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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 thefirst 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 isincremented for all changes of substance, i.e. technical enhancements, corrections,
updates, etc.

z thethird digit isincremented 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
operationsin 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 38.101-1: "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'

[8-4] 3GPP TS 38.101-4: "NR; User Equipment (UE) radio transmission and reception; Part 4:
Performance reguirements”

[8-5] 3GPP TS 38.101-5: "User Equipment (UE) radio transmission and reception; Part 5: Satellite
access Radio Freguency (RF) and performance requirements NR"

[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’

[14] 3GPP TS 36.321: "Evolved Universal Terrestrial Radio Access (E-UTRA); Medium Access
Control (MAC) protocol specification”

[15] 3GPP TS 37.213: "Physical layer procedures for shared spectrum channel access'

[16] 3GPP TS 38.473: "F1 application protocol (FLIAP)"

[17] 3GPP TS 38.304: "NR; User Equipment (UE) proceduresin Idle mode and RRC Inactive state”

[18] 3GPP TS 38.306: "NR; User Equipment (UE) radio access capabilities’

[19] 3GPP TS 38.300: "NR; NR and NG-RAN Overall Description”

[20] 3GPP TS 38.106: "NR; NR Repeater Radio Transmission and Reception”
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3 Definitions of terms, symbols and abbreviations
3.1 Terms

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]. A
parameter referenced in italicsis provided by higher layers.

3.2

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

Symbols

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].

Abbreviations

BPRE Bits Per Resource Element

BWP Bandwidth Part

CB Code Block

CBG Code Block Group

CBR Channel Busy Ratio

CCE Control Channel Element

CORESET Control Resource Set

CP Cyclic Prefix

CRC Cyclic Redundancy Check

C-RNTI Cell RNTI

CS-RNTI Configured Scheduling RNTI

csl Channel State Information

CSss Common Search Space

DAI Downlink Assignment | ndex

DAPS Dual Active Protocol Stack

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
FR1 Frequency Range 1

FR2 Frequency Range 2

FR2-NTN Freguency Range 2 for non-terrestrial networks [8-5]
G-CS-RNTI Group Configured Scheduling RNTI
G-RNTI Group RNTI

GSCN Global Synchronization Channel Number
HARQ-ACK Hybrid Automatic Repeat reQuest Acknowledgement
MBS Multicast Broadcast Services

MCG Master Cell Group

MCS Modulation and Coding Scheme

NCR Network-controlled Repeater

NCR-Fwd NCR Forwarding

NCR-MT NCR Mobile Termination

NDI New Data Indicator

ETSI



3GPP TS 38.213 version 18.7.0 Release 18

NE-DC
NR-DC
PBCH
PCell
PDCCH
PDSCH
PO
PRACH
PRB
PRG
PSCell
PSBCH
PSCCH
PSFCH
PSS
PSSCH
PUCCH
PUCCH-SCell
PUCCH-sSCell
PUSCH
QCL
RB

RE
RLM
RRM
RS
RSRP
SCG
SsCl
scs
SFCI
SFN

SL
SLIV
SL PRS
SPs
SR

SR
SRS
Sss
SSSG
TA
TAG
T8
TBG
TCl

TO

ucl

UE

uL
UL-SCH
uss
uTO-UCI
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NR E-UTRA Dua Connectivity with MCG using NR and SCG using E-UTRA

NR NR Dua Connectivity

Physical Broadcast Channel
Primary Cell

Physical Downlink Control Channel
Physical Downlink Shared Channel
Paging Occasion

Physical Random Access Channel
Physical Resource Block

Physical Resource block Group
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4 Synchronization procedures

4.1 Cell search

Cell search isthe procedure for a UE to acquire time and frequency synchronization with a cell and to detect the
physical layer Cell ID of the 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 assumes 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 assumesthat SSS, PBCH DM-RS, and
PBCH data have same EPRE. The UE may assume that the ratio of PSS EPRE to SSS EPRE in a SS/PBCH block is
either 0 dB or 3 dB. If the UE has not been provided dedicated higher layer parameters, the UE may assume that the
ratio of PDCCH DMRS EPRE to SSS EPRE is within -8 dB and 8 dB when the UE monitors PDCCHs for a DCI
format 1_0 with CRC scrambled by SI-RNTI, P-RNTI, or RA-RNTI, or for aDCI format 2_7, or for aDCI format 4 0.

For a half frame with SSYPBCH blocks, the first symbol indexes for candidate SS/PBCH blocks are determined
according to the SCS of SS/PBCH blocks as follows, where index 0 corresponds to the first symbol of the first lotina
half-frame.

- Case A - 15 kHz SCS: the first symbols of the candidate SS/PBCH blocks have indexes of {2,8} + 14 - n.
- For operation without shared spectrum channel access:
- For carrier frequencies smaller than or equal to 3 GHz, n = 0,1.
- For carrier frequencies within FR1 larger than 3 GHz, n = 0,1,2,3.
- For operation with shared spectrum channel access, as described in [15, TS 37.213],n = 0,1, 2, 3, 4.

- CaseB - 30 kHz SCS: the first symbols of the candidate SSYPBCH blocks have indexes {4,8,16,20} + 28 - n.
For carrier frequencies smaller than or equal to 3 GHz, n = 0. For carrier frequencies within FR1 larger than 3
GHz,n =0,1.

- CaseC - 30 kHz SCS: the first symbols of the candidate SSYPBCH blocks have indexes {2,8} + 14 - n.
- For operation without shared spectrum channel access
- For paired spectrum operation

- For carrier frequencies smaller than or equal to 3 GHz, n = 0,1. For carrier frequencies within FR1
larger than 3 GHz, n = 0,1,2,3.

- For unpaired spectrum operation

- For carrier frequencies smaller than 1.88 GHz, n = 0,1. For carrier frequencies within FR1 equal to or
larger than 1.88 GHz, n = 0,1,2,3.

- For operation with shared spectrum channel access,n = 0,1, 2,3,4,5,6,7,8,9.

- CaseD - 120 kHz SCS: the first symbols of the candidate SS/PBCH blocks have indexes {4,8,16,20} + 28 - n.
For carrier frequencies within FR2 and FR2-NTN, n = 0,1, 2,3,5,6,7,8,10,11,12,13,15,16,17,18.

- CaseE - 240 kHz SCS: the first symbols of the candidate SS/PBCH blocks have indexes
{8,12,16,20,32,36,40,44} + 56 - n. For carrier frequencies within FR2-1 and FR2-NTN,n = 0,1,2,3,5,6, 7, 8.

- Case F—480 kHz SCS: the first symbols of the candidate SS/PBCH blocks have indexes {2,9} + 14 - n. For
carrier frequencies within FR2-2, n =
0,1,2,3,4,56,7,8,9,10,11,12,13,14,15,16,17,18, 19, 20, 21, 22, 23, 24, 25, 26,27, 28, 29, 30, 31.

ETSI



3GPP TS 38.213 version 18.7.0 Release 18 11 ETSI TS 138 213 V18.7.0 (2025-07)

- Case G —960 kHz SCS: the first symbols of the candidate SS/PBCH blocks have indexes {2,9} + 14 - n. For
carrier frequencies within FR2-2, n =
0,1,2,3,4,56,7,8,9,10,11,12,13,14,15,16,17,18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31.

From the above cases, if the SCS of SS/PBCH blocksis not provided by ssbSubcarrier Spacing, the applicable cases for
acell depend on a respective frequency band, as provided in [8-1, TS 38.101-1], [8-2, TS 38.101-2] and [8-5, TS
38.101-5]. A same case appliesfor all SS/PBCH blocks on the cell. If 230 kHz SS/PBCH block SCSisindicated by
sshQubcarrier Ypacing, Case B applies for frequency bands with only 15 kHz SS/PBCH block SCS as specified in [8-1,
TS 38.101-1] and [8-5, TS 38.101-5], and the case specified for 30 kHz SS/PBCH block SCSin[8-1, TS 38.101-1] and
[8-5, TS 38.101-5] applies for frequency bands with 30 kHz SS/PBCH block SCS or both 15 kHz and 30 kHz SS/PBCH
block SCS as specified in [8-1, TS 38.101-1] and [8-5, TS 38.101-5]. For a UE configured to operate with carrier
aggregation over a set of cellsin afrequency band of FR2 or with frequency-contiguous carrier aggregation over a set
of cellsin afrequency band of FR1, if the UE is provided SCS values by ssbSubcarrier Spacing for receptions of
SS/PBCH blocks on any cells from the set of cells, the UE expects the SCS values to be same.

The candidate SSYPBCH blocks in a half frame are indexed in an ascending order in time from 0 to L,,,, — 1, where

L4 1S determined according to SS/PBCH block patterns for Cases A through G. L, ., iSa maximum number of
SS/PBCH block indexesin a cell, and the maximum number of transmitted SS/PBCH blocks within ahalf frameis

Lmax'

- For operation without shared spectrum channel accessin FR1 and FR2, and for operation with shared spectrum
channel accessin FR2-2, Ly = Lmax

- For operation with shared spectrum channel accessin FR1, L,,,, = 8 for L4, = 10 and 15 kHz SCS of
SS/PBCH blocks and for Ly, = 20 and 30 kHz SCS of SS/PBCH blocks

FOr Lyyq, = 4, aUE determines the 2 L SB bits of a candidate SSYPBCH block index per half frame from a one-to-one
mapping with an index of the DM-RS sequence transmitted in the PBCH as described in [4, TS 38.211].

FOr Lyyqy > 4, aUE determines the 3 LSB bits of a candidate SSYPBCH block index per half frame from a one-to-one
mapping with an index of the DM-RS sequence transmitted in the PBCH as described in [4, TS 38.211]

- for Ly,a, = 10, the UE determines the 1 MSB bit of the candidate SSY/PBCH block index from PBCH payload
bit a;,, asdescribed in [5, TS 38.212]

- for Lyq, = 20, the UE determines the 2 MSB bits of the candidate SSYPBCH block index from PBCH payload
bitsa; ¢, a4, asdescribed in [5, TS 38.212]

- for Ly, = 64, the UE determines the 3 MSB bits of the candidate SSYPBCH block index from PBCH payload
bitsa;, s, ai46, a5.7 8sdescribedin [5, TS 38.212)

A UE can be provided per serving cell by ssb-periodicityServingCell a periodicity of the half frames for reception of the
SS/PBCH blocks for the serving cell. If the UE is not configured a periodicity of the half frames for receptions of the
SS/PBCH blocks, the UE assumes a periodicity of a half frame. A UE assumes that the periodicity is same for all
SS/PBCH blocksin the serving cell.

For initial cell selection, a UE may assume that half frames with SSY/PBCH blocks occur with a periodicity of 2 frames.

For operation without shared spectrum channel access, an SS/PBCH block index is same as a candidate SS/PBCH block
index.

For operation with shared spectrum channel access, a UE assumes that transmission of SS/PBCH blocksin a half frame
iswithin a discovery burst transmission window that starts from the first symbol of the first slot in a half-frame. The UE
can be provided per serving cell by discoveryBurstWindowLength a duration of the discovery burst transmission
window. If discoveryBurstWindowLength is not provided, the UE assumes that the duration of the discovery burst
transmission window is a half frame. For a serving cell, the UE assumes that a periodicity of the discovery burst
transmission window is same as a periodicity of half frames for receptions of SS/PBCH blocks in the serving cell. The
UE assumes that one or more SS/PBCH blocks indicated by ssb-PositionsinBurst may be transmitted within the
discovery burst transmission window and have candidate SS/PBCH blocks indexes corresponding to SS/PBCH block
indexes provided by ssb-PositionsInBurst. If MSB k, k > 1, of ssh-PositionsinBurst is set to 1, the UE assumes that
SS/PBCH block(s) within the discovery burst transmission window with candidate SS/PBCH block index(es)
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corresponding to SS/PBCH block index equal to k — 1 may be transmitted; if MSB k is set to 0, the UE assumes that
the SS/PBCH block(s) are not transmitted. If MSB k, k > 1, of inOneGroup issetto 1, and MSB m, m > 1, of
groupPresence is set to 1, the UE assumes that SSYPBCH block(s) within the discovery burst transmission window with
candidate SS/PBCH block index(es) corresponding to SS/PBCH block index determined by k and m may be
transmitted; otherwise, the UE assumes that the SS/PBCH block(s) are not transmitted.

For operation with shared spectrum channel accessin FR1, a UE assumes that SS/PBCH blocksin a serving cell that are
within a same discovery burst transmission window or across discovery burst transmission windows are quasi co-
located with respect to average gain, quasi co-location 'typeA' and 'typeD' properties, when applicable [6, TS 38.214], if
avalue of (NjEH s mod N&)') is same among the SS/PBCH blocks. NS5 is an index of a DM-RS sequence
transmitted in a PBCH of a corresponding SS/PBCH block, and N is either provided by ssb-PositionQCL or, if ssb-
PositionQCL is not provided, obtained from a MIB provided by a SS/PBCH block according to Table 4.1-1 with kggp <
24 [4, TS 38.211]. The UE can determine an SSPBCH block index according to (N 5<% mod Ng&;), or according to
(t mod NJ%') where T isthe candidate SS/PBCH block index. The UE assumes that within a discovery burst
transmission window, a number of transmitted SS/PBCH blocks on aserving cell is not larger than N?SCL? and a number
of transmitted SS/PBCH blocks with a same SS/PBCH block index is not larger than one.

Table 4.1-1: Mapping between the combination of subCarrierSpacingCommon and LSB of ssb-

SubcarrierOffset to N‘S?SC; for operation with shared spectrum channel access in FR1

subCarrierSpacingCommon LSB of ssb-SubcarrierOffset N
scs150r60 0 1
scs150r60 1 2

scs300r120 0 4
scs300r120 1 8

For operation with shared spectrum channel accessin FR2-2, a UE assumes that SS/PBCH blocksin aserving cell that
are within a same discovery burst transmission window or across discovery burst transmission windows are quasi co-
located with respect to average gain, quasi co-location 'typeA' and 'typeD' properties, when applicable, if a value of
(tmod N)) is same among the SS/PBCH blocks, where T is the candidate SSYPBCH block index. Ny is either
provided by ssb-PositionQCL or, if ssh-PositionQCL is not provided, obtained from a MIB provided by a SS/PBCH
block according to Table 4.1-2. The UE can determine an SYPBCH block index according to (T mod N ). The UE
assumes that within a discovery burst transmission window, a number of transmitted SS/PBCH blocks on a serving cell
is not larger than NSSC; and a number of transmitted SS/PBCH blocks with a same SS/PBCH block index is not larger
than one.

Table 4.1-2: Mapping between subCarrierSpacingCommon to N, for operation with shared
spectrum channel access in FR2-2

subCarrierSpacingCommon N?SC;
scs150r60 32
scs300r120 64

For operation without shared spectrum channel accessin FR2-2, a UE expectsaMIB in a SS/PBCH block to provide
subCarrier SpacingCommon = 'scs300r120'.

Upon detection of a SS/PBCH block, the UE determines from MIB that a CORESET for TypeO-PDCCH CSS s&t, as
described in clause 13, is present if kgsp < 24 [4, TS 38.211] for FR1 or if kggp < 12 for FR2. The UE determines
from MIB that a CORESET for Type0-PDCCH CSS set is not present if kggp > 23 for FR1 or if kgsp > 11 for FR2;
the CORESET for TypeO-PDCCH CSS set may be provided by PDCCH-ConfigCommon.

For aserving 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, or on an SCell if applicable as
described in [10, TS 38.133], of the cell group for the serving cell.
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4.2 Transmission timing adjustments

A UE can be provided a value Nty o5 OF atiming advance offset for a serving cell by n-TimingAdvanceOffset for the
serving cell. If for aserving cell the UE is provided two coresetPoolIndex values 0 and 1 for first and second
CORESETS, or is not provided coresetPoolIndex value for first CORESETs and is provided coresetPool | ndex value of
1 for second CORESETS, the UE can be provided first and second N offset Values by n-TimingAdvanceOffset and n-
TimingAdvanceOffset2 for transmissions with first and second spatial filters associated with first and second TCl states
for thefirst and second CORESETS, respectively. A UE can be provided asecond Ny offser Value for transmissions
with second spatial domain filters corresponding to second TCl states or to second SS/PBCH block receptions
associated with physCellld different from physCellld for the serving cell in addition to afirst Ny ofsser Value for
transmissions with first spatial domain filters corresponding to first TCI states or to first SS/PBCH block receptions
associated with physCellld for the serving cell. The first and second N offset Values correspond to first and second
TAGs indicated in respective MAC RARs or in an absolute timing advance command MAC CE [11, TS 38.321] having
an association indicated by tag-1d-ptr with first and second joint TCI states provided by dI-OrJointTCI-StatelList or first
and second UL TCI states provided by ul-TCI-State-List. If the UE is not provided n-TimingAdvanceOffset for a serving
cell, the UE determines a default value Ny ofrse¢ Of the timing advance offset for the serving cell as described in [10, TS
38.133].

If aUE is configured with two UL carriers for aserving cell, a same timing advance offset value Nya ofrset aPpliesto
both carriers for transmissions on the serving cell that are associated with a same TAG. The UE does not expect to
apply two Nra ofrset VAlUes for transmissions on the SUL carrier.

Upon reception of a timing advance command for a TAG, the UE adjusts uplink timing for PUSCH/SRS/PUCCH
transmission on al the serving cells in the TAG based on avalue Npp ofec that the UE expects to be same for all the
serving cellsin the TAG and based on the received timing advance command where the uplink timing for
PUSCH/SRS/PUCCH transmissions is the same for all the serving cellsinthe TAG.

For a band with synchronous contiguous intra-band EN-DC in a band combination with non-applicable maximum
transmit timing difference requirements as described in Note 1 of Table 7.5.3-1 of [10, TS 38.133], if the UE indicates
ul-TimingAlignmentEUTRA-NR as 'required’ and uplink transmission timing based on timing adjustment indication for a
TAG from MCG and a TAG from SCG are determined to be different by the UE, the UE adjusts the transmission
timing for PUSCH/SRS/PUCCH transmission on all serving cells part of the band with the synchronous contiguous
intra-band EN-DC based on timing adjustment indication for aTAG from a serving cell in MCG in the band. The UE is
not expected to transmit a PUSCH/SRS/PUCCH in one CG when the PUSCH/SRS/PUCCH is overlapping in time,

even partialy, with random access preamble transmitted in another CG.

For a SCS 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 in multiples of 16 - 64 - T./2#. The start timing of the random access preambleis
described in [4, TS 38.211].

A timing advance command [11, TS 38.321] in case of random access response or in an absolute timing advance
command MAC CE or in acell switch command, T,, for aTAG indicates Nt values by index valuesof T, =0, 1, 2, ...,
3846, where an amount of the time alignment for the TAG with SCSof 2#: 15 kHziSNpy = Ta - 16 - 64/2*. Npp IS
defined in[4, TS 38.211] and isrelative to the SCS of the first uplink transmission from the UE after the reception of
the random access response or absol ute timing advance command MAC CE or the cell switch command.

In other cases, atiming advance command [11, TS 38.321], T, for a TAG indicates adjustment of a current Ny, value,
Nr1a o1a, to the new Ny, value, Npp new, Dy index valuesof T, =0, 1, 2,..., 63, where for a SCS of 2+ - 15 kHz,
Nrp new = Nta ola + (Ta — 31) - 16 - 64/2".

If a UE has multiple active UL BWPs, as described in clause 12, in asame TAG, including UL BWPsin two UL
carriers of a serving cell, the timing advance command value is relative to the largest SCS of the multiple active UL
BWPs. The applicable Nya new Vaue for an UL BWP with lower SCS may be rounded to align with the timing advance
granularity for the UL BWP with the lower SCS while satisfying the timing advance accuracy requirementsin [10, TS
38.133].

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

For atiming advance command received on uplink slot n, except for atiming advance command received in acell
switch command, and for a transmission other than a PUSCH scheduled by a RAR UL grant or afallbackRAR UL grant
as described in clause 8.2A or 8.3, or aPUCCH with HARQ-ACK information in response to a successRAR as
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described in clause 8.2A, the corresponding adjustment of the uplink transmission timing applies from the beginning of
uplink Slot 1 + k + 1+2# - Kogrer Where k = [N # . (N y + Ny + Ny max + 0.5)/Tyf|, N, isatime duration

slot
in msec of N; symbols corresponding to a PDSCH processing time for UE processing capability 1 when additional
PDSCH DM-RSis configured, Nt , isatime duration in msec of N, symbols corresponding to a PUSCH preparation
time for UE processing capability 1 [6, TS 38.214], Nra max IS the maximum timing advance value in msec that can be

provided by a TA command field of 12 bits, N5*2™** js the number of slots per subframe, Ty is the subframe duration
of 1 msec, and Koffset = Kcell,offset - KUE,offseta where Kcell,offset is pI’OVi ded by Ce”a)eCiﬁCKOffset and KUE,offset is
provided by a Differential Koffset MAC CE command [11, TS 38.321]; otherwise, if not respectively provided,
Keenoftset = 0 OF Kyg oftset = 0. N; and N, are determined with respect to the minimum SCS among the SCSs of all
configured UL BWPsfor all uplink carriersinthe TAG and of al configured DL BWPs for the corresponding downlink
carriers. For u = 0, the UE assumes N; , = 14 [6, TS 38.214]. Slot n and N3">"™™** are determined with respect to the
minimum SCS among the SCSs of all configured UL BWPs for all uplink carriersinthe TAG. Npa max 1S determined
with respect to the minimum SCS among the SCSs of al configured UL BWPsfor all uplink carriersin the TAG and
for al configured initial UL BWPs provided by initial UplinkBWP. The uplink slot n isthe last dot among uplink slot(s)
overlapping with the dot(s) of PDSCH reception assuming Tr, = 0, where the PDSCH provides the timing advance

command and T, isdefined in [4, TS 38.211].

If a UE changes an active UL BWP between atime of a timing advance command reception and atime of applying a
corresponding adjustment for the uplink transmission timing, the UE determines the timing advance command value
based on the SCS of the new active UL BWP. If the UE changes an active UL BWP after applying an adjustment for
the uplink transmission timing, the UE assumes a same absol ute timing advance command value before and after the
active UL BWP change.

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 described in [10, TS 38.133], the UE changes N, accordingly. If aUE
operates with two TAGs on an active UL BWP of a serving cell, the UE expects that a difference between afirst
downlink timing associated with afirst TAG and a second downlink timing associated with a second TAG is not larger
than the CP length for the active UL BWP unless the UE indicates rxTimingDiff. If a UE indicates posUE-TA-
AutoAdjustment, and transmits SRS based on a configuration by SRS-PosResourceSet in SRS-PosRRC-
InactiveValidityAreaConfig in RRC_INACTIVE state,

- if the UE is provided autonomousTA-AdjustmentEnabled, the UE may autonomously update N, at cell
reselection as described in [10, TS 38.133]

- if the UE is not provided autonomousTA-AdjustmentEnabled, the UE maintains the Ny, of alast serving cell
prior to the release of a dedicated RRC connection [11, TS 38.321].

For operation with single TAG on a serving cell, if two adjacent dots overlap dueto a TA command or due to update of
Nt o OF NER ™", when applicable, the latter siot is reduced in duration relative to the former slot. The UE does not
change N4 during an actual time domain window for a PUSCH or aPUCCH transmission [6, TS 38.214]. If the UE is
not provided sTx-2Panel and operates with two TAGs on a serving cell, the UE does not expect transmissions
associated with different TAGsto overlap unless the UE indicates overlapUL-TransReduction; if the UE indicates
overlapUL-TransReduction, the UE reduces in duration alatter transmission using afirst TAG to avoid overlapping
with aformer transmission using a second TAG.

Using higher-layer ephemeris parameters for a serving satellite or atg-gNB-Location for ATG, if provided, a UE pre-
compensates the two-way transmission delay on the service link or on the link between gNB and UE for ATG based
on NTUAE’adj that the UE determines using the serving satellite position or gNB location for ATG and its own position. To
pre-compensate the two-way transmission delay between the uplink time synchronization reference point and the
serving satellite, the UE determines N5 [4, TS 38.211] based on one-way propagation delay Delayommon (t) that
the UE determines as:

TACommonDriftVariant

TACommon TACommonDrift 2
X (t - tepoch) + 2 X (t - tepoch)

2 2

DelaYCommon (t) =

where TAcommon: TAcommonprift: @A TAcommonbriftvariant &€ respectively provided by ta-Common, ta-CommonDrift,
and ta-CommonDriftVariant and t.,,,, is provided by epochTime which is the epoch time of ta-Common, ta-
CommonDrift, and ta-CommonDriftVariant [12, TS 38.331]. Delay .ommon (t) provides a distance at time t between the
serving satellite and the uplink time synchronization reference point divided by the speed of light. The uplink time
synchronization reference point is the point where DL and UL are frame aligned with an offset given by Ny offset-

ETSI



3GPP TS 38.213 version 18.7.0 Release 18 15 ETSI TS 138 213 V18.7.0 (2025-07)

4.3 Timing for secondary cell activation / deactivation

With reference to slots for PUCCH transmissions, when a UE receivesin a PDSCH an activation command [11, TS
38.321] for a secondary cell ending in slot n, the UE applies the corresponding actionsin [11, TS 38.321] no later than

the minimum requirement defined in [10, TS 38.133] and no earlier than slot n+k, except for the following:

- theactionsrelated to CSI reporting on aserving cell that is activein slot n+k

- theactionsrelated to the sCellDeactivationTimer associated with the secondary cell [11, TS 38.321] that the UE
appliesinslot n+k

- theactionsrelated to CSI reporting on a serving cell which isnot activein slot n+Kthat the UE appliesin the
earliest dot after N+Kk inwhich the serving cell is active.

Thevaueof k ism + 3 NS“P™me# 4 1 \where dot n+misaslot indicated for PUCCH transmission with HARQ-ACK

slot

information for the PDSCH reception as described in clause 9.2.3 and Nj‘gﬁ’frame” isanumber of slots per subframe for

the SCS configuration &« of the PUCCH transmission as defined in [4, TS 38.211].

With reference to slots for PUCCH transmissions, if a UE receives a deactivation command [11, TS 38.321] for a
secondary cell ending in dot N, the UE applies the corresponding actionsin [11, TS 38.321] no later than the minimum
requirement defined in [10, TS 38.133], except for the actions related to CSI reporting on an activated serving cell

which the UE appliesin slot n+K.

If the sCellDeactivationTimer associated with the secondary cell expiresin slot N, the UE applies the corresponding
actionsin[11, TS 38.321] no later than the minimum requirement defined in [10, TS 38.133], except for the actions
related to CSI reporting on an activated serving cell which the UE appliesin the first slot that is after slot

n+3- Njweme« where 4 isthe SCS configuration for PDSCH reception on the secondary cell.

5 Radio link monitoring

The downlink radio link quality of the primary cell is 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, as described in clause 12, on the primary cell unless the UE indicates a capability
bwpOperationMeasWithoutlnterrupt [18, TS 38.306]. If the active DL BWP isthe initiad DL BWP and for SS/PBCH
block and CORESET multiplexing pattern 2 or 3, as described in clause 13, the UE is expected to perform RLM using
the associated SS/PBCH block when the associated SS/PBCH block index is provided by RadioLinkMonitoringRS.

If the UE is configured with a SCG, as described in [12, TS 38.331], and the parameter rIf-TimersAndConstants is
provided by higher layers and is not set to release, the downlink radio link quality of the PSCell of the SCG is
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 on the PSCell unlessthe UE
indicates a capability bwpOperationMeasWithoutInterrupt [18, TS 38.306].

A UE can be configured for each DL BWP of a SpCell [11, TS 38.321] with a set of resource indexes, through a
corresponding set of RadioLinkMonitoringRS, for radio link monitoring by failureDetectionResources. The UE is
provided either a CSI-RS resource configuration index, by csi-RS-Index, or a SS/PBCH block index, by ssh-Index. The
UE can be configured with up to N, g_g.m RadioLinkMonitoringRSfor link recovery procedures, as described in clause
6, and for radio link monitoring. From the Ny z_gri.m RadioLinkMonitoringRS, up to Ng; v RadioLinkMonitoringRS can
be used for radio link monitoring depending on L,,,, asdescribed in Table 5-1, wherein L,,,, isas defined in clause
4.1, and up to two RadioLinkMonitoringRS can be used for link recovery procedures.

For operation with shared spectrum channel access, when a UE is provided a SS/PBCH block index by ssb-Index, the
UE is expected to perform radio link monitoring using SS/PBCH block(s) in the discovery burst transmission window
as described in clause 4.1, where the SS/PBCH block(s) have candidate SS/PBCH block index(es) corresponding to
SS/PBCH block index provided by ssb-Index.

If the UE is not provided RadioLinkMonitoringRS and the UE is provided for PDCCH receptions TCI states that include
one or more of a CSI-RS
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- the UE uses for radio link monitoring the RS provided for the active TCI state for PDCCH reception if the active
TCI state for PDCCH reception includes only one RS

- if theactive TCI state for PDCCH reception includes two RS, the UE expects that one RS is configured with qcl-
Type set to 'typeD’ [6, TS 38.214] and the UE uses the RS configured with qcl-Type set to 'typeD’ for radio link
monitoring; the UE does not expect both RS to be configured with qcl-Type set to ‘typeD’

- theUE isnot required to use for radio link monitoring an aperiodic or semi-persistent RS

- For L., = 4, the UE selectsthe Ny, RS provided for active TCI states for PDCCH receptionsin CORESETSs
associated with the search space setsin an order from the shortest monitoring periodicity. If more than one
CORESET s are associated with search space sets having same monitoring periodicity, the UE determines the
order of the CORESET from the highest CORESET index as described in clause 10.1.

A UE does not expect to use more than N\ RadioLinkMonitoringRSfor radio link monitoring when the UE is not
provided RadioLinkMonitoringRS.

Values of Ny g_rim @nd Ny for different values of L,,,, aregivenin Table 5-1.

Table 5-1: N, g v and Ngpy as a function of maximum number L,,,, of SS/PBCH blocks per half

frame
Lyyax Nir—rLM Ngim
4 2 2
8 6 4
64 8 8

For a CSI-RS resource configuration, power Control OffsetSSis not applicable and a UE expects to be provided only
'noCDM' from cdm-Type, only ‘one’ and 'three' from density, and only '1 port' from nrofPorts [6, TS 38.214].

If aUE is configured with multiple DL BWPs for a serving cell, the UE performs RLM using the RS(s) corresponding
to resource indexes provided by RadioLinkMonitoringRSfor the active DL BWP or, if RadioLinkMonitoringRSis not
provided for the active DL BWP, using the RS(s) provided for the active TCI state for PDCCH receptionsin
CORESETson the active DL BWP.

In non-DRX mode operation, the physical layer in the UE assesses 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) configured by
riminSyncOutOfSyncThreshold. 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 assesses 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) provided by
riminSyncOutOfSyncThreshold. 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 indicates, in frames where the radio link quality is assessed, out-of-sync to higher layers
when the radio link quality is worse than the threshold Qo for al resourcesin the set of resources for radio link
monitoring. When the radio link quality is better than the threshold Qi for any resource in the set of resources for radio
link monitoring, the physical layer in the UE indicates, in frames where the radio link quality is assessed, in-sync to
higher layers.

6 Link recovery procedures

A UE can be provided, for each BWP of aserving cell, aset g, of periodic CSI-RS resource configuration indexes by
failureDetectionResourcesToAddModList and a set g, of periodic CSI-RS resource configuration indexes and/or
SS/PBCH block indexes by candidateBeamRSList or candidateBeamRSListExt or candidateBeamRS List for radio link
quality measurements on the BWP of the serving cell. Instead of the sets g, and g, , for each BWP of a serving cell, the
UE can be provided respective two sets g, , and g, , of periodic CSI-RS resource configuration indexes by
failureDetectionSet1 and failureDetectionSet2 that can be activated by aMAC CE [11 TS 38.321] and corresponding
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two sets g, o and g, , of periodic CSI-RS resource configuration indexes and/or SSYPBCH block indexes by
candidateBeamRS: List and candidateBeamRS-List2, respectively, for radio link quality measurements on the BWP of
the serving cell. The set g, , is associated with the set g, , and the set g, ; is associated with the set g ;.

If the UE is not provided g, by failureDetectionResourcesToAddModList for a BWP of the serving cell, the UE
determines the set g, to include periodic CSI-RS resource configuration indexes with same values asthe RS indexesin
the RS setsindicated by TCI-Sate for respective CORESET s that the UE uses for monitoring PDCCH. If the UE is not
provided g, o and g, , for aBWP of the serving cell, the UE determines the set g, , and ¢, , to include periodic CSI-
RS resource configuration indexes with same values as the RS indexes in the RS setsindicated by TCI-State for first
and second CORESET s that the UE uses for monitoring PDCCH, respectively, where the UE is provided two
coresetPoolIndex values 0 and 1 for the first and second CORESETS, or is not provided coresetPool | ndex value for the
first CORESETs and is provided coresetPool Index value of 1 for the second CORESETS, respectively. If there are two
RSindexesin aTCI state, the set g, or g, 9, OF g1 includes RS indexes configured with gcl-Type set to ‘typeD’ for the
corresponding TCI states. If a CORESET that the UE uses for monitoring PDCCH includestwo TCl states and the UE
is provided sfnSchemePdcch set to 'sfnSchemeA’ or 'sfthSchemeB', the set g, includes RS indexesin the RS sets
associated with the two TCI states.

The UE expectsthe set g, to include up to two RS indexes. If the UE is provided g,y or G, 1, the UE expects the set g, o
or the set g, ; to include up to anumber of Ngpp RS indexesindicated by maxBFD-RS-resour cesPer SetPerBWP. If the
UE is not provided g, o Or g, 4, and if anumber of active TCI states for PDCCH receptions in the first or second
CORESETsis larger than Nggp, the UE determines the set g, o or g, ; to include periodic CSI-RS resource
configuration indexes with same values as the RS indexes in the RS sets associated with the active TCI states for
PDCCH receptionsin the first or second CORESET s corresponding to search space sets according to an ascending
order for PDCCH monitoring periodicity. If more than one first or second CORESET S correspond to search space sets
with same monitoring periodicity, the UE determines the order of the first or second CORESETs according to a
descending order of a CORESET index.

If aUE

- isnot provided coresetPoolIndex or is provided coresetPoollndex with a value of O for first CORESETs on an
active DL BWP of a serving cell,

- isprovided coresetPool | ndex with avalue of 1 for second CORESET s on the active DL BWP of the serving
cells, and

- isprovided SSB-MTCAdditional PCI

SS/PBCH block indexes associated with aphysical cell identity other than the one provided by physCellld in
ServingCell ConfigCommon can be provided in g, ; set and the corresponding g, , et is associated with the physical cell
identity.

The UE expects single port RS in the set g, or gg o, O o 1. The UE expects single-port or two-port CSI-RS with
frequency density equal to 1 or 3 REs per RB inthe set g;, or gy 4, Of @4 ;. The thresholds Qow,Lr and QinLr correspond
to the default value of rImlnSyncOutOfSyncThreshold, as described in [10, TS 38.133] for Qou, and to the value
provided by rsrp-ThresholdSSB or rsrp-ThresholdBFR, respectively.

The physical layer in the UE assesses the radio link quality according to the set gy, G o, Or go,1, Of resource
configurations against the threshold Qo r. For the set g, the UE assesses the radio link quality only according to
SS/PBCH blocks on the PCell or the PSCell or periodic CSI-RS resource configurations that are quasi co-located, as
described in [6, TS 38.214], with the DM-RS of PDCCH receptions by the UE. The UE applies the Qin,r threshold to
the L1-RSRP measurement obtained from a SS/PBCH block. The UE applies the Qin,r threshold to the L1-RSRP
measurement obtained for a CSI-RS resource after scaling a respective CSI-RS reception power with a value provided
by power Control OffsetSS,

In non-DRX mode operation, the physical layer in the UE provides an indication to higher layers when the radio link
quality for all corresponding resource configurations in the set g, or in the set g, or g, ;, that the UE usesto assess the
radio link quality is worse than the threshold Qo .r. The physical layer informs the higher layers when the radio link
quality is worse than the threshold Qou,Lr With a periodicity determined by the maximum between the shortest
periodicity among the SS/PBCH blocks on the PCell or the PSCell and/or the periodic CSI-RS configurations in the set
Qo+ Go,0. OF o1 that the UE usesto assess the radio link quality and 2 msec. In DRX mode operation, the physical layer
provides an indication to higher layers when the radio link quality is worse than the threshold Qout,.r With a periodicity
determined as described in [10, TS 38.133].
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For the PCell or the PSCell, upon request from higher layers, the UE provides to higher layers the periodic CSI-RS
configuration indexes and/or SS/PBCH block indexes from the set g, , or g, , Or g; 1 and the corresponding L 1-RSRP
measurements that are larger than or equal to the Qin,Lr threshold.

For the SCell, upon request from higher layers, the UE indicates to higher layers whether thereis at least one periodic
CSI-RS configuration index or SSYPBCH block index from the set g, , or g, o, Or g, , With corresponding L 1-RSRP
measurements that is larger than or equal to the Qin, r threshold, and provides the periodic CSI-RS configuration
indexes and/or SS/PBCH block indexes from the set g, , or g, o, or g, , and the corresponding L 1-RSRP measurements
that are larger than or equal to the Qinr threshold, if any.

For the PCell or the PSCell, a UE can be provided a CORESET through alink to a search space set provided by
recoverySearchSpacel d, as described in clause 10.1, for monitoring PDCCH in the CORESET. If the UE is provided
recoverySearchSpacel d, the UE does not expect to be provided another search space set for monitoring PDCCH in the
CORESET associated with the search space set provided by recoverySearchSpacel d.

For the PCell or the PSCell, the UE can be provided, by PRACH-ResourceDedicatedBFR, a configuration for PRACH
transmission as described in clause 8.1. For PRACH transmission in slot n and according to antenna port quasi co-
location parameters associated with periodic CSI-RS resource configuration or with SSYPBCH block associated with
index qnew provided by higher layers[11, TS 38.321], the UE monitors PDCCH in a search space set provided by
recoverySearchSpaceld for detection of a DCI format with CRC scrambled by C-RNTI or MCS-C-RNTI starting from
slotn + 4 + 2* - k., Where p is the SCS configuration for the PRACH transmission and k.. iSanumber of slots
provided by kmac [12, TS 38.331] or k. = 0 if kmac is not provided, within a window configured by
BeamFailureRecoveryConfig. For PDCCH monitoring in a search space set provided by recoverySearchSpaceld and for
corresponding PDSCH receptions, the UE assumes the same antenna port quasi-collocation parameters as the ones
associated with index g, until the UE receives by higher layers an activation for a TCl state or any of the parameters
tci-StatesPDCCH-ToAddList and/or tci-StatesPDCCH-ToReleaselList. After the UE detects a DCI format with CRC
scrambled by C-RNTI or MCS-C-RNTI in the search space set provided by recoverySearchSpacel d, the UE continues
to monitor PDCCH candidates in the search space set provided by recoverySearchSpaceld until the UE receivesaMAC
CE activation command for a TCI state or tci-StatesPDCCH-ToAddList and/or tci-StatesPDCCH-ToReleaseList.

For the PCell or the PSCell, after 28 symbols from alast symbol of afirst PDCCH reception in a search space set
provided by recoverySearchSpacel d for which the UE detects a DCI format with CRC scrambled by C-RNTI or MCS-
C-RNTI and until the UE receives an activation command for PUCCH-SpatialRelationInfo [11, TS 38.321] or is
provided PUCCH-Spatial Relationlnfo for PUCCH resource(s), the UE transmits a PUCCH on a same cell asthe
PRACH transmission using

- asame spatia filter as for the last PRACH transmission
- apower determined as described in clause 7.2.1 with q,, = 0, 4 = Gpew, ad 1 =0

For the PCell or the PSCell and for sets g, and g, , after 28 symbols from alast symbol of afirst PDCCH receptionin a
search space set provided by recoverySearchSpacel d where a UE detects a DCI format with CRC scrambled by C-
RNTI or MCS-C-RNTI, the UE assumes same antenna port quasi-collocation parameters as the ones associated with
index qpew for PDCCH monitoring in a CORESET with index O.

If aUE is provided dI-OrJointTCI-StateList or ul-TCI-SateList and isindicated one or two TCI state(s) for the PCell or
the PSCell [6, TS 38.214] associated with g, and g, , after 28 symbols from alast symbol of afirst PDCCH reception in
a search space set provided by recoverySearchSpacel d where the UE detects a DCI format with CRC scrambled by C-
RNTI or MCS-C-RNTI, the UE

- if SSB-MTC-Additional PCl is not provided, monitors PDCCH in all CORESETS, and receives PDSCH and
aperiodic CSI-RS resource in a CSI-RS resource set with same indicated TCI state as for the PDCCH and
PDSCH, using the same antenna port quasi co-location parameters as the ones associated with the corresponding
iNdeX qpew, If @y

- transmits PUSCH, PUCCH and SRS that uses a same spatial domain filter with sasme indicated TClI state as for
the PUSCH and the PUCCH, using a same spatial domain filter as for the last PRACH transmission using the
following parameters for determination of a corresponding power as described in clauses 7.1.1, 7.2.1, and 7.3.1

- theRSindex q; = gnew fOr obtaining the downlink pathloss estimate

- thevauesof Po ye pusch,p,f,c (), @b, (j), and the PUSCH power control adjustment state [ provided by
pOAIlphaSetfor PUSCH associated with the smallest value of ul-powercontrolld for the PCell or the PSCell
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- thevalue of Py yg puccn(qy) and the PUCCH power control adjustment state I provided by
pOAl phaSetforPUCCH associated with the smallest value of ul-powercontrolld for the PCell or the PSCell

- thevauesof Py yg_srsp,r,c(ds)s @srsp.r.c(9s), and the SRS power control adjustment state I provided by
pOAlphaSetfor SRS associated with the smallest value of ul-powercontrolld for the PCell or the PSCell

For the remaining of this clause, if a PDCCH reception includes two PDCCH candidates from two linked search space
sets based on searchSpacelinkingld, as described in clause 10.1, the last symbol of the PDCCH reception is the last
symbol of the PDCCH candidate that ends later. The PDCCH reception includes the two PDCCH candidates also when
the UE is not required to monitor one of the two PDCCH candidates as described in clauses 10 (except clause 10.4),
11.1,11.1.1and 17.2.

For the PCell or the PSCell, if BFR MAC CE [11, TS 38.321] isprovided in Msg3 or MsgA of contention based
random access procedure, and if a PUCCH resource is provided with PUCCH-Spatial Rel ationl nfo, after 28 symbols
from the last symbol of the PDCCH reception that determines the completion of the contention based random access
procedure as described in clause 5.1.4aor in clause 5.1.5 of [11, TS 38.321], the UE transmits the PUCCH on a same
cell asthe PRACH transmission using

- asame spatid filter as for the last PRACH transmission

- apower determined as described in clause 7.2.1 with q,, = 0, 4 = qpew, @nd [l = 0, where g, iSthe SSYPBCH
block index selected for the last PRACH transmission.

If aUE is provided dI-OrJointTCI-Statelist or ul-TCl-Satelist and isindicated one or two TCI state(s) for the PCell or
the PSCell associated with g, and g,, and the UE provides BFR MAC CE in Msg3 or MsgA of contention based
random access procedure, after 28 symbols from the last symbol of the PDCCH reception that determines the
completion of the contention based random access procedure as described in [11, TS 38.321], the UE

- if SSB-MTC-Additional PCl is not provided, monitors PDCCH in all CORESETS, and receives PDSCH and
aperiodic CSI-RS resource in a CSI-RS resource set with same indicated TCI state as for the PDCCH and
PDSCH using the same antenna port quasi co-location parameters as the ones associated with the corresponding
index qpew, if any

- transmits PUSCH, PUCCH and SRS that uses a same spatial domain filter with sasme indicated TCI state as for
the PUSCH and PUCCH, using a same spatial domain filter as for the last PRACH transmission using the
following parameters for determination of a corresponding power as described in clauses 7.1.1, 7.2.1, and 7.3.1

- theRSindex q; = quew fOr obtaining the downlink pathloss estimate

- thevauesof Py ye pusch,p,f,c (), @ r,c(j), and the PUSCH power control adjustment state [ provided by
pOAl phaSetforPUSCH associated with the smallest value of ul-powercontrolld for the PCell or the PSCell

- thevalue of Py yg pyccn(qy) and the PUCCH power control adjustment state I provided by
pOAIlphaSetfor PUCCH associated with the smallest value of ul-powercontrolld for the PCell or the PSCell

- thevauesof Py yg srsp,f,c(9s)s @srsp,f,c(4s), and the SRS power control adjustment state I provided by
pOAl phaSetfor SRS associated with the smallest value of ul-powercontrolld for the PCell or the PSCell

A UE can be provided, by schedulingRequestl D-BFR-SCell, a configuration for PUCCH transmission with alink
recovery request (LRR) as described in clause 9.2.4 for the UE to transmit PUCCH [11, TS 38.321]. If the PCell or the
PSCell is associated with sets g, , and g, o, and with sets g, , and g, ,, the UE can be provided by

schedulingRequestI D-BFR afirst configuration for PUCCH transmission with aLRR and, if the UE provides
twoLRRcapability, the UE can be provided by schedulingRequestl D-BFR2 a second configuration for PUCCH
transmission with a LRR. If the UE is provided only the first configuration, the UE transmits a PUCCH with LRR for
either set go o Or g, . If the UE is provided both the first and second configurations, the UE uses the first configuration
to transmt a PUCCH with LRR associated with set g, , and the second configuration to transmit a PUCCH with LRR
associated with set g, , [11, TS 38.321].

The UE can provide in afirst PUSCH MAC CE index(es) for at least corresponding SCell(s) with radio link quality
worse than Qout,Lr, indication(s) of presence of q,.,, for corresponding SCell(s), and index(es) q,,.,, for aperiodic CSI-
RS configuration or for a SSYPBCH block provided by higher layers, as described in [11, TS 38.321], if any, for
corresponding SCell(s). After 28 symbols from alast symbol of a PDCCH reception with a DCI format scheduling a
PUSCH transmission with a same HARQ process number as for the transmission of the first PUSCH and having a
toggled NDI field value, the UE
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- monitors PDCCH in al CORESETSs on the SCell(s) indicated by the MAC CE using the same antenna port quasi
co-location parameters as the ones associated with the corresponding index(es) gy, if any

- transmits PUCCH on a PUCCH-SCell using a same spatial domain filter as the one corresponding to gy, if
any, for periodic CSI-RS or SS/PBCH block reception, as described in clause 9.2.2, and using a power
determined as described in clause 7.2.1 with g, = 0, g4 = qpew, @nd l = 0, if

- the UE is provided PUCCH-Spatial Relationlnfo for the PUCCH,
- aPUCCH with the LRR was €ither not transmitted or was transmitted on the PCell or the PSCell, and
- the PUCCH-SCédll isincluded in the SCell(s) indicated by the MAC-CE

where the SCS configuration for the 28 symbolsis the smallest of the SCS configurations of the active DL BWP for the
PDCCH reception and of the active DL BWP(s) of the at least one SCell.

For serving cells associated with g, and g, , if aUE is provided dI-OrJointTCl-StateList or ul-TCI-StateList and is
indicated one or two TCI state(s), after 28 symbols from alast symbol of a PDCCH reception with a DCI format
scheduling a PUSCH transmission with a same HARQ process number as for the transmission of the first PUSCH and
having atoggled NDI field value, the UE

- if SSB-MTC-Additional PCl is not provided, monitors PDCCH in all CORESETS, on the SCell (s) indicated by
the MAC CE, and receives PDSCH and aperiodic CSI-RS resource in a CSI-RS resource set using the same
antenna port quasi co-location parameters as the ones associated with the corresponding index g, if any

- transmits PUSCH, PUCCH and SRS that uses a same spatial domain filter with same indicated TCl state as for
the PUSCH and PUCCH, using a same spatial domain filter as the one corresponding to g,..,, if any, and using
the following parameters for determination of a corresponding power as described in clauses 7.1.1, 7.2.1, and
7.3.1

- theRSindex q; = guew fOr obtaining the downlink pathloss estimate

- thevauesof Po ye pusch,p,f,c(7): @b, (j), and the PUSCH power control adjustment state [ provided by
pOAl phaSetfor PUSCH associated with the smallest value of ul-powercontrolld for the corresponding SCell

- thevalue of Py yg pyccn(qy) and the PUCCH power control adjustment state I provided by
pOAlphaSetforPUCCH associated with the smallest value of ul-powercontrolld for the corresponding SCell

- thevauesof Py yg srsp,f,c(9s)s @srsp,f,c(4s), and the SRS power control adjustment state I provided by
pOAlphaSetfor SRS associated with the smallest val ue of ul-powercontrolld for the corresponding SCell

If thereis at least one serving cell associated with sets g, , and g, o, and with sets g, ; and g, ,, the UE can providein a
second PUSCH MAC CE index(es) for cell(s) with g, and/or with at least one of g, , and g, , having radio link quality
worse than Qaut Lr, the index(es) of those g, , and/or g, and indication(s) of presence of g, and of index(es) q,ey. if
any, from g, and/or corresponding sets g, , and/or g, 4 for the serving cells.

For serving cells associated with sets g, , and g, , and with sets g, ; and g, 4, and having radio link quality worse than
QoutLr, after 28 symbols from alast symbol of afirst PDCCH reception with a DCI format scheduling a PUSCH
transmission with a same HARQ process number as for transmission of the second PUSCH and having atoggled NDI
field value, the UE assumes antenna port quasi-collocation parameters

- corresponding to q,,, from g, o, if any, for the first CORESETS,
- corresponding to g,.,, from g, 4, if any, for the second CORESETs

where the SCS configuration for the 28 symbolsis the smallest of the SCS configurations of the active DL BWP for the
PDCCH reception and of the active DL BWP(s) of the serving cells.

For aserving cell associated with sets g, , and g, ,, and with sets g, , and g, ,, and having radio link quality worse than
QoutLr, and if aUE is provided dI-OrJointTCl-StateList or TCI-UL-State and isindicated a first TCI-State or TCI-UL-
Sate and a second TCI-State or TCI-UL-State, after 28 symbols from alast symbol of afirst PDCCH reception with a
DCI format scheduling a PUSCH transmission with a same HARQ process number as for the transmission of the
second PUSCH and having atoggled NDI field value, the UE
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monitors PDCCH that applies the first TCI-State state, and receives PDSCH and aperiodic CSI-RS resource that
apply the first TCI-State, using same antenna port quasi co-location parameters as the ones associated with a
corresponding index gy, from g, o, if any, on the serving cell

monitors PDCCH that applies the second TCI-Sate, and receives PDSCH and aperiodic CSI-RS resource that
apply the second TCI-State, on the serving cell using same antenna port quasi co-location parameters as the ones
associated with a corresponding index q,.,, from g, 4, if any, on the serving cell

transmits PUSCH, PUCCH, and SRS that apply the first TCI-Sate or TCI-UL-Sate using a same spatial domain
filter as the one corresponding to gy, from g, o, if any, on the serving cell and using the following parameters
for determination of a corresponding power as described in clauses 7.1.1, 7.2.1, and 7.3.1

- theRSindex q; = qpew from q, o, if any, for obtaining a corresponding downlink pathloss estimate for the
serving cell

- thevauesof Po ye pusch,p,f,c () @b, (j), and the PUSCH power control adjustment state [ provided by
pOAIlphaSetfor PUSCH associated with the smallest value of ul-powercontrolld for the serving cell

- thevalue of Py yg puccu(9w) (q,) and the PUCCH power control adjustment state [ provided by
pOAIlphaSetfor PUCCH associated with the smallest value of ul-powercontrolld for the serving cell

- thevauesof Py yg_srsp,r,c(ds)s @srsp.r.c(4s), and the SRS power control adjustment state I provided by
pOAlphaSetfor SRS associated with the smallest value of ul-powercontrolld for the serving cell

transmits PUSCH, PUCCH, and SRS that apply the second TCI-Sate or TCI-UL-Sate using a same spatial
domain filter as the one corresponding to q,,.,, from g, ,, if any, on the serving cell and using the following
parameters for determination of a corresponding power as described in clauses 7.1.1, 7.2.1, and 7.3.1

- theRSindex q; = qnew fromg, 4, if any, for obtaining a corresponding downlink pathloss estimate for the
serving cell

- thevauesof Po ye pusch,p,f,c(7): @b, (j), and the PUSCH power control adjustment state [ provided by
pOAIlphaSetfor PUSCH associated with the smallest value of ul-powercontrolld for the serving cell

- thevalue of Py yg puccu(9.)(q,) and the PUCCH power control adjustment state [ provided by
pOAl phaSetforPUCCH associated with the smallest value of ul-powercontrolld for the serving cell

- thevauesof Py yg_srsp,r,c(ds)s @srsp,r.c(9s), and the SRS power control adjustment state I provided by
pOAlphaSetfor SRS associated with the smallest value of ul-powercontrolld for the serving cell

where the SCS configuration for the 28 symbolsis the smallest of the SCS configurations of the active DL BWP for the
PDCCH reception and of the active DL BWP(s) of the serving cells.

For aserving cell associated with sets g, , and g, o, and with sets g, ; and g, ,, and having radio link quality worse than
QoutLr, and if aUE is provided two coresetPoolIndex values 0 and 1 for the first and second CORESETS, or is not
provided coresetPoollndex value for the first CORESETs and is provided coresetPoolIndex value of 1 for the second
CORESETS, respectively, and the UE is provided dI-OrJointTCI-SateList or TCI-UL-State, after 28 symbols from a
last symbol of afirst PDCCH reception with a DCI format scheduling a PUSCH transmission with a same HARQ
process number as for the transmission of the second PUSCH and having atoggled NDI field value, the UE

monitors PDCCH in the first CORESETSs, and receives PDSCH scheduled/activated by PDCCH in the first
CORESETS, and aperiodic CSI-RS resource that apply a TCl-Sate specific to the first CORESETS, using same
antenna port quasi co-location parameters as the ones associated with a corresponding index g, from g, o, if
any, for the serving cell

monitors PDCCH in the second CORESETSs, and receives PDSCH scheduled/activated by PDCCH in the second
CORESETS, and aperiodic CSI-RS resource that apply a TCI-Sate specific to the second CORESETS, using the
same antenna port quasi co-location parameters as the ones associated with the corresponding index gq,,.,, from
Gy1,1, if any, for the serving cell

transmits PUSCH, PUCCH, and SRS that apply TCI-State or TCI-UL-Sate specific to the first CORESETs
using a same spatial domain filter as the one corresponding to g,,.,, from q, o, if any, for the serving cell and
using the following parameters for determination of a corresponding power as described in clauses 7.1.1, 7.2.1,
and 7.3.1
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- theRSindex q; = qnew from g, o, if any, for obtaining a corresponding downlink pathloss estimate for the
serving cell

- thevauesof Po ye pusch,p,f,c (), @b, (j), and the PUSCH power control adjustment state [ provided by
pOAIlphaSetfor PUSCH associated with the smallest value of ul-powercontrolld for the serving cell

- thevalue of Py yg puccu(9u) (g,) and the PUCCH power control adjustment state [ provided by
pOAIlphaSetfor PUCCH associated with the smallest value of ul-powercontrolld for the serving cell

- thevauesof Py yg_srsp,r,c(ds)s @srsp.r.c(4s), and the SRS power control adjustment state [ provided by
pOAIlphaSetfor SRS associated with the smallest value of ul-powercontrolld for the serving cell

- transmits PUSCH, PUCCH, and SRS that apply TCI-Sate or TCI-UL-Sate specific to the second CORESETs
using a same spatial domain filter as the one corresponding to q,,.,, from g, ,, if any, for the serving cell and
using the following parameters for determination of a corresponding power as described in clauses 7.1.1, 7.2.1,
and 7.3.1

- theRSindex q; = qnew fromg, 4, if any, for obtaining a corresponding downlink pathloss estimate for the
serving cell

- thevauesof Py ye puschp,f,c(7): @ r,c (), and the PUSCH power control adjustment state [ provided by
pOAl phaSetforPUSCH associated with the smallest value of ul-powercontrolld for the serving cell

- thevalue of Py yg puccu(9.)(q,) and the PUCCH power control adjustment state [ provided by
pOAl phaSetforPUCCH associated with the smallest value of ul-powercontrolld for the serving cell

- thevauesof Py yg_srsp,r.cr srs,p,fc(qs), ad the SRS power control adjustment state [ provided by
pOAlphaSetfor SRS associated with the smallest value of ul-powercontrolld for the serving cell

where the SCS configuration for the 28 symbolsis the smallest of the SCS configurations of the active DL BWP for the
PDCCH reception and of the active DL BWP(s) of the serving cells.

7 Uplink Power control

Uplink power control determines a power for PUSCH, PUCCH, SRS, and PRACH transmissions.

A UE does not expect to simultaneously maintain more than four pathloss estimates per serving cell for all
PUSCH/PUCCH/SRS transmissions as described in clauses 7.1.1, 7.2.1, and 7.3.1, except for SRS transmissions
configured by SRS-PosResourceSet as described in clause 7.3.1. If the UE is provided a number of RS resources for
pathloss estimation for PUSCH/PUCCH/SRS transmissions that is larger than 4, the UE maintains for pathloss
estimation RS resources corresponding to RS resource indexes g, as described in clauses 7.1.1, 7.2.1, and 7.3.1. If an
RS resource updated by MAC CE, asdescribed in clauses 7.1.1, 7.2.1 and 7.3.1, is one from the RS resources the UE
maintains for pathloss estimation for PUSCH/PUCCH/SRS transmissions, the UE applies the pathl oss estimation based

on the RS resources starting from the first slot that is after slot k + 3 N3 ™™ 4 2K - . where k is the slot where
the UE would transmit a PUCCH or PUSCH with HARQ-ACK information for the PDSCH providing the MAC CE,

u isthe SCS configuration for the PUCCH or PUSCH, respectively, that is determined in the dot when the MAC CE
command is applied and k.. isanumber of dotsfor SCS configuration 4 = 0 provided by kmac or k.. = 0 if kmac

is not provided.

A PUSCH/PUCCH/SRS/PRACH transmission occasion i is defined by a slot index né‘_f within a frame with system

frame number SFN, afirst symbol S within the slot, and a number of consecutive symbols L. For a PUSCH
transmission with repetition Type B, a PUSCH transmission occasion is anominal repetition [6, TS 38.214].

In the remaining of this clause, if a UE is provided TCI-Sate in dI-OrJointTCI-SateList or TCI-UL-State or
CandidateTCl-Sate or CandidateTCl-UL-Sate indicated in the LTM Cell Switch Command MAC CE, and for each
indicated one or two TCI-Sate or TCI-UL-Sate or CandidateTCI-Sate or CandidateTCI-UL-Sate of a PUSCH,
PUCCH, or SRS transmission occasion as described in [6, TS 38.214]

- inclauses7.1.1, 7.2.1, and 7.3.1, the RSindex q, for obtaining the downlink pathloss estimate for PUSCH,
PUCCH, and SRS transmission is provided by pathlossReferenceRS-1d-r17 associated with or included in the
indicated TCI-Sate or TCI-UL-State except for SRS transmission that is not provided followUnifiedTCI-
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SateSRS, or by pathlossReferenceRS-1d included in CandidateTCl-Sate or CandidateTCl-UL-Sate indicated in
the LTM Cell Switch Command MAC CE

- inclause 7.1.1, if pOAlphaSetforPUSCH is provided, the values of Py yg puschp,f,c(7)+ @b,f,c (), and the PUSCH
power control adjustment state [ are provided by pOAlphaSetforPUSCH associated with the indicated TCI-Sate
or TCI-UL-Sate, or by pOAlphaSetforPUSCH associated with the CandidateTCl-State or CandidateTCI-UL-
Sate indicated inthe LTM Cell Switch Command MAC CE

- inclause 7.2.1, if pOAlphaSetforPUCCH is provided, the values of Py yr pycca(qy) and the PUCCH power
control adjustment state [ are provided by pOAlphaSetforPUCCH associated with the indicated TCI-Sate or TCI-
UL-Sate, or by pOAlphaSetforPUCCH associated with the CandidateTCl-State or CandidateTCI-UL-Sate
indicated in the LTM Cell Switch Command MAC CE

- inclause 7.3.1, if pOAlphaSetfor SRSis provided,

- if followUnifiedTCI-StateSRSis provided for a SRS resource set, the values of Py yg srsp,£,c(qs).
asrs p.r.c(5), and SRS power control adjustment state [ are provided by pOAlphaSetfor SRS associated with

the indicated TCI-State or TCI-UL-State, or by pOAlphaSetfor SRS associated with the CandidateTCl-Sate or
CandidateTCI-UL-Sate indicated in the LTM Cell Switch Command MAC CE

- esg if followUnifiedTCI-StateSRSis not provided for a SRS resource set and for a SRS resource from the
SRS resource set, the values of Py yg srsp,f.c(Gs): Asrsp,f.c(qs), ad SRS power control adjustment state [
are provided by pOAlphaSetfor SRS associated with TCI-Sate or TCI-UL-Sate of an SRS resource with
lowest SRS-Resourceld in the SRS resource set and a RS index g, for obtaining a pathloss estimate for the
SRS transmission is provided by pathlossReferenceRS-1d-r17 associated with or included in the TCl-Sate or
TCI-UL-State of an SRS resource with lowest SRS-Resourceld in the SRS resource set

Po_srs,p,f,c(qs) isthe sum of the component Py yg srs p,f,c(qs) and acomponent pO provided by SRS-ResourceSet
corresponding to the SRS resource set.

In the remaining of this clause, if a PDCCH reception by a UE includes two PDCCH candidates from corresponding
search space sets, as described in clause 10.1

- aPDCCH monitoring occasion is the union of the PDCCH monitoring occasions for the two PDCCH candidates
- theend of the PDCCH reception is the end of the PDCCH candidate that ends later

The PDCCH reception includes the two PDCCH candidates also when the UE is not required to monitor one of the two
PDCCH candidates as described in clauses 10 (except clause 10.4), 11.1, 11.1.1 and 17.2.

7.1 Physical uplink shared channel

For a PUSCH transmission on active UL BWP b, as described in clause 12, of carrier f of serving cell ¢, aUE first
calculates alinear value Ppyscy p, £.c(l,J,qq, 1) Of the transmit power Ppyscyp,f,c(L, J, 94, 1), With parameters as defined in
clause 7.1.1. For a PUSCH transmission scheduled by a DCI format other than DCI format 0_0, or configured by
ConfiguredGrantConfig or semiPersistentOnPUSCH, if txConfig in PUSCH-Config is set to ‘codebook’,

- if ul-FullPower Transmission in PUSCH-Config is provided, the UE scalestUSCH_b_f,c(i,j, qaq, 1) by s where:

- if ul-FullPower Transmission in PUSCH-Config is set to fullpowerModel, and each SRS resource in the SRS
ResourceSet with usage set to 'codebook’ has more than one SRS port, s isthe ratio of anumber of antenna
ports with non-zero PUSCH transmission power over the maximum number of SRS ports supported by the
UE in one SRS resource

- if ul-FullPower Transmission in PUSCH-Config is set to full powerMode2,

- s =1 for full power TPMIsreported by the UE [18, TS 38.306], and s isthe ratio of a number of antenna
ports with non-zero PUSCH transmission power over a number of SRS ports for remaining TPMIs, where
the number of SRS portsis associated with an SRS resource indicated by an SRl field in a DCI format
scheduling the PUSCH transmission if more than one SRS resource is configured in the SRS-Resour ceSet
with usage set to ‘codebook’, or indicated by Type 1 configured grant, or the number of SRS portsis
associated with the SRS resource if only one SRS resource is configured in the SRS-ResourceSet with
usage set to ‘codebook’,
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- s =1,if an SRSresource with asingle port isindicated by an SRI field in aDCI format scheduling the
PUSCH transmission when more than one SRS resource is provided in the SRS-Resour ceSet with usage
set to ‘codebook’, or indicated by Type 1 configured grant, or if only one SRS resource with a single port
is provided in the SRS-ResourceSet with usage set to ‘codebook’, and

- if ul-FullPower Transmission in PUSCH-Config is set to fullpower, s = 1

- ese if each SRS resource in the SRS-ResourceSet with usage set to ‘codebook’ has more than one SRS port, the
UE scalesthe linear value by the ratio of the number of antenna ports with a non-zero PUSCH transmission
power to the maximum number of SRS ports supported by the UE in one SRS resource.

The UE splits the power equally across the antenna ports on which the UE transmits the PUSCH with non-zero power.

7.1.1 UE behaviour

If aUE transmits a PUSCH on active UL BWP b of carrier f of serving cell ¢ using parameter set configuration with
index j and PUSCH power control adjustment state with index [

- ifthe UEisindicated afirst TCl-Sate or TCI-UL-Sate and a second TCI-State or TCI-UL-State, and is
configured with multipanel SchemeSDM or multipanel SchemeSFN or sTx-2Panel, and the UE determines to
apply both the first TCI-Sate or TCI-UL-State and the second TCI-Sate or TCI-UL-State in PUSCH
transmission occasion i, the UE determines the PUSCH transmission power Peyschp,f,c.k (i, J, 44, 1) for thek-th
indicated TCI-State or TCI-UL-State as

Peyscrp ek () qa D) =
Pemax,f,c.k (1)

min ) ] , , ] [dBm]
{PO_PUSCH,b,f,c(I) + 101og;, (2” -MEB,%,CE'CO)) +aps () Plyfc(qq) + Arpppe (@) + fore (D }

- €lse, the UE determines the PUSCH transmission power Ppyscyp,f,c (i, J, 94, 1) in PUSCH transmission occasion
ias

Ppuschp,f,c(io), qa, D) =
Pemax.f,c (D)

min ) ] , , ] [dBm]
{PO_PUSCH,b,f,c(I) + 101og;, (2” -MEB,%,CE'CO)) +aps () Plyfc(qq) + Arpppe (@) + forc( D }

where,

- Pomax,f.ck (1) isthe UE configured maximum output power for the k-th indicated TCI-Sate or TCI-UL-Sate
defined in [8-2, TS 38.101-2] for carrier f of serving cell ¢ in PUSCH transmission occasion i .

- Pomax f,c(£) isthe UE configured maximum output power defined in [8-1, TS 38.101-1], [8-2, TS 38.101-2], [8-
3, TS38.101-3] and [8-5, TS 38.101-5] for carrier f of serving cell ¢ in PUSCH transmission occasion i.

- Po_puscup,f,c(J) isaparameter composed of the sum of acomponent Py nominar,pusc,f,c () and a component
Po_ue_puschp,f,c(J) Wherej € {0,1,...,] — 1},

- If aUE established dedicated RRC connection using a Type-1 random access procedure, as described in
clause 8, and is not provided PO-PUSCH-AlphaSet or for aPUSCH (re)transmission corresponding to a RAR
UL grant as described in clause 8.3,

J =0, Po yg puscp,f,c(0) = 0, and Py yominarpusch,f,c(0) = Po pre + ApREAMBLE Msg3

where Py, pg; is provided by preambleReceivedTargetPower [11, TS 38.321] and AprpampLE msgs IS
provided by msg3-DeltaPreamble or deltaPreamble, or AprgampLe msgz= 0 dB if msg3-DeltaPreamble and
deltaPreamble are not provided, for carrier f of serving cell ¢

- If aUE established dedicated RRC connection using a Type-2 random access procedure, as described in
clause 8, and is not provided PO-PUSCH-AlphaSet, or for aPUSCH transmission for Type-2 random access
procedure as described in clause 8.1A,

J =0, Po_ue_puscH,b,f,c(0) = 0, and Po nominaL_pusch,f,c(0) = Po pre + Amsga pusch:
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where Py pgg: 1S provided by msgA-preambleReceivedTargetPower, or by preambleReceivedTargetPower if
msgA-preambleReceivedTargetPower is not provided and 4ys¢4 pyscy iS provided by msgA-DeltaPreamble
or deltaPreamble, or Aysg4 puscu = ApreampLe msg3 AB if msgA-DeltaPreamble and deltaPreamble are not
provided, for carrier f of serving cell ¢

For aPUSCH (re)transmission configured by ConfiguredGrantConfig, j = 1, Py nomivaLpusch,f,c(1) 1S
provided by p0-NominalWithoutGrant, or Py yomivaLpusch,f,c (1) = Po nominaLpusca,f,c (0) if pO-
NominalWithoutGrant is not provided.

