iz
i4=i3.

A
€K , then

- and where Ngeee  is the number of the first ECCE (i.e. lowest ECCE index used to construct

the EPDCCH) used for transmission of the corresponding DCI assignment in EPDCCH-PRB-
set qinsubframe n—k_, N é,ej():CHVq for EPDCCH-PRB-set q is configured by the higher

layer parameter pucch-ResourceStartOffset-r11 , NE;CE'q for EPDCCH-PRB-set qin
subframe N — km is given in subclause 6.8A.1 in [3], n'is determined from the antenna port
used for EPDCCH transmission in subframe n -k  which is described in subclause 6.8A.5 in

8. A'pro, N'eccegnk, ’ N 'ECCE’q‘nfkﬁ\ are determined as described in section 10.1.3.1.

For a UE configured with a transmission mode that supports up to two transport blocks on the

1

primary cell, the PUCCH resource n{..,,, is determined as n{ccy, = Neens +1-HARQ-

ACK(0) is the ACK/NACK/DTX response for the PDSCH without a corresponding EPDCCH
detected. HARQ-ACK(1) is the ACK/NACK/DTX response for the first transport block of the
PDSCH indicated by the detection of a corresponding EPDCCH for which the value of the DAI
field in the corresponding DCI format is equal to '1' or for the EPDCCH indicating downlink SPS
release for which the value of the DAI field in the corresponding DCI format is equal to '1".
HARQ-ACK(2) is the ACK/NACK/DTX response for the second transport block of the PDSCH
indicated by the detection of a corresponding EPDCCH for which the value of the DAI field in the
corresponding DCI format is equal to '1".

- for M>1 and
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- for a PDSCH transmission only on the primary cell indicated by the detection of a corresponding PDCCH in
subframe n-k_,where k_ < K withthe DAI value in the PDCCH greater than '1' (defined in Table 7.3-X),

or

- fora PDCCH indicating downlink SPS release (defined in subclause 9.2) in subframe n—k_, where ke K
with the DAI value in the PDCCH greater than '1', or

- for M =9 and for a PDSCH transmission only on the primary cell indicated by the detection of a
corresponding PDCCH in subframe n-k_, where k < K with the DAI value in the PDCCH equal to '1'

(defined in Table 7.3-X) not being the first PDCCH/EPDCCH transmission in subframe(s) n—k, where
k e K with the DAI value equal to '1', or

- for M =9 and for a PDCCH indicating downlink SPS release (defined in subclause 9.2) in subframe
n-k..where k<K withthe DAI value in the PDCCH equal to ‘1" (defined in Table 7.3-X) not being the

first PDCCH/EPDCCH transmission in subframe(s) n—k, where k € K with the DAI value equal to '1',

- the UE shall use PUCCH format 4 and PUCCH resource n,(,t)CCH where the value of n,(;L)CCH is

determined according to higher layer configuration and Table 10.1.2.2.3-1 and the TPC field in a PDCCH
assignment with DAI value greater than '1' (defined in Table 7.3-X) or with DAI value equal to “1’, not
being the first PDCCH/EPDCCH assignment in subframe(s) n—k, where k e K with the DAI value
equal to '1', shall be used to determine the PUCCH resource value from one of the four PUCCH resource
values configured by higher layers, with the mapping defined in Table 10.1.2.2.3-1. A UE shall assume
that the same HARQ-ACK PUCCH resource value is transmitted on all PDCCH assignments used to
determine the PUCCH resource values within the subframe(s) n—k, where ke K .

- for M>1 and

- for a PDSCH transmission only on the primary cell indicated by the detection of a corresponding EPDCCH
in subframe n—k_,where k e K with the DAI value in the EPDCCH greater than '1' (defined in Table

7.3-X), or

- for an EPDCCH indicating downlink SPS release (defined in subclause 9.2) in subframe n—k_, where
k, e K with the DAI value in the EPDCCH greater than '1', or

- for M =9 and for a PDSCH transmission only on the primary cell indicated by the detection of a
corresponding EPDCCH in subframe n-k_, where k e K with the DAI value in the EPDCCH equal to '1'

(defined in Table 7.3-X) not being the first PDCCH/EPDCCH transmission in subframe(s) n—k, where
k e K with the DAI value equal to '1', or

- for M =9 and for an EPDCCH indicating downlink SPS release (defined in subclause 9.2) in subframe
n-k..where k e K withthe DAI value in the EPDCCH equal to *1” (defined in Table 7.3-X) not being

the first PDCCH/EPDCCH transmission in subframe(s) n—k, where k e K with the DAI value equal to '1',

- the UE shall use PUCCH format 4 and PUCCH resource n,(,t)CCH where the value of n,(;L)CCH is

determined according to higher layer configuration and Table 10.1.2.2.3-1 and the HARQ-ACK resource
offset field in the DCI format of the corresponding EPDCCH assignment with DAI value greater than '1'
or with DAI value equal to 1’ (defined in Table 7.3-X), not being the first PDCCH/EPDCCH assignment
in subframe(s) n—k, where k € K with the DAI value equal to '1', shall be used to determine the
PUCCH resource value from one of the four PUCCH resource values configured by higher layers, with
the mapping defined in Table 10.1.2.2.3-1. A UE shall assume that the same HARQ-ACK PUCCH
resource value is transmitted on all EPDCCH assignments used to determine the PUCCH resource values
within the subframe(s) n—k, where ke K.

- If the UL/DL configurations of all serving cells are the same, for a PDSCH transmission on the secondary cell

indicated by the detection of a corresponding PDCCH/EPDCCH within subframe(s) n—k, where k e K, the

UE shall use PUCCH format 4 and PUCCH resource n,(,‘L)CCH where the value of nét)CCH is determined

according to higher layer configuration and Table 10.1.2.2.3-1 and the TPC field in the corresponding
PDCCH/EPDCCH shall be used to determine the PUCCH resource value from one of the four resource values
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configured by higher layers, with the mapping defined in Table 10.1.2.2.3-1. For TDD UL/DL configurations 1-
6, if a PDCCH corresponding to a PDSCH on the primary cell within subframe(s) n—k,where ke K, ora
PDCCH indicating downlink SPS release (defined in subclause 9.2) within subframe(s) n—k, where k e K , is
detected, the TPC field in the PDCCH with the DAI value greater than '1' or with DAI value equal to “1°, not
being the first PDCCH/EPDCCH transmission in subframe(s) n-k, where k e K with the DAI value equal to
'1' (defined in Table 7.3-X), shall be used to determine the PUCCH resource value from one of the four resource
values configured by higher layers, with the mapping defined in Table 10.1.2.2.3-1. A UE shall assume that the
same HARQ-ACK PUCCH resource value is transmitted on all PDCCH assignments in the primary cell and in
each secondary cell that are used to determined the PUCCH resource value within the subframe(s) n—k, where
k € K. For TDD UL/DL configurations 1-6, if an EPDCCH corresponding to a PDSCH on the primary cell
within subframe(s) n—k, where k € K, or an EPDCCH indicating downlink SPS release (defined in subclause
9.2) within subframe(s) n—k, where k € K, is detected, the HARQ-ACK resource offset field in the DCI
format of the corresponding EPDCCH assignment with the DAI value greater than '1' (defined in Table 7.3-X) or
with DAI value equal to ‘1, not being the first PDCCH/EPDCCH transmission in subframe(s) n—k, where

k € K with the DAI value equal to '1', shall be used to determine the PUCCH resource value from one of the
four resource values configured by higher layers, with the mapping defined in Table 10.1.2.2.3-1. A UE shall
assume that the same HARQ-ACK PUCCH resource value is transmitted on all EFDCCH assignments in the
primary cell and in each secondary cell that are used to determined the PUCCH resource value within the
subframe(s) n—k, where ke K.

- If the UL/DL configurations of at least two serving cells are different, for a PDSCH transmission on the

secondary cell indicated by the detection of a corresponding PDCCH/EPDCCH within subframe(s) n—k, where

k € K, the UE shall use PUCCH format 4 and PUCCH resource ng‘BCCH where the value of n,(:ﬂCCH is

determined according to higher layer configuration and Table 10.1.2.2.3-1 and the TPC field in the
corresponding PDCCH/EPDCCH shall be used to determine the PUCCH resource value from one of the four
resource values configured by higher layers, with the mapping defined in Table 10.1.2.2.3-1. For a UL/DL
configuration of the primary cell belonging to {1,2,3,4,5,6} as defined in subclause 10.2, if a PDCCH
corresponding to a PDSCH on the primary cell within subframe(s) n—k, where k € K, or a PDCCH indicating
downlink SPS release (defined in subclause 9.2) within subframe(s) n—k, where k e K, is detected, the TPC
field in the PDCCH with the DAL value greater than '1' (defined in Table 7.3-X) or with DAI value equal to ‘1,
not being the first PDCCH/EPDCCH transmission in subframe(s) n—k, where k € K with the DAI value
equal to '1', shall be used to determine the PUCCH resource value from one of the four resource values
configured by higher layers, with the mapping defined in Table 10.1.2.2.3-1. A UE shall assume that the same
HARQ-ACK PUCCH resource value is transmitted on all PDCCH assignments in the primary cell and in each
secondary cell that are used to determined the PUCCH resource value within the subframe(s) n—k, where

k € K. For a UL/DL configuration of the primary cell belonging to {1,2,3,4,5,6} as defined in subclause 10.2, if
an EPDCCH corresponding to a PDSCH on the primary cell within subframe(s) n—k, where k e K, or an
EPDCCH indicating downlink SPS release (defined in subclause 9.2) within subframe(s) n—k , where k e K,
is detected, the HARQ-ACK resource offset field in the DCI format of the corresponding EPDCCH assignment
with the DAI value greater than '1' or with DAI value equal to “1’, not being the first PDCCH/EPDCCH
transmission in subframe(s) n—k, where k e K with the DAI value equal to '1', shall be used to determine the
PUCCH resource value from one of the four resource values configured by higher layers, with the mapping
defined in Table 10.1.2.2.3-1. A UE shall assume that the same HARQ-ACK PUCCH resource value is
transmitted on all EPDCCH assignments in the primary cell and in each secondary cell that are used to
determined the PUCCH resource value within the subframe(s) n—k, where k e K.

10.1.3.2.3.2 PUCCH format 4 HARQ-ACK procedure with adaptive codebook

The procedure in this subclause applies to a UE configured with PUCCH format 4 and codebooksizeDetermination-r13
= dai.

If a UE is configured with the higher layer parameter EIMTA-MainConfigServCell-r12, then K'= K where the set K is
defined in Table 10.1.3.1-1 (where "UL/DL configuration” in the table refers to the higher layer parameter
subframeAssignment), and M "is the number of elements in set K'.

If a UE is configured with more than one serving cells and the UL/DL configuration of all serving cells is same, then in
the rest of this subclause K is as defined in Sec 10.2,and M is the number of elements in the set K.
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If a UE is configured with more than one serving cell and if at least two cells have different UL/DL configurations, then
K in this subclause refersto K (as defined in subclause 10.2) ,and M is the number of elements in the set K .

For TDD HARQ-ACK transmission with PUCCH format 4 and sub-frame n with M >1 and more than one

configured serving cell, where M is the number of elements in the set K , the UE shall use PUCCH resource n,(Dt)CCH

or n,(fug)CH or néluﬁc)CH for transmission of HARQ-ACK and scheduling request (if any) and periodic CSI (if any) in

subframe n for p mapped to antenna port p where

- If the UE is not configured with the higher layer parameter EIMTA-MainConfigServCell-r12 on the primary cell,

- for asingle PDSCH transmission only on the primary cell indicated by the detection of a corresponding
PDCCH in subframe n—k_,where ke K, and both the counter DAI value and the total DAI value in the

PDCCH are equal to '1' (defined in Table 7.3.2.1-1), or

- forasingle PDCCH indicating downlink SPS release (defined in subclause 9.2) in subframe n—k_, where
k,, € K, and both the counter DAI value and the total DAI value in the PDCCH are equal to ',

- the UE shall use PUCCH format 1a/1b and PUCCH resource nSUE)CH with
Sy =(M —m-1)-N, +m-N
configured by higher layers, c is selected from {0, 1, 2, 3} such that N, <n.., <N

(1) 1 :
et T Nocem + Npgeen for antennaport pg, where NGegyy is

c+l!
N¢ = max{o, L[N% . (NSFéB~c —-4)]/36 J} ,and Nece o, is the number of the first CCE used for
transmission of the corresponding PDCCH in subframe n—k,, where ke K. When two antenna port
transmission is configured for PUCCH format 1a/1b, the PUCCH resource for antenna port p; is given
by NEyRly = néld%c)H +1

- If the UE is configured with the higher layer parameter EIMTA-MainConfigServCell-r12 on the primary cell,

- for asingle PDSCH transmission only on the primary cell indicated by the detection of a corresponding
PDCCH in subframe n—k_,where ke K, and both the counter DAI value and the total DAI value in the

PDCCH are equal to '1' (defined in Table 7.3.2.1-1), or

- forasingle PDCCH indicating downlink SPS release (defined in subclause 9.2) in subframe n—k_, where
k,, € K, and both the counter DAI value and the total DAI value in the PDCCH are equal to ',

- the UE shall use PUCCH format 1a/1b, and

- ifthe value of k_ is same as the value of an element k', , where k',,e K', the PUCCH resource

(l,ﬁ) - - 1p [ H 1 .
Npicen 1S given by néU‘é)CH =(M'-i2-1)-N_ +i2-N; +Neee y + NIgJCCH ;

- otherwise, if the value of k is same as the value of an element ki‘; inset K*, where

ki’; e K*(defined in Table 10.1.3.1-1A, where "UL/DL configuration” in the table refers to the higher

layer parameter subframeAssignment), the PUCCH resource né,lU?;)CH is given by

L _ A : KA .
Neveen = (M7 =i3=1)-N_ +13-N_; +Necen + Npyeen s

where M ? is the number of elements in the set K”* defined in Table 10.1.3.1-1A ,wWhere ¢ is
selected from {0, 1, 2, 3} such that N, <N, <N

c+l?
N, = max{ 0, \_[N P(NBR.c-4)]/36 J } where N2 is determined from the primary

cell, is the number of the first CCE used for transmission of the corresponding PDCCH in

nC(:E,m
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subframe n—k_,, and N§UACCH , NScen » are configured by higher layers. When two antenna port
transmission is configured for PUCCH format 1a/1b, the PUCCH resource for antenna port p,; is

: Lp 1P
given by NG, = ey +1

- If the UE is not configured with the higher layer parameter EIMTA-MainConfigServCell-r12 on the primary cell,

- forasingle PDSCH transmission only on the primary cell indicated by the detection of a corresponding
EPDCCH in subframe n—k_,where k e K, and both the counter DAI value and the total DAI value in the

EPDCCH are equal to '1' (defined in Table 7.3.2.1-1), or

- for asingle PDCCH indicating downlink SPS release (defined in subclause 9.2) in subframe n—k_, where
k,, € K, and both the counter DAI value and the total DAI value in the EPDCCH are equal to '1',

- the UE shall use PUCCH format 1a/1b and PUCCH resource né,lu'?CH given by

- If EPDCCH-PRB-set q is configured for distributed transmission

m-1
(Lp)  _ (e1)
Npdcen = nECCE,q + Z NECCE,q,n—k,l + AARo + NPUCCH,q
i1=0

- If EPDCCH-PRB-set q is configured for localized transmission

_ n m-1

€p) ECCE(q ECCE.q , (e1)

Nedcen = \‘ N ECCE 0 J “Ngg + z N ecce,qnk, TN +A ppo + NF,UCCqu
RB i1=0

where Ngcegq is the number of the first ECCE (i.e. lowest ECCE index used to construct the

EPDCCH) used for transmission of the corresponding DCI assignment in EPDCCH-PRB-set qin

subframe n-k_, N éeul)CCH,q for EFDCCH-PRB-set q is configured by the higher layer parameter

pucch-ResourceStartOffset-ri1l, N 5559 for EPDCCH-PRB-set qin subframe n—k_ is given in
subclause 6.8A.1 in [3], n'is determined from the antenna port used for EPDCCH transmission in
subframe n —k,, which is described in subclause 6.8A.5in [3]. If m=0, A,;, isdetermined from

the HARQ-ACK resource offset field in the DCI format of the corresponding EPDCCH as given in

Table 10.1.2.1-1. If m>0, A,y isdetermined from the HARQ-ACK resource offset field in the
DCI format of the corresponding EPDCCH as given in Table 10.1.3.1-2. If the UE is configured to
monitor EPDCCH in subframe n—k;,, N ECCE qn-k, 15 €qualto the number of ECCEs in

EPDCCH-PRB-set q configured for that UE in subframe n—k., . If the UE is not configured to

monitor EPDCCH in subframen — k.

. N ECCE qn-k, IS €qualto the number of ECCEs computed

assuming EPDCCH-PRB-set q is configured for that UE in subframe n -k, . For normal downlink
CP, if subframe n—k;, is a special subframe with special subframe configuration 0 or 5,
N ECCE,q,n—k,, IS €qual to 0. For extended downlink CP, if subframe n—k;, is a special subframe with

special subframe configuration 0 or 4 or 7, N ECCE q,n-k, IS equal to 0. When two antenna port

transmission is configured for PUCCH format 1a/1b, the PUCCH resource for antenna port p,; is
. 17 LB
given by néu%%H = nlgu%)c)H +1.
- If the UE is configured with the higher layer parameter EIMTA-MainConfigServCell-r12 on the primary cell,
- for asingle PDSCH transmission only on the primary cell indicated by the detection of a corresponding
EPDCCH in subframe n-k_,where k_e K, and both the counter DAI value and the total DAI value in the
EPDCCH are equal to '1' (defined in Table 7.3.2.1-1), or
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- for asingle PDCCH indicating downlink SPS release (defined in subclause 9.2) in subframe n—k_, where
k., € K, and both the counter DAI value and the total DAI value in the EPDCCH are equal to '1',

- the UE shall use PUCCH format 1a/1b and PUCCH resource nPUCCH given by

- if EPDCCH-PRB-set Yis configured for distributed transmission

i4-1 i5-1
(L.p) ' (e1)
nPUCCH - nECCEq + Z N ECCE,q,n—k/; + Z NECCE ,q,n—k} + AARO NPUCCH q

- if EPDCCH-PRB-set Yis configured for localized transmission

n i4-1 i5-1

wp) _ | ''EccEq |, \ECCEq ' (1)

NpleeH = {—N ECCE q J Nes* + 2 Nioee ank, Z N oot qnit + 1+ Aro + Nevceng
RB i1l=0 il=

where

- if the value of K, is same as the value of an index k'iz,where k', e K',then i4=i2;

- otherwise, if the value of K, is same as the value of an index klg‘, where kA KA, then i4=i3;

and where Ngeee, is the number of the first ECCE (i.e. lowest ECCE index used to construct the

EPDCCH) used for transmission of the corresponding DCI assignment in EPDCCH-PRB-set ¢ in

subframe N — km . N éej():CH q for EPDCCH-PRB-set q is configured by the higher layer

parameter pucch-ResourceStartOffset-ril, Ng ECCE ‘I for EPDCCH-PRB-set  in subframe
n- krn is given in subclause 6.8A.1 in [3], n'is determined from the antenna port used for
EPDCCH transmission in subframe n—k_ which is described in subclause 6.8A.5in [3]. A',q5

N ECCE.an—K'y | N ECCE qn kA 3T determined as described in section 10.1.3.1. When two antenna

port transmission is configured for PUCCH format 1a/1b, the PUCCH resource for antenna port

ie i 1L0) _ (L)
p, isgivenby nfuedy = NEjedy +1.

for a single PDSCH transmission only on the primary cell where there is not a corresponding PDCCH/EPDCCH
detected within subframe(s) n—k, where k € K and no PDCCH/EPDCCH indicating downlink SPS release
(defined in subclause 9.2) within subframe(s) n—k, where k € K, the UE shall use PUCCH format 1a/1b and
PUCCH resource nébg%H with the value of né,lu@CH is determined according to higher layer configuration and
Table 9.2-2. For a UE configured for two antenna port transmission for PUCCH format 1a/1b, a PUCCH

resource value in Table 9.2-2 maps to two PUCCH resources with the first PUCCH resource n;{J@C’H for

antenna port pg and the second PUCCH resource nPUCCH for antenna port p,, otherwise, the PUCCH

. 1,
resource value maps to a single PUCCH resource néU@CH for antenna port py.

for M >1 and

- for a PDSCH transmission only on the primary cell where there is not a corresponding PDCCH detected
within subframe(s) n—k, where k e K and

- for an additional PDSCH transmission only on the primary cell indicated by the detection of a
corresponding PDCCH in subframe n—k, , where k e K with both the counter DAI value and the total

DAl value in the PDCCH equal to '1' (defined in Table 7.3.2.1-1), or

- for an additional PDCCH indicating downlink SPS release (defined in subclause 9.2) in subframe n—k_,
where k_e K with both the counter DAI value and the total DAI value in the PDCCH equal to 'L/,
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the UE shall transmit b(O),b(l) in subframe n using PUCCH format 1b on PUCCH resource

NWcey Selected from A PUCCH resources néﬂccm where 0 <1i< A—1, according to Table

10.1.3.2-1 and Table 10.1.3.2-2 for A=2 and A =3, respectively. For a UE configured with a
transmission mode that supports up to two transport blocks on the primary cell, A = 3; otherwise,

A=2.

- If the UE is not configured with the higher layer parameter EIMTA-MainConfigServCell-r12 on

the primary cell, the PUCCH resource néﬂcmo is determined according to higher layer

configuration and Table 9.2-2. The PUCCH resource n® is determined as

PUCCH,1
o
Neocen: = (M —=m=1)-N_ +m-N

higher layers, c is selected from {0, 1, 2, 3} such that N_ <n... <N

c+l

+Necem + NScen . where Ny, is configured by
c+l’

_ DL (\RB : _
Ne = max{O, \_[N RB "(Ngc— -c—4)]/36 J} ,and Nece o, is the number of the first CCE used for

transmission of the corresponding PDCCH in subframe n—k,, where k_eK.

- If the UE is configured with the higher layer parameter EIMTA-MainConfigServCell-r12 on the

primary cell, the PUCCH resource néﬂCCHO is determined according to higher layer configuration

and Table 9.2-2. The PUCCH resource n® is determined as

PUCCH,1

- if the value of K., is same as the value of an element K.y where k',eK', the PUCCH

resource n®

P 1) _ s : (1) .
e is givenby ngjecy, =(M'=i2-1)-N_ +i2-N_; +Neeen + Npgeen s

- otherwise, if the value of k_ is same as the value of an element k/ inset K*, where
k’ € K* (defined in Table 10.1.3.1-1A, where "UL/DL configuration™ in the table refers to the

higher layer parameter subframeAssignment), the PUCCH resource néldccm is given by

(@) A - . KA .
Npocers = (M7 —13-1)-N¢ +i3- Ny +Nece m + Npucen

where M * is the number of elements in the set K” defined in Table 10.1.3.1-1A , Where
¢ isselected from {0, 1, 2, 3} such that N_ <n.. . <N

c+l?

N, = max{ 0, \_[Ng’é «(NSB-c-4)]/36 J } , Nece 1S the number of the first CCE used for

transmission of the corresponding PDCCH in subframe n—k_ , and NgUACCH , NéBCCH ,are
configured by higher layers.

For a UE configured with a transmission mode that supports up to two transport blocks on the primary

cell, the PUCCH resource n{).,,, isdetermined as n{ccy, = Neens +1-HARQ-ACK(0) is the

ACK/NACK/DTX response for the PDSCH without a corresponding PDCCH detected. HARQ-ACK(1)
is the ACK/NACK/DTX response for the first transport block of the PDSCH indicated by the detection of
a corresponding PDCCH for which the value of both the counter DAI field and total DAI field in the
corresponding DCI format is equal to '1' or for the PDCCH indicating downlink SPS release for which
the value of both the counter DAI field and total DAI field in the corresponding DCI format is equal
to '1'. HARQ-ACK(2) is the ACK/NACK/DTX response for the second transport block of the PDSCH
indicated by the detection of a corresponding PDCCH for which the value of both the counter DAI
field and the total DAI field in the corresponding DCI format is equal to '1'.

- for M>1 and

- for a PDSCH transmission only on the primary cell where there is not a corresponding EPDCCH detected
within subframe(s) n—k, where ke K and
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- for an additional PDSCH transmission only on the primary cell indicated by the detection of a
corresponding EPDCCH in subframe n—k_, where k_ < K with both the counter DAI value and the

total DAI value in the EPDCCH equal to '1' (defined in Table 7.3.2.1-1), or

- for an additional EPDCCH indicating downlink SPS release (defined in subclause 9.2) in subframe
n-k.,where k_ e K with both the counter DAI value and the total DAI value in the EPDCCH equal to
0
- the UE shall transmit b(O),b(l) in subframe n using PUCCH format 1b on PUCCH resource

n®o

ey selected from A PUCCH resources né,lL),CCH'i where 0<1i< A-1, according to Table

10.1.3.2-1 and Table 10.1.3.2-2 for A=2 and A = 3, respectively. For a UE configured with a
transmission mode that supports up to two transport blocks on the primary cell, A = 3; otherwise,

A=2.
- If the UE is not configured with the higher layer parameter EIMTA-MainConfigServCell-r12 on
the primary cell, the PUCCH resource néﬂCCHVO is determined according to higher layer

configuration and Table 9.2-2. The PUCCH resource n®

puccns 1S determined as

- If EPDCCH-PRB-set q is configured for distributed transmission

m-1
(1) _ (e1)
nPUCCH,l - nECCE,q + Z NECCE,q,n—kil + AARo + NPUCCH,q
i1=0

- If EPDCCH-PRB-set qis configured for localized transmission

n m-1

1) _ ECCEq ECCE q ' (e1)

nPUCCH,l - \\ N ECCE q J : NRB + Z NECCE,q,n—kil +n +AARO + NPUCCH,q
RB i1=0

where Ngcegq  is the number of the first ECCE (i.e. lowest ECCE index used to construct the
EPDCCH) used for transmission of the corresponding DCI assignment in EPDCCH-PRB-set
gin subframe n-k_, N éﬁécH‘q for EPDCCH-PRB-set (qis configured by the higher layer

parameter pucch-ResourceStartOffset-ril, N FEECE'q for EPDCCH-PRB-set q in subframe
n—Kk, is given in subclause 6.8A.1 in [3], N'is determined from the antenna port used for
EPDCCH transmission in subframe n—k_ which is described in subclause 6.8A.5 in [3]. If
m=0, A,z isdetermined from the HARQ-ACK resource offset field in the DCI format

of the corresponding EPDCCH as given in Table 10.1.2.1-1. If m >0, A,y, is determined

from the HARQ-ACK resource offset field in the DCI format of the corresponding EPDCCH
as given in Table 10.1.3.1-2. If the UE is configured to monitor EPDCCH in subframe n—k,,,

N ECCE qn-k, IS €qualto the number of ECCEs in EPDCCH-PRB-set g configured for that
UE in subframe n—k;, . If the UE is not configured to monitor EPDCCH in subframen —k;, ,
N ECCE qn-k, 1S €qual to the number of ECCEs computed assuming EPDCCH-PRB-set qis
configured for that UE in subframe n —k,, . For normal downlink CP, if subframe n—k, isa
special subframe with special subframe configuration 0 or 5, N ECCE,q,n-k, 1S €qual to 0. For
extended downlink CP, if subframe n—k,, is a special subframe with special subframe

configuration 0O or 4 or 7, N ECCE q,n-k, IS equal to 0.
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If the UE is configured with the higher layer parameter EIMTA-MainConfigServCell-r12 on the

primary cell, the PUCCH resource n® is determined according to higher layer configuration

PUCCH,0
and Table 9.2-2. The PUCCH resource n®

pucchs 1S determined as

- If EPDCCH-PRB-set Jis configured for distributed transmission

i4-1 i5-1
1) _ z ' Z ' ' (e1)
nPUCCH,i - nECCE,q + NECCE,q,n—ki'l + NECCE,q,n—ki’i + AARO + NPUCCH,q
i1=0 i1=0

- If EPDCCH-PRB-set Jis configured for localized transmission

n i4-1 i5-1
o) _ | Mecceq | \ECCEaQ Z ' Z ' N (e1)
Meocen,i = { N ECCE.a J N + NECCE,q,n—k.'l + NECCE,q,n—kﬁ TN Ao + NPUCCH"‘
RB i1=0

i1=0
where
- if the value of Ko is same as the value of an index K'iz , where ki, e K , then i4= i2;
L. k . . kA k2 e KA
- otherwise, if the value of "™ is same as the value of an index "3, where i3 , then

i4=i3.

- and where Ngoee, is the number of the first ECCE (i.e. lowest ECCE index used to construct

the EPDCCH) used for transmission of the corresponding DCI assignment in EPDCCH-PRB-
set qinsubframe n—Kk_, N F(,‘ng:Cqu for EPDCCH-PRB-set q is configured by the higher

layer parameter pucch-ResourceStartOffset-ril, N Ffé’ £ for EPDCCH-PRB-set gin
subframe N — km is given in subclause 6.8A.1 in [3], n'is determined from the antenna port
used for EPDCCH transmission in subframe n —k_ which is described in subclause 6.8A.5 in

[B]. A'po, N IECCE,q,n—k'il’ N ECCE gk € determined as described in section 10.1.3.1.

For a UE configured with a transmission mode that supports up to two transport blocks on the
primary cell, the PUCCH resource n%..,,, is determined as n{).q,,, = N&ccn, +1.HARQ-

ACK(0) is the ACK/NACK/DTX response for the PDSCH without a corresponding EPDCCH
detected. HARQ-ACK(1) is the ACK/NACK/DTX response for the first transport block of the
PDSCH indicated by the detection of a corresponding EPDCCH for which the value of both the
counter DAI field and the total DAI field in the corresponding DCI format is equal to ‘1" or for the
EPDCCH indicating downlink SPS release for which the value of both the counter DAI field and
the total DAI field in the corresponding DCI format is equal to '1'. HARQ-ACK(2) is the
ACK/NACK/DTX response for the second transport block of the PDSCH indicated by the
detection of a corresponding EPDCCH for which the value of both the counter DAI field and the
total DAI field in the corresponding DCI format is equal to '1".

