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

The contents ofthe presentdocument are subject to continuing work within the TSGand may change following formal
TSG approval. Should the TSGmodify the contents ofthis present document, it will be re-released by the TSGwith an

identifying change ofrelease date and an increase in version number as follows:
Versionxy.z
where:
x the first digit:
1 presentedto TSGforinformation;
2 presentedto TSGforapproval;
3 or greaterindicates TSGapproved document under change control.

y theseconddigitis incremented forall changes of substance, i.e. technical enhancements, corrections,
updates, etc.

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

The present documentspecifies and establishes the characteristics ofthe 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 ofthe present
document.

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

e Fora specific reference, subsequent revisions donot apply.

e Fora non-specific reference, thelatest version applies. In the case ofareference toa 3GPP document
(including a GSM document), a non-specific reference implicitly refers to the latest version of that document in
the same Releaseas 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
channelcoding".

[5] 3GPP TS 36.214: "Evolved Universal Terrestrial Radio Access (E-UTRA); Physicallayer—
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 transmissionandreception”.

[8] 3GPP TS 36.321, "Evolved Universal Terrestrial Radio Access (E-UTRA); MediumAccess
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 ofradio resource management'.

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

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

3.1 Symbols

Forthe purposes ofthe present document, the following symbols apply:

ne System frame number as defined in [3]

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

N C%L,s Number of configured cells

NRy Downlink bandwidth configuration, expressed in units of NX°as defined in [3]

Ngy Uplink bandwidth configuration, expressed in units of NX° as defined in [3]

Nsl%b Numberof SC-FDMA symbols in an uplink slot as defined in [3]

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

(3]

T, Basic time unit as defined in [3]

3.2 Abbreviations

Forthe purposes ofthe present document, the abbreviations givenin TR21.905 [1] and the following apply.
An abbreviation defined in the present documenttakes precedence over thedefinition ofthe same abbreviation, ifany,

in TR 21.905 [1].

ACK Acknowledgement

BCH BroadcastChannel

CCE Control Channel Element

CDD Cyclic Delay Diversity

CIF Carrier Indicator Field

CQI Channel Quality Indicator

CRC Cyclic Redundancy Check

CSI Channel State Information

CSI-IM CSl-interference measurement

DAI Downlink Assignment Index

DCI Downlink Control Information

DL Downlink

DL-SCH Downlink Shared Channel

DTX Discontinuous Transmis sion
EPDCCH Enhanced Physical Downlink Control Channel
EPRE Energy PerResource Element

MCS Modulationand Coding Scheme
NACK Negative Acknowledgement

PBCH Physical Broadcast Channel
PCFICH Physical Control Format Indicator Channel
PDCCH Physical Downlink Control Channel
PDSCH Physical Downlink Shared Channel
PHICH Physical Hybrid ARQ Indicator Channel
PMCH Physical Multicast Channel

PMI Precoding MatrixIndicator
PRACH Physical Random A ccessChannel
PRS Positioning Reference Signal

PRB Physical Resource Block

PUCCH Physical Uplink Control Channel
PUSCH Physical Uplink Shared Channel
PTI Precoding Type Indicator

RBG Resource Block Group
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RE

RI

RS
SINR
SPS C-RNTI
SR

SRS
TAG
TBS
UCI

UE

UL
UL-SCH
VRB

Resource Element

Rank Indication

Reference Signal

Signalto Interferenceplus Noise Ratio
Semi-Persistent Scheduling C-RNTI
Scheduling Request

Sounding Reference Symbol
Timing AdvanceGroup

Transport Block Size

Uplink ControlInformation

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 celland detects the
physicallayer Cell ID of that cell. E-UTRA cell search supports a scalable overall transmis sion bandwidth
corresponding to 6 resourceblocks and upwards.

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

A UE may assume the antenna ports 0— 3 and the antenna port for the primary/secondary synchronization signals ofa
serving cellare quasico-located (as defined in [3]) with respect to Dopplershift andaveragedelay.

4.2 Timing synchronization

4.2.1 Radio link monitoring

The downlinkradio link quality ofthe primary cell shallbe monitored by the UE for the purpose ofindicating out-of-
sync/in-syncstatus to higherlayers.

In non-DRX mode operation, the physical layerin the UE shallevery radio frame assess theradio link quality,
evaluated over the previous time period defined in [10], againstthresholds (Qou:and Qir) defined by relevant tests in
[10].

In DRX mode operation, the physical layerin the UE shallat least onceevery DRX period assessthe radio link quality,
evaluated overthe previous time period defined in [10], againstthresholds (Qoutand Qin) defined by relevant tests in

[10].

If higher-layer signalling indicates certain subframes for restricted radio link monitoring, the radio link quality shallnot
be monitored in any subframe other than those indicated.

The physicallayerin the UEshallin radio frames where the radio link quality is assessed indicate out-of-sync to higher
layers when the radio link quality is worse than thethreshold Q... When the radio link quality is better than the
threshold Qi, the physicallayer in the UE shallin radio frames where the radio link quality is assessed indicate in-sync
to higherlayers.

4.2.2 Inter-cell synchronization

No functionality is specified in this clausein this release.

4.2.3  Transmissiontiming adjustments

Upon reception ofa timing advance command fora TA Gcontaining the primary cell, the UE shalladjustuplink
transmission timing for PUCCH/PUSCH/SRS of the primary cell based on thereceived timing advance command.
The UL transmission timing for PUSCH/SRS of a secondary cellis the same as the primary cellif the secondary cell
and the primary cellbelong to the same TAG.

Upon reception ofa timing advance command fora TAGnot containing the primary cell, the UE shalladjustuplink
transmission timing for PUSCH/SRS ofall the secondary cells in the TAGbased on the received timing advance

command where the UL transmission timing for PUSCH /SRS is the same forall the secondary cells in the TAG.

The timing advance command fora TA Gindicates the change ofthe uplink timing relative to the current uplink timing
for the TAGas multiples of 16 T, . The start timing ofthe randomaccess preamble is specified in [3].
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In case ofrandomaccess response, an 11-bit timing advance command [8], 74, for a TAGindicates Nz, values by index
values of 7,=0, 1, 2, ..., 1282, where an amount ofthe time alignment forthe TAGis given by Ny = T4 x16. Nz« is
defined in [3].

In othercases, a 6-bit timing advance command [8], 74, fora TAG indicates adjustmentofthe current Nz, value, N4, o1,
to the new Ny4 value, N7y new, by indexvalues of 74 =0, 1, 2,..., 63, where Nzgnew= Nrgow + (T4 —31)x 16. Here,
adjustment of N7y value by a positive ora negativeamount indicates advancing or delaying the uplink transmis sion

timing forthe TAGby a given amountrespectively.

Fora timing advance commandreceived onsubframe n, the corresponding adjustment ofthe uplink transmis sion timing
shallapply fromthe beginning ofsubframe n+6. Forserving 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 thetiming adjustment, the
UE shall complete transmission of subframe » and not transmit the overlapped partofsubframe n+1.

If the received downlink timing changes and is not compensated or is only partly compensated by the uplink timing
adjustment withouttiming advance command as specified in [10], the UE changes Nra accordingly.

4.3 Timing for Secondary Cell Activation / Deactivation

When a UEreceives an activation command [8] for a secondary cellin subframe 7, the corresponding actions in [8]
shallbe applied no later than the minimumrequirement defined in [10] and no earlier than subframe n+8, except forthe
following:

- theactionsrelatedto CSIreporting
- theactionsrelatedto thesCellDeactivation Timer associated with the secondary cell [8]
which shallbe applied in subframe n+8.

When a UEreceives a deactivation command [8] fora secondary cell orthe sCellDeactivationTimer associated with the
secondary cell expires in subframe n, the corresponding actions in [8] shallapply no later than the minimum

requirement defined in [10], except for the actions related to CSIreporting which shallbe 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 priorto CPinsertion. The termresourceelement energy also denotes theaverage energy taken over
all constellation points for the modulation scheme applied. Uplink power control determines theaveragepowerovera
SC-FDMA symbolin 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 ﬁPUSCH, (i) defined in clause 5.1.1, is first scaled by the ratio ofthe number of
antennas ports with a non-zero PUSCH transmission to the number of configured antenna ports for the transmission
scheme. Theresultingscaled poweris thensplit equally across theantennaports on which the non-zero PUSCH is
transmitted.

ForPUCCH or SRS, the transmit power Ppyyccp (i), defined in clause5.1.1.1, or Rg . (i) is splitequally across

the configured antenna ports for PUCCH or SRS. ﬁSR&C (i) is the linearvalue of Rypg . (i) defined in clause 5.1.3.

A cell wide overload indicator (OI) and a High Interference Indicator (HII) to control UL interference are defined in [9].
5.1.1 Physical uplink shared channel

5111 UE behaviour

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

If the UE transmits PUSCH withouta simultaneous PUCCH for the servingcell ¢, then the UE transmit power
Ppusch (i) for PUSCH transmissionin subframe i forthe serving cell c¢is given by

. [ Femax,e (s
Ppysch,c (1) = min ‘ . . . 4 ¢ [dBm]
101og;o(Mpysch,c (1) + Fo pusch,c (/) + e () PL. + At (D) + f.(0)

If the UE transmits PUSCH simultaneous with PUCCH for the servingcell ¢, then the UEtransmit power
Ppuscie (i) for the PUSCH transmission in subframe i forthe servingcell ¢ is given by

1010g; (Pentax.c ()~ Boucen (), } dBm]

Ppysch,c(f) = min . . . . .
10log;o(Mpysch,c (1) + Fo_pusc,c () + e () PLe + Aqg o (1) + f. (i)

If the UE is not transmitting PUSCH forthe serving cellc, for the accumulation of TPC command received with DCI
format 3/3A for PUSCH, the UE shallassume that the UE transmit power Ppygcy (/) forthe PUSCH transmissionin

subframe i forthe servingcell ¢ is computedby
Poyuscr,e (1) = min{PCMAX,c (1), Fo puscne(D+a.(1)-PL + £, (i) } [dBm]

where,
*  Pomax(?) s the configured UE transmit power defined in [6] in subframe i forserving cell ¢ and

Peut Ax.c(?) is thelinearvalue of Poyax (i) - If the UE transmits PUCCH without PUSCH in subframe

i for the servingcellc, for the accumulation of TPC command received with DCI format 3/3A for PUSCH, the
UE shallassume Ppy,x (i) as givenby clause 5.1.2.1. If the UE does nottransmit PUCCH and PUSCH in

subframe ;i fortheserving cellc, forthe accumulation of TPC command received with DCI format 3/3A for
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PUSCH, the UE shallcompute P, Ax.c (D) as suming MPR=0dB, A-MPR=0dB, P-MPR=0dB and ATc=0dB,
where MPR, A-MPR, P-MPR and ATcare defined in [6].

o Ppyccn(i) is thelinearvalue of Ppyccy (i) defined in clause 5.1.2.1

®  Mpysch.c(9)is thebandwidth ofthe PUSCH res ource assignment expressed in number ofresource blocks
valid for subframe i and servingcell ¢.

* Py pusch,(/)1s a parameter composedofthe sumofacomponent Py yommnaL puschc(/) Provided from
higherlayers forj=0and / and a component Py yg pyscu,c (/) provided byhigherlayers forj=0and / for

serving cell ¢. For PUSCH (re)transmissions corresponding to a semi-persistent grantthen j=0 , for PUSCH
(re)transmissions corresponding to a dynamic scheduled grantthenj=1/ and for PUSCH (re)trans missions
corresponding to the randomaccess response grant thenj=2. Py yg puscu,(2) =0 and

Po NOMINAL PUSCH,c (2) = Po pRE + A prEAMBLE Msg3» Where the parameter
preamblelnitialReceivedTargetPower [8]( Py prp) and A ppr ) Msg3 A€ signalled fromhigher layers for

serving cell ¢.

e Forj=0orl, a,€ {0, 0.4,0.5,0.6,0.7,0.8, 0.9, l} is a 3-bit parameter provided by higherlayers forserving
cell ¢.Forj=2, a.(j)=1.

e PL. is the downlinkpathloss estimate calculated in the UEfor serving cell ¢ in dBand PL, =

referenceSignalPower—higher layer filtered RSRP, where referenceSignalPower is provided by higher layers
and RSRP is defined in [5] for the reference serving celland the higher layer filter configurationis defined in
[11] for the reference serving cell. If serving cell ¢ belongsto a TAGcontaining the primary cellthen, forthe

uplink of the primary cell, the primary cell is used as the referenceserving cell for determining
referenceSignalPower and higher layer filtered RSRP. For the uplink ofthe secondary cell, the serving cell
configured by thehigher layer parameter pathlossReferenceLinking definedin [11] is used as thereference
serving cell for determining referenceSignalPower and higher layer filtered RSRP. If serving cell ¢ belongs
to a TAGnot containing the primary cellthen servingcell ¢ is used as the reference serving cell for
determining referenceSignal Power and higher layer filtered RSRP.

. ATF’c(i):IOIOgIO((ZBPRE'KS —1)~ j}gf,CH) for Kg=125and0for Ky =0where K is given by the

parameter deltaMCS-Enabledprovided by higher layers foreach servingcell ¢. BPRE and ﬂ(f}j%]eSZCH , for

eachservingcell ¢, are computedas below. K¢ =0 fortransmissionmode 2.

c-1
O BPRE =Ocq1/Ngg for control datasentvia PUSCH without UL-SCH data and z K, /Nggfor

r=0
othercases.

* where C isthenumberofcodeblocks, K, is thesize forcodeblock », Ocqr is the
number of CQI/PMIbits including CRCbits and N, is the numberofresourceelements

. o s PUSCH —initial
determined as NRE :MSI;USCH initial ~NSI;,[rJnSbCH'mmal,Whel’e c, Kr’ MSCUSC initia and

PUSCH-initial .
N, symb are defined in [4].

o B =Bz, forcontroldatasentvia PUSCH without UL-SCH dataand 1 forother cases.

®*  Spuschc IS a correction value, also referred to as a TPC command and is included in PDCCH/EPDCCH with

DCI format 0/4 for serving cell ¢ orjointly coded with other TPC commands in PDCCH with DCI format
3/3A whose CRCparity bits are scrambled with TPC-PUSCH-RNTI. The current PUSCH power control
adjustment state forserving cell cis givenby f, (i) which is defined by:

o fe()=fo(i=1)+puscue (i~ Kpusch) if accumulationis enabled based on the parameter
Accumulation-enabled provided by higher layers orif the TPCcommand Spygcyy is includedina

3GPP

IPR2025-00138
Petitioner's Exhibit 1007
Page 000013



Release 11

14 3GPP TS 36.213 V11.4.0 (2013-09)

PDCCH/EPDCCH with DCI format 0 for serving cell ¢ where the CRC is scrambled by the
Temporary C-RNTI

where Spygcp, (i — Kpyscn ) Was signalled on PDCCH/EPDCCH with DCI format 0/4 or

PDCCH with DCI format 3/3A on subframe i — K py gy, and where £, (0) is the first value
afterreset ofaccumulation.

The value of Kpgoy is
e ForFDD, K pygc = 4

e ForTDD, if the UE is configured with more than one serving celland the TDD
UL/DL configurationofat least two configured serving cells is not the same, the
"TDD UL/DL configuration" refers to the UL-reference UL/DL configuration
(defined in clause 8.0) for serving cell ¢.

e ForTDD UL/DL configurations 1-6, K, is givenin Table 5.1.1.1-1

e ForTDD UL/DL configuration 0

o Ifthe PUSCH transmission in subframe 2 or 7 is scheduled with a
PDCCH/EPDCCH ofDCI format 0/4 in which the LSB of the UL indexis

settol, Kpygey =7

o Forall other PUSCH transmissions, Kruscn is given in Table 5.1.1.1-1.

Forserving cell ¢ 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-RNTT in every subframe except when in DRX orwhere serving cell
¢ is deactivated.

If DCI format 0/4 forserving cell ¢ and DCI format 3/3A are both detected in the same
subframe, thenthe UEshalluse the pyygcyy . providedin DCIformat 0/4.

Spusci.c = 0dB fora subframe where no TPC command is decoded forservingcell ¢or
where DRX occurs ori is not an uplink subframe in TDD.

The Spygcp, dBaccumulatedvalues signalled on PDCCH/EPDCCH with DCI format 0/4

are given in Table 5.1.1.1-2. If the PDCCH/EPDCCH with DCI format 0 is validated as a
SPS activationorrelease PDCCH/EPDCCH, then OpUSCH.c is 0dB.

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

SET1 givenin 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 Poypx (i) forservingceell ¢, positive TPCcommands forservingcell
¢ shallnotbe accumulated

If UE has reached minimum power, negative TPC commands shallnot be accumulated
UE shallreset accumulation

e Forservingcell ¢, when Ry g pyscp,. Vvalueis changedby higherlayers

e Forserving cell ¢, when the UEreceives randomaccess response message for
serving cell ¢

o fe(i)=3Spysch.c (i — Kpyscy ) if accumulationis not enabled forservingcell ¢ based on the

parameter Accumulation-enabled provided by higher layers

where Spygcp e (i — Kpyscn ) Was signalled on PDCCH/EPDCCH with DCI format 0/4 for

serving cell ¢ onsubframe i — Kp; g0

The value of Kp 0y 18
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e ForFDD, K pygey =4

e ForTDD, if the UE is configured with more than one serving celland the TDD
UL/DL configuration ofat least two configured serving cells is not the same, the
"TDD UL/DL configuration" refers to the UL-reference UL/DL configuration

(defined in clause 8.0) for serving cell c.

e ForTDD UL/DL configurations 1-6, K s, is givenin Table 5.1.1.1-1.

e ForTDD UL/DL configuration 0

o Ifthe PUSCH transmission in subframe 2 or 7 is scheduled with a
PDCCH/EPDCCH ofDCI format 0/4 in which the LSB of the UL index s
setto 1, Kpysepr =7

o Forall other PUSCH transmissions, K ;s is givenin Table 5.1.1.1-1.

The Spygcp, dB absolute values signalled on PDCCH/EPDCCH with DCI format 0/4 are

given in Table 5.1.1.1-2. If the PDCCH/EPDCCH with DCI format O is validated as a SPS
activationorrelease PDCCH/EPDCCH, then SpUSCH.c is 0dB.

f. (@)= f,(i—1) for asubframe where no PDCCH/EPDCCH with DCI format 0/4 is decoded
for serving cell ¢ orwhere DRX occurs ori is not an uplink subframe in TDD.

o Forbothtypesof f.(*) (accumulationorcurrentabsolute)the first valueis set as follows:

If Py ug pusch, Valueis changed byhigherlayersand serving cell ¢ is the primary cell
or,if Py yg pusch, Valueis received by higherlayersandservingeell ¢ is a Secondary

cell
e f(0)=0
Else

e Ifthe UE receives the randomaccess responsemessage foraservingcell ¢

© .fc(o) = AR‘ampup,c + 5

, Where
msg2,c

L)

sg2.c is the TPC command indicated in the randomaccess

response corresponding to the randomaccess preamble
transmitted in the serving cell ¢, see clause6.2,and

101og,o(M pyscs . (0))

= min| ¢ max| 0, PCMAX,c -+ PO_PUSCH,c (2)+ 5msg2

+a,(2)-PL+ A, (0)

rampup ,c

rampuprequested ,c

and AP

rampuprequested ,c
corresponds tothe total power ramp-up requested by higher layers
from the first to the last preamble in the serving cell ¢,

M s . (0) is the bandwidth of the PUSCH res ource assignment

expressedin number ofresource blocks valid forthe subframe of
first PUSCH transmissionin the servingcell ¢, and Az¢(0) is the

is providedby higher layers and
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poweradjustmentoffirst PUSCH transmissionin the serving cell
c.

Table 5.1.1.1-1: Kevsen for TDD configuration 0-6
TDD UL/DL subframe number i
Configuration |0 |12 3[(4|5]|6 |7 (89
0 - [-[6|7[4]-]|-|6]7]|4
1 -1-16[4]-[-]-]6]4
2 -4 -1-1-1-141-1-
3 - -14f4l4]-1-1-1-]-
4 -|-141]4 - -1- -
5 -1 -14]- - -] - -
6 - -7zl 7zls - T-17171-

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

TPC Command Field in

DCI format 0/3/4 Accumulated 5PUSCH,<: [dB] | Absolute 5PUSCH,C [dB] only DCI format 0/4

0 1 -4
1 0 1
2 1

3 3 7

Table 5.1.1.1-3: Mapping of TPC Command Field in DCI format 3A to accumulated 5p;cyy . Values

TPC Command Field in
DCI format 3A

0 -1

1

Accumulated §pyjqcy . [dBI

If the total transmit power ofthe UEwould exceed ﬁCMAX (i), the UE scales ﬁPUSCH,c (i) forthe serving cell ¢ in
subframe 7 such thatthe condition

Z w(i)- ﬁ;’USCH,c () (ﬁCMAX @) - [:;)UCCH (l))

c

is satisfied where Ppyccp (i) is thelinearvalue of Poyccp (i), Ppyscy (i) is the linearvalue of Poygepr o (i) »

f’CMAX (7) is thelinearvalue ofthe UE total configured maximum output power P, . definedin [6]in subframe i

and w(i) is ascaling factorof ﬁPUSCH,c (i)forserving cell ¢ where 0 <w(i)<1. Incasethereis no PUCCH

transmissionin subframe i ﬁPUCCH ()=0.

If the UE has PUSCH trans mission with UCl on serving celljand PUSCH without UCIin any ofthe remaining serving
cells, and the total transmit power of the UE would exceed I:’CMAX (7) , the UE scales IsPUSCH,c (i) forthe servingcells

without UCIin subframe i suchthat the condition

Z w(i)- ISPUSCH,C @) < (}SCMAX (- }BPUSCH,j (’))

c#j
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is satis fied where ﬁPUSCH’j (i) is the PUSCH transmit power for the cell with UCI and w(i) is a scaling factor of

PPUSCH () forserving cell ¢ without UCL In this case,no powerscaling is applied to ﬁPUSCH,j @)

unless z w(i) - ﬁPUSCH’C (i) = 0 and the total transmit power ofthe UEstill would exceed ISCMAX @).

c#j

Note that w(i) values are the same across serving cells when w(i) > 0 butfor certain servingcells w(i) may be zero.

If the UE has simultaneous PUCCH and PUSCH trans mission with UCI on serving cellj and PUSCH transmission

without UClin any ofthe remaining serving cells, and thetotal transmit power ofthe UE would exceed PCM 4y (1) > the

UE obtains Ppygcyy (i) according to

PPUSCH,j ()= min(PPUSCH,j (@), (PCMAX (1) = Poycen (l)»

and

z W(i) ' ﬁPUSCH,c (l) < (ﬁCMAX (l) - ﬁPUCCH (l) - ﬁPUSCH,j (l))

c#j

If the UE is configured with multiple TAGs, and ifthe PUCCH/PUSCH transmission ofthe UEon subframe ; fora
given serving cellin a TAGoverlaps some portion ofthe first symbol ofthe PUSCH transmission on subframe j + 1

for adifferent servingcellin another TAGthe UE shalladjust its total transmission power to not exceed onany

Feviax
overlapped portion.

If the UE is configured with multiple TAGs, and ifthe PUSCH transmissionofthe UEon subframe j fora given
serving cellin a TAGoverlaps some portion ofthe first symbol ofthe PUCCH transmission onsubframe j +1 fora

different servingcellin another TAGthe UE shalladjustits total transmission power to notexceed onany

Feviax
overlapped portion.

If the UE is configured with multiple TAGs, and ifthe SRS transmissionofthe UEin a symbolon subframe j fora
given serving cellin a TAGoverlaps with the PUCCH/PUSCH transmissionon subframe jorsubframe ; +1 fora
different serving cellin the same oranother TAGthe UEshalldrop SRS if its total trans mission power exceeds

P, onany overlapped portion ofthe symbol.

If the UE is configured with multiple TAGs and more than 2servingcells, andifthe SRS transmissionofthe UEin a
symbolon subframe ; foragiven servingcell overlaps with the SRS transmission on subframe ; fora different
serving cell(s) and with PUSCH/PUCCH transmission onsubframe ; orsubframe ;{ + 1 foranotherservingcell(s)the

UE shalldrop the SRS transmissions ifthe total transmission power exceeds
symbol.

F,,, onany overlapped portionofthe

If the UE is configured with multiple TA Gs, the UEshall, when requested by higher layers, to transmit PRACH in a
secondary serving cellin parallel with SRS transmissionin a symbolon a subframe ofa different servingcellbelonging

to a different TAG, drop SRS if the total transmission power exceeds on any overlappedportion in the symbol.

F, CMAX

If the UE is configured with multiple TAGs, the UEshall, when requested by higherlayers, to transmit PRACH in a

secondary serving cellin parallel with PUSCH/PUCCH in a different serving cellbelongingto a different TAG, adjust
the transmission power of PUSCH/PUCCH so that its total transmission power doesnotexceed P, onthe

overlapped portion.

511.2 Power headroom

There are two types of UE power headroomreports defined. A UEpowerheadroom PH is valid for subframe i for
serving cell c.

Type 1:
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If the UE transmits PUSCH without PUCCH in subframe ; forserving cell ¢, powerheadroomfora Type 1reportis
computedusing

PH ypet ¢ (1) = Fomax,e (0)— {IOIOgIO(MPUSCH,c(i))+PO_PUSCH,c(j)+ac(j)'PLc +Atp o (1) + £ (D) } [dB]

where, IDCMAX"_(I'), Mopyscu,e (> Po pusche()> @c()» PLes Ay (i) and f.(i) are defined in clause 5.1.1.1.

If the UE transmits PUSCH with PUCCH in subframe ; forserving cell ¢, powerheadroomfora Type 1 report is
computedusing

PH ype1 ¢ (1) = Pepiax e ()~ {1010g10 (Mpuscr,ec )+ Po pusci,e (/) +ac () PLe + A1p o (i) + fo (i) } [dB]

where, Mpysene(@)s> Po pusche()s @e(f)s PLe, Ay (i) and f.(i) are defmedin clause5.1.1.1.
ﬁCMAX . ()is computed based on therequirements in [6] assuming a PUSCH only transmission in subframe i . For

this case, thephysical layerdelivers Poyax  (insteadof Pryax (i) tohigherlayers.

If the UE does not transmit PUSCH in subframe ;i forservingcell ¢, powerheadroomfora Type 1 report s
computedusing

PH g1 o (1) = ﬁCMAX,c (- { Fo puscu,e (D +a (1) PL. + f.(i) } [dB]

where, }N)CM Ax.c(D) is computed assuming MPR=0dB, A-MPR=0dB, P-MPR=0dB and AT¢=0dB, where MPR, A-
MPR, P-MPRand ATcare defined in [6]. Py pyscp.c(D), @c(1), PL.,and f.(i)are defined inclause5.1.1.1.

Type 2:

If the UE transmits PUSCH simultaneous with PUCCH in subframe ; forthe primary cell, powerheadroomfora Type
2 report is computed using

(1010g10 (Mpyscne (D0)+FPo pusche () ac (/) PLe+A7p (D) + (i))/lO

N N dB
PthpeZ(l) Fenmax.e(0) 10logi " 10(P07PUCCH+PL(:+h("CQ1’nHARQ>nSR)+AF7PUCCH(F)"'ATxD(F')"'g(i)) 10 L45]

where, Peyviaxe» Mpusche(®)s Po pusche()> @(i)> Ay (i) and f,(i) are the primary cell parameters as
defined in clause 5.1.1.1 and PO_PUCCH . PLC ) h(”CQI ,I’LHARQ, nsp ) s AFJ’UCCH (F) s ATXD (F') and g(l) are
defined in clause 5.1.2.1

If the UE transmits PUSCH without PUCCH in subframe i forthe primary cell, powerheadroomfora Type 2 report is
computedusing

(lologlo(MPUSCH,c(i))+P07PUSCH,c(j)+ac(.i)'PL(:+ATF,c(i)+fc (i)) 10

PH i)=F .(i)—10lo
type2 (1) = Fomax, e () 210 . 10(P07PUCCH PL,+g()10

where, Pemax,c(@) » Mpuscre (s> Po puscie()s @e())s Ay (i) and f, (i) are the primary cell parameters as
defined in clause 5.1.1.1and Py pcey» PLe and g(i) aredefinedinclause 5.1.2.1.
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If the UE transmits PUCCH without PUSCH in subframe ; forthe primary cell, power headroomfora Type 2 report is
computedusing

(Po_puscre D+, (1)-PL+ £, ()10

PthpeZ (0= Fomax. (D)= 10legio " 10(P07PUCCH +PL,. +h("CQ[ AR SR )+AF7PUCCH (F)+Agpp (F')+g(i)) 10

where, Py pyscu,c(1), @.(1)and f,(i) arethe primary cell parametersas defined in clause 5.1.1.1,

Femax,e (1) > Fo pucc » PL., h(ncor-ngarp-nsr)» Ar puccn(F)> App(F') and g(i) are also defined in clause
5.1.2.1.

If the UE does not transmit PUCCH or PUSCH in subframe ; for the primary cell, powerheadroomfora Type 2
report is computed using

~ O(PO)USCH,C(1)+aﬁ.(l)~PL( +f((,‘))/10
PH yper (i) = Fomax, e (1) = 10logyg

4 ]O(POJUCCH +PL(:+g(i)) 10
where, INDCM ax (@) is computed assuming MPR=0dB, A-MPR=0dB, P-MPR=0dB and AT¢=0dB, where MPR,
A-MPR,P-MPRand ATcare defined in [6], Py pyscp,c(l), @c(1) and f,(i) are the primary cell parameters as

defined in clause 5.1.1.1and Py pcey» PLe and g(i) aredefinedin clause 5.1.2.1.

The power headroomshallbe rounded to the closestvaluein the range [40; -23] dBwith steps of 1 dB and is delivered
by the physicallayerto higher layers.

5.1.2  Physical uplink control channel

5.1.2.1 UE behaviour

If serving cell cis the primary cell, the setting ofthe UE Transmit power Ppccy forthe physical uplink control channel
(PUCCH) transmissionin subframe i is defined by

Fomax e (D),

' ¢ [dBm]
Fy puccu +PL. + h(nCQlanHARQ,nSR )+ Af puccH (F)+ App(F') + g(i)

Pouccn(i)= min{

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

Poucen (i ) =min {P emaxe (s By pucen T PL. + g (i )} [dBm]
where

*  Pomax,(9) 18 the configured UEtrans mit power definedin [6] in subframe i forserving cell ¢. If the UE

transmits PUSCH without PUCCH in subframe ; for the servingcellc, for the accumulationof TPC
command for PUCCH, the UE shallassume Pr\;,x (i) as givenby clause5.1.1.1. If the UE does not

transmit PUCCH and PUSCH in subframe ; for the servingcellc, for the accumulation of TPC command for
PUCCH, the UE shallcompute Py (i) assuming MPR=0dB, A-MPR=0dB, P-MPR=0dBand ATc=0dB,

where MPR, A-MPR, P-MPR and ATcare defined in [6].

e Theparameter A pyccy(F) is provided by higherlayers. Each Ag pyccy (F) value correspondsto a

PUCCH format (F) relative to PUCCH format 1a, where each PUCCH format (F') is defined in Table 5.4-1 of
(3]
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e Ifthe UE is configured by higherlayers to transmit PUCCH on two antennaports, the value of Ay (F')is
provided by higher layers where each PUCCH format /" is defined in Table 5.4-1 of [3] ; otherwise,
Arp (F')=0.

*  h(ncor-nparp-nsg) isa PUCCH format dependent value, where n,, corresponds to the numberof

information bits forthe channel quality informationdefinedin clause5.2.3.3 in [4]. ngp =1 if subframeiis

configured for SR for the UE not having any associated transport block for UL-SCH, otherwise ngp =0. If
the UE is configured with more than one serving cell, orthe UE is configured with one serving celland
transmitting using PUCCH format 3, the value of 7,5, is defined in clause 10.1; otherwise, npo is the

number of HARQ-A CK bits sentin subframe i.
o ForPUCCH format 1,1a and 1b h(”CQI»”HARQa”SR ): 0

o ForPUCCH format 1b with channelselection, ifthe UE is configured with more than one serving

, otherwise, h(nCQI >TWHARQ > TSR ): 0

(1114r0 —1
cell, i(ncorsnparg-nsy) = TQ)

o ForPUCCH format 2, 2a, 2b and normal cyclic prefix
n

lOlOglo[ CQI] ifl’lCQ] >4

0 otherwise

h(’lcgl SMHARQ, 'SR )Z

o ForPUCCH format 2 and extended cyclic prefix
neor +n
IOloglo(M] if I’ICQ[ + nHARQ >4

0 otherwise

h(”CQl’ NHARQ,MISR )=

o ForPUCCH format 3 and when UEtransmits HARQ-ACK/SR without periodic CSI,
= [fthe 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-A CK/SR
npARQ +1sg — 1
h(ncor,niarp->nsr) = —fko "SR 3
= Otherwise
npARQ 1SR ~1
2

o ForPUCCH format 3 and when UEtransmits HARQ-ACK/SR and periodic CSI,

h(ncorsngarpsnsr) =

= Ifthe UE is configured by higherlayers to transmit PUCCH format 3 on two antenna ports,
or if the UE transmits more than 11 bits of HARQ-A CK/SR and CSI

Npyro  Msp + legr -1

3

h(nCQ[ >N aro> Ng) =
= Otherwise

Niarg T s + Neor -1
2

® Py pyccn I8 aparametercomposedofthe sumofa parameter R, yommar puccn Provided byhigherlayers

h(nCQ[ >N 40> Ngp) =

and a parameter [ providedby higher layers.

_UE_PUCCH

®  Spyccn 1s a UE specific correction value, alsoreferred to as a TPC command, included in a PDCCH with DCI
format 1A/1B/1D/1/2A/2/2B/2C/2D forthe primary cell, orincluded 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 ona PDCCH with DCI format 3/3A whose CRC parity bits are scrambled with TPC-
PUCCH-RNTL
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o Ifa UE is not configured for EPDCCH monitoring, the UEattempts to decode a PDCCH of DCI
format 3/3A with the UE's TPC-PUCCH-RNTI and one orseveral PDCCHs of DCI format
1A/1B/1D/1/2A/2/2B/2C/2D with the UE's C-RNTI or SPS C-RNTI on every subframe except when
in DRX.

o Ifa UE is 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 orseveral
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 clause 9.1.1,and

= oneorseveral EPDCCHs of DCI format 1A/1B/1D/1/2A/2/2B/2C/2D with the UE's C-RNTI
or SPS C-RNTI, as describedin clause9.1.4.

o Ifthe UE decodes
= 3 PDCCH 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

for the primary cell and the corresponding detected RNTIequals the C-RNTIor SPS C-RNTT of
the UE and the TPCfield in the DCI format is not used to determine the PUCCH resourceas in

clause 10.1,the UE shalluse the dpyccy providedin that PDCCH/EPDCCH.

else
» if the UE decodes a PDCCH with DCI format 3/3A, the UE shalluse the 6pyccy provided
in that PDCCH
elsethe UE shallset Spyecy =0dB.
M-1
o g=g(-DH+ Z Opyccy (i—k,) where g(i) is the current PUCCH power controladjustment
m=0

state and where g(O) is the first value after reset.
* ForFDD, M =1 and k,=4.
* ForTDD, values of M and k, aregivenin Table 10.1.3.1-1.

* The §pycey dB values signalledon 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 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
1/1A72A/2/2B/2C/2Dis validated as an SPS activation PDCCH/EPDCCH, or the
PDCCH/EPDCCH with DCI format 1A is validated as an SPS release PDCCH/EPDCCH,

then Spycey 18 0dB.

* The §pyeey dB values signalledon PDCCH with DCI format 3/3A are given in Table

5.1.2.1-1 orin Table 5.1.2.1-2 as semi-statically configured by higherlayers.

* If By up pucen Valueis changed by higherlayers,

* g(0)=0
= FElse

e g(0)=AP, +6 where

ampup msg2?

o J

s is the TPC command indicated in the randomaccess response

corresponding to the randomaccess preamble transmitted in the primary
cell, see clause 6.2 and

o IfUE is transmitting PUCCH in subframe i,
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%7PUCCH
=min| ymax| 0, F,, . —| +PL.+h(neg nyuponige)
+Ar puccn (F)+An,(F")

rampup

rampuprequested

Otherwise,

APrampup = min[{maX(O, P CMAX ¢ (R)_PUCCH + P Lc ))}’ APrampuprequested ]
and AP, ampuprequested is provided by higher layers and corresponds to the
total power ramp-up requested by higher layers fromthe first to the last
preamble in the primary cell

» IfUE hasreached Pryax (i) fortheprimary cell, positive TPCcommands forthe primary
cell shallnot be accumulated

» [fUE has reached minimum power, negative TPC commands shallnot be accumulated

=  UE shallreset accumulation

e when P, i puccy Valueis changed byhigherlayers

e when the UEreceives arandomaccess response message for the primary cell

= g(@)=g(@-1) if { isnotanuplinksubframein TDD.

Table 5.1.2.1-1: Mapping of TPC Command Field in DCI format 1A/1B/1D/1/2A/2B/2C/2D/2/3 to &,y

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 format3Ato &, .., Values

TPC Command Field in
DCI format 3A 5PUCCH [dB]

0 -1

1 1

5.1.3  Sounding Reference Symbol (SRS)

51.3.1 UE behaviour

The settingofthe UE Transmit power Pypqforthe SRS transmitted on subframe i forserving cell ¢ is defined by

Psgs o(i)= min{ Pomax.e (D), Brs oFrseT.c(m) +1010g1o(Msgs o) + Po pusch.c(/)+ @e(j)- PL. + £.(i) } [dBm]
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where
*  Pomaxe(d) is the configured UE transmit power defined in [6] in subframe i for serving cell c.
*  Psrs OFFSET.c(m) 1s semi-statically configured by higherlayers form=0and m=1 forserving cell c. For
SRS transmission given trigger type 0 then m=0 and for SRS transmission giventriggertype 1 then m=1.

*  Mggs, Isthebandwidth ofthe SRS transmissionin subframe i forserving cell ¢ expressed in number of

resourceblocks.

f.(i) is the current PUSCH power control adjustment state forservingcell ¢, see clause 5.1.1.1.
* Py puscuel(/) and a.(j) areparameters asdefinedin clause5.1.1.1, where j =1.

If the total transmit power of the UE for the Sounding Reference Symbolin an SC-FDMA symbol would exceed
Py (D) » the UE scales ﬁSRS,c (i)fortheservingcell ¢ and the SC-FDMA symbolin subframe i suchthat the

condition

Z w(i)- Pugs (i) < Py (i)

is satisfied where ﬁ)SRS,c(i) is the linear value of Pyg (i), Py (i) is the linearvalue of P, definedin [6] in
subframe i and w(i) is ascaling factor of ISSRS,c(i) forserving cell ¢ where 0 < w(i) <1.Notethat w(i) values are
the same across servingcells.

If the UE is configured with multiple TA Gs and the SRS transmission ofthe UEin an SC-FDMA symbolforaserving

cell in subframe jin a TAGoverlaps with the SRS transmissionin another SC-FDM A symbolin subframe ; fora
serving cellin another TAG, and if the total transmit power ofthe UE for the Sounding Reference Symbolin the

overlapped portion would exceed IA)CMAX (i) ,the UE scales }A?SRS’C(i) forthe servingcell ¢ and each ofthe overlapped
SRS SC-FDMA symbols in subframe i suchthatthe condition

Z w(i)- ﬁ)SRS,c (i) < Py (1)

is satisfied where ﬁ)SRS,c(i) is the linear value of Py (i) Py (i) is the linearvalue of P, definedin [6] in

subframe 7 and w(i) is ascaling factor of IBSRS,c(i) forserving cell ¢ where 0< w(i) <1.Notethat w(i) values are

the same across servingcells.

5.2 Downlink power allocation

The eNodeB determines the downlink transmit energy per resource element.

A UE may assume downlink cell-specific RS EPRE is constantacross the downlink systembandwidth and constant
across all subframes until different cell-specific RS power information is received. The downlink cell-specific
reference-signal EPRE can be derived fromthe downlink reference-signal transmit power given by the parameter
referenceSignalPower provided by higher layers. The downlink reference-signal transmit power is defined as thelinear
average over the power contributions (in [W]) ofall resource elements that carry cell-s pecific reference signals within
the operating systembandwidth.

The ratio of PDSCH EPRE to cell-specific RS EPRE among PDSCH REs (not applicable to PDSCH REs with zero
EPRE) for each OFDM symbolis denotedby either p, or pzaccording to the OFDM symbolindexas given by

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

Fora UE in transmissionmode 8- 10 when UE-specific RSs are not presentin the PRBs upon which the corresponding
PDSCH is mapped orin transmissionmodes 1— 7, the UE may assume that for 16 QAM, 64 QAM, spatial multiplexing

with more than one layer or for PDSCH transmissions associated with the multi-user MIM O transmission scheme,
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= p, isequaltod

power-offset

+ P, +10log,,(2) [dB] when the UE receives a PDSCH data transmission using

precoding for transmit diversity with 4 cell-specific antenna ports according to clause 6.3.4.3 of [3];

= p, isequalto 513 + P, [dB] otherwise

ower-offset

where &

power-offset

parameter provided by higherlayers.

is 0dB for all PDSCH transmissionschemes exceptmulti-user MIMO and where P, is a UE specific

Fortransmission 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 shallbe a
constant, and that constant shallbe maintained over allthe OFDM symbols containing the UE-specific RSs in the
corresponding PRBs. In addition, the UE may assume that for 16QAM or 64QAM, this ratio is 0dB.

Fortransmission 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.

Fortransmission mode 9 or 10, if UE-specific RSs are present in the PRBs upon which the corresponding PDSCH is
mapped, the UEmay assume the ratio of PDSCH EPRE to UE-specific RS EPRE within each OFDM symbol
containing UE-specific RSis 0 dB fornumber oftransmission layers less than orequal to two and -3 dB otherwise.

A UE may assume thatdownlink positioning reference signal EPRE is constant across the positioning referencesignal
bandwidthandacross allOFDM symbols that contain positioning reference signals in a given positioning reference
signal occasion [10].

If CSI-RS is configuredin aserving cellthena UE shallassume downlink CSI-RS EPRE is constant across the
downlink systembandwidth and constant across all subframes foreach CSI-RS resource.

Thecell-specificratio p;/ p, is given by Table 5.2-1 according to cell-specific parameter P, signalled by higher
layers and the number of configured eNodeB cell specific antenna ports.

Table 5.2-1: The cell-specific ratio p,/p, for1, 2, or 4 cell specific antenna ports

PB pB /pA
One AntennaPort | Two and Four AntennaPorts
0 1 5/4
1 4/5 1
2 3/5 3/4
3 2/5 1/2

For PMCH with 16QAM or 64QAM, the UE may assume thatthe 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 isdenoted by p, or p,

OFDM symbolindices within a slot where the OFDM symbolindices within a slot where the
Numberof | ratio ofthe corresponding PDSCH EPRE to the | ratio of the corresponding PDSCH EPRE to the
antoerr::a cell-specific RS EPRE is denotedby p, cell-specific RS EPRE is denoted by p,
g Normal cyclic prefix | Extended cyclic prefix Normal cyclic prefix | Extended cyclic prefix
One or two 1,2,3,56 1,2,4,5 0, 4 0,3
Four 2,3,56 2,4,5 0,1,4 0,1,3
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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 isdenoted by p, or p,

OFDM symbolindices within a slot where the OFDM symbolindices 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 denotedby p, cell-specific RS EPRE is denotedby p;,
antenna Normal cyclic prefix Extended cyclic prefix Normal cyclic prefix Extended cyclic prefix
ports nimod2 | n;mod2 | n;mod2 | ny)mod2 | n;mod2 | n;mod2 [ nmod2 | n mod2
=0 =1 =0 =1 =0 =1 =0 =1
One or 1, 2,3, 4, 0, 1,2 3, 1,234, 1 0,1,2,3, 0 ) 0 )
two 5,6 4,5,6 5 4,5
Four | 23gh% | 0125 | 2435 | 00%% 0, 1 - 0,1 -
5.2.1 eNodeB Relative Narrowband TX Power (RNTP) restrictions

The determination ofreported Relative Narrowband TX Power indication RNT. P(n PRB ) is defined as follows:

E
0 lf A(f):l s ) S RNTPthreshold
RNTP(n ) _ max_ nom

PRB E, (npps) .

1 if no promise about the upper limit of — o s made

max_ nom
where E  (7pp;) is the maximum intended EPRE of UE-specific PDSCH REs in OFDM symbols not containing RS
in this physical resourceblock on antenna port p in the considered future time interval, 71, is the physical resource
blocknumber 71, =0,..., Now —1; RNTP,, ... takes ononeofthe following

values RNTP,, ., ., € {~0,~11,-10,-9,~8,~7,~6,~5,~4,-3,-2,-1,0,+1,4+2,+3}[dB] and

P(P) L
max Af

(p) _
DL RB
NRB ’ Nsc

max_nom

where Pn('lfx) is the base station maximum output power describedin [7], and Af’, NIISBL and N?g are defined in [3].
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6 Random access procedure

Prior to initiation ofthe non-synchronized physicalrandomaccess procedure, Layer 1 shallreceive the following
information from the higherlayers:

1. Randomaccess channel parameters (PRA CH configuration and frequency position)

2. Parameters for determining theroot sequences and their cyclic shifts in the preamble sequence set forthe
primary cell (index to logicalroot sequence table, cyclic shift ( N ¢ ), and set type (unrestricted or restricted
set))

6.1 Physical non-synchronized random access procedure

From the physical layerperspective, the L1 randomaccess procedure encompasses the transmission ofrandomaccess
preamble and randomaccess response. The remaining messages are scheduled for transmission by thehigherlayeron
the shared data channel and are not considered part ofthe L1 randomaccess procedure. A randomaccess channel
occupies 6 resource blocks in a subframe orset of consecutive subframes reserved forrandomaccess preamble
transmissions. The eNodeB is not prohibited fromscheduling data in the resourceblocks reserved forrandomaccess
channel preamble transmission.

The following steps are required for the L1 randomaccess procedure:
1. Layer! procedureis triggered upon request ofa preamble transmission by higher layers.

2. A preambleindex, atarget preamble received power(PREAMBLE RECEIVED TARGET POWER), a
corresponding RA-RNTIand a PRACHresource are indicated by higher layers as part ofthe request.

3. A preamble transmission power Prracu is determined as
Prracit = min{ Poyaxc(i)s PREAMBLE RECEIVED TARGET POWER + PL, } [dBm], where

Pemax (i) 1s the configured UE trans mit power defined in [6] for subframe i of serving cell ¢ and PL, is

the downlink pathloss estimate calculated in the UE for serving cell c.

4. A preamble sequence is selected fromthe preamble sequence set using the preamble index.

5. Asingle preamble is transmitted using the selected preamble sequence with transmission power Ppracy on the
indicated PRACH resource.

6. Detection ofa PDCCH with the indicated RA-RNTI is attempted during a window controlled by higher layers
(see[8], clause 5.1.4). If detected, the corresponding DL-SCH transport block is passed tohigher layers. The
higherlayers parse the transportblock and indicate the 20-bit uplink grant to the physical layer, which is

processed according to clause 6.2.

6.1.1 Timing

Forthe L1 randomaccess procedure, UE's uplink transmis sion timing aftera randomaccess preamble transmission is as
follows.

a. IfaPDCCH with associated RA-RNTTis detected in subframe 7, and the corresponding DL-SCH
transport block contains a response to the transmitted preamble sequence, the UEshall, according to
the information in the response, transmit an UL-SCH transport block in the first subframe n+ &,

k, 2 6, if the UL delay field in clause 6.2is setto zero where n+k; is the first available UL subframe
for PUSCH transmission. The UE shall postpone the PUSCH transmission to the next available UL
subframe after n+k, if the field is setto 1.

b. Ifarandomaccessresponseis receivedin subframe n, and the corresponding DL-SCH transport
blockdoes not contain a responseto the transmitted preamble sequence, the UEshall, if requested by

higherlayers, be ready to transmit a new preamble sequence no later than in subframe »+5.
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c. Ifnorandomaccessresponseis receivedin subframe n, where subframe 7 is the last subframe ofthe
randomaccess response window, the UE shall, if requested by higher layers, be ready to transmit a
new preamble sequence no later thanin subframe n+4.

In case arandomaccess procedure is initiated by a "PDCCH order" in subframe 7, the UE shall, if requested by higher
layers, transmit randomaccess preamble in the first subframe n+4,, k, 2 6, where a PRACH resourceis available.

If a UE is configured with multiple TAGs, and ifthe UE is configured with the carrier indicator field fora given serving
cell, the UE shalluse the carrier indicator field value fromthe detected "PDCCH order" to determine theserving cell for
the corresponding randomaccess preamble transmis sion.

6.2 Random Access Response Grant

The higherlayers indicatethe 20-bit UL Grant to the physical layer, as definedin 3GPP TS 36.321 [8].
This is referred to the Random A ccess Response Grant in the physical layer.
The contentofthese 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 forscheduled PUSCH - 3 bits

- UL delay — 1 bit

- CSI request— 1 bit

The UE shalluse the single-antennaport uplink transmis sion scheme for the PUSCH transmission corresponding to the
Random A ccess Response Grant and the PUSCH retrans mission for the same transport block.

The UE shall performPUSCH frequency hoppingifthe single bit frequency hopping (FH) field in a corresponding
RandomAccess Response Grant is set as 1 and the uplink resource block assignmentis type 0, otherwise no PUSCH
frequency hoppingis performed. Whenthehopping flag is set, the UEshall perform PUSCH hopping as indicated via
the fixed size resourceblock assignmentdetailed below.

The fixed size resourceblock assignment field is interpreted as follows:
if Nyg <44
Truncate the fixed size resource block assignment to its b leastsignificantbits, where

b= ’-log ) (N X (N o+ 1)/ 2)-‘ , and interpret thetruncated resourceblock assignment according to therules fora
regular DCI format 0

else

Insert » most significantbits with value set to '0'after the Ny, s, hoppingbits in the fixed size resource block
assignment, where the number ofhopping bits Nuz 4 is zero when the hopping flag bit is not set to 1, and is defined

in Table 8.4-1 when the hopping flag bitis setto 1,and 5 = Ulog2 (NEBL . (Nl% + 1)/ 2)-‘ —10) , and interpret the
expanded resource block assignment according to therules foraregular DCI format 0
end if

The truncated modulation and coding scheme field is interpreted such that themodulationand coding scheme
corresponding tothe Random A ccess Response grant is determined fromMCS indices 0 through 15in Table 8.6.1-1.
The TPC command §,,,, shallbeused forsetting the power ofthe PUSCH, and is interpreted according to Table 6.2-
L.
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Table 6.2-1: TPC Command s

m.

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

3GPP TS 36.213 V11.4.0 (2013-09)

for Scheduled PUSCH

In non-contention based randomaccess procedure, the CSIrequest field is interpreted to determine whether an aperiodic
CQI, PMI, and Rl report is included in the corresponding PUSCH transmission according to clause 7.2.1. In contention

based randomaccess procedure, the CSIrequest field is reserved.

The UL delay applies forboth TDD and FDD and this field can be set to O or 1 to indicate whether thedelay of PUSCH

is introduced as shownin clause 6.1.1.

3GPP

IPR2025-00138
Petitioner's Exhibit 1007
Page 000028



Release 11 29 3GPP TS 36.213 V11.4.0 (2013-09)

7 Physical downlink shared channel related procedures

ForFDD, there shallbe a maximum of 8 downlink HARQ processes perserving cell.

ForTDD, if a UE is configured with one serving cell, orif the UE is configured with more than oneservingcelland the
TDD UL/DL configuration ofall the configured servingcells is the same, the maximum number of downlink HARQ
processes perserving cellshallbe determined by the UL/DL configuration (Table 4.2-2 of[3]), as indicated in Table 7-
1.

ForTDD, if a UE is configured with more than oneserving celland ifthe TDD UL/DL configuration ofat least two
configuredservingcells is not the same, the maximum number of downlink HARQ processes foraservingcellshallbe
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 forthe serving cell (as defined in clause 10.2).

The dedicated broadcast HARQ process defined in [8] is not counted as part ofthe maximum number of HARQ
processes forbothFDD and TDD.

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

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

o|O|h|WIN|=|O

7.1 UE procedure for receiving the physical downlink shared
channel

Except the subframes indicated by the higher layer parameter mbsfin-SubframeConfigList of servingcell ¢, a UE shall

e upondetectionofa PDCCH of the serving cell with DCI format 1, 1A, 1B, 1C, 1D, 2, 2A, 2B, 2C, or 2D
intended forthe UEin a subframe, or

e upondetectionofan EPDCCH of the serving cell with DCI format 1, 1A, 1B, 1D, 2, 2A, 2B, 2C, or2D
intended forthe UEin a subframe

decode the corresponding PDSCH in the same subframe with the restriction ofthe number of transport blocks defined
in the higherlayers.

A UE may assume thatpositioning reference signals are not present in resource blocks in which it shalldecode PDSCH
accordingto 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 fora given serving cell shall assume thatthe carrier indicator field is
notpresentin any PDCCH of the serving cell in the common search spacethat is described in clause 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 searchspace described in clause 9.1 when the PDCCH/EPDCCH CRC is scrambled by C-
RNTI or SPS C-RNTI.

Ifa UE is configured by higherlayers to decode PDCCH with CRC scrambled by the SI-RNTI, the UE shalldecode the
PDCCH and the corresponding PDSCH according to any ofthe combinations definedin Table 7.1-1. The scrambling

initialization of PDSCH correspondingto these PDCCHs is by SI-RNTI.

3GPP

IPR2025-00138
Petitioner's Exhibit 1007
Page 000029



Release 11 30 3GPP TS 36.213 V11.4.0 (2013-09)

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

DCI format Search Transmission scheme of PDSCH corresponding to PDCCH
Space

DCl format 1C Common If the number of PBCH antenna ports is one, Single-antenna port, port O is used (see
clause 7.1.1), otherwise Transmit diversity (see clause 7.1.2).

DCl format 1A Common If the number of PBCH antenna ports is one, Single-antenna port, port O is used (see
clause 7.1.1), otherwise Transmit diversity (see clause 7.1.2).

If a UE is configured by higher layers to decode PDCCH with CRC scrambled by the P-RNTI, the UE shalldecodethe
PDCCH and the corresponding PDSCH according to any ofthe combinations definedin Table 7.1-2.

The scrambling initialization of PDSCH corresponding to these PDCCHs is by P-RNTL

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

DCI format Search Transmission scheme of PDSCH corresponding to PDCCH
Space

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

DCl format 1A Common If the number of PBCH antenna ports is one, Single-antenna port, port O is used (see
clause 7.1.1), otherwise Transmit diversity (see clause 7.1.2)

If a UE is configured by higher layers to decode PDCCH with CRC scrambled by the RA-RNT]I, the UE shalldecode
the PDCCH and the corresponding PDSCH accordingto any of the combinations definedin Table 7.1-3. The
scrambling initialization of PDSCH corresponding to these PDCCHs is by RA-RNTL

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

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

DCI format Search Transmission scheme of PDSCH corresponding to PDCCH
Space

DCl format 1C Common If the number of PBCH antenna ports is one, Single-antenna port, port O is used (see
clause 7.1.1), otherwise Transmit diversity (see clause 7.1.2)

DCl format 1A Common If the number of PBCH antenna ports is one, Single-antenna port, port O is used (see
clause 7.1.1), otherwise Transmit diversity (see clause 7.1.2)

The UE is semi-statically configured via higher layersignalling to receive PDSCH data transmissions signalled via
PDCCH/EPDCCH accordingto one ofthe transmis sion modes, denoted mode 1 to mode 10.

For frame structure typel,

- the UEis notexpectedto receive PDSCH resourceblocks transmitted on antenna port 5 in any subframe in
which the number of OFDM symbols for PDCCH with normal CP is equalto four;

- the UEis notexpectedto receive PDSCH resourceblocks transmitted on antenna port 5,7, 8, 9, 10, 11, 12,
13 or 14 in the two PRBs to which a pairof VRBs is mapped ifeither one ofthe two PRBs overlaps in
frequency with a transmission of either PBCH or primary orsecondary synchronization signals in the same

subframe;

- theUEis not expectedto receive PDSCH resourceblocks transmitted on antenna port 7 for which
distributed VRBresource allocation s assigned.

- The UE may skip decodingthetransport block(s)if it does not receive all assigned PDSCH resource blocks.
If the UE skips decoding, the physical layerindicates to higher layer thatthe transport block(s) are not
successfully decoded.