If the UE is provided two SRS resource sets in srs-ResourceSetToAddModList or srs-
ResourceSetToAddModListDCI-0-2 with usage set to ‘codebook’ or ‘'nonCodebook’ and is provided p0-
PUSCH-AIpha2, for aretransmission of a configured grant Type 1 PUSCH, or for activation or
retransmission of a configured grant Type 2 PUSCH, scheduled by a DCI format that includes a SRS
resource set indicator field, and for active UL BWP b of carrier f of serving cell

- If the SRS resource set indicator value is 00, first Py yg pyscu,p,r,c(1) valueis provided by the value of
pO-PUSCH-Alpha in ConfiguredGrantConfig.

- If the SRS resource set indicator value is 01, second Py yg pysch,s,r,c (1) valueis provided by the value
of pO-PUSCH-Alpha2 in ConfiguredGrantConfig.

- If the SRS resource set indicator valueis 10 or 11, first and second Py yg_pusc,p,f,c (1) vauesthat are
respectively associated with the first and second SRS resource set are respectively provided by the
values of pO0-PUSCH-Alpha and by pO-PUSCH-Alpha2 in ConfiguredGrantConfig.

elseif the UE is provided two SRS resource sets in srs-ResourceSetToAddModList or srs-
ResourceSetToAddModListDCI-0-2 with usage set to 'codebook’ or 'nonCodebook' and is provided pO-
PUSCH-AIpha2, for atransmission of a configured grant Type 1 PUSCH and for active UL BWP b of
carrier f of serving cell

- afirst Py ye puscrp,r,c(1) valueis provided by the value of p0-PUSCH-Alphain
ConfiguredGrantConfig that is associated with the first srs-Resourcelndicator inrrc-
ConfiguredUplinkGrant

- asecond Py e puscr,p r,c(1) valueis provided by the value of p0-PUSCH-Alpha2 in
ConfiguredGrantConfig that is associated with the second srs-Resourcelndicator in rrc-
ConfiguredUplinkGrant

elseif the UE is provided two SRS resource sets in srs-ResourceSetToAddModList or srs-
ResourceSetToAddModListDCI-0-2 with usage set to ‘codebook’ or ‘'nonCodebook’ and is provided p0-
PUSCH-AIpha2, for aretransmission of a configured grant Type 1 PUSCH, or for activation or
retransmission of a configured grant Type 2 PUSCH, scheduled by a DCI format 0_0, and for active UL
BWP b of carrier f of serving cell

- afirst Py ye puscrp,r,c(1) valueis provided by the value of p0-PUSCH-Alphain
ConfiguredGrantConfig

else, Po ue puschp,r,c (1) isprovided by pO obtained from pO-PUSCH-Alpha in ConfiguredGrantConfig
that provides an index PO-PUSCH-AlphaSetld to a set of PO-PUSCH-AlphaSet, or by sdt-PO-PUSCH for
aPUSCH (re)transmission as described in clause 19.1, or by rrc-PO-PUSCH for a PUSCH
(re)transmission as described in clause 22.1, or by p0 of pOAlphaSetforPUSCH associated with the
CandidateTCI-State or CandidateTCl-UL-State indicated in the LTM Cell Switch Command MAC CE
for a configured grant Type-1 PUSCH (re)transmission as described in clause [21.1], for active UL BWP
b of carrier f of serving cell ¢

Forj € {2,..,] — 1} = S}, aPy nominaLpusch,f,c () value, applicablefor al j € S, is provided by pO-
NominalWithGrant, or Py yominatpusch,f.c ) = Po_nommvarpusch,f,c(0) if pO-NominalWithGrant is not
provided, for each carrier f of serving cell ¢ and aset of Py yg_pysch,p,f,c(j) vaues are provided by aset of p0
in PO-PUSCH-AlphaSet indicated by a respective set of p0-PUSCH-AlphaSetid for active UL BWP b of
carrier f of serving cell ¢
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- If the UE isprovided by SRI-PUSCH-PowerControl more than one values of p0-PUSCH-AlphaSetid and
if aDCI format scheduling the PUSCH transmission includes an SR field, the UE obtains a mapping
from sri-PUSCH-Power Controlld in SRI-PUSCH-Power Control between a set of values for the SRI field
inthe DCI format [5, TS 38.212] and a set of indexes provided by p0-PUSCH-AlphaSetid that map to a
set of PO-PUSCH-AlphaSet values and determines the value of Py yg pysch,p,f,c (j) from the pO-PUSCH-
AlphaSetid value that is mapped to the SRI field value. If the UE is provided by SRI-PUSCH-

Power Control more than one values of p0-PUSCH-AlphaSetid

if the DCI format scheduling the PUSCH transmission includes two SRI fields and the UE is provided
two SRS resource sets in srs-ResourceSetToAddModList or srs-ResourceSetToAddModListDCI-0-2
with usage set to ‘codebook’, the UE obtains a mapping from sri-PUSCH-Power Controlld in SRI-
PUSCH-PowerControl between a set of values for the two SRI fields and a set of indexes provided by
pO-PUSCH-AlphaSetid that map to a set of PO-PUSCH-AlphaSet values, and determines first and
second values of Py yg pysch,p,r,c (/) from the p0-PUSCH-AlphaSetid val ues that are mapped to the

values of the first and second SRI fields, respectively.

if the DCI format scheduling the PUSCH transmission includes two SRI fields and the UE is provided
two SRS resource sets in srs-ResourceSetToAddModList or srs-ResourceSetToAddModListDCI-0-2
with usage set to ‘'nonCodebook’, the UE obtains a mapping from sri-PUSCH-Power Controlld in SRI-
PUSCH-PowerControl between

- aset of valuesfor the first SRI field value and a set of indexes provided by p0-PUSCH-AlphaSetid
that map to a set of PO-PUSCH-AlphaSet values, and determines the first value of
Po uE pusch,b,r,c () from the p0-PUSCH-AlphaSetid value that is mapped to the first SRI field
value, and

- aset of values associated with the second SR field value for a same number of layers asindicated
by the first SRI field [5, TS 38.212], and a set of indexes provided by p0-PUSCH-AlphaSetid that
map to a set of PO-PUSCH-AlphaSet values, and determines the second value of
Po uE pusch,p,r,c () from the p0-PUSCH-AlphaSetid value that is mapped to the second SR field
value corresponding to Tables 7.3.1.1.2-28/29/30/31 of [5, TS 38.212].

If the DCI format also includes an open-loop power control parameter set indication field and avaue
of the open-loop power control parameter set indication field is'1' and if the DCI format scheduling
the PUSCH transmission includes an SRI field, the UE determines avalue of Py yg pyscu,p,r,c (/) from
afirst value in PO-PUSCH-Set with a p0-PUSCH-Setld value mapped to the SRI field value.

- If the UE isprovided by SRI-PUSCH-PowerControl more than one values of p0-PUSCH-AlphaSetid

if aDCI format scheduling the PUSCH transmission includes two SRI fields and an open-loop power
control parameter set indication field and the UE is provided two SRS resource setsin srs-
ResourceSetToAddModList or srs-ResourceSetToAddModListDCI-0-2 with usage set to ‘codebook’

- if avalue of the open-loop power control parameter set indication field is'0', the UE determines
two values of Py yg_pyscu,p,f,c(J) from the p0-PUSCH-AlphaSetid values in SRI-PUSCH-
PowerControl that are mapped to the two SRI values corresponding to each SRS resource set with
usage set to ‘codebook’.

- if avalue of the open-loop power control parameter set indication field is'1', the UE determines
two values of Py yg_pysch,p,f,c(J) fromfirst valuesin PO-PUSCH-Set in PO-PUSCH-SetList and
PO-PUSCH-Set in PO-PUSCH-SetList2 with pO-PUSCH-Setld values mapped to the two SRI
values corresponding to each SRS resource set with usage set to 'codebook’, respectively.

if aDCI format scheduling the PUSCH transmission includes two SRI fields and an open-loop power
control parameter set indication field and the UE is provided two SRS resource setsin srs-
ResourceSetToAddModList or srs-ResourceSetToAddModListDCI-0-2 with usage set to
'nonCodebook’,

- if avalue of the open-loop power control parameter set indication field is'0', the UE determines
two values of Py yg_pyscu,p,f,c(J) from the p0-PUSCH-AlphaSetid values in SRI-PUSCH-
PowerControl that are mapped to the first SRI field value corresponding to the first SRS resource
set with usage set to 'nonCodebook' and to a second value, that is associated with the second SR
field value corresponding to Tables 7.3.1.1.2-28/29/30/31 of [5, TS 38.212] for a same number of
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layers asindicated by the first SRI field value, corresponding to the second SRS resource set with
usage set to 'nonCodebook'.

- if avalue of the open-loop power control parameter set indication field is'1', the UE determines
two values of Py yg_pysch,p,f,c(J) fromfirst valuesin PO-PUSCH-Set in PO-PUSCH-SetList and
PO-PUSCH-Set in PO-PUSCH-SetList2 with pO-PUSCH-Setld values mapped to the first SR field
value corresponding to the first SRS resource set with usage set to 'nonCodebook, and a second
value, that is associated with the second SRS field val ue corresponding to Tables 7.3.1.1.2-
28/29/30/31 of [5, TS 38.212] for a same number of layers as indicated by the first SRI field value,
corresponding to the second SRS resource set with usage set to 'nonCodebook’, respectively.

if the UE is not provided two SRS resource sets in srs-ResourceSetToAddModList or srs-
ResourceSetToAddModListDCI-0-2 with usage set to 'codebook’ or 'nonCodebook’ and if the PUSCH
transmission, except for the PUSCH retransmission corresponding to a RAR UL grant, is scheduled by a
DCI format that does not include an SR field, or if SRI-PUSCH-PowerControl is not provided to the UE,
j=2,

- if PO-PUSCH-&et is provided to the UE and the DCI format includes an open-loop power control
parameter set indication field, the UE determines avalue of Py yg_pusc,p,f,c () from

- afirst PO-PUSCH-AlphaSet in pO-AlphaSetsif a value of the open-loop power control parameter
set indication field is ‘0" or ‘00"

- afirst valuein PO-PUSCH-Set with the lowest p0-PUSCH-SetID value if avalue of the open-loop
power control parameter set indication field is'1' or ‘01"

- asecond value in PO-PUSCH-Set with the lowest pO-PUSCH-SetID value if avalue of the open-
loop power control parameter set indication field is "10'

else, the UE determines Py yg_pusc,p,f,c () from the value of the first PO-PUSCH-AlphaSet in pO-
AlphaSets

if the UE is provided two SRS resource sets in srs-ResourceSetToAddModList or srs-
ResourceSetToAddModListDCI-0-2 with usage set to ‘codebook’ or ‘nonCodebook’ and the PUSCH
transmission is scheduled by a DCI format that does not include an SRI field and includes an SRS
resource set indicator field with value 10 or 11

- if PO-PUSCH-&¢t is provided to the UE and the DCI format includes an open-loop power control
parameter set indication field, the UE determines first and second values of Py yg pusch,p,f.c (1)
respectively associated with the first and second SRS resource set as

- first and second PO-PUSCH-AlphaSet in p0-AlphaSetsif the open-loop power control parameter
set indication valueis'0' or '00'

- first value in PO-PUSCH-Set with the lowest p0-PUSCH-SetI D value in p0-PUSCH-SetList and
first value in PO-PUSCH-Set with the lowest pO-PUSCH-SetI D value in p0-PUSCH-SetList2,
respectively, if the open-loop power control parameter set indication valueis'1' or '01'

- second value in PO-PUSCH-Set with the lowest p0-PUSCH-SetID vaue in p0-PUSCH-SetList and
second value in PO-PUSCH-Set with the lowest p0-PUSCH-SetID in pO0-PUSCH-SetList2,
respectively, if the open-loop power control parameter set indication valueis '10' or '11'

- €lse, the UE determines first and second values Po e pusch,p,f,c () respectively associated with the
first and second SRS resource set from the values of the first and second PO-PUSCH-AlphaSet in pO-
AlphaSets, respectively

if the UE is provided two SRS resource sets in srs-ResourceSetToAddModList or srs-
ResourceSetToAddModListDCI-0-2 with usage set to 'codebook’ or 'nonCodebook’, and the PUSCH
transmission is scheduled by a DCI format that does not include an SRI field and includes an SRS
resource set indicator field with value '00'

- if the UE is provided PO-PUSCH-Set and the DCI format includes an open-loop power control
parameter set indication field, the UE determines avalue of Po ye puscHp,f.c () @
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- first PO-PUSCH-AlphaSet in pO-AlphaSetsif the open-loop power control parameter set indication
valueis'0 or '00'

- first value in PO-PUSCH-Set with the lowest p0-PUSCH-SetID value in pO-PUSCH-SetList, if the
open-loop power control parameter set indication valueis 'l or '01'

- second value in PO-PUSCH-Set with the lowest p0-PUSCH-SetID value in pO-PUSCH-SetLigt, if
the open-loop power control parameter set indication valueis'10' or '11'

- €lse, the UE determines avalue of Po ye puschp,f,c(J) from the value of the first PO-PUSCH-
AlphaSet in pO-AlphaSets

- if the UE is provided two SRS resource setsin srs-ResourceSetToAddModList or srs-
ResourceSetToAddModListDCI-0-2 with usage set to 'codebook’ or 'nonCodebook’, and the PUSCH
transmission is scheduled by a DCI format that does not include an SRI field and includes an SRS
resource set indicator field with value '01'

- if PO-PUSCH-Set is provided to the UE and the DCI format includes an open-loop power control
parameter set indication field, the UE determines avalue of Po ye puscHp,f.c() @

- second PO-PUSCH-AlphaSet in p0-AlphaSets if the open-loop power control parameter set
indication valueis'0' or '00'

- first value in PO-PUSCH-Set with the lowest pO0-PUSCH-SetI D value in pO0-PUSCH-SetList2, if
the open-loop power control parameter set indication valueis'1' or '01'

- second value in PO-PUSCH-Set with the lowest p0-PUSCH-SetID in pO-PUSCH-SetList2, if the
open-loop power control parameter set indication valueis ‘10" or '11'

- €else, the UE determines avalue of Po ye pusch,p,f,c(J) from the value of the second PO-PUSCH-
AlphaSet in pO-AlphaSets

- For ab_f_c(]')
- Forj =0,

- if Po_nominaL_pusch,f,c(0) = Po_pre + Ausga_pusch @d msgA-Alpha is provided, a; ¢ (0) isthe value
of msgA-Alpha

- elseif Po nominaL_puscHf,c(0) = Po_pre + ApreamsLe_msgs OF MSYA-Alpha is not provided, and msg3-
Alphaisprovided, a; (. (0) isthe value of msg3-Alpha

- el%, ab_f_C(O) =1
- Forj=1,

- if the UE is provided two SRS resource sets in srs-ResourceSetToAddModList or srs-
ResourceSetToAddModListDCI-0-2 with usage set to 'codebook’ or 'nonCodebook’ and is provided pO-
PUSCH-AIpha2, for aretransmission of a configured grant Type 1 PUSCH, or for activation or
retransmission of a configured grant Type 2 PUSCH, scheduled by a DCI format that includes an SRS
resource set indicator field, and for active UL BWP b of carrier f of serving cell

- if the SRSresource set indicator valueis'00', first a,, ¢ (1) vaueis provided by p0-PUSCH-Alphain
ConfiguredGrantConfig

- if the SRSresource set indicator valueis'01', first a,, ¢ (1) value is provided by p0-PUSCH-Alpha2
in ConfiguredGrantConfig

- if the SRSresource set indicator valueis '10' or '11', first and second a;, £ (1) values associated with
the first and second SRS resource set are respectively provided by pO-PUSCH-Alpha and pO-PUSCH-
Alpha2 in ConfiguredGrantConfig

- €eseif the UE is provided two SRS resource setsin srs-ResourceSetToAddModList or srs-
ResourceSetToAddModListDCI-0-2 with usage set to ‘codebook’ or ‘'nonCodebook’ and is provided p0-
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PUSCH-AIpha2, for atransmission of a configured grant Type 1 PUSCH and for active UL BWP b of
carrier f of serving cell

- afirsta, ¢ (1) vaueis provided by the value of p0-PUSCH-Alpha in ConfiguredGrantConfig that is
associated with the first srs-Resourcelndicator in rrc-ConfiguredUplinkGrant.

- asecond a;, ¢ (1) valueis provided by the value of p0-PUSCH-Alpha2 in ConfiguredGrantConfig
that is associated with the second srs-Resourcel ndicator in rrc-ConfiguredUplinkGrant.

- €eseif the UE is provided two SRS resource setsin srs-ResourceSetToAddModList or srs-
ResourceSetToAddModListDCI-0-2 with usage set to ‘codebook’ or ‘'nonCodebook’ and is provided p0-
PUSCH-AIpha2, for aretransmission of a configured grant Type 1 PUSCH, or for activation or
retransmission of a configured grant Type 2 PUSCH, scheduled by a DCI format 0_0 and for active UL
BWP b of carrier f of serving cell

- afirsta, ¢ (1) vaueis provided by the value of p0-PUSCH-Alpha in ConfiguredGrantConfig.

- esea,f (1) isprovided by alpha obtained from p0-PUSCH-Alpha in ConfiguredGrantConfig providing
an index PO-PUSCH-AlphaSetld to a set of PO-PUSCH-AlphaSet, or by sdt-Alpha for a PUSCH
(re)transmission as described in clause 19.1, or by rrc-Alpha for a PUSCH (re)transmission as described
in clause 22.1, or by alpha of pOAlphaSetforPUSCH associated with the CandidateTCl-State or
CandidateTCI-UL-Sate indicated in the LTM Cell Switch Command MAC CE for a configured grant
Type-1 PUSCH (re)transmission as described in clause [21.1], for active UL BWP b of carrier f of
serving cell ¢

- Forj € S;, asetof ay,f.(j) values are provided by a set of alpha in PO-PUSCH-AlphaSet indicated by a
respective set of p0-PUSCH-AlphaSetld for active UL BWP b of carrier f of serving cell ¢

- If the UE is provided SRI-PUSCH-PowerControl and more than one values of p0-PUSCH-AlphaSetid in
pO-AlphaSets,

- if aDCI format scheduling the PUSCH transmission includes two SRI fields and the UE is provided
two SRS resource sets in srs-ResourceSetToAddModList or srs-ResourceSetToAddModListDCI-0-2
with usage set to ‘codebook’, the UE obtains a mapping from sri-PUSCH-Power Controlld in SRI-
PUSCH-PowerControl between a set of values for

- thetwo SRI fields and a set of indexes provided by PO-PUSCH-AlphaSetid that map to PO-
PUSCH-AlphaSet values, and determines first and second values of a;, ¢ .(j) from the PO-PUSCH-
AlphaSetl D valuesthat are mapped to the values of the first and second SR field values,
respectively.

- if aDCI format scheduling the PUSCH transmission includes two SRI fields and the UE is provided
two SRS resource sets in srs-ResourceSetToAddModList or srs-ResourceSetToAddModListDCI-0-2
with usage set to 'nonCodebook’, the UE obtains a mapping from sri-PUSCH-Power Controlld in SRI-
PUSCH-Power Control between a set of values for

- thefirst SRI field and a set of indexes provided by PO-PUSCH-AlphaSetid that map to PO-
PUSCH-AlphaSet values, and determines first value of a;, ¢ .(j) from the PO-PUSCH-AlphaSetI D
value that is mapped to the first SRI field value, and

- the second value, associated with the second SRI field value corresponding to Tables 7.3.1.1.2-
28/29/30/31 of [5, TS 38.212] for a same number of layers as indicated by the first SRI field value,
and a set of indexes provided by p0-PUSCH-AlphaSetid that map to a set of PO-PUSCH-AlphaSet
values, and determines the second value of ay, ¢ (j) from the pO-PUSCH-AlphaSetid value that is
mapped to the second SRI field value

- if aDCI format scheduling the PUSCH transmission includes one SRI field, the UE obtains a mapping
from sri-PUSCH-Power Controlld in SRI-PUSCH-Power Control between a set of values for the SRI
field inthe DCI format [5, TS 38.212] and a set of indexes provided by p0-PUSCH-AlphaSetid that
map to aset of PO-PUSCH-AlphaSet values and determines the values of a, f . (j) from the pO-
PUSCH-AlphaSetid value that is mapped to the SRI field value

ETSI



3GPP TS 38.213 version 18.7.0 Release 18 30 ETSI TS 138 213 V18.7.0 (2025-07)

M

- If the UE isnot provided two SRS resource setsin srs-ResourceSetToAddModList or srs-
ResourceSetToAddModListDCI-0-2 with usage set to 'codebook’ or 'nonCodebook’ and if the PUSCH
transmission except for the PUSCH retransmission corresponding to a RAR UL grant is scheduled by a
DCI format that does not include an SR field, or if SRI-PUSCH-PowerControl is not provided to the UE,
Jj = 2, and the UE determines a,, ¢ . (j) from the value of the first PO-PUSCH-AlphaSet in pO-AlphaSets

- If the UE isprovided two SRS resource sets in srs-ResourceSetToAddModList or srs-
ResourceSetToAddModListDCI-0-2 with usage set to 'codebook’ or 'nonCodebook’ and the PUSCH
transmission is scheduled by a DCI format that does not include an SRI field and includes an SRS
resource set indicator field with value 10" or '11', the UE determines a, ; . (j) respectively associated with
the first and second SRS resource set from first and second PO-PUSCH-AlphaSet in p0-AlphaSets

- If the UE is provided two SRS resource sets in srs-ResourceSetToAddModList or srs-
ResourceSetToAddModListDCI-0-2 with usage set to 'codebook’ or 'nonCodebook’, and the PUSCH
transmission is scheduled by a DCI format that does not include an SRI field and includes an SRS
resource set indicator field with value '00" or '01', the UE determines ay, s . (j) from first PO-PUSCH-
AlphaSet or second PO-PUSCH-AlphaSet in pO-AlphaSets, respectively.

B 7c(i) isthe bandwidth of the PUSCH resource assignment expressed in number of resource blocks for

PUSCH transmission occasion i on active UL BWP b of carrier f of serving cell ¢ and p isa SCS configuration
defined in[4, TS 38.211]

PLy f(qq) isadownlink pathloss estimate in dB cal culated by the UE using reference signal (RS) index g, for
the active DL BWP, as described in clause 12, of carrier f of serving cell ¢

If the UE is not provided PUSCH-PathlossReferenceRS and enableDefaultBeamPL-For SRS, or before the
UE is provided dedicated higher layer parameters, the UE calculates PLy, ¢ .(qq)

- using aRS resource from an SS/PBCH block with same SS/PBCH block index as the one the UE usesto
obtain MIB, or using the SS/PBCH block the UE acquired the time and frequency synchronization for a
secondary cell.

- if the UE is provided RACH-LessHO in ReconfigurationWithSync [12. TS 38.331], using a RS resource
from an SS/PBCH block with same SS/PBCH block index as the one with same quasi co-location
properties as for PDCCH receptions for scheduling aninitial PUSCH transmission, as described in Clause
10.1, in controlResourceSetZero provided in ServingCell ConfigCommon of ReconfigurationWithSync

If the UE is configured with a number of RS resource indexes, up to the value of maxNrofPUSCH-

Pathl ossReferenceRSs, and a respective set of RS configurations for the number of RS resource indexes by
PUSCH-Pathl ossReferenceRS, the set of RS resource indexes can include one or both of a set of SS/PBCH
block indexes, each provided by ssb-Index when avalue of a corresponding pusch-Pathl ossReferenceRS-1d
maps to a SS/PBCH block index, and a set of CSI-RS resource indexes, each provided by csi-RSIndex when
avalue of a corresponding pusch-Pathl ossReferenceRS-1d maps to a CSI-RS resource index. The UE
identifies a RS resource index g4 in the set of RS resource indexes to correspond either to a SS/PBCH block
index or to a CSI-RS resource index as provided by pusch-PathlossReferenceRS-1d in PUSCH-

Pathl ossReferenceRS

If the PUSCH transmission is scheduled by a RAR UL grant as described in clause 8.3, or for aPUSCH
transmission for Type-2 random access procedure as described in clause 8.1A, the UE uses the same RS
resource index q, asfor a corresponding PRACH transmission

If the UE is provided SRI-PUSCH-PowerControl and more than one val ues of PUSCH-

Pathl ossReferenceRS-1d, the UE obtains a mapping from sri-PUSCH-Power Controlld in SRI-PUSCH-
PowerControl between a set of values for the SRI field, or for first and second SRI fieldsif the UE is
provided two SRS resource sets in srs-ResourceSetToAddModList or srs-ResourceSetToAddModListDCI-0-2
with usage set to 'codebook’, or values for afirst SRI field and values associated with a second SRl field
value corresponding to Tables 7.3.1.1.2-28/29/30/31 of [5, TS 38.212] for a same humber of layers as
indicated by the first SRI field value if the UE is provided two SRS resource setsin srs-
ResourceSetToAddModList or srs-ResourceSetToAddModListDCI-0-2 with usage set to 'nonCodebook’, in a
DCI format scheduling the PUSCH transmission and a set of PUSCH-PathlossReferenceRS1d values and
determines the RS resource index g, or respective first and second RS resource indexes q,, from the value
of PUSCH-PathlossReferenceRS-1d that is mapped to the SRI field value, or from the values of PUSCH-
Pathl ossReferenceRS-Id that are mapped to respective first and second SRI field valuesif the UE is provided
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two SRS resource setsin srs-ResourceSetToAddModList or srs-ResourceSetToAddModListDCI-0-2 with
usage set to ‘codebook’, or from the values of PUSCH-PathlossReferenceRS-Id that are mapped to respective
first SRI field value and a val ue associated with the second SRI field value corresponding to Tables 7.3.1.1.2-
28/29/30/31 of [5, TS 38.212] for a same number of layers as indicated by the first SRI field value if the UE
is provided two SRS resource setsin srs-ResourceSetToAddModList or srs-ResourceSetToAddModListDCI-
0-2 with usage set to 'nonCodebook’,

where the RS resource is either on serving cell ¢ or, if provided, on a serving cell indicated by a value of
pathlossReferenceLinking

- If the PUSCH transmission is scheduled by DCI format 0_0, and

- if two spatial settings from PUCCH-Spatial Relationinfo are activated for a PUCCH resource with a
lowest index for active UL BWP b of each carrier f and serving cell ¢, the UE uses the same RS resource
index g, asfor a PUCCH transmission with a spatial setting from the two spatial settings with lowest
index in the PUCCH resource with the lowest index for active UL BWP b of each carrier f and serving
cel ¢

- €se if the UEisprovided a spatial setting by PUCCH-Spatial Relationlnfo for a PUCCH resource with a
lowest index for active UL BWP b of each carrier f and serving cell ¢, as described in clause 9.2.2, the
UE uses the same RS resource index g, asfor a PUCCH transmission in the PUCCH resource with the
lowest index

- If the PUSCH transmission is not scheduled by DCI format 0_0, and if the UE is provided
enableDefaultBeamPL-For SRS and is not provided PUSCH-Pathl ossReferenceRS and PUSCH-
PathlossReferenceRS-r16, the UE uses the same RS resource index g, asfor an SRS resource set with an
SRS resource associated with the PUSCH transmission

- If

- the UE is not provided enableDefaultBeamPL-ForPUSCHO-0 and the PUSCH transmission is scheduled
by DCI format 0_0 and the UE is not provided a spatial setting for a PUCCH transmission, or

- the PUSCH transmission is scheduled by DCI format O_1 or DCI format 0_2 that does not include an SRI
field, or

- SRI-PUSCH-PowerControal is not provided to the UE,

the UE determines a RS resource index g, with arespective PUSCH-PathlossReferenceRS-1d value being
equal to zero where the RS resource is either on serving cell ¢ or, if provided, on aserving cell indicated by a
value of pathlossReferenceLinking

- If
- the PUSCH transmission is scheduled by DCI format 0_0 on serving cell ¢,
- the UEisnot provided PUCCH resources for the active UL BWP of serving cell ¢, and
- the UE is provided enableDefaultBeamPL-ForPUSCHO-0

the UE determines a RS resource index g, providing a periodic RS resource configured with qcl-Type set to
‘typeD’ in the TCI state or the QCL assumption of a CORESET with the lowest index in the active DL BWP
of the serving cell c. If the CORESET has two activated TCI states, as described in clause 10.1, the UE
determines the RS resource index g, based on thefirst TCI state.

- If
- the PUSCH transmission is scheduled by DCI format 0_0 on serving cell c,

- theUE isnot provided a spatial setting for PUCCH resources on the active UL BWP of the primary cell
[11, TS38.321], and

- theUE is provided enableDefaultBeamPL-ForPUSCHO-0

the UE determines a RS resource index g, providing a periodic RS resource configured with qcl-Type set to
'typeD' in the TCI state or the QCL assumption of a CORESET with the lowest index in the active DL BWP
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of the serving cell c. If the CORESET has two activated TCI states, as described in clause 10.1, the UE
determines the RS resource index g, based on thefirst TCI state.

- For aPUSCH transmission configured by ConfiguredGrantConfig, if rrc-ConfiguredUplinkGrant is included
in ConfiguredGrantConfig,

- if the UE is provided enablePL-RS-UpdateFor TypelCG-PUSCH, the UE determines a RS resource index
q, from the value of PUSCH-PathlossReferenceRS-Id that is mapped to the sri-PUSCH-Power Controlld
indicated by the srs-Resourcel ndicator value included in rrc-ConfiguredUplinkGrant

- if the UE is not provided enablePL-RS-UpdateFor TypelCG-PUSCH, a RS resource index g, is provided
by a value of pathlossReferencel ndex included in rrc-ConfiguredUplinkGrant where the RS resource is
either on serving cell ¢ or, if provided, on aserving cell indicated by avalue of pathl ossReferencelLinking.
If the UE is provided two SRS resource sets in srs-ResourceSetToAddModList or srs-
ResourceSetToAddModListDCI-0-2 with usage set to ‘codebook’ or ‘nonCodebook’ and for configured
grant Type 1 PUSCH, first and second RS resource indexes g, that are respectively associated with the
first and second srs-Resourcelndicator in rrc-ConfiguredUplinkGrant are provided by respective values
of pathlossReferencelndex and pathlossReferencel ndex2 in rrc-ConfiguredUplinkGrant.

- For aPUSCH transmission configured by ConfiguredGrantConfig that does not include rrc-
ConfiguredUplinkGrant, the UE determines a RS resource index g, from avalue of PUSCH-
PathlossReferenceRS-1d that is mapped to a SRI field value in a DCI format activating the PUSCH
transmission.

- If the UE is provided two SRS resource sets in srs-ResourceSetToAddModList or srs-
ResourceSetToAddModListDCI-0-2 with usage set to ‘codebook’ and the DCI format activating the
PUSCH transmission includes two SRI fields, the UE determines first and second RS resource indexes g,
from respective first and second values of PUSCH-PathlossReferenceRS-Id that are mapped to the first
and second SRI values corresponding to each SRS resource set with usage set to ‘codebook’, respectively.

- If the UE is provided two SRS resource setsin srs-ResourceSetToAddModList or srs-
ResourceSetToAddModListDCI-0-2 with usage set to 'nonCodebook’ and the DCI format activating the
PUSCH transmission includes two SRI fields, the UE determines first and second RS resource indexes g,
from respective first and second values of PUSCH-PathlossReferenceRS-Id that are mapped to the first
SRI value corresponding to the first SRS resource set with usage set to 'nonCodebook’, and the value,
associated with the second SR field value corresponding to Tables 7.3.1.1.2-28/29/30/31 of [5, TS
38.212] for a same number of layers asindicated by the first SRI field value, corresponding to the second
SRS resource set with usage set to 'nonCodebook'.

- If the UE isprovided two SRS resource sets in srs-ResourceSetToAddModList or srs-
ResourceSetToAddModListDCI-0-2 with usage set to 'codebook’ or 'nonCodebook' and the DCI format
activating the PUSCH transmission does not include an SRI field, the UE determinesfirst and second RS
resource indexes q, respectively associated with the first and second SRS resource set with respective
first and second PUSCH-Pathl ossReferenceRS-1d value being equal to zero and one.

- If the DCI format activating the PUSCH transmission does not include an SR field, the UE determines a
RS resource index g, with arespective PUSCH-Pathl ossReferenceRS-1d value being equal to zero

where the RS resources are either on serving cell ¢ or, if provided, on a serving cell indicated by a value of
pathl ossReferencelLinking

- If the UE is provided enablePL-RS-UpdateFor PUSCH-SRS, a mapping between sri-PUSCH-Power Controlld
and PUSCH-Pathl ossReferenceRS-Id values can be updated by aMAC CE as described in [11, TS 38.321]

- For aPUSCH transmission scheduled by a DCI format that does not include an SRI field, or for a PUSCH
transmission configured by ConfiguredGrantConfig and activated, as described in clause 10.2, by a DCI
format that does not include an SR field, the UE determines a RS resource index g, from the PUSCH-
PathlossReferenceRS-1d mapped to sri-PUSCH-PowerControlld = 0. If the UE is provided two SRS
resource setsin srs-ResourceSetToAddModList or srs-ResourceSetToAddModListDCI-0-2 with usage set
to ‘codebook’ or ‘nonCodebook’, the UE determines first and second RS resource indexes g, from
respective PUSCH-PathlossReferenceRS-1d mapped to sri-PUSCH-Power Controlld = 0 of sri-PUSCH-
MappingToAddModList and sri-PUSCH-Power Controlld = 0 of sri-PUSCH-MappingToAddModList2,
respectively.
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- If the UE is not provided enablePL-RS-UpdateForPUSCH-SRS

- For aPUSCH transmission scheduled by a DCI format that does not include an SRI field, if the UE is
provided two SRS resource sets in srs-ResourceSetToAddModList or srs-ResourceSetToAddModListDCI -
0-2 with usage set to ‘codebook’ or 'nonCodebook’, the UE determines first and second RS resource
indexes q, respectively associated with the first and second SRS resource set with respective first and
second PUSCH-Pathl ossReferenceRS-1d values being equal to 0 and 1.

PLy r .(qq) = referenceSignalPower — higher layer filtered RSRP, where referenceSgnal Power is provided by
higher layers and RSRP isdefined in [7, TS 38.215] for the reference serving cell and the higher layer filter
configuration provided by QuantityConfig is defined in [12, TS 38.331] for the reference serving cell

If the UE is not configured periodic CSI-RS reception, referenceS gnal Power is provided by ss-PBCH-
BlockPower. If the UE is configured periodic CSI-RS reception, referenceSignal Power is provided either by ss-
PBCH-BIlockPower or by power Control OffsetSS providing an offset of the CSI-RS transmission power relative
to the SS/IPBCH block transmission power [6, TS 38.214)]. If power Control OffsetSSis not provided to the UE,
the UE assumes an offset of 0 dB.

- Brrps,e(i) = 10l0gyo ((2BPRKs — 1) - GEUSSH) for K, = 1.25 and Argy, (1) = 0 for K, = 0 where K, is
provided by deltaMCSfor each UL BWP b of each carrier f and serving cell c. If the PUSCH transmission is
over more than one layer [6, TS 38.214], Arg, (i) = 0. BPRE and Bian ', for active UL BWP b of each
carrier f and each serving cell ¢, are computed as below

- BPRE = Y¢ZL K, /Ngy for PUSCH with UL-SCH dataand BPRE = Q,,, - R/BEecH for CSI transmission in
a PUSCH without UL-SCH data, where

- C isanumber of transmitted code blocks, K, isasize for code block r, and Ngg is anumber of resource
PUSCH

elements determined as Ngg = N - MES3 (D) - ijgmb"’f O NRB ta(i,)), where N > 1 is provided by
number OfSotsTBoMS as described in [6, TS 38.214] and N = 1 if number OfSotsTBoMSis not provided,
Nepos r.c (1) isanumber of symbols for PUSCH transmission occasion i on active UL BWP b of carrier
f of serving cell ¢, NRE, ... (i, j) is anumber of subcarriers excluding DM-RS subcarriers and phase-
tracking RS samples[4, TS 38.211] in PUSCH symbol j and assuming no segmentation for a nominal
repetition in case the PUSCH transmission iswith repetition Type B, 0 < j < Ng oot . (0), and ¢, K, are
definedin [5, TS 38.212]

- BPYUSCH = 1 when the PUSCH includes UL-SCH dataand BE2SSH = g3t | as described in clause 9.3, when
the PUSCH includes CSI and does not include UL-SCH data

- Q,, isthe modulation order and R is the target code rate, as described in [6, TS 38.214], provided by the DCI
format scheduling the PUSCH transmission that includes CSI and does not include UL-SCH data

- For the PUSCH power control adjustment state f}, ¢ . (i, [) for active UL BWP b of carrier f of serving cell ¢ in
PUSCH transmission occasion i

- Spuscup,r.c(i, 1) isaTPC command value included in a DCI format that schedules the PUSCH transmission

occasion i on active UL BWP b of carrier f of serving cell ¢ or jointly coded with other TPC commandsin a
DCI format 2_2 with CRC scrambled by TPC-PUSCH-RNTI, as described in clause 11.3

- 1 € {0,1} if the UE is configured with twoPUSCH-PC-AdjustmentSates and [ = 0 if the UE is not
configured with twoPUSCH-PC-AdjustmentStates or if the PUSCH transmission is scheduled by aRAR
UL grant as described in clause 8.3

- if the UE is provided two SRS resource setsin srs-ResourceSetToAddModList or srs-
ResourceSetToAddModListDCI-0-2 with usage set to 'codebook’ or ‘'nonCodebook’, and is provided
pO-PUSCH-Alpha2, for aretransmission of a configured grant Type 1 PUSCH, or for activation or
retransmission of a configured grant Type 2 PUSCH, scheduled by a DCI format that includes a SRS
resource set indicator field, and for active UL BWP b of carrier f of serving cell

- if the SRS resource set indicator value is 00, [ is equal to the value of powerControlLoopToUsein
ConfiguredGrantConfig
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- if the SRS resource set indicator value is 01, [ is equal to the value of powerControlLoopToUse2
in ConfiguredGrantConfig

- if the SRS resource set indicator valueis 10 or 11, afirst [ and a second [ respectively associated
with the first and second SRS resource set are respectively equal to power ControlLoopToUse and
power ControlLoopToUse2 in ConfiguredGrantConfig

- €eseif the UE is provided two SRS resource setsin srs-ResourceSetToAddModList or srs-
ResourceSetToAddModListDCI-0-2 with usage set to 'codebook’ or ‘'nonCodebook’ and is provided
pO-PUSCH-Alpha2, for atransmission of a configured grant Type 1 PUSCH and for active UL BWP
b of carrier f of serving cell

- afirst L isequal to the value of powerControlLoopToUse in ConfiguredGrantConfig that is
associated with the first srs-Resourcel ndicator in rrc-ConfiguredUplinkGrant

- asecond [ isequal to the value of powerControlLoopToUse2 in ConfiguredGrantConfig that is
associated with the second srs-Resourcel ndicator in rrc-ConfiguredUplinkGrant

- €eseif the UE is provided two SRS resource setsin srs-ResourceSetToAddModList or srs-
ResourceSetToAddModListDCI-0-2 with usage set to 'codebook’ or 'nonCodebook' and is provided
pO-PUSCH-Alpha2, for aretransmission of a configured grant Type 1 PUSCH, or for activation or
retransmission of a configured grant Type 2 PUSCH, scheduled by a DCI format 0_0 and for active
UL BWP b of carrier f of serving cell

- lisequa to the value of powerControlLoopToUse in ConfiguredGrantConfig

- €ése for aPUSCH (re)transmission configured by ConfiguredGrantConfig, thevalueof | € {0,1} is
provided to the UE by power ControlLoopToUse in ConfiguredGrantConfig.

- If the UE isprovided two SRS resource sets in srs-ResourceSetToAddModList or srs-
ResourceSetToAddModListDCI-0-2 with usage set to 'codebook’, is provided SRI-PUSCH-
PowerControl, and aDCI format scheduling the PUSCH transmission includes two SRI fields, the UE
obtains a mapping from sri-PUSCH-Power Controlld in SRI-PUSCH-Power Control between a set of
values for the first and second SRI fields and the [ values provided by sri-PUSCH-ClosedLoopl ndex,
and determines the [ values mapped to the values of the first and second SRl fields corresponding to
each SRS resource set with usage set to ‘codebook’, respectively

- If the UE is provided two SRS resource sets in srs-ResourceSetToAddModList or srs-
ResourceSetToAddModListDCI-0-2 with usage set to 'nonCodebook’, is provided SRI-PUSCH-
PowerControl, and a DCI format scheduling the PUSCH transmission includes two SRI fields, the
UE obtains a mapping from sri-PUSCH-Power Controlld in SRI-PUSCH-Power Control between a set
of values for

- thefirst SRI field value and the [ values provided by sri-PUSCH-ClosedLooplndex, and
determinesthe [ value that is mapped to the first SRI field value corresponding to the first SRS
resource set with usage set to 'nonCodebook’, and

- thevalue, associated with the second SRI field value corresponding to Tables 7.3.1.1.2-
28/29/30/31 of [5, TS 38.212] for a same number of layers as indicated by the first SRI field value,
and the [ value(s) provided by sri-PUSCH-ClosedLooplndex, and determinesthe [ valuethat is
mapped to the value corresponding to the second SRS resource set with usage set to
‘'nonCodebook’

- If the UE is provided two SRS resource sets in srs-ResourceSetToAddModList or srs-
ResourceSetToAddModListDCI-0-2 with usage set to 'codebook’ or ‘'nonCodebook’, is provided SRI-
PUSCH-PowerControl, and a DCI format scheduling the PUSCH transmission does not include an
SRI field

- If the UE is provided twoPUSCH-PC-AdjustmentStates

- the UE determines = 0 for the PUSCH transmission corresponding to the first SRS resource
set with usage set to 'codebook’ or 'nonCodebook’, and [ = 1 for the PUSCH transmission
corresponding to the second SRS resource set with usage set to ‘codebook’ or 'nonCodebook’

- dse
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- the UE determines ! = 0 for the PUSCH transmission

- If the UE is provided two SRS resource sets in srs-ResourceSetToAddModList or srs-
ResourceSetToAddModListDCI-0-2 with usage set to ‘codebook’ or ‘'nonCodebook’, and is provided
twoPUSCH-PC-AdjustmentStates

- If the DCI format includes two TPC command values and the PUSCH transmissions are associated
withl =0and! = 1, the UE applies the first TPC command value for [ = 0 and appliesthe
second TPC command valuefor i = 1

- If the DCI format includes two TPC command val ues and the PUSCH transmissions are associated
with [ = 0, the UE appliesthe first TPC command value for [ = 0 and ignores the second TPC
command value

- If the DCI format includes two TPC command val ues and the PUSCH transmissions are associated
with [ = 1, the UE applies the second TPC command value for [ = 1 and ignores the first TPC
command value

- If the DCI format includes one TPC command value, the UE applies the TPC command value for
all [ associated with the PUSCH transmission

- If the UE is provided SRI-PUSCH-PowerControl, the UE obtains a mapping between a set of values
for the SRI field in a DCI format scheduling the PUSCH transmission and the [ value(s) provided by
sri-PUSCH-ClosedLoopl ndex and determines the [ value that is mapped to the SRI field value

- If the PUSCH transmission is scheduled by a DCI format that does not include an SRI field, or if an
SRI-PUSCH-PowerControl is not provided to the UE, [l = 0

- |If the UE obtains one TPC command from a DCI format 2_2 with CRC scrambled by a TPC-PUSCH-
RNTI, the [ valueis provided by the closed loop indicator field in DCI format 2_2

aDy)-1

- oD = forci —io, D)+ X525 Spuscup,fc(m, 1) isthe PUSCH power control adjustment state [ for
active UL BWP b of carrier f of serving cell ¢ and PUSCH transmission occasion i if the UE is not provided
tpc-Accumulation, where

The Spysch,p,r,c Valuesaregivenin Table 7.1.1-1
Zf,(f;ig'l Spusch,p,f,c (M, 1) isasum of TPC command valuesin a set D; of TPC command values with
cardindity ¢(D;) that the UE receives between Kpyscy (i — i) — 1 symbols before PUSCH transmission
occasion i — i, and Kpyscp (i) symbols before PUSCH transmission occasion i on active UL BWP b of
carrier f of serving cell ¢ for PUSCH power control adjustment state [, where i, > 0 isthe smallest
integer for which Kpyscy (i — i) symbols before PUSCH transmission occasion i — i, is earlier than
Kpyscu (i) symbols before PUSCH transmission occasion i

If a PUSCH transmission is scheduled by a DCI format, Kpyscy (i) isanumber of symbols for active UL
BWP b of carrier f of serving cell ¢ after alast symbol of acorresponding PDCCH reception and before
afirst symbol of the PUSCH transmission

If a PUSCH transmission is configured by ConfiguredGrantConfig, Kpyscy (i) isanumber of Kpysch min
symbols equal to the product of a number of symbols per dot, NSS;‘I’,fb , and the minimum of the values

provided by k2 in PUSCH-ConfigCommon for active UL BWP b of carrier f of serving cell ¢

- If thefirst symbol of the PUSCH transmission occasion occurs within 7', , after alast symbol of a
PDCCH reception where the UE detects the DCI format providing the TPC command, the UE may
postpone the application of the TPC command until the above conditionisnot valid. T, isthe
PUSCH preparation time for the corresponding UE processing capability [6, TS 38.214] assuming
d, ;1 = 0, and u corresponds to the smallest SCS configuration between the SCS configuration of the
PDCCH carrying the DCI format and the SCS configuration of the PUSCH.

If the UE has reached maximum power for active UL BWP b of carrier f of serving cell ¢ at PUSCH

transmission occasion i — iy ad X0 Spuscip £.c(m, 1) = 0, then £ ¢ (i, 1) = fi p.c(i — ip, D)
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- If UE has reached minimum power for active UL BWP b of carrier f of serving cell ¢ at PUSCH

transmission occasion i — iy ad X220 Spuscip £.c (M, 1) < 0, then £y ¢ (i, 1) = fi 5. (i — ip, D)

- A UE resets accumulation of a PUSCH power control adjustment state  for active UL BWP b of carrier f
of servingcell cto fy, r (K, 1) =0, k=0,1,...,i

- If aconfiguration for acorresponding Py yg pusch,p,f,c(j) valueis provided by higher layers
- If aconfiguration for acorresponding a,, . (j) vaueis provided by higher layers
where [ is determined from the value of j as

- If j > 1 and the UE is provided higher SRI-PUSCH-PowerControl, [ isthe sri-PUSCH-
ClosedLooplndex value(s) configured in any SRI-PUSCH-Power Control with the sri-PO-PUSCH-
AlphaSetid value corresponding to j

- If j > 1 and the UE is not provided SRI-PUSCH-PowerControl or j = 0,1 = 1 if
Po ue_puschp,f,c(j) @d a,f.(j) are provided by the second PO — PUSCH — AlphaSet in p0 —
AlphaSets; otherwise, [ = 0

- Ifj=1,

- lisprovided by the value of power ControlLoopToUse if Py yg puscu,p,f,c(1) ad a; £ (1) are
provided by pO-PUSCH-Alpha in ConfiguredGrantConfig

- lisprovided by the value of powerControlLoopToUse2 if Py yg_puschp,r,c(1) and a; ¢ (1)
are provided by p0-PUSCH-Alpha2 in ConfiguredGrantConfig

fo.f.c(6, D) = Spyscup,r,c (i, 1) isthe PUSCH power control adjustment state for active UL BWP b of carrier f
of serving cell ¢ and PUSCH transmission occasion | if the UE is provided tpc-Accumulation, where

- Spyscup.f,c dosolute valuesaregivenin Table 7.1.1-1

- If the UE transmits a PUSCH associated with the first RS resource index g, the UE applies the first
Po uE puscap.r,c(j) value, thefirst a;, ¢ (j) value, and f, (- (i, 1) for determining Ppyscp p,f,c (i, J, 9a, 1) - If the
UE transmits a PUSCH associated with the second RS resource index g, the UE applies the second
Po uE puschp.r,c(j) value, the second ay, ¢ (j) value, and f, ; (i, 1) or fp, £ (i, 0) if twoPUSCH-PC-
AdjustmentStates is provided or not provided, respectively, for determining Ppyscup,f,c (6 J, 9as 1)-

- If the UE receives a random access response message in response to a PRACH transmission or a MsgA
transmission on active UL BWP b of carrier f of serving cell ¢ as described in clause 8

- fb,f,c(OJ D= APrampup,b,f,c + 6msg2,b,f,ca where ! = 0 and

Omsga,b,r,c 1S@TPC command value indicated in arandom access response grant of the random access
response message corresponding to a PRACH transmission according to Type-1 random access
procedure, or in arandom access response grant of the random access response message
corresponding to a MsgA transmission according to Type-2 random access procedure with RAR
message(s) for fallbackRAR, on active UL BWP b of carrier f of serving cell ¢, and

1010g,,(2" - Mg 1 (0)
T APupupn e =Min ymax| 0, Poyax 1. —| + Po_puschp, 1.0 (0) + &y 1 . (0) - PL, ) AP
FAvep 1 (0 +Orgon 1 c

and APrampup_requested,b,f,c 1S Provided by higher layers and corresponds to the total power ramp-up
requested by higher layers [11, TS 38.321] for carrier f in the serving cell ¢, Mgg37.(0) isthe
bandwidth of the PUSCH resource assignment expressed in number of resource blocks for the first
PUSCH transmission on active UL BWP b of carrier f of serving cell ¢, and Arg , £ (0) isthe power
adjustment of first PUSCH transmission on active UL BWP b of carrier f of serving cell c.

rampuprequested, b, f ,c

- If the UE transmits the PUSCH in PUSCH transmission occasion i on active UL BWP b of carrier f of
serving cell ¢ asdescribed in clause 8.1A, f, £(0,1) = APyqmpupp,f,c, Where
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- 1=0,and
1010946(2" M 557 (1)
B AF)rarmup,b,f,c = min max 0' PCMAX,f c + POfPUSCH,b,f Kol (0) + ab,f,c (O) : PLc (I) 1 APra.mpupreqt&stecl,b,f,c
+Agpp 1 c(0)

and APy gmpup requested,n,f,c 1S Provided by higher layers and corresponds to the total power ramp-up
requested by higher layers, Mg 7 (i) is the bandwidth of the PUSCH resource assignment expressed in
number of resource blocks, and A+, £ (i) isthe power adjustment of the PUSCH transmissionin
PUSCH transmission occasion i.

Table 7.1.1-1: Mapping of TPC Command Field in a DCI format scheduling a PUSCH transmission, or
in DCI format 2_2 with CRC scrambled by TPC-PUSCH-RNTI, or in DCI format 2_3, to absolute and
accumulated Spysch,p,f,c Values or Sspsp s Values

TPC Command Field | Accumulated Spyschpzc OF Osrsp s [AB] | Absolute Spyscup,fc OF Osrspfc [AB]
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 clause for both MCG and SCG.

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

- When the procedures are applied for SCG, the term 'serving cell' in this clause refersto serving cell belonging to
the SCG. 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 term 'serving cell' in this clause 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 clause refers to
serving cell belonging to the secondary PUCCH group. Theterm 'primary cell’ in this clause refersto the
PUCCH-SCel of the secondary PUCCH group. If pdsch-HARQ-ACK-Codebook-secondaryPUCCHgroup-r16is
provided, pdsch-HARQ-ACK-Codebook is replaced by pdsch-HARQ-ACK-Codebook-secondaryPUCCHgroup-
rie.

For unpaired spectrum operation, if the UE is provided a PUCCH-sSCell by pucch-sSCell as described in clause 9.A,
the UE shall apply the procedures described in this clause for both the primary cell and the PUCCH-sSCell.

7.2.1 UE behaviour

If a UE transmits a PUCCH on active UL BWP b of carrier f in the primary cell ¢ using PUCCH power control
adjustment state with index [

- ifthe UE isindicated afirst TCI-Sate or TCI-UL-Sate and a second TCI-Sate or TCI-UL-Sate, and is
configured with multipanel SEFN-Scheme, and the UE determines to apply both the first TCI-State or TCI-UL-
Sate and the second TCI-Sate or TCI-UL-Sate in PUCCH transmission occasion i, the UE determines the
PUCCH transmission power Peycchp, £,k (i), a, 1) for the k-th indicated TCI-State or TCI-UL-Sate as

Ppucerp,f.e k(b G 9ar D) =
Pemax,f,c.k (1)

. . . . [dBm]
Po puccnp,f,c(J) + 101ogy, (2” 'Mgg,%,cf},{c(l)) + PLp 5 c(qq) + Ap puccu(F) + Arpp (D) + Gp r,c (D

min
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- €lse, the UE determines the PUCCH transmission power Peyccrp, f,c (i Gus 9a, 1) in PUCCH transmission
occasion i as

Ppucerp,f.c (G Gus Gas D) =
Pemax,f,c (D)

Po puccup,f,c(qu) + 101ogyg (2” . Mﬁg,%ﬁf,‘c(i)) + PLp 5 c(qq) + Ap puccu(F) + Arpp (D) + Gp pc (D
[dBm

min

where

- Pomax,f.ck (1) isthe UE configured maximum output power for the k-th indicated TCI-Sate or TCI-UL-Sate
defined in [8-2, TS 38.101-2] for carrier f of serving cell ¢ in PUCCH transmission occasion i .

- Pouax f,c (i) isthe UE configured maximum output power defined in [8-1, TS 38.101-1], [8-2, TS 38.101-2], [8-
3, TS38.101-3] and [8-5, TS 38.101-5] for carrier f of primary cell ¢ in PUCCH transmission occasion i

- Po puccup,r,c(qy) isaparameter composed of the sum of a component Py yominaLpuccs. Provided by pO-nominal,
or Py nomivaLpuccy = 0 dBmif pO-nominal is not provided, for carrier f of primary cell ¢ and, if provided, a
component Py yg puccu(qy) Provided by pO-PUCCH-Value in PO-PUCCH for active UL BWP b of carrier f of
primary cell ¢, where 0 < q,, < Q. @, isasizefor aset of Py ye pucch values provided by maxNrofPUCCH-
PO-PerSet. The set of Py ye pucch Valuesis provided by pO-Set. If pO-Set is not provided to the UE,

Po ve puccu(qu) = 0,0 < q, < Qy

- If the UE is provided PUCCH-Spatial Relationl nfo, the UE obtains a mapping, by an index provided by pO-
PUCCH-Id, between a set of pucch-Spatial Relationlnfold values and a set of p0-PUCCH-Value values. If the
UE is provided more than one values for pucch-Spatial Relationlnfold and the UE receives an activation
command [11, TS 38.321] indicating a value of pucch-Spatial Relationlnfold, the UE determines the pO-
PUCCH-Value value through the link to a corresponding p0-PUCCH-1d index. The UE applies the activation

command in the first ot that is after slot k + 3 - N320@™®# \here k is the slot where the UE would

transmit a PUCCH with HARQ-ACK information for the PDSCH providing the activation command and i is
the SCS configuration for the PUCCH

- If the UE is provided more than one sets of power control parameters for operation in FR1, and the UE
receives an activation command [11, TS 38.321] indicating one or two of the more than one sets of power
control parameters, the UE determines p0-PUCCH-Val ue val ue according to the corresponding one or two
sets of power control parameters. The UE applies the activation command in the first slot that is after slot k +

3. NSUPIrames \here k isthe slot where the UE would transmit a PUCCH with HARQ-ACK information for

slot

the PDSCH providing the activation command and u is the SCS configuration for the PUCCH.

- If the UE isnot provided PUCCH-Spatial Relationinfo and is not provided more than one sets of power
control parameters for operation in FR1, the UE obtains the p0-PUCCH-Value value from the PO-PUCCH
with pO-PUCCH-Id value equa to the minimum pO-PUCCH-Id value in pO-Set

- Mggs (i) isabandwidth of the PUCCH resource assignment expressed in number of resource blocks for
PUCCH transmission occasion i on active UL BWP b of carrier f of primary cell ¢ and u isa SCS configuration
defined in [4, TS 38.211]

- PLys(qq) isadownlink pathloss estimate in dB calculated by the UE using RS resource index g4 as described
in clause 7.1.1 for the active DL BWP b of carrier f of the primary cell ¢ asdescribed in clause 12

- If the UE is not provided pathlossReferenceRSs and enableDefaultBeamPL-ForPUCCH, or before the UE is
provided dedicated higher layer parameters, the UE calculates PLy, £ . (q4) using a RS resource obtained from
an SS/PBCH block with same SS/PBCH block index as the one the UE uses to obtain MIB, or using the
SS/PBCH block the UE acquired the time and frequency synchronization for a secondary cell.

- If the UE is provided a number of RS resource indexes, the UE calculates PL, ¢ .(q,4) using RS resource with
index g4, where 0 < q; < Q4. Q4 isasizefor aset of RS resources provided by maxNrofPUCCH-
PathlossReferenceRSs. The set of RS resourcesis provided by pathl ossReferenceRSs. The set of RS
resources can include one or both of a set of SS/PBCH block indexes, each provided by ssb-Index in
PUCCH-Pathl ossReferenceRS when a value of a corresponding pucch-PathlossReferenceRS-Id maps to a
SS/PBCH block index, and a set of CSI-RS resource indexes, each provided by csi-RS-Index when a value of
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a corresponding pucch-PathlossReferenceRS-Id maps to a CSI-RS resource index. The UE identifies a RS
resource in the set of RS resources to correspond either to a SS/PBCH block index or to a CSI-RS resource
index as provided by pucch-Pathl ossReferenceRS 1d in PUCCH-Pathl ossReferenceRS

If the UE is provided pathlossReferenceRSs and PUCCH-Spatial Relationlnfo, the UE obtains a mapping, by
indexes provided by corresponding values of pucch-Pathl ossReferenceRS-1d, between a set of pucch-
SpatialRelationInfold values and a set of referenceSignal values provided by PUCCH-Pathl ossReferenceRS.
If the UE is provided more than one values for pucch-Spatial Relationlnfold and the UE receives an activation
command [11, TS 38.321] indicating a value of pucch-Spatial Relationlnfold, the UE determines the
referenceSgnal value in PUCCH-PathlossReferenceRS through the link to a corresponding pucch-
PathlossReferenceRS-1d index. The UE applies the activation command in the first ot that is after slot k +

3. NSUPIrames \here k isthe slot where the UE would transmit a PUCCH with HARQ-ACK information for

slot

the PDSCH providing the activation command and u is the SCS configuration for the PUCCH

If PUCCH-Spatial Relationlnfo includes servingCellld indicating a serving cell, the UE receives the RS for
resource index g, on the active DL BWP of the serving cell

If the UE is provided pathlossReferenceRSs and more than one sets of power control parameters for operation
in FR1, and the UE receives an activation command [11, TS 38.321] indicating one or two of the more than
one sets of power control parameters, the UE determines the referenceSignal valuesin PUCCH-

Pathl ossReferenceRSthat are indicated in the one or two sets of power control parameter

If the UE is provided pathlossReferenceRSs and is not provided PUCCH-Spatial Relationlnfo and is not
provided more than one sets of power control parameters for operation in FR1, the UE obtains the
referenceSgnal value in PUCCH-PathlossReferenceRS from the pucch-Pathl ossReferenceRS-1d with index 0
in PUCCH-Pathl ossReferenceRS where the RS resource is either on the primary cell or, if provided, on a
serving cell indicated by a value of pathl ossReferencelinking

If the UE

- isnot provided pathlossReferenceRSs, and

- isnot provided PUCCH-Spatial Relationl nfo, and

- isprovided enableDefaultBeamPL-ForPUCCH, and

- isnot provided coresetPoolIndex value of 1 for any CORESET, or is provided coresetPoolIndex value of
1for al CORESETS, in Control ResourceSet and no codepoint of aTCI field, if any, in aDCI format of
any search space set mapsto two TCI states[5, TS 38.212]

the UE determines a RS resource index g, providing a periodic RS resource configured with qcl-Type set
to 'typeD' in the TCI state or the QCL assumption of a CORESET with the lowest index in the active DL
BWP of the primary cell. If the CORESET has two activated TCI states, as described in clause 10.1, the
UE determines the RS resource index g, based on the first activated TCI state. For aPUCCH
transmission over multiple slots, a same g, appliesto the PUCCH transmission in each of the multiple
dots.

- The parameter Ar pyccu(F) isavalue of 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, if provided; otherwise Ag pyccy(F) = 0.

- Arpp,fc() isaPUCCH transmission power adjustment component on active UL BWP b of carrier f of primary
cel ¢

For aPUCCH transmission using PUCCH format 0 or PUCCH format 1, Arg , £ (i) =

PUCCH

1010910 (NI:+) + AUCl(i) where

CH/;
symb ®

- Neo (i) isanumber of PUCCH format 0 symbols or PUCCH format 1 symbols for the PUCCH

transmission as described in clause 9.2.
- NPUCCH — 2 for PUCCH format O

ref

- NEJECH = Nglot for PUCCH format 1
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For PUCCH format O, AUCI(i) =0
For PUCCH format 1

- if the PUCCH transmission provides multicast HARQ-ACK information according to the second
HARQ-ACK reporting mode as described in clause 18, Ay (i) = 0

- otherwise, Ayc (i) = 10logyo(Oyci (D)), where Oyc (i) isanumber of UCI bitsin PUCCH
transmission occasion i

- For aPUCCH 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, Argp r (i) = 10logy, (K1 .

(nHARQ—ACK(i) + Osp (D) + OCSI(i))/NRE(i))v where

K, =6

nuarg-ack () isanumber of HARQ-ACK information bits that the UE determines as described in clause
9.1.2.1 or 16.5.1.1 for Type-1 HARQ-ACK codebook and as described in clause 9.1.3.1 or 9.1.3.3 or
16.5.2.1 for Type-2 HARQ-ACK codebook, or as described in clause 9.1.5 for HARQ-ACK codebook
retransmission, or as described in clause 9.2.5.4 for deferring HARQ-ACK for SPS PDSCH.
Nuarg-ack (i) iSthe same as 05k (i) as described in clause 9.1.4 for Type-3 HARQ-ACK codebook. If
the UE is not provided any of pdsch-HARQ-ACK-Codebook, pdsch-HARQ-ACK-Codebook-r 16, or
pdsch-HARQ-ACK-OneShotFeedback, nyarq-ack (i) = 1 if the UE includes aHARQ-ACK information
bit in the PUCCH transmission; otherwise, nyarq-ack(i) = 0

Oggr (i) isanumber of SR information bits that the UE determines as described in clause 9.2.5.1
Ocg1 (i) isanumber of CSl information bits that the UE determines as described in clause 9.2.5.2

Ngg (i) isanumber of resource elements determined as Npg (i) = Mgg 5t e (0) * Necerr (1) -
Nmssmuctp . (1), where N8, (i) isanumber of subcarriers per resource block excluding subcarriers
used for DM-RS transmission, and Ngoi 1. (1) is anumber of symbols excluding symbols used for

DM-RS transmission, as defined in clause 9.2.5.2, for PUCCH transmission occasion i on active UL
BWP b of carrier f of primary cell ¢

- For aPUCCH transmission using PUCCH format 2 or PUCCH format 3 or PUCCH format 4 and for a
number of UCI bitslarger than 11, Arg p, (i) = 10log, o (2BPREX2 — 1), where

KZ =24

BPRE(i) = (Oack () + Osp(i) + Ocsi (D) + Ocre(1))/Nie (0)

Oack (i) isanumber of HARQ-ACK information bits that the UE determines as described in clause
9.1.2.1 or 16.5.1.1 for Type-1 HARQ-ACK codebook and as described in clause 9.1.3.1 or 9.1.3.3 or
16.5.2.1 for Type-2 HARQ-ACK codebook, or as described in clause 9.1.4 for Type-3 HARQ-ACK
codebook, or as described in clause 9.1.5 for HARQ-ACK codebook retransmission, or as described in
clause 9.2.5.4 for deferring HARQ-ACK for SPS PDSCH. If the UE is not provided any of pdsch-HARQ-
ACK-Codebook, pdsch-HARQ-ACK-Codebook-r16, or pdsch-HARQ-ACK-OneShotFeedback, Opck = 1
if the UE includes a HARQ-ACK information bit in the PUCCH transmission; otherwise, Oacx = 0

Osgr (i) isanumber of SR information bits that the UE determines as described in clause 9.2.5.1
Ocs1 (1) isanumber of CSl information bits that the UE determines as described in clause 9.2.5.2
Ocrc (i) isanumber of CRC bits that the UE determines as described in clause 9.2

Ngg (i) isanumber of resource elements that the UE determines as Ngg (i) = Mgp g7 (i) -
NEE () - No s ucip,f.c (1), where NRB (i) is anumber of subcarriers per resource block excluding
subcarriers used for DM-RS transmission, and Ngo52yci 5 £, (1) is anumber of symbols excluding

symbols used for DM-RS transmission, as defined in clause 9.2.5.2, for PUCCH transmission occasion i
on active UL BWP b of carrier f of primary cell c.
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- For the PUCCH power control adjustment state g, ¢ (i, ) for active UL BWP b of carrier f of primary cell ¢
and PUCCH transmission occasion i

Spucchp . (i, 1) isaTPC command value included in a DCI format associated with the PUCCH transmission
for active UL BWP b of carrier f of the primary cell ¢ that the UE detects for PUCCH transmission occasion
i, orisjointly coded with other TPC commandsin a DCI format 2_2 with CRC scrambled by TPC-PUCCH-
RNTI [5, TS 38.212], as described in clause 11.3

[ € {0,1} if the UE is provided twoPUCCH-PC-AdjustmentStates and PUCCH-Spatial Relationlnfo, or
more than one sets of power control parameters for operation in FR1, [ = 0 if the UE is not provided
twoPUCCH-PC-AdjustmentStates or PUCCH-Spatial Relationlnfo and more than one sets of power
control parameters, and [ = 0 if the PUCCH transmission provides only multicast HARQ-ACK
information

If the UE obtains a TPC command value from a DCI format associated with the PUCCH transmission and
if the UE is provided PUCCH-Spatial Relationl nfo, the UE obtains a mapping, by an index provided by
pO-PUCCH-Id, between a set of pucch-Spatial Relationlnfold values and a set of values for
closedLooplndex that provide the [ value(s). If the UE receives an activation command indicating a value
of pucch-Spatial Relationlnfold, the UE determines the val ue closedLooplndex that provides the value of [
through the link to a corresponding p0-PUCCH-1d index

If the UE obtains a TPC command value from a DCI format associated with the PUCCH transmission,
and if the UE is provided more than one sets of power control parameters for operation in FR1, and if the
UE receives an activation command [11, TS 38.321] indicating one or two sets of the more than one sets
of power control parameters, the UE determines the value of [ based on the closedLooplndex value in the
one or two sets of power control parameters

If the UE obtains a TPC command from a DCI format 2_2 with CRC scrambled by a TPC-PUCCH-
RNTI, the [ valueis provided by the closed loop indicator field in DCI format 2_2

If the UE transmits the PUCCH with Npey > 1 repetitions, as described in clause 9.2.6, and the UE is
provided twoPUCCH-PC-AdjustmentStates by pucch-Power Control

- If the DCI format includes two TPC command val ues and the PUCCH resource of the PUCCH
transmission is associated with [ = 0 and [ = 1, the UE applies the first TPC command value for [ =
0 and applies the second TPC command valuefor [ = 1

- If the DCI format includes two TPC command val ues and the PUCCH resource of the PUCCH
transmission is associated with [ = 0, the UE applies the first TPC command value for [ = 0 and
ignores the second TPC command value

- If the DCI format includes two TPC command val ues and the PUCCH resource of the PUCCH
transmission is associated with [ = 1, the UE applies the second TPC command valuefor [ = 1 and
ignores the first TPC command value

- If the DCI format includes one TPC command value, the UE applies the TPC command value for all [
associated with the PUCCH resource of the PUCCH transmission

aCp)-1

oD = gppe(i—io, D)+ 220 Spuccup,f,c(m, 1) isthe current PUCCH power control adjustment
state [ for active UL BWP b of carrier f of primary cell ¢ and PUCCH transmission occasion i, where

The Spyccup,f,c VAluesaregivenin Table 7.1.2-1
Y Spucetp.f.c(m, 1) isasum of TPC command valuesin aset C; of TPC command values with
cardindity ¢(C;) that the UE receives between Kpyccn (i — i) — 1 symbols before PUCCH transmission
occasion i — iy and Kpyeey (i) symbols before PUCCH transmission occasion i on active UL BWP b of
carrier f of primary cell ¢ for PUCCH power control adjustment state, where i, > 0 isthe smallest
integer for which Kpyccn (i — ip) symbols before PUCCH transmission occasion i — i, is earlier than
Kpycen (i) symbols before PUCCH transmission occasion i

If the PUCCH transmission is in response to a detection by the UE of a DCI format, Kpyccu (i) isa
number of symbols for active UL BWP b of carrier f of primary cell ¢ after alast symbol of a
corresponding PDCCH reception and before afirst symbol of the PUCCH transmission
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- If the PUCCH transmission is not in response to a detection by the UE of a DCI format, Kpyccu (i) isa
number of Kpyccnmin Symbols equal to the product of a number of symbols per slot, Nssyl‘r’rfb, and the
minimum of the values provided by k2 in PUSCH-ConfigCommon for active UL BWP b of carrier f of

primary cell ¢

- If thefirst symbol of the PUCCH transmission occasion occurs within T, , after alast symbol of a
PDCCH reception where the UE detects the DCI format providing the TPC command, the UE may
postpone the application of the TPC command until the above condition isnot vaid. T, isthe
PUSCH preparation time for the corresponding UE processing capability [6, TS 38.214] assuming
d,, = 0, and u corresponds to the smallest SCS configuration between the SCS configuration of the
PDCCH carrying the DCI format and the SCS configuration of the PUCCH.

