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

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

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

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

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

The present document specifies and establishes the characteristics of the physical layer procedures for control
operations in 5G-NR.

2 References

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

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

[2] 3GPP TS 38.201: "NR; Physical Layer — General Description"

[3] 3GPP TS 38.202: "NR; Services provided by the physical layer"

[4] 3GPP TS 38.211: "NR; Physical channels and modulation"

[5] 3GPP TS 38.212: "NR; Multiplexing and channel coding"

[6] 3GPP TS 38.214: "NR; Physical layer procedures for data"

[7] 3GPP TS 38.215: "NR; Physical layer measurements"

[8-1] 3GPP TS 38.101: "NR; User Equipment (UE) radio transmission and reception; Part 1: Range 1
Standalone"

[8-2] 3GPP TS 38.101-2: "NR; User Equipment (UE) radio transmission and reception; Part 2: Range 2
Standalone"

[8-3] 3GPP TS 38.101-3: "NR; User Equipment (UE) radio transmission and reception; Part 3: Range 1
and Range 2 Interworking operation with other radios"

[9] 3GPP TS 38.104: "NR; Base Station (BS) radio transmission and reception"”

[10] 3GPP TS 38.133: "NR; Requirements for support of radio resource management"

[11] 3GPP TS 38.321: "NR; Medium Access Control (MAC) protocol specification"

[12] 3GPP TS 38.331: "NR; Radio Resource Control (RRC); Protocol specification"

[13] 3GPP TS 36.213: "Evolved Universal Terrestrial Radio Access (E-UTRA); Physical layer
procedures"

Samsung Electronics Co., Ltd. v. Asus Tech. Licensing 3GPP EX-1008, 6 of 77
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3 Definitions, symbols and abbreviations
3.1

For the purposes of the present document, the terms and definitions given in [1, TR 21.905] and the following apply. A
term defined in the present document takes precedence over the definition of the same term, if any, in [1, TR 21.905].

3.2

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

3.3

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

Definitions

Symbols

Abbreviations

BWP Bandwidth part

CB Code block

CBG Code block group

CCE Control channel element

CRC Cyclic redundancy check

CSI Channel state information

DAI Downlink assignment index

DC Dual connectivity

DCI Downlink control information

DL Downlink

DL-SCH Downlink shared channel

EPRE Energy per resource element
EN-DC E-UTRA NR dual connectivity with MCG using E-UTRA and SCG using NR
FR Frequency range

GSCN Global synchronization channel number
HARQ-ACK  Hybrid automatic repeat request acknowledgement
MCG Master cell group

MCS Modulation and coding scheme
PBCH Physical broadcast channel

PCell Primary cell

PDCCH Physical downlink control channel
PDSCH Physical downlink shared channel
PRACH Physical random access channel
PRG Physical resource block group
PSCell Primary secondary cell

PSS Primary synchronization signal
PUCCH Physical uplink control channel
PUCCH-SCell PUCCH SCell

PUSCH Physical uplink shared channel
RB Resource block

RE Resource element

RRM Radio resource management

RS Reference signal

RSRP Reference signal received power
SCG Secondary cell group

SFN System frame number

SPS Semi-persistent scheduling

SR Scheduling request

SRI SRS resource indicator

SRS Sounding reference signal

SSS Secondary synchronization signal
TA Timing advance

TAG Timing advance group

Samsung Electronics Co., Ltd. v. Asus Tech. Licensing
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ucCl Uplink control information
UE User equipment

UL Uplink

UL-SCH Uplink shared channel

Samsung Electronics Co., Ltd. v. Asus Tech. Licensing 3GPP EX-1008, 8 of 77
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4 Synchronization procedures
4.1 Cell search

Cell search is the procedure by which a UE acquires time and frequency synchronization with a cell and detects the
physical layer Cell ID of that cell.

A UE receives the following synchronization signals (SS) in order to perform cell search: the primary synchronization
signal (PSS) and secondary synchronization signal (SSS) as defined in [4, TS 38.211].

A UE shall assume that reception occasions of a physical broadcast channel (PBCH), PSS, and SSS are in consecutive
symbols, as defined in [4, TS 38.211], and form a SS/PBCH block. The UE shall assume that SSS, PBCH DM-RS, and
PBCH data have the same EPRE. The UE may assume that the ratio of PSS EPRE to SSS EPRE in a SS/PBCH block in
a corresponding cell is either 0 dB or 3 dB.

For a half frame with SS/PBCH blocks, the first symbol indexes for candidate SS/PBCH blocks are determined
according to the subcarrier spacing of SS/PBCH blocks as follows.

- Case A - 15 kHz subcarrier spacing: the first symbols of the candidate SS/PBCH blocks have indexes of {2, 8} +
14*n. For carrier frequencies smaller than or equal to 3 GHz, n=0, 1. For carrier frequencies larger than 3 GHz
and smaller than or equal to 6 GHz, n=0, 1, 2, 3.

- Case B - 30 kHz subcarrier spacing: the first symbols of the candidate SS/PBCH blocks have indexes {4, 8, 16,
20} + 28*n. For carrier frequencies smaller than or equal to 3 GHz, n=0. For carrier frequencies larger than 3
GHz and smaller than or equal to 6 GHz, n=0, 1.

- Case C - 30 kHz subcarrier spacing: the first symbols of the candidate SS/PBCH blocks have indexes {2, 8} +
14*n. For carrier frequencies smaller than or equal to 3 GHz, n=0, 1. For carrier frequencies larger than 3 GHz
and smaller than or equal to 6 GHz, n=0, 1, 2, 3.

- Case D - 120 kHz subcarrier spacing: the first symbols of the candidate SS/PBCH blocks have indexes {4, 8, 16,
20} + 28*n. For carrier frequencies larger than 6 GHz, n=0, 1, 2, 3, 5, 6, 7, 8, 10, 11, 12, 13, 15, 16, 17, 18.

- Case E - 240 kHz subcarrier spacing: the first symbols of the candidate SS/PBCH blocks have indexes {8, 12,
16, 20, 32, 36, 40, 44} + 56*n. For carrier frequencies larger than 6 GHz, n=0, 1, 2,3, 5,6, 7, 8.

The candidate SS/PBCH blocks in a half frame are indexed in an ascending order in time from 0 to L—1. A UE shall
determine the 2 LSB bits, for L =4, or the 3 LSB bits, for L >4, of a SS/PBCH block index per half frame from a one-
to-one mapping with an index of the DM-RS sequence transmitted in the PBCH. For L =64, the UE shall determine
the 3 MSB bits of the SS/PBCH block index per half frame by PBCH payload bits a-_.,a-,,a-,, as described in [4,

1452 Y060 Qg
TS 38.212].

A UE can be configured by higher layer parameter SSB-transmitted-SIB1, indexes of SS/PBCH blocks for which the
UE shall not receive other signals or channels in REs that overlap with REs corresponding to the SS/PBCH blocks. A
UE can also be configured per serving cell, by higher layer parameter SSB-transmitted, indexes of SS/PBCH blocks for
which the UE shall not receive other signals or channels in REs that overlap with REs corresponding to the SS/PBCH
blocks. A configuration by SSB-transmitted overrides a configuration by SSB-transmitted-SIB1. A UE can be
configured per serving cell by higher layer parameter SSB-periodicityServingCell a periodicity of the half frames for
reception of SS/PBCH blocks per serving cell. If the UE is not configured a periodicity of the half frames for receptions
of SS/PBCH blocks, the UE shall assume a periodicity of a half frame. A UE shall assume that the periodicity is same
for all SS/PBCH blocks in the serving cell.

For initial cell selection, a UE may assume that half frames with SS/PBCH blocks occur with a periodicity of 2 frames.
Upon detection of a SS/PBCH block, the UE determines that a control resource set for Type0-PDCCH common search

space is present if kggp <23 [4, TS 38.211] for FR1 and if kg <11 for FR2. The UE determines that a control
resource set for Type0-PDCCH common search space is not present if kg >23 for FR1 and if kg >11 for FR2.

For a serving cell without transmission of SS/PBCH blocks, a UE acquires time and frequency synchronization with the

serving cell based on receptions of SS/PBCH blocks on the PCell, or on the PSCell, of the cell group for the serving
cell.

Samsung Electronics Co., Ltd. v. Asus Tech. Licensing 3GPP EX-1008, 9 of 77
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4.2 Transmission timing adjustments

If a UE is configured with two UL carriers in a serving cell, a same value of Ny, . applies to both carriers. The value

of Ny o 18 determined from the non-supplementary UL carrier. Ny, g 18 described in [10, TS 38.133].

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

The UL transmission timing for PUSCH/SRS of a secondary cell is the same as the primary cell if the secondary cell
and the primary cell belong to the same TAG. If the primary cell in a TAG operates with paired DL/UL spectrum and a
secondary cell in the same TAG operates with unpaired DL/UL spectrum, a UE may assume that N, =25560 for FR1

and N;, >13763 for FR2 [10, TS 38.133].

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

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

Upon reception of a timing advance command or a timing adjustment indication for a TAG not containing the primary
cell or PSCell, if a serving cell in the TAG has a different duplex mode type compared to the duplex mode type of
another serving cell in the same TAG, the UE shall adjust uplink transmission timing for PUSCH/SRS of all the
secondary cells in the TAG by using Np, e = 25560 for FR1 and Ny, g =13763 for FR2 regardless of the duplex

mode type of the serving cells and based on the received timing advance command or a timing adjustment indication
where the UL transmission timing for PUSCH /SRS is the same for all the secondary cells in the TAG.

The timing adjustment indication specified in [12, TS 38.331] indicates the initial N, used for a TAG. For a subcarrier

spacing of 2# -15 kHz, the timing advance command for a TAG indicates the change of the uplink timing relative to the
current uplink timing for the TAG as multiples of 16-64-T, / 2# . The start timing of the random access preamble is
specified in [4, TS 38.211].

In case of random access response, a timing advance command [11, TS 38.321], 7, , for a TAG indicates N, values
by index values of T, =0, 1, 2, ..., 3846, where an amount of the time alignment for the TAG for subcarrier spacing of

2“.15 kHz is given by N,, =T, -16-64/2* . N, is defined in [4, TS 38.211] and is relative to the subcarrier spacing
of the first uplink transmission from the UE after the reception of the random access response.

In other cases, a timing advance command [11, TS 38.321], 7, , for a TAG indicates adjustment of the current N,

value, Ny, 4, to the new Ny, value, N; by index values of 7, =0, 1, 2...., 63, where for a subcarrier spacing of

‘A_new >
2415 kKHz, Npp pe = Npp ot (T, —31)-16-64/2* . If a UE has multiple active UL BWPs in a same TAG, including
UL BWPs in two UL carriers of a serving cell, the timing advance command value is relative to the larger subcarrier

spacing of the multiple active UL BWPs. The applicable N, value for an UL BWP with lower subcarrier spacing

‘A_new

may be rounded to align with the timing advance granularity for the UL BWP with the lower subcarrier spacing..

Adjustment of N, value by a positive or a negative amount indicates advancing or delaying the uplink transmission
timing for the TAG by a given amount, respectively.

For a timing advance command received on slot 7, the corresponding adjustment of the uplink transmission timing
applies from the beginning of slot n+ 6. If the received downlink timing changes and is not compensated or is only
partly compensated by the uplink timing adjustment without timing advance command as specified in [10, TS 38.133],
the UE changes N;, accordingly.

If two adjacent slots overlap due to a TA command, the latter slot is reduced in duration relative to the former slot.

Samsung Electronics Co., Ltd. v. Asus Tech. Licensing 3GPP EX-1008, 10 of 77
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4.3 Timing for secondary cell activation / deactivation

When a UE receives an activation command [11, TS 38.321] for a secondary cell in slot #, the corresponding actions in
[11, TS 38.321] shall be applied no later than the minimum requirement defined in [12, TS 38.331] and no earlier than
slot ntk, except for the following:

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

- the actions related to the sCellDeactivationTimer associated with the secondary cell [11, TS 38.321]
which shall be applied in slot n+k

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

When a UE receives a deactivation command [11, TS 38.321] for a secondary cell or the sCellDeactivationTimer
associated with the secondary cell expires in slot n, the corresponding actions in [11, TS 38.321] shall apply no later
than the minimum requirement defined in [10, TS 38.133], except for the actions related to CSI reporting on a serving
cell which is active which shall be applied in slot n+k.

3 Radio link monitoring

The downlink radio link quality of the primary cell shall be monitored by a UE for the purpose of indicating out-of-
sync/in-sync status to higher layers. The UE is not required to monitor the downlink radio link quality in DL BWPs
other than the active DL BWP on the primary cell.

If the UE is configured with a SCG, as described in [12, TS 38.331], and the parameter rlf-TimersAndConstantsSCG is
provided by the higher layers and is not set to release, the downlink radio link quality of the PSCell of the SCG shall be
monitored by the UE for the purpose of indicating out-of-sync/in-sync status to higher layers. The UE is not required to
monitor the downlink radio link quality in DL BWPs other than the active DL BWP, as described in Subclause 12, on
the PSCell.

A UE can be configured for each SpCell [11, TS 38.321] with a set of resource indexes for radio link monitoring by
higher layer parameter RLM-RS-List. The UE is provided by higher layer parameter RLM-RS an association between a
resource index, from the set of resource indexes, with either a CSI-RS resource configuration or a SS/PBCH block. For
a CSI-RS resource configuration, the UE is provided a corresponding index by higher layer parameter RLM-CSIRS. The
higher layer parameters CSI-IM-RE-pattern, CSI-IM-Resource, CSI-IM-Resourceld, CSI-IM-timeConfig, CSI-IM-
FreqBand, CSI-IM-ResourceMapping, and Pc_SS in the CSI-RS configuration are not applicable. In CSI-RS resource
configuration, a UE expects to be provided only 'No CDM' from higher layer parameter CDM-Type, only '1' and '3'
from higher layer parameter density, and only 'l port' from higher layer parameter nrofPorts [6, TS 38.214]. For a
SS/PBCH block, the UE is provided a corresponding index by higher layer parameter RLM-SSB.

In non-DRX mode operation, the physical layer in the UE shall assess once per indication period the radio link quality,
evaluated over the previous time period defined in [10, TS 38.133] against thresholds (Qou and Qi) configured by
higher layer parameter RLM-1S-OOS-thresholdConfig. The UE determines the indication period as the maximum
between the shortest periodicity for radio link monitoring resources and 10 msec.

In DRX mode operation, the physical layer in the UE shall assess once per indication period the radio link quality,
evaluated over the previous time period defined in [10, TS 38.133], against thresholds (Qou and Qin). The UE
determines the indication period as the maximum between the shortest periodicity for radio link monitoring resources
and the DRX period.

The physical layer in the UE shall in frames where the radio link quality is assessed indicate out-of-sync to higher
layers when the radio link quality is worse than the threshold Qo for all resources in the set of resources for radio link
monitoring. When the radio link quality is better than the threshold Qj, for any resource in the set of resources for radio
link monitoring, the physical layer in the UE shall in frames where the radio link quality is assessed indicate in-sync to
higher layers.
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6 Link reconfiguration procedures

A UE can be configured, for a serving cell, with a set g, of periodic CSI-RS resource configuration indexes by higher
layer parameter Beam-Failure-Detection-RS-ResourceConfig and with a set g, of CSI-RS resource configuration
indexes and/or SS/PBCH block indexes by higher layer parameter Candidate-Beam-RS-List for radio link quality
measurements on the serving cell. If the UE is not provided with higher layer parameter Beam-Failure-Detection-RS-
ResourceConfig, the UE determines the set g, to include SS/PBCH block indexes and periodic CSI-RS resource
configuration indexes with same values as the RS indexes in the RS sets indicated by the TCI states for respective
control resource sets that the UE is configured for monitoring PDCCH. The UE expects single port RS in the set g,.

The thresholds Qou,rr and Qinr correspond to the default value of higher layer parameter RLM-1S-OOS-
thresholdConfig and Beam-failure-candidate-beam-threshold, respectively..

The physical layer in the UE shall assess the radio link quality according to the set g, of resource configurations
against the threshold Qoutr [10, TS 38.133]. For the set g, , the UE shall assess the radio link quality only according to

periodic CSI-RS resource configurations or SS/PBCH blocks that are quasi co-located, as described in [6, TS 38.214],
with the DM-RS of PDCCH receptions DM-RS monitored by the UE. The UE applies the Qin1r threshold to the L1-
RSRP SS/PBCH blocks. The UE applies the Qinrr threshold to the L1-RSRP for the CSI-RS resource after scaling a
respective CSI-RS reception power with a value provided by higher layer parameter Pc_SS.

The physical layer in the UE shall, in slots where the radio link quality according to the set g, is assessed, provide an
indication to higher layers when the radio link quality for all corresponding resource configurations in the set g, that
the UE uses to assess the radio link quality is worse than the threshold Qou,Lr. The physical layer informs the higher
layers when the radio link quality is worse than the threshold QouLr With a periodicity determined by the maximum
between the shortest periodicity of periodic CSI-RS configurations or SS/PBCH blocks in the set g, and X.

Upon request from higher layers, the UE shall provide to higher layers the periodic CSI-RS configuration indexes
and/or SS/PBCH block indexes from the set g, and the corresponding L1-RSRP measurements that are larger than or

equal to Qin,r-

A UE is configured with one control resource set by higher layer parameter Beam-failure-Recovery-Response-
CORESET and with an associated search space provided by higher layer parameter search-space-config, as described in
subcaluse 10.1, for monitoring PDCCH in the control resource set. The UE may receive from higher layers, by
parameter Beam-failure-recovery-request-RACH-Resource, a configuration for a PRACH transmission as described in
Subclause 8.1. For PRACH transmission in slot » and according to antenna port quasi co-location parameters
associated with periodic CSI-RS configuration or SS/PBCH block with index ¢, , the UE monitors PDCCH for

detection of a DCI format with CRC scrambled by C-RNTI starting from slot #n+4 within a window configured by
higher layer parameter Beam-failure-recovery-request-window, and . For PDSCH reception, the UE assumes the same
antenna port quasi-collocation parameters as for monitoring PDCCH until the UE receives by higher layers an
activation for a TCI state or a parameter TCI-StatesPDCCH. The UE determines the index g¢,.,, based on TBD.

7 Uplink Power control

Uplink power control determines the transmit power of the different uplink physical channels or signals.

7.1 Physical uplink shared channel

For PUSCH, a UE first scales a linear value é’USCH,]',c (i,7,4451) of the transmit power Ppysey ;. (65 /5q,,/) on UL BWP

b , as described in Subclause 12, of carrier f* of serving cell ¢, with parameters as defined in Subclause 7.1.1, by the

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

If a UE transmits a PUSCH on UL BWP b of carrier f of serving cell ¢ using parameter set configuration with index
J and PUSCH power control adjustment state with index /, the UE shall determine the PUSCH transmission power
Poysca, 1B J>94,1) in PUSCH transmission period i as

PCMAX,_/,c @,

Bouscn e (b5 J>q,,1) = min ) — ) ) ] [dBm]
POfPUSCH,f,c(]) +10log,,(2* MEBJS/CLH @M+ . (- PLf,L'(qd) + ATF,/;<»(1) + ff,c @0

where,

- Foyax (i) is the configured UE transmit power defined in [8-1, TS 38.101-1] and [8-2, TS38.101-2] for carrier

f of serving cell ¢ in PUSCH transmission period i .

= Py puscn, (/) 18 a parameter composed of the sum of a component Py yovinar pusch, 7o (/) @nd a component

Py ve puscr e () where je {O, 1L..,,J— 1}.

- Ifa UE is not provided with higher layer parameter pO-pusch-alpha-setconfig, j =0, Py g pyscu . (0) =0,
and A 0 NOMINAL PUSCH, f.c 0)="F, orre T A preavpLe  Msg3 » where the parameter
preamblelnitialReceivedTargetPower [11, TS 38.321] (for F, pyg ) and Delta-preamble-msg3 (for

Apreavsie wse3 ) @re provided by higher layers for carrier f of serving cell c.

- For a PUSCH (re)transmission corresponding to a UL-TWG-typel configuration or a UL-TWG-type2
configuration, j=1, B, youmar puscu s (1) 18 provided by higher layer parameter p0-nominal-pusch-

withouigrant, and P, (1) is provided by higher layer parameter pOalphasetindex, in UL-TWG-

UE_PUSCH, f,¢
Typel or UL-TWG-Type? respectively, providing an index to a set of higher layer parameters p0-pusch-
alpha-set provided by higher layer parameter pO-pusch-alpha-setconfig for UL BWP b of carrier f of
serving cell c.

- Forjef2,...J-1}=5,,a Py nommar._pusch, s (/) value, applicable for all je S, , is provided by higher
layer parameter pO-nominal-pusch-withgrant for each carrier f of serving cell ¢ and a set of
Py e puscu. .. (/) values are provided by a set of higher layer parameters p0-pusch-alpha-set in pO-push-

alpha-setconfig and a respective set of indexes provided by higher layer parameter pOalphasetindex for UL
BWP b of carrier f of serving cell c.

- Ifthe UE is provided a higher layer parameter SRI-POAIphaSetindex-Mapping, the UE obtains a mapping
between a set of values for the SRI field in DCI format 0_1 [5, TS 38.212] and a set of indexes provided
by higher layer parameter pOalphasetindex that map to a set of p0-pusch-alpha-set values provided by
higher layer parameter pO-push-alpha-setconfig. If the PUSCH transmission is scheduled by a DCI format
0_1 and if the DCI format 0_1 includes a SRI field, the UE determines the values of P p pyscu s 7. (/)

from the pOalphasetindex value that is mapped to the SRI field value.

- If the PUSCH transmission is scheduled by a DCI format 0_0 or by a DCI format 0_1 that does not
include a SRI field, or if a higher layer parameter SRI-P0AlphaSetIndex-Mapping is not provided to the
UE, the UE determines B, i pyscus. s (/) from the first pO-pusch-alpha-set in p0O-pusch-alpha-setconfig

forall jeS,.

- For e, ,.())

- For j=0, a,,.(0)=1.
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- For j=1, &, , (1) is provided by higher layer parameter pOalphasetindex in UL-TWG-Typel or UL-TWG-
Type2, providing an index to a set of higher layer parameters pO-pusch-alpha-set provided by higher layer
parameter p0-pusch-alpha-setconfig for UL BWP b of carrier f of serving cell c.

- For je§,,asetof o, ,.(j) values are provided by a set of higher layer parameters p0-pusch-alpha-set in

pO-push-alpha-setconfig and a respective set of indexes by higher layer parameter pOalphasetindex for UL
BWP b of carrier f of serving cell c.

- Ifthe UE is provided a higher layer parameter SRI-POAIphaSetindex-Mapping, the UE obtains a mapping
between a set of values for the SRI field in DCI format 0_1 [5, TS 38.212] and a set of indexes provided
by higher layer parameter pOalphasetindex that map to a set of p0-pusch-alpha-set values provided by
higher layer parameter pO-push-alpha-setconfig. If the PUSCH transmission is scheduled by a DCI format
0_1 and if the DCI format 0_1 includes a SRI field, the UE determines the values of «, , (/) from the

pOalphasetindex value that is mapped to the SRI field value.

- If the PUSCH transmission is scheduled by a DCI format 0_0 or by a DCI format 0 1 that does not
include a SRI field, or if a higher layer parameter SRI-P0AlphaSetIndex-Mapping is not provided to the
UE, the UE determines ¢, , (/) from the first pO-pusch-alpha-set in p0-pusch-alpha-setconfig for all

JjeS,.

M ;gi??c(i) is the bandwidth of the PUSCH resource assignment expressed in number of resource blocks for

PUSCH transmission period i on UL BWP b of carrier f of serving cell ¢ and g is defined in [4, TS
38.211].

- PL,,.(q,)is a downlink path-loss estimate in dB calculated by the UE using reference signal (RS) resource g,

for UL BWP b of carrier f of serving cell ¢ . If the UE is not provided with higher layer parameter pusch-

pathloss-Reference-rs and before the UE is provided with dedicated higher layer parameters, the UE identifies a
RS resource from the SS/PBCH block that the UE obtains from higher layer parameter MasterInformationBlock.
Otherwise, the UE is configured with a number of RS resources by higher layer parameter num-pusch-
pathlossReference-rs and a respective set of RS configurations for the number of RS resources is provided by
higher layer parameter pusch-pathloss-Reference-rs that includes one or both of a set of SS/PBCH block indexes
provided by higher layer parameter pusch-pathlossReference-SSB and a set of CSI-RS configuration indexes
provided by higher layer parameter pusch-pathlossReference-CSIRS. The UE identifies a RS resource in the set
of RS resources to correspond to a SS/PBCH block or to a CSI-RS configuration as provided by higher layer
parameter pusch-pathlossreference-index in pusch-pathlossReference-rs-config.

- Ifthe UE is provided a higher layer parameter SRI-PathlossReferencelndex-Mapping, the UE obtains a
mapping between a set of values for the SRI field in DCI format 0_1 and a set of pusch-pathlossreference-
index values provided by higher layer parameter pusch-pathlossReference-rs-config. If the PUSCH
transmission is scheduled by a DCI format 0_1 and if the DCI format 0_1 includes a SRI field, the UE
determines the RS resource g, from the value of pusch-pathlossreference-index that is mapped to the SRI

field value.

- If the PUSCH transmission is scheduled by a DCI format 0_0 or by a DCI format 0_1 that does not include a
SRI field, or if a higher layer parameter SRI-PathlossReferencelndex-Mapping is not provided to the UE, the
UE determines a RS resource with a respective higher layer parameter pusch-pathlossreference-index value
being equal to zero.

- For a PUSCH (re)transmission corresponding to a UL-TWG-typel configuration, a RS resource g, is
provided by higher layer parameter UL-TWG-pathlossreference-index.

- For a PUSCH (re)transmission corresponding to a UL-TWG-type2 configuration, the UE determines the RS
resource g, from the value of pusch-pathlossreference-index that is mapped to the SRI field value in the
DCI format activating the PUSCH transmission. If the DCI format activating the PUSCH transmission does
not include a SRI field, the UE determines a RS resource with a respective higher layer parameter pusch-
pathlossreference-index value being equal to zero.
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PL, .(q,) = referenceSignalPower — higher layer filtered RSRP, where referenceSignalPower is provided by

higher layers and RSRP is defined in [7, TS 38.215] for the reference serving cell and the higher layer filter
configuration is defined in [12, TS 38.331] for the reference serving cell.

For j =0, referenceSignalPower is configured by higher layer parameter SS-PBCHBlockPower. For j >0,

referenceSignalPower is configured by either higher layer parameter SS-PBCHBlockPower or, when periodic
CSI-RS transmission is configured, by higher layer parameter Pc-SS providing an offset of the CSI-RS
transmission power relative to the SS/PBCH block transmission power [6, TS 38.214].