- if a PDSCH transmission is indicated by the detection of a corresponding PDCCH/EPDCCH in subframe
n-k,, where k e K with either the counter DAI value or the total DAI value in the PDCCH greater than '1'

(defined in Table 7.3.2.1-1) on the primary cell, or

- ifa PDCCH/EPDCCH indicating downlink SPS release (defined in subclause 9.2) is detected in subframe
n-k,, where k e K with either the DAI value or the total DAI value in the PDCCH greater than '1' on the

primary cell, or

- if a PDSCH transmission is indicated by the detection of a corresponding PDCCH/EPDCCH in subframe
n—Kk,where k € K onasecondary cell,
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- if the total number of HARQ-ACK bits 0*“* and scheduling request bit O (if any) and periodic CSI bits

0, o (ifany) is more than 22, the UE shall use PUCCH format 4 and PUCCCH resource né,t)CCH where

the value of né‘:}CCH is determined according to higher layer configuration and Table 10.1.2.2.3-1. Denote

is the smallest value in U K, such
ceC

that PDCCH/EPDCCH scheduling PDSCH or indicating DL SPS release is detected in subframe
N — K0 ON SETVING cell € and K . € K5 . The TPC field in a PDCCH/EPDCCH scheduling

PDSCH or indicating downlink SPS release in subframe n—Kk

C as the set of configured serving cells for the UE. Denote K .jjest

smalles

smallest ON @ serving cell C satisfying

Kmanest € K¢ shall be used to determine the PUCCH resource value from one of the four resource values
configured by higher layers, with the mapping defined in Table 10.1.2.2.3-1. A UE shall assume that the
same HARQ-ACK PUCCH resource value is transmitted on any PDCCH/EPDCCH scheduling PDSCH or

indicating downlink SPS release in subframe n—Kk . onany serving cell C satisfying k €eK..

smalles smalles

- if the total number of HARQ-ACK bits O*°* and scheduling request bit O (if any) and periodic CSI bits
0,_.y (ifany) isno more than 22, the UE shall use PUCCH format 3 and PUCCCH resource nﬁ,ﬁggH

where the value of nfug)CH is determined according to higher layer configuration and Table 10.1.2.2.2-1.

Denote C as the set of configured serving cells for the UE. Denote K is the smallest value in

smallest

U K. such that PDCCH/EPDCCH scheduling PDSCH or indicating DL SPS release is detected in

ceC

subframe n—Kk onserving cell € and k € K; . The TPC field in a PDCCH/EPDCCH

scheduling PDSCH or indicating downlink SPS release in subframe N —K. ... Onaserving cell C

smallest smallest

satisfying Kqqiest € K. shall be used to determine the PUCCH resource value from one of the four

resource values configured by higher layers, with the mapping defined in Table 10.1.2.2.2-1. A UE shall
assume that the same HARQ-ACK PUCCH resource value is transmitted on any PDCCH/EPDCCH

scheduling PDSCH or indicating downlink SPS release in subframe N —Kg, .. ©N any serving cell €

satisfying K. € K. - If @ UE is configured for two antenna port transmission for PUCCH format 3, a
PUCCH resource value in Table 10.1.2.2.2-1 maps to two PUCCH resources with the first PUCCH resource
néfJ?C)H for antenna port py and the second PUCCH resource néﬁ@%H for antenna port p,, otherwise, the
PUCCH resource value maps to a single PUCCH resource né’ijg%)H for antenna port py.

10.1.3.2.4 PUCCH format 5 HARQ-ACK procedure

TDD HARQ-ACK feedback procedures for a UE configured with PUCCH format 5 and codebooksizeDetermination-
r13 = cc is described in section 10.1.3.2.4.1.

TDD HARQ-ACK feedback procedures for a UE configured with PUCCH format 5 and codebooksizeDetermination-
r13 = dai is described in section 10.1.3.2.4.2.

10.1.3.2.4.1 PUCCH format 5 HARQ-ACK procedure without adaptive codebook

The HARQ-ACK feedback procedure for PUCCH format 5 HARQ-ACK procedure is as described in subclause

10.1.3.2.3.1, by replacing né‘L)CCH with néSU)CCH :

10.1.3.2.4.2 PUCCH format 5 HARQ-ACK procedure with adaptive codebook

The HARQ-ACK feedback procedure for PUCCH format 5 HARQ-ACK procedure is as described in subclause

10.1.3.2.3.2, by replacing né,t)CCHwith nE,‘Z)CCH.
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10.1.3A FDD-TDD HARQ-ACK feedback procedures for primary cell frame
structure type 2

A UE is configured by higher layers to use either PUCCH format 1b with channel selection or PUCCH format 3/4/5 for
transmission of HARQ-ACK.

For a serving cell, if the serving cell is frame structure type 1, and a UE is not configured to monitor PDCCH/EPDCCH

in another serving cell for scheduling the serving cell, set K is defined in Table 10.1.3A-1, otherwise set K is defined
in Table 10.1.3.1-1.

PUCCH format 1b with channel selection is not supported if a UE is configured with more than two serving cells, or if
the DL-reference UL/DL configuration 5 (as defined in subclause 10.2) is defined for any serving cell, or if the DL-
reference UL/DL configuration of a serving cell with frame structure type 1 belongs to {2, 3, 4} and the UE is not
configured to monitor PDCCH/EPDCCH in another serving cell for scheduling the serving cell.

If a UE is configured with the parameter EIMTA-MainConfigServCell-r12 for at least one serving cell and is configured
with PUCCH format 3 without PUCCH format 4/5 configured, the UE is not expected to be configured with more than
two serving cells having DL-reference UL/DL configuration 5.

If a UE is configured to use PUCCH format 1b with channel selection for HARQ-ACK transmission, for the serving
cells,

- if more than 4 HARQ-ACK bits for M multiple downlink and special subframes associated with a single UL
subframe n, where M is as defined in subclause 10.1.3.2.1 for case where the UE is configured with two
serving cells with different UL/DL configurations,

- spatial HARQ-ACK bundling across multiple codewords within a downlink or special subframe is performed
for each serving cell by a logical AND operation of all the corresponding individual HARQ-ACKSs, and the
bundled HARQ-ACK bits for each serving cell is transmitted using PUCCH format 1b with channel
selection,

- otherwise,

- spatial HARQ-ACK bundling is not performed, and the HARQ-ACK bits are transmitted using PUCCH
format 1b with channel selection.

If a UE is configured to use PUCCH format 3 without PUCCH format 4/5 configured for HARQ-ACK transmission, for
the serving cells,

- if more than 21 HARQ-ACK bits for M multiple downlink and special subframes associated with a single UL
subframe n, where M as defined in subclause 10.1.3.2.2 for the case of UE configured with more than one
serving cell and if at least two cells have different UL/DL configurations,

- spatial HARQ-ACK bundling across multiple codewords within a downlink or special subframe is performed
for each serving cell by a logical AND operation of all of the corresponding individual HARQ-ACKSs, and
PUCCH format 3 is used,

- otherwise,

- spatial HARQ-ACK bundling is not performed, and the HARQ-ACK bits are transmitted using PUCCH
format 3.

- UE shall determine the number of HARQ-ACK bits, o, associated with an UL subframe n according to
N gais

0= ZO?CK where N2 is the number of configured cells, and OCACK is the number of HARQ-bits for

cells
c=1

the c-th serving cell defined in subclause 7.3.4. If a UE is not configured to monitor PDCCH/EPDCCH in
another serving cell for scheduling a serving cell with frame structure type 1, and the DL-reference UL/DL
DL

configuration of the serving cell belongs to {2, 3, 4, 5}, then the UE is not expected to be configured with N ;s
which result in O > 21.

HARQ-ACK transmission on two antenna ports (p €[pg, p11) is supported for PUCCH format 3.
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HARQ-ACK transmission on two antenna ports (p €[pg, p;]) is supported for PUCCH format 1b with channel
selection and with two configured serving cells.

The FDD-TDD HARQ-ACK feedback procedure for PUCCH format 1b with channel selection follows the HARQ-
ACK procedure described in subclause 10.1.3.2.1 for the case of UE configured with two serving cells with different
UL/DL configurations, and for PUCCH format 3/4/5 follows the HARQ-ACK procedure described in subclause
10.1.3.2.2/10.1.3.2.3/10.2.3.2.4 for the case of UE configured with more than one serving cell and if at least two cells
have different UL/DL configurations.

Table 10.1.3A-1: Downlink association set K : {ky,k,---ky,_,} for FDD-TDD and serving cell frame
structure type 1

DL-reference UL/DL Subframe n

Configuration 01 2 3 4 |5|6 7 8 9
0 6,5 54 4 -] - 6,5 54 4
1 - |- 7,6 6,5 4 - - |- 7,6 6,5 4
2 - |- 8,7,6,5 4 - - -1-18,7,6,5,4 - -
3 -] - 11,10,9,8,7,6 6,5 54| -1 - - - -
4 - - 12,11,10,9,8,7 7,6,5,4 - - - - - -
5 -|-113,12,11,10,9,8,7,6,5,4 - - - |- - - -
6 - - 8,7 7,6 6,5 - | - 7 7,6,5 | -

10.1.4 HARQ-ACK Repetition procedure

For a non-BL/CE UE, HARQ-ACK repetition is enabled or disabled by a UE specific parameter ackNackRepetition
configured by higher layers. Once enabled, the UE shall repeat any HARQ-ACK transmission with a repetition

factor N pygeps Where N ayge, is provided by higher layers and includes the initial HARQ-ACK transmission,

until HARQ-ACK repetition is disabled by higher layers. For a PDSCH transmission without a corresponding
PDCCH/EPDCCH detected, the UE shall transmit the corresponding HARQ-ACK response NANRep times using

PUCCH resource nélu@CH configured by higher layers. For a PDSCH transmission with a corresponding

PDCCH/EPDCCH detected, or for a PDCCH/EPDCCH indicating downlink SPS release, the UE shall first transmit
the corresponding HARQ-ACK response once using PUCCH resource derived from the corresponding PDCCH
CCE index or EPDCCH ECCE index (as described in subclauses 10.1.2 and 10.1.3), and repeat the transmission of

the corresponding HARQ-ACK response N ANRep —1 times always using PUCCH resource nébgLH ANRep - Where

n}g]ljJﬁC)CH,ANRep is configured by higher layers.

HARQ-ACK repetition is only applicable for UEs configured with one serving cell for FDD and TDD. For TDD,
HARQ-ACK repetition is only applicable for HARQ-ACK bundling.

HARQ-ACK repetition can be enabled with PUCCH format 1a/1b on two antenna ports. For a UE configured for
two antenna port transmission for HARQ-ACK repetition with PUCCH format 1a/1b, a PUCCH resource value
né,b'é)CH ANRep Maps to two PUCCH resources with the first PUCCH resource né{JpC‘JC’H ANRep TOT antenna port

and the second PUCCH resource n,(,lL'Jﬁc%HVANRep for antenna port p,, otherwise, the PUCCH resource value maps to

asingle PUCCH resource NG&2, angep fOT antennaport pg.
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10.1.5 Scheduling Request (SR) procedure

A non-BL/CE UE is configured by higher layers to transmit the SR on one antenna port or two antenna ports.

For a non-BL/CE UE, the scheduling request shall be transmitted on the PUCCH resource(s)

NSoben = NSubkensri for P mapped to antenna port p as defined in [3], where N2, sz, is configured by higher
layers unless the SR coincides in time with the transmission of HARQ-ACK using PUCCH Format 3/4/5 in which
case the SR is multiplexed with HARQ-ACK according to subclause 5.2.3.1 of [4]. The SR configuration for SR

transmission periodicity SRpegiopicity @nd SR subframe offset Nogpser g IS defined in Table 10.1.5-1 by the

parameter sr-Configindex I, given by higher layers.

SR transmission instances are the uplink subframes satisfying

(10>< Nt +[Ng /2 |~ Nogeser sw )mod SReeriopiciTy =0 -

For a BL/CE UE, the scheduling request shall be transmitted on the PUCCH resource(s) ngﬂCCH = nSJCCH' SR

mapped to antenna port pgas defined in [3], where HSJCCH,sm is configured by higher layers. The SR

configuration for SR transmission periodicity SRperopicity @nd SR subframe offset Nogpsersp IS defined in Table

10.1.5-1 by the parameter sr-Configindex |, given by higher layers. The SR transmission instances are Né,ﬂ():CH’rep

consecutive BL/CE uplink subframes starting from a subframe satisfying
(10>< g +| Ng /2 |- Noprsersr )mod SRperiopicity =0, Where N,()['J‘)CCH rep 15 Provided by higher layer parameter

NumRepetitionCE-format1.

Table 10.1.5-1: UE-specific SR periodicity and subframe offset configuration

SR configuration Index | SR periodicity (ms) | SR subframe offset
lse SReeriopICITY NorrseT s
0-4 5 I
5-14 10 x5
15-34 20 I, —15
35-74 40 lg —35
75— 154 80 I —75
155 - 156 2 I —155
157 1 Iz —157
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10.2  Uplink HARQ-ACK timing

For TDD or for FDD-TDD and primary cell frame structure type 2 or for FDD-TDD and primary cell frame structure
type 1, if a UE configured with EIMTA-MainConfigServCell-r12 for a serving cell, “UL/DL configuration” of the
serving cell in subclause 10.2 refers to the UL/DL configuration given by the parameter eimta-HARQ-ReferenceConfig-
r12 for the serving cell unless specified otherwise.

For a non-BL/CE UE, for FDD or for FDD-TDD and primary cell frame structure type 1, the UE shall upon detection of
a PDSCH transmission in subframe n-4 intended for the UE and for which an HARQ-ACK shall be provided, transmit
the HARQ-ACK response in subframe n. If HARQ-ACK repetition is enabled, upon detection of a PDSCH
transmission in subframe n-4 intended for the UE and for which HARQ-ACK response shall be provided, and if the UE
is not repeating the transmission of any HARQ-ACK in subframe n corresponding to a PDSCH transmission in
subframes n - Nanrep =3+ -+ N=5, the UE:

- shall transmit only the HARQ-ACK response (corresponding to the detected PDSCH transmission in subframe

n—4)on PUCCH in subframes n, n+1, ..., n+ N angep — L

- shall not transmit any other signal/channel in subframes n, n+1, ..., n+ N g, —1; and

- shall not transmit any HARQ-ACK response repetitions corresponding to any detected PDSCH transmission in
subframes n-3, ..., n+ N anrep =5

For TDD and a UE configured with EIMTA-MainConfigServCell-r12 for at least one serving cell, if the UE is
configured with one serving cell or if the UE is configured with more than one serving cell and the TDD UL/DL
configuration of all the configured serving cells is the same, the DL-reference UL/DL configuration for a serving cell is
the UL/DL configuration of the serving cell.

For FDD-TDD and primary cell frame structure type 1, if a serving cell is a secondary serving cell with frame structure
type 2, the DL-reference UL/DL configuration for the serving cell is the UL/DL configuration of the serving cell.

For TDD, if the UE is configured with more than one serving cell and if at least two serving cells have different UL/DL
configurations and if a serving cell is a primary cell, then the primary cell UL/DL configuration is the DL-reference
UL/DL configuration for the serving cell.

For FDD-TDD and primary cell frame structure type 2, if a serving cell is a primary cell or if a serving cell is a
secondary cell with frame structure type 1, then the primary cell UL/DL configuration is the DL-reference UL/DL
configuration for the serving cell.

For TDD and if the UE is configured with more than one serving cell and if at least two serving cells have different
UL/DL configurations and if the UE is not configured with harqTimingTDD = TRUE and if a serving cell is a
secondary cell, or for FDD-TDD and primary cell frame structure type 2 and if the UE is not configured with
hargTimingTDD = TRUE and if a serving cell is a secondary cell with frame structure type 2

- if the pair formed by (primary cell UL/DL configuration, serving cell UL/DL configuration ) belongs to Set 1 in
Table 10.2-1 or

- if the UE is not configured to monitor PDCCH/EPDCCH in another serving cell for scheduling the serving cell,
and if the pair formed by (primary cell UL/DL configuration, serving cell UL/DL configuration ) belongs to Set
2 or Set 3 in Table 10.2-1 or

- if the UE is configured to monitor PDCCH/EPDCCH in another serving cell for scheduling the serving cell, and
if the pair formed by (primary cell UL/DL configuration, serving cell UL/DL configuration) belongs to Set 4 or
Set 5 in Table 10.2-1

then the DL-reference UL/DL configuration for the serving cell is defined in the corresponding Set in Table 10.2-1.

For TDD and if the UE is configured with more than one serving cell and if at least two serving cells have different
UL/DL configurations and if the UE is configured with hargTimingTDD = TRUE and if a serving cell is a secondary
cell, or for FDD-TDD and primary cell frame structure type 2 and if the UE is configured with harqTimingTDD =
TRUE and if a serving cell is a secondary cell with frame structure type 2

- if the UE is configured to monitor PDCCH/EPDCCH in another serving cell for scheduling the serving cell, and
if the pair formed by (primary cell UL/DL configuration, serving cell UL/DL configuration) belongs to Set 1 or
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Set 4 or Set 5 in Table 10.2-1, then the DL-reference UL/DL configuration for the serving cell is defined in the
corresponding Set in Table 10.2-1;

- if the UE is not configured to monitor PDCCH/EPDCCH in another serving cell for scheduling the serving cell,
and then the primary cell UL/DL configuration is the DL-reference UL/DL configuration for the serving cell.

For a UE not configured with PUCCH format 4 or PUCCH format 5, for TDD and if a UE is configured with more than
one serving cell and if at least two serving cells have different UL/DL configurations or for FDD-TDD and primary cell
frame structure type 2, if the DL-reference UL/DL configuration for at least one serving cell is TDD UL/DL
Configuration 5, then the UE is not expected to be configured with more than two serving cells.

For TDD and a non-BL/CE UE not configured with EIMTA-MainConfigServCell-r12 for any serving cell, if the UE is
configured with one serving cell, or the UE is configured with more than one serving cell and the UL/DL configurations
of all serving cells is same, then the UE shall upon detection of a PDSCH transmission within subframe(s) n—k , where
ke K and K isdefined in Table 10.1.3.1-1 intended for the UE and for which HARQ-ACK response shall be
provided, transmit the HARQ-ACK response in UL subframe n.

For a UE not configured with harqTimingTDD = TRUE, for TDD and if a UE is configured with more than one serving
cell and if at least two serving cells have different UL/DL configurations, or if a UE is configured with EIMTA-
MainConfigServCell-r12 for at least one serving cell, or for FDD-TDD and primary cell frame structure type 2 and if a
serving cell c is frame structure type 2, then the UE shall upon detection of a PDSCH transmission within subframe(s)

n—k forserving cell ¢, where K € K. intended for the UE and for which HARQ-ACK response shall be provided,

transmit the HARQ-ACK response in UL subframe n, wherein set K _ contains values of k € K such that subframe n-

k corresponds to a DL subframe or a special subframe for serving cell ¢, where DL subframe or special subframe of
serving cell ¢ isaccording to the higher layer parameter eimta-HARQ-ReferenceConfig-r12 if the UE is configured
with the higher layer parameter EIMTA-MainConfigServCell-r12 for serving cell c¢; K defined in Table 10.1.3.1-1
(where "UL/DL configuration™ in Table 10.1.3.1-1 refers to the "DL-reference UL/DL configuration") is associated
with subframe n.

For a UE configured with harqTimingTDD = TRUE, for TDD and if a UE is configured with more than one serving cell
and if at least two serving cells have different UL/DL configurations, or for FDD-TDD and primary cell frame structure
type 2 and if a serving cell ¢ is frame structure type 2,
- ifthe UE is configured to monitor PDCCH/EPDCCH in another serving cell for scheduling the serving cell ¢
then the UE shall upon detection of a PDSCH transmission within subframe(s) n—k for serving cell ¢, where
ke K. intended for the UE and for which HARQ-ACK response shall be provided, transmit the HARQ-ACK

response in UL subframe n, wherein set K contains values of k € K such that subframe n-k corresponds to a

DL subframe or a special subframe for serving cell ¢, where K is defined in Table 10.1.3.1-1 (where "UL/DL
configuration™ in Table 10.1.3.1-1 refers to the "DL-reference UL/DL configuration") is associated with
subframe n.

- if the UE is not configured to monitor PDCCH/EPDCCH in another serving cell for scheduling the serving cell
c  then the UE shall upon detection of a PDSCH transmission within subframe(s) n—k for serving cell c,

where Kk € K, intended for the UE and for which HARQ-ACK response shall be provided, transmit the

HARQ-ACK response in UL subframe n, wherein set K _ contains values of k e K such that subframe n-k

corresponds to a DL subframe or a special subframe for serving cell ¢, where K is defined in Table 10.1.3A-1
(where "UL/DL configuration™ in Table 10.1.3A-1 refers to the "DL-reference UL/DL configuration™) is
associated with subframe n.

For a non-BL/CE UE, and for FDD-TDD and primary cell frame structure type 2, if a serving cell ¢ is frame structure
type 1 and a UE is not configured to monitor PDCCH/EPDCCH in another serving cell for scheduling the serving cell
¢, then the UE shall upon detection of a PDSCH transmission within subframe(s) n—k for serving cell ¢, where

keK,, K,=Kand Kisdefined in Table 10.1.3A-1 intended for the UE and for which HARQ-ACK response
shall be provided, transmit the HARQ-ACK response in subframe n.

For FDD-TDD and primary cell frame structure type 2, if a serving cell ¢ is frame structure type 1 and a UE is
configured to monitor PDCCH/EPDCCH in another serving cell for scheduling serving cell ¢, then the UE shall upon
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detection of a PDSCH transmission within subframe(s) n—k for serving cell ¢, where ke K., K, =Kand Kis

defined in Table 10.1.3.1-1, intended for the UE and for which HARQ-ACK response shall be provided, transmit the
HARQ-ACK response in subframe n, where "UL/DL configuration™ in Table 10.1.3.1-1 refers to the "DL-reference
UL/DL configuration” of serving cell c.

For TDD, if HARQ-ACK repetition is enabled, upon detection of a PDSCH transmission within subframe(s) n—k,
where ke K and K is defined in Table 10.1.3.1-1 intended for the UE and for which HARQ-ACK response shall be
provided, and if the UE is not repeating the transmission of any HARQ-ACK in subframe n corresponding to a
PDSCH transmission in a downlink or special subframe earlier than subframe n—k , the UE:

- shall transmit only the HARQ-ACK response (corresponding to the detected PDSCH transmission in

subframen—k) on PUCCH in UL subframen and the next N ..., —1UL subframes denoted as n, ,

T nNANRep71’

- shall not transmit any other signal/channel in UL subframe n, n,, ...,N and

N anrep —1’

- shall not transmit any HARQ-ACK response repetitions corresponding to any detected PDSCH transmission in
subframes N, —K, where k € K, K;is the set defined in Table 10.1.3.1-1 corresponding to UL subframe

N, and 1< < Njyge — 1

For TDD, HARQ-ACK bundling, if the UE detects that at least one downlink assignment has been missed as described
in subclause 7.3, the UE shall not transmit HARQ-ACK on PUCCH if HARQ-ACK is the only UCI present in a given
subframe.

For FDD, a BL/CE UE shall upon detection of a PDSCH intended for the UE and for which an HARQ-ACK shall be

provided, transmit the HARQ-ACK response using the same nE,lU’QC)H derived according to section 10.1.2.1 in
subframe(s) n+k; with i =0,1, ..., N-1, where

- subframe n-4 is the last subframe in which the PDSCH is transmitted; and

- 0=ko<ki<...,kn.1 and the value of N = Né,rS():CHY ep and NQS():CH rep IS provided by higher layer parameter

pucch-NumRepetitionCE-formatl if the PDSCH does not contain a contention resolution, otherwise it is
provided by higher layer parameter pucch-NumRepetitionCE Msg4-Level0-r13, pucch-NumRepetitionCE-Msg4-
Level1-r13, pucch-NumRepetitionCE-Msg4-Level2-r13 or pucch-NumRepetitionCE-Msg4-Level3-r13 depending
on whether the most recent PRACH coverage enhancement level for the UE is 0, 1, 2 or 3, respectively; and

- subframe(s) n+k; with i=0,1,...,N-1 are N consecutive BL/CE UL subframe(s) immediately after subframe n-1,
and the set of BL/CE UL subframes are configured by higher layers; and

For TDD, a BL/CE UE shall upon detection of a PDSCH within subframe(s) n—k, where ke K and K is defined in

Table 10.1.3.1-1 intended for the UE and for which HARQ-ACK response shall be provided, transmit the HARQ-ACK

response using the same nélupc‘JgH derived according to section 10.1.3.1 in subframe(s) n+k; with i =0,1, ..., N-1, where

- subframe n-k is the last subframe in which the PDSCH is transmitted; and

- 0=ko<ki<...,kn.1 and the value of N = Né,f])CCH’ rep @nd NéB%CH’ rep 1S provided by higher layers parameter

pucch-NumRepetitionCE-formatl if the PDSCH does not contain a contention resolution, otherwise it is
provided by higher layer parameter pucch-NumRepetitionCE Msg4-Level0-r13, pucch-NumRepetitionCE-Msg4-
Levell-r13, pucch-NumRepetitionCE-Msg4-Level2-r13 or pucch-NumRepetitionCE-Msg4-Level3-r13 depending
on whether the most recent PRACH coverage enhancement level for the UE is 0, 1, 2 or 3, respectively; and

- subframe(s) n+k; with i=0,1,...,N-1 are N consecutive BL/CE UL subframe(s) immediately after subframe n-1,
and the set of BL/CE UL subframes are configured by higher layers; and

The uplink timing for the ACK corresponding to a detected PDCCH/EPDCCH indicating downlink SPS release shall be
the same as the uplink timing for the HARQ-ACK corresponding to a detected PDSCH, as defined above.
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For a BL/CE UE, the uplink timing for the ACK corresponding to a detected MPDCCH indicating downlink SPS
release shall be the same as the uplink timing for the HARQ-ACK corresponding to a detected PDSCH, as defined

above.

Table 10.2-1: DL-reference UL/DL configuration for serving cell based on pair formed by (primary cell
UL/DL configuration, secondary cell UL/DL configuration)

Set #

(Primary cell UL/DL configuration,
Secondary cell UL/DL configuration)

DL-reference
UL/DL configuration

Set 1

(0,0)

(1,0),(1,1),(1,6)

(2,0),(2,2),(2,1),(2,6)

(3,0),(3,3),(3.6)

(4,0),(4,1),(4,3),(4,4),(4,6)

(5,0),(5,1),(5,2),(5,3).(5,4).,(5,5),(5,6)

(6,0),(6,6)

Set 2

(0,1),(6,1)

(0,2),(1,2),(6,2)

(0,3).(6,3)

(0,4).(1,4).(3,4),(6,4)

(0,5),(1,5),(2,5),(3,5).(4,5),(6,5)

(0,6)

Set 3

(3,1).(1,3)

(3,2).(4,2),(2,3),(2,4)

Set 4

(0,1),(0,2),(0,3),(0,4),(0,5),(0,6)

(1,2),(1,4),(1,5)

(2,9)

(3,4),(3,5

(4,5)

(6,1),(6,2).(6,3).(6,4),(6,5)

Set 5

(1,3)

(2,3),(2,4)

(3,1).(3,2)

(4.2)

AIWIN(RP|IO(RWIN(FR|IO(CO|AOO|R|IWIN|IR[O|UO|RAW|IN(FL|O
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11 Physical Multicast Channel (PMCH) related
procedures

11.1  UE procedure for receiving the PMCH

The UE shall decode the PMCH when configured by higher layers. The UE may assume that an eNB transmission on
the PMCH is performed according to subclause 6.5 of [3].

The I, for the PMCH is configured by higher layers. If the UE is configured by higher layers to decode the PMCH
based on QPSK, 16QAM, 64QAM, and 256QAM then the UE shall use | ,,.; and Table 7.1.7.1-1A to determine the
modulation order (Q,, ) and TBS index (1,55 ) used in the PMCH. Else the UE shall use I, for the PMCH and Table
7.1.7.1-1 to determine the modulation order (Q,, ) and TBS index (1,5 ) used in the PMCH.

The UE shall then follow the procedure in subclause 7.1.7.2.1 to determine the transport block size, assuming N oz is
equal to NS5 . The UE shall set the redundancy version to 0 for the PMCH.

11.2  UE procedure for receiving MCCH change notification

If a UE is configured by higher layers to decode PDCCHs with the CRC scrambled by the M-RNTI, the UE shall
decode the PDCCH according to the combination defined in Table 11.2-1.

Table 11.2-1: PDCCH configured by M-RNTI

DCI format Search Space
DCI format 1C Common

The 8-bit information for MCCH change notification [11], as signalled on the PDCCH, shall be delivered to higher
layers.

12 Assumptions independent of physical channel

A UE shall not assume that two antenna ports are quasi co-located unless specified otherwise.

A UE may assume the antenna ports 0 — 3 of a serving cell are quasi co-located (as defined in [3]) with respect to delay
spread, Doppler spread, Doppler shift, average gain, and average delay.

For the purpose of discovery-signal-based measurements, a UE shall not assume any other signals or physical channels
are present other than the discovery signal.

If a UE supports discoverySignalsinDeactSCell-r12, and if the UE is configured with discovery-signal-based RRM
measurements on a carrier frequency applicable for a secondary cell on the same carrier frequency, and if the secondary
cell is deactivated, and if the UE is not configured by higher layers to receive MBMS on the secondary cell, the UE
shall, except for discovery-signal transmissions, assume that PSS, SSS, PBCH, CRS, PCFICH, PDSCH, PDCCH,
EPDCCH, PHICH, DMRS and CSI-RS may be not transmitted by the secondary cell until the subframe where an
activation command is received for the secondary cell.

For BL/CE UE, if CEModeA or CEModeB is not configured, UE shall assume the following configuration:
- For a BL/CE UE with the PRACH coverage enhancement level 0/1, UE shall assume CEModeA.

- For a BL/CE UE with the PRACH coverage enhancement level 2/3, UE shall assume CEModeB.
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13 Uplink/Downlink configuration determination
procedure for Frame Structure Type 2

If the UE is configured with a SCG, the UE shall apply the procedures described in this clause for both MCG and SCG

- When the procedures are applied for MCG, the terms “secondary cell’, “secondary cells’ , ‘serving cell’, *serving
cells’ in this clause refer to secondary cell, secondary cells, serving cell, serving cells belonging to the MCG
respectively.