For frame structure type2,

- the UEis notexpectedto receive PDSCH resourceblocks transmitted on antenna port 5 in any subframe in
which the number of OFDM symbols for PDCCH with normal CP is equalto four;
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- the UEis not expectedto receive PDSCH resourceblocks transmitted on antenna port 5 in the two PRBs to
which a pair of VRBs is mapped ifeither one ofthe two PRBs overlaps in frequency with a transmission of
PBCH in the same subframe;

- the UEis not expectedto receive PDSCH resourceblocks 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 ofthe two PRBs overlaps in

frequency with a transmission of primary or secondary synchronization signals in the same subframe;

- with normal CP configuration, the UEis not expectedto receive PDSCH on antennaport 5 for which
distributed VRBresource allocationis assigned in the special subframe with configuration#1 or#6;

- the UEis notexpectedto receive PDSCH on antennaport 7 for which distributed VRB resource allocation
is assigned;

- with normal cyclic prefix, the UE is not expectedto 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 decodingthetransport block(s) if it does not receive all assigned PDSCH resource blocks.
If the UE skips decoding, the physical layer indicates to higher layer thatthe transport block(s) are not
successfully decoded.

If a UE is configured by higher layers to decode PDCCH with CRC scrambled by the C-RNTTI, the UE shalldecode 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-RNTL

If a UE is configured by higherlayers to decode EPDCCH with CRC scrambled by the C-RNTI, the UE shalldecode
the EPDCCH and any corresponding PDSCH according to the respective combinations defined in Table 7.1-5A. The

scrambling initialization of PDSCH corresponding tothese EPDCCHs is by C-RNTL

If the UE is configured with the carrier indicator field fora given serving celland, ifthe UE is configured by higher
layers to decode PDCCH/EPDCCH with CRC scrambled by the C-RNTI, then the UEshalldecode PDSCH ofthe
serving cellindicated 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 shallassume that
the PDSCH transmission is associated with transport block 1 and thattransport block 2 is disabled.

When a UEis configuredin transmissionmode 7, scrambling initialization of UE-s pecific reference signals
corresponding tothese PDCCHs/EPDCCHs is by C-RNTT.

The UE does notsupport transmissionmode 8 if extended cyclic prefix is used in the downlink.

When a UEis configuredin transmissionmode 9 or 10, in the subframes indicated by the higher layer parameter mbsfi-
SubframeConfigList of servingcell ¢ except in subframes forthe serving cell

- indicated by higherlayers todecode PMCH or,

- configured by higherlayers to be part ofa positioning reference signal occasion and the positioning
reference signal occasionis only configured within MBSFN subframes and thecyclic prefixlength used in
subframe #0is normal cyclic prefix,

the UE shallupon detection ofa PDCCH with CRC scrambled by the C-RNTI with DCI format 1A/2C/2D intended for
the UE or, upon detectionofan EPDCCH with CRC scrambled by the C-RNTIwith DCI format 1A/2C/2D intended for
the UE, decode thecorresponding PDSCH in the same subframe.

A UE configured in transmissionmode 10 can be configured with scrambling identities, np <>, i = 0,1 by higher

layers for UE-specific reference signal generationas definedin clause6.10.3.1 of [3] to decode PDSCH according toa
detected PDCCH/EPDCCH with CRC scrambled by the C-RNTIwith DCI format 2D intended for the UE.

3GPP

IPR2025-00138
Petitioner's Exhibit 1007
Page 000031



Release 11

32

3GPP TS 36.213 V11.4.0 (2013-09)

Table 7.1-5: PDCCH and PDSCH configured by C-RNTI

Transmission

Transmission scheme of PDSCH

mode st SRALEN RIS corresponding to PDCCH
Common and .
Mode 1 DCI format 1A UE specific by C-RNTI Single-antennaport, port O (see clause 7.1.1)
DCI format 1 UE specificby C-RNTI Single-antennaport, port O (see clause 7.1.1)
DCl format1A | Commonand Transmit diversity (see clause 7.1.2)
Mode 2 UE specificby C-RNTI o
DCl format 1 UE specificby C-RNTI Transmitdiversity (see clause 7.1.2)
Common and g .
Mode 3 DCI format 1A UE specific by C-RNTI Transmitdiversity (see clause 7.1.2)
DCI format 2A | UE specific by C-RNTI L.arge'delay CDD (see clause 7.1.3) or Transmit
diversity (see clause 7.1.2)
Common and . )
Mode 4 DCI format 1A UE specific by C-RNTI Transmitdiversity (see clause 7.1.2)
e ] Closed-loop spatial multiplexing (see clause 7.1.4)or
DCI format 2 UE specificby C-RNTI Transmit diversity (see clause 7.1.2)
Common and o )
Mode 5 DCI format 1A UE specific by C-RNTI Transmit diversity (see clause 7.1.2)
DCI format1D | UE specificby C-RNTI Multi-user MIMO (see clause 7.1.5)
Common and . )
Mode 6 DCI format 1A UE specific by C-RNTI Transmit diversity (see clause 7.1.2)
DCI format 1B UE specific by C-RNTI Clgsed-loop spgt@l multiplexing (see clause 7.1.4)using
a single transmission layer
Common and Ifthe numberof PBCH antenna portsisone, Single-
DCI format 1A e g antenna port, port O isused (see clause 7.1.1), otherwise
Mode 7 UE specific by C-RNTI Transmit diversity (see clause 7.1.2)
DCI format 1 UE specificby C-RNTI Single-antennaport, port 5 (see clause 7.1.1)
[fthe numberof PBCHantenna portsisone, Single-
DCI format 1A Common and antenna port, port O isused (see clause 7.1.1), otherwise
UE specific by C-RNTI 3 Port, pe A,
Mode 8 Transmit diversity (see clause 7.1.2)
e ] Dual Tayertransmission, port 7 and 8 (see clause 7.1.5A)
DCI format 2B UE specific by C-RNTI or single-antennaport, port 7 or 8 (see clause 7.1.1)
. Non-MBSFN subframe: If the number of PBCH
antenna portsisone, Single-antennaport, port O is
DCI format 1A Common andUE specific by used (see clause 7.1.1), otherwise Transmit diversty
Mode 9 C-RNTI (see clause 7.1.2)
. MBSFN subframe: Single-antennaport, port 7 (see
clause 7.1.1)
e Up to 8 layertransmission, ports7-14 (see clause 7.1.5B)
DCl format2C | UE specificby C-RNTI or single-antennaport, port 7 or 8 (see clause 7.1.1)
. Non-MBSFN subframe: If the number of PBCH
antenna portsisone, Single-antennaport, port O is
Common andUE specific by used (see clause 7.1.1), otherwise Transmit
Mode 10 DCI format 1A | onT) diversity (see clause 7.1.2)
ode . MBSFN subframe: Single-antennaport, port 7 (see
clause 7.1.1)
DCl format 2D | UE specific by C-RNTI Up to 8 layertransmission, ports7-14 (see clause 7.1.5B)

or single-antennaport, port 7 or8 (see clause 7.1.1)
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Table 7.1-5A: EPDCCH and PDSCH configured by C-RNTI

Transmission Search - .
mode DCI format Space Transmission scheme of PDSCH corresponding to EPDCCH
DCI format 1A g;cs_p;ﬁ-lrﬂlc Single-antennaport, port 0 (see clause 7.1.1)
Mode 1 DCI format 1 UE specific Single-antennaport, port 0 (see clause 7.1.1)
by C-RNTI 9 port, p A
DCI format 1A UE specilic Transmit diversity (see clause 7.1.2)
by C-RNTI
Mode 2 UE specific
DCI format 1 by C-RNTI Transmit diversity (see clause 7.1.2)
DCl format 1A | o= PECMNC | 4 b emit diversity (see clause 7.1.2)
by C-RNTI
Mode 3 UE specific
DCI format 2A by C-RNTI Large delay CDD (see clause 7.1.3) or Transmitdiversity (see clause 7.1.2)
DCI format 1A gfcs_p;,\‘fiTﬁlc Transmit diversity (see clause 7.1.2)
Mode 4 DCI format 2 UE specific Closed-loop spatial multiplexing (see clause 7.1.4)or Transmit diversity (see
by C-RNTI clause 7.1.2)
DCI format 1A kL)J}I,ECs_p;’\(I:_II_ﬂIc Transmit diversity (see clause 7.1.2)
Mode 5 DCl format1D | JE SPeCific | \y 14 iser MIMO (see clause 7.1.5)
by C-RNTI T
DCI format 1A tJsz_pRe’\(l:_lrfllc Transmit diversity (see clause 7.1.2)
Mode 6 DCl f t1B UE specific Closed-loop spatial multiplexing (see clause 7.1.4) using a single transmission
orma by C-RNTI layer
DCI format 1A UE specific Itthe numberof PBCH antenna portsisone, Single-antenna port, port O is
Mode 7 by C-RNTI used (see clause 7.1.1), otherwise Transmit diversity (see clause 7.1.2)
UE specific .
DCI format 1 by C-RNTI Single-antennaport, port5 (see clause 7.1.1)
DCI format 1A UE specific Ifthe numberof PBCH antenna portsisone, Single-antenna port, port O is
by C-RNTI used (see clause 7.1.1), otherwise Transmit diversity (see clause 7.1.2)
Mode 8 DCI format 2B UE specific Dual Tayertransmission, port 7 and 8 (see clause 7.1.5A) orsingle-antenna
by C-RNTI port, port 7 or 8 (see clause 7.1.1)
. Non-MBSFN subframe: If the number of PBCH antennaportsisone,
DCI format 1A UE specific Single-antennaport, port 0 isused (see clause 7.1.1), otherwise Trangmit
Mode 9 by C-RNTI diversity (see clause 7.1.2)
ode . MBSFN subframe: Single-antennaport, port 7 (see clause 7.1.1)
UE specific Up to 8 layertransmission, ports7-14 (see clause 7.1.5B)orsingle-antenna
DClformat2C | ) 'c'RNTI | port, port 7 or 8 (see clause 7.1.1)
. Non-MBSFN subframe: If the number of PBCH antennaportsisone,
UE specific Single-antennaport, port 0 isused (see clause 7.1.1), otherwise Tranamit
Mode 10 DClformat 1A | | RN T diversity (see clause 7.1.2)
ode . MBSFN subframe: Single-antennaport, port 7 (see clause 7.1.1)
UE specific Up to 8 layertransmission, ports7-14 (see clause 7.1.5B)orsingle-antenna
DCIformat2D | | "e'oNTI | port, port 7 or 8 (see clause 7.1.1)

If a UE is configured by higher layers to decode PDCCH with CRC scrambled by the SPS C-RNTT, the UE shall
decode the PDCCH on the primary cell and any corresponding PDSCH on the primary cellaccordingto the respective
combinations defined in Table 7.1-6. The same PDSCH related configurationapplies 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-RNTL

If a UE is configured by higher layers to decode EPDCCH with CRC scrambled by the SPS C-RNT], the UE shall
decode the EPDCCH on the primary cell and any corresponding PDSCH on the primary cell accordingto therespective
combinations definedin 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-RNTL

When a UEis configuredin transmissionmode 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-
RNTL

When a UEis configured in transmissionmode 9 or 10, in the subframes indicated by the higher layer parameter mbsfn-
SubframeConfigList of serving cell ¢ except in subframes forthe serving cell

- indicated by higherlayers todecode PMCH or,
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- configuredby higherlayers to be part ofa positioning referencesignal occasion and the positioning
reference signal occasionis only configured within MBSFN subframes and the cyclic prefixlength used in
subframe #0is normal cyclic prefix,

the UE shallupon detection ofa PDCCH with CRC scrambled by the SPS C-RNTI with DCI format 1A/2C/2D, or
upon detectionofa EPDCCH with CRC scrambled by the SPS C-RNTIwith DCI format 1A/2C/2D, or for a configured
PDSCH without PDCCH intended for the UE, decodethe corresponding PDSCH in the same subframe.

A UE configured in transmission mode 10 can be configured with scrambling identities, ny"">', i = 0,1 by higher
layers for UE-specific reference signal generation as defined in clause 6.10.3.1 of [3] to decode PDSCH according toa
detected PDCCH/EPDCCH with CRC scrambled by the SPS C-RNTI with DCI format 2D intended forthe UE.

ForPDSCH without a corresponding PDCCH/EPDCCH, the UE shalluse the value of g, and the scrambling

identity of nl(gscm) (as defined in clause6.10.3.1 of [3]) derived fromthe DCI format 2D correspondingto the
associated SPS activation for UE-specific reference signal generation.
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Table 7.1-6: PDCCH and PDSCH configured by SPS C-RNTI

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-antennaport, port 0 (see clause 7.1.1)
DCI format 1 UE specificby C-RNTI | Single-antennaport, port 0 (see clause 7.1.1)
DCl format1A | Common and Transmit diversity (see clause 7.1.2)
Mode 2 UE specificby C-RNTI o
DCIl format 1 UE specitficby C-RNTT | Transmitdiversity (see clause 7.1.2)
Common and o .
Mode 3 DCI format 1A UE specific by C-RNTI Transmit diversity (see clause 7.1.2)
DCI format 2A UE specificby C-RNTI | Transmitdiversity (see clause 7.1.2)
Common and g .
Mode 4 DCI format 1A UE specific by C-RNTI Transmit diversity (see clause 7.1.2)
DCI format 2 UE specificby CRNT| | |ransmitdiversity (see clause 7.1.2)
Common and o )
Mode 5 DCI format 1A UE specific by C-RNTI Transmit diversity (see clause 7.1.2)
Common and L .
Mode 6 DCI format 1A UE specific by C-RNTI Transmit diversity (see clause 7.1.2)
Common and :
Mode 7 DCI format 1A UE specific by C-RNTI Single-antennaport, port 5 (see clause 7.1.1)
DCI format 1 UE specificby C-RNTT | Single-antennaport, port 5 (see clause 7.1.1)
DCI format 1A ommon and Single-antennaport, port 7(see clause 7.1.1)
Mode 8 UE specific by C-RNTI 9 por, p -
DCI format 2B UE specificby C-RNTI | Single-antennaport, port7 or8 (see clause 7.1.1)
DCI format 1A tommon and Single-antennaport, port 7 (see clause 7.1.1)
Mode 9 UE specific by C-RNTI 9 por. p A
DCI format 2C UE specificby C-RNTI | Single-antennaport, port7 or8, (see clause 7.1.1)
DCI format1A | commonand Single-ant , port 7 lause 7.1.1
Mode 10 orma UE specific by C-RNTI ingle-antennaport, port 7 (see clause 7.1.1)

DCI format 2D

UE specificby C-RNTI

Single-antennaport, port 7 or 8, (see clause 7.1.1)
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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,S\Ip-ﬁCIﬂbe Single-antennaport, port O (see clause 7.1.1)
Mode 1 —

DCI format 1 g_ER’s\lp_lc_elmﬂc by Single-antennaport, port 0 (see clause 7.1.1)

DCI format 1A gi,s\lp.ﬁc'fmby Transmit diversity (see clause 7.1.2)
Mode 2 —

DCI format 1 g_ER,S\lp-ﬁCIﬂbe Transmit diversity (see clause 7.1.2)

DCI format 1A g_ER,S\IpTeIC'f'CbV Transmit diversity (see clause 7.1.2)
Mode 3 —

DCI format 2A UE specific by Transmit diversity (see clause 7.1.2)

C-RNTI

DCI format 1A g_ERf\lpTeIC'f'be Transmit diversity (see clause 7.1.2)
Mode 4

DCI format 2 UE speciicby Transmit diversity (see clause 7.1.2)

C-RNTI

Mode 5 DCI format 1A g_ER’s\lp_lc_alcmc by Transmit diversity (see clause 7.1.2)
Mode 6 DCI format 1A gFR,S\fTeIC”‘CbV Transmit diversity (see clause 7.1.2)

DCI format 1A glER’s\lpTelcmcby Single-antennaport, port 5 (see clause 7.1.1)
Mode 7 UE specificby

DCI format 1 C-RNTI Single-antennaport, port5 (see clause 7.1.1)

DCI format 1A gi,s\lp.ﬁc'fmby Single-antennaport, port 7(see clause 7.1.1)
Mode 8 UE specificby

DCI format 2B C-RNTI Single-antennaport, port 7 or8 (see clause 7.1.1)

DCI format 1A gFR,S\Ip.ﬁCiﬁbe Single-antennaport, port 7 (see clause 7.1.1)
Mode 9

DCI format 2C glER’s\lpTelcmcby Single-antennaport, port 7 or8, (see clause 7.1.1)

DCI format 1A g_ER,S\lp-ﬁmﬂbe Single-antennaport, port 7 (see clause 7.1.1)
Mode 10 —

DCI format 2D gFR,S\IpTeIC'f'be Single-antennaport, port 7 or8, (see clause 7.1.1)

Ifa UE is configured by higher layers to decode PDCCH with CRC scrambled by the Temporary C-RNTIand is not
configured to decode PDCCH with CRC scrambled by the C-RNTI, the UE shalldecode the PDCCH and the
corresponding PDSCH according to the combination defined in Table 7.1-7. The scrambling initialization of PDSCH
corresponding tothese PDCCHs is by Temporary C-RNTL

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

DCI format Search Space Transmission scheme of PDSCH corresponding to PDCCH
DCI format 1A Sgn;g;%?find If the numberpf PBCH antenna port isone, Single-antenna port, port 0 isused (see clause
7.1.1), otherwise Transmit diversity (see clause 7.1.2)
by Temporary C-RNTI
DCI format 1 UE specific Ifthe numberof PBCH antenna portisone, Single-antenna port, port O isused (see clause
by Temporary C-RNTI | 7.1.1), otherwise Transmit diversity (see clause 7.1.2)

The transmission schemes ofthe PDSCH are described in the following sub-clauses.

7.1.1 Single-antenna port scheme

Forthe single-antenna port transmission schemes (port0, port 5, port 7 or port 8) ofthe PDSCH, the UE may assume
that an eNB transmission on the PDSCH would be performed accordingto clause 6.3.4.1 of [3].

In casean antenna port p € {7,8} is used,the UEcannot assume that theotherantenna portintheset {7,8} isnot
associated with transmission of PDSCH to another UE.
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7.1.2  Transmitdiversity scheme

Forthe transmit diversity transmission scheme ofthe PDSCH, the UE may assume that an eNB transmissionon the
PDSCH would be performed accordingto clause 6.3.4.3 of [3]

7.1.3  Large delay CDD scheme

Forthe large delay CDD transmission scheme ofthe PDSCH, the UE may assume that an eNB transmissionon the
PDSCH would be performed accordingto large delay CDD as defined in clause6.3.4.2.2 of [3].

7.1.4  Closed-loop spatial multiplexing scheme

Forthe closed-loop spatial multiplexing trans missionscheme ofthe PDSCH, the UE may assume thatan eNB
transmission on the PDSCH would be performed according to the applicable number oftransmission layers as defined
in clause 6.3.4.2.1 of [3].

715 Multi-user MIMO scheme

Forthe multi-user MIMO transmissionscheme ofthe PDSCH, the UE may assume that an eNB transmission on the
PDSCH would be performed on one layerand accordingto clause 6.3.4.2.10f[3]. The &

power-offset

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

dB value signalled

Table 7.1.5-1: Mapping of downlink power offset field in DCI format 1D to the 5power_0ffsel value.
Dow nlink pow er offset field é‘power_offset [dB]
0 -10log10(2)
1 0

7.1.5A Dual layer scheme

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

7.1.5B Up to 8 layer transmission scheme

Forthe up to 8 layertransmission scheme ofthe 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 clause6.3.4.4 of[3].

7.1.6 Resource allocation

The UE shallinterpret 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 ofthe actual resourceblock 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 thesame format and are distinguished fromeach other via the single bit resource allocation
header field which exists depending on the downlink systembandwidth (clause 5.3.3.1 of [4]), where type Ois indicated
by 0 value and type 1 is indicated otherwise. PDCCH with DCI format 1A, 1B, 1C and 1D have atype 2 resource
allocation while PDCCH with DCI format 1,2, 2A,2B, 2C and 2D have type O ortype 1 resource allocation. PDCCH
DCI formats with a type 2 resourceallocation donot havea resourceallocation header field.

EPDCCH DCI formats 1, 2, 2A, 2B, 2C and 2D with type 0and EPDCCH DCI formats 1,2, 2A, 2B, 2C and 2D with
type 1 resourceallocationhave the same format and are distinguished fromeach other via the single bit resource
allocation header field which exists depending on thedownlink systembandwidth (clause 5.3.3.1 of [4]), where type 0
is indicated by O value and type 1 is indicated otherwise. EPDCCH with DCI format 1A, 1B, and 1D have atype 2
resourceallocation while EPDCCH with DCI format 1, 2, 2A, 2B, 2C and 2D have type O ortype 1 resource allocation.
EPDCCH DCI formats with a type 2 resource allocationdo not have a resource allocation header field.
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7.1.61 Resource allocation type O

In resource allocations oftype0, resourceblock 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) oflocalized type as definedin clause 6.2.3.1 of [3]. Resource block groupsize (P)is a function ofthe

systembandwidth as shownin Table 7.1.6.1-1. The totalnumber of RBGs ( Nyp ) for downlink systembandwidth
of Ny is givenby Npps = ’_N% /P-‘ where LN% /PJ ofthe RBGs are of'size P andif Nyt mod P >0 thenone

of the RBGs is of size NQ& — P- \_N% /PJ. The bitmap is of size Ny bits with one bitmap bit per RBG such that

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

RBG Ny, —1 are mapped to MSBto LSB of the bitmap. The RBGiis allocated to the UEif the corresponding bit
value in the bitmap is 1, the RBG is not allocated to the UE otherwise.

Table 7.1.6.1-1: Type 0 resource allocation RBG size vs. Downlink System Bandwidth

System Bandwidth | RBG Size
N%‘ (P)
<10

11 -26

27 -63
64 — 110

AlWIN[—

7.1.6.2 Resource allocation type 1

In resource allocations oftype 1,a resource block assignmentinformation ofsize Ny, indicates to ascheduled UE

the VRBs from the set of VRBs from one of PRBG subsets. The virtual resource blocks used are oflocalized type as
defined in clause 6.2.3.1 of [3]. Also Pis the RBG size associated with thesystembandwidth as shown in Table 7.1.6.1-

1. ARBG subset p,where 0 < p < P, consistsofevery P thRBGstarting fromRBG p . The resource block
assignmentinformation consists of three fields [4].

The first field with [log,(P)]| bits is used to indicate the selected RBG subsetamong P RBG subsets.

The second field with one bit is used to indicatea shift ofthe 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 eachbit ofthe bitmap addresses a single VRB in the selected RBGsubset in
such a way that MSBto LSB ofthe bitmap are mapped to the VRBs in the increasing frequency order. The VRB is
allocated to the UEIif the corresponding bit value in the bit field is 1, the VRB is not allocated to the UE otherwise.

The portion ofthe bitmap used toaddress VRBs in a selected RBGsubset hassize Niy'"! andis definedas
v =g p] ~Togae)] -1

The addressable VRB numbers ofa selected RBGsubset start froman offset, Ashm (p) to the smallest VRB number

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

allocation spanis setto 0, the offsetforRBG subset p is givenby A, (p) = 0.Otherwise, the offset for RBG

subset p is givenby A .. (p) = N;{EG subset (p)— N;gPEl ,where the LSB of the bitmap is justified with the

highest VRB number within the selected RBG subset. Nio© ™ (p)is the number of VRBs in RBG subset p and
can be calculated by the following equation,
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NDL g NDPL 1
RE ) pyp ’p<%modP
P
NDL 4 NDPL 1
VRBG subset 1y _ R,]iz P+(NPX —)modP+1 ,p= 0, |modP
NDL 4 NDPL 1
Rp% P D> R’% mod P

Consequently, whenRBGsubset p is indicated, bit i for i =0,1,---, Nap "' —1 in the bitmap field indicates VRB
number,

nRBG subset (p) — [l + Ashift (p)

" P JPZ+p'P+(i+Ashift(p))m0dP.

7.1.6.3 Resource allocation type 2

In resource allocations oftype 2, the resource block assignment information indicates to a scheduled UEa set of
contiguously allocated localized virtual resource blocks or distributed virtual resource blocks. In case ofresource
allocation signalled with PDCCH DCI format 1A, 1B or 1D, or forresource allocation signalled with EPDCCH DCI
format 1A, 1B, or 1D, one bit flag indicates whether localized virtual resource blocks or distributed virtual res ource
blocks are assigned (value O indicates Localized and value 1 indicates Distributed VRB assignment) while distributed
virtual resourceblocks are always assigned in case ofresource allocationsignalled with PDCCH DCI format 1C.
Localized VRB allocations fora UE vary froma single VRB up to a maximum number of VRBs spanning the system
bandwidth. For DCI format 1A the distributed VRB allocations fora UE vary froma single VRB upto yPL VRBs,

where NDL is defined in [3], if the DCI CRC is scrambled by P-RNTI,RA-RNTIL, or SI-RNTI. With PDCCH 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 or Temporary C-RNTI distributed VRB allocations fora UEvary froma single VRB upto 2L VRBs if Np-

is 6-49 and vary fromasingle VRB up to 16 if NP is 50-110. With EPDCCH DCI format 1B, 1D with a CRC

scrambled by C-RNTTI, or with DCI format 1A with a CRC scrambled with C-RNTI, SPS C-RNTI distributed VRB
allocations fora UE vary froma single VRB upto nPt VRBs if N is 6-49 and vary froma single VRB up to 16 if

N e is 50-110. With PDCCH DCI format 1C, distributed VRBallocations fora UE vary from N3 VRB(s) up to
LN'VDI'{B / N;‘;"J- N VRBs withan increment stepof N3P, where Ny valueis determined depending onthe

downlink systembandwidthas shownin Table 7.1.6.3-1.

Table 7.1.6.3-1: N3 valuesvs. Downlink System Bandwidth

System BW ( N}?];“) Nig
DCI format 1C
6-49 2
50-110 4

ForPDCCH DCI format 1A, 1B or 1D, or for EPDCCH DCI format 1A, 1B, or 1D, a type 2 resource allocation field

consists ofaresourceindication value (R/V) corresponding to a startingres ource block ( RB,,,,, ) and a length in terms

of virtually contiguously allocatedresourceblocks L ., . The resourceindication value is defined by

CRBs
if (LCRBS _1) < LNI% /ZJ then

RIV = Ny (Legg, —1) + RB

start

else

3GPP

IPR2025-00138
Petitioner's Exhibit 1007
Page 000039



Release 11 40 3GPP TS 36.213 V11.4.0 (2013-09)

RIV:NI?I?(NI?BL _LCRBS +1)+(N1?1§ _I_RBstart)

>1 and shallnotexceed N25 — RB

where LCRBS - VRB start *

ForPDCCH DCI format 1C, a type 2 resourceblock assignment field consists ofa resource indication value (R/}V)
corresponding toa starting resourceblock ( RB,,,,, =0, NP, 2N,..., (|_N\]?II{_B | N3 J_ D) and alength in terms

RB °’ RB °°

of virtually contiguously allocated resourceblocks ( Logg, = N3P, 2N \_N\?II{B /N J N;t;p).

RB °’ RB *°° 7

The resource indication valueis defined by:
. ' DL
i (Ll —1) <[ NI2E /2] then

RIV = Ny (Ligs, 1) + RB,

start

else

RIV = Ny (Njy = Legg, +1) +(Njgey —1-RB,

start )

where L’CRBS = LCRBS /N;t;p . RB,,,, =RB /N;t;p and Nl'/IL':é = I_NVDRLB /N;t;p J Here,

start start

L5, > 1 andshallnotexceed Njo. —RB!, .
7.1.6.4 PDSCH starting position

The starting OFDM symbol for the PDSCH ofeach activated serving cellis given by index Ipasian in the first slotin a

subframe.
Fora UE configuredin transmissionmode 1-9, for a given activated serving cell

— if the PDSCH is assigned by EPDCCH received in the same serving cell, orif the UE is configured to monitor
EPDCCH in the subframe andthe PDSCH is not assigned by a PDCCH/EPDCCH, and if the UE is configured

with the higher layer parameter epdcch-StartSymbol-ri1

o 'puasarn i given by the higher-layer parameter epdcch-StartSymbol-ri 1.

— elseif PDSCH and the corresponding PDCCH/EPDCCH are received on differentserving cells

o Ipaasur ig given by the higher-layer parameter pdsch-Start-r10forthe serving cell on which PDSCH
is received,

— Otherwise

o !puasan js given by the CFI value in the subframe ofthe given serving cellwhen Ngy >10,and

[

. . . . . DL
patastare 18 81ven by the CFlvalue +1 in the subframe ofthe givenservingcellwhen Nyg <10.

Fora UE configuredin transmissionmode 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

o 'pamsan s given by the spanofthe DCI given by the CFl value in the subframe ofthe givenserving
cell according toclause 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 transmissionis on antenna ports 0- 3

o if the PDSCH is assignedby EPDCCH received in the same serving cell
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= ’bassur is given by ] for the EPDCCH-PRB-set where EPDCCH with the DCI

EPDCCHStart

format 1A was received (/ as defined in clause9.1.4.1),

EPDCCHStart
o elseif PDSCH and the corresponding PDCCH/EPDCCH are received on differentserving cells
s basan g given by the higher-layer parameter pdsch-Start-r1 0 for the serving cellon which
PDSCH is received.

o otherwise

s ’paasur is given by the CFIvalue in the subframe ofthe given serving cellwhen Npy > 10,

and /patastrt s given by the CFlvalue+1 in the subframe ofthe givenservingcell when
Npg <10.
— if the PDSCH is assigned by orsemi-statically scheduled by a PDCCH/EPDCCH with DCI format 1A and if the
PDSCH transmission is on antenna port 7
o if thevalue ofthe higherlayerparameter pdsch-Start-r11 determined fromparameterset 1 in table
7.1.9-1 forthe serving cellon which PDSCH is received belongs to {1,2,3,4},

s Lousuns given by the higher layer parameter pdsch-Start-r1 I determined fromparameterset
1 in table 7.1.9-1 for the servingcellon which PDSCH s received.

o else,
» if PDSCH and the corresponding PDCCH/EPDCCH are received on different serving cells,

o Iowasun i given by the higher-layer parameter pdsch-Start-r1 0 forthe serving cell
on which PDSCH is received

= otherwise

o Iowsan js given by the CFlvalue in the subframe ofthe given serving cell when
NRL 510, and /pausur is given by the CFlvalue + 1 in the subframe ofthe given
serving cellwhen Npy <10.
o if the subframe on which PDSCH is received is indicated by the higher layer parameter mbsfin-

SubframeConfigList-r11 determined fromparameterset 1 in table 7.1.9-1 for the servingcellon
which PDSCH is received, orifthe PDSCH is received on subframe 1 or 6 forthe frame structure

type 2,
[ ] lDatuStart = min(z’ ll’)ataStart ) 5
o otherwise

l = lDataStart .

L] DataStart

— if the PDSCH is assigned by orsemi-persistently scheduled by a PDCCH/EPDCCH with DCI format 2D,

- if the value ofthe higher layer parameter pdsch-Start-r11 determined fromthe DCI (accordingto clause
7.1.9) for the serving cellon which PDSCH is received belongs to {1,2,3,4},

usa 18 given by parameter pdsch-Start-r11 determined fromthe DCI (according to clause
7.1.9) for the serving cellon which PDSCH is received

o

- else,
o if PDSCH and the corresponding PDCCH/EPDCCH are received on different serving cells,

s 18 g1ven by the higher-layer parameter pdsch-Start-r10forthe serving cell
on which PDSCH is received

[ ] l'

o Otherwise
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= 7 is given by the CFl value in the subframe ofthe given serving cell when

DataStart
NPL >10, and /pausurt is given by the CFIvalue+1 in the subframe ofthe given
serving cellwhen NR& <10.

— if the subframe on which PDSCH is received is indicated by the higher layer parameter mbsfi-

SubframeConfigList-r11 determined fromthe DCI (according to clause 7.1.9) for the servingcellon
which PDSCH is received, orifthe PDSCH is received on subframe 1 or 6 for frame structure type2,

l = min(za l]’)atastart ) s

e} DataStart
— otherwise
(o) lDataStan = ll’:)ataStart .
7.1.6.5 Physical Resource Block (PRB) bundling

A UE configured for transmissionmode 9 fora given serving cell c may assume that precoding granularity is multiple
resourceblocks in the frequency domain when PMI/RIreporting is configured.

Fora given servingcellc,if a UE is configured for transmission mode 10

- if PMI/RIreporting is configured forall configured CSIprocesses forthe servingcell ¢, the UE may assume
that precoding granularity is multiple resource blocks in the frequency domain,

- otherwise,the UEshallassume the precoding granularity is one resourceblock in the frequency domain.

Fixed systembandwidth dependent Precoding Resourceblock Groups (PRGs)ofsize P’ partition the system
bandwidthand each PRG consists of consecutive PRBs. If N[I{)}Ig mod P’ >0 then one ofthe PRGs is ofsize

N EEI; - P'LN 1%5 /P’J. The PRG size is non-increasing starting at the lowest frequency. The UEmay assume that the
same precoder applies on all scheduled PRBs within a PRG.

The PRG size a UE may assume fora given systembandwidth is givenby:

Table 7.1.6.5-1
System Bandw idth PRG Size (P')
(Ng5) (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 UEshall
first

— read the 5-bit "modulationand codingscheme" field ( 7, ) in the DCI
and secondifthe DCI CRC is scrambled by P-RNTI, RA-RNTI, or SI-RNTT then
— for DCI format 1A:

o settheTable7.1.7.2.1-1 column indicator Ny, to Nppg fromclause 5.3.3.1.3 in [4]

— for DCI format 1C:
o useTable7.1.7.2.3-1 fordetermining its transportblock size.

else
- set N{,RB to the totalnumber ofallocated PRBs based onthe procedure definedin clause 7.1.6.

if the transport block is transmitted in DWPTS of the special subframe in frame structuretype 2, then

o for special subframe configuration 9 with normal cyclic prefix or special subframe configuration 7
with extended cyclic prefix:

N =max{ Nl x0.375 |, 1}
W sct the Table 7.1.7.2.1-1 column indicator ~ ~*¢ L PRB J

o for otherspecial subframe configurations:

W sctthe Table 7.1.7.2.1-1 column indicator Ny, = max {| Npyy x0.75 |, 1},

else,setthe Table 7.1.7.2.1-1 column indicator N, = N;,RB .

The UE may skip decodinga transport block in an initial transmission if the effective channel code rate is higherthan
0.930, where the effective channel code rate is defined as the number of downlink information bits (including CRCbits)
divided by the number ofphysical channel bits on PDSCH. If the UE skips decoding, the physical layer indicates to
higherlayerthat thetransport block is notsuccessfully decoded. Forthe special subframe configurations 0 and 5 with
normal downlink CP or configurations 0 and 4 with extended downlink CP, shown in Table 4.2-1 of[3], there shallbe
no PDSCH transmissionin DWPTS ofthe special subframe.

7171 Modulation order determination

The UE shalluse Q, =2 if the DCI CRC is scrambled by P-RNTL RA-RNTI, or SI-RNTI, otherwise, the UEshall
use /,,s and Table 7.1.7.1-1 to determine the modulation order ( Q,, ) used in the physicaldownlink shared channel.
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Release 11 44
Table 7.1.7.1-1: Modulation and TBS index table for PDSCH
MCS Index || Modulation Order | TBS Index

IMCS 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 4 9
1 4 10
12 4 11
13 4 12
14 4 13
15 4 14
16 4 15
17 6 15
18 6 16
19 6 17
20 6 18
21 6 19
22 6 20
23 6 21
24 6 22
25 6 23
26 6 24
27 6 25
28 6 26
29 2
30 4 reserved
31 6

71.7.2 Transport block size determination

Ifthe DCI CRC is scrambled by P-RNTIL, RA-RNTI, or SI-RNTTI then

— for DCI format 1A:

o theUEshallsetthe TBSindex( /.5 ) equalto 7, and determine its TBS by the procedure in

clause7.1.7.2.1.

- for DCI format 1C:

o theUEshallsetthe TBSindex( /., ) equalto 7,,.; and determine its TBS fromTable 7.1.7.2.3-1.

else

— for0< 17, <28, the UEshallfirst determine the TBS index( /. ) using 7,,.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. Fora transportblock
that is not mappedto more thansingle-layer spatial multiplexing, the TBS is determined by the procedure in
clause 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 clause 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 clause7.1.7.2.4. For atransport block that is mapped to four-layer
spatialmultiplexing, the TBS is determined by the procedure in clause7.1.7.2.5.
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— for29<1,,. £31,the TBSis assumed to be as determined fromDCI transported in the latest

PDCCH/EPDCCH forthe same transport blockusing 0 < 7, <28 .If there is no PDCCH/EPDCCH forthe
same transportblockusing ) < Tyes <28, and ifthe initial PDSCH for the same transport block is s emi-

persistently scheduled, the TBS shall be determined fromthe most recent semi-persistents cheduling as signment
PDCCH/EPDCCH.

— In DCI formats 2, 2A, 2B, 2C and 2D a transport blockis disabledif 7,,.; =0 andif 7visv =1 otherwisethe
transport block is enabled.

The NDI and HARQ process ID, as signalled on PDCCH/EPDCCH, and the TBS, as determined above, shallbe
delivered to higher layers.

7.1.7.21 Transport blocks not mapped to two or more layer spatial multiplexing
For1< N, <110,the TBSis given by the( 7,5, Ny ) €ntry of Table 7.1.7.2.1-1.

Table 7.1.7.2.1-1: Transport block size table (dimension 27x%110)

1 NPRB
TBS
1 2 3 4 5 6 7 8 9 10
16 32 56 88 120 152 176 208 | 224 [ 256
! 56 88 144 176 | 208 | 224 756 | 328 | 344
37 77 144 176 708 | 256 | 296 328 | 376 | 424

40 104 176 208 256 328 392 440 504 568
56 120 208 256 328 408 488 552 632 696
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 17096 | 1256 | 1384
136 296 456 616 776 936 7096 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 | 5760 | 5736 | 6200
26 712 1480 [ 2216 | 2984 | 3752 | 4392 | 5160 | 5992 | 6712 | 7480

QO N|O|O| AW N T

Irps

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
2 472 520 568 616 648 696 744 776 840 872
3 616 680 744 808 872 904 968 1032 [ 1096 [ 1160
4 776 840 904 1000 1064 | 1128 | 1192 1288 | 1352 | 1416
5 968 1032 | 1128 | 1224 1320 | 1384 | 1480 1544 | 1672 | 1736
6
7
8
9

1128 1224 | 1352 | 1480 1544 | 1672 | 1736 1864 | 1992 | 2088
1320 1480 | 1608 | 1672 1800 | 1928 | 2088 | 2216 | 2344 | 2472
1544 1672 | 1800 | 1928 | 2088 | 2216 | 2344 | 2536 | 2664 | 2792
1736 1864 | 2024 | 2216 | 2344 | 2536 | 2664 | 2856 | 2984 | 3112
10 1928 | 2088 | 2280 | 2472 | 2664 | 2792 | 2984 | 3112 | 3368 | 3496
11 2276 | 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 3112 3496 [ 3752 | 4008 [ 4264 | 4584 | 4968 | 5160 | 5544 | 5736
15 3368 | 3624 [ 4008 [ 4264 | 4584 [ 4968 | 5160 | 5544 | 5736 | 6200
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16 3624 | 3880 | 4264 | 4584 | 4968 | 5160 | 5544 | 5992 | 6200 | 6456
17 4008 | 4392 | 4776 | 5160 | 5352 | 5736 | 6200 | 6456 | 6712 | 7224
18 4392 | 4776 | 5760 | 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 | 1029 | 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
—

N PRB

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 7000 [ 1032 | 1064
2 936 968 7000 | 1064 7096 | 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 1864 1928 | 2024 | 2088 | 2216 | 2280 | 2344 | 2472 | 2536 | 2664
6
7
8
9

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 | 1029 | 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 | 79080
26 15264 | 16416 | 16992 | 17568 | 18336 | 19080 | 19848 | 20616 | 21384 | 22152

N PRB

Trps

31 32 33 34 35 36 37 38 39 40
0 340 372 904 936 9638 17000 [ 1032 1032 T 1064 | 1096
1 1128 1160 | 1192 | 1224 1256 | 1288 | 1352 1384 | 1416 | 1416
2 1384 1416 | 1480 | 1544 1544 1 1608 | 1672 1672 | 1736 | 1800
3 1800 1864 | 1928 | 1992 | 2024 | 2088 | 2152 | 2216 | 2280 | 2344
4 2216 | 2280 [ 2344 | 2408 | 2472 | 2600 | 2664 | 2728 | 2792 | 2856
5 2728 | 2792 | 2856 | 2984 | 3112 | 3112 | 3240 | 3368 | 3496 | 3496
6
7
8
9

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
16 9912 | 10296 | 10680 | 11064 | 11448 | 11832 | 12216 | 12216 | 12576 | 12960
17 11064 | 11448 | 11832 | 12216 | 12576 | 12960 | 13536 | 13536 | 14112 [ 14688
18 12276 | 12576 | 12960 | 13536 | 14112 | 174112 | 74688 | 15264 | 15264 | 15840
19 13536 | 13536 | 141712 | 14688 | 15264 | 15264 | 15840 | 76416 [ 16992 [ 16992
20 14688 | 14688 | 15264 | 15840 | 76416 | 176992 | 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
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N g

Lrps
41 42 43 44 45 46 47 48 49 50
0 1128 1160 [ 1192 | 1224 1256 | 1256 [ 1288 1320 T 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 4264 | 4392 | 4584 | 4584 | 4776 | 4776 | 4968 | 4968 | 5160 | 5160
7 4968 | 5160 | 5352 | 5352 | 5544 | 5736 | 5736 | 5992 | 5992 | 6200
8 5736 [ 5992 | 5992 | 6200 | 6200 | 6456 | 6456 | 6712 | 6968 | 6968
9 6456 [ 6712 | 6712 | 6968 | 6968 | 7224 | 7480 | 7480 | 7736 | 7992

70 || 7224 | 7480 | 7480 | 7736 | 7992 | 7992 | 8248 | 8504 | 8504 | 8760
T1 || 8248 | 8504 | 8760 | 8760 | 9144 | 9144 | 9528 | 9528 | 9912 | 9912
T2 (9528 | 9528 [ 9972 | 9972 | 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
T8 || 16416 | 16416 | 16992 | 17568 | 17568 | 18336 | 18336 | 19080 | 19080 | 19848
79 || 17568 | 18336 | 18336 | 19080 | 19080 | 19848 | 20616 | 20616 | 21384 | 21384
20 [ 79080 | 19848 | 79848 | 20676 | 20676 | 21384 | 22152 | 22152 | 22920 | 22920
2T 20676 | 27384 | 271384 | 22752 | 22920 | 22920 | 23688 | 24496 | 24496 | 25456
22 (22752 [ 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 | 2929 | 2929 | 30576
25 || 26416 | 26416 | 27376 | 28336 | 28336 | 29296 | 29296 | 30576 | 31704 | 31704
26 || 30576 | 30576 | 31704 | 32856 | 32856 | 34008 | 35160 | 35160 | 36696 | 36696

N PRB

51 52 53 54 55 56 57 58 59 60
1416 1476 T 1480 | 1480 1544 T 1544 T 1608 1608 T 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 4584 | 4584 | 4776 | 4776 | 4776 | 4968 | 4968 | 5160 | 5160 | 5352
6
7
8
9

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
7992 | 8248 | 8248 | 8504 | 8760 | 8760 | 9144 | 9144 | 9144 | 9528
10 9144 | 9144 | 9144 | 9528 | 9528 | 9912 | 9912 | 1029 | 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 | 2929 [ 2929% | 30576
22 27376 | 28336 | 28336 | 2929 | 2929 | 30576 | 30576 | 31704 | 31704 | 32856
23 2929 | 2929 | 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
26 37888 [ 37888 [ 39232 [ 40576 [ 40576 [ 40576 | 42368 | 42368 [ 43816 [ 43816

N g
Irps
61 62 63 64 65 66 67 68 69 70
0 1672 1736 | 1736 | 1800 7800 | 1800 | 1864 1864 | 1928 | 1928
1 2216 | 2280 | 2280 | 2344 | 2344 | 2408 | 2472 | 2472 | 2536 | 2536
2 2728 | 2792 | 2856 | 2856 | 2856 | 2984 | 2984 | 3112 | 3112 | 3112
3 3624 | 3624 | 3624 | 3752 | 3752 | 3880 | 3880 | 4008 | 4008 | 4136
4 4392 | 4392 | 4584 | 4584 | 4584 | 4776 | 4776 | 4968 | 4968 | 4968
5 5352 | 5544 | 5544 | 5736 | 5736 | 5736 | 5992 | 5992 [ 5992 [ 6200
[ 6456 | 6456 | 6456 | 6712 | 6712 | 6968 | 6968 | 6968 | 7224 | 7224
7 7480 | 7480 [ 7736 | 7736 | 7992 | 7992 | 8248 | 8248 | 8504 [ 8504
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8 8504 | 8760 | 8760 | 9144 | 9144 | 9144 | 9528 | 9528 | 9528 | 9912
9 9528 | 9912 | 9912 | 1029 | 1029 | 1029 | 10680 | 10680 [ 171064 | 11064
10 10680 | 11064 | 11064 | 11448 | 11448 [ 11448 | 11832 | 11832 122176 | 12216
11 12276 | 12576 | 12576 | 12960 | 12960 [ 13536 | 13536 | 13536 | 14112 | 14112
12 14112 | 14112 | 14112 | 14688 | 14688 | 15264 | 15264 | 15264 | 15840 | 15840
13 15840 | 15840 | 16416 | 16416 | 16992 | 16992 | 16992 | 17568 | 17568 | 18336
14 17568 | 17568 | 18336 | 18336 | 18336 | 19080 | 19080 | 19848 | 19848 | 19848
15 18336 | 19080 | 19080 | 19848 | 19848 | 20616 | 20616 | 20616 | 21384 | 21384
16 19848 | 19848 | 20616 | 20616 | 21384 | 21384 | 22152 | 22152 | 22152 | 22920
17 227521 22152 22920 | 22920 | 23688 | 23688 | 24496 | 24496 | 24496 | 25456
18 24496 | 2449 | 24496 | 25456 | 25456 | 264716 | 264716 | 27376 | 27376 | 27376
19 26416 | 26476 | 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 3669 | 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

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 6200 [ 6200 | 6456 | 6456 | 6712 | 6712 | 6712 | 6968 | 6968 | 6968
6
7
8
9

7480 | 7480 | 7736 | 7736 | 7736 | 7992 | 7992 | 8248 | 8248 | 8248
8760 [ 8760 | 8760 | 9144 | 9144 | 9144 | 9528 | 9528 | 9528 | 9912
9912 | 9912 | 10296 | 1029 | 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 | 292%
18 28336 | 28336 | 2929 | 2929 | 2929% | 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

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 | 5760 | 5352
4 5736 | 5992 [ 5992 [ 5992 | 5992 | 6200 | 6200 | 6200 | 6456 | 6456
5 7224 | 7224 | 7224 | 7480 | 7480 | 7480 | 7736 | 7736 | 7736 | 7992
6
7
8
9

8504 [ 8504 | 8760 | 8760 | 8760 | 9144 | 9144 | 9144 | 9144 | 9528
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 14712 | 14688 | 14688 | 14688 | 14688 | 15264 | 15264 | 15264 | 15840 | 15840
11 16416 | 16416 | 16992 | 16992 | 16992 | 17568 | 17568 | 17568 | 18336 | 18336
12 18336 | 79080 [ 79080 | 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 | 2929 | 29296
17 29296 | 2929 | 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
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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

91 92 93 94 95 96 97 98 99 100
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
[

7
8
9

9528 | 9528 | 9528 | 9912 | 9912 [ 9912 | 1029 | 1029 [ 1029 [ 1029
11064 | 11448 [ 11448 | 11448 | 11448 [ 11832 | 11832 | 11832 | 122176 | 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 2929 | 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

N PRB

I
™S 17101 | 102 | 103 | 104 | 105 | 106 | 107 | 108 | 109 | 110

0] 2192 2000 2000 2000 2904 2904 2904 2904 2904 112

T 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

[

7

8

8760 | 9144 | 9144 | 9144 | 9144 | 9528 | 9528 | 9528 | 9528 | 9528
10680 | 10680 | 70680 | 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
14 29296 | 2929 | 2929 | 2929% | 30576 | 30576 | 30576 | 30576 [ 31704 | 31704
15 30576 [ 31704 [ 31704 [ 31704 | 31704 | 32856 | 32856 | 32856 | 34008 | 34008
16 32856 | 32856 | 34008 | 34008 [ 34008 [ 34008 | 35760 [ 35760 [ 35760 [ 35760
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
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7.1.7.2.2 Transport blocks mapped to two-layer spatial multiplexing

For1< N <55,the TBSis given by the( /5,2 Npgg ) entry of Table 7.1.7.2.1-1.

For56 < Nz <110, abaseline TBS_L11is taken fromthe ( 7,55, Npgg ) €ntry of Table 7.1.7.2.1-1, which is then
translated into TBS_L2 using the mappingrule shownin 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

7.1.7.2.3 Transport blocks mapped for DCI Format 1C

The TBS is given by the 1., entry of Table 7.1.7.2.3-1.

Table 7.1.7.2.3-1: Transport Block Size (TBS) table for DCI format 1C

s 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

Igs | 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
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7.1.7.24 Transport blocks mapped to three-layer spatial multiplexing

For 1< Nppp <36, the TBSis givenby the( /55,3 Nppg ) entry of Table 7.1.7.2.1-1.

For 37 < Nppp <110, abaseline TBS_L1is taken from the ( /55, Ny ) €ntry of Table 7.1.7.2.1-1, which is then
translated into TBS_ L3 using the mappingrule shownin 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
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7.1.7.2.5 Transport blocks mapped to four-layer spatial multiplexing

For 1< Npgpp <27, the TBSis givenby the( /55,4 Npgp)entry of Table 7.1.7.2.1-1.

TBS »

For 28 < Nppp <110, abaseline TBS_L1 s taken fromthe (7145, Ny ) entry of Table 7.1.7.2.1-1, which is then
translated into TBS_[4using the mappingrule shownin Table 7.1.7.2.5-1. The TBS is given by TBS _[A4.

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

7.1.7.3 Redundancy Version determination for Format 1C

If the DCI Format 1C CRC is scrambled by P-RNTIor RA-RNTI, then
— the UE shallset the Redundancy Version to 0

Else if the DCI Format 1C CRC is scrambled by SI-RNTT, then
— the UE shallset the Redundancy Version as defined in [8].
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7.1.8  Storing soft channel bits

Both for FDD and TDD, if the UE is configured with more than one serving cell, then foreach serving cell, forat least
Ko - min(M ot ke s M ) transport blocks, upon decoding failure ofa code block ofa transport block, the UEshall

store received soft channel bits corresponding toarange ofatleast w, w, ..., mod(k+ngg—1N.,) ° where:
’
. N.vofl
ng =min N, o - >
C-N i Ko 'mm<M DL_HARQ > M )

Wi, Co N,» Koo -a0d My, aredefined in clause 5.1.4.1.2 of [4].

MbpL_rarg is the maximum number of DL HARQ processes.

NP2 is the number of configuredserving cells.

If the UE signals ue-Category-v1020, Nl is the totalnumber of soft channel bits [12] according tothe UE category
indicated by ue-Category-v1020[11]. Otherwise, N’ , is the totalnumber of soft channelbits [12] accordingto the UE

)

category indicated by ue-Category[11].

In determining k, the UEshould give priority to storing softchannelbits corresponding to lower values ofk. w, shall

correspond to areceived soft channelbit. Therange w, w,_,,..., ) may include subsets not containing

mod(k+ngg—1,N,,
received softchannel bits.

7.1.9  PDSCH resource mapping parameters

A UE configured in transmissionmode 10 for a given servingcell can be configured with up to 4 parameter sets by
higherlayersignalingto decode PDSCH accordingto a detected PDCCH/EPDCCH with DCI format 2D intended for
the UE and the given serving cell. The UEshalluse the parameter setaccording to the value ofthe 'PDSCH RE
Mappingand 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 clause 6.4 of[3]), and for determining
PDSCH antennaport quasico-location (defined in clause 7.1.10) if the UE is configured with Type B quasico-location
type (definedin clause 7.1.10). For PDSCH without a corres ponding PDCCH/EPDCCH, the UE shalluse 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 clause 6.4 of [3]) and PDSCH antenna portquasico-location (defined
in clause 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 antennaport quasico-location are
configured via higher layersignaling for each parameter set:
- crs-PortsCount-rll.
crs-FreqShifi-ril.
mbsfn-SubframeConfigList-ri 1.
csi-RS-ConfigZPIld-rl11.
pdsch-Start-ril.
qcl-CSI-RS-ConfigNZPId-r11.

To decode PDSCH accordingto a detected PDCCH/EPDCCH with DCI format 1A with CRC scrambled with C-RNTI
intended forthe UEand the given serving celland for PDSCH transmission on antenna port 7,a UE configured in
transmissionmode 10 for a given servingcell shalluse the parameterset 1 in table 7.1.9-1 for determining the PDSCH
RE mapping (defined in clause 6.4 0f[3]), and for determining PDSCH antenna portquasico-location (defined in
clause 7.1.10) if the UE is configured with Type B quasico-locationtype (defined in clause 7.1.10).
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To decode PDSCH corresponding to detected PDCCH/EPDCCH with DCI format 1A with CRC scrambled with SPS
C-RNTT and PDSCH without a corresponding PDCCH/EPDCCH associated with SPS activation indicated in
PDCCH/EPDCCH with DCI format 1A, a UE configured in transmissionmode 10 for a given serving cellshalluse the
parameterset 1 in table 7.1.9-1 for determining the PDSCH RE mapping (defined in clause 6.4 of [3]), and for
determining PDSCH antenna port quasico-location (defined in clause 7.1.10) if the UE is configured with Type B quasi
co-locationtype (defined in clause 7.1.10).

To decode PDSCH accordingto a detected PDCCH/EPDCCH with DCI format 1A intended forthe UEon a given
serving celland for PDSCH transmission onantennaport 0— 3, a UE configured in transmission mode 10 for the given
serving cellshalldetermine the PDSCH RE mapping (as describedin clause 6.4 of[3]) using thelowestindexed zero-
power CSI-RS resource.

7.1.10 Antenna ports quasi co-location for PDSCH

A UE configured in transmis sionmode 8-10 for a serving cellmay assume the antenna ports 7— 14 of the serving cell
are quasico-located (as defined in [3]) for a given subframe with respect to delay spread, Dopplerspread, Dopplershift,
average gain,and average delay.

A UE configuredin transmissionmode 1-9 for a serving cellmay assume the antenna ports 0— 3, 5, 7 — 22 ofthe
serving cellare quasico-located (as defined in [3]) with respect to Doppler shift, Doppler spread, averagedelay, and

delay spread.

A UE configuredin transmissionmode 10 for aserving cellis configured with one oftwo quasico-location types for
the serving cell by higher layer parameter gc/-Operationto decode PDSCH according to transmission s cheme
associated with antenna ports 7-14:

= TypeA:The UE may assume the antenna ports 0— 3, 7— 22 of a serving cell are quasico-located (as defined
in [3]) with respect todelay spread, Doppler spread, Dopplershift,and average delay.

=  TypeB: The UE may assume the antenna ports 15— 22 corresponding to the CSI-RS resource configuration
identified by the higher layer parameter g cl-CSI-RS-ConfigNZPId-r11 (defined in clause 7.1.9) and the antenna
ports 7— 14 associated with the PDSCH are quasi co-located (as defined in [3]) with respectto Doppler shift,

Dopplerspread, average delay, and delay spread.
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7.2 UE procedure for reporting Channel State Information (CSl)

The time and frequency resources thatcan be used by the UEto report CSI which consists of Channel Quality Indicator
(CQI), precoding matrix indicator (PMI), precoding type indicator (PTI), and/orrank indication (RI) are controlled by
the eNB. Forspatial multiplexing, as given in [3], the UE shall determine a RI corresponding to thenumber ofuseful
transmission layers. For transmit diversity as givenin [3], Rl is equalto one.

A UE in transmissionmode 8 or9 is configured with or without PMI/RI reporting by the higher layer parameter pmi-
RI-Report.

A UE in transmissionmode 10 can be configured with one or more CSI processes per serving cellby higher layers.
Each CSI process is associated with a CSI-RS resource (defined in clause 7.2.5) and a CSl-interference measurement
(CSI-IM) resource (defined in clause 7.2.6). A CSI reported by the UE corresponds to a CSIprocess configured by

higherlayers. Each CSIprocess can be configured with or without PMI/RIreporting by higher layer signalling.

A UE is configured with res ource-restricted CSImeasurements if the subframe sets Cq;g and Ccgp are configured
by higherlayers.

CSI reporting is periodic or aperiodic.
If the UE is configured with more than oneservingcell, it transmits CSI foractivated serving cell(s) only.

If a UE is not configured for simultaneous PUSCH and PUCCH transmission, it shall transmit periodic CSIreporting 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 CSIreporting on
PUSCH of'the serving cell with smallest ServCellIndex as defined hereafter in subframes with a PUSCH allocation,
where the UE shalluse the same PUCCH-based periodic CSIreporting format on PUSCH.

A UE shalltransmit aperiodic CSIreporting on PUSCH if the conditions specified hereafter are met. For aperiodic
CQI/PMlIreporting, RIreporting is transmitted only ifthe configured CSI feedback type supports Rlreporting.