- ATF)/.#(i)=1010g10((2}3PRE'Ks —1)~ ff‘fiifH) for Ky =125 and Ay, (i)=0 for Ky =0 where K is provided

by higher layer parameter deltaMCS-Enabled provided for each UL BWP b of each carrier f and serving cell

PUSCH

c. If the PUSCH transmission is over more than one layer [6, TS 38.214], Ay , .())=0. BPRE and [z »

for each UL BWP b of each carrier f and each serving cell ¢, are computed as below.

c-l
- BPRE= Z K,/ Ny for PUSCH with UL-SCH data and BPRE = O, / Ny for CSI transmission in a
r=0

PUSCH without UL-SCH data, where

- C is the number of code blocks, K, is the size for code block 7, O, is the number of CSI part 1 bits
including CRC bits, and N, is the number of resource elements determined as

Ny =M g5 (i) Noowtt (i) excluding REs used for DM-RS transmission, where N[2/' (/) is the number

of symbols for PUSCH transmission period i on UL BWP b of carrier f of serving cell ¢ and C, K,
are defined in [5, TS 38.212].

- BB =1 when the PUSCH includes UL-SCH data and Sl = Biost , as described in Subclause 9.3,

offset o offset >

when the PUSCH includes CSI and does not include UL-SCH data.

- For the PUSCH power control adjustment state for UL BWP b of carrier f* of serving cell ¢ in PUSCH
transmission period i

- Opuscrse (= Kpyscn» 1) is a correction value, also referred to as a TPC command, and is included in a PDCCH
with DCI format 0_0 or DCI format 0_1 that schedules the PUSCH transmission period i on UL BWP b of
carrier f of serving cell ¢ or jointly coded with other TPC commands in a PDCCH with DCI format 2_2

having CRC parity bits scrambled by TPC-PUSCH-RNTI that is last received by the UE prior to the PUSCH
transmission;

- le {O, 1} if the UE is configured with higher layer parameter num-pusch-pcadjustment-states; otherwise,
[=0.

- For a PUSCH (re)transmission corresponding to a UL-TWG-typel configuration or a UL-TWG-type2
configuration, the value of /e {0, 1} is provided to the UE by higher layer parameter PUSCH-closed-

loop-index;
- Ifthe UE is provided a higher layer parameter SRI-PUSCHClosedLooplIndex-Mapping, the UE
obtains a mapping between a set of values for the SRI field in DCI format 0_1 and the ! value(s). If

the PUSCH transmission is scheduled by a DCI format 0 1 and if DCI format 0_1 includes a SRI
field, the UE determines the / value that is mapped to the SRI field value;

- If the PUSCH transmission is scheduled by a DCI format 0_0 or by a DCI format 0 1 that does not
include a SRI field, or if a higher layer parameter SRI-PUSCHClosedLoopIndex-Mapping is not
provided to the UE, /=0.

- Sre@D =1 =10+ Opysen o (= Kpysen»!) is the PUSCH power control adjustment state for UL BWP b

of carrier f of serving cell ¢ and PUSCH transmission period i if accumulation is enabled based on the
parameter Accumulation-enabled provided by higher layers, where
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- Opuscise (T — Kpyscn»!) = 0 dB if the UE does not detect a TPC command for UL BWP b of carrier f* of

serving cell c¢.

- If the PUSCH transmission is in response to a PDCCH decoding with DCI format 0_0 or DCI format 0 1,
or 2_2 having CRC parity bits scrambled by TPC-PUSCH-RNTI, the respective Spyscy . accumulated

values are given in Table 7.1.1-1.

- Ifthe UE has reached Py, s (1) for UL BWP b of carrier f* of serving cell ¢, positive TPC

commands for UL BWP b of carrier f of serving cell ¢ shall not be accumulated.

- If UE has reached minimum power for UL BWP b of carrier f of serving cell ¢, negative TPC

commands for UL BWP b of carrier f of serving cell ¢ shall not be accumulated.
- A UE shall reset accumulation for UL BWP b of carrier f of serving cell ¢

- When P

0_UE_PUSCH, f ¢

(j) value is changed by higher layers;
- When Py g pyscu s (J) value is received by higher layers and serving cell ¢ is a secondary cell;
- When a, (/) value is changed by higher layers;

- If the higher layer parameters SRI-PUSCHClosedLoopIndex-Mapping and SRI-P0AlphaSetIndex-
Mapping are provided, the UE determines the value of / from the value of ; based on the respective

mappings to a same SRI value as provided by the higher layer parameters.

- f5.7.(0,)=0 is the first value after reset of accumulation.

- 16D = 6pysen o (1= Kpyscn» 1) is the PUSCH power control adjustment state for UL BWP b of carrier f
of serving cell ¢ and PUSCH transmission period i if accumulation is not enabled based on the parameter
Accumulation-enabled provided by higher layers, where
- If the PUSCH transmission is in response to a PDCCH decoding with DCI format 0_0 or DCI format 0_1,

or 2_2 having CRC parity bits scrambled by TPC-PUSCH-RNTI, the respective Jpygcyy. absolute values
are given in Table 7.1.1-1.

- fr.@GD=f;.(i-11) fora PUSCH transmission period where the UE does not detect a DCI format 0_0

or DCI format 0_1, or 2_2 having CRC parity bits scrambled by TPC-PUSCH-RNTI UL BWP b of for
carrier f of serving cell c.

- If the UE receives the random access response message for UL BWP b of carrier f of serving cell ¢
- fﬂc (0’ l) = Aprampuﬂf,c + 5msg2,)",c > Where

12

se2.rc 18 the TPC command indicated in the random access response grant of the random access

response message corresponding to the random access preamble transmitted for carrier f in the

serving cell ¢, and

101og;y (2 - My, (0))

TOAP e = min| 4 max 0, Poviax,re —| + Fo puscii, s )+ . (0)-PL, B rampuprequested ¢ and
+ ATF./,(‘ )+ 5nmg2./,(‘
AP, ouprequesied s 1S Provided by higher layers and corresponds to the total power ramp-up requested

by higher layers from the first to the last random access preamble for carrier f in the serving cell ¢,

PUSCH
M RB,fc

blocks for the first PUSCH transmission on UL BWP b of carrier f of serving cell ¢, and

(0) is the bandwidth of the PUSCH resource assignment expressed in number of resource
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Asp ;.(0) is the power adjustment of first PUSCH transmission on UL BWP b of carrier f of

serving cell c.

Table 7.1.1-1: Mapping of TPC Command Field in DCI format 0_0, DCI format 0_1, or DCI format 2_2,
having CRC parity bits scrambled by TPC-PUSCH-RNTI, or DCI format 2_3 , to absolute and
accumulated &, values

TPC Command Field | Accumulated Jpyscy, OF Oggs,, s [dB] | Absolute Opusciie OF Osrsyp, 7 [dB]
0 1 4
1 0 -1
2 1 1
3 3 4

7.2 Physical uplink control channel

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

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

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

- When the procedures are applied for the primary PUCCH group, the term 'serving cell' in this subclause refers to
serving cell belonging to the primary PUCCH group.

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

7.2.1 UE behaviour

If a UE transmits a PUCCH on UL BWP b of carrier f in the primary cell ¢ using PUCCH power control adjustment
state with index /, the UE shall determine the PUCCH transmission power Foyccn /. (i59,,44,1) in PUCCH

transmission period i as

Fonax. s (D)
Py vucenp. s (4,)+1 0log,,(2* - Mfzgcbc;-lc(l)) +PL, ; (q,)+Ag pucen (F)"' Avey @D+ g, .00
[dBm]

Bovcenp, e (:9,:9450) = min{

where

Feviax s (@) is the configured UE transmit power defined in [8-1, TS 38.101-1] and [8-2, TS38.101-2] for carrier

f of serving cell ¢ in PUCCH transmission period i .

- B pucenyso(4,) is a parameter composed of the sum of a component Py nominar pucch » Provided by higher
layer parameter PO-nominal-PUCCH for carrier f of primary cell ¢, and a component B, g pycen(q,)
provided by higher layer parameter PO-PUCCH for UL BWP b of carrier f of primary cell ¢, where
0<q,<Q,. 0, isasize foraset of F, g pyccy values provided by higher layer parameter num-p0-pucch. The

set of By, yg pyccn values is provided by higher layer parameter pO-pucch-set.
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- If the UE is provided higher layer parameters POPUCCHIndex-Mapping and PUCCH-Spatial-relation-info,
the UE obtains a mapping between a set of PUCCH-Spatial-relation-info values and a set of PO-PUCCH
values provided by higher layer parameter p0-pucch-set from higher layer parameters POPUCCHIndex-
Mapping. If the UE receives an activation command [11, TS 38.321] indicating a value of PUCCH-Spatial-
relation-info, the UE determines the value of PO-PUCCH that is mapped to the PUCCH-Spatial-relation-info
value.

- Ifthe UE is not provided higher layer parameter POPUCCHIndex-Mapping or PUCCH-Spatial-relation-info,
the UE obtains the PO-PUCCH value from the first value in p0-pucch-set.

M II{)EEL/HC (i) is the bandwidth of the PUCCH resource assignment expressed in number of resource blocks for

PUCCH transmission period i on UL BWP b of carrier f of serving cell ¢ and  is defined in [4, TS
38.211].

- PL,.(q,)is adownlink path-loss estimate in dB calculated by the UE for UL BWP b of carrier f of the

primary cell ¢ . If the UE is not provided with higher layer parameter pucch-pathloss-Reference-rs and before
the UE is provided with dedicated higher layer parameters, the UE calculates PL, ,.(q,) using a RS resource

obtained from the SS/PBCH block that the UE obtains higher layer parameter MasterInformationBlock.
Otherwise, the UE calculates PL, ,.(q,) using RS resource g, , where 0< g, <Q,. Q, is a size for a set of RS

resources provided by higher layer parameter num-pucch-pathlossReference-rs. The set of RS resources is
provided by higher layer parameter pucch-pathlossReference-rs. The set of RS resources can include one or both
of a set of SS/PBCH block indexes provided by higher layer parameter pucch-pathlossReference-SSB and a set
of CSI-RS configuration indexes provided by higher layer parameter pucch-pathlossReference-CSIRS. The UE
identifies a RS resource in the set of RS resources to correspond to a SS/PBCH block or to a CSI-RS
configuration as provided by higher layer parameter pucch-pathlossreference-index.

- Ifthe UE is provided higher layer parameters PathlossReferencelndex-Mapping and PUCCH-Spatial-
relation-info, the UE obtains a mapping between a set of PUCCH-Spatial-relation-info values and a set of
pucch-pathlossreference-index values provided by higher layer parameter pucch-pathlossReference-rs-
config. If the UE receives an activation command [11, TS 38.321] indicating a value of PUCCH-Spatial-
relation-info, the UE determines the value of pucch-pathlossreference-index that is mapped to the PUCCH-
Spatial-relation-info value.

- Ifthe UE is not provided higher layer parameter PathlossReferencelndex-Mapping or PUCCH-Spatial-
relation-info, the UE obtains the pucch-pathlossreference-index value from the first value in pucch-
pathlossReference-rs-config.

- The parameter Ag pyccn(F) is provided by higher layer parameter deltaF-pucch-f0 for PUCCH format 0,

deltaF-pucch-f1 for PUCCH format 1, deltaF-pucch-f2 for PUCCH format 2, deltaF-pucch-f3 for PUCCH
format 3, and deltaF-pucch-f4 for PUCCH format 4.

Aqg (i) is a PUCCH transmission power adjustment component for UL BWP b of carrier f* of primary cell

C.

PUCCH
symb

PUCCH
- For a PUCCH transmission using PUCCH format 0 or PUCCH format 1, Ay , ()= IOIOgI{LJ
where

- NPUCPH s the number of PUCCH format 0 symbols or PUCCH format 1 symbols, provided by higher

symb

layer parameters PUCCH-F0-F2-number-of-symbols or PUCCH-FI-F3-F4-number-of-symbols,
respectively

- NN =2 for PUCCH format 0

ref

- NPUECH = NSt for PUCCH format 1

ref symb

- For a PUCCH transmission using PUCCH format 2 or PUCCH format 3 or PUCCH format 4 and for a
number of UCI bits smaller than or equal to 11, A, , (i) =10log,, (K1 . (nHARQ_ACK + Og + O, )/NRE) .

Samsung Electronics Co., Ltd. v. Asus Tech. Licensing 3GPP EX-1008, 18 of 77



Release 15 19 3GPP TS 38.213 V15.1.0 (2018-03)

- Myaroack 18 @ number of HARQ-ACK information bits that the UE determines as described in Subclause

9.1.2.1 for Type-1 HARQ-ACK codebook and as described in Subclause 9.1.3.1 for Type-2 HARQ-ACK
codebook. If the UE is not provided with higher layer parameter HARQ-ACK-codebook, nypo.ack =1 if

the UE includes a HARQ-ACK information bit in the PUCCH transmission; otherwise, fy,gq.ack =0-
- Og is anumber of SR information bits that the UE determines as described in Subclause 9.2.5.1.
- O 1s a number of CSI information bits that the UE determines as described in Subclause 9.2.5.2.

3 4 _ PUSCH - PUSCH - 3
- Ngg is a number of resource elements determined as Ny, = My, (D) Noqwy', (i) excluding REs used

for DM-RS transmission, where N7 30" (i) is the number of symbols for PUCCH transmission period i

on UL BWP b of carrier f of serving cell c.

- For a PUCCH transmission using PUCCH format 2 or PUCCH format 3 or PUCCH format 4 and for a
number of UCI bits larger than 11, A, . (i) =10log,, ((ZKz'BPRE - l)) .

- BPRE= (OACK +Ogg +Ocs; + Ocpe )/ Neg -

- O, is anumber of HARQ-ACK information bits that the UE determines as described in Subclause

9.1.2.1 for Type-1 HARQ-ACK codebook and as described in Subclause 9.1.3.1 for Type-2 HARQ-ACK
codebook. If the UE is not provided with higher layer parameter HARQ-ACK-codebook, O, =1 if the

UE includes a HARQ-ACK information bit in the PUCCH transmission; otherwise, O, =0.
- Og is anumber of SR information bits that the UE determines as described in Subclause 9.2.5.1.

- O 1s a number of CSI information bits that the UE determines as described in Subclause 9.2.5.2.

- Ny is anumber of resource elements that the UE determines as Ny, = M5 (i) Noa', (i) excluding

REs used for DM-RS transmission, where N[15" (i) is the number of symbols for PUCCH transmission

period i on UL BWP b of carrier f of serving cell c.

- For the PUCCH power control adjustment state for UL BWP b of carrier f of primary cell ¢ and PUCCH

transmission period i

- Opycense (i = Kpycen»1) is a correction value, also referred to as a TPC command, and is included in a

PDCCH with DCI format 1_0 or DCI format 1_1 for UL BWP b of carrier f of the primary cell ¢ that the
UE detects in PUCCH transmission period i — Kpyccy > OF jointly coded with other TPC commands in a

PDCCH with DCI format 2_2 having CRC parity bits scrambled by TPC-PUCCH-RNTI [5, TS 36.212], and
le {0, 1} if the UE is provided by higher layer parameter num-pucch-pcadjustment-states and [ =0

otherwise;

- A higher layer parameter PUCCHClosedLoopIndex-Mapping, when provided, provides a mapping
between a set of PUCCH-Spatial-relation-info values and the [ value(s). If the UE receives an activation
command [11, TS 38.321] indicating a value of PUCCH-Spatial-relation-info, the UE determines the
value of [ that is mapped to the PUCCH-Spatial-relation-info value.

- The pyccn s dB values signaled on PDCCH with DCI format 1_0 or DCI format 1_1 or DCI format 2_2
having CRC parity bits scrambled by TPC-PUCCH-RNTI are given in Table 7.2.1-1.

- Opycany.e (0= Kpycens!) =0 dB if the UE does not detect a TPC command for UL BWP b of carrier f* of
the primary cell c.

- g 6D =g, (i=11)+ Opycen e (i — Kpycens 1) is the current PUCCH power control adjustment state and
g7,.(0,1)=0 is the first value after reset
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- If B, puccnp.r.(q,) value is changed by higher layers,
8,.(0,)=0

If the higher layer parameters POPUCCHIndex-Mapping and PUCCHClosedLoopIndex-Mapping are
provided, the UE determines the value of / from the value of ¢, based on the respective mappings to

a same PUCCH-Spatial-relation-info value as provided by the higher layer parameters.
- Else,

- g.0D=AP, et o where

msg2,f.c?

S,

use2.rc 18 the TPC command indicated in the random access response grant corresponding to the

random access preamble transmitted for carrier f in the serving cell ¢, and,

if the UE transmits PUCCH,

AP, ip.f e = mm[{max(O, CMAX,f.c (P o pucct,f.e T PLe+ Ap puccen (F )+ Aot 5msg2,_/ ,c ))}» AP mmpupwqussred,/.«] >

OtherWISe’ APrampup,/',c = l'l'lln[ l'l'laX(O, CMAX,f.c (POJ’UCCH,f,c + PLC ))}’ APrampuprequested,f',c] and
rampuprequesied 5 1S Provided by higher layers and corresponds to the total power ramp-up requested

by higher layers from the first to the last preamble for UL BWP b of carrier f in primary cell ¢, and
Ay pycen (F) corresponds to PUCCH format 0 or PUCCH format 1.

- Ifthe UE has reached Py (7) for UL BWP b of carrier f in primary cell ¢, the UE does not

accumulate positive TPC commands for UL BWP b of carrier f in primary cell c.

- If the UE has reached minimum power for UL BWP b of carrier f in primary cell ¢, the UE does not

accumulate negative TPC commands for UL BWP b of carrier f in primary cell c.

Table 7.2.1-1: Mapping of TPC Command Field in DCI format 1_0 or DCI format 1_1 or DCI format 2_2
having CRC parity bits scrambled by TPC-PUCCH-RNTI to accumulated ;.. values

TPC Command Field | Accumulated Jp sy, ;. [dB]
0 -1
1 0
2 1
3 3

7.3 Sounding reference signals

For SRS, the linear value 1A’SRS",-,(. (4,9,,0) of the transmit power Py ;. (i,q,,/) on UL BWP b of carrier f* of serving

cell ¢ is split equally across the configured antenna ports for SRS.

7.3.1 UE behaviour

If a UE transmits SRS on UL BWP b of carrier f of serving cell ¢ using SRS power control adjustment state with

index /, the UE shall determine the SRS transmission power Fyg ;. (4,9,,/) in SRS transmission period i as

PCMAX,/',(‘ @,

) ) [dBm]
Py srsp.r.(qs)+10log,, (2*- Mg o re D)+ Osps o (q) PLy ; (q) + By ;o (G l)}

Pirsp e (>95,0) = min{
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where,

- Foyax s (D) is the configured UE transmit power defined in [8, TS 38.101-1] and [8-2, TS38.101-2] for carrier

f of serving cell ¢ in SRS transmission period i .

- Py rsss.(q,) is a parameter composed of the sum of'a component B, yoyar sks. /. » Provided by higher layer
parameter pO-nominal-srs-set for carrier f of primary cell ¢, and a component R, ; ss(q,) provided by
higher layer parameter p0-srs-set for UL BWP b of carrier f of serving cell ¢ and SRS resource set g,
provided by higher layer parameters SRS-ResourceSet and SRS-ResourceSetld.

- Mg, ,.(9) is the SRS bandwidth expressed in number of resource blocks for SRS transmission period i on

UL BWP b of carrier f of serving cell ¢ and g is defined in [4, TS 38.211].

- Ogpsyp s0(q,) is provided by higher layer parameter alpha-srs for UL BWP b of carrier f* of serving cell ¢ and

SRS resource set g, .

- PL,,.(q,)is a downlink path-loss estimate in dB calculated by the UE for UL BWP b of carrier f* of serving

cell ¢ and SRS resource set ¢, [6, TS 38.214] using a RS resource provided by higher layer parameter srs-

pathlossReference-rs. The RS resource is from a set of RS resources that include a set of SS/PBCH block
indexes provided by higher layer parameter srs-pathlossReference-SSB and a set of CSI-RS configuration
indexes provided by higher layer parameter srs-pathlossReference-CSIRS.

- For the SRS power control adjustment state for UL BWP b of carrier f of serving cell ¢ and SRS

transmission period i

- Wy, (D)= f, . G]), where f, o (i,]) is the current PUSCH power control adjustment state as described in

Subclause 7.1.1, if higher layer parameter srs-pcadjustment-state-config indicates a same power control
adjustment state for SRS transmissions and PUSCH transmissions; or

-y (D)=l (=1 + O, ;. (i — Kegs) if the UE is not configured for PUSCH transmissions on UL BWP

b of carrier f of serving cell ¢, or if higher layer parameter srs-pcadjustment-state-config indicates a

separate power control adjustment state between SRS transmissions and PUSCH transmissions, and if
accumulation is enabled based on the parameter Accumulation-enabled-srs provided by higher layers, where
Osrs. e (i = Kgrg) is jointly coded with other TPC commands in a PDCCH with DCI format 2_3 having CRC

parity bits scrambled by TPC-SRS-RNTI that is last received by the UE prior to the SRS transmission and
accumulative values of I /(i — Kgs) are provided in Table 7.1.1-1, where

Osrss. . (i = Kgrg) = 0dB if the UE does not detect a TPC command for serving cell c.

- If'the UE has reached P,y () for UL BWP b of carrier f of serving cell ¢, positive TPC

commands for serving cell ¢ shall not be accumulated.

- If UE has reached minimum power for UL BWP b of carrier f of serving cell ¢, negative TPC
commands shall not be accumulated.

- A UE shall reset accumulation for UL BWP b of carrier f of serving cell ¢
- When P, s, ,.(q,) valueis changed by higher layers;
- When agg, ,.(q,) value is changed by higher layers.

- M ;.(0)=0 is the first value after reset of accumulation.

-y (D) = Ospsy ;. (i— Kggs) if the UE is not configured for PUSCH transmissions on UL BWP b of carrier

f of serving cell ¢, or if higher layer parameter srs-pcadjustment-state-config indicates a separate power
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control adjustment state between SRS transmissions and PUSCH transmissions and if accumulation is not
enabled based on the parameter Accumulation-enabled-srs provided by higher layers, jointly coded with

other TPC commands in a PDCCH with DCI format 2_3 having CRC parity bits scrambled by TPC-SRS-
RNTI that is last received by the UE prior to the SRS transmission and absolute values of Jgpg /. (i — Kgps)

are provided in Table 7.1.1-1, where

- If DCI format 2_3 having CRC scrambled by TPC-SRS-RNTI the Jpgcy;, absolute values are given in
Table 7.1.1-1.

- M, ()=Hh . (i-1) for a SRS transmission period i where the UE does not detect a DCI format 2_3
having CRC scrambled by TPC-SRS-RNTI for UL BWP b of carrier f* of serving cell c.

- if higher layer parameter srs-pcadjustment-state-config indicates a same power control adjustment state for
SRS transmissions and PUSCH transmissions, the update of the power control adjustment state for SRS
transmission period i occurs at the beginning of each SRS resource in the SRS resource set g, ; otherwise,

the update of the power control adjustment state SRS transmission period i occurs at the beginning of the
first SRS resource in the SRS resource set ¢, .

7.4 Physical random access channel

A UE determines a transmission power for a physical random access channel (PRACH), Bygacyy. /(i) ; on an UL BWP

b of carrier f based on a current SS/PBCH block determination for serving cell ¢ in transmission period i as

PPRACH,b,f,L- (l) = min{PCMAX,/',c(i)5 PPRACH,target,f,c + PLb,/’,c} [dBm]’

where Feyux . (9) is the configured UE transmission power defined in [8-1, TS 38.101-1] and [8-2, TS38.101-2] for
carrier f* of serving cell ¢ within transmission period 7, Popscuarget s 1 the PRACH preamble target reception power
PREAMBLE RECEIVED TARGET POWER provided by higher layers [11, TS 38.321]for the UL BWP b on carrier
f of serving cell ¢, and PL, ;. is a pathloss for the UL BWP b on carrier f for the current SS/PBCH block of

serving cell ¢ calculated by the UE in dB as referenceSignalPower — higher layer filtered RSRP, where RSRP is
defined in [7, TS 38.215] and the higher layer filter configuration is defined in [12, TS 38.331].

If the PRACH transmission from the UE is not in response to a detection of a PDCCH order by the UE,
referenceSignalPower is provided by SS-PBCHBlockPower, where SS-PBCHBlockPower is provided by
SystemInformationBlockTypel .

If the PRACH transmission from the UE is in response to a detection of a PDCCH order by the UE,
referenceSignalPower is SS-PBCHBlockPower or, when the UE is configured a periodic CSI-RS transmission, is
obtained by higher layer parameter Pc-SS that provides an offset of CSI-RS transmission power relative to SS/PBCH
block transmission power [6, TS 38.214], depending on the DL RS that the DMRS of the PDCCH order is quasi-
collocated with as described in Subclause 10.1.

If within a random access response window, as described in Subclause 8.2, the UE does not receive a random access
response that contains a preamble identifier corresponding to the preamble sequence transmitted by the UE, the UE
shall determine a transmission power for a subsequent PRACH transmission, if any, as described in [11, TS 38.321].

If prior to a PRACH retransmission, a UE changes the spatial domain transmission filter, Layer 1 shall notify higher
layers to suspend the power ramping counter as described in [11, TS 38.321].

7.5 Prioritizations for transmission power reductions

For single cell operation with two UL carriers or for operation with carrier aggregation, if a total UE transmit power for
a PUSCH or PUCCH or PRACH or SRS transmission in a respective transmission period i would exceed Py x(7) ,

where IA’CM ax (@) is the linear value of F,,(7) in transmission period i as defined in [8-1, TS 38.101-1] and [8-2,
TS38.101-2], the UE allocates power to PUSCH/PUCCH/PRACH/SRS transmissions according to the following
priority order (in descending order) so that the total UE transmit power is smaller than or equal to I3CM Ax(?) in every

Samsung Electronics Co., Ltd. v. Asus Tech. Licensing 3GPP EX-1008, 22 of 77



Release 15 23 3GPP TS 38.213 V15.1.0 (2018-03)

symbol of transmission period i . When determining a total transmit power in a symbol of transmission period i , the
UE does not include power for transmissions starting after the symbol of transmission period i . The total UE transmit
power is defined as the sum of the linear values of UE transmit powers for PUSCH, PUCCH, PRACH, and SRS. In case
of same priority order and for operation with carrier aggregation, transmission on the primary cell of the MCG or the
SCG is prioritized over transmission on a secondary cell and transmission on the PCell is prioritized over transmission
on the PSCell.

