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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”

[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'
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3 Definitions, symbols and abbreviations
3.1 Definitions

For the purposes of the present document, the terms and definitions givenin [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 index

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 dua connectivity with MCG using E-UTRA and SCG using NR
FR1 Frequency range 1

FR2 Frequency range 2

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

NDI New Data Indicator

NE-DC E-UTRA NR dual connectivity with MCG using NR and SCG using E-UTRA
NR-DC NR NR dual connectivity

PBCH Physical broadcast channel

PCell Primary cell

PDCCH Physical downlink control channel
PDSCH Physical downlink shared channel

PO Paging occasion

PRACH Physical random access channel

PRB Physical resource block
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PRG
PSCell
PSBCH
PSCCH
PSFCH
PSS
PSSCH
PUCCH
PUCCH-SCell
PUCCH-sSCll
PUSCH
QCL
RB

RE
RLM
RRM
RS
RSRP
SCG
sCl
scs
SFCI
SFN

SL
SLIV
SPS
SR

SRI
SRS
Sss
SSSG
TA
TAG
T8
TBG
TCI
uCl

UE

uL
UL-SCH
uss

Physical resource block group
Primary secondary cell

Physical sidelink broadcast channel
Physical sidelink control channel
Physical sidelink feedback channel
Primary synchronization signal
Physical sidelink shared channel
Physical uplink control channel
PUCCH SCell

PUCCH switching SCell

Physical uplink shared channel
Quasi co-location

Resource block

Resource element

Radio link monitoring

Radio resource management
Reference signal

Reference signal received power
Secondary cell group

Sidelink control information
Subcarrier spacing

Sidelink feedback control information
System frame number

Sidelink

Start and length indicator value
Semi-persistent scheduling
Scheduling request

SRS resource indicator

Sounding reference signal
Secondary synchronization signal
Search space set group

Timing advance

Timing advance group

Transport block

Transport block group
Transmission Configuration Indicator
Uplink control information

User equipment

Uplink

Uplink shared channel
UE-specific search space
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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.

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 frequencieswithin FR2, 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 frequencieswithin FR2-1,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.
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- 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] and [8-2, TS 38.101-2]. A same case
appliesfor all SSYPBCH blocks on the cell. If a 30 kHz SS/PBCH block SCSisindicated by sshSubcarrier Spacing,
Case B appliesfor frequency bands with only 15 kHz SS/PBCH block SCS as specified in [8-1, TS 38.101-1], and the
case specified for 30 kHz SS/PBCH block SCSin [8-1, TS 38.101-1] 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]. For aUE
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 Lyyqy = 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,q, = 10, the UE determines the 1 MSB bit of the candidate SSYPBCH 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 the UE is not provided n-TimingAdvanceOffset for a serving cell, the UE determines a default value
Nra oftset 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, asame timing advance offset value Nya oftset apliesto
both carriers.

Upon reception of atiming advance command for a TAG, the UE adjusts uplink timing for PUSCH/SRS/PUCCH
transmission on all the serving cellsin the TAG based on avalue Ny, o5t 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 transmissionsis the same for all the serving cellsin the 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 partially, with random access preamble transmitted in another CG.

For aSCSof 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 preamble is
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, T,, for aTAG indicates N, values by index valuesof T, =0, 1, 2, ..., 3846, where an amount of
the time alignment for the TAG with SCS of 2# - 15 KHZ iSNpp = Ty - 16 - 64/2%. Ny, isdefined 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.

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 Ty =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 aserving cell, the timing advance command value is relative to the largest SCS of the multiple active UL
BWPs. The applicable Nyp pey Vauefor 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 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 described in clause 8.2A, the corresponding adjustment of the uplink
transmission timing applies from the beginning of uplink slot i + k + 1+2% + Kygeer Where k = [N50 o4

(Ngy + Npy + Npamax + 0.5)/Ts¢|, Nry isatime duration in msec of N; symbols corresponding to a PDSCH
processing time for UE processing capability 1 when additional PDSCH DM-RS s configured, Ny, isatime duration
in msec of N, symbols corresponding to a PUSCH preparation time for UE processing capability 1 [6, TS 38.214],
N1a max 1S the maximum timing advance value in msec that can be provided by a TA command field of 12 bits,

NSbramek s the number of slots per subframe, Ty is the subframe duration of 1 msec, and Koygeser = Keelt offset —

KyE oftset; Where Kee ofeser 1S Provided by CellSpecific_Koffset and Ky ot IS provided by aMAC CE command,
otherwise, if not respectively provided, Keej) ofsset = 0 OF Ky ofrset = 0. Ny @nd N, are determined with respect to the
minimum SCS among the SCSs of all configured UL BWPsfor al uplink carriersin the TAG and of al configured DL
BWPs for the corresponding downlink carriers. For 4 = 0, the UE assumes N, , = 14 [6, TS38.214]. Slot n and

NSubframe st e determined with respect to the minimum SCS among the SCSs of all configured UL BWPs for all uplink

slot
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carriersin the TAG. Npa max IS determined with respect to the minimum SCS among the SCSs of all configured UL
BWPsfor al uplink carriersin the TAG and for all configured initial UL BWPs provided by initialUplinkBWP. The
uplink dot n isthelast dot among uplink slot(s) overlapping with the dot(s) of PDSCH reception assuming Ty, = 0,
where the PDSCH provides the timing advance command and T;4 isdefined in [4, TS 38.211].

If a UE changes an active UL BWP between a time of atiming 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 Ny, accordingly.

If two adjacent slots overlap dueto a TA command, the latter slot is reduced in duration relative to the former slot. The
UE does not change Ny, during an actual transmission time window for aPUSCH or a PUCCH transmission [6, TS
38.214].

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 ot 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+Kk, except for the following:

- theactionsrelated to CSI reporting on a serving cell that is activein slot n+Kk

- theactions related to the sCell DeactivationTimer 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+K that the UE appliesin the
earliest ot after n+Kk in which the serving cell is active.

Thevalueof K ism + 3 NS™2Tmek 4 1 where slot n+misasdlot indicated for PUCCH transmission with HARQ-ACK

slot

information for the PDSCH reception as described in clause 9.2.3 and NS="™ is a number 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 appliesinslot n+k.

If the sCellDeactivationTimer associated with the secondary cell expiresin 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 the first slot that is after slot

n+3- N3+ where y 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. 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, 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
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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.

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 ssb-Index. The
UE can be configured withup to N, _ RadioLinkMonitoringRSfor link recovery procedures, as described in clause

6, and for radio link monitoring. Fromthe N ;_,, RadioLinkMonitoringRS, up to N ,, 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

- the UE usesfor 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 the active 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 N, ,, 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.

Vauesof N pu ad N, for different valuesof L, aregiveninTable5-1.

Table 5-1: N gz rw and Ng,, as afunction of maximum number L, of SS/PBCH blocks per half

frame
I-max NLR—RLM NRLM
2 2
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 BWPsfor 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
CORESETs on 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
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rImlnSyncOutOfSyncThreshold. 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 candidateBeamRSSCellList 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 that can be
activated by aMAC CE [11 TS 38.321] and corresponding two sets g, o and g, ; of periodic CSI-RS resource
configuration indexes and/or SSYPBCH block indexes by candidateBeamRSList1 and candidateBeamRSList2,
respectively, for radio link quality measurements on the BWP of the serving cell. The set g, , is associated with the set
q1,0 and the set g, ; isassociated 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 Or g, for aBWP of the serving cell, the UE determines the set g, , or g4 to include periodic CSI-RS
resource configuration indexes with same values as the RS indexes in the RS sets indicated by TCI-State for first and
second CORESET s that the UE uses for monitoring PDCCH, where the UE 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 coresetPoollndex value of 1 for the second CORESETS, respectively. If there are two RS indexesin a TCI
state, the set g, or g o, Or o 1 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 includes two TCI states and the UE is provided
sfnSchemePdcch set to 'sfnSchemeA' or 'sftnSchemeB', the set g, includes RS indexes in the RS sets associated with the
two TCI states. The UE expects the set g, to include up to two RS indexes. If the UE is provided g, o or o1, the UE
expects the set g, o or the set g, , to include up to anumber of Nggp RS indexes indicated by capabilityparametername.
If the UE is not provided g,y Or g, 1, and if anumber of active TCI states for PDCCH receptionsin 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 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 CORESET s 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 aserving 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 either g, o or g, , set and the corresponding g, , Or g, ; Set is associated
with the physical cell identity.

The UE expects single port RS in the set g, or gg 0, 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, Or @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.
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The physical layer in the UE assesses the radio link quality according to the set g, go,o, Or g1, 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 monitored by the UE. The UE applies the Qinir
threshold to the L 1-RSRP measurement obtained from a SS/PBCH block. The UE applies the Qin,Lr 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 Qout,Lr. The physical layer informs the higher layers when the radio link
quality is worse than the threshold Qou,.r 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].

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, 4, Or g; 1 and the corresponding L 1-RSRP
measurements that are larger than or equal to the Qin, r 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 SYPBCH 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 K-Mac [12, TS 38.331] or k.. = 0 if K-Mac is not provided, within a window configured by
BeamFailureRecoveryConfig. For PDCCH monitoring in a search space set provided by recoverySearchSpaceld and for
corresponding PDSCH reception, 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 recoverySearchSpaceld 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 asfor the last PRACH transmission
- apower determined as described in clause 7.2.1 with q,, = 0, g4 = 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.
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If aUE is provided TCI-Sate r17 indicating a unified TCI state for the PCell or the PSCell [6, TS 38.214], after X
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 AdditionalPClInfo is not provided, monitors PDCCH in all CORESETs, and receives PDSCH and aperiodic
CSI-RSin aresource from 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

qnewv If any

- transmits PUCCH, PUSCH and SRS that uses a same spatial domain filter with same indicated TCI state asfor
the PUCCH and the PUSCH, using a same spatial domain filter as for the last PRACH transmission

For the remaining of this clause, if a PDCCH reception includes two PDCCH candidates from two linked search space
sets based on searchSpacelinking, 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, 11.1, and 11.1.1.

For the PCell or the PSCell, if BFR MAC CE [11, TS 38.321] is provided 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 5.1.4a or in clause 5.1.5 of [11, TS38.321], the UE transmits the PUCCH on a same
cell asthe PRACH transmission using

- asame gpatid 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 isprovided TCI-Sate r17 indicating a unified TCI state for the PCell or the PSCell and the UE provides BFR
MAC CE in Msg3 or MsgA of contention based random access procedure, after X symbols from the last symbol of the
PDCCH reception that determines the completion of the contention based random access procedure as described in [11,
TS38.321], the UE

- if AdditionalPClInfo 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 e, if
any

- transmits PUCCH, PUSCH and SRS that uses a same spatial domain filter with same indicated TCI state as for
the PUCCH and PUSCH, using a same spatial domain filter as for the last PRACH transmission

A UE can be provided, by schedulingRequest| 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, o and g, o, and with sets g, ; and g, 1, the UE can be provided by

schedulingRequestl DForMTRPBFR afirst configuration for PUCCH transmission with a LRR and, if the UE provides
twoLRRcapability, a second configuration for PUCCH transmission with aLRR. If the UE is provided only the first
configuration, the UE transmits a PUCCH with LRR for either set g, 4 or g, 1. 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, o 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) g, for aperiodic CSI-
RS configuration or for a SS/PBCH 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

- monitors PDCCH in all CORESETs 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) qpew, 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 = Quew, and [ = 0, if
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- the UE s provided PUCCH-Spatial RelationInfo for the PUCCH,
- aPUCCH with the LRR was either not transmitted or was transmitted on the PCell or the PSCell, and
- the PUCCH-SCedll 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.

If aUE isprovided TCI-Sate r17 indicating aunified TCI state, after X symbolsfrom 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

- monitors PDCCH in al CORESETSs, and receives PDSCH and aperiodic CSI-RS in aresource from 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 PUCCH, PUSCH and SRS that uses a same spatial domain filter with same indicated TCI state as for
the PUCCH and PUSCH, using a same spatial domain filter as the one corresponding to g, if any

For serving cells associated with sets g, , and g, o, and with sets g, ; and g, ,, the UE can provide in a second PUSCH
MAC CE index(es) for cell(s) with g, , and/or g, , having radio link quality worse than Qou,Lr, the index(es) of those
o, and/or g, ,, and indication(s) of presence of g, and of index(es) q,..,. if any, from corresponding sets g, , and/or
1,1 for the serving cells.

For serving cells associated with sets g, o and g, o, and with sets g, , and g, 1, and having radio link quality worse than
Qout LR, 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.

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 - e, . 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 u = 0 provided by K-Mac or k,,. = 0 if K-

Mac 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 dot, and a number of consecutive symbols L. For a PUSCH
transmission with repetition Type B, a PUSCH transmission occasion isanominal repetition [6, TS 38.214].

In the remaining of this clause, if a UE is provided DLorJoint-TClSate or UL-TClstate and for an indicated DLorJoint-
TClSate or UL-TClstate as described in [6, TS 38.214]
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- inclauses7.1.1, 7.2.1, and 7.3.1, the RSindex g, for obtaining the downlink pathloss estimate for PUSCH,
PUCCH, and SRS transmission is provided by PL-RS associated with or included in the indicated DLorJoint-
TClSate or UL-TClstate except for SRS transmission that is not provided usel ndicatedTCI Sate

- inclause 7.1.1, if p0-Alpha-CLID-PUSCH-Set is provided, the values of Py yg puscip f.c (), @b f.(j), and the
PUSCH power control adjustment state [ are provided by pO-Alpha-CLID-PUSCH-Set associated with the
indicated DLorJoint-TCl State or UL-TClstate

- inclause 7.2.1, if p0-Alpha-CLID-PUCCHSet is provided, the values of Py pyccn,p,f,c(,,) @and the PUCCH
power control adjustment state [ are provided by pO-Alpha-CLID-PUCCH-Set associated with the indicated
DLorJoint-TClSate or UL-TClstate

- inclause 7.3.1, if pO-Alpha-CLID-SRS Set is provided,

- if uselndicatedTCl State is provided for a SRS resource set, the values of Py sgsp £,c(qs), @srs p,f,c(45), and
SRS power control adjustment state [ are provided by p0O-Alpha-CLID-SRS Set associated with the indicated
DLorJoint-TClSate or UL-TCISate

- ese if uselndicatedTClSate is not provided for a SRS resource set and for afirst SRS resource from the
SRS resource set, the values of Py srsp, r,c(ds)s @srsp,f,c(45), and SRS power control adjustment state [ are
provided by pO-Alpha-CLID-SRS-Set associated with DLorJoint-TClState or UL-TClState 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 PL-RS associated with or included in the indicated
DLorJoint-TClState or UL-TCISate of an SRS resource with lowest SRS-Resourceld in 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, 11.1, and 11.1.1.

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 ﬁpUSCH_b_ £.c(i,J,qq, 1) of the transmit power Ppysch p,f,c(L, J, a, 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 fullpowerMode2,

- s =1 for full power TPMIsreported by the UE [16, TS 38.306], and s is the 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-ResourceSet
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’,

- 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
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- if ul-FullPowerTransmission 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 [, the UE determines the PUSCH transmission power
Poyschp,f,c(i,J, 4q, 1) in PUSCH transmission occasion i as

PCMAX,f ,c(i)v
Po_puscrip, tc (1) +10l0g,, (2 -M RPlBJ,Sb(,:;—,'c )+ (1) Plys o (Qa) + Arpp i () + Fo (1)
[dBm]

Pruscrip,re (i 1:Gq,1) =mi n{

where,

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

- Py puscup,f,c(j) isaparameter composed of the sum of acomponent Py nominaLpusc,f,c (/) and a component
Po uE puscap.r,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,P O_UE_PUSCH,b,f,c(O) =0, and P, O_NOMINAL,PUSCH,f,c(O) = Py pre + ApREAMBLE,Msg3

where Py, pr; is provided by preambleReceivedTargetPower [11, TS 38.321] and AprpampLe msgs 1S
provided by msg3-DeltaPreamble, or AprgampLe,msgz= 0 dB if msg3-DeltaPreamble is 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 a PUSCH transmission for Type-2 random access
procedure as described in clause 8.1A,

J =0, P ue puschp,f,c(0) = 0, and Po nominaL_pusch,f,c(0) = Po pre + Aumsga_pusch:

where Py pgg: 1S provided by msgA-preambleReceivedTargetPower, or by preambleReceivedTargetPower if
msgA-preambleReceivedTargetPower is not provided and 4544 pyscy IS provided by msgA-DeltaPreamble,
Of Aysga puscu = ApreampLE msg3 AB if msgA-DeltaPreamble is not provided, for carrier f of serving cell ¢

- For aPUSCH (re)transmission configured by ConfiguredGrantConfig, j = 1, Py nominaLpusch,f,c(1) iS
provided by p0-NominalWithoutGrant, or Po nomiapusch,f.c(1) = Po_xomaLpusch,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 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 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.
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If the SRS resource set indicator valueis 10 or 11, first and second Py yg_pusci,p,f,c (1) vauesare
respectively provided by the values of p0-PUSCH-Alpha and by pO-PUSCH-Alpha2 in
ConfiguredGrantConfig.