The CSI transmissions on PUCCH and PUSCH for various schedulingmodes are summarized in the following table:

Table 7.2-1: Physical Channels for Aperiodic or Periodic CSl reporting

Scheduling Mode Periodic CSl reporting channels | Aperiodic CSI reporting channel
Frequency non-selective PUCCH
Frequency selective PUCCH PUSCH

In case both periodic and aperiodic CSIreporting would occur in the same subframe, the UEshall only transmit the
aperiodic CSIreport in that subframe.

When reporting Rl the UE reports a single instance ofthe number ofuseful transmission layers. Foreach RIreporting
interval when the UEis configured in transmission modes 4 or when the UE is configured in transmission mode 8,9 or
10 with PMI/RIreporting, a UE shalldetermine a RI from the supportedsetofRl values as defined in clause 5.2.2.6 of
[4] and report thenumberin each Rlreport. Foreach Rlreporting interval when the UEis configured in transmis sion
mode 3, a UE shalldetermine Rl as defined in clause 5.2.2.6 of [4] in each reportinginterval and report the detected
number in each Rl report to support selection between transmit diversity and large delay CDD.

When reporting PMI the UEreports eithera single ora multiple PMIreport. The number of RBs represented by a
single UE PMIreport canbe Ngy ora smaller subset of RBs. The number of RBs represented by a single PMIreport
is semi-statically configured by higher layersignalling. A UEis restricted to report PMI, Rland PTTwithin a precoder
codebook subset specified by a bitmap parameter codebookSubsetRestriction configured by higher layer signalling. For
a UE configured in transmission mode 10, the bitmap parameter codebookSubsetRestriction is configured for each CSI
process and each subframe sets (if subframe sets Cg;, and Ccg;; areconfigured byhigherlayers)by higherlayer
signaling. Fora specific precoder codebook and associated transmission mode, the bitmap can specify all possible
precoder codebook subsets fromwhich the UE can assume the eNB may be using whenthe UEis configured in the

relevant transmis sion mode. Codebook subset restriction is supported for transmissionmodes 3,4, 5, 6 and for
transmissionmodes 8,9 and 10 with PMI/RIreporting. The resulting number ofbits for each transmission mode is
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given in Table 7.2-1b. The bitmap forms the bit sequence a, _,,...,a;,4a,,a,,a,where q, isthe LSB and a, _, is

the MSB and where a bit value ofzero indicates that the PMIand Rl reporting is not allowed to correspond to
precoder(s) associated with thebit. The association of bits to precoders for the relevant transmissionmodes are givenas
follows:

1. Transmissionmode 3
a. 2antennaports:bit g, ,, 0 = 2is associated with the precoderin Table 6.3.4.2.3-1 of [3]

corresponding to v layers and codebook index0 while bit g, is associated with the precoder for 2

antenna ports in clause 6.3.4.3 of [3].

b. 4antennaports:bit g, ,, 0 =2,3,4is 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 ¢g,, is associated with

the precoder for4 antennaportsin clause 6.3.4.3 of [3].
2. Transmissionmode 4
a. 2antennaports:see Table 7.2-1c

b. 4antennaports:bit a,, ),; is associated with the precoder for v layers and with codebook index

i, in Table 6.3.4.2.3-2 of3].

3. Transmissionmodes 5and 6

a. 2antennaports:bit @, is associated with the precoderfor v =1 layerwith codebookindex i_in
Table 6.3.4.2.3-1 of[3].

b. 4antennaports: bit a; is associated with the precoder for v =1 layerwith codebook index i in
Table 6.3.4.2.3-2 of[3].
4. Transmissionmode 8
a. 2antennaports:see Table 7.2-1c
b. 4antennaports:bit A6(-1)4i, is associated with the precoder for v layers and with codebook index

I,in Table 6.3.4.2.3-2 of 3], v=12.

5. Transmissionmodes 9and 10
a. 2antennaports:see Table 7.2-1c

b. 4antennaports: bit A16(v—1)+i is associated with the precoder for v layers and with codebook

index i, in Table 6.3.4.2.3-2 of [3].

c. 8antennaports: bit afi(o-1)+iy, is associated with the precoder for v layers (v € {1,2,3,4,5,6,7,8} ) and
codebookindex i;; where f1(:) = {0,16,32,36,40,44,48,52 } and bit s34 gl(v-1)+i, is associated
with the precoder for v layers (v € {1,2,3,4} ) and codebook index i, where gl(-)= {0,16,32,48 }

Codebookindices i;; and i;, aregiveninTable7.2.4-1,7.2.4-2, 7.2.4-3, 7.2.4-4, 7.2.4-5, 1.2.4-6,
7.24-7, or7.2.4-8, for v=1,2,3,4,5,6,7, or 8 respectively.
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Table 7.2-1b: Number of bits in codebook subset restriction bitmap for applicable transmission
modes

Number of bits 4,

2 antenna ports | 4 antenna ports | 8 antenna ports
Transmission mode 3 2 4
Transmission mode 4 6 64
Transmission mode 5 4 16
Transmission mode 6 4 16
Transmission mode 8 6 32
Transmission modes 9and 10 6 64 109

Table 7.2-1c: Association of bits in codebookSubSetRestriction bitmap to precodersin the 2 antenna
port codebook of Table 6.3.4.2.3-1 in [3]

Codebook index ic Number of layers v
1 2
O ao -
1 ai a4
2 a as
3 as -

The set of subbands (S) a UE shallevaluate for CQI reporting spans the entire downlink systembandwidth. A subband
is a set ofk contiguous PRBs where & is a functionofsystembandwidth. Note the last subband in set.S may have

fewer than k contiguous PRBs depending on N5 . The numberofsubbands for systembandwidth given by Ny is
defined by N = ’_N% /k-‘ . The subbands shall be indexed in the order of increasing frequency and non-increasing

sizes startingat the lowest frequency.

= Fortransmission modes 1,2, 3 and 5, as well as transmission modes 8,9 and 10 without PMI/RI reporting,
transmis sionmode 4 with RI=1, and transmissionmodes 8,9 and 10 with PMI/RI reporting and RI=1, a single
4-bit wideband CQl is reported according to Table 7.2.3-1.

= Fortransmission modes 3 and 4, as well as transmission modes 8,9 and 10 with PMI/RI reporting, CQl is
calculated assuming transmission of one codeword for RI=1 and two codewords for RI> 1.

= ForRI > 1 with transmissionmode 4, as well as trans mis sion modes 8,9 and 10 with PMI/RIreporting,
PUSCH based triggered reporting includes reporting a wideband CQI which comprises:

o A 4-bit wideband CQI forcodeword Oaccordingto Table 7.2.3-1
o A 4-bit wideband CQI for codeword 1 accordingto Table 7.2.3-1

= ForRI > 1 with transmissionmode 4, as well as trans mis sion modes 8,9 and 10 with PMI/RIreporting,
PUCCH basedreporting includes reporting a 4-bit wideband CQI for codeword 0 according to Table 7.2.3-1

and a wideband spatial differential CQI. The wideband spatial differential CQI value comprises:
o 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 indexfor
codeword 1.

o Themapping fromthe 3-bit wideband spatial differential CQI value to the offset levelis shownin
Table 7.2-2.

3GPP

IPR2025-00138
Petitioner's Exhibit 1007
Page 000057



Release 11 58 3GPP TS 36.213 V11.4.0 (2013-09)

Table 7.2-2 Mapping spatial differential CQl value to offset level

Spatial differential CQl value | Offsetlevel
0 0
1
2
>3
<-4
-3
-2
-1

N[O B WIN| =

7.2.1 Aperiodic CSI Reporting using PUSCH

A UE shall performaperiodic CSIreporting using the PUSCH in subframe n+k on serving cell ¢, upon decodingin
subframe n either:

= anuplink DCI format [4], or
= aRandomAccess Response Grant,
for serving cell ¢ iftherespective CSIrequestfield is set to triggera report and is not reserved.

If the CSI request field is 1 bit and the UEis configuredin transmissionmode 1-9, a report is triggered for serving cell
¢, if the CSI requestfield is set to '1". If the CSI requestfield is 1 bit and the UE is configured in trans mis sion mode 10,
a report is triggered fora set of CSI process(es) forserving cell ¢ corresponding tothe higherlayer configuredsetof
CSI process(es) associated with the value of CSIrequest field of'01' in Table 7.2.1-1B, if the CSI request field is set to
.

If the CSI request field size is 2 bits and the UEis configured in transmission mode 1-9 for all servingcells,a report is
triggered according to the value in Table 7.2.1-1A corresponding to aperiodic CSIreporting. Ifthe CSIrequest field
size is 2 bits and the UEis configured in transmis sion mode 10 for at least one servingcell, a report is triggered
accordingto the value in Table 7.2.1-1B corresponding to aperiodic CSIreporting. Fora given servingcell, if the UE is
configured in transmission modes 1-9, the "CSI process" in Table 7.2.1-1B refers to the aperiodic CSI configured for
the UE on the given serving cell. A UE is not expectedto be configured by higher layers with more than 5 CSI

processes in each ofthe 1¥and 2™ set of CSI process(es) in Table 7.2.1-1B.
A UE is not expected to receive more than one aperiodic CSIreport request fora given subframe.

If a UE is configured with more thanone CSIprocess fora servingcell, the UE on reception ofan aperiodic CSIreport
requesttriggering a CSIreport accordingto Table 7.2.1-1B is not expected to update CSI corresponding to the CSI

reference resource (defined in clause 7.2.3) for all CSI processes except max(N .~ N, 0) lowest-indexed CSI
processes forthe serving cellassociated with therequest when the UEhas other N, unreported CSIprocesses

associated with other aperiodic CSIrequests forthe servingcell, where N, is the maximum number of CSI

CSI-P
processes supported by the UE for the servingcelland:

e forFDD N =N g p;

e for TDD

- if the UEis configured with four CSIprocesses forthe servingcell, N =N ,
- if the UEis configured with two or three CSIprocesses forthe servingcell, N =3.

If more than one valueof N is included in the UE-EUTRA-Capability, the UEassumes a value of N that

CSI-P
exists, the UEmay

CSI-P

is consistent with its CSIprocess configuration. If more than one consistent value of N,

assume any oneofthe consistentvalues.
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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 CSI report is triggered
'01' Aperiodic CSI report is triggered for serving cell ¢
'10' Aperiodic CSI report is triggered for a 15t set of serving cells configured by higher layers
"11' Aperiodic CSI report is triggered fora 2™ set of serving cells configured by higher layers

Table 7.2.1-1B: CSI Request field for PDCCH/EPDCCH with uplink DCI format in UE specific search

space
Value Off(i:esklj request B
'00' No aperiodic CSI report is triggered
01" Aperiodic CSI report is triggered fora set of CSI process(es) configured by higher layers for
serving cell ¢
'10' Aperiodic CSI report is triggered fora 15t set of CSI process(es) configured by higher layers
11" Aperiodic CSI report is triggered fora 2™ set of CSI process(es) configured by higher layers

NOTE: PDCCH/EPDCCH with DCI formats usedto grant PUSCH transmissions as given by DCI format 0 and
DCI format 4 are herein referred to as uplink DCI format when common behaviour is addressed.

When the CSIrequest field from an uplink DCI format is set to triggera report, for FDD k=4, and for TDD UL/DL
configuration 1-6, k is given in Table 8-2. For TDD UL/DL configuration0, if the MSB ofthe UL index s setto 1 and
LSB ofthe UL indexis setto 0,k is given in Table 8-2; or if MSBof the UL index s set to 0and LSB ofthe UL index
is setto 1, kis equalto 7; orif both MSBand LSBofthe UL indexis setto 1, k is given in Table 8-2. . For TDD, if a
UE is configured with more thanoneserving celland if the UL/DL configurations ofat least two serving cells are
different, the "TDD UL/DL Configuration" given in Table 8-2 refers to the UL-reference UL/DL configuration (defined

in clause 8.0).

When the CSIrequest field from a Random A ccess Response Grant is set to triggera report and is not reserved, & is
equalto k, if the UL delay field in clause 6.2is set to zero, where k, is given in clause 6.1.1. The UE shallpostpone
aperiodic CSIreporting to thenext available ULsubframe ifthe UL delay field is set to 1.

The minimum reporting interval for aperiodic reporting of CQl and PMIand Rl is 1 subframe. The subband size for
CQI shallbe the same for transmitter-receiver configurations with and without precoding,

Ifa UE is not configured forsimultaneous PUSCH and PUCCH trans mis sion, when aperiodic CSIreport with no
transport block associated as defined in clause 8.6.2 and positive SR is transmitted in the same subframe, the UEshall
transmit SR, and, if applicable, HARQ-ACK, on PUCCH resources as described in clause 10.1

A UE is semi-statically configured by higher layers to feed back CQI and PMI and corresponding RI on the same
PUSCH using one ofthe following CSIreporting modes given in Table 7.2.1-1 and described below.

Table 7.2.1-1: CQl and PMI Feedback Types for PUSCH CSI reporting Modes

PMI Feedback Type
i No PMI | Single PMI | Multiple PMI
(wmdﬁa?dngon Mode 1-2
Foodnack Type | (subbandcay | "M% 20 Mode 22
Tahe, Laver e ™ | ode 30 | o 04

Foreach ofthe transmission modes defined in clause 7.1, the following reporting modes are supported on PUSCH:

Transmissionmode 1 : Modes 2-0, 3-0
Transmissionmode 2 : Modes 2-0, 3-0
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Transmissionmode 3 : Modes 2-0, 3-0

Transmissionmode 4 : Modes 1-2,2-2, 3-1

Transmissionmode 5 : Mode 3-1

Transmissionmode 6 : Modes 1-2,2-2, 3-1

Transmissionmode 7 : Modes 2-0, 3-0

Transmissionmode 8 : Modes 1-2,2-2, 3-1 if the UE is configured with PMI/RIreporting; modes 2-0, 3-0 if the
UE is configured without PMI/RIreporting

Transmissionmode 9 : Modes 1-2,2-2, 3-1 if the UE is configured with PMI/RIreporting and number of CSI-RS
ports >1; modes 2-0, 3-0 if the UE is configured without PMI/RIreporting ornumber of
CSI-RS ports=1

Transmissionmode 10 : Modes 1-2,2-2, 3-1 if the UE is configured with PMI/RI reporting and number of CSI-RS
ports > 1; modes 2-0, 3-0 if the UE is configured without PMI/RIreporting or number of
CSI-RS ports=1.

The aperiodic CSIreporting mode is given by the parameter cqi-ReportMode Aperiodic which is configured by higher-
layersignalling.

Fora serving cell with N]?é <7, PUSCH reporting modes are notsupported forthatserving cell.
RI is only reported for transmissionmodes 3 and 4, as well as transmissionmodes 8, 9 and 10 with PMI/RIreporting.

Forserving cell ¢, a UE configured in transmission mode 10 with PMI/RIreporting fora CSI process can be
configured with a 'RI-reference CSIprocess' for the CSIprocess. Ifthe UE is configured with a 'RI-reference CSI
process' forthe CSI process, the reported RI for the CSI process shall be the same as the reported Rl for the configured
'Rl-reference CSI process'. The Rl forthe Rl-reference CSIprocess'is not based on any other configured CSI process
otherthanthe Rl-reference CSIprocess'. The UEis not expectedto receivean aperiodic CSIreport request fora given
subframe triggering a CSIreport including CSI associated with the CSI process and not including CSI associated with
the configured 'RI-reference CSIprocess'. If the UE is configured with a Rl-reference CSIprocess' fora CSI process

and if subframe sets Cgpo and Cggy are configuredby higherlayers foronly one ofthe CSIprocesses thenthe UE
is not expected to receive configuration for the CSI process configured with the subframe subsets that havea different

set ofrestricted RIs with precoder codebook subset restriction between the two subframe sets. The UEis not expected
to receive configurations for the CSIprocess and the'RI-reference CSI process' that have a different:

Aperiodic CSIreporting mode, and/or
number of CSI-RS antenna ports, and/or
set of restricted Rls with precoder codebook subset restriction if subframe sets Crgy and Cegp; are not

configured by higherlayers forboth CSIprocesses, and/or
set of restricted RIs with precoder codebook subset restriction for each subframe set if subframe sets Cg;

and Ccg); areconfigured byhigherlayers forboth CSIprocesses, and/or

set of restricted RIs with precoder codebook subset restriction if subframe sets Crg;o and Cegp; are

configured by higher layers for only one of the CSI processes, and the set of restricted RIs for the two
subframe sets are thesame.

A RI report for a serving cell on an aperiodic reporting mode is valid only for CQI/PMI report for that serving cell on
that aperiodic reporting mode

e Wideband feedback
o Mode 1-2description:

= Foreach subbanda preferred precoding matrix is selected fromthe codebook subset
assuming transmission only in the subband

= A UEshall report one wideband CQI value per codeword which is calculated assuming
the use of the corresponding selected precoding matrix in each subband and
transmissionon set.S subbands.

= The UE shallreport the selected precoding matrix indicator foreach set S subband
except with 8 CSI-RS ports configured for transmissionmodes 9and 10in which case a
first precoding matrix indicator i, is reported forthe set.S subbands and a second

precoding matrix indicator i, is reported foreachset.Ssubband.
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Subbandsize is given by Table 7.2.1-3.

Fortransmission modes 4, 8, 9 and 10, the reported PMIand CQI values are calculated
conditioned on the reported RI. For other transmission modes they are reported
conditioned on rank 1.

e HigherLayer-configured subband feedback

O

o

Mode 3-0 description:

A UE shallreport a wideband CQI value which is calculated assuming transmissionon
set.Ssubbands

The UE shallalso report onesubband CQI value foreach set .S subband. The subband
CQI value is calculated assuming transmis sion only in the subband

Both the wideband and subband CQI represent channel quality forthe first codeword,
even when RI>1.

Fortransmission mode 3 the reported CQI values are calculated conditioned on the
reported RI. Forothertransmissionmodes they are reported conditioned onrank 1.

Mode 3-1 description:

A single precoding matrix is selected fromthe codebook subset assuming transmis sion
onset Ssubbands

A UE shallreport one subband CQI value per codeword for each set S subband which
are calculated assuming the use ofthe single precoding matrixin all subbands and
assuming transmission in the corresponding subband.

A UE shallreport a wideband CQI value per codeword which is calculated assuming
theuse ofthe single precoding matrix in all subbands and transmission onset.S
subbands

The UE shallreport the selected single precoding matrix indicator except with 8 CSI-
RS ports configured for transmis sion modes 9and 10 in which case a first and second
precoding matrix indicator are reported corresponding to theselected single precoding
matrix.

Fortransmission modes 4, 8, 9 and 10, the reported PMIand CQI values are calculated
conditioned on the reported RI. For other transmis sion modes they are reported

conditionedon rank 1.

Subband CQI value foreach codeword are encoded differentially with respectto theirrespective
wideband CQIusing 2-bits as defined by

Subband differential CQI offset level=subband CQIl index— wideband CQI index. The
mapping fromthe 2-bit subband differential CQI value to the offset levelis shownin
Table 7.2.1-2.

Table 7.2.1-2: Mapping subband differential CQl value to offset level

Subband differential CQl value | Offsetlevel
0 0
1 1
2 >2
3 <1

Supported subbandsize (k) is given in Table 7.2.1-3.
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Table 7.2.1-3: Subband Size (k) vs. System Bandwidth

System Bandwidth | Subband Size
NRg
6-7
8-10

11 -26

27 - 63

64 - 110

S ENENEL RS

e UE-selected subband feedback

o Mode 2-0description:

The UE shallselect aset of M preferred subbands of size k£ (where k£ and M are given in
Table 7.2.1-5 for each systembandwidth range) within the setof'subbands S.

The UE shallalso report one CQI value reflecting transmission only overthe M selected
subbands determined in the previous step. The CQI represents channel quality forthe
first codeword, even when RI>1.

Additionally, the UEshallalso report one wideband CQI value which is calculated
assuming transmission onsetS subbands. The wideband CQI represents channel quality
for the first codeword, even when RI>1.

Fortransmission mode 3 the reported CQI values are calculated conditioned on the
reported RI. For other transmission modes they are reported conditioned onrank 1.

o Mode 2-2description:

The UE shall performjoint selection ofthe set of M preferred subbands ofsize & within
the set of subbands S and a preferred single precoding matrix selected fromthe
codebook subset that is preferredto be used for transmission over the M selected
subbands.

The UE shallreport one CQI value per codeword reflecting transmission only overthe
selected M preferred subbands and using the same selected single precoding matrixin
each ofthe M subbands.

Except with 8 CSI-RS ports configured for transmissionmodes 9and 10, the UE shall
also report the selected single precoding matrix indicator preferred forthe M selected
subbands. A UEshallalso report the selected single precoding matrixindicator forall

set.S subbands.

Fortransmission modes 9and 10, and with 8 CSI-RS ports configured, a UE shall
report a first precoding matrix indicator forall set S subbands. A UE shallalso reporta
second precoding matrix indicator forall set S subbands and another second precoding

matrix indicator forthe M selected subbands.

A single precoding matrix is selected fromthe codebook subset assuming transmission
onset Ssubbands

A UE shallreport a wideband CQI value per codeword which is calculated assuming

theuse ofthe single precoding matrix in all subbands and transmission onset.S
subbands

Fortransmission modes 4, 8, 9 and 10, the reported PMIand CQI values are calculated
conditioned on the reported RI. For other transmis sion modes they are reported
conditionedonrank 1.

o Forall UE-selected subband feedbackmodes the UEshallreport the positions ofthe M selected
subbands using a combinatorial indexr defined as
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M-1 N_S-
r= Z !
i=0 M —i
where the set {si}gl ,(1<s,<N, s, <s,) contains the M sorted subband indices

and <x> = ( yj ¥2Y s the extended binomial coefficient, resulting in unique label
Y
0 x<y

The CQI value for the M selected subbands for each codeword s encoded differentially using 2-bits
relative to its respective wideband CQl as defined by

Differential CQI offset level =M selected subbands CQI index— wideband CQIl 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 CQl value to offset level

Differential CQl value | Offsetlevel
0 <1
1 2
2 3
3 >4

Supported subband size k and M values includethose shownin Table 7.2.1-5. In Table 7.2.1-5 the k
and M values are a function of systembandwidth.

N
o Thenumberofbits to denote theposition ofthe M selected subbandsis L = [log2 (Mﬂ .

Table 7.2.1-5: Subband Size (k) and Number of Subbands (M) in S vs. Downlink System Bandwidth

System Bandwidth

Subband Size k (RBs) M
NA NA
2 1
2 3
3 5
4 6
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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,
and/orRI) on the PUCCH using thereportingmodes givenin Table 7.2.2-1 and described below. A UEin transmission
mode 10 can be configured by higher layers formultiple periodic CSIreports correspondingto oneor more CSI
processes perserving cellon PUCCH.

Table 7.2.2-1: CQl and PMI Feedback Types for PUCCH CSI reporting Modes

PMI Feedback Type
No PMI [ Single PMI

Mode 1-0 | Mode 1-1

Wideband
PUCCH cal (wideband CQl)

Feedback Type UE Selected

(subband CQlI)

Mode 2-0 | Mode 2-1

Foreach ofthe transmission modes defined in clause 7.1, the following periodic CSIreporting modes are supported on
PUCCH:

Transmissionmode 1 : Modes 1-0,2-0

Transmissionmode 2 : Modes 1-0,2-0

Transmissionmode 3 : Modes 1-0,2-0

Transmissionmode 4 : Modes 1-1,2-1

Transmissionmode 5 : Modes 1-1,2-1

Transmissionmode 6 : Modes 1-1,2-1

Transmissionmode 7 : Modes 1-0,2-0

Transmissionmode 8 : Modes 1-1,2-1 if the UE is configured with PMI/RIreporting; modes 1-0,2-0 if the UE is
configured without PMI/RIreporting

Transmissionmode 9 : Modes 1-1,2-1 if the UE is configured with PMI/RIreporting and number of CSI-RS
ports>1; modes 1-0,2-0 if the UE is configured without PMI/RIreporting ornumber of
CSI-RS ports=I.

Transmissionmode 10 : Modes 1-1,2-1 if the UE is configured with PMI/RIreporting and number of CSI-RS
ports>1; modes 1-0,2-0 if the UE is configured without PMI/RIreporting ornumber of
CSI-RS ports=1.

Fora UE configured in transmissionmode 1-9, one periodic CSIreporting mode foreach serving cellis configured by
higher-layer signalling.

Fora UE configured in transmissionmode 10, one ormore periodic CSIreporting modes foreach serving cell are
configured by higher-layersignalling.

Fora UE configured with transmissionmode 9 or 10, and with 8 CSI-RS ports, mode 1-1is configuredto be either
submode 1 orsubmode?2 via higher-layer signalingusing the parameter PUCCH _formatl-1_CSI reporting mode.

Forthe UE-selected subband CQI, a CQI report in a certain subframe ofa certain serving cell describes the channel
quality in a particular part or in particular parts ofthe bandwidth ofthat serving cell described subsequently as
bandwidth part(BP) or parts. The bandwidth parts shallbe indexed in the order ofincreasing frequency and non-
increasingsizes starting at the lowest frequency.

Foreach servingcell
e Thereareatotalof N subbands foraserving cellsystembandwidth givenby Ny where \_N % / kj subbands
are of size k. If (N,?é /k-‘ - \_N}% /kj> 0 then oneofthe subbandsis ofsize Npy — k - \_Nl% /kj.
e Abandwidthpart;jis frequency-consecutive and consists of N i subbands where J bandwidth parts span S or
Ngp as giveninTable 7.22-2. If J =1 then N, is ’-N% /k/J-‘ AfJ>1then N, is either ’_N% Ik /ﬂ

or ’-Nl% /k/J-‘ —1, depending on Ngy , k and.J.
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e Fachbandwidthpartj, where 0<; <J-1, is scanned in sequential orderaccording to increasing frequency.
e ForUE selected subband feedback a single subband outof N i subbands ofabandwidth part is selected
along with a corresponding L-bit label indexed in the order of increasing frequency,

where L :[log2 (Ngé /k/J—H .

The CQI and PMI payloadsizes ofeach PUCCH CSI reporting mode are givenin Table 7.2.2-3.

The following CQI/PMI and Rl reporting types with distinct periods and offsets are supported for the PUCCH CSI
reporting modes given in Table 7.2.2-3:
e Type lreport supports CQI feedback forthe UEselected sub-bands
Type lareport supports subband CQI and second PMI feedback
Type 2, Type 2b, and Type 2c report supports wideband CQIl and PMI feedback
Type 2areport supports wideband PMI feedback
Type 3report supports Rl feedback
Type 4report supports wideband CQI
Type Sreport supports Rl and wideband PMI feedback
Type 6report supports Rland PTI feedback

Fora UE configuredin transmissionmode 1-9 and foreach serving cell, or fora UE configured in transmission mode
10 and foreach CSIprocess in each serving cell, the periodicity N pq (in subframes) and offset Nokrser.cor (in

subframes) for CQI/PMI reporting are determined based on the parameter cqi-pmi-Configindex ( I cot/pm ) given in
Table 7.2.2-1A for FDD and Table 7.2.2-1C for TDD. The periodicity M, andrelative offset Nzqpr p, forRI

reporting are determined based on the parameter ri-Configlndex ( I, ) givenin Table 7.2.2-1B. Both cqi-pmi-
Configindex and ri-ConfigIndex are configured by higher layersignalling. The relative reporting offset for RI
Nogrser g takes values fromthe set {0,-1,...,~(N ,; — 1)} . Ifa UE is configuredto report for more than one CSI

subframe set then parameter cqi-pmi-Configindex and ri-Configindexrespectively correspond to the CQI/PMIandRI
periodicity andrelative reporting offset for subframe set 1 and cqi-pmi-Configindex2 and ri-ConfigIndex2 respectively
correspond to the CQI/PMIand Rl periodicity and relative reporting offset for subframe set 2. Fora UE configured with
transmissionmode 10, the parameters cqi-pmi-ConfigIndex , ri-Configindex, cqi-pmi-Configindex2 and ri-Config Index2
can be configured foreach CSIprocess.

In the case where wideband CQI/PMI reporting is configured:
e Thereporting instances for wideband CQI/PMI are subframes satisfying

(10xny +|ng /2]~ Noprser.cor Jmod(N g )= 0.

e In caseRlreporting is configured, the reporting interval ofthe RIreporting is an integer multiple M,, of
period N pa (in subframes).
o Thereporting instances for RI are subframes satisfying
(10 ny+ng12]- Nogrser.cor = Norrser vt )mOd(di Mpg;)=0.

In the case where both wideband CQI/PMI and subband CQI reporting are configured:
o Thereporting instances for wideband CQI/PMIand subband CQI are subframes satisfying

(10x ny+ng12]= Nogrser.cor Jmod Npa =0

=  When PTIis not transmitted (due to not being configured) or the most recently transmitted PTT s
equalto 1 for a UE configured in transmissionmode 9 or for a UE configured in transmissionmode
10 without a 'RI-reference CSIprocess' fora CSI process, or the transmitted PTIis equalto I reported
in the most recentRIreporting instance fora CSI process when a UEis configured in transmission
mode 10 with a 'RI-reference CSI process' forthe CSIprocess, orthe transmitted PTTis equalto 1 for
a Rl-reference CSI process'reported in the most recent RIreportinginstance fora CSI process when
a UE is configuredin transmission mode 10 with the 'Rl-reference CSI process' forthe CSIprocess,
and the most recent type 6 report forthe CSIprocess is dropped:

= Thewideband CQI/ wideband PMI (or wideband CQI/wideband second PMI for
transmissionmodes 9and 10) report has period H - N ,; ,and is reported onthe
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subframes satisfying (10xn  +|ny /2 |~ Noprsgr cor Jmod(H - N,y )= 0. The
integer H isdefinedas H =J-K+1,where J isthenumberofbandwidth
parts.

= Between every two consecutive wideband CQI/ wideband PMI (or wideband
CQl/wideband second PMI for transmis sionmodes 9 and 10) reports, theremaining
J-K reporting instances are used in sequence for subband CQIreportson K full
cycles ofbandwidth parts except when the gap between two consecutive wideband
CQI/PMlIreports contains lessthan J-K reportinginstances dueto asystem
frame number transition to 0, in which case the UEshallnot transmit the remainder
of the subband CQI reports which have not been transmitted before thesecond of
the two wideband CQI/ wideband PMI (or wideband CQI/wideband second PMI for
transmissionmodes 9 and 10) reports. Each fullcycle of bandwidth parts shall be in
increasing order starting frombandwidth partOto bandwidth part J —1.The

parameter X is configured by higher-layersignalling.

=  When themostrecently transmitted PTTis 0 for a UE configured in transmission mode 9 or fora UE
configured in transmis sionmode 10 without a Rl-reference CSIprocess' fora CSI process, orthe
transmitted PTTis O reported in the most recent RIreporting instance fora CSI process when a UE s
configured in transmis sion mode 10 with a 'RI-reference CSI process' forthe CSIprocess, orthe
transmitted PTTis O for a 'RI-reference CSI process'reported in the most recent RIreporting instance
for a CSI process when a UEis configured in transmissionmode 10 with the 'RI-reference CSI
process' forthe CSI process, and the mostrecent type 6 report forthe CSIprocess is dropped:

=  The wideband first precoding matrixindicatorreport hasperiod H'- N, ,,and is

pd>
reported onthe subframes satisfying

(10 xny+ |ng /2]~ NorFser,cor )mod(H’ "Ny ): 0, where H'issignalled by
higherlayers.

= Between every two consecutive wideband first precoding matrix indicator reports,
theremaining reporting instances are used fora wideband second precoding
matrix indicator with wideband CQI as described below

e In caseRlreporting is configured, the reporting interval of Rlis M, times the wideband CQ/PMI period
H-N,y» and Rl is reported on thesame PUCCH cyclic shift resource as both the wideband CQI/PMIand

subband CQI reports.

= Thereporting instances for RI are subframes satisfying
(10x ny+ng 12|~ Noprser.cor — Norrser ki Jmod(# - N pd “Mprr )=0

In case of collision ofa 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 CSIreport with PUCCH reporting
type (1, 1a, 2, 2a, 2b, 2c, or4) has lower priority and is dropped.

Fora serving celland UE configured in transmission mode 10, in case of collision between CSIreports of same serving
cell with PUCCH reporting type ofthe same priority, and the CSIreports corresponding to different CSI processes, the
CSI reports corresponding to all CSI processes except the CSIprocess with the lowest CSIProcessIndex are dropped.

If the UE is configured with more than oneservingcell, the UE transmits a CSIreport ofonly one serving cellin any
given subframe. Fora given subframe, in case of collision ofa CSIreport with PUCCH reporting type3, 5, 6, or2a of
one serving cell with a CSI report with PUCCH reporting type 1, 1a,2, 2b, 2¢, or 4 of another serving cell, the latter
CSI with PUCCH reporting type(l, 1a, 2, 2b, 2c, or 4) has lower priority and is dropped. Fora given subframe, in case
of collision of CSI report with PUCCH reporting type 2,2b, 2¢, or4 ofone serving cell with CSI report with PUCCH
reporting type 1 or laof anotherserving cell, the latter CSI report with PUCCH reporting type 1, or 1a has lower
priority and is dropped.

Fora given subframe and serving cells with UE configured in transmissionmode 1-9, in case of collision between CSI
reports ofthesedifferentserving cells with PUCCH reporting type ofthe same priority, the CSIreports forall these
serving cells except the serving cell with lowest ServCelllndex are dropped.
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Fora given subframe and serving cells with UE configured in transmissionmode 10, in case ofcollision between CSI
reports of different serving cells with PUCCH reporting type ofthe same priority and the CSIreports corresponding to
CSI processes with same csi-Processld-r11,the CSIreports ofall servingcells except the serving cell with lowest

ServCelllndex are dropped.

Fora given subframe and serving cells with UE configured in transmissionmode 10, in case of collision between CSI
reports of different serving cells with PUCCH reporting type ofthe same priority and the CSIreports corresponding to
CSI processes with differentcsi-Processld-ri1,the CSIreports ofallserving cells except the serving cell with CSI
reports corresponding to CSIprocess with thelowest csi-Processld-r11 are dropped.

Fora given subframe, in case of collision between CSIreport ofa given serving cell with UE configured in
transmissionmode 1-9, and CSI report(s) corresponding to CSIprocess(es) ofa different serving cell with the UE
configured in transmissionmode 10, and the CSIreports ofthe serving cells with PUCCH reporting type ofthe same
priority, the CSI report(s) corresponding to CSI process(es) with csi-Processld-r11>1 ofthe different servingcell are

dropped.

Fora given subframe, in case of collision between CSI report ofa given serving cell with UE configured in
transmissionmode 1-9,and CSI report corresponding to CSI process with csi-Processld-ri1 =1 of a different serving
cell with the UE configured in transmissionmode 10, and the CSIreports ofthe serving cells with PUCCH reporting
type ofthe same priority, the CSIreport ofthe serving cell with highest ServCelllndex is dropped.

See clause 10.1 for UE behaviourregarding collision between CSI and HARQ-A CK and the corresponding PUCCH
format assignment.

The CSI report ofa given PUCCH reporting type shall be transmitted onthe PUCCH resource nf)%géH as definedin

[3], where nI(,fJgéH is UE specific and configured by higher layers foreachservingcell.

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, CSlis dropped.

Table 7.2.2-1A: Mapping of /.5, to N,, and Ny..qr o, for FDD

— Value of N, Value of Njppger oo
0< Tepypur <1 2 Lcor/pur
2< Ieoupr <6 5 Leorpmr =2
7< Icorpr <16 10 Teorpr =7
172 Ieprpuy <36 20 Leorpr =17
37 < Icoypr <76 40 Leorpar =37
77 < Ieppy <156 80 Leorp =77

157 < Iipypy < 316 160 Leorpvr =157
Tcorpmr =317 Reserved

318 < Iy pyy < 349 32 Leorp —318

350 < Iy pyy < 413 64 Leorpyr =350

M4 < oo ppy <54 128 Legrpur =414

6542 < ICQ[/PMI <1023 Reserved
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Table 7.2.2-1B: Mapping of [, to My and N..q 4 -

I Value of My, Nalue of Niprqer
0< I <160 1 ~Igy
161 < I <321 2 = (Iz —-161)
322 < Ip <482 4 - (I -322)
483 < I, <643 8 - (I -483)
644 < I, <804 16 - (I, —644)
805 < I, < 965 32 - (I -805)

066 < [, <1023 Reserved

Table 7.2.2-1C: Mapping of /.1, to N, and Ny.oor oo for TDD

Leorpmr Value of N, ;Nalueof Ngiropr cof
Teorpmr =0 1 Teonpm

1< Teoypr <5 5 Leorpar =1

6< Icoypr <15 10 Leorpr =6
16 < Teorpr <35 20 Lcopm =18
36 < Icopwr <75 40 Legrpur =36
76 < Ieopyr <195 80 Legipur =78
156 < Iopy pyy < 315 160 Loy pur =156
316 < [CQ[/PMI <1023 Reserved

For TDD periodic CQI/PMIreporting, the following periodicity values apply fora servingcell ¢ dependingon the TDD
UL/DL configuration ofthe primary cell [3]:

o Thereporting period of Npq =1 is applicable forthe serving cell c only if TDD UL/DL configuration of

the primary cell belongsto {0, 1, 3, 4, 6}, and where all UL subframes ofthe primary cellin a radio frame
are used for CQI/PMIreporting.

o Thereporting period of Npq =5 is applicable forthe serving cell ¢ only if TDD UL/DL configuration of
the primary cell belongsto {0, 1, 2, 6}.

o Thereporting periods of N ,; = {10,20,40,80,160} are applicable forthe serving cellc forany TDD

UL/DL configuration ofthe primary cell.

Fora serving cell with N% <7, Mode 2-0and Mode2-1 are not supported for that serving cell.

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,. Jointencodingofrankand 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 la.
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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 i, Ll

Value of the first PMI /..., | codebook index I | Value of the secondPMI/,,, | Codebook index i, | #bits
1 0-7 21 0-1 21 s 4
2 0-7 21 0-1 Lovia 4
3 0-1 2 g 0-7 4L[PM12/4J+[PM12 4
4 0-1 21 0-7 Lovis 4
5 0-3 Toym 0 0 2
6 0-3 1o 0 0 2
7 0-3 1o 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
b RI Codebook index i
RI/ PMI1
0-7 1 2[R1/PM11
8-15 2 2(L gy pin-®)
16-17 3 2( 1y -16)
18-19 4 2(1 gy ppa ~18)
20-21 5 2(1 gy prar 20)
22-23 6 2( IRI/PMI] -22)
24-25 7 2( ]RI/PMII '24)
26 8 0
27-31 reserved NA

Table 7.2.2-1F: PUCCH mode 2-1 codebook subsampling.

Relationship between the second PMIvalue and codebook index i,

RI
Value of the second PMI /2 Codebook index i,

1 0-15 Lovis
2 0-3 2100,
3 0-3 8~LIPM,2 /2J+(IPM,2mod2)+2
4 0-3 2y,
5 0 0
6 0 0
7 0 0
8 0 0

AnRI or PTTor any precoding matrix indicatorreported fora serving cellin a periodic reporting mode is valid only for
CSI reports for that serving cell on that periodic CSIreporting mode.

For serving cell ¢, a UE configured i transmission mode 10 with PMI/RI reporting for a CSI process can be
configured with a 'Rl-reference CSI process'. The RI for the 'Rl-reference CSI process' is not based on any other
configured CSI process other than the 'Rl-reference CSI process'. If the UE is configured with a 'Rl-reference CSI
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process' for a CSI process and if subframesets Ccgy and Ccg;; 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 Rls 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:

periodic CSI reporting mode (including sub-modeif configured), and/or
number of CSI-RS antenna ports, and/or
set of restricted Rls with precoder codebook subset restriction if subframe sets Crg;o and Cegp; are not

configured by higherlayers for both CSI processes, and/or
set of restricted Rls with precoder codebook subset restriction for each subframe set if subframe sets  Cgy

and Ccgp; areconfigured by higherlayers forboth CSIprocesses, and/or
set of restricted RIs with precoder codebook subset restriction if subframe sets Ccgpo and Ccgp; are

configured by higher layers for only one of the CSI processes, and the set of restricted Rls for the two
subframe sets are thesame.

Forthe calculation of CQI/PMI conditioned on the lastreported RI, in the absence ofa last reported Rl the UE shall
conduct the CQI/PMI calculation conditioned onthe lowest possible Rl as given by the bitmap parameter
codebookSubsetRestriction . If reporting for more than one CSIsubframe set is configured, CQI/PMI is conditioned on
the last reported Rl linked to the same subframe setas the CSIreport.

o Wideband feedback

o Mode 1-Odescription:
= In the subframe where Rl is reported (only for transmission mode 3):
e A UE shalldetermine a RI assuming transmission onsetS subbands.

e TheUEshallreportatype 3 report consisting of oneRI.
= In the subframe where CQl is reported:

e A UE shallreportatype 4report consisting of one wideband CQI value which
is calculated assuming transmission on set S subbands. The wideband CQI
represents channel quality forthe first codeword, even when RI>1.

e Fortransmission mode 3 the CQIlis calculated conditioned onthe last reported
periodic RI. Forothertransmissionmodes it is calculated conditioned on
transmissionrank 1.

o Mode 1-1description:
= In the subframe where Rl is reported (only for transmission modes 4,8, 9 and 10):

e Ifa UE is configured in transmission mode 10 with a RI-reference CSI
process' fora CSI process, the Rl forthe CSI process shallbe the same as the
RI in the most recent CSIreport comprising Rl for the configured 'RI-reference
CSI process'irrespective of subframe sets if configured; otherwise, the UE
shalldetermine a Rl assuming transmission onsetS subbands.

e The UEshallreportatype 3 report consisting ofoneRIL

= In the subframe where Rl and a first PMI are reported (only for transmissionmodes 9
and 10, and configured with submode 1 and 8 CSI-RS ports)

e Ifa UE is configured in transmission mode 10 with a 'Rl-reference CSI
process' fora CSI process, the RI for the CSI process shallbe the same as the
RI in the most recent CSIreport comprising RI for the configured Rl-reference
CSI process'irrespective of subframe sets if configured; otherwise, the UE
shall determine a Rl assuming transmission onset.S subbands.
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e The UE shallreportatype Sreport consisting ofjointly coded Rl and a first
PMI correspondingto a set of precoding matrices selected fromthe codebook

subsetassuming transmission on set S subbands.

e Ifthe UE is configuredin transmission mode 10 with a 'Rl-reference CSI
process' fora CSI process and in case of collision oftype S report forthe CSI
process with type 5 report forthe 'Rl-reference CSIprocess', the wideband first
PMI for the CSI process shall be the same as the wideband first PM1in the
most recent type 5 report forthe configured 'Rl-reference CSI process';
otherwise, the wideband first PMI value is calculated conditioned on the
reported periodic RI.

= In the subframe where CQI/PMI s reported forall transmission modes except with 8
CSI-RS ports configured for transmission modes 9 and 10:

e Asingle precoding matrix is selected fromthe codebook subset assuming
transmissionon set S subbands.

e A UE shallreportatype 2report consistingof

o Asingle wideband CQI value which is calculated assuming theuse of
a single precoding matrix in all subbands and transmissionon set.S

subbands.
o Theselectedsingle PMI(wideband PMI).

o When RI>1,an additional 3-bit wideband spatial differential CQI,

which is shown in Table 7.2-2.
e Fortransmission modes 4, 8, 9 and 10,

o Ifa UE is configured in transmission mode 10 with a “Rl-reference
CSI process™ fora CSI process, and the mostrecent type 3 report for
the CSI process is dropped, anda type 3 report forthe “Rl-reference
CSI process™is reported in the most recent RIreporting instance for
the CSI process, the PMIand CQI for the CSI process are calculated
conditioned on the reported periodic RI for the configured “RI-
reference CSIprocess™ in the most recent Rl reporting instance for
the CSI process; otherwise the PMIand CQIl are calculated
conditioned on the last reported periodic RI.

e Forothertransmission modes the PMIand CQIl are calculated conditioned on
transmissionrank 1.
* In the subframe where wideband CQI/second PMI s reported for transmissionmodes 9
and 10, and with 8 CSI-RS ports configured to submode 1 only:
e Asingle precoding matrix is selected fromthe codebook subset assuming
transmissionon set .S subbands.

e A UE shallreportatype 2b report consisting of

o Asingle wideband CQI value which is calculated assuming theuse of
the single precoding matrix in all subbands and transmission onset.S
subbands.

o Thewidebandsecond PMI corresponding to theselected single
precoding matrix.

o When RI>1,an additional 3-bit wideband spatial differential CQI,
which is shown in Table 7.2-2.

e Ifa UE is configured in transmission mode 10 with a 'RI-reference CSI
process' fora CSI process, and the most recenttype 5 report forthe CSI
process is dropped, and a type Sreport for the Rl-reference CSIprocess'is
reported in the mostrecentRIreporting instance forthe CSIprocess,

o Thewidebandsecond PMIvalue forthe CSIprocessis calculated
conditioned on the reported periodic Rl and the wideband first PMI
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for the configured 'Rl-reference CSI process'in the most recent RI
reporting instance forthe CSIprocess.

o Thewideband CQIvalue is calculated conditioned onthe selected
precoding matrix for the CSI process and the reported periodic Rl for
the configured Rl-reference CSIprocess'in the most recent RI
reporting instance forthe CSIprocess.

e Otherwise,

o Thewidebandsecond PMIvalue is calculated conditioned on the last
reported periodic Rl and the wideband first PMI.

o Thewideband CQIvalue is calculated conditioned onthe selected
precoding matrix and the last reported periodic RI.

= In the subframe where wideband CQI/first PM1I/second PMI is reported for transmission
modes 9and 10, and with 8 CSI-RS ports configuredto submode?2 only:

e Asingle precoding matrix is selected fromthe codebook subset assuming
transmissionon set .S subbands.

e A UE shallreport atype 2¢ report consisting of

o Asingle wideband CQI value which is calculated assuming theuse of
a single precoding matrix in all subbands and transmissionon set.S
subbands.

o Thewideband first PMIand the wideband second PMI corresponding
to the selected single precoding matrixas defined in clause 7.2.4.

o When RI>1, an additional 3-bit wideband spatial differential CQI,
which is shown in Table 7.2-2.

e Ifa UE is configured in transmission mode 10 with a RI-reference CSI
process' fora CSI process, and the most recenttype 3 report for the CSI
process is dropped, anda type 3 report forthe 'Rl-reference CSIprocess'is
reported in the mostrecentRIreporting instance for the CSIprocess, the
wideband first PMI, the wideband second PMIand thewideband CQI forthe
CSI process are calculated conditioned on the reported periodic RI for the
configured Rl-reference CSI process'in the most recent RIreportinginstance
for the CSI process; otherwise the wideband first PMI, the wideband second
PMIand the wideband CQI are calculated conditioned onthe lastreported

periodic RL.

e UE Selected subband feedback
o Mode2-0Odescription:

= In the subframe where Rl is reported (only for transmission mode 3):
e A UE shalldetermine a RI assuming transmission onsetS subbands.
e The UEshallreportatype 3report consisting ofoneRIL

= In the subframe where wideband CQI is reported:

e The UEshallreport atype 4 report on eachrespective successive reporting
opportunity consisting ofone wideband CQI value which is calculated
assuming transmission onsetS subbands. The wideband CQI represents

channel quality forthe first codeword, even when RI>1.

e Fortransmission mode 3 the CQlis calculated conditioned onthe last reported
periodic RI. Forother transmissionmodes it is calculated conditioned on

transmissionrank 1.

= In the subframe where CQI for the selected subbands is reported:
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The UE shallselect the preferred subband within thesetof Nj subbands in
each ofthe Jbandwidth parts where Jis given in Table 7.2.2-2.

The UE shallreport a type 1report consisting ofone CQI value reflecting
transmissiononly overtheselected subband ofa bandwidth part determined in
the previous step along with the corresponding preferred subband L-bit label.
A type 1 report foreach bandwidth part will in turn be reported in respective
successive reporting opportunities. The CQI represents channel quality forthe
first codeword, even when RI>1.

Fortransmission mode 3 the preferred subband selection and CQI values are
calculated conditioned on the lastreported periodic RI. For other transmis sion
modes they are calculated conditioned on transmission rank 1.

= In the subframe where Rlis reported (only for transmission modes 4 and 8 and with 2
or 4 CSI-RS ports configured for transmissionmodes 9 and 10):

Ifa UE is configured in transmission mode 10 with a 'Rl-reference CSI process'
for a CSI process, the Rl forthe CSI process shall be the same as the Rl in the
most recent CSIreport comprising RI for the configured Rl-reference CSI
process'irrespective of subframe sets if configured; otherwise, the UEshall
determine a Rl assuming transmissionon set S subbands.

The UE shallreport a type 3 report consisting of oneRI.

= In the subframe where Rl is reported for transmissionmodes 9 and 10, and with 8 CSI-
RS ports configured then:

If a UE is configured in transmission mode 10 with a 'Rl-reference CSI
process' fora CSI process, the Rl forthe CSI process shallbe the same as the
RI in the most recent CSIreport comprising RI for the configured 'RI-reference
CSI process'irrespective of subframe sets if configured; otherwise, the UE
shalldetermine a Rl assuming transmission onsetS subbands.

Ifa UE is configured in transmission mode 10 with a 'Rl-reference CSI
process' fora CSI process, the PTI forthe CSIprocess shallbe the same as the
PTI in the mostrecenttype 6 report for the configured 'Rl-reference CSI
process'; otherwise, the UEshall determine a precoder type indication (PTT).

The UE shallreport a type 6 report consisting ofoneRIand the PTI.

= In the subframe where wideband CQI/PMI is reported forall trans mission modes except

with 8 C

SI-RS ports configured for transmissionmodes 9 and 10:

A single precoding matrix is selected fromthe codebook subset assuming
transmissionon set S subbands.

A UE shallreport atype 2 report on eachrespective successive reporting
opportunity consisting of:

o A wideband CQl value which is calculated assuming theuse ofa
single precoding matrix in all subbands and transmissionon set S

subbands.
o Theselectedsingle PMI (wideband PMI).

o When RI>1,an additional 3-bit wideband spatial differential CQI,
which is shown in Table 7.2-2.

Fortransmission modes 4, 8, 9 and 10,

o Ifa UE is configured in transmission mode 10 with a 'RI-reference
CSI process' fora CSI process, and the mostrecent type 3 report for
the CSI process is dropped, anda type 3 report forthe 'Rl-reference
CSI process'is reported in the mostrecent RIreporting instance for
the CSI process, the PMIand CQI values forthe CSIprocess are
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calculated conditioned on the reported periodic RI for the configured
'Rl-reference CSI process'in the most recent RIreporting instance for
the CSI process; otherwise the PMIand CQI values are calculated

conditioned on the last reported periodic RI.

e Forothertransmission modes the PMIand CQI values are calculated
conditioned on transmissionrank 1.

= In the subframe where the wideband first PM1 is reported for transmissionmodes 9 and
10, and with 8 CSI-RS ports configured:

e A setofprecoding matrices corresponding to the wideband first PMI is
selected fromthe codebook subsetassuming transmission on set S subbands.

e A UE shallreportatype 2areport oneach respectivesuccessivereporting
opportunity consisting ofthe wideband first PMI corresponding to theselected
set of precoding matrices.

e Ifa UE is configured in transmis sion mode 10 with a 'RI-reference CSI
process' fora CSI process, and the most recenttype 6 report forthe CSI
process is dropped, anda type 6 report for the 'Rl-reference CSI process' with
PTI=0 is reported in the most recent RIreporting instance for the CSIprocess,
the wideband first PMIvalue forthe CSIprocessis calculated conditioned on
the reported periodic RI for the configured 'Rl-reference CSIprocess'in the
most recent RIreporting instance forthe CSI process; otherwise with the last
reported PTI=0, the wideband first PMI value is calculated conditioned on the
last reported periodic RI.

= In the subframe where wideband CQI/second PMTI s reported for transmission modes 9
and 10, and with 8 CSI-RS ports configured:

e Asingle precoding matrix is selected fromthe codebook subset assuming
transmissionon set S subbands.

e A UE shallreport a type 2b report oneachrespective successive reporting
opportunity consisting of:

o A wideband CQI value which is calculated assuming theuse ofthe
selected single precoding matrix in all subbands and transmission on
set.Ssubbands.

o Thewidebandsecond PMI corresponding to theselected single
precoding matrix.

o When RI>1,an additional 3-bit wideband spatial differential CQI,
which is shown in Table 7.2-2.

e Ifa UE is configured in transmission mode 10 with a RI-reference CSI
process' fora CSI process, and the most recenttype 6 report for the CSI
process is dropped, anda type 6 report for the Rl-reference CSI process' with
PTI=1 is reported in the most recent Rl reporting instance forthe CSIprocess,

o Thewidebandsecond PMIvalue forthe CSIprocess is calculated
conditioned on the reported periodic RI for the configured 'RI-
reference CSI process'in the most recent Rl reporting instance forthe
CSI process and the lastreported wideband first PMI for the CSI
process,

o Thewideband CQIvalue is calculated conditioned onthe 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 forthe CSIprocess.

e Otherwise, with the last reported PTI=1,
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o Thewidebandsecond PMIvalue is calculated conditioned on the last
reported periodic Rl and the wideband first PM1.

o Thewideband CQIvalue is calculated conditioned onthe selected
precoding matrix and the last reported periodic RI.

e Ifthelastreported first PMIwas computed underan Rl assumption that differs
fromthe last reported periodic RI, orin the absenceofa last reported first PML
the conditioning ofthe second PMI value is not specified.

= In the subframe where CQI for the selected subband is reported forall trans mission
modes except with 8 CSI-RS ports configured for transmission modes 9 and 10:

e The UE shallselect the preferred subband within thesetof N;subbands in each
of'the Jbandwidth parts where Jis given in Table 7.2.2-2.

e TheUEshallreportatype 1 report perbandwidth part on eachrespective
successive reporting opportunity consisting of:

o CQI value for codeword Oreflecting transmission only over the
selected subband of'a bandwidth part determined in the previous step
along with the corresponding preferred subband L-bit label.

o When RI>1,an additional 3-bit subband spatial differential CQI value
for codeword 1 offset level

= Codeword 1 offset level=subband CQI indexfor codeword 0
—subband CQI index for codeword 1.

* Assuming theuse ofthe mostrecently reported single
precoding matrix in all subbands and transmissionon the

selected subband within the applicable bandwidth part.

o Themapping fromthe 3-bit subband spatial differential CQI value to
the offset levelis shown in Table 7.2-2.

e Fortransmission modes 4,8, 9 and 10,

o Ifa UE is configured in transmis sion mode 10 with a Rl-reference
CSI process' fora CSI process, and the mostrecent type 3 report for
the CSI process is dropped, anda type 3 report for the 'Rl-reference
CSI process'is reported in the mostrecent RIreporting instance for
the CSI process, the subband selection and CQI values for the CSI
process are calculated conditioned on the lastreported periodic
wideband PMI for the CSIprocess 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 onthe last
reported periodic wideband PMIandRI.

e Forothertransmission modes the subband selectionand CQI values are
calculated conditioned on the lastreported PMI and transmissionrank 1.

* In the subframe where wideband CQI/second PMI is reported for transmissionmodes 9
and 10, and with 8 CSI-RS ports configured:

e Asingle precoding matrix is selected fromthe codebook subset assuming
transmissionon set .S subbands.

e The UE shallreportatype 2b report on each respectivesuccessivereporting
opportunity consisting of:
o A wideband CQI value which is calculated assuming theuse ofthe

selected single precoding matrix in all subbands and transmission on
set S subbands.
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o Thewidebandsecond PMI corresponding to theselected single
precoding matrix.

o When RI>1, an additional 3-bit wideband spatial differential CQI,
which is shown in Table 7.2-2.

e Ifa UE is configured in transmission mode 10 with a Rl-reference CSI
process' fora CSI process, and the most recenttype 6 report for the CSI
process is dropped, anda type 6 report for the 'Rl-reference CSI process' with

PTI=0 is reported in the most recent Rl reporting instance forthe CSI process,

o Thewidebandsecond PMIvalue forthe CSlIprocessis calculated
conditioned on the reported periodic Rl forthe configured 'RI-
reference CSIprocess'in the mostrecentRIreporting instance forthe
CSI process and the lastreported wideband first PMI for the CSI

process.

o Thewideband CQIvalue is calculated conditioned onthe 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 forthe CSIprocess.

e  Otherwise, with the last reported PTI=0,

o Thewidebandsecond PMIvalue is calculated conditioned on the last
reported periodic Rl and the wideband first PMI. The wideband CQI
value is calculated conditioned onthe selected precoding matrix and

the last reported periodic RI.

e Ifthelastreportedfirst PMIwas computed underan Rl assumption that differs
from the last reported periodic RI, orin the absenceofa last reported first PMIL,
the conditioning ofthe second PMI value is not specified.