- PRACH transmission on the PCell;

- PUCCH transmission with HARQ-ACK/SR or PUSCH transmission with HARQ-ACK;
- PUCCH transmission with CSI or PUSCH transmission with CSI;

- PUSCH transmission without HARQ-ACK or CSI;

- SRS transmission, with aperiodic SRS having higher priority than semi-persistent and/or periodic SRS, or
PRACH transmission on a serving cell other than the PCell.

7.6 Dual connectivity
7.6.1 EN-DC

If a UE is configured with a MCG using E-UTRA radio access and with a SCG using NR radio access, the UE is
configured a maximum power P, ;; for transmissions on the MCG by higher layer parameter P-LTE and a maximum

power P, for transmissions on the SCG by higher layer parameter P-NR. The UE determines a transmission power for
the MCG as described in [13, TS 36.213] using P, ;; as the maximum transmission power. The UE determines
transmission power for the SCG as described Subclauses 7.1 through 7.5 using P; as the maximum transmission

power for Py < P -

If a UE is configured with P, + By > P2NPC where P, is the linear value of P, Py, is the linear value of P,

and PPN.PC is the linear value of a configured maximum transmission power for EN-DC operation as defined in [8-3,

TS 38.101-3] for frequency range 1, the UE determines a transmission power on the SCG as follows.

- If'the UE is configured with reference TDD configuration for EUTRA (by higher layer parameter SUO-casel in
[13, TS 36.213])

- Ifthe UE does not indicate a capability for dynamic power sharing between EUTRA and NR, the UE is not
expected to transmit in a slot on the SCG when a corresponding subframe on the MCG is an UL subframe in
the reference TDD configuration.

- If the UE indicates a capability for dynamic power sharing between EUTRA and NR and

- if'the UE is not configured for operation with shortened TTI and processing time on the MCG [13, TS
36.213], and

- if the UE transmission(s) in subframe #, of the MCG overlap in time with UE transmission(s) in slot 7, of the
SCG, and

< if Bueg i)+ Pug (iy) > PENPC in a portion of slot i, of the SCG,
the UE reduces transmission power in the portion of slot i, of the SCG so that Py (i, )+ Py (i, ) < PESPC in

any portion of slot 7, , where 13MCG (i,) and 13SCG (i,) are the linear values of the total UE transmission powers
in subframe i, of the MCG and in slot i, of the SCG, respectively.

- If the UE does not indicate a capability for dynamic power sharing between EUTRA and NR, the UE is expected

to be configured with reference TDD configuration for EUTRA (by higher layer parameter SUO-casel in [13,
TS 36.213]).
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7.7 Power headroom report

The types of UE power headroom reports are the following. A type 1 UE power headroom PH that is valid for PUSCH
transmission period i on UL BWP b of carrier f of serving cell ¢. A type 3 UE power headroom PH that is valid

for SRS transmission period i on UL BWP b of carrier f* of serving cell c.
If the UE is configured with a SCG,

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

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

If the UE is configured with a PUCCH-SCell,

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

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

7.7.1 Type 1 PH Report

If a UE transmits PUSCH in PUSCH transmission period i on UL BWP b of carrier f of serving cell ¢, the UE

computes a power headroom for a Type 1 report as

PH o b r.c (s 759450 = Poyax r.c (D~ {POJ’USCH,b,/,c (j)+10log,, (2 - Mﬁgsﬁc N+ay () PL, ; (q0)+Agepy D+ Sy (G1) }
[dB]

where Poyay ()5 Po puscis e () s Migyy o (@) s @y (7)s PLy ;o (q4)5 Ay ;i) and f,  (i,]) are defined in

Subclause 7.1.1.

If the UE does not transmit PUSCH in PUSCH transmission period i on UL BWP b of carrier f of serving cell ¢,
the UE computes a power headroom for a Type 1 report as

Pthpcl,b,f,c (i7 j, 9> Z) = ﬁCMAX./',(r (i)_ { POfPUSCH,b,/ e (J) + ab,/',c (J) ’ PLb,f © (Qd ) + fb,/',(r (i’ l) } [dB]

where ISCM ax.s (i) is computed assuming MPR=0dB, A-MPR=0dB, P-MPR=0dB. ATc =0dB. MPR, A-MPR, P-MPR

and AT are defined in [8-1, TS 38.101-1] and [8-2, TS38.101-2]. The remaining parameters are defined in Subclause
7.1.1.

7.7.2 Type 2 PH report

This subclause is reserved.

7.7.3  Type 3 PH Report

If a UE transmits SRS in a SRS transmission period i on UL BWP b of carrier f of serving cell ¢ and the UE is not
configured for PUSCH transmissions on carrier f of serving cell ¢, the UE computes a power headroom for a Type 3

report as

PH sy 050550 = Poyiax s (D)~ {Posts,b,f,e (q,)+10log, (2" - Mgsp o)+ Osps (@) PLy 4 (g) +hy f (0,]) }
[dB]

where P

CMAx,f,C(i)s POfSRS,b,f,c (q,)» MSRS,b,f.,t' @, Osrs . f.c (g,), PLb,/',c (q,) and hb,f,c (i,1) are defined in Subclause
7.3.1.
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If the UE does not transmit SRS in SRS transmission period i on UL BWP b of carrier f of serving cell ¢, and the
UE is not configured for PUSCH transmissions on UL BWP b of carrier f of serving cell ¢, the UE computes power
headroom for a Type 3 report as

Pthpca,_/:c (G,q,,0)= IECMAX./',C @)- {Posts,/;(; (9,00 + Osps, f.c (950) PL/ ,c (g,0)+ h_/‘,c @0 } [dB]

where g, is a SRS resource set with a respective higher layer parameter SRS-ResourceSetld value being equal to zero
and By srsp 10 (950) > Xsrs.r e (@50) » PLy .(q,0) and hy , . (i,]) are defined in Subclause 7.3.1. IBCMAX’,.,C () is computed

assuming MPR=0dB, A-MPR=0dB, P-MPR=0dB and AT¢ =0dB. MPR, A-MPR, P-MPR and AT are defined in [8-1,
TS 38.101-1] and [8-2, TS38.101-2]. The remaining parameters are defined in Subclause 7.3.1. For this case, the

physical layer delivers 13CM AXf (¢) instead of Py, () to higher layers.

8 Random access procedure

Prior to initiation of the physical random access procedure, Layer 1 shall receive from higher layers a set of SS/PBCH
block indexes and shall provide to higher layers a corresponding set of RSRP measurements.

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

- Configuration of physical random access channel (PRACH) transmission parameters (PRACH preamble format,
time resources, and frequency resources for PRACH transmission).

- Parameters for determining the root sequences and their cyclic shifts in the PRACH preamble sequence set
(index to logical root sequence table, cyclic shift (Vg ), and set type (unrestricted, restricted set A, or restricted
set B)).

From the physical layer perspective, the L1 random access procedure encompasses the transmission of random access
preamble (Msg1) in a PRACH, random access response (RAR) message with a PDCCH/PDSCH (Msg2), and when
applicable, the transmission of Msg3 PUSCH, and PDSCH for contention resolution.

If a random access procedure is initiated by a "PDCCH order" to the UE, a random access preamble transmission is with
a same subcarrier spacing as a random access preamble transmission initiated by higher layers.

If a UE is configured with two UL carriers for a serving cell and the UE detects a "PDCCH order", the UE uses the
UL/SUL indicator field value from the detected "PDCCH order" to determine the UL carrier for the corresponding
random access preamble transmission.

8.1 Random access preamble

Physical random access procedure is triggered upon request of a PRACH transmission by higher layers or by a PDCCH
order. A configuration by higher layers for a PRACH transmission includes the following:

- A configuration for PRACH transmission [4, TS 38.211].

- A preamble index, a preamble subcarrier spacing, Fogacy gt @ COrresponding RA-RNTI, and a PRACH

resource.

A preamble is transmitted using the selected PRACH format with transmission power By, /(1) ,as described in
Subclause 7.4, on the indicated PRACH resource.

A UE is provided a number of SS/PBCH blocks associated with one PRACH occasion by the value of higher layer
parameter SSB-perRACH-Occasion. If the value of SSB-perRACH-Occasion is smaller than one, one SS/PBCH block is
mapped to 1/SSB-per-rach-occasion consecutive PRACH occasions. The UE is provided a number of preambles per
SS/PBCH block by the value of higher layer parameter ch-preamblePerSSB and the UE determines a total number of
preambles per SSB per PRACH occasion as the multiple of the value of SSB-perRACH-Occasion and the value of cb-
preamblePerSSB.
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SS/PBCH block indexes are mapped to PRACH occasions in the following order where the parameters are described in
[4, TS 38.211].

First, in increasing order of preamble indexes within a single PRACH occasion.
- Second, in increasing order of frequency resource indexes for frequency multiplexed PRACH occasions.

- Third, in increasing order of time resource indexes for time multiplexed PRACH occasions within a PRACH
slot.

- Fourth, in increasing order of indexes for PRACH slots.

The period, starting from frame 0, for the mapping of SS/PBCH blocks to PRACH occasions is the smallest of {1, 2, 4}
PRACH configuration periods that is larger than or equal to (N?XSB [ Nosac period—‘, where the UE obtains N3°® from

B

higher layer parameter SSB-transmitted-SIBI and Npgacy neriod 18 the number of SS/PBCH blocks that can be mapped to
one PRACH configuration period.

If a random access procedure is initiated by a PDCCH order, the UE shall, if requested by higher layers, transmit a
PRACH in the first available PRACH occasion for which a time between the last symbol of the PDCCH order reception

and the first symbol of the PRACH transmission is larger than or equal t0 Ny, + Agypsyiching T Apelay MS€C Where Ny, is

a time duration of N, symbols corresponding to a PUSCH preparation time for PUSCH processing capability 1 [6, TS
38.214], Apwpsyichng 18 defined in [10, TS 38.133], and A, >0.

Delay

8.2 Random access response

In response to a PRACH transmission, a UE attempts to detect a PDCCH with a corresponding RA-RNTI during a
window controlled by higher layers [11, TS 38.321]. The window starts at the first symbol of the earliest control
resource set the UE is configured for Typel-PDCCH common search space, as defined in Subclause 10.1, that is at least

R - Nbfme s N7 :;:m) T, YJ symbols after the last symbol of the preamble sequence transmission, where A is defined in

[10, TS 38.133]. The length of the window in number of slots, based on the subcarrier spacing for Type0-PDCCH
common search space as defined in Subclause 10.1, is provided by higher layer parameter rar-WindowLength.

If a UE detects the PDCCH with the corresponding RA-RNTI and a corresponding PDSCH that includes a DL-SCH
transport block within the window, the UE passes the transport block to higher layers. The higher layers parse the
transport block for a random access preamble identity (RAPID) associated with the PRACH transmission. If the higher
layers identify the RAPID in RAR message(s) of the DL-SCH transport block, the higher layers indicate an uplink grant
to the physical layer. This is referred to as random access response (RAR) UL grant in the physical layer. If the higher
layers do not identify the RAPID associated with the PRACH transmission, the higher layers can indicate to the
physical layer to transmit a PRACH. A minimum time between the last symbol of the PDSCH reception and the first
symbol of the PRACH transmission is equal to N, +A_., +0.5 msec where N, is a time duration of N, symbols

corresponding to a PDSCH reception time for PDSCH processing capability 1 when additional PDSCH DM-RS is
configured and A, =0.

A UE shall receive the PDCCH with the corresponding RA-RNTI and the corresponding PDSCH that includes the DL-
SCH transport block with the same DM-RS antenna port quasi co-location properties, as described in [6, 38.214], as for
a detected SS/PBCH block or a received CSI-RS. If the UE attempts to detect the PDCCH with the corresponding RA-
RNTI in response to a PRACH transmission initiated by a PDCCH order, the UE assumes that the PDCCH and the
PDCCH order have same DM-RS antenna port quasi co-location properties.

A RAR UL grant schedules a PUSCH transmission from the UE (Msg3 PUSCH). The contents of the RAR UL grant,
starting with the MSB and ending with the LSB, are given in Table 8.2-1.

The Msg3 PUSCH frequency resource allocation is for uplink resource allocation type 1 [6, 38.214]. In case of
frequency hopping, based on the indication of the frequency hopping flag field, the first one or two bits, Ny, ,,, bits, of
the Msg3 PUSCH frequency resource allocation field are used as hopping information bits as described in Table 8.3-1.

The MCS is determined from the first sixteen indices of the applicable MCS index table for PUSCH as described in [6,
38.214].
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The TPC command 6,,,,, ;. is used for setting the power of the Msg3 PUSCH, as described in Subclause 7.1.1, and is
interpreted according to Table 8.2-2.

In non-contention based random access procedure, the CSI request field is interpreted to determine whether an aperiodic
CSI report is included in the corresponding PUSCH transmission according to [6, TS 38.214]. In contention based
random access procedure, the CSI request field is reserved.

Table 8.2-1: Random Access Response Grant Content field size

RAR grant field Number of bits
Frequency hopping flag 1
Msg3 PUSCH frequency resource allocation 12
Msg3 PUSCH time resource allocation 4
MCS 4
TPC command for Msg3 PUSCH 3
CSl request 1

Reserved bits

Table 8.2-2: TPC Command ¢6,,,,, ;. for Msg3 PUSCH

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

Unless a UE is configured a subcarrier spacing, the UE receives subsequent PDSCH using same subcarrier spacing as
for the PDSCH reception providing the RAR message.

If a UE does not detect the PDCCH with a corresponding RA-RNTI and a corresponding DL-SCH transport block
within the window, the UE procedure is as described in [11, TS 38.321].

8.3 Msg3 PUSCH

Higher layer parameter msg3-tp indicates to a UE whether or not the UE shall apply transform precoding, as described
in [4, TS 38.211], for an Msg3 PUSCH transmission.

If the UE applies transform precoding to an Msg3 PUSCH transmission with frequency hopping, the frequency offset
for the second hop [6, TS38.214] is given in Table 8.3-1.

Table 8.3-1: Frequency offset for second hop for Msg3 PUSCH transmission with frequency hopping

Number of PRBs in initial active UL BWP | Value of N, ,, Hopping Bits | Frequency offset for 2" hop
0 Niin/2
Niwr <50 -~
1 NBWP/4
00 Nie/2
. 01 N4
Ny 250 ,
10 ~ N /4
11 Reserved

The subcarrier spacing for Msg3 PUSCH transmission is provided by higher layer parameter msg3-scs. A UE shall
transmit PRACH and Msg3 PUSCH on a same uplink carrier of the same serving cell.
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An UL BWP, as described in Subclause 12 and in [4, TS 38.211], for Msg3 PUSCH transmission is indicated by
SystemInformationBlockTypel.

A minimum time between the last symbol of a PDSCH reception conveying a RAR and the first symbol of a
corresponding Msg3 PUSCH transmission scheduled by the RAR in the PDSCH for a UE when the PDSCH and the
PUSCH have a same subcarrier spacing is equal to Ny, + Ny, + Ny, ., 0.5 msec. Ny is a time duration of N,
symbols corresponding to a PDSCH reception time for PDSCH processing capability 1 when additional PDSCH DM-
RS is configured, Ny, is a time duration of &, symbols corresponding to a PUSCH preparation time for PUSCH
processing capability 1 [6, TS 38.214], and N, is the maximum timing adjustment value that can be provided by
the TA command field in the RAR.

8.4 PDSCH with UE contention resolution identity

In response to an Msg3 PUSCH transmission when a UE has not been provided with a C-RNTI, the UE attempts to
detect a PDCCH with a corresponding TC-RNTI scheduling a PDSCH that includes a UE contention resolution identity
[11, TS 38.321]. In response to the PDSCH reception with the UE contention resolution identity, the UE transmits
HARQ-ACK information in a PUCCH. A minimum time between the last symbol of the PDSCH reception and the first
symbol of the corresponding HARQ-ACK transmission is equal to N;;+0.5 msec. Ny, is a time duration of N,

symbols corresponding to a PDSCH reception time for PDSCH processing capability 1 when additional PDSCH DM-
RS is configured.

9 UE procedure for reporting control information

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

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

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

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

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

- When the procedures are applied for secondary PUCCH group, the terms 'secondary cell', 'secondary cells',
'serving cell', 'serving cells' in this clause refer to secondary cell, secondary cells (not including the PUCCH-
SCell), serving cell, serving cells belonging to the secondary PUCCH group respectively. The term "primary cell’
in this clause refers to the PUCCH-SCell of the secondary PUCCH group.

If a UE would multiplex UCI in a PUCCH transmission that has a same first symbol with a PUSCH transmission, the
UE multiplexes the UCI in the PUSCH transmission and does not transmit the PUCCH.

If a UE multiplexes aperiodic CSI in a PUSCH and the UE would multiplex UCI in a PUCCH with a same first symbol
as the PUSCH, the UE multiplexes the UCI in the PUSCH.

If a UE transmits multiple PUSCHs that start at a same symbol on respective serving cells and the UE would multiplex
UCI in one of the multiple PUSCHs and the UE does not multiplex aperiodic CSI in any of the multiple PUSCHs, the
UE multiplexes the UCI in the PUSCH of the serving cell with the smallest ServCelllndex.

A HARQ-ACK information bit value of 0 represents a negative acknowledgement (NACK) while a HARQ-ACK
information bit value of 1 represents a positive acknowledgement (ACK).
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9.1 HARQ-ACK codebook determination

If a UE receives a PDSCH without receiving a corresponding PDCCH, or if the UE receives a PDCCH indicating a SPS
PDSCH release, the UE generates one corresponding HARQ-ACK information bit.

If a UE is not configured with higher layer parameter CBG-DL = ON, the UE generates one HARQ-ACK information
bit per transport block.

A UE is not expected to be indicated to transmit HARQ-ACK information for more than two SPS PDSCH receptions in
a same PUCCH.

In the following, the CRC for DCI format 1_0 is scrambled with a C-RNTI or a CS-RNTI and the CRC for DCI format
1_1 is scrambled with a C-RNTL.

9.1.1 CBG-based HARQ-ACK codebook determination

If a UE is configured per serving cell with higher layer parameter CBG-DL = ON, the UE receives PDSCHs that
include code block groups (CBGs) of a transport block. If the UE is configured by higher layer parameter CBG-DL =

ON, the UE is configured by higher layer parameter CBGs-per-TB-DL per serving cell a maximum number Nyapo ace

of CBGs for generating respective HARQ-ACK information bits for a transport block reception.

For a number of C code blocks (CBs) in a transport block, the UE determines a number of CBGs as
Niamooack = min(Nﬁiggi‘g‘}Z, C ) Each of the first NS%7%L, = mod(C, NS29T% ) CBGs includes ’VC/ N gfjggiCJ CBs,

where CBG 715, 0 < neg < Niaan ack » includes CBs n; |_C/ NG T 4y, 0< ey < |—C/ nesm 1 and each of the

HARQ-ACK HARQ-ACK HARQ-ACK
CBG/TB,2 — CBG/TB CBG/TB s CBG/TB J
last NiiRotaek = Niiaroack —mOd(C, Niiaro- ACK) CBGs includes LC / Nyaro-ack | CBs, where CBG
CBG/TB,1 CBG/TB,1 CBG/TB,2 3
Nepas Niaro-ack < esg < Nharg-ack T NViaro-ack » includes CBs

CBG/TB,1 CBG/TB CBG/TB, 1 CBG/TB CBG/TB
N HARQ-ACK IVC/ N HARQ-ACK-‘-}- (nCBG -N HARQ-ACK ) |_C/ N HARQ-ACKJ"‘ g, 0 neg < LC/ N HARQ-ACKJ' The UE generates

CBG/TB,1 CBG/TB,2 _ 1 1 1 —tO- 1 1 CBG/TB,1 CBG/TB,2
Ninrooack + Nianoaex HARQ-ACK information bits through a one-to-one mapping with the N0 %k + Niano ack

CBGs. If the UE receives two transport blocks, the UE concatenates the HARQ-ACK information bits for the second
transport block after the HARQ-ACK information bits for the first transport block. The UE generates an ACK for the
HARQ-ACK information bit of a CBG if the UE correctly received all code blocks of the CBG and generates a NACK
for the HARQ-ACK information bit of a CBG if the UE incorrectly received at least one code block of the CBG.

A retransmission of a transport block to a UE, corresponding to a same HARQ process as a previous transmission of the
transport block to the UE, includes the same CBs in a CBG as the initial transmission of the transport block.

If DCI format 1_1 schedules the retransmission of the transport block and includes a CBG transmission information
(CBGT]) field of Ny, N e M bits, where N7y, is the value of higher layer parameter Number-MCS-HARQ-DL-

HARQ-ACK

DCI for serving cell ¢, the first Nupo s bits of the CBGTI field for the transport block have a one-to-one mapping

with the N gigg " ok CBGs of the transport block. The UE determines whether or not a CBG is retransmitted based on a
corresponding value of the CBGTI field where a binary 0 indicates that a corresponding CBG is retransmitted and a
binary 1 indicates that a corresponding CBG is not retransmitted.

If a UE is configured with higher layer parameter HARQ-ACK-codebook=semi-static, the HARQ-ACK codebook
includes the Nyjupo ace HARQ-ACK information bits and, if Nyaeo ack < Niiago 4 for a transport block, the UE
generates a NACK value for the last N giggj;"g;* -N giggia( HARQ-ACK information bits for the transport block in
the HARQ-ACK codebook.

If the UE generates a HARQ-ACK codebook in response to a retransmission of a transport block, corresponding to a

same HARQ process as a previous transmission of the transport block, the UE generates an ACK for each CBG that the
UE correctly decoded in a previous transmission of the transport block.

If a UE correctly detects each of the NﬁfgngCK CBGs and does not correctly detect the transport block for the
N ﬁiggFACK CBGs, the UE generates a NACK value for each of the N Siggia( CBGs.
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If a UE receives a PDSCH that is scheduled by a PDCCH with DCI format 1_0, the UE generates HARQ-ACK
information only for the transport block in the PDSCH.

If a UE receives a PDSCH that is scheduled by a PDCCH with DCI format 1_0, and if the UE is configured with higher
layer parameter HARQ-ACK-codebook=semi-static, the UE repeats NoorPm% times the HARQ-ACK information for

HARQ-ACK
the transport block in the PDSCH for generating Nyapo ace HARQ-ACK information bits as described in Subclause
9.1.2.

9.1.2 Type-1 HARQ-ACK codebook determination

This subclause applies if the UE is configured with H4RQ-ACK-codebook=semi-static.

If a UE reports HARQ-ACK information in a PUSCH or a PUCCH only for a SPS PDSCH release or only for a
PDSCH reception within the M, , occasions for candidate PDSCH receptions, as determined in Subclause 9.1.2.1, that

is scheduled by DCI format 1 _0 with a counter downlink assignment indicator (DAI) field value of 1 on the PCell, the
UE determines a HARQ-ACK codebook only for the SPS PDSCH release or only the PDSCH reception; otherwise, the
following procedures for a HARQ-ACK codebook determination apply.

9.1.21 Type-1 HARQ-ACK codebook in physical uplink control channel

For a serving cell ¢ and the active DL BWP and the active UL BWP, as described in Subclause 12, the UE determines
aset of M, occasions for candidate PDSCH receptions for which the UE can transmit corresponding HARQ-ACK

information in a PUCCH in slot # . The determination is based:
a) on aset of slot timing values K, associated with the active DL BWP

a) Ifthe UE is configured to monitor PDCCH for DCI format 1_0 and is not configured to monitor PDCCH for
DCI format 1_1 on serving cell ¢, K, is provided by the slot timing values {1, 2, 3,4, 5, 6, 7, 8} for DCI
format 1_0;

b) If the UE is configured to monitor PDCCH for DCI format 1_1 on serving cell ¢, K is provided by higher
layer parameter DL-data-DL-acknowledgement for DCI format 1_1;

¢) Ifthe UE is configured to monitor PDCCH for both DCI format 1 _0 and DCI format 1_1 on serving cell ¢,
K, for DCI format 1_0 is provided by the intersection of (a) the set of slot timing values provided by higher

layer parameter DL-data-DL-acknowledgement for DCI format 1_1 and (b) the union of the set of slot timing
values {1, 2, 3,4, 5, 6,7, 8} and the set of slot timing values provided by higher layer parameter DL-data-
DL-acknowledgement for DCI format 1_1.

b) when provided, on a set of row indexes of a table provided by higher layer parameter pdsch-symbolAllocation
associated with the active DL BWP and defining respective sets of slot offsets K, start and length indicators
SLIV, and PDSCH mapping types for PDSCH reception as described in [6, TS 38.214]; and

¢) when provided, on higher layer parameter UL-DL-configuration-common, higher layer parameter UL-DL-
configuration-common-Set2, and higher layer parameter UL-DL-configuration-dedicated as described in
Subclause 11.1; and

d) on a PDCCH monitoring periodicity, a PDCCH monitoring offset, and a PDCCH monitoring pattern within a
slot for each search space in the set of search spaces configured to the UE for PDCCH candidates corresponding
to DCI format 1_0 or DCI format 1_1 for serving cell ¢ as described in Subclause 10.1.

For the set of slot timing values K, , the UE determines M , . occasions for candidate PDSCH receptions or SPS

PDSCH releases according to the following pseudo-code.

Set j =0 - index of occasion for candidate PDSCH reception or SPS PDSCH release
Set B=Q

Set M, =0
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Set K, . to the cardinality of set K,

Set k£ =0 — index of slot timing values in set K|
while k<K,

Set R to the set of rows provided by pdsch-symbolAllocation

Set R, to the cardinality of R,
Set » =0 — index of row provided by pdsch-symbolAllocation

while 7 <R,

if the UE is provided higher layer parameter UL-DL-configuration-common, or higher layer parameter UL-DL-
configuration-common-Set2, or higher layer parameter UL-DL-configuration-dedicated and at least one
OFDM symbol of the PDSCH time resource derived by row r inslot n— K, is configured as UL or slot

n—K,, —K,, does not include at least one configured PDCCH monitoring occasion for PDCCH with DCI

format 1_0 or DCI format 1_1, where K, is the k-th slot timing value in set K, and K, is derived by row
r of pdsch-symbolAllocation,

R=R\r;
end if
r=r+l;
end while
If the does not UE indicate capability to receive more than one unicast PDSCH per slot and R #
M, =M, Uk
else
Set R. to the cardinality of R
Set m to the smallest last OFDM symbol index, as determined by the SLIV, among all rows of R
while R#

Set r=0

while T <&c

if S <m for start OFDM symbol index S for row r

b,, = j; - index of occasion for candidate PDSCH reception or SPS PDSCH release associated with row

p
R=R\r;
B=BUbD,;

end if
r=r+l;

end while
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M, =M,, U
J=j+l;
Set m to the smallest last OFDM symbol index among all rows of R ;
end while
end if
k=k+1;
end while

For rows of pdsch-symbolAllocation associated with a same value of b, , , where b, , € B, the UE is not expected to

receive more than one PDSCH in a same slot.