- €lse, Po nominaL pusch,f,c(1) isprovided by pO obtained from p0-PUSCH-Alphain
ConfiguredGrantConfig that provides an index PO-PUSCH-AlphaSetid to a set of PO-PUSCH-AlphaSet,
or by p0-PUSCH for a PUSCH (re)transmission as described in clause 19.1, 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 yominaLpusch,f,c () = Po nomvaLpusch,f,c(0) if pO-Nominal WithGrant 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 pO-PUSCH-AlphaSetid for active UL BWP b of
carrier f of serving cell ¢

- 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 pusch,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’ and if, the UE obtains a mapping from sri-PUSCH-Power Controlld in
SRI-PUSCH-Power Control 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 pyscu,p,f,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,p,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 puschp,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 pysca,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’.
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- 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
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 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,
corresponding to the second SRS resource set with usage set to ‘'nonCodebook’, respectively.

If the UE is not 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 SRI field, or if SRI-PUSCH-PowerControl is not provided to the UE,
j=2,

- 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 avalue of Py yg_pusch,p,f,c () from

- afirst PO-PUSCH-AlphaSet in pO-AlphaSets if a value of the open-loop power control parameter
set indication field is '0' or '00'

- afirst vauein 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 a value 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 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 10 or 11

- |f 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_pysch,p,f.c () @

- first and second PO-PUSCH-AlphaSet in pO-AlphaSets if 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 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 'l or ‘01’
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- second value in PO-PUSCH-Set with the lowest p0-PUSCH-SetI D value in p0-PUSCH-SetList and
second value in PO-PUSCH-Set with the lowest p0-PUSCH-SetID in p0-PUSCH-SetList2,
respectively, if the open-loop power control parameter set indication valueis '10' or '11'

- €lse, the UE determines first and second values Py yg_pusch,p,f,c () from the value of the first and
second PO-PUSCH-AlphaSet in p0-AlphaSets, respectively

- For ab_f_c (])

- Forj=0,

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

elseif Po nominaL_PuscH.f,c(0) = Po_pre + ApreampLe_msgs OF MSYA-Alphais not provided, and msg3-
Alphais provided, a; (. (0) isthe value of msg3-Alpha

el%, ab_f_C(O) =1

- Forj=1,

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-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 SRS resource set indicator valueis 00, first a,, ¢ (1) valueis provided by p0-PUSCH-Alphain
ConfiguredGrantConfig.

- If the SRS resource set indicator value is 01, first a,, r (1) valueis provided by p0-PUSCH-Alpha2 in
ConfiguredGrantConfig.

- If the SRS resource set indicator valueis 10 or 11, first and second a, f (1) values are respectively
provided by pO-PUSCH-Alpha and p0-PUSCH-Alpha2 in ConfiguredGrantConfig.

elseay, r (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 alpha for a PUSCH
(re)transmission as described in clause 19.1, for active UL BWP b of carrier f of serving cell ¢

- Forj € S;, asetof a,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 pO0-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-AlphaSetld that map to PO-
PUSCH-AlphaSet values, and determines first and second values of a;, ¢ .(j) from the PO-PUSCH-
AlphaSetI D values that are mapped to the values of the first and second SRI 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-PowerControl 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
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- 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, s (j) from the pO-PUSCH-AlphaSetld 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 a set of PO-PUSCH-AlphaSet values and determines the values of a, ;. (j) from the pO-
PUSCH-AlphaSetld value that is mapped to the SRI field value

- 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 SRI 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 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, the UE determines a, £ (j) from first and second PO-
PUSCH-AlphaSet in p0-AlphaSets

Rbb 1 (1) 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 ¢ .(qq)isadownlink pathloss estimate in dB calculated by the UE using reference signal (RS) index g4 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, ¢ .(q4) using a RS resource from an
SS/PBCH block with same SS/PBCH block index as the one the UE uses to obtain MIB

If the UE is configured with a number of RS resource indexes, up to the value of maxNrofPUSCH-
PathlossReferenceRSs, 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 a value of a corresponding pusch-Pathl ossReferenceRS-Id
maps to a SS/PBCH block index, and a set of CSI-RS resource indexes, each provided by csi-RS-Index when
avalue of a corresponding pusch-PathlossReferenceRS-1d maps to a CSI-RS resource index. The UE
identifies a RS resource index g, in the set of RS resource indexes to correspond either to a SSYPBCH block
index or to a CSI-RS resource index as provided by pusch-PathlossReferenceRS-Id in PUSCH-
PathlossReferenceRS

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 values of PUSCH-
PathlossReferenceRS-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 number of layers as
indicated by the first SRI field valueif 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-
PathlossReferenceRS-Id that are mapped to respective first and second SRl field valuesif the UE is provided
two SRS resource sets in srs-ResourceSetToAddModList or srs-ResourceSetToAddModListDCI-0-2 with
usage set to ‘codebook’, or from the values of PUSCH-Pathl ossReferenceRS-Id that are mapped to respective
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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
isprovided 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, the UE uses the same RS resource index g, asfor aPUCCH transmission with a spatial
setting from the two spatial settings with lowest index in the PUCCH resource with the lowest index

- €dse if theUE isprovided 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-PathlossReferenceRS and PUSCH-
PathlossReferenceRS-r16, the UE uses the same RS resource index g, as for an SRS resource set with an
SRS resource associated with the PUSCH transmission

- If

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

- the PUSCH transmission is scheduled by DCI format 0_1 or DCI format O_2 that does not include an SRI
field, or

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

the UE determines a RS resource index g, with arespective PUSCH-PathlossReferenceRS-1d value being
egual 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 c,
- the UE is not provided PUCCH resources for the active UL BWP of serving cell ¢, and
- the UE s provided enableDefaultBeamPL-For PUSCHO-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.

- f
- the PUSCH transmission is scheduled by DCI format 0_0 on serving cell ¢,

- theUE isnot provided a spatia setting for PUCCH resources on the active UL BWP of the primary cell
[11, TS38.321], 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.
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- For aPUSCH transmission configured by ConfiguredGrantConfig, if rrc-ConfiguredUplinkGrant is included
in ConfiguredGrantConfig, a RS resource index q, 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 a
serving cell indicated by a value of pathlossReferencelinking. If the UE is provided two SRS resource setsin
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, are
provided by respective values of pathl ossReferencel ndex and pathlossReferencelndex2 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-
Pathl ossReferenceRS-I1d that is mapped to a SRI field value in a DCI format activating the PUSCH
transmission.

- If the UE isprovided 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-1d 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 isprovided two SRS resource sets in 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-1d 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 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 asindicated by the first SRI field 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’ and the DCI format
activating the PUSCH transmission does not include an SRI field, the UE determines first and second RS
resource indexes q, with respective first and second PUSCH-Pathl ossReferenceRS-1d val ue being equal
to zero and one.

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

where the RS resource is 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-Power Controlld = 0. 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 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.

- 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 resources in srs-ResourceSetToAddModList or srs-ResourceSetToAddModListDCI-0-2
with usage set to 'codebook’ or 'nonCodebook’, the UE determines first and second RS resource indexes
q4 With respective first and second PUSCH-PathlossReferenceRS-1d values being equal to 0 and 1.

PLy r .(qq) = referenceSgnalPower — higher layer filtered RSRP, where referenceSgnal Power is provided by
higher layersand 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
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If the UE is not configured periodic CSI-RS reception, referenceSgnal Power is provided by ss-PBCH-
BlockPower. If the UE is configured periodic CSI-RS reception, referenceSignal Power is provided either by ss-
PBCH-BlockPower or by powerControl OffsetSS providing an offset of the CSI-RS transmission power relative
to the SS/PBCH block transmission power [6, TS 38.214]. If power Control OffsetSSis not provided to the UE,
the UE assumes an offset of 0 dB.

- Ay pe(i) = 10l0gso ((2BPREXs — 1) - BESSH) for K, = 1.25 and Apg (1) = 0 for K, = 0 where K, is
provided by deltaMCS for 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, () = 0. BPRE and Bran:, for active UL BWP b of each
carrier f and each serving cell ¢, are computed as below

- BPRE = Y22 K, /Ngg for PUSCH with UL-SCH dataand BPRE = Q,, - R/BESSH for CSI transmissionin
aPUSCH without UL-SCH data, where

- Cisanumber of transmitted code blocks, K, isasize for code block r, and Nig isanumber of resource
PUSCH

elements determined as Ngg = N - MRS (i) - Z?jyomb'b'f O NRE_ (i, ), where N > 1 is provided by
number OfSotsTBoMS as described in [6, TS 38.214] and N = 1 if numberOfSotsTBoMSis hot provided,
N b £, (1) isanumber of symbols for PUSCH transmission occasion i on active UL BWP b of carrier
f of serving cell ¢, N2 (i, j) isanumber 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 is with repetition Type B, 0 < j < Nouosh (i), and ¢, K, are
definedin [5, TS 38.212]

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

- Q,, isthe modulation order and R isthe 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, 1) for active UL BWP b of carrier f of serving cell ¢ in
PUSCH transmission occasion i

Spusch,p,f.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-RNT], as described in clause 11.3

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

- 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-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 power ControlLoopToUse in
ConfiguredGrantConfig.

- If the SRS resource set indicator valueis 01, [ is equal to the value of power ControlLoopToUse2
in ConfiguredGrantConfig.

- If the SRSresource set indicator valueis 10 or 11, afirst [ and a second [ are respectively equal to
power Control LoopToUse and power ControlLoopToUse2 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 is provided 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
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values for the first and second SR fields and the [ values provided by sri-PUSCH-ClosedLooplndex,
and determines the [ values mapped to the values of the first and second SRI fields corresponding to
each SRS resource set with usage set to ‘codebook’, respectively

- If the UE isprovided 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-PowerControl between a set
of values for

- thefirst SRI field value and the [ values provided by sri-PUSCH-ClosedLoopl ndex, and
determines the [ 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 determines the [ value that 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
SR 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
- 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 values and the PUSCH transmissions are associated
with [ = 0, the UE appliesthe first TPC command value for I = 0 and ignores the second TPC
command value

- If the DCI format includes two TPC command values and the PUSCH transmissions are associated
with [ = 1, the UE applies the second TPC command value for [ = 1 and ignoresthe 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 [ value is provided by the closed loop indicator field in DCI format 2_2
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aDy)-1

- oD = forci—io, D)+ X525 Spuschp,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 Spyscu,p,r,c Valuesaregivenin Table 7.1.1-1
Zf,(f;ig'l Opusch,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 Kpyscy (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 the UE has reached maximum power for active UL BWP b of carrier f of serving cell ¢ at PUSCH

transmission occasion i — i, and Zf,(fi‘g'l Spuscup,f,c(m 1) = 0,then f, o (i,1) = fi, ¢ (i —ip, 1)

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

transmission occasion i — iy and X0 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, ) =0, k =0,1,...,1

- If aconfiguration for acorresponding Py yg puscu,p,f,c(j) valueis provided by higher layers
- If aconfiguration for acorresponding a,, f .(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, [ is the 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 ye_puschp,fc(j) @d ay,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) and a; f.(1) are
provided by pO-PUSCH-Alpha in ConfiguredGrantConfig

- lisprovided by the value of power ControlLoopToUse2 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

Spusch,p,f,c Absolute values are givenin 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 puscup.r,c () value, thefirst a,, ¢ (j) value, and f,, (. (i, 1) for determining Ppyscy p,f,c (i, J, qa, 1) - If the UE
transmits a PUSCH associated with the second RS resource index g4, the UE applies the second Py yg_puscu,p,f,c ()
value, the second ay, f - (j) value, and f}, ¢ (i, 1) or f}, ¢ (i, 0) if twoPUSCH-PC-AdjustmentStates is provided or not
provided, respectively, for determining Poyscup,f,c (6 ), 9as 1) -
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- If the UE receives arandom 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(o' l) = APrampup,b,f,c + é‘msgz,b,f,ca wherel = 0 and

Omsgz,b,r,c 1IS@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" - M gt (0))
APra.mpup,b.f,c =min 4 max| O' PCMAX,f.c -+ POfPUSCH,b,f,c (0) + ab,f,c (0) . PLc ’ AF)ra.mpuprecmas(ed,b,f,<:
FArep 1 (0 + 0ot c

and APampup 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 random access preamble for carrier f in the serving
cell ¢, Mgy (0) isthe bandwidith 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.

- 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) = APy ampup b £.c» Where

AP

[=0,and
101093 (2" Mgyt (i)
rampup,b, f ,.¢ = min max 0‘ PCMAX,f,c -t PO_PUSCH,b,f,c (o) + ab,f .C (0) ) PLc (I) ’ APran'pupreqtmed,b,f,c
+ ATF,b, fc (I)

and APy gmpup requested,n,f,c 1S Provided by higher layers and corresponds to the total power ramp-up

PUSCH

requested by higher layers, Mgy, (1) isthe 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 Spyscu,p,f,c VAIUES OF Sspgp s VAlUES

TPC Command Field | Accumulated Spyscubf.c OF Osrsp,fc [AB] | Absolute dpyscup,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. Theterm '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.
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- 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 refersto
serving cell belonging to the secondary PUCCH group. Theterm 'primary cell’ in this clause refers to the
PUCCH-SCell of the secondary PUCCH group. If pdsch-HARQ-ACK-Codebook-secondaryPUCCHgroup-ri6is
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 aUE transmits a PUCCH on active UL BWP b of carrier f in the primary cell ¢ using PUCCH power control
adjustment state with index [, the UE determines the PUCCH transmission power Ppycc p, £, (£ Gu» 4a, 1) in PUCCH
transmission occasion i as

PCMAX,f,c(i)v

PO_PUCCH,b, to(@) +10l0g,, (2" -M ;gf)f:ﬁc(i)) +PLy ¢ (dg) +AF_PUCCH(F )+ATF,b, (DR AP (R )}
[dBm]

Prucerp. 1.c(1 0y G l) = min{

where

Pemax ¢ (i) isthe UE configured maximum output power defined in [8-1, TS 38.101-1], [8-2, TS38.101-2] and
[8-3, TS38.101-3] 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 puccn values provided by maxNrofPUCCH-
PO-PerSet. The set of P ye pucch Valuesis provided by pO-Set. If pO-Set is not provided to the UE,

Po pucchp,fe(qu) = 0,0 < g, < Qy

- If the UE is provided PUCCH-Spatial Relationl nfo, the UE obtains a mapping, by an index provided by p0O-
PUCCH-Id, between a set of pucch-Spatial Relationlnfold values and a set of pO-PUCCH-Value values. If the
UE is provided more than one values for pucch-Spatial Relationlnfol d 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 - NS ™™** where k is the Slot where the UE would

transmit a PUCCH with HARQ-ACK information for the PDSCH providing the activation command and y 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-Value val ue according to the corresponding one or two
sets of power control parameters. The UE applies the activation command in the first dot that is after dlot 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 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 pO-PUCCH-Value value from the PO-PUCCH
with pO-PUCCH-Id value equal to the minimum pO-PUCCH-1d vaue in p0-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
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- If the UE is not provided pathlossReferenceRSs or before the UE is provided dedicated higher layer
parameters, the UE calculates PLy, f .(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

- If the UE is provided a number of RS resource indexes, the UE calculates PL, f .(q,) using RS resource with
index g, where 0 < q; < Q- 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-Pathl ossReferenceRS-I1d mapsto a
SS/PBCH block index, and a set of CSI-RS resource indexes, each provided by csi-RS-Index when a value of
a corresponding pucch-PathlossReferenceRS-1d maps to a CSI-RS resource index. The UE identifiesa 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-PathlossReferenceRS-1d in PUCCH-Pathl ossReferenceRS

- If the UE is provided pathlossReferenceRSs and PUCCH-Spatial Relationl nfo, the UE obtains a mapping, by
indexes provided by corresponding values of pucch-Pathl ossReferenceRS-1d, between a set of pucch-
SpatialRelationlnfold values and a set of referenceSignal values provided by PUCCH-Pathl ossReferenceRS.
If the UE is provided more than one values for pucch-Spatial Relationl nfold 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-Pathl ossReferenceRS through the link to a corresponding pucch-
PathlossReferenceRS-Id index. The UE applies the activation command in the first ot that is after slot k +

3. NSUPramer \yhera k is the ot 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-SpatialRelationlnfo 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-
PathlossReferenceRSthat 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-Pathl ossReferenceRS from the pucch-Pathl ossReferenceRS-Id 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

- Ifthe 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 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 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 O, 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 ¢
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- For aPUCCH transmission using PUCCH format 0 or PUCCH format 1, Arg (i) =

UCCH

NE .
1010g10 (WH()) + AUCI(") where

sym

- Neo (i) isanumber of PUCCH format 0 symbols or PUCCH format 1 symbols for the PUCCH
transmission as described in clause 9.2.

- NPUCCH — 3 for PUCCH format O

ref

- NPYCCH = yslot 'for PUCCH format 1

sym
- Ay (i) = 0 for PUCCH format O

- Ay (i) = 10logy(Oyci (i) for PUCCH format 1, where Oy (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, Atg p £ (i) = 10logy, (K1 .