= In the subframe where subband CQl/second PMI for the selected subband is reported
for transmissionmodes 9 and 10, and with 8 CSI-RS ports configured:
o The UEshallselect the preferred subband within thesetof N;subbands in each
of the Jbandwidth parts where Jis given in Table 7.2.2-2.

e The UE shallreportatype lareport perbandwidth part oneachrespective
successive reporting opportunity consisting of:

o CQI value forcodeword Oreflecting transmission only overthe
selected subband ofa bandwidth part determined in the previous step

along with the corresponding preferred subband L-bit label.

o When RI>1,an additional 3-bit subband spatial differential CQI value
for codeword 1 offset level

=  Codeword 1 offset level=subband CQI indexfor codeword 0
—subband CQl index for codeword 1.

=  Assuming theuse ofthe precoding matrix corresponding to the
selected second PMIand the most recently reported first PMI
and transmission on the selected subband within the applicable
bandwidthpart.

o Themapping fromthe 3-bit subband spatial differential CQI value to
the offset levelis shown in Table 7.2-2.

o A secondPMIofthe preferred precoding matrix selected fromthe
codebook subset assuming transmission only over the selected
subband within theapplicable bandwidth part determined in the
previous step.
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e Ifa UE is configured in transmission mode 10 with a RI-reference CSI
process' fora CSI process, and the most recenttype 6 report for the CSI
process is dropped, anda type 6 report for the Rl-reference CSI process' with
PTI=1 is reportedin the most recent Rl reporting instance for the CSIprocess,

o Thesubbandsecond PMI values forthe CSIprocess are calculated
conditioned on the reported periodic RI for the configured 'RI-
reference CSIprocess'in the most recent Rl reporting instance forthe
CSI process andthe lastreported wideband first PMI for the CSI

process.

o Thesubbandselectionand CQI values are calculated conditioned on
the selected precoding matrix for the CSI process and thereported
periodic RI forthe configured 'Rl-reference CSI process' in the most
recent Rl reporting instance forthe CSIprocess.

e Otherwise, with the last reported PTI=1

o Thesubbandsecond PMIvalues are calculated conditioned on the last
reported periodic Rland the wideband first PMI.

o Thesubbandselectionand CQI values are calculated conditioned on
the selected precoding matrix and the last reported periodic RIL

o [Ifthelastreported first PMIwas computed underan Rl assumption that differs
fromthe last reported periodic RI, orin the absenceofa last reported first PML
the conditioning ofthe second PMI value is not specified.

Table 7.2.2-2: Subband Size (k) and Bandwidth Parts (J) vs. Downlink System Bandwidth

System Bandwidth N5 | 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 )

If parameter ¢tiBundling provided by higher layers s set to TRUE and ifan UL-SCH in subframe bundling operation
collides with a periodic CSI reporting instance, then the UEshall drop the periodic CSIreport ofa given PUCCH
reporting type in thatsubframe and shallnot multiplexthe periodic CSIreport payload in the PUSCH transmission in
that subframe. A UE is not expected to be configured with simultaneous PUCCH and PUSCH trans mission 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

PUCCH PUCCH Reporting Modes
Reporting Reported Mode State Mode 1-1 | Mode 2-1 | Mode 1-0 | Mode 2-0
Type (bits/BP) | (bits/BP) | (bits/BP) | (bits/BP)
1 Sub-band RI=1 NA 4+ NA 4+
cal Rl >1 NA 7+L NA 4+
8 antenna portsRI = 1 NA 8+L NA NA
1a S/u:::z:g gﬁ: 8 antennaports1 <RI <5 NA 9+L NA NA
8 antenna portsRI > 4 NA 7+L NA NA
2 antenna portsRI = 1 6 6 NA NA
Wideband 4 antenna portsRI = 1 8 8 NA NA
2 caQi/pmi 2 antenna portsRI > 1 8 8 NA NA
4 antenna portsRI > 1 11 11 NA NA
] 8 antenna portsRI< 3 NA 4 NA NA
2a V\;:g:tblgl:l‘rl' 8 antenna ports2 <RI < 8 NA 2 NA NA
8 antenna portsRI= 8 NA 0 NA NA
8 antenna portsRI = 1 8 8 NA NA
2% Wideband cQl 8 antenna ports1 <RIl < 4 1 11 NA NA
| second PMI 8 antenna portsRI = 4 10 10 NA NA
8 antenna portsRI > 4 7 7 NA NA
8 antenna portsRI = 1 8 NA NA NA
Wideband CQl 8 antenna ports1 <RI <4 11 NA NA NA
2¢ Islefcnl:?n:gm\llll 8 antenna ports4 <RI <7 9 NA NA NA
8 antenna portsRI= 8 7 NA NA NA
2/4 antenna ports, 2-layer spatial multiplexing 1 1 1 1
8 antenna ports, 2-layer spatial multiplexing 1 NA NA NA
3 RI 4 antenna ports, 4-layer spatial multiplexing 2 2 2 2
8 antenna ports, 4-layer spatial multiplexing 2 NA NA NA
8-layer spatial multiplexing 3 NA NA NA
4 Wideband CQl RI'=1 orRI>1 NA NA 4 4
8 antenna ports, 2-layer spatial multiplexing 4
5 RI/ first PMI 8 antenna ports, 4 and 8-layer spatial NA NA NA
multiplexing S
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
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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.

Based on an unrestricted observation interval in time and frequency, the UEshallderive foreach CQI value reported in
uplink subframe » the highest CQl indexbetween 1 and 15in Table 7.2.3-1 which satisfies the following condition, or

CQI index 0 if CQI index 1 does not satisfy the condition:

- A single PDSCH transport block with a combination of modulationscheme and transport block size
corresponding tothe CQlindex, and occupyinga group of downlink physical resource blocks termed the CSI
reference resource, could be received with a transport block error probability notexceeding0.1.

If CSI subframe sets Cg;, and Cpgp; are configuredby higherlayers, each CSIreference resource belongs toeither
Ccsio OF Ccgpy butnottoboth. When CSIsubframe sets Cigp o and Ccg;; are configured by higherlayersa UE
is not expected to receive a trigger for which the CSl reference resource is in subframe thatdoes not belong to either

subframe set. Fora UE in transmissionmode 10 and periodic CSIreporting, the CSIsubframe set forthe CSIreference
resourceis configured by higher layers foreach CSIprocess.

Fora UE in transmissionmode 9 when parameter pmi-RI-Report is configured by higher layers, the UEshall derive the
channel measurements for computing the CQI value reported in uplink subframe # 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 UE in transmissionmode 9 when the parameter pmi-RI-Reportis not configured by higher layers
or in transmission modes 1-8 the UE shall derive the channel measurements for computing CQIbased on CRS.

Fora UE in transmissionmode 10, the UE shall derive the channel measurements for computing the CQI value reported
in uplink subframe » 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.

Fora UE in transmissionmode 10, the UE shall derive the interference measurements for computing the CQI value
reported in uplink subframe » and corresponding to a CSI process, based on only the zero power CSI-RS (defined in
[3]) within the configured CSI-IM resource associated with the CSI process. Ifthe UE in transmissionmode 10is
configured by higherlayers for CSIsubframe sets Cesio and Cesi forthe CSIprocess, the configured CSI-IM

resource within the subframe subset belonging to the CSIreference resource is used to derive the interference
measurement.

A combination of modulation scheme and transport block size corresponds to a CQI index if:

- thecombinationcould be signalled for transmission on the PDSCH in the CSI reference resourceaccording to
the relevant Transport Block Size table, and

- themodulationscheme is indicated by the CQl index, and

- thecombinationoftransport block size and modulation scheme when applied tothe referenceresource results
in the effective channel code rate which is the closest possible to thecode rate indicated by the CQIl index. If
more than one combination oftransportblock size and modulationscheme results in an effective channel code
rate equally close tothe code rateindicated by the CQIl index, only the combination with the smallestofsuch
transport block sizes is relevant.

The CSI reference resource fora servingcellis defined as follows:

- In the frequency domain, the CSIreference resource is defined by the group of downlink physical resource
blocks corresponding to the band to which the derived CQI value relates.

- In the time domain,

o foraUE configuredin trans mission mode 1-9 or transmissionmode 10 with a single configured CSI
process forthe serving cell, the CSIreference resource is defined by a single downlink subframe -
NCQI refy

= where forperiodic CSI reporting ncos s is the smallest value greaterthanorequalto 4,
such that it corresponds toa valid downlink subframe;
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where foraperiodic CSI reporting ncor s is suchthatthe referenceresource is in the same
valid downlink subframe as the corresponding CSIrequestin an uplink DCI format.

where foraperiodic CSI reporting 7cor ror is equalto 4 and downlink subframe n-rncor ry
corresponds toa valid downlink subframe, where downlink subframe n-ncp; is received
afterthe subframe with the corresponding CSIrequestin a Random A ccess Response Grant.

o foraUE configuredin transmission mode 10 with multiple configured CSIprocesses forthe serving
cell, the CSI reference resource fora given CSI process is defined by a single downlink subframe -

ncor refs

where for FDD and periodic oraperiodic CSIreportingncor s is the smallest value greater
than orequalto 5, such that it corresponds to a valid downlink subframe, and foraperiodic
CSI reporting the corresponding CSIrequestis in an uplink DCI format;

where for FDD and aperiodic CSIreporting ncor s is equalto 5and downlink subframe 7-
ncor_rercorresponds to a valid downlink subframe, where downlink subframe n-rcor reris
received after the subframe with the corresponding CSIrequest in a Random Access
Response Grant.

where for TDD, and 2 or 3 configured CSI processes, and periodic oraperiodic CSI
reporting, ncos s is the smallest value greater than orequalto 4, such that it corres ponds to
a valid downlink subframe, and foraperiodic CSIreporting the corresponding CSIrequest is
in an uplink DCI format;

where for TDD, and 2 or 3 configured CSIprocesses, and aperiodic CSIreporting, ncor rer
is equalto 4 and downlink subframe n-ncos .y corresponds to a valid downlink subframe,
where downlink subframe n-ncor s is received after the subframe with the corresponding
CSI request in a Random A ccess Response Grant;

where for TDD, and 4 configured CSI processes, and periodic or aperiodic CSIreporting,
ncor res 1s the smallest value greater thanorequalto 5, such that it corresponds toa valid
downlink subframe, and foraperiodic CSIreporting the corresponding CSIrequest is in an
uplink DCI format;

where for TDD, and 4 configured CSI processes, and aperiodic CSIreporting, 7co;s rer 1S
equalto 5and downlink subframe n-nco; s corresponds to a valid downlink subframe,
where downlink subframe n-ncpr s is received after the subframe with the corresponding
CSI request in a Random A ccess Response Grant.

A downlink subframe in a serving cellshallbe considered to bevalid if:

it is configured as a downlink subframe forthat UE, and

in case multiple cells with different uplink-downlink configurations are aggregatedand 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 fortransmission mode 9 or 10, it is not an MBSFN subframe, and

it does notcontain a DWPTS field in case the length of DWPTSis 7680-7; and less,and

it does notfall within a configured measurement gap forthat UE, and

for periodic CSIreporting, it is an element ofthe CSI subframe set linked to the periodic CSI
report when that UEis configured with CSIsubframe sets, and

for a UE configured in transmission mode 10 with multiple configured CSIprocesses, and
aperiodic CSIreporting fora CSI process, it is an element ofthe CSIsubframe set linked to
the downlink subframe with the corresponding CSIrequest in an uplink DCI format, when
that UE is configured with CSI subframe sets forthe CSIprocess.

If there is no valid downlink subframe forthe CSIreference resourcein a serving cell, CSI reporting is
omitted forthe serving cell in uplink subframe 7.
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In the layer domain, the CSIreference resource is defined by any Rl and PMI on which the CQI is conditioned.

In the CSI reference resource, the UEshall assume the following forthe purpose of deriving the CQIl index, and if also
configured, PMIand RI:

The first 3 OFDM symbols are occupied by control signalling

No resource elements used by primary or secondary s ynchronizationsignals or PBCH or EPDCCH

CP length ofthe non-MBSFN subframes

Redundancy Version0

If CSI-RS is used for channel measurements, the ratio of PDSCH EPRE to CSI-RS EPRE is as given in clause

7.2.5

Fortransmission mode 9 CSI reporting:

@)
@)

CRS REs are as in non-MBSFN subframes;

If the UE is configured for PMI/RIreporting, the UE-specific referencesignal overhead is consistent
with the most recent reported rank if more than one CSI-RS port is configured, and is consistent with
rank 1 transmissionifonly one CSI-RS port is configured; and PDSCH signals on antenna ports

{7...6+v}for vlayers would result in signals equivalent to corresponding symbols transmitted on

v (@) x ()
antennaports {15...14 + P},as givenby : =W(i) : ,where

y(14+P) (l) x(ufl) (l)

x(i) = [x(o) @ .. x(“")(i)]r is a vectorofsymbols fromthe layer mapping in clause 6.3.3.2 of [3],
P €{1,2,4,8} is the number of CSI-RS ports configured, and ifonly one CSI-RS port is configured,
W (i)is 1, otherwise W (i)is the precoding matrixcorresponding to the reported PMI applicable to

x(7) . The corresponding PDSCH signals transmitted on antenna ports {15...14+ P} would havea
ratio of EPRE to CSI-RS EPRE equalto the ratio givenin clause7.2.5.

Fortransmission mode 10 CSI reporting, ifa CSI process is configured without PMI/RIreporting:

o

If the number ofantenna ports ofthe associated CSI-RS resource is one, a PDSCH transmissionis on
single-antenna port, port 7. The channel on antennaport {7} is inferred from the channel on antenna
port {15} ofthe associated CSI-RS resource.
*= CRS REs are as in non-MBSFN subframes. The CRS overhead is assumedto be the same as
the CRS overhead corresponding to the number of CRS antenna ports of the serving cell;
» The UE-specific reference signal overheadis 12 REs per PRB pair.
Otherwise,
= Ifthenumberofantenna ports ofthe associated CSI-RS resource is 2,the PDSCH
transmission scheme assumes the transmit diversity scheme defined in clause 7.1.2 on
antenna ports {0,1} except that the channels onantennaports {0,1} are inferred fromthe
channels onantennaport {15, 16} of the associated CSIresource respectively.
= [fthe numberofantenna ports ofthe associated CSI-RS resource is 4,the PDSCH
transmission scheme assumes the transmit diversity scheme defined in clause 7.1.2 on
antenna ports {0,1,2,3} except that the channels onantenna ports {0,1,2,3} are inferred from
the channels on antenna ports {15, 16, 17, 18} ofthe associated CSI-RS resource
respectively.
= TheUEis notexpectedto be configured with more than4 antenna ports for the CSI-RS
resourceassociated with the CSI process configured without PMI/RI reporting.
= Theoverhead of CRS REs is assuming the same number ofantenna ports as thatofthe
associated CSI-RS resource.
= UE-specific reference signal overhead s zero.

Fortransmission mode 10 CSI reporting, ifa CSI process is configured with PMI/RIreporting:

O

O

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 antennaports oftheservingcell;

The UE-specific reference signal overhead is consistent with themost recentreported rank for the CSI
process ifmore than one CSI-RS port is configured, and is consistent with rank 1 transmissionifonly

one CSI-RS port is configured; and PDSCH signals on antenna ports {7...6+ v} for vlayers
would result in signals equivalentto corresponding s ymbols transmitted onantennaports
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ya) x (i)
{15...14+ P}, as given by : =W@)| , where
PP ) XU ()

x(@) = [x(o) (@) .. x@D (i)]T is a vectorofsymbols fromthe layer mapping in clause 6.3.3.2 of [3],
P €{1,2,4,8} is the number ofantenna ports ofthe associated CSI-RS resource, and if
P=1,W(i)is 1, otherwise W (i)is the precoding matrix corresponding to thereported PMI
applicableto x(i).The corresponding PDSCH signals transmitted on antenna ports {15...14 + P}
would have aratio of EPRE to CSI-RS EPRE equalto the ratio givenin clause 7.2.5

Assume no REs allocated for CSI-RS and zero-power CSI-RS

Assume no REs allocated for PRS

The PDSCH transmissionscheme given by Table 7.2.3-0 depending on the transmissionmode 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

clause 5.2 with the exception of o , which shallbe assumed tobe

o p,=P, +A,, +10log (2)[dB] forany modulationscheme, ifthe UE is configured with
transmission mode 2 with 4 cell-specific antenna ports, or transmis sion mode 3 with 4 cell-specific
antenna ports and the associated Rl is equalto one;

o pyu=P;+A offset [dB] for any modulationscheme and any number oflayers, otherwise.
The shift A offset is given by the parameter nomPDSCH-RS-EPRE-Offset which is configured by higher-layer

signalling.

Table 7.2.3-0: PDSCH transmission scheme assumed for CS| reference resource

Trar::;ndlzsbn Transmission scheme of PDSCH

1 Single-antenna port, port 0

2 Transmit diversity

3 Transmit diversity if the associated rank indicator is 1, otherwiselarge delay CDD

4 Closed-loop spatial multiplexing

5 Multi-user MIMO

6 Closed-loop spatial multiplexing with a single transmission layer

7 If the number of PBCH antenna ports is one, Single-antenna port, port 0; otherwise Transmit diversity
if the UE is configured without PMIRI reporting: if the number of PBCH antenna ports is one, single-

8 antenna port, port 0; otherw ise transmit diversity
If the UE is configured with PMI/RI reporting: closed-loop spatial multiplexing
If the UE is configured without PMIRI reporting: if the number of PBCH antenna ports is one, single-
antenna port, port 0; otherw ise transmit diversity

9
If the UE is configured with PMI/RI 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 clause 7.1.5B)
If a CSI process of the UE is configured without PMI/RI reporting: if the number of CSFRS ports is one,
single-antenna port, port7; otherw ise transmit diversity

10
If a CSI process of the UE is configured with PMI/RI 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 clause 7.1.5B)
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Table 7.2.3-1: 4-bit CQl 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 64QAM 666 3.9023
13 64QAM 772 4.5234
14 64QAM 873 5.1152
15 64QAM 948 5.5547
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Precoding Matrix Indicator (PMI) definition

Fortransmission modes 4, Sand 6, precoding feedbackis used for channel dependent codebook based precoding and
relies on UEs reporting precoding matrixindicator (PMI). For transmission mode 8, the UE shallreport PMI if
configured with PMI/RIreporting. For transmis sion modes 9and 10, the UE shallreport PMI if configured with
PMI/RIreporting and the number of CSI-RS ports is largerthan 1. A UE shallreport PMIbased on the feedback modes
describedin 7.2.1 and 7.2.2. For othertransmission modes, PMI reporting is not supported.

For2 and 4 antennaports, each PMI value corresponds to a codebook indexgiven in Table 6.3.4.2.3-1 or Table
6.3.4.2.3-2 of [3] as follows:

For2 antenna ports {0,1} or {15,16} and an associated Rl value of 1, a PMIvalue of n e {0,1,2,3} corresponds

to the codebookindex 7 given in Table 6.3.4.2.3-1 of [3] with v =1.

For2 antennaports {0,1} or {15,16} and an associated RIvalue of2, a PMIvalue of n € {0,1} corresponds to
the codebookindex 7 + 1 given in Table 6.3.4.2.3-1 of[3] with v = 2.

For4 antenna ports {0,1,2,3} or {15,16,17,18}, a PMIvalueof n e {0,1,~~-,15} corresponds to the codebook
index n givenin Table 6.3.4.2.3-2 of [3] with v equalto the associated RIvalue.

For8 antenna ports, each PMI value corresponds to a pair of codebook indices givenin Table 7.2.4-1, 7.2.4-2, 7.2.4-3,
7.2.4-4, 71.2.4-5,7.2.4-6, 7.2.4-7, or7.2.4-8, where the quantities ¢, and v,, aregivenby

— olm/2
Pp =€
v, = [1 €>/27zm/32 €j4717n/32 e/(mm/32]T

as follows:For 8 antennaports {15,16,17,18,19,20,21,22 }, afirst PMIvalue of nj € {O,l,~-~,f(u) - 1} and a

second PMIvalueof n, {0,1,‘ ~,g()- l}corresponds to the codebookindices n; and n, givenin Table
7.2.4-j with v equalto the associated RI value and wherej= v, f(v)= {16,1 6,4,4,4,4,4,1 } and
g(v)=1{16,16,16,8,1,1,1,1 }.

In some cases codebook subsampling is supported. The sub-sampled codebook for PUCCH mode 1-1
submode2is defined in Table 7.2.2-1D for first and second precoding matrix indicator i, and i,. Joint
encodingofrank and first precoding matrix indicator 7; for PUCCH mode 1-1 submode 1is 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 1.

Table 7.2.4-1: Codebook for 1-layer CSl reporting using antenna ports 15 to 22

i b
! 0 1 2 3 2 5 6 7
() () () 0 (1) 0 ) )
0-15 W2i1 0 Wzi,,l Wzi,,z W2i, 3 2i,+1,0 W2i,+1,1 W2i1+l,2 W2i1+l,3
i b
! ) 9 10 T 12 13 14 15
M M M 0 0 0 0 M
0-15 2i,+2,0 2i+2,1 W2i|+2,2 2i,+2,3 2i,+3,0 2i+3,1 2i,+3,2 W2i1+3,3
w here Wn(fll L] Vm }
"8 @V
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Table 7.2.4-2: Codebook for 2-layer CSl reporting using antenna ports 15 to 22

. i2
b
0 1 2 3
(2) (2) (2) (2)
0-15 2i;,2i;,0 2iy,2i;,1 W2il+l,2il+l,0 24, +1,24+1,1
. il
i 2
4 5 6 7
) (2) (2) (2)
0-15 2i,+2,2,+2,0 20, +2,2i+2,1 W2il+3,2i1+3,0 Wzi, +3,2i,+3,1
. i2
b
8 9 10 11
0—15 (2) (2) (2) (2)
- 2i;,2i,+1,0 2i),2i,+1,1 2i,+1,2i,+2,0 24y +1,2i,+2,1
/] b
: 12 13 14 15
(2) (2) @) (2)
0-15 2i;,2i+3,0 2i;,2i;+3,1 W2i1+l,2i1+3,0 2i+1,2i+3,1
v V.
where 2 :l{ m m }
T 4 PV — PV

Table 7.2.4-3: Codebook for 3-layer CSl reporting using antenna ports 15 to 22

i L
0 1 2 3
(3) (3) 7 (3) 7 (3)
0-3 WSi, 80,81 +8 ng.] +8,8i;,81+8 WSil ,8i;+8,8i;+8 WSi, +8,81;,81;
i e
1
4 5 6 7
(3) (3) 7 (3) 7 (3
0-3 W8i1+2,8i,+2,8i,+10 W8i1+10,8i1+2,8i1+10 W8i1+2,8i1+10,8i1+10 W8i1+10,8i1+2,8i,+2
i e
1
8 9 10 11
(3) (3) 7 (3) 7 (3
0-3 W8i1+4,8i,+4,8i,+12 W8i1+12,8i1+4,8i1+12 W8i1+4,8i1+12,8i1+12 W8i1+12,8i1+4,8i,+4
i L
1
12 13 14 15
(3) 3) 7 (3) 7 (3
0-3 W8i1+6,8i1+6,8i1+14 W8il+l4,8i1+6,8il+14 W8i1+6,8il+14,8i1+14 W8i1+14,8il+6,8il+6
1 (v Vo Vo ~ 1 Y Vo Vo
w here W(3), .= m m m (3)' .= m m m
m,m',m _ _ 4 m,m',m \/_ _
N24 [V Vo Vo 24|V, Vo YV

Table 7.2.4-4: Codebook for 4-layer CSl reporting using antenna ports 15 to 22

i e
0 1 2 3
4 4 4 4
0-3 W8i1,8i1+8,0 WSil,Sil +8,1 W8i1+2,8i1+10,0 W8i1+2,8il+10,1
. i
iy 2
4 5 6 7
4 (4 4 4
0-3 W8i1+4,8i1+12,0 WS[, +4,8i;+12,1 W8i1+6,8[1+14,0 W8i1+6,8i,+14,1
1% Vo v Vo
w here Wn(14,31'n _L|: m m m m i|
Y V32 | PV PuVr —PuVm  — PV
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Table 7.2.4-5: Codebook for 5-layer CSl reporting using antenna ports 15 to 22.

)

0

1 [ V2 V2i+8  V2i+8

V40 [ V2ii V2 V2i+8 T V2i+8  V2i+l6

W‘(S) _ V2i1 in1 +16

I

|

Table 7.2.4-6: Codebook for 6-layer CSl reporting using antenna ports 15 to 22.

I ’é
0-3| w® - 1 | V2, Vo, Vai+8  V2i+s  Vai+le  V2i+l6
0 = —
' VA8 | Vai, V2, Vai+s  TV2i+8  V2i+l6 T V2i+l6

Table 7.2.4-7: Codebook for 7-layer CSl reporting using antenna ports 15 to 22.

%)

0

Vaii  V2i+8  V2i+8  Vai+le  V2i+l6

Vi, V248 TV2i+8  V2i+l6

~Vai +16

Vi +24

|

Vai +24

Table 7.2.4-8: Codebook for 8-layer CSl reporting using antenna ports 15 to 22.

. i
i 2
0
0 W(g)_l Voii  V2ii Vai+8  V2i+8  V2i+l6  V2i+le  V2i+24  V2i+24
Y _ _ _ _
: 8| vay, Vai,  V2i+8 V2i+8  V2i +16 Vai+16 V2ij+24 V2i +24
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7.2.5  Channel-State Information — Reference Signal (CSI-RS) definition

Fora serving celland UE configured in transmission mode 9, the UE can be configured with one CSI-RS resource
configuration. Foraserving celland UE configured in transmission mode 10, the UE can be configured with oneor
more CSI-RS resource configuration(s). The following parameters for which the UE shall assume non-zero transmis sion
power for CSI-RS are configured via higher layersignaling for each CSI-RS resource configuration:
+ CSI-RS resourceconfigurationidentity, ifthe UE is configured in transmissionmode 10,
Number of CSI-RS ports. The allowable values and port mappingare given in clause 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_rs- The allowable values are givenin clause 6.10.5.3 of [3].

UE assumption onreference PDSCH transmitted power for CSI feedback P, , if the UE is configured in
transmissionmode 9.

UE assumption onreference PDSCH transmitted power for CSI feedback P, foreach CSI process, ifthe UE is
configured in transmis sion mode 10. If CSI subframe sets Cesio and Ccgy,y are configured by higherlayers

for a CSI process, P, is configured for each CSIsubframe setofthe CSIprocess.
Pseudo-randomsequence generator parameter, n;. The allowable values are given in [11].
Higher layer parameter gcl-CRS-Info-r11 for Quasico-location type B UE assumption of CRS antennaports
and CSI-RS antennaports with the following parameters, ifthe UE is configured in transmission mode 10:
- qcl-Scramblingldentity-ri 1.
= crs-PortsCount-rll.
- mbsfn-SubframeConfigList-r11.
P, is the assumedratio 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 ofthe
PDSCH EPRE to the cell-specific RS EPRE is denoted by p ,, as specified in Table 5.2-2 and Table 5.2-3.

A UE shouldnot expectthe configuration of CSI-RS and PMCH in the same subframe ofa servingcell.

For frame structure type2and 4 CRS ports, the UEis not expectedto receive a CSIRS Configurationindex(see Table
6.10.5.2-1 and Table 6.10.5.2-2 in [3]) belongingto the set[20-31] forthe normal CP case orthe set[16-27] for the
extended CP case.

A UE may assume the CSI-RS antenna ports ofa 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 configuredin transmissionmode 10 and with quasico-locationtype B, may assume the antenna ports 0— 3
associated with gc/-CRS-Info-r11 corresponding to a CSI-RS resource configuration and antenna ports 15— 22
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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7.2.6  Channel-State Information — Interference Measurement (CSI-IM)
Resource definition

Fora serving celland UE configured in trans mission 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 CSIRS Configuration (see Table 6.10.5.2-1 and Table 6.10.5.2-2 in [3])

Zero-power CSIRS subframe configuration /g_rg. Theallowable values are givenin clause6.10.5.3 of [3].

A UE is not expected to receive CSI-IM resource configuration(s) that are not all completely overlapping with one zero-
power CSI-RS resource configuration which canbe configured forthe UE. A UE is not expected toreceive a CSI-IM
resource configuration that is notcompletely overlapping with one ofthe zero-power CSI-RS resource configurations
defined in clause 7.2.7.

A UE shouldnot expectthe configuration of CSI-IM resource and PMCH in the same subframe ofa serving cell.

7.2.7 Zero Power CSI-RS Resource definition

Fora serving celland UE configured in trans mission mode 1-9, the UE can be configured with one zero-power CSI-RS

resource configuration. Foraserving celland UE configured in transmission mode 10, the UE can be configured with

one ormore zero-power CSI-RS resource configuration(s).

The following parameters are configured via higher layer signaling for each zero-power CSI-RS resource configuration:
Zero-power CSIRS Configurationlist (16-bit bitmap Zero PowerCSI-RSin [3])

Zero-power CSIRS subframe configuration /.g;_gs. 7The allowable values are given in clause 6.10.5.3 of [3].

A UE shouldnotexpect the configuration of zero-power CSI-RS and PMCH in the same subframe ofa servingcell.

For frame structure type 1, the UE is not expected to receive the 16-bit bitmap Zero PowerCSI-RS with any oneofthe 6
LSB bits set to 1 forthe normal CP case, or with any one ofthe 8 LSB bits set to 1 forthe extended CP case.

For frame structure type2 and 4 CRS ports, the UEis not expectedto receive the 16-bit bitmap Zero PowerCSI-RSwith
any one ofthe 6 LSB bits set to 1 forthe normal CP case, or with any one ofthe 8 LSB bits set to 1 forthe extended CP
case.
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7.3 UE procedure for reporting HARQ-ACK

The UE procedure for HARQ-A CK reporting for frame structure type 1is given in clause 7.3.1.

The UE procedure for HARQ-A CK reporting for frame structure type 2 is given in clause 7.3.2.

7.3.1 FDD HARQ-ACK reporting procedure

For FDD with PUCCH format 1a/1b transmission, when both HARQ-A CK and SR are trans mitted in the same sub-
frame, a UE shalltransmit the HARQ-A CK on its assigned HARQ-A CK PUCCH format 1a/1b resource foranegative

SR transmission and transmit the HARQ-A CK on its assigned SR PUCCH resource fora positive SR trans mission.

For FDD with PUCCH format 1b with channelselection, whenboth HARQ-A CK and SR are transmitted in the same
sub-frame a UE shall transmit the HARQ-A CK on its assigned HARQ-A CK PUCCH resource with channel selection as
defined in clause 10.1.2.2.1 for anegative SR transmission and transmit one HARQ-A CK bit perservingcell on its

assigned SR PUCCH resource fora positive SR transmission according to the following:

— if only one transport block ora PDCCH/EPDCCH indicating downlink SPS release is detectedon aserving
cell, the HARQ-ACKbit for the serving cellis the HARQ-A CK bit corresponding to thetransport block or the
PDCCH/EPDCCH indicating downlink SPS release;

— if two transport blocks are received ona serving cell, the HARQ-ACK bit for the servingcellis generated by
spatially bundling the HARQ-A CK bits corresponding to the transport blocks;

— if neither PDSCH transmission for which HARQ-A CK response shall be provided nor PDCCH/EPDCCH
indicating downlink SPS release is detected fora serving cell, the HARQ-ACK bit for the serving cellis set to
NACK;

and the HARQ-A CK bits forthe primary celland the secondary cellare mapped to p(0) and p(1), respectively, where
»0) and p(1) arespecified in clause5.4.1 in [3].

For FDD, when a PUCCH format 3 transmission of HARQ-A CK coincides with a sub-frame configured tothe UEby
higherlayers fortransmissionofa scheduling request, the UEshallmultiplex HARQ-ACK and SR bits on HARQ-ACK
PUCCH resourceas definedin clause 5.2.3.11in [4], unless the HARQ-ACK corresponds to a PDSCH trans mission on
the primary cell only ora PDCCH/EPDCCH indicating downlink SPS release on the primary cellonly, in which case
the SR shallbe transmitted as for FDD with PUCCH format 1a/1b.

ForFDD and fora PUSCH transmission, a UEshallnot transmit HARQ-A CK on PUSCH in subframe # if the UE does
notreceive PDSCH or PDCCH indicating downlink SPS release in subframe n-4.

When only a positive SRis transmitted, a UE shalluse PUCCH Format 1 for the SR resourceas defined in clause 5.4.1
in [3].

7.3.2 TDDHARQ-ACK reporting procedure

ForTDD, if a UE is configured with one serving cell, orif the UE is configured with more than oneservingcelland the
TDD UL/DL configuration ofall the configuredservingcells is the same, UE procedure forreporting HARQ-ACK is
givenin clause 7.3.2.1.

ForTDD, if a UE is configured with more than oneservingcelland the TDD UL/DL configuration ofat least two
configuredservingcells is not the same, UE procedure forreporting HARQ-ACK is given in clause 7.3.2.2.

When only a positive SRis transmitted, a UE shalluse PUCCH Format 1 for the SR resourceas defined in clause 5.4.1
in [3].

7.3.21 TDD HARQ-ACK reporting procedure for same UL/DL configuration

ForTDD, the UE shallupondetection ofa PDSCH transmissionora PDCCH/EPDCCH indicating downlink SPS
release (defined in clause 9.2) within subframe(s) n—k, where k € K and K is defined in Table 10.1.3.1-1 intended
for the UE and for which HARQ-A CK responseshall be provided, transmit the HARQ-A CK responsein UL subframe
n.
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For TDD, when PUCCH format 3 is configured for transmission of HARQ-A CK, 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 ofthe serving cellis excluded fromthe HARQ-A CK codebook size determination. In
this case, ifthe serving cellis 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 ofthe Downlink AssignmentIndex(DAI)in DCI format 0/4, ng 7, detected by the UEaccordingto Table

7.3-X in subframe n — k', where k' is defined in Table 7.3-Y, represents the totalnumber of subframes with PDSCH
transmis sions and with PDCCH/EPDCCH indicating downlink SPS release to the corresponding UE within all the

subframe(s) n — k ,where k € K . The value VDUAL ; includes allPDSCH 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 resourcerelease is intended to the UE, the UE can expect that the value ofthe DATin DCI

format 0/4, ng 7, if transmitted, is set to4.

For TDD UL/DL configuration 1-6 and a UE configured with more than oneservingcell, or for TDD UL/DL
configuration 1-6 and a UE configured with one serving celland PUCCH format 3, a value ngl is determined by the

Downlink Assignment Index(DAT)in DCI format 0/4 according to Table 7.3-Z in subframe n — k', where k' is
defined in Table 7.3-Y. In case neither PDSCH transmission, nor PDCCH/EPDCCH indicating the downlink SPS

resourcereleaseis intended to the UE, the UE can expect that the value of ng[ is set to 4by the DAIin DCI format
0/4 if transmitted.
For TDD UL/DL configurations 1-6, the value ofthe DAIin DCI format 1/1A/1B/1D/2/2A/2B/2C/2D denotes the

accumulative number of PDCCH/EPDCCH (s) with assigned PDSCH trans mis sion(s) and PDCCH/EPDCCH indicating
downlink SPS release up to the presentsubframe within subframe(s) n—k ofeach configuredserving cell, where

k € K , and shallbe updated fromsubframe to subframe. Denote V[[)if,’ . asthevalue ofthe DAlin PDCCH/EPDCCH
with DCI format 1/1A/1B/1D/2/2A/2B/2C/2D detected by the UEaccording to Table 7.3-X in subframe n — k, in
serving cell ¢, where k  is the smallestvalueintheset K (definedin Table 10.1.3.1-1) such thatthe UEdetects a

DCI format 1/1A/1B/1D/2/2A/2B/2C/2D. When configured with oneserving cell, the subscriptof ¢ in VEALI,C canbe

omitted.

Forall TDD UL/DL configurations,denote U, . as the totalnumber 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 inservingcell ¢, where k e K. When configured with one serving cell, the subscript of ¢ in

Upus. canbeomitted. Denote N, which can be zero orone, as the number of PDSCH transmissions withouta
corresponding PDCCH/EPDCCH within the subframe(s) »—k, where ke K .

For TDD HARQ-ACK bundling or HARQ-ACK multiplexing and a subframe » with A7 =1, the UE shallgenerate
one ortwo HARQ-A CK bits by performing a logical AND operationper codeword across A/ DL subframes
associated with a single ULsubframe, ofall the corresponding U ,,, + N, individual PDSCH transmission HARQ-

ACKs and individual ACK in response toreceived PDCCH/EPDCCH indicating downlink SPS release, where Af is
thenumberofelements intheset K defined in Table 10.1.3.1-1. The UE shalldetectifat least one downlink
assignmenthas beenmissed, and for the case that the UEis transmitting on PUSCH the UE shall also determine the

parameter Ny .4

- ForTDD UL/DL configuration 0, N, .., shallbe 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 shallnot transmit HARQ-A CK on PUSCH if the UE does not receive

PDSCH or PDCCH indicating downlink SPS release within thesubframe(s) n — k ,where k € K .

- Forthe case thatthe UEis not transmitting on PUSCH in subframe » and TDD UL/DL configurations 1-6, if

Upy >0 and VDDALI * (UDA] - 1)m0d4 +1, the UE detects thatat leastone downlink assignmenthas been
missed.
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Forthe case thatthe UEis transmitting on PUSCH and the PUSCH transmissionis adjusted based ona detected
PDCCH/EPDCCH with DCI format 0/4 intended for the UEand TDD UL/DL configurations 1-6, if

VgAL[ * (UDA[ + Ngpg — 1)m0d4 +1 the UE detects that at least onedownlink assignment has beenmissed

and the UEshall generate NACK forallcodewords where /N

bundleq 18 determined by the UEas

= VgALI + 2. If the UE does not detect any downlink assignment missing, N, . .

. UE shallnot transmit HARQ-ACKif U, ,, + Ng,e = 0and vt =4,

Noundiea is determined by

UL
theUEas Ny geq = Vioa

Forthe case thatthe UEis transmitting on PUSCH, and the PUSCH transmissionis not based on a detected
PDCCH/EPDCCH with DCI format 0/4 intended forthe UEand TDD UL/DL configurations 1-6, if

Upy >0 and VDZL] #* (UDA] - l)m0d4 +1, the UE detects thatat leastone downlink assignmenthas been
missed and the UEshall generate NACK forall codewords. The UEdetermines N, .. = (U, + Ngy)

as the number ofassigned subframes. The UEshallnot transmit HARQ-ACKif U, ,, + N = 0.

For TDD, when PUCCH format 3 is configured for transmission of HARQ-A CK, the HARQ-A CK feedback bits
ACK _ACK ACK

Oc,0

O 507 ek | for the c-th serving cell configured by RRC are constructed as follows, where c>0,
) ¢, 04K _

OCACK = BfL if transmission mode configured in the c-th serving cell supports one transportblock orspatial HARQ-

ACK bundlingis appliedand OCACK =2 BCDL otherwise, where BCDL is the number of downlink subframes for which
the UE needs to feedback HARQ-A CK bits forthe c-th serving cell.

Forthe case thatthe UEis transmitting on PUCCH, BLPL =M where M isthenumberofelements inthe set

K defined in Table 10.1.3.1-1 associated with subframe n and theset 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 BCDL =M -1.

For TDD UL/DL configuration 0 or fora PUSCH transmission not adjusted based on a detected
PDCCH/EPDCCH with DCI format 0/4, the UE shallassume BCDL =M where ) isthe numberofelements

in theset K defined in Table 10.1.3.1-1 associated with subframe n and theset X does notinclude a special
subframe of configurations 0 and 5 with normal downlink CP or of configurations 0 and 4 with extended

downlink CP; otherwise BCDL = M —1.The UE shallnot 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 .

For TDD UL/DL configurations {1,2, 3, 4, 6} and a PUSCH transmission adjustedbased on a detected
PDCCH/EPDCCH with DCI format 0/4, the UE shallassume BCD L= Wéifl . The UE shallnot 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 W[ZLI =4.

For TDD UL/DL configurations 5and a PUSCH transmission adjusted based on a detected PDCCH/EPDCCH
with DCI format 0/4, the UE shallassume BL,DL = ng, + 4|V(U - ng, ) / 4—| , where U denotesthe

maximum value of U/, among all the configured serving cells, U, is the totalnumber ofreceived PDSCHs and

PDCCH/EPDCCH indicating downlink SPS release in subframe(s) n—k onthec-thservingcell, k € K . The
UE shallnot transmit HARQ-A CK on PUSCH if the UE does not receive PDSCH or PDCCH/EPDCCH

indicating downlink SPS release in subframe(s) n — k where k € K and ng, =4.

For TDD, when PUCCH format 3 is configured for transmission of HARQ-ACK,

for TDD UL/DL configurations 1-6, the HARQ-A CK fora PDSCH transmission with a corresponding
PDCCH/EPDCCH or for a PDCCH/EPDCCH indicating downlink SPS release in subframe »n —k is

associated with oSk 1(k)—1 if transmission mode configured in the c-th serving cell supports one transport

block orspatial HARQ-A CK bundling is applied, or associated with Oézchl(k)—z and oézch,(k)_l
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otherwise, where DAI(k) is the valueof DAlin DCI format 1A/1B/1D/1/2/2A/2B/2C/2D detected in subframe
n—k, of’ggA,(k)_z and of’zcg/”(k)_l are the HARQ-ACK feedback for codeword 0 and codeword 1,

respectively. Forthe case with Ngpg >0, the HARQ-ACK associated with a PDSCH transmission without a
corresponding PDCCH/EPDCCH is mapped to OASK 1 The HARQ-ACK feedback bits without any

ACK
¢, 07" -

detected PDSCH transmission or without detected PDCCH/EPDCCH indicating downlink SPS release are setto
NACK;

- for TDD UL/DL configuration 0, the HARQ-A CK fora PDSCH transmission or fora PDCCH/EPDCCH
ACK
c,0

ACK
c,0

indicating downlink SPS release in subframe n —k is associated with o if transmis sion mode configured

ACK

., otherwise,where

in the c-th serving cell supports one transport block or associated with o and o

ong and 0"““ are the HARQ-ACK feedback for codeword 0 and codeword 1, respectively. The HARQ-

c,1
ACK feedbackbits withoutany detected PDSCH trans mission or without detected PDCCH/EPDCCH indicating
downlink SPS release are set to NACK.
For TDD when format 1b with channel selectionis configured for transmission of HARQ-A CK and for 2 configured
serving cells,the HARQ-ACK feedbackbits oé"CK olACK yeees ogfg _,on PUSCH are constructed as follows.

- ForTDD UL/DL configuration 0, ofCK =HARQ-ACK(j), 0< j< A4-1 asdefinedinclause 10.1.3.2.1. The

UE shallnot transmit HARQ-A CK 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 .

- ForTDD UL/DL configurations {1,2, 3, 4, 6} and a PUSCH transmission adjustedbased on a detected
PDCCH/EPDCCH with DCI format 0/4 with ng ;=1 or2, ofCK is determined as ifPUCCH format 3 is

configured for transmission of HARQ-A CK, except that spatial HARQ-A CK bundling across multiple
codewords within a DL subframe is performed forallserving cells configured with a downlink transmission

mode that supports up to two transport blocks in case WDUALI =2.

- ForTDD UL/DL configurations {1,2, 3, 4, 6} and a PUSCH transmission adjustedbased on a detected
PDCCH/EPDCCH with DCI format 0/4 with W7, =3 or4, 0/““ =o(j), 0< j<3as defined in Table

DAI

10.1.3.2-5 or in Table 10.1.3.2-6 respectively, where the valueof s is replaced by w5, . The UE shallnot
transmit HARQ-A CK on PUSCH if the UE does notreceive PDSCH or PDCCH/EPDCCH indicating downlink

SPS release in subframe(s) n—k where ke K and W, =4.

- ForTDD UL/DL configurations {1,2, 3,4, 6} and a PUSCH transmission not adjustedbased on a detected
PDCCH/EPDCCH with DCI format 0/4 and a subframe 5 with A7 =1or2, o‘fCK = HARQ-ACK()),
0< j< A-1 asdefinedinclause10.1.3.2.1. The UE shallnot 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 .

- ForTDD 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 asubframe  with =3 or4, 0/ =o0(}), 0< j<3as

defined in Table 10.1.3.2-5 or in Table 10.1.3.2-6 respectively. The UEshallnot 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 .

For TDD HARQ-ACK bundling, whenthe UEis configured by transmissionmode 3,4, 8, 9 or 10 defined in clause 7.1
and HARQ-A CK bits are transmitted on PUSCH, the UE shall always generate 2 HARQ-A CK bits assuming both
codewordOand 1 are enabled. Forthe casethatthe UEdetects only the PDSCH trans mis sion associated with codeword
0 within the bundled subframes, the UEshall generate NA CK for codeword 1.

3GPP

IPR2025-00138
Petitioner's Exhibit 1007
Page 000092



Release 11 93 3GPP TS 36.213 V11.4.0 (2013-09)

Table 7.3-X: Value of Downlink Assignment Index

DAI UL pr | Number of subframes with PDSCH transmission and
MSB, LSB Voar o Vo with PDCCHEPDCCH indicating DL SPS release

0,0 1 1or 50r9

0,1 2 2o0r 6

1,0 3 3or7

1,1 4 Qor4or8

Table 7.3-Y: Uplink association index k' for TDD

TDD UL/DL subframe numbern
Configuration ([0 |1 (2|3 |4(5|6|7|8]|9
1 6|4 614
2 4 4

3 41414

4 41 4

5 4

6 71715 717

Table 7.3-Z: Value of J#, determined by the DAl field in DCI format 0/4

DAI .
msg, LsB | Wou
0,0 1
0,1 2
1,0 3
1.1 4

For TDD HARQ-ACK multiplexing and a subframe » with A > 1, spatial HARQ-ACK bundling across multiple
codewords within a DL subframe is performed by a logical AND operation ofall the corres ponding individual HARQ-
ACKs.In case the UEis transmitting on PUSCH, the UE shall determine the number of HARQ-A CK feedback bits

O*“* and the HARQ-A CK feedback bits ofCK ,n=0,...,0"" —1 tobe transmitted in subframe 7.

- Ifthe PUSCH transmission is adjusted based on a detected PDCCH/EPDCCH with DCI format 0/4 intended for
the UE, then Q¥ = Vé’j] unless ngl =4 and U,,, + Ngpg =0 in which case the UEshallnot

transmit HARQ-A CK. The spatially bundled HARQ-ACK fora PDSCH transmission with a corres ponding
PDCCH/EPDCCH or for a PDCCH/EPDCCH indicating downlink SPS release in subframe 5 —k is associated

with ogff(k)fl where DAI(k) is the value of DATin DCI format 1A/1B/1D/1/2/2A/2B/2C/2D detected in

subframe n—k . Forthe casewith N, > 0, the HARQ-A CK associated with a PDSCH trans mission

SPS
without a corresponding PDCCH/EPDCCH is mappedto o gf(],i e The HARQ-ACK feedbackbits without any
detected PDSCH transmission or without detected PDCCH/EPDCCH indicating downlink SPS release are setto
NACK.

- Ifthe PUSCH transmission is notadjusted based ona detected PDCCH/EPDCCH with DCI format 0/4 intended
forthe UE, O*““ = M ,and ol.A K" is associated with the spatially bundled HARQ-ACK for DL subframe

n—k - where kl. € K . The HARQ-ACK feedbackbits withoutany detected PDSCH transmission or without

detected PDCCH/EPDCCH indicating downlink SPS release are set to NACK. The UEshallnot transmit
HARQ-ACKIif U, + Ngpg =0.

For TDD when a PUCCH format 3 transmission of HARQ-A CK coincides with a sub-frame configured to the UEby
higherlayers fortransmission ofa scheduling request, the UEshallmultiplex HARQ-ACK and SR bits on HARQ-ACK
PUCCH resourceas defined in clause 5.2.3.1in [4], unless the HARQ-ACK corresponds to oneofthe following cases

3GPP

IPR2025-00138
Petitioner's Exhibit 1007
Page 000093



Release 11 94 3GPP TS 36.213 V11.4.0 (2013-09)

- asingle PDSCH transmission only onthe primary cellindicated by the detection ofa corresponding
PDCCH/EPDCCH in subframe , — k,» where k, ek, and for TDD UL/DL configurations 1-6the DAl value

in the PDCCH/EPDCCH is equalto 'l' (defined in Table 7.3-X), ora PDCCH/EPDCCH indicating downlink
SPS release (defined in clause 9.2) in subframe ; — k .where i <K ,and for TDD UL/DL configurations 1-6

the DAIvalue in the PDCCH/EPDCCH is equalto 'l', or

- asingle PDSCH transmission only onthe 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 SPSrelease
(defined in clause 9.2) within subframe(s) »—k , where k € K, or

- a PDSCH transmission only onthe 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 ofa corresponding PDCCH/EPDCCH in subframe ; — k,» where e K with the
DAlvalue in the PDCCH/EPDCCH equalto 'l' (defined in Table 7.3-X) ora PDCCH/EPDCCH indicating
downlink SPS release (defined in clause 9.2) in the subframe , — k,» where k, €K with the DAIvalue in the

PDCCH/EPDCCH equalto 'l

in which case the UEshall transmit the HARQ-A CK and scheduling requestaccording to the procedure for PUCCH
format 1b with channelselectionin TDD.

For TDD when the UE is configured with HARQ-A CK bundling, HARQ-A CK multiplexing or PUCCH format 1b with
channel selection, and whenboth HARQ-ACK and SR are transmitted in the same sub-frame, a UE shall transmit the
bundled HARQ-A CK orthe multiple HARQ-A CK responses (according to clause 10.1) on its assigned HARQ-ACK
PUCCH resources fora negative SR transmission. Fora positive SR, the UEshall transmit 5(0),5(1) onits assigned

SR PUCCH resource using PUCCH format 1b accordingto clause5.4.11in [3]. The value of 4(0),5(1) are generated

NLDJ}& -1
accordingto Table 7.3-1fromthe Ngpg + ZUDAI’C HARQ-ACK responses including ACK in response to
c=0
PDCCH/EPDCCH indicating downlink SPS release by spatial HARQ-A CK bundling across multiple codewords within

NPL 1

cells —

each PDSCH transmission forallserving cells NBPL  For TDD UL/DL configurations 1-6, if ZU

cells >0 and

DAl ,c
c=0
V,?AL,,C # (UDA,,C - 1)mod 4+1 foraserving cellc, the UE detects thatat least one downlink assignmenthas been

missed.

Table 7.3-1: Mapping between multiple HARQ-ACK responses and 5(0),5(1)

NEE -1
Number of ACK among multiple ( N gpg + ZUDAI,C ) HARQ-ACK responses | 5(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 ifthe UE is
configured with HARQ-A CK bundling, HARQ-A CK multiplexing or PUCCH format 1b with channelselection, 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 ke K, aUE shalltransmit the CSIand 4(0),5(1) using PUCCH format 2b for normal CP
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or PUCCH format 2 for extended CP, accordingto clause5.2.3.4 in [4] with ag,a] replacedby p(0),5(1). The value
NcDefls -1

of p(0),b(1) are generated accordingto Table 7.3-1 fromthe Ngpg + ZUDA,,C HARQ-ACKresponses including

c=0
ACK in responseto PDCCH/EPDCCH indicating downlink SPS release by spatial HARQ-A CK bundling across

multiple codewords within each PDSCH transmission forallserving cells N glLls . ForTDD UL/DL configurations 1-6,
Nﬁ;}x -1
if ZUDA[ . >0 and VDDAL[,C # (UDA,,C - l)mod 4+1 foraserving cellc, the UE detects that at least onedownlink
c=0
assignmenthas beenmissed.

For TDD if the parameter simultaneousAckNackAndCQI provided by higher layers is set TRUE, and ifthe UE is
configured with PUCCH format 1b with channelselection and receives at least one PDSCH on the secondary cell
within subframe(s) n—k,where k e K, the UE shalldrop the CSTand transmit HARQ-A CK according to clause
10.1.3.

ForTDD and a UE is configured with PUCCH format 3,
if the parameter simultaneousAckNackAndCQIis set TRUE andifthe UE receives,
- asingle PDSCH transmission only onthe primary cellindicated by the detection ofa corresponding

PDCCH/EPDCCH in subframe ;, — k,» where k,eK, and for TDD UL/DL configurations 1-6the DAIvalue

in the PDCCH/EPDCCH is equalto '1' (defined in Table 7.3-X), ora PDCCH/EPDCCH indicating downlink
SPS release (defined in clause 9.2) in subframe , — k,» where k ek, and for TDD UL/DL configurations 1-6

the DAIvalue in the PDCCH/EPDCCH is equalto 'l', or
- asingle PDSCH transmission only onthe 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 clause 9.2) within subframe(s) n—k, where k e K,

then the UEshall transmit the CSIand HARQ-A CK using PUCCH format 2/2a/2b accordingto clause 5.2.3.4in [4];
elseif

- theparameter simultaneousAckNackAndCQI-Format3-r1 I is set TRUE and if PUCCH format 3 resource is
determined according to clause 10.1.3.1 orclause 10.1.3.2.2 and

o if thetotalnumberofbits in the subframe correspondingto HARQ-ACKs, SR (if any), and the CSI is
not largerthan 22, or

o if thetotalnumberofbits in the subframe corresponding to spatially bundled HARQ-ACKs, SR (if
any),and the CSlis not larger than 22

then the UEshall transmit the HARQ-A CKs, SR (if any) and the CSIusing the determined PUCCH format 3 resource
accordingto [4];

else,

the UE shalldrop the CSIand transmit the HARQ-A CK according to clause 10.1.3.

7.3.2.2 TDD HARQ-ACK reporting procedure for different UL/DL configurations

Fora configuredservingcell, the DL-reference UL/DL configuration as defined in clause 10.2 is referred to as the "DL-
reference UL/DL configuration" in the rest ofthis clause.

Fora configuredservingcell, if the DL-reference UL/DL configuration is 0, then the DATin DCI format
1/1A/1B/1D/2/2A/2B/2C/2D is not used.

The UE shallupon detection ofa PDSCH transmission ora PDCCH/EPDCCH indicating downlink SPS release
(defined in clause 9.2) within subframe(s) n—k forserving cellc,where k € K intendedforthe UEand forwhich
HARQ-ACK response shallbe provided, transmit the HARQ-ACK response in UL subframe n, wherein set
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K contains valuesof k € K suchthatsubframe n-k corresponds to a DL subframe ora special subframe forserving
celle, K definedin 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. 7 is thenumberofelements in set K, associated with

subframe n forserving cellc,
Forthe remainder ofthis clause K =K .

When PUCCH format 3 is configured for transmission of HARQ-ACK, for special subframe configurations O and 5
with normal downlink CP or configurations 0 and 4 with extended downlink CP in a serving cell, shownin table 4.2-1
[3], the special subframe ofthe serving cellis excluded fromthe HARQ-A CK codebook size determination. In this
case, if the serving cellis 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) belongsto {1,2,3,4,5,6} for a serving cell, a value
ng, is determined by the Downlink Assignment Index(DAI)in DCI format 0/4 corresponding to a PUSCH on the

serving cellaccordingto 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 clause 8.0) for the serving
cell. In case neither PDSCH trans mission, nor PDCCH/EPDCCH indicating the downlink SPS resource release is

intendedto the UE, the UE can expect that the valueof WgAL[ is set to 4by the DAlin DCI format 0/4 if transmitted.

If the DL-reference UL/DL configuration belongsto {1,2,3,4,5,6}, the value ofthe DAIin 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 ofeach configured serving cell, where k € K, and shallbe updated fromsubframe to subframe. Denote V[I))AL,’C
as the value ofthe DATin PDCCH/EPDCCH with DCI format 1/1A/1B/1D/2/2A/2B/2C/2D detected by the UE
accordingto Table 7.3-Xin subframe n — k, inserving cell ¢, where & is the smallest valuein theset K such
that the UEdetects a DCI format 1/1A/1B/1D/2/2A/2B/2C/2D.

Forall TDD UL/DL configurations, denote U, .c @8 the totalnumber 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 inservingcell ¢, where k € K. Denote N,

PDSCH transmissions without a corresponding PDCCH/EPDCCH within the subframe(s) »—k,where ke K.

which can be zero orone, as the number of

If PUCCH format 3 is configured for transmission of HARQ-A CK, the HARQ-A CK feedback bits

ACK OACK ACK

0c0" Ocl w0 Siek | for the c-th serving cell configured by RRCare constructed as follows, where >0,

OCACK = B;DL if transmissionmode configured in the c-th serving cell supports one transportblock or spatial HARQ-

ACK bundlingis appliedand OCACK = 2BCDL otherwise, where BCDL is the number of downlink subframes for which
the UE needs to feedback HARQ-A CK bits forthe c-th serving cell.
- Forthe case thatthe UEis transmitting in subframe » on PUCCH ora PUSCH transmission not adjusted based
on adetected DCI format 0/4 or a PUSCH transmission adjusted based onan associated detected DCI format 0/4
with UL~reference UL/DL configuration 0 (defined in Sec 8.0), then B CD L =M .- The UEshallnot trans mit

HARQ-ACK on PUSCH if the UE does notreceive PDSCH or PDCCH/EPDCCH indicating downlink SPS
release in subframe(s) n — k , where ke K .