- If the UE has reached maximum power for active UL BWP b of carrier f of primary cell ¢ at PUCCH

transmission occasion i — i, and Zfr(fzig_l Spuccup,fc(m 1) = 0,then g, (i,1) = gp 5 (i —ip, D

- If UE has reached minimum power for active UL BWP b of carrier f of primary cell ¢ at PUCCH

transmission occasion i — i, and Zfr(fzig_l Spuccup,fc(m 1) < 0,then gy, (i,1) = gp r (i —ip, D

- If aconfiguration of a Py pycen,p,f,c(q,) vVaue for acorresponding PUCCH power control adjustment
state [ for active UL BWP b of carrier f of primary cell ¢ is provided by higher layers,

- Oprck,D)=0,k=01,..,i

- if the UE is provided PUCCH-Spatial Relationl nfo, the UE determines the value of [ from the
value of g, based on a pucch-Spatial Relationl nfol d value associated with the pO-PUCCH-Id value
corresponding to g,, and with the closedLoopl ndex value corresponding to [;

- €dse, if the UE is provided more than one sets of power control parameters for operation in FR1,
and if the UE receives an activation command for a PUCCH resource that indicates one or two sets
of the more than one sets of power control parameters, the UE determines the value of [ based on
the closedLooplndex value in the one or two sets of power control parameters,

- edsel=0
- Elsg
- gb_f‘C(O, l) = APrampup,b,f,c + 5b,f,w Wherel = 0, and Sb,f,c iS

- the TPC command value indicated in arandom access response grant corresponding to a PRACH
transmission according to Type-1 random access procedure, or in a random access response grant
corresponding to MsgA transmissions according to Type-2 random access procedure with RAR
message(s) for fallbackRAR, or

- the TPC command value indicated in a successRAR corresponding to MsgA transmissions for
Type-2 random access procedure, or

- the TPC command valuein a DCI format with CRC scrambled by C-RNTI or MCS-C-RNTI that
the UE detectsin afirst PDCCH reception in a search space set provided by
recoverySearchSpaceld if the PUCCH transmission isafirst PUCCH transmission after 28
symbols from alast symbol of the first PDCCH reception,

and, if the UE transmits PUCCH on active UL BWP b of carrier f of primary céll c,

AP ampup,b,f.c = MiN [max (0' Pemax.se — (Po puccup e + PLy f.c(da) + Ag pucen + Arepfe +

6b,f,c)) ’ APrampup_requested,b,f,c];

otherwise,

APrampup,b,f,c = min [max (0' PCMAX,f,c - (PO_PUCCH,b,f,c + PLb,f,c (Qd))) ’ APrampup_requested,b,f,c]
where AP ampup requested,b,f,c 1S Provided by higher layers and corresponds to the total power ramp-up
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reguested by higher layers from the first to the last preamble for active UL BWP b of carrier f of
primary cell ¢, and Ag pyccy corresponds to PUCCH format 0 or PUCCH format 1

Table 7.2.1-1: Mapping of TPC Command Field in a DCI format to accumulated 8pyccnp s, Values

TPC Command Field | Accumulated Spyccu,p,f,c [dB]
0 -1
1 0
2 1
3 3

7.3 Sounding reference signals

For SRS,

- if aUE isprovided nrofSRS-Ports-n8 = 'ports8tdm’ for an SRS resource with 8 portsin an SRS resource set with
usage ‘codebook’ or 'antennaSwitching', the UE splits alinear value P, . (i, g5, 1) of the transmit power
Psgs,p,f,c(1,qs, 1) onactive UL BWP b of carrier f of serving cell ¢ equally across the SRS ports of an SRS
resource of an SRS resource set on each symbol for SRS transmission.

- €se aUE splitsalinear value ﬁSRS‘b‘f_C(i, qs, 1) of the transmit power Psgg ), £ (i, g5, 1) on active UL BWP b of
carrier f of serving cell ¢ equally across the SRS ports of each SRS resource of an SRS resource set in a symbol
for SRS transmission.

7.3.1 UE behaviour

If a UE transmits SRS based on a configuration by SRS-ResourceSet on active UL BWP b of carrier f of serving cell ¢
using SRS power control adjustment state with index [, the UE determines the SRS transmission power Psgs p, ¢ (i, Gs, 1)
of each SRS resource in SRS transmission occasion i as

PCMAX,f,c(i)Y

Parsp.rc(i:0s, 1) =min _ . [dBm]
b {PO_SRS,b,f <(0s) +10109;(2° - Mgy ¢ o (1)) + Osrsp, 1 ¢ (Gs) - Pl ¢ o (dg) + hy ¢ (i vl)}

where,

- Pomaxf,c (1) isthe UE configured maximum output power defined in [8, TS 38.101-1], [8-2, TS38.101-2], [TS
38.101-3] and [8-5, TS 38.101-5] for carrier f of serving cell ¢ in SRS transmission occasion i

- Posrsp,f.c(gs) isprovided by pO for active UL BWP b of carrier f of serving cell ¢ and SRS resource set g;
provided by SRS-ResourceSet and SRS-ResourceSetld

- Mggsp f,c(1) isa SRS bandwidth expressed in number of resource blocks for SRS transmission occasion i on
active UL BWP b of carrier f of serving cell ¢ and p isa SCS configuration defined in [4, TS 38.211]

- agspsp,f,c(gs) isprovided by alpha for active UL BWP b of carrier f of serving cell ¢ and SRS resource set g

- PLys(qq) isadownlink pathloss estimate in dB calculated by the UE using RS resource index g4 as described
in clause 7.1.1 for the active DL BWP of serving cell ¢ and SRS resource set g, [6, TS 38.214]. The RS resource
index g, is provided by pathlossReferenceRS associated with the SRS resource set g, and is either an ssb-Index
providing a SS/PBCH block index or a csi-RS-Index providing a CSI-RS resource index. If the UE is provided
enablePL-RS UpdateForPUSCH-SRS, aMAC CE [11, TS 38.321] can provide by SRS-Pathl ossReferenceRS 1d
a corresponding RS resource index g, for aperiodic or semi-persistent SRS resource set g,

- If the UE isnot provided pathlossReferenceRS or SRS-PathlossReferenceRS-1d and if the UE is not provided
enableDefaultBeamPL-For SRS, or before the UE is provided dedicated higher layer parameters, the UE
calculates PLy, f .(q4) using a RS resource obtained from an SSPBCH block with same SSYPBCH block
index as the one the UE usesto obtain MIB, or using the SS/PBCH block the UE acquired the time and
frequency synchronization for a secondary cell.
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If the UE is provided pathlossReferencelinking, the RS resource is on a serving cell indicated by a value of
pathl ossReferencelinking

If the UE

- isnot provided pathl ossReferenceRS or SRS-PathlossReferenceRS I d,
- isnot provided spatialRelationlnfo, and

- isprovided enableDefaultBeamPL-For SRS, and

- isnot provided coresetPoolIndex value of 1 for any CORESET, or is provided coresetPool | ndex value of
1 for all CORESETS, in Control ResourceSet and no codepoint of a TCI field, if any, in a DCI format of
any search space set mapsto two TCl states[5, TS 38.212]

the UE determines a RS resource index g, providing a periodic RS resource configured with qgcl-Type set to
‘typeD' in

- the TCI state or the QCL assumption of a CORESET with the lowest index in the active DL BWP, if
CORESETSs are provided in the active DL BWP of serving cell c. If the CORESET hastwo activated TCI
states, as described in clause 10.1, the UE determines the RS resource index g, based on the first TCI
state.

- theactive PDSCH TCI state with lowest ID [6, TS 38.214] in the active DL BWP, if CORESETs are not
provided in the active DL BWP of serving cell ¢

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

hy g e D) = fo 500D, where fp, ¢ (i, 1) isthe current PUSCH power control adjustment state as described
in clause 7.1.1, if srs-Power Control AdjustmentStates indicates a same power control adjustment state for
SRS transmissions and PUSCH transmissions; or

¢S )1
ot c()=hy (i —ig)+ D Ossp (M) if the UEisnot configured for PUSCH transmissions on active UL

m=0
BWP b of carrier f of serving cell c, or if srs-Power Control AdjustmentStates indicates separate power
control adjustment states between SRS transmissions and PUSCH transmissions, and if tpc-Accumulation is
not provided, where

- Thedsgrsyp s, VAUesaregivenin Table 7.1.1-1

- 8sgrsp,r,c(m) isjointly coded with other TPC commandsin aPDCCH with DCI format 2_3, as described
inclause 11.4

- YO Sspsbr.c(m) isasum of TPC command valuesin aset S; of TPC command values with
cardinality £(S;) that the UE receives between Ksgs (i — iy) — 1 symbols before SRS transmission
occasion i — i, and Ksgs(i) Symbols before SRS transmission occasion i on active UL BWP b of carrier
f of serving cell ¢ for SRS power control adjustment state, where i, > 0 isthe smallest integer for which
Kgrs(i — i) symbols before SRS transmission occasion i — i is earlier than Kggs(i) symbols before
SRS transmission occasion i

- if the SRS transmission is aperiodic, Ksgs(i) isanumber of symbols for active UL BWP b of carrier f of
serving cell ¢ after alast symbol of a corresponding PDCCH triggering the SRS transmission and before a
first symbol of the SRS transmission

- if the SRStransmission is semi-persistent or periodic, Ksgs (i) isanumber of Ksgsmin Symbols equal to
the product of a number of symbols per slot, N;yl‘,’,fb, and the minimum of the values provided by k2 in

PUSCH-ConfigCommon for active UL BWP b of carrier f of serving cell ¢

- If thefirst symbol of the SRS transmission occasion occurs within T, , after alast symbol of a
PDCCH reception where the UE detects the DCI format providing the TPC command, the UE may
postpone the application of the TPC until the above condition is not valid. T, is the PUSCH

preparation time for the corresponding UE processing capability [6, TS 38.214] assuming d, ; = 0,
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and u corresponds to the smallest SCS configuration between the SCS configuration of the PDCCH
carrying the DCI format and the SCS configuration of the SRS.

If the UE has reached maximum power for active UL BWP b of carrier f of serving cell ¢ at SRS

transmission occasion i — i, and Zf,(i"())'l Osrsp,f,c(m) = 0,thenhy, ¢ (i) = hy f (i —iy)

If UE has reached minimum power for active UL BWP b of carrier f of serving cell ¢ at SRS

transmission occasion i — i, and Zf,(i"())'l Osrsp,f,c(m) < 0,thenhy, ¢ (i) = hy 5 (i —iy)

If aconfiguration for a Py srsp,f,c(qs) vaue or for aasgs ), r,.(qs) value for acorresponding SRS power
control adjustment state [ for active UL BWP b of carrier f of serving cell ¢ is provided by higher layers

- hpp(R) =0,k =0,1,..,i
else
- hpse(0) = APrgmpuppfc t+ Obfc
where
O, IS

- the TPC command value indicated in the random access response grant corresponding to a
PRACH transmission according to Type-1 random access procedure, or in a random access
response grant corresponding to MsgA transmissions according to Type-2 random access
procedure with RAR message(s) for fallbackRAR, or

- the TPC command value indicated in a successRAR corresponding to MsgA transmissions for
Type-2 random access procedure,

and
AP ampup,b,f,c = Min [max (0, Pemax fe — (Po_SRs,b,f,c(qs) + 10logy, (2” : MSRsb,f,c(i)) +
a.S‘RS,b,f,c(qs) : PLb,f,c (qd))) ’ APrampup,requested,b,f,c];

Where APpampup requested,b,f,c 1S Provided by higher layers and corresponds to the total power ramp-up

reguested by higher layers from the first to the last preamble for active UL BWP b of carrier f of
serving cell c.

hp,f,c (i) = Gsrsp,f,c (i) if the UE is not configured for PUSCH transmissions on active UL BWP b of carrier

f of serving cell ¢, or if srs-Power Control AdjustmentStates indi cates separate power control adjustment
states between SRS transmissions and PUSCH transmissions, and tpc-Accumulation is provided, and the UE
detects a DCI format 2_3 Ksrs min Symbols before afirst symbol of SRS transmission occasion i, where

absolute values of dsgs p, f are provided in Table 7.1.1-1

- if srs-Power Control AdjustmentStates indicates a same power control adjustment state for SRS transmissions
and PUSCH transmissions, the update of the power control adjustment state for SRS transmission occasion i
occurs at the beginning of each SRS resource in the SRS resource set q,; otherwise, the update of the power
control adjustment state SRS transmission occasion i occurs at the beginning of the first transmitted SRS

resource in the SRS resource set g,.

If a UE transmits SRS based on a configuration by SRS-PosResourceSet on active UL BWP b of carrier f of serving

cell ¢, the UE determines the SRS transmission power Pggs p, ¢ (i, q5) in SRS transmission occasion i as

PCMAX,f,c(i)1

Parsp, 1 (i,0s) = min . [dBm]
b {PO_SRS,b,f,c (05)+1010g,6(2" - Mgy, ¢ (1)) + Xepsp, 1.0 (Gs) - PLb,f,c(qd)}

where,
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Po srs,p,f,c(qs) and aggs p r.c(qs) are provided by p0-r16 and alpha-r16 respectively, for active UL BWP b of
carrier f of serving cell ¢, and SRS resource set g, isindicated by SRS-PosResourceSetld from SRS
PosResourceSet, and

- PLy ¢ .(qq) isadownlink pathloss estimate in dB calculated by the UE, as described in clause 7.1.1 in case of an
active DL BWP of aserving cell ¢, using RS resource indexed g, in a serving or non-serving cell for SRS
resource set g, [6, TS 38.214]. A configuration for RS resource index q, associated with SRS resource set g, is
provided by pathl ossReferenceRS-Pos

- if assb-IndexServing is provided, referenceSgnal Power is provided by ss-PBCH-BlockPower
- if assb-Ncell is provided, referenceSgnal Power is provided by ss-PBCH-BlockPower-r16
- if adl-PRSis provided, referenceSgnal Power is provided by dI-PRS-ResourcePower

If the UE isinthe RRC_CONNECTED state and determines that the UE is not able to accurately measure

PLy, ¢ (q4), Or the UE is not provided with pathl ossReferenceRS-Pos, the UE calculates PLy, £ .(q4) using aRS
resource obtained from the SS/PBCH block of the serving cell that the UE uses to obtain MIB. If the UE isin the
RRC_INACTIVE dtate, is not provided SRS-PosRRC-1nactiveValidityAreaConfig, and determines that the UE is
not able to accurately measure PLj, f .(q4), the UE does not transmit SRS for the SRS resource set.

The UE may indicate a capability for a number of pathloss estimates that the UE can simultaneously maintain for
all SRS resource sets provided by SRS-PosResourceSet in addition to the up to four pathloss estimates that the
UE maintains per serving cell for PUSCH/PUCCH transmissions and for SRS transmissions configured by SRS
Resource.

If a UE transmits SRS based on a configuration by SRS-PosResourceSet outside initial UL BWP of carrier f of serving
cell cin RRC_INACTIVE state, the active UL BWP b refers to the BWP configuration provided by bwp-NUL or bwp-
UL in SRS PosRRC-InactiveConfig for the corresponding carrier.

If a UE transmits SRS on multiple SRS resources for positioning bandwidth aggregation according to linkage [6, TS
38.214], the UE calculates Psgs p, £ (i, q5) using the same values of Pg sgs pr.c(qs), @srsp,r,c(ds), and PLy, ¢ .(q,4) for
each of the multiple SRS resources.

If a UE transmits SRS based on a configuration by SRS-PosResourceSet in SRS-PosRRC-1nactiveValidityAreaConfig in
RRC_INACTIVE state [12, TS 38.331], the active UL BWP b refersto the BWP provided by bwp-NUL or bwp-SUL in
SRS-PosRRC-InactiveValidityAreaConfig. If the UE is not provided pathlossReferenceRS-Pos in SRS-PosResour ceSet,
or if the UE is provided pathlossReferenceRS-Pos in SRS-PosResourceSet and the UE cannot accurately measure the
pathloss RS provided in pathl ossReferenceRS-Pos, the UE calculates PLy, £ .(q4) using an RS resource from an
SS/PBCH block with same index as the one the UE used to obtain MIB; otherwise, the UE uses the RS indicated by
pathlossReferenceRS-Pos to calculate PLy, £ . (q4)-

If a RedCap UE transmits SRS with frequency hopping outside the active UL BWP of carrier f of serving cell ¢ in
RRC_CONNECTED state based on a configuration by SRS-PosResourceSet, the active UL BWP b refersto the BWP
provided by bwp in SRS-PosTx-Hopping.

If a RedCap UE transmits SRS with frequency hopping outside the initial UL BWP of carrier f of serving cell ¢ in
RRC_INACTIVE state based on a configuration by SRS-PosResourceSet, the active UL BWP b refers to the BWP
provided by bwp in SRS-PosTx-Hopping.

7.4 Physical random access channel

A UE determines a transmission power for aphysical random access channel (PRACH), Ppracup,f,c (i), On active UL
BWP b of carrier f of cell ¢ based on DL RSfor cell ¢ in transmission occasion i as

Pprachp,rc(i) = min{Peyax f,c (1), PpracH,target,f,c T PLy .} [dBm],
where

Pcmaxf,c (1) isthe UE configured maximum output power defined in [8-1, TS 38.101-1], [8-2, TS 38.101-2], [8-
3, TS38.101-3] and [8-5, TS 38.101-5] for carrier f of cell ¢ within transmission occasion i,
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- Pprachtargetf,c 1Sthe PRACH target reception power PREAMBLE_RECEIVED_TARGET_POWER provided by
higher layers[11, TS 38.321] for the active UL BWP b of carrier f of cell ¢, and

- PLys.isapathlossfor the active UL BWP b of carrier f based on the DL RS associated with the PRACH
transmission on the active DL BWP of cell ¢ and calculated by the UE in dB as referenceSgnal Power — higher
layer filtered RSRP in dBm, where RSRP isdefined in [7, TS 38.215] and the higher layer filter configurationis
defined in [12, TS 38.331]. If the active DL BWP istheinitial DL BWP and for SS/PBCH block and CORESET
multiplexing pattern 2 or 3 as described in clause 13, or for anon-serving cell, the UE determines PL,, (. based
on the SSYPBCH block associated with the PRACH transmission.

If aPRACH transmission from a UE is not in response to a detection of a PDCCH order by the UE, or isin response to
adetection of a PDCCH order by the UE that triggers a contention based random access procedure, or is associated with
alink recovery procedure where a corresponding index g, 1S associated with a SS/PBCH block, as described in
clause 6, referenceSgnal Power is provided by ss-PBCH-BlockPower.

If aPRACH transmission from a UE isin response to a detection of a PDCCH order by the UE that triggers a
contention-free random access procedure and depending on the DL RS that the DM-RS of the PDCCH order is quasi-
collocated with as described in clause 10.1

- when the PRACH association indicator is not present in the PDCCH order, or
- whenthe cell indicator field in the PDCCH order is not present or has value 0, or

- when avaue of aPRACH association indicator field in the PDCCH order is 0 if the UE is not provided SSB-
MTC-Additional PCI, or

- when the PRACH association indicator field in the PDCCH order indicates a physCellld associated with the cell
of the PDCCH order reception,

or depending on an indicated SS/PBCH block

- when the PRACH transmission is on a non-serving cell indicated by the cell indicator field in the PDCCH order,
or

- when avalue of a PRACH association indicator field inthe PDCCH order is 1 if the UE is hot provided SSB-
MTC-Additional PCI, or

- when the PRACH association indicator field in the PDCCH order indicates a physCellld that is different than the
physCellld associated with the cell of the PDCCH order reception,

referenceSignal Power is provided by a corresponding ss-PBCH-BlockPower.

When avalue of a PRACH association indicator field in the PDCCH order is 1 if the UE is not provided SSB-MTC-
Additional PCI, or when the PRACH association indicator field in the PDCCH order indicates a physCellld that is
different that the physCellld associated with the cell of the PDCCH order reception, the UE expects that the indicated
SS/PBCH block in the PDCCH order is configured as pathl ossReferenceRS-1d of an active TCl state.

If the UE is configured resources for a periodic CSI-RS reception or the PRACH transmission is associated with alink
recovery procedure where a corresponding index q,.., is associated with a periodic CSI-RS configuration as described
in clause 6, referenceSgnal Power is obtained by ss-PBCH-BlockPower and power Control OffsetSS where

power Control OffsetSS provides an offset of CSI-RS transmission power relative to SS/PBCH block transmission power
[6, TS 38.214]. If powerControl OffsetSSis not provided to the UE, the UE assumes an offset of 0 dB. If the active TCI
state for the PDCCH that provides the PDCCH order includes two RS, the UE expects that one RSis configured with
gcl-Type set to 'typeD' and the UE uses the one RS when applying a value provided by power Control OffsetSS,

If within arandom access response window, as described in clause 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, or when a
random access response does hot exist, the UE determines a transmission power for a subsequent PRACH transmission,
if any, asdescribed in[11, TS 38.321].

If prior to aPRACH retransmission, a UE changes the spatial domain transmission filter, Layer 1 notifies higher layers
to suspend the power ramping counter as described in [11, TS 38.321].
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If due to power allocation to PUSCH/PUCCH/PRACH/SRS transmissions as described in clause 7.5, or due to power
allocation in EN-DC or NE-DC or NR-DC operation, or due to slot format determination as described in clause 11.1, or
due to the PUSCH/PUCCH/PRACH/SRS transmission occasions are in the same dlot or the gap between a PRACH
transmission and PUSCH/PUCCH/SRS transmission is small as described in clause 8.1, or due to DAPS operation as
described in clause 15, or due to HD-UE operation in paired spectrum as described in clause 17.2, the UE does not
transmit a PRACH in atransmission occasion, or does not transmit any of N;ffamble preamble repetitions of a PRACH
asdescribed in Clause 8.1, Layer 1 notifies higher layers to suspend the corresponding power ramping counter.

If due to power allocation to PUSCH/PUCCH/PRACH/SRS transmissions as described in clause 7.5, or due to power
alocationin EN-DC or NE-DC or NR-DC operation, the UE transmits a PRACH with reduced power in atransmission
occasion, or transmits one or more of N;ffamble preamble repetitions of a PRACH with reduced power, Layer 1 may

notify higher layersto suspend the corresponding power ramping counter.
If the UE transmits lessthan N0 1. preamble repetitions of a PRACH, Layer 1 may notify higher layers to suspend
the corresponding power ramping counter.

7.5 Prioritizations for transmission power reductions

For single cell operation with two uplink carriers or for operation with carrier aggregation or for operation with a
candidate cell configured by LTM-Config or for operation with asingle cell configured with sTx-2Panel, if atotal UE
transmit power for PUSCH or PUCCH or PRACH or SRS transmissions on serving cell(s) or on a candidate cell, if any,
in afrequency range in a respective transmission occasion i would exceed Peyax (i), where Poyax (i) isthe linear value
of Pemax (i) intransmission occasion i asdefined in [8-1, TS 38.101-1] for FR1 and [8-2, TS 38.101-2] for FR2, 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 for transmissions on serving cell(s) or on a candidate cell, if any,
in the frequency range is smaller than or equal to Peyax (i) for that frequency range in every symbol of transmission
occasion i. If the UE transmits SRS on multiple SRS resources according to Clause 6.2.1.4 of [6, TS 38.214], the UE
allocates power so that al REs of the SRS transmission have same power.

For the purpose of power allocation in this clause, if a UE is provided uci-MuxWithDiffPrio and the UE multiplexes
HARQ-ACK information in a PUSCH, a priority index of the PUSCH isthe larger of (@) the priority index of the
PUSCH according to clause 9 and (b) the larger priority index of the HARQ-ACK information. When determining a
total transmit power for serving cells or a candidate cell, if any, as described in Clause 21 in afrequency rangein a
symbol of transmission occasion i, the UE does not include power for transmissions starting after the symbol of
transmission occasion i. The total UE transmit power in a symbol of aslot is defined as the sum of the linear values of
UE transmit powers for PUSCH, PUCCH, PRACH, and SRS in the symbol of the slot.

- PRACH transmission on a candidate cell, if any, as described in Clause 21
- PRACH transmission on the PCell

- PUCCH or PUSCH transmissions with larger priority index

- For PUCCH or PUSCH transmissions with same priority index

- PUCCH transmission with HARQ-ACK information, and/or SR, and/or LRR, or PUSCH transmission with
HARQ-ACK information of the priority index

- PUCCH transmission with CSI or PUSCH transmission with CS|

- PUSCH transmission without HARQ-ACK information of the priority index or CSl and, for Type-2 random
access procedure, PUSCH transmission on the PCell

- If the UE is configured with prioSCel|PRACH-OverSP-PeriodicSRS-r17
- Aperiodic SRS transmission or PRACH transmission on a serving cell other than the PCell
- Semi-persistent and/or periodic SRS transmission

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

In case of same priority order and for operation with carrier aggregation, the UE prioritizes power allocation for
transmissions on the primary cell of the MCG or the SCG over transmissions on a secondary cell. In case of same
priority order and for operation with two UL carriers, the UE prioritizes power allocation for transmissions on the
carrier where the UE is configured to transmit PUCCH. If PUCCH is not configured for any of the two UL carriers, the
UE prioritizes power allocation for transmissions on the non-supplementary UL carrier.

7.6 Dual connectivity

7.6.1 EN-DC

If aUE is configured with aMCG 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 p-MaxEUTRA and a maximum power P, for

transmissionsin FR1 on the SCG by p-NR-FRL.

The UE determines a transmission power for the MCG as described in [13, TS 36.213] using P,z as the maximum

transmission power. The UE determines transmission power for the SCG in FR1 as described in clauses 7.1 through 7.5
using P,, asthe maximum transmission power. The UE determines transmission power for the SCG in FR2 as

described in clauses 7.1 through 7.5.

A UE does not expect to be configured for operation with shortened TTI and/or processing time [13, TS 36.213] on a
cell that isincluded in an EN-DC configuration.

If aUE isconfigured with P, + P, > PEY>¢, where p . isthelinear valueof P ., R, isthelinear value of R,
and pEY°c isthelinear value of aconfigured maximum transmission power for EN-DC operation as defined in [8-3,
TS 38.101-3] for FR1, the UE determines a transmission power for the SCG as follows.

- If the UE is configured with reference TDD configuration for E-UTRA (by tdm-PatternConfig or by tdm-
PatternConfig2 in [13, TS 36.213])

- If the UE does not indicate a capability for dynamic power sharing between E-UTRA and NR for EN-DC,
the UE does not transmit in a slot on the SCG in FR1 when a corresponding subframe on the MCG isan UL
subframe in the reference TDD configuration.

- If the UE indicates a capability for dynamic power sharing between E-UTRA and NR for EN-DC, and does
not indicate a capability tdm-restrictionDual TX-FDD-endc-r16 in [18, TS 38.306], and is configured with
tdm-PatternConfig2, the UE does not transmit on the SCG in FR1 when the UE has overlapped transmission
on a subframe on the MCG.

- If the UE indicates a capability for dynamic power sharing between E-UTRA and NR for EN-DC and

- if UE transmission(s) in subframe i, of the MCG overlap in time with UE transmission(s) in slot i, of the
SCGinFR1, and

- if B (iy)+ Poe (i,)> PEY°C inany portion of slot i, of the SCG,

Total

the UE reduces transmission power in any portion of slot i, of the SCG so that p,, . (i,)+ Py (i,)< PEYL®C in
any portion of slot i,, where B, .(i,) and P (i,) arethelinear values of the total UE transmission powersin
subframe i, of the MCG and in slot i, of the SCG in FR1, respectively. The UE is not required to transmit in
any portion of slot i, of the SCGif p_ (i,) would need to be reduced by more than the value provided by
Xscaie inorder for B, (i,)+ Py (i,)< PEY®C inany portion of dot i, of the SCG. The UE isrequired to
transmitin dlot i, of the SCGif p,(i,) would not need to be reduced by more than the value provided by

XscaLe inorder for B, (i,)+ Pug (i,) < PEY,PC inall portions of slot i, .

- If the UE does not indicate a capability for dynamic power sharing between E-UTRA and NR for EN-DC, the
UE expects to be configured with reference TDD configuration for E-UTRA by tdm-PatternConfig in [13, TS
36.213].
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7.6.1A NE-DC

If aUE is configured with an MCG using NR radio access and with a SCG using E-UTRA radio access, the UE is
configured a maximum power R, for transmissionsin FR1 on the MCG by p-NR-FR1 and a maximum power P, for

transmissions on the SCG by p-MaxEUTRA.

The UE determines transmission power for the MCG in FR1 as described in clauses 7.1 through 7.5 using R, as the
maximum transmission power for P,,,,, < B - The UE determines transmission power for the MCG in FR2 as
described in clauses 7.1 through 7.5.

If the UE is not provided tdd-UL-DL-ConfigurationCommon for the MCG, the UE determines a transmission power for
the SCG as described in [13, TS 36.213] using P ;. asthe maximum transmission power.

If at least one symbol of slot i, of the MCG that isindicated as uplink or flexible by tdd-UL-DL-ConfigurationCommon
or tdd-UL-DL-ConfigurationDedicated overlaps with subframe i, of the SCG

- for subframe i,, the UE determines a transmission power for the SCG as described in [13, TS 36.213] using
P.e asthe maximum transmission power

otherwise

- the UE determines atransmission power for the SCG as described in [13, TS 36.213] without considering P_,¢
as the maximum transmission power

+P,, > PNEoc, where p . isthelinear valueof P .., P, isthelinear value of

LTE

LTE
PNR ! Total

[8-3, TS 38.101-3] for FR1, the UE determines a transmission power for the MCG as follows

If aUE is configured with p
and PNEPC jsthe linear value of a configured maximum transmission power for NE-DC operation as defined in

- If the UE is configured with reference TDD configuration for E-UTRA (by tdm-PatternConfigNE-DC-r15 in
[13, TS 36.213))

- If the UE does not indicate a capability for dynamic power sharing between E-UTRA and NR for NE-DC,
the UE does not expect to transmit in aslot on the MCG in FR1 when a corresponding subframe on the SCG
isan UL subframe in the reference TDD configuration.

- If the UE indicates a capability for dynamic power sharing between E-UTRA and NR for NE-DC and

- if the UE transmission(s) in slot i, of the MCG in FR1 overlap in time with UE transmission(s) in subframe
i, of the SCG, and

~ ~

- if Byes (i) + Pes (1,) > PNESC in any portion of slot i, of the MCG,

Total

the UE reduces transmission power in any portion of slot i, of the MCG so that P, (i,)+ Pes (i,) < pREDC

inall portions of slot i, , where B, (i,) and P(i,) arethe linear values of the total UE transmission powers

inslot i, of the MCG in FR1 and in subframe i, of the SCG, respectively.

- If the UE does not indicate a capability for dynamic power sharing between E-UTRA and NR for NE-DC, the
UE expects to be configured with reference TDD configuration for E-UTRA (by tdm-PatternConfigNE-DC-r 15
in[13, TS 36.213)]).

7.6.2 NR-DC

The UE procedures described in this clause are not applicable if the UE is provided scg-Sate [12, TS 38.331].

If aUE is configured with an MCG using NR radio accessin FR1 or in FR2 and with a SCG using NR radio accessin
FR2 or in FR1, respectively, the UE performs transmission power control independently per cell group as described in
clauses 7.1 through 7.5.
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If aUE is configured with an MCG and a SCG using NR radio accessin FR1 and/or in FR2, the UE is configured a
maximum power Py,c¢ for transmissions on the MCG by p-NR-FR1 and/or by p-NR-FR2 and a maximum power Pgcg
for transmissions on the SCG by p-NR-FR1 and/or by p-NR-FR2 and with an inter-CG power sharing mode by nrdc-
PCmode-FR1 for FR1 and/or by nrdc-PCmode-FR2 for FR2. The UE determines a transmission power on the MCG
and atransmission power on the SCG per frequency range.

If aUE is provided semi-static-model for nrdc-PCmode-FR1 or for nrdc-PCmode-FR2, or semi-static-mode2 for nrdc-
PCmode-FR1 or for nrdc-PCmode-FR2, the UE does not expect Py and Psc to be configured such that Py +

Pscq > PRR-PC where Py isthe linear value of Py, Pscg isthe linear value of Py, and PRR-PC isthe linear value

of a configured maximum transmission power for NR-DC operation in FR1 or FR2 as defined in [8-3, TS 38.101-3].

If aUE is provided semi-static-model for nrdc-PCmode-FR1 or for nrdc-PCmode-FR2, the UE determines a
transmission power for the MCG or for the SCG as described in clauses 7.1 through 7.5 using Py Or Psc asthe
maximum transmission power, respectively.

If aUE is provided semi-static-mode2 for nrdc-PCmode-FR1 or for nrdc-PCmode-FR2

- if the UE is not provided tdd-UL-DL-ConfigurationCommon for the MCG or SCG, the UE determines a
transmission power for the MCG or for the SCG as described in clauses 7.1 through 7.5 using Pycq Of Pscq asthe
maximum transmission power, respectively

- if at least one symbol of slot i; of the MCG or of the SCG that isindicated as uplink or flexible to a UE by tdd-
UL-DL-ConfigurationCommon and tdd-UL-DL-ConfigurationDedicated, if provided, overlaps with a symbol for
any ongoing transmission overlapping with slot i, of the SCG or of the MCG, respectively, the UE determines a
power for the transmission on the SCG or the MCG overlapping with slot i, as described in clauses 7.1 through
7.5 using Pgc; OF Pycg, respectively, as the maximum transmission power

- otherwise, the UE determines a power for the transmission on SCG or the MCG overlapping with dot i,, as
described in [8-3, TS 38.101-3] and in clauses 7.1 through 7.5 without considering P OF Pycq respectively

The UE expects to be provided semi-static-mode2 for nrdc-PCmode-FR1 or for nrdc-PCmode-FR2 only for
synchronous NR-DC operation [10, TS 38.133].

If aUE
- isprovided dynamic for nrdc-PCmode-FRL1 or for nrdc-PCmode-FR2, and
- indicates a capability to support dynamic power sharing for intraaFR NR DC,

the UE determines a maximum transmission power on the SCG at afirst symbol of atransmission occasion on the SCG
by determining transmissions on the MCG that

- arescheduled by DCI formatsin PDCCH receptions with alast symbol that is earlier by at least T, ... from the
first symbol of the transmission occasion on the SCG, or are configured by higher layers, and

- overlap with the transmission occasion on the SCG
the maximum transmission power on the SCG is determined as
- min(Psce, PYRDC — PAEal), if the UE determines transmissions on the MCG with a PS¢ total power

PNR-DC if the UE does not determine any transmissions on the MCG

where

— max max
Toffset - maX{Tproc,MC‘G' Tproc,SCG}!

- Tyroemce A Tprot sce isthe maximum of Troc2, Tyroc,csis Tproereteases Tproe,z: @d Tproe s, based on the
configurations on the MCG and the SCG, respectively, when the UE indicates the value of ‘long' for the
capability,

- Toreemce ad Tros scq isthe maximum of Toypoc 20 Toroereieaser Tproc,2 DaSed on the configurations on the MCG
and the SCG, respectively, when the UE indicates the value of 'short’ for the capability, and
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- pacal jsthe total power for the transmissions on the MCG that overlap with the transmission occasion on the

SCG where Pacal js determined based on transmissions configured by higher layers and on transmissions
scheduled by DCI formats in PDCCH receptions with alast symbol that is at least T, before the first symbol
of the transmission occasion on the SCG.

The UE does not expect to have PUSCH, PUCCH, PRACH, or SRS transmissions on the MCG that

- are scheduled/triggered by DCI formatsin PDCCH receptions with alast symbol that is earlier by less than Tpge.
from the first symbol of the transmission occasion on the SCG, and

- overlap with the transmission occasion on the SCG

The UE does not expect to receive a positive TPC command valuein aDCI format 2 2 or aDCI format 2 3ina
PDCCH reception with alast symbol that islessthan Ty before the first symbol of the transmission occasion on the
SCG, if the transmission on the MCG overlaps with the transmission occasion on the SCG.

The UE is not required to apply a TPC command the UE receivesin aDCI format 2 2 or aDCl format 2_3ina
PDCCH reception with alast symbol that isless than Ty before the first symbol of the transmission occasion on the
SCG, if the transmission on the MCG overlaps with the transmission occasion on the SCG.

7.7 Power headroom report

The types of UE power headroom reports are the following. A Type 1 UE power headroom PH that isvalid for
PUSCH transmission occasion | on active UL BWP b of carrier f of serving cell C. A Type 3 UE power headroom

PH that isvalid for SRS transmission occasion | on active UL BWP b of carrier f of serving cell C.

A UE determines whether a power headroom report for an activated serving cell [11, TS 38.321] is based on an actual
transmission or areference format based on the higher layer signalling of configured grant and periodic/semi-persistent
sounding reference signal transmissions and downlink control information the UE received until and including the
PDCCH monitoring occasion where the UE detects the first DCI format scheduling an initial transmission of a transport
block since a power headroom report was triggered if the power headroom report is reported on a PUSCH triggered by
the first DCI format. Otherwise, a UE determines whether a power headroom report is based on an actual transmission
or areference format based on the higher layer signalling of configured grant and periodic/semi-persistent sounding
reference signal transmissions and downlink control information the UE received until the first uplink symbol of a
configured PUSCH transmission minus T proc,2=Tproc,2 Where Tproc,2 1S determined according to [6, TS 38.214] assuming
d21=1, d22=0, and with ppL corresponding to the subcarrier spacing of the active downlink BWP of the scheduling cell
for a configured grant if the power headroom report is reported on the PUSCH using the configured grant.

If aUE

- isconfigured with two UL carriersfor aserving cell, and

- determinesaType 1 power headroom report and a Type 3 power headroom report for the serving cell
the UE

- providesthe Type 1 power headroom report if both the Type 1 and Type 3 power headroom reports are based on
respective actual transmissions or on respective reference transmissions

- provides the power headroom report that is based on a respective actual transmission if either the Type 1 report
or the Type 3 report is based on a respective reference transmission

If aUE is configured with a SCG and if phr-ModeOther CG for a CG indicates ‘virtua' then, for power headroom
reports transmitted on the CG, the UE computes PH assuming that the UE does not transmit PUSCH/PUCCH on any
serving cell of the other CG. For NR-DC when both the MCG and the SCG operate either in FR1 or in FR2 and for a
power headroom report transmitted on the MCG or the SCG, the UE computes PH assuming that the UE does not
transmit PUSCH/PUCCH on any serving cell of the SCG or the MCG, respectively.

If the UE is configured with a SCG,

- For computing power headroom for cells belonging to MCG, the term 'serving cell' in this clause refersto
serving cell belonging to the MCG.
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- For computing power headroom for cells belonging to SCG, the term 'serving cell’ in this clause refers to serving
cell belonging to the SCG. The term 'primary cell' in this clause 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
clause 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
clause refers to serving cell belonging to the secondary PUCCH group. The term 'primary cell' in this clause
refers to the PUCCH-SCell of the secondary PUCCH group.

For a UE configured with EN-DC/NE-DC and capable of dynamic power sharing, if E-UTRA Dual Connectivity PHR
[14, TS 36.321] istriggered and,

- if the duration of NR dlot on active UL BWP is different from that of E-UTRA subframe carrying the Dual
Connectivity PHR, the UE provides power headroom of the first NR slot that fully overlaps with the E-UTRA
subframe;

- if theduration of NR dlot on active UL BWP isthe same as that of E-UTRA subframe carrying the Dual
Connectivity PHR for asynchronous EN-DC/NE-DC [10, TS 38.133], the UE provides power headroom of the
first NR slot that overlaps with the E-UTRA subframe.

7.7.1 Type 1 PH report

If a UE determines that a Type 1 power headroom report for an activated serving cell is based on an actual PUSCH
transmission then, for PUSCH transmission occasion i on active UL BWP b of carrier f of serving cdll c,

- if for the active UL BWP b of carrier f of serving cell ¢, the UE is provided
- twoPHRMode,

- two SRSresource setsin srs-ResourceSetToAddModList or srs-ResourceSetToAddModListDCI-0-2 with
usage set to 'codebook’ or 'nonCodebook’,

- dI-OrJointTCl-Satelist or TCI-UL-Sate and isindicated afirst TCI-State or TCI-UL-State and a second
TCI-State or TCI-UL-State, and

- multipanel SchemeSDM or multipanel SchemeSFN

the UE computes the Type 1 power headroom report associated with the k-th TCI-State or TCI-UL-State as

PHyperp fcc (i), Gar 1) = Pemaxfer (D) — {Po_puschp,fr,c () + 1010g10(2# - MESSF (D)) + b 5o () - PLy 5.c(qa) +
Arpppe(D) + fio50(, D} [dB]

- €else the UE computes the Type 1 power headroom report as

PHype1p,5,c (1), Qas 1) = Pomax () — {Po pusciip,f,c() + 10logyo(2* - Mrl:g,%,c},{c(i)) +apsc()  PLpsc(qq) +
Arpppe(D) + fi 5@, 1D} [dB]

where Peyax £, (1), Pemax ek (0, Po puscip,f,c () Mgg,%,cf},{c(i)a ap (), PLpsc(qa), Drppsc(D) and f, ¢ (i, 1) are
defined in clause 7.1.1.

If aUE is configured with multiple cells for PUSCH transmissions, where a SCS configuration p, on active UL BWP
b, of carrier f; of serving cell ¢, issmaller than a SCS configuration p, on active UL BWP b, of carrier f, of serving
cell ¢,, and if the UE provides a Type 1 power headroom report in a PUSCH transmission in a slot on active UL BWP
b, that overlaps with multiple slots on active UL BWP b,, the UE provides a Type 1 power headroom report for the
first PUSCH, if any, on the first slot of the multiple slots on active UL BWP b, that fully overlaps with the slot on
active UL BWP b, . If aUE is configured with multiple cells for PUSCH transmissions, where a same SCS
configuration on active UL BWP b, of carrier f; of serving cell ¢; and active UL BWP b, of carrier f, of serving cell
¢,, and if the UE provides a Type 1 power headroom report in a PUSCH transmission in aslot on active UL BWP b,
the UE provides a Type 1 power headroom report for the first PUSCH, if any, on the dot on active UL BWP b, that
overlaps with the slot on active UL BWP b, .
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If aUE is configured with multiple cells for PUSCH transmissions and provides a Type 1 power headroom report in a
PUSCH transmission with PUSCH repetition Type B having a nominal repetition that spans multiple slots on active UL
BWP b, and overlaps with one or more sots on active UL BWP b,, the UE provides a Type 1 power headroom report
for the first PUSCH, if any, on the first slot of the one or more slots on active UL BWP b, that overlaps with the
multiple slots of the nominal repetition on active UL BWP b, .

For a UE configured with EN-DC/NE-DC and capable of dynamic power sharing, if E-UTRA Dual Connectivity PHR
[14, TS 36.321] istriggered, the UE provides power headroom of the first PUSCH, if any, on the determined NR slot as
described in clause 7.7.

If aUE is configured with multiple cells for PUSCH transmissions, the UE does not consider for computation of a Type
1 power headroom report in afirst PUSCH transmission that includes an initial transmission of transport block on active
UL BWP b, of carrier f; of serving cell ¢;, asecond PUSCH transmission on active UL BWP b, of carrier f, of serving
cell ¢, that overlaps with the first PUSCH transmission if

- the second PUSCH transmission is scheduled by a DCI format in a PDCCH received in a second PDCCH
monitoring occasion, and

- the second PDCCH monitoring occasion is after afirst PDCCH monitoring occasion where the UE detects the
earliest DCI format scheduling an initial transmission of atransport block after a power headroom report was
triggered

or

- the second PUSCH transmission is after the first uplink symbol of the first PUSCH transmission minus
T’ procz = Tproc,2 Where Ty » i determined according to [6, TS 38.214] assuming d, ; = 1, d,, = 0, and with
Upy. corresponding to the subcarrier spacing of the active downlink BWP of the scheduling cell for a configured
grant if the first PUSCH transmission is on a configured grant after a power headroom report was triggered.

If the UE determines that a Type 1 power headroom report for an activated serving cell is based on a reference PUSCH
transmission then, for PUSCH transmission occasion i on active UL BWP b of carrier f of serving cell c,

- if for the active UL BWP b of carrier f of serving cell ¢, the UE is provided
- twoPHRMode,

- two SRS resource setsin srs-ResourceSetToAddModList or srs-ResourceSetToAddModListDCI-0-2 with
usage set to ‘codebook’ or ‘'nonCodebook’,

- dI-OrJointTCl-Satelist or TCI-UL-Sate and isindicated a first TCI-State or TCI-UL-State and a second
TCI-State or TCI-UL-State, and

- multipanel SchemeSDM or multipanel SchemeSFN

the UE computes the Type 1 power headroom report associated with the k-th TCI-State or TCI-UL-State as

PHyperp fek (i Jo 4ar D) = Pemax e (1) — {Po_puschp,f.c () + @b s.c() - PLy £c(qa) + fo,r,.(i, 1)} [0B]

- €else, the UE computes the Type 1 power headroom report as

PHygperp f,c (i), 4a D) = Pomaxp,c(0) — {Po puscp,f.c() + @bfe(D) - PLy £c(qa) + fo,r,.(i, 1)} [dB]

where Py £ (£) and Pemax e x (i) are computed assuming MPR=0 dB, A-MPR=0 dB, P-MPR=0 dB. AT¢ = 0 dB.
MPR, A-MPR, P-MPR and AT¢ aredefined in [8-1, TS 38.101-1], [8-2, TS 38.101-2], [8-3, TS 38.101-3] and [8-5, TS
38.101-5]. The remaining parameters are defined in clause 7.1.1 and, if ul-powerControl is not provided,

Po_puscup,r,c () and a,, ¢ (j) are obtained using Py nominar,pusch,f,c(0) and p0-PUSCH-AlphaSetid = O, PLy, £ .(qq) IS
obtained using pusch-Pathl ossReferenceRS-1d = 0, and [ = 0. If ul-powerControl is provided and the UE is indicated
one TCI-State or TCI-UL-State, Py pysc,p,f,c (), @p,r,c () @and [ are obtained by pOAlphaSetforPUSCH associated with
the indicated TCI-State or TCI-UL-State, PLy, £ .(q4) is obtained by PL-RS associated with the indicated TCI-State or
TCI-UL-Sate. If ul-powerControl is provided and the UE is indicated afirst TCI-State or TCI-UL-State and a second
TCI-State or TCI-UL-State, Py pyscup,f,c () @p,f,c () @d L for PHypeq p £ 1 (i, J, qa, 1) are obtained by
pOAIphaSetforPUSCH associated with the k-th indicated TCI-Sate or TCI-UL-State, PL;, £ .(q,) is obtained by PL-RS
associated with the k-th indicated TCI-State or TCI-UL-State. If ul-powerControl is provided, and if UE isindicated a
first TCI-State or TCI-UL-State and a second TCI-State or TCI-UL-State, and if UE is not provided twoPHRmMode,

ETSI



3GPP TS 38.213 version 18.7.0 Release 18 55 ETSI TS 138 213 V18.7.0 (2025-07)

Po pusch,p,f.c()s @ p,c(j) @and L for PHyype1 £, (i, J, 4, 1) are obtained by pOAlphaSetforPUSCH associated with the
first indicated TCI-State or TCI-UL-State, PLy, ¢ (q4) is obtained by PL-RS associated with the first indicated TCI-
Sate or TCI-UL-Sate. If the activated serving cell is an SCell and parameter preambleReceivedTargetPower is not
configured for the cell, then the parameter preambleReceivedTargetPower configured for the primary cell is applied,
where the parameter refers to the one configured for the non-supplementary uplink carrier if the primary cell is
configured with two uplink carriers.

If aUE is configured with two UL carriersfor a serving cell and the UE determines a Type 1 power headroom report
for the serving cell based on a reference PUSCH transmission, the UE computes a Type 1 power headroom report for
the serving cell assuming areference PUSCH transmission on the UL carrier provided by pusch-Config. If the UE is
provided pusch-Config for both UL carriers, the UE computes a Type 1 power headroom report for the serving cell
assuming a reference PUSCH transmission on the UL carrier provided by pucch-Config. If pucch-Configis not
provided to the UE for any of the two UL carriers, the UE computes a Type 1 power headroom report for the serving
cell assuming areference PUSCH transmission on the non-supplementary UL carrier.

If aUE is not provided twoPHRMode, and is provided two SRS resource sets in srs-ResourceSetToAddModList or srs-
ResourceSetToAddModListDCI-0-2 with usage set to 'codebook’ or ‘nonCodebook’ on active UL BWP b of carrier f of
serving cell ¢, the UE provides one Type 1 power headroom report in aslot n. If the Type 1 power headroom report is
for an actual PUSCH repetition, the Type 1 power headroom report is for the first PUSCH repetition associated with the
first SRS resource set or the second SRS resource set that overlaps with slot n.

If aUE is provided twoPHRMode, and is provided two SRS resource setsin srs-ResourceSetToAddModList or srs-
ResourceSetToAddModListDCI-0-2 with usage set to 'codebook’ or ‘'nonCodebook’ on active UL BWP b of carrier f of
serving cell ¢, the UE provides two Type 1 power headroom reportsin adot n, where

- if the UE provides afirst Type 1 power headroom report for an actual PUSCH repetition of a PUSCH
transmission starting earliest in slot n that is associated with one SRS resource set,

- if the UE transmits PUSCH repetitions associated with the other SRS resource set in slot n, the UE provides
asecond Type 1 power headroom report for afirst actual PUSCH repetition associated with the other SRS
resource set that overlaps with slot n

- €lse, the UE provides a second Type 1 power headroom report for a reference PUSCH transmission
associated with the other SRS resource set, where

- if the other SRS resource set isthe first SRS resource set, Po pysch,p,f,c(j) and a, ¢ (j) are obtained
using Po nominaL pusch,f,c(0) and pO-PUSCH-AlphaSetld = 0, PL;, £ .(q4) is obtained using pusch-
PathlossReferenceRS-Id = 0 if the UE is not provided enablePL-RS-UpdateForPUSCH-SRSor is
obtained from PUSCH-Pathl ossReferenceRS-1d mapped to sri-PUSCH-PowerControlld = O of sri-
PUSCH-MappingToAddModList if the UE is provided enablePL-RS-UpdateForPUSCH-SRS, and [ = 0.
If the UE is provided dI-OrJointTCI-StateList or TCI-UL-Sate that indicate afirst TCI-Sate or TCI-UL-
Sate and a second TCI-Sate or TCI-UL-State, the UE provides the second Type 1 power headroom
report using the pOAlphaSetfor PUSCH and pathl ossReferenceRS-1d-r17 values associated with the first
TCI-Sate or TCI-UL-Sate.

- else, Po puscrp,r,c () and ay 5 o (j) are obtained using Po nowminaL pusch,f,c(0) and pO-PUSCH-
AlphaSetld = 1, PL, r,.(q4) is obtained using pusch-PathlossReferenceRS-1d = 1 if the UE is not
provided enablePL-RS-UpdateForPUSCH-SRS or is obtained from PUSCH-Pathl ossReferenceRS-1d
mapped to sri-PUSCH-Power Controlld = 0 of sri-PUSCH-MappingToAddModList2 if the UE is
provided enablePL-RS-UpdateForPUSCH-SRS, and [ = 1 if the UE is provided twoPUSCH-PC-
AdjustmentStates, or [ = 0 if the UE is not provided twoPUSCH-PC-AdjustmentStates. If the UE is
provided dI-OrJointTCI-Statelist or TCI-UL-Sate that indicate afirst TCI-Sate or TCI-UL-Sate and a
second TCI-Sate or TCI-UL-Sate, the UE provides the second Type 1 power headroom report using the
pOAlphaSetfor PUSCH and pathl ossReferenceRS-1d-r17 values associated with the second TCI-State or
TCI-UL-Sate.

- €se if the UE providesa Type 1 power headroom report for areference PUSCH transmission associated with
the first SRS resource set, the UE provides a Type 1 power headroom report for a reference PUSCH transmission
associated with the second SRS resource set, where

- for thefirst Type 1 power headroom report, Po pyschp,f,c(j) and a, ¢ (j) are obtained using
Po_nomiNAL pusch,f.c (0) and p0-PUSCH-AlphaSetid = 0, PL, £ .(q,) is Obtained using pusch-
Pathl ossReferenceRS-Id = 0 if the UE is not provided enablePL-RS-UpdateFor PUSCH-SRS, or is obtained
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from the PUSCH-Pathl ossReferenceRS-1d mapped to sri-PUSCH-Power Controlld = 0 of sri-PUSCH-
MappingToAddModList if the UE is provided enablePL-RS-UpdateForPUSCH-SRS, and [ = 0.

- for the second Type 1 power headroom report, Po pysch,p,r,c () and ay, ¢ (j) are obtained using
Po_nomiNAL pusch,f.c (0) and p0-PUSCH-AlphaSetid = 1, PLy, £ .(q,) is Obtained using pusch-
PathlossReferenceRS-1d = 1 if the UE is not provided enablePL-RS-UpdateFor PUSCH-SRS, or is obtained
from the PUSCH-Pathl ossReferenceRS-1d mapped to sri-PUSCH-Power Controlld = 0 of sri-PUSCH-
MappingToAddModList2 if the UE is provided enablePL-RS-UpdateForPUSCH-SRS and [ = 1 if the UE is
provided twoPUSCH-PC-AdjustmentStates or [ = 0 if the UE is not provided twoPUSCH-PC-
AdjustmentSates

- ifaUEisprovided di-OrJointTCI-Satelist or TCI-UL-State and isindicated afirst TCl-State or TCI-UL-
Sate and a second TCI-State or TCI-UL-State, the UE provides the first or the second Type 1 power
headroom reports using the pOAlphaSetfor PUSCH and pathlossReferenceRS-1d-r17 values associated with
the first TCI-State or TCI-UL-State or with the second TCI-State or TCI-UL-Sate, respectively, if the
reference PUSCH transmission is associated with the first TCI-Sate or TCI-UL-State or with the second TCI-
Sate or TCI-UL-State, respectively

If aUE is provided, for active UL BWP b of carrier f of serving cell c,

twoPHRMode,

two SRS resource sets in srs-ResourceSetToAddModList or srs-ResourceSetToAddModListDCI-0-2 with usage
set to ‘codebook’ or 'nonCodebook’,

dl-OrJointTCl-SateList or TCl-UL-Sate and isindicated afirst TCl-State or TCl-UL-State and a second TCl-
State or TCI-UL-State, and

multipanel SchemeSDM or multipanel SchemeSFN

the UE provides

afirst Type 1 power headroom report and afirst configured maximum output power associated with the first TCI-
Sate or TCI-UL-Sate for an actual PUSCH transmission using a spatial domain filter corresponding only to the
first TCI-Sate or TCI-UL-Sate, and a second Type 1 power headroom report and a second configured maximum
output power associated with the second TCI-State or TCI-UL-State for areference PUSCH transmission using
the pOAlphaSetfor PUSCH and pathl ossReferenceRS-1d-r17 values associated with the second TCI-State or TCI-
UL-Sate

a second Type 1 power headroom report and a second configured maximum output power associated with the
second TCl-Sate or TCI-UL-State for an actual PUSCH transmission using a spatial domain filter corresponding
only to the second TCI-State or TCI-UL-Sate, and afirst Type 1 power headroom report and a first configured
maximum output power associated with the first TCI-State or TCI-UL-Sate for areference PUSCH transmission
using the pOAlphaSetforPUSCH and pathlossReferenceRS-1d-r 17 values associated with the first TCl-State or
TCI-UL-Sate

afirst Type 1 power headroom report and a first configured maximum output power associated with the first
TCI-Sate or TCI-UL-Sate, and a second Type 1 power headroom report and a second configured maximum
output power associated with the second TCI-Sate or TCI-UL-State, for an actual PUSCH transmission using a
spatial domain filter corresponding to the first TCI-State or TCI-UL-State and using a spatial domain filter
corresponding to the second TCI-State or TCI-UL-Sate.

afirst Type 1 power headroom report and a first configured maximum output power associated with the first
TCI-Sate or TCI-UL-Sate for areference PUSCH transmission using the pOAlphaSetforPUSCH and

pathl ossReferenceRS-1d-r17 values associated with the first TCI-State or TCI-UL-State, and a second Type 1
power headroom report and a second configured maximum output power associated with the second TCI-Sate or
TCI-UL-Sate for another reference PUSCH transmission using the pOAlphaSetforPUSCH and
pathlossReferenceRS-1d-r17 values associated with the second TCI-Sate or TCI-UL-State

For active UL BWP b of carrier f of serving cell ¢, if a UE is not provided twoPHRMode, and

is provided two SRS resource sets in srs-ResourceSetToAddModList or srs-ResourceSetToAddModListDCI-0-2
with usage set to ‘codebook’ or ‘'nonCodebook’,
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- isprovided dI-OrJointTCI-StateL ist or TCI-UL-State and isindicated afirst TCl-State or TCI-UL-Sate and a
second TCl-Sate or TCI-UL-Sate,

- isnot provided coresetPoolIndex or is provided coresetPoollndex with a value of O for first CORESETs on
active DL BWPs of serving cells,

- isprovided coresetPoolIndex with a value of 1 for second CORESETS on active DL BWPs of the serving cells,
and

- isprovided sTx-2Panel,

the UE provides one Type 1 power headroom report for the actual PUSCH transmission associated with
coresetPool Index value 0 when there are two actual PUSCH transmissions associated with different coresetPool I ndex
values overlap intime.

For active UL BWP b of carrier f of serving cell ¢, if aUE is not provided twoPHRMode, and is provided

- two SRS resource setsin srs-ResourceSetToAddModList or srs-Resour ceSetToAddModListDCI-0-2 with usage
set to ‘codebook’ or 'nonCodebook’,

- dI-OrJointTCl-SateList or TCI-UL-Sate and isindicated afirst TCI-Sate or TCI-UL-Sate and a second TCI-
Sate or TCI-UL-Sate, and

- multipanel SchemeSDM or multipanel SchemeSFN

the UE provides one Type 1 power headroom report and one configured maximum output power associated with the
first TCI-Sate or TCI-UL-Sate for an actual PUSCH transmission using a spatial domain filter corresponding to the
first TCI-Sate or TCI-UL-Sate and using a spatial domain filter corresponding to the second TCI-Sate or TCI-UL-
Sate.

If aUE provides a Type 1 power headroom report for an activated serving cell based on an actual PUSCH transmission,
is provided phr-AssumedPUSCH-Reporting, and dynamicTransformPrecoderFieldPresenceDCI-0-1 or
dynamicTransformPrecoder FieldPresenceDCI-0-2 is set to enabled for the active UL BWP of the serving cell, the UE
provides

Pemax r,c (i) based on any applicable maximum output power reduction for an assumed PUSCH transmission
with transform precoder enabled, if supported, if transform precoder is disabled for the actual PUSCH
transmission, or

- Pomax,f,c (1) based on any applicable maximum output power reduction for an assumed PUSCH transmission
with transform precoder disabled, if supported, if the transform precoder is enabled for the actual PUSCH
transmission,

where all other parameters used for the calculation of Poyax f,c (i) of the assumed PUSCH transmission are same as for
the actual PUSCH transmission.

1.7.2 Type 2 PH report

This clauseis reserved.

7.7.3 Type 3 PH report

If a UE determines that a Type 3 power headroom report for an activated serving cell is based on an actual SRS
transmission then, for SRS transmission occasion | on active UL BWP b of carrier f of serving cell ¢ and if the
UE is not configured for PUSCH transmissionson carrier f of serving cell ¢ and the resource for the SRS
transmission is provided by SRS-Resource, the UE computes a Type 3 power headroom report as

PH e e (1:0s) = Powax 1 c ()~ { Po_srsp 1. (ds) +10l0g,, (2 Mg 1 c(1)) + rgp e (As) - PLyy ¢ o (Ag) + 1y ¢ o (1) }
[dB]
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where PCMAX,f,c (') 1 Py srs b1 ¢ (ds) » Mggp 1) aSRSb,f,c(qs)! PL, ;.(dq) and hy ¢ (i) are defined in clause
7.3.1 with corresponding values provided by SRS ResourceSet.

If the UE determines that a Type 3 power headroom report for an activated serving cell is based on areference SRS
transmission then, for SRS transmission occasion | on UL BWP b of carrier f of serving cell ¢, and if the UE is
not configured for PUSCH transmissionson UL BWP b of carrier f of serving cell ¢ and aresource for the
reference SRS transmission is provided by SRS-Resource, the UE computes a Type 3 power headroom report as

PH s 1 o (1,0s) = lSCMAX,f <) _{ Fo_srsp ¢ (0s) + Xersp 1 c(As) Pl ¢ o () + 1y (')} [dB]

where 0 isan SRS resource set corresponding to SRS-ResourceSetid = 0 for UL BWP b and Ry srep1.c(0)
Osrs ¢ (Qs), Pl o(dy) and N, ¢ (i) are defined in clause 7.3.1 with corresponding val ues obtained from SRS-

ResourceSetld = 0 for UL BWP b . ISCMAX 1 (1) iscomputed assuming MPR=0 dB, A-MPR=0 dB, P-MPR=0 dB

and ATc =0 dB. MPR, A-MPR, P-MPR and ATc are defined in [8-1, TS 38.101-1], [8-2, TS 38.101-2], [8-3, TS 38.101-
3] and [8-5, TS 38.101-5].

If aUE is configured with two UL carriersfor aserving cell and the UE determines a Type 3 power headroom report
for the serving cell based on areference SRS transmission and a resource for the reference SRSis provided by SRS
Resource, the UE computes a Type 3 power headroom report for the serving cell assuming areference SRS
transmission on the UL carrier provided by pucch-Config. If pucch-Config is not provided to the UE for any of the two
UL carriers, the UE computes a Type 3 power headroom report for the serving cell assuming a reference SRS
transmission on the non-supplementary UL carrier.

8 Random access procedure

Prior to initiation of the physical random access procedure, Layer 1 receives from higher layers a set of SSYPBCH block
indexes and provides to higher layers a corresponding set of RSRP measurements.

Prior to initiation of the physical random access procedure, Layer 1 may receive from higher layers an indication to
perform a Type-1 random access procedure, as described in clauses 8.1 through 8.4, or a Type-2 random access
procedure as described in clauses 8.1 through 8.2A.

Prior to initiation of the physical random access procedure, Layer 1 receives 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 shiftsin the PRACH preamble sequence set
(index to logical root sequence table, cyclic shift (N ), and set type (unrestricted, restricted set A, or restricted
set B)).

From the physical layer perspective, the Type-1 L1 random access procedure includes the transmission of random
access preamble (Msgl) in a PRACH, random access response (RAR) message with a PDCCH/PDSCH (Msg2), and
when applicable, the transmission of a PUSCH scheduled by a RAR UL grant, and PDSCH for contention resolution.

From the physical layer perspective, the Type-2 L1 random access procedure includes the transmission of random
access preamble in aPRACH and of aPUSCH (MsgA) and the reception of a RAR message with a PDCCH/PDSCH
(MsgB), and when applicable, the transmission of a PUSCH scheduled by a fallback RAR UL grant, and PDSCH for
contention resolution.

If arandom access procedureisinitiated by a PDCCH order to the UE, a PRACH transmission iswith asame SCSasa
PRACH transmission initiated by higher layers.

If aUE is configured with two UL carriers for a serving cell or a candidate 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 PRACH transmission. If a UE is configured with two UL carriers for a candidate cell and the UE detects
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an LTM Cell Switch Command MAC CE [11, TS 38.321] that initiated a CFRA, the UE usesthe S/U field value from
the MAC CE to determine the UL carrier for the corresponding PRACH transmission.

8.1 Random access preamble

Physical random access procedure for a UE istriggered upon request of a PRACH transmission by higher layersor by a
PDCCH order or LTM Cell Switch Command MAC CE in clause 6.1.3.75 [11, TS 38.321] for acell. A configuration
by higher layers for aPRACH transmission includes the following:

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

- A preambleindex, a preamble SCS, Pprach,target, & COrresponding RA-RNTI when applicable [11, TS 38.321],
and a PRACH resource for the cell.

rep

- A number of N, > 1 preamble repetitions for the PRACH transmission if the UE would transmit the

preamble
PRACH with repetitions.
A UE transmits a PRACH on a cell using the selected PRACH format with transmission power Ppgach,p,f,c (i), 8
described in clause 7.4, on the indicated PRACH resource or on a determined set of N;ffamble resources using a same
spatial filter incaseof N2 . preamble repetitions.

For Type-1 random access procedure, a UE is provided a number N of SS/PBCH block indexes associated with one
PRACH occasion and a number R of contention based preambles per SS/PBCH block index per valid PRACH occasion
by ssb-perRACH-OccasionAndCB-Preambl esPer SSB.

For Type-2 random access procedure with common configuration of PRACH occasions with Type-1 random access
procedure, a UE is provided anumber N of SS/PBCH block indexes associated with one PRACH occasion by ssb-

per RACH-OccasionAndCB-PreamblesPer SSB and a number Q of contention based preambles per SS/PBCH block
index per valid PRACH occasion by msgA-CB-PreamblesPer SSB-Per SharedRO. The PRACH transmission can be on a
subset of PRACH occasions associated with a same SS/PBCH block index within an SSB-RO mapping cycle for a UE
provided with a PRACH mask index by msgA-SSB-SharedRO-Maskindex according to [11, TS 38.321].

For Type-2 random access procedure with separate configuration of PRACH occasions with Type-1 random access
procedure, a UE is provided anumber N of SS/PBCH block indexes associated with one PRACH occasion and a
number R of contention based preambles per SS/PBCH block index per valid PRACH occasion by msgA-SSB-
PerRACH-Occasi onAndCB-Preambl esPer SSB when provided; otherwise, by ssb-perRACH-OccasionAndCB-
Preambl esPer SB.