- When the procedures are applied for SCG, the terms ‘secondary cell’, ‘secondary cells’, ‘serving cell’, ‘serving
cells’ in this clause refer to secondary cell, secondary cells (not including PSCell), serving cell, serving cells
belonging to the SCG respectively. The term “primary cell” in this clause refers to the PSCell of the SCG.

For each serving cell
If the UE is not configured with the higher layer parameter EIMTA-MainConfigServCell-r12,

- the UE shall set the UL/DL configuration equal to the UL/DL configuration (i.e., the parameter
subframeAssignment) indicated by higher layers.

If the UE is configured by higher layers with the parameter EIMTA-MainConfigServCell-r12, then for each radio
frame,

- the UE shall determine eIMTA-UL/DL-configuration as described in subclause 13.1.

- the UE shall set the UL/DL configuration for each radio frame equal to the eIMTA-UL/DL-configuration of that
radio frame.

13.1  UE procedure for determining elMTA-uplink/downlink
configuration

If a UE is configured by higher layers to decode PDCCHs with the CRC scrambled by the eIMTA-RNTI, the UE shall
decode the PDCCH according to the combination defined in Table 13.1-1.

Table 13.1-1: PDCCH configured by eIMTA-RNTI

DCI format | Search Space
DCI format 1C Common

The subframes in which the UE monitors PDCCH with CRC scrambled by eIMTA-RNTI are configured by higher
layers.

For each serving cell,
- if T=10,
- if the UE detects PDCCH with CRC scrambled by eIMTA-RNTI in subframe 0 of a radio frame m or if the

UE detects PDCCH with CRC scrambled by eIMTA-RNTI in a subframe other than subframe 0 of a radio
frame m-1,

- the eIMTA-UL/DL-configuration for radio frame m is given by the UL/DL configuration indication
signalled on the PDCCH as described in [4],

- the UE may assume that the same UL/DL configuration indication is indicated by PDCCH with CRC
scrambled by eIMTA-RNTI in subframe 0 of radio frame m and in all the subframes other than subframe
0 of radio frame m-1 in which PDCCH with CRC scrambled by eIMTA-RNTI is monitored,

- otherwise

- the eIMTA-UL/DL-configuration for radio frame m is same as the UL/DL configuration (i.e., the
parameter subframeAssignment) indicated by higher layers;
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- if Tis a value other than 10,
- if the UE detects PDCCH with CRC scrambled by eIMTA-RNTI in a subframe in radio frame mT/10,

- the eIMTA-UL/DL-configuration for radio frames {mT/10+1 , mT/10+2,.... (m + 1)T/10} is given by the
UL/DL configuration indication signalled on the PDCCH as described [4],

- the UE may assume that the same UL/DL configuration indication is indicated by PDCCH with CRC
scrambled by eIMTA-RNTI in all the subframes of radio frame mT/10 in which PDCCH with CRC
scrambled by eIMTA-RNTI is monitored,

- otherwise

- the eIMTA-UL/DL-configuration for radio frames {mT/10+1 , mT/10+2,.... (m +1) T/10} is same as the
UL/DL configuration (i.e., the parameter subframeAssignment) indicated by higher layers.

where T denotes the value of parameter eimta-CommandPeriodicity-r12.

For a serving cell c, if subframe i is indicated as uplink subframe or a special subframe by higher layer parameter
eimta-HARQ-ReferenceConfig-r12, the UE is not expected to receive a PDCCH with CRC scrambled by eIMTA-RNTI
containing an UL/DL configuration for serving cell ¢ that would indicate subframe i as a downlink subframe.

For a serving cell c, if subframe i is indicated as downlink subframe or a special subframe by higher layer parameter
subframeAssignment, the UE is not expected to receive a PDCCH with CRC scrambled by eIMTA-RNTI containing an
UL/DL configuration for serving cell ¢ that would indicate subframe i as an uplink subframe.

For a serving cell ¢, a UE is not expected to be configured with parameter eimta-HARQ-ReferenceConfig-r12 if a
subframe indicated as an uplink subframe by eimta-HARQ-ReferenceConfig-r12 is not indicated as an uplink subframe
by the UL-reference UL/DL configuration.

If UE is not configured with the parameter EIMTA-MainConfigServCell-r12 for any activated serving cell, the UE is not
expected to monitor PDCCH with CRC scrambled by eIMTA-RNTI.

If the UE is configured with the parameter EIMTA-MainConfigServCell-r12 for at least one serving cell, the UE is not
expected to monitor PDCCH with CRC scrambled by eIMTA-RNTI outside of the Active Time defined in [8] in order
to determine the configured CSI-RS or CSI-IM REs in subframe 6 for CSI reporting purposes. If the UE doesn’t detect
an UL/DL configuration indication for radio frame m, the UE determines the configured CSI-RS and CSI-IM REs in
subframe 6 according to the UL/DL configuration indicated by higher layer parameter subframeAssignment for the
serving cell.

13A  Subframe configuration for Frame Structure Type 3

If a UE detects PDCCH with DCI CRC scrambled by CC-RNTI in subframe n-1 or subframe n of a LAA Scell, the UE
may assume the configuration of occupied OFDM symbols in subframe n of the LAA Scell according to the ‘Subframe
configuration for LAA’ field in the detected DCI in subframe n-1 or subframe n.

The “‘Subframe configuration for LAA’ field indicates the configuration of occupied OFDM symbols (i.e., OFDM
symbols used for transmission of downlink physical channels and/or physical signals) in current and/or next subframe
according to Table 13A-1.

If the configuration of occupied OFDM symbols for subframe n is indicated by the Subframe configuration for LAA
field in both subframe n-1 and subframe n, the UE may assume that the same configuration of occupied OFDM symbols
is indicated in both subframe n-1 and subframe n.

If a UE detects PDCCH with DCI CRC scrambled by CC-RNTI in subframe n, and the UE does not detect PDCCH
with DCI CRC scrambled by CC-RNTI in subframe n-1, and if the number of occupied OFDM symbols for subframe n
indicated by the Subframe configuration for LAA field in subframe n is less than 14, the UE is not required to receive
any other physical channels in subframe n.

If a UE does not detect PDCCH with DCI CRC scrambled by CC-RNTI containing ‘Subframe Configuration for LAA’
field set to other than ‘1110’ and ‘1111’ in subframe n and the UE does not detect PDCCH with DCI CRC scrambled
by CC-RNTI containing ‘Subframe Configuration for LAA’ field set to other than ‘1110 and ‘1111 in subframe n-1,
the UE is not required to use subframe n for updating CSI measurement.
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The UE may detect PDCCH with DCI CRC scrambled by CC-RNTI by monitoring the following PDCCH candidates

according to DCI Format 1C.

- one PDCCH candidate at aggregation level L=4 with the CCEs corresponding to the PDCCH candidate given by

CCEs numbered 0,1,2,3

- one PDCCH candidate at aggregation level L=8 with the CCEs corresponding to the PDCCH candidate given by

CCEs numbered 0,1,2,3,4,5,6,7

If a serving cell is a LAA Scell, and if the higher layer parameter subframeStartPosition for the Scell indicates ‘s07’,
and if the UE detects PDCCH/EPDCCH intended for the UE starting in the second slot of a subframe, the UE may
assume that OFDM symbols in the first slot of the subframe are not occupied, and all OFDM symbols in the second slot

of the subframe are occupied,

If subframe n is a subframe in which OFDM symbols in the first slot are not occupied, the UE may assume that all the

OFDM symbols are occupied in subframe n+1.

Table 13A-1: Subframe configuration for LAA in current and next subframe

Value of Configuration of occupied OFDM
‘Subframe configuration for LAA’ symbols
field in current subframe (current subframe, next subframe)
0000 (-,14)
0001 (-,12)
0010 (-,11)
0011 (-,10)
0100 (-,9)
0101 (-,6)
0110 (-,3)
0111 (14,%)
1000 (12,-)
1001 (11,-)
1010 (10,-)
1011 (9,)
1100 (6,-)
1101 (3,)
1110 reserved
1111 reserved
NOTE:
- (-, Y) means UE may assume the first Y symbols are occupied in next
subframe and other symbols in the next subframe are not occupied.
- (X,-) means UE may assume the first X symbols are occupied in current
subframe and other symbols in the current subframe are not occupied.
- (X,*) means UE may assume the first X symbols are occupied in current
subframe, and at least the first OFDM symbol of the next subframe is not
occupied.
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14 UE procedures related to Sidelink

A UE can be configured by higher layers with one or more PSSCH resource configuration(s). A PSSCH resource
configuration can be for reception of PSSCH, or for transmission of PSSCH. The physical sidelink shared channel
related procedures are described in subclause 14.1.

A UE can be configured by higher layers with one or more PSCCH resource configuration(s). A PSCCH resource
configuration can be for reception of PSCCH, or for transmission of PSCCH and the PSCCH resource configuration is
associated with either sidelink transmission mode 1 or sidelink transmission mode 2. The physical sidelink control
channel related procedures are described in subclause 14.2.

A UE can be configured by higher layers with one or more PSDCH resource configuration(s). A PSDCH resource
configuration can be for reception of PSDCH, or for transmission of PSDCH. The transmissions of PSDCH according
to a PSDCH resource configuration are associated with either sidelink discovery type 1 or sidelink discovery type 2B.
The physical sidelink discovery channel related procedures are described in subclause 14.3.

The physical sidelink synchronization related procedures are described in subclause 14.4.

Except in the case of secondary sidelink synchronization signal transmission, sidelink transmission power shall not
change during a sidelink subframe. For a UE transmitting PSBCH, the transmit power of PSBCH ( Poggcy, ) is same as

the transmit power of primary sidelink synchronisation signal Ppggs .

A UE is not expected to be configured with PSCCH resource configuration(s) such that, in a given subframe, the total
number of resource blocks across the resource block pools (as described in subclause 14.2.3) indicated by the PSCCH
resource configuration(s) exceeds 50.

If a UE uplink transmission that is not a PRACH transmission in subframe n+1 of a serving cell overlaps in time
domain with a PSDCH transmission or a SLSS transmission for PSDCH by the UE in subframe n and subframe n+1 is
included in discTxGapConfig [11], then the UE shall drop the uplink transmission in subframe n+1. Else, if a UE uplink
transmission in subframe n+1 of a serving cell overlaps in time domain with sidelink transmission/reception by the UE
in subframe n of the serving cell, then the UE shall drop the sidelink transmission/reception in subframe n.

For a given carrier frequency, a UE is not expected to receive sidelink physical channels/signals with different cyclic
prefix lengths in the same sidelink subframe.

For a given carrier frequency, in a sidelink subframe, if a UE has a sidelink transmission, the sidelink transmission shall
occur only in contiguous physical resource blocks.

If a UE’s sidelink transmission does not occur on a serving cell with its uplink transmission(s), and if the UE’s sidelink
transmission in a subframe overlaps in time with its uplink transmission(s), the UE shall adjust the sidelink transmission
power such that its total transmission power does not exceed Puy,ax defined in [6] on any overlapped portion. In this
case, calculation of the adjustment to the sidelink transmission power is not specified.

14.1  Physical Sidelink Shared Channel related procedures
14.1.1 UE procedure for transmitting the PSSCH

If the UE transmits SCI format 0 on PSCCH according to a PSCCH resource configuration in subframe n belonging to a
PSCCH period (described in subclause 14.2.3), then for the corresponding PSSCH transmissions

- the transmissions occur in a set of subframes in the PSCCH period and in a set of resource blocks within the set
of subframes. The first PSSCH transport block is transmitted in the first four subframes in the set, the second
transport block is transmitted in the next four subframes in the set, and so on.

- for sidelink transmission mode 1,

- the set of subframes is determined using the subframe pool indicated by the PSSCH resource
configuration (described in subclause 14.1.4) and using time resource pattern ( |5, ) in the SCI format 0
as described in subclause 14.1.1.1.
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- the set of resource blocks is determined using Resource block assignment and hopping allocation in the
SCI format 0 as described in subclause 14.1.1.2.

- for sidelink transmission mode 2,

- the set of subframes is determined using the subframe pool indicated by the PSSCH resource
configuration (described in subclause 14.1.3) and using time resource pattern ( |z, ) in the SCI format 0
as described in subclause 14.1.1.3.

- the set of resource blocks is determined using the resource block pool indicated by the PSSCH resource
configuration (described in subclause 14.1.3) and using Resource block assignment and hopping
allocation in the SCI format 0 as described in subclause 14.1.1.4.

- the modulation order is determined using the "modulation and coding scheme " field ( 1,,. ) in SCI format 0.
For0 < lycs <28, the modulation order is setto Q"= min(4,Qy,), where Qp, is determined from Table 8.6.1-1.

- the TBS index ( I,5) is determined based on I, and Table 8.6.1-1, and the transport block size is determined

using I, and the number of allocated resource blocks ( Npgg ) using the procedure in subclause 7.1.7.2.1.

14.1.1.1 UE procedure for determining subframes for transmitting PSSCH for sidelink
transmission mode 1

Within the PSCCH period (described in subclause 14.2.3), the subframes used for PSSCH are determined as follows:

’

- asubframe indicator bitmap (bé, bl’,...bNTRp_l) and N1, are determined using the procedure described in
subclause 14.1.1.1.1.

/

j mod Nygp in the subframe

PSSCH
and a subframe | j

- abitmap (bo oyby -1) is determined usingb; =b

pool is used for PSSCH if bj =1, otherwise the subframe |J-PSSCH is not used for PSSCH, where

“ PSSCH | PSSCH
iy

. | PsseH ) and Lpgq,, are described in subclause 14.1.4. The subframes used for PSSCH

e LPSSCH_
are denoted by (nSSSCH , N5 ,,,,_,,n;’SSCH 1) arranged in increasing order of subframe index and
PSSCH
where N, is the number of subframes that can be used for PSSCH transmission in a PSCCH period and is a
multiple of 4.

14.1.1.1.1 Determination of subframe indicator bitmap

For FDD and TDD with UL/DL configuration belonging to {1,2,4,5}, N1gp is 8, and the mapping between Time
Resource pattern Index ( |1gp ) and subframe indicator bitmap (bé, bl',...b,’qmpfl) is given by table 14.1.1.1.1-1.

For TDD with UL/DL configuration 0, N1z, is 7, and the mapping between Time Resource pattern Index ( lzp ) and
subframe indicator bitmap (b(’), bl’,...bglmp_l) is given by table 14.1.1.1.1-2.

For TDD with UL/DL configuration belonging to {3,6}, N1p is 6, and the mapping between Time Resource pattern
Index ( I1p ) and subframe indicator bitmap (bé, bl’,...b&mpfl) is given by table 14.1.1.1.1-3.

Table 14.1.1.1.1-1: Time Resource pattern Index mapping for Nz, = 8

! ! ! ! ! ’ ! ! !
I TRP kTRP (bO ! bl""bNmpfl) ITRP kTRP (bO ! bl""bNmpfl) ITRP kTRP (bO’ bl""bNmpfl)
0 1] (1,0,0,0,0,0,00) 37 41(11,1,01,00,0 74 41(0,1,1,1,0,0,0,1)
1 1 (0,1,0,0,0,0,0,0) 38 4(1,1,0,1,1,0,0,0) 75 4(1,1,0,0,1,0,0,1)
2 1] (0,0,1,0,0,0,0,0) 39 41(1,0111,00,0 76 41(1,01,01,0,0,1)
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3 1 (0,0,0,1,0,0,0,0) 40 4(0,1,1,1,1,0,0,0) 77 41 (0,1,1,0,1,0,0,1)
4 11 (0,0,0,0,1,0,0,0) 41 41(11,1,00,1,0,0 78 41(,001,1,0,071)
5 11 (0,0,0,0,0,1,0,0) 42 41(,1,01,01,0,0) 79 4(0,1,0,1,1,0,0,1)
6 11 (0,0,0,0,0,0,1,0) 43 41(011,01,0,0) 80 41(0,01,1,1,0,01)
7 11 (0,0,0,0,0,0,0,1) 44 41(0,1,1,1,01,0,0) 81 41(,1,0,0,0,1,0,1)
8 2(,1,0,0,0,0,0,0) 45 41(,1,001,1,0,0) 82 41(,01,0,01,0,)
9 2(,0,1,0,0,0,0,0) 46 41(01,01,1,0,0 83 4(0,1,1,0,0,1,0,1)
10 2 1(0,1,1,0,0,0,0,0) 47 41(0,1,1,01,1,0,0) 84 41(1,0,0,1,01,0,1)
11 2(,00,1,0,0,0,0) 48 41(,001,1,1,0,0) 85 41(0,1,0,1,0,1,0,1)
12 2(0,1,0,1,0,0,0,0) 49 41(0,1,0,1,1,1,0,0) 86 4(0,0,1,1,01,0,1)
13 2(0,0,1,1,0,0,0,0) 50 41(,011,1,1,0,0) 87 41,000,110,
14 2 |(1,0,0,0,1,0,0,0) 51 41(1,1,1,0,0,0,1,0) 88 41(0,1,0,0,1,1,0,1)
15 2(0,1,0,0,1,0,0,0) 52 41(,1,01,00,1,0 89 4(0,01,01,1,0,1)
16 2| (0,0,1,0,1,0,0,0) 53 41(,011,00,1,0 90 4 |(0,00,1,1,1,0,1)
17 2 |(0,0,0,1,1,0,0,0) 54 41(01,1,1,0,0,1,0) 91 41(1,1,0,0,0,0,1,1)
18 2|(,0,0,0,0,1,00) 55 41(,1,0,01,01,0) 92 4(,01,0,00,1,1)
19 21 (0,1,0,0,0,1,0,0) 56 4|(1,0,1,0,1,0,1,0) 93 41 (0,1,1,0,0,0,1,1)
20 2 |(0,0,1,0,0,1,0,0) 57 41(0,1,1,01,0,1,0 94 4(,001,00,1,1)
21 2(0,00,1,01,0,0) 58 41(,0011,01,0) 95 4(,1,01,00,1,1)
22 2| (0,0,0,0,1,1,0,0) 59 41(0,1,01,1,0,1,0 96 4(0,01,1,0,0,1,1)
23 2(1,0,0,0,0,0,1,0) 60 4(0,01,1,1,0,1,0) 97 4(1,000,1,0,1,1)
24 2(0,1,0,0,0,0,1,0) 61 41(,1,0,0,01,1,0) 98 41(0,1,001,001,1)
25 2| (0,0,1,0,0,0,1,0) 62 41(,01,001,1,0) 99 4|(0,0,1,0,1,0,1,1)
26 2 (0,0,0,1,0,0,1,0) 63 41(0,1,1,001,1,0 100 4(0,001,1,0,1,1)
27 2| (0,0,0,0,1,0,1,0) 64 41(,001,01,1,0) 101 4| (1,0,0,0,0,1,1,1)
28 2| (0,0,0,0,0,1,1,0) 65 41(0,1,01,01,1,0 102 41(0,1,0,0,0,1,12)
29 2(,0,0,0,0,00,1) 66 41(,01,1,01,1,0 103 4(0,01,0,0,1,1,1)
30 21 (0,1,0,0,0,0,0,1) 67 4| (1,0,0,0,1,1,1,0) 104 4] (0,0,0,1,0,1,1,1)
31 2 (0,0,1,0,0,0,0,1) 68 41(0,1,0,01,1,1,0) 105 41(0,000,1,1,1)
32 2 |(0,0,0,1,0,0,0,1) 69 4(0,0,1,01,1,1,0) 106 8](1111,1111)
33 2(0,0,0,01,00,2) 70 41(0,0,0,111,10) 112077 reserved | reserved

34 2| (0,0,0,0,0,1,0,1) 71 41(,1,1,00,0,0,1)

35 2| (0,0,0,0,0,0,1,1) 72 41((1,01,00,0,1)

36 41(,1,1,1,00,0,0) 73 41(,01,1,00,0,1)

Table 14.1.1.1.1-2: Time Resource pattern Index mapping for Nz, =7

ITRP kTRP (b(;' bl,’ - 'bl'\lTRp—l) ITRP kTRP (b(,)’ bll""bl,\lmp—l) ITRP kTRp (b(;’ bl,’ N 'bl,\lTRp—l)
0 | reserved | reserved 44 31(0,0,1,1,0,1,0) 88 31(0,0,01,1,0,1)
1 1] (1,0,0,0,0,0,0) 45 41(1,0,1,1,0,1,0) 89 41(1,00,11,0,1)
2 1] (0,1,0,0,0,0,0) 46 41(0,111,0,1,0) 90 41(0,1,0,1,1,0,1)
3 2 (1,1,0,0,0,0,0) 47 511,111,010 91 511101101
4 1](0,0,1,0,0,0,0) 48 2 | (0,0,0,0,1,1,0) 92 41(0,,1,11,0,1)
5 2 (,0,1,0,0,0,0) 49 31,000,110 93 51,011,101
6 21(0,1,1,0,0,0,0) 50 31](0,1,0,0,1,1,0) 94 5]1(,1,1,11,0,1)
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31](1,1,1,0,0,0,0) 51 4 (1,1,0,0,1,1,0) 95 6|(1,1,1,1,1,0,1)
1] (0,0,0,1,0,0,0) 52 31(0,01,0,1,1,0) 96 21(0,0,0,0,0,1,1)
2(1,0,0,1,0,0,0) 53 41(1,0,1,0,1,1,0) 97 3(,000,0,1,1)
10 21(0,1,0,1,0,0,0) 54 41(0,1,1,01,1,0) 98 31(0,1,0,0,0,1,1)
11 3/(,1,0,1,0,0,0) 55 5((,11,0,1,1,0 99 41(1,1,0,0,01,1)
12 21(0,0,1,1,0,0,0) 56 31(0,00,1,1,1,0) 100 31(0,0,1,0,0,1,1)
13 31(1,0,1,1,0,0,0) 57 4 (1,001,110 101 41(,01,001,1)
14 31(0,1,1,1,0,0,0) 58 41(0,1,0,1,1,1,0) 102 41(0,1,1,0,0,1,1)
15 411111000 59 5,101,110 103 5/(,11,0,01,1)
16 11 (0,0,0,0,1,0,0) 60 41(0,0,1,1,11,0) 104 3(0,00,1,01,1)
17 2{(1,0,0,0,1,0,0) 61 51(1,01,1,1,1,0) 105 41(1,0,0,1,01,1)
18 21(0,1,0,0,1,0,0) 62 5((0,1,1,1,11,0) 106 41(0,1,01,0,1,1)
19 31(1,1,0,01,0,0) 63 6](1,1,1,1,1,1,0) 107 51((1,1,01,011)
20 2 (0,0,1,0,1,0,0) 64 1] (0,0,0,0,0,0,1) 108 41(0,0,1,1,01,1)
21 31(,01,01,0,0) 65 21 (1,0,0,0,0,0,1) 109 51(,01,1,0,1,1)
22 3/(0,1,1,0,1,0,0) 66 2(0,1,0,0,0,0,1) 110 5((0,1,1,1,01,1)
23 4(1,1,1,0,1,0,0) 67 31|(1,1,0,0,0,0,1) 111 6|(1,1,1,1,0,1,1)
24 2 (0,0,0,1,1,0,0) 68 2 (0,0,1,0,0,0,1) 112 3/(0,00,0,1,1,1)
25 31(1,0,0,1,1,0,0) 69 31(1,01,0,0,0,1) 113 4(,0,0,0,1,1,1)
26 31/(0,1,0,1,1,0,0) 70 3/(0,1,1,0,0,0,1) 114 41(0,1,0,0,1,1,1)
27 41(,1,01,1,0,0 71 4(,1,1,0,0,0,1) 115 51(1,1,0,0,1,1,1)
28 31(0,0,1,1,1,0,0) 72 2 |(0,0,0,1,0,0,1) 116 41(0,0,1,0,1,1,1)
29 4(1,01,1,1,0,0 73 3](1,0,0,1,0,0,1) 117 51(1,01,0,1,1,1)
30 41(0,1,1,1,1,0,0 74 3/(0,1,0,1,0,0,1) 118 5/(,11,0,11,1)
31 51](1,1,1,1,1,0,0) 75 41(1,1,0,1,0,0,1) 119 6|(1,1,1,01,1,1)
32 1] (0,0,0,0,0,1,0) 76 31(0,0,1,1,0,0,1) 120 4(0,0,0,1,1,1,1)
33 21(1,0,0,0,01,0) 77 41(,01,1,00,1) 121 51(1,001,11,1)
34 21 (0,1,0,0,0,1,0) 78 4(0,1,1,1,0,0,1) 122 51(0,1,0,1,1,1,1)
35 31](1,1,0,0,0,1,0) 79 51(1,1,1,1,0,0,1) 123 6|(1,1,01,1,1,1)
36 21(0,0,1,0,0,1,0) 80 2] (0,0,0,0,1,0,1) 124 51(0,01,1,1,1,1)
37 31(1,01,001,0) 81 31(1,0,0,0,1,0,1) 125 610111111
38 31](0,1,1,0,0,1,0) 82 31(0,1,0,0,1,0,1) 126 6|(0,1111,1,1)
39 41(11,1,0,0,1,0 83 41(1,1,0,0,1,0,1) 127 71(1111111)
40 2 |(0,0,0,1,0,1,0) 84 3(0,01,01,071)
41 3((1,0,0,1,01,0) 85 41(1,01,01,0,1)
42 3/(0,1,0,1,0,1,0) 86 41(0,1,1,0,1,0,1)
43 41(110,1,0,1,0) 87 51(111,01,0,1)
Table 14.1.1.1.1-3: Time Resource pattern Index mapping for Nz, =6
ITRP kTRP (b(;’ bl'""b"\'mpfl) ITRP kTRP (bé’ bl’"“b"\‘rnrl) ITRP kTRP (b(;’ bl’""b”\lmrl)
0 | reserved | reserved 22 31(0,11,0,1,0 44 31(0,0,1,10,1)
1 1 (1,0,0,0,0,0) 23 4(1,1,1,0,1,0) 45 4(1,0,1,1,01)
2 1 (0,1,0,0,0,0) 24 21(0,0,0,1,1,0) 46 41(0,1,1,1,01)
3 21(1,1,0,0,0,0) 25 31(1,0,0,1,1,0 47 5](1,1,1,1,0,1)
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4 1(0,0,1,0,0,0) 26 31(0,1,0,1,1,0) 48 2 |(0,0,0,0,1,1)
5 2 | (1,0,1,0,0,0) 27 4(1,1,0,1,1,0) 49 3](1,0,0,0,1,1)
6 2 1(0,1,1,0,0,0) 28 31(0,0,1,1,1,0) 50 31(0,1,0,0,1,1)
7 3] (1,1,1,0,0,0) 29 4(1,01,1,1,0) 51 4(1,1,0,0,1,1)
8 1(0,0,0,1,0,0) 30 4(01,1,1,1,0) 52 31(0,0,1,0,1,1)
9 2 | (1,0,0,1,0,0) 31 5| (1,1,1,1,1,0) 53 4(1,0,1,0,1,1)
10 2 1(0,1,0,1,0,0) 32 1(0,0,0,0,0,1) 54 4(0,1,1,0,1,1)
11 3] (1,1,0,1,0,0) 33 2 |(1,0,0,0,0,1) 55 5 (1,1,1,0,1,1)
12 21(0,0,1,1,0,0) 34 2 1(0,1,0,0,0,1) 56 31(0,0,0,1,1,1)
13 3](1,0,1,1,0,0) 35 3](1,1,0,0,0,1) 57 4(1,0,01,1,1)
14 31(0,1,1,1,0,0) 36 2 (0,0,1,0,0,1) 58 41(01,01,1,1)
15 4|(1,1,1,1,0,0) 37 31(1,0,1,0,0,1) 59 5 (1,1,0,1,1,1)
16 1 (0,0,0,0,1,0) 38 3(0,1,1,0,0,1) 60 41(0,0,1,1,1,1)
17 2 | (1,0,0,0,1,0) 39 4(1,1,1,0,0,1) 61 5] (1,0,1,1,1,1)
18 2 |(0,1,0,0,1,0) 40 2 1(0,0,0,1,0,1) 62 5] (0,1,1,1,1,1)
19 3] (1,1,0,0,1,0) 41 31(1,0,0,1,0,1) 63 6](1,1,1,1,1,1)
20 2(0,0,1,0,1,0) 42 31(0,10,1,0,1) 16247 reserved | reserved
21 31(1,0,1,0,1,0) 43 4|(1,1,0,1,01)
14.1.1.2 UE procedure for determining resource blocks for transmitting PSSCH for

sidelink transmission mode 1
The set of resource blocks is determined using the procedure described in subclause 14.1.1.2.1 and 14.1.1.2.2.

14.1.1.2.1 PSSCH resource allocation for sidelink transmission mode 1

The resource allocation and hopping field of the SCI format 0 is used to determine a set of indices denoted by n{,RB (o
< Ngg< N35), astarting index RB{;axr, and a number of allocated PRBs Ligg, and N /5> using the
procedure in subclause 8.1.1, and 8.4 (for sidelink frequency hopping with type 1 or type 2 hopping) with the following
exceptions:

- theterm ‘PUSCH’ in subclauses 8.1.1 and 8.4 is replaced with ‘PSSCH’.

- the quantity nygg in subclause 8.1.1 is replaced with N g -

- the quantity Ny in subclauses 8.1.1 and 8.4 is replaced with N 35 .

- the quantity RB in subclauses 8.1.1and 8.4 is replaced with RB!

START START *

- the quantity Legg, in subclauses 8.1.1 and 8.4 is replaced with L gz, -

- the quantity N7g>"' in subclause 8.4 is replaced with N> .

- the quantity NRHg is given by higher layer parameter rb-Offset-r12 associated with the corresponding PSSCH
resource configuration.

- the quantity N is given by higher layer parameter numSubbands-r12 associated with the corresponding
PSSCH resource configuration.
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14.1.1.2.2 PSSCH frequency hopping for sidelink transmission mode 1

If sidelink frequency hopping with type 1 hopping is enabled, the set of physical resource blocks for PSSCH
transmission is determined using subclause 8.4 with the following exceptions:

- the term ‘PUSCH?’ is replaced with ‘PSSCH’.

- only inter-subframe hopping shall be used.

- the quantity RBgragr isreplaced with RBgrapy-

- the quantity NFL;; is replaced with N SE.

- the quantity NFg>" is replaced with NF3>"

- the quantity NFTE? is given by higher layer parameter rb-Offset-r12 associated with the PSSCH resource
configuration.
- the frequency hopping field in the SCI format 0 is used instead of DCI format 0.

- the quantity N3ng (I) is replaced with N3y .

- the quantity npRB(i) is replaced with N>ht .