- IfDL-reference UL/DL configurationofeach ofthe configuredservingcells belongs to {0, 1, 2, 3, 4, 6} and for
a PUSCH transmissionin a subframe » adjusted based on a detected PDCCH/EPDCCH with DCI format 0/4
using UL-reference UL/DL configurationbelongingto {1,2,3,4,5,6} (defined in Sec 8.0), the UE shallassume

BP = min(Wf,/j, M, ) The UE shallnot transmit HARQ-ACK on PUSCH if the UE does not receive
PDSCH or PDCCH/EPDCCH indicating downlink SPS release in subframe(s) » — k where k € K and
Wit =4.

- IfDL-reference UL/DL configurationofat least one configured serving cellbelongs to {5} and fora PUSCH
transmission adjusted based on an associated detected PDCCH/EPDCCH with DCI format 0/4 using UL-
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reference UL/DL configurationbelongingto {1,2,3,4,5,6} (defined in Sec 8.0), the UE shallassume
BCDL = min(ng, + 4‘ (U — WgAL[ )/4 LMC ), where U denotes the maximum value of U, among all the
configuredservingcells, U is the totalnumber ofreceived PDSCHs and PDCCH/EPDCCH indicating

downlink SPS release in subframe(s) n—k forthe c-th servingcell, k € K . The UE shallnot 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.

When PUCCH format 3 is configured for transmission of HARQ-ACK,

if DLreference UL/DL configuration belongs to {1,2,3,4,5,6}, the HARQ-ACK fora PDSCH transmission
with a corresponding PDCCH/EPDCCH or fora PDCCH/EPDCCH indicating downlink SPS release in

subframe n —k is associated with 0?,%51(@4 if transmission mode configuredin the c-th serving cell
supports one transport block or spatial HARQ-A CK bundling is applied, orassociated with og{ZCgA,(k)_z and
0S8 1)1 otherwise, where DAI(k) is the valueof DATin DCI format 1A/1B/1D/1/2/2A/2B/2C/2D detected

in subframe n-fk, ogf%A,(,{)fz and oé%(A,(k)fl are the HARQ-ACK feedback for codeword O and
codeword 1, respectively. Forthe case with Ngpg >0, the HARQ-A CK associated with a PDSCH
transmission without a corresponding PDCCH/EPDCCH is mapped to oAgK X The HARQ-ACK feedback

ACK
c,0;" —

bits without any detected PDSCH trans mission or without detected PDCCH/EPDCCH indicating downlink SPS
release are setto NACK;

if DL-reference UL/DL configuration is 0,the HARQ-ACK fora PDSCH transmission or fora

PDCCH/EPDCCH indicating downlink SPS release in subframe »n —k is associated with ocAg K

mode configuredin the c-th serving cell supports one transportblock orspatial HARQ-A CK bundling is applied,

or associated with ong and oflCK CAgK and OCAICK are the HARQ-ACK feedback for

codeword0and codeword 1, respectively. The HARQ-A CK feedback bits without any detected PDSCH
transmission or withoutdetected PDCCH/EPDCCH indicating downlink SPS release are set to NACK.

if transmission

otherwise, where o

If DL-reference UL/DL configuration ofeach ofthe serving cells belongs to {0,1,2,3,4,6} and if PUCCH format 1b
with channelselectionis configured for transmission of HARQ-A CK and for two configured serving cells, the HARQ-

ACK feedbackbits O:CK OIACK yeees 02%&1 on PUSCH are constructed as follows

if UL-reference UL/DL configuration (definedin Sec 8.0) belongsto {1,2, 3, 4, 6}, fora PUSCH transmission
adjusted based on a detected PDCCH/EPDCCH with DCI format 0/4 with Wé/j, =lor2, ofCK is determined

as if PUCCH format 3 is configured fortransmission of HARQ-A CK, except that spatial HARQ-A CK bundling
across multiple codewords within a DL subframe is performed forall serving cells configured with a downlink

transmis sion mode that supports up to two transportblocks in case W[(,]AL[ =2, where the UL-reference UL/DL

configurationis the UL-reference UL/DL configuration ofthe serving cell corres ponding to the PUSCH
trans mission.

if UL-reference UL/DL configuration (definedin Sec 8.0) belongsto {1,2, 3, 4, 6}, for aPUSCH transmission
adjusted based on a detected PDCCH/EPDCCH with DCI format 0/4 with 1,5, =3 or 4, 0/“ = 0( ),
0 < j <3as defined in Table 10.1.3.2-5 orin Table 10.1.3.2-6 respectively, where the value of )/ is replaced by

w}k, where the UL-reference UL/DL configurationis the UL-reference UL/DL configuration of the serving

cell corresponding to the PUSCH transmission. The UE shallnot transmit HARQ-A CK on PUSCH if the UE
does notreceive PDSCH or PDCCH/EPDCCH indicating downlink SPS release in subframe(s) n — k where

ke K and WL%:4.

if UL-reference UL/DL configuration (definedin Sec 8.0) is 0, or if UL-reference UL/DL configuration (defined
in Sec 8.0) belongsto {1,2, 3, 4, 6}, fora PUSCH transmissionnot adjusted based on a detected
PDCCH/EPDCCH with DCI format 0/4, for a subframe n with A7 =1 or2 (M defined in Sec 10.1.3.2.1),
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ofCK =HARQ-ACK(j), 0< j< A4-1 as defined in clause10.1.3.2.1, where the UL-reference UL/DL

configurationis the UL-reference UL/DL configuration ofthe serving cell corres ponding to the PUSCH
transmission. The UEshallnot transmit HARQ-A CK 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 (definedin Sec 8.0) is 0, or if UL-reference UL/DL configuration (defined
in Sec 8.0) belongsto {1,2, 3,4, 6} and, fora PUSCH transmission not adjustedbased on a detected
PDCCH/EPDCCH with DCI format 0/4, for a subframe »n with A7 =3 or4 (M defined in Sec 10.1.3.2.1),

ofCK =0(Jj), 0< j<3asdefined in Table 10.1.3.2-5 orin Table 10.1.3.2-6 respectively, where the UL-
reference UL/DL configurationis the UL-reference UL/DL configuration ofthe serving cell corresponding to the
PUSCH transmission. The UEshallnot transmit HARQ-A CK on PUSCH if the UE does notreceive PDSCH or
PDCCH/EPDCCH indicating downlink SPS release in subframe(s) n — k where ke K .

When a PUCCH format 3 transmission of HARQ-ACK coincides with a sub-frame configured to the UEby higher
layers fortransmission ofa schedulingrequest, the UE shallmultiplex HARQ-A CK and SR bits on HARQ-ACK
PUCCH resourceas definedin clause 5.2.3.11n [4], unless the HARQ-ACK corresponds to oneofthe following cases

- asingle PDSCH transmission only onthe primary cell indicated by the detection ofa corresponding
PDCCH/EPDCCH in subframe 5 — k,» where k, ek, and for UL/DL configuration ofthe primary cell
belongingto {1,2,3,4,5,6}, the DAl value in the PDCCH/EPDCCH is equalto 'l' (defined in Table 7.3-X), ora
PDCCH/EPDCCH indicating downlink SPS release (defined in clause 9.2) in subframe 7 — k,» where k, ek,

and for UL/DL configuration ofthe primary cellbelongingto {1,2,3,4,5,6} the DAIvalue in the
PDCCH/EPDCCH is equalto'l', or

- asingle PDSCH transmission only onthe 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 clause 9.2) within subframe(s) »—k, where ke K, or

- a PDSCH transmission only onthe 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 ofa corresponding PDCCH/EPDCCH in subframe ; — k,» where k, ek with the
DAl value in the PDCCH/EPDCCH equalto 'l' (defined in Table 7.3-X) ora PDCCH/EPDCCH indicating
downlink SPS release (defined in clause 9.2) in the subframe , — k, where k, ek with the DAIvalue in the

PDCCH/EPDCCH equalto '1,

in which case the UEshall transmit the HARQ-A CK and scheduling requestaccording to the procedure for PUCCH
format 1b with channelselectionin TDD.

If the parameter simultaneousAckNackAndC QI provided by higher layers is set TRUE, andifthe UE is configured with
PUCCH format 1b with channelselection, andifthe UE receives PDSCH and/or PDCCH/EPDCCH indicating

downlink SPS release only on the primary cell within subframe(s) n -k ,where k e K, a UE shall transmit the CSI
and p(0),b(1) using PUCCH format 2b for normal CP or PUCCH format 2 for extended CP,accordingto clause
5234 in[4] with ag,a] replacedby p(0),5(1). The value of 5(0),5(1) are generated accordingto Table 7.3-1 from

NDPL 1

cells —
the Ngpg + ZUDAI,c HARQ-ACK responses including ACK in response to PDCCH/EPDCCH indicating
c=0
downlink SPS release by spatial HARQ-A CK bundling across multiple codewords within each PDSCH transmis sion for
N(‘g%ls -1

all serving cells NPL - 1fDL-reference UL/DL configurationbelongs to {1,2,3,4,5,6} and, if ZUDA[ >0 and

cells
c=0

VDDALI,C # (UDAI’C - l)mod 4+1 foraserving cellc, the UE detects thatat leastone downlink assignmenthas been
missed.
If the parameter simultaneousAckNackAndC QI provided by higherlayers is set TRUE, andifthe UE is configured with

PUCCH format 1b with channelselection andreceives at leastone PDSCH on the secondary cell within subframe(s)
n—k,where ke K, the UE shalldrop the CSIand transmit HARQ-A CK according to clause 10.1.3.
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When both HARQ-ACK and CSl are configured to be transmitted in the same sub-frame and ifa UE is configured with
PUCCH format 3,

if the parameter simultaneousAckNackAndCQl is set TRUE andifthe UE receives
- asingle PDSCH transmission only onthe primary cellindicated by the detection ofa corresponding
PDCCH/EPDCCH in subframe 5 — k, where k, ek, and for UL/DL configuration ofthe primary cell

belongingto {1,2,3,4,5,6} the DAIvalue in the PDCCH/EPDCCH is equalto'l' (defined in Table 7.3-X), ora
PDCCH/EPDCCH indicating downlink SPS release (defined in clause 9.2) in subframe ; — k,» where k, ek,

and for UL/DL configuration ofthe primary cellbelongingto {1,2,3,4,5,6} the DAIvalue in the
PDCCH/EPDCCH is equalto'l', or

- asingle PDSCH transmission only onthe primary cell where there is not a corresponding PDCCH detected
within subframe(s) n—k,where k£ e K and no PDCCH/EPDCCH indicating downlink SPS release (defined
in clause 9.2) within subframe(s) n -k, where ke K,

then the UEshall transmit the CSIand HARQ-A CK using PUCCH format 2/2a/2b accordingto clause 5.2.3.41in [4];
elseif

- the parameter simultaneousAckNackAndCQI-Format3-r1 1 is set TRUE and if PUCCH format 3 resource is
determined according to clause 10.1.3.1 orclause 10.1.3.2.2 and

o if thetotalnumberofbits in the subframe correspondingto HARQ-ACKs, SR (if any), and the CSlis
not largerthan 22, or

o if thetotalnumber ofbits in the subframe corresponding to spatially bundled HARQ-ACKs, SR (if
any), and the CSlis not larger than 22

then the UEshall transmit the HARQ-A CKs, SR (if any) and the CSIusing the determined PUCCH format 3 resource
accordingto [4];

else,

the UE shalldrop the CSIand transmit the HARQ-A CK according to clause 10.1.3.

3GPP

IPR2025-00138
Petitioner's Exhibit 1007
Page 000099



Release 11 100 3GPP TS 36.213 V11.4.0 (2013-09)

8 Physical uplink shared channel related procedures

ForFDD and transmissionmode 1, there shallbe 8 uplink HARQ processes per serving cell fornon-subframe bundling
operation, i.c.normal HARQ operation, and 4 uplink HARQ processes for subframe bundling operation. For FDD and
transmissionmode 2, there shallbe 16 uplink HARQ processes perserving cell for non-subframe bundling operation
and there are two HARQ processes associated with a given subframe as described in [8]. The subframe bundling
operationis configured by the parameter ¢ Bundling provided by higherlayers.

In case higherlayers configure the use of subframe bundling for FDD and TDD, the subframe bundling operation is
only applied to UL-SCH, such that four consecutiveuplink subframes are used.

8.0 UE procedure for transmitting the physical uplink shared
channel

ForFDD and normal HARQ operation, the UEshallupondetectionon a givenserving cellofa PDCCH/EPDCCH with
DCI format 0/4 and/ora PHICH transmission in subframe » intended for the UE, adjust the corresponding PUSCH

transmission in subframe n +4 according to the PDCCH/EPDCCH and PHICH information.

Fornormal HARQ operation, ifthe UE detects a PHICH transmission and ifthe most recent PUSCH transmission for
the same transport block was using spatial multiplexing according to clause 8.0.2 and the UEdoes notdetecta
PDCCH/EPDCCH with DCI format 4 in subframe » intended forthe UE, the UE shalladjustthe corresponding PUSCH
retransmission in the associated subframe according to the PHICH information, and using the number of transmis sion
layers and precoding matrix according to the most recent PDCCH/EPDCCH, if the number ofnegatively acknowledged
transport blocks is equal to the number oftransport blocks indicated in the most recent PDCCH/EPDCCH associated
with the corresponding PUSCH.

Fornormal HARQ operation, ifthe UE detects a PHICH transmission and ifthe most recent PUSCH transmission for
the same transport block was using spatial multiplexing according to clause 8.0.2 and the UEdoes notdetecta
PDCCH/EPDCCH with DCI format 4 in subframe » intended forthe UE, and if the number ofnegatively
acknowledged transport blocks is notequal to the number oftransport blocks indicated in the mostrecent
PDCCH/EPDCCH associated with the corresponding PUSCH then the UEshall adjustthe corresponding PUSCH
retransmission in the associated subframe according to the PHICH information, using the precoding matrix with
codebookindex( and the number oftransmission layers equal to number oflayers corresponding to thenegatively
acknowledged transport block fromthe most recent PDCCH/EPDCCH. In this case,the ULDMRS resources are
calculated accordingto thecyclic shift field for DMRS [3] in the most recent PDCCH/EPDCCH with DCI format 4
associated with the corresponding PUSCH trans mis sion and number of layers corresponding to the negatively
acknowledged transport block.

If a UE is configured with thecarrier indicator field fora given serving cell, the UEshalluse the carrier indicator field
value from the detected PDCCH/EPDCCH with uplink DCI format to determine the serving cell forthe corresponding
PUSCH transmission.

ForFDD and normal HARQ operation, ifa PDCCH/EPDCCH with CSI requestfield set to triggeran aperiodic CSI
report, as described in clause 7.2.1,1s detectedby a UE on subframe #, then onsubframe n+4UClis mapped on the
corresponding PUSCH transmission, when simultaneous PUSCH and PUCCH transmission is not configured for the

ForTDD, if a UE is configured with more than oneserving celland ifthe UL/DL configurations ofat least two serving
cells are different, if the serving cellis a primary cell orif the UE is not configured to monitor PDCCH/EPDCCH in
anotherserving cell forscheduling the servingcell, the serving cell UL/DL configurationis the UL-reference UL/DL
configuration.

ForTDD, if a UE is configured with more than oneservingcelland ifthe UL/DL configurations ofat least two serving
cells are different and if the serving cellis a secondary celland ifthe UE is configured to monitor PDCCH/EPDCCH in
anotherserving cell for scheduling the serving cell, then forthe serving cell, the UL reference UL/DL configuration is
given in Table 8-0A corresponding to the pair formed by (otherserving cell UL/DL configuration, serving cell UL/DL
configuration).
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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)

Set # (other serving cell UL/DL configuration,
serving cell UL/DL configuration)
(1,1),(1,2),(1,4),(1,5)
(2,2),(2,5)
Set 1 (3,3),(3,4),(3,5)
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For TDD and normal HARQ operation, ifa PDCCH/EPDCCH with CSI request field set to trigger an aperiodic CSI
report, as described in clause 7.2.1,is detectedby a UE on subframe n, then onsubframe n+k UClis mapped on the
corresponding PUSCH transmission where & is givenby Table 8-2, when simultaneous PUSCH and PUCCH
transmission is not configured for the UE.

For FDD and subframe bundling operation, the UEshallupondetectionofa PDCCH/EPDCCH with DCI format 0 in
subframe » intended for the UE, and/ora PHICH transmission in subframe #-5 intended for the UE, adjust the
corresponding first PUSCH trans mission in the bundle in subframe n+4 according to the PDCCH/EPDCCH and PHICH

information.

ForFDD and TDD, the NDI as signalled on PDCCH/EPDCCH, the RV as determined in clause 8.6.1, and the TBS as
determined in clause 8.6.2, shallbe delivered to higher layers.

For TDD and transmission mode 1,the number of HARQ processes perserving cellshallbe determined by the DL/UL
configuration (Table 4.2-2 0of [3]), as indicatedin Table 8-1. For TDD and transmission mode 2, the number of HARQ
processes per serving cell fornon-subframe bundling operation shall be twice the number determined by the DL/UL
configuration (Table 4.2-2 0f [3]) as indicated in Table 8-1 and there are two HARQ processes associated with a given
subframe as describedin [8].

Table 8-1: Number of synchronous UL HARQ processes for TDD

. . Number of HARQ processes Number of HARQ processes
TDD WL/DL configuration for normal HARonpe ration | for subframe bundli?Ig 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

ForTDD, if a UE is configured with one serving cell, orif the UE is configured with more than oneservingcelland the
TDD UL/DL configuration ofall the configuredservingcells is the same,

- ForTDD UL/DL configurations 1-6 and normal HARQ operation, the UEshallupon detectionofa
PDCCH/EPDCCH with uplink DCI format and/ora PHICH trans mission in subframe » intended for the UE,
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adjust the corresponding PUSCH trans mission in subframe n+k, with £ given in Table 8-2, accordingto the
PDCCH/EPDCCH and PHICH information.

— For TDD UL/DL configuration 0 and normal HARQ operation the UE shallupon detection ofa
PDCCH/EPDCCH with uplink DCI format and/ora PHICH trans mission in subframe » intended for the UE,
adjust the corresponding PUSCH trans mis sion in subframe n+k ifthe MSB ofthe UL index in the
PDCCH/EPDCCH with uplink DCI formatis setto 1 or PHICH is received in subframe n=0or5 in the
resourcecorrespondingto /py;cy =0,as defined in clause9.1.2, with & given in Table 8-2. If, for TDD
UL/DL configuration 0 and normal HARQ operation, the LSB ofthe UL index in the DCI format 0/4 is setto 1
in subframe n ora PHICH is received in subframe n=0or 5 in the resource correspondingto p;;-y =1,as
defined in clause 9.1.2, or PHICH is received in subframe n=1 or 6, the UE shalladjustthe corresponding
PUSCH transmission in subframe »n+7. If, for TDD UL/DL configuration 0, both the MSBand LSB ofthe UL
index in the PDCCH/EPDCCH with uplink DCI format are set in subframe n, the UEshalladjust the
corresponding PUSCH transmission in both subframes n+ k and n+7, with k£ given in Table 8-2.

ForTDD, if a UE is configured with more than oneserving celland the TDD UL/DL configurationofat least two
configuredserving cells is not thesame,

— Fora serving cell with an UL-reference UL/DL configurations belongingto {1,2,3,4,5,6} and normal HARQ
operation, the UEshallupondetection ofa PDCCH/EPDCCH with uplink DCI format and/ora PHICH
transmission in subframe » intended for the UE, adjust the corresponding PUSCH transmission in subframe
n+k forthe serving cell, with £ given in Table 8-2, according to the PDCCH/EPDCCH and PHICH
information, where the "TDD UL/DL Configuration" givenin Table 8-2 refers to the UL-reference UL/DL
configuration.

— Fora serving cell with UL-reference UL/DL configuration 0 and normal HARQ operationthe UEshallupon
detectionofa PDCCH/EPDCCH with uplink DCI format and/ora PHICH transmission in subframe » intended
for the UE, adjust thecorresponding PUSCH transmis sion in subframe » +k forthe serving cellif the MSB of
the UL index in the PDCCH/EPDCCH with uplink DCI format is setto 1 or PHICH is received in subframe
n=0or5 inthe resourcecorrespondingto [py;-y =0,as defined in clause9.1.2, with k£ given in Table 8-2. If,
for aserving 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 setto 1 in subframe n ora PHICH is received in subframe n=0or5 in the
resourcecorrespondingto [py;qy =1,as defined in clause9.1.2, or PHICH is received in subframe n=1 or 6,
the UE shalladjust 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 theMSB and LSB of the UL index in the
PDCCH/EPDCCH with uplink DCI format are set in subframe 7, the UE shalladjustthe corresponding
PUSCH transmission in bothsubframes n+ k andn+7 forthe serving cell, with £ given in Table 8-2, where the
TDD UL/DL Configuration" givenin Table 8-2 refers to the UL-reference UL/DL configuration.

For TDD UL/DL configurations 1 and 6 and subframe bundling operation, the UEshallupondetectionofa
PDCCH/EPDCCH with DCI format 0 in subframe » intended for the UE, and/ora PHICH transmission intended for the
UE in subframe n-/ with / given in Table 8-2a, adjust the corresponding first PUSCH trans mis sion in the bundle in
subframe n+k, with k£ givenin Table 8-2, according to the PDCCH/EPDCCH and PHICH information.

For TDD UL/DL configuration 0 and subframe bundling operation, the UEshallupon detection ofa PDCCH/EPDCCH
with DCI format 0 in subframe 7 intended for the UE, and/ora PHICH trans mission intended for the UEin subframe 7-/
with / given in Table 8-2a, adjust the corresponding first PUSCH transmission in the bundle in subframe n+k£, ifthe
MSB ofthe UL index in the DCI format 0 is setto 1 orif 7p,,; =0, as defined in clause9.1.2, with & 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 is set to 1 in subframe n orif
Ipmiey =1, as defined in clause 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.
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Table 8-2 k for TDD configurations 0-6

TDD UL/DL subframe numbern

Configuration [0 [1 |23 | 4[5|6|7[8]|9
0 4|6 416
1 6 4 6 4
2 4 4
3 4 414
4 4 (4
5 4
6 717 717 5

Table 8-2a I for TDD configurations 0, 1 and 6

TDD UL/DL subframe numbern
Configuration [0 |1 (2| 3| 4([5|6|7[8]9
0 916 916
1 2 3 2 3
6 515 6|6 8

A UE is semi-statically configured via higher layersignalling to transmit PUSCH transmissions signalled via
PDCCH/EPDCCH accordingto one oftwo uplink transmission modes, denoted mode 1 - 2.

If a UE is configured by higherlayers to decode PDCCHs with the CRC scrambled by the C-RNTI the UE shall decode
the PDCCH according tothe 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
blockis by C-RNTI.

If a UE is configured by higher layers to decode EPDCCHs 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 ofthis PUSCH corresponding to these EPDCCHs and the PUSCH retransmission for the same
transport blockis by C-RNTIL.

Transmissionmode 1 is the default uplink transmis sion mode fora UE untilthe UE is assigned an uplink transmission
mode by higherlayersignalling.

When a UE configured in transmis sion 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 transportblock 2 is disabled.

Table 8-3: PDCCH and PUSCH configured by C-RNTI

Transmission Transmission scheme of PUSCH

mode 2GIED Search Space corresponding to PDCCH
Common and .
Mode 1 DCI format O UE specific by C-RNTI Single-antenna port, port 10 (see clause 8.0.1)

Common and
Mode 2 DCI format O | e ¢ pecific by C-RNTI
DCl format 4 | UE specific by C-RNTI | Closed-loop spatial multiplexing (see clause 8.0.2)

Single-antenna port, port 10 (see clause 8.0.1)

Table 8-3A: EPDCCH and PUSCH configured by C-RNTI

Transmission DCl format Search Space Transmission scheme of PUSCH
mode P corresponding to EPDCCH
Mode 1 DCI format 0 | UE specificby C-RNTI | Single-antennaport, port 10 (see clause 8.0.1)
DCl'format0 | UE specificby C-RNTIT | Single-antennaport, port 10 (see clause 8.0.7)
Mode 2 DCTformat 4 | UE specific by C-RNTT | ClosedToop spatialmultiplexing (see clause 8.0.2)
3GPP
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If a UE is configured by higher layers to decode PDCCHs with the CRC scrambled by the C-RNTIand is also
configuredto receiverandomaccess procedures initiated by "PDCCH orders", the UEshalldecodethe PDCCH
accordingto the combination defined in Table 8-4.

Ifa UE is configured by higher layers to decode EPDCCHs with the CRC scrambled by the C-RNTIand is also
configuredto receiverandomaccess procedures initiated by "PDCCH orders", the UEshalldecodethe EPDCCH

accordingto the combinationdefined in Table 8-4A.

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 specificby C-RNTI

If a UE is configured by higher layers to decode PDCCHs with the CRCscrambled by the SPS C-RNTI, the UE shall
decode the PDCCH accordingto the combination defined in Table 8-5 and transmit the corresponding PUSCH.

The scrambling initialization ofthis PUSCH corresponding to these PDCCHs and PUSCH retransmis sion for the same
transport blockis by SPS C-RNTI. The scrambling initialization ofinitial transmission ofthis PUSCH without a
corresponding PDCCH and the PUSCH retransmission for the same transport block is by SPS C-RNTL

If a UE is configured by higher layers to decode EPDCCHs 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 ofthis PUSCH corresponding to these EPDCCHs and PUSCH retrans mission for the same
transport blockis by SPS C-RNTI. The scrambling initialization ofinitial transmission ofthis PUSCH without a

corresponding EPDCCH and the PUSCH retransmission for the same transport block is by SPS C-RNTL

Table 8-5: PDCCH and PUSCH configured by SPS C-RNTI

Transmission DCl format Search Sbace Transmission scheme of PUSCH
mode P corresponding to PDCCH
C d .
Mode 1 DCl format0 | ;e spc;nc?iz‘ri]c?gyag-RNTl Single-antennaport, port 10 (see clause 8.0.1)
Mode 2 DCI format 0 Common and Single-antennaport, port 10 (see clause 8.0.1)

UE specificby C-RNTI

Table 8-5A: EPDCCH and PUSCH configured by SPS C-RNTI

Transmission DCI format Search Space Transmission scheme of PUSCH
mode P corresponding to PDCCH
Mode 1 DCI format0 | UE specificby C-RNTI | Single-antennaport, port 10 (see clause 8.0.1)
Mode 2 DCI format 0 | UE specificby C-RNTI | Single-antennaport, port 10 (see clause 8.0.1)

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 ornot configured to decode PDCCHs with the CRC scrambled by the C-RNTI,
the UE shalldecodethe PDCCH according to thecombination 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 Temporary C-RNTT1 is set by higher layers, thescrambling of PUSCH corresponding to the Random A ccess
Response Grant in clause 6.2 and the PUSCH retrans mis sion for the same transport block is by Temporary C-RNTL
Else, the scrambling of PUSCH corresponding to the Random A ccess Response Grant in clause 6.2 and the PUSCH
retransmission forthe same transportblockis by C-RNTIL.
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Table 8-6: PDCCH configured by Temporary C-RNTI

DCI format | Search Space
DCI'format0 | Common

If a UE is configured by higher layers to decode PDCCHs with the CRCscrambled by the TPC-PUCCH-RNT]I, the UE
shalldecodethe PDCCH according to the combination defined in table 8-7. The notation 3/3A implies that the UEshall
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

If a UE is configured by higher layers to decode PDCCHs with the CRCscrambled by the TPC-PUSCH-RNTTI, the UE
shalldecodethe PDCCH according to the combination defined in table 8.8. The notation 3/3A implies that the UEshall

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

8.0.1 Single-antenna port scheme

Forthe single-antenna port transmission schemes (port 10) of the PUSCH, the UE transmission on the PUSCH is
performed according to clause 5.3.2A.1 of [3].

8.0.2 Closed-loop spatial multiplexing scheme

Forthe closed-loop spatial multiplexing trans mis sion scheme ofthe PUSCH, the UE transmission on the PUSCH is
performed according to the applicable number oftransmission layers as defined in clause 5.3.2A.2 of [3].
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8.1 Resource allocation for PDCCH/EPDCCH with uplink DCI
format

Two resourceallocationschemes TypeOand Type 1 are supported for PDCCH/EPDCCH with uplink DCI format.

If the resourceallocation typebit is not presentin the uplink DCI format, only resource allocationtype Ois supported.

If the resourceallocation typebit is presentin the uplink DCI format, the selected resource allocation type fora decoded
PDCCH/EPDCCH is indicated by aresource allocationtype bit where typeOis indicated by O value and type 1 is
indicated otherwise. The UEshallinterpret the resourceallocation field depending onthe resourceallocation typebit in
the PDCCH/EPDCCH with uplink DCI format detected.

8.1.1 Uplink resource allocation type O

The resource allocation information foruplink resource allocationtype 0 indicates to a scheduled UEa set of
contiguously allocated virtualresource block indices denotedby nyyg. A resource allocation field in the scheduling

grant consists ofaresourceindication value (R/}V) corresponding to a starting res ource block ( RBgpary ) and alength in
terms of contiguously allocatedresource blocks ( Legg, = 1). Theresourceindicationvalue is defined by

if (Logps —I)SLN%QJ then

RIV = Nyg (Legps = 1) + RBsrarr
else

RIV:N}%(NI% — Legps +1)+(NIIQJ]§ —1=RBgrprt)

8.1.2 Uplink resource allocation type 1

The resource allocation information foruplink resource allocationtype 1 indicates to a scheduled UEtwo sets of
resourceblocks with each set including one or more consecutive resource block groups of size P as given in table

. UL . o . (N}{g /P+1 .
7.1.6.1-1 assuming Ngp asthesystembandwidth. A combinatorialindexr consists of | log, A bits.

The bits fromthe resource allocation field in the scheduling grant represent » unless thenumber ofbits in the resource
allocation field in the scheduling grant is

- smaller than required to fully represent 7, in which case the bits in the resource allocation field in the scheduling
grant occupy the LSBs of 7 and the value ofthe remainingbits of 7 shallbe assumed to be 0; or

- largerthan required to fully representr, in which case r occupies the LSBs ofthe resource allocation field in the
scheduling grant.

The combinatorialindexr corresponds toa starting and ending RBG index ofresource blockset 1, sgand s; —1, and

M-1 N_ .

resourceblockset2, s,and s3—1 respectively, where ris given by equation r» = Z< Sf> defined in clause 7.2.1
i=0 -1

with M=4 and N = ’-NI%% /P-‘ +1. clause 7.2.1 also defines ordering properties andrange of values that s; (RBG

indices)map to. Only asingle RBG is allocated fora set at the starting RBG index if the corresponding ending RBG
index equals thestarting RBG index.
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8.2 UE sounding procedure

A UE shalltransmit Sounding Reference Symbol (SRS) on perserving cell SRS resources based on two trigger types:

- triggertype 0:higherlayersignalling
- triggertype 1: DCI formats 0/4/1A for FDD and TDD and DCI formats 2B/2C/2D for TDD.

In case both triggertype Oand triggertype 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. The following
SRS parameters are serving cell specific and semi-statically configurable by higher layers for triggertype 0 and for

triggertype 1.

e Transmissioncomb k., .,as defined in clause 5.5.3.2 of [3] fortriggertype 0 and each configuration oftrigger

ok
type 1

e Starting physicalresource block assignment 7, ., as defined in clause 5.5.3.2 of [3] for triggertype Oand
each configuration oftriggertype 1

®  duration: single orindefinite (untildisabled), as definedin [11] for triggertype 0

o srs-Configlndex Isgs for SRS periodicity 7, and SRS subframe offset Toﬁ’s o> as defined in Table 8.2-1and
Table 8.2-2 fortriggertype Oand SRS periodicity 7., and SRSsubframe offset Tgf as defined in Table

ffset,1°
8.2-4 and Table 8.2-5 triggertype 1

e SRS bandwidth B
type 1

srs » as defined in clause 5.5.3.2 of [3] for trigger type O and each configuration of trigger

e Frequencyhoppingbandwidth, b, ,as defined in clause5.5.3.2 of [3] for triggertype 0

hop

cs

Srs» as defined in clause 5.5.3.1 of [3] for trigger type O and each configuration of trigger type 1

e Cyclic shift »
e Numberofantennaports N » fortriggertypeOand each configurationoftriggertype 1

Fortriggertype 1 and DCI format 4 three sets of SRS parameters, srs-ConfigdpDCI-Format4, are configured by higher
layersignalling. The 2-bit SRS request field [4] in DCI format 4 indicates the SRS parameterset givenin Table 8.1-1.
Fortriggertype 1 and DCI format 0, a single set of SRS parameters, srs-ConfigdpDCI-Format0,is configured by
higherlayersignalling. Fortriggertype | and DCI formats 1A/2B/2C/2D, a single common set of SRS parameters, s7s-
ConfigApDCI-Formatla2b2c, is configured by higher layer signalling. The SRS requestfield is 1 bit [4] for DCI
formats 0/1A/2B/2C/2D, with atype 1 SRS triggered ifthe value ofthe SRS request field is set to '1".

A 1-bit SRS requestfield shallbe included in DCI formats 0/1A for frame structure type 1 and 0/1A/2B/2C/2D for
frame structure type 2 if the UE is configured with SRS parameters for DCI formats 0/1A/2B/2C/2D 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 15t SRS parameter set configured by higher layers
'"10' The 2" SRS parameter set configured by higher layers|
"11' The 39 SRS parameter set configured by higher layers

The serving cell specific SRS transmissionbandwidths C,. are configured by higherlayers. The allowable values are

SRS
given in clause 5.5.3.2 of [3].
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The serving cell specific SRS transmission sub-frames are configured by higher layers. The allowable values are given

in clause 5.5.3.3 of [3].

When 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 7szs is given by

a(nSRS):nSRS mod2, for both partial and full sounding bandwidth, and when frequency hopping i disabled (ie.,
bhop 2 BSRS )’

(Mope) = (nSRS +\_nSRS/2J+ﬁ-\_n5RS/KJ)mod2 when K is even f- 1 where K mod4 =0
Wisks) = Ngpg Mod2 when K is odd ' 0 otherwise
when frequency hoppingis enabled (ie., b,,, < Bgg).
BSRS
where values Bsgs, bnop, Vo, and nsgs are given in clause 5.5.3.2 of[3], and K = H Nb, (where Nhh =1
b':hlmp '

regardlessofthe N, value), except when a single SRS transmissionis configured forthe UE. If a UE is configured

with more than one servingcell, the UEis not expected to transmit SRS on different antenna ports simultaneously.

A UE may be configured to transmit SRS on N, antenna ports ofaserving cell where N, may be configuredby
higherlayersignalling. For PUSCH transmission mode 1 N, {0,124} and for PUSCH transmission mode 2

N, {012} with two antennaports configured for PUSCHand N » €10,1,4} with 4 antenna ports configured for

PUSCH. A UE configured for SRS transmission on multiple antenna ports ofa serving cell shall transmit SRS for all
the configured transmit antenna ports within one SC-FDMA symbol ofthe same subframe ofthe servingcell.

The SRS transmission bandwidth and starting physical resource block assignmentare the same forallthe configured
antenna ports ofa given servingcell.

A UE not configured with multiple TAGs shallnot transmit SRS whenever SRS and PUSCH transmissions happen to
overlap in the same symbol.

For TDD, when one SC-FDMA symbol exists in UpPTS of a given serving cell, it can be used for SRS transmission.
When two SC-FDMA symbols exist in UpPTS of a given serving cell, both can be used for SRS transmission and both
can be assigned tothe same UE.

A UE not configured with multiple TAGs shallnot transmit type O triggered SRS whenevertype Otriggered SRS and
PUCCH format 2/2a/2b trans missions happento coincide in the same subframe. A UEnot configured with multiple
TAGs shallnot transmit type 1 triggered SRS whenevertype 1 triggered SRS and PUCCH format 2a/2b or format 2
with HARQ-A CK transmissions happen to coincide in the same subframe. A UE not configured with multiple TA Gs
shallnot transmit PUCCH format 2 without HARQ-ACK whenevertype 1 triggered SRS and PUCCH format 2 without

HARQ-ACK transmissions happen to coincide in the same subframe.

A UE not configured with multiple TA Gs shallnot transmit SRS whenever SRS transmission and PUCCH transmission
carrying HARQ-A CK and/or positive SR happento coincide in the same subframe if the parameter ackNackSRS-
Simultaneous Transmission is FALSE. A UE not configured with multiple TA Gs shall transmit SRS whenever SRS
transmissionand PUCCH transmission carrying HARQ-A CK and/or positive SR using shortened format as defined in
clauses 5.4.1and 5.4.2A of[3] happento coincidein the same subframe ifthe parameter ackNackSRS-

Simultaneous Transmission is TRUE.

A UE not configured with multiple TAGs shallnot transmit SRS whenever SRS transmission onany serving cells and
PUCCH transmission carrying HARQ-A CK and/or positive SR usingnormal PUCCH format as defined in clauses 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 PRA CH region for preamble format 4 or exceeds the
range ofuplink systembandwidth configured in the serving cell, the UEshallnot transmit SRS.
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The parameter ackNackSRS-Simultaneous Transmission provided by higher layers determines ifa UE is configured to
support the transmission of HARQ-A CK on PUCCH and SRS in one subframe. Ifit is configured to supportthe
transmission of HARQ-A CK on PUCCH and SRS in one subframe, thenin the cell specific SRS subframes ofthe
primary cell UE shall transmit HARQ-ACK and SRusingthe shortened PUCCH format as defined in clauses 5.4.1 and
5.4.2A of[3], where the HARQ-ACK orthe SR symbol corresponding to the SRS location is punctured.

This shortened PUCCH format shallbe used in a cell specific SRS subframe ofthe primary cell even ifthe UE does not
transmit SRS in that subframe. The cell specific SRS subframes are defined in clause 5.5.3.3 of [3]. Otherwise, the UE
shalluse the normal PUCCH format 1/1a/1b as defined in clause 5.4.1 of[3] or normal PUCCH format 3 as defined in
clause 5.4.2A of[3] forthe transmissionof HARQ-A CK and SR.

Triggertype 0 SRS configurationofa UE in a serving cell for SRS periodicity, 7 ,and SRS subframe offset, T et » is

defined in Table 8.2-1 and Table 8.2-2, for FDD and TDD, respectively. Theperiodicity T, ofthe SRS transmission
is serving cell specific and is selected fromthe set {2, 5, 10, 20, 40, 80, 160, 320} ms or subframes.
Forthe SRS periodicity T,,, 0f2ms in TDD, two SRS resources are configuredin a half frame containing UL

subframe(s) ofa given serving cell.

Type Otriggered SRS transmission instances in a given serving cell for TDD with T, >2 and for FDD are the
)mod Ty, =0,where for FDD k. = {0,1,,",9} is the subframe index

subframes satisfying  (10-n, + kg — SRS =

within the frame, for TDD kg

the subframes satisfying (kg -7, ) mod5=0.

T
offse
is defined in Table 8.2-3. The SRS transmissioninstances for TDD with T, =2 are

and SRS subframe offset, T

Triggertype 1 SRS configurationofa UE in a serving cell for SRS periodicity, T, offset.1?

SRS,1?

is defined in Table 8.2-4 and Table 8.2-5, for FDD and TDD, respectively. The periodicity 7., ofthe SRS

SRS, 1
transmissionis serving cell specific and is selected fromthe set {2, 5, 10} ms or subframes.

Forthe SRS periodicity T, , of2ms in TDD, two SRS resources are configured in a half frame containing UL

subframe(s) ofa given serving cell.

A UE configured fortype 1 triggered SRS transmission in serving cell ¢ and not configured with a carrier indicator field
shalltransmit SRS on serving cell c upon detection ofa positive SRS requestin PDCCH/EPDCCH scheduling

PUSCH/PDSCH on serving cellc.

A UE configured fortype 1 triggered SRS trans mission in serving cell c and configured with a carrier indicator field
shalltransmit SRS on serving cell c upon detection ofa positive SRS requestin PDCCH/EPDCCH scheduling
PUSCH/PDSCH with the value of carrier indicator field corresponding toservingcell c.

A UE configured fortype 1 triggered SRS trans mission onserving cell c upon detection ofa positive SRS request in
subframe n of serving cell ¢ shall commence SRS transmissionin the first subframe satisfying » + k,k >4 and

(1015 +ksrs — Topier1 ) M0d Tspg | =0 for TDD with Tsrs. > 2 and for FDD,

(ksrs — Tppser) mod5 = 0 for TDD with 7gp¢ ) =2

where forFDD k. = {0,1,,,_,9} is the subframe indexwithin the frame , ., for TDD kene is defined in Table 8.2-3.

SRS
A UE configured fortype 1 triggered SRS transmission is notexpectedto receive type 1 SRS triggering events
associated with different values oftrigger type 1 SRS transmission parameters, as configured by higher layer signalling,
for the same subframe and the same serving cell.

A UE shallnot transmit SRS whenever SRS and a PUSCH transmission corresponding toa Random A ccess Response
Grant ora retransmission ofthe same transport block as part ofthe contention based randomaccess procedure coincide
in the same subframe.
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Table 8.2-1: UE Specific SRS Periodicity
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TSRS

for trigger type 0, FDD
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and Subframe Offset Configuration 7,

ffset

SRS Configuration Index Isrs | SRS Periodicity 7., (ms) | SRS Subframe Offset Tomet
0-1 2 Isks
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
Table 8.2-2: UE Specific SRS Periodicity 7;,, and Subframe Offset Configuration 7

for trigger type 0, TDD

offset

SRS Configuration Index | SRS Periodicity | SRS Subframe Offset
Isrs TSRS (m S) Toﬁset
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: k., for TDD
subframe indexn
0 1 2 (3|45 6 71819
1stsymbol 2nd symbol 1stsymbol 2nd symbol
of UpPTS of UpPTS of UpPTS of UpPTS
kgs in case UpPTS 0 o134 5 6 18l
length of 2 symbols
kg in case UpPTS ] o134 5 2lslg
length of 1 symbol
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Table 8.2-4: UE Specific SRS Periodicity Tigs,

Isrs TSRS,I (ms) To_ffset,l
0-1 2 Isrs
2-6 5 Isrs — 2
7-16 10 Isrs — 7
17 — 31 reserved reserved
Table 8.2-5: UE Specific SRS Periodicity 7., and Subframe Offset Configuration 7

111

1

3GPP TS 36.213 V11.4.0 (2013-09)

and Subframe Offset Configuration T

for trigger type 1, FDD

SRS Configuration Index

SRS Periodicity

SRS Subframe Offset

for trigger type 1, TDD

SRS Configuration Index
Isrs

SRS Periodicity
T. (ms)

SRS, 1

SRS Subframe Offset

To/ﬁet,l

o
N

DN |0 |W[N]| O

NINIENEST BN IS ENTS
BB W]|WIN|N

©

3,4

10 -14

QUNINININININININININ

Isrs — 10

15 -24

10

Isrs — 15

25 - 31

reserved

reserved
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8.3 UE HARQ-ACK procedure

ForFrame Structure type 1,an HARQ-ACK received on the PHICH assigned to a UEin subframe i is associated with
the PUSCH transmission in subframe i-4.

ForTDD, if a UE is configured with one serving cell, orif the UE is configured with more than oneservingcelland the
TDD UL/DL configurationofallthe configuredservingcells is the same,

- ForFrame Structure type 2 UL/DL configuration 1-6,an HARQ-ACK received on the PHICH assignedto 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.

- ForFrame Structure type 2 UL/DL configuration 0,an HARQ-ACK received on the PHICH in the resource
corresponding to /py;c; =0, as defined in clause 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 configuration0, an HARQ-A CK received on the PHICH in the resource correspondingto Ipy,cy =1,

as defined in clause9.1.2, assigned to a UEin subframe i is associated with the PUSCH transmission in the
subframe i-6.

ForTDD, if a UE is configured with more than oneserving celland the TDD UL/DL configuration ofat least two
configured serving cells is not thesame,

— Forserving cell with an UL-reference UL/DL configuration (defined in clause 8.0) belongingto {1,2,3,4,5,6}, an
HARQ-ACKreceived on the PHICH assigned to a UE in subframe i is associated with the PUSCH
transmissionin the subframe i-k forthe serving cellas 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.

— Fora serving cell with UL-reference UL/DL configuration 0 (defined in clause8.0),an HARQ-ACK received on
the PHICH in the resource correspondingto [ p;-y =0,as defined in clause 9.1.2,assignedto a UEin
subframe 7 is associated with the PUSCH transmission in the subframe i-k forthe servingcellas 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. Fora serving cell with UL-reference UL/DL configuration 0,an HARQ-ACK received onthe
PHICH in the resourcecorrespondingto p,,; =1,as defined in clause9.1.2, assigned to a UEin subframe i

is associated with the PUSCH transmission in the subframe i-6 forthe serving cell.

Table 8.3-1 k for TDD configurations 0-6

TDD UL/DL subframe numberi

Configuration [0 (1| 23| 4|5(6|7|8]9
0 714 714
1 4 6 4 6
2 6 6
3 6 6|6
4 6|6
5 6
6 6|4 714 6

The physicallayerin the UEshalldeliver indications to thehigher layers as follows:

ForFDD, and for TDD with a UE configured with one serving cell, and for TDD with a UE configured with more than
one servingcelland with TDD UL/DL configuration ofall configured serving cells the same, for downlink subframe 7,
if atransport block was transmitted in the associated PUSCH subframe then:

- if ACK is decoded onthe PHICH corresponding to that transportblock in subframe 7, or if that
transport blockis disabled by PDCCH/EPDCCH received in downlink subframe i, ACK for that
transport block shall be delivered to the higher layers; else NACK forthat transport block shallbe
delivered to the higherlayers.

ForTDD, if the UE is configured with more than one serving cell, and ifat least two servingcells have different UL/DL
configurations, fordownlink subframe 7, if a transport block was transmitted in the associated PUSCH subframe then:
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- if ACK is decoded onthe PHICH corresponding to that transportblock in subframe 7, or if that
transport blockis disabled by PDCCH/EPDCCH received in downlink subframe i, ACK for that
transport block shall be delivered to the higher layers; or

- if a PHICH resource corresponding to that transportblock is not presentin subframe i or if UE is not
expected to receive PHICH corresponding to that transport block in subframe i, ACK forthat transport
blockshallbe delivered to thehigherlayers.

- else NACK for that transport blockshallbe delivered to the higher layers.
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8.4 UE PUSCH hopping procedure

The UE shall perform PUSCH frequency hoppingifthe single bit Frequency Hopping (FH) field in a corresponding
PDCCH/EPDCCH with DCI format 0 is setto 1 and the uplinkresourceblock assignmentis 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 (S7) including the lowest indexPRB ( n31,(n) ) in subframe n fromthe resource allocation field in the latest

PDCCH/EPDCCH with DCI format 0 for the same transport block. Ifthere is no PDCCH/EPDCCH for the same
transport block, the UEshall determine its hopping typebased on

- thehoppinginformation in the mostrecent semi-persistent scheduling assignment PDCCH/EPDCCH, when
the initial PUSCH for the same transport block is semi-persistently scheduled or

- therandomaccess response grant for the same transport block, when the PUSCH is initiated by therandom
accessresponse grant.

The resource allocation field in DCI format 0 excludes either 1 or2 bits used forhopping information as indicated by
Table 8.4-1 below where the number of PUSCH resourceblocks is defined as

NY _NHO _ (N e mod 2) Type 1 PUSCH hopping
N =1 Ny Type 2N, =1 PUSCH hopping
Ny =N Type 2 N, >1 PUSCH hopping
Fortype 1 and type2 PUSCH hopping, NiO = NHO 11 if NEY is an odd numberwhere N defined in [3].
NEO = NHO in othercases. The size ofthe resource allocation field in DCI format 0 after excluding either 1 or 2 bits

shallbe y = ’Vlog2 (Nps (Ngs +1)/ 2)—‘ = Nyp jop> Where Nuziop = 1 o1 2 bits. The number of contiguous RBs

that can be assignedto atype-1hoppinguseris limited to LZy / N}EBLJ. The numberofcontiguous RBs that canbe

assignedto a type-2 hopping user s limited to min ( L2y /' N, :BLJ, \_N ll:g scry N, J ), where the number of sub-bands

Ny 1is given by higherlayers.

A UE performing PUSCH frequency hoppingshalluseone oftwo possible PUSCH frequency hopping types based on
the hopping information. PUSCH hoppingtype 1is described in clause 8.4.1 and type 2 is described in clause 8.4.2.

Table 8.4-1: Number of Hopping Bits NuL_nhop vVS. System Bandwidth

System BW | #Hopping bits for 2nd slot RA
Nllg% (NuL_nop)
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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8.4.1 Type 1 PUSCH hopping

For PUSCH hoppingtype 1the hopping bit orbits indicated in Table 8.4-1 determine 7 g (i) as defined in Table 8.4-2.
The lowest indexPRB ( ny5, (i) ) of the 19 slot RA in subframe i is defined as nyg, (i) = fisgs (i) + Npg /2, where

kg (i) = RBgpipr> and RBgpapy is obtained fromthe uplink scheduling grant as in clause 8.4 and clause 8.1.

The lowest indexPRB ( 71,45 (i) ) of the 2™ slot RA in subframe i is defined as npp (i) = fipgg (i) + N /2.

The set of physicalresourceblocks to be used for PUSCH transmissionare Ly, contiguously allocated resource
blocks fromPRB index nyks(i) forthe 1 slot,and fromPRB index 71pgp(i) for the 2" slot, respectively, where
Lcpp, is obtained fromthe uplink scheduling grant as in clause 8.4 and clause 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 NBis defined in [§].

8.4.2 Type2PUSCH hopping

In PUSCH hoppingtype 2 the setofphysical resourceblocks to be used for transmission in slot », is given by the

scheduling grant together with a predefined pattern accordingto [3] clause 5.3.4.
If the system frame number is not acquired by the UE yet, the UE shallnot transmit PUSCH with type-2 hoppingand
N, >1 for TDD, where N, is defined in[3].

Table 8.4-2: PDCCH/EPDCCH DCI format 0 hopping bit definition

System BW | Numberof | Informationin Horn(l)
NEE Hopping bits | hopping bits I

6 49 ] 0 U_N,%]SCH /2J + ﬁ,f,ig(i))modN,é’gSCH :

1 Type 2 PUSCH Hopping
00 [LN;;gSCH /4] 7S, (,-)) mod N EUSCH
o110 , o1 (_LN;;gSCH /4] 7S, (i)j mod NZUSCH
10 (Lvagser 2] gty @ moa wigsen

11 Type 2 PUSCH Hopping

8.5 UE Reference Symbol (RS) procedure

If UL sequence-group hopping orsequence hopping is configured in a serving cell, it applies to all Reference Symbols
(SRS, PUSCH and PUCCH RY). If disabling ofthe sequence-group hopping and sequence hopping is configured for the
UE in the serving cellthrough the higher-layer parameter Disable-sequen ce-group-hopping, the sequence-group
hoppingandsequencehopping for PUSCHRS are disabled.
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8.6 Modulation order, redundancy version and transport block
size determination

To determine the modulation order, redundancy version and transportblock size forthe physicaluplink shared channel,
the UE shall first

- read the "modulationand coding scheme and redundancy version" field ( 7, ),and

— checkthe "CSlIrequest" bit field, and
- compute the totalnumber ofallocated PRBs ( N ., ) based onthe procedure defined in clause 8.1, and

— compute the numberofcodedsymbols for control information.

8.6.1 Modulation order and redundancy version determination

For0 < 7,,.s <28, themodulationorder(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 modulationorderis givenby Q. in Table 8.6.1-1.

— Ifthe UE is not capable of supporting 64QAM in PUSCH orhas been configured by higher layers to transmit
only QPSK and 16QAM, Q, is first read from Table 8.6.1-1. The modulation orderis setto Q, = min(4,0,,).

— Ifthe parameter t#i Bundling provided by higher layers is set to TRUE, thentheresource allocation size is

restricted to Nppp <3 and the modulationorderis setto O, =2.

For29 < I, <31 themodulation order (Q,, )is determined as follows:

— if DCI format 0 is used and Iyes =29 OF, if DCI format 4 is used andonly 1 TBis enabled and Iyes =29 forthe
enabled TBand the signalled number of transmission layersis 1, and if

o the"CSIrequest"bit field is 1 bit and the bit is set to trigger an aperiodic report and, N <4 or,

PRB

o the"CSIrequest"bit field is 2 bits and is triggering an aperiodic CSIreport forone serving cell
accordingto Table 7.2.1-1A,and, Nppp <4 or,

o the"CSIrequest"bit field is 2 bits and is triggering an aperiodic CSIreport for more than one serving
cell according to Table 7.2.1-1A and, Npgpp <20, or,

o the"CSIrequest"bit field is 2 bits and is triggering an aperiodic CSIreport for more than one CSI
accordingto Table 7.2.1-1Band N,pp <20,

then the modulationorderis setto 9, =2.

m

— Otherwise, the modulationordershall be determined fromthe DCI transported in the latest PDCCH/EPDCCH
with DCI format 0/4 forthe same transport blockusing 0 < 1, .. < 28.If there is no PDCCH/EPDCCH with

MCS —
DCI format 0/4 for the same transport blockusing ¢ < Tyes <285 the modulationordershallbe determined from

o themostrecentsemi-persistentscheduling assignment PDCCH/EPDCCH, when the initial PUSCH
for the same transportblock is semi-persistently scheduled, or,

o therandomaccessresponse grant for the same transport block, when the PUSCH is initiated by the
randomaccess response grant.
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The UE shalluse /,,. and Table 8.6.1-1 to determine the redundancy version (#vi) to use in the physicaluplink shared
channel.

Table 8.6.1-1: Modulation, TBS index and redundancy version table for PUSCH

MCS Index || Modulation Order | TBS Index Redundancy Version
Tyics Qm I 1ps rvidx
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

8.6.2  Transportblock size determination

For0 < I,,. <28, the UEshallfirst determine the TBS index( /¢ ) using 7,,., and Table 8.6.1-1 except if the

transport block s disabled in DCI format 4 as specified below. Fora transportblock that is not mapped to two-layer
spatial multiplexing, the TBS is determined by the procedure in clause7.1.7.2.1. For a transport block that is mappedto

two-layerspatial multiplexing, the TBS is determined by theprocedure in clause7.17.2.2.

For29 <1, <31,

— if DCI format 0 is usedand 7, =29 or,if DCI format4 is used andonly 1 TBis enabled and 7, =29

for the enabled TB and the number oftransmission layersis 1,and if

o the"CSIrequest"bitfield is 1 bitand is set to triggeran aperiodic CSlreportand N, <4 ,0r

o the"CSIrequest"bit field is 2 bits and is triggering an aperiodic CSIreport forone serving cell

accordingto Table 7.2.1-1A,and, N <4 or,

PRB
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o the"CSIrequest"bit field is 2 bits and is triggering aperiodic CSIreport formore than oneserving
cellaccording toTable 7.2.1-1A and, Nppp <20,

o the"CSIrequest"bit field is 2 bits and is triggering an aperiodic CSIreport for more than one CSI
accordingto Table 7.2.1-1B and, Nppp <20

then there is no transportblock 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 shallbe determined fromthe initial PDCCH/EPDCCH forthe same transport
blockusing (< Tyes <28 If there is no initial PDCCH/EPDCCH with an uplink DCI format for the same

transport blockusing ( < Tyes <285 the transport block size shallbe determined from

o themostrecentsemi-persistentscheduling assignment PDCCH/EPDCCH, when the initial PUSCH
for the same transportblock is semi-persistently scheduled, or,

o therandomaccessresponse grant forthe same transport block, when the PUSCH is initiated by the
randomaccess response grant.

In DCI format 4 a transport block is disabled if either the combination of /. =0 and Nppp >1 orthe combination

of Iycg =28 and Nppp =1 is signalled, otherwisethe transportblock is enabled.
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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 U;fSQ_ACK , ﬂ(f;jéet and ﬂjfi]t shallbe configured to values

accordingto Table 8.6.3-1,2,3 with the higherlayersignalled indexes [ %SQ_ACK , 1 ;;S aoand chj% ,» respectively.

Multiple codeword PUSCH transmission offsets /3 HARQ-ACK | Y5 & and o) <Ol shallbe configured to values

offset offset offset
accordingto Table 8.6.3-1,2,3 with the higherlayersignalled indexes / (%ZQAZCK , 1 ;;Set we and [ ;g; Me >

respectively.