For arandom access procedure associated with a feature combination indicated by FeatureCombinationPreambles, a
UE is provided anumber N of SS/PBCH block indexes associated with one PRACH occasion by ssb-perRACH-
OccasionAndCB-PreamblesPer SSB or msgA-SSB-Per RACH-OccasionAndCB-Preambl esPer SSB when provided and a
number S of contention based preambles per SS/PBCH block index per valid PRACH occasion by

startPreambleFor ThisPartition and number OfPreambl esPer SSB-For ThisPartition. The PRACH transmission can be on
asubset of PRACH occasions associated with a same SS/PBCH block index within an SSB-RO mapping cycle for aUE
provided with a PRACH mask index by ssh-SharedRO-Maskindex according to [11, TS 38.321].

For Type-1 random access procedure, or for Type-2 random access procedure with separate configuration of PRACH
occasions from Type 1 random access procedure, if N < 1, one SSYPBCH block index is mapped to 1/N consecutive
valid PRACH occasions and R contention based preambles with consecutive indexes associated with the SS/PBCH
block index per valid PRACH occasion start from preamble index 0. If N > 1, R contention based preambles with
consecutive indexes associated with SS/PBCH block index n, 0 < n < N — 1, per valid PRACH occasion start from
preambleindex n - Njoeaypie/N Where No@, 1. is provided by totalNumber OfRA-Preambles for Type-1 random
access procedure, or by msgA-Total Number OfRA-Preambles for Type-2 random access procedure with separate

configuration of PRACH occasions from a Type 1 random access procedure, and is an integer multiple of N.

For Type-2 random access procedure with common configuration of PRACH occasions with Type-1 random access
procedure, if N < 1, one SS/PBCH block index is mapped to 1/N consecutive valid PRACH occasions and Q
contention based preambles with consecutive indexes associated with the SS/PBCH block index per valid PRACH
occasion start from preambleindex R. If N > 1, Q contention based preambles with consecutive indexes associated
with SS/PBCH block index n, 0 < n < N — 1, per valid PRACH occasion start from preamble index
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n- Nyotalme/N + R, where Niota 1. is provided by totalNumber OfRA-Preambles for Type-1 random access
procedure.

For link recovery, aUE isprovided N SS/PBCH block indexes associated with one PRACH occasion by ssb-perRACH-
Occasion in BeamFailureRecoveryConfig. For a dedicated RACH configuration provided by RACH-ConfigDedicated,
if cfraisprovided, aUE is provided N SS/PBCH block indexes associated with one PRACH occasion by ssb-
perRACH-Occasion in occasions. For the PRACH transmission on a candidate cell [38.213, clause 21], aUE is
provided N SS/PBCH block indexes associated with one PRACH occasion by ssb-PerRACH-Occasion-r18 in EarlyUL-
SyncConfig. If N < 1, one SSYPBCH block index is mapped to 1/N consecutive valid PRACH occasions. If N > 1, all
consecutive N SS/PBCH block indexes are associated with one PRACH occasion.

SS/PBCH block indexes provided by ssb-PositionsinBurst in SIB1 or in ServingCell ConfigCommon or in SSB-MTC-
Additional PCI or in LTM-SSB-Config are mapped to valid PRACH occasions in the following order where the
parameters are described in [4, TS 38.211].

- First, inincreasing order of preamble indexes within a single PRACH occasion

- Second, in increasing order of frequency resource indexes for frequency multiplexed PRACH occasions

- Third, inincreasing order of time resource indexes for time multiplexed PRACH occasions within a PRACH slot
- Fourth, inincreasing order of indexes for PRACH slots

An association period, starting from frame 0, for mapping SS/PBCH block indexes to PRACH occasions is the smallest
integer number in the set determined by the PRACH configuration period according Table 8.1-1 such that NSSB
SS/PBCH block indexes are mapped at least once to the PRACH occasions within the association period, where a UE
obtains N35B from the value of ssh-PositionsinBurst in SIB1 or in ServingCell ConfigCommon or in SSB-MTC-
Additional PCI or in LTM-SSB-Config. If after an integer number of SS/PBCH block indexes to PRACH occasions
mapping cycles within the association period there is a set of PRACH occasions or PRACH preambles that are not
mapped to N7S8 SS/PBCH block indexes, no SSYPBCH block indexes are mapped to the set of PRACH occasions or
PRACH preambles. An association pattern period includes one or more association periods and is determined so that a
pattern between PRACH occasions and SS/PBCH block indexes repeats at most every 160 msec. PRACH occasions hot
associated with SS/PBCH block indexes after an integer number of association periods, if any, are not used for PRACH
transmissions.

For aPRACH transmission by a UE triggered by aPDCCH order or an LTM cell switch command MAC CE, the
PRACH mask index field, if the value of the random access preamble index field is not zero, indicates the PRACH
occasion for the PRACH transmission where the PRACH occasions are associated with the SS/PBCH block index
indicated by the SS/PBCH block index field of the PDCCH order or the LTM cell switch command MAC CE and, if
any, acell indicator field in PDCCH order [5, TS 38.212] or aTarget Configuration ID field in LTM cell switch
command MAC CE [11, TS 38.321] indicates a cell for the PRACH transmission. If the UE is provided Ky ofsset DY
cellSpecificKoffset, the PRACH occasion is after slot n + 2# - Kq)) osrset Where n isthe slot of the UL BWP for the
PRACH transmission that overlaps with the end of the PDCCH order reception assuming Tr, = 0, and u isthe SCS
configuration for the PRACH transmission. If the PDCCH reception for the PDCCH order includes two PDCCH
candidates from two linked search space sets based on searchSpacelinkingld, as described in clause 10.1, the last
symbol of the PDCCH reception isthe last symbol of the PDCCH candidate that ends later. The PDCCH reception
includes the two PDCCH candidates also when the UE is not required to monitor one of the two PDCCH candidates as
described in clauses 10 (except clause 10.4), 11.1, 11.1.1 and 17.2.

For a PRACH transmission triggered by higher layers, if ssh-ResourceList is provided, the PRACH mask index is
indicated by ra-ssh-OccasionMasklndex which indicates the PRACH occasions for the PRACH transmission where the
PRACH occasions are associated with the selected SS/PBCH block index.

The PRACH occasions are mapped consecutively per corresponding SS/PBCH block index. The indexing of the
PRACH occasion indicated by the mask index valueis reset per mapping cycle of consecutive PRACH occasions per
SS/PBCH block index. The UE selects for a PRACH transmission the PRACH occasion indicated by PRACH mask
index value for the indicated SS/PBCH block index in the first available mapping cycle.

For the indicated preamble index, the ordering of the PRACH occasionsis

- First, inincreasing order of frequency resource indexes for frequency multiplexed PRACH occasions
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- Second, inincreasing order of time resource indexes for time multiplexed PRACH occasions within a PRACH
dot

- Third, inincreasing order of indexes for PRACH slots

For aPRACH transmission with N°7. | preamble repetitions, aset consistsof N2, .. valid PRACH occasions
that are consecutive in time, use same frequency resources, and are associated with same one or more SS/PBCH block
index(es), and each SS/PBCH block index is associated with same preamble indexesin al valid PRACH occasions

within the set.

For aPRACH transmission with preambl e repetitions, atime period, starting from frame 0, is the smallest integer
number of association pattern periods such that at least one set of valid PRACH occasions for each of the NsB
SS/PBCH block indexes can be determined within the time period for al configured number of preamble repetitions for
each supported feature combination provided in each RACH-ConfigCommon. The set(s) of valid PRACH occasions for
each configured number of preamble repetitions repeats every time period.

Within atime period, for set(s) of N 0, e Valid PRACH occasions for aPRACH transmission with NJ70
preambl e repetitions

- thefirst valid PRACH occasion of thefirst set isthe first valid PRACH occasion

- thefirst valid PRACH occasion of subsequent sets, if any, is determined according to an ordering of valid
PRACH occasions

- firgt, inincreasing order of frequency resource indexes for frequency multiplexed PRACH occasions
- second, inincreasing order of time resource indexes for time multiplexed PRACH occasions
where, for each frequency resource index for frequency multiplexed PRACH occasions
- thefirst valid PRACH occasion of the first set isthe first valid PRACH occasion
- thefirst valid PRACH occasion of subsequent sets, if any,

- isafter msgl-RepetitionTimeOffsetROGroup consecutive valid PRACH occasions in time from the first valid
PRACH occasion of the previous set, where each PRACH occasion is associated with same SS/PBCH block
index(es) and each SS/PBCH block index is associated with same preambles, if msgl-
RepetitionTimeOffsetROGroup is provided

- isafter the PRACH occasions for the previous set, if msgl-RepetitionTimeOffsetROGroup is not provided

For aPRACH transmission with preamble repetitions in CFRA procedure, msgl-RepetitionTimeOffsetROGroup is
determined by the FeatureCombinationPreambles indicating msgl-Repetitions with same val ue as msgl-RepetitionNum
provided by RACH-ConfigDedicated.

For a PRACH transmission triggered upon request by higher layers, avalue of ra-OccasionList [12, TS 38.331], if
csirs-Resourcelist is provided, indicates alist of PRACH occasions for the PRACH transmission where the PRACH
occasions are associated with the selected CSI-RS index indicated by csi-RS. The indexing of the PRACH occasions
indicated by ra-OccasionList isreset per association pattern period.

Table 8.1-1: Mapping between PRACH configuration period and SS/PBCH block to PRACH occasion
association period

PRACH configuration period (msec) Association _period_ (numb_er of PRACH
configuration periods)
10 {1, 2, 4,8, 16}
20 {1, 2, 4,8}
40 {1, 2, 4}
80 {1, 2}
160 {1}

For paired spectrum or supplementary uplink band all PRACH occasions are valid.

For unpaired spectrum,
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if aUE is not provided tdd-UL-DL-ConfigurationCommon for a cell, a PRACH occasion for the cell ina
PRACH dot isvalid if it does not precede a SS/PBCH block in the PRACH slot and starts at least Ng,,, symbols
after alast SSPBCH block reception symbol, where Ny, is provided in Table 8.1-2 and, if channel AccessMode
="semiStatic" is provided, does not overlap with a set of consecutive symbols before the start of a next channel
occupancy time where the UE does not transmit [15, TS 37.213]

- the candidate SS/PBCH block index of the SS/PBCH block corresponds to the SS/PBCH block index
provided by ssh-PositionsinBurst in SIB1 or in ServingCellConfigCommon or in SSB-MTC-Additional PCI
corresponding to the cell, as described in clause 4.1

for each of the candidate cells configured by LTM-Config, if aUE is not provided [tm-TDD-UL-DL-
ConfigurationCommon, a PRACH occasion in aPRACH dot for acandidate cell isvalid if it does not precede a
SS/PBCH block in the PRACH slot and starts at least Ng,, symbols after alast SSYPBCH block reception

symbol, where Ng,, is provided in Table 8.1-2

- the SS/PBCH block index of the SS/PBCH block corresponds to the SS/PBCH block index provided by ssb-
PositionsinBurst in LTM-SSB-Config corresponding to the candidate cell

if aUE is provided tdd-UL-DL-ConfigurationCommon for a cell, a PRACH occasion for the cell in a PRACH
dotisvaidif

- itiswithin UL symboals, or

- it does not precede a SS/PBCH block in the PRACH slot and starts at least Ng,,, symbols after alast
downlink symbol and at least Ng,,, symbols after alast SSYPBCH block symbol, where Ng,, is provided in
Table 8.1-2, and if channel AccessMode = "semiStatic” is provided, does not overlap with a set of consecutive
symbols before the start of a next channel occupancy time where there shall not be any transmissions, as
described in [15, TS 37.213]

- the candidate SS/PBCH block index of the SS/PBCH block corresponds to the SS/PBCH block index
provided by ssh-PositionsinBurst in SIB1 or in ServingCellConfigCommon or in SSB-MTC-
Additional PCI corresponding to the cell, as described in clause 4.1

for each of the candidate cells configured by LTM-config, if a UE is provided Itm-tdd-UL-DL-
ConfigurationCommon, a PRACH occasion in a PRACH dot for a candidate cell isvalid if

- itiswithin UL symbols, or

- it does not precede a SS'PBCH block in the PRACH slot and starts at least Ng,,, symbols after alast
downlink symbol and at least Ng,,, symbols after alast SSYPBCH block symbol, where Ng,, is provided in
Table8.1-2

- the SS/PBCH block index of the SS/PBCH block corresponds to the SS/PBCH block index provided by
ssh-PositionsinBurst in LTM-SSB-Config corresponding to the candidate cell.

For preamble format B4 [4, TS 38.211], Ng,, = 0.

Table 8.1-2: Ng,, values for different preamble SCS u
Preamble SCS Ngap
1.25 kHz or 5 kHz 0
15 kHz or 30 kHz or 60 kHz or 120 kHz 2
480 kHz 8
960 kHz 16

If arandom access procedure isinitiated by a PDCCH order, the UE, if requested by higher layers, transmits a PRACH
in the selected PRACH occasion, as described in [11, TS 38.321], for which atime between the last symbol of the
PDCCH order reception and the first symbol of the PRACH transmission is larger than or equal to Ny, +

ABWPSwitching + ADelay + Tswitch + TSSB + ARF/BB preparation MSseC, where

Ny, isatime duration of N, symbols corresponding to a PUSCH preparation time for UE processing capability
1[6, TS 38.214] assuming p corresponds to the smallest SCS configuration between the SCS configuration of
the PDCCH order and the SCS configuration of the corresponding PRACH transmission
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- Dgweswitching= 0 if the active UL BWP does not change, or if acell indicator field in the PDCCH order
indicates a non-serving cell [5, TS 38.212], and Agwpswitching IS atime duration of Tgwpswitchpelay defined in
[10, TS 38.133] otherwise

- Aperay= 0.5 msec for FR1 and Ap,y,, = 0.25 msec for FR2
- Tswitch 1Saswitching gap duration as defined in [6, TS 38.214]

- Tssg = 0 if acell indicator field in the PDCCH order indicates a serving cell or if cell indicator field is not
present, and Tsgp is defined in [10, TS 38.133] otherwise

- ARp/BE preparation= 0 if acell indicator field in the PDCCH order indicates a serving cell or if cell indicator field
is not present, and Agg/gg preparation 1S defined in [10, TS 38.133] otherwise

For aPRACH transmission using 1.25 kHz or 5 kHz SCS, the UE determines N, assuming SCS configuration u = 0.

For single cell operation or for operation with contiguous carrier aggregation in a same frequency band or for operation
with non-contiguous carrier aggregation in a same frequency band if the UE is not provided with intraBandNC-
PRACH-simulTx-r17, aUE

- does not transmit PRACH and PUSCH/PUCCH/SRS in a same slot with respect to the smallest SCS
configuration between the SCS configuration for the UL BWP with the PRACH and the SCS configuration for
the UL BWP with the PUSCH/PUCCH/SRS transmissions

- does not transmit PRACH and PUSCH/PUCCH/SRS when afirst or last symbol of a PRACH transmissionin a
first dot is separated by lessthan N symbols from the last or first symbol, respectively, of a
PUSCH/PUCCH/SRS transmission in a second slot; for aPRACH transmission with NP > 1 preamble

preamble
repetitions, this appliesto each preamble repetition

- foraPRACH transmissionwith N0 . > 1 preamble repetitions, if the UE does not indicate prach-

Repetition, the UE does not transmit afirst repetition of the PRACH and a second repetition of the PRACH
when afirst or last symbol of the first repetition of the PRACH in afirst dlot is separated by lessthan N symbols
from the last or first symbol, respectively, of the second repetition of the PRACH in a second slot; otherwise,
the UE transmits the first repetition of the PRACH and the second repetition of the PRACH

whereN =2foru=0oru=1, N=4foru=2oru=3,N=16foru =5, N =32 foru =6, and u isthe smallest
SCS configuration between the SCS configuration for the UL BWP with the PRACH and the SCS configuration for the
UL BWP with the PUSCH/PUCCH/SRS transmissions. For a PUSCH transmission with repetition Type B, this applies
to each actual repetition for PUSCH transmission [6, TS 38.214].

For a UE configured with SSB-MTC-Additional PCl, it does not transmit PRACH and receive SS/PBCH associated with
different cellsin asame dot.

8.1A PUSCH for Type-2 random access procedure

For a Type-2 random access procedure, a UE transmits a PUSCH, when applicable, after transmitting a PRACH. The
UE encodes a transport block provided for the PUSCH transmission using redundancy version number 0. The PUSCH
transmission is after the PRACH transmission by at least N symbolswhere N = 2foruy=0oru=1,N =4 foru =2
oru=3,N=16foru =5 N =32 for u = 6, and u isthe SCS configuration for the active UL BWP.

A UE does not transmit a PUSCH in a PUSCH occasion if the PUSCH occasion associated with a DMRS resource is
not mapped to a preamble of valid PRACH occasions or if the associated PRACH preamble is not transmitted as
described in clause 7.5 or clause 11.1 or clause 15 or clause 17.2. A UE can transmit a PRACH preamblein avalid
PRACH occasion if the PRACH preamble is not mapped to avalid PUSCH occasion.

A mapping between one or multiple PRACH preambles and a PUSCH occasion associated with a DMRS resource is
per PUSCH configuration provided by MsgA-PUSCH-Resource.

A UE determines time resources and frequency resources for PUSCH occasions in an active UL BWP from msgA-
PUSCH-Config or separateMsgA-PUSCH-Config for the active UL BWP. If the active UL BWP is not the initial UL
BWP and msgA-PUSCH-Config or separateMsgA-PUSCH-Config is not provided for the active UL BWP, the UE uses
the msgA-PUSCH-Config or separateMsgA-PUSCH-Config provided for the initial UL BWP.
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A UE determines afirst interlace or first RB for afirst PUSCH occasion in an active UL BWP respectively from
interlacel ndexFirstPO-MsgA-PUSCH or from frequencyStartMsgA-PUSCH that provides an offset, in number of RBs
inthe active UL BWP, from afirst RB of the active UL BWP. A PUSCH occasion includes a number of interlaces or a
number of RBs provided by nroflnterlacesPerMsgA-PO or by nrofPRBs-per MsgA-PO, respectively. Consecutive
PUSCH occasionsin the frequency domain of an UL BWP are separated by a number of RBs provided by
guardBandMsgA-PUSCH. A number N of PUSCH occasionsin the frequency domain of an UL BWP is provided by
nrofMsgA-PO-FDM.

For operation with shared spectrum channel access, if the PUSCH occasion is provided by higher layer parameters
frequencyStartMsgA-PUSCH and nrofPRBs-perMsgA-PO, the UE expects a PUSCH occasion to be confined within the
same RB set as the corresponding PRACH transmission.

For operation with shared spectrum channel access, if the PUSCH occasion is provided by higher layer parameters
interlacel ndexFirstPO-MsgA-PUSCH and nroflnterlacesPer MsgA-PO, the RB set for the PUSCH occasion in the
active UL BWP isthe same RB set as the corresponding PRACH transmission. The UE assumes that the RB set is
defined as when the UE is not provided intraCell GuardBandsPer SCSfor an UL carrier as described in clause 7 of [6,
TS 38.214].

If a UE does not have dedicated RRC configuration, or hasaninitial UL BWP as an active UL BWP, or is not provided
startSymbol AndLengthMsgA-PO, msgA-PUSCH-timeDomainAllocation provides a SLIV and a PUSCH mapping type
for aPUSCH transmission by indicating

- one of the first maxNrofUL-Allocations values from PUSCH-TimeDomainResourceAllocationList, if PUSCH-
TimeDomainResourceAllocationList is provided in PUSCH-ConfigCommon

- oneof theentriesfromtable 6.1.2.1.1-2 or table 6.1.2.1.1-3 in [6, TS 38.214], if PUSCH-
TimeDomainResourceAllocationList is not provided in PUSCH-ConfigCommon

else, the UE isprovided a SLI1V by startSymbol AndLengthMsgA-PO, and a PUSCH mapping type by
mappingTypeMsgA-PUSCH for a PUSCH transmission.

For mapping one or multiple preambles of a PRACH slot to a PUSCH occasion associated with a DM RS resource, a UE
determines afirst dot for afirst PUSCH occasion in an active UL BWP from msgA-PUSCH-TimeDomainOffset that
provides an offset, in number of slotsin the active UL BWP, relative to the start of a PUSCH slot including the start of
each PRACH dot. The UE does not expect to have a PRACH preambl e transmission and a PUSCH transmission with a
msgA inaPRACH dot or inaPUSCH dlot, or to have overlapping msgA PUSCH occasions for aMsgA PUSCH
configuration. The UE expects that a first PUSCH occasion in each slot has a same SLIV for aPUSCH transmission
that is provided by startSymbol AndLengthMsgA-PO or msgA-PUSCH-timeDomainAllocation [6, TS 38.214].

Consecutive PUSCH occasions within each slot are separated by guardPeriodMsgA-PUSCH symbols and have same
duration. A number N, of time domain PUSCH occasions in each slot is provided by nrofMsgA-PO-perSot and a
number N, of consecutive slots that include PUSCH occasions is provided by nrofSotsMsgA-PUSCH.

A UE isprovided a DMRS configuration for a PUSCH transmission in a PUSCH occasion in an active UL BWP by
msgA-DMRS-Config.

A UE isprovided an MCS for datainformation in a PUSCH transmission for a PUSCH occasion by msgA-MCS.

For a PUSCH transmission with frequency hopping in a slot, when indicated by msgA-intraS otFrequencyHopping for
the active UL BWP, the frequency offset for the second hop [6, TS 38.214] is determined as described in clause 8.3,
Table 8.3-1 using msgA-HoppingBits instead of Ny, pop- If guardPeriodMsgA-PUSCH is provided, afirst symbol of the
second hop is separated by guardPeriodMsgA-PUSCH symbols from the end of alast symbol of the first hop;
otherwise, there is no time separation of the PUSCH transmission before and after frequency hopping. If aUE is
provided with usel nterlacePUCCH-PUSCH in BWP-UplinkCommon, the UE shall transmit PUSCH without frequency
hopping. A PUSCH transmission uses a same spatial filter as an associated PRACH transmission.

A UE determines whether or not to apply transform precoding for a PUSCH transmission as described in [6, TS
38.214].

A PUSCH occasion for PUSCH transmission is defined by a frequency resource and a time resource, and is associated
with aDMRS resource. The DMRS resources are provided by msgA-DMRS-Config.

Each consecutive number of Nyeampie Preamble indexes from valid PRACH occasionsin a PRACH slot
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- firgt, inincreasing order of preamble indexes within asingle PRACH occasion
- second, inincreasing order of frequency resource indexes for frequency multiplexed PRACH occasions
- third, inincreasing order of time resource indexes for time multiplexed PRACH occasions within a PRACH dlot

are mapped to avalid PUSCH occasion and the associated DMRS resource

- first, inincreasing order of frequency resource indexes f;, for frequency multiplexed PUSCH occasions

- second, inincreasing order of DMRS resource indexes within a PUSCH occasion, where a DM RS resource
index DMRS;,; is determined first in an ascending order of a DMRS port index and second in an ascending order
of aDMRS sequenceindex [4, TS 38.211]

- third, inincreasing order of time resource indexes t;; for time multiplexed PUSCH occasions within a PUSCH
slot

- fourth, in increasing order of indexes for N, PUSCH dlots

where Nyreamble = ceil(Tp,eamme/ TPUSCH), Toreamble 1S @ total number of valid PRACH occasions per association pattern
period multiplied by the number of preambles per valid PRACH occasion provided by rach-
ConfigCommonTwoStepRA, and Tpyscy is atotal number of valid PUSCH occasions per PUSCH configuration per
association pattern period multiplied by the number of DMRS resource indexes per valid PUSCH occasion provided by
msgA-DMRS-Config.

A PUSCH occasionisvalid if it does not overlap in time and frequency with any valid PRACH occasion associated
with either a Type-1 random access procedure or a Type-2 random access procedure. Additionally, for unpaired
spectrum and for SS/PBCH bl ocks with indexes provided by ssh-PositionsinBurst in SIB1 or by
ServingCellConfigCommon

- ifaUEisnot provided tdd-UL-DL-ConfigurationCommon, a PUSCH occasion is valid if the PUSCH occasion

- does not precede a SS'PBCH block in the PUSCH dot, and

- Startsat least Ny, Symbols after alast SSPBCH block symbol, where Ny, is provided in Table 8.1-2 and, if
channel AccessMode = "semiStatic" is provided, does not overlap with a set of consecutive symbols before
the start of a next channel occupancy time where the UE does not transmit [15, TS 37.213].

- if aUE s provided tdd-UL-DL-ConfigurationCommon, a PUSCH occasion is valid if the PUSCH occasion
- iswithin UL symbols, or
- does not precede a SSYPBCH block in the PUSCH dot, and

- Startsat least Ny, symbols after alast downlink symbol and at least Ng,, symbols after alast SS/PBCH block
symbol, where Ny, is provided in Table 8.1-2 and, if channel AccessMode = "semiStatic" is provided, does

not overlap with a set of consecutive symbols before the start of a next channel occupancy time where the UE
does not transmit [15, TS 37.213].

8.2 Random access response - Type-1 random access procedure

In response to a PRACH transmission, a UE attempts to detect a DCI format 1_0 with CRC scrambled by a
corresponding RA-RNTI during awindow controlled by higher layers[11, TS 38.321] if the PRACH transmission is
not triggered by a PDCCH order that includes a Cell Indicator field with non-zero value; otherwise, the UE does not
attempt to detect the DCI format 1_0. The window starts at the first symbol of the earliest CORESET the UE is
configured to receive PDCCH for Typel-PDCCH CSS set, as defined in clause 10.1, that is at least one symbol, after
the last symbol of the last PRACH occasion corresponding to the PRACH transmission, where the symbol duration
corresponds to the SCS for Typel-PDCCH CSS set as defined in clause 10.1. If Ny .5 of Nfamg™", as defined in [4, TS
38.211], is not zero, the window starts after an additional Ty + k.. Mmsec where Tp, isdefined in [4, TS 38.211] and
Kmac isprovided by kmac or k.. = 0 if kmac is not provided. The length of the window in number of slots, based on
the SCS for Typel-PDCCH CSS st, is provided by ra-ResponseWindow.
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If the UE detects the DCI format 1_0 with CRC scrambled by the corresponding RA-RNTI and LSBs of a SFN field in
the DCI format 1_0, if included and applicable, are same as corresponding L SBs of the SFN where the UE transmitted
PRACH, and the UE receives atransport block in a corresponding PDSCH 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
transport block, the higher layersindicate an uplink grant to the physical layer. Thisisreferred to as random access
response (RAR) UL grant in the physical layer.

If the UE does not detect the DCI format 1_0 with CRC scrambled by the corresponding RA-RNTI within the window,
or if the UE detects the DCI format 1_0 with CRC scrambled by the corresponding RA-RNTI within the window and
LSBsof a SFN field in the DCI format 1_0, if included and applicable, are not same as corresponding L SBs of the SFN
where the UE transmitted PRACH, or if the UE does not correctly receive the transport block in the corresponding
PDSCH within the window, or if the higher layers do not identify the RAPID associated with the PRACH transmission
from the UE, the higher layers can indicate to the physical layer to transmit a PRACH. If requested by higher layers, the
UE shall be ready to transmit a PRACH no later than N ; + 0.75 msec after the last symbol of the window, or the last
symbol of the PDSCH reception, where Ny ; isatime duration of N; symbols corresponding to a PDSCH processing
time for UE processing capability 1 assuming u corresponds to the smallest SCS configuration among the SCS
configurations for the PDCCH carrying the DCI format 1_0, the corresponding PDSCH when additional PDSCH DM-
RSis configured, and the corresponding PRACH. For u = 0, the UE assumes N, , = 14 [6, TS 38.214]. For aPRACH
transmission using 1.25 kHz or 5 kHz SCS, the UE determines N, assuming SCS configuration u = 0.

If the UE detectsa DCI format 1_0 with CRC scrambled by the corresponding RA-RNTI and LSBs of a SFN field in
the DCI format 1_0, if included and applicable, are same as corresponding L SBs of the SFN where the UE transmitted
the PRACH, and the UE receives a transport block in a corresponding PDSCH, the UE may assume same DM-RS
antenna port quasi co-location properties, as described in [6, TS 38.214], asfor a SSYPBCH block or a CSI-RS resource
the UE used for PRACH association, as described in clause 8.1, regardless of whether or not the UE is provided TCI-
Sate for the CORESET where the UE receives the PDCCH with the DCI format 1 0.

For the CFRA procedure triggered by LTM Cell Switch Command MAC CE, if the UE detectsa DCI format 1_0 with
CRC scrambled by the corresponding RA-RNTI and the UE receives a transport block in a corresponding PDSCH, the
UE may assume same DM-RS antenna port quasi co-location properties, as described in [6, TS 38.214], asfor a
SS/PBCH block the UE used for PRACH association, as described in clause 8.1.

If the UE attempts to detect the DCI format 1_0 with CRC scrambled by the corresponding RA-RNTI in responseto a
PRACH transmission initiated by a PDCCH order that triggers a contention-free random access procedure for the
SpCell [11, TS 38.321], the UE may assume that the PDCCH that includes the DCI format 1_0 and the PDCCH order
have same DM-RS antenna port quasi co-location properties. If the UE attempts to detect the DCI format 1_0 with CRC
scrambled by the corresponding RA-RNTI in response to a PRACH transmission initiated by a PDCCH order that
triggers a contention-free random access procedure for a secondary cell, or if the UE is configured with tag2-1d for the
SpCell and the CORESET where the UE receives the PDCCH order that triggers a contention-free random access
procedure for the SpCell is not associated with the physical cell ID for the serving cell, the UE may assume the DM-RS
antenna port quasi co-location properties of the CORESET associated with the Typel-PDCCH CSS set for receiving the
PDCCH that includesthe DCI format 1_0 and the PDSCH scheduled by the DCI format 1_0.

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

If the value of the frequency hopping flag is O, the UE transmits the PUSCH without frequency hopping; otherwise, the
UE transmits the PUSCH with frequency hopping.

The UE determines the MCS of the PUSCH transmission from the first sixteen indexes of the applicable MCS index
table for PUSCH as described in [6, TS 38.214].

The TPC command value 82,5, 1S Used for setting the power of the PUSCH transmission, as described in clause
7.1.1, and isinterpreted according to Table 8.2-2.

The CSl request field is reserved.

The Channel Access-CPext field indicates a channel access type and CP extension for operation with shared spectrum
channel access[15, TS 37.213] in FR1 as defined in Table 7.3.1.1.1-4 in [5, TS 38.212] or Table 7.3.1.1.1-4A in[5, TS
38.212] if channel AccessMode = "semiStatic" is provided. The Channel Access-CPext field indicates a channel access
type for operation with shared spectrum channel access[15, TS 37.213] in FR2-2 as defined in Table 7.3.1.1.1-4B in [5,
TS 38.212] if Channel AccessMode2-r17 is provided.
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Table 8.2-1: Random Access Response Grant Content field size

RAR grant field Number of bits
Freqguency hopping flag 1
12, for operation with shared spectrum channel access in
FR1 or for FR2-2 when ChannelAccessMode2-r17 is

PUSCH frequency resource allocation

provided
14, otherwise
PUSCH time resource allocation 4
MCS 4
TPC command for PUSCH 3
CSl request 1

2, for operation with shared spectrum channel access in FR1

ChannelAccess-CPext or for FR2-2 when ChannelAccessMode2-r17 is provided

0, otherwise

Table 8.2-2: TPC Command 8552 5 5, fOr PUSCH

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

Unlessthe UE is configured a SCS, the UE receives subsequent PDSCH using same SCS as for the PDSCH reception
providing the RAR message.

If the UE does not detect the DCI format 1_0 with CRC scrambled by the corresponding RA-RNTI within the window,
or if the UE detects the DCI format 1_0 with CRC scrambled by the corresponding RA-RNTI within the window and
the LSBs of a SFN field in the DCI format 1_0, if included and applicable, are not same as corresponding L SBs of the
SFN where the UE transmitted the PRACH, or the UE does not correctly receive a corresponding transport block within
the window, the UE procedureis as described in [11, TS 38.321].

8.2A Random access response - Type-2 random access procedure

In response to a transmission of a PRACH and a PUSCH, or to atransmission of only a PRACH if the PRACH
preamble is mapped to avalid PUSCH occasion, a UE attemptsto detect aDCI format 1_0 with CRC scrambled by a
corresponding MsgB-RNTI during a window controlled by higher layers[11, TS 38.321]. The window starts at the first
symbol of the earliest CORESET the UE is configured to receive PDCCH for Typel-PDCCH CSS set, as defined in
clause 10.1, that is at least one symbol, after the last symbol of the PUSCH occasion corresponding to the PRACH
transmission, where the symbol duration corresponds to the SCS for Typel-PDCCH CSS s&t. If NTUAE’adj or Nt o s 88
defined in [4, TS 38.211], is not zero, the window starts after an additional Tt + k.. Msec Where Trp isdefined in [4,
TS 38.211] and k. is provided by kmac or k,,. = 0 if kmac is not provided. The length of the window in number of
dots, based on the SCS for Typel-PDCCH CSS set, is provided by msgB-ResponseWindow.

In response to a transmission of a PRACH, if the PRACH preamble is not mapped to a valid PUSCH occasion, a UE
attempts to detect a DCI format 1_0 with CRC scrambled by a corresponding MsgB-RNTI during a window controlled
by higher layers[11, TS 38.321]. The window starts at the first symbol of the earliest CORESET the UE is configured to
receive PDCCH for Typel-PDCCH CSS set, as defined in clause 10.1, that is at least one symbol, after the last symbol
of the PRACH occasion corresponding to the PRACH transmission, where the symbol duration corresponds to the SCS
for Typel-PDCCH CSS set. The length of the window in humber of slots, based on the SCSfor Typel-PDCCH CSS set,
is provided by msgB-ResponseWindow.

If the UE detectsthe DCI format 1_0, with CRC scrambled by the corresponding MsgB-RNTI and LSBs of a SFN field
inthe DCI format 1_0, if applicable, are same as corresponding LSBs of the SFN where the UE transmitted PRACH,
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and the UE receives a transport block in a corresponding PDSCH within the window, the UE passes the transport block
to higher layers. The higher layers indicate to the physical layer

- anuplink grant if the RAR message(s) is for fallbackRAR and a random access preamble identity (RAPID)
associated with the PRACH transmission is identified, and the UE procedure continues as described in clauses
8.2, 8.3, and 8.4 when the UE detectsa RAR UL grant, or

- transmission of a PUCCH with HARQ-ACK information having ACK value if the RAR message(s) is for
successRAR, where

- aPUCCH resource for the transmission of the PUCCH isindicated by PUCCH resource indicator field of 4
bitsin the successRAR from a PUCCH resource set that is provided by pucch-ResourceCommon

- adot for the PUCCH transmission isindicated by aHARQ Feedback Timing Indicator field of 3 bitsin the
successRAR having avalue k from{1, 2, 3, 4,5, 6, 7, 8} for u < 3, from{7, 8, 12, 16, 20, 24, 28, 32} for
u =5, and from {13, 16, 24, 32, 40, 48, 56, 64} for u = 6 and, with reference to dots for PUCCH
transmission having duration Ty;,,, the slot isdetermined asn + k + A+2# - K o1 oftset; Where n isthe last
dot that overlaps with the DL dot for the PDSCH reception, A is as defined for PUSCH transmission in
Table6.1.2.1.1-5 of [6, TS 38.214], u isthe SCS configuration of the active UL BWP, and K ey ofset 1S
provided by cell SpecificKoffset; otherwise, if not provided, Keep offset = 0

- the UE does not expect the first symbol of the PUCCH transmission to be after the last symbol of the
PDSCH reception by atime smaller than Ny, + 0.5 msec where Ny , isthe PDSCH processing time for
UE processing capability 1 [6, TS 38.214]

- for operation with shared spectrum channel accessin FR1, a channel accesstype and CP extension [15, TS
37.213] for aPUCCH transmission isindicated by a Channel Access-CPext field in the successRAR as
definedin Table 7.3.1.1.1-4 in [5, TS 38.212] or Table 7.3.1.1.1-4A in [5, TS 38.212] if channel AccessMaode
="semiSatic" is provided

- for operation with shared spectrum channel accessin FR2-2, achannel accesstype [15, TS 37.213] for a
PUCCH transmission isindicated by a Channel Access-CPext field in the successRAR as defined in Table
7.3.1.1.1-4B in[5, TS 38.212] if Channel AccessMode2-r17 is provided

- the PUCCH transmission is with a same spatial domain transmission filter and in a same active UL BWP asa
last PUSCH transmission

If the UE detects the DCI format 1_0 with CRC scrambled by a C-RNTI and a transport block in a corresponding
PDSCH within the window, the UE transmits a PUCCH with HARQ-ACK information having ACK value if the UE
correctly detects the transport block or NACK value if the UE incorrectly detects the transport block and the time
alignment timer isrunning [11, TS 38.321].

If the UE detectsa DCI format 1_0 with CRC scrambled by the corresponding MsgB-RNTI and receives a transport
block within the window in a corresponding PDSCH, the UE may assume same DM-RS antenna port quasi co-location
properties, as described in [6, TS 38.214], as for a SS/PBCH block the UE used for PRACH association, as described in
clause 8.1, regardless of whether or not the UE is provided TCI-State for the CORESET where the UE receives the
PDCCH with the DCI format 1 0.

The UE does not expect to be indicated to transmit the PUCCH with the HARQ-ACK information at atime that is prior
to atime when the UE appliesa TA command that is provided by the transport block. If the UE does not detect the DCI
format 1_0 with CRC scrambled by the corresponding MsgB-RNT! within the window, or if the UE detects the DCI
format 1_0 with CRC scrambled by the corresponding MsgB-RNTI within the window and LSBs of a SFN field in the
DCI format 1_0, if applicable, are not same as corresponding L SBs of the SFN where the UE transmitted the PRACH,
or if the UE does not correctly receive the transport block in the corresponding PDSCH within the window, or if the
higher layers do not identify the RAPID associated with the PRACH transmission from the UE, the higher layers can
indicate to the physical layer to transmit only PRACH according to Type-1 random access procedure or to transmit both
PRACH and PUSCH according to Type-2 random access procedure [11, TS 38.321]. If requested by higher layers, the
UE shall be ready to transmit a PRACH no later than Ny, + 0.75 msec after the last symbol of the window, or the last
symbol of the PDSCH reception, where Ny ; isatime duration of N; symbols corresponding to a PDSCH processing
time for UE processing capability 1 when additional PDSCH DM-RS is configured. For 4 = 0, the UE assumes N, ; =
14 [6, TS 38.214].
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Unlessthe UE is configured a SCS, the UE receives subsequent PDSCH using same SCS as for the PDSCH reception
providing the RAR message.

If the UE does not detect the DCI format 1_0 with CRC scrambled by the corresponding MsgB-RNTI within the
window, or if the UE detectsthe 1_0 with CRC scrambled by the corresponding MsgB-RNTI within the window and
LSBsof aSFN field inthe DCI format 1_0, if applicable, are not same as corresponding LSBs of the SFN where the
UE transmitted the PRACH, or the UE does not correctly receive a corresponding transport block within the window,
the UE procedureis as described in [11, TS 38.321].

8.3 PUSCH scheduled by RAR UL grant

An active UL BWP with SCS configuration u, as described in clause 12 and in [4, TS 38.211], for aPUSCH
transmission scheduled by a RAR UL grant isindicated by higher layers.

If uselnterlacePUCCH-PUSCH is not provided by BWP-UplinkCommon and BWP-UplinkDedicated, for determining
the frequency domain resource alocation for the PUSCH transmission within the active UL BWP

- if theactive UL BWP and the initiad UL BWP have same SCS and same CP length and the active UL BWP
includes all RBs of theinitial UL BWP, or the active UL BWP istheinitial UL BWP, theinitial UL BWP s
used

- €lse, the RB numbering starts from the first RB of the active UL BWP and the maximum number of RBs for
frequency domain resource alocation equals the number of RBsin theinitial UL BWP

The frequency domain resource allocation is by uplink resource allocation type 1 [6, TS 38.214]. For an initial UL BWP
size of N§iZ, RBs, a UE processes the frequency domain resource assignment field as follows

- if NS, < 180, or for operation with shared spectrum channel accessin FR1 or for FR2-2 when
Channel AccessMode2-r17 is provided if N§iz5, < 90

- truncate the frequency domain resource assignment field to its [log, (NS - (NS, + 1)/2)] least significant
bits and interpret the truncated frequency resource assignment field as for the frequency resource assignment
fieldin DCI format 0_0 as described in [5, TS 38.212]

- dse
- insert
- |loga(Nge, - (N§ie, + 1)/2)| — 12 most significant bits, for operation with shared spectrum channel
accessin FR1 or for FR2-2 when Channel AccessMode2-r17 is provided;
- [loga(Ngs, - (N§ie, + 1)/2)] — 14 most significant bits, otherwise;
with value set to ‘0" after the Ny, 1,0, bitsto the frequency domain resource assignment field, where
Nyrnop = 0 if the frequency hopping flag is set to '0" and Ny, nep iS provided in Table 8.3-1 if the
hopping flag bit is set to '1', and interpret the expanded frequency resource assignment field as for the
frequency resource assignment field in DCI format 0_0 as described in [5, TS 38.212]
- endif

If uselnterlacePUCCH-PUSCH is provided by BWP-UplinkCommon or BWP-UplinkDedicated, the frequency domain
resource allocation is by uplink resource allocation type 2 [6, TS 38.214]. A UE processes the frequency domain
resource assignment field as follows

- truncate the frequency domain resource assignment field tothe X = 6 LSBsif u = 0, ortothe X = 5 LSBsif
p=1

- for interlace allocation of a PUSCH transmission, interpret the X M SBs of the truncated frequency domain
resource assignment field for the active UL BWP as for the X M SBs of the frequency domain resource
assignment field in DCI format 0_0 [6, TS 38.214]
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- for RB set alocation of a PUSCH transmission, the RB set of the active UL BWP isthe RB set of the PRACH
transmission associated with the RAR UL grant. The UE assumes that the RB set is defined as when the UE is
not provided intraCellGuardBandsUL-List [6, TS 38.214].

A UE determines whether or not to apply transform precoding as described in [6, TS 38.214].

For a PUSCH transmission with frequency hopping scheduled by RAR UL grant or for aMsg3 PUSCH retransmission,
the frequency offset for the second hop [6, TS 38.214] isgivenin Table 8.3-1.

Table 8.3-1: Frequency offset for second hop of PUSCH transmission with frequency hopping
scheduled by RAR UL grant or of Msg3 PUSCH retransmission

Number of PRBs in initial UL BWP | Value of Ny 4, Hopping Bits | Frequency offset for 2" hop
. 0 [NE/ 2]
Niih < 50 .
1 | N/ 4]
00 INE#» /2]
. 01 [NEe/4]
N§wp = 50 .
10 —|Niive /4]
11 Reserved

A SCSfor the PUSCH transmission is provided by subcarrier Spacing in BWP-UplinkCommon. A UE transmits
PRACH and the PUSCH on a same uplink carrier of a same serving cell.

A UE transmits a transport block in a PUSCH scheduled by a RAR UL grant in a corresponding RAR message using
redundancy version number O, if the PUSCH transmission is without repetitions. If a TC-RNTI is provided by higher
layers, the scrambling initialization of the PUSCH corresponding to the RAR UL grant in clause 8.2 ishy TC-RNTI.
Otherwise, the scrambling initialization of the PUSCH corresponding to the RAR UL grant in clause 8.2 isby C-RNTI.

If aUE is provided tag2-1d, the UE transmits a transport block in a PUSCH scheduled by aRAR UL grantina
corresponding RAR message with timing advance corresponding to a TAG indicated by the RAR message.

Msg3 PUSCH retransmissions, if any, of the transport block, are scheduled by a DCI format O_0 with CRC scrambled
by a TC-RNTI provided in the corresponding RAR message [11, TS 38.321].

With reference to slots for a PUSCH transmission scheduled by a RAR UL grant, if a UE receivesa PDSCH with a
RAR message ending in slot n for a corresponding PRACH transmission from the UE, the UE transmits the PUSCH in
sotn + k, + A+ 2% - Koy oftset, Where k, and A are provided in [6, TS 38.214] and Ky ofrset 1S Provided by

cell SpecificKoffset; otherwise, if not provided, K ey oftset = 0-

A UE can be provided in BWP-UplinkCommon a set of numbers of repetitions for a PUSCH transmission with PUSCH
repetition Type A that is scheduled by a RAR UL grant or by aDCI format 0_0 with CRC scrambled by a TC-RNTI. If
the UE requests repetitions for the PUSCH transmission [11, TS 38.321], the UE transmits the PUSCH over Ny,
slots, where Njr, isindicated by the 2 MSBs of the MCS field in the RAR UL grant or in the DCI format 0_0 froma
set of four values provided by number OfMsg3-RepetitionsList or from {1, 2, 3, 4} if number OfMsg3-RepetitionsList is
not provided. The UE determines an MCS for the PUSCH transmission by the 2 L SBs of the MCS field in the RAR UL
grant or by the 3 LSBs of the MCS field in the DCI format 0_0, and determines a redundancy version and RBs for each
repetition as described in [6, TS 38.214]. For unpaired spectrum operation, the UE determinesthe Njr ey, Slots as the
first N;'f,f;eg'; slotsstarting fromslot n + k, + A + 2 - K q)) o5rser Where arepetition of the PUSCH transmission does not
include a symbol indicated as downlink by tdd-UL-DL-ConfigurationCommon or indicated as a symbol of an SS/PBCH
block with index provided by ssb-PositionsinBurst, and where K ofsset 1S provided by cell SpecificKoffset; otherwise,
if not provided, Keeyy oftsec = 0. For paired spectrum operation, the UE determines the Ny, Slots asthe first Ny
dotsstarting fromslot n + k, + A + 2 - Kooy otset where Kcelnoftset 1S provided by cell SpecificKoffset; otherwise, if

not provided, Keey oftset = 0.

The UE may assume a minimum time between the last symbol of a PDSCH reception conveying a RAR message with a
RAR UL grant and the first symbol of a corresponding PUSCH transmission scheduled by the RAR UL grant is equal
to Ny, + Np, + 0.5 msec, where N, isatime duration of N; symbols corresponding to a PDSCH processing time for
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UE processing capability 1 when additional PDSCH DM-RS is configured, Ny, isatime duration of N, symbols
corresponding to a PUSCH preparation time for UE processing capability 1 [6, TS 38.214] and, for determining the
minimum time, the UE considersthat N; and N, correspond to the smaller of the SCS configurations for the PDSCH
and the PUSCH. For u = 0, the UE assumes N, , = 14 [6, TS 38.214].

8.4 PDSCH with UE contention resolution identity

In response to a PUSCH transmission scheduled by a RAR UL grant when a UE has not been provided a C-RNTI, the
UE attempts to detect a DCI format 1_0 with CRC scrambled by 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. The PUCCH transmission is
within a same active UL BWP as the PUSCH transmission. A minimum time between the last symbol of the PDSCH
reception and the first symbol of the corresponding PUCCH transmission with the HARQ-ACK information is equal to
Nr i + 0.5 msec. Nr, isatime duration of N; symbols corresponding to a PDSCH processing time for UE processing
capability 1 when additional PDSCH DM-RSis configured. For i = 0, the UE assumes N, , = 14 [6, TS 38.214].

When detecting a DCI format in response to a PUSCH transmission scheduled by a RAR UL grant, as described in [11,
TS 38.321], or corresponding PUSCH retransmission scheduled by a DCI format 0_0 with CRC scrambled by a TC-
RNTI provided in the corresponding RAR message [11, TS 38.321], the UE may assume the PDCCH carrying the DCI
format has the same DM-RS antenna port quasi co-location properties, as described in [6, TS 38.214], asfor a
SS/PBCH block the UE used for PRACH association, as described in clause 8.1, regardless of whether or not the UE is
provided TCI-State for the CORESET where the UE receives the PDCCH with the DCI format.

9 UE procedure for reporting control information

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

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

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

If aUE 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 pdsch-HARQ-ACK-Codebook-
secondaryPUCCHGgroup-r16 is provided, pdsch-HARQ-ACK-Codebook is replaced by pdsch-HARQ-ACK-
Codebook-secondaryPUCCHgroup-r16. If harg-ACK-Spatial BundlingPUCCH-secondaryPUCCHgroup is
provided, harg-ACK-SpatialBundlingPUCCH is replaced by harg-ACK-Spatial BundlingPUCCH-
secondaryPUCCHgroup. If harg-ACK-Spatial BundlingPUSCH-secondaryPUCCHGgroup is provided, harg-
ACK-SpatialBundlingPUSCH is replaced by harg-ACK-Spatial BundlingPUSCH-secondaryPUCCHgroup. If
uci-MuxWithDiffPrioSecondaryPUCCHGgroup is provided, uci-MuxWithDiffPrio is replaced by uci-
MuxWithDiffPrioSecondaryPUCCHgroup. If simultaneousPUCCH-PUSCH-secondaryPUCCHgroup is
provided, simultaneousPUCCH-PUSCH is replaced by simultaneousPUCCH-PUSCH-SecondaryPUCCHgroup.
If simultaneousPUCCH-PUSCH-SamePriority-secondaryPUCCHgroup is provided, simultaneousPUCCH-
PUSCH-SamePriority is replaced by simultaneousPUCCH-PUSCH- SamePriority-SecondaryPUCCHgroup._If
pucch-sCell SecondaryPUCCHGgroup is provided, pucch-sCell is replaced by pucch-
sSCell SecondaryPUCCHgroup. If pucch-sSCell PatternSecondaryPUCCHGgroup is provided, pucch-
sSCellPattern is replaced by pucch-sSCellPatternSecondaryPUCCHgroup. If pucch-
sSCelIDynSecondaryPUCCHGgroup is provided, pucch-sSCellDyn is replaced by pucch-
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sCelIDynSecondaryPUCCHGgroup. If pdsch-HARQ-ACK-EnhType3SecondaryToAddModList is provided,
pdsch-HARQ-ACK-EnhType3ToAddModList is replaced by pdsch-HARQ-ACK-
EnhType3SecondaryToAddModList. If pdsch-HARQ-ACK-RetxSecondaryPUCCHGgroup is provided, pdsch-
HARQ-ACK-Retx is replaced by pdsch-HARQ-ACK-RetxSecondaryPUCCHgroup.

If aUE is provided MC-DCI-SetofCells for scheduling by a DCI format PDSCH receptions or PUSCH transmissions on
serving cells from a set of more than one serving cells, the UE expects the more than one serving cellsto bein a same
PUCCH group. The UE provides HARQ-ACK information in a same HARQ-ACK codebook for sets of serving cells
that are associated with a same PUCCH group. The UE does not expect to be configured to receive multicast PDSCH
on serving cells of the same PUCCH group as serving cells from the sets of serving cells.

For unpaired spectrum operation, if aUE is provided a PUCCH-sSCell as described in clause 9.A, the UE shall apply
the procedures described in this clause for both the primary cell and the PUCCH-sSCell.

If aUE is provided pdsch-HARQ-ACK-CodebookList-r16, pdsch-HARQ-ACK-Codebook is replaced by the relevant
entry in pdsch-HARQ-ACK-CodebookList-r 16.

In the remaining of this clause, when a PDCCH reception by a UE includes two PDCCH candidates from corresponding
search space sets, as described in clause 10.1

- aPDCCH monitoring occasion is the union of the PDCCH monitoring occasions for the two PDCCH candidates
- the start of the PDCCH reception is the start of the earlier PDCCH candidate
- the end of the PDCCH reception is the end of the PDCCH candidate that ends later

The PDCCH reception includes the two PDCCH candidates also when the UE is not required to monitor one of the two
PDCCH candidates as described in clauses 10 (except clause 10.4), 11.1, 11.1.1 and 17.2.

In the remaining of this clause, alast DCI format is from a set of detected DCI formats for which the UE would provide
HARQ-ACK information in a PUCCH in a same dot. Detected DCI formats are first indexed in ascending order across
indexes of respective scheduled cells for a same PDCCH monitoring occasion, and are then indexed in ascending order
across indexes of PDCCH monitoring occasions. For indexing a detected DCI format associated with two or more
scheduled cells, arespective scheduled cell is the one with the smallest index among the two or more scheduled cells.
For a PDCCH monitoring occasion and a scheduled cell, if a UE is not provided coresetPoollndex or is provided
coresetPoolIndex with value O for one or more first CORESETs and is provided coresetPool | ndex with value 1 for one
or more second CORESETSs on an active DL BWP of a serving cell, and is provided ackNackFeedbackMode = joint for
the active UL BWP, detected DCI formats from PDCCH receptionsin the first CORESETSs are indexed prior to
detected DCI formats from PDCCH receptions in the second CORESETS.

For the purpose of determining timeline conditionsin this clause,

- if aUE would transmit a PUCCH with HARQ-ACK information in response to afirst SPS PDSCH reception
after an activation of SPS PDSCH receptions, the PUCCH is considered as a PUCCH transmission in response to
aDCI format detection;

- if aUE would transmit a configured grant Type 2 PUSCH in the first transmission occasion after an activation of
configured grant Type 2 PUSCH transmissions, the PUSCH is considered as a PUSCH transmission in response
to aDCI format detection.

If aUE

- isnot provided coresetPoolIndex or is provided coresetPoollndex with a value of O for first CORESETs on
active DL BWPs of serving cells, and

- isprovided coresetPool Index with avalue of 1 for second CORESETs on active DL BWPs of the serving cells,
and

- isprovided ackNackFeedbackMode = separate

the UE shall separately apply the procedures described in clauses 9.1 and 9.2.3 for reporting HARQ-ACK information
associated with the first CORESET s on active DL BWP of the serving cells and for reporting HARQ-ACK information
associated with the second CORESET s on active DL BWP of the serving cells, and the UE does not expect to be
provided with subslotLengthForPUCCH or to be indicated by pdsch-HARQ-ACK-CodebookL.ist to generate two
HARQ-ACK codebooks on active DL BWP of the serving cells. HARQ-ACK information reporting is associated with a
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CORESET through a reception of a PDCCH with a DCI format triggering the reporting of the HARQ-ACK information
by the UE.

For NR-DC when both the MCG and the SCG operate either in FR1 or in FR2 and for a power headroom report
transmitted on the MCG or the SCG, the UE computes PH assuming that the UE does not transmit PUSCH/PUCCH on
any serving cell of the SCG or the MCG, respectively.

If aUE is configured for NR-DC operation, the UE does not expect to be configured with a PUCCH-SCell.

A PUSCH or a PUCCH transmission other than PUCCH transmissions with SL HARQ-ACK reports, including
repetitionsif any, can be of priority index O or of priority index 1. For a configured grant PUSCH transmission, a UE
determines a priority index from phy-Prioritylndex, if provided. For aPUCCH transmission with HARQ-ACK
information corresponding to a SPS PDSCH reception or a SPS PDSCH release, a UE determines a priority index from
harg-CodebookiD, if provided. For aPUCCH transmission with SR, a UE determines the corresponding priority as
described in clause 9.2.4. For a PUSCH transmission with semi-persistent CSl report, a UE determines a priority index
from apriority indicator field, if provided, in a DCI format that activates the semi-persistent CSI report. If a priority
index is not provided to a UE for aPUSCH or a PUCCH transmission other than PUCCH transmissions with SL
HARQ-ACK reports, the priority index is 0.

If aUE is provided one PUCCH-Config

- if the UE is provided subslotLengthForPUCCH in the PUCCH-Config, the PUCCH resource for any SR
configuration with priority index 0 or any CSl report configuration in the PUCCH-Config is within the
subdlotLengthForPUCCH symbolsin the PUCCH-Config

If aUE is provided two PUCCH-Config

- if the UE is provided subslotLengthForPUCCH in the first PUCCH-Config, the PUCCH resource for any SR
configuration with priority index 0 or any CSI report configuration in any PUCCH-Config is within the
subslotLengthForPUCCH symbolsin the first PUCCH-Config

- if the UE is provided subd otLengthForPUCCH in the second PUCCH-Config, the PUCCH resource for any SR
configuration with priority index 1 in any PUCCH-Config is within the subd otLengthForPUCCH symbolsin the
second PUCCH-Config

If aUE is provided subslotLengthForPUCCH in a PUCCH-Config of a given priority index, in adot of Nzly‘;; symbols
[4, TS 38.211] with HARQ-ACK, the UE does not expect that HARQ-ACK information in response to SPS PDSCH
reception(s) only (if any) or SR (if any) of the given priority index in asot of subslotLengthForPUCCH symbolsis

moved to a different ot of subslotLengthForPUCCH symbols after multiplexing overlapping PUCCHSs.

If inan active DL BWP a UE monitors PDCCH for detection of DCI format that includes a priority indicator field, a
priority index can be provided by the priority indicator field. If a UE indicates a capability to monitor, in an active DL
BWP, PDCCH for detection of DCI format that includes a priority indicator field, the DCI format can schedule PUSCH
transmissions of any priority, or PDSCH receptions and/or trigger a PUCCH transmission with corresponding HARQ-
ACK information of any priority, and DCI format 1_1 or DCI format 1_2 with a Transmission Configuration Indication
field can indicate a TCI state update and trigger a PUCCH transmission with corresponding HARQ-ACK information
of any priority.

A DCI format indicating a SPS PDSCH release, or SCell dormancy without scheduling a PDSCH reception, or
indicating a TCI state update without scheduling PDSCH reception, is referred to as a DCI format having associated
HARQ-ACK information without scheduling a PDSCH reception.

For the remaining of this clause, when aUE

- isnot provided coresetPoollndex or is provided coresetPoollndex with avalue of O for first CORESETS, and is
provided coresetPool Index with avalue of 1 for second CORESETS, on active DL BWPs of serving cells, and

- isprovided sTx-2Panel

the UE separately determines and resolves time overlapping among first PUSCH transmissions that use respective first
spatial domain filters corresponding to first TCI-State or TCI-UL-Sate associated with the first CORESETSs, and among
second PUSCH transmissions that use respective second spatial domain filters corresponding to second TCI-State or
TCI-UL-Sate associated with the second CORESETS.
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When a UE determines overlapping for PUCCH transmissions with SL HARQ-ACK reports and PUCCH of larger
and/or smaller priority index, the UE resolves the overlapping for PUCCH transmissions with SL HARQ-ACK reports
and PUCCH of each priority index as described in clause 9.2.5 and 9.2.6 before resolving the overlapping for PUCCH
transmissions without SL HARQ-ACK or the overlapping for PUCCH transmissions and PUSCH transmissions.

When a UE determines overlapping for PUCCH and/or PUSCH transmissions of the same priority index other than
PUCCH transmissions with SL HARQ-ACK reports before considering limitations for UE transmission due to cell
DRX operation [11, TS 38.321] or asdescribed in clauses 11.1, 11.1.1, 11.2A, 15 and 17.2 including repetitionsif any,

- first, the UE resolves the overlapping for PUCCHSs with repetitions as described in clause 9.2.6, if any
- second, the UE resolves the overlapping for PUCCHSs without repetitions as described in clauses 9.2.5
- third, the UE resolves the overlapping for PUSCHs and PUCCHSs with repetitions as described in clause 9.2.6

- fourth, the UE resolves the overlapping for PUSCHs and PUCCHSs without repetitions as is subsequently
described in this clause.

After resolving the overlapping for PUCCH and/or PUSCH transmissions, and if cell DRX is activated for a serving cell
and a PUCCH or PUSCH transmission would overlap with the non-active period of cell DRX of the serving cell, the
UE does not transmit the PUCCH if HARQ-ACK information is not multiplexed in the PUCCH, or does not transmit
the PUSCH if HARQ-ACK information is not multiplexed in the PUSCH and the PUSCH is not associated with a
corresponding PDCCH, respectively.

If aUE

- isprovided simultaneousPUCCH-PUSCH and would transmit a PUCCH with afirst priority index and PUSCHs
with asecond priority index that is different than the first priority index, where the PUCCH and the PUSCHs
overlap in time on different respective cells

- can simultaneously transmit the PUCCH and the PUSCHs with different priority indexes[18, TS 38.306],

the UE excludes the PUSCHSs for resolving the time overlapping between the PUCCH and PUSCHs with different
priority indexes, where the timeline conditions for resolving the overlapping PUCCH and PUSCHSs are not required for
the excluded PUSCHs.

If aUE

- isprovided simultaneousPUCCH-PUSCH-SamePriority and would transmit a PUCCH and PUSCHs with same
priority index, where the PUCCH and the PUSCHs overlap in time on different respective cells,

- can simultaneously transmit the PUCCH and the PUSCHs with same priority index [18, TS 38.306],

the UE excludes the PUSCHs for resolving the time overlapping between the PUCCH and PUSCHs with same priority
index, where the timeline conditions for resolving the overlapping PUCCH and PUSCHSs are not required for the
excluded PUSCHs.

When a UE determines overlapping for PUCCH and/or PUSCH transmissions of different priority indexes, other than
PUCCH transmissions with SL HARQ-ACK reports, before considering limitations for transmission due to cell DRX
operation or as described in clauses 11.1, 11.1.1, 11.2A, 15 and 17.2 including repetitions if any, if the UE is provided
uci-MuxWithDiffPrio and the timeline conditionsin clause 9.2.5 for multiplexing UCI in a PUCCH or a PUSCH are
satisfied

- first, the UE resolves overlapping for PUCCH and/or PUSCH transmissions of a same priority index as
described in clauses 9.2.5 and 9.2.6
- second, the UE resolves the overlapping for PUCCH transmissions of different priority indexes, and

- if the UE is provided subd otLengthForPUCCH in the second PUCCH-Config, a PUCCH transmission of
smaller priority index is associated with the first overlapping slot with subd otLengthForPUCCH symbols of
larger priority index; otherwise, the PUCCH transmission of smaller priority index is associated with the
overlapping slot with Ng',om‘ symbols[4, TS 38.211] of larger priority index.

- the UE first resolves the overlapping for PUCCH transmissions, where at least one of the PUCCH
transmissionsis with Ng,gpgg“H > 1 repetitions, within aslot of larger priority index asis subsequently
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described in this clause, if any, and then the UE resolves the overlapping for PUCCH transmissions without
repetitions within the slot using the pseudo-code in clause 9.2.5

if the UE determinesthat afirst PUCCH transmission of the smaller priority index is not dropped and the
UCI of the first PUCCH transmission is not multiplexed in a second PUCCH transmission of larger priority
index in an overlapping slot with subslotLengthForPUCCH symbols, the first PUCCH transmission is
associated with the next overlapping slot with subslotLengthForPUCCH symbols for PUCCH transmissions
with the larger priority index

the UE does not expect a PUCCH transmission that includes UCI of different priority indexesto overlap with
aPUCCH transmission with N;f,pgﬁH > 1 repetitions after resolving the overlapping for PUCCH
transmissions without repetitions within a slot

the UE does not expect a PUCCH transmission with UCI of first and second priority indexes to overlap with
aPUCCH transmission with HARQ-ACK information of the first priority index, or witha PUCCH
transmission or with a PUSCH transmission of the second priority index when the second priority index is
larger than the first priority index

the UE does not expect a PUCCH transmission with HARQ-ACK information of larger priority index to
overlap with more than one PUCCH transmissions with HARQ-ACK information of smaller priority index

- third, the UE resolves the overlapping for PUCCH and PUSCH transmissions of different priority indexes

the UE drops PUSCH transmissions of smaller priority index that overlap with a PUCCH transmission with
positive SR of larger priority index prior to multiplexing UCI in aPUSCH transmission of smaller priority
index, if any

the UE drops PUSCH transmissions of smaller priority index that overlap with a PUCCH transmission with
N;?gg‘H > 1 repetitions of larger priority index prior to multiplexing UCI in a PUSCH transmission of smaller
priority index, if any

the UE multiplexes HARQ-ACK information in a PUSCH transmission, as is subsequently described in this

clause for multiplexing HARQ-ACK information from a PUCCH transmission in a PUSCH transmission of a
same priority index, if a PUCCH transmission with HARQ-ACK information of afirst priority index overlaps
with one or more PUSCH transmissions of a second priority index that is different than the first priority index

- if // thisisfor casesthe UE supports multiplexing information of different prioritiesin a PUCCH/PUSCH
transmission

aPUCCH transmission with HARQ-ACK information, without repetitions, with smaller priority index
overlaps with a PUCCH transmission only with HARQ-ACK information, without repetitions, with larger
priority index, or

a PUCCH transmission without repetitions that includes HARQ-ACK information of smaller priority index
overlaps with aPUCCH transmission without repetitions using a PUCCH resource with PUCCH format
2/3/4 with HARQ-ACK information and SR of larger priority index, or

a PUCCH transmission with HARQ-ACK information, without repetitions, with smaller or larger priority
index overlaps, respectively, with a PUSCH transmission with larger or smaller priority index

the UE

multiplexes HARQ-ACK information of different priority indexes and SR information of larger priority
index, if any, in asame PUCCH transmission of larger priority index, or multiplexes HARQ-ACK
information the UE would provide in a PUCCH transmission of smaller or larger priority index in a PUSCH
transmission of larger or smaller priority index, respectively, and applies the proceduresin clause 9.2.5.3 or
9.3, respectively, and

drops CSI and/or SR carried in the PUCCH transmission of smaller priority index, if any

drops negative SR carried in the PUCCH transmission of larger priority index, if any, if the UE would
multiplex the HARQ-ACK information of larger priority index in a PUSCH transmission of smaller priority
index
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- dropsHARQ-ACK information of smaller priority index if the UE would multiplex the HARQ-ACK
information of smaller priority index in a PUSCH transmission where the UE multiplexes Part 1 CSl reports
and Part 2 CSl reports of larger priority index

- dropsPart 2 CSl reports of smaller priority index if the UE would multiplex the HARQ-ACK information of
smaller and larger priority indexesin a PUSCH transmission where the UE multiplexes Part 1 CSI reports
and Part 2 CSl reports of smaller priority index

- drops HARQ-ACK information of smaller priority index if the UE would multiplex the HARQ-ACK
information of smaller priority index in aPUCCH transmission of larger priority index using a PUCCH
resource provided by n1IPUCCH-AN

- drops Part 2 CSl reports of smaller priority index if the UE would multiplex the HARQ-ACK information of
larger priority index in a PUSCH transmission where the UE multiplexes CG-UCI, or UTO-UCI, Part 1 CSI
reports and Part 2 CSl reports of smaller priority index

else

- if the UE would transmit the following channels that would overlap in time where, if a channel transmission
is with repetitions, the following are applicable per repetition

- afirst PUCCH transmission of larger priority index and a second PUCCH transmission of smaller priority
index

- afirst PUCCH transmission of larger priority index and a second PUSCH transmission of smaller priority
index when the UE cannot simultaneously transmit the first PUCCH and second PUSCH

- afirst PUCCH transmission of smaller priority index and a second PUSCH transmission of larger priority
index when the UE cannot simultaneously transmit the first PUCCH and second PUSCH

the UE

- transmits the PUCCH or the PUSCH of the larger priority index subject to the limitations for UE
transmissions due to cell DRX operation or as described in clauses 11.1, 11.1.1, 11.2A, and 15 and

- does not transmit a PUCCH or a PUSCH of smaller priority index

When a UE determines overlapping for PUCCH and/or PUSCH transmissions of different priority indexes, other than
PUCCH transmissions with SL HARQ-ACK reports, before considering limitations for transmissions including with
repetitions, if any, dueto cell DRX operation or as described in clauses 11.1, 11.1.1, 11.2A, 15and 17.2, if the UE is
not provided uci-MuxWithDiffPrio, the UE first resolves overlapping for PUCCH and/or PUSCH transmissions of
smaller priority index as described in clauses 9.2.5 and 9.2.6. Then,

if atransmission of afirst PUCCH of larger priority index scheduled by a DCI format in a PDCCH reception
would overlap in time with a repetition of atransmission of a second PUSCH or a second PUCCH of smaller
priority index, the UE cancels the repetition of a transmission of the second PUSCH or the second PUCCH
before the first symbol that would overlap with the first PUCCH transmission

if atransmission of afirst PUSCH of larger priority index scheduled by a DCI format in a PDCCH reception
would overlap in time with a repetition of the transmission of a second PUCCH of smaller priority index, the UE
cancels the repetition of the transmission of the second PUCCH before the first symbol that would overlap with
the first PUSCH transmission

where

the overlapping is applicable before or after resolving overlapping among channels of larger priority index, if
any, as described in clauses 9.2.5 and 9.2.6

any remaining PUCCH and/or PUSCH transmission after overlapping resolution is subjected to the limitations
for UE transmission due to cell DRX operation or asdescribed in clauses 11.1, 11.1.1, 11.2A, 15and 17.2

the UE expects that the transmission of the first PUCCH or the first PUSCH, respectively, would not start before
Throc,2 After alast symbol of the corresponding PDCCH reception
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T

roc,2 1Sthe PUSCH preparation time for a corresponding UE processing capability assuming d,; = d, [6, TS

38.214], based on u and N, as subsequently defined in this clause, and d, is determined by areported UE
capability

If aUE is scheduled by a DCI format in afirst PDCCH reception to transmit a first PUCCH or afirst PUSCH of
larger priority index that overlaps with a second PUCCH or a second PUSCH transmission of smaller priority index
that, if any, is scheduled by a DCI format in a second PDCCH

Throc,2 1Sbased on avaue of u corresponding to the smallest SCS configuration of the first PDCCH, the

second PDCCHs, the first PUCCH or the first PUSCH, and the second PUCCHSs or the second PUSCHSs
- if the overlapping group includes the first PUCCH

- if processingType2Enabled of PDSCH-ServingCellConfig is set to enable for the serving cell where
the UE receives the first PDCCH and for all serving cells where the UE receives the PDSCHs
corresponding to the second PUCCHSs, and if processingType2Enabled of PUSCH-ServingCellConfig
is set to enable for the serving cells with the second PUSCHSs, N, is5for u = 0,5.5fory =1 and 11
foru =2

- €ese N,is10foru=0,12foru=1,23foru=2,36foru =3, 144 foru =5, and 288 for u = 6;
- if the overlapping group includes the first PUSCH

- if processingType2Enabled of PUSCH-ServingCellConfig is set to enable for the serving cells with
the first PUSCH and the second PUSCHs and if processingType2Enabled of PDSCH-
ServingCellConfig is set to enable for al serving cells where the UE receives the PDSCHs
corresponding to the second PUCCHS, N, is5for u = 0,5.5foru =1 and 11 for u = 2

- €ese N,is10foru=0,12foru=1,23foru =2,36foru = 3,144 foru =5, and 288 for u = 6;

If aPUSCH of larger priority index scheduled by a DCI format overlapsin time with a PUSCH of smaller priority
index with SP-CSI report(s) without a corresponding PDCCH in one or more symbols on the same carrier, and if the
earliest symbol of these PUSCH channels starts no earlier than N2+d2,1 symbols after the last symbol of the DCI
scheduling the PUSCH of larger priority index where ds,1 is the maximum of the d; associated with PUSCH of
larger priority index scheduled by a DCI format and the PUSCH of smaller priority index with SP-CSI report(s)
without a corresponding PDCCH, the PUSCH of smaller priority index with SP-CSI report(s) shall not be
transmitted by the UE. Otherwise, if the timeline requirement is not satisfied thisis an error case.