PSSCH

- forodd ng; (described in subclause 9.2.4 of [3]), the set of physical resource blocks for PSSCH

SLO

transmission are L g, contiguous resource blocks starting from PRB with index Noqg -

- foreven nip>CH (described in subclause 9.2.4 of [3]), the set of physical resource blocks for PSSCH

transmission are L{qg, contiguous resource blocks starting from PRB with index NPRE -

14.1.1.3 UE procedure for determining subframes for transmitting PSSCH for sidelink
transmission mode 2

For FDD or for TDD, and the UE not configured with the higher layer parameter trpt-Subset-r12

- The allowed values of |z, correspond to the values of Kiqp satisfying Kizp =K; , for avalue of iin

0<i< Xqgp,Where k; and X,z are determined from table 14.1.1.3-1.

For FDD or for TDD with UL/DL configuration belonging to {0,1,2,3,4,6}, and the UE configured with the higher
layer parameter trpt-Subset-r12

- The allowed values of |z, correspond to the values of Kiqp satisfying Kyzp =kK; , for values of 1 in
0<i< Xqgpsatisfying &, =1, 0<i< X;g and where K; and X, are determined from table
14.1.1.3-1,and (8, &;,...,ay__ ) is the bitmap indicated by trpt-Subset-r12.

Table 14.1.1.3-1: Determination of Xz, and k; for sidelink transmission mode 2

XTRP ko kl kz k3 k4
FDD and TDD with UL/DL configuration 1,2,4,5 3 1 2 4 - -
TDD with UL/DL configuration 0 5 1 2 3 4 5
TDD with UL/DL configuration 3,6 4 1 2 3 4

Within a PSCCH period, the subframes used for PSSCH are determined as follows:
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- asubframe indicator bitmap (b(;, bll""bl,vmp—l) and Nz, are determined using the procedure described in

subclause 14.1.1.1.1 from the allowed values of |, described in this subclause.

. . . . Y PSSCH
- abitmap (bo oyby -1) is determined usingb; = b3, 4y and asubframe I in the subframe

pool is used for PSSCH if bj =1, otherwise the subframe |J-PSSCH is not used for PSSCH, where

(l PSSCH | PSSCH
Wy

I PSSCH
0 .

)
LPSSCH -

PSSCH PSSCH PSSCH
are denoted by (no ,ng yerreye

) and Loy, are described in subclause 14.1.3. The subframes used for PSSCH

) arranged in increasing order of subframe index and

NPSSCH -1
where N, is the number of subframes that can be used for PSSCH transmission in a PSCCH period and is a
multiple of 4.

14.1.1.4 UE procedure for determining resource blocks for transmitting PSSCH for
sidelink transmission mode 2

The set of resource blocks within the resource block pool (defined in 14.1.3) is determined using the subclause
141.1.2.1.

If sidelink frequency hopping with type 1 hopping is enabled, the set of physical resource blocks for PSSCH
transmission is determined using subclause 14.1.1.2.2 with the following exceptions

- the quantity N,;JBL is replaced with M ,SSSCH -RP (defined in 14.1.3).

- forodd nig>“™, the set of physical resource blocks for PSSCH transmission are given by L(qq. contiguous

resource blocks m,,m,;,..m,,, _, belonging to the resource block pool, where X = N -

- foreven ni;>“" the set of physical resource blocks for PSSCH transmission are given by L/..g. contiguous

resource blocksm,,m,;,..m,, _, belonging to the resource block pool, where X = ng'ﬁé :

14.1.15 UE procedure for PSSCH power control

For sidelink transmission mode 1 and PSCCH period i, the UE transmit power Ppggc,, for PSSCH transmission is
given by the following

- if the TPC command field in configured sidelink grant (described in [8]) for PSCCH period i is set to 0
F)PSSCH = I:)CMAX,F‘SSCH

- if the TPC command field in configured sidelink grant (described in [8]) for PSCCH period i is set to 1
PPSSCH = min{PCMAX,PSSCH ! 10 IoglO (M PSSCH ) + I:)O_PSSCH,l + aPSSCH 1’ PL} [dBm]

where Poyax pssc s defined in [6], and M gqcy, is the bandwidth of the PSSCH resource assignment expressed in

number of resource block and PL = PL where PL is defined in subclause 5.1.1.1. Py psscyy and Opgseyyy are
provided by higher layer parameters p0-r12 and alpha-r12, respectively and that are associated with the corresponding
PSSCH resource configuration.

For sidelink transmission mode 2, the UE transmit power P,q,, for PSSCH transmission is given by

Pesscr = min{PCMAX,PSSCH , 1010935 (M psseny) + Po psscrz + Xpssch,z ° PL} [dBm],
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where Poyax psscy i defined in [6], and M g4y, is the bandwidth of the PSSCH resource assignment expressed in

number of resource blocks and PL = PL_ where PL is defined in subclause 5.1.1.1. Py pgscpy, @nd Qpggeyy, are

provided by higher layer parameter p0-r12 and alpha-r12, respectively and that are associated with the corresponding
PSSCH resource configuration.

14.1.2 UE procedure for receiving the PSSCH

For sidelink transmission mode 1, a UE upon detection of SCI format 0 on PSCCH can decode PSSCH according to the
detected SCI format 0.

For sidelink transmission mode 2, a UE upon detection of SCI format 0 on PSCCH can decode PSSCH according to the
detected SCI format 0, and associated PSSCH resource configuration configured by higher layers.

14.1.3 UE procedure for determining resource block pool and subframe
pool for sidelink transmission mode 2

For a PSCCH period associated with the PSCCH resource configuration (determined in subclause 14.2.3) which is also
associated with the PSSCH resource configuration, the UE determines a PSSCH pool consisting of a subframe pool and
resource block pool as follows.

- For TDD, if the parameter tdd-Config-r12 is indicated by the PSCCH resource configuration, the TDD UL/DL
configuration used for determining the subframe pool is given by the parameter tdd-Config-r12, otherwise, the
TDD UL/DL configuration used for determining the subframe pool is given by the UL/DL configuration (i.e.
parameter subframeAssignment) for the serving cell.

- Within the PSCCH period, the uplink subframes with subframe index greater than or equal to  ji,g;, + O, are

denoted by (IO B PR N_l) arranged in increasing order of subframe index, where j,.;, is described in

subclause 14.2.3 and O2 is the offsetindicator-r12 indicated by the PSSCH resource configuration, where
N’ denotes the number of uplink subframes within the PSCCH period with subframe index greater than or equal
to jbegin + 02'

- Abitmap by,b, ,b,,...,by. , isdetermined using bj =a for 0< j< N',where

jmodNg
Ay, ,a,,..., aNB_1 and N g are the bitmap and the length of the bitmap indicated by subframeBitmap-r12,
respectively.

- Asubframe |j (0< j< N') belongs to the subframe pool if bj =1. The subframes in the subframe pool are

PSSCH | PSSCH PSSCH ini i i
denoted by (lo g i ) arranged in increasing order of subframe index and L ¢, denotes

l
LPSSCH T

the number of subframes in the subframe pool.

- APRBwithindex q (0<g<N sg) belongs to the resource block pool if S1<q<S1+M orif
S2-M <q<S2,where S1, S2, and M denote the prb-Start-r12, prb-End-r12 and prb-Num-r12 indicated by
the PSSCH resource configuration respectively.

- The resource blocks in the resource block pool are denoted by (m PSCH S5 PSSCH 1) arranged in

0 yeeeey M PSSCH_RP
Mrgs -

V] PSSCH _RP
RB

increasing order of resource block indices and is the number of resource blocks in the resource

block pool.

14.1.4 UE procedure for determining subframe pool for sidelink
transmission mode 1
For a PSCCH period associated with the PSCCH resource configuration (described in subclause 14.2.3) which is also

associated with the PSSCH resource configuration, the UE determines a PSSCH pool consisting of a subframe pool as
follows.
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For TDD, if the parameter tdd-Config-r12 is indicated by the PSCCH resource configuration, the TDD UL/DL
configuration used for determining the subframe pool is given by the parameter tdd-Config-r12, otherwise, the
TDD UL/DL configuration used for determining the subframe pool is given by the UL/DL configuration (i.e.
parameter subframeAssignment) for the serving cell.

Each uplink subframe with subframe index greater than or equal to | """ +1belongs to the subframe pool

PSCCH

PSCCH S
for PSSCH, where | ,T1 and Lpgeqy, aredescribed in subclause 14.2.3.

PSCCH ™

The subframes in the subframe pool for PSSCH are denoted by (I ;SSCH ,|1F’SSCH | PSScH ) arranged in

! LPSSCH -1

increasing order of subframe index and Lss.,, denotes the number of subframes in the subframe pool.

14.2  Physical Sidelink Control Channel related procedures

For sidelink transmission mode 1, if a UE is configured by higher layers to receive DCI format 5 with the CRC
scrambled by the SL-RNTI, the UE shall decode the PDCCH/EPDCCH according to the combination defined in Table

14.2-1.

Table 14.2-1: PDCCH/EPDCCH configured by SL-RNTI

DCI format Search Space
DCl format5 | For PDCCH: Common and UE specific by C-RNTI
For EPDCCH: UE specific by C-RNTI

14.2.1 UE procedure for transmitting the PSCCH

For sidelink transmission mode 1and PSCCH period i,

— the UE shall determine the subframes and resource blocks for transmitting SCI format 0 as follows.

- SCI format 0 is transmitted in two subframes in the subframe pool and one physical resource block per slot in
each of the two subframes, wherein the physical resource blocks belong to the resource block pool, where the
subframe pool and the resource block pool are indicated by the PSCCH resource configuration (as defined in
subclause 14.2.3)

- the two subframes and the resource blocks are determined using “Resource for PSCCH” field (Npgecyy ) in
the configured sidelink grant (described in [8]) as described in subclause 14.2.1.1.

the UE shall set the contents of the SCI format O as follows:

- the UE shall set the Modulation and coding scheme field according to the Modulation and coding scheme
indicated by the higher layer parameter mcs-r12 if the parameter is configured by higher layers.

- the UE shall set the Frequency hopping flag according to the “Frequency hopping flag” field in the
configured sidelink grant.

- the UE shall set the Resource block assignment and hopping resource allocation according to the “Resource
block assignment and hopping resource allocation” field in the configured sidelink grant.

- the UE shall set the Time resource pattern according to the “Time resource pattern” field in the configured
sidelink grant .

- the UE shall set the eleven-bit Timing advance indication to lip = { Nra
16

J to indicate sidelink reception

timing adjustment value using the Nra (defined in [3]) value for the UE in the subframe that is no earlier than
subframe 75" 4 (155°°" described in subclause 14.2.1.1).

For sidelink transmission mode 2,
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- SCI format 0 is transmitted in two subframes in the subframe pool and one physical resource block per slot in
each of the two subframes, wherein the physical resource blocks belongs to the resource block pool, where the
subframe pool and the resource block pool are indicated by the PSCCH resource configuration (as defined in
subclause 14.2.3)

- the two subframes and the resource blocks are determined using the procedure described in subclause

142.1.2
- the UE shall set the eleven-bit Timing advance indication |, inthe SCI format O to zero.
14.2.1.1 UE procedure for determining subframes and resource blocks for transmitting

PSCCH for sidelink transmission mode 1
For 0< Npscen < |_M F':SCCH - /ZJ' LPSCCH !

= one transmission of the PSCCH is in resource block m:fCCH of subframe I;ISCCH of the PSCCH period, where

al= \_nPSCCH /LPSCCHJ and bl = Npgocyy MO Lpgecy -

~ the other transmission of the PSCCH is in resource block m>5°“" of subframe 1,°“" of the PSCCH period,
where a2 = | Noseen / Loseen |+ M S -% 12| and

b2 = (nPSCCH +1+ \_nPSCCH I Lpsoen JmOd(LPSCCH _1))m0d Lescen -

PSCCH | PSCCH PSCCH PSCCH PSCCH PSCCH PSCCH _RP ;
where (lo Ay —_— - ), (mo ,m; - mMSSCCHfRP—l ) Lpscen @and Mg are described
in subclause 14.2.3.
14.2.1.2 UE procedure for determining subframes and resource blocks for transmitting

PSCCH for sidelink transmission mode 2

The allowed values for PSCCH resource selection are given by 0,1... (M Z5°1-%" /2] L ., —1) where

PSCCH _RP
M RB

Lpsccn and described in subclause 14.2.3. The two subframes and the resource blocks are determined

using selected resource value Npgoy, (described in [8]) and the procedure described in subclause 14.2.1.1.

14.2.1.3 UE procedure for PSCCH power control

For sidelink transmission mode 1 and PSCCH period i, the UE transmit power P.s..,, for PSCCH transmission is
given by the following

- if the TPC command field in the configured sidelink grant (described in [8]) for PSCCH period i is set to 0
I:)PSCCH = I:>CMAX,PSCCH

- if the TPC command field in the configured sidelink grant (described in [8]) for PSCCH period i is set to 1

I:)PSCCH = min{PCMAX,PSCCH ! 10 IoglO (M PSCCH) + I:)O_PSCCH,l + aPSCCH 17 PL} [dBm]

where Peyax pscen 18 defined in [6], and M gy =1and PL = PL_ where PL is defined in subclause 5.1.1.1.
PO_F,SCCH’1 and Qpgecyyy are provided by higher layer parameters p0-ri2 and alpha-ri2, respectively and are

associated with the corresponding PSCCH resource configuration.

For sidelink transmission mode 2, the UE transmit power Pog..,, for PSCCH transmission is given by

Poscen = min{PCMAX,PSCCH , 1010930 (M psec) + Po_psccrz T Xpscehiz © PL} [dBm]
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where Poyiax pscen 19 the Peyax . configured by higher layersand M g, =1and PL = PL_ where PL is

defined in subclause 5.1.1.1. Py pscopz and  Gpseey, are provided by higher layer parameters p0-r12 and alpha-
r12, respectively and are associated with the corresponding PSCCH resource configuration.

14.2.2  UE procedure for receiving the PSCCH

For each PSCCH resource configuration associated with sidelink transmission mode 1, a UE configured by higher
layers to detect SCI format 0 on PSCCH shall attempt to decode the PSCCH according to the PSCCH resource
configuration, and using the Group destination IDs indicated by higher layers.

For each PSCCH resource configuration associated with sidelink transmission mode 2, a UE configured by higher
layers to detect SCI format 0 on PSCCH shall attempt to decode the PSCCH according to the PSCCH resource
configuration, and using the Group destination IDs indicated by higher layers.

14.2.3 UE procedure for determining resource block pool and subframe
pool for PSCCH

A PSCCH resource configuration for transmission/reception is associated with a set of periodically occurring time-
domain periods (known as PSCCH periods). The i-th PSCCH period begins at subframe with subframe

index Jyey, = O +1i- P and ends in subframe with subframe index o4 =O + (i +1)- P -1, where
0 < jbegin’ jend <10240

- the subframe index is relative to subframe#0 of the radio frame corresponding to SFN 0 of the serving cell or
DFN 0 (described in [11]),

- O s the offsetIndicator-r12 indicated by the PSCCH resource configuration,

- P isthe sc-Period-r12 indicated by the PSCCH resource configuration.

For a PSCCH period, the UE determines a PSCCH pool consisting of a subframe pool and a resource block pool as
follows.

- For TDD, if the parameter tdd-Config-r12 is indicated by the PSCCH resource configuration, the TDD UL/DL
configuration used for determining the subframe pool is given by the parameter tdd-Config-r12, otherwise, the
TDD UL/DL configuration used for determining the subframe pool is given by the UL/DL configuration (i.e.
parameter subframeAssignment) for the serving cell.

- The first N’ uplink subframes are denoted by (lo , |l peees INLl) arranged in increasing order of subframe index,
where N is the length of the bitmap subframeBitmap-r12 indicated by the PSCCH resource configuration.

- Asubframe |j (0< j < N’) belongs to the subframe pool ifa; =1, where (ao,al,az,,,,, aN,fl) is the
bitmap subframeBitmap-r12 indicated by the PSCCH resource configuration. The subframes in the subframe
pool are denoted by (IOPSCCH B N R ) arranged in increasing order of subframe index and Lpgccy

.“’ LPSCCH7
is the number of subframes in the subframe pool. A PRB withindex q (0<g< N Ff,';) belongs to the resource
block pool if S1<q< S1+M orif S2—M <q<S2,where S1, S2, and M denote the prb-Start-r12, prb-
End-r12 and prb-Num-r12 indicated by the PSCCH resource configuration respectively.

i PSCCH PSCCH PSCCH
- The resource blocks in the resource block pool are denoted by (mo ,m; N mMSS““ inl) arranged
- : FIgre PSCCH _RP :
in increasing order of resource block indicesand M g5~ =" is the number of resource blocks in the resource

block pool.
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14.3  Physical Sidelink Discovery Channel related procedures
14.3.1 UE procedure for transmitting the PSDCH

If a UE is configured by higher layers to transmit PSDCH according to a PSDCH resource configuration, in a PSDCH
period |,

- the number of transmissions for a transport block on PSDCH is NSTLXD =n+1 where nis given by the higher

layer parameter numRetx-r12, and each transmission corresponds to one subframe belonging to a set of
subframes, and in each subframe, the PSDCH is transmitted on two physical resource blocks per slot.

- for sidelink discovery type 1,

- the allowed values for PSDCH resource selection are givenby 0,1... (N,-N, -1),
where Nt = LLPSDCH /N;?DJ and N = \_M :sDCH*RP IZJ’ and

- the j-th transmission (1< j < NSI_D ) for the transport block occurs in contiguous resource blocks

mZP:DCH and mPSDCH of subframe ,Sichb'?i)ﬂ _ of the PSDCH period, where
()4

. aﬂ‘) = ((j —1)-\_Nf /NQLXDJ+LnPSDCH /th)mod N, and b =n,g., modN, and using selected

resource value Npgpoy (described in [8]).

PSDCH _RP i i
(I(;DSDCH 'IlF’SDCH | PSDCH 1)Y (m PSDCH mlPSDCH m;splzmccti'_RP_l), Lesoor and M "SP°H R are described in

" Lespcn 0 e

subclause 14.3.3.

- for sidelink discovery type 2B,

- The j-th transmission (1< j < NS,_D ) for the transport block occurs in contiguous resource blocks

" of subframe 17507 of the PSDCH period, where
N6 b1+ j-1

PSDCH
2.2 (

PSDCH

m and m,_

- ((N,EZS)DCH +n’)ymod10+|(af + N, -b{)/N, Jmod N,

b1 (N lng)DCH + NPSDCH a'l(iil) + Nf 'bi(iil))mOd Nt

= ((-D-[N, /N [+a?)mod N, for 1< j < NIX

Ny =Ly /N | ana Mo =ME 2]

and (| PSDCH IPSDCH .. |psocH ) (mg’SDCH ,mlPSDCH PSDCH ), Losocs and M 'sBSDCH _RP are described

m
o yreeey PSDCH _RP
Lpspcn 1 Mgg -

in subclause 14.3.3.

- al(o) and bl(o) are given by higher layer parameters discPRB-Index and discSF-Index, respectively
and that associated with the PSDCH resource configuration.

- NS N& . and NS, are given by higher layer parameters a-r12, b-ri2, and c-r12,
repectively and that are associated with the PSDCH resource configuration.

!

N’ is the number of PSDCH periods since N & PSDCH was received.

- the transport block size is 232

For sidelink discovery, the UE transmit power Pogpc,, for PSDCH transmission is given by the following
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I:)PSDCH = min{PCMAX,PSDCH ! 10 Ioglo (M PSDCH ) + I:)O_PSDCH,l + aPSDCH 1° PL} [dBm]

where Peyyax pspen 18 defined in [6], and M pgp =2and PL = PL_ where PL is defined in subclause 5.1.1.1
where C

is the serving cell if the sidelink discovery transmission occurs on the uplink carrier frequency of a serving cell, or

is the cell indicated by higher layers on downlink carrier frequency indicated by discCarrierRef-r13[11] if sidelink
discovery transmission does not occur on the uplink carrier frequency of a serving cell.

PO_PSDCH,l and Opgpcyy g are provided by higher layer parameters p0-r12 and alpha-r12, respectively and are
associated with the corresponding PSDCH resource configuration.

A UE shall drop any PSDCH transmissions that are associated with sidelink discovery type 1 in a sidelink subframe if
the UE has a PSDCH transmission associated with sidelink discovery type 2B in that subframe.

14.3.2 UE procedure for receiving the PSDCH

For sidelink discovery type 1, for each PSDCH resource configuration associated with reception of PSDCH, a UE
configured by higher layers to detect a transport block on PSDCH can decode the PSDCH according to the PSDCH
resource configuration.

For sidelink discovery type 2B, for each PSDCH resource configuration associated with reception of PSDCH, a UE
configured by higher layers to detect a transport block on PSDCH can decode the PSDCH according to the PSDCH
resource configuration.

14.3.3 UE procedure for determining resource block pool and subframe
pool for sidelink discovery

A PSDCH resource configuration for transmission/reception is associated with a set of periodically occurring time-
domain periods (known as PSDCH periods). The i-th PSDCH period begins at subframe with subframe

index jyoq, = O; +1i- P and ends in subframe with subframe index j,.q = O; + (i+1)-P—1, where

0< joogn <10240

the subframe index is relative to subframe#0 of a radio frame corresponding to SFN 0 of the serving cell or DFN
0 (described in [11]),

- Oy is the offsetindicator-r12 indicated by the PSDCH resource configuration

P is the discPeriod-r12 indicated by the PSDCH resource configuration.

For a PSDCH period, the UE determines a discovery pool consisting of a subframe pool and a resource block pool for
PSDCH as follows.

- For TDD, if the parameter tdd-Config-r12 is indicated by the PSDCH resource configuration, the TDD UL/DL
configuration used for determining the subframe pool is given by the parameter tdd-Config-r12, otherwise, the
TDD UL/DL configuration used for determining the subframe pool is given by the UL/DL configuration (i.e.
parameter subframeAssignment) for the serving cell.

- Abitmap b, ,b, ,b,,...,by., isobtained usingb; = a for 0< j <N’ where

jmod Ng
ay,8; ,8,,..., aNB_1 and N, are the bitmap and the length of the bitmap indicated by subframeBitmap-r12,

respectively, and N'= N - N, where N is the numRepetition-r12 indicated by the PSDCH resource
configuration.

- Thefirst N’ uplink subframes are denoted by (Io N P IN,_l) arranged in increasing order of subframe index.
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- Asubframe |j (0< j< N') belongs to the subframe pool if bj =1. The subframes in the subframe pool
are denoted by(lopSDCH APPSR prsssj‘i ) arranged in increasing order of subframe index and Lpgpcpy

denotes the number of subframes in the subframe pool.

- APRBwithindex q (0<Qg< NSE) belongs to the resource block pool ifS1<q< S1+M orif
S2-M <q<S2, where S1, S2, and M denote the prb-Start-r12, prb-End-r12 and prb-Num-r12 indicated by
the PSDCH resource configuration respectively.

i PSDCH PSDCH PSDCH
- The resource blocks in the resource block pool are denoted by (mo ,m; peveen My s _Rpil) arranged
- . Lo PSDCH _RP . .
in increasing order of resource block indicesand M ¢ is the number of resource blocks in the resource

block pool.

14.4  Physical Sidelink Synchronization related procedures

The synchronization resource configuration(s) for the UE are given by the higher layer parameter SL-SyncConfig-r12.
A UE shall transmit sidelink synchronisation signals according to subclause 5.10.7 in [11].

A UE may assume that sidelink synchronization signals are signals transmitted by an eNB as described in subclause
6.11 of [3] or are signals transmitted by a UE as described in [11].

A UE is not expected to blindly detect the cyclic prefix length of sidelink synchronization signals transmitted by
another UE.

For a sidelink synchronization resource configuration associated with PSDCH reception, if cell c is indicated by the
parameter physCellld-r12 and if the parameter discSyncWindow-r12 is configured with value w1l for cell c, the UE may
assume that sidelink synchronization signals are transmitted in cell ¢ and that they are received within a reference
synchronization window of size +/-wl ms with respect to the sidelink synchronization resource of cell ¢ indicated by
higher layers. The sidelink synchronization identity associated with the sidelink synchronization resource is indicated
by higher layers.

For PSDCH reception, if cell ¢ is indicated by the parameter physCellld-r12 and if the parameter discSyncWindow-r12
is configured with value w2 for cell ¢, the UE may assume that PSDCH of UE in cell ¢ is received within a reference
synchronization window of size +/-w2 ms with respect to the discovery resource of cell ¢ indicated by higher layers.

The UE transmit power of primary sidelink synchronization signal P55 and the UE transmit power of secondary
synchronization signal Pyseg are given by
- If the UE is configured with sidelink transmission mode 1, and if the UE transmits sidelink synchronization

signals in PSCCH period i, and if the TPC command field in the configured sidelink grant (described in [8]) for
the PSCCH period i is setto 0

PPSSS = PCMAX,PSBCH

Pssss = PCMAx,ssss
- otherwise

PPSSS = min{PCMAX,PSBCH ) 10|0910(M PSSS) + PO_PSSS + Qlpggs PL} [dBm]

PSSSS = min{PCMAX,SSSS’ 10 IOglO(M PSSS) + POfPSSS + aPSSS ’ PL} [dBm]

where Poyax psscn @0 Poyax ssss @re defined in [6]. Moo =6and PL = PL_ where PL_ is defined in

subclause 5.1.1.1. Py pegs and cpgqs are provided by higher layer parameters associated with the corresponding
sidelink synchronization signal resource configuration.
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If sidelink synchronization signals are transmitted for PSDCH, and if the PSDCH transmission does not occur on any
serving cell configured for the UE, ¢ is the cell indicated by higher layers on downlink carrier frequency indicated by
discCarrierRef [11]. Otherwise, ¢ is the serving cell on which the sidelink synchronization signals are transmitted. If
sidelink synchronization signals are transmitted for PSDCH, then PSDCH and sidelink synchronization signal
transmission occur on the same carrier frequency.

15 Channel access procedures for LAA

15.1  Downlink channel access procedures

An eNB operating LAA Scell(s) shall perform the channel access procedures described in this sub clause for accessing
the channel(s) on which the LAA Scell(s) transmission(s) are performed.

15.1.1 Channel access procedure for transmission(s) including PDSCH

The eNB may transmit a transmission including PDSCH on a carrier on which LAA Scell(s) transmission(s) are
performed , after first sensing the channel to be idle during the slot durations of a defer duration T, ; and after the

counter N is zero in step 4. The counter N is adjusted by sensing the channel for additional slot duration(s)
according to the steps below:

1) set N =N;,,, where N, isarandom number uniformly distributed between 0 and CW ;, and go to step 4;

2) if N >0 and the eNB chooses to decrement the counter, set N =N —1;

3) sense the channel for an additional slot duration, and if the additional slot duration is idle, go to step 4; else, go
to step 5;

4) if N =0, stop; else, go to step 2.

5) sense the channel until either a busy slot is detected within an additional defer duration T, or all the slots of the

additional defer duration T, are detected to be idle;

6) if the channel is sensed to be idle during all the slot durations of the additional defer duration T, go to step 4;
else, go to step 5;

If an eNB has not transmitted a transmission including PDSCH on a carrier on which LAA Scell(s) transmission(s) are
performed after step 4 in the procedure above, the eNB may transmit a transmission including PDSCH on the carrier, if

the channel is sensed to be idle at least in a slot duration T, when the eNB is ready to transmit PDSCH. If the channel
has not been sensed to be idle in a slot duration T when the eNB first senses the channel after it is ready to transmit,

the eNB proceeds to step 1 after sensing the channel to be idle during the slot durations of a defer duration T ..

The defer duration T, consists of duration 16us <T, <16us + T, immediately followed by M consecutive slot

durations where each slot duration is 9us <T, <9us+T,,and T, includes an idle slot duration T atstartof T, ;

A slot duration T, is considered to be idle if the eNB senses the channel during the slot duration, and the power
detected by the eNB for at least 4US within the slot duration is less than energy detection threshold X, ¢ -

Otherwise, the slot duration T, is considered to be busy.

CWinp SCW, <CW,_, ,is the contention window. CW, adjustment is described in sub clause 15.1.3.

min,p —

Cw,

min,p &N CWmax’p are chosen before step 1 of the procedure above.
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m,, CWmm'p , and CWmax,p are based on channel access priority class associated with the eNB transmission, as

shown in Table 15.1.1-1.

Xhesn adjustment is described in sub clause 15.1.4

If the eNB transmits discovery signal transmission(s) not including PDSCH when N > Qin the procedure above, the
eNB shall not decrement N during the slot duration(s) overlapping with discovery signal transmission.

The eNB shall not continuously transmit on a carrier on which the LAA Scell(s) transmission(s) are performed, for a
period exceeding T, as given in Table 15.1.1-1.

mcot, p

For p=3and p =4, if the absence of any other technology sharing the carrier can be guaranteed on a long term

basis (e.g. by level of regulation), T =10ms, otherwise, T =8ms.

mcot,p mcot, p

Table 15.1.1-1: Channel Access Priority Class

Channel
Pri g?g/eéfass m, CWainp | CWoap Tincot.p allowed CW, sizes
(P)
1 1 3 7 2ms {3.7}
2 1 7 15 3ms (7,15}
3 3 15 63 8 or 10 ms {15,31,63}
4 7 15 1023 8 or 10 ms {15,31,63,127,255,511,1023}

For LAA operation in Japan, if the eNB has transmitted a transmission after N = O in step 4 of the procedure above,
the eNB may transmit the next continuous transmission, for duration of maximum Tj =4 msec, immediately after

sensing the channel to be idle for at least a sensing interval of TJ-s =34usec and if the total sensing and transmission

time is not more than 1000 - T, + (Tmcot IT; - ﬂ‘Tjs usec. T consists of duration T, =16US immediately

mcot

followed by two slot durations Ty =9us each and T, includes an idle slot duration T at start of T . The channel

is considered to be idle for Tjs if it is sensed to be idle during the during the slot durations of TjS .