Table 8.6.3-1: Mapping of HARQ-ACK offset values and the index signalled by higher layers

[‘%SQ—ACK o Ij}ffﬁ;éc’( ﬂ(%gg—ACK

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 Rl offset values and the index signalled by higher layers

RI
I offset

or

RI
] offset MC

RI
ﬁ offset

1.250

1.625

2.000

2.500

3.125

4.000

5.000

6.250

8.000

Ol | Nl ||l wWw]|DN

10.000

-
o

12.625

15.875

12

20.000

13

reserved

14

reserved

15

reserved
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Table 8.6.3-3: Mapping of CQlI offset values and the index signalled by higher layers

Liger o Lgreric | Buge
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 selectionis configured by higher layers via parameter ue-TransmitAntennaSelection.
A UE configured with transmit antenna selection fora servingcellis not expected to

e be configured with more than one antenna port forany uplink physical channel or signal forany configured
serving cell,or

e beconfiguredwith triggertype 1 SRS transmission onany configured serving cell, or
e be configured with simultaneous PUCCH and PUSCH trans mission, or

e be configured with demodulation reference signal for PUSCH with OCC for any configuredservingcell (see
[3], clause 5.5.2.1.1), or

e receive DCI Format 0 indicating uplink res ource allocation type 1 forany servingcell.

If UE transmit antennaselection is disabled ornot supported by the UE, the UE shall transmit from UE port 0.

If closed-loop UE trans mit antenna selectionis enabled by higher layers the UE shall performtransmit antenna selection
in response to the mostrecent commandreceived via DCI Format 0 in clause 5.3.3.2 of [4].

If a UE is configured with more thanone serving cell, the UEmay assume the same transmit antenna port valueis
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, thetransmit antennato be selected by the UEis
not specified.
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9 Physical downlink control channel procedures

9.1 UE procedure for determining physical downlink control
channel assignment

9.1.1 PDCCH assignment procedure

The controlregion of each serving cell consists ofa set of CCEs, numbered from0Oto N, —1 according to clause
6.8.1 in [3], where N, is thetotalnumberof CCEs in the controlregion of subframe £ .

The UE shallmonitora set of PDCCH candidates ononeor more activatedserving cells as configured by higher layer
signalling for control information, where monitoring implies attempting to decode each ofthe PDCCHs in the set
accordingto all the monitored DCI formats.

The set of PDCCH candidates to monitor are defined in terms of search spaces, where a search space S,EL) at
aggregationlevel L e {1,2,4,8} is defined by a set of PDCCH candidates. Foreach serving cell on which PDCCH is
monitored, the CCEs corresponding to PDCCH candidate m ofthe search space S,EL) are given by

L {(Yk +m')mod \_NCCE,k /LJ }+l

where Y, is defined below, i =0,---,L—1. Forthe common searchspace m'=m . For the PDCCH UE specific search
space, forthe serving cellon which PDCCH is monitored, ifthe monitoring UEis configured with carrier indicator field

then m'=m+M®) -ney where ngy is the carrier indicator field value, else if the monitoring UEis not configured

with carrier indicator field then m'=m,where m=0,---, M —1. pr® is the numberof PDCCH candidates to
monitorin the given search space.

Note that the carrier indicator field value is the same as ServCelllndexgivenin [11].

The UE shallmonitor one common search space in everynon-DRX subframe at each ofthe aggregation levels 4 and 8
on the primary cell.

If a UE is not configured for EPDCCH monitoring, and if the UE is not configured with a carrier indicator field, then
the UE shallmonitor one PDCCH UE-specific searchspaceat each oftheaggregation levels 1,2, 4, 8 on each activated
serving cellin every non-DRX subframe.

If a UE is not configured for EPDCCH monitoring, and ifthe UE is configured with a carrier indicator field, then the
UE shallmonitor one or more UE-specific search spaces at each oftheaggregation levels 1,2, 4, 8 on one ormore

activatedservingcells as configured by higherlayersignalling in every non-DRX subframe.

If a UE is configured for EPDCCH monitoring on a serving cell, and ifthat serving cellis activated, and ifthe UE is not
configured with a carrier indicator field, then the UE shallmonitor one PDCCH UE-specific search space at each ofthe
aggregationlevels 1,2, 4, 8 on that serving cellin 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 ifthat serving cellis activated, and ifthe UE is
configured with a carrier indicator field, then the UEshallmonitor one ormore PDCCH UE-specific search spaces at
each ofthe aggregationlevels 1,2, 4, 8 on that serving cell as configured by higher layer signalling in allnon-DRX
subframes where EPDCCH is not monitored onthatserving cell.

The common and PDCCH UE-specific search spaces on the primary cellmay 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-RNTIin the PDCCH UE specific search
space of servingcellc.
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A UE configured with the carrier indicator field associated with monitoring PDCCH on the primary cellshallmonitor
PDCCH configured with carrier indicator field and with CRC scrambled by SPS C-RNTI in the PDCCH UE specific
search space ofthe primary cell.

The UE shallmonitor the common search space for PDCCH without carrier indicator field.

Forthe serving cellon which PDCCH is monitored, ifthe UE is not configured with a carrier indicator field, it shall
monitorthe PDCCH UE specific search space for PDCCH without carrier indicator field, if the UE is configured with a
carrier indicator field it shallmonitor the PDCCH UE specific search space for PDCCH with carrier indicator field.

A UE is not expected to monitor the PDCCH ofa secondary cellif it is configured to monitor PDCCH with carrier
indicator field corresponding to that secondary cellin anotherservingcell. For the servingcellon which PDCCH is
monitored, the UEshallmonitor PDCCH candidates at least forthe same serving cell.

A UE configuredto 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 nqcp (as describedin clause 10.1) but with different sets of DCI

information fields as definedin [4] in the
- common search space

- PDCCH UE specific search space
on the primary cell shallassume that forthe PDCCH candidates with CRC scrambled by C-RNTIor 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 searchspaceis 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 haveone or more possible values of CIF for the given
DCI format size, shallassume thata PDCCH candidate with the given DCI format size may be transmitted in the given
serving cellin any PDCCH UE specific search space corresponding to any ofthe possible values of CIF for the given
DCI format size.

The aggregation levels defining the search spaces are listed in Table 9.1.1-1. The DCI formats that the UEshallmonitor
dependon theconfigured transmission mode pereach serving cellas definedin clause7.1.

Table 9.1.1-1: PDCCH candidates monitored by a UE

Search space §\") Number of PDCCH

Type Aggregation level . | Size [in CCEs] | candidates M®
6
12
8
16
16
16

UE-s pecific

Common

O] oo AN =
NBINN]|O|O

Forthe common search spaces, ¥, is setto 0 for the two aggregationlevels L =4 and L=8§.
Forthe UE-specific search space S,EL) ataggregation level L , the variable ¥, is defined by
Y, =(A4-Y,_;)mod D

where Y | =npyp #0, 4=39827, D=65537 and k = |_ns/2j , n, is the slotnumber within a radio frame.

The RNTI value usedfor 7, is definedinclause7.1in downlinkand clause 8 in uplink.
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9.1.2  PHICH assignment procedure

If a UE is not configured with multiple TAGs, orif a UE is configured with multiple TAGs and PUSCH transmissions
scheduled fromservingcell cinsubframe z are not scheduledby a Random A ccess Response Grant corresponding toa

randomaccess preamble transmission fora secondary cell

- ForPUSCH transmissions scheduled fromserving cell ¢ in subframe n,the UE shalldetermine the
corresponding PHICH resource of servingcell ¢ in subframe n+ kpy;cpy , Where kpyey is always 4 for
FDD.

- ForTDD, if the UE is configured with one serving cell, orif the UE is configured with more than one serving
cell and the TDD UL/DL configuration ofall the configured serving cells is the same, for PUSCH transmis sions
scheduled fromservingcell cinsubframe n,the UE shall determine the corresponding PHICH resource of

serving cell ¢ in subframe n+ kpyycy , Where kpy ey is givenintable 9.1.2-1.

- ForTDD, if the UE is configured with more than one serving celland the TDD UL/DL configurationofat least
two configuredservingcells is not the same, for PUSCH transmissions scheduled fromserving cell cin
subframe 7, the UEshall determine the corresponding PHICH resourceofserving cell ¢ in subframe

n+kppep » Where kpyep s given in table 9.1.2-1, where the "TDD UL/DL Configuration” in the rest of this
clause refers to the UL-reference UL/DL configuration (defined in clause 8.0) ofthe serving cell corresponding
to the PUSCH transmission.

If a UE is configured with multiple TAGs, for PUSCH transmissions on subframe » fora secondary cell ¢ scheduled
by a Random Access Response grantcorresponding to a randomaccess preamble transmission forthe secondary cell ¢,

- ForTDD, if the UE is configured with more than one serving celland the TDD UL/DL configurationofat least
two configuredservingcells is not the same, the "TDD UL/DL Configuration" in the rest ofthis clause refers to
the UL-reference UL/DL configuration (defined in clause 8.0) of secondarycell c.

- Ifthe UE is not configured to monitor PDCCH/EPDCCH with carrier indicator field corresponding to
secondary cell ¢ in anotherservingcell, the UE shall determine the corresponding PHICH resource onthe

secondary cell ¢ in subframe n+ kpy;cy , Where kpycy is always 4 for FDD and where  kpycpy 1S givenin
table 9.1.2-1 for TDD.

- Ifthe UE is configured to monitor PDCCH/EPDCCH with carrier indicator field corresponding to secondary
cell ¢ in anotherservingcell ¢l, the UE configured with multiple TAGs shall determine the corresponding

PHICH resource on the servingcell ¢1 in subframe n+ kpy;py , Where kppyey, is always 4 for FDD and where
kppicy 18 givenin table 9.1.2-1 for TDD.

Forsubframe bundling operation, the corresponding PHICH resource is associated with the lastsubframe in the bundle.

Table 9.1.2-1: &, for TDD

TDD UL/DL subframe indexn
Configuration [0 |1 ]| 23| 45|67 [8]|9
0 41716 41716
1 4 (6 416
2 6 6
3 6|6]|6
4 6|6
5 6
6 416]|6 417

The PHICH resource is identified by the indexpair (n$;),&;, . npic;y) Where ng7E, is the PHICH group numberand

N pfhcqy 18 the orthogonal sequence indexwithin the group as defined by:

group  _ group group
nppice = Uprg R4 T 7oMRs)MOAN By + 1 e N prich

seq = group PHICH
npricH = (\_[ PrRB_ R4’ NBHICH J+ npygs)mod 2N g
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where

*  npyps is mapped fromthe cyclic shift for DMRS field (accordingto Table 9.1.2-2) in the mostrecent
PDCCH with uplink DCI format [4] for the transport block(s) associated with the corresponding
PUSCH transmission. s shallbe set to zero, if there is no PDCCH with uplink DCI format for
the same transport block, and

» if the initial PUSCH for the same transportblockis semi-persistently scheduled, or

» if the initial PUSCH for the same transportblockis scheduled by the randomaccess response
grant.

« NI s the spreading factor size used for PHICH modulation as described in clause 6.9.11n [3].
for the first TB of a PUSCH with associated PDCCH or for the case of
no associated PDCCH when the number of negatively acknowledged

Ilowestiindex

PRB. RA TBs is not equal to the number of TBs indicated in the most recent
PRB_RA PDCCH associated with the corresponding PUSCH

I fflgs’ R{Tdex +1 forasecond TB of a PUSCH with associated PDCCH

where [ ;f]gf‘” Ril"dex is the lowest PRBindex in the first slot ofthe corresponding PUSCH

transmission

NEgE, is thenumber of PHICH groups configured by higherlayers as describedin clause 6.9 of
[3];

1 for TDD UL/DL configuration 0 with PUSCH transmission in subframe s =4 or 9

] =
PHICH {0 otherwise

Table 9.1.2-2: Mapping between 7, and the cyclic shift for DMRS field
in PDCCH with uplink DCI format in [4]

Cyclic Shift for DMRS Field in PDCCH "
with uplink DCI format in [4] DMRS
000 0
001
010
011
100
101
110
111

N|o|oa|A|wWIN|—~

9.1.3  Control Format Indicator (CFIl) assignment procedure

PHICH durationis signalled by higherlayers accordingto Table 6.9.3-1 in [3]. The durationsignalled puts a lower

limit on the size ofthe controlregion determined fromthe control format indicator (CFI). When N [%13“ > 10, if
extended PHICH duration is indicated by higher layers thenthe UEshallassume that CFlis equalto PHICH duration.

9.1.4 EPDCCH assignment procedure

Foreach servingcell, higherlayer signalling can configure a UE with one ortwo EPDCCH-PRB-sets for EPDCCH
monitoring. The PRB-pairs corresponding to an EPDCCH-PRB-set are indicated by higher layers as described in clause

3GPP

IPR2025-00138
Petitioner's Exhibit 1007
Page 000126



Release 11 127 3GPP TS 36.213 V11.4.0 (2013-09)

9.1.4.4. Each EPDCCH-PRB-set consists of setof ECCEs numbered from0to N, ECCEpk — 1where N ECCE.pk is the

number of ECCEs in EPDCCH-PRB-set p ofsubframe % .Each EPDCCH-PRB-set can be configured foreither
localized EPDCCH transmissionor distributed EPDCCH transmission.

The UE shallmonitora set of EPDCCH candidates on one ormore activated serving cells as configured by higherlayer
signalling for control information, where monitoring implies attempting to decode each ofthe EPDCCHs in the set
accordingto the monitored DCI formats.

The set of EPDCCH candidates to monitorare defined in terms of EPDCCH UE-specific search spaces.

Foreach servingcell, the subframes in which the UEmonitors EPDCCH UE-specific search spaces are configured by
higherlayers.

The UE shallnot monitor EPDCCH

e ForTDD and normaldownlink CP, in special subframes for the special subframe configurations 0 and 5 shown
in Table4.2-1 of[3].

e 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 subframesindicated by higherlayers todecode PMCH.

e ForTDD 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 cellis a special
subframe and the UEis not capable of simultaneous reception and transmission on the primary and secondary
cells.

An EPDCCH UE-specific search space ES("ataggregation level L e { 1,2,4,8,16,32 } is defined by asetof
EPDCCH candidates.

Foran EPDCCH-PRB-set p , the ECCEs corresponding to EPDCCH candidate m ofthe searchspace ES ;L) are

given by
M- Niecg .
L, + {—L S|+ bymod [ Nyceps /L] b+
P
where
Y, is defined below,
i=0,---,L-1

b =n,, if the UEis configured with a carrier indicator field for the serving cellon which EPDCCH is monitored,

otherwise b =0

ncy is the carrier indicator field value,

m=0,1,...M" —1,

P

If the UE is not configured with a carrier indicator field for the serving cellon which EPDCCH is monitored, ps ;L) is

the number of EPDCCH candidates tomonitorat aggregationlevel [ in EPDCCH-PRB-set p fortheserving cellon
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, js ;“ is the number of EPDCCH candidates to monitor at aggregation

level L in EPDCCH-PRB-set p fortheservingcellindicated by n¢;.

Note that the carrier indicator field value is the same as ServCelllndex givenin [11].
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A UE is not expected to monitoran EPDCCH candidate, ifan ECCE correspondingto that EPDCCH candidate is
mapped to a PRB pair that overlaps in frequency with a transmission of either PBCH or primary or secondary
synchronizationsignals in the same subframe.

Ifa UE is configured with two EPDCCH-PRB-sets with the same ;P value (where nf; P is defined in clause

6.10.3A.1 in [3]), if the UE receives an EPDCCH candidate with a given DCI payload size correspondingto oneofthe
EPDCCH-PRB-sets and mapped onlyto a given set of REs (as describedin clause 6.8A.51n [3]), and if the UE is also
configured to monitoran EPDCCH candidate with the same DCl payload size and corresponding to the other
EPDCCH-PRB-set and which is mapped only tothe same set of REs, and ifthe number ofthe first ECCE of the
received EPDCCH candidate is used for determining PUCCH resource for HARQ-A CK transmission (as described in
clause 10.1.2 and clause 10.1.3), the number ofthe first ECCE shallbe determined based on EPDCCH-PRB-set

p=0.
The variable Y, is defined by

Y,,=(4,-Y,, )JmodD

Pk

where Yp’_1 #0, 4,=39827, 4, =39829, D=65537 and k= Lns/2J, n, is the slot number within a

= NrNmr
radio frame. The RNTI value usedfor np, is defined in clause 7.1in downlinkand clause 8 in uplink. The DCI
formats that the UEshall monitor depend on the configured transmission mode pereach serving cell as defined in
clause 7.1.

The aggregation levels defining the search spaces and the number of monitored EPDCCH candidates is given as follows

- Fora 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.

- Fora UE configured with only one EPDCCH-PRB-set for localized trans mission, the aggregation levels defining
the searchspaces and the number of monitored EPDCCH candidates are listed in Table 9.1.4-2a, Table 9.1.4-
2b.

- Fora UE configured with two EPDCCH-PRB-sets for distributed transmission, the aggregation levels defining
the searchspaces and the number of monitored EPDCCH candidates are listed in Table 9.1.4-3a, 9.1.4-3b.

- Fora UE configured with two EPDCCH-PRB-sets forlocalized trans mission, theaggregation levels defining the
search spaces and thenumber of monitored EPDCCH candidates are listed in Table 9.1.4-4a,9.4.4-4b.

- Fora 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 9.1.4-5a, 9.1.4-5b.

If the UE is not configured with a carrier indicator field for the serving cellon which EPDCCH is monitored,

]Ql[{)é“ = N%‘ of the serving cellon which EPDCCH is monitored. Ifthe UE is configured with a carrier indicator field

for the serving cellon which EPDCCH is monitored, ]\Af}?é = NEBL ofthe serving cellindicatedby ncy .

ForTables 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
- Case | applies

o fornormalsubframes and normal downlink CP when DCI formats 2/2A/2B/2C/2D are monitored and
N 113];“ >25 ,or

o for special subframes with special subframe configuration 3,4,8 and normal downlink CP when DCI

formats 2/2A/2B/2C/2D are monitored and No& > 25 , or

o fornormalsubframes andnormaldownlink CP when DCI formats 1A/1B/1D/1/2/2A/2B/2C/2D/0/4
are monitored, and when ngppecy <104 (npppecy defined in clause 6.8A.11n [3]), or
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o for special subframes with special subframe configuration 3,4, 8 and normal downlink CP when DCI
formats 1A/1B/1D/1/2A/2/2B/2C/2D/0/4 are monitored, and when ngppecy <104 (#gppecy defined
in clause 6.8A.11n [3]);

- Case?2 applies

o for normalsubframes and extended downlink CP when DCI formats 1A/1B/1D/1/2A/2/2B/2C/2D/0/4
are monitored or,

o for special subframes with special subframe configuration 1,2,6,7,9 and normal downlink CP when
DCI formats 1A/1B/1D/1/2A/2/2B/2C/2D/0/4 are monitored , or

o 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 are monitored;

- otherwise

o Case3isapplied.
N é(é’ 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 - Case1, Case 2)

Number of EPDCCH candidates | Number of EPDCCH candidates
Nli(]; M;U for Case 1 M;L) for Case 2
L=2 | L=4 [L=8 | L=16 | L=32 | L=1 | L=2 | L=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
N]fé’ MLL) 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 candidates monitored by a UE
(One Localized EPDCCH-PRB-set - Case1, Case 2)
Number of EPDCCH candidates | Number of EPDCCH candidates
leé’ M;U for Case 1 M[(,L) for Case 2
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
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Table 9.1.4-2b: EPDCCH candidates monitored by a UE
(One Localized EPDCCH-PRB-set — Case 3)

Number of EPDCCH candidates
N;‘Bp M[(7L) for Case 3
L= L=2 L=4 L=8
2 8 4 2 1
4 6 6 2 2
8 6 6 2 2

Table 9.1.4-3a: EPDCCH candidates monitored by a UE
(Two Distributed EPDCCH-PRB-sets - Case1, Case 2)

Number of EPDCCH candidates | Number of EPDCCH candidates
legl legz [M;?,M;L;] for Case 1 [M;f) ’M;L;] for Case 2
L=2 [ L=4 | L=8 | L=16 | L=32 | L=1 | L=2 | L=4 | L=8 | L=16
2 2 |44 2211 00 [ 00 [44 [22 [ 1100 00
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 53| 32 | 11 1,0 0,0 53 | 32 | 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 3,3 2,2 2,1 1,1 1,0 3,3 2,2 2,1 1,1 1,0
Table 9.1.4-3b: EPDCCH candidates monitored by a UE
(Two Distributed EPDCCH-PRB-sets — Case 3)
Number of EPDCCH candidates
Né(gl legz [M;?,M;LZ)] for Case 3
L=1 | L=2 | L=4 | L= L=16
2 2 2,2 3,3 2,2 1,1 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 - Case1, Case 2)
Number of EPDCCH candidates | Number of EPDCCH candidates
N | N [M;?,M;?]for Case 1 [M;p,M;L;] 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 52 4,2 1,1 1,0
8 4 3,3 3,3 1,1 1,1 3,3 3,3 1,1 1,1
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Table 9.1.4-4b: EPDCCH candidates monitored by a UE
(Two Localized EPDCCH-PRB-sets — Case 3)

Number of EPDCCH candidates
N | Nk [M;?,M;L;] for Case 3

L=1 L=2 L=4 L=8
2 2 3,3 3,3 1,1 1,1
4 4 3,3 3,3 1,1 1,1
8 8 3,3 3,3 1,1 1,1
4 2 4,2 4,2 1,1 1.1
8 2 4,2 4,2 1,1 1,1
8 4 3,3 3,3 1,1 1,1

Table 9.1.4-5a: EPDCCH candidates monitored by a UE (NOTE)

Number of EPDCCH candidates Number of EPDCCH candidates
Né(ﬁl NI){({;Z [M(pL]) ,M;Lz)] for Case 1 [M;?,M;Lz)] 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 52 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
5,1 4,2 2,1 1,0 0,0 5,1 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

oo &[N N| o &N
BN N oo ool &N

NOTE: One localized EPDCCH-PRB-set and one distributed EPDCCH-PRB-set, - Case1, 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;
NRgl NR]? [M;?,Mffz)] 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 41 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 UEshallmonitor one EPDCCH UE-specific search
space at eachofthe aggregationlevels givenby Tables 9.1.4-1ato 9.1.4-5b on each activated serving cell for which it is
configured to monitor EPDCCH.
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If a UE is configured for EPDCCH monitoring, and ifthe UE is configured with a carrier indicator field, then the UE
shallmonitor one ormore EPDCCH UE-specific search spaces at each ofthe aggregationlevels givenby Tables 9.1.4-
la to 9.1.4-5b on one ormore activatedserving cells as configured by higherlayersignalling.

A UE configured with the carrier indicator field associated with monitoring EPDCCH on serving cell ¢ shallmonitor
EPDCCH configured with carrier indicator field and with CRC scrambled by C-RNTTin the EPDCCH UE specific

search space of servingcell c.

A UE configured with the carrier indicator field associated with monitoring EPDCCH on the primary cell shallmonitor
EPDCCH configured with carrier indicator field and with CRC scrambled by SPS C-RNTT in the EPDCCH UE specific
search space ofthe primary cell.

Forthe serving cell on which EPDCCH is monitored, if the UE is not configured with a carrier indicator field, it shall
monitorthe EPDCCH UE specific searchspace for EPDCCH without carrier indicator field, if the UE is configured
with a carrier indicator field it shallmonitor the EPDCCH UE specific search space for EPDCCH with carrier indicator

field.

A UE is not expected to monitorthe EPDCCH of a secondary cellif it is configured to monitor EPDCCH with carrier
indicator field corresponding to that secondary cellin anotherservingcell. For the servingcellon which EPDCCH is
monitored, the UEshallmonitor EPDCCH candidates at least forthe same serving cell.

A UE configuredto 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 oneormore possible values of CIF for the
given DCI format size, shall assume thatan EPDCCH candidate with the given DCI format size may be transmitted in
the given servingcellin any EPDCCH UE specific search space corresponding to any ofthe possible values of CIF for
the given DCI format size.

Forthe serving cellon which EPDCCH is monitored, a UE is not required to monitorthe EPDCCH in a subframe
which is configured by higherlayers to be partofa positioning reference signal occasionifthe positioning reference
signal occasion is only configured within MBSFN subframes and the cyclic prefix length used in subframe #0is normal
cyclic prefix.

A UE may assume the same ¢, . value (describedin clause6.10.3A.10f[3]) is used forantenna ports 107,108 while
monitoring an EPDCCH candidate associated with either antennaport 107 orantenna port 108.

A UE may assume the same ¢, . value (describedin clause6.10.3A.10f [3]) is used forantenna ports 109,110 while

t
monitoring an EPDCCH candidate associated with either antennaport 109 orantenna port 110.

9.141 EPDCCH starting position

Fora given servingcell, if the UE is configured via higher layer signalling to receive PDSCH data transmis sions
according to transmission modes 1-9,

— if the UE is configured with a higher layer parameter epdcch-StartSymbol-ri 1,

o thestarting OFDM symbol for EPDCCH given by index / in the first slot in a subframe is

determined fromthe higherlayer parameter,

EPDCCHStart

— otherwise

o thestarting OFDM symbol for EPDCCH given by index / in the first slot in a subframe is

EPDCCHStart

given by the CFIvalue in the subframe ofthe givenservingcellwhen Npg >10,and / EPDCCHStart

is given by the CFl value+1 in the subframe ofthe givenservingcellwhen Npy <10

Fora given servingcell, if the UE is configured via higher layer signalling to receive PDSCH data transmis sions
accordingto transmission mode 10, for each EPDCCH-PRB-set, the starting OFDM symbol for monitoring EPDCCH

in subframe £ is determined fromthe higherlayer parameter pdsch-Start-r11 (definedin clause 9.1.4.3) as follows

— if the value ofthe parameter pdsch-Start-ri1 belongsto {1,2,3,4},

o is given by the higher layer parameter pdsch-Start-ri 1

'
l EPDCCHStart

— otherwise
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o is given by the CFl value in subframe & ofthe given servingcellwhen Ngpg >10,and

'
l EPDCCHStart

I ppccnsian 18 glven by the CFlvalue+1 in subframe & ofthe given serving cellwhen Nps <10

— if subframe k is indicated by the higherlayer parameter mbsfin-SubframeConfigList-r11 (defined in clause
9.1.4.3), orif subframe k is subframe 1 or 6 for frame structure type 2,

© ZEPDCCIIS{art = min(27 l’EPDCCIIStart )’
— otherwise
lEPDCCHStan = l;iPDCCHStan '
9.14.2 Antenna ports quasi co-location for EPDCCH

Fora given servingcell, if the UE is configured via higher layer signalling to receive PDSCH data transmis sions
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 ofthe serving cell are quasico-located (as defined in [3])
with respect to Doppler shift, Doppler spread, average delay, and delay spread.

Fora given servingcell, if the UE is configured via higher layer signalling to receive PDSCH data transmis sions
accordingto 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
clause7.1.10

o the UE may assume the antenna ports 0— 3, 107 — 110 ofthe serving cellare quasico-located (as
defined in [3]) with respectto Dopplershift, Dopplerspread, average delay, and delay spread..

— if the UE is configured by higher layers to decode PDSCH according to quasico-location Type-Bas described in
clause 7.1.10

o the UE may assume antenna ports 15— 22 corresponding to thehigher layer parameter gc/-CSI-RS-
ConfigNZPId-r1 I (defined in clause 9.1.4.3) and antenna ports 107-110 are quasico-located (as
defined in [3]) with respectto Doppler shift, Dopplerspread, average delay, and delay spread.

9.1.4.3 Resource mapping parameters for EPDCCH

Fora given servingcell, if the UE is configured via higher layer signalling to receive PDSCH data transmis sions
accordingto transmission mode 10, and if the UE is configured to monitor EPDCCH, for each EPDCCH-PRB-set, the
UE shalluse the parameterset indicated by the higher layer parameter re-MappingQCL-Configld-r11 for determining
the EPDCCH RE mapping (defined in clause 6.8A.5 0f[3]) and EPDCCH antenna port quasico-location. The
following parameters for determining EPDCCH RE mapping (as describedin clause 6.8A.5 of[3]) and EPDCCH
antenna port quasico-locationare included in the parameterset:
- crs-PortsCount-rll.

crs-FreqShifi-ril.

mbsfn-SubframeConfigList-rl 1.

csi-RS-ConfigZPId-ri1.

pdsch-Start-ril.

qcl-CSI-RS-ConfigNZPId-r11.

9144 PRB-pair indication for EPDCCH

Fora given serving cell, foreach EPDCCH-PRB-pair set p ,the UEis configured with a higher layer parameter

resourceBlockAssignment-r] 1 indicating a combinatorialindex 7 correspondingto thePRBindex {, }" 'gé’ -,

Xp_ DL
(1<k <Ng, k <k, )andgivenby equation ,. _ Nil<NRB - k,.> ,where Nj?; is the number of PRB pairs

RB > i+1 X
° P_ 7
i=0 NRB 1

associated with the downlink bandwidth, N ]fé’ is the number of PRB-pairs constituting EPDCCH-PRB-set p , and is
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X
configured by thehigher layer parameter numberPRBPairs-r11, and <x> = (y] X2 is the extended binomial
y
0

x<y

X

DL

. S N g
coefficient, resulting in unique label 7 €< 0,..., -1
Nis

3GPP

IPR2025-00138
Petitioner's Exhibit 1007
Page 000134



Release 11 135 3GPP TS 36.213 V11.4.0 (2013-09)

9.2 PDCCH/EPDCCH validation for semi-persistent scheduling

A UE shallvalidate 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 newdata 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 forthe enabled transport block.

A UE shallvalidate 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 i set to '0'. In case of DCI formats 2, 2A, 2B, 2C and 2D, the new data indicator
field refers to the one forthe enabled transport block.

Validation is achieved ifall the fields forthe respectiveused DCI format are set accordingto Table 9.2-1 or Table 9.2-
1A.

If validation is achieved, the UEshall consider thereceived DCl information accordingly as a valid semi-persistent
activationorrelease.

If validation is not achieved, thereceived DCI format shall be considered by the UEas havingbeen received with a
non-matching CRC.

Table 9.2-1: Special fields for Semi-Persistent Scheduling Activation PDCCH/EPDCCH Validation

DCI format
DCI format0 DCI format 1/1A 2/2A/2B/2C/2D
TPC command for scheduled PUSCH set to '00' NA NA
Cyclic shift DM RS set to '000' N/A N/A
Modulation and codlng scheme MSB is set to '0' N/A N/A
and redundancy version
FDD: set to '000' FDD: set to '000'
HARQ process number NA TDD: set to '0000" TDD: set to '0000"
Modulation and coding scheme N/A MSB is set to '0' For the enablgd trans;l)olrt block:
MSB is setto'0
. ‘A For the enabled transport block:
Redundancy version N/A set to '00 set to '00'

Table 9.2-1A: Special fields for Semi-Persistent Scheduling Release PDCCH/EPDCCH Validation

DCI format 0 DCI format 1A
TPC command for scheduled PUSCH setto ‘00 NA
Cyclic shiftDM RS set to ‘000 N/A
Modulation and codln_g scheme setto '"11111' NA
and redundancy version
Resource block assignment and "
hopping resource allocation Set to all '1's NA

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 Set to all '1's
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Forthe case thatthe DCI format indicates a semi-persistent downlink s cheduling activation, the TPC command for
PUCCH field shallbe used as an indexto one ofthe four PUCCH resource values configured by higher layers, with the
mapping definedin Table 9.2-2

Table 9.2-2: PUCCH resource value for downlink se mi-persistent scheduling

Value of 'TPC command (L,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 PDCCH/EPDCCH control information procedure

A UE shalldiscard the PDCCH/EPDCCH if consistent controlinformationis not detected.

3GPP

IPR2025-00138
Petitioner's Exhibit 1007
Page 000136



Release 11 137 3GPP TS 36.213 V11.4.0 (2013-09)

10 Physical uplink control channel procedures

10.1  UE procedure for determining physical uplink control
channel assignment

If the UE is configured fora single serving cell and is not configured for simultaneous PUSCH and PUCCH
transmissions, thenin subframe »n uplink controlinformation (UCI) shall be trans mitted

- on PUCCH using format 1/1a/1b/3 or2/2a/2b ifthe UE is not transmitting on PUSCH

- on PUSCH if the UE is transmitting on PUSCH in subframe » unlessthe PUSCH transmission corresponds to
a Random A ccess Response Grant ora retransmission ofthe same transport block as part ofthe contention
based randomaccess procedure, in which case UCl is not transmitted

If the UE is configured fora single serving celland simultaneous PUSCH and PUCCH transmission, then in
subframe n UCI shallbe transmitted

- on PUCCH using format 1/1a/1b/3 ifthe UCI consists only of HARQ-ACK and/or SR
- on PUCCH using format 2 if the UCI consists only ofperiodic CSI

- on PUCCH using format 2/2a/2b/3 ifthe UCI consists of periodic CSTand HARQ-ACK and ifthe UE is not
transmitting PUSCH

- on PUCCH and PUSCH if the UCI consists of HARQ-A CK/HARQ-ACK+SR/positive SR and
periodic/aperiodic CSIin which case the HARQ-A CK/HARQ-ACK+SR/positive SR is transmitted on PUCCH
using format 1/1a/1b/3 and the periodic/aperiodic CSI transmitted on PUSCH unless the PUSCH transmission
corresponds toa Random A ccess Response Grant or a retrans mission ofthe same transport block as part ofthe

contention based randomaccess procedure, in which case periodic/aperiodic CSlis not trans mitted

If the UE is configured with more than oneserving celland is not configured for simultaneous PUSCH and PUCCH
transmission, thenin subframe » UCI shallbe transmitted

- on PUCCH using format 1/1a/1b/3 or2/2a/2b ifthe UE is not transmitting PUSCH

- onPUSCH of'the servingcellgiven in clause 7.2.1 if the UCI consists ofaperiodic CSIoraperiodic CSIand
HARQ-ACK

- onprimary cell PUSCH if the UCI consists of periodic CSIand/or HARQ-A CK and ifthe UE is transmitting on
the primary cell PUSCH in subframe » unless the primary cell PUSCH transmission corresponds to a Random

Access Response Grant or a retransmission of the same transport block as part ofthe contention based random
access procedure, in which case UCLis not transmitted

- on PUSCH of the secondary cell with smallest SCelllndexifthe UCI consists of periodic CSI and/or HARQ-
ACK and ifthe UE is not transmitting PUSCH on primary cell but is transmitting PUSCH on at least one
secondary cell

Ifthe UE is configured with more than oneserving celland simultaneous PUSCH and PUCCH transmission, then in
subframe n UCI shallbe transmitted

on PUCCH using format 1/1a/1b/3 ifthe UCI consists only of HARQ-ACK and/or SR

- on PUCCH using format 2 if the UCI consists only of periodic CSI

- asdescribed in clause 10.1.1, if the UCI consists of periodic CSIand HARQ-ACK and ifthe 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 s
transmitting PUSCH on the primary cell, in which case the HARQ-ACK is transmitted on PUCCH using format
la/1b/3 and the periodic CSlis transmitted on PUSCH unless the primary cell PUSCH transmission
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corresponds toa Random A ccess Response Grant or a retransmission of the same transport block as part ofthe
contention based randomaccess procedure, in which caseperiodic CSlis not transmitted

- on PUCCH and PUSCH of the secondary cell with the smallest SCellindex ifthe UCI consists of HARQ-ACK
and periodic CSIand if the UE is not trans mitting PUSCH on primary cell but is transmitting PUSCH on at
least one secondary cell, in which case, the HARQ-A CK 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-A CK/HARQ-ACK+SR/positive SR and aperiodic CSIin
which case the HARQ-ACK/HARQ-A CK+SR/positive SR is trans mitted on PUCCH using format 1/1a/1b/3
and the aperiodic CSlis transmitted on PUSCH ofthe serving cell given in clause 7.2.1

If the UE is configured with more than oneserving cell, then reporting prioritization and collision handling of periodic
CSI reports ofa certain PUCCH reporting type is given in clause 7.2.2.

A UE transmits PUCCH only on the primary cell.

A UE is configured by higher layers to transmit PUCCH on one antenna port (p = p;) ortwo antennaports
(pelpo.mD-

For FDD with two configured serving cells and PUCCH format 1b with channelselection or for FDD with two ormore
NcDehsfl

configuredserving cells and PUCCH format 3, 5, ARQ = Z N;eceived where N2L is the number of configured cells

cells
c=0

and N Lf“eiv"d is the number of transport blocks or the SPS release PDCCH/EPDCCH, if any, received in subframe

n—4 inservingcell c.

ForTDD, if a UE is configured with one serving cell, orthe UE is configured with more thanone servingcelland the
UL/DL configurations ofallserving cells are the same, then

- ForTDD with two configured serving cells and PUCCH format 1b with channelselection anda subframe
Ngﬁsfl
with M = I, orfor TDD UL/DL configuration0and PUCCH format 3, n ARQ = Z Z N iecceived , Where
c=0 keK

N ,Z“:ive‘i is the number oftransportblocks orthe SPS release PDCCH/EPDCCH, if any, received in subframe

n—k inservingcell c,where k e K, and Mis the numberofelements in K.

- ForTDD UL/DL configurations 1-6 and PUCCH format 3, or for TDD with two configured serving cells and
PUCCH format 1b with channelselection and M =2,

Ve DL ACK ived DL DL
receive 1 1 1
NHARQ = 2 ((VDAI,C _UDAI,c)mOd4)'nc + E NS where I/DALC is the I/DAI in serving cell ¢,
c=0 keK

Upare i the Up, inservingcell ¢,and p*™ is the number of HARQ-ACK bits corresponding to the
configured DL transmissionmode on serving cell ¢. In case spatial HARQ-A CK bundling is applied,
n** =1 and N receved s the number of PDCCH/EPDCCH or PDSCH without a corresponding

PDCCH/EPDCCH received in subframe 7 — &k andserving cellc, where k€ K and M is the numberof
elements in K. In case spatial HARQ-ACK bundling is notapplied, N ;ezeived is the number oftransport blocks

received orthe SPSrelease PDCCH/EPDCCH received in subframe 7 — & in serving cell ¢, where ke K
and M is the number ofelements in K. V/>- =0 if no transport block or SPS release PDCCH/EPDCCH is

DALc

detected in subframe(s) n —k inserving cell ¢, where ke K.

- ForTDD with two configured serving cells and PUCCH format 1b with channelselection and M =3 or 4,

Myarg = 2 if UE receives PDSCH or PDCCH/EPDCCH indicating downlink SPS release only onone serving

cell within subframes 7 — k ,where k e K ;otherwise Myarg = 4.
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For TDD if the UE is configured with more than one servingcelland ifat least two serving cells have different UL/DL
configurations, then

For PUCCH format 3, or for TDD with two configured serving cells and PUCCH format 1b with channel
selectionand Af <2 (defined in clause 10.1.3.2.1),

N, cDe%ls -1
DL ACK received bL . DL . .
"HARQ = Z ((VDAI, ¢ ~Upal, c)m0d4)' ng ZN]" c where V7, . isthe Vo I serving cell ¢,
=0 keK

UDALC is the Up,, inservingcell ¢, and nfCK is the number of HARQ-A CK bits correspondingto the
configured DLtransmissionmode on serving cell ¢. In case spatial HARQ-A CK bundling is applied,

nt* =1 and N7 is the number of PDCCH/EPDCCH or PDSCH without a corresponding
PDCCH/EPDCCH received in subframe 7 —k andserving cellc, where k € K and g — g (defined in
clause 7.3.2.2). In case spatial HARQ-ACK bundling is notapplied, N :‘fived is the number oftransport blocks
received orthe SPS release PDCCH/EPDCCH received in subframe 7 —k in serving cell ¢, where ke K
and g = g _(defined in clause 7.3.2.2). VI;)ALL . =0 if no transport block or SPS release PDCCH/EPDCCH is
detected in subframe(s) n —k inserving cell ¢, where ke K and g = K, (defined in clause 7.3.2.2). Fora

serving cell ¢, set VD%\LI . =Up,  if the DL-reference UL/DL configuration (definedin clause 10.2) for
servingcell ¢ is TDD UL/DL configuration0,

For TDD with two configured serving cells and PUCCH format 1b with channelselection and M=3 or 4
(defined in clause 10.1.3.2.1), n =2 if UE receives PDSCH or PDCCH/EPDCCH indicating downlink

HARQ
SPS release only on one serving cell within subframes 7 — k ,where ke K and g = K, (defined in clause

7.3.2.2);o0therwise Myarg = 4.

Throughoutthe following clauses, subframes are numbered in monotonically increasing order; if the last subframe ofa
radio frame is denotedas fk,the first subframe ofthe next radio frame is denotedas £ +1.

Throughoutthe following clauses, ifthe UE is configured with higher layer parameter n /PUCCH-AN-r11 then
N }(,BCCH is given by n/ PUCCH-AN-r11,else N E(,IU)CCH is given by higher layer parametern/ PUCCH-AN .

10.1.1 PUCCH format information

Using the PUCCH formats defined in clause 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 orin case of FDD for 1-bit HARQ-A CK with positive SR
Format 1b for 2-bit HARQ-A CK or for 2-bit HARQ-A CK with positive SR

Format 1b for up to 4-bit HARQ-A CK with channelselection whenthe UEis configured with more than one
serving cellor, in the case of TDD, when the UEis configured with a single serving cell

Format 1 forpositive SR

Format 2 fora CSI report when not multiplexed with HARQ-ACK

Format 2a for a CSI report multiplexed with 1-bit HARQ-A CK for normal cyclic prefix
Format 2b for a CSI report multiplexed with 2-bit HARQ-ACK fornormal cyclic prefix
Format 2 fora CSI report multiplexed with HARQ-ACK for extended cyclic prefix

Format 3 forup to 10-bit HARQ-ACK for FDD and forup to 20-bit HARQ-ACK for TDD

Format 3 forup to 11-bit correspondingto 10-bit HARQ-ACK and 1-bit positive/negative SR for FDD and for
up to 21-bit correspondingto 20-bit HARQ-A CK and 1-bit positive/negative SR for TDD.
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- Format 3 forHARQ-ACK, 1-bit positive/negative SR (if any) and a CSI report for one serving cell.

Fora UE configured with PUCCH format 3 and HARQ-A CK transmission on PUSCH orusing 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 UE configured with oneserving celland PUCCH format 1b with channel selection
accordingto Tables 10.1.3-5, 10.1.3-6, 10.1.3-7 and HARQ-A CK transmission on PUSCH:

- if the configured downlink transmissionmode fora serving cell supports up to 2 transportblocks and only one
transport block is received in a subframe, the UEshall generate a NACK forthe othertransport block if spatial

HARQ-ACK bundling is notapplied.

- if neither PDSCH nor PDCCH/EPDCCH indicating downlink SPS release is detected in a subframe fora
serving cell, the UEshall generate two NA CKs when the configured downlink transmis sion mode supports up
to 2 transport blocks and the UEshall generate a single NACK when the configured downlink transmis sion
mode supports a single transport block.

The scrambling initialization of PUCCH format 2, 2a, 2b and 3is by C-RNTIL.

Fora UE that is configured with a single serving celland is not configured with PUCCH format 3, in case ofcollision
between a periodic CSIreport and an HARQ-A CK in a same subframe without PUSCH, the periodic CSIreport is
multiplexed with HARQ-ACK on PUCCH if the parameter simultaneousAckNackAndC QI provided by higher layers is
set TRUE, otherwisethe CSlis dropped.

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 TRUF or if the parameter sinultan eousAckNackAndCQI-
Format3-ril provided by higher layers is set TRUE, the periodic CSI report is multiplexed with HARQ-ACK or
droppedas described in clause 7.3, otherwisethe CSlis dropped.

For FDD and fora UE that is configured with more thanone servingcell, 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 higherlayers is set TRUE and if the HARQ-ACK
corresponds toa PDSCH transmission or PDCCH/EPDCCH indicating downlink SPS release only onthe

primary cell,
then the periodic CSIreport is multiplexed with HARQ-ACK on PUCCH using PUCCH format 2/2a/2b

- elseifthe UE is configured with PUCCH format 3 and if the parameter simultaneousAckNackAndCQI-
Format3-rllprovidedby higherlayers is set TRUE, and if PUCCH resource is determined according to clause

10.1.22.2, and

o if thetotalnumberofbits in the subframe correspondingto HARQ-ACKs, SR (if any), and the CSl is
not largerthan 22 or

o if thetotalnumberofbits in the subframe correspondingto spatially bundled HARQ-ACKs, SR (if
any),and the CSlis not larger than 22

then the periodic CSIreport is multiplexed with HARQ-ACK on PUCCH using thedetermined
PUCCH format 3 resource accordingto [4]

- otherwise,

CSI is dropped.

For TDD and fora UE that is configured with more than oneservingcell, in case of collision betweena periodic CSI
report and an HARQ-A CK in a same subframe without PUSCH, if the parameter simultaneousAckNackAndCQI
provided by higher layers is set TRUE or if the parameter simultaneousAckNackAndC QI-Format3-r11 provided by
higherlayers is set TRUE, theperiodic CSIreport is multiplexed with HARQ-A CK ordropped as described in clause
7.3, otherwise the CSlis dropped.

In case of collision between a periodic CSIreport and an HARQ-ACK in a same subframe with PUSCH, the periodic
CSI is multiplexed with the HARQ-A CK in the PUSCH transmission in thatsubframe ifthe UE is not configured by
higherlayers forsimultaneous PUCCH and PUSCH transmissions. Otherwise, ifthe UE is configured by higher layers
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for simultaneous PUCCH and PUSCH trans missions, the HARQ-A CK is transmitted in the PUCCH and the periodic
CSI is transmitted in the PUSCH.

10.1.2 FDD HARQ-ACK feedback procedures

ForFDD and fora UE transmitting HARQ-A CK using PUCCH format 1b with channel selection or PUCCH format 3,
the UE shall determine the number of HARQ-ACK bits, 0, basedon thenumberofconfiguredservingcells and the
downlink trans mis sion modes configured foreachserving cell. The UE shalluse two HARQ-ACK bits fora serving
cell configured with a downlink transmis sion mode that support up to two transportblocks; and one HARQ-A CK bit
otherwise.

A UE that supports aggregating at most 2 serving cells with frame structure type 1 shalluse PUCCH format 1b with
channelselection for transmission of HARQ-A CK 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 | is configured by higher layers to
use either PUCCH format 1b with channelselection or PUCCH format 3 for transmission of HARQ-A CK when

configured with more than oneserving cell with frame structure type 1.

The FDD HARQ-ACK feedback procedure forone configured serving cellis given in clause 10.1.2.1 and procedures
for more than one configured serving cellare given in clause 10.1.2.2.

10.1.21 FDD HARQ-ACK procedure for one configured serving cell

HARQ-ACK transmission on two antenna ports (p €[py, p;]) is supported for PUCCH format 1a/1b.

ForFDD and one configuredserving cell, the UE shalluse PUCCH resource n](,ll}‘:’:)CH fortransmissionof HARQ-ACK

in subframe n for p mapped to antenna port p for PUCCH format 1a/1b [3], where

- foraPDSCH transmissionindicated by the detection ofa corresponding PDCCH in subframe n—4 ,or fora
PDCCH indicating downlink SPS release (defined in clause 9.2) in subframe n—4 , the UE shalluse

(1,7)

Nplcen = Nece TNV, I(,BCCH for antennaport p,,where nccg is the numberofthe first CCE (i.e. lowest CCE

indexused to construct the PDCCH) used for transmission ofthe corresponding DCl assignment and NI()BCCH

is configured by higher layers. For two antenna port transmission the PUCCH resource forantenna port p, is

. w“p) i
given by nPU[ééH =Neeg +1+ N, 1()U)CCH :

- foraPDSCH transmissionon the primary cell where there is not a corresponding PDCCH/EPDCCH detected in

(1,p)
PUCCH

Fora 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 7 I(,ll’fzoéH forantennaport p, andthesecond PUCCH
(1,p))

TESOUICe My ey forantennaport p;,otherwise, the PUCCH resource value maps to a single PUCCH

resource nl(,lU‘é’gH forantenna port py.

subframe n -4, thevalueof » is determined accordingto higher layer configuration and Table 9.2-2.

- foraPDSCH transmissionindicated by the detection ofa corresponding EPDCCH in subframe »—4 , orfor
an EPDCCH indicating downlink SPS release (definedin clause 9.2) in subframe »n—4 , the UE shalluse

o if EPDCCH-PRB-set g¢is configured for distributed transmission
(Lpy) (el)
Npicen = Meccrg T Aot N PUCCH,q

o if EPDCCH-PRB-set ¢ is configured forlocalized transmission

. n

(Lpo)  _ ECCEq | A7ECCEq ' (el)

Rpyccn = NECCEg Nig 1 +0+A g0 + Npyecng
RB
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forantennaport p;,where ny..p  is the numberofthe first ECCE (i.e. lowest ECCE indexused to constuct
the EPDCCH) used fortransmission of the corresponding DCl assignment in EPDCCH-PRB-set ¢, A . is
determined fromthe HARQ-A CK resource offset field in the DCI format ofthe corresponding EPDCCH as
givenin Table 10.1.2.1-1, N I(,e[}éCH’q for EPDCCH-PRB-set ¢ is configured by the higher layer parameter

pucch-ResourceStartOffset-r11, N 5" for EPDCCH-PRB-set ¢is given in clause 6.8A.1in [3], n'is
determined fromthe antenna portused for localized EPDCCH transmission which is described in clause 6.8A.5

in [3]. Fortwo antenna port transmission the PUCCHresource forantennaport p, is givenby

o if EPDCCH-PRB-set ¢ is configured fordistributed transmission

Lp) (el)
Npicen = Mecceg T 1+ A+ N PUCCH,q

o if EPDCCH-PRB-set ¢ is configured forlocalized transmission

- n

p) _ | MECCEq | arECCEg ' ()

Npyccn = [NECCE’(I Nig +14+n'+A o + NPUCCH,q
RB

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 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

10.1.2.2 FDD HARQ-ACK procedures for more than one configured serving cell

The FDD HARQ-ACK feedback procedures for more than oneconfigured serving cell are eitherbased on a PUCCH
format 1b with channelselection HARQ-A CK procedure as described in clause 10.1.2.2.1 or a PUCCH format 3

HARQ-ACK procedure as described in clause 10.1.2.2.2.

HARQ-ACK transmission on two antenna ports (p €[ pg, p;]) is supported for PUCCH format 3.

HARQ-ACK transmissionon two antenna ports (p €[pg,p;]) is supported for PUCCH format 1b with channel
selection and FDD with two configuredservingcells.

10.1.2.21 PUCCH format 1b with channel selection HARQ-ACK procedure

For FDD with two configured serving cells and PUCCH format 1b with channelselection, the UE shall transmit

b(0)b(1) on PUCCH resource n'?)  for p mapped to antenna port p using PUCCH format 1b where
(0)b(1) PUCCH

”1()16%:0(:)11 =nl(,BCCH for antennaport p, where n](,%CCH is selectedfrom 4 PUCCH resources,

nf(’lL)ICCH,j where 0< j< A-1 and 4 €{2,3,4},accordingto Table 10.1.2.2.1-3, Table 10.1.2.2.1-4, Table

10.1.2.2.1-5 insubframe n. HARQ-ACK(j) denotes the ACK/NACK/DTX response fora transport block or
SPS release PDCCH/EPDCCH associated with servingcell ¢, where the transport blockand serving cell for
HARQ-ACK(j) and 4 PUCCH resources are givenby Table 10.1.2.2.1-1.

n](f[%éH for antenna port p, , where nl(,ll’%éH is selectedfrom 4 PUCCH resources, nl()lU}ééH/ configured by
higherlayers where 0< j< 4-1 and 4 €{2,3,4} ,accordingto Table 10.1.2.2.1-3, Table 10.1.2.2.1-4, Table
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10.1.2.2.1-5 by replacing ng) (1.2) and replacing n® with n(?) in subframe n,when

vcen With 7piecy PUCCH,i PUCCH.i
the UE is configured with two antenna porttransmission for PUCCH format 1b with channelselection.

A UE configured with a transmission mode thatsupports up to two transport blocks on servingcell, ¢, shalluse the
same HARQ-A CK response for both thetransport blocks in responseto a PDSCH transmission with a single transport
blockora PDCCH/EPDCCH indicating downlink SPS release associated with the servingcell 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

HARQ-ACK(j)

A HARQ-ACK(0) HARQ-ACK(1) HARQ-ACK(2) HARQ-ACK(3)
TB1 Primary cell | TB1 Secondary cell NA NA
TB1 Serving cell1 TB2 Serving cell1 TB1 Serving cell2 NA
TB1 Primary cell TB2 Primary cell TB1 Secondary cell | TB2 Secondary cell

The UE shalldetermine the 4 PUCCH resources, n}()]I}CCH j associated with HARQ-ACK(j) where 0< j< 4-1 in
Table 10.1.2.2.1-1, according to

- foraPDSCH transmissionindicated by the detection ofa corresponding PDCCH in subframe n —4 onthe
primary cell, or fora PDCCH indicating downlink SPS release (defined in clause 9.2) in subframe n—4 onthe

Q)

— (1) L
pucch, = Nece T Npiccn »and for trans mission mode thatsupports up

Q)]
PUCCH, j+1

primary cell, the PUCCH resourceis n

to two transportblocks, the PUCCH resource 7. is given by n =Neep 1+ N ](,BCCH where

PUCCH, j+1

N is the numberofthe first CCE used for transmission of the corresponding PDCCHand Ny i

configured by higherlayers.

- foraPDSCH transmissionon the primary cell where there is not a corresponding PDCCH/EPDCCH detected n

O

PUCCH., is determined accordingto higher layer configurationand Table 9.2-2.

O
PUCCH, j+1

subframe »n—4,thevalueof n

Fortransmission mode that supports up to two transport blocks, the PUCCH resource n is given by

Q) _
Mpycen, j+1 = Mpuccn, ) +1

- foraPDSCH transmissionindicated by the detection ofa corresponding PDCCH/EPDCCH in subframe n —4

() 1)
PUCCHL, > and the value of Apycc, j+

supports up to two transportblocks is determined accordingto higher layer configuration and Table
10.1.2.2.1-2. The TPCfield in the DCI format ofthe corresponding PDCCH/EPDCCH shallbe usedto
determine the PUCCH resource values fromone ofthe fourresource values configured by higher layers, with
the mapping defined in Table 10.1.2.2.1-2. Fora UE configured for a transmission mode that supports up to two
transport blocks a PUCCH resourcevaluein Table 10.1.2.2.1-2 maps to two PUCCH resources

on the secondary cell, the value of , forthe transmissionmode that

Q)

m , otherwise, the PUCCH resource value maps to a single PUCCH resource 7y It

1)
(Mpycen, 72 MpUcCcH, j+1

- foraPDSCH transmissionindicated by the detection ofa corresponding EPDCCH in subframe n—4 onthe
primary cell, or foran EPDCCH indicating downlink SPS release (defined in clause 9.2) in subframe n—4 on
the primary cell, the PUCCH resource is givenby

o if EPDCCH-PRB-set g is configured for distributed transmission

(1) _ (el)
Npucen,j = Mecceq T Ao+ N PUCCH,q
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o if EPDCCH-PRB-set g is configured forlocalized transmission

n

) _ ECCEq | a7ECCE.gq ' (el)

Npycen,j = \\NECCE"’ Ny +n'+A o + NPUCCH,q
RB

where np; q is the number ofthe first ECCE (i.e. lowest ECCE index used to constructthe EPDCCH) used

for transmission ofthe corresponding DCl assignment in EPDCCH-PRB-set ¢, A ., is determined fromthe
HARQ-ACK resource offset field in the DCI format ofthe corresponding EPDCCH as given in Table 10.1.2.1-

1, N S}léCH,q for EPDCCH-PRB-set ¢ is configured by the higher layer parameter pucch-ResourceStartOffset-

ril, N,fgc‘g’q for EPDCCH-PRB-set ¢is givenin clause 6.8A.1in[3], n'is determined fromthe antenna
portusedforlocalized EPDCCH transmission which is described in clause 6.8A.5in [3].