If a UE would transmit the following channels, including repetitionsif any, that would overlap in time

afirst PUCCH of larger priority index with SR and a second PUCCH or PUSCH of smaller priority index, or
aconfigured grant PUSCH of larger priority index and a PUCCH of smaller priority index, or

afirst PUCCH of larger priority index with HARQ-ACK information only in response to PDSCH(s)
reception without corresponding PDCCHY(s) and a second PUCCH of smaller priority index with HARQ-
ACK information only in response to PDSCHY(s) reception without corresponding PDCCH(s), or a second
PUCCH of smaller priority index with SR and/or CSl, or a configured grant PUSCH with smaller priority
index, or aPUSCH of smaller priority index with SP-CSI report(s) without a corresponding PDCCH, or

aPUSCH of larger priority index with SP-CS| report(s) without a corresponding PDCCH and a PUCCH of
smaller priority index with SR, or CSl, or HARQ-ACK information only in response to PDSCH(S) reception
without corresponding PDCCH(s), or

aconfigured grant PUSCH of larger priority index and a configured grant PUSCH of smaller priority index
or aPUSCH of smaller priority index with SP-CS| report(s) without a corresponding PDCCH on a same
serving cell

aPUSCH of larger priority index with SP-CSI report(s) without a corresponding PDCCH and a configured
grant PUSCH of smaller priority index or a PUSCH of smaller priority index with SP-CSI report(s) without a
corresponding PDCCH on a same serving cell

aPUSCH of smaller priority index scheduled by a DCI format and a configured grant PUSCH of larger
priority index on asame serving cell if the UE is provided prioLowDG-HighCG
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- aPUSCH of larger priority index scheduled by a DCI format and a configured grant PUSCH of smaller
priority index on a same serving cell if the UE is provided prioHighDG-LowCG

the UE is expected to cancel arepetition of the PUCCH/PUSCH transmissions of smaller priority index before the
first symbol overlapping with the PUCCH/PUSCH transmission of larger priority index if the repetition of the
PUCCH/PUSCH transmissions of smaller priority index overlapsin time with the PUCCH/PUSCH transmissions of
larger priority index. In case of a PUSCH of larger priority index scheduled by a DCI format in a PDCCH reception
and a configured grant PUSCH of smaller priority index on a same serving cell and the UE is provided
prioHighDG-LowCG

- the UE expects that the transmission of the PUSCH of larger priority index would not start before T,
after alast symbol of the corresponding PDCCH reception

= Tproc2 isthe PUSCH preparation time for a corresponding UE processing capability assuming d, ; = d; +
d; [6, TS 38.214], based on u and N, as subsequently defined in this clause, and d, and d; are determined by
areported UE capability

When a UE determines overlapping for PUCCH transmissions with SL HARQ-ACK reports and PUSCH of smaller
priority index, including repetitionsif any, after resolving the overlapping PUCCH other than PUCCH transmissions
with SL HARQ-ACK reports and/or PUSCH transmissions, if the PUSCH includes no UCI, the UE resolves the
overlapping for PUCCH transmissions with SL HARQ-ACK reports and PUSCH of smaller priority index as described
in clauses 9.2.5 and 9.2.6.

When a UE determines overlapping for PUCCH transmissions with SL HARQ-ACK reports and PUSCH of larger
priority index only, including repetitionsif any, after resolving the overlapping PUCCH other than PUCCH
transmissions with SL HARQ-ACK reports and/or PUSCH transmissions, the UE does not transmit the PUCCH with
SL HARQ-ACK reports

where

- the UE expects that the transmission of the PUSCH would not start before T, , + d, after alast symbol of the
corresponding PDCCH reception;

= Tproc,2 isthe PUSCH preparation time for a corresponding UE processing capability assuming d, ; = 0 [6, TS
38.214], based on u and N, as subsequently defined in this clause, and d, is determined by areported UE
capability.

The UE expects the PUCCH and PUSCH transmissions to fulfill the conditionsin clause 9 and clause 9.2.5 for UCI
multiplexing replacing the reference time of "end of PDSCH" with "end of the last symbol of alast PSFCH reception
occasion” asdescribed in 16.5 and Tproc,1 With Tprep.

A UE does not expect that a PUCCH carrying SL HARQ-ACK reports overlaps with PUSCH with aperiodic or semi-
persistent CSl reports.

A UE does not expect to be scheduled to transmit a PUCCH or a PUSCH with smaller priority index that would overlap
in time with aPUCCH of larger priority index with HARQ-ACK information only in response to a PDSCH reception
without a corresponding PDCCH unless the UE is provided uci-MuxWithDiffPrio. A UE does not expect to be
scheduled to transmit a PUCCH of smaller priority index that would overlap in time with a PUSCH of larger priority
index with SP-CSl report(s) without a corresponding PDCCH unless the UE is provided uci-MuxWithDiffPrio.

In the remaining of this clause, a UE multiplexes UCIs with same priority index in a PUCCH or a PUSCH before
considering limitations for UE transmission due to cell DRX operation or as described in clauses 11.1, 11.1.1, 11.2A, 15
and 17.2. A PUCCH or a PUSCH is assumed to have a same priority index as a priority index of UCIs a UE multiplexes
in the PUCCH or the PUSCH.

In the remaining of this clause, the multiplexing or prioritization for overlapping channels are for overlapping channels
with same priority index or for overlapping channels with a PUCCH carrying SL HARQ-ACK information unless
stated otherwise.

In the remaining of this clause, if a UE is provided subslotLengthForPUCCH for a cell for PUCCH transmission, a slot
for an associated PUCCH resource of a PUCCH transmission with HARQ-ACK information on the cell includes a
number of symbolsindicated by subsotLengthForPUCCH, unless stated otherwise.
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If a UE would transmit on a serving cell a PUSCH without UL-SCH that overlaps with a PUCCH transmission on a
serving cell that includes positive SR information, the UE does not transmit the PUSCH.

If a UE would transmit CSI reports on overlapping physical channels, the UE applies the priority rules described in [6,
TS 38.214] for the multiplexing of CSI reports.

If aUE

- would multiplex UCI in a PUCCH transmission that overlaps with a PUSCH transmission, and

- the PUSCH and PUCCH transmissions fulfil the conditionsin clause 9.2.5 for UCI multiplexing,
the UE

- multiplexes only HARQ-ACK information, if any, from the UCI in the PUSCH transmission and does not
transmit the PUCCH if the UE multiplexes aperiodic or semi-persistent CSI reports in the PUSCH,;

- multiplexes only HARQ-ACK information and CSI reports, if any, from the UCI in the PUSCH transmission
and does not transmit the PUCCH if the UE does not multiplex aperiodic or semi-persistent CSl reportsin the
PUSCH.

A UE does not expect to multiplex in a PUSCH transmission in one slot with SCS configuration u, UCI of same type
that the UE would transmit in PUCCHs in different slots with SCS configuration p, if u; < 5.

A UE does not expect to multiplex in a PUSCH transmission or in a PUCCH transmission HARQ-ACK information
that the UE would transmit in different PUCCHSs of a same priority index.

A UE does not expect a PUCCH resource that results from multiplexing overlapped PUCCH resources, if applicable, to
overlap with more than one PUSCHSs if each of the more than one PUSCHSs includes aperiodic CSI reports.

A UE does not expect to detect afirst DCI format having associated HARQ-ACK information without scheduling a
PDSCH reception, and indicating a resource for a PUCCH transmission withaHARQ-ACK codebook that would
include the HARQ-ACK information in aglot if the UE

- detects a second DCI format in a PDCCH monitoring occasion, that starts before a PDCCH monitoring occasion
for the first DCI format, that schedules a PUSCH transmission in the slot, and

- multiplexes the HARQ-ACK codebook in the PUSCH transmission in the slot.
If aUE

- isnot provided any of enableTypelHARQ-ACK-MuxForDL-AssignmentAfterUL-Grant , or enableType2HARQ-
ACK-MuxForDL-AssignmentAfter UL-Grant, or enableType3HARQ-ACK-MuxFor DL-AssignmentAfter UL-
Grant, or

- isprovided uci-MuxWithDiffPrio, or
- transmits a PUSCH without repetitions or transmits a first repetition of a PUSCH transmission,

the UE does not expect to detect afirst DCI format scheduling a PDSCH reception and indicating a resource for a
PUCCH transmission with corresponding HARQ-ACK information that would be included in aHARQ-ACK codebook
inadotif the UE

- previoudly detects a second DCI format scheduling the PUSCH transmission in the slot, and
- multiplexes the HARQ-ACK codebook in the PUSCH transmission in the slot.
If aUE

- isprovided enableTypelHARQ-ACK-MuxForDL-AssignmentAfter UL-Grant, or enableType2HARQ-ACK-
MuxForDL-AssignmentAfter UL-Grant, or enableType3HARQ-ACK-MuxForDL-AssignmentAfterUL-Grant, and

- isnot provided uci-MuxWithDiffPrio, and

- transmits arepetition of a PUSCH transmission in aslot other than afirst repetition,
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the UE includes, in aHARQ-ACK codebook, HARQ-ACK information associated with a PDSCH reception scheduled
by afirst DCI format, in afirst PDCCH monitoring occasion, indicating afirst resource for afirst PUCCH transmission
in the dot, when

- thefirst resource overlaps with the repetition of the PUSCH transmission
- the PUSCH transmission is scheduled by a second DCI format in a second PDCCH monitoring occasion, and
- the UE multiplexes the HARQ-ACK codebook in the PUSCH transmission in the sot, and

- thetimeline conditionsin clause 9.2.3 for PUCCH resource determination and the timeline conditions of T757 |
and T 4%, for multiplexing the HARQ-ACK information in the PUSCH, as described in clause 9.2.5, are

proc,2

satisfied,
where

- thefirst PUCCH resourceis same in the time domain as a second PUCCH resource that the UE determines for
the PUCCH transmission with the HARQ-ACK information in the slot if the UE is not provided
enableDiffPUCCH-Resource and the first PDCCH monitoring occasion starts after the second PDCCH
monitoring occasion, and

- the second PUCCH resource

- isindicated by thelast DL DCI format in athird PDCCH monitoring occasion that starts no later than the
second PDCCH monitoring occasion, or

- isfor the PUCCH transmission with the HARQ-ACK information associated only with SPS PDSCHs
activated by DCI formats in PDCCH monitoring occasions that start no later than the second PDCCH
monitoring occasion

- UE expects that the size of the HARQ-ACK codebook based on a DAI value of the second DCI format remains
the same if the UE is not provided enableDiffCB-Sze.

If a UE multiplexes aperiodic CSl in a PUSCH and the UE would multiplex UCI that includes HARQ-ACK
information in a PUCCH that overlaps with the PUSCH and the timing conditions for overlapping PUCCHs and
PUSCHs in clause 9.2.5 are fulfilled, the UE multiplexes only the HARQ-ACK information in the PUSCH and does not
transmit the PUCCH.

When a UE transmits multiple PUSCHSs on respective serving cellsin aslot with reference to slots for PUCCH
transmissions and the multiple PUSCHs overlap with a PUCCH carrying UCI in the slot, the UE selects all the PUSCHSs
overlapping with the PUCCH as the candidate PUSCHSs for UCI multiplexing within the slot.

If a UE would transmit a single PUSCH scheduled by a DCI format that includes a DAI field on aserving cell inasdlot
with reference to slots for PUCCH transmissions without any other PUSCH that would be transmitted on any serving
cell in the dot and the UE does not determine any PUCCH carrying HARQ-ACK information in the dot, or if the UE
indicates the corresponding capability mux-HARQ-ACK-withoutPUCCH-onPUSCH and the UE transmits multiple
PUSCHSs on respective serving cellsin a dlot with reference to slots for PUCCH transmissions and the UE does not
determine any PUCCH carrying HARQ-ACK information in the slot and at |east one of the multiple PUSCHsis
scheduled by a DCI format that includes a DAL field, the UE selects the single PUSCH or all the multiple PUSCHs in
the dot as the candidate PUSCHs for HARQ-ACK multiplexing within the slot except for any PUSCH among the
multiple PUSCHs that is scheduled by a DCI format that indicates a DAl valuethat is equal to 4 for each DAI value
indicated by 2 bits, if any, and is equal to O for each DAI value indicated by 1 bit, if any.

If aMsg3 PUSCH scheduled by a RAR UL grant or a DCI with CRC scrambled by TC-RNTI overlaps with a PUCCH,
the UE does not multiplex UCI on the Msg3 PUSCH.

The UE determines the PUSCH for UCI multiplexing by applying the following procedure on the candidate PUSCHs as
described in this clause:

- If the UE is provided sTx-2Panel, is provided ackNackFeedbackMode = separate, and would multiplex UCI that
includes HARQ-ACK information in a PUSCH, candidate PUSCHs for the UCI multiplexing are the ones
associated with same coresetPoollndex value as for a PUCCH transmission with the HARQ-ACK information.

- If the candidate PUSCHs that include first PUSCHSs that are scheduled by DCI formats and second PUSCHs
configured by respective ConfiguredGrantConfig or semiPersistentOnPUSCH, and the UE would multiplex UCI
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in one of the candidate PUSCHSs, and the candidate PUSCHSs fulfil the conditionsin clause 9.2.5 for UCI
multiplexing, the UE multiplexes the UCI in a PUSCH from the first PUSCHs.

- If the UE would multiplex UCI in one of the candidate PUSCHs and the UE does not multiplex aperiodic CSl in
any of the candidate PUSCHSs, the UE multiplexes the UCI in aPUSCH of the serving cell with the smallest
ServCelllndex subject to the conditions in clause 9.2.5 for UCI multiplexing being fulfilled. If the UE transmits
more than one PUSCHs in the slot on the serving cell with the smallest ServCelllndex that fulfil the conditionsin
clause 9.2.5 for UCI multiplexing, the UE multiplexes the UCI in the earliest PUSCH that the UE transmitsin
the dlot. If the UE is provided sTx-2Panel, is provided ackNackFeedbackMode = joint or the UCI does not
include HARQ-ACK information, and the UE would transmit two PUSCHs in the dlot that start at a same
symbol on the serving cell with smallest ServCelllndex and fulfil the conditionsin clause 9.2.5 for UCI
multiplexing, the UE multiplexes the UCI in the PUSCH from the two PUSCHSs associated with CORESET s that
the UE is not provided coresetPoolIndex or is provided coresetPool Index with avalue of 0.

If a UE transmits a PUSCH over one or more slots or multiple PUSCHs over one or more slots that are scheduled by a
DCI format, and the UE would transmit a PUCCH with HARQ-ACK and/or CSl information over asingle slot that
overlaps with the PUSCH transmission in the one or more slots, and the PUSCH transmission in the one or more slots
fulfills the conditions in clause 9.2.5 for multiplexing the HARQ-ACK and/or CSl information, the UE multiplexes the
HARQ-ACK and/or CSl information in the PUSCH transmission in the one or more slots. The UE does not multiplex
HARQ-ACK and/or CSI information in the PUSCH transmission in a slot from the one or more sotsif the UE would
not transmit a single-slot PUCCH with HARQ-ACK and/or CSI information in the slot in case the PUSCH transmission
was absent.

If a UE transmits a PUSCH with repetition Type B and the UE would transmit a PUCCH with HARQ-ACK and/or CS
information over asingle slot that overlaps with the PUSCH transmission in one or more slots, the UE expects all actual
repetitions of the PUSCH transmission [6, TS 38.214] that would overlap with the PUCCH transmission to fulfill the
conditionsin clause 9.2.5 for multiplexing the HARQ-ACK and/or CSI information, and the UE multiplexes the
HARQ-ACK and/or CSl information in the earliest actual PUSCH repetition of the PUSCH transmission that would
overlap with the PUCCH transmission and includes more than one symbol. The UE does not expect that all actual
repetitions that would overlap with the PUCCH transmission do not include more than one symbol.

If the PUSCH transmission over the one or more dotsis scheduled by a DCI format that includes a DAI field, or if the
multiple PUSCH transmissions over the one or more dots are scheduled by a DCI format that includes a DAI field, the
value of the DA field is applicable for multiplexing HARQ-ACK information in any PUSCH transmission in any slot

from the one or more slots where the UE multiplexes HARQ-ACK information.

When a UE would multiplex HARQ-ACK information in a PUSCH transmission that is configured by a
ConfiguredGrantConfig, and includes CG-UCI [5, TS 38.212], the UE multiplexes the HARQ-ACK information in the
PUSCH transmission if the UE is provided cg-UCI-Multiplexing; otherwise, if the HARQ-ACK information and the
PUSCH have same priority index, the UE does not transmit the PUSCH and multiplexes the HARQ-ACK information
ina PUCCH transmission or in another PUSCH transmission; if the HARQ-ACK information and the PUSCH have
different priority indexes, the UE does not transmit the channel with the smaller priority index.

In the following, DCI formats with CRC scrambled by C-RNTI or CS-RNTI or MCS-C-RNTI are also referred to as
unicast DCI formats and DCI formats with CRC scrambled by Multicast MCCH-RNTI, G-RNTI for multicast or G-CS-
RNTI are also referred to as multicast DCI formats. Corresponding unicast DCI formats are DCI formats

0 0/0 /0 2/0 3/1 0/2_1/1 2/1_3 and multicast DCI formats are DCI formats4 _0/4_1/4 2[4, TS 38.212]. PDSCH
receptions scheduled by unicast or multicast DCI formats are referred as unicast or multicast PDSCH receptions.
HARQ-ACK information associated with unicast or multicast DCI formats for PDCCH receptionsin
RRC_CONNECTED state are aso respectively referred as unicast or multicast HARQ-ACK information.

For the remaining of this clause, if a UE is provided K ofsset DY Cell SpecificKoffset or Kyg oset By aMAC CE
command, referenceto asot n + k for aPUCCH transmission or PUSCH transmission correspondsto aslot n + k +
21 HKoftset - K, gror fOr the PUSCH or the PUCCH transmission, and reference to aslot n; — K, correspondsto slot
ny — Ky — 2" Momer - K o, where p is the SCS configuration for the PUCCH transmission or PUSCH
transmission, Koz 1S defined in clause 4.2, and py . .. = 0 in FR1 and in FR2-NTN. If cell SecificKoffset or if the
MAC CE command is not provided, Kee) oftset = 0 OF Kyg ofrsec = 0, respectively. If the PUCCH or PUSCH
transmission is scheduled by a DCI format, or if SRS transmission is triggered by a DCI format, the value of Kyg oftset
isthe one that is applicable at the slot overlapping with the last symbol of the PDCCH reception providing the DCI
format. If the PUCCH transmission or the PUSCH transmission is scheduled by a DCI format with CRC scrambled by
TC-RNTI, Kyg,oftset = 0. If the UE is provided a Kyg oftsec Value by a MAC CE command, the UE appliesthe MAC CE

command in the first dot that is after slot k + 3NSUPFameH \yhere k isthe slot where the UE would transmit a PUCCH

slot
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with HARQ-ACK information for the PDSCH providing the MAC CE command, u is the SCS configuration for the
PUCCH transmission that is determined in the slot when the MAC CE command is applied.

9.A PUCCH cell switching

This clause is applicable when a UE is provided a PUCCH-sSCell by pucch-sSCell and the PUCCH-sSCell is activated
and does not have a dormant UL/DL active BWP. This clause is not applicable for slots with N¥°t symbols[4, TS

sym
38.211] of areference SCS configuration provided by tdd-UL-DL-ConfigurationCommon for the PCell where the UE
would transmit a PUCCH with Niies,>1 repetitions of any priority, starting from the slot following the slot indicated
to the UE as described in clause 9.2.3 for HARQ-ACK reporting, or following the slot determined as described in

clause 9.2.4 for SR reporting, or in clause 5.2.1.4 of [6, TS 38.214] for CSl reporting, until the slot of the last repetition
of the PUCCH transmission, as described in clause 9.2.6 if the UE is provided PUCCH-sSCellPattern.

A UE can be provided a periodic cell switching pattern for PUCCH transmissions by pucch-sSCellPattern. Each bit of

slot

the pattern correspondsto aslot with N, symbols[4, TS 38.211] for areference SCS configuration provided by tdd-
UL-DL-ConfigurationCommon for the PCell with avalue of ‘0" or avalue of ‘1" indicating, respectively, the PCell or the
PUCCH-sSCell as the cell for PUCCH transmissions during the slot with Nzly‘;; symbols of the reference SCS
configuration. The UE does not transmit a PUCCH in aslot on acell if the pattern indicates a different cell for PUCCH
transmission during the slot._A slot on the active UL BWP of the PUCCH-sSCell does not overlap with more than one
dot on the active UL BWP of the PCell. If adlot for the active UL BWP of the PCell overlaps with more than one slot
on the active BWP of the PUCCH-sSCell and the UE would transmit a PUCCH on the PUCCH-sSCell, the UE
considersthe first of the overlapping slots for the PUCCH transmission on the PUCCH-sSCell.

If aUE is provided pucch-sSCelIDyn or pucch-sSCellIDynDCI-1-2 or pucch-sSCel|DynDCI-1-3, a corresponding DCI
format associated with generation of HARQ-ACK information by the UE can include a PUCCH cell indicator field [5,
TS 38.212] with avalue of '0' or avalue of '1' indicating, respectively, whether a PUCCH transmission with the HARQ-
ACK information by the UE is on the PCell or on the PUCCH-sSCell. When the UE transmits a PUCCH with HARQ-
ACK information that is associated only with SPS PDSCH receptions, the UE transmits the PUCCH on the PCell. The
UE does not expect the PUCCH cell indicator field to indicate the PUCCH-sSCell for a PUCCH transmissionin a slot
that overlaps with a dot on the PCell where the UE would transmit another PUCCH of same or different priority index.

A UE transmits a PUCCH on a PUCCH-sSCell with a power that the UE determines as described in clause 7.2.1, where
the UE applies

- ap0-PUCCH-Value from pucch-PowerControl in PUCCH-Config for the PUCCH-sSCell for the determination
of Po,puccrp,f.c(qu)

- apucch-PathlossReferenceRS 1d from pucch-Power Control in PUCCH-Config for the PUCCH-sSCell for the
determination of PL;, ¢ .(q4)

- aPUCCH power control adjustment state g, o (i, 0) for active UL BWP b of the UL carrier of PUCCH-sSCell ¢
and PUCCH transmission occasion i where Spyccp,p o, (i, 0) isa TPC command value included in a DCI format
associated with generation of HARQ-ACK information for multiplexing in a PUCCH transmission on the
PUCCH-sSCedll asindicated either by a pucch-sSCellPattern or by a PUCCH cell indicator field in the DCI
format, or provided by DCI format 2_2 with CRC scrambled by TPC-PUCCH-RNT]I for the PUCCH-sSCell as
described in clause 11.3

9.1 HARQ-ACK codebook determination

If aUE is provided pdsch-HARQ-ACK-CodebookList, the UE can be indicated by pdsch-HARQ-ACK-CodebookList to
generate one or two HARQ-ACK codebooks. If the UE isindicated to generate one HARQ-ACK codebook, the HARQ-
ACK codebook is associated with a PUCCH of priority index 0. If aUE is provided pdsch-HARQ-ACK-CodebookList,
the UE multiplexes in a same HARQ-ACK codebook only HARQ-ACK information associated with a same priority
index. If the UE isindicated to generate two HARQ-ACK codebooks

- afirs HARQ-ACK codebook is associated with a PUCCH of priority index 0 and a second HARQ-ACK
codebook is associated with a PUCCH of priority index 1

- theUE isprovided first and second for each of { PUCCH-Config, UCI-OnPUSCH, PDSCH-
codeBlockGroupTransmission} by { PUCCH-ConfigurationList, UCI-OnPUSCH-ListDCI-0-1, PDSCH-
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CodeBlockGroupTransmissionList} or { PUCCH-ConfigurationList, UCI-OnPUSCH-ListDCI-0-2, PDSCH-
CodeBlockGroupTransmissionList}, respectively, for use with the first and second HARQ-ACK codebooks,
respectively

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 the UE generates two HARQ-
ACK codebooks, the UE isindicated by harg-Codebooki D, per SPS PDSCH configuration, a HARQ-ACK codebook
index for multiplexing the corresponding HARQ-ACK information bit.

If aUE is provided pdsch-HARQ-ACK-OneShotFeedback and the UE detects a DCI format in any PDCCH monitoring
occasion that includes a One-shot HARQ-ACK request field with value 1

- the UE includesthe HARQ-ACK information in a Type-3 HARQ-ACK codebook, as described in clause 9.1.4

- the UE does not expect that the PDSCH-to-HARQ_feedback timing indicator field of the DCI format provides
an inapplicable value from dl-DataToUL-ACK-r16 or dI-DataToUL-ACK-r17

In the remaining of this clause, reference isto one HARQ-ACK codebook and to DCI formats that schedule PDSCH
reception, or have associated HARQ-ACK information without scheduling a PDSCH reception and are associated with
the HARQ-ACK codebook.

If aUE isrequired to receive SPS PDSCHsin a dot according to Clause 5.1 of [6] and Clause 11.1 for SPS
configurations that are indicated to be released by a DCI format, the UE is not expected to receive the DCI format in the
dot if the end of the last symbol of the PDCCH reception is after the end of alast symbol of any of the SPS PDSCH
receptions. For a SPS configuration subject to pdsch-AggregationFactor or pdsch-AggregationFactor-r16, the UE is not
expected to receive the DCI format in a slot containing a SPS PDSCH transmission occasion other than the first
transmission occasion required to be received by the UE for a TB.

If aUE is configured to receive SPS PDSCHs in aslot for SPS configurations that are indicated to be released by a DCI
format, and if the UE receives the PDCCH providing the DCI format in the dot, and if HARQ-ACK information for the
SPS PDSCH release and the SPS PDSCH receptions would be multiplexed in a same PUCCH, the UE does not expect
to receive the SPS PDSCHSs, does not generate HARQ-ACK information for the SPS PDSCH receptions, and generates
aHARQ-ACK information bit for the SPS PDSCH release.

If aUE is configured to receive SPS PDSCH(s) in aslot for SPS configuration(s), the UE does not expect to receive a
PDCCH providing aDCI format in the ot to indicate SPS PDSCH release of these SPS configuration(s), if HARQ-
ACK information for the SPS PDSCH release and the SPS PDSCH reception(s) would map to different PUCCHs.

If aUE detectsaDCI format 1_1 or aDCI format 1_3 indicating
- SCell dormancy without scheduling a PDSCH reception, as described in clause 10.3, and
- isprovided pdsch-HARQ-ACK-Codebook = dynamic or pdsch-HARQ-ACK-Codebook-r16

the UE generates a HARQ-ACK information bit as described in clause 9.1.3 for aDCI format 1_1 or aDCI format 1_3
indicating SCell dormancy without scheduling a PDSCH reception and the HARQ-ACK information bit valueis ACK.

If aUE is not provided PDSCH-CodeBlockGroupTransmission, the UE generates one HARQ-ACK information bit per
transport block.

For aHARQ-ACK information bit, a UE generates a positive acknowledgement (ACK) if the UE detects a DCI format
that provides a SPS PDSCH release or detects a DCI format that does not schedule PDSCH reception and indicates a
TCI state update or correctly decodes a transport block, and generates a negative acknowledgement (NACK) if the UE
does not correctly decode the transport block. A HARQ-ACK information bit value of O representsaNACK while a
HARQ-ACK information bit value of 1 represents an ACK.

In the following, the CRC for aDCI format is scrambled with a C-RNTI, an MCS-C-RNTI, or aCS-RNTI, or a G-
RNTI for multicast, or a G-CS-RNTI.

In the following, if the value of maxNrofCodeWordsScheduledByDCl is not provided, the value of
maxNrofCodeWor dsScheduledByDCI equals one.
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9.1.1 CBG-based HARQ-ACK codebook determination

If aUE is provided PDSCH-CodeBlockGroupTransmission for a serving cell, the UE receives a PDSCH scheduled by

DCI format 1_1, that includes code block groups (CBGs) of atransport block. The UE is also provided

maxCodeBlockGroupsPer TransportBlock indicating a maximum number Nyg3a acic. of CBGs for generating

respective HARQ-ACK information bits for a transport block reception for the serving cell.

For a number of C code blocks (CBs) in atransport block, the UE determines a number of CBGs M according to clause

5.1.7.1 of [6, TS 38.214] and determines anumber of HARQ-ACK bits for the transport block as Nigann. ack = M.

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 generatesaNACK for the HARQ-ACK information bit of a CBG if the UE incorrectly received at |least
one code block of the CBG. If the UE receives two transport blocks, the UE concatenates the HARQ-ACK information
bits for CBGs of the second transport block after the HARQ-ACK information bits for CBGs of the first transport

block.

The HARQ-ACK codebook includes the Nyjapoac . HARQ-ACK information bitsin ascending order of CBG index

and, if Nijaporack < Nitanarack: for atransport block, the UE generates aNACK value for the last Nijapo- ack . —

Nianaack 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 Nﬁﬁﬁé{im CBGs and does not correctly detect the transport block for the

Nﬁﬁﬁé{im CBGs, the UE generates aNACK value for each of the Nﬁﬁﬁé{im CBGs.

9.1.2 Type-1 HARQ-ACK codebook determination

This clause appliesif the UE is configured with pdsch-HARQ-ACK-Codebook = semi-static. In clauses 9.1.2, 9.1.2.1,
and 9.1.2.2, if the UE is configured with pdsch-HARQ-ACK-Codebook = semi-static for only one of unicast or multicast
HARQ-ACK codebook, the Type-1 HARQ-ACK codebook is generated considering only one of respective unicast or
multicast configurations for PDSCH receptions or for PDCCH monitoring for detection of DCI formats.

A UE does not provide a Type-1 HARQ-ACK codebook if the Type-1 HARQ-ACK codebook would include only
HARQ-ACK information for transport blocks associated with HARQ processes with disabled HARQ-ACK
information.

If a UE is provided downlinkHARQ-FeedbackDisabled indicating disabled HARQ-ACK information for aHARQ
process associated with atransport block in PDSCH reception occasion m on serving cell ¢, the UE reports a NACK
value for aHARQ-ACK information bit corresponding to the transport block in a Type-1 HARQ-ACK codebook and
does not consider the transport block as received in the determination of Neceived in clause 9.1.2.1. If the UE isalso
provided PDSCH-CodeBlockGroupTransmission, the UE reports NACK values for HARQ-ACK information bits
corresponding to CBGs of the transport block in the Type-1 HARQ-ACK codebook and does not consider the CBGs as
received in the determination of N1cc®V*®“BC jn dlause 9.1.2.1. If the UE is also provided harg-

feedbackEnablingfor SPSactive = 'enabled’, the UE considers a HARQ process associated with a transport block in a
first SPS PDSCH reception, after an activation of SPS PDSCH receptions, to have enabled HARQ-ACK information
and the UE providesaHARQ-ACK information bit according to a decoding outcome for the transport block in the first
SPS PDSCH reception.

If a UE reports HARQ-ACK information associated with a G-RNTI for multicast or a G-CS-RNTI with disabled
HARQ-ACK information, as described in clause 18, a value of the HARQ-ACK information is a UE implementation
choice.

A UE reports HARQ-ACK information for a corresponding PDSCH reception or SPS PDSCH release or TCI state
update only inaHARQ-ACK codebook that the UE transmitsin a dot indicated by avalue of a PDSCH-to-
HARQ_feedback timing indicator field in a corresponding DCI format or provided by dI-DataToUL-ACK or dI-
DataToUL-ACK-r16 or dI-DataToUL-ACK-DCI-1-2 or dI-DataToUL-ACK-r17 or dl-DataToUL-ACK-v1700 or dl-
DataToUL-ACK-DCI-1-2-r17 if the PDSCH-to-HARQ _feedback timing indicator field is not present in the DCI format
as described in clause 9.2.3. The UE reports NACK value(s) for HARQ-ACK information bit(s) inaHARQ-ACK
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codebook that the UE transmitsin aslot not indicated by a value of a PDSCH-to-HARQ _feedback timing indicator
field in acorresponding DCI format.

If aUE is not provided pdsch-HARQ-ACK-OneShotFeedback, the UE does not expect to receive a PDSCH scheduled
by a DCI format that the UE detects in any PDCCH monitoring occasion and includes a PDSCH-to-HARQ_feedback
timing indicator field providing an inapplicable value from dl-DataToUL-ACK-r16 or diI-DataToUL-ACK-r17.

If the UE is provided pdsch-AggregationFactor-r16 in SPS-Config, or pdsch-AggregationFactor in PDSCH-Config and
no entry in pdsch-TimeDomainAllocationList and pdsch-TimeDomainAllocationListDCI-1-2 includes repetitionNumber

in PDSCH-TimeDomainResourceAllocation-r16, Nypeer - isamaximum value of pdsch-AggregationFactor-r16 in
SPS-Config, or pdsch-AggregationFactor in PDSCH-Config; otherwise Nprheay ™ = 1. The UE reports HARQ-ACK
information for a PDSCH reception

- from DL dot n, — Npphens + 1 t0 DL Slot np, if Nppess 1S provided by pdsch-AggregationFactor or pdsch-
AggregationFactor-r16 [6, TS 38.214], or

- fromDL dot np — repetitionNumber + 1 to DL dot np, if the time domain resource assignment field in the
DCI format scheduling the PDSCH reception indicates an entry containing repetitionNumber, or

- inDL dot ny, otherwise
only inaHARQ-ACK codebook that the UE includesin a PUCCH or PUSCH transmissionin slot n + k, wheren is

- an UL dot overlapping with the end of the PDSCH reception in DL slot n, if the UE is provided
subslotLengthForPUCCH for the HARQ-ACK codebook

- theUL dotisonthe primary cell if the UE is provided pucch-sSCell Pattern; otherwise, the UL slot is on the
serving cell of the PUCCH transmission

- thelast UL dot for PUCCH transmission overlapping with DL slot n, if the UE is not provided
subdlotLengthForPUCCH for the HARQ-ACK codebook

- thelast UL dot ison the primary cell if the UE is provided pucch-sSCellPattern; otherwise, the last UL dlot
ison the serving cell of the PUCCH transmission

and k isanumber of slotsindicated by the PDSCH-to-HARQ_feedback timing indicator field in a corresponding DCI
format, or provided by dI-DataToUL-ACK or dI-DataToUL-ACK-r16 or dl-DataToUL-ACK-DCI-1-2 or dl-DataToUL-
ACK-r17 or dl-DataToUL-ACK-v1700 or di-DataToUL-ACK-DCI-1-2-r17 if the PDSCH-to-HARQ_feedback timing
indicator field is not present in the DCI format. If the UE reports HARQ-ACK information for the PDSCH reception in
adot other than dot n + k, the UE sets a value for each corresponding HARQ-ACK information bit to NACK.

If aUE is provided pdsch-HARQ-ACK-Codebook = 'semi-static' for unicast or multicast HARQ-ACK information, the
UE reports HARQ-ACK information in a PUCCH only for one of

- aSPSPDSCH release indicated by DCI format 1_0 or by DCI format 4_1, with counter DAI field value of 1, or

- aPDSCH reception providing atransport block having enabled HARQ-ACK information report and scheduled
by DCI format 1_0 or by DCI format 4_1, with counter DAI field value of 1 on the PCell, or

- SPSPDSCH receptions with transport blocks having enabled HARQ-ACK information reports,

inthe M, . occasions for candidate PDSCH receptions as determined in clause 9.1.2.1, in which case the UE generates a
HARQ-ACK information only for the SPS PDSCH release, or only for the PDSCH reception, or only for SPS PDSCH
receptions according to corresponding M, . occasions on respective serving cells, where the value of counter DAI in
DCI format 1 0 or in DCI format 4_1 isaccording to Table 9.1.3-1 and HARQ-ACK information bits in response to
more than one SPS PDSCH receptions that the UE is configured to receive are ordered according to the following
pseudo-code; otherwise, the proceduresin clause 9.1.2.1 and clause 9.1.2.2 for aHARQ-ACK codebook determination

apply.

In the following pseudo-code, SPS PDSCH receptions associated with a SPS PDSCH configuration are activated by a
DCI format with CRC scrambled by a CS-RNTI or by a DCI format with CRC scrambled by a G-CS-RNTI.
Set N2k to the number of serving cells configured to the UE

cells

Set NSPS to the number of SPS PDSCH configurations configured to the UE for serving cell ¢
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Set NP to the number of DL slots for SPS PDSCH receptions on serving cell ¢ with HARQ-ACK information
multiplexed on the PUCCH
Set j = 0 — HARQ-ACK information bit index
Set ¢ = 0 —serving cell index: lower indexes correspond to lower RRC indexes of corresponding cell

whilec < N2k

Set s = 0 — SPSPDSCH configuration index: lower indexes correspond to lower RRC indexes of corresponding
SPS configurations

whiles < NSPS
Set np, = 0 —dot index
whilen, < NPt
if {

aUE is configured to receive SPS PDSCHs from slot n, — N rhew + 1 to dlot ny, for SPS
PDSCH configuration s on serving cell ¢, excluding SPS PDSCHs that are not required to be
received in any slot among overlapping SPS PDSCHs, if any according to [6, TS 38.214], or based
on a UE capability for a number of PDSCH receptionsin a slot according to [6, TS 38.214], or due
to overlapping with a set of symbols

- indicated as uplink by tdd-UL-DL-ConfigurationCommon or by tdd-UL-DL-
ConfigurationDedicated, and/or

- determined as non-active period of cell DTX [11, TS 38.321]

where, for unicast SPS PDSCHSs, N, 2o is provided by pdsch-AggregationFactor-r16 in SPS-
Config or, if pdsch-AggregationFactor-r16 is not included in SPS-Config, by pdsch-
AggregationFactor in PDSCH-config and, for multicast SPS PDSCHS, N rhers is provided by
repetitionNumber if contained in an entry indicated by the time domain resource assignment
field in the DCI format scheduling the PDSCH repetition, or provided by pdsch-

AggregationFactor-r16 if included in SPS-Config or, otherwise, N} rhers = 1, and
HARQ-ACK information for the SPS PDSCH is associated with the PUCCH
}
/' = HARQ-ACK information bit for this SPS PDSCH reception
j=it1
end if
np =np+1;
end while
s=s+1,
end while
c=c+1,

end while

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

For aserving cell ¢, an active DL BWP, and an active UL BWP, as described in clause 12, the UE determines a set of
M, . occasions for candidate PDSCH receptions for which the UE can transmit corresponding HARQ-ACK information
inaPUCCH indot ny. If serving cell ¢ is deactivated, the UE uses as the active DL BWP for determining the set of
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M, . occasions for candidate PDSCH receptions a DL BWP provided by firstActiveDownlinkBWP-Id. The
determination is based:

a)

on aset of sot timing values K; associated with the active UL BWP on the primary cdll or, if the PUCCH
transmission isindicated by a DCI format to be on the PUCCH-sSCell as described in clause 9A, on a set of dot
timing values K, associated with the active UL BWP on the PUCCH-sSCell

If the UE is configured to monitor PDCCH for DCI format 1_0 and is not configured to monitor PDCCH for
DCI format 1_1/1_2/1 3for serving cell ¢, or the active DL BWP for serving cell ¢ isdormant BWP, K is
provided by the dlot timing values {1, 2, 3, 4, 5, 6, 7, 8} for SCS configuration of PUCCH transmission y <
3,{7, 8,12, 16, 20, 24, 28, 32} for u = 5, and { 13, 16, 24, 32, 40, 48, 56, 64} foru = 6

If the UE is configured to monitor PDCCH for DCI format 1_1/1 3 and is not configured to monitor PDCCH
for DCI format 1_2 for serving cell ¢, K; is provided by dl-DataToUL-ACK or dI-DataToUL-ACK-r16 or dI-
DataToUL-ACK-r17 or dl-DataToUL-ACK-v1700

If the UE is configured to monitor PDCCH for DCI format 1_2 and is not configured to monitor PDCCH for
DCI format 1_1/1_3for serving cell ¢, K, isprovided by dI-DataToUL-ACK-DCI-1-2 or dl-DataToUL-ACK-
DCI-1-2-r17

If the UE is configured to monitor PDCCH for DCI format 1_1/1 3 and DCI format 1_2 for serving cell c,
K; isprovided by the union of di-DataToUL-ACK or dI-DataToUL-ACK-r16 or dl-DataToUL-ACK-r17 or
di-DataToUL-ACK-v1700 and dl-DataToUL-ACK-DCI-1-2 or dl-DataToUL-ACK-DCI-1-2-r17

If aninapplicable value in di-DataToUL-ACK-r16 or dl-DataToUL-ACK-r17 is provided, the valueis
excluded from K;

If the UE is configured to monitor PDCCH for multicast DCI formats for serving cell ¢

- if the UE is provided fdmed-ReceptionMulticast or if the UE is not provided
typelCodebookGenerationMode = 'model’

- if the UE is configured to monitor PDCCH for DCI format 4_2, dI-DataToUL-ACK or DL-DataToUL-
ACK-v1700 is provided by pucch-ConfigMulticastl/pucch-ConfigurationListMulticastl if provided;
otherwise, by pucch-Config/pucch-ConfigurationList

- if UE s configured to monitor PDCCH for DCI format 4_1, K; for multicast, K y, is provided by
the union of dI-DataToUL-ACK or DL-DataToUL-ACK-v1700 and dI-DataToUL-ACK-
MulticastDCI-Format4-1, if provided; otherwise, by the union of dl-DataToUL-ACK or DL-
DataToUL-ACK-v1700 and the dlot timing values {1, 2, 3, 4, 5, 6, 7, 8} for SCS configuration of
PUCCH transmissionu < 3

- otherwise, K, \; is provided by di-DataToUL-ACK or DL-DataToUL-ACK-v1700

- otherwise, K; v isprovided by dl-DataToUL-ACK-ForDCI Format4-1 if provided; otherwise, by the
dot timing values{1, 2, 3, 4, 5, 6, 7, 8} for SCS configuration of PUCCH transmission u < 3

- dse if the UE is provided typelCodebookGenerationMode = 'model’, the UE

- determinesafirst K; yyv set as K; N Ky v, asecond Ky yyv Set as K; \Kq ym, and athird Ky Set as
Kl,M\Kl,UM
- if the UE is configured to monitor PDCCH for DCI format 4_2, dI-DataToUL-ACK or DL-DataToUL-

ACK-v1700 is provided by pucch-ConfigMulticastl/pucch-ConfigurationListMulticastl if provided,
otherwise, by pucch-Config/pucch-ConfigurationList

- if UEisconfigured to monitor PDCCH for DCI format 4_1, K, \, is provided by the union of dl-
DataToUL-ACK or DL-DataToUL-ACK-v1700 and dI-DataToUL-ACK-MulticastDCI-Format4-1,
if provided; otherwise, by the union of dlI-DataToUL-ACK or DL-DataToUL-ACK-v1700 and the
dot timing values{1, 2, 3,4, 5, 6, 7, 8 for SCS configuration of PUCCH transmission u < 3

- otherwise, K; v isprovided by dl-DataToUL-ACK or DL-DataToUL-ACK-v1700
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- otherwise, K; v isprovided by dl-DataToUL-ACK-ForDCI Format4-1 if provided; otherwise, by the
dot timing values{1, 2, 3, 4, 5, 6, 7, 8} for SCS configuration of PUCCH transmission u < 3

b) onaset of row indexes R of atablethat is associated with the active DL BWP and defining respective sets of
dot offsets K|, start and length indicators SL1V, and PDSCH mapping types for PDSCH reception as described
in[6, TS 38.214], where the row indexes R of the table are provided by

- theunion of row indexes of time domain resource allocation tables for DCI formats the UE is configured
to monitor PDCCH for serving cell ¢ if the UE is not configured to monitor PDCCH for multicast DCI
formats for serving cell ¢, or isnot provided typelCodebookGenerationMode = 'model’ and is hot
provided fdmed-ReceptionMulticast, or, if any, for the first K; ;v set

- theunion of row indexes of time domain resource allocation tables for DCI format 1_0 and/or DCI format
1 1 and/or DCI format 1_2 for serving cell ¢ if UE is provided fdmed-ReceptionMulticast, or for the
second Ky y\m Set, if any

- the union of row indexes of time domain resource allocation tables for multicast DCI formats the UE is
configured to monitor PDCCH for serving cell ¢ if UE is provided fdmed-ReceptionMulticast, or for the
third Ky Set, if any

- if the UE is provided referenceOfSLIVDCI-1-2, for each row index with slot offset K, = 0 and PDSCH
mapping Type B in a set of row indexes of atable for DCI format 1_2 [6, TS 38.214], for any PDCCH
monitoring occasion in any slot where the UE monitors PDCCH for DCI format 1_2 and with starting
symbol S, > 0,if S + S, + L < 14 for normal cyclic prefix and S + S, + L < 12 for extended cyclic prefix,
add a new row index in the set of row indexes of the table by replacing the starting symbol S of the row index
by S + S,

c) ontheratio 2#pL~HuL between the downlink SCS configuration up;, and the uplink SCS configuration py;,
provided by subcarrier Spacing in BWP-Downlink and BWP-Uplink for the active DL BWP and the active UL
BWP, respectively

d) if provided, on tdd-UL-DL-ConfigurationCommon and tdd-UL-DL-ConfigurationDedicated as described in
clause11.1

e) if ca-SotOffset is provided, on NO% et @ Hogsserpr,c Provided by ca-SlotOffset for serving cell ¢, or on
Nlor ofiset. @ Uogsser . Provided by ca-SotOffset for the primary cell, as described in [4, TS 38.211].

If aUE

- isnot provided coresetPoollndex or is provided coresetPoollndex with a value of O for first CORESETs on
active DL BWPs of serving cells, and

- isprovided coresetPoollndex with avalue of 1 for second CORESETs on active DL BWPs of the serving cells,
and

- isprovided ackNackFeedbackMode = joint

- aserving cell isplaced in afirst set Sy of N2+ serving cellsif the serving cell includes a first CORESET, and

cells

- aserving cell is placed in asecond set S; of N2! serving cellsif the serving cell includes a second CORESET,
and

- serving cells are placed in a set according to an ascending order of a serving cell index

the UE generates a Type-1 HARQ-ACK codebook for the set Sy and the set S, of serving cells separately by setting
N2 = N2:0 and N2k = N2k! in the following pseudo-code. The UE concatenates the HARQ-ACK codebook

generated for the set S, followed by the HARQ-ACK codebook generated for the set S; to obtain atotal number of O,k
HARQ-ACK information bits.

If aUE is provided fdmed-ReceptionMulticast and the UE is configured to monitor PDCCH for detection of unicast
DCI formats and to monitor PDCCH for detection of multicast DCI formats
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- aserving cell isplaced in afirst set S, of N2:Y serving cellsif the UE is configured to monitor PDCCH for DCI

formats 1 _0/1 1/1 2 for scheduling on serving cell ¢, and

- aserving cell is placed in asecond set Sy, of N2 serving cells if the UE is configured to monitor PDCCH for

detection of DCI format 4_1/4 2 for scheduling on serving cell ¢, and
- serving cells are placed in a set according to an ascending order of a serving cell index

the UE generates a Type-1 HARQ-ACK codebook for the set S, and the set Sy, of serving cells separately by setting
NE2E = NPMYU and using the maxNrofCodeWor dsScheduledByDCI provided in PDSCH-config for the set S, and setting

cells

NRE = NPMM maxCodeBl ockGroupsPer TransportBlock to 1, and using the maxNrofCodeWordsScheduledByDCI

cells ?

provided in PDSCH-configMulticast for the set Sy, in the following pseudo-code. The UE concatenates the HARQ-
ACK codebook generated for the set S, followed by the HARQ-ACK codebook generated for the set Sy, to obtain a
total number of 0,cx HARQ-ACK information bits.

If the UE is configured to monitor PDCCH for DCI formats with CRC scrambled by G-RNTI for multicast or G-CS-
RNTI and is provided typel-Codebook-Generation-Mode = 'model’, the UE separately applies the following pseudo-
code for each of the first K; yu Set, the second Ky y\m Set, and third K, \y Set asthe set of slot timing values K, and for

the corresponding sets of row indexes as R to obtain first, second, and third Type-1 HARQ-ACK sub-codebooks, and
concatenates the first, second, and third, Type-1 HARQ-ACK sub-codebooks to obtain the Type-1 HARQ-ACK
codebook. The UE sets maxCodeBlockGroupsPer TransportBlock to 1 for determining the third Type-1 HARQ-ACK
sub-codebook.

If the UE is configured to monitor PDCCH for DCI formats with CRC scrambled by G-RNTI for multicast or G-CS-
RNTI and is not provided fdmed-ReceptionMulticast, the UE generates a Type-1 HARQ-ACK codebook using the
maximum value of maxNrofCodeWordsScheduledByDCI in PDSCH-config and PDSCH-configMulticast in the
following pseudo-code.

If timeDomainHARQ-BundlingTypel is provided
- SetR; =R
- set R, tothe set of row indexes that include the last SLIV of each row of set Ry

If the set of rows R includes arow with more than one SLIV entry as described in [6, TS 38.214] and
timeDomainHARQ-BundlingTypel is not provided, the set of rows R and the set of slot timing values K; are updated in
this clause according to the following pseudo-code.

set R to the set of rows
set ¢(R) to the cardinality of R
setr = 0 —index of row in set R
SetR;=0¢
stk ;=0
whiler < ¢(R)
set P.to the set of entries for row r

set K - to the set of K, values of entries for row r

set AK, = rr}(%x(l(o_r) - Ko,

set 2(P,) to the cardinality of P.
set ¢(AKy,,) to the cardinality of AK,
set p = 0 —index of element in Pset d = 0 —index of element in AK, ,

whilep < ¢(P,)
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Rr =Ry UR(p);
p=p+1
end while
while d < ¢(AKy,)
Kyr = Ky r U (Ky + [AKy, (@) - 2#07#oL]|) U (Ky + |AK,(d) - 2KuLkoL]);
d=d+1;
end while
r=r+1,
end while
K, =K,

For the set of slot timing valuesK;, the UE determines a set of M, . occasions for candidate PDSCH receptions or SPS
PDSCH releases or TCI state update according to the following pseudo-code. A location in the Type-1 HARQ-ACK
codebook for HARQ-ACK information corresponding to a single SPS PDSCH release is same as for a corresponding
SPS PDSCH reception. A location in the Type-1 HARQ-ACK codebook for HARQ-ACK information corresponding to
multiple SPS PDSCH releases by asingle DCI format is same as for a corresponding SPS PDSCH reception with the
lowest SPS configuration index among the multiple SPS PDSCH releases. If a UE provides HARQ-ACK information
corresponding to detection of a DCI format that provides TCI state update without scheduling PDSCH reception, as
described in [6, TS 38.214], alocation in the Type-1 HARQ-ACK codebook for the HARQ-ACK information is same
as when the DCI format schedules a PDSCH reception with CBGs or with transport blocks that are correctly decoded.

In the following pseudo-code, the subslotLengthForPUCCH is for the primary cell if the UE is provided pucch-
sSCellPattern; otherwise, subslotLengthForPUCCH is for the serving cell of the PUCCH transmission.

Set j = 0 - index of occasion for candidate PDSCH reception or SPS PDSCH release or TCI state update

SetB=9

SetMy =9

Set ¢(K;) to the cardinality of set K;

Set k = 0 —index of slot timing values K; 4, in descending order of the slot timing values, in set K; for serving cell ¢

If aUE is not provided ca-SotOffset for any serving cell of PDSCH receptions and for the serving cell of corresponding
PUCCH transmission with HARQ-ACK information

while k < ¢(Ky)

if mod (nU — K ;o + 1, max(2#vL7HDL, 1)) = 0 or subslotLengthForPUCCH is provided for the HARQ-ACK
codebook

Set n, = 0 —index of aDL dlot overlapping with an UL dot

Set Ny to anumber of DL slots overlapping with UL slot n; — K; ; if subslotLengthForPUCCH is provided for
the HARQ-ACK codebook; otherwise, N, = max(2#pL~HUL 1)

whilen,, < N,

if pdsch-TimeDomainAllocationListForMultiPDSCH and timeDomainHARQ-BundlingTypel are provided
for serving cell ¢

R = Ry,

R' = R7;
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elseif pdsch-TimeDomainAllocationListForMultiPDSCH is provided and timeDomainHARQ-BundlingTypel
is not provided for serving cell ¢

R = Rr;

else

Set R to the set of rows

end if

Set ¢(R) to the cardinality of R

Set r = 0 —index of row in set R

if dot ny starts at a sametime as or after adot for an active DL BWP change on serving cell ¢ or an active

UL BWP change on the serving cell of PUCCH transmission if the UE is provided pucch-sSCellDyn or

pucch-sSCelIDynDCI-1-2 or pucch-sSCellDynDCI-1-3, or an active UL BWP change on the PCell if the UE

is not provided pucch-sSCelIDyn and pucch-sSCelIDynDCI-1-2 and pucch-sSCelIDynDCI-1-3, and slot

nox + np isbefore the slot for the active DL BWP change on serving cell ¢ or the active UL BWP change on

the serving cell of PUCCH transmission, or subslotLengthForPUCCH is provided for the HARQ-ACK
codebook and slot ng , + np overlapswith UL slot ny — Ky x4, k > 0, wheren, , isaDL slot witha

smallest index among DL slots overlapping with UL slot ny — Kj g,

TlD=nD+1;

else

whiler < Z(R)

if the UE is not provided timeDomainHARQ-BundlingTypel and is provided tdd-UL-DL-
ConfigurationCommon, or tdd-UL-DL-ConfigurationDedicated and, for each slot from slot n ;, +
np — Npphea™3 4 1 to ot ng . + np, at least one symbol of the PDSCH time resource derived by
row r is configured as UL by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-
ConfigurationDedicated where K, , isthe k-th slot timing value in set K;, where n, ; isaDL slot with
asmallest index among DL slots overlapping with UL slot n, — K; ., or subslotLengthForPUCCH is
provided for the HARQ-ACK codebook and the end of the PDSCH time resource for row r is not
withinany UL slot n, — K, ;, 0 < I < ¢(K;), or if pdsch-TimeDomainAllocationListForMultiPDSCH
is provided and HARQ-ACK information for PDSCH time resource derived by row r in slot ng ; +

np cannot be provided in dlot ny
R = R\r;

elseif the UE is provided timeDomainHARQ-BundlingTypel and tdd-UL-DL-ConfigurationCommon,
or tdd-UL-DL-ConfigurationDedicated and, for each slot ny , + np — AK, ,(d), at least one symbol
of each PDSCH time resource derived by row r of set R’ is configured as UL by tdd-UL-DL-
ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated, and for each slot fromng , +np —

NppRea™3 4 1 to ot ng, + 1y at least one symbol of the PDSCH time resource derived by row r of
set Ris configured as UL by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-
ConfigurationDedicated if the row r of set R belongs to time domain resource allocation table

configured for DCI format 1_2, whered =0,1,...,¢(AK, ) — 1, AK, . = rr}(ax(Ko_r) — Ky, and
0
¢(AK,,) isthe cardinality of AK, .

R = R\r;

R' = R\r;
else

r=r+1,
end if
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end while

if the UE is not provided with multiPDSCH-per SotTypel-CB and the UE does not indicate a capability to
receive more than one unicast PDSCH or multicast PDSCH per slot and R # @, or if the UE is provided
with multiPDSCH-per SotTypel-CB = ‘disabled' and R # @,

MA,C = MA,C U ]v
J=i+1
else

Set ¢(R) to the cardinality of R
Set m to the smallest last OFDM symbol index, as determined by the SL1V, among all rows of R
whileR # @
Setr=0
whiler < Z(R)
if § < m for start OFDM symbol index S for row r

b,.kn, = J; - index of occasion for candidate PDSCH reception, or SPS PDSCH release, or
TCI state update associated with row r

R = R\r;
B=BUb,n,;
else
r=r+1;
end if
end while
Myc=MyVj
j=i+1
Set m to the smallest last OFDM symbol index among all rows of R;
end while
end if
n, =np + 1,
end if
end while
end if
k=k+1,
end while
else

while k < (k)
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D

H N‘S!]é‘ 0 se ng 0 set,c
if mod (nu — Ky + [(zuf,,f;;;{ ot — ol - QHUL| 4 1, max(2HULTHDL, 1)) = 0 or subslotlengthForPUCCH

is provided for the HARQ-ACK codebook

Set n, = 0 —index of aDL dot overlapping with an UL slot

Set Ny to anumber of DL dlots overlapping with UL slot n; — K; , if subslotLengthForPUCCH is provided for
the HARQ-ACK codebook; otherwise, N, = max(2#pL~HUL, 1)

whilen, < N

if pdsch-TimeDomainAllocationListForMultiPDSCH and timeDomainHARQ-BundlingTypel are provided
for serving cell ¢

R = Ry,
R' = Ry;

elseif pdsch-TimeDomainAllocationListForMultiPDSCH is provided and timeDomainHARQ-BundlingTypel
isnot provided for serving cell ¢

R = Ry,
else

Set R to the set of rows
end if
Set ¢(R) to the cardinality of R
Set r = 0 —index of row in set R

if slot ny starts at a same time as or after a ot for an active DL BWP change on serving cell ¢ or an active
UL BWP change on the serving cell of PUCCH transmission if the UE is provided pucch-sSCellDyn or
pucch-sSCelIDynDCI-1-2 or pucch-sSCellDynDCI-1-3, or an active UL BWP change on the PCell if the UE
is not provided pucch-sSCelIDyn and pucch-sSCelIDynDCI-1-2 and pucch-sSCelIDynDCI-1-3, and slot

nox + np isbefore the slot for the active DL BWP change on serving cell ¢ or the active UL BWP change
on the serving cell of PUCCH transmission where n, , isaDL slot with asmallest index among DL slots
overlapping with UL slot ny; — K, 4, or subslotLengthForPUCCH is provided for the HARQ-ACK codebook
and slot ng, + np overlapswith UL dlotny — Ky 1, k > 0,

nD = nD + 1,
else
whiler < Z(R)

if the UE is not provided timeDomainHARQ-BundlingTypel and is provided tdd-UL-DL-

ConfigurationCommon, or tdd-UL-DL-ConfigurationDedicated and, for each slot from slot n ;, +
Nrepeat,max

np — Nppscn + 1toslotng, + np, at least one symbol of the PDSCH time resource derived by
row r is configured as UL by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-
ConfigurationDedicated where K, ,, isthe k-th slot timing value in set K, , wheren, , isaDL slot with
asmallest index among DL slots overlapping with UL slot ny — K, ,, or subslotLengthForPUCCH is
provided for the HARQ-ACK codebook and the end of the PDSCH time resource for row r is not
withinany UL slot ny — K; ;, 0 < I < ¢(K;) or if pdsch-TimeDomainAllocationListFor MultiPDSCH
is provided and HARQ-ACK information for PDSCH time resource derived by row r inslot ng ;, +
ny cannot be provided in slot n;

R = R\r;

elseif the UE is provided timeDomainHARQ-BundlingTypel and tdd-UL-DL-ConfigurationCommon,
or tdd-UL-DL-ConfigurationDedicated and, for each slot ny , + np — AK, ,(d), at least one symbol
of each PDSCH time resource derived by row r of set R’ is configured as UL by tdd-UL-DL-
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ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated, and for each slot fromng; +np —
Nrepeat,max

ppscn. T 1todotng, + ny, atleast one symbol of the PDSCH time resource derived by row r of
set Ris configured as UL by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-
ConfigurationDedicated if the row r of set R belongs to time domain resource allocation table
configured for DCI format 1_2, whered = 0,1,...,¢(AK, ) — 1.

R = R\r;
R' = R\r;
else
r=r+1,
end if
end while

if the UE is not provided with multiPDSCH-per SotTypel-CB and the UE does not indicate a capability to
receive more than one unicast PDSCH or multicast PDSCH per slot and R # @, or if the UE is provided
with multiPDSCH-per SotTypel-CB = 'disabled' and R # @,

MA,C = MA,C U j;
j=j+1
ese

Set ¢(R) to the cardinality of R
Set m to the smallest last OFDM symbol index, as determined by the SL1V, among all rows of R
whileR + @
Setr=0
whiler < (R)
if § < m for start OFDM symbol index S for row r

b,kn, = J; - index of occasion for candidate PDSCH reception, or SPS PDSCH release, or
TCI state update associated with row r

R = R\r;
B=BUb,in,;
else
r=r+1;
end if
end while
M= My VJ;
J=j+1
Set m to the smallest last OFDM symbol index among all rows of R;
end while
end if

TlD=nD+1;
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end if
end while
end if
k=k+1,
end while
end if

If the UE indicates a capability to receive more than one PDSCH per slot, for occasions of candidate PDSCH receptions
corresponding to rows of R associated with asamevaueof b, , where b, € B, the UE does not expect to receive
more than one PDSCH in asame DL dlot associated with a same coresetPoolIndex value if provided, or if
coresetPoolIndex is not provided.

If a UE receives a SPS PDSCH, or a SPS PDSCH release, or TCI state update, or a PDSCH that is scheduled by a DCI
format that does not support CBG-based PDSCH receptions and if

- the UE is configured with one serving cell, and
- My)=1,and
- PDSCH-CodeBlockGroupTransmission is provided to the UE

the UE generates HARQ-ACK information only for the transport block in the PDSCH, or only for the SPS PDSCH
release, or only for the TCI state update.

If a UE receives a SPS PDSCH, or a SPS PDSCH release, or TCI state update, or a PDSCH that is scheduled by a DCI
format that does not support CBG-based PDSCH receptions and if

- the UE is configured with more than one serving cells, or
- My)>1,and
- PDSCH-CodeBlockGroupTransmission is provided to the UE

the UE repeats Nyyeo-acx - timesthe HARQ-ACK information for the transport block in the PDSCH, or for the SPS

PDSCH release, or for the TCI state update.

A UE does not expect to detect a DCI format switching a DL BWP within N; symbols prior to afirst symbol of a
PUCCH transmission where the UE multiplexes HARQ-ACK information, where N5 is defined in clause 9.2.3.

If aUE is provided dI-DataToUL-ACK or dI-DataToUL-ACK-r16 or dl-DataToUL-ACK-DCI-1-2 or dI-DataToUL-
ACK-r17 or diI-DataToUL-ACK-v1700 or dI-DataToUL-ACK-DCI-1-2-r17, the UE does not expect to be indicated by
DCI format 1_0 adot timing value for transmission of HARQ-ACK information that does not belong to the intersection
of the set of dot timing values {1, 2, 3, 4, 5, 6, 7, 8} for SCS configuration of PUCCH transmission u < 3,{7, 8, 12,
16, 20, 24, 28, 32} for u = 5, and {13, 16, 24, 32, 40, 48, 56, 64} for u = 6, and the set of slot timing values provided
by K, for the active DL BWP of a corresponding serving cell for unicast.

If maxNrofCodeWordsScheduledByDCI indicates reception of two transport blocks, when the UE receives a PDSCH
with one transport block or a SPS PDSCH release or a TCI state update, the HARQ-ACK information is associated with
the first transport block and the UE generates a NACK for the second transport block if harg-ACK-
SpatialBundlingPUCCH is not provided and generates HARQ-ACK information with value of ACK for the second
transport block if harg-ACK-SpatialBundlingPUCCH is provided.