A UE does not report HARQ-ACK information corresponding to PDSCH receptions or SPS PDSCH releases that occur
prior to a change of the active DL BWP of the UE on any serving cell.

A UE does not report HARQ-ACK information corresponding to PDSCH receptions or SPS PDSCH releases if the
active UL BWP of the UE on the PCell changes between a time of a corresponding DCI format 1_0 or DCI format 1_1
detection and a time of a PUCCH or PUSCH transmission with the HARQ-ACK information.

If a UE is provided higher layer parameter DL-data-DL-acknowledgement, the UE does not expect to be indicated by
DCI format 1_0 a slot timing value for transmission of HARQ-ACK information that does not belong to the intersection
of the set of slot timing values {1, 2, 3,4, 5, 6, 7, 8} and the set of slot timing values provided by higher layer parameter
DL-data-DL-acknowledgement for the active DL BWP of a corresponding serving cell.

If an occasion for a candidate PDSCH reception can be in response to a PDCCH with DCI format 1_1 and if higher
layer parameter Number-MCS-HARQ-DL-DCI indicates reception of two transport blocks, when the UE receives a
PDSCH with one transport block, the HARQ-ACK response is associated with the first transport block and the UE
generates a NACK for the second transport block if spatial bundling is not applied (HARQ-ACK-spatial-bundling-
PUCCH = FALSE) and generates HARQ-ACK value of ACK for the second transport block if spatial bundling is
applied.

A UE shall determine o;'“, 5, ,...,0\_ HARQ-ACK information bits, for a total number of O, HARQ-ACK

information bits, of a HARQ-ACK codebook for transmission in a PUCCH according to the following pseudo-code. In
the following pseudo-code, if the UE does not receive a transport block or a CBG, due to the UE not detecting a
corresponding PDCCH with DCI format 1_0 or DCI format 1_1, the UE generates a NACK value for the transport
block or the CBG. The cardinality of the set M , . defines a total number M of occasions for PDSCH reception or

SPS PDSCH release for serving cell c.
Set ¢ =0 —serving cell index: lower indices correspond to lower RRC indices of corresponding cell

Set j=0- HARQ-ACK bit index

Set N2k

cells

to the number of serving cells configured by higher layers for the UE

. DL
while ¢ <N,

Set m =0 — index of occasion for candidate PDSCH reception or SPS PDSCH release

while m <M,
if HARQ-ACK-spatial-bundling-PUCCH = FALSE, CBG-DL = OFF, and the UE is configured by higher
layer parameter Number-MCS-HARQ-DL-DCI with reception of two transport blocks for the active DL
BWP of serving cell ¢,

0 = HARQ-ACK bit corresponding to a first transport block of this cell;

J
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=+l

0 /.ACK = HARQ-ACK bit corresponding to a second transport block of this cell;
J=J+l

elseif HARQ-ACK-spatial-bundling-PUCCH = TRUE, and the UE is configured by higher layer parameter
Number-MCS-HARQ-DL-DCI with reception of two transport blocks for the active DL BWP of serving
cell ¢,

0 ].ACK = binary AND operation of the HARQ-ACK bits corresponding to first and second transport blocks

of this cell - if the UE receives one transport block, the UE assumes ACK for the second transport
block;

Jj=j+l;

elseif CBG-DL = ON, and Nyyponev. CBGs indicated by higher layer parameter CBGs-per-TB-DL for

serving cell ¢,

Set npg =0 - CBG index

. CBG/TB,max
while nep; <N, HARQ-ACK.c

0% = HARQ-ACK bit corresponding to CBG Mg of the first transport block;

J+ncBG

if the UE is configured by higher layer parameter Number-MCS-HARQ-DL-DCI with reception of two
transport blocks for the active DL BWP of serving cell ¢

~ACK

caomemx = HARQ-ACK bit corresponding to CBG 7 of the second transport block;

JHncBG +NyaARQ-ACK ¢
end if
Nepg =MNepg 15

end while

NDL 3 NCBG/TBmax

J=J+Nps. - Nyarooack.» Where Ny is the value of higher layer parameter Number-MCS-HARQ-DL-
DCI for the active DL BWP of serving cell c;

else

04 = HARQ-ACK bit of this cell

J
J=J+l
end if
m=m+1;
end while
c=c+l1;

end while
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If Oucx +Ogp +Ocg <11, the UE determines a number of HARQ-ACK information bits 7y,pq scx foOr obtaining a

N M ~1 Neig M. —1
transmission power for a PUCCH, as described in Subclause 7.2.1, as n, ARQ-ACK = Z ZN received 4 Z ZN received.CBG
c=0 m=0 c=0 m=0

where

- Ny is the number of transport blocks the UE receives in PDSCH reception occasion m for serving cell ¢ if

HARQ-ACK-spatial-bundling-PUCCH = FALSE, or the number of PDSCH receptions or SPS PDSCH release in
PDSCH reception occasion m for serving cell ¢ if HARQ-ACK-spatial-bundling-PUCCH = TRUE and the UE
reports corresponding HARQ-ACK information in the PUCCH.

N received,CBG

m,c

is the number of CBGs the UE receives in a PDSCH reception occasion m for serving cell ¢ and
the UE reports corresponding HARQ-ACK information in the PUCCH.

9.1.2.2 Type-1 HARQ-ACK codebook in physical uplink shared channel

If a UE multiplexes HARQ-ACK in a PUSCH transmission that is not scheduled by a DCI format or is scheduled by
DCI format 0_0, then

- __if the UE has not received any PDSCH or SPS PDSCH release in any of the M occasions for PDSCH reception

or SPS PDSCH release on any serving cell ¢, as described in Subclause 9.1.2.1, the UE does not multiplex
HARQ-ACK in the PUSCH transmission;

- else the UE generates the HARQ-ACK codebook as described in Subclause 9.1.2.1 except that HARQ-ACK-
spatial-bundling-PUCCH is replaced by HARQ-ACK-spatial-bundling-PUSCH.

If a UE multiplexes HARQ-ACK in a PUSCH transmission that is scheduled by DCI format 0_1, the UE generates the
HARQ-ACK codebook as described in Subclause 9.1.2.1 when a value of the DAI field in DCI format 0_1 is

Vilbaum =1 except that HARQ-ACK-spatial-bundling-PUCCH is replaced by HARQ-ACK-spatial-bundling-PUSCH.
The UE does not generate a HARQ-ACK codebook for multiplexing in the PUSCH transmission when V;’p,,, =0.

9.1.3 Type-2 HARQ-ACK codebook determination

This subclause applies if the UE is configured with HARQ-ACK-codebook=dynamic.

9.1.31 Type-2 HARQ-ACK codebook in physical uplink control channel

Based on maximum and minimum PDSCH-to-HARQ _feedback timing values provided to a UE by union of of the set
of slot timing values {1, 2, 3, 4, 5, 6, 7, 8} for DCI format 1_0 and the set of slot timing values provided by higher layer
parameter DL-data-DL-acknowledgement for DCI format 1_1, the UE determines monitoring occasions for PDCCH
with DCI format 1_0 or DCI format 1_1 for scheduling on a serving cell ¢ and for which the UE transmits HARQ-
ACK in a same PUCCH based on respective PDSCH-to-HARQ_feedback timing values. The PDCCH monitoring
occasions for PDSCH scheduling on serving cell ¢ are determined based on the PDCCH monitoring periodicity, the
PDCCH monitoring offset, and the PDCCH monitoring pattern within a slot for each search space in the set of search
spaces configured to the UE for PDCCH candidates corresponding to DCI format 1 _0 or DCI format 1_1 for serving
cell ¢. The set of PDCCH monitoring occasions is defined as the union of PDCCH monitoring occasions across
configured cells, ordered in ascending order of start time of the search space associated with a PDCCH monitoring
occasion. The cardinality of the set of PDCCH monitoring occasions defines a total number M of PDCCH monitoring
occasions.

A value of the counter downlink assignment indicator (DAI) field in DCI format 1_0 or DCI format 1_1 denotes the
accumulative number of {serving cell, PDCCH monitoring occasion}-pair(s) in which PDSCH reception(s) associated
with DCI format 1_0 or DCI format 1 _1 or DCI format 1_0 indicating downlink SPS release is present, up to the
current serving cell and current PDCCH monitoring occasion, first in increasing order of serving cell index and then in
increasing order of PDCCH monitoring occasion index m, where 0<m< M .

The value of the total DAI, when present [5, TS 38.212], in DCI format 1_1 denotes the total number of {serving cell,
PDCCH monitoring occasion}-pair(s) in which PDSCH reception(s) associated with DCI format 1_0 or DCI format 1_1
or associated with DCI format 1_0 indicating downlink SPS release is present, up to the current PDCCH monitoring
occasion m and shall be updated from PDCCH monitoring occasion to PDCCH monitoring occasion.
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Denote V> alem as the value of the counter DAI in DCI format 1_0 or DCI format 1_1 for scheduling on serving cell

¢ in PDCCH monitoring occasion m according to Table 9.1.3-1. Denote V>, ALm a8 the value of the total DAI DCI

format 1_1 in PDCCH monitoring occasion m according to Table 9.1.3-1. The UE shall assume a same value of total
DAI in all DCI formats 1 _1 in PDCCH monitoring occasion 1.

If the UE transmits HARQ-ACK in a PUCCH and for any PUCCH format, the UE shall determine the

05K, 51K ,‘..,5;%(71 , for a total number of O, HARQ-ACK information bits, according to the following pseudo-
code:

Set ¢ =0 —serving cell index: lower indices correspond to lower RRC indices of corresponding cell

Set m=0 — PDCCH with DCI format 1_0 or DCI format 1 _1 monitoring occasion index: lower index corresponds
to earlier PDCCH with DCI format 1_0 or DCI format 1_1 monitoring occasion

Set j=0

SetV, =0

temp —

Set V,

emp?2 =

0
Set V, =

Set N2t

s to the number of serving cells configured by higher layers for the UE
Set M to the number of PDCCH monitoring occasion(s)

while m < M

DL
while €< Neets

if there is a PDSCH on serving cell ¢ associated with PDCCH in PDCCH monitoring occasion m, or there
is a PDCCH indicating downlink SPS release on serving cell ¢

: DL
lf VC—DAI,c,m S V

temp
j=j+1
end if

_ /DL
I/temp - VC—DAI,(‘,m

.o DL _
iV pur, =9

/DL
Vtemp2 - VC*DAI,c,m
else
__1/DL
VtempZ - VT—DAI,m

if the higher layer parameter HARQ-ACK-spatial-bundling-PUCCH = FALSE and m is a monitoring
occasion for PDCCH with DCI format 1_0 or DCI format 1_1 and the UE is configured by higher
layer parameter Number-MCS-HARQ-DL-DCI with reception of two transport blocks for at least one
configured DL BWP of at least one serving cell,

oAk ot )= HARQ-ACK bit corresponding to the first transport block of this cell

8f+2( C—Dalem ™!
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ok e T HARQ-ACK bit corresponding to the second transport block of this cell

8f+2(Vc'—LDA1,c,m
V,=V, U{Sj + Z(VCD—LDAI,C,m - 1)8]' + Z(VCD—LDAI,C,m - 1)+ 1}
elseif the higher layer parameter HARQ-ACK-spatial-bundling-PUCCH = TRUE and m is a monitoring

occasion for PDCCH with DCI format 1_1 and the UE is configured by higher layer parameter
Number-MCS-HARQ-DL-DCI with reception of two transport blocks in at least one configured DL

BWP of a serving cell,
54‘13’; oL = binary AND operation of the HARQ-ACK bits corresponding to the first and second
C-DAIc,m

transport blocks of this cell
V.=V, U{4j + V£LDA1,L',m - 1}
else

0 AC’; oL = HARQ-ACK bit of this cell

GV parem ™!
V.=V, U{4j + VCD—LDAI,L',m _1}
end if
c=c+l
end while
m=m+1
end while

if Vtemp2 <V

temp
j=j+l1
end if

if the higher layer parameter H4RQ-A CK-spatial-bundling-PUCCH = FALSE and m is a monitoring occasion for
PDCCH with DCI format 1_0 or DCI format 1_1 and the UE is configured by higher layer parameter Number-
MCS-HARQ-DL-DCI with reception of two transport blocks for at least one configured DL BWP of a serving
cell,

04K :2.(4‘j+Vtemp2)
else

0'*=4-j+7,

lemp?2
end if
5/'“ =NACK forany i€ {0,,..0"* —1}\7,

s

Set ¢=0

DL
while c< Ncells

if SPS PDSCH transmission is activated for a UE and the UE is configured to receive SPS PDSCH in a slot
within the M monitoring occasions for serving cell ¢

OACK — OACK +1
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ogffK = HARQ-ACK bit associated with the SPS PDSCH reception

end if
c=c+l1;
end while

For a monitoring occasion of a PDCCH with DCI format 1_0 or DCI format 1_1 in at least one serving cell, when a UE
receives a PDSCH with one transport block and the value of higher layer parameter Number-MCS-HARQ-DL-DCI is 2,
the HARQ-ACK response is associated with the first transport block and the UE generates a NACK for the second
transport block if spatial bundling is not applied (HARQ-ACK-spatial-bundling-PUCCH = FALSFE) and generates
HARQ-ACK value of ACK for the second transport block if spatial bundling is applied.

If a UE is not provided higher layer parameter CBG-DL, or if the UE is provided CBG-DL = OFF for each of the N, o

cells
serving cells, or for PDSCH receptions scheduled by DCI format 1_0, or for SPS PDSCH receptions, or for SPS
PDSCH release, and if O, +Ogy +Oqg; <11, the UE determines a number of HARQ-ACK information bits

Nyargack 1OT obtaining a transmission power for a PUCCH, as described in Subclause 7.2.1, as

Neaii -1 M-
_ _ DL DL received
NyArRQ-ACK = "HARQ-ACK,TB — Z ((VC—DAI,mm e U DALc )m0d4)~ N e T Z N me T N, SPS,c
c=0 m=0

where

6 AaLm, o 18 the value of the counter DAI in the last DCI format 1_0 or DCI format 1_1 scheduling PDSCH
reception or indicating SPS PDSCH release for serving cell ¢ that the UE detects within the 4 PDCCH
monitoring occasions. V> AL, =0 if the UE does not detect any DCI format 1_0 or DCI format 1_1

scheduling PDSCH reception or indicating downlink SPS release for serving cell ¢ in any of the M PDCCH
monitoring occasions.

- Upyy. is the total number of DCI format 1_0 and DCI format 1_1 scheduling PDSCH receptions or indicating
downlink SPS release that the UE detects within the M PDCCH monitoring occasions for serving cell c.
Upai. =0 if the UE does not detect any DCI format 1_0 or DCI format 1_1 scheduling PDSCH reception or

indicating downlink SPS release for serving cell ¢ in any of the & PDCCH monitoring occasions.

- N%C is the value of higher layer parameter Number-MCS-HARQ-DL-DCI for serving cell ¢ if HARQ-ACK-
spatial-bundling-PUCCH = FALSE and Ny, =1 if HARQ-ACK-spatial-bundling-PUCCH = TRUE.

- N i5 the number of transport blocks the UE receives in a PDSCH scheduled by DCI format 1_0 or DCI

format 1_1 that the UE detects in PDCCH monitoring occasion m for serving cell ¢ if HARQ-ACK-spatial-
bundling-PUCCH = FALSE, or the number of DCI format 1 _0 and DCI format 1_1 that the UE detects in
PDCCH monitoring occasion m for serving cell ¢ if HARQ-ACK-spatial-bundling-PUCCH = TRUE, or the
number of DCI format 1_0 that the UE detects and indicate SPS PDSCH release in PDCCH monitoring occasion
m for serving cell c.

- Ngp, is the number of SPS PDSCH receptions by the UE on serving cell ¢ for which the UE transmits

corresponding HARQ-ACK information in the same PUCCH as for HARQ-ACK information corresponding to
PDSCH receptions or SPS PDSCH release scheduled by DCI format 1_0 within the A PDCCH monitoring
occasions.

If a UE transmits HARQ-ACK using PUCCH format 2 or PUCCH format 3 or PUCCH format 4 and the UE is
configured with

- higher layer parameter CBG-DL = ON for N2-*% serving cells; and

cells
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- higher layer parameter CBG-DL = OFF, or is not configured with higher layer parameter CBG-DL, for N&-™

serving cells where N25™ 4 NPLCBG — N DL

cells cells cells

the UE shall determine the 5,'“, 5" ...,6% | according to the previous pseudo-code with the following
modifications
- N2 isused for the determination of a first HARQ-ACK sub-codebook for SPS PDSCH release and for TB-

based PDSCH receptions scheduled by DCI format 1_0 on the N2-®° serving cells and DCI format 1_0 and

DCI format 1_1 on the N2I"™ serving cells;

cells

DL,CBG
cells

- NZ for the determination of a second HARQ-ACK sub-codebook corresponding to the

cells

NPLBG serving cells for CBG-based PDSCH receptions scheduled by DCI format 1_1, and

cells

is replaced by N,

- Instead of generating one HARQ-ACK information bit per transport block for a serving cell from the
N2 serving cells, the UE generates Nyapo acem HARQ-ACK information bits, where Ngapo sce max

1 1 DL,CBG . . .
is the maximum value of Npy, - Niavooack. across all N serving cells and Npy, is the value of higher

layer parameter Number-MCS-HARQ-DL-DCI for serving cell c. If for a serving cell ¢ it is
Ny Niaro-acke < Niiaro-ackms » the UE generates NACK for the last Ny sck max ~ Ve - Vitaro-Ack«

HARQ-ACK information bits for serving cell c;
- The pseudo-code operation for HARQ-ACK-spatial-bundling-PUCCH = TRUE is not applicable;

- The UE generates the HARQ-ACK codebook by appending the second HARQ-ACK sub-codebook to the first
HARQ-ACK sub-codebook.

If Oycx +Og +Ocg <11, the UE shall also determine 71,rq.ack = Praro-ackts T Praro-ack.csg 10T obtaining a

PUCCH transmission power, as described in Subclause 7.2.1, with

VD:.,(‘R(] 71 M 1
¥ cells —
_ DL CBG DL CBG/TB, max received, CBG
NYHARQ-ACK,CBG — Z [((VC—DAI,mW,c - UDAI,L' )mOd 4)' N TB,c N HARQ-ACK,c¢ + Z N mc j
c=0 m=0

where

|5 ALm,. o 18 the value of the counter DAI in the last DCI format 1_1 scheduling CBG-based PDSCH

reception for serving cell ¢ that the UE detects within the A PDCCH monitoring occasions. V>, Al =0
if the UE does not detect any DCI format 1_1 scheduling CBG-based PDSCH reception for serving cell ¢ in
any of the M PDCCH monitoring occasions.

- U Sﬁfc is the total number of DCI format 1_1 scheduling CBG-based PDSCH receptions that the UE detects

within the A PDCCH monitoring occasions for serving cell ¢. U g};ﬁ. =0 if the UE does not detect any

DCI format 1_1 scheduling CBG-based PDSCH reception for serving cell ¢ in any of the M PDCCH
monitoring occasions.

- Ny ceivedCBG s the number of CBGs the UE receives in a PDSCH scheduled by DCI format 1_1 that the UE

detects in PDCCH monitoring occasion m for serving cell ¢ and the UE reports corresponding HARQ-ACK
information in the PUCCH.
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Table 9.1.3-1: Value of counter DAI in DCI format 1_0 and of counter DAI or total DAI DCI format 1_1

DAI Number of {serving cell, PDCCH monitoring occasion}-pair(s) in which

VPE or VPR PDSCH transmission(s) associated with PDCCH or PDCCH indicating
MSB, LSB =i r=mi . -
’ downlink SPS release is present, denoted as Y and Y >1

0,0 1 (Y -1)mod4+1=1

0,1 2 (Y =1)mod4+1=2

1,0 3 (Y -1)mod4+1=3

1,1 4 (Y -1)mod4+1=4

9.1.3.2 Type-2 HARQ-ACK codebook in physical uplink shared channel

If a UE multiplexes HARQ-ACK information in a PUSCH transmission that is not scheduled by a DCI format or is
scheduled by DCI format 0_0, then

- if the UE has not received any PDCCH within the monitoring occasions for DCI format 1_0 or DCI format 1_1
for scheduling PDSCH receptions or DL SPS PDSCH release on any serving cell ¢ and the UE does not have
HARQ-ACK information in response to SPS PDSCH reception(s) to multiplex in the PUSCH, as described in
Subclause 9.1.3.1, the UE does not multiplex HARQ-ACK information in the PUSCH transmission;

- else, the UE generates the HARQ-ACK codebook as described in Subclause 9.1.3.1, except that HARQ-ACK-
spatial-bundling-PUCCH is replaced by HARQ-ACK-spatial-bundling-PUSCH.

If a UE multiplexes HARQ-ACK information in a PUSCH transmission that is scheduled by DCI format 0_1, the UE
generates the HARQ-ACK codebook as described in Subclause 9.1.3.1, with the following modifications:
- For0sm<M-1,V?, =@ andfor m=M-1,V;”,,  isreplacedby V7, = where V",  isthe

T-DAI,m

value of the DAI field in DCI format 0_1 according to Table 9.1.3-2

- For the case of first and second HARQ-ACK sub-codebooks, DCI format 0_1 includes a first DAI field
corresponding to the first HARQ-ACK sub-codebook and a second DALI field corresponding to the second
HARQ-ACK sub-codebook

- HARQ-ACK-spatial-bundling-PUCCH is replaced by HARQ-ACK-spatial-bundling-PUSCH.

If a UE is scheduled for a PUSCH transmission by DCI format 0_1 with 7;”%,, =4 and the UE has not received any
PDCCH within the monitoring occasions for PDCCH with DCI format 1_0 or DCI format 1_1 for scheduling PDSCH
receptions or DL SPS release on any serving cell ¢ and the UE does not have HARQ-ACK information in response to
SPS PDSCH reception(s) to multiplex in the PUSCH, as described in Subclause 9.1.3.1, the UE does not multiplex
HARQ-ACK information in the PUSCH transmission.

Table 9.1.3-2: Value of DAI in DCI format 0_1

DAI Number of {serving cell, PDCCH monitoring occasion}-pair(s) in which
MSB. LSB Vit PDSCH transmission(s) associated with PDCCH or PDCCH indicating
] downlink SPS release is present, denoted as X and X >1
0,0 1 (X —1)mod4+1=1
0,1 2 (X —1)mod4+1=2
1,0 3 (X —1)mod4+1=3
1,1 4 (X —1)mod4+1=4
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9.2 UCI reporting in physical uplink control channel

UCI types reported in a PUCCH include HARQ-ACK, SR, and CSI. UCI bits include HARQ-ACK information bits, if
any, SR information bit, if any, and CSI bits, if any.

9.2.1 PUCCH Resource Sets

If a UE does not have dedicated PUCCH resource configuration, provided by higher layer parameter PUCCH-
Resource-Set, an initial active UL BWP for PUCCH transmission with HARQ-ACK information is indicated by
SystemInformationBlockTypel and a PUCCH resource set is provided by higher layer parameter PUCCH-Resource-
Common provided by SystemInformationBlockTypel through an index to a row of Table 9.2.1-1. A PUCCH resource
set includes a PUCCH format, a first symbol, and a duration for a PUCCH transmission. The UE transmits a PUCCH
using frequency hopping.. The UE shall transmit the PUCCH using the same spatial domain transmission filter as for
the Msg3 PUSCH transmission. The UE is not expected to generate more than one HARQ-ACK information bit.

Table 9.2.1-1: PUCCH resource sets before dedicated PUCCH resource configuration

Index | PUCCH format | First symbol | Number of symbols | PRB index

o

OO (N[O |BR|WIN|=

10
11
12
13
14
15

If a UE has dedicated PUCCH resource configuration, the UE is provided by higher layers with one or more of the
following higher layer parameters:

- PUCCH-format0 providing a resource for PUCCH transmission with PUCCH format 0;

- PUCCH-formatl providing a resource for PUCCH transmission with PUCCH format 1;

- PUCCH-format?2 providing a resource for PUCCH transmission with PUCCH format 2;

- PUCCH-format3 providing a resource for PUCCH transmission with PUCCH format 3;

- PUCCH-format4 providing a resource for PUCCH transmission with PUCCH format 4.
A PUCCH resource includes one or more of the following parameters:

- an index of the first symbol

- for PUCCH format 0 or PUCCH format 2 the index of the first symbol index is indicated by higher layer
parameter PUCCH-F0-F2-starting symbol,

- for PUCCH format 1, PUCCH format 3, or PUCCH format 4, the index of the first symbol is indicated by
higher layer parameter PUCCH-F I-F3-F4-starting-symbol,

- anumber of symbols

- for PUCCH format 0 or PUCCH format 2, the number of symbols is indicated by higher layer parameter
PUCCH-FO0-F2-number-of-symbols;
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- for PUCCH format 1 or PUCCH format 3, or PUCCH format 4, the number of symbols is indicated by higher
layer parameter PUCCH-F I-F3-F4-number-of-symbols;

- an index of the first PRB prior to frequency hopping or for no frequency hopping by higher layer parameter
PUCCH-starting-PRB;

- an index of the first PRB after frequency hopping by higher layer parameter PUCCH-2nd-hop-PRB;
- anumber of PRBs (for PUCCH format 2 or PUCCH format 3)

- for PUCCH format 2, the number of PRBs is indicated by higher layer parameter PUCCH-F2-number-of-
PRBs;

- for PUCCH format 3, the number of PRBs is indicated by higher layer parameter PUCCH-F3-number-of-
PRBs;

- frequency hopping

- frequency hopping for a PUCCH resource is either enabled or disabled and is indicated by higher layer
parameter PUCCH-frequency-hopping;

- an index of the cyclic shift (for PUCCH format 0 or PUCCH format 1)

- for PUCCH format 0 or PUCCH format 1, the index of the cyclic shift is indicated by higher layer parameter
PUCCH-FO0-F I-initial-cyclic-shift;

- an index of an orthogonal cover code in case of PUCCH format 1

- the index of the orthogonal cover code is from a set determined as described in [4, TS 38.211] and is
indicated by higher layer parameter PUCCH-F I-time-domain-OCC,

- an index of an orthogonal cover code in case of PUCCH format 4

- the index of the orthogonal cover code is from a set of {0, 1, 2, 3} as described in [4, TS 38.211] and is
indicated by higher layer parameter PUCCH-F4-preDFT-OCC-index;

- aspreading factor for an orthogonal cover code in case of PUCCH format 4

- the spreading factor of PUCCH format 4 is from a set of {2, 4} as described in [4, TS 38.211] and is
indicated by higher layer parameter PUCCH-F4-preDFT-OCC-length;

- aspatial setting provided by higher layer parameter PUCCH-Spatialrelationinfo if it provides a single value for
higher layer parameter Spatialrelationinfo; otherwise, the spatial setting is provided by a selection command for
the value of Spatialrelationinfo [11, TS 38.321].