(nHARQ—ACK(i) + O (i) + OCSI(i))/NRE(i))v where
- K =6

- Myarg-ack (i) isanumber of HARQ-ACK information bits that the UE determines as described in clause
9.1.2.10r 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. nyarq-ack (i) isthe same as Ok (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

- Ogr(i) isanumber of SR information bits that the UE determines as described in clause 9.2.5.1
- Ocgi (1) isanumber of CSl information bits that the UE determines as described in clause 9.2.5.2

- Nge(i) isanumber of resource elements determined as Ngg (i) = Mgp o7 (i) - Nowreri (i) -
Nomsstuctp (D), where NRB 1 (D) is a number of subcarriers per resource block excluding subcarriers
used for DM-RS transmission, and - Symb UC[ b, (1) isanumber 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 , (i) = 10log, o (2BPREX2 — 1), where

- K,=24
- BPRE(D) = (0pck(i) + Osg(i) + Ocsi (i) + Ocre(i))/Ngg (©)

- Opck (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. If the UE is not provided any of pdsch-HARQ-ACK-Codebook, pdsch-HARQ-ACK-Codebook-
r16, or pdsch-HARQ-ACK-OneShotFeedback, O,cx = 1 if the UE includesa HARQ-ACK information
bit in the PUCCH transmission; otherwise, Oackx = 0

- Ogr(i) isanumber of SR information bits that the UE determines as described in clause 9.2.5.1
- Ocg (i) 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

- NRE(i) isanumber of resource elements that the UE determines as Ngg (i) = Mgp g 7. (i) -
N&&a (D) - NSymb ucp,f.c (1), where N RB (1) isanumber of subcarriers per resource block excluding
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subcarriers used for DM-RS transmission, and Ngo5 yci 5 7, (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.

- 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

Spucch,p,f,c (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

- 1€ {0,1} if the UE is provided twoPUCCH-PC-AdjustmentStates and PUCCH-Spatial Relationl nfo, or
more than one sets of power control parameters for operation in FR1, and [ = 0 if the UE is not provided
twoPUCCH-PC-AdjustmentStates or PUCCH-Spatial Relationlnfo, and more than one sets of power
control parameters

- 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 Relationlnfo, the UE obtains a mapping, by an index provided by
pO-PUCCH-I1d, between a set of pucch-Spatial Relationlnfold values and a set of values for
closedLooplndex that provide the I value(s). If the UE receives an activation command indicating a value
of pucch-Spatial Relationlnfold, the UE determines the val ue closedLoopl ndex that provides the value of [
through the link to a corresponding pO-PUCCH-Id index

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

- If the UE transmits the PUCCH with Nfie, > 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 appliesthe first TPC command value for [ =
0 and applies the second TPC command value for [ = 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 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 al [
associated with the PUCCH resource of the PUCCH transmission
9o D) = Gy peli = io D) + 0D Souccmn .0 (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

- Thedpyccnp s, Vauesaregivenin Table 7.1.2-1

- Zf,(f;(),'l Spucch,p,r,c(m, 1) isasum of TPC command valuesin aset C; of TPC command values with
cardinality £(C;) that the UE receives between Kpycen (i — ip) — 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
Kpyccn (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 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 — iy, D

- If UE has reached minimum power for active UL BWP b of carrier f of primary cell c at PUCCH
transmission occasion i — i, and Zf,(f;())'l Spuccup,fc(m, 1) < 0,then g, ¢ (i, 1) = gp s —io, 1)

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

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

- if the UE is provided PUCCH-Spatial RelationInfo, the UE determines the value of [ from the
value of q,, based on a pucch-Spatial Relationl nfol d val ue associated with the pO-PUCCH-1d value
corresponding to g,, and with the closedLoopl ndex value corresponding to [;

- €eseg 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 closedLoopl ndex value in the one or two sets of power control parameters;

- esel=0
- EHse
- gb_f,c(O, l) = APrampup,b,f,c + 6b,f,(:1 Wherel = 0, and 5b,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 cell c,
APrampup,b,f,c = mMin [max (0. Pemax.r.e — (Po puccp e + PLy .c(qa) + Ap pucen + Arrpre +
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
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
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Table 7.2.1-1: Mapping of TPC Command Field in a DCI format to accumulated 8pyccnp s Values

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

7.3 Sounding reference signals

For SRS, a UE splitsalinear value Psgs , £ . (i, g5, 1) of the transmit power Pggs p, £ (i, g5, 1) on active UL BWP b of
carrier f of serving cell ¢ equally across the configured antenna ports for SRS.

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)
in SRS transmission occasion i as

PCMAX,f,c(i)1

Prsp. 1c(i,ds:1) =min . ¢ [dBm]
o Po_srsb, ¢ (ds) +101095 (2 - Mg 1 (1)) + Cersp, . (As) - Pl ¢ o (Ag) + 1y ¢ (1)

where,

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

- Py srsp,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]

- aspsp,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 q, is provided by pathl ossReferenceRS associated with the SRS resource set g, and is either an ssb-1ndex
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 is not provided pathlossReferenceRS or SRS PathlossReferenceRS-Id, or before the UE is provided
dedicated higher layer parameters, the UE calculates PL,, f .(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

- If the UE is provided pathlossReferencelLinking, the RS resource is on a serving cell indicated by a value of
pathl ossReferencelLinking

- IftheUE
- isnot provided pathlossReferenceRS or SRS-Pathl ossReferenceRS:-Id,
- 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
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]
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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, if
CORESETSs are provided in the active DL BWP of 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
stete.

the active 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

- hppc(@D) = firc(, D), where fy, ¢ (i, 1) isthe current PUSCH power control adjustment state as described
inclause 7.1.1, if srs-Power Control AdjustmentStates indicates a same power control adjustment state for
SRS transmissions and PUSCH transmissions; or

o(s)-1

= My =hy (i—ig)+ D Fepsnro(m) if the UEisnot configured for PUSCH transmissions on active UL
m=0

BWP b of carrier f of serving cell ¢, 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

The §sgsp r,c Valuesaregivenin Table 7.1.1-1

Osrs,p,f,c(m) isjointly coded with other TPC commandsin a PDCCH with DCI format 2_3, as described
inclause 11.4

PO S s f.c(m) isasum of TPC command valuesin aset S; of TPC command values with
cardindity ¢(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
Kgsgrs (i) symbols before SRS transmission occasion i — i, is earlier than Ksgs(i — iy) symbols before
SRS transmission occasion i

if the SRS transmission is aperiodic, Ksgs(i) isanumber of symbolsfor 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 SRS transmission is semi-persistent or periodic, Ksgs (i) isanumber of Ksgs min Symbolsequal to

the product of a number of symbols per dlot, N@ﬁﬁb, and the minimum of the values provided by k2 in

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

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

transmission occasion i — ig and X0 Sgps - (m) = 0, then hy, (i) = hy s (i — i)

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

transmission occasion i — ig and Y0 Sgps - (m) < 0, then hy, (i) = hy s (i — i)

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

- hype(R)=0k=01,..,i
Else

- hb,f,c(o) = APrampup,b,f,c + é‘msgz,b,f,c

where
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Omsgz,b,f,c 1Sthe TPC command value indicated in the random access response grant corresponding to

the random access preamble that the UE transmitted on active UL BWP b of carrier f of the serving
cél ¢, and

APrampup,b,f,c = min [max (0: Pemax fe — (PO,SRs,b,f,c(CIs) + 10logy (2” : MSRs,b,f,c(i)) + asps,p.f,c(s)

PLb,f,c (Qd))) ’ APrampup_requested,b,f,c];

Where APampup requestedb,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.

= hy (i) = Osrsyp,f,c (1) if the UE isnot 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 . 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

where,

PCMAX,f,c(i)v

P (i,0,) =min ) [dBm]
b {Po_ms,b,f,c(qg +1010036(2" - Mg, 1.0(1)) + e 1.0(0s) PLb,f,c(qn}

Po srs,p,f,c(qs) and aggs p r,.(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, ¢ (q4) 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-IndexNcell is provided, referenceSgnalPower is provided by ss-PBCH-BlockPower-r16
- if adl-PRS-Resourceld is 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 usesto obtain MIB. If the UE isin the
RRC_INACTIVE state and determines that the UE is not able to accurately measure PL,, ¢ .(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.
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7.4 Physical random access channel

A UE determines a transmission power for a physical random access channel (PRACH), (i) , on active UL

PPRACH, b, f,c

BWP b of carrier f of serving cell Cbased on DL RS for serving cell Cin transmission occasion i as

Pracr c()=mi r{F%:MAXf <0, Prachagesc Py ¢ ,c} [dBm],

(i) isthe UE configured maximum output power defined in [8-1, TS 38.101-1], [8-2, TS 38.101-2] and

[8-3, TS38.101-3] for carrier f of serving cell Cwithin transmission occasion i , Porach, e, 1 1S the 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 servingcell C, and pL, , . isapathloss for the active UL BWP b of carrier f based on
the DL RS associated with the PRACH transmission on the active DL BWP of serving cell C and calculated by the UE
in dB as referenceSgnal Power — higher layer filtered RSRP in dBm, where RSRP is defined in [7, TS 38.215] and the

higher layer filter configuration isdefined 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, the UE determines PL based

b,f,c
on the SS/PBCH block associated with the PRACH transmission.

Where PCMAX, f.c

If a PRACH transmission from a UE is not in response to a detection of a PDCCH order by the UE, or isin response to
a detection 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 q,,, isassociated with a SS/PBCH block, as described in

clause 6, referenceSgnal Power is provided by ss-PBCH-BlockPower.

If a PRACH 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, referenceSignal Power is provided by ss-PBCH-BlockPower or, 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,,,, isassociated with a periodic CSI-RS configuration as described in clause

6, referenceS gnal 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
power Control 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 includestwo 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 a random 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, 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].

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, or due to ot format determination as described in clause 11.1, or
due to the PUSCH/PUCCH/PRACH/SRS transmission occasions are in the same slot or the gap between a PRACH
transmission and PUSCH/PUCCH/SRS transmission is small as described in clause 8.1, the UE does not transmit a
PRACH in atransmission occasion, 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, 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, if atotal UE transmit power
for PUSCH or PUCCH or PRACH or SRS transmissions on serving cellsin afrequency range in a respective

transmission occasion | would exceed B,,,, (i) , Where . (i) isthelinear value of P, (i) intransmission

occasion | asdefined in[8-1, TS 38.101-1] for FR1 and [8-2, TS38.101-2] for FR2, the UE allocates power to
PUSCH/PUCCH/PRACH/SRS transmissions according to the following priority order (in descending order) so that the

PCMA
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total UE transmit power for transmissions on serving cellsin the frequency range is smaller than or equal to B, (i)

for that frequency range in every symbol of transmission occasion | . When determining a total transmit power for
serving cellsin afrequency rangein asymbol of transmission occasion 1 , the UE does not include power for

transmissions starting after the symbol of transmission occasion i . Thetotal UE transmit power in asymbol 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 dlot.

- PRACH transmission on the PCell
- PUCCH or PUSCH transmissions with higher priority index according to clause 9
- 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

- PUCCH transmission with CSI or PUSCH transmission with CS|

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

- 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-FRL1.

The UE determines a transmission power for the MCG as described in [13, TS 36.213] using P, asthe 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 B, + P, > PEV°° , where p . isthelinear valueof P, B, isthelinear value of R,

and pEN-o¢ jsthelinear value of a configured maximum transmission power for EN-DC operation as defined in [8-3,

Total

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 tdnm-
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 [16, 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.
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- 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)+ Pog (i,)> PEYOC 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 B, (i,)+ Psg (i,)< PEYC 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 dlot i, of the SCG in FR1, respectively. The UE is not required to transmit in
any portion of slot i, of the SCG if P (i,) would need to be reduced by more than the value provided by
Xscae inorder for B, (i,)+ Py (i,)< PEY®C inany portion of slot i, of the SCG. The UE is required to

transmit in slot i, of the SCG if p(i,) would not need to be reduced by more than the value provided by

Xscae inorder for B, . (i,)+ Py (i, )< PESCC 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].

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, asthe
maximum transmission power for P, < Pyg - 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 asdescribed in [13, TS 36.213] using P,z asthe maximum transmission power.

If at least one symbol of dot 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 @sthe maximum transmission power

otherwise

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

If aUE is configured with p

..+ P, > PlEoc, where p_ isthelinear valueof P, P, isthelinear value of

Pw »and PNECC isthe linear value of a configured maximum transmission power for NE-DC operation as defined in
[8-3, TS 38.101-3] for FR1, the UE determines a transmission power for the MCG as follows

- If the UE is configured with reference TDD configuration for E-UTRA (by tdm-PatternConfigNE-DC-r15in
[13, TS36.213])

- 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 dot i, of the MCG in FR1 overlap in time with UE transmission(s) in subframe
i, of the SCG, and
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- if Pygg (i) + Pas (i) > PSP inany 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, )+ Py (i, ) < PREDC

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

indot i, of theMCG 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-r15
in[13, TS 36.213]).

7.6.2 NR-DC

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.

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 a transmission 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 isthelinear value of Py, and PXR-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 dot 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 slot i,, as
described in [8-3, TS 38.101-3] and in clauses 7.1 through 7.5 without considering Pscg Or 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 intra-FR NR DC,

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

- arescheduled by DCI formats in 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
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the maximum transmission power on the SCG is determined as

- min(Psce, PYRDC — PAEval), if the UE determines transmissions on the MCG with a P3¢ total power

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

where

— max max
- Toffset - max{ proc,MCG'Tproc,SCG}!

Toroemce A Tprot se isthe maximum of Tyroc2, Toroc,csi Tproe reteases Tproc,z» @d Tyroc cs; 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 Torocereleaser 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

- pacal jsthe total power for the transmissions on the MCG that overlap with the transmission occasion on the

SCG where P3¢l s 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 formats in PDCCH receptions with alast symbol that is earlier by less than T, ...
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 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.

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 i on active UL BWP b of carrier f of servingcell 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 iS 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
- determinesa Type 1 power headroom report and a Type 3 power headroom report for the serving cell

the UE
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- 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 'virtual' 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.

- 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 refersto 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 refersto 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 theduration of NR slot 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 dlot that fully overlaps with the E-UTRA
subframe;

- if the duration of NR dlot on active UL BWP is the 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 dot 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 cell ¢, the UE
computes the Type 1 power headroom report as

PH et bt (5 15 Gas1) = Povax 1 (1) {POfPUSCH,b,f,c(j)+10|Oglo(2” : Mggf?,c(i))+ab,f,c(j)' PLy ¢ o(dg) +Agep ¢ )+ fy g (1) }
[dB]

where Peyax £,c (1), Po puscap,fc () MES,%,C}L(O, ap () PLp.c(Qa), Arpp,pc (D) and fj, ¢ (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 u, 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 ot 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 a slot 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 slots on active UL BWP b,, the UE provides a Type 1 power headroom report
for the first PUSCH, if any, on the first dlot 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 initia 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 proc,2=Tproc,2 Where Tyroc,2 1S determined according to [6, TS 38.214] assuming dz1 =1, d22=0, and with pio,
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 ¢, the UE
computes the Type 1 power headroom report as

o R (N 5CMAx,f,c(i)_{ Po_puschb.t (1) + % ¢ (1) Ply ¢ o (dy) + fb,f,c(iil)} [dB]

where Poyay 1.0 (0) is computed assuming MPR=0 dB, A-MPR=0 dB, P-MPR=0 dB. ATc = 0 dB. MPR, A-MPR, P-
MPR and ATc aredefined in [8-1, TS 38.101-1], [8-2, TS38.101-2] and [8-3, TS 38.101-3]. The remaining parameters
are defined in clause 7.1.1 where Py pyscup r,c () @d a;, 5. (j) are obtained using Py yominaLpusch, £,c (0) and pO-
PUSCH-AlphaSetld = O, PLy, f.(q4) is obtained using pusch-PathlossReferenceRS-1d = 0, and [ = 0.

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 thetwo UL carriers, the UE computes a Type 1 power headroom report for the serving
cell assuming a reference PUSCH transmission on the non-supplementary UL carrier.

If a UE transmits a PUSCH associated with a RS resource index g, as described in clause 7.1.1, on active UL BWP b
of carrier f of serving cell ¢ indot n and provides a Type 1 power headroom report for an actual PUSCH repetition
associated with the RS resource index g4, the Type 1 power headroom report is for the first PUSCH repetition
associated with the RS resource index g, that overlaps with dot n.

If a UE transmits a PUSCH associated with afirst RS resource index q4, as described in clause 7.1.1, on active UL
BWP b of carrier f of serving cell ¢ inslot n and is provided twoPHRMode, the UE provides a Type 1 power headroom
report for PUSCH repetition associated with a second RS resource index g, as described in clause 7.1.1, where

- if the UE provides a Type 1 power headroom report for an actual PUSCH repetition associated with the first RS
resourceindex q,

- if the UE transmits PUSCH repetitions associated with the second RS resource index g, in slot n, the UE
provides a Type 1 power headroom report for afirst actual PUSCH repetition associated with the second RS
resource index q, that overlaps with slot n
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- otherwise, the UE provides a Type 1 power headroom report for a reference PUSCH transmission associated
with the second RS resource index q,4

- otherwise, if the UE provides a Type 1 power headroom report for areference PUSCH transmission associated
with the first RS resource index g, the UE provides a Type 1 power headroom report for a reference PUSCH
transmission associated with the second RS resource index g4

1.7.2 Type 2 PH report

This clause is 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 s 1 ¢ (1:0s) = Powax 1 c ()~ { Po_srsp, ¢ (ds) +101095(2* - M grgpy 1o (1)) + s e (As) - Pl ¢ o (Ag) + 1y ¢ o (1) }
[dB]

where PCMAx,f,c (') , PO_SRS, b,f,c(qs) ' M SRSb,f,c(i) , aSRSb,f,0(qS)’ PLb,f,c(Qd) and hb,f,c(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 i 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 peap (1, 0s) = 5CMAx,f,c 0] _{ Po_srsp ¢ (0s) + Cerap1.c(ds)  Ply s o (a) + 1y 1 ¢ (')} [dB]

where (s isan SRS resource set corresponding to SRS-ResourceSetld = 0 for UL BWP b and PO_SRSb,f,C(qs) ,
s 1 c(0s), Plytc(Qy) and hy ¢ (i) are defined in clause 7.3.1 with corresponding val ues obtained from SRS-

ResourceSetld = 0 for UL BWP b . ISCMAX i o(i) 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, TS38.101-2] and [8-3, TS
38.101-3].