A UE determines 55X, 61X....,55¢X 1 HARQ-ACK information bits, for atotal number of Oxcx HARQ-ACK
information bits, of aHARQ-ACK codebook for transmission in a PUCCH according to the following pseudo-code. In
the following pseudo-code, if the UE does not receive atransport block or a CBG, due to the UE not detecting a
corresponding DCI formeat, the UE generates a NACK value for the transport block or the CBG. The cardinality of the
set M, . defines atotal number M, of occasions for PDSCH reception or SPS PDSCH release or TCI state update for

serving cell ¢ corresponding to the HARQ-ACK information bits.
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Set ¢ = 0 —serving cell index: lower indexes correspond to lower RRC indexes of corresponding cells including, when
applicable, cellsin the set Sy and the set S;

Set j = 0- HARQ-ACK information bit index

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

cells

while ¢ < NPL

cells

Set m = 0 —index of occasion for candidate PDSCH reception, or SPS PDSCH release, or TCI state update
whilem < M,

if timeDomainHARQ-BundlingTypel is provided for serving cell ¢ and a PDSCH associated with occasion m
is scheduled by a DCI format indicating a TDRA row that includes more than one SLIV entry

if harg-ACK-SpatialBundlingPUCCH is not provided and the UE is configured by
maxNrofCodeWor dsScheduledByDCI with reception of two transport blocks for the active DL BWP of
serving cell ¢

if the PDSCH is associated with the last SLIV in the TDRA row

d/*°" = binary AND operation of the HARQ-ACK information bits corresponding to first transport

blocksin PDSCH receptions, that do not overlap with an uplink symbol indicated by tdd-UL-DL-
ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated, scheduled by the DCI format on
serving cell c;

j=it1

0/ = binary AND operation of the HARQ-ACK information bits corresponding to second

transport blocksin PDSCH receptions, that do not overlap with an uplink symbol indicated by tdd-
UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated, scheduled by the DCI
format on serving cdl c;

else
/K = NACK;
j=j+1
/K = NACK;

end if

J=i+1

elsaif harg-ACK-SpatialBundlingPUCCH is provided and the UE is configured by
maxNrofCodeWor dsScheduledByDCI with reception of two transport blocks for the active DL BWP of
serving cell ¢

if the PDSCH is associated with the last SLIV inthe TDRA row;

/""" = binary AND operation of the HARQ-ACK information bits corresponding to all transport

blocksin PDSCHs, that do not overlap with an uplink symbol indicated by tdd-UL-DL-
ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated, scheduled by the DCI format of
serving cell ¢

if the UE receives one transport block, the UE assumes ACK for the second transport block;
else
/" = NACK;

end if
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j=it1
ese
if the PDSCH is associated with the last SLIV inthe TDRA row;

a/*“" =binary AND operation of the HARQ-ACK information bits corresponding to all transport

blocksin PDSCHs, that do not overlap with an uplink symbol indicated by tdd-UL-DL-
ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated, scheduled by the DCI format of
serving cell ¢

else
/" = NACK;
end if
j=j+1
end if
else

if harg-ACK-SpatialBundlingPUCCH is not provided, PDSCH-CodeBlockGroupTransmission is not
provided, and the UE is configured by maxNrofCodeWordsScheduledByDCI with reception of two
transport blocks for the active DL BWP of serving cell ¢,

3/'““= HARQ-ACK information bit corresponding to afirst transport block of this cell;
j=it1

/' = HARQ-ACK information bit corresponding to a second transport block of this cell;
j=it1

elsaif harg-ACK-SpatialBundlingPUCCH is provided, and the UE is configured by
maxNrofCodeWor dsScheduledByDCI with reception of two transport blocks for the active DL BWP of
serving cell ¢,

d7*°* = binary AND operation of the HARQ-ACK information 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;
j=ij+1
elseif PDSCH-CodeBlockGroupTransmission is provided, and Nyjaeo - ack . CBGs are indicated by
maxCodeBlockGroupsPer TransportBlock for serving cell c,

Set Ncpg = 0- CBG index

. CBG/TB,max
while negg < NHARQ_ACK_C

04K = HARQ-ACK information bit corresponding to CBG ng of the first transport block;

j+ncee

if the UE is configured by maxNrofCodeWordsScheduledByDCI with reception of two transport
blocks for the active DL BWP of serving cell ¢

GACK cBe/mBmax = HARQ-ACK information bit corresponding to CBG ncg of the second

J+ncBG+NgaRQ-ACK.c
transport block;

end if

Nege = Nepg + 15
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end while

J=J+ NBE - N oo hti e where NBE isthe value of maxNrofCodeWordsScheduledByDCI for the
active DL BWP of serving cell ¢;

else
/' = HARQ-ACK information bit of serving cell c;
j=it1
end if
end if
m=m+1;
end while
c=c+1,
end while
If Oack + Osr + Ocs1 < 11, the UE determines a number of HARQ-ACK information bits nyarq-ack for obtaining a

Mc=1 prreceived
Zm:o Nm,c +

DL
Neelis—1
c=0

transmission power for aPUCCH, as described in clause 7.2.1, asnyarq-ack =

DL
Neells—1 ZMC_l received,CBG
c=0 m=0 “"Mmc

where

NEL areall DL cells where the UE is configured to receive unicast or multicast PDSCHs

- M, isthecardinaity for the union of al sets M, . of occasions for unicast or multicast PDSCH receptions or SPS
PDSCH releases for serving cell ¢

- N,ﬁfgei"ed is the number of transport blocks the UE receivesin PDSCH reception occasion m for serving cell c if
harg-ACK-Spatial BundlingPUCCH and PDSCH-CodeBlockGroupTransmission are not provided, or the number
of transport blocks the UE receivesin PDSCH reception occasion m for serving cell ¢ if PDSCH-
CodeBlockGroupTransmission is provided and the PDSCH reception is scheduled by a DCI format that does not
support CBG-based PDSCH receptions, or the number of PDSCH receptionsif harg-ACK-
SpatialBundlingPUCCH is provided or SPS PDSCH release or TCI state update in PDSCH reception occasion
m for serving cell ¢ and the UE reports corresponding HARQ-ACK information in the PUCCH.

- If timeDomainHARQ-BundlingTypel is provided for serving cell ¢ and for a DCI format indicating a TDRA
row that includes more than one SLI1V entry on the serving cell ¢, the UE considers as received only a
PDSCH associated with the last SLIV.

- NpeceivedCBG s the number of CBGs the UE receivesin a PDSCH reception occasion m for serving cell ¢ if
PDSCH-CodeBlockGroupTransmission is provided and the PDSCH reception is scheduled by a DCI format that
supports CBG-based PDSCH receptions 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 aUE is not provided pdsch-HARQ-ACK-Codebook = 'semi-static' for unicast or multicast HARQ-ACK information,
the UE does not multiplex the unicast or multicast HARQ-ACK information in the PUSCH transmission, respectively.

If aUE is provided pdsch-HARQ-ACK-Codebook = 'semi-static' for unicast and/or multicast HARQ-ACK information,
and would multiplex HARQ-ACK information in a PUSCH transmission that is not scheduled by a DCI format or is
scheduled by a DCI format that does not include a DA field, then

- if the UE has not received any PDSCH providing a transport block having enabled HARQ-ACK information
report or SPS PDSCH release or TCI state update that the UE multiplexes corresponding HARQ-ACK
information in the PUSCH, based on a value of arespective PDSCH-to-HARQ_feedback timing indicator field
in a DCI format scheduling the PDSCH reception or the SPS PDSCH release or the TCI state update, or on the
value of dl-DataToUL-ACK or dI-DataToUL-ACK-r16 or dl-DataToUL-ACK-r17 or dl-DataToUL-ACK-v1700
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if the PDSCH-to-HARQ _feedback timing indicator field is not present in DCI format 1_1 or DCI format 1_3, or
on the value of dl-DataToUL-ACK-DCI-1-2 or dI-DataToUL-ACK-DCI-1-2-r17 if the PDSCH-to-
HARQ_feedback timing indicator field is not present in DCI format 1_2, or on the value of dI-DataToUL-ACK if
the PDSCH-to-HARQ_feedback timing indicator field is not present in DCI format 4_2, in any of the M,
occasions for candidate PDSCH receptions by a DCI format or SPS PDSCH on any serving cell ¢, as described
in clause 9.1.2.1, the UE does not multiplex HARQ-ACK information in the PUSCH transmission

- elsethe UE generates the HARQ-ACK codebook as described in clause 9.1.2.1, except that harg-ACK-
SpatialBundlingPUCCH is replaced by harg-ACK-Spatial BundlingPUSCH, unless the UE receives only one of

- aSPSPDSCH release indicated by DCI format 1_0 or by DCI format 4_1, with counter DAI field value of 1,
or

- SPS PDSCH(s) with transport blocks having enabled HARQ-ACK information report, or

- aPDSCH providing atransport block having enabled HARQ-ACK information report and scheduled by a
DCI format 1_0 or by DCI format 4_1 with a counter DA field value of 1, on the PCell

in the M, occasions for candidate PDSCH receptions in which case the UE generates HARQ-ACK information only for
the SPS PDSCH release or only for the PDSCH reception as described in clause 9.1.2.

A UE setsto NACK vaue in the HARQ-ACK codebook any HARQ-ACK information corresponding to

- PDSCH reception scheduled or activated by a DCI format that the UE detectsin a PDCCH monitoring occasion
that starts after a PDCCH monitoring occasion where the UE detects a DCI format scheduling the PUSCH
transmission, if the corresponding conditionsin Clause 9 for multiplexing associated HARQ-ACK information
inaHARQ-ACK codebook in the PUSCH are not valid

- SPSPDSCH release or TCI state update that the UE detectsin a PDCCH monitoring occasion that starts after a
PDCCH monitoring occasion where the UE detects a DCI format scheduling the PUSCH transmission.

A UE does not expect to detect a DCI format switching a DL BWP within N, symbols prior to afirst symbol of a
PUSCH transmission where the UE multiplexes HARQ-ACK information, where N, isdefined in [6, TS 38.214].

If a UE multiplexes HARQ-ACK information in a PUSCH transmission that is scheduled by DCI format that includes a
DAI field, and

- isnot provided fdmed-ReceptionMulticast and is provided pdsch-HARQ-ACK-Codebook = 'semi-static' for both
unicast and multicast HARQ-ACK information, or

- isprovided pdsch-HARQ-ACK-Codebook = 'semi-static' only for one of unicast and multicast HARQ-ACK
information

the UE generates the HARQ-ACK codebook as described in clause 9.1.2.1 when avalue of the DAI field is VP, = 1
except that harg-ACK-Spatial BundlingPUCCH is replaced by harg-ACK-SpatialBundlingPUSCH. The UE does not
generate aHARQ-ACK codebook for multiplexing in the PUSCH transmission when Vs, = 0 unless the UE receives
only one of

- aSPSPDSCH release indicated by DCI format 1_0 or by DCI format 4_1, with counter DAI field value of 1, or
- SPS PDSCH(s) with transport blocks having enabled associated HARQ-ACK information reports,

- aPDSCH providing atransport block having enabled HARQ-ACK information report and scheduled by a DCI
format 1_0 or by DCI format 4 1, or only a TCI state update, with counter DAI field value of 1 on the PCell,

in the M, occasions for candidate PDSCH receptions in which case the UE generates HARQ-ACK information only for
the SPS PDSCH release or only for the PDSCH reception as described in clause 9.1.2.

Vk A = 0 if the PUSCH is scheduled by a DCI format that includes a DAI field and the DA field is set to '0";
OtthWIse, VTQBAI = 1.

If aUE is provided fdmed-ReceptionMulticast and is provided pdsch-HARQ-ACK-Codebook = 'semi-static' for both
unicast and multicast HARQ-ACK information, the UE generates the HARQ-ACK codebook as described in clause
9.1.2.1, except that harg-ACK-Spatial BundlingPUCCH is replaced by harg-ACK-Spatial BundlingPUSCH
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- for thefirst set S, of N2 serving cellsif avalue Vi 5y, of the DAI field associated with unicast HARQ-ACK

cells

informationis Vi, = 1[5, TS38.212)]

- for the second set Sy, of N21M serving cellsif avalue Vg of the DAI field associated with multicast HARQ-

cells

ACK informationisVypa = 1[5, TS38.212]

The UE does not generate unicast or multicast HARQ-ACK information for multiplexing in the PUSCH transmission
UL,U

when V3 = 0 and Vi)t = 0, unless the UE receives only one of

- ether aunicast SPS PDSCH release indicated by DCI format 1_0, or amulticast SPS PDSCH release indicated
by DCI format 4_1, with counter DAI field value of 1, or

- unicast SPS PDSCH(s) or multicast SPS PDSCH(s) having enabled associated HARQ-ACK information reports,
or

- either aPDSCH providing atransport block having enabled HARQ-ACK information report and scheduled by
either aDCI format 1 0 or aDCI format 4 1 with counter DAI field value of 1, on the PCell,

inthe M, occasions for candidate PDSCH receptions in which case the UE generates only the corresponding unicast or
multicast HARQ-ACK information only for the SPS PDSCH release or only for the PDSCH reception as described in
clause 9.1.2.

Vapa = 0 if the corresponding value of the DAI field is set to '0'; otherwise, Vo iy = 1. Vepar = 0 if the corresponding

value of the DA field is set to '0’; otherwise, V'py = 1[5, TS 38.212].

9.1.3 Type-2 HARQ-ACK codebook determination

This clause appliesif the UE is configured with pdsch-HARQ-ACK-Codebook = dynamic or with pdsch-HARQ-ACK-
Codebook-r16. Unless stated otherwise, a PDSCH-to-HARQ _feedback timing indicator field provides an applicable
value. In clauses 9.1.3, 9.1.3.1, 9.1.3.2 and 9.1.3.3, if the UE is provided for only one of pdsch-HARQ-ACK-Codebook
= dynamic or pdsch-HARQ-ACK-Codebook-r16 for unicast HARQ-ACK-ACK codebook, or pdsch-HARQ-ACK-
Codebook = dynamic for multicast HARQ-ACK codebook, the Type-2 HARQ-ACK codebook is generated considering
only one of respective unicast or multicast configurations for PDSCH receptions or for PDCCH monitoring for
detection of DCI formats.

A UE does not expect to multiplex in a Type-2 HARQ-ACK codebook HARQ-ACK information that isin response to a
detection of a DCI format that does not include a counter DAI field.

If aUE is provided downlinkHARQ-FeedbackDisabled indicating disabled HARQ-ACK information for aHARQ
process associated with a transport block for PDCCH monitoring occasion m or for SPS PDSCH receptions on serving
cell ¢, the UE does not multiplex aHARQ-ACK information bit corresponding to the transport block in a Type-2
HARQ-ACK codebook and does not consider the transport block as received in the determination of Njeceived or of
Nsps, - in clause 9.1.3.1. If the UE is also provided PDSCH-CodeBlockGroupTransmission, the UE does not multiplex
HARQ-ACK information bits corresponding to CBGs of the transport block in the Type-2 HARQ-ACK codebook and
does not consider the CBGs as received in the determination of N¢<veB6 in clause 9.1.3.1. If the UE isalso
provided harg-feedbackEnablingfor SPSactive = 'enabled’, the UE considers a HARQ process associated with a
transport block in afirst SPS PDSCH reception, after an activation of SPS PDSCH receptions, to have enabled HARQ-
ACK information and the UE provides a HARQ-ACK information bit according to a decoding outcome for the
transport block in the first SPS PDSCH reception.

If aUE isindicated to not provide multicast HARQ-ACK information, as described in clause 18, associated with
PDCCH monitoring occasion m or for SPS PDSCH receptions on serving cell ¢, the UE does not multiplex
corresponding HARQ-ACK information bitsin a Type-2 HARQ-ACK codebook and does not consider any transport
blocks as received in the determination of NX¢eived or of Ngps . in clause 9.1.3.1.

If a UE receives afirst DCI format that the UE detectsin afirst PDCCH monitoring occasion and includes a PDSCH-
to-HARQ _feedback timing indicator field providing an inapplicable value from dl-DataToUL-ACK-r16 or dI-
DataToUL-ACK-r17,

- if the UE detects a second DCI format, the UE multiplexes the corresponding HARQ-ACK information in a
PUCCH or PUSCH transmissionin adot that isindicated by avalue of a PDSCH-to-HARQ _feedback timing
indicator field in the second DCI format, where
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- if the UE is not provided pdsch-HARQ-ACK-Codebook-r16, the UE detects the second DCI format in any
PDCCH monitoring occasion after the first one, and where the slot indicated by the value of the PDSCH-to-
HARQ_feedback timing indicator field in the second DCI format is no later than a slot for HARQ-ACK
information in response to a SPS PDSCH reception, if any, received after the PDSCHs scheduled by the first
DCI format.

- if the UE is provided pdsch-HARQ-ACK-Codebook-r 16, the UE detects the second DCI format in any
PDCCH monitoring occasion after the first one, and the second DCI format indicates aHARQ-ACK
information report for a same PDSCH group index as indicated by the first DCI format as described in clause
9.1.3.3, and where the dot indicated by the value of the PDSCH-to-HARQ_feedback timing indicator field in
the second DCI format is no later than aslot for HARQ-ACK information in response to a SPS PDSCH
reception, if any, received after the PDSCHs scheduled by the first DCI format.

- if the UE is provided pdsch-HARQ-ACK-Codebook-r16, the UE receives the second DCI format later than
the slot for HARQ-ACK information in response to a SPS PDSCH reception received after the PDSCHs
scheduled by the first DCI format, and the second DCI format indicates a HARQ-ACK information report for
asame PDSCH group index as indicated by the first DCI format as described in clause 9.1.3.3.

- if the UE is provided pdsch-HARQ-ACK-OneShotFeedback, the first DCI format does not have associated
HARQ-ACK information without scheduling a PDSCH reception or TCI state update, the UE detects the
second DCI format in any PDCCH monitoring occasion after the first one, and the second DCI format
includes a One-shot HARQ-ACK request field with value 1, the UE includes the HARQ-ACK information in
aType-3 HARQ-ACK codebook, as described in clause 9.1.4, and where the slot indicated by the value of
the PDSCH-to-HARQ_feedback timing indicator field in the second DCI format is no later than a slot for
HARQ-ACK information in response to a SPS PDSCH reception, if any, received after the PDSCHs
scheduled by the first DCI format.

- if the UE is provided pdsch-HARQ-ACK-OneShotFeedback-r16, the first DCI format does not have
associated HARQ-ACK information without scheduling a PDSCH reception or TCI state update, and the UE
receives the second DCI format later than the dot for HARQ-ACK information in response to a SPS PDSCH
reception received after the PDSCHSs scheduled by the first DCI format, and the second DCI format includes
a One-shot HARQ-ACK request field with value 1, the UE includes the HARQ-ACK informationin a Type-
3 HARQ-ACK codebook, as described in clause 9.1.4.

- otherwise, the UE does not multiplex the corresponding HARQ-ACK information in a PUCCH or PUSCH
transmission.

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

If aUE is configured to monitor PDCCH for multicast DCI formats with CRC scrambled by one or more G-RNTIs for
multicast or G-CS-RNTIsthat the UE generates a Type-2 HARQ-ACK codebook, the UE separately applies the
procedures in this clause per G-RNTI for multicast or per G-CS-RNTI using maxNrofCodeWordsScheduledByDCl in
pdsch-ConfigMulticast except the procedures for SPS PDSCHs and applies the procedures in this clause using
maxNrofCodeWor dsScheduledByDCI provided in pdsch-Config for unicast DCI formats excluding the unicast DCI
format activating SPS PDSCH receptions, and determines the Type-2 HARQ-ACK codebook by concatenating the
Type-2 HARQ-ACK codebook for unicast DCI formats excluding the unicast DCI format activating SPS PDSCH
receptions, followed by the HARQ-ACK codebooks for the multicast DCI formats in ascending order of the
corresponding G-RNTI values, followed by the HARQ-ACK codebooks for the multicast DCI formats in ascending
order of the corresponding G-CS-RNTI values excluding the multicast DCI format activating SPS PDSCH receptions,
followed by the HARQ-ACK codebooks for unicast and multicast SPS PDSCH receptions.

A UE determines monitoring occasions for PDCCH with DCI format scheduling PDSCH receptions, or having
associated HARQ-ACK information without scheduling PDSCH reception, on an active DL BWP of aserving céll ¢, as
described in clause 10.1, and for which the UE transmits HARQ-ACK information in a same PUCCH in slot n based on

- PDSCH-to-HARQ_feedback timing indicator field values, or adl-DataToUL-ACK, dI-DataToUL-ACK-r16 or
di-DataToUL-ACK-DCI-1-2 or dI-DataToUL-ACK-r17 or dl-DataToUL-ACK-v1700 or dl-DataToUL-ACK-
DCI-1-2-r17 value if the PDSCH-to-HARQ_feedback timing indicator field is not present in a DCI format, for
PUCCH transmission with HARQ-ACK information in slot n, as described in clause 9.2.3, in response to
PDSCH receptions, or in response to a DCI format having associated HARQ-ACK information without
scheduling PDSCH reception
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- dot offsets K, [6, TS 38.214] provided by time domain resource assignment field in aDCI format scheduling
PDSCH receptions and by pdsch-AggregationFactor, or pdsch-AggregationFactor-r16, or repetitionNumber,
when provided.

The set of PDCCH monitoring occasions for DCI formats scheduling PDSCH receptions, or having associated HARQ-
ACK information without scheduling PDSCH reception, is defined as the union of PDCCH monitoring occasions across
active DL BWPs of configured serving cells. PDCCH monitoring occasions are indexed in an ascending order of their
start times. The cardinality of the set of PDCCH monitoring occasions defines atotal number M of PDCCH monitoring
occasions. PDCCH monitoring occasions are separately counted for a DCI format scheduling a PDSCH reception on a
single serving cell and for a DCI format scheduling PDSCH receptions on more than one serving cells and
corresponding values of M can be different.

A value of the counter downlink assignment indicator (DAI) field in DCI formats, each scheduling PDSCH receptions
on respective single serving cells with associated HARQ-ACK information, or having associated HARQ-ACK
information without scheduling a PDSCH reception, in a same HARQ-ACK codebook denotes the accumulative
number of { serving cell, PDCCH monitoring occasion}-pairs in which PDSCH receptions that provide transport blocks
with enabled HARQ-ACK information report, or HARQ-ACK information bits that are not in response for PDSCH
receptions, associated with the DCI formats, excluding the SPS activation DCI, is present up to the current serving cell
and current PDCCH monitoring occasion,

- firg, if the UE indicates by type2-HARQ-ACK-Codebook support for more than one PDSCH reception on a
serving cell that are scheduled from a same PDCCH monitoring occasion, in increasing order of the PDSCH
reception starting time for the same { serving cell, PDCCH monitoring occasion} pair,

- second in ascending order of serving cell index, and
- third in ascending order of PDCCH monitoring occasion index m, where 0 < m < M.

A value of the counter DAI field in DCI formats, each scheduling PDSCH receptions on respective more than one
serving cells with associated HARQ-ACK information in a same HARQ-ACK codebook, denotes the accumulative
number of { serving cell with smallest index from the more than one serving cells, PDCCH monitoring occasion}-pairs
in which PDSCH receptions are present up to the current more than one serving cells and current PDCCH monitoring
occasion,

- firgt, if the UE indicates by type2-HARQ-ACK-Codebook support for more than one PDSCH receptions on a
serving cell that are scheduled from a same PDCCH monitoring occasion, in increasing order of the PDSCH
reception starting time for the same { serving cell with smallest index from the more than one serving cells,
PDCCH monitoring occasion} pair,

- second in ascending order of the smallest serving cell index from the more than one serving cells, and
- third in ascending order of PDCCH monitoring occasion index m, where 0 < m < M.

If, for an active DL BWP of a serving cell, the UE is not provided coresetPoollndex or is provided coresetPool Index
with value O for one or more first CORESETs and is provided coresetPoolIndex with value 1 for one or more second
CORESETS, and is provided ackNackFeedbackMode = joint, the value of the counter DAI isin the order of the first

CORESET s and then the second CORESET s for a same serving cell index and a same PDCCH monitoring occasion
index.

The value of the total DAI, when present [5, TS 38.212], in a DCI format denotes the total humber of { serving cell,
PDCCH monitoring occasion} -pair(s) in which PDSCH reception(s) that provide transport blocks with enabled HARQ-
ACK information report, or HARQ-ACK information that does not correspond to PDSCH receptions, associated with
DCI formats, excluding the SPS activation DCI, is present, up to the current PDCCH monitoring occasion m and is
updated from PDCCH monitoring occasion to PDCCH monitoring occasion. If, for an active DL BWP of a serving cell,
the UE is not provided coresetPoollndex or is provided coresetPool Index with value O for one or more first CORESETs
and is provided coresetPoolIndex with value 1 for one or more second CORESETS, and is provided
ackNackFeedbackMode = joint, the total DAI value counts the { serving cell, PDCCH monitoring occasion} -pair(s) for
both the first CORESET s and the second CORESETSs.

Denote by NPL,,, the number of bits for the counter DAI and set T,, = 2V¢=pa1, Denote by V& a1 cm the value of the
counter DAI in aDCI format scheduling PDSCH reception, or having associated HARQ-ACK information without
scheduling PDSCH reception, on serving cell ¢ in PDCCH monitoring occasion m according to Table 9.1.3-1 or Table
9.1.3-1A. Denote by VTD_LDAL,,, the value of the total DAI ina DCI format in PDCCH monitoring occasion m according
to Table 9.1.3-1. The UE assumes a same value of total DAI in all DCI formats that include atotal DAI field in PDCCH

ETSI



3GPP TS 38.213 version 18.7.0 Release 18 103 ETSI TS 138 213 V18.7.0 (2025-07)

monitoring occasion m. A UE does not expect to multiplex, in a same Type-2 HARQ-ACK codebook, HARQ-ACK
information that isin response to detection of DCI formats with different number of bits for the counter DAI field.

If the UE transmits HARQ-ACK information in aPUCCH in ot n and for any PUCCH format, the UE determines the

09", 67", -+, 6455 —1, for atotal number of 0acx HARQ-ACK information bits, according to the following pseudo-
code:

Set m = 0 — PDCCH, with DCI format scheduling PDSCH reception, or having associated HARQ-ACK
information without scheduling a PDSCH reception, monitoring occasion index: lower index corresponds to
earlier PDCCH monitoring occasion

Setj=0
Set Vyemp = 0
Set Viempz = 0
SetV, = ¢

Set N2% . to the number of serving cells configured by higher layers for the UE

- if, for an active DL BWP of aserving cell, the UE is not provided coresetPoolIndex or is provided
coresetPoollndex with value O for one or more first CORESETs and is provided coresetPoolIndex with value 1
for one or more second CORESETS, and is provided ackNackFeedbackMode = joint, the serving cell is counted
two times where the first time corresponds to the first CORESET s and the second time corresponds to the second
CORESETSs

- if the UE indicates type2-HARQ-ACK-Codebook and receives a number Nppscy . > 1 of PDSCHs on a serving
cell ¢ that are scheduled by a number Nppccy . > 1 of DCI formatsin PDCCH receptions at a same PDCCH
monitoring occasion m, the serving cell ¢ is counted Nghccy  times for PDCCH monitoring occasion min
increasing order of the first PDSCH reception starting time associated with each of the respective Ngjccp . DCI
formats

Set M to the number of PDCCH monitoring occasion(s)

whilem < M
Set ¢ = 0 —serving cell index: lower indexes correspond to lower RRC indexes of corresponding cell
whilec < N2

C

if PDCCH monitoring occasion m is before an active DL BWP change on serving cell ¢ or an active UL
BWHP change on the serving cell of PUCCH transmission if the UE is provided pucch-sSCelDyn or pucch-
SCelIDynDCI-1-2 or pucch-sSCelIDynDCI-1-3, or an active UL BWP change on the PCell if the UE is not
provided pucch-sSCell Dyn and pucch-sSCellDynDCI-1-2 and pucch-sSCelIDynDCI-1-3, and the active DL
BWHP changeis not triggered in PDCCH monitoring occasion m, and the PUCCH transmission starts at or
after adot for the active DL BWP change or the active UL BWP change

c=c+1,
else

if there isa PDSCH providing a transport block for a HARQ process with enabled HARQ-ACK
information on serving cell ¢ associated with PDCCH in PDCCH monitoring occasion m, or thereisa
PDCCH providing a DCI format associated with HARQ-ACK information without scheduling PDSCH
reception on serving cell ¢

if VCP—LDAI,c,m = Vtemp
j=j+1
end if

— pybL
Vtemp - VC—DAI,c,m
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H DL —
if Vipaim = @
— 17DL
Vtempz - VC—DAI,c,m

else

— 17DL
Vtempz - VT—DAI,m
end if

if harg-ACK-SpatialBundlingPUCCH is not provided and the UE is configured by
maxNrofCodeWordsScheduledByDCI with reception of two transport blocks for at least one
configured DL BWP of at least one serving cell,

~ACK
. DL
2Tpj+2(Veiparcm—1)

this cdll

= HARQ-ACK information bit corresponding to the first transport block of

~ACK
. DL
2Tp j+2(Veparem=1)+1

block of this cell

= HARQ-ACK information bit corresponding to the second transport

Vo=V, u{2-Tp - j+2(V2%na1em — 1), 2-Tp - j + 2(Vioarem — 1) + 1}

elseif harg-ACK-SpatialBundlingPUCCH is provided to the UE and m is a monitoring occasion for
PDCCH with aDCI format that supports PDSCH reception with two transport blocks and the UE is
configured by maxNrofCodeWordsScheduledByDCI with reception of two transport blocksin at least
one configured DL BWP of at least one serving cell,

~ACK
Tp'j +V(,]‘)—LDAI,C,m_
the first and second transport blocks of this cell

, = binary AND operation of the HARQ-ACK information bits corresponding to

Vo =V U{Tp - j + Vparem — 1}
else

GACK , = HARQ-ACK information bit of this cell

Tp ']'+V(?—LDAI,c,m_
. DL
Ve =V, U{Tp - j + Vparem — 1}

end if

end if

c=c+1

end if

end while

m=m+1

end while

Viemp = <] mod (%)) X (%) + Viemp

if UE does not Set Vyppmpo = Vips and Ty = 2

VtempZ = Vtemp

end if

-l
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if Vtempz < Vtemp
j=j+1
end if

if harg-ACK-SpatialBundlingPUCCH is not provided to the UE and the UE is configured by
maxNrofCodeWor dsScheduledByDCl with reception of two transport blocks for at least one configured DL BWP of
aserving cell,

0K =2 (4 j+Vimp2)
else

0N =4.j+v

temp?2
end if
54K = NACK forany i € {0,1, -, 04K — 1}\V},

If aUE is configured to receive SPS PDSCH, the SPS PDSCH does not overlap with a non-active period of cell DTX
for aserving cell of the SPS PDSCH reception if cell DTX isactivated for the serving cell, and the UE multiplexes
HARQ-ACK information for one activated SPS PDSCH reception that provides transport block with enabled HARQ-
ACK information report, including the ones associated with the corresponding activation DCI, in the PUCCH in dot n,
the UE generates one HARQ-ACK information bit associated with the SPS PDSCH reception and appends it to the
04K HARQ-ACK information bits.

If aUE is configured to receive SPS PDSCH and the UE multiplexes HARQ-ACK information for multiple activated
SPS PDSCH receptions, including the ones associated with the corresponding activation DCI and excluding the ones
that provide only transport blocks with disabled HARQ-ACK information report, in the PUCCH in slot n, the UE
generates the HARQ-ACK information as described in clause 9.1.2 and appendsiit to the 04X HARQ-ACK
information bits.

The UE generates HARQ-ACK information with ACK value in response to a detection of a DCI format that does not
trigger a Type-3 HARQ-ACK codebook report and has associated HARQ-ACK information without scheduling a
PDSCH reception.

For aPDCCH monitoring occasion with DCI format scheduling PDSCH reception, or having associated HARQ-ACK
information without scheduling a PDSCH reception, in the active DL BWP of a serving cell, when a UE receives a
PDSCH with one transport block, or detects a DCI format having associated HARQ-ACK information without
scheduling PDSCH reception, and the value of maxNrofCodeWordsScheduledByDCl is 2 for at least one configured DL
BWP of at least one serving cell, the HARQ-ACK information is associated with the first transport block and the UE
generatesaNACK for the second transport block if harg-ACK-Spatial BundlingPUCCH is not provided and generates
HARQ-ACK information with value of ACK for the second transport block if harg-ACK-SpatialBundlingPUCCH is
provided.

If aUEis
- not provided PDSCH-CodeBlockGroupTransmission for any serving cell, and

- not provided pdsch-TimeDomainAllocationListForMultiPDSCH for any serving cell, or provided nrofHARQ-
BundlingGroups with value of 1 for any serving cell provided pdsch-
TimeDomainAllocationListForMultiPDSCH

or

- for PDSCH receptions scheduled by a DCI format that does not support CBG-based PDSCH receptions and does
not schedule more than one PDSCH reception, or

- for PDSCH receptions scheduled by a DCI format on a serving cell when the UE is provided nrofHARQ-
BundlingGroups with value of 1, or

- for SPS PDSCH reception, or

- for aDCI format having associated HARQ-ACK information without scheduling PDSCH reception, and

ETSI



3GPP TS 38.213 version 18.7.0 Release 18 106 ETSI TS 138 213 V18.7.0 (2025-07)

if Oack + Osg + Ocsi < 11, the UE determines anumber of HARQ-ACK information bits nyarq-ack for obtaining a
transmission power for a PUCCH, as described in clause 7.2.1, as

— — ll 11 M-1 recelved
THARQ-ACK = T'HARQ-ACK,TB = <(VDAI Migse s “e " Upai c) mOd(TD)> TBmax Ce Mo N + Nps,c) +
DL
N 1 -1/ Mg-1
G- cells,g cellS .9 g received
Xg=0 (((VDAI Mg — Dc=0 Upai cg) mOd(TD g)> B ‘max,g T Qe (Zm=o Npycg ™ + NSPS,C,g)>

where
- N2%. isanumber of serving cells where the UE is configured to receive unicast PDSCHs

- N2k isanumber of serving cells where the UE is configured to receive multicast PDSCHs for aG-RNTI g for
multicast or a G-CS-RNTI g

- G isatotal number of G-RNTIsfor multicast or G-CS-RNTIs configured to the UE
- M isthe number of PDCCH monitoring occasions for unicast DCI formats

- M, isthe number of PDCCH monitoring occasions for multicast DCI formats with CRC scrambled by G-RNTI
g for multicast or G-CS-RNTI g

- T, = 2Nc“oar where NPL,,, the number of bits for the counter DAI field in unicast DCI formats

- Tpy = 2Ne oAt where NZ:par, the number of bits for the counter DA field in multicast DCI formats with CRC
scrambled by G-RNTI g for multicast or G-CS-RNTI g

- ifNDh =1, V]%)klvmlast is the value of the counter DAI in the last DCI format scheduling PDSCH reception or
having associated HARQ-ACK information without scheduling PDSCH reception, that the UE detects within the
M PDCCH monitoring occasions.

- if Ncellsg 1, VoK Miastg isthe value of the counter DALI in the last multicast DCI format with G-RNTI g for
multicast, or G-CS-RNTI g, scheduling PDSCH reception or having associated HARQ-ACK information

without scheduling a PDSCH reception, that the UE detects within the M, PDCCH monitoring occasions
- if NDL

cells

> 1orif NPk

cells,g >1

- if the UE does not detect any DCI format that includes atotal DAI field in alast PDCCH monitoring
occasion within the M or M, PDCCH monitoring occasions where the UE detects at least one DCI format
scheduling PDSCH reception, or having associated HARQ-ACK information without scheduling PDSCH
reception, for any serving cell ¢, Vpgym,. ., OF VDDklvmlast,g’ respectively, is the value of the counter DAI in a

last DCI format the UE detects in the last PDCCH monitoring occasion

- if the UE detects at |east one DCI format that includes atotal DAI field in alast PDCCH monitoring occasion
withinthe M or My, for G-RNTI g for multicast or G-CS-RNTI g, PDCCH monitoring occasions where the
UE detects at least one DCI format scheduling PDSCH reception, or having associated HARQ-ACK
information without scheduling PDSCH reception, for any serving cell ¢, Vg1 m,, ., OF Vibai Miastg”

respectively, isthe value of the total DAI in the at least one DCI format that includes atotal DAI field

- VN e = 00 A9 Miastg = 0 if the UE does not detect any DCI format scheduling PDSCH reception, or

having associated HARQ-ACK information without scheduling PDSCH reception, for any serving cell ¢ in any
of the M or M, PDCCH monitoring occasions, respectively.

- Upay,c OF Upaye,g, fOr G-RNTI g for multicast or G-CS-RNTI g, is the total number of DCI formats scheduling
PDSCH receptions providing transport blocks with enabled HARQ-ACK information, or having associated
HARQ-ACK information without scheduling a PDSCH reception, that the UE detects within the M or M,
PDCCH monitoring occasions, respectively, for serving cell c. Upa; . = 0 or Upayy = 0 if the UE does not
detect any DCI format scheduling PDSCH reception providing a transport block with enabled HARQ-ACK
information, or having associated HARQ-ACK information without scheduling PDSCH reception, for serving
cell c inany of the M or M, respectively, PDCCH monitoring occasions.

ETSI



3GPP TS 38.213 version 18.7.0 Release 18 107 ETSI TS 138 213 V18.7.0 (2025-07)

NP§ max = 2 if the value of maxNrofCodeWordsScheduledByDCl is 2 for any serving cell ¢ and harg-ACK-
SpatialBundlingPUCCH is not provided; otherwise, NP5 n.x = 1.

NpBmaxg = 2 if the value of maxNrofCodeWor dsScheduledByDCl is 2 for any serving cell ¢ and harg-ACK-
SpatialBundlingPUCCH is not provided for G-RNTI g for multicast or G-CS-RNTI g; otherwise, Npg may g =
1.

Nyeceived o Nrecelved for G-RNTI g for multicast or G-CS-RNTI g, is

- if harg-ACK-SpatialBundlingPUCCH is not provided, the number of transport blocks the UE receivesin a
PDSCH, or the number of transport block groups the UE receivesin PDSCHs if nrofHARQ-BundlingGroups

with Nyjepeox = 1 is provided, scheduled by a DCI format that the UE detectsin PDCCH monitoring
occasion m for serving cell ¢, or

- if harg-ACK-SpatialBundlingPUCCH is provided, the number of PDSCHS, or the number of PDSCH groups
if nrofHARQ-BundlingGroups with Nyjxra"acx = 1 is provided, scheduled by aDCI format that the UE
detects in PDCCH monitoring occasion m for serving cell c, or

- the number of DCI formats that the UE detects and have associated a HARQ-ACK information without
scheduling PDSCH reception in PDCCH monitoring occasion m for serving cell c.

Nsps, - OF Ngps ¢ g, for G-RNTI g for multicast or G-CS-RNTI g, 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 within the M or M, PDCCH monitoring
occasions, respectively.

If aUE

DL,CBG
Ncells

is provided PDSCH-CodeBlockGroupTransmission for serving cells; and

serving cells where N2jit° + No3Pe =

is not provided PDSCH-CodeBlockGroupTransmission, for N2% T8

DL cells
Ncells

the UE determines the 65'¢%, 61X, -+, 65X _, according to the previous pseudo-code with the following modifications

Oack—1
N2%. isused for the determination of afirst HARQ-ACK sub-codebook for
- SPSPDSCH reception,
- aDCI format having associated HARQ-ACK information without scheduling PDSCH reception,

- TCI state update, and

- TB-based PDSCH receptions on the N2“8¢ serving cells and on the N>%™® serving cells,

cells cells

N2 isreplaced by N24P¢ for the determination of a second HARQ-ACK sub-codebook corresponding to the

NPYCBG serving cells for CBG-based PDSCH receptions, and

cells

if, for an active DL BWP of aserving cell, the UE is not provided coresetPool Index or is provided

coresetPool Index with value O for one or more first CORESETs and is provided coresetPool Index with value 1
for one or more second CORESETS, and is provided ackNackFeedbackMode = joint, the serving cell is counted
as two times where the first time corresponds to the first CORESET s and the second time corresponds to the
second CORESETS, and

- instead of generating one HARQ-ACK information bit per transport block for a serving cell from the N2:%
serving cells, the UE generates Nyjypo acicmae HARQ-ACK information bits, where Ny{ypo xcimay 1S the
maximum value of N}, - Nigeen aciee acrossall N2ie®¢ serving cells and NP . isthe value of
maxNrofCodeWor dsSchedul edByDCI for serving cell c. If for aserving cell ¢ itis NBS . - Nigangoacke <
Ny anor Atk max the UE generates NACK for the last Nyaea acimax — NBbc - Nigangoack « HARQ-ACK
information bits for serving cell ¢
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- the pseudo-code operation when harg-ACK-Spatial BundlingPUCCH is provided is not applicable
- The counter DAI value and the total DAI value apply separately for each HARQ-ACK sub-codebook

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

If OACK + OSR + OCSI < 11, the UE also determines nHARQ_ACK = nHARQ_ACK’TB + nHARQ_ACK,CBG for obtaini nga
PUCCH transmission power, as described in clause 7.2.1, with

DL,CB

G DL .
_ DL Negisw —1,,CBG CBG/TB,max Negis—1 wpm—1 ppreceived,CBG
NHARQ-ACK,CBG — <(VDA|,m.as — 2o UDAI,C) mod(TD)> Nyaro-Ack max + 2500 Lm=oNme

where

if Newiis = 1, VBA1m,., 1S the value of the counter DAI in the last DCI format scheduling CBG-based PDSCH

reception that the UE detects within the ¥ PDCCH monitoring occasions

cells

reception for any serving cell ¢ that the UE detects within the M PDCCH monitoring occasions

- if NQjis > 1, VhRimy,,, iSthe value of the total DAI in the last DCI format scheduling CBG-based PDSCH

- VP = 0, if the UE does not detect any DCI format scheduling CBG-based PDSCH reception for any

DAL mMast
serving cell ¢ inany of the M PDCCH monitoring occasions

- USiE. isthetotal number of DCI formats scheduling CBG-based PDSCH receptions that the UE detects
within the M PDCCH monitoring occasions for serving cell c. USh{, = 0 if the UE does not detect any DCI

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

NevedCBG i the number of CBGs the UE receivesin a PDSCH scheduled by a DCI format that supports

CBG-hased PDSCH reception that the UE detectsin PDCCH monitoring occasion m for serving cell ¢ and
the UE reports corresponding HARQ-ACK information in the PUCCH

If aUE is provided nrofHARQ-BundlingGroups and is not provided harg-ACK-Spatial BundlingPUCCH for a serving
cell ¢, the UE generates HARQ-ACK information over transport block groups (TBGs) for PDSCH receptions where,
for a maximum number of Npiécy PDSCH receptions scheduled by a DCI format on the serving cell, a maximum

number of TBGS Nyjara-ack.c 1S Provided by nrofHARQ-BundlingGroups. If the UE detects a DCI format scheduling

Nepsci,c PDSCH receptions on the serving cell ¢, the UE generates Ny ago- ack . HARQ-ACK information bits for the

first TBsand, if applicable, generates Nyjaporack.c HARQ-ACK information bits for the second TBs as described in

clause 9.1.1 by setting Nyjarorack: = Niianarack.c ad € = Nppscu,c. For aTBG associated with at least one PDSCH

that does not overlap with an UL symbol indicated by tdd-UL-DL-ConfigurationCommon, or by tdd-UL-DL-
ConfigurationDedicated if provided, the UE assumes that TB(s) provided by a PDSCH that overlaps with an UL
symbol indicated by tdd-UL-DL-ConfigurationCommon, or by tdd-UL-DL-ConfigurationDedicated if provided, are
correctly received. For a TBG associated only with PDSCHs that overlap with UL symbolsindicated by tdd-UL-DL-
ConfigurationCommon, or by tdd-UL-DL-ConfigurationDedicated if provided, the UE generates a NACK value for the
TBG.

If aUE is provided nrofHARQ-BundlingGroups and harg-ACK-Spatial BundlingPUCCH for a serving cell ¢, the UE

generates HARQ-ACK information over PDSCH reception groups for PDSCH receptions scheduled by a DCI format

on the serving cell ¢ where amaximum number of PDSCH reception groups, Nyjago-ack . iS Provided by nrofHARQ-

BundlingGroups. If the UE detects a DCI format scheduling Nppscy . PDSCH receptions on the serving cell ¢, the UE

generates Ny sporack . HARQ-ACK information bits for the Nppscy, PDSCH receptions as described in clause 9.1.1

by Setting Nyiaraack. = Niiano-acke ad € = Nppscy.c. after binary AND operation of the HARQ-ACK information

bits corresponding to the first and second transport blocks of each PDSCH reception. For a PDSCH reception group
associated with at least one PDSCH that does not overlap with an UL symbol indicated by tdd-UL-DL-
ConfigurationCommon, or by tdd-UL-DL-ConfigurationDedicated if provided, the UE assumes that TBs provided by a
PDSCH that overlaps with an UL symbol indicated by tdd-UL-DL-ConfigurationCommon, or by tdd-UL-DL-
ConfigurationDedicated if provided, are correctly received. For a PDSCH reception group associated only with
PDSCHSs that overlap with UL symbolsindicated by tdd-UL-DL-ConfigurationCommon, or by tdd-UL-DL-
ConfigurationDedicated if provided, the UE generatesa NACK value for the PDSCH reception group.
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If aUE is provided pdsch-TimeDomainAllocationListForMultiPDSCH and neither provided nrofHARQ-
BundlingGroups nor harg-ACK-Spatial BundlingPUCCH for a serving cell ¢, the UE generates HARQ-ACK
information over transport blocks for PDSCH receptions. If the UE detects a DCI format scheduling Nppgcy . PDSCH
receptions on the serving cell ¢, the UE generates Nppscy . HARQ-ACK information bits for the first TBsin the
ascending order of the starting of PDSCH receptions and, if applicable, generates Nppgcy . HARQ-ACK information
bits for the second TBsin the ascending order of the starting of PDSCH receptions. For a PDSCH reception that
overlaps with an UL symbol indicated by tdd-UL-DL-ConfigurationCommon, or by tdd-UL-DL-
ConfigurationDedicated if provided, the UE generatesa NACK value for the first TB and, if applicable, generates a
NACK value for the second TB in the PDSCH reception. If Nppgcy .<Nppsch,.» the UE generates aNACK value for the
last NP§. - Nisy . — NP5« - Nppscn, HARQ-ACK information bits where NP . is the value of

maxNrofCodeWor dsScheduledByDCI for serving cell ¢ and Nppisy - is determined by the maximum number of SLIV's
amongst all rows of the TDRA table configured by pdsch-TimeDomainAllocationListForMultiPDSCH.

If aUE is provided pdsch-TimeDomainAllocationListForMultiPDSCH and harg-ACK-Spatial BundlingPUCCH and not
provided nrofHARQ-BundlingGroups for a serving cell ¢, the UE generates HARQ-ACK information over PDSCH
receptions for PDSCH receptions scheduled by a DCI format on the serving cell c. If the UE detects a DCI format
scheduling Nppgcy, . PDSCH receptions on the serving cell ¢, the UE generates Nppgcy . HARQ-ACK information bits
for the PDSCH receptions in the ascending order of the starting of PDSCH receptions after binary AND operation of the
HARQ-ACK information bits corresponding to the first and second transport blocks of each PDSCH reception. For a
PDSCH reception that overlaps with an UL symbol indicated by tdd-UL-DL-ConfigurationCommon, or by tdd-UL-DL-
ConfigurationDedicated if provided, the UE generates a NACK value for the PDSCH reception. If Nppscy - <Npbsch,er
the UE generates a NACK value for the last Npisty - — Nppscn,c HARQ-ACK information bits.

If aUE

- isprovided pdsch-TimeDomainAllocationListForMultiPDSCH and, if provided, nrofHARQ-BundlingGroups

with value Nyjspomack > 1 for Neoyie®¢ serving cells; and

- isnot provided pdsch-TimeDomainAllocationListForMultiPDSCH or is provided nrofHARQ-BundlingGroups
with value Nyjpeacx = 1, for Nowis® serving cells where Nowi® + Noyit®® = N2k

the UE determines the 65'°%, 67, -+, 655, —1 according to the previous pseudo-code with the following modifications

- N2%. isused for the determination of afirst HARQ-ACK sub-codebook for
- SPSPDSCH reception,
- any DCI format having associated HARQ-ACK information without scheduling PDSCH reception, and
- PDSCH reception scheduled by a DCI format scheduling one PDSCH

- PDSCH reception with Nyjepe™ = 1 for TBG-based HARQ-ACK information on the Noyit® serving cells,

cells

DL

- N2% isreplaced by N2 for the determination of asecond HARQ-ACK sub-codebook corresponding to the

N23P¢ serving cells for TBG-based HARQ-ACK information, or for TB-based HARQ-ACK information

cells

corresponding to multiple PDSCH receptions scheduled by asingle DCI format, and

- if, for an active DL BWP of a serving cell, the UE is not provided coresetPoolIndex or is provided
coresetPool Index with value O for one or more first CORESETSs and is provided coresetPool Index with value 1
for one or more second CORESETS, and is provided ackNackFeedbackMode = joint, the serving cell is counted
as two times where the first time corresponds to the first CORESET s and the second time corresponds to the
second CORESETS, and

- instead of generating one or two HARQ-ACK information bits per PDSCH for a serving cell from the

Noii™® serving cells, the UE generates Ny e X 1.y HARQ-ACK information bits for the PDSCH

cells
receptions scheduled by aDCI format, where Nyjro™acx may IS the maximum value between NPk . -
NTBG,max

Haro-ack  acrossall Noc™ serving cellsif the UE is provided nrofHARQ-BundlingGroups, and NP, -

NEe. acrossall Nojii®® serving cells where the UE is not provided nrofHARQ-BundlingGroups, and N2§ .

is the value of maxNrofCodeWordsScheduledByDCI for serving cell ¢ if harg-ACK-Spatial BundlingPUCCH
is not provided; else, Npg,. = 1. If for aserving cell ¢ where the UE is provided nrofHARQ-BundlingGroups,
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e DL TBG,max TBG,max TBG,max DL
itis Ntgc - Ngarg-ackc < NHaRQ-AcK maxs the UE generates NACK for the last Nyapo-ackmax — NTBc -

Niarasack.e HARQ-ACK information bits for serving cell c. If for aserving cell ¢ where the UE is not

provided nrofHARQ-BundlingGroups, it is NRE . - &y . < Nijaweack.max: the UE generates NACK for
the last Ny o ack max — NPgic - Nibeen - HARQ-ACK information bits for serving cell c.

- The pseudo-code operation when PDSCH-CodeBlockGroupTransmission is provided is not applicable.
- The counter DAI value and the total DAI value apply separately for each HARQ-ACK sub-codebook.

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

DL, TBG .
If OACK + OSR + OCSI <11 and NCE”S > 0, the UE also determines nHARQ_ACK = nHARQ_ACK’TB + nHARQ_ACK’TBG for

obtaining a PUCCH transmission power, as described in clause 7.2.1, with

DL NOLTBG 4 TBG TBG,max NDLTBG 4 received, TBG
— cels i cdls M-1 )
NYARQ-ACK,TBG = (VDAI.mm — Lic=o UDAl,c) mod(Tp) Nyaro-ack max T 220 Ym=0Nm,c

where

- if NQjis = 1, VhRimy,,, iSthe value of the counter DAI in the last DCI format scheduling more than one PDSCH
receptions for any serving cell ¢ from the N28¢ serving cells with TBG-based HARQ-ACK information or

cells

with TB-based HARQ-ACK information that the UE detects within the M PDCCH monitoring occasions

- if N2jis > 1, VpRimy,,, iSthe value of the total DAI in the last DCI format scheduling more than one PDSCH
receptions with TBG-based HARQ-ACK information or with TB-based HARQ-ACK information for any

serving cell ¢ fromthe Nyt serving cells that the UE detects within the M PDCCH monitoring occasions

- V]]))klvmlast = 0, if the UE does not detect any DCI format scheduling more than one PDSCH receptions with
TBG-based HARQ-ACK information or with TB-based HARQ-ACK information for any serving cell ¢ from the

N24P¢ serving cellsin any of the M PDCCH monitoring occasions

- Upai. isthetotal number of DCI formats scheduling more than one PDSCH receptions with TBG-based HARQ-
ACK information or with TB-based HARQ-ACK information for any serving cell ¢ from the N>%™5¢ serving

cells
cells that the UE detects within the M PDCCH monitoring occasions for serving cell c. US5§. = 0 if the UE does
not detect any DCI format scheduling more than one PDSCH receptions for serving cell ¢ in any of the M

PDCCH monitoring occasions

- if harg-ACK-SpatialBundlingPUCCH is provided,

- if nrofHARQ-BundlingGroups is provided, N;e?"** T8 js the number of PDSCH groups that include at least
one PDSCH not overlapping with a UL symbol indicated by tdd-UL-DL-ConfigurationCommon, or tdd-UL-
DL-ConfigurationDedicated if provided, that the UE receives in serving cell ¢ from the N2xT¢ serving cells

in PDCCH monitoring occasion m and the UE reports corresponding HARQ-ACK information in the
PUCCH

- if nrofHARQ-BundlingGroups is not provided, Nyc*** T8¢ js the number of PDSCHSs that the UE receivesin
serving cell ¢ fromthe N2yit®® serving cellsin PDCCH monitoring occasion m and the UE reports

corresponding HARQ-ACK information in the PUCCH
- if harg-ACK-SpatialBundlingPUCCH is not provided,

- if nrofHARQ-BundlingGroups is provided, Nyex'**T8 js the number of TBGs including at least one PDSCH
not overlapping with an UL symbol indicated by tdd-UL-DL-ConfigurationCommon, or by tdd-UL-DL-
ConfigurationDedicated if provided, that the UE receives in serving cell ¢ from the Now ¢ serving cellsin

PDCCH monitoring occasion m and the UE reports corresponding HARQ-ACK information in the PUCCH

- if nrofHARQ-BundlingGroups s not provided, Ny "™ is the number of transport blocks in PDSCHSs that
the UE receives in serving cell ¢ from the N5 *¢ serving cellsin PDCCH monitoring occasion m and the

UE reports corresponding HARQ-ACK information in the PUCCH.
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If aUE is provided by mc-DCI-SetofCellsToAddModList a number of sets of serving cells and is provided USS sets to
monitor PDCCH for detection of DCI format 1_3, the UE separately applies the following procedures for determining a
corresponding second Type-2 HARQ-ACK sub-codebook for scheduling cells associated with DCI format 1_3 that

- schedules PDSCH receptions on more than one serving cells from a set of serving cells, and/or

- doesnot include a SCell dormancy indication field or the SCell dormancy indication field is reserved, indicates
SCell dormancy, and schedules PDSCH reception on one or more serving cells from the set of serving cells

- inthefollowing, and for the purpose of providing HARQ-ACK information corresponding to SCell
dormancy indication, the UE assumes that the UE receives a PDSCH on the serving cell associated with
fieldsin DCI format 1_3 used for SCell dormancy indication, as described in Clause 10.3, and that the
PDSCH provides one transport block that the UE correctly decodes

from the procedures for determining afirst Type-2 HARQ-ACK sub-codebook that is associated with unicast SPS
PDSCH receptions or with any unicast DCI format scheduling a PDSCH reception on a single serving cell, or has
associated HARQ-ACK information without scheduling a PDSCH reception as described in this clause. The UE
appends the second Type-2 HARQ-ACK sub-codebook to the first Type-2 HARQ-ACK sub-codebook.

Denote by NP, the number of bits for the counter DA field in DCI format 1_3 and set T, = 2Nc“oa1, Denote by
VEtpalem the value of the counter DAI in aDCI format 1_3 scheduling PDSCH receptions on more than one serving
cells among the more than one serving cells, in PDCCH monitoring occasion m according to Table 9.1.3-1. Denote by
Va1 the value of the total DAL in DCI format 1_3 scheduling PDSCH receptions on more than one cellsin PDCCH
monitoring occasion m according to Table 9.1.3-1. The UE assumes a same value of total DAI inal DCI formats1_3
in PDCCH monitoring occasion m that schedule more than one PDSCH receptions on respective more than one serving
cellsfrom a set of serving cells.

The UE determines the 55, 61", -+, 64555 _4, for atotal number of 05cx HARQ-ACK information bits in the second
Type-2 HARQ-ACK sub- codebook according to the following pseudo-code.

Set N2 to the maximum number of serving cellsin ScheduledCell-ListDCI-1-3 of a set of serving cells

cells,set

provided by MC-DCI-SetofCells, across the number of sets of serving cells, that can be scheduled PDSCH
receptions by DCI format 1_3

Set NBm2X 15 the maximum total number of TBsin PDSCH receptions that can be scheduled by aDCI format 1_3

sets
over more than one serving cellsin a set of serving cells across the number of sets of serving cells

Set N2L to the number of sets of serving cells MC-DCI-SetofCellsin a PUCCH group

Set N

Db to the number of serving cells, across NQk, sets of serving cellsin the PUCCH group

Set ¢ to the index of serving cells, ¢ = 0, ..., N25. — 1, alower index corresponds to alower RRC index of a
corresponding serving cell

- if the UE indicates type2-HARQ-ACK-Codebook and receives Nppscy . > 1 PDSCHs on aserving cell ¢ that
are scheduled by Nppscy . DCI formats 1_3 in PDCCH receptions at a same PDCCH monitoring occasion m,
where

- each of the DCI formats 1_3 schedules more than one PDSCH receptions on respective more than one
serving cells,

- ¢ isthesmallest cell index among the respective more than one serving cells, and
- cissameacrossthe Nppscy . DCI formats 1_3

the serving cell ¢ is counted Nppscy  times for PDCCH monitoring occasion m in increasing order of the
PDSCH reception starting time among the Ngpscy . PDSCH receptions

Set mc to theindex of aserving cell, in aset of indexes of serving cells arranged in ascending order, from the set of

DL,max _ DL max __
Ncells,set servi ng Ce”S mc = 0 cells set 1
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Set m = 0 — PDCCH monitoring occasion index for detection of a DCI format 1_3 scheduling PDSCH receptions
on more than one serving cells from a set of serving cells: lower index correspondsto earlier PDCCH monitoring

occasion
Setj=0
Set Viemp = 0
Set Viempz = 0
SetV; =0

Set M to the number of PDCCH monitoring occasions
whilem < M
c=0
if harg-ACK-Spatial BundlingPUCCH is not provided,
DL

Wh||e c < Ncells

if PDCCH monitoring occasion m is before an active UL BWP change on the serving cell of PUCCH
transmission if the UE is provided pucch-sSCellDyn or pucch-sSCelIDynDCI-1-2 or pucch-
sSCellDynDCI-1-3, or an active UL BWP change on the PCell if the UE is not provided pucch-sSCelIDyn
and pucch-sSCelIDynDCI-1-2 and pucch-sSCelIDynDCI-1-3, and the PUCCH transmission with the
HARQ-ACK information starts at or after aglot for the active UL BWP change

c=c+1,
else

if thereisa PDSCH reception on serving cell ¢ that is scheduled by a DCI format scheduling more
than one PDSCHs that provide respective more than one transport blocks with enabled HARQ-ACK
information on respective more than one serving cells, where the DCI format is associated with a
PDCCH reception in PDCCH monitoring occasion m and c is the smallest serving cell index among
the more than one serving cells

if VCI‘D—LDAI,c,m < Vtemp
J=j+1L
end if
Vtemp = VCP—LDAI,c,m;
if VTD—II5AI,m =0
Vtemp,z = VCP—LDAI,c,m;
else

— 17DbL .
Vtemp,Z - VT—DAI,m'

end if
cnt = 0;
mc = 0;

. DL, max
whileme < Neepls set

if the UE is scheduled PDSCH reception on serving cell mc, if any, from the more than one
serving cells
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if PDCCH monitoring occasion m is before an active DL BWP change on serving cell mc,
and the active DL BWP change is not triggered in PDCCH monitoring occasion m, and the
PUCCH with the HARQ-ACK information starts at or after aslot for the active DL BWP

change,

if maxNrofCodeWordsScheduledByDCl is 2 for serving cell mc,

~ACK —_ .
O TB,max . TBmax /,,DL = NACK
Nsets 'TDJ+Ngets '(VC—DAI,c,m_1)+Cnt ’
~ACK —_ .
O TB,max . TBmax /,,DL = NACK
Nsets 'TDJ+Ngets '(VC—DAI,c,m_1)+1+Cnt ’
cnt = cnt + 2;
else
~ACK —_ .
O TB,max . TBmax /,,DL = NACK
Nsets 'TDJ+Ngets '(VC—DAI,c,m_1)+Cnt ’
cnt = cnt + 1;
end if

else

if maxNrofCodeWordsScheduledByDCl is 2 for serving cell mc

~ACK . . . .
0% T8, 1B, =HARQ-ACK information bit correspondin
Nsetrsnax'TD']+Nset;nax'(VCP—LDAI.C,m_l)"'Cnt Q g

to the first transport block of this cell
5ACK = HARQ-ACK information bit

0 TB,max . nyTBmax 1, DL
Nsets TDJ+Ngets '(VC—DAI,C,m_1)+1+Cnt

corresponding to the second transport block of this cell
cnt = cnt + 2;

else

5ACK = HARQ-ACK information bit corresponding

O TBmax ., ~TBmax /o, DL
Nsets TDJ*Ngets '(VC—DAI,C,m_1)+Cnt

to the transport block of this cell
cnt = cnt + 1;
end if
end if
end if
mc =mc + 1;
end while

while cnt < NJS™

6;35%1;:?&('TD'j"'NsTSt'?ax'(Vg—LDAI,c,m—1)+cnt: NACK;
cnt =cnt + 1;
end while
V=V, U NIB T, NIB (05, = 1), NIB T, o NI
(VcD-lliAl,c,m - 1) + NSTe%‘SmaX — 1};
end if
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c=c+1;
end if
end while
else
while c < N2k

if PDCCH monitoring occasion m is before an active UL BWP change on the serving cell of PUCCH
transmission if the UE is provided pucch-sSCellDyn or pucch-sSCelIDynDCI-1-2 or pucch-
sSCellDynDCI-1-3, or an active UL BWP change on the PCell if the UE is not provided pucch-sSCelIDyn
and pucch-sSCelIDynDCI-1-2 and pucch-sSCelIDynDCI-1-3, and the PUCCH transmission with the
HARQ-ACK information starts at or after aglot for the active UL BWP change

c=c+1;
else

if thereisaPDSCH reception on serving cell ¢ that is scheduled by a DCI format scheduling more
than one PDSCHSs that provide respective more than one transport blocks with enabled HARQ-ACK
information on respective more than one serving cells, where the DCI format is associated with a
PDCCH reception in PDCCH monitoring occasion m and c is the smallest serving cell index among
the more than one serving cells

if VCI‘D—LDAI,c,m < Vtemp
J=j+1L
end if
Vtemp = VCP—LDAI,c,m;
if VTD—II5AI,m =0
Vtemp,z = VCP—LDAI,c,m;
else

— 17DbL .
Vtemp,Z - VT—DAI,m'

end if
cnt = 0;
mc = 0;

DL, max

whileme < Nigpjs set

if the UE is scheduled PDSCH reception for transport blocks with enabled HARQ-ACK
information on serving cell mc, if any, from the more than one serving cells

if PDCCH monitoring occasion m is before an active DL BWP change on serving cell mc,
and the active DL BWP change is not triggered in PDCCH monitoring occasion m, and the
PUCCH with the HARQ-ACK information starts at or after aslot for the active DL BWP

change,
~ACK — .
O DL,max . DL,max DL =NACK;
Ncells,set'TD ' +Ncells,set'(VC—DA|,C,m_1)+cnt
else

if maxNrofCodeWordsScheduledByDCl is 2 for serving cell mc

if the PDSCH reception provides two transport blocks
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~ACK . .
max = binary AND operation of the HARQ-
ONE‘l_l'lrnget'TD N o (VEBALem=1)+cnt y P Q
ACK information bits corresponding to the first and second transport blocks of
this cell
else
545K = HARQ-ACK information bit

DL,max . DL,max DL
Neellsset TD'J +Ncells,set'(VC-DA|.C.m_1)+cnt

corresponding to the first transport block of this cell
end if
else

45K e = HARQ-ACK information bit of this cell

Ncells,set'TD'j+N?éiT;?:et'(V£|5Al,c,m_1)+cnt
end if
cnt = cnt + 1;
end if
end if

mc =mc + 1;

end while
whilecnt < Nojme
6£§§1?§et'TD'j+NE£ii2?;et'(Vlll‘)-If)AI,c,m_1)+Cnt: NACK;
cnt = cnt + 1;
end while
Vo=Vu {N(Be]iirsr:::t Tp-j+ Nélﬁi’é‘,iiét - (VEarem — 1), Nilﬁi?,i’ét Tp-j+ Nclgﬁgﬁzt '
(Vebaiem —1) + 1., N(Be]ﬁgt::t Tp-j+ Nge%i?:ét -(V&barem — 1) + Ni%i?:ét -1}
end if
c=c+1,
end if
end while
end if
m=m+1;
end while

. 4 4
Vi = (1m0 (2£)) x (55) + Viems
|f UE doesnotﬁvtempz = V¥£DAI al"ld TD =2

VtempZ = Vtemp ;

end if

- )
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if Vtempz < Vtemp

J=i+1

end if

if harg-ACK-SpatialBundlingPUCCH is not provided,

TB, .
OACK = Nsetsmax ! (4 Jj+ VtempZ)

else

DL, max

ACK i .
0 = Ncells,set ’ (4 ) + Vtempz)

end if

0ACK = NACK for any i € {0,1, -, 04K — 1})\V, .

If Opck + Osg + Ocs; < 11 and N2%, > 0, for obtaining a PUCCH transmission power as described in clause 7.2.1, the
UE determines nHARQ_ACK = nHARQ_ACK’O + nHARQ_ACKyl, where nHARQ_ACK,O is the value of nHARQ_ACK for the first
Type-2 HARQ-ACK sub-codebook and nyarg-ack 1 iSthe value of nyaro-ack for the second Type-2 HARQ-ACK sub-
codebook that is determined as

DL
_ DL Neegs—1 DL MC Nsets M-1 recewed
NHARQ-ACK = <<VDA|,m|ast — 2520 Upai s) mOd(TD)) Bmax T 2s=0  2m=0Nm

where

in the following

- aDCI format 1_3 schedules more than one PDSCH receptions providing transport blocks with enabled
HARQ-ACK information

- adormancy indication is considered as a PDSCH reception providing a single transport block with enabled
HARQ-ACK information

VbAim,,., I1Sthe value of the total DAI field in alast DCI format 1_3 the UE detects in alast PDCCH monitoring
occasion within the M PDCCH monitoring occasions where the UE detects at least one DCI format 1_3.
V]]))klvmlast = 0 if the UE does not detect any DCI format 1_3 in any of the M PDCCH monitoring occasions.

Upay s isthe total number of DCI format 1_3 that the UE detects within the M PDCCH monitoring occasions for
the set s of serving cells. Upy; = 0 if the UE does not detect any DCI format 1_3 associated with scheduling on
set s of serving cellsin any of the M PDCCH monitoring occasions.

Npgme = Nggea"™ if harq-ACK-SpatialBundlingPUCCH is not provided; otherwise, Npgmax = Neatjs u

TB,max sets B,max cells,set”

received ;
Nps IS

- the number of transport blocks, in PDSCH receptions not overlapping with an UL symbol indicated by tdd-
UL-DL-ConfigurationCommon or by tdd-UL-DL-ConfigurationDedicated if provided, associated with a DCI
format 1_3 that the UE detectsin PDCCH monitoring occasion m for set s of serving cells, if harg-ACK-
SpatialBundlingPUCCH is not provided

- the number of more than one PDSCHSs, not overlapping with an UL symbol indicated by tdd-UL-DL-
ConfigurationCommon or by tdd-UL-DL-ConfigurationDedicated if provided, scheduled by a DCI format
1 3that the UE detectsin PDCCH monitoring occasion m for set s of serving cells, if harg-ACK-
SpatialBundlingPUCCH is provided
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Table 9.1.3-1: Value of counter DAI for N2-;,; = 2 and of total DAI

Number of {serving cell, PDCCH monitoring occasion}-pair(s) in which
PDSCH transmission(s) associated with PDCCH or PDCCH generating a
DAI yoL yoL HARQ-ACK information bit without scheduling a PDSCH reception or
MSB, LSB c-Da1 OF V'T-pal providing TCI state update is present, or number of PDCCH monitoring
occasions associated with PDCCH for scheduling PDSCH receptions on
more than one cells, denoted asYand Y > 1

0,0 1 Y -DmodTp,+1=1
0,1 2 Y -DmodTp,+1=2
1,0 3 Y —-—1D)modT, +1=3
1,1 4 Y —1DmodTp+1=4
Table 9.1.3-1A: Value of counter DAI for N2, =1

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

DAI VDL PDSCH transmission(s) associated with PDCCH or PDCCH generating a
C-DAI HARQ-ACK information bit without scheduling a PDSCH reception or
providing TCI state update is present, denotedasYand ¥ > 1
0 1 Y -DmodTp,+1=1
1 2 Y -DmodTp,+1=2
9.1.3.2 Type-2 HARQ-ACK codebook in physical uplink shared channel

Inthis clause, a DAI field is either the one corresponding to unicast HARQ-ACK information and associated PDSCH
receptions or DCI formats, or is the one corresponding to multicast HARQ-ACK information and associated PDSCH
receptions or DCI formats, as described in [5, TS 38.212].