A UE can be configured a number of sets of PUCCH resources by higher layer parameter PUCCH-Resource-Set, where
the number of PUCCH resources in the first set of PUCCH resources is provided by higher layer parameter
maxNrofPUCCH-ResourcesPerSet, the number of PUCCH resources in the other sets of PUCCH resources is eight, and
where a PUCCH resource in a set of PUCCH resources is indicated by higher layer parameter PUCCH-Resourceld.

If the UE transmits N, UCI bits, the UE determines a PUCCH resource set to be
- afirst set of PUCCH resources if Ny <2, or

- asecond set of PUCCH resources, if any, if 2 < Ny <N, where N, is provided by higher layer parameter
N 2, or

- athird set of PUCCH resources, if any, if N, < Ny < N; where N; is provided by higher layer parameter
N 3, or

- a fourth set of PUCCH resources, if any, if N; S Ny <N, .
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9.2.2 PUCCH Formats for UCI transmission
If a UE is not transmitting PUSCH, and the UE is transmitting UCI, the UE shall transmit UCI
- on PUCCH format 0 if
- the transmission is over 1 symbol or 2 symbols,
- the number of UCI bits is 1 or 2
- on PUCCH format 1 if
- the transmission is over 4 or more symbols,
- the number of UCI bits is 1 or 2
- on PUCCH format 2 if
- the transmission is over 1 symbol or 2 symbols,
- the number of UCI bits is more than 2
- on PUCCH format 3 if
- the transmission is over 4 or more symbols,
- the number of UCI bits is more than 2

- on PUCCH format 4 if

the transmission is over 4 or more symbols,
- the number of UCI bits is more than 2,

- a PUCCH resource includes an orthogonal cover code
9.2.3 UE procedure for reporting HARQ-ACK

A UE may transmit one or more PUCCHs on a serving cell in different symbols within a slot of N:;ff,b symbols as
defined in [4, TS 38.211]. With reference to slots for PUCCH transmissions, if the UE detects a DCI format 1_0 or a
DCI format 1_1 scheduling a PDSCH reception or a DCI format 1_0 indicating aSPS PDSCH release over a number of
symbols where the last symbol is within slot 7, the UE shall provide corresponding HARQ-ACK information in a
PUCCH transmission within slot # + k , where k is a number of slots and is indicated by the PDSCH-to-HARQ-

timing-indicator field in the DCI format.

For DCI format 1_1, the PDSCH-to-HARQ-timing-indicator field values map to values for a number of slots indicated
by higher layer parameter DL-data-DL-acknowledgement as defined in Table 9.2.3-1 from a set of number of slots
provided by higher layer parameter Slot-timing-value-K1.

For DCI format 1_0, the PDSCH-to-HARQ-timing-indicator field values map to {1, 2, 3,4, 5, 6, 7, 8} .For a PDSCH
reception in slot » without an associated DCI format 1_0 or DCI format 1_1 detection and for HARQ-ACK
transmission in a PUCCH, the UE transmits the PUCCH in slot 7+ k£ unless the UE is provided higher layer parameter
UL-DL-configuration-common, or higher layer parameter UL-DL-configuration-common-Set2 , or higher layer
parameter UL-DL-configuration-dedicated indicating at least one symbol for the PUCCH transmission in slot n+k as
a downlink symbol.

If the UE detects a DCI format that does not include a PDSCH-to-HARQ-timing-indicator field and schedules a
PDSCH reception over a number of symbols where the last symbol is within slot 7, the UE shall provide corresponding

HARQ-ACK information in a PUCCH transmission within slot 7 + k .

HARQ-ACK transmission in a PUCCH is subject to the limitations for UE transmissions described in Subclause 11.1
and Subclause 11.1.1.

Samsung Electronics Co., Ltd. v. Asus Tech. Licensing 3GPP EX-1008, 42 of 77



Release 15 43 3GPP TS 38.213 V15.1.0 (2018-03)

Table 9.2.3-1: Mapping of PDSCH-to-HARQ_feedback timing indicator field values to numbers of

slots
PDSCH-to-HARQ_feedback timing indicator Number of slots &
'000' 1st value provided by DL-data-DL-acknowledgement
'001" 2" value provided by DL-data-DL-acknowledgement
'010" 3" value provided by DL-data-DL-acknowledgement
'011' 4" value provided by DL-data-DL-acknowledgement
'100' 5% value provided by DL-data-DL-acknowledgement
101" 6" value provided by DL-data-DL-acknowledgement
'"110' 7" value provided by DL-data-DL-acknowledgement
111" 8" value provided by DL-data-DL-acknowledgement

For transmission of HARQ-ACK information in a PUCCH by a UE, the UE determines a PUCCH resource after

determining a set of PUCCH resources for N;o; HARQ-ACK information bits, as described in Subclause 9.2.1. The

PUCCH resource determination is based on a PUCCH resource indicator field [5, TS 38.212] in a last DCI format 1 0
or DCI format 1_1 that the UE detects and for which the UE transmits corresponding HARQ-ACK information in the
PUCCH where detected DCI formats are indexed in an ascending order first across serving cells indexes and then
across PDCCH monitoring occasion indexes. The PUCCH resource indicator field values map to values of PUCCH
resource indexes, as defined in Table 9.2.3-2, provided by higher layer parameter PUCCH-Resourceld for PUCCH
resources from the set of PUCCH resources provided by higher layer parameter PUCCH-Resource-Set.

For the first set of PUCCH resources, if the value of higher layer parameter maxNrofPUCCH-ResourcesPerSet is larger
than eight, the UE determines a PUCCH resource from the PUCCH resources indicated by the PUCCH resource
indicator field value through a mapping function to other parameters that include a CCE index of a corresponding
PDCCH.

Table 9.2.3-2: Mapping of PUCCH resource indication field values to a PUCCH resource in a PUCCH
resource set other than the first PUCCH resource set

PUCCH resource indicator PUCCH resource
'000' 18t PUCCH resource provided by PUCCH-Resourceld
‘001" 24 PUCCH resource provided by PUCCH-Resourceld
'010' 3 PUCCH resource provided by PUCCH-Resourceld
'011' 4% PUCCH resource provided by PUCCH-Resourceld
'100' 5" PUCCH resource provided by PUCCH-Resourceld
101" 6" PUCCH resource provided by PUCCH-Resourceld
'"110' 7" PUCCH resource provided by PUCCH-Resourceld
111" 8t PUCCH resource provided by PUCCH-Resourceld

If a UE receives a PDSCH without a corresponding PDCCH, a PUCCH resource for corresponding HARQ-ACK
transmission is provided by higher layer parameter n/ PUCCH-AN.

If a UE transmits HARQ-ACK using PUCCH format 0, the UE determines values m, and mq for computing a value
of cyclic shift o [4, TS 38.211] where m, is provided by higher layer parameter PUCCH-F0-F I-initial-cyclic-shift of
PUCCH-F0-resource-config, and mg is determined from the value of one HARQ-ACK bit or from the values of two
HARQ-ACK bits as in Table 9.2.3-3 and Table 9.2.3-4, respectively.

Table 9.2.3-3: Mapping of values for one HARQ-ACK bit to sequences

HARQ-ACK Value 0 1
Sequence cyclic shift meg =0 Meg =6
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Table 9.2.3-4: Mapping of values for two HARQ-ACK bits to sequences

HARQ-ACK Value {0, 0} {0, 1} {1,1} {1, 0}
Sequence cyclic shift meg =0 meg =3 Meg =6 Meg =9

If a UE transmits O, HARQ-ACK bits and O, bits using PUCCH format 2 or PUCCH format 3 in a PUCCH
resource that includes My, "' PRBs, the UE determines a number of PRBs My for the PUCCH transmission to

be the minimum number of PRBs, that is smaller than or equal to a number of PRBs M 5,°" provided respectively by
higher layer parameter PUCCH-F2-number-of-PRBs or PUCCH-F3-number-of-PRBs and starts from the first PRB
from the number of PRBs, that results to (O, +Ocpe) < M Rool NRB NIV Q, -1 and, if M P >,

sc,ctrl symb
(Oyck +Ocxe) > (M Rbomin — l)~ NEB NPV, where NEB ., NIVCM O and r are defined in Subclause

sc,ctrl symb sc,ctrl 2 symb

9.2.5.2.If (Opcx +Ocpc) > (M;gCCH —l)~ NEB L NPUCCU -0, -7, the UE transmits the PUCCH over Mp,"" PRBs.

sc,ctrl symb-UCI

9.24 UE procedure for reporting SR

A UE is configured by higher layer paremater SchedulingRequestResource-Config a set of configurations for SR
transmission in a PUCCH using either PUCCH format 0 or PUCCH format 1.

The UE is configured a PUCCH resource by higher layer parameter SchedulingRequestResourceld providing a PUCCH
format 0 resource or a PUCCH format 1 resource as described in Subclause 9.2.1. The UE is also configured a
periodicity SRpppiopiciry 10 Symbols and an offset SR p.qpp in slots by higher layer parameter periodicityAndOffset for a

PUCCH transmission conveying SR. If SRyppiopicrry 1S larger than one slot, the UE determines a SR transmission

occasion in a PUCCH to be in a slot with number_n{, [4, TS 38.211] in a frame with number 7, if

(nf' : Nslot

frame,
“+ "\uf - SROFFSET )mOd SRPERIODICITY =0.
If SRperiopiciry 18 one slot, the UE expects that SRy =0 and every slot is a SR transmission occasion in a PUCCH.

If SRperiopiciry 18 smaller than one slot, the UE determines a SR transmission occasion in a PUCCH to start in a symbol
with index / [4, TS 38.2117if (I -1, mod SRpsgiopicrry )MO SRpppiopierry =0 Where 1 is the value of higher layer
parameter startingSymbollndex.

If the UE determines that, for an occasion of a SR transmission in a PUCCH, the number of symbols available for the
PUCCH transmission in a slot is smaller than the value provided by higher layer parameter nrofSymbols, the UE does
not transmit the PUCCH in the slot.

SR transmission occasions in a PUCCH are subject to the limitations for UE transmissions described in Subclause 11.1
and Subclause 11.1.1.

The UE transmits a PUCCH in the PUCCH resource for the corresponding SR configuration only when the UE
transmits a positive SR. For a positive SR transmission using PUCCH format 0, the UE transmits the PUCCH as
described in [4, TS 38.211] by setting m_, = 0. For a positive SR transmission using PUCCH format 1, the UE

transmits the PUCCH as described in [4, TS 38.211] by setting 5(0)=0.

9.2.5 UE procedure for reporting multiple UCI types
9.2.5.1 UE procedure for multiplexing HARQ-ACK or CSl and SR

In the following, a SR transmission occasion from a UE is assumed to have a same first symbol as a HARQ-ACK
transmission from the UE or a same first symbol with a CSI transmission from the UE.

If a UE transmits positive SR and Ny <2 HARQ-ACK information bits using PUCCH format 0, the UE transmits the

PUCCH format 0 in PRB(s) indicated by DCI format 1_0 or DCI format 1_1 for HARQ-ACK transmission as described
in Subclause 9.2.3. The UE determines a value of m, and mq for computing a value of cyclic shift & [4, TS 38.211]
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where m, is provided by higher layer parameter PUCCH-F0-FI-initial-cyclic-shift, and mq is determined from the

value of one HARQ-ACK bit or from the values of two HARQ-ACK bits as in Table 9.2.5-1 and Table 9.2.5-2,
respectively.

If the UE transmits negative SR and N ¢; <2 HARQ-ACK information bits using PUCCH format 0, the UE transmits
the PUCCH format 0 for HARQ-ACK transmission as described in Subclause 9.2.3.

Table 9.2.5-1: Mapping of values for one HARQ-ACK bit and positive SR to sequences

HARQ-ACK Value 0 1
Sequence cyclic shift meg =3 Mmeg =9

Table 9.2.5-2: Mapping of values for two HARQ-ACK bits and positive SR to sequences

HARQ-ACK Value {0, 0} {0, 1} 1,1} {1, 0}
Sequence cyclic shift meg =1 meg =4 meg =7 meg =10

If a UE transmits negative SR and Ny <2 HARQ-ACK information bits using PUCCH format 1, the UE transmits
the PUCCH format 1 using a PUCCH resource indicated by DCI format 1_0 or DCI format 1_1 for HARQ-ACK

transmission as described in Subclause 9.2.3. If the UE transmits positive SR and Ny HARQ-ACK information bits

using PUCCH format 1, the UE transmits the PUCCH format 1 using a PUCCH resource for SR transmission as
described in Subclause 9.2.4.

If a UE transmits V;o; HARQ-ACK information bits in a PUCCH using PUCCH format 2 or PUCCH format 3 or

PUCCH format 4, as described in Subclause 9.2.3, and the UE is configured to transmit K PUCCHs for respective K
SR transmission occasions, as determined by a set of higher layer parameters schedulingRequestResourceld, with a
same first symbol as for PUCCH format 2 or PUCCH format 3 or PUCCH format 4s, [log, (K +1)] bits representing a

SR transmission occasion, in ascending order, and the SR value are appended to the HARQ-ACK bits. An all-zero value
for the [log, (K +1)] bits represents a negative SR value across all K SR transmission occasions.

If a UE transmits periodic CSI or semi-persistent CSI in a PUCCH using PUCCH format 2 or PUCCH format 3 or
PUCCH format 4 and, respectively, PUCCH-F2-simultaneous-HARQ-ACK-CSI = TRUE, PUCCH-F 3-simultaneous-
HARQ-ACK-CSI = TRUE, or PUCCH-F4-simultaneous-HARQ-ACK-CSI = TRUE, and the UE is configured to
transmit PUCCHs for K occasions for SR transmission with a same first symbol as for PUCCH format 2 or PUCCH
format 3 or PUCCH format 4, [log, (K +1)] bits representing the corresponding SR transmission occasion and the SR

value are appended to the HARQ-ACK bits as described in Subclause 9.2.5.2.

If a UE transmits O, HARQ-ACK bits, Oy, = ﬁog2 (K + 1)—‘ SR bits, and O, CRC bits using PUCCH format 2 or
PUCCH format 3 in a PUCCH resource that includes My, "' PRBs, the UE determines a number of PRBs M {;‘,j‘nfm“

for the PUCCH transmission to be the minimum number of PRBs, that is smaller than or equal to a number of PRBs
provided respectively by higher layer parameter PUCCH-F2-number-of-PRBs or PUCCH-F3-number-of-PRBs and

starts from the first PRB from the number of PRBs, that results to
(Ouck + O +Ocpe ) S Mot - NEB - NEWCH .0 1 and, if Mey "' >1,

sc,ctrl symb

PUCCH RB PUCCH RB PUCCH :
(OACK + OSR + OCRC ) > (MRB,min - 1) Nsc,ctrl . Nsymb : Qm r, Where Nsc,ctrl > Nsymb > Qm H and roare deﬁned n

Subelause 9.2.5.2. Tf (O +Og + O ) > (MESH —1)- NEB - NP .0, -, the UE transmits the PUCCH over the
MM PRBs.

9.25.2 UE procedure for multiplexing HARQ-ACK/SR and CSI

In the following, a periodic/semi-persistent CSI transmission occasion from a UE is assumed to have a same first
symbol as a HARQ-ACK/SR transmission from the UE as described in Subclause 9.2.5.1.

For a UE transmitting a PUCCH using PUCCH format 2, PUCCH format 3, or PUCCH format 4 to convey HARQ-
ACK/SR and periodic/semi-persistent CSI reports
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- if the UE transmits PUCCH using PUCCH format 2 to convey the HARQ-ACK/SR and periodic/semi-persistent
CSI, the UE transmits HARQ-ACK/SR and periodic/semi-persistent CSI report(s) in the PUCCH if the
parameter PUCCH-F2-simultaneous-HARQ-ACK-CSI provided by higher layers is set TRUE;; otherwise, the UE
drops the periodic/semi-persistent CSI report(s) and conveys only HARQ-ACK/SR in the PUCCH as described
in Subclause 9.2.5.1;

- if the UE transmits PUCCH using PUCCH format 3 to convey the HARQ-ACK/SR and periodic/semi-persistent
CSI, the UE transmits HARQ-ACK/SR and periodic/semi-persistent CSI report(s) in the PUCCH if the
parameter PUCCH-F3-simultaneous-HARQ-ACK-CSI provided by higher layers is set TRUE; otherwise, the UE
drops the periodic/semi-persistent CSI report(s) and conveys only HARQ-ACK/SR in the PUCCH as described
in Subclause 9.2.5.1;

- if the UE transmits PUCCH using PUCCH format 4 to convey the HARQ-ACK/SR and periodic/semi-persistent
CSI, the UE transmits HARQ-ACK/SR and periodic/semi-persistent CSI report(s) in the PUCCH if the
parameter PUCCH-F4-simultaneous-HARQ-ACK-CSI provided by higher layers is set TRUE;; otherwise, the UE
drops the periodic/semi-persistent CSI report(s) and conveys only HARQ-ACK/SR in the PUCCH as described
in Subclause 9.2.5.1.

A UE is configured by higher layer parameter PUCCH-F2-maximum-coderate a code rate for transmission of HARQ-
ACK/SR and periodic/semi-persistent CSI report(s) in PUCCH format 2.

A UE is configured by higher layer parameter PUCCH-F3-maximum-coderate a code rate for transmission of HARQ-
ACK/SR and periodic/semi-persistent CSI report(s) in PUCCH format 3.

A UE is configured by higher layer parameter PUCCH-F4-maximum-coderate a code rate for transmission of HARQ-
ACK/SR and periodic/semi-persistent CSI report(s) in PUCCH format 4.

If
- a UE has periodic/semi-persistent CSI reports and zero or more HARQ-ACK/SR information bits to transmit in a
PUCCH, and
- the HARQ-ACK information, if any, is in response to a PDSCH reception without a corresponding PDCCH, and
- the UE is configured to transmit periodic/semi-persistent CSI report(s) in a PUCCH using PUCCH format 2 or
PUCCH format 3 or PUCCH format 4, and
- PUCCH-F2-simultaneous-HARQ-ACK-CSI = TRUE, or PUCCH-F3-simultaneous-HARQ-ACK-CSI = TRUE,
or PUCCH-F4-simultaneous-HARQ-ACK-CSI = TRUE, respectively,
then

- if the UE is configured with J <2 PUCCH format 2 resources, or with J <2 PUCCH format 3 resources, or
with J <2 PUCCH format 4 resources, as described in Subclause 9.2.1, where the resources are indexed
according to an ascending order for the product of a number of corresponding REs, modulation order O, , and
configured code rate r;

- if (Ouex + Osg + Ocsy + Ocpe ) S Mo ™ - NE2 - NoweG -0, - 7, the PUCCH uses PUCCH format 2 resource

sc,ctrl symb,0

0, or the PUCCH format 3 resource 0, or the PUCCH format 4 resource O ;

- elseif (Oycx +Ogp +Ocgy +Ocpe )> M ™ - NEE N -0, -7 and

sc,ctrl symb, j

(Oycx + O +Ocg + O ) < MRPESEIH -NRB NPV .0 -r, 0< j<J -1, the UE transmits a PUCCH

sc,ctrl symb, j+1 :
conveying HARQ-ACK/SR and periodic/semi-persistent CSI report(s) in a respective PUCCH where the
PUCCH uses PUCCH format 2 resource j+1, or the PUCCH format 3 resource j+1, or the PUCCH format

4 resource;

- else the PUCCH uses PUCCH format 2 resource J —1, or the PUCCH format 3 resource J —1, or the
PUCCH format 4 resource J —1, where

- O, 1s the total number of HARQ-ACK bits, if any;

- Og =0 if there is no scheduling request bit; otherwise, Og, = ﬁogz(K + 1)—‘;
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- Ocg Is the total number of CSI reports bits;
- Ocge 1s the total number of CRC bits, if any;

- r is the code rate given by higher layer parameter PUCCH-F2-maximum-coderate for PUCCH format 2,
or PUCCH-F3-maximum-coderate for PUCCH format 3, or PUCCH-F4-maximum-coderate for PUCCH
format 4, respectively, as in Table 9.2.5.2-1.

- M ggCCH is the number of PRBs for PUCCH format 2, or PUCCH format 3, or PUCCH format 4,

respectively, where My " is provided by higher layer parameter PUCCH-F2-number-of-PRBs for
PUCCH format 2 or by higher layer parameter PUCCH-F 3-number-of-PRBs for PUCCH format 3, and
MM =1 for PUCCH format 4;

= NX® for PUCCH format 3, and N*2 = NP /NPCCHs

sc,ctrl

_ NRB

sc,ctrl

for PUCCH format 4;

= N2® —4 for PUCCH format 2, N}®

sc,ctrl

- NIUCCH s equal to the number of PUCCH symbols N!os** for PUCCH format 2 provided by higher

symb-UCI symb

layer parameter PUCCH-F0-F2-number-of-symbols. For PUCCH format 3 or for PUCCH format 4,
NEUCCHR | is equal to the number of PUCCH symbols NPV for PUCCH format 3 or equal to the

symb-UC symb
number of PUCCH symbols N, -“** for PUCCH format 4 provided by higher layer parameter PUCCH-
F1-F3-F4-number-of-symbols for PUCCH format 3 or for PUCCH format 4, respectively, after excluding
a number of symbols used for DM-RS transmission for PUCCH format 3 or for PUCCH format 4,

respectively [4, TS 38.211];

- 0, =1 if pi/2-BPSK is the modulation scheme and Q, =2 if QPSK is the modulation scheme as
indicated by higher layer parameter PUCCH-PF3-PF4-pi/2BPSK for PUCCH format 3 or PUCCH format
4. For PUCCH format 2, O, =2.

If a UE has HARQ-ACK information to transmit in response to a PDSCH reception with a corresponding PDCCH or in
response to a PDCCH indicating SPS PDSCH release, and the UE has wideband periodic/semi-persistent CSI reports
[6, TS 38.214] to transmit in a PUCCH and the UE determines a PUCCH format 2 or a PUCCH format 3 or a PUCCH
format 4 to transmit HARQ-ACK/SR and the wideband periodic/semi-persistent CSI reports by determining a PUCCH
resource set with Ny = (0, + O +Ocg + OCRC) as described in Subclause 9.2.1 and Subclause 9.2.3, and PUCCH-
F2-simultaneous-HARQ-ACK-CSI = TRUE, or PUCCH-F3-simultaneous-HARQ-ACK-CSI = TRUE or PUCCH-F4-
simultaneous-HARQ-ACK-CSI = TRUE, respectively,

- if (Opex +Osp + Opgy +Ocpe ) S MESEM - NEB . NFVSCH . .1, the UE shall transmit the HARQ-ACK/SR and

sc,ctrl symb

periodic/semi-persistent CSI bits using PUCCH format 2 by selecting the minimum number Mgyt of the

M EECCH PRBs satisfying (OACK +Og +Ocg + Ocge ) <M ﬁgicif "N, sli,fim "N, S};/S'ECH -Q,, - as described in

Subclauses 9.2.3 and 9.2.5.1;

- else, the UE selects N Z‘l"’md CSI report(s) for transmission together with HARQ-ACK/SR in ascending order of

. . . . . . reported :
Pricg (,5,¢,), where Pri(y,s,c,t) is determined according to [6, TS 38.214]; the value of N satisties
Nrcponcd
CSIL
PUCCH RB PUCCH
Oncx +Os + ZOCSl,n +Ocre |SMpg " Nyew " Ny, 9,7 and
n=1
Nreponed 1
CSI
Oucx O + ZOCSL” +Ocge |> MM Niitr, . N:;EiCbCH -0, -1, where O, is the number of CSI report

n=1

bits for the n, CSI report in ascending order of Pri g (v,s,c,t).

If a UE has HARQ-ACK information to transmit in response to a PDSCH reception with a corresponding PDCCH or in
response to a SPS PDSCH release and N sub-band [6, TS 38.214] periodic/semi-persistent CSI reports to transmit in
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a PUCCH and the UE determines either a PUCCH format 3 or a PUCCH format 4 to transmit HARQ-ACK/SR and the
NS sub-band periodic/semi-persistent CSI reports by determining a PUCCH resource set with

Ny = (OACK +Ogp + O + OCRC) as described in Subclause 9.2.1 and Subclause 9.2.3, and PUCCH-F3-simultaneous-
HARQ-ACK-CSI = TRUE, or PUCCH-F4-simultaneous-HARQ-ACK-CSI = TRUE, respectively
- if (Opck +Ogp + Ocgy + Ocpe ) S Mg ™ - NEP - NEXHM .0 -1 for the N&' periodic/semi-persistent CSI
NE!
reports, where z (OCSI_me” + OCSI_pmz,,,)= Ocgi and Ocre; +Ocgen = Ocge » Where Ogge is the number of CRC

n=1

bits for encoding HARQ-ACK/SR and CSI part 1 and O, is the number of CRC bits for encoding CSI part 2,
the UE shall transmit the HARQ-ACK/SR and the Ng’st?l periodic/semi-persistent CSI report bits using either
PUCCH format 3 or PUCCH format 4 by selecting the minimum number M 5" of PRBs from the M ;"

RB,min
PRBs satisfying (O,cx +Ogg + Ocsi + Ocre ) S Mppoin - Novoi - Nowwtier - Q,, -7 as described in Subclauses 9.2.3
and 9.2.5.1;
- else,

- iffor N™"¢ >0 CSI part 2 report priority level(s), it is

CSI-part2

reported r
Nestpar

Ny
PUCCH RB PUCCH
ZOCSI-panZJI + OCRC-panz S| M RB N sc N symb [OACK + OSR + ZOCSI-panl,n + OCRCA,CSI-punl (Qm r ) Qm r

n=1 n=1

sreported
Nesiopar2

ey
E : PUCCH RB PUCCH 2 :
OCSI-panz,n + OCRC-panZ > [MRB : Nsc 'Nsymb _’7 OACK + OSR + OCSI-pam,n + OCRC,CSI-pam (Qm -r) 'Qm o

n=1 n=1

the UE selects N"*"Y CSI part 2 report priority level(s), according to [6, TS 38.214], for transmission

CSI-part2
together with the HARQ-ACK/SR and Ng’s‘?l CSI part 1 reports using either PUCCH format 3 or PUCCH

format 4, where Ocstpart is the number of CSI part 1 report bits for the n, CSI report and Ocstparzn is the

number of CSI part 2 report bits for the n,, CSI report priority level, and Ocrccstpat + Ocre.cstpan = Ocre ;

- else, the UE drops all CSI part2 reports and selects N Z‘j‘;‘:‘d CSI part 1 report(s), in ascending order of

Pri g (v,s,c,t), where Prig (y,s,c,t) is determined according to [6, TS 38.214], for transmission
together with the HARQ-ACK/SR bits using either in PUCCH format 3 or in PUCCH format 4 where the

Nrcponcd
CSl-part]
reported : PUCCH | A7RB  A7PUCCH .
value of NCSLPE“I satisfies | O,cx + O + E Ocstpatin T Ocre | S My Ne Nymp -0, -7 and

n=1

reported +

CSl-partl
PUCCH /RB  A7PUCCH .