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 areference 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:
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- 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 ( Ng), 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 aRAR 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 procedure isinitiated 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 carriersfor a serving cell and the UE detects a PDCCH order, the UE uses the
UL/SUL indicator field value from the detected PDCCH order to determine the UL carrier for the corresponding
PRACH transmission.

8.1 Random access preamble

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

- A configuration for PRACH transmission [4, TS 38.211].
- A preambleindex, a preamble SCS, Pprachtarget: @ COrresponding RA-RNTI, and a PRACH resource.

A PRACH istransmitted using the selected PRACH format with transmission power Ppgach,p,f,c (i), as described in
clause 7.4, on the indicated PRACH resource.

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-PreamblesPer SSB.

For Type-2 random access procedure with common configuration of PRACH occasions with Type-1 random access
procedure, a UE is provided a number 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-Masklndex 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-PreamblesPer SSB when provided; otherwise, by ssb-per RACH-OccasionAndCB-
PreamblesPer SB.

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 - Njofa, 1. /N where Ni2%@ . is provided by total Number 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.
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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

n- NJ°@ bie/N + R, where NI2% . is provided by total Number OfRA-Preambles for Type-1 random access
procedure.

For link recovery, aUE is provided N SS/PBCH block indexes associated with one PRACH occasion by ssh-per RACH-
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 ssh-

per RACH-Occasion in occasions. If N < 1, one SS/PBCH block index is mapped to 1/N consecutive valid PRACH
occasions. If N > 1, al consecutive N SS/PBCH block indexes are associated with one PRACH occasion.

SS/PBCH block indexes provided by ssb-PositionsinBurst in SB1 or in ServingCell ConfigCommon are mapped to
valid PRACH occasionsin the following order where the parameters are described in [4, TS 38.211].

- Firgt, inincreasing order of preamble indexes within a single 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 slot
- Fourth, inincreasing order of indexes for PRACH slots

An association period, starting from frame 0, for mapping SS/PBCH block indexesto PRACH occasionsis the smallest
value in the set determined by the PRACH configuration period according Table 8.1-1 such that N:S8 SS/PBCH block
indexes are mapped at |east once to the PRACH occasions within the association period, where a UE obtains N3SE from
the value of ssb-PositionsinBurst in SIB1 or in ServingCellConfigCommon. 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 N:258 SS/PBCH block indexes, no SYPBCH 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 not associated with SS/PBCH block indexes after an integer number of association periods, if
any, are not used for PRACH transmissions.

For a PRACH transmission by a UE triggered by a PDCCH order, the PRACH mask index field [5, TS 38.212], 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 SSYPBCH
block index field of the PDCCH order. If the UE is provided Koy ofsset DY CellSpecific_Koffset, the PRACH occasionis
after dot n + 2# - K e oftset Wheren isthe slot of the UL BWP for the PRACH transmission that overlaps with the end
of the PDCCH order reception assuming T, = 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
searchSpacelinking, 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, 11.1, and 11.1.1.

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

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

For a PRACH transmission triggered upon regquest 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 is reset 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) AEEDEEIen perioq (numper CIFE A
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,

- ifaUEisnot provided tdd-UL-DL-ConfigurationCommon, a PRACH occasion in aPRACH dot isvalid if it
does not precede a SS/PBCH block in the PRACH slot and starts at least Ng,,, symbols after alast SS'PBCH
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 SSYPBCH block corresponds to the SSYPBCH block index
provided by ssh-PositionsinBurst in SIB1 or in ServingCellConfigCommon , as described in clause 4.1

- If aUE isprovided tdd-UL-DL-ConfigurationCommon, a PRACH occasion in aPRACH dot 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
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, as described in clause 4.1.

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 procedureisinitiated 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 a time between the last symbol of the
PDCCH order reception and the first symbol of the PRACH transmission is larger than or equal to Ny, +
Agwpswitching T Apelay T Tswitch MSEC, Where

- Np, isatimeduration 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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- Dgwpswitching= 0 if the active UL BWP does not change and Agwpswitching 1S defined in [10, TS 38.133]
otherwise

- Apelay= 0.5 msec for FR1 and Ap,j,,= 0.25 msec for FR2
- Tewitch 1S@switching gap duration as defined in [6, TS 38.214]
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 carrier aggregation in a same frequency band, a UE does not transmit
PRACH and PUSCH/PUCCH/SRS in a same slot or when a gap between the first or last symbol of a PRACH
transmission in afirst slot is separated by lessthan N symbols from the last or first symbol, respectively, of a
PUSCH/PUCCH/SRS transmission in asecond slot where N = 2foruy =0oru =1, N =4foru=2o0oru=3,N =
16 foru =5, N = 32 for u = 6, and u isthe SCS configuration for the active UL BWP. For a PUSCH transmission
with repetition Type B, this applies to each actual repetition for PUSCH transmission [6, TS 38.214].

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 preambleis not transmitted as
described in clause 7.5 or clause 11.1. A UE can transmit a PRACH preamble in 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.

A UE determines time resources and frequency resources for PUSCH occasions in an active UL BWP from msgA-
PUSCH-Config for the active UL BWP. If the active UL BWP is not theinitial UL BWP and msgA-PUSCH-Config is
not provided for the active UL BWP, the UE uses the msgA-PUSCH-Config provided for the initial UL BWP.

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
in the 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-per MsgA-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 nrofl nterlacesPer 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 has an initial 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 the entries from table 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
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else, the UE is provided a SLIV by startSymbol AndLengthMsgA-PO, and a PUSCH mapping type by
mapping TypeMsgA-PUSCH for aPUSCH 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 dlot including the start of
each PRACH dot. The UE does not expect to have a PRACH preamble transmission and a PUSCH transmission with a
msgA ina PRACH dlot or in a PUSCH dlot, or to have overlapping msgA PUSCH occasions for aMsgA PUSCH
configuration. The UE expects that afirst 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 dot 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 sot, 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, h,p- 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 spatia 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 atime resource, and is associated
with a DMRS resource. The DM RS resources are provided by msgA-DMRS-Config.

Each consecutive number of Npyeampie Preamble indexes from valid PRACH occasionsin a PRACH slot

- first, 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 slot
are mapped to avalid PUSCH occasion and the associated DMRS resource

- firgt, 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 DMRS 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
dot

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

where Nyreampie = ceil (Tyreampie/ Trusch ) Tpreamble 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.
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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 blocks with indexes provided by ssh-PositionsinBurst in SIB1 or by

ServingCell ConfigCommon

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

- does not precede a SSYPBCH 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 SS/PBCH block in the PUSCH dlot, 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 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 as defined in clause 10.1.
If Npag OF Nfaog™", as defined in [4, TS 38.211], is not zero, the window starts after an additional Tra + Kyac Msec
where T, isdefined in [4, TS 38.211] and k. IS provided by K-Mac or k,,,,. = 0 if K-Mac is not provided.The
length of the window in number of dlots, based on the SCS for Typel-PDCCH CSS s&t, is provided by ra-
Response\Window.

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 a transport 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 layers indicate an uplink grant to the physical layer. Thisis referred 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 aSFN field inthe 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 is expected 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 N, 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-
RS s configured, and the corresponding PRACH. For u = 0, the UE assumes N, , = 14 [6, TS 38.214]. For a PRACH
transmission using 1.25 kHz or 5 kHz SCS, the UE determines N, assuming SCS configuration u = 0.

If the UE detects a 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 SS/PBCH block or a CSI-RS resource
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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.

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 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, 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 includes 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 given in Table 8.2-1.

If the value of the frequency hopping flag is 0, 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] asdefined in Table 7.3.1.1.1-4in TS 38.212 or Table 7.3.1.1.1-4A in TS 38.212 if
Channel AccessMode-r16 = "semiStatic” is provided.

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

RAR grant field Number of bits
Freqguency hopping flag 1
14, for operation without shared spectrum channel access
12, for operation with shared spectrum channel access

PUSCH frequency resource allocation

PUSCH time resource allocation 4
MCS 4
TPC command for PUSCH 3
CSl request 1

0, for operation without shared spectrum channel access

ChannelAccess-CPext 2, for operation with shared spectrum channel access

Table 8.2-2: TPC Command 8542 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

Unless the 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
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SFN where the UE transmitted the PRACH, or the UE does not correctly receive a corresponding transport block within
the window, the UE procedure is 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 set. 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 K-Mac or k.. = 0 if K-Mac is not provided. The length of the window in number
of dots, based on the SCS for Typel-PDCCH CSS st, 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 number 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 L SBs of the SFN where the UE transmitted PRACH,
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 a HARQ 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 is determined asn + k + A+2# - Kiop offset» Wheren isaslot of
the PDSCH reception, A is as defined for PUSCH transmissionin Table 6.1.2.1.1-5 of [6, TS 38.214], u is
the SCS configuration of the active UL BWP, and K offset 1S Provided by CellSpecific_Koffset; otherwise, if
not provided, Keen,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 access, a channel accesstype and CP extension [15, TS 37.213]
for aPUCCH transmission is indicated by a Channel Access-CPext field in the successRAR as defined in
Table7.3.1.1.1-4in TS 38.212 or Table 7.3.1.1.1-4A in TS 38.212 if Channel AccessMode-r16 = "semi Static"
isprovided

- 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].
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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)], 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-Sate 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-RNTI 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 is expected 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 s configured. For u = 0, the UE assumes N, ; =
14 [6, TS 38.214].

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 a SFN field in the 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 aRAR 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 theinitial 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, the initiad UL BWPis
used

- €else the RB numbering starts from the first RB of the active UL BWP and the maximum number of RBs for
frequency domain resource allocation equals the number of RBsin the initial UL BWP

The frequency domain resource allocation is by uplink resource allocation type 1 [6, TS 38.214]. For aninitial UL BWP
size of Nji¢, RBs, a UE processes the frequency domain resource assignment field as follows

if N§ize, < 180, or for operation with shared spectrum channel accessif N§iz%, < 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 asdescribed in [5, TS 38.212]

- dse

- insert [log, (N§ks, - (Ngize, + 1)/2)| — 14 most significant bits, or for operation with shared spectrum
channel access insert [log, (N§is, - (N§is + 1) /2)| — 12 most significant bits, with value set to '0' after the
Ny nop bits to the frequency domain resource assignment field, where Ny, no, = 0 if the frequency hopping
flagisset to '0" and Ny, nop 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_Oasdescribedin[5, TS 38.212]
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- 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]

- 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 a Msg3 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]
Ny < 50 -
1 | N/ 4]
00 INEa /2]
. 01 |VEwe /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 aTC-RNTI is provided by higher
layers, the scrambling initialization of the PUSCH corresponding to the RAR UL grant in clause 8.2 isby TC-RNTI.
Otherwise, the scrambling initialization of the PUSCH corresponding to the RAR UL grant in clause 8.2 isby C-RNTI.

Msg3 PUSCH retransmissions, if any, of the transport block, are scheduled by a DCI format 0_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 - Keen ofsset: Where k, and A are provided in [6, TS 38.214] and Ky offset 1S Provided by
CellSpecific_Koffset; otherwise, if not provided, K e offset = 0.

A UE can be provided in RACH-ConfigCommon 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 a DCI 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 dlots, where Ny, isindicated by the 2 MSBs of the MCS field in the RAR UL grant or in the DCI format 0_0
from a set of four values provided by number OfMsg3Repetitions or from {1, 2, 3, 4} if number OfMsg3Repetitionsis
not provided. The UE determines an MCS for the PUSCH transmission by the 2 LSBs of the MCSfield 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 determines the Nggg‘f; dotsasthe
first Ngggegg slots starting from slot n + k, + A where arepetition of the PUSCH transmission does not include a symbol
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indicated as downlink by tdd-UL-DL-ConfigurationCommon or indicated as a symbol of an SS/PBCH block with index
provided by ssh-PositionsinBurst.

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 Ny, isatime duration of N; symbols corresponding to a PDSCH processing time for
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
Ny, + 0.5 msec. Ny, isatime duration of N; symbols corresponding to a PDSCH processing time for UE processing
capability 1 when additional PDSCH DM-RS s configured. For 4 = 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-
secondaryPUCCHgroup-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-MuxWithDifferentPriority-secondaryPUCCHgroup is provided, UCI-MuxWithDifferentPriority is replaced
by UCI-MuxWithDifferentPriority-secondaryPUCCHgroup. If simultaneousPUCCH-PUSCH-
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secondaryPUCCHgroup is provided, simultaneousPUCCH-PUSCH is replaced by simultaneousPUCCH-
PUSCH-secondaryPUCCHgroup.

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-CodebookL.ist-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
- 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, 11.1, and 11.1.1.

In the remaining of this clause, alast DCI format isthe DCI format that a UE detectsin alast PDCCH monitoring
occasion from the PDCCH monitoring occasions for which the UE would provide HARQ-ACK informationin a
PUCCH in asame dot.

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 = 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 CORESETSs 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 subs otLengthForPUCCH or to be indicated by pdsch-HARQ-ACK-CodebookL st to generate two
HARQ-ACK codebooks on active DL BWP of the serving cells. HARQ-ACK information reporting is associated with a
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-Codebookl D, 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 CSI report, a UE determines a priority index
from apriority indicator field, if provided, in a DCI format that activates the semi-persistent CSl report. If a priority
index is not provided to a UE for a PUSCH 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
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- if the UE is provided subslotLengthForPUCCH in the first PUCCH-Config, the PUCCH resource for any SR
configuration with priority index O or any CSI report configuration in any PUCCH-Config is within the
subslotLengthForPUCCH symbolsin the first PUCCH-Config

- if the UE is provided subslotLengthForPUCCH in the second PUCCH-Config, the PUCCH resource for any SR
configuration with priority index 1 in any PUCCH-Config is within the subslotLengthForPUCCH 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 aslot of subslotLengthForPUCCH symbolsis
moved to a different slot of subslotLengthForPUCCH symbols after multiplexing overlapping PUCCHs.

If in an 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 a
PUSCH transmission of any priority, or a PDSCH reception and/or trigger a PUCCH transmission with corresponding
HARQ-ACK information of any priority, and DCI format 1_1 or DCI format 1_2 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.

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.

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 intime

- can simultaneously transmit the PUCCH and the PUSCHs[16, TS 38.306],

the UE excludes the PUSCHSs for resolving the time overlapping between the PUCCH and PUSCHS, where the timeline
conditions are not required for the excluded PUSCHSs.

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 UE transmission as described in
clause 11.1 and clause 11.1.1, including repetitionsif any, if the UE is provided UCI-MuxWithDifferentPriority 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 subs otLengthForPUCCH in the second PUCCH-Config, a PUCCH transmission of
smaller priority index is associated with the first overlapping slot with subslotLengthForPUCCH symbols of
larger priority index; otherwise, the PUCCH transmission of smaller priority index is associated with the
overlapping slot with Ngﬂﬁ 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 adot of larger priority index asis subsequently
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 determines that 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
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associated with the next overlapping ot with subsotLengthForPUCCH 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 with a 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 a PUSCH 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 cases the 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 of smaller priority index, if any

drops HARQ-ACK information of smaller priority index if the UE would multiplex the HARQ-ACK
information of smaller priority index in a PUSCH where the UE multiplexes Part 1 CS| reports and Part 2
CSl reports of larger priority index

drops Part 2 CSI reports of smaller priority index if the UE would multiplex the HARQ-ACK information of
smaller and larger priority indexesin a PUSCH where the UE multiplexes Part 1 CSl reports and Part 2 CS
reports of smaller priority index

else
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- if the UE would transmit the following channel s that would overlap in time where, if achannel 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, 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, as described in clauses 11.1 and 11.1.1, if the UE is not provided UCI-MuxWithDifferentPriority, the
UE first resolves overlapping for PUCCH and/or PUSCH transmissions of smaller priority index as described in clauses
9.2.5and 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 atransmission 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 as described in clause 11.1 and clause 11.1.1

the UE expects that the transmission of the first PUCCH or the first PUSCH, respectively, would not start before
Tproc,2 after alast symbol of the corresponding PDCCH reception

Tproc,2 iSthe 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

- Tproc2 isbased on avalue 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 PUSCHs

- 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;
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- 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 all serving cells where the UE receives the PDSCHs
corresponding to the second PUCCHSs, N, is5foru = 0,55fory=1and11foru =2

- €ese N,is10foru=0,12foru=1,23foru=2,36foru =3, 144 foru =5, and 288 for u = 6;
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 PDSCH(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 a PUSCH of smaller priority index with SP-CSI report(s) without a corresponding PDCCH, or

- aPUSCH of larger priority index with SP-CSI reports(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
on asame 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 prioritizationBetweenL P-DG-PUSCHandHP-CG-
PUSCH

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 overlaps in 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
prioritizationBetweenHP-DG-PUSCHandLP-CG-PUSCH

- 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

- Tproc,2 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 d5 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 repetitions if 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.
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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” as described 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 CSI 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 a PUCCH 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-MuxWithDifferentPriority. 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-CSI report(s) without a corresponding PDCCH unless the UE is provided UCI-
MuxWithDifferentPriority.