15.1.2 Channel access procedure for transmissions including discovery
signal transmission(s) and not including PDSCH

An eNB may transmit a transmission including discovery signal but not including PDSCH on a carrier on which LAA
Scell(s) transmission(s) are performed immediately after sensing the channel to be idle for at least a sensing interval

T, = 25US and if the duration of the transmission is less than 1 ms. T, consists of a duration

T; =16us immediately followed by one slot duration T, =9us and T, includes an idle slot duration T at start of

T, . The channel is considered to be idle for T if it is sensed to be idle during the slot durations of T .

rs

15.1.3 Contention window adjustment procedure

If the eNB transmits transmissions that are associated with channel access priority class P on a carrier, the eNB
maintains the contention window value CWp and adjusts CWp before step 1 of the procedure described in sub
clause 15.1.1 for those transmissions using the following steps:
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1) for every priority class p € {1, 2, 3,4} set CW, =CW,

min,p

2) ifatleast Z =80% of HARQ-ACK values corresponding to PDSCH transmission(s) in reference subframe
K are determined as NACK, increase CW,, for every priority class p € {1, 2,3 4} to the next higher allowed
value and remain in step 2; otherwise, go to step 1.

Reference subframe K is the starting subframe of the most recent transmission on the carrier made by the eNB, for
which at least some HARQ-ACK feedback is expected to be available.

If CW,=CW, the next higher allowed value for adjusting CW jis CW

max,p ? max,p *

For determining Z ,

- if the eNB transmission(s) for which HARQ-ACK feedback is available start in the second slot of subframe K ,
HARQ-ACK values corresponding to PDSCH transmission(s) in subframe K +1are also used in addition to the
HARQ-ACK values corresponding to PDSCH transmission(s) in subframe K .

- if the HARQ-ACK values correspond to PDSCH transmission(s) on an LAA SCell that are assigned by
(E)PDCCH transmitted on the same LAA SCell,

- if no HARQ-ACK feedback is detected for a PDSCH transmission by the eNB, or if the eNB detects ‘DTX’,
‘NACK/DTX’ or ‘any’ state, it is counted as NACK.

- if the HARQ-ACK values correspond to PDSCH transmission(s) on an LAA SCell that are assigned by
(E)PDCCH transmitted on another serving cell,

- if the HARQ-ACK feedback for a PDSCH transmission is detected by the eNB, ‘NACK/DTX’ or ‘any’ state
is counted as NACK, and ‘DTX’ state is ignored.

- if no HARQ-ACK feedback is detected for a PDSCH transmission by the eNB

- if PUCCH format 1b with channel selection is expected to be used by the UE, ‘“NACK/DTX’ state
corresponding to ‘no transmission’ as described in subclauses 10.1.2.2.1, 10.1.3.1 and 10.1.3.2.1 is
counted as NACK, and ‘DTX’ state corresponding to ‘no transmission’ is ignored.- Otherwise, the
HARQ-ACK for the PDSCH transmission is ignored.

- if a PDSCH transmission has two codewords, the HARQ-ACK value of each codeword is considered separately
- bundled HARQ-ACK across M subframes is considered as M HARQ-ACK responses.

If the CW, =CW
that priority class p for which CW, =CW

max,p 1S consecutively used K times for generation of N, ,CW isresetto CW,;, =~ only for

max,p 15 consecutively used K- times for generation of N;... K is

selected by eNB from the set of values {1, 2, ...,8} for each priority class P € {1, 2,3, 4} .

15.1.4 Energy detection threshold adaptation procedure

An eNB accessing a carrier on which LAA Scell(s) transmission(s) are performed, shall set the energy detection
threshold ( X ;) to be less than or equal to the maximum energy detection threshold Xy e max -

X

Thresh_max 1S determined as follows:

- If the absence of any other technology sharing the carrier can be guaranteed on a long term basis (e.g. by level of
regulation) then:

(T, +10dB,
- XThresh_max =min X

r
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- X, is Maximum energy detection threshold defined by regulatory requirements in dBm when such

requirements are defined, otherwise X, =T, +10dB
- Otherwise,

—72+10-log10(BWMHz / 20MHz) dBm,

- X =maxy . (T,
Thres _max min max

T, — T, +(P, +10-log10(BWMHz / 20MHz)- P,, )}

max
- Where:

- T,=10dB for transmission(s) including PDSCH;

- T,=5dB for transmissions including discovery signal transmission(s) and not including PDSCH;
- P, =23dBm;

- Py isthe set maximum eNB output power in dBm for the carrier;

- eNB uses the set maximum transmission power over a single carrier irrespective of whether single carrier
or multi-carrier transmission is employed

T, (dBm) =10-log 10(3.16228 .10 (MW / MHz) - BWMHz (MHz)) ;

- BWMHZz is the single carrier bandwidth in MHz.

15.1.5 Channel access procedure for transmission(s) on multiple carriers

An eNB can access multiple carriers on which LAA Scell(s) transmission(s) are performed, according to one of the
Type A or Type B procedures described in this subclause.

15.1.51 Type A multi-carrier access procedures

The eNB shall perform channel access on each carrier C, € C , according to the procedures described in subclause

15.1.1, where C is a set of carriers on which the eNB intends to transmit, and 1 =0,1,...q—1,and ( is the number
of carriers on which the eNB intends to transmit.

The counter N described in subclause 15.1.1 is determined for each carrier C; and is denotedas N . N is

maintained according to subclause 15.1.5.1.10r 15.1.5.1.2.

15.1.5.1.1 Type Al

Counter N as described in subclause 15.1.1 is independently determined for each carrier C; and is denoted as N, .

If the absence of any other technology sharing the carrier cannot be guaranteed on a long term basis (e.g. by level of
regulation), when the eNB ceases transmission on any one carrier C; e C , for each carrier G #Cj, the eNB can

resume decrementing NCi when idle slots are detected either after waiting for a duration of 4-T_ , or after

sl

reinitialising N.; .
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15.1.5.1.2 Type A2

Counter N is determined as described in subclause 15.1.1 for carrier C; e C , and is denoted as ch , Where Cjis

the carrier that has the largest CW , value. For each carrier ¢;, N, =N .

When the eNB ceases transmission on any one carrier for which N is determined, the eNB shall reinitialise N, for
all carriers.

15.1.5.2 Type B multi-carrier access procedure

A carrier C; e C is selected by the eNB as follows

- the eNB selects C; by uniformly randomly choosing C; from C before each transmission on multiple carriers

c,eC,or
- the eNB selects C; no more frequently than once every 1 second,

where C is a set of carriers on which the eNB intends to transmit, i =0,1,...q—1, and Q is the number of carriers
on which the eNB intends to transmit.

To transmit on carrier Cj

- the eNB shall perform channel access on carrier C; according to the procedures described in subclause 15.1.1
with the modifications described in 15.1.5.2.1 or 15.1.5.2.2.

To transmit on carrier C; #C;, C; € C

- for each carrier C;, the eNB shall sense the carrier C, for at least a sensing interval T,.. = 25US immediately
before the transmitting on carrier C; , and the eNB may transmit on carrier C; immediately after sensing the
carrier C; to be idle for at least the sensing interval T __ . The carrier C,is considered to be idle for T, if the

channel is sensed to be idle during all the time durations in which such idle sensing is performed on the carrier
C;ingiveninterval T .

15.1.5.2.1 Type B1

Assingle CWp value is maintained for the set of carriers C .

For determining CWp for channel access on carrier C;. step2 of the procedure described in sub clause 15.1.3 is

modified as follows
- ifatleast Z =80% of HARQ-ACK values corresponding to PDSCH transmission(s) in reference subframe

K of all carriers C; € C are determined as NACK, increase CW ; for each priority class p € {1, 2,3, 4} to the
next higher allowed value; otherwise, go to step 1.

15.1.5.2.2 Type B2

A CWp value is maintained independently for each carrier C; € C using the procedure described in subclause 15.1.3.

For determining N, ;. for carrier C;, CW, value of carrier C;; € Cis used, where C;; is the carrier with largest

init

CW, among all carriers in set C .

3GPP

Samsung Exhibit 1013, Page 353 of 381
Samsung Electronics Co., Ltd. v. Asus Technology Licensing Inc.
IPR2024-01036



Release 13 354 3GPP TS 36.213 V13.2.0 (2016-06)

16 UE Procedures related to narrowband |oT

16.1  Synchronization procedures
16.1.1 Cell search

Cell search is the procedure by which a UE acquires time and frequency synchronization with a cell and detects the
narrowband physical layer Cell ID.

If the higher layer parameter operationModelnfo indicates ‘00 for a cell, the UE may assume that the narrowband
physical layer cell ID is same as the physical layer cell ID for the cell.

The following signals are transmitted in the downlink to facilitate cell search for Narrowband 10T: the narrowband
primary and narrowband secondary synchronization signals.

16.1.2 Timing synchronization

Upon reception of a timing advance command, the UE shall adjust uplink transmission timing for NPUSCH based on
the received timing advance command.

The timing advance command indicates the change of the uplink timing relative to the current uplink timing as
multiples of 16 T, . The start timing of the random access preamble is specified in [3].

In case of random access response, an 11-bit timing advance command [8], Ta, indicates Nta values by index values of
Ta=0,1,2, .., 1282, where an amount of the time alignment is given by Nta = Ta x16. Nrais defined in [3].

In other cases, a 6-bit timing advance command [8], Ta, indicates adjustment of the current Nta value, Nta oi4, to the new
Nra value, Ntanew, by index values of Ta =0, 1, 2,..., 63, where Nranew = Nraoe + (Ta —31)x16. Here, adjustment of Nta
value by a positive or a negative amount indicates advancing or delaying the uplink transmission timing by a given
amount respectively.

For a timing advance command reception ending in DL subframe n, the corresponding adjustment of the uplink
transmission timing shall apply from the first available NB-10T uplink slot following the end of n+12 DL subframe and
the first available NB-10T uplink slot is the first slot of a NPUSCH transmission. When the UE's uplink NPUSCH
transmissions in NB-1oT uplink slot n and NB-10T uplink slot n+1 are overlapped due to the timing adjustment, the UE
shall complete transmission of NB-10T uplink slot n and not transmit the overlapped part of NB-1oT uplink slot n+1.

If the received downlink timing changes and is not compensated or is only partly compensated by the uplink timing
adjustment without timing advance command as specified in [10], the UE changes Nta accordingly.

16.2  Power control
16.2.1 Uplink power control

Uplink power control controls the transmit power of the different uplink physical channels.
16.2.1.1 Narrowband physical uplink shared channel
16.2.1.1.1 UE behaviour

The setting of the UE Transmit power for a Narrowband Physical Uplink Shared Channel (NPUSCH) transmission is
defined as follows.

The UE transmit power Pypyqcy (i) for NPUSCH transmission in NB-1oT UL slot i for the serving cell Cis given
by
If the number of repetitions of the allocated NPUSCH RUs is greater than 2

Peeuscric (1) = Poyax o (i) [dBm]

otherwise
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- - I:)(:MAX c(i)i
Pupuscrc (1) = min ' . . ) [dBm]
Y 10109,4 (M ypuscc (1)) + Py neuscrc (1) + o (1) - PL,

where,

- Error! Objects cannot be created from editing field codes.is the configured UE transmit power defined in [6]
in NB-1oT UL slot i for serving cell C.

- M puscr (1) is {1/4} for 3.75 kHz subcarrier spacing and {1, 3, 6, 12}for 15kHz subcarrier spacing

- P npuscr (1) is a parameter composed of the sum of a component Py yovinar npuscrc(J) provided from

higher layers and a component Py, e wpuscrc (]) Provided by higher layers for j=1 and for serving cell ¢
where je {1,2}. For NPUSCH (re)transmissions corresponding to a dynamic scheduled grant then j=1 and for
NPUSCH (re)transmissions corresponding to the random access response grant then j=2.

PO_UE_NPUSCH,C (2)=0 and PO_NORMINAL_NPUSCH,C(Z) = PO_PRE + APREAMBLE_Msg3 » Where the parameter
preamblelnitialReceivedTargetPower [8] (Error! Objects cannot be created from editing field codes.) and
ApreavsLe msqz are signalled from higher layers for serving cell c.

- For j=1, for NPUSCH format 2, «(j) =1; for NPUSCH format 1, e, ( j) is provided by higher layers for
serving cell c. For j=2, Error! Objects cannot be created from editing field codes.

- PL, isthe downlink path loss estimate calculated in the UE for serving cell ¢ indBand PL; = nrs-Power -
higher layer filtered NRSRP, where nrs-Power is provided by higher layers and NRSRP is defined in [5] for
serving cell ¢ and the higher layer filter configuration is defined in [11] for serving cell C.

16.2.1.1.2 Power headroom

If the UE transmits NPUSCH in NB-loT UL slot i for serving cell ¢, power headroom is computed using
PH. () = Possae () = { Po npuscre (D + (1) - PL, | [0B]

where, Error! Objects cannot be created from editing field codes., Py \pyscrc (1), @ (1), and PL_, are defined in
subclause 16.2.1.1.1.

The power headroom shall be rounded down to the closest value in the set [PH1, PH2, PH3, PH4] dB as defined in [10]
and is delivered by the physical layer to higher layers.

16.2.2 Downlink power allocation
The eNodeB determines the downlink transmit energy per resource element.

For an NB-10T cell, the UE may assume NRS EPRE is constant across the downlink NB-10T system bandwidth and
constant across all subframes that contain NRS, until different NRS power information is received.

The downlink NRS EPRE can be derived from the downlink narrowband reference-signal transmit power given by the
parameter nrs-Power provided by higher layers. The downlink narrowband reference-signal transmit power is defined
as the linear average over the power contributions (in [W]) of all resource elements that carry narrowband reference
signals within the operating NB-10T system bandwidth.

A UE may assume the ratio of NPDSCH EPRE to NRS EPRE among NPDSCH REs (not applicable to NPDSCH REs
with zero EPRE) is 0 dB for an NB-IoT cell with one NRS antenna port and -3 dB for an NB-loT cell with two NRS
antenna ports.

A UE may assume the ratio of NPBCH EPRE to NRS EPRE among NPBCH REs (not applicable to NPBCH REs with
zero EPRE) is 0 dB for an NB-10T cell with one NRS antenna port and -3 dB for an NB-1oT cell with two NRS antenna
ports.
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A UE may assume the ratio of NPDCCH EPRE to NRS EPRE among NPDCCH REs (not applicable to NPDCCH REs
with zero EPRE) is 0 dB for an NB-10T cell with one NRS antenna port and -3 dB for an NB-10T cell with two NRS
antenna ports.

If higher layer parameter operationModelnfo indicates ‘00 for a cell, the ratio of NRS EPRE to CRS EPRE is given by
the parameter nrs-CRS-PowerOffset if the parameter nrs-CRS-EPRE-Ratio is provided by higher layers, and the ratio of
NRS EPRE to CRS EPRE may be assumed to be 0 dB if the parameter nrs-CRS-EPRE-Ratio is not provided by higher
layers.

16.3 Random access procedure

Prior to initiation of the non-synchronized physical random access procedure, Layer 1 shall receive the following
information from the higher layers:

- Narrowband Random access channel parameters (NPRACH configuration)

16.3.1 Physical non-synchronized random access procedure

From the physical layer perspective, the L1 random access procedure encompasses the transmission of narrowband
random access preamble and narrowband random access response. The remaining messages are scheduled for
transmission by the higher layer on the shared data channel and are not considered part of the L1 random access
procedure. A random access channel occupies one subcarrier per set of consecutive symbols reserved for narrowband
random access preamble transmissions.

The following steps are required for the L1 random access procedure:
- Layer 1 procedure is triggered upon request of a narrowband preamble transmission by higher layers.

- Atarget narrowband preamble received power
(NARROWBAND_PREAMBLE_RECEIVED_TARGET_POWER), a corresponding RA-RNTI and a
NPRACH resource are indicated by higher layers as part of the request.

- For the lowest configured repetition level, a narrowband preamble transmission power PnpracH is determined as
PnpracH = min{ PCMAX‘C(i) , NARROWBAND_PREAMBLE_RECEIVED_TARGET_POWER + PL,

}_[dBm], where PCMAX,c(i) is the configured UE transmit power for narrowband IoT transmission defined in

[6] for subframe i of serving cell ¢ and PL. is the downlink path loss estimate calculated in the UE for
serving cell c. For a repetition level other than the lowest configured repetition level, Pnprach iS Set to

PCMAX,c(i) '

- The narrowband preamble is transmitted with transmission power Pnpract COMmencing on the indicated
NPRACH resource. The narrowband preamble is transmitted for the number of NPRACH repetitions for the
associated NPRACH repetition level as indicated by higher layers.

- Detection of a NPDCCH with DCI scrambled by RA-RNTI is attempted during a window controlled by higher
layers (see [8], subclause 5.1.4). If detected, the corresponding DL-SCH transport block is passed to higher
layers. The higher layers parse the transport block and indicate the Nr-bit uplink grant to the physical layer,
which is processed according to subclause 16.3.3

16.3.2 Timing

For the L1 random access procedure, UE's uplink transmission timing after a random access preamble transmission is as
follows.

a) Ifa NPDCCH with associated RA-RNTI is detected and the corresponding DL-SCH transport block ending in
subframe n contains a response to the transmitted preamble sequence, the UE shall, according to the information
in the response, transmit an UL-SCH transport block according to section 16.3.3.

b) If a random access response is received and the corresponding DL-SCH transport block ending in subframe n
does not contain a response to the transmitted preamble sequence, the UE shall, if requested by higher layers, be
ready to transmit a new preamble sequence no later than the NB-10T UL slot starting 12 milliseconds after the
end of subframe n.
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c¢) If no random access response is received in subframe n, where subframe n is the last subframe of the random
access response window, the UE shall, if requested by higher layers, be ready to transmit a new preamble
sequence no later than the NB-l1oT UL slot starting 12 milliseconds after the end of subframe n.

In case a random access procedure is initiated by a "PDCCH order" ending in subframe n, the UE shall, if requested by
higher layers, start transmission of random access preamble at the end of the first subframe Error! Objects cannot be
created from editing field codes., k, > 8, where a NPRACH resource is available. The "PDCCH order" in DCI format

NO indicates to the UE,

- allocated subcarrier for NPRACH, ng. = I where | is the subcarrier indication field in the corresponding
DCI, 1, =48,49,...,63is reserved.

- arepetition number (Ng,, ) for NPRACH determined by the repetition number field (I, ) in the corresponding
DCI.

16.3.3 Narrowband random access response grant

The higher layers indicate the Nr-bit UL Grant to the physical layer, as defined in 3GPP TS 36.321 [8].
This is referred to as the Narrowband Random Access Response Grant in the physical layer.

Nr-bit =15, and the content of these 15 bits starting with the MSB and ending with the LSB are as follows:

- Uplink subcarrier spacing Af is ‘0’=3.75 kHz or ‘1’=15 kHz - 1 bit
- Subcarrier indication field I, as determined in subclause 16.5.1.1 — 6 bits

- Scheduling delay field (1 ) as determined in subclause 16.5.1 with ko = 13 for Ipeiay = 0, where NB-1oT DL

subframe n is the last subframe in which the NPDSCH associated with the Narrowband Random Access
Response Grant is transmitted — 2 bits

Delay

- Msgg repetition number Ng,, as determine in subclause 16.5.1.1 - 3 bits

- MCS index indicating TBS, modulation, and number of RUs for Msg3 according to Table 16.3.3-1 — 3 hits

The redundancy version for the first transmission of Msg3 is 0.

Table 16.3.3-1: MCS index for Msg3 NPUSCH

MCS Modulation Modulation Number
Index of RUs TBS

l e Af =3.75kHz or Af =15kHzand|_ =0,1..11 | Af =15kHzand| >11 Ny

‘000’ pi/2 BPSK QPSK 4 88 hits
‘001’ pi/4 QPSK QPSK 3 88 hits
‘010’ pi/4 QPSK QPSK 1 88 hits
‘011’ reserved reserved reserved reserved
‘100’ reserved reserved reserved | reserved
‘101’ reserved reserved reserved | reserved
‘110’ reserved reserved reserved reserved
‘111 reserved reserved reserved reserved

16.4  Narrowband physical downlink shared channel related
procedures
A NB-10T UE shall assume a subframe as a valid NB-1oT DL subframe if

- the UE determines that the subframe does not contain NPSS/NSSS/NPBCH/NB-SIB1 transmission, and
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- the subframe is indicated as NB-loT DL subframe by the higher layer parameter downlinkBitmapNB, if the UE is
configured with the higher layer parameter downlinkBitmapNB.

16.4.1 UE procedure for receiving the narrowband physical downlink
shared channel

A UE shall upon detection on a given serving cell of a NPDCCH with DCI format N1, N2 ending in subframe n
intended for the UE, decode, starting in n+5 DL subframe, the corresponding NPDSCH transmission in N consecutive
NB-I1oT DL subframe(s) ki with i =0, 1, ..., N-1 according to the NPDCCH information, where

- subframe n is the last subframe in which the NPDCCH is transmitted and is determined from the starting
subframe of NPDCCH transmission and the DCI subframe repetition number field in the corresponding DCI,;

- subframe(s) ki with i=0,1,...,N-1 are N consecutive NB-l1oT DL subframe(s) excluding subframes used for SI
messages where, 0<ko<ki<...,Kn-1,

- N = Nge,Nge, Where the value of N, is determined by the repetition number field in the corresponding DCI

(see subclause 16.4.1.3), and the value of Ngis determined by the resource assignment field in the
corresponding DCI (see subclause 16.4.1.3), and

- the value of ko is determined by the scheduling delay field (I, ) for DCI format N1 according to Table 16.4.1-

1,and k,=5 for DCI format N2. The value of R, is according to subclause 16.6 for the corresponding DCI
format N1.

Table 16.4.1-1: k, for DCI format N1.

kO
I Delay
Riax <128 | Ripa =128
0 0 0
1 4 16
2 8 32
3 12 64
4 16 128
5 32 256
6 64 512
7 128 1024

A UE is not expected to receive transmissions in 3 DL subframes following the end of a NPUSCH transmission by the

UE.

If a UE is configured by higher layers to decode NPDCCH with CRC scrambled by the P-RNTI, the UE shall decode
the NPDCCH and the corresponding NPDSCH according to any of the combinations defined in Table 16.4.1-2.
The scrambling initialization of NPDSCH corresponding to these NPDCCHs is by P-RNTI.

Table 16.4.1-2: NPDCCH and NPDSCH configured by P-RNTI

DCI format

Search Space

Transmission scheme of NPDSCH corresponding to NPDCCH

DCI format N2

Type-1
Common

If the number of NPBCH antenna ports is one, Single-antenna port, port 0 is used
(see subclause 16.4.1.1), otherwise Transmit diversity (see subclause 16.4.1.2).

If a UE is configured by higher layers to decode NPDCCH with CRC scrambled by the RA-RNTI, the UE shall decode
the NPDCCH and the corresponding NPDSCH according to any of the combinations defined in Table 16.4.1-3. The
scrambling initialization of NPDSCH corresponding to these NPDCCHs is by RA-RNTI.

3GPP

Samsung Exhibit 1013, Page 358 of 381
Samsung Electronics Co., Ltd. v. Asus Technology Licensing Inc.
IPR2024-01036



Release 13 359 3GPP TS 36.213 V13.2.0 (2016-06)

Table 16.4.1-3: NPDCCH and NPDSCH configured by RA-RNTI

DCI format Search Space Transmission scheme of NPDSCH corresponding to NPDCCH

DCI format N1 Type-2 If the number of NPBCH antenna ports is one, Single-antenna port, port O is used
Common (see subclause 16.4.1.1), otherwise Transmit diversity (see subclause 16.4.1.2).

If a UE is configured by higher layers to decode NPDCCH with CRC scrambled by the C-RNTI, the UE shall decode
the NPDCCH and the corresponding NPDSCH according to any of the combinations defined in Table 16.4.1-4. The
scrambling initialization of NPDSCH corresponding to these NPDCCHs is by C-RNTI.

Table 16.4.1-4: NPDCCH and NPDSCH configured by C-RNTI

DCI format Search Space Transmission scheme of NPDSCH corresponding to NPDCCH
DCI format N1 UE specific by | If the number of NPBCH antenna ports is one, Single-antenna port, port O is used
C-RNTI (see subclause 16.4.1.1), otherwise Transmit diversity (see subclause 16.4.1.2).

If a UE is configured by higher layers to decode NPDCCH with CRC scrambled by the Temporary C-RNTI, and the UE
is not configured to decode NPDCCH with CRC scrambled by the C-RNTI, the UE shall decode the NPDCCH and the
corresponding NPDSCH according to the combination defined in Table 16.4.1-5. The scrambling initialization of
NPDSCH corresponding to these NPDCCHs is by Temporary C-RNTI.

Table 16.4.1-5: NPDCCH and NPDSCH configured by Temporary C-RNTI

DCI format Search Space Transmission scheme of NPDSCH corresponding to NPDCCH

DCI format N1 Type-2 If the number of NPBCH antenna ports is one, Single-antenna port, port 0 is used
Common (see subclause 16.4.1.1), otherwise Transmit diversity (see subclause 16.4.1.2).

The transmission schemes for NPDSCH are defined in the following subclauses.
16.4.1.1 Single-antenna port scheme

For the single-antenna port transmission schemes (port 0) of the NPDSCH, the UE may assume that an eNB
transmission on the NPDSCH would be performed according to subclause 6.3.4.1 of [3].

16.4.1.2 Transmit diversity scheme

For the transmit diversity transmission scheme of the NPDSCH, the UE may assume that an eNB transmission on the
NPDSCH would be performed according to subclause 6.3.4.3 of [3]

16.4.1.3 Resource allocation
The resource allocation information in DCI format N1, N2 (paging) for NPDSCH indicates to a scheduled UE

- anumber of subframes ( N ) determined by the resource assignment field (1) in the corresponding DCI
according to Table 16.4.1.3-1.

- arepetition number (Ng,, ) determined by the repetition number field (I, ) in the corresponding DCI
according to Table 16.4.1.3-2.
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Table 16.4.1.3-1: Number of subframes ( Ng:) for NPDSCH.

I'se Nsr
0 1
1 2
2 3
3 4
4 5
5 6
6 8
7 10

Table 16.4.1.3-2: Number of repetitions ( Ng,,) for NPDSCH.

Rep N Rep
0 1
1 2
2 4
3 8
4 16
5 32
6 64
7 128
8 192
9 256
10 384
11 512
12 768
13 1024
14 1536
15 2048

The number of repetitions for the NPDSCH carrying SystemInformationBlockTypel-NB is determined based on the
parameter schedulingInfoSIB1-NB-r13 configured by higher-layers and according to Table 16.4.1.3-3.

Table 16.4.1.3-3: Number of repetitions for NPDSCH carrying SystemiInformationBlockTypel-NB.

Number of NPDSCH

repetitions

4

8

16

4

8

16

4

8

16

4

10 8

11 16
12-15 Reserved

Value of
schedulingInfoSIB1-NB-r13

OO|IN|O|O|D|W|IN|F|O

The starting radio frame for the first transmission of the NPDSCH carrying SystemlInformationBlockTypel-NB is
determined according to Table 16.4.1.3-4.
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Table 16.4.1.3-4: Starting radio frame for the first transmission of the NPDSCH carrying
SystemInformationBlockTypel-NB.

Number of Starting radio frame
NPDSCH N el number for NB-SIB1
repetitions repetitions (nt mod 256)
NN mod 4 =0 0
N ' mod 4 = 1 16
4 N ,’\E'fe” mod 4 = 2 32
N ,’\ge” mod 4 = 3 48
N ,’\ge” mod 2 =0 0
° N ¥ mod 2 = 1 16
NN mod 2 =0 0
1o NN mod2 =1 1

16.4.1.4 NPDSCH starting position

The starting OFDM symbol for NPDSCH is given by index Error! Objects cannot be created from editing field
codes. in the first slot in a subframe K and is determined as follows

- if subframe Error! Objects cannot be created from editing field codes. is a subframe used for receiving SIB1-
NB

Ipastare = 31T the value of the higher layer parameter operationModelnfo is set to *00° or ‘01’
I patastart = 0 Otherwise

- else

Ipatastart 1S 9iven by the higher layer parameter eutraControlRegionSize if the value of the higher layer
parameter operationModelnfo is set to ‘00’ or ‘01’

Ipatastart = 0 Otherwise
16.4.1.5 Modulation order and transport block size determination
The UE shall use modulation order, Q, = 2.

To determine the transport block size in the NPDSCH, the UE shall first,

- if NPDSCH carries SystemInformationBlockTypel-NB

- set l;gg tothe value of the parameter schedulingInfoSIB1-NB-r13 configured by higher-layers
- otherwise

- read the 4-bit "modulation and coding scheme" field ( |, ) in the DCI and set Igg = I ycs-

and second,
- if NPDSCH carries SystemInformationBlockTypel-NB
- use subclause 16.4.1.5.2 for determining its transport block size.

- otherwise,
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- read the 3-bit "resource assignment" field ( | ) in the DCI and determine its TBS by the procedure in
subclause 16.4.1.5.1.

The NDI as signalled on NPDCCH, and the TBS, as determined above, shall be delivered to higher layers.

16.4.1.5.1 Transport blocks not mapped for SysteminformationBlockTypel-NB

The TBS is given by the (14, I ) entry of Table 16.4.1.5.1-1. For the value of the higher layer parameter

operationModelnfo set to “‘00” or ‘01”, 0 < l;z5 <10.

Table 16.4.1.5.1-1: Transport block size (TBS) table.

ITBS ISF

0 |1 ] 23 |4]|5]6]7
0 [ 16 [ 32 56 [ 88 [120 152 [ 208 | 256
1 | 24 | 56 | 88 | 144 | 176 | 208 | 256 | 344
2 | 32 | 72 [ 144 | 176 | 208 | 256 | 328 | 424
3 | 40 [104 | 176 | 208 | 256 | 328 | 440 | 568
4 | 56 [ 120 | 208 | 256 | 328 | 408 | 552 | 680
5 | 72 [ 144 | 224 | 328 | 424 | 504 | 680
6 | 88 | 176 | 256 | 392 | 504 | 600
7 | 104 [ 224 | 328 | 472 | 584 | 680
8 [ 120 [ 256 | 392 | 536 | 680
9 [ 136 [ 296 | 456 | 616
10 | 144 | 328 | 504 | 680
11 176 | 376 | 584
12 | 208 | 440 [ 680

16.4.1.5.2 Transport blocks mapped for SysteminformationBlockTypel-NB

The TBS is given by the |55 entry of Table 16.4.1.5.2-1.