Fortransmission mode that supports up to two transport blocks, the PUCCH resource n](,II}CCH 4l is given by

o if EPDCCH-PRB-set g is configured for distributed transmission

(@) _ (el)
Mpuccn it = Mecceq T 1+ A o+ N PUCCH,q

o if EPDCCH-PRB-set ¢ is configured forlocalized transmission

n

m . ECCE.q ECCE.q ' (e1)

Ppycen,jrn = \\NECCE’(] Ny +1+n'+A o + NPUCCH,q
RB

Table 10.1.2.2.1-2: PUCCH Resource Value for HARQ-ACK Resource for PUCCH

\Value of 'TPC command ) o) (1)
for PUCCH' Mpucen,; ©F (Mpucen, > Meuccen, j+1)
'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: (nI(’BCCH, j,n[(,l[}CCH, j ,,) aredetermined fromthe firstand 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 4 =2

HARQ-ACK(0) | HARQ-ACK(1) ”é%cm b(0)b(1)
ACK ACK nSoccy | 11
ACK NACK/DTX ngl)JCCH,O 1,1

NACK/DTX ACK ngL)JCCH,l 0,0

NACK NACKIDTX | nflccio | 0.0

DTX NACK/DTX No Transmission
3GPP
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Table 10.1.2.2.1-4: Transmission of Format 1b HARQ-ACK channel selection for 4 =3

HARQ-ACK(0) | HARQ-ACK(1) | HARQ-ACK(2) | 1\ | 500D

(1)

ACK ACK ACK nBYcCHLl 1,1
(1)

ACK NACK/DTX ACK ABUCCHL1 1,0
(1)

NACK/DTX ACK ACK ABUCCH, 1 0,1
(1)

NACK/DTX NACK/DTX ACK nblcct 1,1
(1)

ACK ACK NACK/DTX nBYCCr0 1,1
(1)

ACK NACK/DTX NACK/DTX nBYCCH0 1,0
(1)

NACK/DTX ACK NACK/DTX nhlccro 0,1
()

NACK/DTX NACK/DTX NACK nbUCCH2 0,0
Q)

NACK NACK/DTX DTX nBUCCH0 0,0
1)

NACK/DTX NACK DTX BUCCH0 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 4 =4

HARQ-ACK(0) | HARQ-ACK(1) | HARQ-ACK(2) | HARQ-ACK(3) | nl\)icy | (b))
ACK ACK ACK ACK nSdccin 1,1
ACK NACK/DTX ACK ACK nScens | 01

NACK/DTX ACK ACK ACK nSccs | 01
NACK/DTX NACK/DTX ACK ACK nlecns | M
ACK ACK ACK NACKIDTX | n{lccm 1,0
ACK NACK/DTX ACK NACKDTX | nfceps | 00
NACK/DTX ACK ACK NACKDTX | nflccy, | 00
NACK/DTX NACK/DTX ACK NACKDTX | n{lccns | 10
ACK ACK NACK/DTX ACK nccns | M1
ACK NACK/DTX NACK/DTX ACK nSccua | 190
NACK/DTX ACK NACK/DTX ACK nSoccs | 01
NACK/DTX NACK/DTX NACK/DTX ACK ncens | 00
ACK ACK NACK/DTX NACKDTX | n8ccno | 11
ACK NACK/DTX NACK/DTX NACKDTX | nfceno | 10
NACK/DTX ACK NACK/DTX NACKDTX | nfceno | 01
NACK/DTX NACK NACK/DTX NACKDTX | niccno | 00
NACK NACK/DTX NACK/DTX NACKDTX | nfceno | 00
DTX DTX NACK/DTX NACK/DTX No Transmission
10.1.2.2.2 PUCCH format 3 HARQ-ACK procedure
For FDD with PUCCH format 3, the UE shalluse PUCCH resource nl%ééﬂ or nl(,lL’J@CH for transmissionof HARQ-

ACK insubframe n for p mapped to antenna portp where

- foraPDSCH transmissiononly on the primary cell indicated by thedetection ofa corresponding PDCCH in
subframe 7 —4, orfor a PDCCH indicating downlink SPS release (defined in clause 9.2) in subframe n—4 on

. (LN) .
the primary cell, the UE shalluse PUCCH format 1a/1b and PUCCH resource nPU’(’:CH with
(1,Bo)

Nplicen = Nece + N}SSCCH for antennaport p,,where nccp is the numberofthe first CCE (i.e. lowest CCE
indexused to construct the PDCCH) used for transmission ofthe corresponding PDCCHand N, l(,BCCH is

configured by higherlayers. When two antenna port transmission is configured for PUCCH format 1a/1b, the

PUCCH resourceforantennaport p, is givenby nr(,'[’j%‘()m =Neep H1+ N, }SBCCH .

- foraPDSCH transmissiononly on the primary cell where there is not a corres ponding PDCCH/EPDCCH

detected in subframe 7 —4,the UE shalluse PUCCH format 1a/1b and PUCCH resource nl(,lUlz)CH where the
(Lp)

PUCCH
for two antenna port transmission for PUCCH format 1a/1b,a PUCCH resource valuein Table 9.2-2 maps to

two PUCCH resources with the first PUCCH resource nl(,ll}’z"gﬂ forantennaport p, andthesecond PUCCH

value of n is determined according to higher layer configurationand Table 9.2-2. For a UE configured
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resource nl(,lU%éH forantennaport p;,otherwise,the PUCCH resource value maps to a single PUCCH

resource n](,lU’(’:“C)H forantennaport py.

for aPDSCH transmissionon the secondary cell indicated by the detection ofa corres ponding

PDCCH/EPDCCH in subframe n—4, the UE shalluse PUCCH format 3 and PUCCH resource nl(,%?CH

where the value of nl%g)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 shallbe used to determine the

PUCCH resource values fromone ofthe fourresourcevalues configured by higher layers, with the mapping
defined in Table 10.1.2.2.2-1. Fora UE configured for two antennaport transmission for PUCCH format 3, a
PUCCH resourcevaluein Table 10.1.2.2.2-1 maps to two PUCCH resources with the first PUCCH resource

n%goc)ﬂ for antenna port p, andthesecond PUCCHresource nl%‘zlc)ﬂ forantennaport p;, otherwise, the
PUCCH resourcevaluemaps to a single PUCCH resource n%’éOC)H forantennaport p,. A UE shallassume

that the same HARQ-ACK PUCCH resourcevalue is transmitted in each DCI format of the corresponding
secondary cell PDCCH assignments in a given subframe.

for aPDSCH transmissiononly on theprimary cellindicated by thedetectionofa corresponding EPDCCH in
subframe n —4, orfor a EPDCCH indicating downlink SPS release (definedin clause9.2) in subframe n —4

on the primary cell, the UE shalluse PUCCH format 1a/1b and PUCCH resource nl(,bﬁc)cﬁ given by

o if EPDCCH-PRB-set g¢is configured for distributed transmission

(Lpy)  _ (el)
Npgcen = Mecceq T Aot N PUCCH,q

o if EPDCCH-PRB-set ¢ is configured forlocalized transmission

~ n
(L,py) _ ECCEq | A7ECCE.q ' (el)
PUCCH — [NECCE# NRB +n'+A aro T NPUCCH,q
RB

forantennaport p,,where ny..p  is the numberofthe first ECCE (i.e. lowest ECCE indexused to construct

the EPDCCH) used for transmission of the corresponding DCl assignment in EPDCCH-PRB-set ¢, A . is
determined fromthe HARQ-A CK resource offset field in the DCI format ofthe corresponding EPDCCH as

ivenin Table 10.1.2.1-1, NV for EPDCCH-PRB-set g¢is configuredby the higher layer parameter
g PUCCH.q q g y g yerp

pucch-ResourceStartOffset-r11, N Ifg %4 for EPDCCH-PRB-set g is given in clause 6.8A.1in [3], n'is

determined fromthe antenna portused for localized EPDCCH transmission which is described in clause 6.8A.5
in [3]. When two antenna port transmission is configured for PUCCH format 1a/1b, the PUCCH resource for

antennaport p, is givenby.
o if EPDCCH-PRB-set ¢ is configured for distributed transmission

(Lp) (el)
Mplton = Npcceq T I+ A o+ N PeUCCH,q
o if EPDCCH-PRB-set gis configured forlocalized transmission

_ n

ap) _ | MEcceg ECCE g ' 8

Npycen = [NECCE"I Npg * +1+1'+A o + Npyeeng
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' (3.7)
or '"HARQ-ACK resource offset’ Mpyccu
'00' The 1st PUCCH resource value configured by the higher layers|
'01' The 2™ PUCCH resource value configured by the higher layers
'"10' The 3'9PUCCH resource value configured by the higher layers
'"11' The 4" PUCCH resource value configured by the higher layers

10.1.3 TDD HARQ-ACK feedback procedures

For TDD and a UE that does not support aggregating more than oneserving cell with frame structure type 2, two
HARQ-ACK feedback modes are supported by higher layer configuration.

- HARQ-ACKbundling and
- HARQ-ACK multiplexing

For TDD UL/DL configuration 5 and a UE that does not supportaggregating more than one serving cell with frame
structure type 2, only HARQ-A CK bundling is supported.

A UE that supports aggregating more than one serving cell with frame structure type2is configured by higherlayers to
use either PUCCH format 1b with channelselection or PUCCH format 3 for transmission of HARQ-A CK when

configured with more than oneserving cell with frame structure type2.

A UE that supports aggregating more than one serving cell with frame structure type2is configured by higherlayers to
use HARQ-A CK bundling, PUCCH format 1b with channel selection according to the set of Tables 10.1.3-2/3/4 or
accordingto the set of Tables 10.1.3-5/6/7, or PUCCH format 3 for transmission of HARQ-A CK when configured with
one serving cell with frame structure type 2.

PUCCH format 1b with channelselection accordingto thesetof Tables 10.1.3-2/3/4 oraccording tothe set of Tables
10.1.3-5/6/7 is not supported for TDD UL/DL configuration 5.

TDD HARQ-ACK bundlingis performed per codeword across A multiple DL subframes associated with a single UL
subframe n, where A/ is the numberofelementsintheset K definedin Table 10.1.3.1-1, by alogical AND
operation ofall the individual PDSCH trans mission (with and without corresponding PDCCH/EPDCCH) HARQ-A CKs
and ACK in responseto PDCCH/EPDCCH indicating downlink SPS release. For one configured serving cell the
bundled 1 or2 HARQ-ACK bits are trans mitted using PUCCH format la or PUCCH format 1b, respectively.

For TDD HARQ-ACK multiplexing and a subframe n with A/ >1, where A/ is the numberofelements intheset K
defined in Table 10.1.3.1-1, spatial HARQ-A CK bundling across multiple codewords within a DL subframe is
performed by a logical AND operationofall the corresponding individual HARQ-A CKs. PUCCH format 1b with
channelselection is used in case of one configured serving cell. For TDD HARQ-A CK multiplexing and a subframe n
with M =1, spatial HARQ-A CK bundling across multiple codewords within a DL subframe is not performed, 1 or2
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 channelselectionand more
than 4 HARQ-ACK bits for A7 multiple DL subframes associated with a single ULsubframe n, where Af is defined
in clause 10.1.3.2.1, and forthe configured servingcells, spatial HARQ-A CK bundling across multiple codewords
within a DL subframe forall configured cells is performed and the bundled HARQ-A CK bits for each configured
serving cellis transmitted using PUCCH format 1b with channelselection. For TDD and more than one configured
serving cell with PUCCH format 1b with channelselectionandup to 4 HARQ-A CK bits for A7 multiple DL subframes
associated with a single UL subframe n, where Ay is defined in clause 10.1.3.2.1, and forthe configured servingcells,
spatial HARQ-A CK bundling is not performed and the HARQ-ACK bits are transmitted using PUCCH format 1b with
channelselection.

In the case of TDD and more than one configured serving cell with PUCCH format 3 and more than 20 HARQ-ACK
bits for Ay multiple DL subframes associated with a single ULsubframe n, where A7 is the numberofelements in
theset K definedin clause 10.1.3.2.2 and forthe configured serving cells, spatial HARQ-A CK bundling across
multiple codewords within a DL subframe is performed foreach serving cellby a logical AND operation ofall ofthe
corresponding individual HARQ-A CKs and PUCCH format 3 is used. For TDD and more than one configuredserving
cell with PUCCH format 3 and up to 20 HARQ-ACK bits for 7 multiple DL subframes associated with a single UL
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subframe n,where M is the numberofelementsintheset X definedin clause10.1.3.2.2 and forthe configured
serving cells, spatial HARQ-A CK bundling is not performed and the HARQ-ACK bits are transmitted using PUCCH
format 3.

For TDD with PUCCH format 3, a UE shall determine the number of HARQ-ACK bits, 0, associated with an UL
subframe n

NDL

cells

accordingto O = Z OfCK where NPL  is the numberofconfigured cells, and OCACK is the number of HARQ-bits

cells
c=1
for the c-th serving celldefined in clause 7.3.

TDD HARQ-ACK feedback procedures for one configured serving cellare given in clause 10.1.3.1 and procedures for
more than one configuredserving cell are given in clause 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 €[py, p;]) 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 type2 can be configured by higher
layers for HARQ-ACK transmission on two antenna ports (p € [pg, p1]) for PUCCH format 1b with channel

selection.

The TDD HARQ-ACK procedure fora UE configured with PUCCH format 3 is as describedin clause 10.1.3.2.2 when
the UE receives PDSCH and/or SPS release PDCCH/EPDCCH only on the primary cell.

For TDD HARQ-ACK bundling or TDD HARQ-A CK multiplexing for one configured serving celland a subframe n
with M =1 where M is thenumberofelements intheset K defined in Table 10.1.3.1-1, the UE shalluse PUCCH

resource n}(,ll’f?CH fortransmission of HARQ-ACK in subframe »n for p mapped to antenna port p for PUCCH

format 1a/1b, where

- Ifthereis PDSCH transmission indicated by the detection of corresponding PDCCH/EPDCCH or there is
PDCCH/EPDCCH indicating downlink SPS release within subframe(s) »—k, where k € K and K (defined
in Table 10.1.3.1-1) is a set of M elements {ko,k1 Seee kM_l} depending onthe subframe # and the UL/DL

configuration (defined in Table 4.2-2 in [3]), and if PDCCH indicating PDSCH transmission or downlink SPS
releaseis detectedin subframe n -k, , where k,, is the smallest valueinset K suchthat UEdetectsa

PDCCH/EPDCCH indicating PDSCH transmission or downlink SPS release within subframe(s) »—k and
k e K ,the UE first selectsa ¢ valueoutof {0, 1, 2,3} whichmakes N, <nccg <N.,; andshalluse

it =(M =m=1)-N_+m-N,

(1) 1) :
i Fccp + Npyeey forantennaport pg,where Npjecy 18

configured by higherlayers, N, = max{O, \_[NRDI% (NRB.c—4))/36 J} ,and ngep is the numberofthe first

CCE used fortransmissionofthe corresponding PDCCH in subframe » -k, and the correspondingm. When
two antenna port transmissionis configured for PUCCH format 1a/1b, the PUCCH resource for HARQ-ACK

bundling forantennaport p, is given by nl(,ll}%éH =M-m-=1)-N,+m-N_, +n. +1+ N%GCH .

- Ifthereis only a PDSCH transmission wherethere is nota corresponding PDCCH/EPDCCH detected within
subframe(s) n—k,where k e Kand K is defined in Table 10.1.3.1-1, the UE shalluse PUCCH format 1a/1b

and PUCCH resource nI()IU’Z)CH with the value of n}(,llfj)CH is determined according to higher layer configuration

and Table 9.2-2. Fora UE configured for two antenna port transmis sion for PUCCH format 1a/1b and HARQ-
ACK bundling,a PUCCH resource valuein Table 9.2-2 maps to two PUCCH resources with the first PUCCH

(1,7) (4p)

PUCCH pUcey forantennaport py,

resource n forantennaport p, andthe second PUCCHresource n

otherwise, the PUCCH resource value maps to a single PUCCH resource ”f)léﬁcoc)n forantennaport py.

- Ifthere 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¢ K and K (defined
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in Table 10.1.3.1-1) is a set of M elements {ko,kl,-ukM_l} depending onthe subframe n and the UL/DL
configuration (defined in Table 4.2-2 in [3]), and if EPDCCH indicating PDSCH trans mission or downlink SPS
releaseis detectedin subframe n -k, , where k,, is the smallest valueinset K suchthat UEdetectsa
PDCCH/EPDCCH indicating PDSCH transmission or downlink SPS release within subframe(s) n -k and

k € K ,the UE shalluse

o if EPDCCH-PRB-set gis configured for distributed transmission

m—1
(Lpy)  _ (el)
Npucen = Mecceg N ECCE,qn—ky, T Ao+ N PUCCH,q

il=0

o if EPDCCH-PRB-set ?is configured forlocalized transmission

~ n m—1

Lp)  _ ECCEq | a7ECCE.g ! (el)

Mpuccn = NECCE Ny +Q N ECCEgn—k, T 1 +A o + N, PUCCH,q
RB i1=0

for antennaport p,,where .. q is the number ofthe first ECCE (i.e. lowest ECCE indexused to
construct the EPDCCH) used for transmission of the corresponding DClI assignment in EPDCCH-PRB-set ¢ in

subframe n—k, andthecorrespondingm, N ](,%léCqu for EPDCCH-PRB-set ¢ is configured by the higher

layer parameter pucch-ResourceStartOffset-ril, N fBC £4 for EPDCCH-PRB-set ginsubframe n—k, is

givenin clause 6.8A.11in [3], n'is determined fromthe antennaport used for EPDCCH transmissionin
subframe n—k, whichis described in clause 6.8A.5m [3]. If m =0, A, is determined fromthe HARQ-

ACK resource offset field in the DCI format ofthe corresponding EPDCCH as given in Table 10.1.2.1-1. If
m>0, A, isdetermined fromthe HARQ-ACK resourceoffset 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, is equalto the number of ECCEs in EPDCCH-PRB-set ¢ configured forthat

UE in subframe 5 — k- Ifthe UE is not configured to monitor EPDCCH in subframe j; — k> NECCE e is
equalto the number of ECCEs computed assuming EPDCCH-PRB-set ¢ is configured forthat UEin subframe
n—k,.For normal downlink CP, if subframe 5 — k, is a special subframe with special subframe configuration
Oor5, NECCE’Q,’H(’_I is equalto 0. For extended downlink CP, if subframe 5 — k., is a special subframe with
special subframe configurationOor4 or 7, N, ok, is equalto 0. When two antenna port transmission is
configured for PUCCH format 1a/1b, the PUCCH resource for HARQ-ACK bundling forantenna port p, is
given by

o if EPDCCH-PRB-set ¢ is configured fordistributed transmission

m—1
Lp)  _ z (el)
Npicen = Mecceg T 1+ ) N ECCEgn—k, T Ao+ N PUCCH,q
i1=0

o if EPDCCH-PRB-set ¢ is configured forlocalized transmission

~ n m—1

5y _ | Mecceq | asECCEg Z ' ()

MpuccH = NECCE Ny +1+ ) N ECCEgnk, T 1 +A o + N, PUCCH,q
RB i1=0
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Table 10.1.3.1-1: Downlink association setindex X : {k,k,---k,,_;} for TDD

UL/DL Subframe n
Configuration | 0 | 1 2 3 4 |5]|6 7 8([9
0 - 6 - 4 6 - | 4
1 - |- 7,6 4 - -1 - 7,6 4| -
2 - | - 8,7,4,6 - - -1-18,74,6]|-] -
3 - |- 7, 6,11 6, 5 541 -] - - - |-
4 - - 12, 8,7, 11 6,54,7 - -1 - - - -
5 -|1-113,12,9,8,7,5 4,11, 6 - - - | - - - | -
6 -] - 7 7 5 -] - 7 7] -

Table 10.1.3.1-2: Mapping of ACK/NACK Resource offset Field in DCI format
1A/1B/1D/1/2A/2/2B/2C/2D to A ,, valuesfor TDD when ;> 0

ARO
ACK/INACK Resource offsetfield in A
DCI format 1A/1B/1D/1/2A/2/2B/2C/2D 4RO
0 0
m—1
1 - ZNECCE,q,n—k“ - 2
i1=0
m—1
2 - ZNECCE,q,n—k,I -1
il:m—]—m/ﬂ
3 2

For TDD HARQ-ACK multiplexing and sub-frame n with M/ >1 and one configuredservingcell, where Af is the

numberofelements intheset K definedin Table 10.1.3.1-1, denote n%CCH ; as the PUCCH resourcederived from

sub-frame n—k, and HARQ-ACK()as the ACK/NACK/DTX response fromsub-frame n—k;, where
k; € K (defined in Table 10.1.3.1-1) and 0<i< M —1.

- Fora PDSCH transmission indicated by the detection of corresponding PDCCH ora PDCCH indicating
downlink SPSrelease in sub-frame n—k; where k; € K, the PUCCH resource

ng{)jCCH’i =(M —i=1)-N.+i Ny +nccg; + NISII}CCH ,where ¢ isselected from {0, 1,2, 3} such that

N.<nccg; <Newp» Ne= max{O, \_[NI%I; (NXB.c—4)]/36 J } s necg, 18 thenumberofthe first CCE used
for transmission ofthe corresponding PDCCH in subframe »—£; , and N}(,BCCH is configured by higher
layers.

- Fora PDSCH transmission where there is nota corresponding PDCCH/EPDCCH detected in subframe n—#; ,

the value of ng[)JCCH ; is determined according to higher layer configuration and Table 9.2-2.

- Fora PDSCH transmissionindicated by the detection of corresponding EPDCCH or a EPDCCH indicating
downlink SPSrelease in sub-frame n—k; where k; € K, the UEshalluse

o if EPDCCH-PRB-set ¢ is configured fordistributed transmission
i1
QY] _ (el)
Mpuceni = Mecceq ZN ECCE.qn—k;, T Aot N PUCCH,q
i1=0

o if EPDCCH-PRB-set ¢ is configured forlocalized transmission

n i1

M _ | PeccEq | arECCEg ' (el

Npucen,i = N ECCEq Ny + QN ECCEgnk, TT +A o + N, PUCCH,q
RB i1=0
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where Mgcceg is the number ofthe first ECCE (i.e. lowest ECCE indexused to constructthe EPDCCH) used

(eD)

for transmission of the corresponding DCl assignment in EPDCCH-PRB-set g insubframe n—k,, Npjecy a

for EPDCCH-PRB-set ¢ is configured by the higher layer parameter pucch-ResourceStartOffset-ri1,
NI‘?BCCE’q for EPDCCH-PRB-set ¢ in subframe 5 — k. is givenin clause 6.8A.1in [3], n'is determined from
the antennaport used for EPDCCH transmissionin subframe 5 — k, which is described in clause 6.8A.51n [3].
If i=0, A, Isdetermined fromthe HARQ-ACK resource offsetfield in the DCI format ofthe

corresponding EPDCCHas givenin Table 10.1.2.1-1. 1If i >0, A, is determined fromthe HARQ-ACK

resourceoffset field in the DCI format of the corresponding EPDCCH as given in Table 10.1.3.1-2, where the
the variable m in the table is substituted with ;. Ifthe UE is configured to monitor EPDCCH in subframe

n—k,» NECCE,q,n—k” is equalto the number of ECCEs in EPDCCH-PRB-set ¢ configuredforthat UEin

subframe 7 — k- If the UE is not configured to monitor EPDCCH in subframe 5 — k> NECCE’q’nfk”

to the number of ECCEs computed assuming EPDCCH-PRB-set ¢ is configured forthat UEin subframe
n—k,.For normaldownlink CP, if subframe 5 — k, is a special subframe with special subframe configuration

is equal

Oor5, NECCE,(M_]{_l is equalto 0. For extended downlink CP, if subframe 5 — k, is a special subframe with

special subframe configurationOor4 or 7, N

ECCE gk, 1S equalto 0.

If a UE is not configured with two antenna port transmission for PUCCH format 1b with channelselection, based on
higherlayersignalling the UE configured with a single serving cell will performchannel selection either according to

the set of Tables 10.1.3-2, 10.1.3-3, and 10.1.3-4 or accordingto thesetof 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 channelselection, then the UE will
performchannelselectionaccordingto the set of Tables 10.1.3-5,10.1.3-6, and 10.1.3-7.

Forthe selectedtable set, the UEshalltransmit 4(0),5(1) on PUCCH resource n}%’?CH insub-frame n for p

mapped to antennaport p using PUCCH format 1b accordingto clause5.4.1 in [3] where

C B ()
Mpyccn ~ "pUCCH

generated by channelselection according to the selected set of Tables for M =2, 3, and 4 respectively

for antenna port Po and thevalue of p(0),5(1) and the PUCCHresource ngl)JCCH are

nl(,ll’fééﬁ for antenna port p, , where nf(,lfé‘éﬁ is selected from PUCCH resources nl(,llfj'éH’l.conﬁguredby

higherlayers where 0 << M —1,accordingto selectedsetof Tables for M =2, 3, and 4respectively by
. 1 ; (Lp)) @ (L.p))
replacing o With 7000, PUCCH.i PUCCH, >

antenna port transmission for PUCCH format 1b with channelselection.

and replacing »n with n when the UE is configured with two

Table 10.1.3-2: Transmission of HARQ-ACK multiplexing for M = 2

HARQ-ACK(0), HARQ-ACK(1) | nl) .y | 2(0).b()
ACK, ACK Moceny | 11
ACK, NACK/DTX Moceno | 01
NACK/DTX, ACK Mocen: | 00
NACK/DTX, NACK Nteey | 10
NACK, DTX Mceno | 10
DTX, DTX No transmission
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Table 10.1.3-3: Transmission of HARQ-ACK multiplexing for M = 3

HARQ-ACK(0), HARQ-ACK(1), HARQ-ACK(2) | n{)ccpy | 6(0).6(1)

ACK, ACK, ACK Mocens | 11

ACK, ACK, NACK/DTX Mcey | 11
ACK, NACK/DTX, ACK Moceno | 11
ACK, NACK/DTX, NACK/DTX Nyceno | 01
NACK/DTX, ACK, ACK Myccns | 10
NACK/DTX, ACK, NACK/DTX ncens | 0.0
NACK/DTX, NACK/DTX, ACK Mocens | 0.0
DTX, DTX, NACK R O

DTX, NACK, NACK/DTX Nocey | 10
NACK, NACK/DTX, NACK/DTX o | 150
DTX, DTX, DTX No tr:':msm'ssion
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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).5(D)
ACK, ACK, ACK, ACK Noeay | 11
ACK, ACK, ACK, NACK/DTX Ncey | 10
NACK/DTX,NA CK/DTX,NA CK,DTX Nteeis | 11
ACK, ACK, NACK/DTX, ACK Nceny | 10
NACK, DTX, DTX, DTX Ndeeno | 10
ACK, ACK, NACK/DTX, NACK/DTX Mocen, | 10
ACK, NACK/DTX, ACK, ACK Mcens | 001
NACK/DTX, NACK/DTX, NACK/DTX, NACK Mocens | 11
ACK, NACK/DTX, ACK, NACK/DTX Neens | 01
ACK, NACK/DTX, NACK/DTX, ACK Moceno | 01
ACK, NACK/DTX, NACK/DTX, NACK/DTX Nyeeno | 11
NACK/DTX, ACK, ACK, ACK Mocens | 01
NACK/DTX, NACK, DTX, DTX Nyoeey | 0.0
NACK/DTX, ACK, ACK, NACK/DTX Moces | 10
NACK/DTX, ACK, NACK/DTX, ACK Nteens | 10
NACK/DTX, ACK, NACK/DTX, NACK/DTX nocen, | 01
NACK/DTX, NACK/DTX, ACK, ACK Mcens | 01
NACK/DTX, NACK/DTX, ACK, NACK/DTX Mocens | 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{l) . | 65D
ACK, ACK ncens | 10
ACK, NACK/DTX ncco | 11
NACK/DTX, ACK ncems | 01
NACK, NACK/DTX nSccmo | 00
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{) ., | H(0)b(1)

Q)

ACK, ACK, ACK npUCCH,2 1,1

ACK, ACK, NACK/DTX n o 1,0
(1)

ACK, NACK/DTX, ACK "pUCCH,2 1,0
(1)

ACK, NACK/DTX, NACK/DTX MPUCCH.0 1,1
Q)

NACK/DTX, ACK, ACK NpUCCH,2 0.1
NACK/DTX, ACK, NACK/DTX nWccui | 0.1
NACK/DTX, NACK/DTX, ACK ngl)jCCHZ 0,0
NACK, NACK/DTX, NACK/DTX nWecno | 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®cn b(0)b(1)
ACK, ACK, ACK, ACK ndccs | 11
ACK, ACK, ACK, NACK/DTX nSccns | 11
ACK, ACK, NACK/DTX, ACK nccmo | 10
ACK, ACK, NACK/DTX, NACK/DTX nSocerms | 10
ACK, NACK/DTX, ACK, ACK nSccus | 11
ACK, NACK/DTX, ACK, NACK/DTX nhccua | 10
ACK, NACK/DTX, NACK/DTX, ACK nccmo | 01
ACK, NACK/DTX, NACK/DTX, NACK/DTX nSccmo | 11
NACK/DTX, ACK, ACK, ACK nces | 0.0
NACK/DTX, ACK, ACK, NACK/DTX nSccns | 01
NACK/DTX, ACK, NACK/DTX, ACK nSccus | 10
NACK/DTX, ACK, NACK/DTX, NACK/DTX nSoccrs | 01
NACK/DTX, NACK/DTX, ACK, ACK nSccus | 01
NACK/DTX, NACK/DTX, ACK, NACK/DTX nhdcca | 00
NACK/DTX, NACK/DTX, NACK/DTX, ACK nSdccs | 0.0
NACK, NACK/DTX, NACK/DTX, NACK/DTX nhdcco | 00
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

The TDD HARQ-ACK feedback procedures for more than one configured serving cell are eitherbased on a PUCCH
format 1b with channelselection HARQ-A CK procedure as described in clause 10.1.3.2.1 or a PUCCH format 3
HARQ-ACK procedure as described in clause 10.1.3.2.2.

HARQ-ACK transmission on two antenna ports (p €[pg, p;]) is supported for PUCCH format 3 and TDD with more
than one configured servingcell.

If a UE is configured with more than one serving celland the TDD UL/DL configurations ofall serving cells are the
same, TDD UL/DL configuration 5 with PUCCH format 3 is only supported forup to two configured serving cells.

If a UE is configured with two serving cells andthe TDD UL/DL configuration ofthe two serving cells is the same,
TDD UL/DL configuration 5 with PUCCH format 1b with channelselection for two configured serving cells is not
supported. Ifa UE is configured with two serving cells and ifthe TDD UL/DL configuration ofthe two serving cells are
not the same and ifthe DL-reference UL/DL configuration (as defined in clause 10.2) of at least one servingcellis
TDD UL/DL Configuration 5, PUCCH format 1b with channel selectionis not supported.

HARQ-ACK transmission on two antenna ports (p €[ pg, p;]) is supported for PUCCH format 1b with channel
selection and TDD with two configuredservingcells.

10.1.3.2.1 PUCCH format 1b with channel selection HARQ-ACK procedure

If a UE is configured with two serving cells with the same UL/DL configurations, then X is as defined in Sec 10.2 and
M is the number of elements forsubframe n inthe set K ,and js =M.

primary
If a UE is configured with two serving cells with different UL/DL configurations,

M

— then the UEshalldetermine Af fora subframe # in this clauseas M = maX(M ),whete

primary > sec ondary

. Mp”.mm is the number ofelements for subframe n in the set K defined in Table 10.1.3.1-1 for the

primary cell TDD UL/DL configuration, and

"\ denotes the number ofelements for subframe 7 in the set K | forthe secondary serving cell (as

sec ondary

defined in clause 10.2)

—if Msec(mdmy < M , then the UEshall, forthe secondary serving cell, set HARQ-A CK(j) to DTX forj =
M to M —1.

sec ondary

- 1f Mpr[mary
M -1
If the UE is configured with two serving cells with different UL/DL configurations, thenin the restofthis clause, K
=K, where K isdefinedinclause 10.2.

< M , then the UEshall, forthe primary cell, set HARQ-ACK(j)to DTX forj = M

primary

For TDD HARQ-A CK multiplexing with PUCCH format 1b with channelselection and two configured serving cells
and asubframe n with A7 =1, a UE shalldetermine the number of HARQ-A CK bits, ¢,based on the numberof
configured serving cells and the downlink transmis sion modes configured for each serving cell. The UE shalluse two
HARQ-ACKbits fora serving cell configured with a downlink transmis sion mode thatsupports up to two transport
blocks; and one HARQ-ACK bit otherwise.

For TDD HARQ-A CK multiplexing with PUCCH format 1b with channel selection and two configured serving cells

and asubframe n with A/ <2, the UE shalltransmit 4(0)»(1) on PUCCH resource n](,lL’]‘?CH for p mapped to antenna
port p using PUCCH format 1b where
- nl()b@cﬂ = n]()%CCH for antennaport p,where ”%’II)JCCH selectedfrom 4 PUCCH resources, nl(,II}CCH’j
where 0< j< A-1 and 4 €{2,3,4},accordingto Tables 10.1.3.2-1, 10.1.3.2-2, and 10.1.3.2-3 in subframe »
using PUCCH format 1b.
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nl(,ll’%éH for antenna port p, , where nl(,ll}%éH selected from 4 PUCCH resources, nl(,lU’z%Hj configured by

higherlayers where 0< j< A-1 and 4 €{2,3,4} ,accordingto Tables 10.1.3.2-1, 10.1.3.2-2, and 10.1.3.2-3

by replacing nl(Jll)JCCHWith nl()IU’(jj‘éH and replacing ”S&ccm with nl(,lféém in subframe #n, when the UE is

configured with two antennaport transmission for PUCCH format 1b with channelselection,

and fora subframe n with A =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-A CK(j)

and 4 PUCCH resources are givenby Table 10.1.2.2.1-1. For a subframe n with A =2, HARQ-ACK(j) denotes the
ACK/NACK/DTX response fora PDSCH transmission or SPS release PDCCH/EPDCCH within subframe(s) givenby

set K oneachservingcell, where the subframes oneachservingcell for HARQ-ACK(j) and 4 PUCCH resources
are given by Table 10.1.3.2-4. The UE shalldetermine the 4 PUCCH resources, nl(,BCCH’j associated with HARQ-

ACK(j) where 0< j< A-1 in Table 10.1.2.2.1-1 for A =1 and Table 10.1.3.2-4 for A/ =2, accordingto

- foraPDSCH transmissionindicated by the detectionofa corresponding PDCCH in subframe n —k, ,where
k, € K onthe primary cell, or fora PDCCH indicating downlink SPS release (defined in clause 9.2) in
subframe n—k, ,where k, € K onthe primary cell, the PUCCH resource is

1 1 .
nl(,[}CCH,J. = (Mpn.mwy -m-— 1)‘ N, +m-N_, + Recem T N;JCCH ,where ¢ is selected from {0, 1, 2, 3}

N, =max{0,| [NEL-(N®®.c—4)]/36 |} where NEY is
determined fromthe primary cell, and fora subframe n with Af =1 and a transmissionmode thatsupports up

to two transportblocks on the serving cell where the corresponding PDSCH trans mission occurs, the PUCCH

Q)] ol (1) _ (1)
PUCCH, j+1 1S 81VEN by Npycen, j+1 = (Mprimary —m-— 1)' N, +m-N_, + Recgm t 1+ Npgeen

c+l

suchthat N, <n..., <N,

c+l?

resource 7
where ngcp . is thenumberofthe first CCE used for transmission ofthe corresponding DCl assignment and
N$Ucen is configured by higher layers.

- foraPDSCH transmission on the primary cell where there is not a corres ponding PDCCH/EPDCCH detected

(M

within subframe(s) n—k,where k e K, the value of Npyccn,

is determined according to higher layer

configurationand Table 9.2-2.

- Fora PDSCH transmissionindicated by the detection of corresponding EPDCCH or a EPDCCH indicating
downlink SPSrelease in sub-frame n — k&, where k, € K on the primary cell, the PUCCH resource

M

Mpyccn,; 18 given by

o if EPDCCH-PRB-set gis configured for distributed transmission

m—1
(@) _ (el)
Mpgecn,j = Mecceq T NECCE,q,n—k,l +A o+ NPUCCH,q

i1=0

o if EPDCCH-PRB-set ?is configured forlocalized transmission

n m—1

1) _ ECCEq | A7ECCEq ' (e)

Npucen,; = L NECCE Ny + QN ECCE.gn—k, T 1 +A o + N PUCCH,q
RB i1=0

where np ¢ q is the number ofthe first ECCE (i.e. lowest ECCE indexused to constructthe EPDCCH)used

(eD)

for transmission of the corresponding DCl assignment in EPDCCH-PRB-set g insubframe n—k , Npjocy a

for EPDCCH-PRB-set ¢ is configured by the higher layer parameter pucch-ResourceStartOffset-ri1,
NfgCE’q for EPDCCH-PRB-set ¢ in subframe 5 —k is giveninclause 6.8A.1in[3], n'is determined from
the antennaport used for EPDCCH transmissionin subframe p —, whichis described in clause 6.8A.51n [3].
If m=0, A, isdetermined fromthe HARQ-ACK resource offset field in the DCI format ofthe
corresponding EPDCCH as given in Table 10.1.2.1-1. If m >0, A is determined fromthe HARQ-A CK

ARO
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resourceoffset 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 5 — k> Necer ok, is equalto the number of ECCEs in

EPDCCH-PRB-set g configured forthat UEin subframe 5 —, .If the UEis not configured to monitor

EPDCCH in subframe n—k,, Npccp s

PRB-set qis configured forthat UEin subframe 5 — k,-For normal downlink CP, if subframe 5 — k, isa

is equalto the number of ECCEs computed assuming EPDCCH-

special subframe with special subframe configuration O or 5, . is equalto 0. For extended downlink

NECCE,q,n—

CP, if subframe 5 —k, is a special subframe with special subframe configuration Oor4 or 7, N, . is

equalto 0. Forasubframen with A/ =1 and atransmissionmode that supports up to two transportblocks on
the serving cell where the corresponding PDSCH trans mission occurs, the PUCCH resource nl(:[}CCH 41 is

given by
o if EPDCCH-PRB-set ¢ is configured for distributed transmission

m—1
Lp)  _ Z (el)
Npicen = Mecceg T 1+ ) N ECCEgn—k, T Apo N PUCCH,q

i1=0

o if EPDCCH-PRB-set ?is configured forlocalized transmission

~ n m—1

Lp)  _ ECCEq | ATECCEq Z ' (el)

Ppucen = { NECCE Ny +1+ ) N ECCEgnk, T 1 +A o + N, PUCCH,q
RB i1=0

- foraPDSCH transmissionindicated by the detection ofa corres ponding PDCCH/EPDCCH within subframe(s)

1) 1)
PUCCH, j ° PUCCH, j+1

subframe n with A/ =2 orforasubframen with A =1 and atransmission modeon thesecondary cellthat
supports up to two transportblocks 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 shallbe used to determine the
PUCCH resourcevalues fromone ofthe fourresourcevalues configured by higher layers, with the mapping
defined in Table 10.1.2.2.1-2. Fora UE configured fora transmission mode on thesecondary cell that supports
up to two transport blocks and a subframe n with A7 =1, or fora subframe n with As =2, a PUCCH resource

n—k,where ke K onthesecondary cell, thevalueof n and the value of »n fora

value in Table 10.1.2.2.1-2 maps to two PUCCH resources (nl()lL)]CCH I ”I%CCH,]' .1)» otherwise, the PUCCH
resourcevalue maps to a single PUCCH resource nl()BCCH i A UE shallassume that the same HARQ-ACK

PUCCH resourcevalueis transmitted in the TPC field on all PDCCH/EPDCCH assignments onthe secondary
cell within subframe(s) n—k,where ke K .

Table 10.1.3.2-1: Transmission of HARQ-ACK multiplexing for A = 2

HARQ-ACK(0), HARQ-ACK(1) | n) .y | H(0B(D)
ACK, ACK nScems | 10
ACK, NACK/DTX nccmo | 11
NACK/DTX, ACK nScers | 01
NACK, NACK/DTX nccio | 00
DTX, NACK/DTX No Transmission

Table 10.1.3.2-2: Transmission of HARQ-ACK multiplexing for A = 3
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HARQ-ACK(0), HARQ-ACK(1), HARQ-ACK(2) | n{) ., | H(0)b(1)

Q)

ACK, ACK, ACK npUCCH,2 1,1

ACK, ACK, NACK/DTX n o 1,0
(1)

ACK, NACK/DTX, ACK "pUCCH,2 1,0
(1)

ACK, NACK/DTX, NACK/DTX MPUCCH.0 1,1
Q)

NACK/DTX, ACK, ACK NpUCCH,2 0.1
NACK/DTX, ACK, NACK/DTX nWccui | 0.1
NACK/DTX, NACK/DTX, ACK ngl)jCCHZ 0,0
NACK, NACK/DTX, NACK/DTX nWecno | 0.0
DTX, NACK/DTX, NACK/DTX No Transmission

Table 10.1.3.2-3: Transmission of HARQ-ACK multiplexing for A = 4

HARQ-ACK(0), HARQ-ACK(1), HARQ-ACK(2), HARQ-ACK(3) n®cn b(0)b(1)
ACK, ACK, ACK, ACK ndccs | 11
ACK, ACK, ACK, NACK/DTX nSccns | 11
ACK, ACK, NACK/DTX, ACK nccmo | 10
ACK, ACK, NACK/DTX, NACK/DTX nSocerms | 10
ACK, NACK/DTX, ACK, ACK nSccus | 11
ACK, NACK/DTX, ACK, NACK/DTX nhccua | 10
ACK, NACK/DTX, NACK/DTX, ACK nccmo | 01
ACK, NACK/DTX, NACK/DTX, NACK/DTX nSccmo | 11
NACK/DTX, ACK, ACK, ACK nces | 0.0
NACK/DTX, ACK, ACK, NACK/DTX nSccns | 01
NACK/DTX, ACK, NACK/DTX, ACK nSccus | 10
NACK/DTX, ACK, NACK/DTX, NACK/DTX nSoccrs | 01
NACK/DTX, NACK/DTX, ACK, ACK nSccus | 01
NACK/DTX, NACK/DTX, ACK, NACK/DTX nhdcca | 00
NACK/DTX, NACK/DTX, NACK/DTX, ACK nSdccs | 0.0
NACK, NACK/DTX, NACK/DTX, NACK/DTX nhdcco | 00
DTX, NACK/DTX, NACK/DTX, NACK/DTX No Transmission
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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 A7 =2

HARQ-ACK(j)
A
HARQ-ACK(0) HARQ-ACK(1) HARQ-ACK(2) HARQ-ACK(3)
4 The firstsubframe | The second subframe | The firstsubframe | The second subframe
of Primary cell of Primary cell of Secondary cell of Secondary cell

For TDD HARQ-A CK multiplexing with PUCCH format 1b with channelselection and sub-frame » with A > 2

and two configuredserving cells, denotes ngI)JCCH ; 0<i<3asthe PUCCHresource derived fromthe trans missions

in M DL sub-frames associated with theULsubframern . nl(,lL)JCCH o and nl(,BCCH ,are associated with the PDSCH
transmission(s) ora PDCCH/EPDCCH indicating downlink SPS release (defined in clause 9.2) on the primary celland

O and n'V

Apicc. puccr 3 are associated with the PDSCH transmission(s) on the secondary cell.

For Primary cell:

- Ifthereis a PDSCH transmissionon the primary cell without a corres ponding PDCCH/EPDCCH detected
within the subframe(s) n—k,where ke K,

o thevalueof n

puccro 18 determined according to higher layer configuration and Table 9.2-2.

o foraPDSCH transmissionon the primary cellindicated by the detection ofa corres ponding PDCCH
in subframe n —k, , where k, € K with the DAIvalue in the PDCCH equalto '1'(defined in
Table 7.3-X) ora PDCCH indicating downlink SPS release (defined in clause 9.2) in subframe

n—k, ,where k, € K withthe DAIvalue in the PDCCH equalto 'l', the PUCCH resource
) —
nPUCCH,l - (Mprimur'y —m- 1) Nc t+m: Nc‘+1

N, =max{0,| [N2 (VX .c—4)]/36 |} , where

is the number of'the first CCE used for transmission ofthe corresponding PDCCH in

(1) ;
+ Aecp, + Npjcey Where ¢ s selected from {0, 1,

2,3} suchthat N, <n..., <N,

c+l?

e m

subframe n—k, and Ny).cy is configuredby higherlayers.

o foraPDSCH transmissionon the primary cellindicated by the detection ofa corres ponding EPDCCH
in subframe n—k, , where k, € K with the DAIvalue in the EPDCCH equalto '1' (defined in
Table 7.3-X) oran EPDCCH indicating downlink SPS release (defined in clause 9.2) in subframe

n—k, ,where k, € K withthe DAIvalue in the EPDCCH equalto '1', the PUCCH resourceis
given by
- IfEPDCCH-PRB-set ¢ is configured fordistributed transmission

m—1

(1) _ (el)
Mpgcen1 = Meccegq T ZNECCE,q,n—k“ +A o+ NPUCCH,q
i1=0

- IfEPDCCH-PRB-set ¢ is configured forlocalized transmission

n m—1

) _ | MEccEq | arECCEq Z \ (1)

Mpycen, = NECCE Ny + NECCE,q,n—k‘I +1'+A o + NPUCCH,q
RB i1=0

where 7y q is the number ofthe first ECCE (i.e. lowest ECCE indexused to constructthe
EPDCCH) used fortransmission ofthe corresponding DCl assignmentin EPDCCH-PRB-set ¢in

subframe n-k , N l(,el}écﬁ’q for EPDCCH-PRB-set ¢ is configuredby thehigher layer parameter
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pucch-ResourceStartOffset-ril, N Ifg “E9 for EPDCCH-PRB-set g in subframe 5 — k, is given in

clause 6.8A.1in[3], n'is determined fromthe antenna port used for EPDCCH transmission in
subframe 5 — k, which is described in clause 6.8A.5in[3]. If m =0, A ro is determined fromthe
HARQ-ACK resource offset field in the DCI format ofthe corresponding EPDCCH as given in Table
10.1.2.1-1. If m >0, A ro is determined fromthe HARQ-A CK 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 5 — k> N ECCE gk, is equalto the number of ECCEs in EPDCCH-PRB-set

g configured forthat UEin subframe 5 — k. If the UE is not configured to monitor EPDCCH in

subframe n—k,» Ny ok, is equalto the number of ECCEs computed assuming EPDCCH-

PRB-set ¢ is configured forthat UEin subframe 5 — k, .Fornormaldownlink CP, if subframe

n—k, 1saspecialsubframe with special subframe configurationQor5, NECCE,Q’,H(I_1 is equalto 0.

Forextended downlink CP, if subframe 5 — k, is a special subframe with special subframe

configurationOor4 or7, N, ok, is equalto 0.

HARQ-ACK(0) is the ACK/NACK/DTX response for the PDSCH trans mission withouta
corresponding PDCCH/EPDCCH. For 1< j <M -1, if a PDSCH transmission with a
corresponding PDCCH/EPDCCH and DAl value in the PDCCH/EPDCCH equalto’ j'ora
PDCCH/EPDCCH indicating downlink SPS release and with DAIvalue in the PDCCH/EPDCCH
equalto’ j'is received, HARQ-A CK(j) is the corresponding ACK/NACK/DTX response; otherwise
HARQ-ACK(j) shallbe setto DTX.

- Otherwise,

for aPDSCH transmissionon the primary cell indicated by the detection ofa corres ponding PDCCH
in subframe n —k, , where k, € K and for TDD UL/DL configurationofthe primary cell
belongingto {1,2,3,4,6} the DAIvalue in the PDCCH equalto either'l'or '2' ora PDCCH indicating
downlink SPS release (defined in clause 9.2) in subframe n —k, , where k,, € K and forTDD

UL/DL configuration ofthe primary cellbelongingto {1,2,3,4,6} the DAl value in the PDCCH equal
to either'l' or 2', the PUCCH resource

1 1 .
nl(,[}CCH’[ = (Mprimary -—m— 1)‘ N, +m-N_, + Recp.m T Nl(,U)CCH , where ¢ is selected from {0,

N, =max{0,| [NE:-(N®® .c—4)]/36 |} , where

is the number of'the first CCE used for transmission ofthe corresponding PDCCH in

1,2,3} suchthat N_ < Recgm < N

c+1?

Recem
subframe n—k,, N f,BCCH is configured by higher layers and for TDD UL/DL configurationofthe
primary cell belongingto {1,2,3,4,6}, i = 0 forthe corresponding PDCCH with the DAIvalue equal

to'l"and j =1 forthe corresponding PDCCH with the DAIvalue equalto '2', and forthe primary
cell with TDD UL/DL configuration 0 j = 0 for the corresponding PDCCH.

for aPDSCH transmissionon the primary cellindicated by the detection ofa corresponding EPDCCH
in subframe n —k, , where k, € K and for TDD UL/DL configuration ofthe primary cell
belongingto {1,2,3,4,6} the DAlIvalue in the EPDCCH equalto either 'l' or'2' or an EPDCCH
indicating downlink SPS release (defined in clause9.2) in subframe n —k, , where k, € K and

for TDD UL/DL configuration ofthe primary cellbelonging to {1,2,3,4,6}the DAl value in the
EPDCCH equalto either'l' or'2', the PUCCH resource is given by

- IfEPDCCH-PRB-set g¢is configured fordistributed transmission
m—1

(1) _ (el)
Mpyceni = Mecceq N ECCEqn—k, T Apo + N PUCCH,q
i=0
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- IfEPDCCH-PRB-set g¢is configured forlocalized transmission

n m—1

) _ ECCEq | A7ECCEq ' (el)

Ppucen,i = { NECCE Niy +Q N ECCE.gn—k, T +A o + N PUCCH,q
RB i1=0

where NEccrq is the number ofthe first ECCE (i.e. lowest ECCE indexused to constructthe
EPDCCH) used for transmission ofthe corresponding DCl assignmentin EPDCCH-PRB-set ¢ in

subframe n—k , N }(,%%CHM for EPDCCH-PRB-set ¢ is configured by thehigher layer parameter

pucch-ResourceStartOffset-ri1, N fg £:4 for EPDCCH-PRB-set gin subframe » —f Is givenin

clause 6.8A.1in[3], n'is determined fromthe antenna port used for EPDCCH transmission in
subframe p —k, whichis described in clause 6.8A.5in [3]. If m =0, A ,, is determined fromthe
HARQ-ACK resource offset field in the DCI format ofthe corresponding EPDCCH as given in Table
10.1.2.1-1. If m >0, A ro is determined fromthe HARQ-A CK 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 7 — k> N ECCE.qn—k, is equalto the number of ECCEs in EPDCCH-PRB-set
g configured forthat UEin subframe 5 — k. If the UE is not configured to monitor EPDCCH in
subframe n — k. , NE(/,CE’W_,{‘_1 is equalto the number of ECCEs computed assuming EPDCCH-
PRB-set ¢ is configured forthat UEin subframe 5 — k, .For normal downlink CP, if subframe
n—k, is a special subframe with special subframe configurationOor5, N

ECCE ,q,n—k;,
Forextended downlink CP, if subframe » —k, is a special subframe with special subframe

Nicer ok, is equalto 0. Here, for TDD UL/DL configurationofthe

primary cell belongingto {1,2,3,4,6} i =0 forthe corresponding EPDCCH with the DAIvalue
equalto'l'and { =1 forthe corresponding EPDCCH with the DAIvalue equalto 2, and forthe
primary cell with TDD UL/DL configuration0 j = Q forthe corresponding EPDCCH.

is equalto 0.

configuration0or4 or7,

o For 0<j<M -1 and TDDUL/DL configurationofthe primary cellbelongingto {1,2,3,4,6},if a
PDSCH transmission with a corresponding PDCCH/EPDCCH and DAIvalue in the
PDCCH/EPDCCH equalto' j +1'or a PDCCH/EPDCCH indicating downlink SPSrelease and with
DAlvalue in the PDCCH/EPDCCH equalto' j +1'is received, HARQ-ACK(j) is the corresponding
ACK/NACK/DTX response; otherwise HARQ-ACK(j)shallbesetto DTX.For 0< j <M —1 and
the primary cell with TDD UL/DL configuration 0, if a PDSCH transmis sion with a corresponding
PDCCH/EPDCCH ora PDCCH/EPDCCH indicating downlink SPS release is received, HARQ-
ACK(0) is the corresponding ACK/NA CK/DTX response; otherwise HARQ-A CK(j) shallbe set to
DTX.

ForSecondarycell:

for a PDSCH transmission on the secondary cellindicated by the detection ofa corresponding PDCCH on the
primary cell in subframe 7 —k, ,where k, € K withthe DAIvalue in the PDCCH equalto either'l' or'2),

the PUCCH resources nl()BCCH’i = (Mprimmy —-m— 1)- N,+m-N,

(1) .
ent Thcce m T Npyeen» Where ¢ s

selectedfrom {0, 1, 2,3} suchthat N, <n., <N, ., N, = max{ 0, \_[N}% -(NslzB -c—4)]/36 J } ,

c+l?
where N 1]31; is determined fromthe primary cell, n..  is the numberofthe first CCE used for transmission
ofthe corresponding PDCCH in subframe n—#%,, N ISBCCH is configured by higherlayers, i =2 forthe

corresponding PDCCH with the DAIvalue equalto'l' and i =3 for the corresponding PDCCH with the DAI
value equalto 2'.

for aPDSCH transmission on the secondary cellindicated by the detection ofa corresponding EPDCCH on the
primary cell in subframe 7 —k,, ,where k, € K with the DAIvalue in the PDCCH equalto either'l' or'2,
the PUCCH resources are given by
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o IfEPDCCH-PRB-set g is configured for distributed transmission
m-1

(1) _ (el)
Mpyceni = Meccegq T Z N ECCE.qn—k; T Apo+ N PUCCH,q

i1=0

o IfEPDCCH-PRB-set ¢ is configured forlocalized transmission

n m—1

) _ ECCEq | A7ECCEq ' (el)

Mpyecn,i = { NECCE J Ngg "+ Q2 N ECCE.gn—k, T +A 4o T Novceng
RB i1=0

where NEccEq is the number ofthe first ECCE (i.e. lowest ECCE index used to constructthe EPDCCH)used

for transmission of the corresponding DCl assignment in EPDCCH-PRB-set g insubframe n—k , N l(,eUléCH a

for EPDCCH-PRB-set ¢ is configured by the higher layer parameter pucch-ResourceStartOffset-ri1,
NfgCE’q for EPDCCH-PRB-set ¢ in subframe  —k is givenin clause 6.8A.1in[3], n'is determined from
the antennaport used for EPDCCH transmissionin subframe 5 — k¢, which is described in clause 6.8A.51n [3].
If m=0, A,;, isdetermined fromthe HARQ-ACK resource offset field in the DCI format ofthe

corresponding EPDCCH as given in Table 10.1.2.1-1. If m >0, A ,, is determined fromthe HARQ-ACK
resourceoffset 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 5 — k. " N ECCE gk, is equalto the number of ECCEs in

i

EPDCCH-PRB-set ¢ configured forthat UEin subframe 5 — k- If the UE is not configured to monitor

EPDCCH in subframe n — NECCE,q’n_kV1 is equalto the number of ECCEs computed assuming EPDCCH-

PRB-set ¢ is configured forthat UEin subframe 5 — k, .Fornormaldownlink CP, if subframe 3 — k, isa

special subframe with special subframe configuration 0 or5, N, . . is equalto 0. Forextended

downlink CP, if subframe 5 — k., is a special subframe with special subframe configurationOor4 or 7,

Nk ok, is equalto 0. Here, i =2 for the corresponding EPDCCH with the DAIvalue equalto 'l' and

i =3 for the corresponding EPDCCH with the DAl value equalto 2.

for aPDSCH transmissionindicated by the detection ofa corresponding PDCCH/EPDCCH within the

subframe(s) n—k,where ke K onthesecondarycell, the value of nl()II}CCH )

accordingto higher layer configurationand Table 10.1.2.2.1-2. The TPC field in the DCI format of the
corresponding PDCCH/EPDCCH shallbe used to determine the PUCCH resource values fromone ofthe four

resourcevalues configured by higher layers, with the mappingdefined in Table 10.1.2.2.1-2. A UE shall
assume that thesame HARQ-A CK PUCCH resourcevalue is transmitted in the TPC field on all

PDCCH/EPDCCH assignments onthe secondary cell within subframe(s) n —k, where ke K .

and Mpycens 18 determined

For 0< j<M -1, if aPDSCH transmissionwith a corresponding PDCCH/EPDCCH and DAl value in the
PDCCH/EPDCCH equalto' j +1'is received, HARQ-ACK(j) is the corres ponding ACK/NACK/DTX
response; otherwise HARQ-ACK(j)shallbesetto DTX.

A UE shallperformchannelselection accordingto the Tables 10.1.3.2-5, and 10.1.3.2-6 and transmit 5(0),5(1) on

PUCCH resource n-?).  for p mapped to antennaport p using PUCCH format 1b accordingto clause 5.4.11in [3]

where

PUCCH

Lpg) — (D
Poyccn = Mpuccu

and 10.1.3.2-6 represents any response of ACK,NACK, or DTX. The value of 4(0),5(1) and the PUCCH

in sub-frame n for p mappedtoantennaport p, where "any"in Tables 10.1.3.2-5,

resource nl(,ll)JCCH are generated by channel selection accordingto Tables 10.1.3.2-5, and 10.1.3.2-6 for M= 3,

and 4 respectively.
n](,ll’]‘z'éH for antenna port p, , where n]g[’f:‘éH selected from PUCCH resources, nl()ll}%éﬂ ;configured by
higherlayers where 0 <;j<3 according Tables 10.1.3.2-5, and 10.1.3.2-6 for M =3, and 4 respectively by
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(Lp)
PUCCH,?

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 channelselection.