If a UE would multiplex HARQ-ACK information in a PUSCH transmission that is not scheduled by a DCI format or is
scheduled by a DCI format that does not include a DA field, then

- if the UE has not received any PDCCH within the monitoring occasions for DCI formats scheduling PDSCH
receptions, or providing a DCI format having associated HARQ-ACK information without scheduling a PDSCH
reception, on any serving cell ¢ and the UE does not have HARQ-ACK information in response to a SPS
PDSCH reception to multiplex in the PUSCH, as described in clause 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 clause 9.1.3.1, except that harg-ACK-
SpatialBundlingPUCCH is replaced by harg-ACK-Spatial BundlingPUSCH.

If a UE multiplexes HARQ-ACK information in a PUSCH transmission that is scheduled by a DCI format that includes
aDAlI field, the UE generates the HARQ-ACK codebook as described in clause 9.1.3.1, with the following
modifications:

- For the pseudo-code for the HARQ-ACK codebook generation in clause 9.1.3.1, after the completion of the ¢
and m loops, the UE Sets Vyeppo = Viipa Where Vikp,, isthe value of the DAL field according to Table 9.1.3-2

- if the UE multiplexes HARQ-ACK information associated with more than one G-RNTIs for multicast or G-
CS-RNTIs, the value of the DAI field V'L, is applicable to each of the more than one G-RNTIs for
multicast or each of the G-CS-RNTIs.

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

- harg-ACK-Spatial BundlingPUCCH is replaced by harg-ACK-Spatial BundlingPUSCH.

If aUE is not provided PDSCH-CodeBlockGroupTransmission and the UE is scheduled for a PUSCH transmission by
DCI format that includes a DAL field for unicast PDSCH receptions with value V;'5,; = 4 and the UE has not received
any PDCCH within the monitoring occasions for a unicast DCI format scheduling PDSCH receptions providing
transport blocks with enabled HARQ-ACK information or having associated HARQ-ACK information without
scheduling PDSCH receptions on any serving cell ¢, and the UE does not have HARQ-ACK information in response to
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a SPS PDSCH reception to multiplex in the PUSCH as described in clause 9.1.3.1, the UE does not multiplex HARQ-
ACK information associated with unicast DCI format and HARQ-ACK information for SPS PDSCH reception in the
PUSCH transmission.

If aUE is provided PDSCH-CodeBlockGroupTransmission and the UE is scheduled for a PUSCH transmission by DCI
format that includes a DAL field for unicast PDSCH receptions with first value Vi’5,,;, = 4 or with second value V{5, =
4 and the UE has not received any PDCCH within the monitoring occasions for a unicast DCI format scheduling
PDSCH reception providing a transport block with enabled HARQ-ACK information or having associated HARQ-ACK
information without scheduling PDSCH reception on any serving cell ¢, and the UE does not have HARQ-ACK
information in response to a SPS PDSCH reception to multiplex in the PUSCH, as described in clause 9.1.3.1, the UE
does not multiplex HARQ-ACK information associated with unicast DCI format and HARQ-ACK information for SPS
PDSCH reception for the first sub-codebook or for the second sub-codebook, respectively, in the PUSCH transmission.

If aUE is scheduled for a PUSCH transmission by DCI format that includes a DAI field for multicast PDSCH
receptions with value V% ,; = 4 and the UE has not received any PDCCH within the monitoring occasions for a
multicast DCI format scheduling PDSCH reception providing a transport block with enabled HARQ-ACK information
or having associated HARQ-ACK information without scheduling PDSCH receptions on any serving cell ¢, to
multiplex in the PUSCH as described in clause 9.1.3.1, the UE does not multiplex multicast HARQ-ACK information
associated with a multicast DCI format in the PUSCH transmission.

Table 9.1.3-2: Value of DAI

Number of {serving cell, PDCCH monitoring occasion}-pair(s) in which
PDSCH transmission(s) associated with PDCCH or PDCCH indicating SPS
DA PDSCH relea_se or p.roviding TCI state upglate or DCI format 1_1or DCI

MSB. LSB Vi A format 1_3 indicating SCell dormancy without scheduling a PDSCH
’ reception is present, or number of PDCCH monitoring occasions associated
with PDCCH for scheduling PDSCH receptions on more than one cells,
denotedas Xand 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—1Dmod4+1=4
9.1.3.3 Type-2 HARQ-ACK codebook grouping and HARQ-ACK retransmission

If aUE is provided pdsch-HARQ-ACK-Codebook-r 16, the UE determines HARQ-ACK information for multiplexing in
a PUCCH transmission occasion according to the following procedure.

Set g to the value of a PDSCH group index field in alast DCI format that provides a value of g and indicates a PUCCH
transmission occasion.

Set i(g) to denote a PUCCH transmission occasion for multiplexing HARQ-ACK information
Set k to the value of a PDSCH-to-HARQ_feedback timing field, if any, in a DCI format providing avalue of g

- If the DCI format does not include a PDSCH-to-HARQ_feedback timing field, set k to the value provided by dI-
DataToUL-ACK or dI-DataToUL-ACK-r16

Set h(g) to the value of the New feedback indicator field in the last DCI format providing the value of g if the New
feedback indicator field includes 1 bit, or to the MSB of the New feedback indicator field in the last DCI format
providing the value of g if the New feedback indicator field includes 2 bits

Set h(9+1mod2 (4 to avalue of the LSB of the New feedback indicator field in the last DCI format providing the value
of g if the New feedback indicator field includes 2 bits, or to @ otherwise

Set V0+1mo42 1 the value of atotal DA field for group (g + 1)mod2 in thelast DCI format providing the value of g

- If g =1 and the UE detects a DCI format that does not include a PDSCH group index field in a PDCCH
reception that is after the PDCCH reception for the last DCI format detection providing the value of g and

indicating a same slot for aPUCCH transmission occasion, set .9 9™042 — g

Set g to the value of a number of requested PDSCH group(s) field in the last DCI format providing the value of g
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A UE does not expect to detect DCI formats with respective
- Number of requested PDSCH group(s) field values of 0, and
- PDSCH-to-HARQ_feedback timing field values that indicate a same PUCCH transmission occasion, and
- PDSCH group index field values that are different

Generate first HARQ-ACK information for PUCCH transmission occasion i(g) in adot, as described in clause 9.1.3.1,
where

- thefirst HARQ-ACK information corresponds only to detections of DCI formats each providing a same value of
g, of h(g), and to detections of DCI formats that do not provide avalue of g and h(g) and are associated with a
same value of g, of h(g), and at least one of the DCI formats providing a value of k indicating the slot

- at least one of the DCI formats providesah(g) value

- m = 0 corresponds to a PDCCH monitoring occasion, where the UE detects a DCI format that provides avaue
of g or isassociated with avalue of g, that isthe first PDCCH monitoring occasion after a PDCCH monitoring
occasion where the UE detects another DCI format that provides a value different than h(g)

The generation of the first HARQ-ACK information for PUCCH transmission occasion i(g) in adot, as described in
clause 9.1.3.1, excludes the generation of HARQ-ACK information for SPS PDSCH receptions.

If hlg+Dmod2 (o) — @ or hla+Vmod2( gy = p((g + 1)mod2), generate second HARQ-ACK information for PUCCH
transmission occasion i((g + 1)mod2) in adlot, asdescribed in clause 9.1.3.1, where

- the second HARQ-ACK information corresponds to detections of DCI formats each providing a same value of
(g + 1)mod2, of h((g + 1)mod2) and to detections of DCI formats that do not provide a value of
(g + 1)mod2, of h((g + 1)mod2), but are associated with a same value of (g + 1)mod2, of h((g + 1)mod2)

- at least one of the DCI formats provides a h((g + 1)mod2) value

- m = 0 corresponds to a PDCCH monitoring occasion, where the UE detects a DCI format that provides a value
of (g + 1)mod2 or that is associated with avalue of (g + 1)mod2, that isthe firsst PDCCH monitoring
occasion after aPDCCH monitoring occasion where the UE detects another DCI format that provides a value
different than h((g + 1)mod2)

- the PUCCH transmission occasion i((g + 1)mod?2) isalast one for multiplexing second HARQ-ACK
information and it is not after PUCCH transmission occasion i(g)

- if yFImodZ o g fter the completion of the ¢ and m loops for the pseudo-code for the second HARQ-ACK
codebook generation in clause 9.1.3.1, set Vipmy = Vo3 ™%, If the UE is provided PDSCH-

CodeBlockGroupTransmission for N24CBC serving cells, set Viempz = V57 ™% for both sub-codebooks

before appending the second sub-codebook to the first sub-codebook.

If hlg+1mod2 (g = @ and h9+Dmod2 (g) # h((g + 1)mod2), generate second HARQ-ACK information as described
inclause 9.1.3.1 by setting M = 0 and, after the completion of the ¢ and m loops for the pseudo-code for the second

HARQ-ACK codebook generation in clause 9.1.3.1, Setting Vyempz = Vpd V™%,

The generation of the second HARQ-ACK information for PUCCH transmission occasion i((g + 1)mod2) inadot, as
described in clause 9.1.3.1, excludes the generation of HARQ-ACK information for SPS PDSCH receptions.

If ¢ = 0, the UE

includes only the first HARQ-ACK information for multiplexing in PUCCH transmission occasion i(g)
gseif g =1

ifg=1

appends the first HARQ-ACK information to the second HARQ-ACK information for multiplexing in PUCCH
transmission occasion i(g)

else
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append the second HARQ-ACK information to the first HARQ-ACK information for multiplexing in PUCCH
transmission occasion i(g)

end if
end if

The UE appends the HARQ-ACK information corresponding to SPS PDSCH receptions, if any, as described in clause
9.1.3.1, after the first and second, if any, HARQ-ACK information.

If the HARQ-ACK information is multiplexed in a PUSCH transmission, the HARQ-ACK information is determined as

- for multiplexing in PUCCH transmission occasion i(g), if the PUSCH transmission is not scheduled by aDCI
format or is scheduled by a DCI format that does not include a DCI field with value Vs,

- for multiplexing in PUCCH transmission occasion i(g), if the PUSCH transmission is scheduled by a DCI
format without ul-Total DAI-Included configured except that for PDSCH group g, the DCI field with value Vs
in the DCI format is used after the completion of the ¢ and m loops for the pseudo-code for the HARQ-ACK
codebook generation in clause 9.1.3.1, and when the HARQ-ACK information multiplexed in the PUCCH
transmission occasion i(g) does not include HARQ-ACK information for PDSCH group (g + 1)mod2

- for multiplexing in PUCCH transmission occasion i(g), if the PUSCH transmission is scheduled by a DCI
format without ul-Total DAI-Included configured except that for PDSCH group g = 0, the DCI field with value
VY inthe DCI format is used after the completion of the ¢ and m loops for the pseudo-code for the HARQ-
ACK codebook generation in clause 9.1.3.1, and when the HARQ-ACK information multiplexed in the PUCCH
transmission occasion i(g) includes HARQ-ACK information for PDSCH groups g and (g + 1)mod?2

- for multiplexing in PUCCH transmission occasion i(g), if the PUSCH transmission is scheduled by a DCI
format without ul-Total DAI-Included configured except that for PDSCH group g = 0, the DCI field with value

VDUALI inthe DCI format is used after the completion of the ¢ and m loops for the pseudo-code for the HARQ-
ACK codebook generation in clause 9.1.3.1, and when the UE has not detected any DCI format scheduling

PDSCH receptions, and the UE has not detected any DCI format with arequest for HARQ-ACK information for
any PDSCH group

- for multiplexing in PUCCH transmission occasion i(g), if the PUSCH transmission is scheduled by a DCI
format with ul-Total DAI-Included configured except that M SBs of the DCI field with value Vi, in the DCI
format are used for PDSCH group g = 0, and LSBs of DCI field with value Vs, in the DCI format are used for
PDSCH group g = 1, after the completion of the ¢ and m loops for the pseudo-code for the HARQ-ACK
codebook generation in clause 9.1.3.1.

If aUE is scheduled a PUSCH transmission by DCI format 0_1 having a DAI field value VY, = 4 for aPDSCH group
index, and the UE has not detected any DCI format scheduling PDSCH receptions for the PDSCH group index, and the
UE has not detected any DCI format with arequest for HARQ-ACK information for the PDSCH group index, the UE
does not multiplex HARQ-ACK information in the PUSCH transmission for the PDSCH group index.

If a UE detects DCI formats with respective PDSCH-to-HARQ_feedback timing field values indicating a same PUCCH
transmission occasion and none of the DCI formats that the UE detects after alast PUCCH transmission occasion for

g = 0 includes a New feedback indicator field for g = 0, and at least one of the DCI formatsis DCI format 1_0, the UE
generates HARQ-ACK information only for PDSCH receptions scheduled by detections of DCI format 1_0 and SPS
PDSCH releases indicated by detections of DCI format 1_0, as described in clause 9.1.3.1 or 9.1.3.2 for multiplexing in
the PUCCH transmission occasion.

If aDCI format indicating aslot for aPUCCH transmission occasion does not include a New feedback indicator field, a
PDSCH reception scheduled by the DCI format or a SPS PDSCH release indicated by the DCI format is associated with
PDSCH group 0 and a value of h(g) associated with the DCI format is set only if h(g) is provided by another DCI
format that provides a value of h(g) for PDSCH group 0 and indicates the ot for the PUCCH transmission occasion.

For PUCCH transmission occasion i(g), the UE determines a PUCCH or a PUSCH transmission to multiplex the
HARQ-ACK information according to the proceduresin clauses 9.2.3 and 9.2.5.

If Oack + Osr + Ocs1 < 11, the UE determines a number of HARQ-ACK information bits nyarq-ack,g fOr group
g and anumber of HARQ-ACK information bitS nyarq-ack,(g+1)ymoaz fOr group (g + 1)mod2 as described in clause

9.1.3.1 where Neps, isincluded in nyarq-ack g @, if ¢ = 1 and 9% 2 @, the UE determines

ETSI



3GPP TS 38.213 version 18.7.0 Release 18 121 ETSI TS 138 213 V18.7.0 (2025-07)

THARQ-ACK (g+1)ymoaz DY Setting Vi . = V\+™°% For obtaining aPUCCH transmission power, if g = 0,

THARQ-ACK = MHARQ-ACK,g> else, NHARQ-ACK = MHARQ-ACK,g T "HARQ-ACK,(g+1)mod2-

9.1.4  Type-3 HARQ-ACK codebook determination

If aUE is provided pdsch-HARQ-ACK-OneShotFeedback or pdsch-HARQ-ACK-EnhType3ToAddModList, the UE
determines 53X, 67X, ..., 64X _; HARQ-ACK information bits, for atotal number of 0,¢x HARQ-ACK information
bits, of a Type-3 HARQ-ACK codebook according to the following procedure. If the UE is provided pdsch-HARQ-
ACK-EnhType3ToAddModList and a DCI format scheduling PDSCH reception and triggering the Type-3 HARQ-ACK

codebook includes an enhanced Type 3 codebook indicator field that provides a value for pdsch-HARQ-ACK-
EnhType3index, the UE determines a size of a set of indicated serving cells N2%1™ and a size of a set of indicated
HARQ process numbers N,{Dkﬁ‘é‘_ic for each indicated serving cell and each indicated HARQ process number from the

entry in pdsch-HARQ-ACK-EnhType3ToAddModList corresponding to the pdsch-HARQ-ACK-EnhType3lndex value.
Each bit from MSB to LSB provided by per CC corresponds to a serving cell in ascending order of serving cell index,
where value 'l or value '0" indicate HARQ-ACK for the corresponding serving cell isincluded or not included in the
Type 3 HARQ-ACK codebook, respectively. Each bit string provided by perHARQ correspondsto aserving cell in
ascending order of serving cell index, and each bit from MSB to LSB within a bit string corresponds to a HARQ
process number on a corresponding serving cell in ascending order of HARQ process number, where value '1' or value
‘0" indicate HARQ-ACK for the corresponding HARQ process number on the corresponding serving cell isincluded or
not included in the Type 3 HARQ-ACK codebook, respectively. If the DCI format does not include the enhanced Type
3 codebook indicator field, the pdsch-HARQ-ACK-EnhType3index valueis zero.

Set N2k to the number of configured serving cells or, when applicable, to N23™

Set NﬁkRQ_C to the value of nrofHARQ-ProcessesForPDSCH or nrofHARQ-ProcessesFor PDSCH-v1700 for serving cell
c, if provided; else, set Njxrq, = 8 . When applicable, set NPkrq 10 Nyjxore-

Set N5, to the maximum value of maxNrofCodeWordsScheduledByDCI in PDSCH-config and PDSCH-
configMulticast for serving cell ¢ if harg-ACK-Spatial BundlingPUCCH is provided and NDIyarq = 0, or if harg-ACK-
SpatialBundlingPUCCH is not provided, or if maxCodeBlockGroupsPer TransportBlock is provided for serving cell c;
else, set Npg. = 1.

Set Nﬁf%{i‘é’;_’; to the number of HARQ-ACK information bits per TB for PDSCH receptions on serving cell ¢ as

described in clause 9.1.1 if maxCodeBlockGroupsPer TransportBlock is provided for serving cell ¢ and pdsch-HARQ-
ACK-OneshotFeedbackCBG or pdsch-HARQ-ACK-EnhType3CBG corresponding to the pdsch-HARQ-ACK-
EnhType3index value is provided; else, set Nyjpgorack e = 0. A UE provided with pdsch-HARQ-ACK-
OneShotFeedbackCBG or pdsch-HARQ-ACK-EnhType3CBG does not expect to be provided with different values of

maxCodeBlockGroupsPer TransportBlock for different priority indexes in pdsch-CodeBlockGroupTransmissionList for
serving cell c.

Set NDIyprq = 0 if pdsch-HARQ-ACK-OneShotFeedbackNDI or pdsch-HARQ-ACK-EnhType3NDI is provided; else
set NDIHARQ = 1

Set ¢ = 0 —serving cell index in the set of serving cells
Set h = 0 — HARQ process number index in the set of numbers of HARQ processes
Sett = 0 —TB index
Set g = 0 — CBG index
Setj=0
whilec < N2k

while b < NBkroc

if downlinkHARQ-FeedbackDisabled is not provided, or is provided and indicates enabled HARQ-ACK
information for h, or harg-feedbackEnablingfor SPSactive is provided and enabled and h correspondsto a
transport block in afirst SPS PDSCH reception after an activation of SPS PDSCH receptions
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|f NDIHARQ =0

. CBG/TB,max
if Nyarg-ackc > 0

while t < Ng.

. CBG/TB,max
whileg < NHARQ_ACK‘C

0/“"= HARQ-ACK information hit for CBG g of TB t for HARQ process number index h
in the set of numbers of HARQ processes of serving cell ¢, if any; else, 5/ = 0

j=j+1
g=g+1
end while

0/1“"=NDI valueindicated in the DCI format corresponding to the HARQ-ACK information bit(s)
for TB t for HARQ process number index h in the set of numbers of HARQ processes on serving
cell ¢, if any; else, 5% = 0
g=0
j=j+1
t=t+1
end while
else
while t < Nfg.

3/'““= HARQ-ACK information bit for TB ¢ for HARQ processindex h in the set of numbers
ACK _

of HARQ processes of serving cell ¢, if any; else, o;
j=j+1

d/'““= NDI value indicated in the DCI format corresponding to the HARQ-ACK information
bit(s) for TB t for HARQ process number index h in the set of numbers of HARQ processes on

serving cell ¢, if any; else, 5].ACK =0

j=j+1
t=t+1
end while
end if
t=0

else

. CBG/TB,max
if Nyarg-ack,c > 0

while t < Nfg.

if UE has obtained HARQ-ACK information for TB t for HARQ process number index h in
the set of numbers of HARQ processes on serving cell ¢ corresponding to a PDSCH reception
and has not reported the HARQ-ACK information corresponding to the PDSCH reception

. CBG/TB,max
while g < NHARQ_ACK_C
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0/'“*= HARQ-ACK information hit for CBG g of TB t for HARQ process number
index h in the set of numbers of HARQ processes of serving cell ¢

j=j+1
g=g+1
end while

else
while g < Niara e
5}.ACK = NACK
j=j+1
g=g+1
end while
end if
g=0
t=t+1
end while
ese

while t < Ng.

if UE has obtained HARQ-ACK information for TB t for HARQ process number index h in
the set of numbers of HARQ processes on serving cell ¢ corresponding to a PDSCH reception
and has not reported the HARQ-ACK information corresponding to the PDSCH reception

if harg-ACK-SpatialBundlingPUCCH is not provided

0/“"= HARQ-ACK information it for TB ¢ for HARQ process number index h in the set
of numbers of HARQ processes of serving cell ¢

else

0#1“* = binary AND operation of the HARQ-ACK information bits corresponding to first
and second transport blocks for HARQ process number index h in the set of numbers of
HARQ processes of serving cell c. If the UE receives one transport block, the UE assumes
ACK for the second transport block

end if
j=j+1
t=t+1
ese
07" = NACK
j=j+1
t=t+1
end if

end while
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end if
t=20
end if
end if
h=h+1
end while
h=0
c=c+1
end while

If N%Ig,c > 1, when a UE receives a PDSCH with one transport block, the HARQ-ACK information is associated with
the first transport block.

If a UE receives a SPS PDSCH, or aPDSCH that is scheduled by a DCI format that does not support CBG-based
PDSCH receptions for aserving cell ¢, and if maxCodeBlockGroupsPer TransportBlock is provided for serving cell ¢,
and pdsch-HARQ-ACK-OneShotFeedbackCBG or pdsch-HARQ-ACK-EnhType3CBG corresponding to the pdsch-
HARQ-ACK-EnhType3index value is provided, the UE repeats Ny acic. timesthe HARQ-ACK information for the

transport block, if any, in the PDSCH.

If a UE detects a DCI format that includes a One-shot HARQ-ACK request field with value 1, the UE determines a
PUCCH or a PUSCH to multiplex a Type-3 HARQ-ACK codebook for transmission in a slot as described in clauses
9.2.3and 9.2.5. If the UE is provided a periodic cell switching pattern for PUCCH transmissions by pucch-
sSCellPattern, the UE determines the dot and a corresponding cell based on the periodic cell switching pattern as
described in clause 9.A. The UE multiplexes only the Type-3 HARQ-ACK codebook in the PUCCH or the PUSCH for
transmission in the dot. If the UE is provided pdsch-HARQ-ACK-EnhType3ToAddModList, the UE expects that HARQ-
ACK informationinaType-1 or Type-2 HARQ-ACK codebook in adot is associated with HARQ process(es) of the
Type-3 HARQ-ACK codebook in the dlot.

If
- aUE detectsa DCI format that includes a One-shot HARQ-ACK request field with value 1, and
- the CRC of the DCI is scrambled by a C-RNTI or an MCS-C-RNTI, and

if for one or more serving cells

- resourceAllocation = resourceAllocationTypeO and al bits of the frequency domain resource assignment field in
the DCI format are equal to O, or

- resourceAllocation = resourceAllocationTypel and al bits of the frequency domain resource assignment field in
the DCI format are equal to 1, or

- resourceAllocation = dynamicSwitch and al bits of the frequency domain resource assignment field in the DCI
format are equal to O or 1

the DCI format provides arequest for a Type-3 HARQ-ACK codebook report and does not schedule a PDSCH
reception on the one or more serving cells. If the UE is provided pdsch-HARQ-ACK-EnhType3ToAddModList and the
DCI format includes an enhanced Type 3 codebook indicator field that provides a value for pdsch-HARQ-ACK-

EnhType3index, the UE determines a size of a set of indicated serving cells N2%1™ and a size of a set of indicated
HARQ process numbers Nyfxzor. for each indicated serving cell and each indicated HARQ process number from the

entry in pdsch-HARQ-ACK-EnhType3ToAddModList corresponding to the pdsch-HARQ-ACK-EnhType3Index value. If
the DCI format does not include the enhanced Type 3 codebook indicator field, the pdsch-HARQ-ACK-EnhType3Index
valueis provided by the value of

- the MCSfield for transport block 1 if the DCI format isDCI format 1_1,
- the MCSfield if the DCI format is DCI format 1_2,
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- the MCSfield for transport block 1 of a serving cell with smallest index among the one or more serving cellsif
the DCI format isDCI format 1_3.

The UE is expected to provide HARQ-ACK information in response to the request for the Type-3 HARQ-ACK
codebook after N symbols from the last symbol of a PDCCH providing the DCI format without scheduling any PDSCH
reception, where the value of N isprovided in clause 10.2 by replacing "SPS PDSCH release” with "DCI format".

If a UE multiplexes HARQ-ACK information in a PUSCH transmission, the UE generates the HARQ-ACK codebook
as described in this clause except that harg-ACK-Spatial BundlingPUCCH is replaced by harg-ACK-
SpatialBundlingPUSCH.

9.1.5 HARQ-ACK codebook retransmission

With reference to slots of PUCCH transmissions on the primary cell and for Type-1 or Type-2 HARQ-ACK codebooks,
a UE that transmitted or would transmit a PUCCH or a PUSCH with a first HARQ-ACK codebook in slot m can be
indicated by a DCI format with CRC scrambled by a C-RNTI or aMCS-C-RNTI that does not schedule a PDSCH
reception [4, TS 38.212] on one or more serving cellsand is received in a PDCCH ending in dot n, to transmit a
PUCCH with the first HARQ-ACK codebook in slot n + k, where slot n + k is after slot m. The UE determines k and
aresource for the PUCCH transmission as described in clauses 9.2.3 and 9.2.5. If the UE is provided a periodic cell
switching pattern for PUCCH transmissions by pucch-sSCellPattern, the UE further determines a corresponding cell
based on the periodic cell switching pattern as described in clause 9.A.

If the HARQ-ACK retransmission indicator field valuein a DCI format is'1', the UE determinesslot masm =n — [
where [ is determined by a one-to-one mapping in ascending order among the values from -7 to 24 and the val ues of

- the MCSfield for transport block 1 if the DCI format isDCI format 1_1
- the MCSfield if the DCI format is DCI format 1_2

- the MCSfield for transport block 1 for a serving cell if the DCI format is DCI format 1_3, where the serving cell
is the one with smallest index that has

- resourceAllocation = resourceAllocationTypeO and al bits of the corresponding block of the frequency
domain resource assignment field equal to O, or

- resourceAllocation = resourceAllocationTypel and al bits of the corresponding block of the frequency
domain resource assignment field equal to 1, or

- resourceAllocation = dynamicSwitch and al bits of the corresponding block of the frequency domain
resource assignment field equal to O or 1

If the DCI format includes a priority indicator field having avalue, a priority value of first HARQ-ACK information in
the first HARQ-ACK codebook is same as the value of the priority indicator field; otherwise, the priority value of the
first HARQ-ACK information is zero.

If aUE

- isnot provided coresetPoollndex or is provided coresetPoollndex with a value of O for first CORESETs on
active DL BWPs of serving cells, and

- isprovided coresetPoolIndex with avalue of 1 for second CORESETs on active DL BWPs of the serving cells,
and

- isprovided ackNackFeedbackMode = separate

the first HARQ-ACK codebook is associated with the first CORESET s or with the second CORESETS, as described in
clause 9, when the UE receives the PDCCH providing the DCI format in a CORESET from the first CORESETSs or
from the second CORESETS, respectively.

If the UE would aso multiplex in the PUCCH transmission in dot n + k a second HARQ-ACK codebook with second
HARQ-ACK information of same priority value as for the first HARQ-ACK information in the first HARQ-ACK
codebook, the UE appends the first HARQ-ACK codebook to the second HARQ-ACK codebook. The UE determines
to multiplex the second HARQ-ACK information in the PUCCH transmission in slot n + k as described in clause 9.2.3.
Oxck isthe total number of the first HARQ-ACK information bits and the second HARQ-ACK information bitsif any.
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If the UE performs a procedure for deferring third HARQ-ACK information for SPS PDSCH receptionsto dot n + k,
as described in clause 9.2.5.4, and the third HARQ-ACK information has same priority value as a priority value
indicated by the DCI format triggering the PUCCH transmission in slot n + k, the UE multiplexesin the PUCCH
transmission in slot n + k the first HARQ-ACK information with the priority value that resultsin slot n 4+ k according
to the procedure in this clause, by appending the third HARQ-ACK information to the first HARQ-ACK information. If
the UE would also multiplex in the PUCCH transmissionin slot n + k the second HARQ-ACK information with the
priority value, the UE appends the first HARQ-ACK information followed by the third HARQ-ACK information to the
second HARQ-ACK information. O, ¢y isthe total number of the first HARQ-ACK information bits, the second
HARQ-ACK information bitsif any and the third HARQ-ACK information bitsif any.

If in slot m the UE would transmit a first PUCCH with first HARQ-ACK information over more than one slot and a
second PUCCH with second HARQ-ACK information over one or more slots, where the first and second HARQ-ACK
information have same priority value, the UE multiplexesin the PUCCH transmission in slot n + k one of

- thefirst HARQ-ACK information if the first PUCCH starts at an earlier slot than the second PUCCH, or
- the second HARQ-ACK information if the second PUCCH starts at an earlier dot than the first PUCCH.

If Opck + Osg + Ocsp < 11, the UE determines a number of HARQ-ACK information bits for obtaining a transmission
power fora PUCCH, as described in clause 721, aanARQ_ACK = nHARQ_ACK‘O + nHARQ_ACK_l + nHARQ_ACK‘z where

- NMyarq-ack,o 1Sthe number of HARQ-ACK information bits that the UE determines as described in clause
9.1.2.1 or 9.1.3.1 for the first HARQ-ACK information bits,

- Nyarg-acka 1Sthe number of HARQ-ACK information bits, if any, that the UE determines as described in
clause 9.1.2.1 or 9.1.3.1 for the second HARQ-ACK information hits,

- Myarq-ack,2 1S determined as described in clause 9.1.2.1 or 9.1.3.1 for the third HARQ-ACK information bits
for SPS PDSCH receptions deferred to slot n + k, if any.

9.2 UCI reporting in physical uplink control channel

UCI typesreported in aPUCCH include HARQ-ACK information, SR, LRR, and CSl. UCI bitsinclude HARQ-ACK
information bits, if any, SR information bits, if any, LRR information bit, if any, and CSl bits, if any. The HARQ-ACK
information bits correspond to a HARQ-ACK codebook as described in clause 9.1. For the remaining of this clause, any
reference to SR is applicable for SR and/or for LRR.

A UE may transmit one or two PUCCHSs on a serving cell in different symbols within a dot. When the UE transmits
two PUCCHsin adot and the UE is not provided ackNackFeedbackMode = separate, at |east one of the two PUCCHSs
uses PUCCH format 0 or PUCCH format 2.

If aUE is provided ackNackFeedbackMode = separate, the UE may transmit up to two PUCCHs with HARQ-ACK
information in different symbols within aslot.

Inclauses 9.2.3,9.2.5.1, 9.2.5.2 and 9.2.5.3, a UE assumes 11 CRC bitsif a number of respective UCI bitsislarger than
or equal to 360; otherwise, the UE determines a number of CRC bits based on the number of respective UCI bitsas
described in [5, TS 38.212].

9.2.1 PUCCH Resource Sets

If a UE does not have dedicated PUCCH resource configuration, provided by PUCCH-ResourceSet in PUCCH-Config,
aPUCCH resource set is provided by pucch-ResourceCommon through an index to arow of Table 9.2.1-1 for
transmission of HARQ-ACK information on PUCCH in aninitial UL BWP of N§Z¢, PRBs. For operation in FR2-2,
nrofPRBs provided in PUCCH-ConfigCommon can a so provide a number of Ny RBs for the PUCCH resource set;
otherwise Ngg = 1.

The PUCCH resource set includes sixteen resources, each corresponding to a PUCCH format, afirst symbol, a duration,
aPRB offset RBY and a cyclic shift index set for a PUCCH transmission.

The UE transmits a PUCCH using frequency hopping if not provided usel nterlacePUCCH-PUSCH in BWP-
UplinkCommon; otherwise, the UE transmits a PUCCH without frequency hopping.
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An orthogonal cover code with index 0 is used for a PUCCH resource with PUCCH format 1 in Table 9.2.1-1 except
whenindex 3, 7, or 11 isindicated by pucch-ResourceCommon and usel nterlacePUCCH-PUSCH in BWP-
UplinkCommon is provided.

The UE transmits the PUCCH using the same spatial domain transmission filter as for a PUSCH transmission scheduled
by a RAR UL grant as described in clause 8.3.

If aUE is not provided any of pdsch-HARQ-ACK-Codebook, pdsch-HARQ-ACK-Codebook-r16, or pdsch-HARQ-ACK-
OneShotFeedback, the UE generates at most one HARQ-ACK information bit.

If the UE provides HARQ-ACK information in a PUCCH transmission in response to detecting a DCI format
scheduling a PDSCH reception or having associated HARQ-ACK information without scheduling a PDSCH reception,

the UE determines a PUCCH resource with index rpycch, 0 < 1pycen < 15, 8 1pyccn = lchﬂJ + 2 - Apgy, Where

NccE

N¢cg isanumber of CCEsin a CORESET of a PDCCH reception with the DCI format, as described in clause 10.1,
Nccg,o i1Stheindex of afirst CCE for the PDCCH reception, and Ap; is avalue of the PUCCH resource indicator field
in the DCI format.

When the PDCCH reception by a UE includes first and second PDCCH candidates from respective first and second
search space sets, as described in clause 10.1, the CORESET and n¢cg o are associated with the search space set having
the smaller index. If

- thefirst search space set has larger index than the second search space set and includes the first PDCCH
candidate and athird PDCCH candidate that have same first CCE index and CCE aggregation levels 8 and 16, or
16 and 8, respectively,

- the second search space set includes the second PDCCH candidate that has same index and same CCE
aggregation level asthe first PDCCH candidate, and a fourth PDCCH candidate that has same index and same
CCE aggregation level asthe third PDCCH candidate,

- the CORESET associated with the first search space set has cce-REG-MappingType = 'noninterleaved' and has
duration of one symbol, and

- the second PDCCH candidate has different first CCE index than the fourth PDCCH candidate

the UE determines nccg o from the PDCCH candidate with CCE aggregation level 16 among the second PDCCH
candidate and the fourth PDCCH candidate.

If |7puccn/8] = 0 and aUE is provided a PUCCH resource by pucch-ResourceCommon and is not provided
usel nterlacePUCCH-PUSCH in BWP-UplinkCommon

- the UE determines the lowest PRB index of the PUCCH transmission in the first hop as RBIS! - Ny +
["buccr/Nes) + Ngp and the lowest PRB index of the PUCCH transmission in the second hop as N8 — RBGISS -
Ngg — (1 + [mpuccn/Nes)) - Nrg, where N isthe total number of initia cyclic shift indexes in the set of initial
cyclic shift indexes

- the UE determinesthe initial cyclic shift index in the set of initial cyclic shift indexes as rpyccymodNcs

If |7uccn/8] = 1 and aUE is provided a PUCCH resource by pucch-ResourceCommon and is not provided
usel nterlacePUCCH-PUSCH in BWP-UplinkCommon

- the UE determines the lowest PRB index of the PUCCH transmission in the first hop as N§z%, — RBIIS - Npp —
(1 + |("pucen — 8)/Nesl) - Ngg and the lowest PRB index of the PUCCH transmission in the second hop as

RBEE - Ng + [(rucon — 8)/Nes| - Ngs
- the UE determines the initial cyclic shift index in the set of initial cyclic shift indexes as (Fpyecy—8)MOdN

If aUE is provided a PUCCH resource by pucch-ResourceCommon and is provided uselnterlacePUCCH-PUSCH in
BWP-UplinkCommon

- the UE determines for the PUCCH resource an interlace index m asm = (mg + |rpycen/Nes])modM where M

isanumber of interlaces [4, TS 38.211] and m, = RBSSS is an interlace index offset and RBSISt isas givenin
Table9.2.1-1
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- the UE determines an initial cyclic shift index in aset of initial cyclic shift indexes as rpyccymodNcs, where Neg
isthetotal number of initial cyclic shiftsindexesin the set of initial cyclic shift indexesin Table9.2.1-1

- if pucch-ResourceCommon indicates

index O: the first symbol is 9 for a PUCCH resource with PUCCH format O if rpyccy = 10
index 1 or 2: the first symbol is 9 for a PUCCH resource with PUCCH format O if rpyccy = 15

index 3, 7, or 11: an orthogonal cover code with index 1 is used for a PUCCH resource with PUCCH format
1if rpycey = 10; otherwise, an orthogonal cover code with index 0 is used for a PUCCH resource with
PUCCH format 1

- the UE does not expect pucch-ResourceCommon to indicate index 15

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

Index | PUCCH format | First symbol | Number of symbols Pi%};‘fggstet %est %fd'g)'(téil

0 0 12 2 0 {01 3}

1 0 12 2 0 {0, 4,8}
2 0 12 2 3 {0, 4,8}
4 1 10 4 0 {0,3,6,9]
> 1 10 4 2 {0,3,6,9
6 1 10 4 4 (0, 3, 6,9}
7 1 4 10 0 {0, 6}

8 L 4 10 0 {0,3,6,9)
9 1 4 10 2 {0,3,6,9)
10 1 4 10 4 {0, 3,6, 9}
11 1 0 14 0 0 6}
12 1 0 14 0 {0,3,6,9
13 1 0 14 2 {0,3,6,9)
14 1 0 14 4 {0,3,6,9)
15 1 0 14 | NSize, /4] {0, 3,6, 9}

If a UE has dedicated PUCCH resource configuration, the UE is provided by higher layers with one or more PUCCH

resources.

A PUCCH resource includes the following parameters:

- aPUCCH resource index provided by pucch-Resourceld

- anindex of thefirst PRB prior to frequency hopping or for no frequency hopping by startingPRB, if a UE is not
provided usel nterlacePUCCH-PUSCH in BWP-UplinkDedicated

- anindex of thefirst PRB after frequency hopping by secondHopPRB, if a UE is not provided
uselnterlacePUCCH-PUSCH in BWP-UplinkDedicated

- anindication for intra-d ot frequency hopping by intraS otFrequencyHopping, if a UE is not provided
usel nterlacePUCCH-PUSCH in BWP-UplinkDedicated

- anindex of afirst interlace by interlaceQ, if a UE is provided uselnterlacePUCCH-PUSCH in BWP-
UplinkDedicated

- if provided, an index of a second interlace by interlacel, if aUE is provided uselnterlacePUCCH-PUSCH in
BWP-UplinkDedicated

- anindex of an RB set by rb-Setindex, if a UE is provided uselnterlacePUCCH-PUSCH in BWP-
UplinkDedicated

- anindication for applying one or both of TCI-State or TCI-UL-Sate by applyl ndicatedTCI-Sate, if provided

- aconfiguration for aPUCCH format provided by format
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For operation with shared spectrum channel access, the UE does not expect that two hops of a PUCCH transmission are
in different RB sets.

The UE expects that usel nterlacePUCCH-PUSCH in BWP-UplinkCommon and usel nterlacePUCCH-PUSCH in BWP-
UplinkDedicated are provided either in al UL BWPs or in none of the UL BWPs for a serving cell.

If aUE is provided uselnterlacePUCCH-PUSCH in BWP-UplinkDedicated, the UE determines available RBs for
PUCCH transmissions within the active UL BWP as the intersection of RBs corresponding to an interlace index
provided by interlace0 and, if provided, interlacel, and RBs of an RB set provided by rb-Setindex. The intersection
results in Mppaiaee o RBsin the first interlace and the UE expects that My i o iS €ither 10 or 11. If interlacel is

interlace,0
provided, the intersection resultsin My it 1 RBsin the second interlace and the UE expects that M, qixt. 1 iS either
10or 11.

If the format indicates PUCCH-format0, the PUCCH format configured for a PUCCH resource is PUCCH format O,
where the PUCCH resource aso includes an index for aninitial cyclic shift provided by initial CyclicShift, a number of
symbols for a PUCCH transmission provided by nrofSymbols, afirst symbol for the PUCCH transmission provided by

startingSymbolndex. For PUCCH transmission in FR2-2, the PUCCH resource can also include a number of PRBs

ME“"? provided by nrofPRBs; otherwise, Mg~ = 1.

If the format indicates PUCCH-format1, the PUCCH format configured for a PUCCH resource is PUCCH format 1,
where the PUCCH resource also includes an index for an initial cyclic shift provided by initial CyclicShift, a number of
symbols for a PUCCH transmission provided by nrofSymbols, afirst symbol for the PUCCH transmission provided by
startingSymbollndex, and an index for an orthogonal cover code by timeDomainOCC. For PUCCH transmissionin
FR2-2, the PUCCH resource can also include a number of PRBs M5~ provided by nrofPRBs; otherwise,

PUCCH,1 _
MRt = 1,

If the format indicates PUCCH-format2 or PUCCH-format3, the PUCCH format configured for a PUCCH resource is
PUCCH format 2 or PUCCH format 3, respectively, where the PUCCH resource also includes a number of PRBs
provided by nrofPRBs, a number of symbols for a PUCCH transmission provided by nrofSymbols, and afirst symbol
for the PUCCH transmission provided by startingSymbollndex. If a UE is provided by uselnterlacePUCCH-PUSCH in
BWP-UplinkDedicated, and the format indicates PUCCH-format2 or PUCCH-format3 and PUCCH-ResourceExt is
provided, the PUCCH resource also includes an index of a second interlace by interlacel, if provided; otherwise, if

interlacel is not provided, the PUCCH resource also includes, if provided, an orthogonal cover code length by occ-
Length and an orthogonal cover code index by occ-Index. If the format indicates PUCCH-format3 and PUCCH-

ResourceExt is provided, the UE assumes that the M~ [4, TS 38.211] PRBs with the lowest indexes within the
first, and if configured, second interlace are used for PUCCH transmission.

If the format indicates PUCCH-format4, the PUCCH format configured for a PUCCH resource is PUCCH format 4,
where the PUCCH resource a so includes a number of symbols for a PUCCH transmission provided by nrofSymbols, an
orthogonal cover code length by occ-Length, an orthogonal cover code index by occ-Index, and a first symbol for the

PUCCH transmission provided by startingSymbollndex. For PUCCH transmission in FR2-2, the PUCCH resource can

also include a number of PRBs M ~“"* provided by nrofPRBs; otherwise, Mb~~"* = 1.

If aUE is provided subslotLengthForPUCCH in a PUCCH-Config, the first symbol of a PUCCH resource provided by
PUCCH-ResourceSet or SPS-PUCCH-AN-List in PUCCH-Config or by n1IPUCCH-AN in SPS-Config for multiplexing
HARQ-ACK inaPUCCH transmission isrelative to the first symbol of the subslotLengthForPUCCH symbols[12, TS
38.331]. For the remaining cases, the first symbol of a PUCCH resourceis relative to the first symbol of agot with
N3t symbols [4, TS 38.211].

A UE can be configured up to four sets of PUCCH resources in a PUCCH-Config. A PUCCH resource set is provided
by PUCCH-ResourceSet and is associated with a PUCCH resource set index provided by pucch-ResourceSetld, with a
set of PUCCH resource indexes provided by resourcelist that provides a set of pucch-Resourceld used in the PUCCH
resource set, and with a maximum number of UCI information bits the UE can transmit using a PUCCH resource in the
PUCCH resource set provided by maxPayloadSze. For the first PUCCH resource set, the maximum number of UCI
information bitsis 2. A maximum number of PUCCH resource indexes for a set of PUCCH resources is provided by
maxNrofPUCCH-ResourcesPer Set. The maximum number of PUCCH resourcesin the first PUCCH resource set is 32
and the maximum number of PUCCH resources in the other PUCCH resource setsis 8.

If the UE transmits Oy¢; UCI information bits, that include HARQ-ACK information bits, the UE determines a PUCCH
resource set to be
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afirst set of PUCCH resources with pucch-ResourceSetld = 0 if Oy < 2 including 1 or 2 HARQ-ACK
information bits and a positive or negative SR on one SR transmission occasion if transmission of HARQ-ACK
information and SR occurs simultaneously, or

a second set of PUCCH resources with pucch-ResourceSetld = 1, if provided by higher layers, if 2 < Oyc < N,
where N, is equal to maxPayloadSize if maxPayloadSze is provided for the PUCCH resource set with pucch-
ResourceSetld = 1; otherwise N, is equal to 1706, or

athird set of PUCCH resources with pucch-ResourceSetld = 2, if provided by higher layers, if N, < Oy < N3
where N; is equal to maxPayloadSze if maxPayloadSize is provided for the PUCCH resource set with pucch-
ResourceSetld = 2; otherwise N; is equal to 1706, or

afourth set of PUCCH resources with pucch-ResourceSetld = 3, if provided by higher layers, if N3 < Oy <
1706.

If the UE is provided SPS-PUCCH-AN-List and transmits Oy¢; UCI information bits that include only HARQ-ACK
information bits in response to one or more SPS PDSCH receptions and SR, if any, the UE determines a PUCCH
resource to be

a PUCCH resource provided by sps-PUCCH-AN-Resourcel D obtained from the first entry in sps-PUCCH-AN-
Listif Oye < 2 including 1 or 2 HARQ-ACK information bits and a positive or negative SR on one SR
transmission occasion if transmission of HARQ-ACK information and SR occurs simultaneously, or

a PUCCH resource provided by sps-PUCCH-AN-Resourcel D obtained from the second entry in sps-PUCCH-
AN-Ligt, if provided, if 2 < Oye < Ny sps Where N gps iS either provided by maxPayloadSi ze obtained from the
second entry in sps-PUCCH-AN-List or is otherwise equal to 1706, or

a PUCCH resource provided by sps-PUCCH-AN-Resourcel D obtained from the third entry in sps-PUCCH-AN-
List, if provided, if N; sp5 < Oyc; < N, sps Where N, sp is either provided by maxPayloadSize obtained from the
third entry in sps-PUCCH-AN-List or is otherwise equal to 1706, or

a PUCCH resource provided by sps-PUCCH-AN-Resourcel D obtained from the fourth entry in sps-PUCCH-AN-
List, if provided, if Ny gps < Oycy < N3 gps Where Nj gpg is equal to 1706.

9.2.2 PUCCH Formats for UCI transmission

If aUE is not transmitting PUSCH, and the UE is transmitting UCI, the UE transmits UCI in aPUCCH using

PUCCH format O if

- thetransmission isover 1 symbol or 2 symbols,
- the number of HARQ-ACK information bits with positive or negative SR (HARQ-ACK/SR hits) is1 or 2
PUCCH format 1 if

- thetransmission isover 4 or more symbols,

- the number of HARQ-ACK/SR bitsis1 or 2
PUCCH format 2 if

- thetransmission isover 1 symbol or 2 symbols,
- the number of UCI bitsis more than 2

PUCCH format 3 if

- thetransmission isover 4 or more symbols,

- the number of UCI bitsis more than 2,

- the PUCCH resource does not include an orthogonal cover code, or the UE is provided usel nterlacePUCCH-
PUSCH in BWP-UplinkDedicated

ETSI



3GPP TS 38.213 version 18.7.0 Release 18 131 ETSI TS 138 213 V18.7.0 (2025-07)

PUCCH format 4 if
- thetransmission isover 4 or more symbols,
- the number of UCI bitsis more than 2,

- the PUCCH resource includes an orthogonal cover code and the UE is not provided usel nterlacePUCCH-
PUSCH in BWP-UplinkDedicated

A gpatial setting for a PUCCH transmission by a UE is provided by

an indicated TCI-State or TCI-UL-Sate, if provided, asdescribed in [6, TS 38.214];
PUCCH-SpatialRelationInfo if the UE is configured with a single value for pucch-Spatial RelationInfol d;

asdescribed in [11, TS 38.321], if the UE is provided multiple values for PUCCH-Spatial Relationlnfo. The UE
applies corresponding actionsin [11, TS 38.321] and a corresponding setting for a spatial domain filter to
transmit PUCCH in the first slot that is after slot k + 3 - NJ2™™®# \here k is the slot where the UE would
transmit a PUCCH with HARQ-ACK information with ACK value corresponding to a PDSCH reception
providing the PUCCH-Spatial Relationl nfo, each slot consists of Ngﬁﬁb symbolsas defined in [4, TS 38.211], and
u isthe SCS configuration for the PUCCH

- If PUCCH-SpatialRelationlnfo or the indicated TCI-UL-State provides ssh-Index, the UE transmits the
PUCCH using a same spatial domain filter as for a reception of a SS/PBCH block with index provided by
ssb-Index for a same serving cell or, if servingCellld is provided, for a serving cell indicated by servingCellld

- dseif PUCCH-SpatialRelationlnfo or the indicated TCI-UL-State provides csi-RS-Index, or the indicated
TCI-Sate provides csi-rs configured with gcl-Type set to 'typeD’, the UE transmits the PUCCH using a same
spatial domain filter as for areception of a CSI-RS with resource index provided by csi-RS-Index or csi-rs for
asame serving cell or, if servingCellld or cell is provided, for aserving cell indicated by servingCellld or cell

- else PUCCH-Spatial RelationInfo or the indicated TCI-UL-Sate provides srs, the UE transmits the PUCCH
using a same spatial domain filter as for atransmission of an SRS with resource index provided by resource
for a same serving cell and/or active UL BWP or, if servingCellld and/or uplinkBWP are provided, for a
serving cell indicated by servingCellld and/or for an UL BWP indicated by uplinkBWP

an indicated applylndicatedTCI-State, if provided

- if applylndicatedTCl-Sate = 'first', the UE transmits a PUCCH using a spatial domain filter corresponding to
afirst TCI-Sate or TCI-UL-Sate

- if applylndicatedTCI-Sate = 'second’, the UE transmits a PUCCH using a spatial domain filter corresponding
to second TCI-State or TCI-UL-Sate

- if applylndicatedTCI-Sate = 'both’, the UE transmits a PUCCH using respective first and second spatial
domain filters corresponding to the first and the second TCI-Sate or TCI-UL-Sate

If the UE

- isnot provided coresetPoolIndex or is provided coresetPoollndex with a value of O for first CORESETs on
an active DL BWP of a serving cell, and

- isprovided coresetPoolIndex with avalue of 1 for second CORESET s on the active DL BWP of the serving
cells,

the first and second TCI-State or TCI-UL-State are specific to the first and second CORESETS, respectively.

If aUE

is not provided pathl ossReferenceRSs in PUCCH-Power Control,
is provided enableDefaultBeamPL-ForPUCCH, and
is not provided PUCCH-Spatial Relationl nfo, and
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- isnot provided coresetPool Index value of 1 for any CORESET, or is provided coresetPoollndex value of 1 for
all CORESETS, in Control ResourceSet and no codepoint of a TCI field, if any, ina DCI format of any search
space set mapsto two TCl states[5, TS 38.212]

aspatia setting for aPUCCH transmission from the UE is same as a spatial setting for PDCCH receptions by the UE in
the CORESET with the lowest 1D on the active DL BWP of the PCell and, if the CORESET has two activated TCl
states as described in clause 10.1, the UE determines the spatial setting for the PUCCH transmission based on the first
TCI state. For aPUCCH transmission over multiple slots, a same spatial setting applies to the PUCCH transmission in
each of the multiple dlots.

A number of DMRS symbols for a PUCCH transmission using PUCCH format 3 or 4 is provided by additional DMRS.
Use of m/2-BPSK, instead of QPSK, for a PUCCH transmission using PUCCH format 3 or 4 isindicated by pi2BPSK.

A UE that hasindicated a capability beamCorrespondenceWithoutUL-BeamSweeping set to 'supported’, as described in
[18, TS 38.306], can determine a spatial domain filter to be used while performing the applicable channel access
procedures described in [15, TS 37.213] prior to a PUCCH transmission as follows:

- if UE isconfigured with asingle value for pucch-Spatial Relationlnfold for the UL transmission, the UE may use
aspatial domain filter that is same as the spatial domain filter associated with referenceSignal in the
corresponding pucch-Spatial Relationl nfo,

- if UE isconfigured with more than one value for pucch-Spatial Relationlnfold for the UL transmission, the UE
may use a spatial domain filter that is same as the spatial domain filter associated with referenceSgnal in the
activated pucch-Spatial Relationl nfo.

9.2.3 UE procedure for reporting HARQ-ACK

In this clause, for the purpose of determining a PUCCH resource for a PUCCH transmission in aslot using a PUCCH
resource indicator field in a DCI format that schedules a PDSCH reception, and for the purpose of determining the slot
for the PUCCH transmission

- aUEisassumed to generate HARQ-ACK information regardless of whether or not the PDSCH reception
provides a transport block for a HARQ process with disabled HARQ-ACK information as indicated by
downlinkHARQ-FeedbackDisabled, if provided

- aUEisassumed to not generate HARQ-ACK information associated with a G-RNTI for multicast or a G-CS-
RNTI with disabled HARQ-ACK information as described in clause 18.

The UE determines a number of HARQ-ACK information bits 0,cx as described in clauses 9.1 through 9.1.5 and a
corresponding set of PUCCH resources as described in clause 9.2.1. If O,cx = 0, the UE does not transmit a PUCCH
that only includes HARQ-ACK information bits.

A UE does not expect to transmit more than one PUCCH with HARQ-ACK information in aslot per priority index, if
the UE is not provided ackNackFeedbackMode = separate.

For DCI format 1_0, the PDSCH-to-HARQ_feedback timing indicator field valuesmap to {1, 2, 3,4, 5, 6, 7, 8} for
SCS configuration of PUCCH transmission u < 3,to{7, 8, 12, 16, 20, 24, 28, 32} for u = 5, and to {13, 16, 24, 32, 40,
48, 56, 64} for u = 6. For aunicast DCI format, other than DCI format 1_0, the PDSCH-to-HARQ_feedback timing
indicator field values, if present, map to values for a set of number of slots provided by dI-DataToUL-ACK, dI-
DataToUL-ACK-r16, or dl-DataToUL-ACK-DCI-1-2, or dI-DataToUL-ACK-r17, or dl-DataToUL-ACK-DCI-1-2-r17,
or di-DataToUL-ACK-v1700 as defined in Table 9.2.3-1. If the DCI format indicates a cell for the PUCCH
transmission, as described in clause 9.A, the PDSCH-to-HARQ_feedback timing indicator field value maps to sots of
the active UL BWP of the cell; otherwise, the PDSCH-to-HARQ_feedback timing indicator field value maps to slots of
the active UL BWP of the PCell. For DCI format 4_1, the PDSCH-to-HARQ_feedback timing indicator field values are
provided by dI-DataToUL-ACK-MulticastDCI-Format4-1 or, if dl-DataToUL-ACK-MulticastDCI-Format4-1 is not
provided, by {1, 2, 3, 4,5, 6, 7, 8}. For DCI format 4_2, the PDSCH-to-HARQ_feedback timing indicator field values
are provided by dI-DataToUL-ACK from pucch-ConfigMulticast1l/pucch-ConfigurationListMulticast1 or pucch-
ConfigMulticast2/pucch-ConfigurationListMulticast2 if provided; otherwise, from pucch-Config/pucch-
ConfigurationList.

The following apply to the PCell if the UE is provided pucch-sSCell Pattern; otherwise, the following apply to the
serving cell of the PUCCH transmission. If the UE is provided subslotLengthForPUCCH, n isthe last UL dot for
PUCCH transmission that overlaps with a PDSCH reception or with a PDCCH reception providing a DCI format
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having associated HARQ-ACK information without scheduling a PDSCH reception; otherwise, n isthelast UL slot for
PUCCH transmission that overlaps with the DL slot nj, for the PDSCH reception or with the DL slot nj, for the
PDCCH reception in case of a DCI format that triggers a HARQ-ACK information report and does not schedule a
PDSCH reception.

For a SPS PDSCH reception ending in DL dot nj, the UE transmits the PUCCH in UL dlot n + k where k is provided
by the PDSCH-to-HARQ_feedback timing indicator field, if present, in a DCI format activating the SPS PDSCH
reception.

If the UE detects a DCI format that does not include a PDSCH-to-HARQ_feedback timing indicator field and schedules
aPDSCH reception or activates a SPS PDSCH reception ending in DL slot np, the UE provides corresponding HARQ-
ACK information in a PUCCH transmission within UL slot n + k where k is provided by dl-DataToUL-ACK, or dI-
DataToUL-ACK-r16, or dl-DataToUL-ACK-DCI-1-2, or dI-DataToUL-ACK-r17, or dl-DataToUL-ACK-DCI-1-2-r17,
or di-DataToUL-ACK-v1700.

If the UE detects a DCI format scheduling a number of PDSCH receptions ending in DL dot ny, or if the UE detects a
DCI format generating a HARQ-ACK information bit and does not schedule a PDSCH reception through a PDCCH
reception ending in DL dlot nj, the UE provides corresponding HARQ-ACK information in a PUCCH transmission
within UL dlot n + k, where k isanumber of slots and isindicated by the PDSCH-to-HARQ _feedback timing indicator
field in the DCI format, if present, or provided by dI-DataToUL-ACK, dI-DataToUL-ACK-r16, or dl-DataToUL-ACK-
DCI-1-2, or dI-DataToUL-ACK-r17, or dl-DataToUL-ACK-DCI-1-2-r17, or dlI-DataToUL-ACK-v1700.

A PUCCH transmission with HARQ-ACK information is subject to the limitations for UE transmissions described in
clause 11.1, clause 11.1.1 and clause 17.2.

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 k
1 bit 2 hits 3 bits

15t value provided by dl-DataToUL-ACK, dl-DataToUL-ACK-r16,
dl-DataToUL-ACK-DCI-1-2, dl-DataToUL-ACK-r17, dl-DataToUL-|
ACK-DCI-1-2-r17, dl-DataToUL-ACK-v1700, or dl-DataToUL-
ACK-MulticastDCI-Format4-1
2" value provided by dI-DataToUL-ACK, dI-DataToUL-ACK-r16,
dl-DataToUL-ACK-DCI-1-2, dI-DataToUL-ACK-r17, dl-DataToUL-|
ACK-DCI-1-2-r17, dl-DataToUL-ACK-v1700, or dl-DataToUL-
ACK-MulticastDCI-Format4-1
3" value provided by dI-DataToUL-ACK, dl-DataToUL-ACK-r16,
dl-DataToUL-ACK-DCI-1-2, dI-DataToUL-ACK-r17, dl-DataToUL-
ACK-DCI-1-2-r17, dI-DataToUL-ACK-v1700, or dl-DataToUL-
ACK-MulticastDCI-Format4-1
4" value provided by dl-DataToUL-ACK, dl-DataToUL-ACK-r16,
dl-DataToUL-ACK-DCI-1-2, dl-DataToUL-ACK-r17, dl-DataToUL-
ACK-DCI-1-2-r17, dl-DataToUL-ACK-v1700, or dl-DataToUL-
ACK-MulticastDCI-Format4-1
5% value provided by dl-DataToUL-ACK, dI-DataToUL-ACK-r16,
dl-DataToUL-ACK-DCI-1-2, dI-DataToUL-ACK-r17, dl-DataToUL-|
ACK-DCI-1-2-r17, dI-DataToUL-ACK-v1700, or dl-DataToUL-
ACK-MulticastDCI-Format4-1
6™ value provided by dl-DataToUL-ACK, dI-DataToUL-ACK-r16,
dl-DataToUL-ACK-DCI-1-2, dl-DataToUL-ACK-r17, dl-DataToUL-
ACK-DCI-1-2-r17, dI-DataToUL-ACK-v1700, or dl-DataToUL-
ACK-MulticastDCI-Format4-1
7" value provided by dl-DataToUL-ACK, dI-DataToUL-ACK-r16,
dl-DataToUL-ACK-DCI-1-2, dl-DataToUL-ACK-r17, dl-DataToUL-
ACK-DCI-1-2-r17, dl-DataToUL-ACK-v1700, or dl-DataToUL-
ACK-MulticastDCI-Format4-1
8t value provided by dl-DataToUL-ACK, dl-DataToUL-ACK-r16,
dl-DataToUL-ACK-DCI-1-2, dI-DataToUL-ACK-r17, dl-DataToUL-
ACK-DCI-1-2-r17, dI-DataToUL-ACK-v1700, or dl-DataToUL-
ACK-MulticastDCI-Format4-1

0 ‘00’ ‘000’

" 01’ ‘001"

‘10’ ‘010’

11 ‘011

'100'

‘101

'110'

111
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For a PUCCH transmission with HARQ-ACK information, a UE determines a PUCCH resource on the cell of the
PUCCH transmission, as described in clause 9.A, after determining a set of PUCCH resources for Oy HARQ-ACK
information bits, as described in clause 9.2.1. The PUCCH resource determination is based on a PUCCH resource
indicator field [5, TS 38.212], if present, in alast DCI format, excluding the SPS activation DCI, among the DCI
formats that have a value of a PDSCH-to-HARQ _feedback timing indicator field, if present, or avalue of dI-
DataToUL-ACK, or dlI-DataToUL-ACK-r16, or dl-DataToUL-ACK-DCI-1-2, or dI-DataToUL-ACK-r17, or dI-
DataToUL-ACK-DCI-1-2-r17, or diI-DataToUL-ACK-MulticastDCI-Format4-1, or dl-DataToUL-ACK-v1700,
indicating a same slot for the PUCCH transmission, that the UE detects and for which the UE transmits corresponding
HARQ-ACK information in the PUCCH.

The PUCCH resource indicator field values map to values of a set of PUCCH resource indexes, as defined in Table
9.2.3-2 for aPUCCH resource indicator field of 3 bits, provided by resourceList for PUCCH resources from a set of
PUCCH resources provided by PUCCH-ResourceSet with a maximum of eight PUCCH resources. |f the PUCCH
resource indicator field includes 1 bit or 2 bits, the values map to the first two values or the first four values,
respectively, of Table 9.2.3-2. If the last DCI format does not include a PUCCH resource indicator field, the first value
of Table9.2.3-2 isused.

For the first set of PUCCH resources and when the size Rpyccy Of resourcelist islarger than eight, when a UE provides
HARQ-ACK information in a PUCCH transmission in response to detecting alast DCI format in aPDCCH reception,
excluding the SPS activation DCI, among DCI formats with a value of the PDSCH-to-HARQ_feedback timing
indicator field, if present, or avalue of dlI-DataToUL-ACK, or dl-DataToUL-ACK-r16, or dl-DataToUL-ACK-DCI-1-2,
or di-DataToUL-ACK-r17, or dI-DataToUL-ACK-DCI-1-2-r17, or dl-DataToUL-ACK-MulticastDCI-Format4-1, or dI-
DataToUL-ACK-v1700, indicating a same slot for the PUCCH transmission, the UE determines a PUCCH resource
with index TPUCCH» 0< TpuccH < RPUCCH - 1, as

{nCCEvP'FRPUCCH/s—‘J+APR| {RWCCH—‘ if Apg < Ryyeey Mod8

; B NCCE,p 8
PUCCH —
n . 8
M +APRI \‘RPUCCHJ‘F RPUCCH mod 8 if APRI > RPUCCH mod 8
NCCE,p 8

where N, , isanumber of CCEsin CORESET p of the PDCCH reception for the DCI format as described in clause

10.1, n¢cg,, isthe index of afirst CCE for the PDCCH reception, and Apy,; isavalue of the PUCCH resource indicator
field in the DCI format. When the PDCCH reception includes first and second PDCCH candidates from respective first
and second search space sets, as described in clause 10.1, the CORESET is associated with the search space set having
the smaller index. If

- thefirst search space set has larger index than the second search space set and includes the first PDCCH
candidate and a third PDCCH candidate that have same first CCE index and CCE aggregation levels 8 and 16, or
16 and 8, respectively,

- the second search space set includes the second PDCCH candidate that has same index and same CCE
aggregation level asthe first PDCCH candidate, and afourth PDCCH candidate that has same index and same
CCE aggregation level as the third PDCCH candidate,

- the CORESET associated with the first search space set has cce-REG-MappingType = 'noninterleaved' and has
duration of one symbol, and

- the second PDCCH candidate has different first CCE index than the fourth PDCCH candidate

the UE determines nccg o from the PDCCH candidate with CCE aggregation level 16 among the second PDCCH
candidate and the fourth PDCCH candidate.

If the DCI format does not include a PUCCH resource indicator field, Apg;= 0.
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Table 9.2.3-2: Mapping of PUCCH resource indication field values to a PUCCH resource in a PUCCH
resource set with maximum 8 PUCCH resources

PUCCH resource indicator PUCCH resource |
1 bit 2 bits 3 bits
‘0’ ‘00’ 000" 15t PUCCH resource provided by pucch-Resqurceld obtained from the
15t value of resourcelList
1 '01' 001" 2" PUCCH resource provided by pucch-Resourceld obtained from the
24 value of resourceList
'10' 010" 3" PUCCH resource provided by pucch-Resourceld obtained from the
3" value of resourceList
11 011" 4% PUCCH resource provided by pucch-Resourceld obtained from the
4" value of resourcelList
100" 5" PUCCH resource provided by pucch-Resourceld obtained from the
5" value of resourceList
101" 6" PUCCH resource provided by pucch-Resourceld obtained from the
6" value of resourceList
110" 7" PUCCH resource provided by pucch-Reso_urceId obtained from the
7' value of resourceList
111" 8" PUCCH resource provided by pucch—ResqurceId obtained from the
8" value of resourceList

If a UE determines afirst resource for a PUCCH transmission with HARQ-ACK information corresponding only to a
PDSCH reception without a corresponding PDCCH or detects afirst DCI format indicating a first resource for a
PUCCH transmission with corresponding HARQ-ACK information in a ot and also detects at a later time a second
DCI format indicating a second resource for a PUCCH transmission with corresponding HARQ-ACK information in
the dlot, the UE does not expect to multiplex HARQ-ACK information corresponding to the second DCI format in a
PUCCH resource in the dot if the PDCCH reception that includes the second DCI format is not earlier than Ny -
(2048 + 144) - k- 27* - T, from the beginning of afirst symbol of the first resource for PUCCH transmission in the
slot where, k and T, are defined in clause 4.1 of [4, TS 38.211] and p corresponds to the smallest SCS configuration

among the SCS configurations of the PDCCHSs providing the DCI formats and the SCS configuration of the PUCCH. If
processingType2Enabled of PDSCH-ServingCell Config is set to enable for the serving cell with the second DCI format
and for all serving cells with corresponding HARQ-ACK information multiplexed in the PUCCH transmission in the
dot, N =3foru =0,N; =4.5foru=1,N; =9 foru = 2; otherwise, N;g =8foru=0,N; =10foru =1, N; =
17 foru =2, N; =20 foru =3, N =80 foru =5,and N; = 160 for u = 6.

If aUE is not provided SPS-PUCCH-AN-List and transmits HARQ-ACK information corresponding only to a PDSCH
reception without a corresponding PDCCH, which includes the first SPS PDSCH reception associated with the
corresponding activation DCI, a PUCCH resource for corresponding PUCCH transmission with HARQ-ACK
information is provided by n1IPUCCH-AN.

If a UE transmits a PUCCH with HARQ-ACK information using PUCCH format 0, the UE determines values m, and
mcs for computing avalue of cyclic shift a [4, TS 38.211] where m,, is provided by initial CyclicShift of PUCCH-
formatO or, if initial CyclicShift is not provided, by the initial cyclic shift index as described in clause 9.2.1 and mcs is
determined from the value of one HARQ-ACK information bit or from the values of two HARQ-ACK information bits
asin Table 9.2.3-3 and Table 9.2.3-4, respectively.

Table 9.2.3-3: Mapping of values for one HARQ-ACK information bit to sequences for PUCCH format
0

HARQ-ACK Value 0 1
Sequence cyclic shift mes = 6

mCS=0

Table 9.2.3-4: Mapping of values for two HARQ-ACK information bits to sequences for PUCCH format

0
HARQ-ACK Value {0, 0} {0, 1} {1, 1} {1, 0}
Sequence cyclic shift mes = 0 mes = 3 mes = 6 mes =9
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If a UE transmits a PUCCH with HARQ-ACK information using PUCCH format 1, the UE is provided avalue for m,

by initial Cyclicshift of PUCCH-formatl or, if initial CyclicShift is not provided, by theinitial cyclic shift index as
described in clause 9.2.1.