In the remaining of this clause, a UE multiplexes UCls with same priority index in a PUCCH or a PUSCH before
considering limitations for UE transmission as described in clause 11.1, clause 11.1.1, and clause 17.2. A PUCCH or a
PUSCH is assumed to have a same priority index as a priority index of UClsa UE multiplexesin 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.

In the remaining of this clause, if a UE is provided subsl otLengthForPUCCH, a dot for an associated PUCCH resource
of a PUCCH transmission with HARQ-ACK information includes a number of symbolsindicated by
subslotLengthForPUCCH, unless stated otherwise.

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 a UE has overlapping resources for PUCCH transmissionsin aslot and at least one of the PUCCH transmissionsis
with repetitions over multiple slots, the UE first follows the procedures described in clause 9.2.6 for resolving the
overlapping among the resources for the PUCCH transmissions.

If aUE

- would multiplex UCI in a PUCCH transmission that overlaps with a PUSCH transmission, and

- the PUSCH and PUCCH transmissions fulfill 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 CSl reportsin the PUSCH;

- multiplexes only HARQ-ACK information and CSl 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 p; UCI of same type
that the UE would transmit in PUCCHs in different slots with SCS configuration u, if p; < u,.

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 PUCCHs 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 PUSCHs includes aperiodic CSI reports.

A UE does not expect to detect a DCI format scheduling a PDSCH reception or having associated HARQ-ACK
information report without scheduling a PDSCH reception, and indicating a resource for a PUCCH transmission with
corresponding HARQ-ACK information in aslot if the UE previously detects a DCI format scheduling a PUSCH
transmission in the slot and if the UE multiplexes HARQ-ACK information in the PUSCH transmission.
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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.

If a UE transmits multiple PUSCHs in a slot on respective serving cells 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 in one of the multiple PUSCHSs, and the multiple PUSCHSs fulfil the conditionsin clause
9.2.5 for UCI multiplexing, the UE multiplexes the UCI in a PUSCH from the first PUSCHSs.

If a UE transmits multiple PUSCHs in a slot on respective serving cells and the UE would multiplex UCI in one of the
multiple PUSCHs and the UE does not multiplex aperiodic CSl in any of the multiple PUSCHSs, the UE multiplexes the
UCI inaPUSCH of the serving cell with the smallest ServCelllndex subject to the conditionsin 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 transmits in the dot.

If a UE transmits a PUSCH over multiple slots and the UE would transmit a PUCCH with HARQ-ACK and/or CSl
information over asingle slot that overlaps with the PUSCH transmission in one or more slots of the multiple slots, and
the PUSCH transmission in the one or more dlots 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 CSI 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
adot from the multiple dotsif the UE would not transmit a single-slot PUCCH with HARQ-ACK and/or CSl
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 CSI
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 symboal.

If the PUSCH transmission over the multiple dotsis scheduled by a DCI format that includes a DAL field, the value of
the DAL field is applicable for multiplexing HARQ-ACK information in the PUSCH transmission in any slot from the
multiple 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
in a 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 G-RNTI or G-CS-RNTI are also referred to as multicast
DCI formats. Corresponding unicast DCI formats are DCI formats0_0/0_1/0 2/1 0/1 1/1 2 and multicast DCI formats
are DCI formats4 1/4 2[4, TS 38.212]. PDSCH receptions scheduled by unicast or multicast DCI formats or HARQ-
ACK information associated with unicast or multicast DCI formats are also respectively referred as unicast or multicast
PDSCH receptions or unicast or multicast HARQ-ACK information.

For the remaining of this clause, if a UE is provided K e oftser Dy CellSpecific_Koffset or Kyg ofrser by aMAC CE
command, referenceto asot n + k for aPUCCH transmission or PUSCH transmission correspondsto aslot n + k +
2H7HKoffset - Ko fOr the PUSCH or the PUCCH transmission, where i isthe SCS configuration for the PUCCH
transmission or PUSCH transmission, Kssse. IS defined in clause 4.2, and py . = 0 in FRL. If Koffset or if the MAC
CE command is not provided, Keepj oftset = 0 OF Kyg ofsser = 0, respectively. 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 oftset Value by aMAC CE command, the UE applies the MAC command in the first slot that is after slot k +
3NSIAMeH where k isthe slot where the UE would transmit a PUCCH with HARQ-ACK information for the PDSCH

providing the MAC CE command, u isthe SCS configuration for the PUCCH transmission that is determined in the slot
when the MAC CE command is applied.
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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.

A UE can be provided a periodic cell switching pattern for PUCCH transmissions by pucch-sSCellPattern. Each bit of
the pattern corresponds to a slot 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 asthe cell for
PUCCH transmissions during the sot of the reference SCS configuration. A slot on the active UL BWP of the PUCCH-
sSCell does not overlap with more than one slot on the active UL BWP of the Pcell. If adot 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 considers the first of the overlapping slots for the PUCCH transmission on the
PUCCH-sSCell.

If aUE is provided pucch-sSCelIDyn or pucch-sSCelIDynDCI-1-2, 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.

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 Py puccr,b,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, , (i, 0) for active UL BWP b of the UL carrier of PUCCH-sSCell ¢
and PUCCH transmission occasion i where dpyccp,p,o,c (i, 0) isa TPC command value included in aDCI 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 a UE is provided pdsch-HARQ-ACK-CodebookList,
the UE multiplexesin 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

- the UE is provided first and second for each of { PUCCH-Config, UCI-OnPUSCH, PDSCH-
codeBlockGroupTransmission} by { PUCCH-ConfigurationList, UCI-OnPUSCH-ListDCI-0-1, PDSCH-
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-CodebookiD, per SPS PDSCH configuration, aHARQ-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
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- 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

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 PDSCHs in aslot 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 a dot 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 PDSCHY(s) in aslot for SPS configuration(s), the UE does not expect to receive a
PDCCH providing aDCI format in the dot 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 PUCCHSs.

If aUE detectsa DCI format 1_1 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 indicating SCell
dormancy and the HARQ-ACK information bit value is 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 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 represents a
NACK whileaHARQ-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, or aG-CS-RNTI.

9.1.1 CBG-based HARQ-ACK codebook determination

If aUE is provided PDSCH-CodeBlockGroupTransmission for a serving cell, the UE receives aPDSCH 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 NS08 of CBGs for generating

respective HARQ-ACK information bits for a transport block reception for the serving cell.

For anumber 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 a number of HARQ-ACK bits for the transport block as

CBG/TB  _
NHARQ—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 generates a NACK for the HARQ-ACK information bit of a CBG if the UE incorrectly received at |east
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.
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The HARQ-ACK codebook includesthe Nreo 5 HARQ-ACK information bitsand, if Niaso ack < Niano sk for

atransport block, the UE generates a NACK value for thelast Njaso ace — Niano ack 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 Nﬁﬁgg_BAcK CBGs and does not correctly detect the transport block for the

N reaack CBGs, the UE generates a NACK value for each of the N 3ro ack 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 clauses9.1.2, 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.

If a UE is provided HARQ-feedbackEnabling-disablingper HARQprocess indicating disabled HARQ-ACK information
for aHARQ process associated with a transport block in PDSCH reception occasion m on serving cell ¢, the UE reports
aNACK 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 Nigceived in clause 9.1.2.1. If the
UE is aso 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 Njcc®V*®“B% in clause 9.1.2.1. If the UE is aso provided HARQ-
feedbackEnablingfor SPSactive, 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 aHARQ-ACK information bit according to a decoding outcome for the transport block in the first SPS
PDSCH reception.

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 aslot indicated by a value 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-ForDCI-Format1-2 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) in aHARQ-ACK codebook that the UE transmitsin a slot not indicated by a value of a PDSCH-to-
HARQ_feedback timing indicator field in a corresponding 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.

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 Nppoen -« = 1. The UE reports HARQ-ACK
information for a PDSCH reception

repeat repeat

- fromDL sot np — Nppgcy + 1 1o DL slot np, if Nppocy IS provided by pdsch-AggregationFactor or pdsch-
AggregationFactor-rl6 [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 np, 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
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- thelast UL dot for PUCCH transmission overlapping with DL slot ny, if the UE is not provided
subslotLengthForPUCCH for the HARQ-ACK codebook

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 dlI-DataToUL-ACK-ForDCl-Format1-2 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 slot n + k, the UE sets a value for each corresponding HARQ-
ACK information bit to NACK.

If a UE reports HARQ-ACK information in a PUCCH only for
- aSPSPDSCH release indicated by DCI format 1_0 or by DCI format 4_1, with counter DAI field value of 1, or

- aPDSCH reception scheduled by DCI format 1_0 or by DCI format 4_1 having enabled associated HARQ-ACK
information report as described in clause 18, with counter DAI field value of 1 on the PCell, or

- SPS PDSCH receptions associated with a CS-RNTI or with G-CS-RNTIs having enabled associated HARQ-
ACK information reports as described in clause 18

within the M, . occasions for candidate PDSCH receptions as determined in clause 9.1.2.1, the UE determines a HARQ-
ACK codebook 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 OorinDCI format 4 1 isaccording to Table9.1.3-1 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 N2l to the number of serving cells configured to the UE
Set NSPS to the number of SPS PDSCH configurations configured to the UE for serving cell ¢

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

while ¢ < N2k

Set s = 0 — SPS PDSCH configuration index: lower indexes correspond to lower RRC indexes of corresponding
SPS configurations

whiles < NSFS
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 symbolsindicated as uplink by tdd-UL-DL-ConfigurationCommon or
by tdd-UL-DL-ConfigurationDedicated where N} 72¢% 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

HARQ-ACK information for the SPS PDSCH is associated with the PUCCH
}

ETSI



3GPP TS 38.213 version 17.1.0 Release 17 70 ETSI TS 138 213 V17.1.0 (2022-05)

07" = 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

9.1.21

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 in dlot ny. If serving cell ¢ is deactivated, the UE uses as the active DL BWP for determining the set of
M, . occasions for candidate PDSCH receptions a DL BWP provided by firstActiveDownlinkBWP-1d. The
determination is based:

a) onaset of dot timing values K; associated with the active UL BWP on the primary cell 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 slot
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
either DCI format 1_1 or DCI format 1_2 for serving cell ¢, K; is provided by the 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} foru =6

If the UE is configured to monitor PDCCH for DCI format 1_1 and is not configured to monitor PDCCH for
DCI format 1_2 for serving cell ¢, K, isprovided by dl-DataToUL-ACK or dl-DataToUL-ACK-r16

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 for serving cell ¢, K, isprovided by dI-DataToUL-ACK-DCI-1-2

If the UE is configured to monitor PDCCH for DCI format 1_1 and DCI format 1_2 for serving cell ¢, K, is
provided by the union of dI-DataToUL-ACK or dI-DataToUL-ACK-r16 and dI-DataToUL-ACK-DCI-1-2

If an inapplicable value in dI-DataToUL-ACK-r16 is provided, the value is excluded from K;
If the UE is configured to monitor PDCCH for multicast DCI formats for serving cell ¢

- if the UE is not provided typel-Codebook-Generation-Mode = 'model’, K, is additionally provided by the
union of dlI-DataToUL-ACK from pucch-ConfigurationListMulticast1 or pucch-
ConfigurationListMulticast2 and dl-DataToUL-ACK-ForDCI Format4 1

- if the UE is not provided dI-DataToUL-ACK-ForDCI Format4_1, K; is provided by the union of dl-
DataToUL-ACK from pucch-ConfigurationListMulticastl or pucch-ConfigurationListMulticast2 and
the dot timing values{1, 2, 3,4, 5,6, 7, 8}

- if the UE is provided typel-Codebook-Generation-Mode = 'model’, the UE

- determinesafirst K, yu set asK; N K, y, where K, \; isaset of dot timing values for the multicast
DCI formats, a second K; y\m Set as K1 \Kq,ym, and athird K, y\y Set as Ky w\Ky,ym

b) onaset of row indexes R of atable that 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
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- 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 typel-Codebook-Generation-Mode = 'model’, or, if any, for
the first K, yy 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 ¢ for the second Ky y\w Set, if any

- theunion of row indexes of time domain resource allocation tables for multicast DCI formats the UE is
configured to monitor PDCCH for serving cell ¢ for the third K; vy 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) onthe ratio 2#pL~HUL petween 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 ND% et @ Hogsserpr,c Provided by ca-SlotOffset for serving cell ¢, or on
N ot ofiset @ Hogsser 1, 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 S, of N°-°

cells

serving cellsif the serving cell includes afirst CORESET, and

- 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
NEho = N280 and N2k = N2k1 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,cx
HARQ-ACK information bits.

If aUE is provided fdmed-Reception-Multicast and the UE is configured to monitor PDCCH for detection of unicast

DCI formats and to monitor PDCCH for detection of multicast DCI formats

- aserving cell isplaced in afirst set S, of N2:Y serving cellsif the UE is configured to monitor PDCCH for DCI
formats1_0/1 1/1 2 for scheduling on serving cell ¢, and

- aserving cell is placed in asecond set Sy, of N2 serving cellsif 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
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the UE generates a Type-1 HARQ-ACK codebook for the set S, and the set Sy, of serving cells separately by setting
N2 = NPMU and NPL = NPVMin the following pseudo-code. The UE concatenates the HARQ-ACK codebook

cells cells cells cells
generated for the set S, followed by the HARQ-ACK codebook generated for the set Sy, to obtain atotal number of
Opck HARQ-ACK information bits.

If the UE is configured to monitor PDCCH for DCI formats with CRC scrambled by G-RNTI or G-CS-RNTI and is
provided typel-Codebook-Generation-Mode = 'model’, the UE separately applies the following pseudo-code for each of
thefirst K; ym Set, the second K; y\u Set, and third K, yy Set asthe set of dot 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.

If enableTimeDomainHARQ-Bundling 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
enableTimeDomainHARQ-Bundling 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 Z(R) to the cardinality of R
setr = 0 —index of row in set R
SetR;=0Q
setKyr=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}(a(i)x(Ko_r) - Ko,

set 2(P,) to the cardinality of P.
set ¢(AK,,,) to the cardinality of AK,,
set p = 0 —index of element in P,set d = 0 —index of element in AK .
whilep < c(P)
Ry = Ry U R(p);
p=p+1
end while
whiled < ¢(AKy,)
Kyr = Ky r U (Ky + [AKy, (@) - 2#0r7#0L]|) U (Ky + |AK,(d) - 2KuLkoL]);
d=d+1;
end while
r=r+1,

end while
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K, =Ky r;

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 a single 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.

Set j = 0 - index of occasion for candidate PDSCH reception or SPS PDSCH release or TCI state update

SetB=9

Set My, =0

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(2HuL7HDL, 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-TimeDomai nResourceAllocationListForMultiPDSCH and enableTimeDomainHARQ-Bundling
are provided for serving cell ¢

R = Ry;
R' = R7;

elseif PDSCH-TimeDomainResourceAllocationListForMultiPDSCH is provided and
enableTimeDomainHARQ-Bundling is not 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 adot for an active DL BWP change on serving cell ¢ or an active
UL BWP change on the PCell and slot n , + n, isbefore the slot for the active DL BWP change on serving
cell ¢ or the active UL BWP change on the PCell, or subslotLengthForPUCCH is provided for the HARQ-
ACK codebook and slot ng ; + nj, overlapswith UL dlot ny — Ky 4, k > 0, wheren, , isaDL slot with a
smallest index among DL slots overlapping with UL slot ny — Kj g,
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nD = nD + 1,
else
whiler < 2(R)

if the UE is not provided enableTimeDomainHARQ-Bundling and is provided tdd-UL-DL-
ConfigurationCommon, or tdd-UL-DL-ConfigurationDedicated and, for each slot from slot n ;. +

repeat,max
— NXep

np — Nppscy.  + 1toslot ng, + np, at least one symbol of the PDSCH time resource derived by
row r is configured as UL where K, ;. isthe k-th lot timing value in set K;, wheren,, 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 the end of the PDSCH time
resource for row r is not within any UL slot ny — K; ;, 0 < I < ¢(K;), or if PDSCH-
TimeDomainResourceAllocationListForMultiPDSCH is provided and HARQ-ACK information for
PDSCH time resource derived by row r inslot | (n, — Ky ) - 2#PL7#0L | 4 n;, cannot be provided in
dot ny

R = R\r;
elseif the UE is provided enableTimeDomainHARQ-Bundling and tdd-UL-DL-ConfigurationCommon,
or tdd-UL-DL-ConfigurationDedicated and, for each slot | (n, — Ky ;) - 2#PL7FUL| + nj, — AK, (d),
at least one symbol of each PDSCH time resource derived by row r of set R’ is configured as UL,
whered =0,1,...A(AKy,) — 1, AK, . = n’Il(aX(Ko_r) — Ky ,» and ¢(AKy,,) isthe cardindity of AK,.