Opcx T O + § OCSI-panl,n +Oce |>Mpg N 'Nsymb -Q,, -r, where Ocsipartin 18 the number of

n=1

CSI report bits for the 1, CSI part 1 report in ascending order of Pri . (v,s,c,t) and Ocrecstpartt = Ocre -

Table 9.2.5.2-1: Code rate » corresponding to higher layer parameter PUCCH-F2-maximum-coderate,
or PUCCH-F3-maximum-coderate, or PUCCH-F4-maximum-coderate

Value of PUCCH-F2-maximum-coderate

Value of PUCCH-F3-maximum-coderate | Code rate r

Value of PUCCH-F4-maximum-coderate
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0.08
0.15
0.25
0.35
0.45
0.60
0.80
Reserved

NO|O|R|WIN(—~|O

9.2.6 UCI repetition procedure

For PUCCH formats 1, 3, or 4, a UE can be configured a number of slots, Nptecy, for a PUCCH transmission by

respective higher layer parameters PUCCH-F1-number-of-slots , PUCCH-F3-number-of-slots, or PUCCH-F4-number-
of-slots.

repeat
For Npjeen>1,

- the UE repeats the UCI in the PUCCH transmission in the first slot of the Npyoey slots in the PUCCH

[ . .. repeat .
transmission in each of the remaining Np{iccy—1 slots;

- a PUCCH transmission has the same number of consecutive symbols, as provided by higher layer parameter
PUCCH-FI-F3-F4-number-of-symbols, in each of the Nppoey slots;

- aPUCCH transmission has a same first symbol, as provided by higher layer parameter PUCCH-FI-F3-F4-

starting-symbol, in each of the Npgoey slots;

- the UE is configured by higher layer parameter PUCCH-F I-F3-F4-interslot-FH whether or not to perform
frequency hopping for PUCCH transmissions in different slots. If PUCCH-F'I-F3-F4-interslot-FH = ON, a first
PRB for a PUCCH transmission is provided by higher layer parameter PUCCH-starting-PRB and a second PRB
for a PUCCH transmission is provided by higher layer parameter PUCCH-2nd-hop-PRB.

- Ifthe UE is configured to perform frequency hopping for PUCCH transmissions in different slots,
- the UE performs frequency hopping per slot;
- the UE transmits the PUCCH starting from the first PRB in slots with even number and starting from the

second PRB in slots with odd number. The slot indicated to the UE for the first PUCCH transmission has

number 0 and each subsequent slot until the UE transmits the PUCCH in Npproey; slots is counted
regardless of whether or not the UE transmits the PUCCH in the slot;

- the UE is not expected to be configured to perform frequency hopping for a PUCCH transmission within
a slot.

- Ifthe UE is configured to perform frequency hopping for PUCCH transmissions within a slot, the frequency
hopping pattern between the first PRB and the second PRB is same within each slot.

If the UE determines that, for a PUCCH transmission in a slot, the number of symbols available for the PUCCH
transmission is smaller than the value provided by higher layer parameter nrofSymbols, the UE does not transmit the
PUCCH in the slot.

If a UE is provided higher layer parameter UL-DL-configuration-common, or is additionally provided higher layer
parameter UL-DL-configuration-common-set2, or is additionally provided higher layer parameter UL-DL-
configuration-dedicated for the slot format per slot over the number of slots, as described in Subclause 11.1, the UE

determines the Npjccy slots for a PUCCH transmission starting from a slot indicated to the UE as described in
Subclause 9.2.3 and having

- an UL symbol or flexible symbol provided by higher layer parameter PUCCH-FI-F3-F4-starting-symbol as a
first symbol, and
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- consecutive UL symbols or flexible symbols, starting from the first symbol, equal to or larger than a number of
symbols provided by higher layer parameter PUCCH-F [-F3-F4-number-of-symbols.

If a UE is not provided higher layer parameter UL-DL-configuration-common or higher layer parameter UL-DL-
configuration-common-set2, the UE determines the Npocy slots for a PUCCH transmission as the Npocy; consecutive
slots starting from a slot indicated to the UE as described in Subclause 9.2.3.

9.3 UCI reporting in physical uplink shared channel

If a UE has a PUSCH transmission with a same first symbol as a PUCCH transmission that includes HARQ-ACK, or
semi-persistent CSI, or periodic CSI information, the UE multiplexes the HARQ-ACK or the semi-persistent CSI, or
periodic CSI information in the PUSCH.

Offset values are defined for a UE to determine a number of resources for multiplexing HARQ-ACK and for
multiplexing CSI in a PUSCH. The offset values are signalled to a UE either by a DCI format scheduling the PUSCH
transmission or by higher layers.

If DCI format 0_0, or DCI format 0_1 that does not include a beta_offset indicator field, schedules the PUSCH

transmission from the UE, the UE applies the ﬁ(ﬁgiQACK, szl; , and /J)(,Cfilef values that are configured by higher layers

for the corresponding HARQ-ACK and/or CSI part 1 and CSI part 2 payloads.

HARQ-ACK offsets ,BEQSQACK shall be configured to values according to Table 9.3-1. The higher layer parameters

. Sy AC
betaOffsetACK-Index0, betaOffsetACK-Index1, and betaOffsetACK-Index?2 respectively provide indexes / ng::o} c,

1 ﬁgg)‘f‘“, and / ffgggACK for the UE to use if the UE multiplexes up to 2 HARQ-ACK bits, more than 2 and up to 11
HARQ-ACK bits, and more than 11 bits in the PUSCH, respectively.

CSI part 1 and CSI part 2 offsets ﬂ(i?s]e: and ﬁocﬁs:ef , respectively, shall be configured to values according to Table 9.3-

2. Higher layer parameters betaOffsetCSIPart1-Index() and betaOffsetCSIPart2-Index( respectively provide indexes

I fff;eio and / ff?;efo for the UE to use if the UE multiplexes up to 11 bits for CSI part 1 or CSI part 2 in the PUSCH.

Higher layer parameters betaOffsetCSIParti-Index1 and betaOffsetCSIPart2-Index] respectively provide indexes

1 chileil or / ocfiletz 1, respectively, for the UE to use if the UE multiplexes more than 11 bits for CSI part 1 or CSI part 2 in

the PUSCH.

If a DCI format 0_1 schedules the PUSCH transmission from the UE and if DCI format 0_1 includes a beta_offset
indicator field, the UE is provided by each of higher layer parameters {betaOffsetACK-Index0, betaOffsetACK-Index],

betaOffsetACK-Index2} a set of four [ 0'12‘;@“" indexes, by each of higher layer parameters {betaOffsetCSIPart1-

Index0, betaOffsetCSIPart1-Indexl} a set of four I ch?;elt indexes and by each of higher layer parameters
{betaOffsetCSIPart2-Index0, betaOffsetCSIPart2-Index1} a set of four I, CSI‘f indexes from Table 9.3-1 and 9.3-2,

offse

respectively, for multiplexing HARQ-ACK, CSI part 1, and CSI part 2, respectively, in the PUSCH transmission. The
beta_offset indicator field indicates a [ gngACK value, a [ ocjslelt value and a [ fff:ef value from the respective sets of

values, with the mapping defined in Table 9.3-3.
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Table 9.3-1: Mapping of beta_offset values for HARQ-ACK and the index signalled by higher layers

I(l}g:lfo}ACK or ];gg’(l}ACK or Ié—{fg;gACK 3§:§Q_ACK
0 1.000
1 2.000
2 2.500
3 3.125
4 4.000
5 5.000
6 6.250
7 8.000
8 10.000
9 12.625
10 15.875
11 20.000
12 31.000
13 50.000
14 80.000
15 126.000
16 Reserved
17 Reserved
18 Reserved
19 Reserved
20 Reserved
21 Reserved
22 Reserved
23 Reserved
24 Reserved
25 Reserved
26 Reserved
27 Reserved
28 Reserved
29 Reserved
30 Reserved
31 Reserved
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Table 9.3-2: Mapping of beta_offset values for CSl and the index signalled by higher layers

SI-1
I ocfislel:o or [ (i'isletzl I chiletzo or Ion?sletzl ngsle;
offset
0 1.125
1 1.250
2 1.375
3 1.625
4 1.750
5 2.000
6 2.250
7 2.500
8 2.875
9 3.125
10 3.500
11 4.000
12 5.000
13 6.250
14 8.000
15 10.000
16 12.625
17 15.875
20.000 20.000
19 Reserved
20 Reserved
21 Reserved
22 Reserved
23 Reserved
24 Reserved
25 Reserved
26 Reserved
27 Reserved
28 Reserved
29 Reserved
30 Reserved
31 Reserved
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Table 9.3-3: Mapping of beta_offset indicator values to offset indexes

. . HARQ-ACK HARQ-ACK HARQ-ACK CSI-1 CSI-2 CSI-1 CSI-2
beta—Oﬂset indicator (Ioffset,O or [offset,l or ]offset,Z )! (Ioffset,O or [offset,O )’ ([offset,l or [offset,l)
'00' 1st offset index provided by higher layers
'01' 29 offset index provided by higher layers
'10' 31 offset index provided by higher layers
'11' 4t offset index provided by higher layers

10 UE procedure for receiving control information

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

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

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

A UE shall monitor a set of PDCCH candidates in one or more control resource sets on the active DL BWP on each
activated serving cell according to corresponding search spaces where monitoring implies decoding each PDCCH
candidate according to the monitored DCI formats.

A UE can be configured by higher layer parameter SSB-periodicity-ServingCell a periodicity of half frames for reception
of SS/PBCH blocks in a serving cell.

For monitoring of a PDCCH candidate

- If the UE has received SSB-transmitted-SIB1 and has not received SSB-transmitted for a serving cell and if at
least one RE for monitoring a PDCCH candidate for a DCI format with CRC not scrambled by SI-RNTI on the
serving cell overlaps with respective at least one RE corresponding to a SS/PBCH block index provided by SSB-
transmitted-SIB1, the UE is not required to monitor the PDCCH candidate.

- If a UE has received SSB-transmitted for a serving cell and if at least one RE for monitoring a PDCCH candidate
for a DCI format with CRC not scrambled by SI-RNTT on the serving cell overlaps with respective at least one
RE corresponding to a SS/PBCH block index provided by SSB-transmitted, the UE is not required to monitor the
PDCCH candidate.

- If the has not received both SSB-transmitted-SIB1 and SSB-transmitted for a serving cell and if the UE monitors
the PDCCH candidate for a Type0-PDCCH common search space on the serving cell according to the procedure
described in Subclause 13, the UE may assume that no SS/PBCH block is transmitted in REs used for
monitoring the PDCCH candidate on the serving cell.

If a carrier aggregation capability for a UE, as included in UE-NR-Capability, is larger than 4, the UE includes in UE-
NR-Capability an indication for a maximum number of PDCCH candidates the UE can monitor per slot when the UE is
configured for carrier aggregation operation over more than 4 cells. When the UE is configured for carrier aggregation
operation over more than 4 cells, the UE is not expected to be configured with a number of PDCCH candidates to
monitor per slot that is larger than the maximum number.

10.1 UE procedure for determining physical downlink control
channel assignment

A set of PDCCH candidates for a UE to monitor is defined in terms of PDCCH search spaces. A search space can be a
common search space or a UE-specific search space. A UE shall monitor PDCCH candidates in one or more of the
following search spaces

- a Type0-PDCCH common search space for a DCI format with CRC scrambled by a SI-RNTT on a primary cell;
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- aTypeOA-PDCCH common search space for a DCI format with CRC scrambled by a SI-RNTI on a primary
cell;

- aTypel-PDCCH common search space for a DCI format with CRC scrambled by a RA-RNTI, or a TC-RNTI,
or a C-RNTI on a primary cell;

- a Type2-PDCCH common search space for a DCI format with CRC scrambled by a P-RNTI on a primary cell;

- a Type3-PDCCH common search space for a DCI format with CRC scrambled by INT-RNTI, or SFI-RNTI, or
TPC-PUSCH-RNTI, or TPC-PUCCH-RNTI, or TPC-SRS-RNTI, or C-RNTI, or CS-RNTI(s), or SP-CSI-RNTI;
and

- a UE-specific search space for a DCI format with CRC scrambled by C-RNTI, or CS-RNTI(s), or SP-CSI-RNTIL.

A UE is provided a configuration for a control resource set for Type0-PDCCH common search space by higher layer
parameter RMSI-PDCCH-Config and a subcarrier spacing by higher layer parameter RMSI-scs for PDCCH reception.
The UE determines the control resource set and the monitoring occasions for Type0-PDCCH common search space as
described in Subclause 13. The Type0-PDCCH common search space is defined by the CCE aggregation levels and the
number of PDCCH candidates per CCE aggregation level given in Table 10.1-1. The control resource set configured for
Type0-PDCCH common search space has control resource set index 0. The Type0-PDCCH common search space has
search space index 0.

For TypeOA-PDCCH common search space or for Type2-PDCCH common search space, the control resource set is
same as the control resource set for Type0-PDCCH common search space. A UE is provided a configuration for
TypeOA-PDCCH common search space by higher layer parameter osi-SearchSpace and the CCE aggregation levels and
the number of PDCCH candidates per CCE aggregation level is given in Table 10.1-1. A UE is provided a configuration
for Type2-PDCCH common search space by higher layer parameter paging-SearchSpace and the CCE aggregation
levels and the number of PDCCH candidates per CCE aggregation level are given in Table 10.1-1.

For Typel-PDCCH common search space, a UE can be provided a configuration for a control resource set by higher
layer parameter rach-coreset-configuration and a configuration for a search space by higher layer parameter ra-
SearchSpace. If higher layer parameter rach-coreset-configuration is not provided to the UE, the control resource
set for Typel-PDCCH common search space is the same as for Type0-PDCCH common search space.

If a UE is not provided higher layer parameter osi-SearchSpace for TypeOA-PDCCH common search space, the
association between monitoring occasions for Type0A-PDCCH common search space and the SS/PBCH block index is
the same as the association of monitoring occasions for Type0-PDCCH common search space as described in Subclause
13.

If a UE is not provided higher layer parameter paging-SearchSpace for Type2-PDCCH common search space, the
association between monitoring occasions for Type2-PDCCH common search space and the SS/PBCH block index is
the same as the association of monitoring occasions for Type0-PDCCH common search space as described in Subclause
13.

If a UE is not provided higher layer parameter ra-SearchSpace for Typel-PDCCH common search space, the
association between monitoring occasions for Typel-PDCCH common search space and the SS/PBCH block index is
the same as the association of monitoring occasions for Type0-PDCCH common search space as described in Subclause
13.

The UE may assume that the DM-RS antenna port associated with PDCCH reception in the Type0-PDCCH common
search space, the TypeOA-PDCCH common search space, and the Type2-PDCCH common search space, and for
corresponding PDSCH receptions, and the DM-RS antenna port associated with SS/PBCH reception are quasi co-
located with respect to delay spread, Doppler spread, Doppler shift, average delay, and spatial Rx parameters. The value
for the DM-RS scrambling sequence initialization is the cell ID.

The subcarrier spacing and the CP length for PDCCH reception with TypeOA-PDCCH common search space, or Typel-
PDCCH common search space, or Type2-PDCCH common search space are the same as for PDCCH reception with
Type0-PDCCH common search space.

A UE may assume that the DM-RS antenna port associated with PDCCH reception and associated PDSCH reception in
the Typel-PDCCH common search space are quasi co-located with the SS/PBCH block identified in initial access
procedure or with a received CSI-RS with respect to delay spread, Doppler spread, Doppler shift, average delay, and
spatial Rx parameters, when applicable.
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If a value for the DM-RS scrambling sequence initialization for TypeOA-PDCCH common search space, or Typel-
PDCCH common search space, or Type2-PDCCH common search space is not provided by higher layer parameter
PDCCH-DMRS-Scrambling-ID in SystemInformationBlockTypel, the value is the cell ID.

If a UE is configured for downlink bandwidth part (BWP) operation, as described in Subclause 12, the above
configurations for the common search spaces apply for the initial active DL BWP. The UE can be additionally
configured a control resource set for Type0-PDCCH common search space, TypeOA-PDCCH common search space,
Typel-PDCCH common search space, or Type2-PDCCH common search space for each configured DL BWP on the
primary cell, other than the initial active DL BWP, as described in Subclause 12.

Table 10.1-1: CCE aggregation levels and maximum number of PDCCH candidates per CCE
aggregation level for Type0/Type0A/Type2-PDCCH common search space

CCE Aggregation Level Number of Candidates
4 4
8 2
16 1

For each DL BWP configured to a UE in a serving cell, a UE can be provided by higher layer signalling with P control
resource sets where P <3. For control resource set p, 0 < p < P, the higher layer signalling provides:

- acontrol resource set index by higher layer parameter CORESET-ID;

- a DM-RS scrambling sequence initialization value by higher layer parameter PDCCH-DMRS-Scrambling-ID,
- anumber of consecutive symbols provided by higher layer parameter CORESET-time-duration;

- aset of resource blocks provided by higher layer parameter CORESET-freq-dom;

- a CCE-to-REG mapping provided by higher layer parameter CORESET-CCE-to-REG-mapping-type;

- a REG bundle size, in case of interleaved CCE-to-REG mapping, provided by higher layer parameter CORESET-
REG-bundle-size;

- acyclic shift for the REG bundle interleaver [4, 38.211] by higher layer parameter CORESET-shifi-index;

- an antenna port quasi co-location, from a set of antenna port quasi co-locations provided by higher layer
parameter 7CI-StatesPDCCH, indicating quasi co-location information of the DM-RS antenna port for PDCCH
reception;

- an indication for a presence or absence of a transmission configuration indication (TCI) field for DCI format 1_0
or DCI format 1_1 transmitted by a PDCCH in control resource set p, by higher layer parameter 7CI-

PresentinDCI.

For each control resource set in a DL BWP of a serving cell, a respective higher layer parameter CORESET-freq-dom
provides a bitmap. The bits of the bitmap have a one-to-one mapping with non-overlapping groups of 6 PRBs, in

ascending order of the PRB index in the DL BWP bandwidth of Ngy® PRBs with starting position Ny, where the

first PRB of the first group of 6 PRBs has index 6- (N;@P / 6—‘. A group of 6 PRBs is allocated to a control resource set if

a corresponding bit value in the bitmap is 1; else, if a corresponding bit value in the bitmap is 0, the group of 6 PRBs is
not allocated to the control resource set.

If a UE has received initial configuration of more than one TCI states by higher layer parameter 7CI-StatesPDCCH
containing more than one TCI states but has not received a MAC CE activation for one of the TCI states, the UE
assumes that the DM-RS antenna port associated with PDCCH reception in the UE-specific search space is quasi co-
located with the SS/PBCH block the UE identified during the initial access procedure with respect to delay spread,
Doppler spread, Doppler shift, average delay, and spatial Rx parameters, when applicable.

If a UE has received higher layer parameter TCI-StatesPDCCH containing a single TCI state, the UE assumes that the
DM-RS antenna port associated with PDCCH reception in a UE-specific search space is quasi co-located with the one
or more DL RS configured by the TCI state.
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For each DL BWP of a serving cell where a UE is configured to monitor PDCCH in a search space, the UE is
configured the following by higher layer parameter search-space-config:

- an association between a search space set index s, 0< s < .S, where S <10, and a control resource set index p;

- for the search space set s in the control resource set p:

an indication that the search space set is a common search space set or a UE-specific search space set by
higher layer parameter Common-search-space-flag;

- if'the search space set s is for a common search space, an indication by higher layer parameter RNTI-
monitoring to monitor PDCCH for one or more of DCI format 0_0 and DCI format 1_0 with CRC scrambled
by a RNTI from RNTIs described in [5, TS 36.212], DCI format 2_0, DCI format 2_1, DCI format 2_2, and
DCI format 2_3;

- if the search space set s is a UE-specific search space, an indication by higher layer parameter USS-DCI-
format to monitor PDCCH either for DCI format 0_0 and DCI format 1_0, or for DCI format 0_1 and DCI
format 1 _1;

- anumber of PDCCH candidates M LL) per CCE aggregation level L by higher layer parameters

aggregationLevell, aggregationLevel2, aggregationLevel4, aggregationLevel8, and aggregationLevell6, for
CCE aggregation level 1, CCE aggregation level 2, CCE aggregation level 4, CCE aggregation level 8, and
CCE aggregation level 16, respectively;

- a PDCCH monitoring periodicity of &, slots by higher layer parameter
monitoringSlotPeriodicityAndOffset,

- a PDCCH monitoring offset of o,  slots, where 0<o, <k, , by higher layer parameter

monitoringSlotPeriodicityAndOffset,

p.s

- a PDCCH monitoring pattern within a slot, indicating first symbol(s) of the control resource set within a slot
for PDCCH monitoring, by higher layer parameter monitoringSymbols WithinSlot.

If the higher layer parameter monitoringSymbols WithinSlot indicates to a UE only one PDCCH monitoring occasion
within a slot, the UE is not expected to be configured a corresponding search space set s for a PDCCH subcarrier
spacing other than 15 kHz if the control resource set p associated with the search space s includes at least one symbol

after the third slot symbol.

For a subcarrier spacing of 15 KHz, if the higher layer parameter monitoringSymbols WithinSlot for a search space set s
indicates to the UE only one PDCCH monitoring occasion in a slot for a corresponding control resource set p and the

control resource set p includes at least one symbol after the third slot symbol, the UE expects that all control resource
sets configured to the UE are located within at most three same consecutive symbols in the slot.

A UE determines a PDCCH monitoring occasion from the PDCCH monitoring periodicity, the PDCCH monitoring
offset, and the PDCCH monitoring pattern within a slot. For search space set s _in control resource set p, the UE

determines that a PDCCH monitoring occasion(s) exists in a slot with number r{, [4, TS 38.211] in a frame with

number 7, if (n,» - N et +nf—o,, )modkm =0 (nNTMeH 4 pt o sJmodk, s = 0.

A PDCCH UE-specific search space Sf{ﬁi at CCE aggregation level Le {I,2,4,8,16} is defined by a set of PDCCH
candidates for CCE aggregation level L.

If a UE is configured with higher layer parameter CrossCarrierSchedulingConfig for a serving cell the carrier indicator
field value corresponds to the value indicated by CrossCarrierSchedulingConfig.

For a DL BWP of a serving cell on which a UE monitors PDCCH candidates in a UE-specific search space, if the UE is
not configured with a carrier indicator field, the UE shall monitor the PDCCH candidates without carrier indicator field.
For a serving cell on which a UE monitors PDCCH candidates in a UE-specific search space, if a UE is configured with
a carrier indicator field, the UE shall monitor the PDCCH candidates with carrier indicator field.
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A UE is not expected to monitor PDCCH candidates on a DL BWP of a secondary cell if the UE is configured to
monitor PDCCH candidates with carrier indicator field corresponding to that secondary cell in another serving cell. For
the DL BWP of a serving cell on which the UE monitors PDCCH candidates, the UE shall monitor PDCCH candidates
at least for the same serving cell.

Table 10.1-2 provides the maximum number of PDCCH candidates, M pat, across all CCE aggregation levels and
across all DCI formats with different size in a same search space that a UE is expected to monitor per slot and per
serving cell as a function of the subcarrier spacing.

Table 10.1-2: Maximum number of PDCCH candidates per slot and per serving cell as a function of
the subcarrier spacing value 2* -15 kHz, u<{0,1,2,3}.

u Maximum number of PDCCH candidates per slot and per serving cell M 5
0 44
1 36
2 22
3 20

Table 10.1-3 provides the maximum number of non-overlapped CCEs, Cpase', that a UE is expected to monitor per

slot and per serving cell as a function of the subcarrier spacing, if the higher layer parameter Monitoring-symbols-
PDCCH-within-slot indicates to a UE only one PDCCH monitoring occasion within a slot.

CCEs are non-overlapped if the correspond to
- different control resource set indexes, or

- different first symbols for the reception of the respective PDCCH candidates.

Table 10.1-3: Maximum number of non-overlapped CCEs per slot and per serving cell as a function of
the subcarrier spacing value 2“ -15 kHz, ue {0,1,2,3}.

H Maximum number of non-overlapped CCEs per slot and per serving cell Cl‘,‘”]‘;é’élﬁ‘
0 56
1 56
2 48
3 32

Denote by S, a set of search space sets s, for common search spaces in a corresponding set P of control resource

css

sets p., and by S a set of search space sets s, for UE-specific search spaces in a corresponding set P, of control

uss

Pess Sess PDCCH ’

resource sets p ., where a UE monitors PDCCH candidates in a slot. If Z Z MP 4 Z Z M;L) L o> M the
KRR L e

“u:e S, () L
Pess€hess

1 css _ . max,slot (L) 1
UE monitors M &5, = min| M gt Z Z M PDCCH candidates for the common search spaces and

ess € Vs

Moy =M — Mg .. PDCCH candidates for UE-specific search spaces in the slot. For a search space set s

associated with control resource set p, the CCE indexes for aggregation level L corresponding to PDCCH candidate
m,, - of the search space set in slot n/, for a serving cell corresponding to carrier indicator field value n., are given

5,0,

by
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ms,n“ 'NCCE, .
L- (YP’”Q-{—L-M“) 2 \+ng, mod\_NCCE’p/LJ +i

p,§,max

where

for any common search space, Yp =0;

u
R

for a UE-specific search space, Y, = (Ap ~Yp!n£}_I )modD s ¥, =nhgam 70, 4, =39827, 4, =39829, 4, =39839,
and D=65537;

i=0,--,L—1;
Necg,, is the number of CCEs, numbered from 0 to N, , —1, in control resource set p;

ng, is the carrier indicator field value if the UE is configured with a carrier indicator field by higher layer parameter

CrossCarrierSchedulingConfig for the serving cell on which PDCCH is monitored; otherwise, including for any
common search space, n, =0;

m. =0,.,M% —1 where M"

S,ncy PsS.Nep PsS.lep

is the number of PDCCH candidates the UE is configured to monitor for

aggregation level L for a serving cell corresponding to n., and a search space set s;

for any common search space, M"Y =M "

P,Ss,max p.s,0°
. . . L
for a UE-specific search space, M) is the maximum of M'")  over all configured n,, values for a CCE
P,s,max P.Sangy

aggregation level L of search space set s in control resource set p;
the RNTI value used for gy, is defined in [5, TS 38.212] and in [6, TS 38.214].