Table 16.4.1.5.2-1: Transport block size (TBS) table for NPDSCH carrying
SysteminformationBlockTypel-NB

ligs| O 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
TBS| 208 | 208 | 208 | 328 | 328 | 328 | 440 | 440 | 440 | 680 | 680 | 680 Reserved

16.4.2 UE procedure for reporting ACK/NACK

The UE shall upon detection of a NPDSCH transmission ending in NB-10T subframe n intended for the UE and for
which an ACK/NACK shall be provided, start, at the end of n+k, —1 DL subframe transmission of the NPUSCH

carrying ACK/NACK response using NPUSCH format 2 in N consecutive NB-1oT UL slots, where

- N =NAHNggs » where the value of NAZ is given by the higher layer parameter ack-NACK-NumRepetitions-

Msg4 configured for the associated NPRACH resource for Msg4 NPDSCH transmission, and higher layer
parameter ack-NACK-NumRepetitions otherwise, and the value of N ;foLtS is the number of slots of the resource
unit (defined in clause 10.1.2.3 of [3]),

- allocated subcarrier for ACK/NACK and value of ko is determined by the ACK/NACK resource field in the DCI
format of the corresponding NPDCCH according to Table 16.4.2-1, and Table 16.4.2-2.
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Table 16.4.2-1: ACK/NACK subcarrier and k, for NPUSCH with subcarrier spacing Af =3.75kHz.

ACK/NACK | ACK/NACK K

resource field| subcarrier 0
0 38 13
1 39 13
2 40 13
3 41 13
4 42 13
5 43 13
6 44 13
7 45 13
8 38 21
9 39 21
10 40 21
11 41 21
12 42 21
13 43 21
14 44 21
15 45 21

Table 16.4.2-2: ACK/NACK subcarrier and k, for NPUSCH with subcarrier spacing Af =15kHz.

ACK/NACK [ACK/NACK K

resource field| subcarrier 0
0 0 13
1 1 13
2 2 13
3 3 13
4 0 15
5 1 15
6 2 15
7 3 15
8 0 17
9 1 17
10 2 17
11 3 17
12 0 18
13 1 18
14 2 18
15 3 18

16.5 Narrowband physical uplink shared channel related

procedures

16.5.1 UE procedure for transmitting format 1 narrowband physical uplink

shared channel

A UE shall upon detection on a given serving cell of a NPDCCH with DCI format NO ending in NB-10T DL subframe n
intended for the UE, adjust, at the end of n+ko, DL subframe, the corresponding NPUSCH transmission using NPUSCH
format 1 in N consecutive NB-10T UL slots nj withi =0, 1, ..., N-1 according to the NPDCCH information where

- subframe n is the last subframe in which the NPDCCH is transmitted and is determined from the starting
subframe of NPDCCH transmission and the DCI subframe repetition number field in the corresponding DCI;

and

- N= NRep slots !

NgyN oL, where the value of Ngep is determined by the repetition number field in the

corresponding DCI (see subclause 16.5.1.1), the value of Ny, is determined by the resource assignment field in
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the corresponding DCI (see subclause 16.5.1.1), and the value of NSL,JOLts is the number of NB-loT UL slots of

the resource unit (defined in clause 10.1.2.3 of [3]) corresponding to the allocated number of subcarriers (as
determined in subclause 16.5.1.1) in the corresponding DClI,

- value of ko is determined by the scheduling delay field (1
16.5.1-1.

pelay ) 1N the corresponding DCI according to Table

Table 16.5.1-1: k, for DCI format NO.

I Delay k0
0 8
1 16
2 32
3 64

If a UE is configured by higher layers to decode NPDCCHs with the CRC scrambled by the C-RNTI, the UE shall
decode the NPDCCH according to the combination defined in Table 16.5.1-2 and transmit the corresponding NPUSCH.
The scrambling initialization of this NPUSCH corresponding to these NPDCCHSs and the NPUSCH retransmission for
the same transport block is by C-RNTI.

Table 16.5.1-2: NPDCCH and PUSCH configured by C-RNTI

DCI format Search Space
DCI format NO UE specific by C-RNTI

If a UE is configured to receive random access procedures initiated by "PDCCH orders", the UE shall decode the
NPDCCH according to the combination defined in Table 16.5.1-3.

Table 16.5.1-3: NPDCCH configured as "PDCCH order" to initiate random access procedure

DCI format Search Space
DCI format N1 UE specific by C-RNTI

If a UE is configured by higher layers to decode NPDCCHSs with the CRC scrambled by the Temporary C-RNTI
regardless of whether UE is configured or not configured to decode NPDCCH with the CRC scrambled by the C-RNTI,
the UE shall decode the NPDCCH according to the combination defined in Table 16.5.1-4 and transmit the
corresponding NPUSCH. The scrambling initialization of NPUSCH corresponding to these NPDCCHs is by Temporary
C-RNTIL.

If a Temporary C-RNTI is set by higher layers, the scrambling initialization of NPUSCH corresponding to the
Narrowband Random Access Response Grant in subclause 16.3.3 and any NPUSCH retransmission(s) for the same
transport block is by Temporary C-RNTI. Otherwise, the scrambling initialization of NPUSCH corresponding to the
Narrowband Random Access Response Grant in subclause 16.3.3 and any NPUSCH retransmission(s) for the same
transport block is by C-RNTI.

Table 16.5.1-4: NPDCCH and PUSCH configured by Temporary C-RNTI

DCI format Search Space
DCI format NO Type-2 Common
16.5.1.1 Resource allocation

The resource allocation information in uplink DCI format NO for NPUSCH transmission indicates to a scheduled UE
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— aset of contiguously allocated subcarriers ( ny. ) of a resource unit determined by the Subcarrier indication field
in the corresponding DCI,

— anumber of resource units ( N, ) determined by the resource assignment field in the corresponding DCI
according to Table 16.5.1.1-2,

- arepetition number (N, ) determined by the repetition number field in the corresponding DCI according to
Table 16.5.1.1-3.
For NPUSCH transmission with subcarrier spacing Af =3.75kHz, ny. = I, where I is the subcarrier indication field

in the DCI. 1, =48,49,...,63is reserved.

For NPUSCH transmission with subcarrier spacing Af =15kHz , the subcarrier indication field (1) in the DCI
determines the set of contiguously allocated subcarriers (g, ) according to Table 16.5.1.1-1.

Table 16.5.1.1-1: Allocated subcarriers for NPUSCH with Af =15kHz .

Subcarrier indication field (1) | Set of Allocated subcarriers (ng, )
0-11 I
12-15 31, —12)+{0,1.2}
16-17 6(1. —16)+1{0,1,2,3,4,5}
18 {0,1,2,34,5,6,7,8,9,10,11}
19-63 Reserved

Table 16.5.1.1-2: Number of resource units ( Ng, ) for NPUSCH.

IRU NRU
0 1
1 2
2 3
3 4
4 5
5 6
6 8
7 10

Table 16.5.1.1-3: Number of repetitions ( Ng,,) for NPUSCH.

NRep
1
2
4
8
16
32
64
128

pe)
@
b

N[O |WIN|F|O

16.5.1.2 Modulation order, redundancy version and transport block size determination

To determine the modulation order, redundancy version and transport block size for the NPUSCH, the UE shall first

- read the “modulation and coding scheme” field (1,,.s) in the DCI, and

- read the “redundancy version” field (rvpc, ) in the DCI, and
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- read the "resource assignment” field (Ngy, ) in the DCI, and

- compute the total number of allocated subcarriers (NS ), number of resource units ( N, ), and repetition

number (Ng,,) according to subclause 16.5.1.1.

The UE shall use modulation order, Q=2 if N2 >1. The UE shall use I, and Table 16.5.1.2-1 to determine the
modulation order to use for NPUSCH if N3V =1.

Table 16.5.1.2-1: Modulation and TBS index table for NPUSCH with NZY =1.

MCS Index | Modulation Order | TBS Index

I MCS Qm I TBS

OO |N|O |0~ WL [(NO

Blo|o|~jo|o|s|wv|e|o
NN (NN NN NN [N -

[any
o

NPUSCH is transmitted in N consecutive NB-loT UL slots, n;, i=0,1,...,N-1. The redundancy version rv,,, (j) of the
NPUSCH transmission in j block of B consecutive NB-loT UL slots

UL

sois 1S determined by,

N
ni, i=jB+b, b=01...B-1 j=o,1,...,%—1, B =LNg,N

Vg (1) =2 mod(erCI +], 2), where L=1 if N3V =1, | = min(4, [NRep /2—’) otherwise. Portion of NPUSCH

codeword with rv,,, (j) as defined in clause 6.3.2 in [4] mapped to slot L%J of allocated Ng,, resource unit(s) is
transmitted in NB-loT UL slots n; i = jB+ L[%JH, 1=01,...,L-1.for Af =3.75kHz and

i= jB+2LL%J+2I+mod(L%J, 2),1=0,1,..L-1_for Af =15kHz

The UE shall use (I44, ) and Table 16.5.1.2-2 to determine the TBS to use for the NPUSCH. |4 is given in
Table 16.5.1.2.1-1 if NJY =1, 155 = Iyes Otherwise.

Table 16.5.1.2-2: Transport block size (TBS) table for NPUSCH.

—-
oo
12

16 32 56 88 120 152 208 256

32 72 | 144 | 176 208 256 328 424
40 | 104 | 176 | 208 256 328 440 568
208 | 256 328 408 552 680
72 | 144 | 224 | 328 424 504 680 872
88 | 176 | 256 | 392 504 600 808 | 1000
104 | 224 | 328 | 472 584 712 | 1000
120 | 256 | 392 | 536 680 808

o|~N|o|u|s|w|N|k|o
ol
>
=
N
o
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9 136 | 296 | 456 | 616 776 936
10 144 | 328 | 504 | 680 872 | 1000
11 176 | 376 | 584 | 776 | 1000
12 208 | 440 | 680 | 1000

The NDI as signalled on NPDCCH, and the RV and TBS, as determined above, shall be delivered to higher layers.

16.5.2 UE procedure for receiving ACK/NACK

For a NPUSCH transmission ending in NB-1oT DL subframe n-4, the UE shall monitor the corresponding ACK/NACK

response starting from NB-lIoT DL subframe n.

16.6  Narrowband physical downlink control channel related
procedures

A UE shall monitor a set of NPDCCH candidates (described in subclause 10.2.2.1 of [3]) as configured by higher layer
signalling for control information, where monitoring implies attempting to decode each of the NPDCCHs in the set
according to all the monitored DCI formats.

The set of NPDCCH candidates to monitor are defined in terms of NPDCCH search spaces.
The UE shall monitor one or more of the following search spaces

- aTypel-NPDCCH common search space,

- aType2-NPDCCH common search space, and

- aNPDCCH UE-specific search space.

A UE is not required to simultaneously monitor a NPDCCH UE-specific search space and a Type-1-NPDCCH common
search space.

A UE is not required to simultaneously monitor a NPDCCH UE-specific search space and a Type2-NPDCCH common
search space.

A UE is not required to simultaneously monitor a Type-1-NPDCCH common search space and a Type2-NPDCCH
common search space.

An NPDCCH search space NSé""R) at aggregation level L'e {1,2} and repetition level

Re {1,2,4,8,16,32,64,128,256,512,1024,2048} is defined by a set of NPDCCH candidates where each candidate is

repeated in a set of R consecutive NB-1oT downlink subframes excluding subframes used for transmission of Sl
messages starting with subframe K.

For NPDCCH UE-specific search space, the aggregation and repetition levels defining the search spaces and the
corresponding NPDCCH candidates are listed in Table 16.6-1 by substituting the value of R, with the higher layer

configured parameter al-Repetition-USS.

For Typel-NPDCCH common search space, the aggregation and repetition levels defining the search spaces are listed
in Table 16.6-2 by substituting the value of R__. with the higher layer configured parameter al-Repetition-CSS-Paging.

For Type2-NPDCCH common search space, the aggregation and repetition levels defining the search spaces and the
corresponding monitored NPDCCH candidates are listed in Table 16.6-3 by substituting the value of R_ with the

higher layer configured parameter npdcch-MaxNumRepetitions-RA.
The locations of starting subframe k are given by k =k where k, isthe b™ consecutive NB-1oT DL subframe from

subframe kO,and b=u-R, and u:O,l,...%—l,andwhere

- subframe KO is a subframe satisfying the condition (10n, +|n./2 JmodT = ¢

offset

-T,where T=R_, -G
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- for NPDCCH UE-specific search space,
- G is given by the higher layer parameter nPDCCH-startSF-UESS,

Olyiieet 1S GiVeEN by the higher layer parameter nPDCCH-startSFoffset-UESS,

- for NPDCCH Type2-NPDCCH common search space,

- G s given by the higher layer parameter nPDCCH-startSF-Type2CSS,

Olyiieet 1S GiVeEN by the higher layer parameter nPDCCH-startSFoffset-Type2CSS,

For Typel-NPDCCH common search space, kK = kO and is determined from locations of NB-loT paging opportunity
subframes.

If the UE is configured by high layers with a PRB for monitoring of NPDCCH UE-specific search space,
- the UE shall monitor the NPDCCH UE-specific search space on the higher layer configured PRB,
- the UE is not expected to receive NPSS, NSSS, NPBCH on the higher layer configured PRB.
otherwise,

- the UE shall monitor the NPDCCH UE-specific search space on the same PRB on which NPSS/NSSS/NPBCH
are detected.

Table 16.6-1: NPDCCH UE- specific search space candidates

NCCE indices of monitored NPDCCH candidates
Rmax R
L'=1 L'=2
1 1 {0} {1} {0,1}
) 1 {0}{1} {0,1}
2 - {0,1}
l = {Oll}
4 2 - {011}
4 - {0,1}
Riax /8 - {01}
Rmax /4 - {011}
>=8
Rmax /2 - {011}
Rmax - {0,1}
Note 1:  {x}, {y} denotes NPDCCH Format O candidate with NCCE index ‘X’,
and NPDCCH Format 0 candidate with NCCE index ‘y’ are monitored
Note 2:  {x,y} denotes NPDCCH Formatl candidate corresponding to NCCEs
‘X" and 'y’ is monitored.
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Table 16.6-2: Type 1- NPDCCH common search space candidates

NCCE indices of monitored NPDCCH
candidates
R R
L'=1 L'=2
1 1 - {0,1}
2 1,2 - {0,1}
4 12,4 - {0,1}
8 12,48 - {0,1}
16 1,2,4,8,16 - {0,1}
32 1,2,4,8,16,32 - {0,1}
64 1,2,4,8,16,32,64 - {0,1}
128 1,2,4,8,16,32,64,128 - {0,1}
256 1,4,8,16,32,64,128,256 - {0,1}
512 1,4,16,32,64,128,256,512 - {0,1}
1024 1,8,32,64,128,256,512,1024 - {0,1}
2048 1,8,64,128,256,512,1024,2048 - {0,1}
Note 1:  {x}, {y} denotes NPDCCH Format O candidate with NCCE index ‘x’, and
NPDCCH Format 0 candidate with NCCE index ‘y’ are monitored
Note 2:  {x,y} denotes NPDCCH Formatl candidate corresponding to NCCEs ‘X’ and 'y’
is monitored.

Table 16.6-3: Type 2- NPDCCH common search space candidates

NCCE indices of monitored NPDCCH candidates
Rmax R
L'=1 L'=2
1 1 - {0,1}
) 1 - {0,1}
2 - {0,1}
1 - {011}
4 2 - {011}
4 - {011}
Ry /8 - {0,1}
Rmax /4 - {011}
>=8
Rmax /2 - {0,1}
Rmax - {011}
Note 1:  {x}, {y} denotes NPDCCH Format O candidate with NCCE index ‘X',
and NPDCCH Format 0 candidate with NCCE index ‘y’ are monitored
Note 2:  {x,y} denotes NPDCCH Formatl candidate corresponding to NCCEs
‘X’ and 'y’ is monitored.

3GPP

Samsung Exhibit 1013, Page 369 of 381
Samsung Electronics Co., Ltd. v. Asus Technology Licensing Inc.
IPR2024-01036



Release 13 370 3GPP TS 36.213 V13.2.0 (2016-06)

If a NB-10T UE detects NPDCCH with DCI Format NO ending in subframe n, and if the corresponding NPUSCH
format 1 transmission starts from n+k, the UE is not required to monitor NPDCCH in any subframe starting from
subframe n+1 to subframe n+k-1.

If a NB-10T UE detects NPDCCH with DCI Format N1 or N2 ending in subframe n, and if the corresponding NPDSCH
transmission starts from n+k, the UE is not required to monitor NPDCCH in any subframe starting from subframe n+1
to subframe n+k-1.

If a NB-10T UE detects NPDCCH with DCI Format N1 ending in subframe n, and if the corresponding NPUSCH
format 2 transmission starts from subframe n+k, the UE is not required to monitor NPDCCH in any subframe starting
from subframe n+1 to subframe n+k-1.

If a NB-10T UE detects NPDCCH with DCI Format N1 for “PDCCH order” ending in subframe n, and if the
corresponding NPRACH transmission starts from subframe n+k, the UE is not required to monitor NPDCCH in any
subframe starting from subframe n+1 to subframe n+k-1.

If a NB-10T UE has a NPUSCH transmission ending in subframe n , the UE is not required to monitor NPDCCH in any
subframe starting from subframe n+1 to subframe n+3.

A NB-I0T UE is not required to monitor NPDCCH candidates of an NPDCCH search space if an NPDCCH candidate
of the NPDCCH search space ends in subframe n, and if the UE is configured to monitor NPDCCH candidates of
another NPDCCH search space starting before subframe n+5.

16.6.1 NPDCCH starting position

The starting OFDM symbol for NPDCCH given by index l\ppccnsae in the first slot in a subframe K and is
determined as follows

- if higher layer parameter operationModelnfo indicates ‘00’, or ‘01’
l\pocchser 1S iven by the higher layer parameter eutraControlRegionSize

- if higher layer parameter operationModelnfo indicates ‘10’ or ‘11’

INPDCCHStart =0

3GPP

Samsung Exhibit 1013, Page 370 of 381
Samsung Electronics Co., Ltd. v. Asus Technology Licensing Inc.
IPR2024-01036



Release 13

371 3GPP TS 36.213 V13.2.0 (2016-06)