0

R = R\r;

R' = R\r;
else

r=r+1,
end if

end while

if the UE does not indicate a capahility to receive more than one unicast PDSCH or multicast PDSCH per
dotand R # @,

MA,C = MA,C U j;
J=i+1
else

Set ¢(R) to the cardinality of RSet m to the smallest last OFDM symbol index, as determined by the
SLIV, among all rows of R

whileR # @
Setr=0
whiler < ¢(R)
if § < m for start OFDM symbol index S for row r

b,.kn, = Ji - index of occasion for candidate PDSCH reception, or SPS PDSCH release, or
TCI state update associated with row r

R = R\r;
B=BU bl}k;nD;
ese
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r=r+1;
end if
end while
My =My Uj
j=j+1
Set m to the smallest last OFDM symbol index among al rows of R;
end while
end if
n, =np + 1,
end if
end while
end if
k=k+1,
end while
else

while k < ¢(Ky)

D

H N‘S!]é‘ 0 se ng 0 set,c
if mod (nu — Ky + [(zuf,,f;;;{ ot — el - 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 ny — K; , if subslotLengthForPUCCH is provided for
the HARQ-ACK codebook; otherwise, N, = max(2#pL~HUL, 1)

whilen,, < N,

if PDSCH-TimeDomainResourceAllocationListForMultiPDSCH and enableTimeDomainHARQ-Bundling are
provided for serving cell ¢

R = Ry;
R' = R7;

elseif PDSCH-TimeDomainResourceAllocationListForMultiPDSCH is provided and
enableTimeDomainHARQ-Bundling is not 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 PCell and slot n, , + n, isbefore the slot for the active DL BWP change on serving
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cell ¢ or the active UL BWP change on the PCell wheren, , isaDL slot with asmallest index among DL
dots overlapping with UL slot ny; — K 4, or subslotLengthForPUCCH is provided for the HARQ-ACK
codebook and slot g, + 1, overlapswith UL slot ny — K 4, k > 0,

Nnp =Np + 1,
else
whiler < (R)

if the UE is not provided enableTimeDomainHARQ-Bundling and is provided tdd-UL-DL-
ConfigurationCommon, or tdd-UL-DL-ConfigurationDedicated and, for each slot from slot n ;, +

np — NpeReat ™™ + 1 to slot ng . + np, at least one symbol of the PDSCH time resource derived by
row r is configured as UL where K, ; isthe k-th slot timing value in set K;, wheren, , isaDL slot
with a smallest index among DL slots overlapping with UL slot ny; — K 4, or
subdlotLengthForPUCCH is provided for the HARQ-ACK codebook and the end of the PDSCH time
resource for row r is not within any UL slotny — K, ;, 0 < I < ¢(K;) or if PDSCH-
TimeDomainResour ceAllocationListForMultiPDSCH is provided and HARQ-ACK information for

. . . - Nﬁét,offset
PDSCH time resource derived by row r inslot [(ny — Ky ) - 2#PL7HUL| + I(W -

DL
Nslot,offset,c

m) : Z“DLJ + np cannot be provided in slot n;,

R = R\r;

elseif the UE is provided enableTimeDomainHARQ-Bundling and tdd-UL-DL-ConfigurationCommon,
or tdd-UL-DL-ConfigurationDedicated and, for each slot |(n, — Ky ;) - 2¢PL™#uL| +

UL DL
Nslot,offset _ Nslat,affset,c
oHoffset,UL 2HoffsetDLc

) . Z”DLJ +np — AK, (d), at least one symbol of each PDSCH time
resource derived by row r of set R’ is configured as UL, where d = 0,1,... £(AK,,) — 1.

R = R\r;
R' = R\r;
else
r=r+1,
end if
end while

if the UE does not indicate a capability to receive more than one unicast PDSCH or multicast PDSCH per
dotand R # @,

My,= My UJ;
j=j+1
else
Set ¢(R) to the cardinality of R
Set m to the smallest last OFDM symbol index, as determined by the SLIV, among all rows of R
whileR # @
Setr=20
whiler < 2(R)

if § < m for start OFDM symbol index S for row r
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b,kn, = Ji - 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=i+1
Set m to the smallest last OFDM symbol index among all rows of R;
end while
end if
np =np +1;
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 asame value of 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
- AMy)>1,and

- PDSCH-CodeBlockGroupTransmission is provided to the UE
the UE repeats Nyypo-acx - timesthe HARQ-ACK information for the transport block in the PDSCH, or for the SPS

PDSCH release, or for the TCI state update.
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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, the UE does not
expect to be indicated by DCI format 1_0 a slot timing value for transmission of HARQ-ACK information that does not
belong to the intersection of the set of 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 dot timing values provided by K, for the active DL BWP of a corresponding serving cell.

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-
SoatialBundlingPUCCH is not provided and generates HARQ-ACK information with value of ACK for the second
transport block if harg-ACK-Spatial BundlingPUCCH is provided.

A UE determines 65'%, 61'°%....55 5% 1 HARQ-ACK information bits, for atotal number of 0xcx 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 format, the UE generatesaNACK 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.

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 N2k to the number of serving cells configured by higher layers for the UE

while ¢ < NPk

cells

Set m = 0 —index of occasion for candidate PDSCH reception, or SPS PDSCH release, or TCI state update
whilem < M,

if enableTimeDomainHARQ-Bundling 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 dsScheduledByD Cl 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=i+1

6K = pinary AND operation of the HARQ-ACK information bits corresponding to second

transport blocks in 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
/% = NACK;
j=j+1
87" = NACK;

9;
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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

5K = NACK;

end if
j=ij+1
else
if the PDSCH is associated with the last SLIV inthe TDRA row;

6K =pinary AND operation of the HARQ-ACK information bits corresponding to all transport

9;

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

5K = 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 ¢,

0/*“"= HARQ-ACK information bit corresponding to afirst transport block of this cell;

j=j+1
/' = HARQ-ACK information bit corresponding to a second transport block of this cell;

J=i+1
elseif harg-ACK-Spatial BundlingPUCCH is provided, and the UE is configured by
maxNrofCodeWor dsScheduledByD Cl with reception of two transport blocks for the active DL BWP of
serving cell c,

67K = binary AND operation of the HARQ-ACK information bits corresponding to first and second

9j

transport blocks of this cell
if the UE receives one transport block, the UE assumes ACK for the second transport block;
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j=j+1
elseif PDSCH-CodeBlockGroupTransmission is provided, and Nyjaeo - ack . CBGs are indicated by
maxCodeBlockGroupsPer TransportBlock for serving cell ¢,

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+tNncBG

if the UE is configured by maxNrofCodeWordsScheduledByDCI with reception of two transport
blocks for the active DL BWP of serving cell ¢

GACK cse/mBmax = HARQ-ACK information bit corresponding to CBG n¢g of the second
J+ncBG+NyaARQ-ACK

transport block;
end if
nepe = Nepe + 1
end while
N CBG/TB,max

J =J + Nige ' Naro-acxe Where N isthe value of maxNrofCodeWordsScheduledByDClI for the
active DL BWP of serving cell ¢;

else
7' = HARQ-ACK information bit of serving cell c;
j=ij+1
end if
end if
m=m-+1,
end while
c=c+1;
end while

If Oack + Osr + Ocs; < 11, the UE determines a number of HARQ-ACK information bits nyarq-acxk for obtaining a

DL _ B ]
transmission power for a PUCCH, as described in clalse 7.2.1, 85 Tyapqoack = Lacos  Sime ! Nfeceived |

ZN?eIils‘l ZMC_l Nreceived.CBG e

c=0 m=0 ~'m,.C

NEL areall DL cells where the UE is configured to receive unicast or multicast PDSCHs

C

- M, isthe cardinality for the union of all sets M, . of occasions for unicast or multicast PDSCH receptions or SPS
PDSCH releases for serving cell ¢

- N,iffgei"ed is the number of transport blocks the UE receivesin PDSCH reception occasion m for serving cell ¢ 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.
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- If enableTimeDomainHARQ-Bundling is provided for serving cell ¢ and for a DCI format indicating a TDRA
row that includes more than one SLIV entry on the serving cell ¢, the UE considers as received only a
PDSCH associated with the last SLIV.

- Npeceved.CBG jsthe number of CBGs the UE receivesin a PDSCH reception occasion m for serving cell c 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 DAI field, then

- if the UE has not received any PDSCH or SPS PDSCH release or TCI state update that the UE multiplexes
corresponding HARQ-ACK information in the PUSCH, based on avalue of a respective PDSCH-to-
HARQ_feedback timing indicator field in aDCI format scheduling the PDSCH reception or the SPS PDSCH
release or the TCI state update, or on the value of dI-DataToUL-ACK or dI-DataToUL-ACK-r16 if the PDSCH-
to-HARQ _feedback timing indicator field is not present in DCI format 1_1 or on the value of dl-DataToUL-
ACK-DCI-1-2 if the PDSCH-to-HARQ_feedback timing indicator field is not present in DCI format 1_2 and the
UE is provided pdsch-HARQ-ACK-Codebook = 'semi-static' for unicast HARQ-ACK information, 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 and the UE is provided pdsch-HARQ-ACK-Codebook = 'semi-static' for multicast HARQ-ACK
information, 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 a SPS
PDSCH release, or only a SPS PDSCH reception, or only a TCI state update, or only a PDSCH that is scheduled
by DCI format 1_0 with a counter DAI field value of 1 if the UE is provided pdsch-HARQ-ACK-Codebook =
'semi-static' for unicast HARQ-ACK information, or is scheduled by DCI format 4_1 with a counter DA field
value of 1if the UE is provided pdsch-HARQ-ACK-Codebook = 'semi-static' for multicast HARQ-ACK
information, 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 or only for the TCI
state update as described in clause 9.1.2.

A UE setsto NACK vauein the HARQ-ACK codebook any HARQ-ACK information corresponding to PDSCH
reception or SPS PDSCH release or TCI state update that the UE detects in 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-Reception-Multicast 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 Vilk, = 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 V.5, = 0 unless the UE receives
only a SPS PDSCH release, or only SPS PDSCH(s), or only a TCI state update, or only a PDSCH that is scheduled by a
DCI format 1 0if the UE is provided pdsch-HARQ-ACK-Codebook = 'semi-static' for unicast HARQ-ACK
information, or scheduled by a DCI format 4_1 if the UE is provided pdsch-HARQ-ACK-Codebook = 'semi-static' for
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multicast HARQ-ACK information, with a counter DAI field value of 1 on the PCell inthe 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 TCI state update 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-Reception-Multicast 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

- 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-

ACK informationisVypa = 1[5, TS38.212]

The UE does not generate unicast or multicast HARQ-ACK information for multiplexing in the PUSCH transmission

when V13 = 0 or Vg = 0, respectively, unless the UE receives respectively

- only aunicast or a multicast SPS PDSCH release, or

- only unicast SPS PDSCH(s) or multicast SPS PDSCH(s) having enabled associated HARQ-ACK information
reports as described in clause 18, or

- only aTCI state update or a PDSCH that is scheduled by a DCI format 1_0 with a counter DA field value of 1
on the PCell, or only a PDSCH that is scheduled by a DCI format 4_1 having enabled associated HARQ-ACK
information report, as described in clause 18, and counter DAI field value of 1 on the PCell

in the M, occasions for candidate PDSCH receptions in which case the UE generates only the corresponding unicast or
multicast HARQ-ACK information.

Vapba = 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.

A UE does not expect to multiplex in a Type-2 HARQ-ACK codebook HARQ-ACK information that isin responseto a
detection of a DCI format that does not include a counter DA field.

If a UE is provided HARQ-feedbackEnabling-disablingper HARQprocess 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 Ngpg . 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 NXec®eBG in clause 9.1.3.1. If the UE
is also provided HARQ-feedbackEnablingfor SPSactive, 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.
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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,

- if the UE detects a second DCI format, the UE multiplexes the corresponding HARQ-ACK informationin a
PUCCH or PUSCH transmission in adlot that isindicated by a value of a PDSCH-to-HARQ_feedback timing
indicator field in the second DCI format, where

if the UE is not provided pdsch-HARQ-ACK-Codebook-r 16, 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 ot for HARQ-ACK
information in response to a SPS PDSCH reception, if any, received after the PDSCH scheduled by the first
DCI format.

if the UE is provided pdsch-HARQ-ACK-Codebook-r16, the UE detects the second DCI format in any
PDCCH monitoring occasion after the first one, and the second DCI format indicatesa HARQ-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 PDSCH 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 dlot for HARQ-ACK information in response to a SPS PDSCH reception received after the PDSCH
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 PDSCH
scheduled by the first DCI format.

if the UE is provided pdsch-HARQ-ACK-OneShotFeedback-r 16, 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 PDSCH 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 information in 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 that
the UE generates a Type-2 HARQ-ACK codebook, the UE separately applies the procedures in this clause per G-RNTI
and determines the Type-2 HARQ-ACK codebook by concatenating the Type-2 HARQ-ACK codebook for unicast DCI
formats followed by the HARQ-ACK codebooks for the multicast DCI formats in ascending order of the corresponding
G-RNTI values.

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 cell ¢, 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
dli-DataToUL-ACK-ForDCI-Format1-2 value if the PDSCH-to-HARQ_feedback timing indicator field is not
present in aDCI 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.

A value of the counter downlink assignment indicator (DAI) field in DCI formats denotes the accumulative number of
{'serving cell, PDCCH monitoring occasion}-pairsin which PDSCH receptions, 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,

- firgt, 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.

If, for an active DL BWP of aserving 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 number of { serving cell,
PDCCH monitoring occasion} -pair(s) in which PDSCH reception(s), 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 aserving cell, the UE is not provided coresetPoolIndex 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 CORESETS, and is provided ackNackFeedbackMode = joint, the total DAI value counts the { serving
cell, PDCCH monitoring occasion} -pair(s) for both the first CORESETSs and the second CORESETSs.

Denote by NP, the number of bits for the counter DAI and set T, = 2N ¢“oar, Denote by VeipaLcm the value of the
counter DAI in a DCI 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 Vlp,, ,, the value of the total DAI in aDCI format in PDCCH monitoring occasion m according
to Table 9.1.3-1. The UE assumes a same value of total DAI in al DCI formats that include atotal DAI field in PDCCH
monitoring occasion m. A UE does not expect to multiplex, in asame Type-2 HARQ-ACK codebook, HARQ-ACK
information that isin response to detection of DCI formats with different number of bits for the counter DAL field.

If the UE transmits HARQ-ACK information in aPUCCH in ot n and for any PUCCH format, the UE determines the
04", 07", -+, 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 Vigmp = 0
Set Viempz = 0
SetV, =0

Set N2% . to the number of serving cells configured by higher layers for the UE
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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 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
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, a serving cell is counted N3X ., times where N} isthe
number of PDSCH receptions that can be scheduled for the serving cell by DCI formats in PDCCH receptions at
a same PDCCH monitoring occasion based on the reported value of type2-HARQ-ACK-Codebook

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

while c < N2

if PDCCH monitoring occasion m is before an active DL BWP change on serving cell ¢ or an active UL
BWP change on the PCell and an active DL BWP changeis not triggered in PDCCH monitoring occasion m

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 aDCI format associated with HARQ-ACK information without scheduling PDSCH
reception on serving cell ¢

if Vioaiem < Viemp
j=j+1

end if

Vtemp = VCP—I_DAI,c,m

if VEbaim = @
Viemp2 = VCP—I_DAI,c,m

else

— 17DbL
Vtemp,z - 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 a serving cell,
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6ACK
TD']""V(?—LDAI,c,m_
the first and second transport blocks of this cell

, = binary AND operation of the HARQ-ACK information bits corresponding to

Ve =V, U{Tp - j + Vparem — 1}
else

GACK , =HARQ-ACK information bit of this cell

ToJ+VE% arcm=
Vo =V U{Tp - j + Vlparem — 1}
end if
end if
c=c+1
end if
end while
m=m+1

end while

Viemp = (j mod (%)) X (%) + Viemp

if UE does not Set Vyppmpo = Vitps and Ty = 2

VtempZ = Vtemp
end if
. JjXTp
J _l 4 J

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 dsScheduledByDCI 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 and the UE multiplexes HARQ-ACK information for one activated SPS
PDSCH reception, including the ones associated with the corresponding activation DCI, in the PUCCH in slot n, the
UE generates one HARQ-ACK information bit associated with the SPS PDSCH reception and appends it to the 04¢K
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, in the PUCCH in dlot n,
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the UE generates the HARQ-ACK information as described in clause 9.1.2 and appends it 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 a PDCCH 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 receivesa
PDSCH with one trangport block, or detects a DCI format having associated HARQ-ACK information without
scheduling PDSCH reception, and the value of maxNrofCodeWordsScheduledByDCl is 2, the HARQ-ACK information
is associated with the first transport block and the UE generatesa 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.