If, for a UE, any CCE index for PDCCH candidate with index m, , , with aggregation level L in control resource set
p overlaps with any CCE index for PDCCH candidate with index m,, , with aggregation level L in control resource

set p, where m <m

SR

the UE is not expected to monitor the PDCCH candidate with index m

S22 Sinep,2 t

A UE is not expected to be configured to monitor DCI format 0_1 or DCI format 1_1 in a common search space.

A UE configured to monitor PDCCH candidates in a serving cell with a DCI format size with carrier indicator field and
CRC scrambled by C-RNTI, where the PDCCH candidates may have one or more possible values of carrier indicator
field for the DCI format size, shall assume that an PDCCH candidate with the DCI format size may be transmitted in
the serving cell in any PDCCH UE specific search space corresponding to any of the possible values of carrier indicator
field for the DCI format size if the UE includes in UE-NR-Capability an indication for a corresponding capability.

A UE configured with a bandwidth part indicator in DCI formats 0_1 or 1_1 shall, in case of an active DL BWP or of
an active UL BWP change, determine the DCI information applicable to the new active DL BWP or UL BWP,
respectively, as described in Subclause 12.

For unpaired spectrum operation, if a UE is not configured for PUSCH/PUCCH transmission on serving cell ¢, , the UE
is not expected to monitor PDCCH on serving cell ¢, if the PDCCH overlaps in time with SRS transmission (including
any interruption due to uplink or downlink RF retuning time [10, TS 38.133]) on serving cell ¢, and if the UE is not
capable of simultaneous reception and transmission on serving cell ¢, and serving cell ¢, .

11 UE-group common signalling

If the UE is configured with a SCG, the UE shall apply the procedures described in this clause for both MCG and SCG
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- When the procedures are applied for MCG, the terms 'secondary cell', 'secondary cells', 'serving cell', 'serving
cells' in this clause refer to secondary cell, secondary cells, serving cell, serving cells belonging to the MCG
respectively.

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

11.1  Slot configuration

A slot format includes downlink symbols, uplink symbols, and flexible symbols.
For each serving cell

If a UE is provided higher layer parameter UL-DL-configuration-common, the UE shall set the slot format per slot
over a number of slots as indicated by higher layer parameter UL-DL-configuration-common. If the UE is
provided higher layer parameter UL-DL-configuration-common-Set2, the UE shall set the slot format per slot
over a first number of slots as indicated by higher layer parameter UL-DL-configuration-common and the UE
shall set the slot format per slot over a second number of slots as indicated by UL-DL-configuration-common-
Set2. If the UE is additionally provided higher layer parameter UL-DL-configuration-dedicated for the slot
format per slot over the number of slots, the parameter UL-DL-configuration-dedicated overrides only flexible
symbols per slot over the number of slots as provided by UL-DL-configuration-common or UL-DL-
configuration-common-Set2.

The UE expects that 20 msec is an integer multiple of the sum of the value provided by DL-UL-transmission-
periodicity in UL-DL-configuration-common and the value provided by DL-UL-transmission-periodicity in UL-
DL-configuration-common-Set2.

A first symbol for any even frame number 7, starts at the same time as a first symbol for a number of slots

provided by higher layer parameter UL-DL-configuration-common.

The UE determines a duration a downlink duration, a flexible duration, and an uplink duration over a number of
slots based on a subcarrier spacing configuration [4, TS38.211] provided by higher layer parameter ref-scs. The
downlink duration, the flexible duration, and the uplink duration are common to each configured BWP.

If a UE is not configured with higher layer parameter sfi-CelltoSFI or if a serving cell is not included in the set of
serving cells provided by higher layer parameter sfi-CelltoSFI, the UE considers symbols in a slot indicated as
downlink by higher layer parameters UL-DL-configuration-common, UL-DL-configuration-common-Set2, or
UL-DL-configuration-dedicated as available for receptions. The UE considers symbols in a slot indicated as
uplink by higher layer parameters UL-DL-configuration-common, UL-DL-configuration-common-Set2, or by
UL-DL-configuration-dedicated as available for transmissions.

For a set of symbols of a slot that are indicated as flexible by higher layer parameters UL-DL-configuration-
common, UL-DL-configuration-common-Set2, or UL-DL-configuration-dedicated, when provided to a UE, or
when UL-DL-configuration-common, UL-DL-configuration-common-Set2, and UL-DL-configuration-dedicated
are not provided to the UE

- The UE shall receive PDSCH or CSI-RS in the set of symbols of the slot if the UE receives a corresponding
indication by a DCI format with CRC scrambled by C-RNTI or CS-RNTI or a configuration by higher layers.

- The UE shall transmit PUSCH, PUCCH, PRACH, or SRS in the set of symbols of the slot if the UE receives a
corresponding indication by a DCI format with CRC scrambled by C-RNTI or CS-RNTI or SP-CSI-RNTT or
TPC-SRS-RNTI and triggering SRS transmission as described in Subclause 11.3, or a configuration by higher
layers.

- Ifthe UE is configured by higher layers to receive a PDCCH, or a PDSCH, or a CSI-RS in the set of symbols of
the slot, the UE shall receive the PDCCH, the PDSCH, or the CSI-RS if the UE does not detect a DCI format
with CRC scrambled by C-RNTI or CS-RNTI or SP-CSI-RNTI or TPC-SRS-RNTI that indicates to the UE to
transmit a PUSCH, a PUCCH, a PRACH, or a SRS in the set of symbols of the slot. Otherwise, the UE shall not
receive the PDCCH, or the PDSCH, or the CSI-RS in the set of symbols of the slot and shall transmit the
PUSCH, the PUCCH, the PRACH, or the SRS in the set of symbols of the slot.
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- Ifthe UE is configured by higher layers to transmit a periodic SRS, or a PUCCH, or a PUSCH, or a PRACH in
the set of symbols in the slot, the UE shall transmit the periodic SRS or the PUCCH, or the PUSCH, or the
PRACH in the set of symbols of the slot if the UE does not detect a DCI format with CRC scrambled by C-RNTI
or CS-RNTI that indicates to the UE to receive PDSCH or CSI-RS in the set of symbols in the slot. Otherwise,
the UE shall not transmit the periodic SRS, or the PUCCH, or the PUSCH, or the PRACH in the set of symbols
of the slot.

For a set of symbols of a slot that are indicated as uplink by higher layer parameters UL-DL-configuration-common,
UL-DL-configuration-common-Set2, or UL-DL-configuration-dedicated, when provided to a UE, the UE does
not receive PDCCH, PDSCH, or CSI-RS in the set of symbols of the slot.

For a set of symbols of a slot that are indicated to a UE as downlink by higher layer parameters UL-DL-
configuration-common, or UL-DL-configuration-common-Set2, or UL-DL-configuration-dedicated, when
provided to a UE, the UE does not transmit PUSCH, PUCCH, PRACH, or SRS in the set of symbols of the slot.

For a set of symbols of a slot that are indicated by higher layer parameters SSB-transmitted-SIBI or SSB-transmitted,
when provided to a UE, for reception of SS/PBCH blocks, the UE does not transmit PUSCH, PUCCH, PRACH,
or SRS in the set of symbols of the slot.

If a UE is scheduled by a DCI format 1_1 to receive PDSCH over multiple slots, and if higher layer parameters UL-
DL-configuration-common, UL-DL-configuration-common-Set2, or UL-DL-configuration-dedicated, when
provided to the UE, indicate that, for a slot from the multiple slots, at least one symbol from a set of symbols
where the UE is scheduled PDSCH reception in the slot is an uplink symbol, the UE does not receive the
PDSCH in the slot.

If a UE is scheduled by a DCI format 0_1 for a PUSCH transmission over multiple slots, and if higher layer
parameter UL-DL-configuration-common, UL-DL-configuration-common-Set2, or UL-DL-configuration-
dedicated, when provided to a UE, indicate that, for a slot from the multiple slots, at least one symbol from a set
of symbols where the UE is scheduled PUSCH transmission in the slot is a downlink symbol, the UE does not
transmit the PUSCH in the slot.

11.1.1  UE procedure for determining slot format

This subclause applies for a serving cell that is included in a set of serving cells where a UE is configured with higher
layer parameter SFI-applicable-cells.

If a UE is configured by higher layers with parameter SFI-PDCCH, the UE is configured with a SFI-RNTI provided by
higher layer parameter SFI-RNTI and with a set of serving cells by higher layer parameter SFI-cell-to-SFI for
monitoring PDCCH conveying DCI format 2_0. Per serving cell in the set of serving cells, the UE can be provided:

- apayload size of DCI format 2_0by higher layer parameter SFI-DCI-payload-length;
- alocation of a SFI-index field in DCI format 2_0 by higher layer parameter cell-to-SFT,
- aset of combinations for slot formats by higher layer parameter SFI-set;

- a CCE aggregation level Ly for the PDCCH candidates by higher layer parameter SFIl-aggregation-level;

- anumber of M ;ff”) PDCCH candidates for CCE aggregation level Lg by higher layer parameter SFI-Num-
PDCCH-cand,

The M ;f;“) PDCCH candidates are the first M ;ff”) PDCCH candidates for CCE aggregation level Lg, for search
space set s in control resource set p provided to the UE as described in Subclause 10.1 for Type3-PDCCH common

search space.

A DCI format 2_0 indicates a slot format for each slot in a number of slots for each DL BWP or each UL BWP of a
serving cell. The indication is by mapping a value of a SFI-index field in DCI format 2_0 for the serving cell to a
combination of slot formats for the number of slots as provided by higher layer parameter slot-format-combination. The
mapping between values of the SFI-index field and combinations of slot formats is provided by higher layer parameter
slot-format-combination-index. A slot format is identified by a corresponding index [4, TS 38.211].
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For unpaired spectrum operation for a UE on a serving cell, the UE is provided by higher layer parameter SFi-scs a
reference subcarrier spacing configuration of i, for each slot format in a combination of slot formats indicated by a
SFI-index field in DCI format 2_0. The UE is expected to be provided with a reference subcarrier spacing configuration
of U so that for an active DL BWP and UL BWP pair with subcarrier spacing configuration of (4, itis 12 ;.
Each slot format in the combination of slot formats indicated by the SFI-index field in DCI format 2_0 is applicable to
2(4=#sn) consecutive slots in the active DL BWP and UL BWP pair where the first slot starts at a same time as a first
slot for the reference subcarrier spacing configuration of /L and each downlink or flexible or uplink symbol for the

H=Hsgy)

reference subcarrier spacing configuration of g, corresponds to 2! consecutive downlink or flexible or uplink

symbols for the subcarrier spacing configuration 4 .

For paired spectrum operation for a UE on a serving cell, the SFI-index field in DCI format 2_0 indicates a combination
of slot formats that includes a combination of slot formats for a reference DL BWP and a combination of slot formats
for a reference UL BWP of the serving cell. The UE is provided by higher layer parameter SFi-scs a reference

subcarrier spacing configuration of [, for the combination of slot formats indicated by the SFI-index field in DCI
format 2_0 for the reference DL BWP of the serving cell. The UE is provided by higher layer parameter SFl-scs2 a
reference subcarrier spacing configuration of L4y for the combination of slot formats indicated by the SFI-index

field in DCI format 2_0 for the reference UL BWP of the serving cell. If fg; py, 2 Lspy . and for each Qo Hn) g )

values, the first 2sne#sn) yalyes for the combination of slot formats are applicable to the reference DL BWP and the
next value is applicable to the reference UL BWP. If lp ;. < gy and for each QUM Hson) g ] values, the first

value for the combination of slot formats is applicable to the reference DL BWP and the next QUrotnn) yalyes are
applicable to the reference UL BWP.

For unpaired spectrum operation with a second UL carrier for a UE on a serving cell, the SFI-index field in DCI format
2 0 indicates a combination of slot formats that includes a combination of slot formats for a reference first UL carrier of
the serving cell and a combination of slot formats for a reference second UL carrier of the serving cell. The UE is

provided by higher layer parameter SF/-scs a reference subcarrier spacing configuration of fgp, for the combination of

slot formats indicated by the SFI-index field in DCI format 2_0 for the reference first UL carrier of the serving cell. The
UE is provided by higher layer parameter SFI-scs2 a reference subcarrier spacing configuration of g, g, for the

combination of slot formats indicated by the SFI-index field in DCI format 2_0 for the reference second UL carrier of

the serving cell. For each 2“nms) 11 values, the first 2“5 yalyes for the combination of slot formats are
applicable to the reference first UL carrier and the next value is applicable to the reference second UL carrier.

The UE is expected to be provided with a reference subcarrier spacing configuration of L ;. so that for an active DL
BWP with subcarrier spacing configuration of 4y , itis i 2 Usp; pr . The UE is expected to be provided with a
reference subcarrier spacing configuration of g ;. so that for an active UL BWP with subcarrier spacing

configuration of 4 , itis L4y 2 sy - Each slot format for a combination of slot formats indicated by the SFI-index

field in DCI format 2_0 for the reference DL BWP is applicable to 2WeHson) - gonsecutive slots for the active DL BWP
where the first slot starts at a same time as a first slot in the reference DL BWP and each downlink or flexible symbol

z(ﬂny_ —Hsp1pL)

for the reference subcarrier spacing configuration of [ corresponds to consecutive downlink or flexible

symbols for the subcarrier spacing configuration /. Each slot format for the combination of slot formats for the

reference UL BWP is applicable to QW) consecutive slots for the active UL BWP where the first slot starts at a
same time as a first slot in the reference UL BWP and each uplink or flexible symbol for the reference subcarrier
spacing configuration of [ corresponds to W) consecutive uplink or flexible symbols for the subcarrier

spacing configuration /.

The UE is expected to be provided with a reference subcarrier spacing configuration of iy, so that for an active DL
BWP and UL BWP pair in the first UL carrier with subcarrier spacing configuration of i, itis {2 l,. The UE is
expected to be provided with a reference subcarrier spacing configuration of ;g so that for an active UL BWP in
the second UL carrier with subcarrier spacing configuration of g , it is fgy 2 fhsp g, - Each slot format for a

combination of slot formats indicated by the SFI-index field in DCI format 2_0 for the reference first UL carrier is

Samsung Electronics Co., Ltd. v. Asus Tech. Licensing 3GPP EX-1008, 61 of 77



Release 15 62 3GPP TS 38.213 V15.1.0 (2018-03)

applicable to 2(47#sn) consecutive slots for the active DL BWP and UL BWP pair in the first UL carrier where the first
slot starts at a same time as a first slot in the reference first UL carrier. Each slot format for the combination of slot

formats for the reference second UL carrier is applicable to pUsutsu) consecutive slots for the active UL BWP in the

second UL carrier where the first slot starts at a same time as a first slot in the reference second UL carrier.

A reference subcarrier spacing configurations of Ly, or fp py, OF Hsppyp, OF Mgprgyp 1s either 0, or 1, or 2 for

frequency range 1 and is either 2 or 3 for frequency range 2.

For a set of symbols of a slot, a UE is not expected to detect a DCI format 2_0 indicating the set of symbols of the slot
as uplink and to detect a DCI format with CRC scrambled by C-RNTT indicating to the UE to receive PDSCH or CSI-
RS in the set of symbols of the slot.

For a set of symbols of a slot, a UE is not expected to detect a DCI format 2_0 indicating the set of symbols in the slot
as downlink and to detect a DCI format with CRC scrambled by C-RNTI indicating to the UE to transmit PUSCH,
PUCCH, PRACH, or SRS in the set of symbols of the slot.

For a set of symbols of a slot that are indicated as downlink/uplink by higher layer parameters UL-DL-configuration-
common, UL-DL-configuration-common-Set2, or UL-DL-configuration-dedicated, when provided to a UE, the UE is
not expected to detect a DCI format 2_0 indicating the set of symbols of the slot as uplink/downlink, respectively, or as
flexible.

For a set of symbols of a slot that are indicated as flexible by higher layer parameters UL-DL-configuration-common,
UL-DL-configuration-common-Set2, and UL-DL-configuration-dedicated, when provided to a UE, or when higher layer
parameters UL-DL-configuration-common, UL-DL-configuration-common-Set2, and UL-DL-configuration-dedicated
are not provided to the UE, and if the UE detects a DCI format 2_0 providing a format for the slot

- If one or more symbols from the sets of symbols are symbols in a control resource set configured to the UE for
PDCCH monitoring, the UE receives PDCCH in the control resource set only if DCI format 2_0 indicates that
the one or more symbols are downlink symbols.

- IfDCI format 2_0 indicates the set of symbols of the slot as flexible and the UE detects a DCI format with CRC
scrambled by C-RNTI indicating to the UE to receive PDSCH or CSI-RS in the set of symbols of the slot, the
UE follows the indication of the DCI format with CRC scrambled by C-RNTL

- IfDCI format 2_0 indicates the set of symbols of the slot as flexible and the UE detects a DCI format with CRC
scrambled by C-RNTI indicating to the UE to transmit PUSCH, PUCCH, PRACH, or SRS in the set of symbols
of the slot the UE follows the indication of the DCI format with CRC scrambled by C-RNTIL.

- IfDCI format 2_0 indicates the set of symbols of the slot as flexible, and the UE does not detect a DCI format
with CRC scrambled by C-RNTI or CS-RNTI indicating to the UE to receive PDSCH or CSI-RS, or the UE does
not detect a DCI format with CRC scrambled by C-RNTI or CS-RNTI or SP-CSI-RNTI or TPC-SRS-RNTI
indicating to the UE to transmit PUSCH, PUCCH, PRACH, or SRS in the set of symbols of the slot, the UE does
not transmit or receive in the set of symbols.

- Ifthe UE is configured by higher layers transmission of periodic SRS, or PUCCH, or PUSCH, or PRACH in the
set of symbols of the slot, the UE shall transmit the periodic SRS, or the PUCCH, or the PUSCH, or the PRACH
in the set of symbols of the slot only if DCI format 2_0 indicates the set of symbols of the slot as uplink.

If a UE is configured by higher layers a transmission of periodic SRS, or PUCCH, or PUSCH, or PRACH in a set of
symbols of a slot and the UE detects a DCI format 2_0 indicating a subset of symbols from the set of symbols as
downlink or flexible, then

- the UE is not expected to cancel the transmission in symbols from the subset of symbols that occur, relative to a
last symbol of a control resource set where the UE detects the DCI format 2_0, after a number of symbols that is
smaller than the PUSCH preparation time N, for the corresponding PUSCH timing capability [6, TS 38.214];

- the UE cancels the transmission in the remaining symbols of the slot.

If a UE is configured by higher layers reception of CSI-RS or PDSCH in the set of symbols of the slot, the UE shall
receive CSI-RS or PDSCH in the set of symbols of the slot only if the UE detects a DCI format 2_0 that indicates the
set of symbols of the slot as downlink.
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If a UE is configured by higher layers transmission of periodic SRS, or PUCCH, or PUSCH without UL grant, or
PRACH in the set of symbols of the slot, the UE shall transmit the periodic SRS, or the PUCCH, or the PUSCH, or the
PRACH in the set of symbols of the slot only if the UE detects a DCI format 2_0 that indicates

- the set of symbols of the slot as uplink, or

- the set of symbols of the slot as downlink or flexible, and a number of symbols between a last symbol of a
control resource set where the UE detects the DCI format 2_0 and a first symbol in the set of symbols is smaller
than the PUSCH preparation time N, for the corresponding PUSCH timing capability [6, TS 38.214].

A UE assumes that flexible symbols in a control resource set configured to the UE for PDCCH monitoring are downlink
symbols if the UE does not detect a DCI format 2_0 indicating the set of symbols of the slot as flexible or uplink.

For a set of symbols of a slot that are indicated as flexible by higher layer parameters UL-DL-configuration-common,
UL-DL-configuration-common-Set2, and UL-DL-configuration-dedicated, when provided to a UE, or when higher layer
parameters UL-DL-configuration-common, or UL-DL-configuration-common-Set2, and UL-DL-configuration-dedicated
are not provided to the UE, and if the UE does not detect a DCI format 2_0 providing a format for the slot.

- The UE shall receive PDSCH or CSI-RS in the set of symbols of the slot if the UE receives a corresponding
indication by a DCI format with CRC scrambled by C-RNTI or CS-RNTI, or a configuration by higher layers.

- The UE shall transmit PUSCH, PUCCH, PRACH, or SRS in the set of symbols of the slot if the UE receives a
corresponding indication by a DCI format with CRC scrambled by C-RNTI or CS-RNTI or SP-CSI-RNTT or
TPC-SRS-RNTI and triggering SRS transmission as described in Subclause 11.3, or a configuration by higher
layers.

- The UE shall receive PDCCH as described in Subclause 11.1.

- If the UE is configured by higher layers for reception of PDSCH or CSI-RS in the set of symbols of the slot, the
UE shall not receive the PDSCH or the CSI-RS in the set of symbols of the slot.

- Ifthe UE is configured by higher layers for transmission of periodic SRS, or PUCCH, or PUSCH, or PRACH in
the set of symbols of the slot, the UE shall not transmit the periodic SRS, or the PUCCH, or the PUSCH, or the
PRACH in the set of symbols of the slot.

11.2  Interrupted transmission indication

If a UE is provided higher layer parameter Preemp-DL and Preemp-DL= ON, the UE is configured with an INT-RNTI
provided by higher layer parameter /N7T-RNTI for monitoring PDCCH conveying DCI format 2_1 [5, TS 38.212]. The
UE is additionally configured with:

- aset of serving cells by higher layer parameter INT-cell-to-INT,

- amapping for each serving cell in the set of serving cells to a field in DCI format 2_1 by higher layer parameter
cell-to-INT;

- an information payload size for DCI format 2_1 by higher layer parameter INT-DCI-payload-length;

- an indication granularity for time-frequency resources by higher layer parameter INT-TF-unit for each serving
cell in the set of serving cells..

If a UE detects a DCI format 2_1 for a serving cell from the configured set of serving cells, the UE may assume that no
transmission to the UE is present in PRBs and in symbols, from a set of PRBs and a set of symbols of the last
monitoring period, that are indicated by the DCI format 2_1. The indication by the DCI format 2 _1 is not applicable to
receptions of SS/PBCH blocks.

The set of PRBs is equal to the active DL BWP as defined in Subclause 12 and includes Bj; PRBs.

If a UE detects a DCI format 2 1 in a PDCCH transmitted in a control resource set in a slot, the set of symbols
indicated by a field in DCI format 2_1 includes the last N3, - T, - 2“ 7" symbols prior to the first symbol of the

symb !
control resource set in the slot where T, is the value of higher layer parameter Monitoring-periodicity-PDCCH-slot,

Nslot

syml

, i the number of symbols per slot,  is the subcarrier spacing configuration for a serving cell with mapping to a
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respective field in the DCI format 2_1, i, is the subcarrier spacing configuration of the DL BWP where the UE
receives the PDCCH conveying the DCI format 2_1, and m is a natural number. If the UE is configured with higher
layer parameters UL-DL-configuration-common or UL-DL-configuration-common-Set2, symbols indicated as uplink by
UL-DL-configuration-common or UL-DL-configuration-common-Set2 are excluded from the last N:;‘;“b g 28T
symbols prior to the first symbol of the control resource set in the slot. The resulting set of symbols includes a number
of symbols that is denoted as N, .

The UE is not expected to be provided values of 4, g, and Ty, resulting to a value of N3y, - Tyep -2 ™" that is

not an integer.

A UE is provided the indication granularity for the set of PRBs and for the set of symbols by higher layer parameter
INT-TF-unit.

If the value of INT-TF-unit is 0, 14 bits of a field in DCI format 2_1 have a one-to-one mapping with 14 groups of
consecutive symbols from the set of symbols where each of the first N, — \_N wr/1 4J- 14 symbol groups includes
[Nyr/14] symbols, each of the last 14— Ny +| Ny /14 |- 14 symbol groups includes | Ny, /14 | symbols, a bit value

of 0 indicates transmission to the UE in the corresponding symbol group and a bit value of 1 indicates no transmission
to the UE in the corresponding symbol group.

If the value of INT-TF-unit is 1, 7 pairs of bits of a field in the DCI format 2_1 have a one-to-one mapping with 7
groups of consecutive symbols where each of the first Ny — LN wr/ 7J~ 7 symbol groups includes |'N wr/ 7-| symbols,
each of the last 7— N, + |_N wr/ 7J~ 7 symbol groups includes |_N wr/ 7J symbols, a first bit in a pair of bits for a

symbol group is applicable to the subset of first (BINT / 2—| PRBs from the set of Bj; PRBs, a second bit in the pair of
bits for the symbol group is applicable to the subset of last LBINT / 2J PRBs from the set of Bj; PRBs, a bit value of 0

indicates transmission to the UE in the corresponding symbol group and subset of PRBs, and a bit value of 1 indicates
no transmission to the UE in the corresponding symbol group and subset of PRBs.

11.3  Group TPC commands for PUCCH/PUSCH

If a UE is configured by higher layers with parameter PUCCH-TPC-PDCCH-Config, the UE is configured with a TPC-
PUCCH-RNTI provided by higher layer parameter TPC-PUCCH-RNTI and with a set of serving cells by higher layer
parameter PUCCH-monitoring-cells for monitoring PDCCH conveying DCI format 2_2 with CRC scrambled by
PUCCH-TPC-RNTL A field in DCI format 2_2 is a TPC command of 2 bits mapping to Spygcyy,. Values or Spycci

values as described in Subclause 7.2.1.
For the PCell or for the PSCell, or per carrier of the PCell or the PSCell, the UE is configured

- control resource set(s) and respective search space sets for monitoring PDCCH with DCI format 22 for
PUCCH;

- amapping for PUCCH power control adjustment state(s) / € {0, 1} for the PCell, or for a carrier of the PCell, to

respective field(s) in DCI format 2_2 by higher layer parameter tpc-Index-PUCCH-PCell, and a mapping for
PUCCH power control adjustment state(s) /€ {0, 1} for the PSCell, or for a carrier of the PSCell, to respective

field(s) in DCI format 2_2 by higher layer parameter tpc-Index-PUCCH-SCell.