If a UE transmits a PUCCH with 0,cx HARQ-ACK information bits and Oy bits using PUCCH format 2 or PUCCH
format 3in a PUCCH resource that includes MEg““" PRBs, the UE determines a number of PRBs Mgpiar, for the
PUCCH transmission to be the minimum number of PRBs, that is smaller than or equal to a number of PRBs M{3¢CH
provided respectively by nrofPRBs of PUCCH-format2 or nrofPRBs of PUCCH-format3 and start from the first PRB
from the number of PRBs, that resultsto (Oxck + Ocrc) < MiBgain - Nevsert - Nopmicucr © @ « 7 and, if MERCH > 1,

sc,ctrl sym
(Oack + Ocre) > (Mflzggg}i{n - 1) : Ns%itrl : Ns};}rjr?bc—%CI * Qm - T, Where Ns]?ctrl: Nsl;r%lf—}l{ml’ Qm, and r are defined in clause
9.2.5.2. For PUCCH format 3, if Mgp5ui, isnot equal 292 - 393 - 5% according to [4, TS 38.211], Mipiui, isincreased

to the nearest allowed value of nrofPRBs [12, TS 38.331]. If (Opck + Ocre) > (MERE™ — 1) - N2B - NEUSE - Q-
7, the UE transmits the PUCCH over M3 PRBs.

If aUE is provided afirst interlace of M{{aire o PRBS by interlace0 in InterlaceAllocation and transmits a PUCCH

with 0,cxk HARQ-ACK information bits and O¢g bits using PUCCH format 2 or PUCCH format 3, the UE transmits
the PUCCH over the first interlace if (Oxck + Ocre) < Mineriace0 * Novotrt - Neymivct - @m - 73 Otherwise, if the UE is

provided a second interlace by interlacel in PUCCH-format2 or PUCCH-format3, the UE transmits the PUCCH over
the first and second interlaces.

9.24 UE procedure for reporting SR

A UE can be provided by SchedulingRequestResourceConfig a set of configurations for SR in a PUCCH transmission
using either PUCCH format 0 or PUCCH format 1.

A UE can be provided by schedulingRequestI D-BFR-SCell a configuration for LRR in a PUCCH transmission using
either PUCCH format 0 or PUCCH format 1.

A UE can be provided by schedulingRequestI D-BFR afirst configuration for LRR and, if the UE provides
twoLRRcapability, the UE can be provided by schedulingRequestl D-BFR2 a second configuration for LRR in a PUCCH
transmission using either PUCCH format 0 or PUCCH format 1.

A UE can be provided by schedulingRequestI D-LBT-SCell a configuration for consistent LBT failure recovery, as
described in[11, TS 38.321], in aPUCCH transmission using either PUCCH format 0 or PUCCH format 1. The UE can
be provided, by phy-Prioritylndex in SchedulingRequestResourceConfig, a priority index 0 or a priority index 1 for the
SR. If the UE is not provided a priority index for SR, the priority index is 0.

The UE is also provided a periodicity SRpgriopiciTy in Symbols or slots and an offset SRgppser in Sots by
periodicityAndOffset for a PUCCH transmission conveying SR. If SRpgriopiciTy iSlarger than one slot, the UE
determines a SR transmission occasion in a PUCCH to bein a slot with number ng_f [4, TS 38.211] in aframe with

. fi X
number nf |f (nf * NS]r:gneu + n?'f - SROFFSET)mOdSRPERIODICITY = 0
If SRpgeriopICITY 1S ONE Slot, the UE expects that SRorrsgr = 0 and every dot isa SR transmission occasion in a
PUCCH.

If SRpgriopiciTY 1S SMaAller than one dlot, the UE determines a SR transmission occasion inaPUCCH to start in a
symbol withindex [ [4, TS 38.211] if (I — [ymodSRpgriopiciTy) MOASRperiopicity = 0 Where [, isthe value of
startingSymbol I ndex.

If the UE determines that, for a SR transmission occasion in a PUCCH, the number of symbols available for the
PUCCH transmission in adot is smaller than the value provided by nrofSymbols, the UE does not transmit the PUCCH
inthe dot.

SR transmission occasions in a PUCCH are subject to the limitations for UE transmissions described in clause 11.1,
clause 11.1.1 and clause 17.2.

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 obtaining m,, as described for HARQ-ACK information in clause 9.2.3 and by setting
mes = 0. For apositive SR transmission using PUCCH format 1, the UE transmits the PUCCH as described in[4, TS
38.211] by setting b(0) = 0.
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9.25 UE procedure for reporting multiple UCI types

This clause is applicable to the case that a UE has resources for PUCCH transmissions or for PUCCH and PUSCH
transmissions that overlap in time and each PUCCH transmission is over a single slot without repetitions. Any case that
aPUCCH transmission is with repetitions over multiple slots is described in clause 9.2.6. If a UE is configured with
multiple PUCCH resourcesin aslot to transmit CSI reports

- if the UE is not provided multi-CS-PUCCH-ResourceList or if PUCCH resources for transmissions of CSl
reports do not overlap in the slot, the UE determines a first resource corresponding to a CSl report with the
highest priority [6, TS 38.214]

- if thefirst resource includes PUCCH format 2, and if there are remaining resourcesin the slot that do not
overlap with the first resource, the UE determines a CSl report with the highest priority, among the CSI
reports with corresponding resources from the remaining resources, and a corresponding second resource as
an additional resource for CSl reporting

- if thefirst resource includes PUCCH format 3 or PUCCH format 4, and if there are remaining resourcesin
the slot that include PUCCH format 2 and do not overlap with the first resource, the UE determines a CSl
report with the highest priority, among the CSI reports with corresponding resources from the remaining
resources, and a corresponding second resource as an additional resource for CS| reporting

- if the UE is provided multi-CS-PUCCH-ResourcelList and if any of the multiple PUCCH resources overlap, the
UE multiplexes al CSl reportsin aresource from the resources provided by multi-CS-PUCCH-ResourceList, as
described in clause 9.2.5.2.

A UE multiplexes DL HARQ-ACK information, with or without SR, and CSl report(s) in asame PUCCH if the UE is
provided simultaneousHARQ-ACK-CSl; otherwise, the UE drops the CSl report(s) and includes only DL HARQ-ACK
information, with or without SR, in the PUCCH. If the UE would transmit multiple PUCCHs in a slot that include DL
HARQ-ACK information and CSl report(s), the UE expects to be provided a same configuration for
simultaneousHARQ-ACK-CS each of PUCCH formats 2, 3, and 4.

If a UE would multiplex CSl reports that include Part 2 CS| reportsin a PUCCH resource, the UE determines the
PUCCH resource and a number of PRBs for the PUCCH resource or a number of Part 2 CSI reports assuming that each
of the CSl reports and, if any, each CSI sub-report included in a CSl report, indicates rank 1, or rank combination of {1,
1} if applicable. If the higher layer parameter csi-ReportMode of CSl reportsis set to 'Mode2', the UE determines the
PUCCH resource and a number of PRBs for the PUCCH resource or a number of Part 2 CSI reports assuming that each
CRI in the CSl report is associated with a resource pair.

If a UE would transmit multiple overlapping PUCCHs in a slot or overlapping PUCCH(s) and PUSCH(s) in adlot and,
when applicable as described in clauses 9.2.5.1, 9.2.5.2, 9.2.5.3 and 18, the UE is configured to multiplex different UCI
types or UCI of different priority indexesin one PUCCH, and at least one of the multiple overlapping PUCCHs or
PUSCHSsisin response to a DCI format detection by the UE, the UE multiplexes al corresponding UCI types or UCI of
different priority indexesif the following conditions are met. If one of the PUCCH transmissions or PUSCH

transmissionsisin response to a DCI format detection by the UE, the UE expectsthat the first symbol S, of the earliest
PUCCH or PUSCH, among a group overlapping PUCCHs and PUSCHs in the dot, satisfies the following timeline
conditions

mux

- S, isnot before a symbol with CP starting after T.,,.,. , after alast symbol of any corresponding PDSCH, T
is given by maximum of {me"1 o, T L } where for the i-th PDSCH with corresponding HARQ-ACK

proc,1’ » % proc,1’

mux
proc,1

mux,i __
proc,1 —

(N, +dy; +1) - (2048 + 144) - k- 27% - T, dy ; is selected for thei-th PDSCH following [6, TS 38.214],

N, is selected based on the UE PDSCH processing capability of thei-th PDSCH and SCS configuration p,
where u corresponds to the smallest SCS configuration among the SCS configurations used for the PDCCH
scheduling thei-th PDSCH if any, the i-th PDSCH, the PUCCH with corresponding HARQ-ACK transmission
for thei-th PDSCH, and all PUSCHSs in the group of overlapping PUCCHs and PUSCHSs.

transmission on a PUCCH which isin the group of overlapping PUCCHs and PUSCHS, T

mux
proc,release

- S, isnot before a symbol with CP starting after after alast symbol of a PDCCH reception providing

aDCI format having associated HARQ-ACK information without scheduling a PDSCH reception. Tpyoc release 1S
given by maximum of {T;';’fé‘;elem, e T eleaser } where for thei-th PDCCH providing the DCI format

with corresponding HARQ-ACK transmission on a PUCCH which isin the group of overlapping PUCCHs and
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PUSCHs, T =(N+1)-(2048 +144) -k - 27" - T, N asdescribed in clause 10.2, where u

proc,release

corresponds to the smallest SCS configuration among the SCS configurations used for the PDCCH, the PUCCH
with corresponding HARQ-ACK information, and all PUSCHs in the group of overlapping PUCCHs and
PUSCHSs.

- if thereisno aperiodic CSI report multiplexed in a PUSCH in the group of overlapping PUCCHs and PUSCHS,
S, isnot before a symbol with CP starting after T,y , after alast symbol of

- any PDCCH with the DCI format scheduling an overlapping PUSCH, and

- any PDCCH providing a DCI format with corresponding HARQ-ACK information in an overlapping
PUCCH in the slot

If thereis at least one PUSCH in the group of overlapping PUCCHs and PUSCHS, T;;757 > is given by maximum

of {Tyruxs, -, Toreas, -+ } where for the i-th PUSCH which isin the group of overlapping PUCCHSs and
PUSCHS, T7d = max (N + dyy + 1) - (2048 + 144) - k¢ - 27 - T¢ + Tynen, oz ), Ao, dyp @0 Ty

are selected for the i-th PUSCH following [6, TS 38.214], N, is selected based on the UE PUSCH processing
capability of thei-th PUSCH and SCS configuration u, where u corresponds to the smallest SCS configuration
among the SCS configurations used for the PDCCH scheduling the i-th PUSCH, the PDCCHSs scheduling the
PDSCHs, or providing the DCI formats without scheduling PDSCHSs, with corresponding HARQ-ACK
information on a PUCCH which isin the group of overlapping PUCCHs/PUSCHSs, and all PUSCHs in the group
of overlapping PUCCHs and PUSCHSs.

If there is no PUSCH in the group of overlapping PUCCHs and PUSCHS, T;;757 > is given by maximum of
T . T} where for thei-th PDSCH, or thei-th PDCCH providing a DCI format without

proc,2’ "1 tproc,2;

scheduling PDSCH, with corresponding HARQ-ACK information on a PUCCH which isin the group of
overlapping PUCCHSs, T"*! = (N, + 1) - (2048 + 144) -k - 27# - T, N, isselected based on the UE PUSCH

» “proc,2

processing capability of the PUCCH serving cell if configured. N, is selected based on the UE PUSCH
processing capability 1, if PUSCH processing capability is not configured for the PUCCH serving cell. u is
selected based on the smallest SCS configuration between the SCS configuration used for the PDCCH
scheduling the i-th PDSCH, or providing the i-th DCI format without scheduling PDSCH, with corresponding
HARQ-ACK information on a PUCCH which isin the group of overlapping PUCCHS, and the SCS
configuration for the PUCCH serving cell.

- if thereisan aperiodic CSI report multiplexed in a PUSCH in the group of overlapping PUCCHs and PUSCHS,
Sy isnot before asymbol with CP starting after Tz cs; = max ((Z +d) (2048 +144) -k - 27H - T; +

Towitens d22) after alast symbol of

- any PDCCH with the DCI format scheduling an overlapping PUSCH, and

- any PDCCH scheduling aPDSCH, or providing a DCI format , with corresponding HARQ-ACK information
in an overlapping PUCCH in the dot

where u corresponds to the smallest SCS configuration among the SCS configuration of the PDCCHs, the
smallest SCS configuration for the group of the overlapping PUSCHSs, and the smallest SCS configuration of
CSI-RS associated with the DCI format scheduling the PUSCH with the multiplexed aperiodic CSI report, and
d=2foru=01,d=3foru=2,andd = 4 for u = 3. Tswiten 1Sdefined in [6, TS 38.214] and it is applied
only if Z, of Table5.4-1in[6, TS 38.214] is applied to the determination of Z.

- Ny, Ny, dyq,dy,,dyp and Z aredefinedin[6, TS38.214] and k and T, are defined in [4, TS 38.211].

If a UE would transmit multiple overlapping PUCCHs in aslot or overlapping PUCCH(s) and PUSCH(s) in aslot, one
of the PUCCHSs includes HARQ-ACK information in response to an SPS PDSCH reception, and any PUSCH isnot in

response to a DCI format detection, the UE expects that the first symbol S, of the earliest PUCCH or PUSCH satisfies
the first of the previous timeline conditions with the exception that components associated to a SCS configuration for a
PDCCH scheduling a PDSCH or a PUSCH are absent from the timeline conditions.

A UE does not expect a PUCCH or a PUSCH that isin response to a DCI format detection to overlap with any other
PUCCH or PUSCH that does not satisfy the above timing conditions.
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A UE that

- isnot provided coresetPoolIndex or is provided coresetPoollndex with a value of O for first CORESETs on
active DL BWPs of serving cells, and

- isprovided coresetPool Index with a value of 1 for second CORESETS on active DL BWPs of the serving cells,
and

- isprovided ackNackFeedbackMode = separate

does not expect a PUCCH or a PUSCH transmission triggered by a detection of a DCI format in a PDCCH received in a
CORESET from the first CORESETSsto overlap in time with a PUCCH or a PUSCH transmission triggered by a
detection of aDCI format in a PDCCH received in a CORESET from the second CORESET s if the UE is hot provided
sTx-2Panel; else, if the UE is provided sTx-2Panel, the UE does not expect to transmit a PUCCH that includes HARQ-
ACK information and is associated with either the first or the second CORESET s to overlap with a PUSCH
transmission associated with either the second or the first CORESET s and not overlap with a PUSCH transmission
associated with either the first or the second CORESETS, respectively.

If there is one or more aperiodic CSI reports multiplexed on a PUSCH in the group of overlapping PUCCHs and
PUSCHs and if symbol S is before symbol Z'e¢™ that is anext uplink symbol with CP starting after Z'yroc cs1 =
(Z'+d) - (2048 + 144) - k- 27H - T after the end of the last symbol of

- thelast symbol of aperiodic CSI-RS resource for channel measurements, and
- thelast symbol of aperiodic CSI-IM used for interference measurements, and

- thelast symbol of aperiodic NZP CSI-RS for interference measurements for a CS-ReportConfig, or for all
triggered sub-configurations if CS-ReportConfig contains multiple sub-configurations, when aperiodic CSI-RS
isused for channel measurement for triggered CSI report n

the UE is not required to update the CSI report for the triggered CSl report n. Z' isdefined in [6, TS 38.214] and u
corresponds to the smallest SCS configuration among the SCS configurations of the PDCCHSs scheduling the PUSCHs,
the smallest SCS configuration of aperiodic CSI-RSs associated with DCI formats provided by the PDCCHSs triggering
the aperiodic CSl reports, and the smallest SCS configuration of the overlapping PUCCHs and PUSCHsand d = 2 for
u=01,d=3foru=2,andd =4 foru = 3.

If a UE would transmit multiple PUCCHsin adlot that include HARQ-ACK information, and/or SR, and/or CSI reports
and any PUCCH with HARQ-ACK information in the slot satisfies the above timing conditions and does not overlap
with any other PUCCH or PUSCH in the slot that does not satisfy the above timing conditions, the UE multiplexes the
HARQ-ACK information, and/or SR, and/or CSI reports and determines corresponding PUCCH(s) for transmissionin
the slot according to the following pseudo-code. If the multiple PUCCHs do not include HARQ-ACK information and
do not overlap with any PUSCH transmission by the UE in response to a DCI format detection by the UE, the timing
conditions do not apply.

If
- aUEisnot provided multi-CS-PUCCH-Resourcelist, and

- aresource for aPUCCH transmission with HARQ-ACK information in response to SPS PDSCH reception
and/or aresource for a PUCCH associated with a SR occasion overlap in time with two resources for respective
PUCCH transmissions with two CSI reports, and

- thereisno resource for aPUCCH transmission with HARQ-ACK information in response to a DCI format
detection that overlaps in time with any of the previous resources, and

- thefollowing pseudo code results to the UE attempting to determine a single PUCCH resource from the HARQ-
ACK and/or the SR resource and the two PUCCH resources with CS| reports

the UE

- multiplexes the HARQ-ACK information and/or the SR in the resource for the PUCCH transmission with the
CSl report having the higher priority, and

- does not transmit the PUCCH with the CSl report having the lower priority
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Set Q to the set of resources for transmission of corresponding PUCCHSs in a single ot without repetitions where
- aresource with earlier first symbol is placed before aresource with later first symbol

- for two resources with same first symbol, the resource with longer duration is placed before the resource with
shorter duration

- for two resources with same first symbol and same duration, the placement is arbitrary
- theabovethree stepsfor the set Q are according to a subsequent pseudo-code for a function order(Q)

- aresource for negative SR transmission that does not overlap with a resource for HARQ-ACK or CSl
transmission is excluded from set Q

- if the UE is not provided simultaneousHARQ-ACK-CS and resources for transmission of HARQ-ACK
information include PUCCH format O or PUCCH format 2, resources that include PUCCH format 2, or PUCCH
format 3, or PUCCH format 4 for transmission of CSI reports are excluded from the set Q if they overlap with
any resource from the resources for transmission of HARQ-ACK information

- if the UE is not provided simultaneousHARQ-ACK-CS and at least one of the resources for transmission of
HARQ-ACK information includes PUCCH format 1, PUCCH format 3, or PUCCH format 4

- resources that include PUCCH format 3 or PUCCH format 4 for transmission of CSI reports are excluded
fromthe set Q

- resourcesthat include PUCCH format 2 for transmission of CSl reports are excluded from the set Q if they
overlap with any resource from the resources for transmission of HARQ-ACK information

Set 2(Q) to the cardinality of Q
Set Q(j, 0) to be the first symbol of resource Q(j) in the slot
Set L(Q(j)) to be the number of symbols of resource Q(j) in the slot
Set j = 0 - index of first resourcein set Q
Set 0 = 0 - counter of overlapped resources
whilej <2(Q) —1
if

j <2(Q) — 1 and resource Q(j — o) overlaps with resource Q(j + 1) and the resourcesin set Q are of same
priority index, or

j <2(Q) — 1 and resource Q(j — o) overlaps with resource Q(j + 1), o = 0, theresourcesin set Q are of
different priority indexes, and the UE is provided uci-MuxWithDiffPrio

then
0=0+1;
j=j+1
else
ifo>0

determine a single resource for multiplexing UCI associated with resources {Q(j — 0),Q(j — o +
1),...,Q(j)} asdescribed in clauses 9, 9.2.5.0, 9.2.5.1, 9.2.5.2,9.2.5.3, and 18

set the index of the single resource to j

Jj = 0 % start from the beginning after reordering unmerged resources at next step
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0=0;
order(Q) % function that re-orders resources in current set Q
Set £(Q) to the cardinality of Q
else
J=j+1
end if
end if
end while

The function order(Q) performs the following pseudo-code

{
k=0;
while k < 2(Q) — 1 % the next two while loops are to re-order the unmerged resources
l=0;
whilel <2(Q)—1—-k
if 0(1,0) > Q(l + 1,0) OR (Q(1,0) = Q(I + 1,0)&L(Q(1)) < L(Q(l + 1)))
temp = Q(1);
QM = QU+ 1);
Q(l+ 1) = temp;
end if
l=1+1;
end while
k=k+1,
end while
}

For each PUCCH resourcein the set Q that satisfies the aforementioned timing conditions, when applicable,

- the UE transmits a PUCCH using the PUCCH resource if the PUCCH resource does not overlap in time with a
PUSCH transmission after multiplexing UCI following the procedures described in clauses 9, 9.2.5.1, 9.2.5.2,
9.25.3and 18

- the UE multiplexes HARQ-ACK information and/or CSl reportsin a PUSCH if the PUCCH resource overlapsin
time with a PUSCH transmission, as described in clause 9.3, and does not transmit SR. In case the PUCCH
resource overlaps in time with multiple PUSCH transmissions, the PUSCH for multiplexing HARQ-ACK
information and/or CSl is selected as described in clause 9. If the PUSCH transmission by the UE isnot in
response to a DCI format detection and the UE multiplexes only CSI reports, the timing conditions are not
applicable

- the UE does not expect the resource to overlap with a second resource of a PUCCH transmission over multiple
dotsif the resource is obtained from a group of resources that do not overlap with the second resource

clauses9.2.5.0,9.2.5.1, 9.2.5.2, 9.2.5.3 and 18 assume the following

- resources for transmissions of UCI types, prior to multiplexing or dropping, overlap in aslot
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- multiplexing conditions of corresponding UCI typesin asingle PUCCH are satisfied, and

- the UE does not transmit any PUSCH time-overlapping with PUCCH in the dot.

9.25.0 UE procedure for prioritization between SL HARQ-ACK information in a
PUCCH and DL HARQ-ACK or SR or CSl in a PUCCH

The priority value of a PUCCH transmission is as described in clause 16.2.4.3.1.

For prioritization between SL HARQ-ACK information in afirst PUCCH and DL HARQ-ACK or SRor CSl ina
second PUCCH

- if the second PUCCH has priority index 1,
- if d-PriorityThreshold-UL-URLLC is provided

- the UE transmits the first PUCCH if a smallest priority value of the first PUCCH is smaller than d-
PriorityThreshold-UL-URLLC; otherwise, the UE transmits the second PUCCH

- dse
- the UE transmits the second PUCCH
- €dse

- the UE transmits the first PUCCH if the smallest priority value of the first PUCCH is smaller than -
PriorityThreshold; otherwise, the UE transmits the second PUCCH

When the UE determines to transmit the second PUCCH, the UE determines a single resource for multiplexing UCI in
the second PUCCH as described in clauses 9.2.5.1 and 9.2.5.2.

9.251 UE procedure for multiplexing HARQ-ACK or CSI and SR in a PUCCH

In the following, a UE is configured to transmit K PUCCHSs for respective K SRsin adot, as determined by a set of
schedulingRequestResour cel d, a schedulingRequestResour cel d associated with schedulingRequest| D-BFR-SCell, a
schedulingRequestResour cel d associated with schedulingRequest! D-BFR, a schedulingRequestResour cel d associated
with schedulingRequestl D-BFR2 if the UE provides twoL RRcapability, and a schedulingRequestResour celd associated
with schedulingRequestI D-LBT-SCell, with SR transmission occasions that would overlap with atransmission of a
PUCCH with HARQ-ACK information from the UE in the slot or with a transmission of a PUCCH with CSl report(s)
from the UE in the dlot.

If a UE would transmit a PUCCH with positive SR and at most two HARQ-ACK information bits in a resource using
PUCCH format 0, the UE transmits the PUCCH in the resource using PUCCH format 0 in PRB(s) for HARQ-ACK
information as described in clause 9.2.3. The UE determines a value of m, and m¢g for computing a value of cyclic
shift a [4, TS 38.211] where m,, is provided by initial CyclicShift of PUCCH-formatO, and mg is determined from the
value of one HARQ-ACK information bit or from the values of two HARQ-ACK information bitsasin Table 9.2.5-1
and Table 9.2.5-2, respectively.

If the UE would transmit negative SR and a PUCCH with at most two HARQ-ACK information bitsin aresource using
PUCCH format 0, the UE transmits the PUCCH in the resource using PUCCH format 0 for HARQ-ACK information as
described in clause 9.2.3.

Table 9.2.5-1: Mapping of values for one HARQ-ACK information bit and positive SR to sequences for
PUCCH format 0

HARQ-ACK Value 0 1
Sequence cyclic shift Mmeg = 3 mes =9
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Table 9.2.5-2: Mapping of values for two HARQ-ACK information bits and positive SR to sequences
for PUCCH format 0

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

If a UE would transmit SR in aresource using PUCCH format 0 and HARQ-ACK information bitsin aresource using
PUCCH format 1 in adlot, the UE transmits only a PUCCH with the HARQ-ACK information bitsin the resource using
PUCCH format 1.

If the UE would transmit positive SR in a first resource using PUCCH format 1 and at most two HARQ-ACK
information bits in a second resource using PUCCH format 1 in aslot, the UE transmits a PUCCH with HARQ-ACK
information bits in the first resource using PUCCH format 1 as described in clause 9.2.3. If a UE would not transmit a
positive SR in aresource using PUCCH format 1 and would transmit at most two HARQ-ACK information bitsin a
resource using PUCCH format 1 in a slot, the UE transmits a PUCCH in the resource using PUCCH format 1 for
HARQ-ACK information as described in clause 9.2.3.

If a UE would transmit a PUCCH with 0,.x HARQ-ACK information bitsin aresource using PUCCH format 2 or
PUCCH format 3 or PUCCH format 4 in aslot, as described in clauses 9.2.1 and 9.2.3, [log, (K + 1)] bits representing
anegative or positive SR, in ascending order of the values of schedulingRequestResourceld, a
schedulingRequestResour cel d associated with schedulingRequest! D-BFR-SCell, a schedulingRequestResourceld
associated with schedulingRequestl D-BFR, a schedulingRequestResour celd associated with schedulingRequestl D-
BFR2 if the UE provides twoLRRcapability, and a schedulingRequestResourcel d associated with schedulingReguest| D-
LBT-SCell, are appended to the HARQ-ACK information bits and the UE transmits the combined Oy¢; = Oacx +

[log, (K + 1)] UCI bitsin a PUCCH using a resource with PUCCH format 2 or PUCCH format 3 or PUCCH format 4
that the UE determines as described in clauses 9.2.1 and 9.2.3. If one of the SRsis a positive LRR, the value of the
[log, (K + 1)] bitsindicates the positive LRR. An al-zero value for the [log, (K + 1)] bits represents a negative SR
value acrossall K SRs.

If aUE would transmit a PUCCH with Q. CSlI report bits in aresource using PUCCH format 2 or PUCCH format 3 or

PUCCH format 4 in adlot, [log, (K + 1)] bits representing corresponding negative or positive SR, in ascending order of
the values of schedulingRequestResourceld, a schedulingRequestResour celd associated with schedulingRequestl D-
BFR-SCell, a schedulingRequestResour celd associated with schedulingRequestI D-BFR, a schedulingReguestResourceld
associated with schedulingRequest! D-BFR2 if the UE provides twol RRcapability, and a schedulingRegquestResourcel d
associated with schedulingRequest! D-LBT-SCell, are prepended to the CSI information bits as described in clause
9.2.5.2 and the UE transmits a PUCCH with the combined Oy = [log, (K + 1)] + O¢s; UCI bitsin aresource using
the PUCCH format 2 or PUCCH format 3 or PUCCH format 4 for CSI reporting. If one of the SRsisa positive LRR,
the value of the [log, (K + 1)] bitsindicates the positive LRR. An all-zero value for the [log, (K + 1)] bitsrepresents a
negative SR value across all K SRs.

If a UE transmits a PUCCH with O,cx HARQ-ACK information bits, Ogg = [log, (K + 1)] SR bits, and O¢rc CRC bits
using PUCCH format 2 or PUCCH format 3 in a PUCCH resource that includes MEE““" PRBs, the UE determines a
number of PRBs Mgp5ar, for the PUCCH transmission to be the minimum number of PRBS, that is smaller than or
equal to anumber of PRBs provided by nrofPRBsin PUCCH-format2 or nrofPRBs in PUCCH-format3 and starts from
the first PRB from the number of PRBS, that results to (Oack + Osg + Ocre) < Migimmn * Nevstrt - Neyaitict * @ - 7 @0d,

sc,ctrl
if MERCH > 1, (Opck + Osr + Ocre) > (MRS — 1) - N - symbvct - Qm - 7, where Ni&y, NeUGioer, @, and r
are defined in clause 9.2.5.2. For PUCCH format 3, if MRS isnot equal 272 - 3%3 - 5% according to [4, TS 38.211],
MRS, isincreased to the nearest allowed value of nrofPRBs [12, TS 38.331]. If (Oack + Osg + Ocre) >

(MESCCH — 1) - NRB - NPUSER . - Q,, - 7, the UE transmits the PUCCH over the MEEC“" PRBs.

sc,ctr sym

If aUE is provided afirst interlace of M{{aire o PRBS by interlace0 in InterlaceAllocation and transmits a PUCCH
with 0,cx HARQ-ACK information bits, Osg = [log, (K + 1)] SR bits, and Oz CRC bits using PUCCH format 2 or
PUCCH format 3, the UE transmits the PUCCH over the first interlace if (Oack + Osg + Ocre) < Minteniareo - Necoy -

Neistict - Qm - 75 otherwise, if the UE is provided a second interlace by interlacel in PUCCH-format2 or PUCCH-
format3, the UE transmits the PUCCH over the first and second interlaces.
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9.25.2 UE procedure for multiplexing HARQ-ACK/SR/CSI in a PUCCH

For a transmission occasion of a single CSl report, a PUCCH resource is provided by pucch-CS-Resourcelist. For a
transmission occasion of multiple CSI reports, corresponding PUCCH resources can be provided by multi-CS-PUCCH-
Resourcelist. If a UE is provided first and second PUCCH-Config, multi-CS-PUCCH-ResourceList is provided by the
first PUCCH-Config, and PUCCH-Resourceld in pucch-CS-ResourceList or multi-CS-PUCCH-ResourcelList indicates
a corresponding PUCCH resource in PUCCH-Resource provided by the first PUCCH-Config.

If aUE is provided only one PUCCH resource set for transmission of HARQ-ACK information in response to PDSCH
reception scheduled by a DCI format or in response to a DCI format having associated HARQ-ACK information
without scheduling PDSCH reception, the UE does not expect to be provided simultaneousHARQ-ACK-CSl.

A UE is configured by maxCodeRate a code rate for multiplexing HARQ-ACK, SR, and CSl report(s) ina PUCCH
transmission using PUCCH format 2, PUCCH format 3, or PUCCH format 4.

If a UE transmits CSl reports using PUCCH format 2, the UE transmits only wideband CSlI for each CSI report [6, TS
38.214]. Inthe following, a Part 1 CSI report refers either to a CSl report with only wideband CSI or to a Part 1 CSl
report with wideband CSI and sub-band CSlI. In the following, a Part 2 CSl report refersto a Part 2 CSl sub-report if a
CSl report configuration includes alist of sub-configurations provided by csi-ReportSubConfigList for the Part 2 CSl
report [6, TS 38.214].

Denote as

- O, atotal number of HARQ-ACK information bits, if any

- Og atota number of SR bits. Oy, = 0 if thereisno scheduling request bit; otherwise, Og, =[log, (K +1)] as
described in clause 9.2.5.1

N . , ,
" Ocs = 3 (Ocs gt + Ocs paiz o )» WHETE Ocsi-part1n iS@number of Part 1 CS report bits for CSI report with

n=1

priority value N, Ocg o, iS@number of Part 2 CSI report bits, if any, for CSI report with priority value n [6,
TS 38.214], and Ng’;a' isanumber of CSI reports that include overlapping CSI reports

- Otre=O%reesipatit Ocrecsipatz, Where Ocre,csipatr 1S @number of CRC bits, if any, for encoding HARQ-
ACK, SR and Part 1 CSI report bitsand Ocgc cg-parz 1S @number of CRC bits, if any, for encoding Part 2 CS
report bits

In the following

r isacode rate given by maxCodeRate asin Table 9.2.5.2-1.

- ME®" isanumber of PRBs provided by nrofPRBs; otherwise, if nrofPRBs s not provided, Mg, =1

NRB

sc,ctrl

=NZ® -4 for PUCCH format 2 or, if the PUCCH resource with PUCCH format 2 includes an

orthogonal cover code with length NGY°“* provided by occ-Length, NF2,, = (N28 —4)/NEVOH2 B8 = N8

for PUCCH format 3 or, if the PUCCH resource with PUCCH format 3 includes an orthogonal cover code with
Ng o = NEB/NES and NEB | = NP /NEY°** for PUCCH

sc,ctrl

provided by occ-Length, N2

sC,ctr

length

format 4, where NSF;B isanumber of subcarriers per resource block [4, TS 38.211]

- Ngmcte isequal toanumber of PUCCH symbols Ngno“""* for PUCCH format 2 provided by nrofSymbolsin
PUCCH-format2. For PUCCH format 3 or for PUCCH format 4, N2-o%, isequal to anumber of PUCCH

symb-U
symbols N, o for PUCCH format 3 or equal to anumber of PUCCH symbols Ng 5" for PUCCH format

4 provided by nrofSymbolsin PUCCH-format3 or nrofSymbols in PUCCH-format4, respectively, after excluding
anumber of symbols used for DM-RS transmission for PUCCH format 3 or for PUCCH format 4, respectively
[4, TS38.211]
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Q,=1if pi/2-BPSK is the modulation scheme and Q, =2 if QPSK is the modulation scheme asindicated by
pi2BPSK for PUCCH format 3 or PUCCH format 4. For PUCCH format 2, Q, =2

If a UE has one or more CSI reports and zero or more HARQ-ACK/SR information bits to transmit in a PUCCH where
the HARQ-ACK, if any, isin response to a PDSCH reception without a corresponding PDCCH

if any of the CSI reports are overlapping and the UE is provided by multi-CS-PUCCH-ResourceList with J <2
PUCCH resourcesin asot, for PUCCH format 2 and/or PUCCH format 3 and/or PUCCH format 4, as described
in clause 9.2.1, where the resources are indexed according to an ascending order for the product of a number of

corresponding RES, modulation order Q,,, and configured coderate I ;

- if (O +Ogg +Ocg +Ope ) < (MEUESH . NZE, - NPUESH Q1) , the UE uses PUCCH format 2 resource

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

- dseif (OACK+OSR+OCS|+OCRC)>(MRP;JCCH.NRB . N PuceH Qm'r),- and

sc,ctrl symb-UCI
(Oucx +Oge + Oug +Opnc) € (M Rl NDR NSRS Q- r)ﬁl, 0< j<J-1,theUEtransmitsa
PUCCH conveying HARQ-ACK information, SR and CSI report(s) in a respective PUCCH where the UE

uses the PUCCH format 2 resource j + 1, or the PUCCH format 3 resource | + 1, or the PUCCH format 4
resource j +1

- elsethe UE uses the PUCCH format 2 resource J—1, or the PUCCH format 3 resource J—1, or the PUCCH

format 4 resource J —1 and the UE selects N2 CS) report(s) for transmission together with HARQ-

ACK information and SR, when any, in descending priority as described in [6, TS 38.214] when both csi-
ReportConfigToAddModList and Itm-CS -ReportConfigToAddModList are configured, otherwise ascending
priority value as described in [6, TS 38.214]

else, the UE transmits the O, +Qr+0O.g+Q- bitsin a PUCCH resource provided by pucch-CSI-
ResourcelList and determined as described in clause 9.2.5

If aUE hasHARQ-ACK, SR and wideband or sub-band CSI reports to transmit and the UE determines a PUCCH
resource with PUCCH format 2, or the UE has HARQ-ACK, SR and wideband CSI reports [6, TS 38.214] to transmit
and the UE determines a PUCCH resource with PUCCH format 3 or PUCCH format 4, where

and

the UE determines the PUCCH resource using the PUCCH resource indicator field [5, TS 38.212] in alast of a
number of DCI formats, excluding the SPS activation DCI, with a value of a PDSCH-to-HARQ_feedback timing
indicator field, if present, or avalue of dl-DataToUL-ACK, or dI-DataToUL-ACK-r16, or dl-DataToUL-ACK-
DCI-1-2, or di-DataToUL-ACK-r17, or dI-DataToUL-ACK-v1700, or dl-DataToUL-ACK-DCI-1-2-r17,
indicating a same slot for the PUCCH transmission, from a PUCCH resource set provided to the UE for HARQ-
ACK transmission, and

the UE determines the PUCCH resource set as described in clause 9.2.1 and clause 9.2.3 for Oy UCI bits

if (OACK + OSR + OCSI—panl + OCRC,CSI-panl) < MI?EJCCH . Ng%m . Si’,LrJan_CUHCI . Qm ‘T, the UE transmits the
HARQ-ACK, SR, and CSI reports bits by selecting the minimum number ME5SCH of the M PRBs
satisfying (Oack + Osr + Ocsi—partt + Ocre,csi-pats) < Migomn - Neeu * Nomouci - @m - 7 @S described in
clauses9.2.3and 9.2.5.1;

else, the UE selects N5 CSl report(s), from the N'& CSI reports, for transmission together with HARQ-

ACK and SR in ascending priority value [6, TS 38.214], where the value of N5 satisfies
Nreported
(OACK +0sr + 2,2 Ocsi—patin + OCRC,CSI-partl,N) < MRS - N&R - Nonbci - @ -7 and
Ng?med“ PUCCH . p7RB PUCCH
Opck +0sp + 2,2 Ocsi—patLn + Ocrecsipativet | > Mrg - N et - Nomp-Ucr * @m - 7 Where
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reported
Ocre,csi-party,v 1S @number of CRC bits corresponding to Opck + Osg + Z:fl‘ Ocsi—part1,» UCI bits, and
reported

Ocre csi-part1,v+1 1S@number of CRC bits corresponding to Oack + Osg + Z:fll i Ocsi—part1,» UCI bits.
If aUE is provided afirst interlace of My,/q it o PRBs by interlace0 in InterlaceAllocation, the UE has HARQ-ACK,
SR and wideband or sub-band CSI reports to transmit, and the UE determines a PUCCH resource with PUCCH format
2, or the UE has HARQ-ACK, SR and wideband CSI reports to transmit and the UE determines a PUCCH resource
with PUCCH format 3, where

- the UE determines the PUCCH resource using the PUCCH resource indicator field in alast of a number of DCI
formats, excluding the SPS activation DCI, with avalue of a PDSCH-to-HARQ_feedback timing indicator field,
or avalue provided by dl-DataToUL-ACK or dlI-DataToUL-ACK-r16 or dl-DataToUL-ACK-DCI-1-2 or dI-
DataToUL-ACK-r17 or dI-DataToUL-ACK-DCI-1-2-r17 if the PDSCH-to-HARQ _feedback timing indicator
field is not present in a DCI format, indicating a same slot for the PUCCH transmission, from a PUCCH resource
set provided to the UE for HARQ-ACK transmission, and

- the UE determines the PUCCH resource set as described in clauses 9.2.1 and 9.2.3 for Oy; UCI bits

and

- if (OACK + OSR + OCSI—panl + OCRC,CSI-panl) < Mﬁ?eﬁgcio . Ng%m . g,LrJn%_CUHG . Qm ' T, the UE transmits the
HARQ-ACK, SR, and CSl reports bitsin a PUCCH over the first interlace

- ©se, if the UE is provided a second interlace of Mot 1 PRBsby interlacel and if (Oack + Osg + Ocsi—pat1 +

Ocrecsipartt) < (Miisiaeo + Misias) - Neo - Nomaoc: - @m - 7, the UE transmits the HARQ-ACK,, SR,
and CSl reports bitsin a PUCCH over both the first and second interlaces

- €ése, the procedure is same as the corresponding one when the UE is provided PUCCH-ResourceSet by replacing
MEECCH with M{SSH o, or, if the UE is provided interlacel, by Misiot o + Moo ;.
If aUE has HARQ-ACK, SR and sub-band CSI reports to transmit and the UE determines a PUCCH resource with
PUCCH format 3 or PUCCH format 4, where

- the UE determines the PUCCH resource using the PUCCH resource indicator field [5, TS 38.212] inalast of a
number of DCI formats, excluding the SPS activation DCI, with a value of a PDSCH-to-HARQ_feedback timing
indicator field indicating a same dot for the PUCCH transmission, or by a value provided by dI-DataToUL-ACK
or di-DataToUL-ACK-r16 or dl-DataToUL-ACK-DCI-1-2 or dI-DataToUL-ACK-r17 or dl-DataToUL-ACK-
v1700 or di-DataToUL-ACK-DCI-1-2-r17 if the PDSCH-to-HARQ_feedback timing indicator field is not present
in the last DCI format, from a PUCCH resource set provided to the UE for HARQ-ACK transmission, and

- the UE determines the PUCCH resource set as described in clause 9.2.1 and clause 9.2.3 for Oy UCI bits
and
- if (Opek + O +Ocg +Ogre ) S MEEH - NE2 - NOWCSL - Q,, - 1, the UE transmits the HARQ-ACK, SR and the
N5 CSl report bits by selecting the minimum number M foe of PRBs from the M 55" PRBs satisfying

PUCCH p|RB
(OACK + OSR + OCSI +OCRC) <M RB,min N

PUCCH
sc.ctrl N

ymb-uci * QT asdescribed in clauses 9.2.3 and 9.2.5.1
- €elsg

- if for Ngeg?g:g2>o Part 2 CSI report priority value(s), itis

Ntz [ N
PUCCH RB PUCCH
ZOCSI-panZ,n + OCRC,CS!-panZ,N <M RB : Nsc,cm ’ Nsymb—UCI - OACK + OSR + ZOCSI»partl.n + OCRC,CSI»panl (Qm : r) 'Qm T
n=1 n=1
and
NGt +1 [ Ne
PUCCH RB PUCCH
ZOCSI-panZ,n +OCRC,CS|-part2,N+1 > MRB ' Nsc,ctrl ' NsymbUCI - OACK + OSR + ZOCSI-partln +OCRC,CS|-panl (Qm : r) 'Qm T
n=1 n=1
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the UE selectsthe first Ngz’,‘_’g;'gz Part 2 CSl reports, according to respective priority value(s) [6, TS 38.214],

total

for transmission together with the HARQ-ACK,, SR and Ncg" Part 1 CSI reports, where Ocg _pay 0 iSthe

number of Part 1 CSl report bits for the n,, CSI report and Ocg _parp o iSthe number of Part 2 CSI report bits

reported
Neg-paro

for the n,, CSl report priority value, Ocgc cg-paizn 1S @NUMber of CRC bits correspondingto ) O,
n=1

Sl-part2n !

reported
NCSj_pa,‘2 +1

and OCRC,Cg_panz,Nﬂ isanumber of CRC bits correspondingto > Ocq iz
n=1

- élse, the UE dropsall Part 2 CSl reports and selects N¢gnay, Part 1 CSI report(s), from the % CSl reports
in ascending priority value [6, TS 38.214], for transmission together with the HARQ-ACK and SR
information bits where the value of N&Eoe, satisfies

reported
N CSl-partl

PUCCH p[RB PUCCH
OACK +OSR + ZOCSI-partln +OCRC,CSI-part1,N <M RB ' Nsc,ctrl : Nwmb»UCI ’Qm ‘I and
n=1

Nreponed +1
CSi-partl
PUCCH RB PUCCH .
Ouck +Ox + ZOCSI-partln +Ocrecspartini |~ Mers  Nee - Ngmpuc - Qn T, where OCRCCSI-parth Is
n=1

reported
CSl-partl

anumber of CRC bits corresponding to Opc +Og; + Zocg_pamn UCI bits, and Ocre cgi-partin1 1S@
n=1

reported
N Corpart 1+l

number of CRC bits corresponding to Opc + O + Zocs,_partln UCI bits.

n=1L

If aUE is provided afirst interlace of M{ om0 PRBS by interlace0 in InterlaceAllocation, the UE has HARQ-ACK,
SR and sub-band CSl reports to transmit, and the UE determines a PUCCH resource with PUCCH format 3, where

and

the UE determines the PUCCH resource using the PUCCH resource indicator field in alast of a number of DCI
formats, excluding the SPS activation DCI, that have avalue of a PDSCH-to-HARQ_feedback timing indicator
field indicating a same slot for the PUCCH transmission, or avalue provided by dl-DataToUL-ACK or dI-
DataToUL-ACK-r16 or dl-DataToUL-ACK-DCI-1-2 or dI-DataToUL-ACK-r17 or diI-DataToUL-ACK-DCI-1-2-
r17 if the PDSCH-to-HARQ _feedback timing indicator field is not present in the last DCI format, from a
PUCCH resource set provided to the UE for HARQ-ACK transmission, and

the UE determines the PUCCH resource set as described in clauses 9.2.1 and 9.2.3 for Oy¢; UCI bits

if (Oack + Osr + Ocsi + Ocre) < Minsisoso - Ny - Nomootr - @ - 7, the UE transmits the HARQ-ACK, SR
and the N/&? CSl report bitsin a PUCCH over the first interlace

elseif the UE is provided a second interlace of M{issr | PRBs by interlacel and if (Oack + Osg + Ocg +
Ocre) < (Misiaeo + Mitsias1) - NEoy - Nomotts - Qm - 7, the UE transmits the HARQ-ACK,, SR, and CS|
reports bitsin a PUCCH over both the first and second interlaces

else, the procedure is same as the corresponding one when the UE is provided PUCCH-ResourceSet by replacing

MEECCH with M{RSSH o, or, if the UE is provided interlacel, with My o + Miasioft 1.

Table 9.2.5.2-1: Code rate r corresponding to value of maxCodeRate

maxCodeRate | Code rate r
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0.08
0.15
0.25
0.35
0.45
0.60
0.80
Reserved

N[OOI |WIN|FL|O

9.25.3 UE procedure for reporting UCI of different priorities

If aUE
- isprovided PUCCH-ConfigurationList for PUCCH transmissions with priority O and 1,
- isprovided uci-MuxWithDiffPrio, and

- would transmit overlapping PUCCHs that include afirst PUCCH with Opck ¢ HARQ-ACK information bits of
priority O and a second PUCCH with 0, cx; HARQ-ACK information bits of priority 1

- if the PUCCH resource for the second PUCCH includes PUCCH format 2, 3, or 4 and additionally includes
Osg1 SR bitsof priority 1, Opck 1 iSreplaced by Oack 1 + Osg 1 Where Osg 4 is determined according to
clause 9.2.5.1

the UE
- determines

- aPUCCH resource set from the second PUCCH-Config using Oyc; = Oack,o + Oack 1 8 described in clause
9.2.1, and a PUCCH resource from the PUCCH resource set as described in clause 9.2.3 where aDCI format,
if any, triggers PUCCH transmission of priority 1, or

- aPUCCH resource from the second sps-PUCCH-AN-List using Oyc; = Opacko + Oack,1 8s described in
clause9.2.1, and

- multiplexesthe Oack o and Oackx 1 HARQ-ACK information bitsin a same PUCCH using the PUCCH resource.

If the PUCCH resource includes PUCCH format 2 or PUCCH format 3 and MESC“H PRBs, the UE determines a number
of Migiam < MERC“ PRBs for the PUCCH transmission to be the minimum number of PRBs that starts from the first
PRB from the MEE““" PRBs and resultsto

PUCCH . n/RB PUCCH
(OACK,O + OCRC,O) ‘Tt (OACK,l + OCRC,l) 70 < Mggmin * Nec,etrl * Noymb-uct * @m 7o " 11

where Ocpco OF Ocprc1 iSanumber of CRC bits, if any, for encoding the O,k o Or the Opck ;1 HARQ-ACK information
bits, respectively, r,, is provided by maxCodeRatel P, and the remaining parameters are as defined in clause 9.2.5.2 with
r; = r. For PUCCH format 3, if Mggiai isnot equal to 2%z - 3%3 - 5% [4, TS 38.211], Mggiur, isincreased to anearest
value that isequal to 242 - 3%3 - 5% and does not exceed nrofPRBs.

If (OACK,O + OCRC,O) ‘Tt (OACK,I + OCRC,l) -1y > Mgt - Ns%,}itrl ‘ s};[rjncbc-]l{JCI * Qm - 1o - 11, the UE transmits the
PUCCH over the ME3“! PRBs.

If a UE transmits a PUCCH that includes HARQ-ACK information bits of priority 0 and 1 using a PUCCH resource
that includes PUCCH format 2, 3 or 4, the UE determines a power for the PUCCH transmission as described in clause
7.2.1 assuming that the PUCCH includes only UCI bits of priority 1, where Ngg (i) = min(M{EceH - NRB

sc,ctrl

Nemisvcr [(Oack1 + Ocre1)/ @m - 7)) 1f Oack 1 < 11 bits, nyarg-acka + Osra replaces nyarg-ack () + Osg () +
Ocsi (@) inthe Argp £ (i) calculationin clause 7.2.1; otherwise, Oack 1 + Ocre1 replaces Oack (i) + Osr (i) + Ocgi (@) +
Ocrc (i) inthe BPRE() calculation in clause 7.2.1.

If a UE transmits a PUCCH that includes one HARQ-ACK information bit of priority 0 and one HARQ-ACK
information bit of priority 1
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if the PUCCH transmission uses a resource that includes PUCCH format 0, the HARQ-ACK information bits of
priority 1 and priority O are set as the first and second bitsin Table 9.2.3-4, respectively, to derive the mg of the
PUCCH transmission

if the PUCCH transmission uses a resource that includes PUCCH format 1, the HARQ-ACK information bits of
priority 1 and priority O are the first and second bits, respectively, of the QPSK modulated symbol for the
PUCCH transmission

If a UE transmits a PUCCH that includes HARQ-ACK information bits of priority 0 and 1 using PUCCH format 1, the
UE determines a power for the PUCCH transmission as described in clause 7.2.1 assuming that all HARQ-ACK
information bits have priority 1.

PUCCH

If aUE is provided afirst interlace of My riaeo PRBS by interlace0 in InterlaceAllocation

if the UE is provided a second interlace of M,F;?eﬁgggl PRBs by interlacel in InterlaceAllocation

- if (Oacko0 + Ocreo) - 71+ (Oack 1 + Ocrer)  To < Minterince0 - Nevan - Negmpoci - @m * To * 71, the UE
transmits the PUCCH over the first interlace

- €se, the UE transmits the PUCCH over both the first and second interlaces

else the UE transmits the PUCCH over the first interlace

If the UE transmits a PUCCH that includes HARQ-ACK information bits of priority O and 1 over interlaces, the UE
determines a power for the PUCCH transmission as described in clause 7.2.1 assuming that the PUCCH includes only
UCI bits of priority 1.

9.254 UE procedure for deferring HARQ-ACK for SPS PDSCH

If aUE is provided sps-HARQ-Deferral and, after performing the proceduresin clauses 9 and 9.2.5 to resolve
overlapping among PUCCHs and PUSCHsin afirst dot, if any, the UE determines a PUCCH resource for a PUCCH
transmission with first HARQ-ACK information bits for SPS PDSCH receptions that the UE would report for afirst
time, and the PUCCH resource

isprovided by SPS-PUCCH-AN-List as described in clause 9.2.1, or by n1IPUCCH-AN if SPS-PUCCH-AN-List
isnot provided

is not cancelled by an overlapping PUCCH or PUSCH transmission of larger priority index

overlaps with a symbol indicated as downlink by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-
ConfigDedicated, or indicated for a SS/PBCH block by ssb-PositionsinBurst, or belonging to a CORESET
associated with a Type0-PDCCH CSS set

the UE

determines an earliest second dot and, after performing the proceduresin clauses 9.2.1 and 9.2.3 to determine a
PUCCH with third HARQ-ACK information bits including second HARQ-ACK information bits and then
performing the proceduresin clauses 9 and 9.2.5 to resolve overlapping among PUCCHs and PUSCHs, if any, a
PUSCH or a PUCCH in the earliest second dlot to multiplex the third HARQ-ACK information bits that include
second HARQ-ACK information bits from the first HARQ-ACK information bits , where the second HARQ-
ACK information bits correspond to SPS PDSCH configurations with sps-HARQ-Deferral values that are larger
than or equal to atime difference, with reference to slots for PUCCH transmissions on the primary cell, between
the second slot and the slot of the SPS PDSCH reception, if any

- if the UE detects a DCI format in a PDCCH reception that triggers a PUCCH transmission with a Type-3
HARQ-ACK codebook in adot as described in clause 9.1.4, the UE stops the procedure to determine the
earliest second dlot in the slot

- if the UE isprovided a periodic cell switching pattern for PUCCH transmissions by pucch-sSCellPattern, the
UE determines the earliest second ot and a corresponding cell based on the periodic cell switching pattern
as described in clause 9.A
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- if the UE multiplexes the second HARQ-ACK information in a PUSCH, or in a PUCCH using aresource that
isnot from SPS PUCCH-AN-Ligt, or from n1PUCCH-AN if SPS-PUCCH-AN-List is not provided, the UE
stops the procedure to determine the earliest second slot in the slot

- if the UE multiplexes the second HARQ-ACK information in afirst PUCCH using aresource provided by
SPS-PUCCH-AN-List, or by n1IPUCCH-AN if SPS-PUCCH-AN-List isnot provided, of smaller priority
index and the UE drops the first PUCCH transmission due to an overlapping with a second PUSCH or
PUCCH transmission of larger priority index, the UE stops the procedure to determine the earliest second
dot inthe dot

- if the UE multiplexes the second HARQ-ACK information in afirst PUCCH using aresource provided by
SPS-PUCCH-AN-List, or by n1IPUCCH-AN if SPS-PUCCH-AN-List is not provided, and the PUCCH
transmission is not dropped due to an overlapping with a PUSCH or PUCCH transmission of larger priority
and does not have any symbol that overlaps with a symbol indicated as downlink by tdd-UL-DL-
ConfigurationCommon or tdd-UL-DL-ConfigDedicated, or indicated for a SSYPBCH block by ssb-
PositionsinBurst, or belonging to a CORESET associated with a Type0-PDCCH CSS set, the UE stops the
procedure to determine the earliest second slot in the slot

- the second HARQ-ACK information bits, generated as described in clause 9.1.2, are appended to fourth
HARQ-ACK information bits the UE generates as described in clauses 9.1.2,9.1.2.1, 9.1.3.1, or 9.1.5

- if the UE would receive a PDSCH providing a TB for a same HARQ process as aHARQ-ACK information
bit from the second HARQ-ACK information bits prior to transmitting the PUCCH or the PUSCH, the UE
does not include the HARQ-ACK information bit in the second HARQ-ACK information bits.

The UE does not expect to be provided both sps-HARQ-Deferral and nrofSots or pucch-RepetitionNrofSots for any
PUCCH resource of same priority.

Oack 1Sthe number of the third HARQ-ACK information bits.

If Opck + Osg + Ocsp < 11, the UE determines a number of HARQ-ACK information bits for obtaining a transmission
power for a PUCCH transmission in the second slot, as described in clause 7.2.1, @S nyarq-ack = MHARQ-ACK0 T

NyarQ-ack,1 Where

- Myarg-ack,o 1Sthe number of HARQ-ACK information bits, if any, that the UE determines as described in
clause 9.1.2.1, 9.1.3.1 or 9.1.5 for the fourth HARQ-ACK information bits,

Nuarq-ack,1 1S determined as described in clause 9.1.2.1 or 9.1.3.1 for the second HARQ-ACK information bits.

9.2.6 PUCCH repetition procedure

A UE that does not have dedicated PUCCH resource configuration and indicates a capability to transmit with repetitions
aPUCCH with HARQ-ACK information [11, TS 38.321], determines a number of N}ZﬁpceceiH slots for repetitions of a
PUCCH transmission with HARQ-ACK information based on an indication by number OfMsg4HARQ-ACK-Repetitions.
If number OfMsg4HARQ-ACK-Repetitions provides more than one values, the DA field inaDCI format 1_0 with CRC
scrambled by a TC-RNTI scheduling a PDSCH reception that includes a UE contention resolution identity indicates
Npiree, from the more than one values. The UE transmits any PUCCH with repetitions over Ny, Slots before
dedicated PUCCH resource configuration is provided. The UE transmits each repetition of the PUCCH using frequency
hopping as described in Clause 9.2.1.

In the remaining of this clause, a UE without dedicated PUCCH resource configuration determines a value of a
parameter, if applicable, according to Table 9.2.1-1 and/or as specified above in this clause for a PUCCH transmission
with repetitions from the UE.

A UE can be indicated to transmit a PUCCH over Ny, slots using a PUCCH resource, where
- if the PUCCH resource isindicated by a DCI format and includes pucch-RepetitionNrofSots, N}ZﬁpceceiH is provided
by pucch-RepetitionNrofSots

- otherwise, Ny, IS provided by nrofSots
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If the UE is provided subslotLengthForPUCCH, aslot for aPUCCH transmission with repetitions over Ny > 1
dotsincludes a number of symbolsindicated by subslotLengthForPUCCH.

repeat
For Npjeen > 1,

the UE repeats the PUCCH transmission with the UCI over Npthea, slots

- if the UE is provided multipanel SFN-Scheme and applylndicatedTCI-State = 'both’, a repetition of the
PUCCH transmission simultaneously usesfirst and second spatial domain filters corresponding to first and
second TCI-Sate or TCI-UL-Sate

arepetition of the PUCCH transmission in each of the Ny, Slots has a same number of consecutive symbols,
as provided by nrofSymbols

arepetition of the PUCCH transmission in each of the N}ZﬁpceceiH slots has a same first symbol, as provided by
startingSymbollndex if subslotLengthForPUCCH is not provided; otherwise mod(startingSymbollndex,
subdlotLengthForPUCCH)

the UE is configured by interslotFrequencyHopping whether or not to perform frequency hopping for repetitions
of the PUCCH transmission in different slots

- if the UE is configured to perform frequency hopping for repetitions of a PUCCH transmission across slots
and the UE is not provided pucch-DMRS-Bundling = "enabled’

- the UE performs frequency hopping per slot

- the UE transmits the PUCCH starting from afirst PRB, provided by startingPRB, in slots with even
number and starting from a second PRB, provided by secondHopPRB, in dots with odd number. The slot
indicated to the UE for the first repetition of the PUCCH transmission has number 0 and each subsequent
slot until the UE transmits the PUCCH in Npireat. slots is counted regardless of whether or not the UE
transmits the PUCCH in the slot

- the UE does not expect to be configured to perform frequency hopping for a repetition of the PUCCH
transmission within a slot

- if the UE is configured to perform frequency hopping for repetitions of a PUCCH transmission across slots
and the UE is provided pucch-DMRS-Bundling = ‘enabled'

- the UE performs frequency hopping per interval of N}ﬁ%‘éﬂ consecutive sots, that start from asl_ot
indicated to the UE and where the UE would transmit afirst repetition of the PUCCH, where Nitevd s
the value of pucch-FrequencyHoppinglinterval, if provided; otherwise, NF',T}%‘@'H isthe value of pucch-

TimeDomainWindowL ength

- the UE transmits the PUCCH over intervals until the UE transmits the PUCCH in Ng,?gg‘H dots, where the
first interval has number 0 and each subsequent interval is counted regardless of whether or not the UE
transmits the PUCCH in adot

- the UE transmits the PUCCH starting from afirst PRB, provided by startingPRB, in intervals with even
number and starting from a second PRB, provided by secondHopPRB, in intervals of frequency hopping
intervals with odd number

- the UE does not expect to be configured to perform frequency hopping for a repetition of the PUCCH
transmission within a slot

- if the UE is not configured to perform frequency hopping for repetitions of a PUCCH transmission across
dlots and the UE is configured to perform frequency hopping for a repetition of the PUCCH transmission
within adot, the frequency hopping pattern between the first PRB and the second PRB is same within each
dot

If the UE determines that, for arepetition of a PUCCH transmission in aslot, the number of symbols available for the
PUCCH transmission is smaller than the value provided by nrofSymbols for the corresponding PUCCH format, the UE
does not transmit the PUCCH repetition in the slot.
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A SS/PBCH block symbol is a symbol of an SS/PBCH block with candidate SS/PBCH block index corresponding to
the SS/PBCH block index indicated to a UE by ssh-PositionsinBurst in SIB1 or ssh-PositionsinBurst in
ServingCellConfigCommon or, if the UE is not provided dI-OrJointTCI-StateList, by ssb-PositionsinBurst in SSB-
MTCAdditional PCI associated to physical cell ID with active TCI states for PDCCH or PDSCH, or for a set of symbols
of aslot corresponding to SS/PBCH blocks configured for L1 beam measurement/reporting.

For unpaired spectrum, the UE determines the N;EPCBS‘H dots for a PUCCH transmission starting from a slot indicated to
the UE as described in clause 9.2.3 for HARQ-ACK reporting, or a slot determined as described in clause 9.2.4 for SR
reporting or in clause 5.2.1.4 of [6, TS 38.214] for CSl reporting and having

- an UL symbol, asdescribed in clause 11.1, or flexible symbol that is not SSYPBCH block symbol provided by
startingSymbolIndex as afirst symbol, and

- consecutive UL symbols, as described in clause 11.1, or flexible symbols that are not SSYPBCH block symbols,
starting from the first symbol, equal to or larger than a number of symbols provided by nrofsymbols

For paired spectrum or supplementary uplink band, the UE determines the N}ZﬁpceceiH dotsfor a PUCCH transmission as
the N}ZﬁpceceiH consecutive slots starting from a slot indicated to the UE as described in clause 9.2.3 for HARQ-ACK

reporting, or a slot determined as described in clause 9.2.4 for SR reporting or in clause 5.2.1.4 of [6, TS 38.214] for
CSl reporting.

If aUE would transmit a PUCCH over afirst number Ny, > 1 of slots and the UE would transmit a PUSCH with
repetition Type A or with TB processing over multiple slots over a second number of slots, and the PUCCH
transmission would overlap with the PUSCH transmission in one or more slots, and the conditionsin clause 9.2.5 for
multiplexing the UCI in the PUSCH are satisfied in the overlapping slots, the UE transmits the PUCCH and does not
transmit the PUSCH in the overlapping dots.

If aUE would transmit a PUCCH over afirst number Ny, > 1 of slots and the UE would transmit a PUSCH with
repetition Type B over a second number of slots, and the PUCCH transmission would overlap with actual PUSCH
repetitions in one or more slots, and the conditionsin clause 9.2.5 for multiplexing the UCI in the PUSCH are satisfied
for the overlapping actual PUSCH repetitions, the UE transmits the PUCCH and does not transmit the overlapping
actual PUSCH repetitions.

A UE does not multiplex different UCI typesin a PUCCH transmission with repetitions over N;EPCBS‘H > 1dots. IfaUE
would transmit a first PUCCH over more than one slot and at least a second PUCCH over one or more slots, and the
transmissions of the first PUCCH and the second PUCCH would overlap in a number of dlots then, for each slot of the
number of slots and with UCI type priority of HARQ-ACK > SR > CSl with higher priority > CSl with lower priority,
the UE determines an earliest first PUCCH in a slot with the order of earliest starting symbol followed by longest
duration and the second PUCCHs overlapping with the earliest first PUCCH, and then performs the following

- the UE does not expect more than one PUCCH from the first PUCCH and the second PUCCHs to start at a same
dlot and include a UCI type with same priority

- if more than one PUCCH from the first PUCCH and the second PUCCHSs include a UCI type with the same
highest priority, the UE transmits the PUCCH with the highest priority starting at an earliest ot and does not
transmit the other PUCCHS, otherwise,

- the UE transmits the PUCCH that includes the UCI type with the highest priority and does not transmit the
PUCCHSs that include the UCI type with lower priority

The UE repeats the above procedure until there is no PUCCH overlapping with any PUCCH with repetitions in the slot.
When a PUCCH resource used for repetitions of a PUCCH transmission by a UE includes

- first and second spatia settings, or first and second sets of power control parameters, asdescribed in[11, TS
38.321] and in clauses 7 and 7.2.1, or

- first and second TCI-State or TCI-UL-Sate and applyl ndicatedTCI-State = 'both’, and the PUCCH resource does
not include multipanel SEFN-Scheme

the UE
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- usesthe first and second spatial settings or the first and second indicated TCI-Sate or TCI-UL-State, or the first
and second sets of power control parameters, for first and second repetitions of the PUCCH transmission,
respectively, when Niteer, = 2,

- alternates between the first and second spatial settings or between the first and second indicated TCI-Sate or
TCI-UL-Sate, or between the first and second sets of power control parameters, respectively, per Nowiich
repetitions of the PUCCH transmission, where NWISh = 1 if mappingPattern = ‘cyclicMapping'; else, Natiich =
2.

A UE does not expect aPUCCH that isin response to a DCI format detection to overlap with any other PUCCH that
does not satisfy the corresponding timing conditionsin clause 9.2.5.

If aUE would transmit a PUCCH over Nyt slots and the UE does not transmit the PUCCH in aslot from the Nptor,
slots due to overlapping with another PUCCH transmission in the slot, the UE counts the slot in the number of Nprrea,
sots.

For DAPS operation, if a UE would transmit a PUCCH over N}ZﬁpceceiH slots on the source MCG and the UE does not
transmit the PUCCH in a glot from the N}ZﬁpceceiH slots due to overlapping in time with UE transmission on the target MCG
in the slot, the UE counts the slot in the number of Njire, slots.

9.3 UCI reporting in physical uplink shared channel

Offset values are defined for a UE to determine a number of resources for multiplexing HARQ-ACK information and
for multiplexing CSI reportsin a PUSCH. Offset values are also defined for multiplexing CG-UCI or UTO-UCI [5, TS
38.212] in a CG-PUSCH. The offset values are signalled to a UE either by a DCI format scheduling the PUSCH
transmission or by higher layers.

If aDCI format that does not include a beta offset indicator field schedules the PUSCH transmission from the UE and
the UE is provided betaOffsets = 'semiStatic' or betaOffsetsDCI-0-2 = 'semiStaticDCI-0-2', the UE applies the
BRARR-ACK  pCSI L and BSHL.2 values that are provided by betaOffsets = ‘semiStatic' for DCI formats 0_0/0_1/0_3 or
by betaOffsetsDCI-0-2 = 'semiSaticDCI-0-2' for DCI format 0_2 for the corresponding HARQ-ACK information, Part
1 CSl reports and Part 2 CSI reports. If the PUSCH transmission has priority O or priority 1 and the UE is configured by
uci-MuxWithDiffPrio to multiplex HARQ-ACK information of priority 1 or priority O, respectively, and if the UE

multiplexes HARQ-ACK information of priority 1 or priority 0, the UE applies corresponding gHARQ-ACKL o

offset
BEARR=ACKY hrovided by betaOffsetsCrossPril = 'semiStatic' for DCI formats 0_0/0_1/0_3 and by

betaOffsetsCrossPri1lDCI-0-2= 'semiStatic' for DCI format 0_2, or by betaOffsetsCrossPriO = 'semiStatic' for DCI
format 0_0/0_1/0_3 and by betaOffsetsCrossPriODCI-0-2= 'semiSatic' for DCI format 0_2, respectively.

If the PUSCH transmission is with a configured grant and the UE is provided CG-UCI-OnPUSCH= 'semiSatic', the UE
appliesthe BHARAACK CSI-1 and BSS1-2 values that are provided by CG-UCI-OnPUSCH = 'semiStatic' for the

offset
corresponding HARQ-ACK information, Part 1 CSl reports and Part 2 CSl reports. If the PUSCH transmission has
priority O or priority 1 and the UE is configured by uci-MuxWithDiffPrio to multiplex HARQ-ACK information of
priority 1 or priority O, respectively, and if the UE multiplexes HARQ-ACK information of priority 1 or priority O, the
UE applies corresponding Blisee A or pIaR=AC%0 hrovided by cg-betaOffsetsCrossPril = ‘semiStatic' or cg-
betaOffsetsCrossPriO = 'semiStatic', respectively.

If the PUSCH transmission is scheduled by DCI format 0_0 and the UE is provided betaOffsets = 'dynamic', the UE
appliesthe BLiac 4K pCSI-1 and BSS1-2 values that are determined from the first value of betaOffsets = 'dynamic’. If
the UE is configured by uci-MuxWithDiffPrio to multiplex HARQ-ACK information of priority 1, the UE applies
corresponding BRARQ=ACKL hrovided by the first value of betaOffsetsCrossPril = 'dynamic'.

offset