If aUEis
- not provided PDSCH-CodeBlockGroupTransmission for any serving cell, or
- not provided PDSCH-TimeDomainResour ceAllocationListForMultiPDSCH for any serving cell, or

- provided PDSCH-TimeDomainResourceAllocationListForMultiPDSCH and number OfHARQ-BundlingGroups
with Ny apomack = 1 for aserving cell

for PDSCH receptions scheduled by a DCI format that does not support CBG-based PDSCH receptions, or for SPS
PDSCH reception, or for aDCI format having associated HARQ-ACK information without scheduling PDSCH
reception, and if Opck + Osg + Ocgr < 11, the UE determines a number of HARQ-ACK information bits nyarq-ack for
obtaining a transmission power for a PUCCH, as described in clause 7.2.1, as

— — cells cells recelved
MHARQ-ACK = MHARQ-ACK,TB = <( DAL M5 — 2l UDAIC) mOd(TD)> 'I‘B max (Z N + Nsps,c) +

Mg-1

cells cells
Y50 (((VDAI Missg — Dicm c UDAIcg) mod(Tp, g)) Temaxg + Lee 9 (Zm o Npecelved Nsps,c,g)>

where
- N2% isanumber of serving cells where the UE is configured to receive unicast PDSCHs

- N2 g Isanumber of serving cells where the UE is configured to receive multicast PDSCHs for aG-RNTI g or
aG-CSRNTI g

- G isatotal number of G-RNTIs 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 or G-CS-RNTI g

- T, = 2N¢“oa where NPLy,; the number of bits for the counter DAI field in unicast DCI formats

- Tpg = 2NE“pag where NELparg the number of bits for the counter DA field in multicast DCI formats with CRC
scrambled by G-RNTI g or G-CS-RNTI g

- ifNDh =1, VP, mas: 1S the value of the counter DAL 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.

- NSy =1, VDALmygs. o, 1S the value of the counter DAL in the last multicast DCI format with G-RNTI g, 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 N2> 1orif N2

cells,g >1
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- 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 least one DCI format that includes atotal DAI field in alast PDCCH monitoring occasion
withinthe M or My, for G-RNTI g 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 ¢, Vpxym,, OF VDAL, .+ FESPECtively, is the value of the

total DAI in the at least one DCI format that includes atotal DAI field

- VK myase = 00 AN 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.

- Upaic O Upayc g, fOr G-RNTI g or G-CS-RNTI g, isthe total number of DCI formats scheduling PDSCH
receptions, 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. Up,; . = 0 or
Upaic,g = 0 if the UE does not detect any DCI format scheduling PDSCH reception, or having associated
HARQ-ACK information without scheduling PDSCH reception, for serving cell ¢ inany of the M or M,
respectively, PDCCH monitoring occasions.

- Npgmax = 2 if the value of maxNrofCodeWordsScheduledByDClI is 2 for any serving cell ¢ and harg-ACK-
SpatialBundlingPUCCH is not provided; otherwise, NTB max = 1.

NTB maxg = 2 if the value of maxNrofCodeWordsScheduledByDCl is 2 for any serving cell ¢ and harg-ACK-
SpatialBundlingPUCCH is not provided for G-RNTI g or G-CS-RNTI g; otherwise, NTB maxg = 1-

Nyeceived or Nrecelved for G-RNTI g 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 in PDSCHSs if number OfHARQ-BundlingGroups with

Niianorack = 1isprovided, scheduled by a DCI format that the UE detectsin PDCCH monitoring occasion
m for serving cell ¢

- eseif harg-ACK-Spatial BundlingPUCCH is provided, the number of PDSCHS, or the number of PDSCH
groups if number OFHARQ-BundlingGroups with Nyjaga™xcx = 1 is provided, scheduled by aDCI format
that the UE detectsin PDCCH monitoring occasion m for serving cell ¢

- €else, 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 Ngpg ¢ 4, for G-RNTI g or G-CS-RNTI g, isthe 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

- isprovided PDSCH-CodeBlockGroupTransmission for N 2k¢B6

cells . Serving cells, and

- s not provided PDSCH-CodeBlockGroupTransmission, for Noyt® serving cells where Now® 4 NDHCBC =
NDE

cells

the UE determines the 65'°%, 67, -+, 5% _, according to the previous pseudo-code with the following modifications

- NDE

cells

is used for the determination of afirst HARQ-ACK sub-codebook for

- SPSPDSCH reception,
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- aDCI format having associated HARQ-ACK information without scheduling PDSCH reception,
- TCI state update, and

- TB-based PDSCH receptions on the N>%¢ serving cells and on the N°%TB

cells cells Serving cell S,

NP isreplaced by N24CPE for the determination of a second HARQ-ACK sub-codebook corresponding to the

cells

N24#P¢ serving cells for CBG-based PDSCH receptions, and

cells

- if, for an active DL BWP of aserving cell, the UE is not provided coresetPoolIndex or is provided
coresetPoollndex with value 0 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
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 N>

serving cells, the UE generates N g rctmax HARQ-ACK information bits, where Nygaer it o is the

NCBG/TB max DL,CBG

maximum value of Ngg . - Nyjapo_nck - acrossal N

celis " serving cellsand N is the value of

CBG/TB,max

maxNrofCodeWordsScheduledByDCI for serving cell c. If for aserving cell c itis NP§ . - Ny ARQ-ACKc <

CBG/TB, CBG/TB, CBG/TB,
Ny anor Atk max: the UE generates NACK for the last Nyaea acimax — Nebe - Nigangoack « HARQ-ACK

information bits for serving cell ¢
- 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
-1
e|| CBG CBG/TB,max e|| recewed CBG
NYARQ-ACK,CBG = <(VDAI Miag — Dicm ol UDAl,c)"lOd(TD)) Nparo-ACK max T Zicm Nedls™l g oNp,

where

- ifNDh =1, VP, mas: 1S the value of the counter DAL in the last DCI format scheduling CBG-based PDSCH
reception 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
reception for any serving cell ¢ that the UE detects within the M PDCCH monitoring occasions

- VK muase = 0» 1f the UE does not detect any DCI format scheduling CBG-based PDSCH reception for any
serving cell ¢ inany of the M PDCCH monitoring occasions

- USaE. 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

- NreevedCBG js the number of CBGs the UE receivesin aPDSCH 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 not provided number OFHARQ-BundlingGroups, detects afirst DCI format scheduling one PDSCH reception
or having associated HARQ-ACK information without scheduling a PDSCH reception, if any, and a second DCI format
scheduling more than one PDSCH reception on a serving cell from the N2% . serving cells, if any, and the UE would
provide corresponding HARQ-ACK information in a same PUCCH, the UE determines the 65, 61", ---, 5555 1
according to the previous pseudo-code with the following modifications
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- the UE determines afirst HARQ-ACK sub-codebook based on each detected DCI format scheduling one
PDSCH reception or having associated HARQ-ACK information without scheduling a PDSCH reception, or
SPS PDSCH receptions, if any, and

- the UE determines a second HARQ-ACK sub-codebook based on each detected DCI format scheduling more
than one PDSCH reception, and

- instead of generating one HARQ-ACK information bit per transport block for serving cell ¢, the UE
generates Nijikq-ack HARQ-ACK information bits where Njj$kq-ack is the maximum value of Npg -
NPy o acrossal N2 serving cells, NFgE., . isamaximum number of PDSCH receptions that can be
scheduled by a DCI format on serving cell ¢ as described in [6, TS 38.214], and Ng . is the value of
maxNrofCodeWordsScheduledByDCI for serving cell ¢ if harg-ACK-Spatial BundlingPUCCH is not
provided; else, N£g . = 1. The UE generates the Njjikq-ack HARQ-ACK information bitsin ascending
order of the Npp3cy . PDSCHS, including any PDSCH that overlaps with UL symbolsindicated by tdd-UL-
DL-ConfigurationCommon, or by tdd-UL-DL-ConfigurationDedicated if provided. If, for serving cell c, the
UE detects a DCI format that schedules Nppscy, PDSCH receptions and Npg - Nepsci,e < Niisrq-ack » the
UE generates NACK for thelast N§i&q-ack — Ntb.c - Nepscu,e HARQ-ACK information bits

- 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.

If aUE is provided number OfHARQ-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 Np5d-y PDSCH receptions scheduled by a DCI format on the serving cell, a
TBG,max

maximum number of TBGS Nyarq-ackc 1S Provided by number OfHARQ-BundlingGroups. If the UE detects a DCI

format scheduling Nppscu,. PDSCH receptions on the serving cell ¢, the UE generates Nyjapo- ack.c HARQ-ACK

information bits for first TBs and, if applicable, generates Nijyparack . HARQ-ACK information bits for second TBsin

the Nppsci,c PDSCH receptions as described in clause 9.1.1 by setting Nyjaeo ack: = Niianorack.e a1 C = Nppsci-

For aTBG associated with at |east 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
aPDSCH 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 aNACK value for the TBG.

If aUE is provided number OfHARQ-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, Nyjara-ack . iS provided by
number OFHARQ-BundlingGroups. If the UE detects a DCI format scheduling Nppscy, . PDSCH receptions on the
serving cell ¢, the UE generates Ny gporack . HARQ-ACK information bits for the Nppscy, PDSCH receptions as

described in clause 9.1.1 by setting Nigapn ack. = Niiang. acke 8d C = Nppscr,c. For aPDSCH 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.

If aUE

- isprovided PDSCH-TimeDomainResourceAllocationListForMultiPDSCH and, if provided, number OfHARQ-

BunalingGroups with value Ny porack > 1 for Nogie*® serving cells; and

cells

- isnot provided PDSCH-TimeDomainResour ceAllocationListForMultiPDSCH or is provided number OfHARQ-

H : TBGmax  _ DL,TB : DL,TB DL,TBG _ ;DL
BundlingGroups with value Nyarq-ack = 1, fOr Negjis~ serving cellswhere Negjio™ + Negjis = Neells
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the UE determines the 65'“%, 67X, -+, 555 _, according to the previous pseudo-code with the following modifications

- NDL isused for the determination of afirst HARQ-ACK sub-codebook for

cells

- 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 Nyjspo™acx = 1 for TBG-based HARQ-ACK information on the Nejis® serving cells,

cells

- N2 isreplaced by N2w™¢ for the determination of a second HARQ-ACK sub-codebook corresponding to the

N24TB¢ serving cells for TBG-based HARQ-ACK information, or for TB-based HARQ-ACK information

corresponding to multiple PDSCH receptions scheduled by a single DCI format, and

- if, for an active DL BWP of aserving cell, the UE is not provided coresetPoolIndex or is provided
coresetPoollndex with value 0 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
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 aserving cell from the N2xT5¢

serving cells, the UE generates Ny o™ ack max HARQ-ACK information bits, where Nyjypo"ack may IS the

maximum value between NB§ . - Ny apoack - across all Ny ¢ serving cells if the UE is provided

cells
number OFTHARQ-BundlingGroups, and NRS . - N, . acrossall Nojit°¢ serving cells where the UE is not
provided number OfHARQ-BundlingGroups, and Nt . is the value of maxNrofCodeWor dsSchedul edByDClI
for serving cell ¢ if harg-ACK-SpatialBundlingPUCCH is not provided; else, NP{;_C = 1. If for aserving cell
c where the UE is provided number OfHARQ-BundlingGroups, it is NP5 . - Nijano-acke < Niaso- Ackmax:
the UE generates NACK for the last Nyjypo Ak max — NT6.c - Niarg- ack. HARQ-ACK information bits for
serving cell c. If for aserving cell ¢ where the UE is not provided number OFHARQ-BundlingGroups, it is
Nigc - NebSen,e < Nlr-lr,}'-}\(l;{‘gliZCK,maxi the UE generates NACK for the last Ngggan—a;)\(cx,max — N - NiBton o
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 NOLTBC 1 TBG TBG,max NOLTEG g 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 Newts = 1, Vokim,,, 1S the value of the counter DAI in the last DCI format scheduling more than one PDSCH
receptions for any serving cell ¢ from the N2-5¢ 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 NQjis > 1, VhRimy,,, 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
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- UpRE. 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>»T5¢ serving

cells
cells that the UE detects within the M PDCCH monitoring occasions for serving cell ¢. Up3. = 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 number OfHARQ-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 receivesin serving cell ¢ from the N2y serving

cellsin PDCCH monitoring occasion m and the UE reports corresponding HARQ-ACK information in the
PUCCH

- if number OfHARQ-BundlingGroups is not provided, Nyex** ¢ is the number of PDSCHSs that the UE
receivesin serving cell ¢ from the N2:°¢ serving cellsin PDCCH monitoring occasion m and the UE

reports corresponding HARQ-ACK information in the PUCCH
- if harg-ACK-Spatia BundlingPUCCH is not provided,

- if number OfHARQ-BundlingGroups is provided, N;e"*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 N2xT¢ serving cells

in PDCCH monitoring occasion m and the UE reports corresponding HARQ-ACK information in the
PUCCH

- if number OfHARQ-BundlingGroups is not provided, N;e2"** 8 js the number of transport blocksin

PDSCHs that the UE receives in serving cell ¢ from the N2xT5¢ serving cellsin PDCCH monitoring occasion

m and the UE reports corresponding HARQ-ACK information in the PUCCH.

Table 9.1.3-1: Value of counter DAI for N2L;,; = 2 and of total DAI

Number of {serving cell, PDCCH monitoring occasion}-pair(s) in which
DAI VoL or pRL PDSCH transmission(s) associated with PDCCH or PDCCH generating a

MSB, LSB C-DAL T-DAI HARQ-ACK information bit without scheduling a PDSCH reception or

providing TCI state update is present, denotedasYand ¥ > 1

0,0 1 Y—DmodTp+1=1
0,1 2 Y —DmodTp+1=2
1,0 3 Y—1DmodTp+1=3
1,1 4 Y —DmodTp, +1=4
Table 9.1.3-1A: Value of counter DAI for N2ty =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

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
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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
aDAI 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 Viekp,, isthe value of the DAL field according to Table 9.1.3-2

- 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 DA field with value V5, = 4 and the UE has not received any PDCCH within the
monitoring occasions for PDCCH with DCI format scheduling PDSCH receptions 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 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.

If aUE is provided PDSCH-CodeBlockGroupTransmission and the UE is scheduled for a PUSCH transmission by DCI
format that includes a DAI field with first value V5, = 4 or with second value V{5, = 4 and the UE has not received
any PDCCH within the monitoring occasions for PDCCH with DCI format scheduling PDSCH reception 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 for the first sub-codebook or for the second sub-
codebook, respectively, in the PUSCH transmission.

Table 9.1.3-2: Value of DAI

Number of {serving cell, PDCCH monitoring occasion}-pair(s) in which
DAI puL PDSCH transmission(s) associated with PDCCH or PDCCH indicating

MSB, LSB T-DAI SPS PDSCH release or providing TCI state update or DCI format 1_1

indicating SCell dormancy is present, denoted as 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—1)mod4+1=4
9.1.3.3 Type-2 HARQ-ACK codebook grouping and HARQ-ACK retransmission

If aUE is provided pdsch-HARQ-ACK-Codebook-r16, the UE determines HARQ-ACK information for multiplexing in
aPUCCH transmission occasion according to the following procedure.

Set g to the value of aPDSCH 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 afirst New feedback indicator field in the last DCI format providing the value of g

Set hl9*+Dmod2 (oY 10 a value of a second New feedback indicator field in the last DCI format providing the value of g
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Set V,0+1mo92 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 ™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
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 |east 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 a value
of g or isassociated with avalue of g, that is the 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 plg+mod2 gy — ¢ or B9+VMod2(g) = p((g + 1)mod2), generate second HARQ-ACK information for PUCCH
transmission occasion i((g + 1)mod2) in aslot, as described 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)mod?2), but are associated with a same value of (g + 1)mod2, of h((g + 1)mod2)

- atleast one of the DCI formats providesah((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)mod?2 or that is associated with avalue of (g + 1)mod2, that isthe first PDCCH monitoring
occasion after a PDCCH monitoring occasion where the UE detects another DCI format that provides avalue
different than h((g + 1)mod2)

- the PUCCH transmission occasion i((g + 1)mod2) isalast one for multiplexing second HARQ-ACK
information and it is not after PUCCH transmission occasion i(g)

- if VD(;‘{f Dmodz o 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, set Vipmy = Vo3 ™%, If the UE is provided PDSCH-

CodeBlockGroupTransmission for N21CB¢ serving cells, set Vigmp, = V9% for both sub-codebooks

before appending the second sub-codebook to the first sub-codebook.

If Rlg+Vmod2 (g =+ @ and h9+Dmed2(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 = Vpdi V™%,

The generation of the second HARQ-ACK information for PUCCH transmission occasion i((g + 1)mod2) inadlot, as
described in clause 9.1.3.1, excludes the generation of HARQ-ACK information for SPS PDSCH receptions.

If g = 0, the UE

includes only the first HARQ-ACK information for multiplexing in PUCCH transmission occasion i(g)
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eseif 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

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 a DCI
format or is scheduled by a DCI format that does not include a DCI field with value Vi

- 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
V3% inthe DCI format is used after the completion of the c 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)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

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 V%, 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 V3 = 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 a slot for a PUCCH 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
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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 slot 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 Opck + Osr + Ocsp < 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 nyaprq-ack g @, if ¢ = 1 and ;974 % ¢, the UE determines
NHARQ-ACK,(g+1)modz DY SBting Vi = y@+modz cor obtaining a PUCCH transmission power, if g = 0,

NMHARQ-ACK = MHARQ-ACK,g> else, NHARQ-ACK = THARQ-ACK,g T MHARQ-ACK,(g+1)mod2-

9.1.4 Type-3 HARQ-ACK codebook determination

If aUE is provided pdsch-HARQ-ACK-OneShotFeedback, the UE determines 65X, 61X, ..., 65X _; HARQ-ACK

Oack—1
information bits, for atotal number of 0, HARQ-ACK information bits, of a Type-3 HARQ-ACK codebook
according to the following procedure. If the UE is provided pdsch-HARQ-ACK-enhType3List and a DCI format
scheduling PDSCH reception and triggering the Type-3 HARQ-ACK codebook includes a Type3-subcodebook-index
field that provides a value for pdsch-HARQ-ACK-enhType3Index, the UE determines a number of indicated serving

cells Ngja™ and anumber of indicated HARQ processes Nyjxro . for each indicated serving cell ¢ from the entry in

pdsch-HARQ-ACK-enhType3List corresponding to the pdsch-HARQ-ACK-enhType3lndex value. If the DCI format does
not include the Type3-subcodebook-index field, the pdsch-HARQ-ACK-enhType3Iindex value is zero.