If a UE is configured by higher layers with parameter PUSCH-TPC-PDCCH-Config, the UE is configured with a TPC-
PUSCH-RNTI provided by higher layer parameter TPC-PUSCH-RNTI and with a set of serving cells by higher layer
parameter PUSCH-monitoring-cells for monitoring PDCCH conveying DCI format 2_2 with CRC scrambled by
PUSCH-TPC-RNTI. A field in DCI format 2_2 is a TPC command of 2 bits mapping to Spygcyy,. Vvalues as described in

Subclause 7.1.1. Per serving cell, or per carrier of a serving cell, the UE is configured

- control resource set(s) and respective search space sets for monitoring PDCCH with DCI format 2_2 for
PUSCH;

- amapping for PUSCH power control adjustment state(s) /e {0, 1} a for the serving cell, or for the carrier of the
serving cell, to respective field(s) in DCI format 2_2 by higher layer parameter tpc-index-PUCCH-cell.
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11.4 SRS switching

If a UE is configured by higher layers with parameter SRS-TPC-PDCCH-Config, the UE is configured with a TPC-
SRS-RNTI provided by higher layer parameter srs-TPC-RNTI and with a set of serving cells by higher layer parameter
SRS-monitoring-cells for monitoring PDCCH conveying DCI format 2_3 with CRC scrambled by TPC-SRS-RNTI. Per
serving cell the UE is configured

- control resource set(s) and respective search space sets for monitoring PDCCH with DCI format 2_3;
- amapping for a serving cell to a field in DCI format 2_3 by higher layer parameter SRS-cell-to-SRS;
- alocation of a field in DCI format 2_3 for a serving cell by higher layer parameter startingBitOfFormatX.

For a serving cell where a UE is not configured for PUSCH/PUCCH transmission or for a serving cell where higher
layer parameter srs-pcadjustment-state-config indicates a separate power control adjustment state between SRS
transmissions and PUSCH transmissions, DCI format 2_3 includes one block of bits for {SRS request, TPC command,
... TPC command} fields for the UE if the UE is configured with higher layer parameter typeA-SRS-TPC-PDCCH-
Group where the SRS request field applies to a set of serving cells provided by higher layer parameter cc-SetIndex and
each TPC command applies to a respective serving cell index provided by higher layer parameter cc-IndexInOneCC-
Set. Otherwise, if the UE is configured with higher layer parameter typeB-SRS-TPC-PDCCH-Group, DCI format 2_3
includes one or more blocks of bits for {SRS request, TPC command} as described in [5, TS 38.212] where each block
applies to a serving cell. The SRS request field is not present if a value of higher layer parameter fieldTypeFormat2 3 is
0; otherwise, the SRS request field is present in DCI format 2_3.

A UE configured with higher layer parameter typeA-SRS-TPC-PDCCH-Group is provided by higher layer parameter
srs-CC-SetlIndexlist a number of sets of serving cells without PUSCH/PUCCH transmission. For each set of serving
cells, the UE is provided an index for the set by higher layer parameter cc-SetIndex and an index for each serving cell in
the set by higher layer parameter cc-IndexInOneCC-Set.

For a 2 bit SRS request field in DCI format 2_3 for serving cells without PUSCH/PUCCH transmission, the SRS
request field indicates the SRS parameter set given in Table 11.3-1 with the three sets of SRS parameters are provided
by higher layer parameter SRS-cell-to-SRI for a serving cell if type 1 SRS is triggered.

Table 11.3-1: SRS request value for trigger type 1 in DCI format 2_3 for serving cells without
PUSCH/PUCCH transmissions

Value of SRS request field Description
‘00’ No type 1 SRS trigger
‘01 Type 1 SRS trigger for a 15t set of serving cells configured by higher layers
10’ Type 1 SRS trigger for a 2" set of serving cells configured by higher layers
"1 Type 1 SRS trigger for a 3" set of serving cells configured by higher layers

12 Bandwidth part operation

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

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

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

A UE configured for operation in bandwidth parts (BWPs) of a serving cell, is configured by higher layers for the
serving cell a set of at most four bandwidth parts (BWPs) for receptions by the UE (DL BWP set) in a DL bandwidth by
parameter DL-BWP and a set of at most four BWPs for transmissions by the UE (UL BWP set) in an UL bandwidth by
parameter UL-BWP for the serving cell.

An initial active DL BWP is defined by a location and number of contiguous PRBs, a subcarrier spacing, and a cyclic
prefix, for the control resource set for Type0-PDCCH common search space. For operation on the primary cell, a UE is
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provided by higher layer parameter initial-UL-BWP an initial active UL BWP for a random access procedure. If the UE
is configured with a secondary carrier on the primary cell, the UE can be configured with an initial BWP for random
access procedure on the secondary carrier.

If a UE has dedicated BWP configuration, the UE can be provided by higher layer parameter Active-BWP-DL-Pcell a
first active DL BWP for receptions and by higher layer parameter Active-BWP-UL-Pcell a first active UL BWP for
transmissions on the primary cell.

For each DL BWP or UL BWP in a set of DL BWPs or UL BWPs, respectively, the UE is configured the following
parameters for the serving cell as defined in [4, TS 38.211] or [6, TS 38.214]:

- asubcarrier spacing provided by higher layer parameter DL-BWP-mu or UL-BWP-mu;
- acyclic prefix provided by higher layer parameter DL-BWP-CP or UL-BWP-CP;

- a PRB offset with respect to the PRB determined by higher layer parameters offset-pointA-low-scs and ref-scs
and a number of contiguous PRBs provided by higher layer parameter DL-BWP-BW or UL-BWP-BW,

- anindex in the set of DL BWPs or UL BWPs by respective higher layer parameters DL-BWP-index or UL-BWP-
index;

- DCI format 1_0 or DCI format 1_1 detection to a PDSCH reception timing values by higher layer parameter DL-
data-time-domain, PDSCH reception to a HARQ-ACK transmission timing values by higher layer parameter
DL-data-DL-acknowledgement, and DCI format 0_0 or DCI format 0_1 detection to a PUSCH transmission
timing values by higher layer parameter UL-data-time-domain;

For unpaired spectrum operation, a DL BWP from the set of configured DL BWPs with index provided by higher layer
parameter DL-BWP-index is paired with an UL BWP from the set of configured UL BWPs with index provided by
higher layer parameter UL-BWP-index when the DL BWP index and the UL BWP index are equal. For unpaired
spectrum operation, a UE is not expected to receive a configuration where the center frequency for a DL BWP is
different than the center frequency for an UL BWP when the DL-BWP-index of the DL BWP is equal to the UL-BWP-
index of the UL BWP.

For each DL BWP in a set of DL BWPs on the primary cell, a UE can be configured control resource sets for every type
of common search space and for UE-specific search space as described in Subclause 10.1. The UE is not expected to be
configured without a common search space on the PCell, or on the PSCell, in the active DL BWP.

For each UL BWP in a set of UL BWPs, the UE is configured resource sets for PUCCH transmissions as described in
Subclause 9.2.

A UE receives PDCCH and PDSCH in a DL BWP according to a configured subcarrier spacing and CP length for the
DL BWP. A UE transmits PUCCH and PUSCH in an UL BWP according to a configured subcarrier spacing and CP
length for the UL BWP.

If a bandwidth part indicator field is configured in DCI format 1_1, the bandwidth part indicator field value indicates
the active DL BWP, from the configured DL BWP set, for DL receptions. If a bandwidth part indicator field is
configured in DCI format 0_1, the bandwidth part indicator field value indicates the active UL BWP, from the
configured UL BWP set, for UL transmissions.

If a bandwidth part indicator field is configured in DCI format 0_1 or DCI format 1 1 and indicates an UL BWP or a
DL BWP different from the active UL BWP or DL BWP, respectively, the UE shall

- for each information field in the received DCI format 0_1 or DCI format 1_1

- if the size of the information field is smaller than the one required for the DCI format 0_1 or DCI format 1_1
interpretation for the UL BWP or DL BWP that is indicated by the bandwidth part indicator, respectively, the
UE shall prepend zeros to the information field until its size is the one required for the interpretation of the
information field for the UL BWP or DL BWP prior to interpreting the DCI format 0_1 or DCI format 1_1
information fields, respectively;

- if the size of the information field is larger than the one required for the DCI format 0_1 or DCI format 1 1
interpretation for the UL BWP or DL BWP that is indicated by the bandwidth part indicator, respectively, the
UE shall use a number of least significant bits of DCI format 0_1 or DCI format 1_1 equal to the one
required for the UL BWP or DL BWP indicated by bandwidth part indicator prior to interpreting the DCI
format 0_1 or DCI format 1_1 information fields, respectively;
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- set the active UL BWP or DL BWP to the UL BWP or DL BWP indicated by the bandwidth part indicator in the
DCI format 0_1 or DCI format 1_1, respectively.

A UE is expected to detect a DCI format 0_1 indicating active UL BWP change, or a DCI format 1_1 indicating active
DL BWP change, only if a corresponding PDCCH is received within the first 3 symbols of a slot.

For the primary cell, a UE can be provided by higher layer parameter Default-DL-BWP a default DL BWP among the
configured DL BWPs. If a UE is not provided a default DL BWP by higher layer parameter Default-DL-BWP, the
default DL BWP is the initial active DL BWP.

If a UE is configured for a secondary cell with higher layer parameter Default-DL-BWP indicating a default DL BWP
among the configured DL BWPs and the UE is configured with higher layer parameter BWP-InactivityTimer indicating
a timer value, the UE procedures on the secondary cell are same as on the primary cell using the timer value for the
secondary cell and the default DL BWP for the secondary cell.

If a UE is configured by higher layer parameter BWP-InactivityTimer a timer value for the primary cell [11, TS 38.321]
and the timer is running, the UE increments the timer every interval of 1 millisecond for frequency range 1 or every 0.5
milliseconds for frequency range 2 if the UE does not detect a DCI format 1 _1 for paired spectrum operation or if the
UE does not detect a DCI format 1_1 or DCI format 0 1 for unpaired spectrum operation during the interval.

If a UE is configured by higher layer parameter Active-BWP-DL-SCell a first active DL BWP and by higher layer
parameter Active-BWP-UL-SCell a first active UL BWP on a secondary cell or carrier, the UE uses the indicated DL
BWP and the indicated UL BWP on the secondary cell as the respective first active DL BWP and first active UL BWP
on the secondary cell or carrier.

For paired spectrum operation, a UE is not expected to transmit HARQ-ACK on a PUCCH resource indicated by a DCI
format 1_0 or a DCI format 1_1 if the UE changes its active UL BWP on the PCell between a time of a detection of the
DCI format 1_0 or the DCI format 1_1 and a time of a corresponding HARQ-ACK transmission on the PUCCH.

A UE is not expected to monitor PDCCH when the UE performs RRM measurements [10, TS 38.133] over a bandwidth
that is not within the active DL BWP for the UE.

13 UE procedure for monitoring Type0-PDCCH common
search space

If a UE determines that a control resource set for Type0-PDCCH common search space is present, as described in
Subclause 4.1, the UE determines a number of consecutive resource blocks and a number of consecutive symbols for
the control resource set of the Type0-PDCCH common search space from the four most significant bits of RMSI-
PDCCH-Config as described in Tables 13-1 through 13-10 and determines PDCCH monitoring occasions from the four
least significant bits of RMSI-PDCCH-Config, included in MasterInformationBlock, as described in Tables 13-11
through 13-15. SFN,. and p_ are the SFN and slot index of the control resource set based on subcarrier spacing of the

control resource set and SFN and ng, , are the SFN and slot index based on subcarrier spacing of the control

SSB,i

resource set, respectively, where the SS/PBCH block with index j overlaps in time with system frame SFN,, and

slot Ngsp, -

The offset in Tables 13-1 through 13-10 is defined with respect to the subcarrier spacing of the control resource set
from the smallest RB index of the control resource set for Type0-PDCCH common search space to the smallest RB
index of the common RB overlapping with the first RB of the SS/PBCH block. Condition A or condition B in Tables
13-7 through 13-10 corresponds to the case of kg, =0 or kg, >0 [4, TS 38.211], respectively.

For the SS/PBCH block and control resource set (CORESET) multiplexing pattern 1, a UE monitors PDCCH in the
Type0-PDCCH common search space over two consecutive slots starting from slot 7, . For SS/PBCH block with index

i, the UE determines an index of slot n, as n, = (O- 24+ |_i -M J)mod N“me# Jocated in a frame with system frame

slot

number (SFN) SFN,. satisfying SFN.mod2 =0 if \_(0 24 4i-M J)/ Nt JmodZ =0 or in a frame with SFN

slot

satisfying SFN.mod2 =1 if \_(OQ*‘ +Li~MJ)/meme’*‘Jmod2 =1. M and O are provided by Tables 13-11 and 13-12,

slot

and Ue {0,1,2,3} based on the subcarrier spacing for PDCCH receptions in the control resource set [4, TS 38.211]. The
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index for the first symbol of the control resource set in slot n is the first symbol index provided by Tables 13-11 and
13-12.

For the SS/PBCH block and control resource set multiplexing patterns 2 and 3, a UE monitors PDCCH in the Type0-
PDCCH common search space over one slot with Type0-PDCCH common search space periodicity equal to the
periodicity of SS/PBCH block. For a SS/PBCH block with index i, the UE determines the slot index n, and SFN,.

based on parameter provided by Tables 13-13 through 13-15.

Table 13-1: Set of resource blocks and slot symbols of control resource set for Type0-PDCCH search
space when {SS/PBCH block, PDCCH} subcarrier spacing is {15, 15} kHz with minimum channel
bandwidth 5 MHz

Index SS/PBCH block and control resource Numlégrl;gstT Numbercg:Engmde Offset (RBs)
set multiplexing pattern RBs Ngp Neymb

0 1 24 2 0
1 1 24 2 2
2 1 24 2 4
3 1 24 3 0
4 1 24 3 2
5 1 24 3 4
6 1 48 1 12
7 1 48 1 16
8 1 48 2 12
9 1 48 2 16
10 1 48 3 12
11 1 48 3 16
12 1 96 1 38
13 1 96 2 38
14 1 96 3 38
15 Reserved

Table 13-2: Set of resource blocks and slot symbols of control resource set for Type0-PDCCH search
space when {SS/PBCH block, PDCCH} subcarrier spacing is {15, 30} kHz with minimum channel
bandwidth 5 MHz

Number of Number of Symbols
7 CORESET Offset (RBs)

symb

SS/PBCH block and control resource
set multiplexing pattern RBs Ny ST

24
24
24
24
24
24
48
48
48
48
48
48
12 Reserved
13 Reserved
14 Reserved
15 Reserved

Index

o|o|~N|o|o|n|w|v-|o
BloIN|a|e|~|o|o|~|o

18
20

Alalalalalalalalalalala
WWININ=2 (2| WWIWINININ
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Table 13-3: Set of resource blocks and slot symbols of control resource set for Type0-PDCCH search
space when {SS/PBCH block, PDCCH} subcarrier spacing is {30, 15} kHz with minimum channel
bandwidth 5 MHz or 10 MHz

SS/PBCH block and control resource Number of Number of Symbols
LLDS set multiplexing pattern RBs NioRESET N Offset (RBs)
0 1 48 1 2
1 1 48 1 6
2 1 48 2 2
3 1 48 2 6
4 1 48 3 2
5 1 48 3 6
6 1 96 1 28
7 1 96 2 28
8 1 96 3 28
9 Reserved
10 Reserved
11 Reserved
12 Reserved
13 Reserved
14 Reserved
15 Reserved

Table 13-4: Set of resource blocks and slot symbols of control resource set for Type0-PDCCH search
space when {SS/PBCH block, PDCCH} subcarrier spacing is {30, 30} kHz with minimum channel
bandwidth 5 MHz or 10 MHz

Index SS/PBCH block and control resource N“m';g'l;gsfm Numbercg:Engmbols Offset (RBS)
set multiplexing pattern RBs Ngp Neymb

0 1 24 2 0
1 1 24 2 1
2 1 24 2 2
3 1 24 2 3
4 1 24 2 4
5 1 24 3 0
6 1 24 3 1
7 1 24 3 2
8 1 24 3 3
9 1 24 3 4
10 1 48 1 12
11 1 48 1 14
12 1 48 1 16
13 1 48 2 12
14 1 48 2 14
15 1 48 2 16
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Table 13-5: Set of resource blocks and slot symbols of control resource set for Type0-PDCCH search
space when {SS/PBCH block, PDCCH} subcarrier spacing is {30, 15} kHz with minimum channel
bandwidth 40MHz

SS/PBCH block and control Number of RBs | Number of Symbols
Index | esource set multiplexing pattern NGQRESET N Offset (RBs)
0 1 48 1 4
1 1 48 2 4
2 1 48 3 4
3 1 96 1 0
4 1 96 1 56
5 1 96 2 0
6 1 96 2 56
7 1 96 3 0
8 1 96 3 56
9 Reserved
10 Reserved
11 Reserved
12 Reserved
13 Reserved
14 Reserved
15 Reserved

Table 13-6: Set of resource blocks and slot symbols of control resource set for Type0-PDCCH search
space when {SS/PBCH block, PDCCH} subcarrier spacing is {30, 30} kHz with minimum channel

bandwidth 40MHz
SS/PBCH block and control Number of RBs | Number of Symbols
Index | osource set multiplexing pattern NRQRESET N e e

0 1 24 2 0
1 1 24 2 4
2 1 24 3 0
3 1 24 3 4
4 1 48 1 0
5 1 48 1 28
6 1 48 2 0
7 1 48 2 28
8 1 48 3 0
9 1 48 3 28
10 Reserved
11 Reserved
12 Reserved
13 Reserved
14 Reserved
15 Reserved
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Table 13-7: Set of resource blocks and slot symbols of control resource set for Type0-PDCCH search
space when {SS/PBCH block, PDCCH} subcarrier spacing is {120, 60} kHz

SS/PBCH block and control resource Number of Number of Symbols
LLDS set multiplexing pattern RBs NggRESET NopEseT Offset (RBs)
0 1 48 1 0
1 1 48 1 8
2 1 48 2 0
3 1 48 2 8
4 1 48 3 0
5 1 48 3 8
6 1 96 1 28
7 1 96 2 28
-41 if condition
A
8 2 48 L -42 if condition
B
9 2 48 1 49
-41 if condition
A
10 2 96 1 -42 if condition
B
11 2 96 1 97
12 Reserved
13 Reserved
14 Reserved
15 Reserved

Table 13-8: Set of resource blocks and slot symbols of control resource set for Type0-PDCCH search
space when {SS/PBCH block, PDCCH} subcarrier spacing is {120, 120} kHz

Index SS/PBCH block and control resource N”mtég'l;gsfm Numbercg:EEngbols Offset (RBS)
set multiplexing pattern RBs Nyp Nsymb
0 1 24 2 0
1 1 24 2 4
2 1 48 1 14
3 1 48 2 14
-20 if condition
A
4 3 24 2 -21 if condition
B
5 3 24 2 24
-20 if condition
A
6 3 48 2 -21 if condition
B
7 3 48 2 48
8 Reserved
9 Reserved
10 Reserved
11 Reserved
12 Reserved
13 Reserved
14 Reserved
15 Reserved
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Table 13-9: Set of resource blocks and slot symbols of control resource set for Type0-PDCCH search
space when {SS/PBCH block, PDCCH} subcarrier spacing is {240, 60} kHz

Index

SS/PBCH block and control resource
set multiplexing pattern

Number of
RBs N}%(;RESET

Number of Symbols

CORESET
N, symb

Offset (RBs)

1

96

1

0

96

16

96

0

1
1
1

96

1
2
2

16

Reserved

Reserved

Reserved

Reserved

Reserved

OONO|O|R|WIN|=O

Reserved

10

Reserved

11

Reserved

12

Reserved

13

Reserved

14

Reserved

15

Reserved

Table 13-10: Set of resource blocks and slot symbols of control resource set for Type0-PDCCH
search space when {SS/PBCH block, PDCCH} subcarrier spacing is {240, 120} kHz

Index SS/PBCH block and control resource N”mlég;é’sfm N”mbercg:ESET Offset (RBS)
set multiplexing pattern RBs Ngyp Symbols NSymb
0 1 48 1 0
1 1 48 1 8
2 1 48 2 0
3 1 48 2 8
-41 if condition
A
4 2 24 1 -42 if condition
B
5 2 24 1 25
-41 if condition
A
6 2 24 2 -42 if condition
B
7 2 24 2 25
-41 if condition
A
8 2 48 1 -42 if condition
B
9 2 48 1 49
-41 if condition
A
10 2 48 2 -42 if condition
B
11 2 48 2 49
12 Reserved
13 Reserved
14 Reserved
15 Reserved
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Table 13-11: Parameters for PDCCH monitoring occasions for Type0-PDCCH common search space -
SS/PBCH block and control resource set multiplexing pattern 1 and frequency range 1

Index o 5 @ searstl:(l:tspace ST M First symbol index
0 0 1 1 0
1 0 2 12 {0, if i is even}, { Ny ™, if i is odd}
2 2 1 1 0
3 2 2 12 {0, if i is even}, { Ny ™, if i is odd}
4 5 1 1 0
5 5 2 12 {0, if i is even}, { Ny oy ™, if i is odd}
6 7 1 1 0
7 7 2 12 {0, if i is even}, { Ngor ™, if i is odd}
8 0 1 2 0
9 5 1 2 0
10 0 1 1 1
11 0 1 1 2
12 2 1 1 1
13 2 1 1 2
14 5 1 1 1
15 5 1 1 2

Table 13-12: Parameters for PDCCH monitoring occasions for Type0-PDCCH common search space -
SS/PBCH block and control resource set multiplexing pattern 1 and frequency range 2

Index (0] e R sea:lztl)\tspace S [ M First symbol index

0 0 1 1 0

1 0 2 1/2 {0, if i is even}, {7, if i is odd}

2 25 1 1 0

3 25 2 1/2 {0,if i iseven}, {7, if i is odd}

4 5 1 1 0

5 5 2 1/2 {0, if i is even}, {7, if i is odd}

6 0 5 12 {0, if i is even}, { Ngor ™ if i is
odd}

PR CORESET ¢ - -

7 25 2 1/2 {0,if i iseven}, { Ny, ,ifiis
odd}

8 5 9 12 {0,if i is even}, { N ™", if i is
odd}

9 7.5 1 1 0

10 7.5 2 1/2 {0, if i is even}, {7, if i is odd}

. CORESET ¢ .

1 75 2 1/2 {0,if i iseven}, { Ny, ,ifiis
odd}

12 0 1 2 0

13 5 1 2 0

14 Reserved

15 Reserved
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Table 13-13: PDCCH monitoring occasions for Type0-PDCCH common search space - SS/PBCH
block and control resource set multiplexing pattern 2 and {SS/PBCH block, PDCCH} subcarrier

spacing {120, 60} kHz

Index PDCCH monitoring occasions (SFN and slot number)

First symbol index
(k=0,1,...15)

SFN_ =SFN

o

Ne = Ngsp;

0,1,6,7 for
i=4k, i=4k+1,i=4k+2, i=4k+3

Reserved

Reserved

Reserved

Reserved

Reserved

Reserved

Reserved

Reserved

Reserved

Reserved

Reserved

Reserved

Reserved

Reserved

alnlolR2|S|©|e|N|o o] |w|ro| =

Reserved

Table 13-14: PDCCH monitoring occasions for Type0-PDCCH common search space - SS/PBCH
block and control resource set multiplexing pattern 2 and {SS/PBCH block, PDCCH} subcarrier

spacing {240, 120} kHz

PDCCH monitoring occasions

First symbol index

N =Nggp; OF N =Nggp; —1

. (SFN and slot number) (k=0,1,..,7)
0,1,2,3,0,1in j=8k, i=8k+1, i=8k+2, i=8k+3,
SFN( =SFNgg; i=8k+6, i=8k+7 (n. =nggy,)
0 ,

12,130in i =8k +4, i=8k+5 (n. = ngy, —1)

Reserved

Reserved

Reserved

Reserved

Reserved

Reserved

Reserved

Reserved

Reserved

Reserved

Reserved

Reserved

Reserved

Reserved

alnleIn2|3|e|o|N|o o |w|n| =

Reserved
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Table 13-15: PDCCH monitoring occasions for Type0-PDCCH common search space - SS/PBCH
block and control resource set multiplexing pattern 3 and {SS/PBCH block, PDCCH} subcarrier
spacing {120, 120} kHz

Index PDCCH monitoring occasions (SFN and slot number) Fu('zt:();n;bol |:1g)ex

SFN.. = SFNy, 4,8,2,6in

Ne =Nggp; i=4k, i=4k+1, i=4k+2, i=4k+3
Reserved
Reserved
Reserved
Reserved
Reserved
Reserved
Reserved
Reserved
Reserved
Reserved
Reserved
Reserved
Reserved
Reserved
Reserved

o

alnlolR2|S|©|e|N|o o] |w|ro| =

If a UE detects a first SS/PBCH block and determines that a control resource set for Type0-PDCCH common search

space is not present, and for 24 < k., <29 for FR1 or for 12 < kg, <13 for FR2, the UE determines the global

synchronization channel number (GSCN) of a second SS/PBCH block having a control resource set for an associated
Type0-PDCCH common search space as Njsere 4 NOfet . yReference js the GSCN of the first SS/PBCH block and

GSCN GSCN

NOEet jsa GSCN offset provided by Table 13-16 for FR1 and Table 13-17 for FR2.

GSCN

If a UE detects a SS/PBCH block and determines that a control resource set for Type0-PDCCH common search space is
not present, and for kg =31 for FR1 or for kg =15 for FR2, the UE determines that there is no SS/PBCH block

having an associated Type0-PDCCH common search space within a GSCN range [ Naeeree — ydun |y Reforence 4 yFnd ]

. NS and NGRL, are respectively determined by the four most significant bits and the four least significant bits of
RMSI-PDCCH-Config.

Table 13-16: Mapping between the combination of &, and RMSI-PDCCH-Config to N i for FR1

ksss RMSI-PDCCH-Config Nasen

24 0,1,...,255 1,2,...,256

25 0,1,...,255 257,258, ...,512

26 0,1,...,255 513,514, ....,768

27 0,1,...,255 -1,-2, ..., -256

28 0,1,...,255 -257,-258, ..., -512

29 0,1,...,255 -513,-514, ....,-768

30 0,1,...,255 Reserved, Reserved, ..., Reserved
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Table 13-17: Mapping between the combination of k., and RMSI-PDCCH-Configto NOi for FR2

ksss RMSI-PDCCH-Config Ngsen

12 0,1,...,255 1,2,...,256

13 0,1,...,255 -1,-2,...,-256

14 0,1,...,255 Reserved, Reserved, ..., Reserved
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