Table 10.1.3.2-5: Transmission of HARQ-ACK multiplexing for M = 3

Primary Cell Secondary Cell Resource | Constellation Iﬂ:gfgﬁs

HARQ-ACK(0), HARQ-ACK(0),

HARQ-ACK(1), HARQ-ACK(1), n\ccn b(0),b(1) 0(0),0(1),0(2),0(3)

HARQ-ACK(2) HARQ-ACK(2)

ACK, ACK, ACK ACK, ACK, ACK nSYccn 1,1 1,1,1,1
ACK, ACK, NACK/DTX |  ACK, ACK, ACK nSYcem.t 0,0 1,0,1,1
ACK, NACK/DTX, any ACK, ACK, ACK nSdcera 1,1 0,1,1,1
NACK/DTX, any, any ACK, ACK, ACK nSdcera 0, 1 0,0,1,1

ACK, ACK, ACK ACK, ACK, NACKIDTX | n%ccpy 1,0 1,1,1,0
ACK, ACK, NACK/DTX | ACK, ACK, NACKIDTX | n{ccy3 1,0 1,0,1,0
ACK, NACKIDTX, any | ACK, ACK, NACKIDTX | n{ccro 0, 1 0,1,1,0
NACK/DTX, any, any | ACK, ACK, NACKIDTX | n§cys 0,0 0,0,1,0

ACK, ACK, ACK ACK, NACK/DTX, any n}(,%CCH,Z 1,1 1,1,0, 1
ACK, ACK, NACK/DTX | ACK, NACKIDTX, any | nfccys 0, 1 1,0,0, 1
ACK, NACKIDTX, any | ACK, NACKIDTX, any | n{ccys 1,0 0,1,0, 1
NACK/DTX, any, any | ACK, NACKIDTX, any | n{)ccys 0,0 0,0,0, 1

ACK, ACK, ACK NACK/IDTX, any, any | nf)ccy, 1,0 1,1,0,0
ACK, ACK, NACK/DTX | NACK/DTX, any, any n{,%CCH,l 0, 1 1,0,0,0
ACK, NACKIDTX, any | NACKIDTX, any, any | n{ccro 1,1 0,1,0,0

NACK, any, any NACK/IDTX, any, any | n% e 0,0 0,0,0,0

DTX, any, any NACK/DTX, any, any No Transmission 0,0,0,0
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Table 10.1.3.2-6: Transmission of HARQ-ACK multiplexing for M = 4
Primary Cell Secondary Cell Resource | Constellation il Coc!e
Input Bits
HARQ-ACK(0), HARQ-ACK(0),
HARQ-ACK(1), HARQ-ACK(1), o
HARQ-ACK(Z), HARQ-ACK(Z), NpyccH b(o)ab(l) 0(0)’0(1)3 0(2)’ 0(3)
HARQ-ACK(3) HARQ-ACK(3)
ACK, ACK, ACK, NACK/DTX ACK, ACK, ACK, NACKIDTX | n&)ccp | 1,1 1,1,1,1
ACK, ACK, NACK/DTX, any ACK, ACK, ACK, NACKIDTX | 5% ey 0,0 1,0,1,1
ACK, DTX, DTX, DTX ACK, ACK, ACK, NACKIDTX | n8)ccy5 1,1 0,1,1,1
ACK, ACK, ACK, ACK ACK, ACK, ACK, NACKIDTX | 18D 5 1,1 0,1,1,1
NACK/DTX, any, any, any ACK, ACK, ACK, NACKIDTX | n&)ccy5 0, 1 0,0,1, 1
(ACK, NACK/DTX, any, any),
except for (ACK, DTX, DTX, ACK, ACK, ACK, NACKIDTX | n8)cc3 0, 1 0,0,1, 1
DTX) ’
ACK, ACK, ACK, NACK/DTX ACK, ACK, NACK/IDTX, any | n%ccro 1,0 1,1,1,0
ACK, ACK, NACK/DTX, any ACK, ACK, NACK/IDTX, any | n&)ccs 1,0 1,0,1,0
ACK, DTX, DTX, DTX ACK, ACK, NACK/IDTX, any | n%cro 0, 1 0,1,1,0
ACK, ACK, ACK, ACK ACK, ACK, NACK/IDTX, any | n%cro 0, 1 0,1,1,0
NACK/DTX, any, any, any ACK, ACK, NACK/DTX, any nS cons 0,0 0,0,1,0
(ACK, NACK/DTX, any, any),
except for (ACK, DTX, DTX, ACK, ACK, NACK/DTX, any S ccns 0,0 0,0,1,0
DTX) ’
ACK, ACK, ACK, NACK/DTX ACK, DTX, DTX, DTX n ccria 1,1 1,1,0, 1
ACK, ACK, ACK, NACK/DTX ACK, ACK, ACK, ACK nccra 1,1 1,1,0, 1
ACK, ACK, NACK/DTX, any ACK, DTX, DTX, DTX n ccra 0, 1 1,0,0, 1
ACK, ACK, NACK/DTX, any ACK, ACK, ACK, ACK nSccra 0, 1 1,0,0, 1
ACK, DTX, DTX, DTX ACK, DTX, DTX, DTX n ccra 1,0 0,1,0, 1
ACK, DTX, DTX, DTX ACK, ACK, ACK, ACK nSccra 1,0 0,1,0,1
ACK, ACK, ACK, ACK ACK, DTX, DTX, DTX n ccria 1,0 0,1,0, 1
ACK, ACK, ACK, ACK ACK, ACK, ACK, ACK n et 1,0 0,1,0,1
NACK/DTX, any, any, any ACK, DTX, DTX, DTX n ccria 0,0 0,0,0, 1
NACK/DTX, any, any, any ACK, ACK, ACK, ACK n ccra 0,0 0,0,0, 1
(ACK, NACK/DTX, any, any),
except for (ACK, DTX, DTX, ACK, DTX, DTX, DTX n ccra 0,0 0,0,0, 1
DTX) ’
(ACK, NACK/DTX, any, any),
except for (ACK, DTX, DTX, ACK, ACK, ACK, ACK "g[)JCCHZ 0,0 0,0,0,1
DTX) ’
ACK, ACK, ACK, NACK/DTX NACK/DTX, any, any, any UM 1,0 1,1,0,0
(ACK, NACK/DTX, any, any),
ACK, ACK, ACK, NACK/DTX except for (ACK, DTX, DTX, e 1,0 1,1,0, 0
DTX) ’
ACK, ACK, NACK/DTX, any NACK/DTX, any, any, any nS e 0, 1 1,0,0,0
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(ACK, NACK/DTX, any, any),
ACK, ACK, NACK/DTX, any except for (ACK, DTX, DTX, e 0, 1 1,0,0,0
DTX) ’
ACK, DTX, DTX, DTX NACK/DTX, any, any, any n ccro 1,1 0,1,0,0
(ACK, NACK/DTX, any, any),
ACK, DTX, DTX, DTX except for (ACK, DTX, DTX, nccio 1,1 0,1,0,0
DTX) ’
ACK, ACK, ACK, ACK NACK/DTX, any, any, any S ccro 1,1 0,1,0,0
(ACK, NACK/DTX, any, any),
ACK, ACK, ACK, ACK except for (ACK, DTX, DTX, S ccro 1,1 0,1,0,0
DTX) ’
NACK, any, any, any NACK/DTX, any, any, any ngl)JCCHO 0,0 0,0,0,0
(ACK, NACK/DTX, any, any),
NACK, any, any, any except for (ACK, DTX, DTX, o 0,0 0,0,0,0
DTX) ’
(ACK, NACK/DTX, any, any),
except for (ACK, DTX, DTX, NACK/DTX, any, any, any W ccto 0,0 0,0,0, 0
DTX) ’
(ACK, NACK/DTX, any, any), (ACK, NACK/DTX, any, any),
except for (ACK, DTX, DTX, except for (ACK, DTX, DTX, nccio 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 one servingcell, orif a UE is configured with more than one serving cells and the UL/DL
configurationofall serving cells is same,then X is defined in Sec 10.2, and A7 is the numberofelements in the set

K.
If a UE is configured with more thanone serving celland ifat least two cells havedifferent UL/DL configurations, then

K in this clauserefers to K (as definedin clause10.2), and M is the numberofelements in the set K .

For TDD HARQ-ACK transmission with PUCCH format 3 and sub-frame » with A7 >1 and more than one

configuredservingcell, where A7 is thenumberofelementsintheset K, the UE shalluse PUCCHresource nSp)

PUCCH

or n}(,ll’J’?CH for transmissionof HARQ-ACK in subframe n for p mapped to antenna port p where

- forasingle PDSCH transmission only on the primary cell indicated by thedetection ofa corresponding PDCCH
in subframe ,—k ,where k¢ e K, and fora TDD UL/DL configurationofthe primary cellbelongingto

{1,2,3,4,5,6} the DAIvalue inthe PDCCH is equalto'l' (defined in Table 7.3-X), or fora PDCCH indicating
downlink SPS release (defined in clause 9.2) in subframe , — k,» where k ek, and fora TDD UL/DL

configuration ofthe primary cellbelongingto {1,2,3,4,5,6} the DAl value in the PDCCHis equalto 'l', the UE

shalluse PUCCH format 1a/1b and PUCCH resource n1(>1U1?cH with

1L,py)  _ (1) (1) :
ooy =M —m—=1)-N_+m-N_,, + Recpm + Npyeey forantennaport pg,where Nijecy i

configuredby higherlayers, ¢ is selected from{0, 1, 2, 3} suchthat N <n_.. <N

c+l?
N, = max{O, \_[N]%% . (NSRCB -c—4)]/36 J } ,and nqp . i thenumberofthe first CCE used for transmis sion

of the corresponding PDCCH in subframe n—k,, where e K. Whentwo antennaport transmissionis

configured for PUCCH format 1a/1b, the PUCCH resource forantenna port p, is givenby

Lp)  _ (1,py)
Ppicen = Ppoeen +1

- forasingle PDSCH transmission only on the primary cell indicated by the detection ofa corresponding
EPDCCH in subframe 5 —f , where k, ek, and fora TDD UL/DL configuration ofthe primary cell

belongingto {1,2,3,4,5,6} the DAlvalue in the EPDCCH is equalto 'l' (defined in Table 7.3-X), or for a
PDCCH indicating downlink SPS release (defined in clause 9.2) in subframe ; — k,» where k, ek, and fora

TDD UL/DL configuration ofthe primary cellbelongingto {1,2,3,4,5,6} the DAIvalue in the EPDCCH is equal

to'l", the UE shalluse PUCCH format 1a/1b and PUCCH resource nl(,lU’?CH given by

o IfEPDCCH-PRB-set g is configuredfordistributed transmission
m—1

Lp)y _ (el)
Npicen = Pecceq T N ECCE.qnk, T Ao+ N PUCCH,q
i1=0

o IfEPDCCH-PRB-set gis configuredforlocalized transmission
~ n m—1
ap  _ | MeccE ECCE, ' )
Apiecn = Tg?q ‘Npg 1+ ZNECCE,q,nfk“ + 1A o + NPUCCH,q
NRB i1=0

where 7pocg, i the numberofthe first ECCE (ie. lowest ECCE indexused to construct the EPDCCH) used
for transmission of the corresponding DCl assignment in EPDCCH-PRB-set ¢ in subframe n -k, ,
N l(fdéCH’q for EPDCCH-PRB-set ¢ is configured by the higher layer parameter pucch-Resource StartOffset-
rll, legCE*q for EPDCCH-PRB-set g in subframe , —k is giveninclause 6.8A.1in [3], n'is determined
from the antenna port used for EPDCCH transmission in subframe j — k, which is describedin clause 6.8A.5

in[31.1f m=0, A,, isdetermned fromthe HARQ-ACKresource 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 fromthe HARQ-ACK

ARO
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resourceoffset 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 j — k> is equalto the number of ECCEs in

NECCE,q,n—k“
EPDCCH-PRB-set ¢ configured forthatUEin subframe , —, . If the UE is not configured to monitor

EPDCCH in subframe n —k,,, Ny s

PRB-set ¢is configured forthatUEin subframe 5 — k- Fornormal downlink CP, if subframe 5 — k., is a

is equalto the number of ECCEs computed assuming EPDCCH-

special subframe with special subframe configuration O or 5, . is equalto 0. For extended downlink

NECCE,q,n—

CP, if subframe 5 —k,, is a special subframe with special subframe configuration Oor4 or 7, N, ey is
equalto 0. When two antennaport transmission is configured for PUCCH format 1a/1b,the PUCCH resource
(L) — n(l’ﬁo) +1

PUCCH pUCCH T 1

for antennaport p, is givenby n
- forasingle 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 SPSrelease

(defined in clause 9.2) within subframe(s) n—k ,where k € K, the UE shalluse PUCCH format 1a/1b and

PUCCH resource nl(,lU’?CH with the value of n](JII’J’:’:)CH is determined according to higher layer configuration and

Table 9.2-2. Fora UE configured for two antenna port transmission for PUCCH format 1a/1b,a PUCCH

(1,7)

pUccH for

resourcevalue in Table 9.2-2 maps to two PUCCH resources with the first PUCCH resource

antenna port p, andthe second PUCCH resource nI(,lU’NééH forantennaport p,otherwise,the PUCCH
resource value maps to a single PUCCH resource nl(,lU‘ZOC)H forantennaport py.

- for M >1 andaPDSCH transmissiononly onthe primary cell where there is not a corresponding PDCCH
detected within subframe(s) n -k, where k e K and an additional PDSCH transmissiononly onthe primary
cell indicated by the detectionofa corresponding PDCCH in subframe , - ,where ;e k' withthe DAI

value in the PDCCH equalto '1' (defined in Table 7.3-X) or a PDCCH indicating downlink SPS release (defined
in clause 9.2) in subframe ; — k,» where k, ek with the DAIvalue in the PDCCH equalto '1', the UE shall

transmit b(0),b(1) in subframe » using PUCCH format 1b on PUCCH resource n{j) selected from 4

UCCH

PUCCH resources nl(,ll)JCCH ;

where 0 <j< 4—1,accordingto Table 10.1.3.2-1 and Table 10.1.3.2-2 for
A =2 and A4 =3, respectively. Fora UE configured with a transmission modethatsupports upto two
transport blocks on theprimary cell, 4 = 3; otherwise, 4 =2.

o The PUCCH resource

PUCCH,0

The PUCCH resource ”S&c - is determined as

nl(,II}CCH’l =M-m-1)-N_+m-N

c+l

is determined accordingto higher layer configurationand Table 9.2-2.

1 1 . .
+hecp, N I(,I}CCH, where NiJcey is configured by higher

layers, ¢ is selected from {0, 1, 2, 3} such that N.<nge,, <N,

.+13
N, = max{O, L[N}?é (NRB.c—4))/36 J} ;and 7. . is the numberofthe first CCE used for

transmission of the corresponding PDCCH in subframe n—k,, where ;e K . Fora UE configured
with a transmission mode thatsupports up to two transport blocks on the primary cell, the PUCCH

resource nggm , is determined as nI(’II}CCHZ = ”Sn}ccm +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 transp ort block of the PDSCH indicated by the detectionofa
corresponding PDCCH for which the value ofthe DAI field in the corres ponding DCI format is equal to
'1' or for the PDCCH indicating downlink SPS release for which the value ofthe DAI field in the
corresponding DCI format is equalto 'l'. HARQ-ACK(2) is the ACK/NACK/DTX response for the second
transport block of the PDSCH indicated by thedetectionofa corresponding PDCCH for which the value
ofthe DATfield in the corresponding DCI format is equalto 'l".

- for M >1 andaPDSCH transmissiononly onthe primary cell where there is not a corresponding EPDCCH
detected within subframe(s) n -k, where k € K and an additional PDSCH transmission only onthe primary
cell indicated by the detection ofa corresponding EPDCCH in subframe  — k,» where k, ek with the DAI
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value in the EPDCCH equalto '1' (defined in Table 7.3-X) or a EPDCCH indicating downlink SPS release
(defined in clause 9.2) in subframe , — k,» where k,eK with the DAIvalue in the EPDCCH equalto ', the

UE shalltransmit b(0),b(1) insubframe 7 using PUCCH format 1b on PUCCH resource () ., selected

CH

from A PUCCH resources nlglt)ICCHi

where 0 <7< 4—1,according toTable 10.1.3.2-1 and Table 10.1.3.2-
2for 4 =2 and A =3, respectively. Fora UE configured with a transmission mode thatsupports up to two

transport blocks on theprimary cell, 4 =3; otherwise, 4 =2.
o The PUCCH resource nI(JII}CCHO

2. The PUCCH resource n}(’ll}CCHl is determined as

is determined according to higher layer configurationand Table 9.2-

- IfEPDCCH-PRB-set ¢ is configured fordistributed transmission

m—1
(1) _ (el)
Mpiecn, = Pecceq T ZN FCCEgnk, T Ao+ N PUCCH,q
i1=0

- IfEPDCCH-PRB-set ¢ is configured forlocalized transmission

n m—1

m _ | Mecceq | pjECCEq Z \ (el)

Npycen, = N ECCEq Nip + NECCE,q,n—k“ 1A o + NPUCCH,q
RB i1=0

where 7pccg, I the numberofthe first ECCE (ie. lowest ECCE indexused to construct the
EPDCCH) used for transmission ofthe corresponding DCl assignmentin EPDCCH-PRB-set gin

subframe n—k , N géCH,q for EPDCCH-PRB-set gis configured by thehigherlayer parameter
pucch-ResourceStartOffset-r11, AN IEBCCE 4 for EPDCCH-PRB-set ¢ in subframe , —k is given in

clause 6.8A.11n [3], 1'is determined fromthe antenna port used for EPDCCH transmission in
subframe 5 —k whichis describedin clause 6.8A.5m [3]. If m =0, A jro 18 determined fromthe
HARQ-ACK resource offset field in the DCI format ofthe corresponding EPDCCH as given in Table
10.1.2.1-1. If m >0, A ., is determined fromthe 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 5 — k> N ECCE gk, is equalto the number of ECCEs in EPDCCH-PRB-set

g configured forthat UEin subframe 5 — k- If the UE is not configured to monitor EPDCCH in
subframe y; — k.

. N ECCE.qn—k, is equalto the number of ECCEs computed assuming EPDCCH-PRB-
set gis configured forthatUEin subframe 5 — k, .Fornormal downlink CP, if subframe 5 — k, isa

special subframe with special subframe configuration 0 or 5, N 1 is equalto 0. Forextended

ECCE ,q,n—k;
downlink CP, if subframe 5 —k, is aspecialsubframe with special subframe configurationOor4 or 7,

N ECCE.qn—k, is equalto 0. Fora UE configured with a trans mission modethatsupports up to two

transport blocks on the primary cell, the PUCCH resource ”1(>11)JCCH , s determined as

Q) Q) +1.HARQ-ACK(0) is the ACK/NACK/DTX response for the PDSCH without a

Mpycen, = Mpucen,

corresponding EPDCCH detected. HARQ-ACK(1) is the ACK/NACK/DTX response for the first
transport block ofthe PDSCH indicated by the detection ofa corresponding EPDCCH for which the
value ofthe DAIfield in the corresponding DCI format is equalto 'l' or for the EPDCCH indicating
downlink SPS release for which the value ofthe DAI field in the corresponding DCI format is equalto
'1". HARQ-ACK(2) is the ACK/NACK/DTX response for the second transportblock ofthe PDSCH
indicated by the detection ofa corresponding EPDCCH for which the value ofthe DAI field in the
corresponding DCI format is equalto '1".

- for M >1 and aPDSCH transmissiononly onthe primary cellindicated by thedetectionofa corresponding
PDCCH in subframe 5 — k, ,where k, ek with the DAIvalue in the PDCCH greaterthan '1' (defined in
Table 7.3-X) ora PDCCH indicating downlink SPSrelease (defined in clause 9.2) in subframe 5, -k, where
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k e K with the DAIvalue in the PDCCH greaterthan '1', the UE shalluse PUCCH format 3 and PUCCH

resource ”1%12211{ where the value of n}%’g)CH is determined according to higher layer configuration and Table

10.1.2.2.2-1 andthe TPCfield in a PDCCH assignment with DAIvalue greaterthan'l'shallbe used to
determine the PUCCH resource value fromone ofthe four PUCCH resource values configured by higher
layers, with the mapping definedin Table 10.1.2.2.2-1. A UE shallassume that thesame HARQ-ACK PUCCH
resourcevalue 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 aPDSCH transmissiononly onthe primary cellindicated by the detectionofa corresponding
EPDCCH in subframe ; — k,» where k,eK with the DAIvalue in the EPDCCH greaterthan'l' (defined in

Table 7.3-X) oran EPDCCH indicating downlink SPSrelease (defined in clause 9.2) in subframe , - ,
where k, ek with the DAIvalue in the EPDCCH greaterthan'l’,the UE shalluse PUCCH format 3 and

PUCCH resource ”l%g)m where the valueof nl%g)CH is determined accordingto higher layer configuration

and Table 10.1.2.2.2-1 and the HARQ-A CK resourceoffset field in the DCI format of the corresponding
EPDCCH assignment with DAIvalue greater than'l'shallbe used to determine the PUCCH resource value
from one ofthe four PUCCH resource values configured by higher layers, with the mapping defined in Table
10.1.2.2.2-1. A UE shallassume thatthe same HARQ-ACK PUCCH resource value is transmitted onall
EPDCCH assignments used to determine the PUCCH resource values within the subframe(s) » -k, where

kek.

- Ifthe UL/DL configurations ofall serving cells are the same, fora PDSCH transmission on the secondary cell
indicated by the detection ofa corresponding PDCCH/EPDCCH within subframe(s) n —k,where k € K, the

UE shalluse PUCCH format 3 and PUCCH resource nl%’z)cﬁ where the value of nl%géﬁ is determined

accordingto higher layer configurationand Table 10.1.2.2.2-1 and the TPCfield in the corresponding
PDCCH/EPDCCH shallbe usedto determine the PUCCH resource value fromone ofthe fourresource 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 correspondingto a PDSCH on the primary cell within subframe(s) n—k,where ke K ,ora
PDCCH indicating downlink SPS release (defined in clause 9.2) within subframe(s) n—k,where ke K, is
detected, the TPC field in the PDCCH with the DAIvalue greaterthan'l'shallbe used to determine the
PUCCH resourcevalue fromone ofthe fourresourcevalues configured by higher layers, with the mapping
defined in Table 10.1.2.2.2-1. A UE shallassume thatthe same HARQ-A CK PUCCH resource value is
transmitted on all PDCCH assignments in the primary celland 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 e K, oran EPDCCH indicating downlink SPS release (defined in clause 9.2) within subframe(s)

n—k,where ke K ,is detected,the HARQ-ACK resource offset field in the DCI format of the corresponding
EPDCCH assignment with the DAl value greaterthan 'l'shallbe usedto determine the PUCCH resource value
from one ofthe fourresource values configured by higher layers, with the mapping defined in Table 10.1.2.2.2-
1. A UE shallassume that the same HARQ-ACK PUCCH resource value is transmitted on all EPDCCH
assignments in the primary celland in each secondary cellthat are used to determined the PUCCH resource

value within the subframe(s) n—k, where ke K .

- Ifthe UL/DL configurations ofat least two serving cells are different, fora PDSCH transmissionon the
secondary cellindicated by the detection ofa corresponding PDCCH/EPDCCH within subframe(s) »n—k,

where k < K , the UE shalluse PUCCH format 3 and PUCCH resource nl%’géH where the value of nl%g)cﬂ

is determined according to higher layer configuration and Table 10.1.2.2.2-1 and the TPCfield in the
corresponding PDCCH/EPDCCH shallbe used to determine the PUCCH resource value fromone ofthe four
resourcevalues configured by higher layers, with the mapping defined in Table 10.1.2.2.2-1. Fora UL/DL
configuration ofthe primary cellbelongingto {1,2,3,4,5,6} as defined in clause 10.2, if a PDCCH
corresponding toa PDSCH on the primary cell within subframe(s) »n -k, where k € K, ora PDCCH
indicating downlink SPS release (defined in clause9.2) within subframe(s) »—k,where k e K, is detected,
the TPCfield in the PDCCH with the DAIvalue greaterthan'l'shallbe used to determine the PUCCH resource
value from one ofthe fourresource values configured by higher layers, with the mapping defined in Table
10.1.2.2.2-1. A UE shallassume thatthe same HARQ-ACK PUCCH resource value is transmitted onall
PDCCH assignments in the primary celland in each secondary cell that are used to determined the PUCCH
resource value within the subframe(s) n—k,where k € K . Fora UL/DL configuration ofthe primary cell
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belongingto {1,2,3,4,5,6} as defined in clause 10.2,if an EPDCCH correspondingto a PDSCH on the primary
cell within subframe(s) n—k ,where k e K, or an EPDCCH indicating downlink SPS release (defined in
clause 9.2) within subframe(s) n—k,where k e K, is detected, the HARQ-ACK resourceoffset field in the
DCI format of the corresponding EPDCCH assignment with the DAl value greaterthan'l'shallbe used to
determine the PUCCH resource value fromone ofthe fourresource values configured by higher layers, with the
mapping definedin Table 10.1.2.2.2-1. A UE shallassume that thesame HARQ-A CK PUCCH resource value
is transmitted on all EPDCCH assignments in the primary celland in each secondary cellthat are usedto

determined the PUCCH resource value within the subframe(s) n -k, where k € K .

- ForPUCCH format 3 and PUCCH resource n$?) anda UE configured for two antenna port transmission, a

PUCCH
PUCCH resourcevaluein Table 10.1.2.2.2-1 maps to two PUCCH resources with the first PUCCH resource
nl%g‘]c)ﬁ for antenna port p, andthesecond PUCCHresource nl%’Z‘C)H forantennaport p;, otherwise, the

(3.70)

PUCCH resourcevaluemaps to asingle PUCCH resource 0y

forantennaport py.

10.1.4 HARQ-ACK Repetition procedure

HARQ-ACK repetition is enabled ordisabled by a UEspecific parameter ackNackRepetition configured by higher

layers. Once enabled, the UEshallrepeat any HARQ-A CK transmission with a repetition factor where

NANRep >
N ANRep is provided by higher layers and includes the initial HARQ-A CK transmission, until HARQ-ACK

repetition is disabled by higher layers. Fora PDSCH trans mission withouta corresponding PDCCH/EPDCCH

detected, the UE shall transmit the corresponding HARQ-ACK response N ANRep times using PUCCH resource
nl(,lt}?CH configured by higherlayers. Fora PDSCH transmission with a corres ponding PDCCH/EPDCCH detected,
or fora PDCCH/EPDCCH indicating downlink SPS release, the UE shall first transmit the corresponding HARQ-
ACK responseonce using PUCCH resource derived fromthe corres ponding PDCCH CCE index or EPDCCH

ECCE index (as described in clauses 10.1.2and 10.1.3), and repeat the transmission ofthe corresponding HARQ-

ACK response N (1,p) (1,p)

ANRep —1 times always using PUCCH resource MpUiCCH, ANRep ,where MpUiCCH, ANRep 1

configured by higherlayers.

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-A CK bundling.

HARQ-ACK repetition can be enabled with PUCCH format 1a/1b on two antennaports. Fora UE configured for
two antenna port transmission for HARQ-A CK repetition with PUCCH format 1a/1b,a PUCCH resource value

(1.p) (1,7)

MpjccH, ANRep TAPS to two PUCCH resources with the first PUCCH resource pUCCH, ANRep

forantennaport p,

and the second PUCCH resource nl(,lUZgéH ANRep forantennaport pq, otherwise, the PUCCH resource valuemaps to
(1,9o)

a single PUCCH resource MpyCCH, ANRep

forantennaport p.
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10.1.5 Scheduling Request (SR) procedure
A UE is configured by higher layers to transmit the SR on one antenna port or two antenna ports.

The scheduling request shall be transmitted on the PUCCH resource(s) ”}(vlﬁ?cﬁ = n](,lUﬁc)CH gr; for p mapped to

antenna port p as defined in [3], where nl(,IUﬁC)CH sr; 1s configured by higherlayers unless the SR coincides in time

with the transmission of HARQ-A CK using PUCCH Format 3 in which case the SR is multiplexed with HARQ-
ACK accordingto clause 5.2.3.1 of[4]. The SR configuration for SR transmission periodicity SRppriopiciry and SR

subframe offset Nppprgr 1S defined in Table 10.1.5-1 by the parameter sr-Configindex [, given by higher layers.

SR transmission instances are theuplink subframes satisfying

(1 Oxnyp+ L”s / ZJ ~ NorrseT s )mod SRpgriopiciTy =0

Table 10.1.5-1: UE-specific SR periodicity and subframe offset configuration

SR configuration Index | SR periodicity (ms) | SR subframe offset
Lo SRpgriopiciTy NoFFSET.SR
0-4 5 I,
5-14 10 I =5
15 - 34 20 I, —15
3574 40 I =35
75 — 154 80 Iy, —75
155 — 156 2 I —155
157 1 [ —157
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10.2  Uplink HARQ-ACK timing

ForFDD, the UE shallupon detection ofa PDSCH transmission in subframe n-4 intended for the UEand for which an
HARQ-ACK shallbe provided, transmit the HARQ-A CK response in subframe n. fHARQ-A CK repetition is enabled,
upon detection ofa PDSCH transmission in subframe n-4 intended for the UEand for which HARQ-A CK response
shallbe provided, and ifthe UEis not repeating the transmission ofany HARQ-A CK in subframe 5 correspondingto

a PDSCH transmissionin subframes , — N 3,..., n—5,the UE:

ANRep

e shalltransmit only the HARQ-ACK response (corresponding to the detected PDSCH transmission in
subframe 5 — 4) on PUCCH in subframes ,, ,+1, .. n+ N ~1;

ANRep

e shallnot transmit any othersignalin subframes ,, 41, .- n+ N g = 13 and

e shallnot transmit any HARQ-A CK response repetitions corresponding to any detected PDSCH transmission

in subframes ,—3,..., N+ Nagey =5

ForTDD, if the UE is configured with more than one serving celland ifat least two serving cells have different UL/DL
configurations and ifa serving cellis a primary cell, then the primary cell UL/DL configurationis the DL-reference
UL/DL configuration forthe serving cell.

For TDD if the UE is configured with more than one serving celland ifat least two serving cells have different UL/DL
configurations and ifa serving cellis a secondary cell

o 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

o if the UE is not configured to monitor PDCCH/EPDCCH in anotherserving cell for scheduling the serving cell,
and if the pair formed by (primary cell UL/DL configuration, serving cell UL/DL configuration ) belongs to

Set2 or Set 3 in Table 10.2-1 or

o if the UE is configured to monitor PDCCH/EPDCCH in anotherserving 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 forthe serving cellis defined in the corresponding Set in Table 10.2-1.

ForTDD if a UE is configured with more than oneservingcelland ifat least two servingcells have different UL/DL
configurations and ifthe DL-reference UL/DL configuration for at least one serving cellis TDD UL/DL Configuration
5, then the UEis not expected to be configured with more than two serving cells.

ForTDD, if a UE is configured with one serving cell, orthe UE is configured with more than one serving celland the
UL/DL configurations ofall serving cells is same, thenthe UEshallupondetectionofa PDSCH transmis sion within

subframe(s) n—k,where ke K and K is defined in Table 10.1.3.1-1 intended forthe UEand for which HARQ-
ACK responseshallbe provided, transmit the HARQ-A CK response in UL subframe 7.

ForTDD, if a UE is configured with more than oneserving celland ifat least two serving cells have different UL/DL
configurations, thenthe UEshallupon detection ofa PDSCH transmission within subframe(s) n—k forservingcellc,

where k € K, intended forthe UEand for which HARQ-A CK response shall be provided, transmit the HARQ-ACK

response in ULsubframe n, wherein set K _contains values of & € K suchthat subframe n-k corresponds to a DL

subframe ora special subframe forservingcelle, X 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 7.

For TDD, if HARQ-A CK repetition is enabled, upon detection ofa PDSCH transmission within subframe(s) n—k,
where k€ K and K is defined in Table 10.1.3.1-1 intended forthe UEand for which HARQ-A CK response shallbe
provided, and ifthe UE is not repeating thetransmission ofany HARQ-ACK in subframe , corresponding toa
PDSCH transmission in a DL subframe earlier than subframe 7 — & , the UE:
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e shalltransmit only the HARQ-ACK response (corresponding to the detected PDSCH transmission in
subframe n — k )on PUCCH in UL subframe 7 and thenext N - 1 UL subframes denotedas 7, ,

ANRej

> TN Anrep —1?

e shallnot transmit any othersignalin UL subframe n, n,, .. and

w N 5
> "N aNrep —1?

e shallnot transmit any HARQ-A CK response repetitions corresponding to any detected PDSCH trans mission
in subframes n, —k,where ke K, K,is thesetdefined in Table 10.1.3.1-1 corresponding to UL

subframe n,,and 1 <7< N, — 1.

For TDD, HARQ-ACK bundling, ifthe UE detects that at least onedownlink assignment has been missed as described
in clause 7.3, the UE shallnot transmit HARQ-A CK on PUCCH if HARQ-ACK is the only UCI present in a given

subframe.
The uplink timing for the ACK corresponding toa detected PDCCH/EPDCCH indicating downlink SPS release shall be
the same as the uplink timing forthe HARQ-A CK 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, DL-reference
e Secondary cell UL/DL configuration) | UL/DL configuration
(0,0) 0
(1,0),(1,1),(1.6) 1
(2,0).(2,2),(2,1),(2,6) 2
Set 1 (3,0),(3,3),(3,6) 3
(4,0),(4,1),(4,3),(4.4).(4.6) 4
(5,0),(5,1).(5,2).(5,3),(5.4).(5.,5).(5.6) 5
(6,0),(6,6) 6
(0,1).(6,1) 1
(0,2),(1,2),(6,2) 2
(0,3).(6,3) 3
Set2 (0,4),(1,4),(3,4),(6.,4) 4
(0,5),(1,5),(2,5),(3,5),(4.5),(6,5) 5
(0,6) 6
&.1).(1.3) 4
Set s (3.2).(4.2).(2.3).2.4) 5
(0,1),(0,2),(0,3),(0,4),(0,5),(0,6) 0
(1,2),(1.4),(1.5) 1
(2,5) 2
Set GA.CH 3
(4.5) 4
(6,1).(6,2),(6,3),(6.,4).(6,5) 6
(1.3) 1
(2,3),(2,4) 2
Set (3.0.3.2) 3
(4.2) 4
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11 Physical Multicast Channel (PMCH) related
procedures

11.1 UE procedure for receiving the PMCH |

The UE shalldecode the PMCH when configured by higher layers. The UEmay assume that an eNB transmissionon
the PMCH is performed accordingto clause 6.5 of[3].

The 7,,. forthe PMCH s configured by higher layers. The UEshalluse 7,,.; forthePMCH and Table 7.1.7.1-1 to
determine the modulation order (Q,, )and TBS index ( /. ) used in the PMCH.

The UE shallthen follow the procedure in clause7.1.7.2.1 to determine the transport block size, assuming N, is

equalto Npg . The UE shallset 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 UEshall
decode the PDCCH accordingto thecombination 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, shallbe delivered to higher
layers.

12 Assumptions independent of physical channel

A UE shallnot assume that two antennaports are quasico-located unless specified otherwise.

A UE may assume the antenna ports 0— 3 of aserving cell are quasico-located (as defined in [3]) with respectto delay
spread, Dopplerspread, Doppler shift, average gain,and averagedelay.
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03/12/08 | RP-42 |RP-081075( 129 - |Clarification of uplinkgrantin randomaccessresponse 8.4.0 [8.5.0
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03/12/08 | RP-42 |RP-081075( 140 1 |On sounding procedure in TDD 8.4.0 (8.5.0
03772708 | RP-42 |RP-081075| 141 T [Alignmentof RANT/RANS specification 8.4.0 [8.50
03/12/08 | RP-42 |RP-081075] 143 [ 1 |[TTIbundling 8.4.0 [8.5.0
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03/12/08 | RP-42 |RP-081075| 151 - |Nominal PDSCH-to-RS EPRE Offset for CQl Reporting 8.4.0 (8.5.0
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transmission
03/12/08 | RP-42 |RP-081075| 176 | 1 |Physical layerparametersfor CQl reporting 8.4.0 [8.5.0
03/12/08 | RP-42 |RP-081075| 177 | - [A-periodic CQl clarificationfor TDD UL/DL configuration0 8.4.0 (8.5.0
03/12/08 | RP-42 |RP-081075 179 | 1 Cl(l>rrectt.ion)tothe definiionsofrho_A and rho_B(downlinkpower [8.4.0 [8.5.0
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 formessage 3 adaptive retransmission and 8.4.0 [8.5.0
181 - [transmission of control informationin message 3 during contention
based random access procedure
03/12/08 | RP-42 |RP-081075 182 _ | ToFixthe Discrepancy of UplinkPower Control and Channel 8.4.0 [8.5.0
Coding of Control Information in PUSCH
03/12/08 | RP-42 [RP-081122[ 183 [ 1 [CQl reporting forantennaport5 8.4.0 [8.5.0
03/12/08 | RP-42 |RP-081110[ 168 | 1 |[Clarificationon pathlossdefinition 8.4.0 [8.5.0
04/03/09 | RP-43 |RP-090236| 184 | 1 [Correctionsto Transmitted RankIndication 8.5.0 [8.6.0
04/03/09 | RP-43 [RP-090236( 185 | 4 |Correctionsto transmission modes 8.5.0 [8.6.0
04/03/09 | RP-43 [RP-090236( 186 | 2 [Delta_TF configurationforcontrolonly 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 RP-090236 193 - [Correction to subband differential CQl value to offset level mapping|8.5.0 [8.6.0
foraperiodic CQl 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 [Alignmentof RAN1/RAN4 specificationon UE maximum output 8.5.0 [8.6.0
power
04/03/09 [ RP-43 ([RP-090236( 197 - |Transmission scheme fortransmission mode 7 with SPS C-RNTI [8.5.0 [8.6.0
04/03/09 | RP-43 RP-090235| 198 | - Clarifying bandwidth partsfor periodic CQl reportingand CQl 8.5.0 [8.6.0
refererence period
04/03/09 | RP-43 799 [ 2 [Correction to the ACK/NACKbundlingin 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 - |Correctionsto 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
3GPP
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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 |pp ggp23g| 206 | - Cc|>rrection on ACK/NACK transmission fordownlink SPS resource (8.5.0 [8.6.0
release
04/03/09 | RP-43 |RP-090236( 207 - Introduction of additional values of wideband CQI/PMI periodicities(8.5.0 [8.6.0
04/03/09 | RP-43 |RP-090236| 208 | 2 |[Correctionto CQI/PMI/RIreportingfield 8.5.0 [8.6.0
04/03/09 | RP-43 [RP-090236( 209 [ 2 [Correction torho_A definition for CQl calculation 8.5.0 [8.6.0
04/03/09 | RP-43 [RP-090236[ 210 - |Correction to erroneouscasesin PUSCH linearblockcodes 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-1and type-2 PUSCH hopping 8.5.0 [8.6.0
04/03/09 | RP-43 [RP-090236( 215 - |Contradicting statementson determination of CQl subband size 8.5.0 [8.6.0
04/03/09 | RP-43 |RP-090236| 216 | - [Correctionsto SRS 8.5.0 [8.6.0
04/03/09 | RP-43 [RP-090236( 219 [ 2 [Miscellaneouscorrectionson TDD ACKNACK 8.5.0 (8.6.0
04/03/09 | RP-43 [RP-090236] 221 T [CRfor Redundancy Version mapping functionfor DCI 1C 8.5.0 [8.6.0
04/03/09 | RP-43 RP-090236 223 - |Scrambling of PUSCH correspondingto 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 errorhandlingof PDSCH and PUSCH assignments 8.5.0 [8.6.0
04/03/09 | RP-43 |RP-090236| 228 | - [Clarify PHICHindex mapping 8.5.0 [8.6.0
04/03/09 | RP-43 |RP-090236| 229 | - [Correction of CQltiming 8.5.0 [8.6.0
04/03/09 | RP-43 |RP-090236( 230 - |Alignmentof CQl parameter nameswith RRC 8.5.0 [8.6.0
04/03/09 | RP-43 [RP-090236] 231 T [Removal of 'Off" valuesfor periodic reporting inL1 8.5.0 [8.6.0
04/03/09 | RP-43 |RP-090236| 232 | - |[DefaultvalueofRI 8.5.0 [8.6.0
04/03/09 | RP-43 |RP-090236| 233 | 1 [Clarificationof uplinktiming adjustments 8.5.0 [8.6.0
04/03/09 | RP-43 |RP-090236| 234 | - |[Clarificationon ACK/NAK repetition 8.5.0 [8.6.0
27/05/09 | RP-44 RP-090529 235 1 |Correction to the condition of resetting accumulated uplinkpower [8.6.0 [8.7.0
correction
27/05/09 | RP-44 236 - |Correction to the random accesschannel parametersreceived fom[8.6.0 [8.7.0
RP-090529 higherlayer
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 CQlreporting 8.6.0 [8.7.0
27/05/09 | RP-44 |RP-090529| 239 | - [Correction onthe HARQ process number 8.6.0 [8.7.0
27/05/09 | RP-44 [RP-090529( 241 1 |CR correction of the descriptionon T Tl-bundling 8.6.0 (8.7.0
27/05/09 | RP-44 RP-090529 242 | 1 |[Clarifylatestand initial PDCCH for PDSCH and PUSCH 8.6.0 [8.7.0
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 |Clarificationon TPC commandsfor SPS 8.6.0 (8.7.0
15/09/09 | RP-45 [RP-090888| 245 1 |Correction to PUSCH hoppingand PHICH mapping procedures 8.7.0 [8.8.0
15/09/09 | RP-45 |RP-090888| 246 - |Clarificationon subbandindexingin periodic CQl reporting 8.7.0 [8.8.0
15/09/09 | RP-45 |RP-090888| 247 | 2 |Correctionto DVRB operationin 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 [Introductionof LTE positioning 8.8.0 [9.0.0
01/12/09 | RP-46 [RP-091172| 254 - |Clarification of PDSCH and PRS in combination for LTE positioning|8.8.0 [9.0.0
01/12/09 | RP-46 [RP-091177| 255 | 5 [Editorialcorrectionsto 36.213 8.8.0 [9.0.0
01/12/09 | RP-46 |RP-091257| 256 | 1 [Introductionof enhancedduallayertransmission 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 | - [Introductionof LTEMBMS 8.8.0 [9.0.0
17/12/09 | RP-46 RP-091257 256 1 |Correction by MCC due to wrong implementation of CR0256r1 — [9.0.0 [9.0.1
Sentence isadded to Single-antenna port scheme clause 7.1.1
16/03/10 | RP-47 RP-100211 259 | 3 |UE behaviorwhen collisionof antennaport 7/8 withPBCHorSCH [9.0.1 [9.1.0
happenedand when distributed VRB isused with antenna port 7
16/03/10 | RP-47 [RP-100210| 260 [ 1 |MCCH change notificationusing DCI format 1C 9.0.1 [9.1.0
16/03/10 | RP-47 263 | - [Correction on PDSCHEPRE and UE-specific RS EPRE forRel-9 [9.0.1 [9.1.0
RP-100211 S
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 orRI
01/06/10 | RP-48 |RP-100590| 268 | 1 [Clarificationof PRS EPRE 9.1.0 [9.2.0
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 featuresin 36.213 9.3.0 [10.0.0
27/12/10 - - - - |Editorialchange to correct a copy/past errorin clause 7.2.2 10.0.0(10.0.1
15/03/11| RP-51 |RP-110255| 271 1 |Aclarificationforredundancy 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 - |Correctionsto Rel-10 LTE-Advancedfeaturesin 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 |Determinationof PUSCH A/N codebooksize for TDD 10.1.0[10.2.0
01/06/11 | RP-52 |RP-110823| 276 | - [Thetriggering of aperiodic SRS in DCl formats2B and 2C 10.1.0]10.2.0
01/06/11 RP-52 [RP-110819] 278 3 [Correctionsto powerheadroom 10.1.0{10.2.0
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01/06/11 | RP-52 [RP-110819| 279 | 1 |Removal of square bracketsfor 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 forsecondary cell activation anddeactivation [10.1.010.2.0
01/06/11 | RP-52 [RP-110823[ 283 [ 1 [Correctionto MCS offset formultiple TBs 10.1.0{10.2.0
01/06/11T| RP-52 |RP-110820] 286 | T [MiscellaneousCorrections 70.1.070.2.0
01/06/11 | RP-52 [RP-110819| 288 [ 1 [Correctionson UE procedure fordetermining PUCCH Assignment [10.1.010.2.0
01/06/11 | RP-52 |RP-110819| 289 | 2 |[Correction to Multi-clusterflag in DCI format 0 10.1.0]10.2.0
01/06/11| RP-52 |RP-110819] 290 | 2 [Jointtransmission of ACK/NACK and SRwith PUCCH format 3 10.1.0[10.2.0
01/06/11 | RP-52 |RP-110819| 291 3 |Correction of uplinkresource 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 CQl simultaneoustransmission in ACK/NACK 10.1.0]10.2.0
RP-110818 S
bundling in TDD
01/06/11 | RP-52 |RP-110823| 295 | - |UE specificdisablingof UL DMRS sequence hopping 10.1.0]10.2.0
017/06/11| RP-52 [RP-11082T] 296 | - [PDSCH transmission in MBSFN subframes 70.1.0(70.2.0
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 - |Powercontrol for SRand ACK/NACK with PUCCH format 3 10.1.0{10.2.0
01/06/11 | RP-52 |RP-110819 299 [ 2 |CR on powercontrol for HARQ-ACK transmission on PUCCH 10.1.0]10.2.0
01/06/11 | RP-52 [RP-110819| 300 [ 2 [Correctionto handling of search space overlap 10.1.0{10.2.0
01/06/11 [ RP-52 |pp 440819| 301 | 1 [Comection to simultaneoustransmission of SRS and PUCCH 10.1.0{10.2.0
format 2/2a/2b
01/06/11 RP-52 |pp 440819 302 | 1 [Correction for SimultaneousPUCCH and SRS Transmissionson  |10.1.010.2.0
CA
01/06/11 | RP-52 [RP-110821| 303 - [Correction on 8Tx Codebook Sub-sampling for PUCCH Mode 1-1 [10.1.0[10.2.0
01/06/11 | RP-52 304 | 1 |[Correctionson CQltype in PUCCH mode 2-1 and clarificationon [10.1.0[10.2.0
RP-110821 simultaneous PUCCH and PUSCH transmission for UL-SCH
subframe bundling
01/06/11 | RP-52 RP-110818 305 1 |Correction on UE behaviouruponreporting periodic CS| using 10.1.0{10.2.0
PUCCH Mode1-1
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 transmissionsin more than one cell 10.1.0{10.2.0
01/06/11| RP-52 |RP-110819] 310 | 1 [MiscellaneousCorrectionsforTS 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 RP-110819 312 1 Ccirretc;tion on the support of PUCCH format 3 and channel 10.1.0{10.2.0
selection
01/06/11] RP-52 313 - [Correction on UE behaviour during DM-RS transmission on 10.1.0110.2.0
RP-110821 . R
subframescarrying synchronizationsignals
01/06/11 | RP-52 [RP-110820( 314 1 ]36.213 CRon antenna selection 10.1.0{10.2.0
01/06/11| RP-52 |RP-110823| 316 | 1 [Numberof HARQ process for UL spatial multiplexing 10.1.0[10.2.0
01/06/11 | RP-52 |RP-110819| 317 - |PUCCH format 3 Fallbackprocedure in TDD 10.1.0{10.2.0
01/06/11 | RP-52 |RP-110819| 318 - |Clarificationon CSl reporting under an invaliddownlinksubframe [10.1.0[10.2.0
01/06/11 | RP-52 |RP-110819( 320 - |Multiple Aperiodic SRS Triggersfor 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 behaviourfor PDSCH reception withlimited soft bufferin CA 10.1.0{10.2.0
01706771 RP-52 323 | - [Jointtransmission of ACK/NACK and SR or CSTwith PUCCH 70.7.0[70.2.0
RP-110859 .
format 3 and channel selection
15/09/11 | RP-53 [RP-111229| 277 [ 1 |[Correction to receptionof PRS in MBSFN subframes 10.2.0{10.3.0
15/09/11| RP-53 [RP-111230] 325 | 3 [Correctionson UE procedure forreporting HARQ-ACK 10.2.0(10.3.0
15/09/11| RP-53 [RP-111230] 326 | 2 [Correctionson Physical UplinkControl Channel Procedure 10.2.0{10.3.0
15/09/11 | RP-53 |pb 111231| 331 | 1 [Correctionto uplinktransmission scheme usage forrandom access(10.2.010.3.0
response and PHICH-triggered retransmissions
15/09/11| RP-53 |RP-111229| 336 - |Correctionson transmission mode 9 10.2.0{10.3.0
15/09/11| RP-53 |RP-111230]| 339 - [Correctionson HARQ-ACK codebooksize determination 10.2.0{10.3.0
15/09/11 | RP-53 |rp_111230| 340 | . [Cormrectionson TDDPUCCH format 1b with channelselectionand |10.2.0{10.3.0
HARQ-ACK transmission on PUSCH
15709711 RP-53 [RP-111230] 341 - [Correctionson NACK generation 10.2.0]10.3.0
15/09/11| RP-53 |[RP-111230| 342 - |Correctionson powerheadroom reporting 10.2.0]10.3.0
15/09/11| RP-53 |RP-111229]| 346 - |[Correction on TBS translationtable 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 [ - |Miscellaneouscorrectionsto 36.213 10.2.0]10.3.0
15/09/11 | RP-53 [RP-111229| 349 | - [Cormrectionson 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
15/09/71] RP-53 RP-111231] 351 1 Correcho_n on UL DMRS resources for PHICH-triggered 10.2.0]10.3.0
retransmission
15/09/11 | RP-53 |RP-111230] 352 - |Clarificationon the common search space description 10.2.0{10.3.0
15/09/11 | RP-53 RP-111232| 353 1 Clarificationon ambiguous DCl information between UE-specific  [10.2.0(10.3.0
search space and common search space for DCI formats0 and 1A
15/09/11 | RP-53 RP-111229| 354 _ (F:(Ieaertijfé)(;actli(on of Reference PDSCH Powerfor CSI-RS based CSI 10.2.0]10.3.0
15/09/11| RP-53 |RP-111230| 355 | 2 |[Correctionson reporting Channel State Information 10.2.0{10.3.0
3GPP
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05/12/11 | RP-54 [RP-111669| 324 [ 3 [Accumulation of powercontrolcommandsfrom DCI format 3/3A 10.3.0(10.4.0
05/12/11 | RP-54 [RP-111666| 357 1 [|Miscellaneouscorrectionson uplinkpower control 10.3.0({10.4.0
05/12/11| RP-54 |RP-111666( 358 - |Correctionson N_c*received} 10.3.0(10.4.0
05/12/11 | RP-54 RP-111666 359 - [Correctionson TDD PUCCH format 1b with channelselectionand |10.3.010.4.0
two configured serving cells
05/12/11| RP-54 |RP-111666( 360 - |Correctionson the notationof kand k_m 10.3.0(10.4.0
05/12/11 | RP-54 [RP-111668( 361 1 |Correctionson PUCCH mode 2-1 10.3.0(10.4.0
05/12/11 | RP-54 362 | 3 [Acorrectionto PDSCH transmission assumption for CQl 10.3.0(10.4.0
RP-111668 :
calculation
05/12/11 | RP-54 [RP-111666| 363 1 |Correctionson 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 RP-111666 365 - |Clarification on the HARQ-ACK procedure of TDD UL-DL 10.3.0[10.4.0
. configuration 5
05/12/11[ RP-54 |pp 441666| 366 | 2 [Clarificationon the determination of resource forPUCCH Format  110.3.0110.4.0
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-54 368 - [Correction for A/N on PUSCH with W=1,2 in case of TDD channel [10.3.010.4.0
RP-111666 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 PMlindex 10.3.0(10.4.0
05/12/11| RP-54 [RP-111666( 371 2 |[Correction to periodic CSl reportsfor carrier aggregation 10.3.0(10.4.0
05/12/11| RP-54 |RP-111666|] 373 | 1 |[Removal of square bracketin HARQ-ACK procedure 10.3.0(10.4.0
05/12/11| RP-54 |RP-111666| 374 | 1 |[Clarificationon UE'scapability of supporting PUCCH format 3 10.3.0[10.4.0
05/12/11 | RP-54 |RP-111666( 375 1 |Clarificationsof UE behavioron PUSCH power control 10.3.0(10.4.0
28/02/12 | RP-55 [RP-120286( 376 [ 1 |[RNTIConfiguration associatedwith DL Resource Allocation Type 2|10.4.0[10.5.0
28/02/12 | RP-55 RP-120283 377 | 2 [Correction for ACK/NACK related procedure incase of TDD UL-DL [10.4.0[10.5.0
configuration0
13/06/12 | RP-56 RP-120737 378 | 3 [Correction 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 .
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 antennaselection 10.6.0(10.7.0
04/09/12 | RP-57 RP-121264 384 - | TDDHARQ-ACK procedure for PUCCH format 1b with channel 10.6.0{10.7.0
selection in carrieraggregation
04/09/12 | RP-57 |RP-121265( 385 - |CorrectionsforHandling CSI-RS patterns 10.6.0(10.7.0
04/09/12 1 RP-57 [RP-121264] 386 T [Reference serving cell for pathlossestimation 10.6.0[10.7.0
04/09/12 | RP-57 [RP-121264| 387 - |Powercontrol 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 [Introductionofan 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 parameterue-Category-v10xy 11.0.0({11.1.0
04/12/12 | RP-58 395 - [Correction of reference signal scrambling sequenceinitialization for/|11.0.0 [11.1.0
RP-121837 . s
SPSin transmission mode 7
04/12/12 | RP-58 [RP-121846( 396 - |Finalisation forintroducing Rel-11 features 11.0.0{11.1.0
26/02/13 | RP-59 [RP-130254] 398 - [Correction on UE procedure forreporting HARQ-ACK 171.1.0[11.2.0
26/02/13 | RP-59 |RP-130252 400 - |Correctionsfor SRS powerscalingin UpPTS 11.1.0[{11.2.0
26/02/13 | RP-59 RP-130252 403 - |CR on UE specific search and Common search space overlapon [11.1.0[11.2.0
) PDCCH
26/02/13 | RP-59 ([RP-130358( 404 - |Additional clarifications/correctionsforintroducing Rel-11 features |11.1.011.2.0
11/06/13 | RP-60 405 - [Correction to EPDCCH monitoring in case of cross-carrier 11.2.0({11.3.0
RP-130752 scheduling
11/06/13 | RP-60 |RP-130751| 407 | 1 |Correction on the RIbitwidth 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 |Correctionson different TDD UL-DL configurationson different 11.2.0{11.3.0
RP-130750 bands
11/06/13 | RP-60 |RP-130752| 411 - |Correction on EPDCCH PRB pairindication 11.2.011.3.0
11/06/13 | RP-60 |RP-130752| 412 - [Correction on EPDCCH hashing function 11.2.0{11.3.0
11/06/13 | RP-60 |RP-130752| 413 - [Correction on PUCCH resource determinationfor FDD EPDCCH 11.2.0({11.3.0
11/06/13 | RP-60 414 | 2 |CR onambiguityinEPDCCH decoding candidatesundertwo 11.2.0({11.3.0
RP-130752
overlapped EPDCCH resource sets
11/06/13 | RP-60 415 - |Removal of the case for spatial domain bundlingin TDD UL/DL 11.2.0({11.3.0
RP-130749 ) .
configuration0
11/06/13 | RP-60 |RP-130752| 416 - [Correctionsto EPDCCH PRB pairindication 11.2.0{11.3.0
11/06/13 1 RP-60 RP-130753 417 T [Correction to PUSCH/PUCCH transmit power after PRACH power [11.2.0[11.3.0
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 scramblingfor SPS PDSCHin TM10[11.2.011.3.0
3GPP
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Change history
Date TSG # TSG Doc. |CR |Rev |Subject/Comment Old New
11/06/13 | RP-60 |RP-130747| 421 - |CR onresolving ambiguous UE capability signaling for CoOMP 11.2.0[{11.3.0
11/06/13 | RP-60 |RP-130750| 422 - [Correction of valid downlinksubframe 11.2.0({11.3.0
11/06/13 | RP-60 RP-130749 424 - [Correction on HARQ-ACK transmission fora UE configuredwith  |11.2.0111.3.0
. PUCCH format 3
11/06/13 | RP-60 [RP-130750| 425 [ - |Correction of PHICH resource forhalf duplex TDD UE 11.2.0[11.3.0
11/06/13 | RP-60 RP-130750 426 | - [Correction on n_{HARQ}for TDD CA with differentUL-DL 11.2.0]11.3.0
configurations
11/06/13 | RP-60 427 - [Correction on implicitHARQ-ACK resource determination for 11.2.0{11.3.0
RP-130750 PUCCH format 1b with channel selectionfor 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 forEPDCCH Search Space 11.3.0(11.4.0
03/09/13 | RP-61 |RP-131250] 433 | - [Correction to QCL behaviouron 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 |RP-131248| 435 | - [Correctionon the ratio of PDSCHEPRE to CRS EPRE forTM10 [11.3.0[11.4.0
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 behaviourin case of collisionbetween PRS  [11.3.011.4.0
and EPDCCHin different CP case
03/09/13 | RP-61 RP-131249 438 - |On correction to higherlayer parametername for EPDCCH 11.3.0(11.4.0
resource mapping
03/09/13 | RP-61 |RP-131248( 439 - |Correction to PDSCH mapping for CoMP 11.3.0(11.4.0
3GPP
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