Annex A (informative)
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2007-02 Endorsed by RAN1 0.2.1 0.3.0
2007-02 Editor's version including decisions from RAN1#48 & 0.3.0 0.3.1
RAN1#47bis
2007-03 Updated Editor's version 0.3.1 0.3.2
2007-03 | RAN-35 [RP-070171 For information at RAN#35 0.3.2 1.0.0
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2007-03 Updated Editor's version 1.0.1 1.0.2
2007-03 Endorsed by RAN1 1.0.2 1.1.0
2007-05 Updated Editor's version 1.1.0 1.1.1
2007-05 Updated Editor's version 1.1.1 1.1.2
2007-05 Endorsed by RAN1 112 1.2.0
2007-08 Updated Editor's version 1.2.0 1.2.1
2007-08 Updated Editor's version — uplink power control from 1.2.1 1.2.2
RAN1#49bis
2007-08 Endorsed by RAN1 1.2.2 1.3.0
2007-09 Updated Editor's version reflecting RAN#50 decisions 1.3.0 1.3.1
2007-09 Updated Editor's version reflecting comments 1.31 1.3.2
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2007-09 Updated Editor's version reflecting further comments 1.3.3 134
2007-09 Updated Edtior's version reflecting further comments 1.3.4 1.3.5
2007-09 | RAN-37 [RP-070731 Endorsed by RAN1 1.35 2.0.0
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05/03/08 | RP-39 |RP-080145| 0002 | - |Update of TS 36.213 according to changes listed in cover sheet 8.1.0 8.2.0
28/05/08 | RP-40 |RP-080434| 0003 | 1 |PUCCH timing and other formatting and typo corrections 8.2.0 8.3.0
28/05/08 | RP-40 [RP-080434| 0006 | 1 |PUCCH power control for non-unicast information 8.2.0 8.3.0
28/05/08 | RP-40 [RP-080434| 0008 | - [UE ACK/NACK Procedure 8.2.0 8.3.0
28/05/08 | RP-40 |RP-080434| 0009 [ - |UL ACK/NACK timing for TDD 8.2.0 8.3.0
28/05/08 | RP-40 [RP-080434| 0010 | - [Specification of UL control channel assignment 8.2.0 8.3.0
28/05/08 | RP-40 |RP-080434| 0011 | - |Precoding Matrix for 2Tx Open-loop SM 8.2.0 8.3.0
28/05/08 | RP-40 |RP-080434| 0012 | - |Clarifications on UE selected CQI reports 8.2.0 8.3.0
28/05/08 | RP-40 [RP-080434| 0013 | 1 [UL HARQ Operation and Timing 8.2.0 8.3.0
28/05/08 | RP-40 |RP-080434| 0014 | - |SRS power control 8.2.0 8.3.0
28/05/08 | RP-40 |RP-080434| 0015 | 1 |Correction of UE PUSCH frequency hopping procedure 8.2.0 8.3.0
28/05/08 | RP-40 |RP-080434[ 0017 | 4 |Blind PDCCH decoding 8.2.0 8.3.0
28/05/08 | RP-40 [RP-080434( 0019 | 1 [Tx Mode vs DCIformat is clarified 8.2.0 8.3.0
28/05/08 | RP-40 [RP-080434( 0020 | - [Resource allocation for distributed VRB 8.2.0 8.3.0
28/05/08 | RP-40 |RP-080434| 0021 | 2 |Power Headroom 8.2.0 8.3.0
28/05/08 | RP-40 [RP-080434| 0022 Clarification for RI reporting in PUCCH and PUSCH reporting |8.2.0 8.3.0
modes
28/05/08 | RP-40 |RP-080434| 0025 | - |Correction of the description of PUSCH power control for TDD |8.2.0 8.3.0
28/05/08 | RP-40 [RP-080434| 0026 | - [UL ACK/NACK procedure for TDD 8.2.0 8.3.0
28/05/08 | RP-40 |RP-080434| 0027 | - |Indication of radio problem detection 8.2.0 8.3.0
28/05/08 | RP-40 [RP-080434| 0028 | - [Definition of Relative Narrowband TX Power Indicator 8.2.0 8.3.0
28/05/08 | RP-40 [RP-080434( 0029 | - [Calculation of Arg(i) for UL-PC 8.2.0 8.3.0
28/05/08 | RP-40 |RP-080434| 0030 | - |CQIreference and set S definition, CQI mode removal, and 8.2.0 8.3.0
Miscellanious
28/05/08 | RP-40 |RP-080434| 0031 | - |Modulation order and TBS determination for PDSCH and 8.2.0 8.3.0
PUSCH
28/05/08 | RP-40 [RP-080434| 0032 | - [On Sounding RS 8.2.0 8.3.0
28/05/08 | RP-40 |RP-080426| 0033 | - |Multiplexing of rank and CQI/PMI reports on PUCCH 8.2.0 8.3.0
28/05/08 | RP-40 [RP-080466| 0034 | - |Timing advance command responding time 8.2.0 8.3.0
09/09/08 | RP-41 |RP-080670| 37 2 | SRS hopping pattern for closed loop antenna selection 8.3.0 8.4.0
09/09/08 | RP-41 |RP-080670| 39 2 | Clarification on uplink power control 8.3.0 8.4.0
09/09/08 | RP-41 |RP-080670| 41 - | Clarification on DCI formats using resource allocation type 2 8.3.0 8.4.0
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09/09/08 | RP-41 |RP-080670| 46 2 | Correction of the description of PUCCH power control for TDD [8.3.0 8.4.0
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09/09/08 | RP-41 [RP-080670( 55 1 [Clarification on mapping of Differential CQI fields 8.3.0 8.4.0
09/09/08 | RP-41 |RP-080670| 59 1 |PUSCH Power Control 8.3.0 8.4.0
09/09/08 | RP-41 |RP-080670 60 _ |RB restriction and modulation order for CQI-only transmission  (8.3.0 8.4.0
on PUSCH
09/09/08 | RP-41 [RP-080670( 61 - |Modulation order determination for uplink retransmissions 8.3.0 8.4.0
09/09/08 | RP-41 |RP-080670| 62 2 |Introducing missing L1 parameters into 36.213 8.3.0 8.4.0
09/09/08 | RP-41 |RP-080670| 63 2 |Correcting the range and representation of delta TF PUCCH  [8.3.0 8.4.0
09/09/08 | RP-41 [RP-080670( 64 1 [Adjusting TBS sizes to for VolP 8.3.0 8.4.0
09/09/08 | RP-41 [RP-080670( 67 - | Correction to the downlink resource allocation 8.3.0 8.4.0
09/09/08 | RP-41 |RP-080670 68 ) Removal of special handling for PUSCH mapping in PUCCH 8.3.0 8.4.0
region
09/09/08 | RP-41 |RP-080670| 69 - | Correction to the formulas for uplink power control 8.3.0 8.4.0
09/09/08 | RP-41 |RP-080670| 70 1 |Definition of Bit Mapping for DCI Signalling 8.3.0 8.4.0
09/09/08 | RP-41 |RP-080670| 71 - [Clarification on PUSCH TPC commands 8.3.0 8.4.0
09/09/08 | RP-41 |RP-080670| 72 1 |Reference for CQI/PMI Reporting Offset 8.3.0 8.4.0
09/09/08 | RP-41 |RP-080670| 74 Correction to the downlink/uplink timing 8.3.0 8.4.0
09/09/08 | RP-41 |RP-080670| 75 - | Correction to the time alignment command 8.3.0 8.4.0
09/09/08 | RP-41 |RP-080670| 77 1 |Correction of offset signalling of UL Control information MCS 8.3.0 8.4.0
09/09/08 | RP-41 [RP-080670( 78 2 |DCI formatlC 8.3.0 8.4.0
09/09/08 | RP-41 |RP-080670 80 _ |Correction to Precoder Cycling for Open-loop Spatial 8.3.0 8.4.0
Multiplexing
09/09/08 | RP-41 |RP-080670| 81 1 |Clarifying Periodic CQI Reporting using PUCCH 8.3.0 8.4.0
09/09/08 | RP-41 |RP-080670| 84 1 |CQI reference measurement period 8.3.0 8.4.0
09/09/08 | RP-41 |RP-080670| 86 - | Correction on downlink multi-user MIMO 8.3.0 8.4.0
09/09/08 | RP-41 |RP-080670| 87 - [PUCCH Reporting 8.3.0 8.4.0
09/09/08 | RP-41 |RP-080670| 88 1 |Handling of Uplink Grant in Random Access Response 8.3.0 8.4.0
09/09/08 | RP-41 |RP-080670| 89 - | Correction to UL Hopping operation 8.3.0 8.4.0
09/09/08 | RP-41 [RP-080670( 90 - |DRS EPRE 8.3.0 8.4.0
09/09/08 | RP-41 [RP-080670( 92 - |Uplink ACK/NACK mapping for TDD 8.3.0 8.4.0
09/09/08 | RP-41 |RP-080670| 93 - |UL SRI Parameters Configuration 8.3.0 8.4.0
09/09/08 | RP-41 |RP-080670| 94 - |Miscellaneous updates for 36.213 8.3.0 8.4.0
09/09/08 | RP-41 |RP-080670| 95 - | Clarifying Requirement for Max PDSCH Coding Rate 8.3.0 8.4.0
09/09/08 | RP-41 [RP-080670( 96 - |UE Specific SRS Configuration 8.3.0 8.4.0
09/09/08 | RP-41 |RP-080670 97 _ |DCI Format 1A changes needed for scheduling Broadcast 8.3.0 8.4.0
Control
09/09/08 | RP-41 [RP-080670( 98 - |Processing of TPC bits in the random access response 8.3.0 8.4.0
09/09/08 | RP-41 |RP-080670( 100 1 |Support of multi-bit ACK/NAK transmission in TDD 8.3.0 8.4.0
03/12/08 | RP-42 |RP-081075| 82 3 | Corrections to RI for CQI reporting 8.4.0 8.5.0
03/12/08 | RP-42 |RP-081075| 83 2 | Moving description of large delay CDD to 36.211 8.4.0 8.5.0
03/12/08 | RP-42 |RP-081075| 102 3 |Reception of DCI formats 8.4.0 8.5.0
03/12/08 RP-42 [RP-081075| 105 8 |Alignment of RAN1/RAN2 specification 8.4.0 8.5.0
03/12/08 | RP-42 |RP-081075 107 1 General correction of reset of power control and random access (8.4.0 8.5.0
response message
03/12/08 | RP-42 [RP-081075| 108 2 |Final details on codebook subset restrictions 8.4.0 8.5.0
03/12/08 | RP-42 |RP-081075| 109 - | Correction on the definition of Pmax 8.4.0 8.5.0
03/12/08 | RP-42 [RP-081075| 112 2 |CQI/PMI reference measurement periods 8.4.0 8.5.0
03/12/08 | RP-42 |RP-081075| 113 - | Correction of introduction of shortened SR 8.4.0 8.5.0
03/12/08 | RP-42 |RP-081075| 114 - |RAN1/2 specification alignment on HARQ operation 8.4.0 8.5.0
03/12/08 | RP-42 |RP-081075| 115 - _|Introducing other missing L1 parameters in 36.213 8.4.0 8.5.0
03/12/08 RP-42 |RP-081075| 116 - |PDCCH blind decoding 8.4.0 8.5.0
03/12/08 | RP-42 |RP-081075| 117 - |PDCCH search space 8.4.0 8.5.0
03/12/08 | RP-42 [RP-081075| 119 - _|Delta_TF for PUSCH 8.4.0 8.5.0
03/12/08 | RP-42 |RP-081075 120 _ |Delta_preamble_msg3 parameter values and TPC command in (8.4.0 8.5.0
RA response
03/12/08 | RP-42 |RP-081075| 122 1 |Correction of offset signaling of uplink control information MCS |8.4.0 8.5.0
03/12/08 | RP-42 [RP-081075| 124 - _|Miscellaneous Corrections 8.4.0 8.5.0
03/12/08 | RP-42 |RP-081075| 125 - | Clarification of the uplink index in TDD mode 8.4.0 8.5.0
03/12/08 | RP-42 |RP-081075| 126 - | Clarification of the uplink transmission configurations 8.4.0 8.5.0
03/12/08 | RP-42 [RP-081075| 127 2 |Correction to the PHICH index assignment 8.4.0 8.5.0
03/12/08 | RP-42 |RP-081075| 128 - | Clarification of type-2 PDSCH resource allocation for format 1C [8.4.0 8.5.0
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Change history
Date TSG # TSG Doc. |CR Rev | Subject/Comment Old New
03/12/08 | RP-42 [RP-081075| 129 - __|Clarification of uplink grant in random access response 8.4.0 8.5.0
03/12/08 | RP-42 |RP-081075| 130 - |UE sounding procedure 8.4.0 8.5.0
03/12/08 | RP-42 |RP-081075 134 _ |Change for determining DCI format 1A TBS table column 8.4.0 8.5.0
indicator for broadcast control
03/12/08 | RP-42 |RP-081075| 135 - | Clarifying UL VRB Allocation 8.4.0 8.5.0
03/12/08 | RP-42 |RP-081075| 136 1 |Correction for Aperiodic CQI 8.4.0 8.5.0
03/12/08 | RP-42 [RP-081075| 137 1 [Correction for Aperiodic CQI Reporting 8.4.0 8.5.0
03/12/08 | RP-42 |RP-081075| 138 1 |Correction to PUCCH CQI reporting mode for N°\DL RB <=7 8.4.0 8.5.0
03/12/08 | RP-42 |RP-081075| 140 1 |On sounding procedure in TDD 8.4.0 8.5.0
03/12/08 | RP-42 |RP-081075| 141 1 |Alignment of RAN1/RANS3 specification 8.4.0 8.5.0
03/12/08 RP-42 |RP-081075| 143 1 |TTI bundling 8.4.0 8.5.0
03/12/08 RP-42 [RP-081075| 144 1 |ACK/NACK transmission on PUSCH for LTE TDD 8.4.0 8.5.0
03/12/08 | RP-42 |RP-081075| 145 1 |Timing relationship between PHICH and its associated PUSCH |8.4.0 8.5.0
03/12/08 | RP-42 |RP-081075 147 1 Definition of parameter for downlink reference signal transmit 8.4.0 8.5.0
power
03/12/08 | RP-42 [RP-081075| 148 1 [Radio link monitoring 8.4.0 8.5.0
03/12/08 | RP-42 |RP-081075| 149 1 |Correction in 36.213 related to TDD downlink HARQ processes |8.4.0 8.5.0
03/12/08 | RP-42 [RP-081075| 151 - |Nominal PDSCH-to-RS EPRE Offset for CQI Reporting 8.4.0 8.5.0
03/12/08 | RP-42 [RP-081075| 152 1 [Support of UL ACK/NAK repetition in Rel-8 8.4.0 8.5.0
03/12/08 | RP-42 |RP-081075| 155 Clarification of misconfiguration of aperiodic CQI and SR 8.4.0 8.5.0
03/12/08 | RP-42 |RP-081075 156 1 Correction of control information multiplexing in subframe 8.4.0 8.5.0
bundling mode
03/12/08 | RP-42 |RP-081075| 157 - | Correction to the PHICH index assignment 8.4.0 8.5.0
03/12/08 | RP-42 |RP-081075| 158 1 |UE transmit antenna selection 8.4.0 8.5.0
03/12/08 | RP-42 [RP-081075| 159 - _|Clarification of spatial different CQI for CQI reporting Mode 2-1 [8.4.0 8.5.0
03/12/08 | RP-42 [RP-081075| 160 1 [Corrections for TDD ACK/NACK bundling and multiplexing 8.4.0 8.5.0
03/12/08 | RP-42 |RP-081075| 161 Correction to RI for Open-Loop Spatial Multiplexing 8.4.0 8.5.0
03/12/08 | RP-42 |RP-081075| 162 - | Correction of differential CQI 8.4.0 8.5.0
03/12/08 | RP-42 |RP-081075| 163 - |Inconsistency between PMI definition and codebook index 8.4.0 8.5.0
03/12/08 | RP-42 |RP-081075| 164 - |PDCCH validation for semi-persistent scheduling 8.4.0 8.5.0
03/12/08 | RP-42 [RP-081075 Correction to the UE behavior of PUCCH CQI piggybacked on |8.4.0 8.5.0
165 L PUSCH
03/12/08 | RP-42 |RP-081075 166 ) _Corre(c:jtion on SRS procedure when shortened PUCCH format |8.4.0 8.5.0
is use
03/12/08 | RP-42 [RP-081075 167 1 Transmission overlapping of physical channels/signals with 8.4.0 8.5.0
PDSCH for transmission mode 7
03/12/08 | RP-42 [RP-081075| 169 - _|Clarification of SRS and SR transmission 8.4.0 8.5.0
03/12/08 | RP-42 [RP-081075| 171 - |Clarification on UE behavior when skipping decoding 8.4.0 8.5.0
03/12/08 | RP-42 |RP-081075| 172 1 |PUSCH Hopping operation corrections 8.4.0 8.5.0
03/12/08 | RP-42 |RP-081075| 173 - | Clarification on message 3 transmission timing 8.4.0 8.5.0
03/12/08 | RP-42 [RP-081075| 174 - |MCS handling for DWPTS 8.4.0 8.5.0
03/12/08 | RP-42 |RP-081075 175 ) CmmmmpnofUEspmﬁmﬁmedomwnpoﬂﬁm1mrSR 8.4.0 8.5.0
transmission
03/12/08 | RP-42 |RP-081075| 176 1 |Physical layer parameters for CQI reporting 8.4.0 8.5.0
03/12/08 | RP-42 [RP-081075| 177 - _|A-periodic CQI clarification for TDD UL/DL configuration O 8.4.0 8.5.0
03/12/08 | RP-42 [RP-081075 179 1 Correction to _the definitions of rho_A and rho_B (downlink 8.4.0 8.5.0
power allocation)
03/12/08 | RP-42 |RP-081075| 180 - | Clarification of uplink A/N resource indication 8.4.0 8.5.0
03/12/08 | RP-42 |RP-081075 PDCCH format 0 for message 3 adaptive retransmission and 8.4.0 8.5.0
181 - |transmission of control information in message 3 during
contention based random access procedure
03/12/08 | RP-42 |RP-081075 182 _ | To Fix the Discrepancy of Uplink Power Control and Channel 8.4.0 8.5.0
Coding of Control Information in PUSCH
03/12/08 | RP-42 |RP-081122| 183 1 |CQI reporting for antenna port 5 8.4.0 8.5.0
03/12/08 | RP-42 |RP-081110| 168 1 |Clarification on path loss definition 8.4.0 8.5.0
04/03/09 | RP-43 |RP-090236| 184 1 |Corrections to Transmitted Rank Indication 8.5.0 8.6.0
04/03/09 | RP-43 [RP-090236| 185 4 | Corrections to transmission modes 8.5.0 8.6.0
04/03/09 | RP-43 |RP-090236| 186 2 |Delta_TF configuration for control only PUSCH 8.5.0 8.6.0
04/03/09 | RP-43 [RP-090236| 187 1 [Correction to concurrent SRS and ACK/NACK transmission 8.5.0 8.6.0
04/03/09 | RP-43 |RP-090236| 191 1 |PDCCH release for semi-persistent scheduling 8.5.0 8.6.0
04/03/09 | RP-43 |RP-090236| 192 1 |Correction on ACKNACK transmission on PUSCH for LTE TDD |8.5.0 8.6.0
04/03/09 | RP-43 | o5 190036| 193 | - |Correction to subband differential CQI value to offset level 8.5.0 8.6.0
mapping for aperiodic CQI reporting
04/03/09 | RP-43 |RP-090236| 194 - | Correction for DRS Collision handling 8.5.0 8.6.0
04/03/09 | RP-43 RP-090236 196 2 |Alignment of RAN1/RAN4 specification on UE maximum output |8.5.0 8.6.0
power
04/03/09 | RP-43 RP-090236 197 - 'FI;rNa%smission scheme for transmission mode 7 with SPS C- 8.5.0 8.6.0
04/03/09 | RP-43 RP-090236 198 - | Clarifying bandwidth parts for periodic CQI reporting and CQI 8.5.0 8.6.0
refererence period
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Change history
Date TSG # TSG Doc. |CR Rev | Subject/Comment Old New
04/03/09 | RP-43 199 2 |Correction to the ACK/NACK bundling in case of transmission [8.5.0 8.6.0
RP-090236
mode 3 and 4
04/03/09 | RP-43 [RP-090236| 200 - |ACK/NAK repetition for TDD ACK/NAK multiplexing 8.5.0 8.6.0
04/03/09 | RP-43 [RP-090236| 201 - _|Clarifying UL ACK/NAK transmission in TDD 8.5.0 8.6.0
04/03/09 | RP-43 [RP-090236| 202 - | Corrections to UE Transmit Antenna Selection 8.5.0 8.6.0
04/03/09 | RP-43 |RP-090236| 203 - | Correction to UE PUSCH hopping procedure 8.5.0 8.6.0
04/03/09 | RP-43 [RP-090236| 204 - | Correction to PHICH resource association in TTI bundling 8.5.0 8.6.0
04/03/09 | RP-43 |RP-090236| 205 - | Clarification of the length of resource assignment 8.5.0 8.6.0
04/03/09 | RP-43 RP-090236 206 - |Correction on ACK/NACK transmission for downlink SPS 8.5.0 8.6.0
resource release
04/03/09 | RP-43 RP-090236 207 - Introduction of additional values of wideband CQI/PMI 8.5.0 8.6.0
) periodicities
04/03/09 | RP-43 |RP-090236| 208 2 |Correction to CQI/PMI/RI reporting field 8.5.0 8.6.0
04/03/09 | RP-43 |RP-090236| 209 2 | Correction to rho_A definition for CQI calculation 8.5.0 8.6.0
04/03/09 | RP-43 |RP-090236| 210 - | Correction to erroneous cases in PUSCH linear block codes 8.5.0 8.6.0
04/03/09 | RP-43 |RP-090236| 211 1 |Removing RL monitoring start and stop 8.5.0 8.6.0
04/03/09 | RP-43 |RP-090236| 214 1 |Correction to type-1 and type-2 PUSCH hopping 8.5.0 8.6.0
04/03/09 | RP-43 |RP-090236| 215 - | Contradicting statements on determination of CQI subband size [8.5.0 8.6.0
04/03/09 | RP-43 [RP-090236| 216 - |Corrections to SRS 8.5.0 8.6.0
04/03/09 | RP-43 |RP-090236( 219 2 |Miscellaneous corrections on TDD ACKNACK 8.5.0 8.6.0
04/03/09 | RP-43 [RP-090236| 221 1 [CR for Redundancy Version mapping function for DCI 1C 8.5.0 8.6.0
04/03/09 | RP-43 RP-090236 223 - | Scrambling of PUSCH corresponding to Random Access 8.5.0 8.6.0
) Response Grant
04/03/09 | RP-43 [RP-090236| 225 - _|Removal of SRS with message 3 8.5.0 8.6.0
04/03/09 | RP-43 |RP-090236| 226 3 |PRACH retransmission timing 8.5.0 8.6.0
04/03/09 | RP-43 |RP-090236| 227 - | Clarifying error handling of PDSCH and PUSCH assignments  [8.5.0 8.6.0
04/03/09 | RP-43 [RP-090236| 228 - |Clarify PHICH index mapping 8.5.0 8.6.0
04/03/09 | RP-43 [RP-090236| 229 - _|Correction of CQI timing 8.5.0 8.6.0
04/03/09 | RP-43 |RP-090236| 230 - |Alignment of CQI parameter names with RRC 8.5.0 8.6.0
04/03/09 | RP-43 |RP-090236| 231 1 |Removal of 'Off' values for periodic reporting in L1 8.5.0 8.6.0
04/03/09 | RP-43 [RP-090236| 232 - |Default value of RI 8.5.0 8.6.0
04/03/09 | RP-43 |RP-090236| 233 1 |Clarification of uplink timing adjustments 8.5.0 8.6.0
04/03/09 | RP-43 [RP-090236| 234 - _|Clarification on ACK/NAK repetition 8.5.0 8.6.0
27/05/09 | RP-44 235 1 [Correction to the condition of resetting accumulated uplink 8.6.0 8.7.0
RP-090529 :
power correction
27/05/09 | RP-44 | o5 90s0g| 236 | - [Correction to the random access channel parameters received 8.6.0 8.7.0
from higher layer
27/05/09 RP-44 [RP-090529| 237 - | Correction on TDD ACKNACK 8.6.0 8.7.0
27/05/09 | RP-44 [RP-090529| 238 1 [Correction on CQI reporting 8.6.0 8.7.0
27/05/09 | RP-44 |RP-090529| 239 - | Correction on the HARQ process number 8.6.0 8.7.0
27/05/09 | RP-44 [RP-090529| 241 1 [CR correction of the description on TTl-bundling 8.6.0 8.7.0
27/05/09 | RP-44 242 1 [Clarify latest and initial PDCCH for PDSCH and PUSCH 8.6.0 8.7.0
RP-090529 - L
transmisisons, and NDI for SPS activation
27/05/09 | RP-44 [RP-090529| 243 - |Clarify DRS EPRE 8.6.0 8.7.0
27/05/09 | RP-44 |RP-090529| 244 1 |Clarification on TPC commands for SPS 8.6.0 8.7.0
15/09/09 | RP-45 |RP-090888| 245 1 |Correction to PUSCH hopping and PHICH mapping procedures |8.7.0 8.8.0
15/09/09 [ RP-45 |RP-090888| 246 - _|Clarification on subband indexing in periodic CQI reporting 8.7.0 8.8.0
15/09/09 [ RP-45 |RP-090888| 247 2 _|Correction to DVRB operation in TDD transmission mode 7 8.7.0 8.8.0
15/09/09 | RP-45 RP-090888 249 Clarification of concurrent ACKNACK and periodic PMI/RI 8.7.0 8.8.0
transmission on PUCCH for TDD
15/09/09 | RP-45 |RP-090888| 250 - | Clarify Inter-cell synchronization text 8.7.0 8.8.0
01/12/09 | RP-46 |RP-091172| 248 1 |Introduction of LTE positioning 8.8.0 9.0.0
01/12/09 | RP-46 254 - |Clarification of PDSCH and PRS in combination for LTE 8.8.0 9.0.0
RP-091172 L
positioning
01/12/09 | RP-46 [RP-091177| 255 5 |Editorial corrections to 36.213 8.8.0 9.0.0
01/12/09 | RP-46 |RP-091257| 256 1 |Introduction of enhanced dual layer transmission 8.8.0 9.0.0
01/12/09 | RP-46 [RP-091177| 257 1 [Add shorter SR periodicity 8.8.0 9.0.0
01/12/09 | RP-46 [RP-091256| 258 - |Introduction of LTE MBMS 8.8.0 9.0.0
17/12/09 | RP-46 256 1 [Correction by MCC due to wrong implementation of CR0256r1 —(9.0.0 9.0.1
RP-091257 Sentence is added to Single-antenna port scheme subclause
7.1.1
16/03/10 | RP-47 259 3 |UE behavior when collision of antenna port 7/8 with PBCH or 9.0.1 9.1.0
RP-100211 SCH happened and when distributed VRB is used with antenna
port 7
16/03/10 | RP-47 |RP-100210| 260 1 |MCCH change notification using DCI format 1C 9.0.1 9.1.0
16/03/10 | RP-47 RP-100211 263 - | Correction on PDSCH EPRE and UE-specific RS EPRE for Rel-[9.0.1 9.1.0
9 enhanced DL transmissions
01/06/10 | RP-48 RP-100589 265 - | Clarification for TDD when multiplexing ACK/NACK with SR of [9.1.0 9.2.0
ACK/NACK with CQI/PMI or RI
01/06/10 | RP-48 [RP-100590| 268 1 [Clarification of PRS EPRE 9.1.0 9.2.0
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Change history
Date TSG # TSG Doc. |CR Rev | Subject/Comment Old New
14/09/10 | RP-49 |RP-100900| 269 - | Clarification on Extended CP support with Transmission Mode 8 [9.2.0 9.3.0
07/12/10 | RP-50 |RP-101320| 270 - |Introduction of Rel-10 LTE-Advanced features in 36.213 9.3.0 10.0.0
27/12/10 - - - - | Editorial change to correct a copy/past error in subclause 7.2.2 {10.0.0 [10.0.1
15/03/11 | RP-51 |RP-110255| 271 1 |A clarification for redundancy version of PMCH 10.0.1 ]10.1.0
15/03/11 | RP-51 |RP-110258| 272 - |RLM Procedure with restricted measurements 10.0.1 |10.1.0
15/03/11 | RP-51 |RP-110256| 273 - |Corrections to Rel-10 LTE-Advanced features in 36.213 10.0.1 |10.1.0
01/06/11 | RP-52 |RP-110819| 274 3 | Correction to HARQ-ACK procedure for TDD mode b with M=2 [10.1.0 (10.2.0
01/06/11 | RP-52 |RP-110819| 275 3 | Determination of PUSCH A/N codebook size for TDD 10.1.0 [10.2.0
01/06/11 | RP-52 [RP-110823| 276 - | The triggering of aperiodic SRS in DCI formats 2B and 2C 10.1.0 )10.2.0
01/06/11 | RP-52 |RP-110819| 278 3 | Corrections to power headroom 10.1.0 ]10.2.0
01/06/11 | RP-52 |RP-110819| 279 1 |Removal of square brackets for PUCCH format 3 ACK/NACK 10.1.0 |10.2.0
01/06/11 | RP-52 [RP-110819| 281 1 [Correction of AN repetition and PUCCH format 3 10.1.0 )10.2.0
01/06/11 | RP-52 RP-110819 282 2 |Correction to timing for secondary cell activation and 10.1.0 |10.2.0
) deactivation
01/06/11 | RP-52 |RP-110823| 283 1 |Correction to MCS offset for multiple TBs 10.1.0 ]10.2.0
01/06/11 | RP-52 [RP-110820| 286 1 [Miscellaneous Corrections 10.1.0 |10.2.0
01/06/11 | RP-52 RP-110819 288 1 |Corrections on UE procedure for determining PUCCH 10.1.0 |10.2.0
) Assignment
01/06/11 | RP-52 |RP-110819| 289 2 | Correction to Multi-cluster flag in DCI format 0 10.1.0 ]10.2.0
01/06/11 | RP-52 [RP-110819| 290 2 |Joint transmission of ACK/NACK and SR with PUCCH format 3 [10.1.0 [10.2.0
01/06/11 | RP-52 |RP-110819| 291 3 | Correction of uplink resource allocation type 1 10.1.0 |10.2.0
01/06/11 | RP-52 [RP-110821| 292 1 [Correction on CSI-RS configuration 10.1.0 )10.2.0
01/06/11 | RP-52 294 - |ACK/NACK and CQI simultaneous transmission in ACK/NACK [10.1.0 [10.2.0
RP-110818 A
bundling in TDD
01/06/11 | RP-52 [RP-110823| 295 - |UE specific disabling of UL DMRS sequence hopping 10.1.0 )10.2.0
01/06/11 | RP-52 |RP-110821| 296 - |PDSCH transmission in MBSFN subframes 10.1.0 [10.2.0
01/06/11 | RP-52 |RP-110819| 297 - |Introduction of PCMAX for PUSCH power scaling 10.1.0 ]10.2.0
01/06/11 | RP-52 [RP-110819| 298 - |Power control for SR and ACK/NACK with PUCCH format 3 10.1.0 |10.2.0
01/06/11 | RP-52 |RP-110819| 299 2 | CR on power control for HARQ-ACK transmission on PUCCH [10.1.0 [10.2.0
01/06/11 | RP-52 |RP-110819| 300 2 | Correction to handling of search space overlap 10.1.0 ]10.2.0
01/06/11 | RP-52 301 1 [Correction to simultaneous transmission of SRS and PUCCH 10.1.0 |10.2.0
RP-110819
format 2/2a/2b
01/06/11 | RP-52 302 1 [Correction for Simultaneous PUCCH and SRS Transmissions |10.1.0 |10.2.0
RP-110819 on CA
01/06/11 | RP-52 RP-110821 303 - |Correction on 8Tx Codebook Sub-sampling for PUCCH Mode 1-{10.1.0 |10.2.0
) 1
01/06/11 | RP-52 304 1 |Corrections on CQI type in PUCCH mode 2-1 and clarification |10.1.0 |10.2.0
RP-110821 on simultaneous PUCCH and PUSCH transmission for UL-SCH
subframe bundling
01/06/11 | RP-52 RP-110818 305 1 |Correction on UE behaviour upon reporting periodic CSl using [10.1.0 |10.2.0
PUCCH Model-1
01/06/11 | RP-52 |RP-110818| 306 - | Clarification for the definition of CQI 10.1.0 ]10.2.0
01/06/11 | RP-52 |RP-110818| 307 - | Clarification for the definition of Precoding Matrix Indicator 10.1.0 ]10.2.0
01/06/11 | RP-52 [RP-110819| 308 - _|Simultaneous SRS transmissions in more than one cell 10.1.0 |10.2.0
01/06/11 | RP-52 [RP-110819| 310 1 [Miscellaneous Corrections for TS 36.213 10.1.0 |10.2.0
01/06/11 | RP-52 |RP-110821| 311 1 |Configuration of pmi-RI-Report 10.1.0 |10.2.0
01/06/11 | RP-52 312 1 [Correction on the support of PUCCH format 3 and channel 10.1.0 |10.2.0
RP-110819 selection
01/06/11 | RP-52 313 - | Correction on UE behaviour during DM-RS transmission on 10.1.0 |10.2.0
RP-110821 - o .
subframes carrying synchronization signals
01/06/11 | RP-52 [RP-110820| 314 1 [36.213 CR on antenna selection 10.1.0 |10.2.0
01/06/11 | RP-52 |RP-110823| 316 1 |Number of HARQ process for UL spatial multiplexing 10.1.0 ]10.2.0
01/06/11 | RP-52 [RP-110819| 317 - |PUCCH format 3 Fallback procedure in TDD 10.1.0 |10.2.0
01/06/11 | RP-52 RP-110819 318 - | Clarification on CSI reporting under an invalid downlink 10.1.0 |10.2.0
) subframe
01/06/11 | RP-52 |RP-110819| 320 - |Multiple Aperiodic SRS Triggers for Same Configuration 10.1.0 ]10.2.0
01/06/11 | RP-52 [RP-110823| 321 - _|UE antenna switch in UL MIMO 10.1.0 |10.2.0
01/06/11 | RP-52 |RP-110819| 322 - |UE behaviour for PDSCH reception with limited soft buffer in CA{10.1.0 [10.2.0
01/06/11 | RP-52 323 - |Joint transmission of ACK/NACK and SR or CSI with PUCCH 10.1.0 |10.2.0
RP-110859 ;
format 3 and channel selection
15/09/11 | RP-53 |RP-111229| 277 1 |Correction to reception of PRS in MBSFN subframes 10.2.0 ]10.3.0
15/09/11 | RP-53 |RP-111230| 325 3 | Corrections on UE procedure for reporting HARQ-ACK 10.2.0 ]10.3.0
15/09/11 [ RP-53 |RP-111230| 326 2 _|Corrections on Physical Uplink Control Channel Procedure 10.2.0 ]10.3.0
15/09/11 | RP-53 RP-111231| 331 1 Correction to uplink transmission scheme usage for random 10.2.0 |10.3.0
) access response and PHICH-triggered retransmissions
15/09/11 [ RP-53 |RP-111229| 336 - _|Corrections on transmission mode 9 10.2.0 |10.3.0
15/09/11 | RP-53 |RP-111230| 339 - | Corrections on HARQ-ACK codebook size determination 10.2.0 ]10.3.0
15/09/11 | RP-53 RP-111230| 340 _ |Corrections on TDD PUCCH format 1b with channel selection  (10.2.0 [10.3.0
and HARQ-ACK transmission on PUSCH
15/09/11 | RP-53 |RP-111230| 341 - | Corrections on NACK generation 10.2.0 ]10.3.0
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Change history
Date TSG # TSG Doc. |CR Rev | Subject/Comment Old New
15/09/11 [ RP-53 |RP-111230| 342 - _|Corrections on power headroom reporting 10.2.0 ]10.3.0
15/09/11 | RP-53 |RP-111229| 346 - | Correction on TBS translation table 10.2.0 ]10.3.0
15/09/11 | RP-53 |RP-111229| 347 2 | Correction to the condition of enabling PMI feedback 10.2.0 ]10.3.0
15/09/11 [ RP-53 |RP-111232| 348 - _|Miscellaneous corrections to 36.213 10.2.0 |10.3.0
15/09/11 | RP-53 |RP-111229| 349 - _|Corrections on PUSCH and PUCCH modes 10.2.0 |10.3.0
15/09/11 | RP-53 |RP-111231| 350 1 |CR on UL HARQ ACK determination 10.2.0 ]10.3.0
15/09/11 | RP-53 Correction on UL DMRS resources for PHICH-triggered 10.2.0 |10.3.0
RP-1112311 351 | 1 | oransmission %
15/09/11 | RP-53 |RP-111230| 352 - | Clarification on the common search space description 10.2.0 ]10.3.0
15/09/11 | RP-53 Clarification on ambiguous DCI information between UE-specific[10.2.0 [10.3.0
RP-111232| 353 1 [search space and common search space for DCI formats 0 and
1A
15/09/11 | RP-53 RP-111229| 354 ) (FZ‘Ieaefg‘g:i:?n of Reference PDSCH Power for CSI-RS based CSI (10.2.0 (10.3.0
15/09/11 | RP-53 |RP-111230| 355 2 | Corrections on reporting Channel State Information 10.2.0 ]10.3.0
05/12/11 | RP-54 |RP-111669| 324 3 | Accumulation of power control commands from DCI format 3/3A {10.3.0 [10.4.0
05/12/11 | RP-54 |RP-111666| 357 1 |Miscellaneous corrections on uplink power control 10.3.0 ]10.4.0
05/12/11 | RP-54 |RP-111666| 358 - | Corrections on N_creceived} 10.3.0 ]10.4.0
05/12/11 | RP-54 359 - | Corrections on TDD PUCCH format 1b with channel selection (10.3.0 (10.4.0
RP-111666 . -
and two configured serving cells
05/12/11 | RP-54 |RP-111666| 360 - | Corrections on the notation of k and k m 10.3.0 ]10.4.0
05/12/11 | RP-54 |RP-111668| 361 1 |Corrections on PUCCH mode 2-1 10.3.0 |10.4.0
05/12/11 | RP-54 362 3 | A correction to PDSCH transmission assumption for CQI 10.3.0 |10.4.0
RP-111668 calculation
05/12/11 | RP-54 [RP-111666| 363 1 [Corrections on PUCCH Resource Notation 10.3.0 |10.4.0
05/12/11 | RP-54 [RP-111667| 364 - _|Correction on the notation of SRS transmission comb 10.3.0 |10.4.0
05/12/11 | RP-54 365 - |Clarification on the HARQ-ACK procedure of TDD UL-DL 10.3.0 |10.4.0
RP-111666 ) .
configuration 5
05/12/11 | RP-54 RP-111666 366 2 |Clarification on the determination of resource for PUCCH 10.3.0 |10.4.0
Format 1b with channel selection in TDD mode
05/12/11 | RP-54 [RP-111666| 367 1 [Correction on HARQ-ACK procedure 10.3.0 |10.4.0
05/12/11 RP-54 RP-111666 368 - | Correction for A/N on PUSCH with W=1,2 in case of TDD 10.3.0 10.4.0
channel selection
05/12/11 | RP-54 [RP-111668| 369 - _|Clarification of PUCCH 2-1 Operation 10.3.0 |10.4.0
05/12/11 | RP-54 |RP-111668| 370 1 |Correction on PMI index 10.3.0 |10.4.0
05/12/11 | RP-54 [RP-111666| 371 2 |Correction to periodic CSl reports for carrier aggregation 10.3.0 |10.4.0
05/12/11 | RP-54 [RP-111666| 373 1 [Removal of square bracket in HARQ-ACK procedure 10.3.0 |10.4.0
05/12/11 | RP-54 |RP-111666| 374 1 |Clarification on UE's capability of supporting PUCCH format3 |10.3.0 ]10.4.0
05/12/11 | RP-54 |RP-111666| 375 1 |Clarifications of UE behavior on PUSCH power control 10.3.0 ]10.4.0
28/02/12 | RP-55 376 1 |RNTI Configuration associated with DL Resource Allocation 10.4.0 |10.5.0
RP-120286 Type 2
28/02/12 | RP-55 RP-120283 377 2 |Correction for ACK/NACK related procedure in case of TDD UL-{10.4.0 (10.5.0
) DL configuration 0
13/06/12 | RP-56 RP-120737 378 3 Correct_ior_1 of FDD channel selection HARQ-ACK and SR 10.5.0 |10.6.0
transmission
13/06/12 | RP-56 |RP-120738| 379 - |Removal of description with square brackets 10.5.0 |10.6.0
13/06/12 | RP-56 381 - |Correction on transmission mode 9 with a single antenna port  |{10.5.0 [10.6.0
RP-120738 L
transmission
04/09/12 | RP-57 [RP-121265| 382 - _|Clarification of codebook subsampling for PUCCH 2-1 10.6.0 |10.7.0
04/09/12 | RP-57 [RP-121266| 383 - _|Correction to UE transmit antenna selection 10.6.0 |10.7.0
04/09/12 | RP-57 RP-121264 384 - | TDD HARQ-ACK procedure for PUCCH format 1b with channel [{10.6.0 [10.7.0
selection in carrier aggregation
04/09/12 | RP-57 |RP-121265| 385 - | Corrections for Handling CSI-RS patterns 10.6.0 ]10.7.0
04/09/12 | RP-57 |RP-121264| 386 1 |Reference serving cell for pathloss estimation 10.6.0 ]10.7.0
04/09/12 | RP-57 |RP-121264| 387 - | Power control for PUCCH format 3 with single configured cell 10.6.0 ]10.7.0
04/09/12 | RP-57 [RP-121264| 388 - |ACK/NACK resource in case of channel selection 10.6.0 |10.7.0
04/09/12 | RP-57 [RP-121274| 380 | 4 [Introduction of an additional special subframe configuration 10.7.0 |11.0.0
04/09/12 | RP-57 |RP-121272| 389 - _|Introduction of Rel-11 features 10.7.0 |11.0.0
04/12/12 | RP-58 [RP-121839| 393 - _|Correction to the parameter ue-Category-v10xy 11.0.0 |11.1.0
04/12/12 | RP-58 RP-121837 395 - |Correction of reference signal scrambling sequence initialization |{11.0.0 |11.1.0
] for SPS in transmission mode 7
04/12/12 | RP-58 [RP-121846| 396 - |Finalisation for introducing Rel-11 features 11.0.0 |11.1.0
26/02/13 | RP-59 [RP-130254| 398 - | Correction on UE procedure for reporting HARQ-ACK 11.1.0 |11.2.0
26/02/13 | RP-59 |RP-130252| 400 - | Corrections for SRS power scaling in UpPTS 11.1.0 |11.2.0
26/02/13 | RP-59 RP-130252 403 - |CR on UE specific search and Common search space overlap (11.1.0 (11.2.0
) on PDCCH
26/02/13 | RP-59 404 - | Additional clarifications/corrections for introducing Rel-11 11.1.0 |11.2.0
RP-130358 features
11/06/13 | RP-60 405 - | Correction to EPDCCH monitoring in case of cross-carrier 11.2.0 |11.3.0
RP-130752 scheduling
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Change history
Date TSG # TSG Doc. |CR Rev | Subject/Comment Old New
11/06/13 | RP-60 |RP-130751| 407 1 |Correction on the RI bit width 11.2.0 |11.3.0
11/06/13 [ RP-60 |RP-130750| 408 - _|Correction on parallel reception of PDSCH and Msg 2 11.2.0 |11.3.0
11/06/13 | RP-60 |RP-130747| 409 - | Correction on zero power CSI-RS resource configuration 11.2.0 ]11.3.0
11/06/13 | RP-60 410 1 |Corrections on different TDD UL-DL configurations on different [11.2.0 |11.3.0
RP-130750 bands
11/06/13 | RP-60 |RP-130752| 411 - | Correction on EPDCCH PRB pair indication 11.2.0 |11.3.0
11/06/13 [ RP-60 |RP-130752| 412 - _|Correction on EPDCCH hashing function 11.2.0 |11.3.0
11/06/13 | RP-60 413 - |Correction on PUCCH resource determination for FDD 11.2.0 |11.3.0
RP-130752 EPDCCH
11/06/13 | RP-60 RP-130752 414 2 | CR on ambiguity in EPDCCH decoding candidates under two 11.2.0 |11.3.0
) overlapped EPDCCH resource sets
11/06/13 | RP-60 RP-130749 415 - |Removal of the case for spatial domain bundling in TDD UL/DL (11.2.0 (11.3.0
) configuration 0
11/06/13 [ RP-60 |RP-130752| 416 - | Corrections to EPDCCH PRB pair indication 11.2.0 |11.3.0
11/06/13 | RP-60 RP-130753 417 1 |Correction to PUSCH/PUCCH transmit power after PRACH 11.2.0 |11.3.0
power ramping
11/06/13 [ RP-60 |RP-130747| 418 - _|CR on RI-Reference CSI Process with Subframe Sets 11.2.0 |11.3.0
11/06/13 | RP-60 RP-130747 420 - |Correction on UE-specific RS scrambling for SPS PDSCH in 11.2.0 |11.3.0
) TM10
11/06/13 [ RP-60 |RP-130747| 421 - |CR on resolving ambiguous UE capability signaling for CoMP 11.2.0 |11.3.0
11/06/13 [ RP-60 |RP-130750| 422 - | Correction of valid downlink subframe 11.2.0 |11.3.0
11/06/13 | RP-60 424 - | Correction on HARQ-ACK transmission for a UE configured with{11.2.0 (11.3.0
RP-130749
PUCCH format 3
11/06/13 [ RP-60 |RP-130750| 425 - | Correction of PHICH resource for half duplex TDD UE 11.2.0 |11.3.0
11/06/13 | RP-60 426 - | Correction on n_{HARQ} for TDD CA with different UL-DL 11.2.0 |11.3.0
RP-130750 ) .
configurations
11/06/13 | RP-60 427 - | Correction on implicit HARQ-ACK resource determination for 11.2.0 |11.3.0
RP-130750 PUCCH format 1b with channel selection for TDD CA with
different UL-DL configurations
11/06/13 | RP-60 |RP-130750| 428 - | Correction on SRS power scaling with multiple TAGs 11.2.0 ]11.3.0
11/06/13 | RP-60 |RP-130747| 429 - | Correction on MBSFN subframe configuration 11.2.0 ]11.3.0
11/06/13 | RP-60 |RP-130749| 430 - | CR on SCell activation timing 11.2.0 ]11.3.0
03/09/13 MCC clean-up 11.3.0 |11.4.0
03/09/13 | RP-61 |RP-131249| 432 - | Correction for EPDCCH Search Space 11.3.0 |11.4.0
03/09/13 | RP-61 |RP-131250| 433 - _[Correction to QCL behaviour on CRS 11.3.0 |11.4.0
03/09/13 | RP-61 [RP-131250| 434 - _|Correction on PUCCH power control 11.3.0 |11.4.0
03/09/13 | RP-61 435 - |Correction on the ratio of PDSCH EPRE to CRS EPRE for 11.3.0 |11.4.0
RP-131248 TM10
03/09/13 | RP-61 [RP-131249| 436 - _|CR on EPDCCH Search Space for Cross-Carrier Scheduling 11.3.0 |11.4.0
03/09/13 | RP-61 RP-131249 437 - |Correction to the UE behaviour in case of collision between 11.3.0 |11.4.0
PRS and EPDCCH in different CP case
03/09/13 | RP-61 RP-131249 438 - | On correction to higher layer parameter name for EPDCCH 11.3.0 |11.4.0
resource mapping
03/09/13 | RP-61 |RP-131248| 439 - | Correction to PDSCH mapping for CoOMP 11.3.0 |11.4.0
03/12/13 | RP-62 |RP-131893| 440 1 |Correction on parameter ue-Category 11.4.0 |115.0
03/12/13 | RP-62 442 1 [Correction on determination of modulation order and transport |11.4.0 |11.5.0
RP-131892 block size
03/12/13 | RP-62 [RP-132024| 445 3 |Correction on CSI reporting type and parameters 11.4.0 |115.0
03/12/13 | RP-62 |RP-131894| 446 - | Correction on deriving the length of the non-MBSFN region 11.4.0 |115.0
03/12/13 | RP-62 |RP-131896| 431 5 |Introduction of Rel 12 feature for Downlink MIMO Enhancement {11.5.0 (12.0.0
03/03/14 | RP-63 [RP-140286| 447 - | Correction to CSI Reporting 12.0.0 |12.1.0
03/03/14 | RP-63 |RP-140291| 448 - | Clarification on PUCCH Mode 1-1 for 4Tx Dual Codebook 12.0.0 [12.1.0
03/03/14 | RP-63 |RP-140287| 450 1 |Common search space monitoring for MBMS 12.0.0 |12.1.0
03/03/14 | RP-63 |RP-140290| 452 - |Introduction of new UE categories 12.0.0 |12.1.0
03/03/14 | RP-63 [RP-140288| 455 1 [Modification to |_SRS = 0 for trigger type 1 SRS and TDD 12.0.0 |12.1.0
03/03/14 | RP-63 |RP-140289| 458 - | Correction to CSI processing in TM10 12.0.0 |12.1.0
10/06/14 [ RP-64 |RP-140858| 459 1 [Clarification on PUCCH reporting type payload size 12.1.0 |12.2.0
10/06/14 | RP-64 RP-140858 461 - |Clarification on SR_S coIIiding with I_:’UCCH in the same cell 12.1.0 |12.2.0
when the UE is configured with multiple TAGs
10/06/14 [ RP-64 |RP-140858| 462 1 [Clarification on SRS antenna switching 12.1.0 |12.2.0
10/06/14 | RP-64 |RP-140862| 463 - |Introduction of Rel-12 LTE-Advanced features in 36.213 12.1.0 |12.2.0
10/09/14 | RP-65 |RP-141479( 464 | - [Correction on SRS transmission for TDD-FDD CA 1220 (1230
10/09/14 | RP-65 RP-141478 465 - |Correction on beta_{offset}*{HARQ-ACK} determination for a 12.2.0 |12.3.0
) UE configured with two uplink power control subframe sets
10/09/14 RP-65 |[RP-141478| 466 - | Corrections for TDD elIMTA 12.2.0 12.3.0
10/09/14 RP-65 |[RP-141479| 467 3 |CR on HARQ-ACK Multiplexing in PUSCH for TDD-FDD CA 12.2.0 12.3.0
10/09/14 | RP-65 RP-141474 469 - Corre_ction to UCI embedding in case of a singlg sgrving cell 12.2.0 |12.3.0
and simultaneous PUSCH and PUCCH transmission
10/09/14 | RP-65 |RP-141478| 470 - | Corrections on UL-reference UL/DL configuration 12.2.0 |12.3.0
10/09/14 | RP-65 |RP-141473] 471 - _|CR for Clarification of special subframe and usage alignment 12.2.0 ]12.3.0
3GPP
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Change history

Date TSG # TSG Doc. |CR Rev | Subject/Comment Old New
10/09/14 | RP-65 |RP-141485| 472 - |Introduction of low-cost MTC and 256QAM features 12.2.0 |12.3.0
08/12/14 | RP-66 RP-142104 482 5 [Introduction of Dual Connectivity, Small Cell Enhancements, 12.3.0 [12.4.0

NAICS, elMTA, and TDD-FDD CA features

08/12/14 | RP-66 |RP-142097| 487 1 |Clarification of periodic CSI feedback for subband CQI and PMI |12.3.0 |12.4.0

08/12/14 | RP-66 |RP-142100| 491 - | Correction of the parameter CSIProcessIndex 12.3.0 |12.4.0
09/03/15 | RP-67 |RP-150366| 492 2 |Introduction of D2D feature into 36.213 12.4.0 |12.5.0
09/03/15 | RP-67 |pp 150363| 494 | 1 [Correction to PUCCH procedures in case of FDD Peell and 12.40 |125.0
TDD Scell in TDD-FDD CA
09/03/15 | RP-67 |RP-150364| 498 - | Correction on higher layer parameter names for 256QAM 12.4.0 |12.5.0
09/03/15 | RP-67 |RP-150359| 500 - | TM10 CSI-IM Interference Measurements 12.4.0 |[12.5.0
09/03/15 | RP-67 [RP-150358| 502 - _|Clarification on common search reception related to MBMS 1240 ]12.5.0
09/03/15 | RP-67 [RP-150364| 503 - _|Correction to Discovery in Small Cell Enhancement feature 1240 ]12.5.0
09/03/15 | RP-67 |RP-150365| 504 1 |Corrections to Dual Connectivity feature 12.4.0 ]125.0
15/06/15 [ RP-68 |RP-150931| 493 2 | Clarification on HARQ-ACK repetition 12.5.0 |12.6.0
15/06/15 | RP-68 RP-150932 497 3 | Clarification on PUCCH Format 3 Resource Derivation for TDD (12.5.0 (12.6.0
UL/DL Configuration 5
15/06/15 | RP-68 |RP-150933| 506 - | Clarification on the PRACH power in subframe i2-1 for PCM2 12.5.0 ]12.6.0
15/06/15 | RP-68 |RP-150933| 507 - | Clarification on the MTA operation in PCM1 12.5.0 ]12.6.0
15/06/15 | RP-68 |RP-150933| 512 - | Correction of higher layer parameter names in dual connectivity [{12.5.0 [12.6.0
15/06/15 | RP-68 RP-150935 513 1 |Correction on UE procedure of determining subframe pool for |12.5.0 |12.6.0
PSCCH and PSSCH in ProSe
15/06/15 | RP-68 |RP-150935| 514 1 |Correction on UE procedure of transmitting PSCCH in ProSe 12.5.0 |12.6.0
15/06/15 | RP-68 515 1 |Correction on UL Power Control for Synchronous Dual 12.5.0 |12.6.0
RP-150933 -
Connectivity
15/06/15 | RP-68 RP-150933 516 1 [Correction on UL Power Control for Asynchronous Dual 1250 |12.6.0
Connectivity
15/06/15 [ RP-68 |RP-150937| 517 - _|Correction to Rel-12 UE category signal hame 12.5.0 |12.6.0
15/06/15 [ RP-68 |RP-150936| 520 - _|Corrections on eIMTA RRC parameter naming 12.5.0 |12.6.0
15/06/15 | RP-68 521 - | Correction on Closed Loop Antenna Selection for Dual 12.5.0 |12.6.0
RP-150933 -
Connectivity
15/06/15 | RP-68 |RP-150935| 523 - | Alignment of Prose parameter names 12.5.0 |12.6.0
14/09/15 | RP-69 RP-151470 525 - |UE processing time relaxation on Type 2 Power Headroom 12.6.0 |12.7.0
) Reporting
14/09/15 | RP-69 |RP-151468| 527 - | Correction of ProSe parameters 12.6.0 |12.7.0
14/09/15 | RP-69 |RpP-151471| 528 2 |Clarification on power control for PCM2 12.6.0 [12.7.0
07/12/15 | RP-70 530 1 [Clarification of PUCCH resource allocation related to EPDCCH |12.7.0 |12.8.0
RP-152034 ScCells
07/12/15 | RP-70 |RP-152037| 531 - | Clarification on the parameter notations for eIMTA 12.7.0 |12.8.0
07/12/15 | RP-70 534 - | Correction on aperiodic CSI transmission without UL-SCH 12.7.0 |12.8.0
RP-152037 .
according to table 7.2.1-1C
07/12/15 | RP-70 |RP-152038| 535 1 |Introduction of new maximum TBS for TM9/10 12.7.0 |12.8.0
07/12/15 | RP-70 RP-152034 542 - |Clarification of PHICH resource assignement related to 12.7.0 |12.8.0
EPDCCH scheduled PUSCH
07/12/15| RP-70 |RP-152036| 543 1 |Modify max TA for dual connectivity 12.7.0 ]12.8.0
07/12/15 | RP-70 |RP-152125| 533 3 |eD2D CR for 36.213 12.8.0 13.0.0
07/12/15 | RP-70 |RP-152031| 536 - __[Introduction of Rel 13 features for SC-PTM 12.8.0 [13.0.0
07/12/15 | RP-70 |RP-152026| 537 2 |Introduction of LAA (PHY layer aspects) 12.8.0 ]13.0.0
07/12/15| RP-70 |RP-152026| 538 5 |Introduction of LAA (eNB Channel Access Procedures) 12.8.0 ]13.0.0
07/12/15 | RP-70 [RP-152027| 539 1 [Introduction of Enhanced CA in Release 13 12.8.0 |13.0.0
07/12/15 | RP-70 [RP-152025| 541 1 [Introduction of EB/FD-MIMO 12.8.0 13.0.0
26/01/16 | Post RP- MCC update to show correct version of the spec in the headers |13.0.0 [13.0.1
70 of all subparts and get all of them aligned with coversheet
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Change history
Date Meeting TDoc CR |[Rev | Cat Subject/Comment New
version

2016-03 | RAN#71 | RP-160359 | 546 - F |Alignment eD2D CR for 36.213 13.1.0
2016-03 | RAN#71 | RP-160549 | 548 3 F | Clarification on PDSCH collision with PSS/SSS/PBCH 13.1.0
2016-03 | RAN#71 | RP-160357 [ 550 1 F _|Clarification on number of PRBs for PUCCH format 4 13.1.0
2016-03 | RAN#71 | RP-160357 554 2 E Clarification on code rate for periodic CSI transmission on PUCCH 13.1.0

format 4 and 5
2016-03 | RAN#71 | RP-160360 [ 555 1 F | Clarification on Averaging of CSI Measurements in LAA 13.1.0
2016-03 | RAN#71 | RP-160357 [ 559 - F |Limit on number of periodic CSI reports 13.1.0
2016-03 | RAN#71 | RP-160357 [ 560 1 F _|Correction on Transmission Code Rate Determination 13.1.0
2016-03 | RAN#71 | RP-160360 [ 562 F |CR on LAA defer and sensing duration 13.1.0
2016-03 | RAN#71 | RP-160357 [ 563 - F | Correction on aperiodic CSI only PUSCH without UL-SCH 13.1.0
2016-03 | RAN#71 | RP-160357 [ 564 - F | Correction on HARQ-ACK and periodic CSI transmission 13.1.0
2016-03 | RAN#71 | RP-160357 | 565 - F | Correction on Simultaneous HARQ-ACK and P-CSI Transmission |13.1.0
2016-03 | RAN#71 | RP-160358 | 566 1 F |CR on MR support in TM9 13.1.0
2016-03 | RAN#71 | RP-160358 [ 568 - F |Correction on Subsampling of Class A Codebook 13.1.0
2016-03 | RAN#71 | RP-160360 569 - = gg:glgtefinition of LAA idle sensing for periods longer than one 13.1.0
2016-03 | RAN#71 | RP-160360 [ 570 - F | Correction on total sensing and transmission time for Japan 13.1.0
2016-03 | RAN#71 [ RP-160360 [ 571 - F _|Correction on common DCI detection of LAA in 36.213 13.1.0
2016-03 | RAN#71 | RP-160360 [ 572 - F _|CR on valid downlink subframe definition for TM9/10 13.1.0
2016-03 | RAN#71 | RP-160360 [ 573 - F |CR on eCCE of EPDCCH for partial subframe 13.1.0
2016-03 | RAN#71 | RP-160360 [ 576 - F |Correction on cross-carrier scheduling in LAA 13.1.0
2016-03 | RAN#71 | RP-160360 | 577 - F | Correction on QCL type B for LAA 13.1.0
2016-03 | RAN#71 | RP-160358 [ 578 - F | Correction on Class B CSlI reporting 13.1.0
2016-03 | RAN#71 | RP-160358 [ 579 - F |CR on CRI reporting for one CSI-RS ports (36.213) 13.1.0
2016-03 | RAN#71 | RP-160358 [ 580 - F | Correction to the condition of CRI updating restriction 13.1.0
2016-03 | RAN#71 | RP-160358 | 581 - F | Correction to the additional UpPTS symbols for SRS 13.1.0
2016-03 | RAN#71 | RP-160358 | 582 - F | Clarification on PUCCH mode 1-1 configuration 13.1.0
2016-03 | RAN#71 | RP-160360 [ 584 - F_|Correction on EPDCCH assignment in LAA 13.1.0
2016-03 | RAN#71 | RP-160360 | 585 - F |CR for LAA CW reset per AC in case of K attempts at CWmax 13.1.0
2016-03 | RAN#71 | RP-160358 [ 586 - F _|Corrections to Rl-inheritance 13.1.0
2016-03 | RAN#71 | RP-160358 [ 587 - F |CR on CSI-RS resource in 36.213 13.1.0
2016-03 | RAN#71 | RP-160358 [ 588 - F |CR on mismatch between 36.213 and 36.331 13.1.0
2016-03 | RAN#71 | RP-160357 [ 589 - F _|Correction on CSI transmission for eCA in 36.213 13.1.0
2016-03 | RAN#71 | RP-160358 [ 590 - F | Clarification on joint reports of CRI 13.1.0
2016-03 | RAN#71 | RP-160358 | 591 - F | Correction to RI reference CSI process 13.1.0
2016-03 | RAN#71 | RP-160358 | 592 - F |Corrections to Class B CSl reporting on PUCCH 13.1.0
2016-03 | RAN#71 | RP-160357 594 - F gcoxection on PUCCH transmission and (E)PDCCH disabling in 13.1.0
2016-03 | RAN#71 | RP-160358 [ 595 - F |CSI-RS in DWPTS 13.1.0
2016-03 | RAN#71 [ RP-160357 [ 596 1 F__|Correction on shortened PUCCH format for Rel-13 CA 13.1.0
2016-03 | RAN#71 | RP-160357 598 - F ;::Cr‘rgctlon on HARQ-ACK bit concatenation for PUCCH format 4 13.1.0
2016-03 | RAN#71 | RP-160360 [ 599 - F | Corrections for LAA Energy Detection Threshold 13.1.0
2016-03 | RAN#71 | RP-160360 [ 0600 - F | Correction on channel access procedure for DL LBT 13.1.0
2016-03 | RAN#71 | RP-160360 | 0601 - F |Correction on CWS adjustment in LAA 13.1.0
2016-03 | RAN#71 | RP-160360 0602 - = ggréﬁctions for Type B Multi-channel access procedure for an LAA 13.1.0
2016-03 | RAN#71 | RP-160358 | 0603 - F |CR on Class B CQI measurement correction 13.1.0
2016-03 | RAN#71 | RP-160360 0604 | 1 = i(rilostge.gtllgns for PDCCH and EPDCCH monitoring on an LAA SCell 13.1.0
2016-03 | RAN#71 | RP-160363 [ 0605 - A _|Clarification on T_threshold in dual connectivity 13.1.0
2016-03 | RAN#71 | RP-160361 [ 0540 | 6 B [Introduction of further LTE Physical Layer Enhancements for MTC |13.1.0
2016-03 Post MCC update to show correct vers_ion of the spec in the headers of 1311

RAN#71 all subparts and get all of them aligned with coversheet
0575 | 2 Correction on SPS HARQ-ACK bit handling in case of dynamic
2016-06 | RAN#72 | RP-161062 F | codebook configuration of eCA in 36.213 13.2.0
2016-06 | RAN#72 | RP-161063 | 0593 | 1 F | Correction to the UE's assumption on DMRS ports 13.2.0
0608 | 1 Correction on HARQ-ACK ordering in case of semi-static

2016-06 | RAN#72 | RP-161062 F codebook configuration of eCA 13.2.0
2016-06 | RAN#72 | RP-161062 0610 | 1 = Corre_ction on timing for secondary cell activation/deactivation for 13.2.0

eCAin 36.213
2016-06 | RAN#72 | RP-161068 | 0611 - A | Correction on RRC parameter for configuring new TBSs 13.2.0
2016-06 | RAN#72 | RP-161063 | 0614 - F | Correction to rank 5-8 FD-MIMO CSI feedback 13.2.0
2016-06 | RAN#72 | RP-161062 [ 0615 - F | Correction on aperiodic CSI reporting mode 1-0 and 1-1 13.2.0
2016-06 | RAN#72 | RP-161066 | 0616 - F | Correction of paging PDSCH transmission for MTC UE 13.2.0
2016-06 | RAN#72 | RP-161066 | 0618 - F |Update RRC parameter names for MTC 13.2.0
2016-06 | RAN#72 | RP-161066 | 0619 - F |PUCCH repetition for Msg4 for MTC 13.2.0
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2016-06 | RAN#72 | RP-161066 | 0620 - F |MPDCCH repetition for paging and random access for MTC 13.2.0
2016-06 | RAN#72 | RP-161066 | 0621 | 1 F |MCS field in DCI format 6-2 for paging for MTC 13.2.0
2016-06 | RAN#72 | RP-161062 | 0622 - F | Coding of higher layer parameter codebooksizeDetermination-rl3 |13.2.0
2016-06 | RAN#72 | RP-161062 | 0623 1 F |Corrections on Simultaneous HARQ-ACK and P-CSl in 36.213 13.2.0
2016-06 | RAN#72 | RP-161069 | 0624 - F _|Corrections SRS dropping in CA in 36.213 13.2.0
2016-06 | RAN#72 | RP-161065 | 0625 - D |Correction to the usage of undefined terminology "channel" 13.2.0
2016-06 | RAN#72 | RP-161065 0626 - = Corrgctlon on channel access procedure after an additional defer 13.2.0
duration for DL LBT
2016-06 | RAN#72 | RP-161284 | 0627 1 F | Clarification for LAA CSI processing 13.2.0
2016-06 | RAN#72 | RP-161065 [ 0628 | - F _|MCS Table for Initial Partial TTlin LAA 13.2.0
2016-06 | RAN#72 | RP-161063 [ 0629 - F | Correction on the linkage between CSI-RS and CSI-IM for Class B |13.2.0
2016-06 | RAN#72 | RP-161062 [ 0630 - F | Correction for HARQ-ACK Codebook Determination in eCA 13.2.0
2016-06 | RAN#72 | RP-161065 0631 - = ?C’:(Iiag:fllgatlon on "special subframe" for frame structure type 3 in 13.2.0
2016-06 | RAN#72 | RP-161062 0632 - = i(r:1o:;r6egt1|<§ns on simultaneous transmission of HARQ-ACK and SR 13.2.0
2016-06 | RAN#72 | RP-161066 [ 0633 | 2 F |MDPCCH candidate overflow monitoring correction for eMTC 13.2.0
2016-06 | RAN#72 | RP-161066 | 0634 - F | Correction to TS 36.213 for eMTC 13.2.0
2016-06 | RAN#72 | RP-161066 | 0635 1 F | Correction on M-PDCCH case definition 13.2.0
0636 - Correction on CSS for MPDCCH configured by temporary C-RNTI
2016-06 | RAN#72 | RP-161066 F and Typed MPDCCH CSS resource 13.2.0
} : 0637 | 2 Correction on collision of dynamically scheduled data and semi-
2016-06 | RAN#72 | RP-161066 F statically scheduled data for Rel-13 eMTC 13.2.0
2016-06 | RAN#72 | RP-161066 | 0638 | 1 F | Correction on PDSCH transmission timing for Rel-13 eMTC 13.2.0
2016-06 | RAN#72 | RP-161066 0639 - = ggztgg collision between eMTC SIB and MPDCCH/PDSCH in TS 13.2.0
2016-06 | RAN#72 | RP-161066 0639 - F gﬁnzﬂlg collision between eMTC SIB and MPDCCH/PDSCH in TS 13.2.0
2016-06 | RAN#72 | RP-161066 [ 0640 - F | Collision between PUCCH format 2 and PDSCH with repetitions 13.2.0
2016-06 | RAN#72 | RP-161066 | 0641 - F | Clarification of TM1/2/6 on MBSFN subframes 13.2.0
2016-06 | RAN#72 | RP-161066 | 0642 - F _|Correction of fallback behavior for TM9 13.2.0
2016-06 | RAN#72 | RP-161066 | 0643 - F |Correction on RV and MPDCCH starting position 13.2.0
2016-06 | RAN#72 | RP-161066 | 0644 | 1 F |Collision between PSS/SSS/PBCH and PDSCH for MTC 13.2.0
2016-06 | RAN#72 | RP-161065 | 0645 - F _|CR for 36.213 on multi-channel access procedure Type A2 in LAA [13.2.0
2016-06 | RAN#72 | RP-161066 | 0646 - F |CR for TS36.213 related to 2+4 PRB set 13.2.0
2016-06 | RAN#72 | RP-161063 [ 0647 | - F |CR on CSI-RS ID configuration for TM9 in TS 36.213 13.2.0
2016-06 | RAN#72 | RP-161065 | 0649 - F_[Initial CCA Behaviour in the Channel Access Procedure 13.2.0
2016-06 | RAN#72 | RP-161065 [ 0650 - F |CR on clarification for channel sensing 13.2.0
0651 - CR for the contention window adjustment procedure in LAA
2016-06 | RAN#72 | RP-161065 F downlink channel access 13.2.0
2016-06 | RAN#72 | RP-161066 [ 0653 | 1 F |eMTC MPDCCH corrections for 36.213 13.2.0
2016-06 | RAN#72 | RP-161064 0654 - F Correction on search space to decode the PDCCH configured by 13.2.0
the SC-N-RNTI
2016-06 | RAN#72 | RP-161067 | 0656 1 B [Introduction of NB-loT 13.2.0
2016-06 | RAN#72 | RP-161066 | 0657 - F | Starting OFDM symbol for SIB1-BR for BL/CE UE 13.2.0
2016-06 | RAN#72 | RP-161066 [ 0658 - F | Collision between SIB1-BR and Sl message for BL/CE UE 13.2.0
2016-06 | RAN#72 | RP-161066 0660 | 3 F I\B/ILF;B(E:(EJI—ésearch space for random access in connected mode for 13.2.0
2016-06 | RAN#72 | RP-161066 [ 0662 - F | Definition of number of MPDCCH repetitions for BL/CE UE 13.2.0
2016-06 | RAN#72 | RP-161066 | 0663 - F |PRB locations for Type0 MPDCCH search space for BL/CE UE 13.2.0
2016-06 | RAN#72 | RP-161063 [ 0666 | - F |CR on FD-MIMO codebooks (36.213) 13.2.0
2016-06 | RAN#72 | RP-161063 | 0667 - F |CR on CSI-Reporting-Type in TS 36.213 13.2.0
2016-06 | RAN#72 | RP-161070 | 0668 - B |Introduction of 60ms periodicity for wideband CQI/PMI reporting 13.2.0
2016-06 | RAN#72 | RP-161066 | 0669 - F _|Introduction of 60ms periodicity for wideband CQI/PMI reporting 13.2.0
2016-06 | RAN#72 | RP-161066 0670 - F é)ﬁnzl\gDCCH AL and search space for 8 EREGs per ECCE in TS 13.2.0
2016-06 | RAN#72 | RP-161066 [ 0671 - F |CR on MPDCCH quasi co-location 13.2.0
2016-06 | RAN#72 | RP-161063 | 0672 - F | Correction on UE assumption on DMRS ports 13.2.0
2016-06 | RAN#72 | RP-161066 | 0673 - F |A-CSI Reporting for TM6 13.2.0
2016-06 | RAN#72 | RP-161066 | 0674 - F | Corrections on CSI Reporting 13.2.0
2016-06 | RAN#72 | RP-161066 | 0675 - F _|Correction on RV determination for PUSCH in TS 36.213 13.2.0
2016-06 | RAN#72 | RP-161066 | 0677 - F | Clarification on Msg3 PUSCH repetition level in TS 36.213 13.2.0
2016-06 | RAN#72 | RP-161066 | 0678 - F |Correction on SRS frequency location in TS 36.213 13.2.0
2016-06 | RAN#72 | RP-161066 [ 0679 | - F |Correction on PDSCH reception timing for eMTC 13.2.0
2016-06 | RAN#72 | RP-161066 | 0680 | 1 F | Correcting configuration parameter for number of PRB-pairs 13.2.0
2016-06 | RAN#72 | RP-161066 | 0681 - F | Clarification on starting subframe for MPDCCH 13.2.0
2016-06 | RAN#72 | RP-161066 | 0682 - F |MCS for Random Access Response Grant 13.2.0
2016-06 | RAN#72 | RP-161066 [ 0683 | 2 F | Correction on UCI multiplexing on PUSCH 13.2.0
2016-06 | RAN#72 | RP-161061 | 0684 - F | Correction on RLM for PSCell in dual connectivity 13.2.0
2016-06 | RAN%72 | RP-161066 | 968° | - g |Correction on PDSCH transmission scheme assumed for TM9 CSI |1 ,
reference resource in TS 36.213
2016-06 | RAN#72 | RP-161065 | 0686 - F |CR on clarification for channel sensing 13.2.0
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2016-06 | RAN#72 | RP-161065 | 0687 CR on CWp adjustment 13.2.0
2016-06 | RAN#72 | RP-161066 | 0688 Clarification of CSI measurements 13.2.0
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