NDL,md

Set N2k to the number of configured serving cells or, when applicable, to cells

cells

Set NitArq,c to the value of nrofHARQ-ProcessesForPDSCH for serving cell ¢, if provided; else, set Nfxrq. = 8 -
When applicable, set NRkzq,c 10 Ny xrore

Set Npg.. to the value of maxNrofCodeWordsScheduledByDCI for serving cell ¢ if harg-ACK-Spatial BundlingPUCCH
isprovided and NDIyarq = 0, or if harg-ACK-SpatialBundlingPUCCH is not provided, or if
maxCodeBlockGroupsPer TransportBlock is provided for serving cell c; else, set N%C =1

Set Ny rnaacics 10 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 is provided; else, set Nygang. acre =0

Set NDIyarq = 0 if pdsch-HARQ-ACK-OneShotFeedbackNDI or pdsch-HARQ-ACK-enhType3NDI is provided; else
wt NDIHARQ = 1

Set ¢ = 0 —serving cell index
Set h = 0 — HARQ process number
Sett = 0 —TB index
Set g = 0 — CBG index
Setj=0

whilec < N2l

while b < NBkroc

if HARQ-feedbackEnabling-disablingperHARQprocessis not provided, or is provided and indicates enabled
HARQ-ACK information for h, or HARQ-feedbackEnablingfor SPSactive is provided and h correspondsto a
transport block in afirst SPS PDSCH reception after an activation of SPS PDSCH receptions

|f NDIHARQ =0

. CBG/TB,max
if Nyarg-ackc > 0
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while t < Ng.

. CBG/TB,max
while g < Nyarg-ack.c

d/'““= HARQ-ACK information bit for CBG g of TB t for HARQ process number h of

serving cell ¢, if any; else, 5].ACK =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 ¢ for HARQ process number h on serving cell ¢, if any; else, 5/ = 0

g=0

j=j+1

t=t+1

end while
else

while t < Npgc

0/1“"= HARQ-ACK information it for TB ¢ for HARQ process h of serving cell c, if any;
else, 57 = 0

j=j+1

0/ = NDI value indicated in the DCI format corresponding to the HARQ-ACK information
bit(s) for TB t for HARQ process number h on serving cell ¢, if any; else, 5/ = 0

j=j+1
t=t+1
end while
end if
t=20
else

. CBG/TB,max
if Nyarg-ack,c > 0

while t < Ng.

if UE has obtained HARQ-ACK information for TB t for HARQ process number h 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 < Nyarg-ack.c

07'“*= HARQ-ACK information hit for CBG g of TB t for HARQ process number h of

serving cell ¢
j=j+1
g=g+1
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end while
else
while g < Niaeg aciee
5}{4“" = NACK
j=j+1
g=g+1
end while
end if
g=0
t=t+1
end while

else

while t < Ng.

ETSI TS 138 213 V17.1.0 (2022-05)

if UE has obtained HARQ-ACK information for TB t for HARQ process number h 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 hit for TB ¢ for HARQ process h 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 h 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
else
/" = NACK
j=j+1
t=t+1
end if
end while

end if
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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 is provided, the UE repeats

Nirnaoncice imesthe 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 slot 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 slot.

If

a UE detects a 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

- 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 all 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. If the UE is provided pdsch-HARQ-ACK-enhType3List and the DCI format includes a Type3-subcodebook-
index field that provides a value for pdsch-HARQ-ACK-enhType3l ndex, the UE determines a number of indicated

serving cells Ny and anumber of indicated HARQ processes Nypxater. for each indicated serving cell ¢ from the
entry in pdsch-HARQ-ACK-enhType3List corresponding to the pdsch-HARQ-ACK-enhType3index value. If the DCI
format does not include the Type3-subcodebook-index field, the pdsch-HARQ-ACK-enhType3index value is provided
by the value of MCSfield in the DCI format. 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, where the value of N for u = 0,1,2 is provided 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-
Spatial BundlingPUSCH.

9.1.5 HARQ-ACK codebook retransmission

With reference to dots 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 afirst HARQ-ACK codebook in slot m can be
indicated by a DCI format with CRC scrambled by a C-RNTI or aMCS-C-RNT] that does not schedule a PDSCH
reception [4, TS 38.212] and isreceived in a PDCCH ending in slot n, to transmit a PUCCH with the first HARQ-ACK
codebook in slot n + k, where dlot n + k is after ot 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-sSCell Pattern, the UE further determines a corresponding cell based on the periodic cell
switching pattern as described in clause 9.A.
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If the pdsch-HARQ-ACK-retx or pdsch-HARQ-ACK-retxDCI-1-2 field valuein the DCI format 1_1 or 1_2, respectively,
is'1', the UE determines ot m asm = n — [ where [ is determined by a one-to-one mapping in ascending order among
the values of the MCS field in the DCI format 1 1 or 1 2 and the values from -7 to 24.

If the DCI format 1_1 or 1_2 includes a priority indicator field having a value, 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 the UE would also multiplex in the PUCCH transmission in slot 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.

If in slot m the UE performs a procedure for deferring first HARQ-ACK information for SPS PDSCH receptions, as
described in clause 9.2.5.4, and the first 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 second HARQ-ACK information with the priority value that resultsin slot n + k according to the procedure
in this clause, by appending the first HARQ-ACK information to the second HARQ-ACK information. If the UE would
also multiplex in the PUCCH transmission in slot n + k third HARQ-ACK information with the priority value, the UE
appends the second HARQ-ACK information followed by the first HARQ-ACK information to the third HARQ-ACK
information. The UE determines to multiplex the third HARQ-ACK information in the PUCCH transmissionin slot n +
k asdescribed in clause 9.2.3.

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.

9.2 UCI reporting in physical uplink control channel

UCI typesreported in a PUCCH 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 slot. When the UE transmits
two PUCCHsin adot and the UE is not provided ackNackFeedbackMode = separate, at least 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 and 9.2.5.2, 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 bits as
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,
pucch-ResourceCommon can aso provide a number of Niz RBsfor 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

RB3E - Ngg + | (rpucc — 8)/Nes) - Nrs
- the UE determines the initial cyclic shift index in the set of initial cyclic shift indexes as (Fpyccy—8)MOdN.g

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 = (mgy + |7pyccn/Nes])modM where M
isanumber of interlaces [4, TS 38.211] and m, = RBSIE 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

- aconfiguration for a PUCCH 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 Mip -~ [4, TS38.211] 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 startingSymbolIndex. For PUCCH transmission in FR2-2, the PUCCH resource can

also include a number of PRBs M -CH* provided by nrofPRBs; otherwise, Mf3“H* = 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 resource isrelative to the first symbol of aslot with
NSt symbols[4, TS38.211].

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 maxPayloadS ze. 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 resourcesis provided by
maxNrofPUCCH-Resour cesPer 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

ETSI



3GPP TS 38.213 version 17.1.0 Release 17 104 ETSI TS 138 213 V17.1.0 (2022-05)

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
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- 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
- anindicated DLorJoint-TClState or UL-TClstate, if provided, as described in [6, TS 38.214];
- PUCCH-SpatialRelationlnfo if the UE is configured with a single val ue for pucch-Spatial Relationlnfol 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 - N3%™™®# \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 UL-TCl state provides ssb-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

- eseif PUCCH-SpatialRelationlnfo or the indicated UL-TCl state provides csi-RS-Index, or the indicated
DLorJoint-TCl State provides csi-rs configured with qcl-Type set to 'typeD', the UE transmits the PUCCH
using a same spatial domain filter asfor areception of a CSI-RS with resource index provided by csi-RS
Index or csi-rsfor asame serving cell or, if servingCellld or cell is provided, for a serving cell indicated by
servingCellld or cell

- else PUCCH-Spatial RelationInfo or the indicated UL-TCl state provides srs, the UE transmits the PUCCH
using a same spatial domain filter as for atransmission of a 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

If aUE
- isnot provided pathlossReferenceRSs in PUCCH-Power Control,
- isprovided enableDefaultBeamPL-ForPUCCH, and
- isnot provided PUCCH-Spatial Relationl nfo, and

- isnot provided coresetPool Index 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, ina DCI format of any search
space set mapsto two TCl states[5, TS 38.212]

aspatial setting for a PUCCH transmission from the UE is same as a spatial setting for PDCCH receptions by the UE in
the CORESET with the lowest ID on the active DL BWP of the PCell and, if the CORESET hastwo activated TCI
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 slots.

A number of DMRS symbols for a PUCCH transmission using PUCCH format 3 or 4 is provided by additional DMRS.

Use of n/2-BPSK, instead of QPSK, for a PUCCH transmission using PUCCH format 3 or 4 isindicated by pi2BPSK.

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 a slot using a PUCCH
resource indicator field in aDCI format that schedules a PDSCH reception, and for the purpose of determining the slot
for the PUCCH transmission, a UE is assumed to generate HARQ-ACK information regardless of whether or not the
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PDSCH reception provides a transport block for aHARQ process with disabled HARQ-ACK information as indicated
by HARQ-feedbackEnabling-disablingperHARQprocess, if provided. The UE determines a number of HARQ-ACK
information bits O ¢k as described in clauses 9.1 through 9.1.5 and a corresponding set of PUCCH resources as
described in clause 9.2.1.

A UE does not expect to transmit more than one PUCCH with HARQ-ACK information in a slot 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 or requesting Type-3 HARQ-ACK
codebook report without scheduling a PDSCH reception as described in clause 9.1.4, 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 dI-DataToUL-ACK-DCI-1-2, or dI-DataToUL-ACK-r17 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 slots of the active UL BWP of the cell; otherwise, the PDSCH-to-HARQ _feedback timing
indicator field value mapsto 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-MulticastDciFormat4_1 or, if dI-
DataToUL-ACK-MulticastDciFormat4 1 isnot 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-
ConfigurationListMulticast1 or pucch-ConfigurationListMulticast2.

If the UE is provided subslotLengthForPUCCH, n isthe last UL slot for PUCCH transmission that overlaps with a
PDSCH reception or with a PDCCH reception providing a DCI format having associated HARQ-ACK information
without scheduling a PDSCH reception; otherwise, n isthe last UL slot for PUCCH transmission that overlaps with the
DL slot ny, for the PDSCH reception or with the DL dot nj, for the PDCCH reception in case of a DCI format that
triggers aHARQ-ACK information report and does not schedule a PDSCH reception.

For a SPS PDSCH reception ending in DL slot nj, the UE transmits the PUCCH in UL slot n + k wheren isthe last
UL slot for PUCCH transmission that overlaps with slot n, and k is provided by the PDSCH-to-HARQ_feedback
timing indicator field, if present, in aDCI 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 nj,, the UE provides corresponding HARQ-
ACK information in a PUCCH transmission within UL slot n + k wheren isthe last UL slot for PUCCH transmission
that overlaps with slot n, and k is provided by dI-DataToUL-ACK, or dlI-DataToUL-ACK-r16, or dlI-DataToUL-ACK-
DCI-1-2, or dI-DataToUL-ACK-r17, or dlI-DataToUL-ACK-MulticastDciFormat4_1.

If the UE detects a DCI format scheduling a number of PDSCH receptions ending in DL dlot nj, or if the UE detectsa
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, wheren isthe last UL slot for PUCCH transmission that overlaps with dot n, and k is a number
of dotsand 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
di-DataToUL-ACK-MulticastDciFormat4_1.

A PUCCH transmission with HARQ-ACK information is subject to the limitations for UE transmissions described in
clause 11.1 and clause 11.1.1.
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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 hit 2 hits 3 bits

15t value provided by dl-DataToUL-ACK, dl-DataToUL-ACK-r16,

‘0’ ‘00 ‘000’ dl-DataToUL-ACK-DCI-1-2, or dl-DataToUL-ACK-r17, or dI-
DataToUL-ACK-MulticastDciFormat4_1

2" value provided by dI-DataToUL-ACK, dI-DataToUL-ACK-r16,

1 ‘01’ ‘001" dl-DataToUL-ACK-DCI-1-2, or dl-DataToUL-ACK-r17, or dI-
DataToUL-ACK-MulticastDciFormat4 1

3" value provided by dI-DataToUL-ACK, dl-DataToUL-ACK-r16,

'10' ‘010’ dl-DataToUL-ACK-DCI-1-2, or dI-DataToUL-ACK-r17, or dI-
DataToUL-ACK-MulticastDciFormat4_1

4" value provided by dl-DataToUL-ACK, dl-DataToUL-ACK-r16,

11’ ‘011 dl-DataToUL-ACK-DCI-1-2, or dl-DataToUL-ACK-r17, dl-
DataToUL-ACK-MulticastDciFormat4 1

5" value provided by dl-DataToUL-ACK, dl-DataToUL-ACK-r16,

'100' dl-DataToUL-ACK-DCI-1-2, or dI-DataToUL-ACK-r17, or dI-
DataToUL-ACK-MulticastDciFormat4_1

6™ value provided by dl-DataToUL-ACK, dI-DataToUL-ACK-r16,

'101' dl-DataToUL-ACK-DCI-1-2, or dl-DataToUL-ACK-r17, or dI-
DataToUL-ACK-MulticastDciFormat4 1

7" value provided by dl-DataToUL-ACK, dI-DataToUL-ACK-r16,

'110' dl-DataToUL-ACK-DCI-1-2, or dl-DataToUL-ACK-r17, or dI-
DataToUL-ACK-MulticastDciFormat4_1

8" value provided by dl-DataToUL-ACK, dl-DataToUL-ACK-r16,

111" dl-DataToUL-ACK-DCI-1-2, or dl-DataToUL-ACK-r17, or dI-

DataToUL-ACK-MulticastDciFormat4 1

For aPUCCH 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 Oyc; 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 avaue of dI-
DataToUL-ACK, or dI-DataToUL-ACK-r16, or dI-DataToUL-ACK-DCI-1-2, or dI-DataToUL-ACK-r17, or dI-
DataToUL-ACK-MulticastDciFormat4 1, 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. For PUCCH resource
determination, detected DCI formats are first indexed in an ascending order across serving cellsindexes for a same
PDCCH monitoring occasion and are then indexed in an ascending order across PDCCH monitoring occasion indexes.
For indexing DCI formats within a serving cell for a same PDCCH monitoring occasion, if the UE is not provided
coresetPoolIndex or is provided coresetPoolIndex with value O for one or more first CORESETs and is provided
coresetPoolIndex with value 1 for one or more second CORESETs on an active DL BWP of a serving cell, and with
ackNackFeedbackMode = joint for the active UL BWP, detected DCI formats from PDCCH receptionsin the first
CORESETs are indexed prior to detected DCI formats from PDCCH receptionsin the second CORESETS.

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. If 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 is used.

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 a PDCCH reception,
among DCI formats with avalue of the PDSCH-to-HARQ_feedback timing indicator field, if present, or avalue of dI-
DataToUL-ACK, or dI-DataToUL-ACK-r16, or dl-DataToUL-ACK-DCI-1-2, or dI-DataToUL-ACK-r17, or dI-
DataToUL-ACK-MulticastDciFormat4 1, indicating a same slot for the PUCCH transmission, the UE determines a
PUCCH resource with index rpycens 0 < 1pycen < Rpycen — 1, @
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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 necg 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.

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-Resc_)urceId obtained from the
1%t value of resourcelList
"1 '01' 001" 2n PUCCH resource provided by pucch-Resourceld obtained from the
2" 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 resourceList
5% PUCCH resource provided by pucch-Resourceld obtained from the

100 5" value of resourceList

101" 6" PUCCH resource provided by pucch-Reso_urceId obtained from the
6" value of resourceList

110 7t PUCCH resource provided by pucch-ResqurceId obtained from the
7" value of resourceList

111" 8" PUCCH resource provided by pucch-Resourceld obtained from the

8t 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 afirst resource for a
PUCCH transmission with corresponding HARQ-ACK information in aslot and also detects at a later time a second
DCI format indicating a second resource for a PUCCH transmission with corresponding HARQ-ACK informationin
the slot, 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 formeat is not earlier than N -

(2048 + 144) - k - 27# - T, from the beginning of afirst symbol of the first resource for PUCCH transmission in the
dot where, k and T, are defined in clause 4.1 of [4, TS 38.211] and u corresponds to the smallest SCS configuration
among the SCS configurations of the PDCCHs providing the DCI formats and the SCS configuration of the PUCCH. If
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processingType2Enabled of PDSCH-ServingCellConfig 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;g =3 foru =0,N; =4.5foru =1, N; =9 foru = 2; otherwise, N;g =8foru=0,N; =10foru =1, N; =
17 foru =2, Ny =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 =0 mes = 6

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 meg = 0 mes = 3 meg = 6 mes =9

If a UE transmits a PUCCH with HARQ-ACK information using PUCCH format 1, the UE is provided avaue 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 aUE transmits a PUCCH with 0,cx HARQ-ACK information bits and Oy bits using PUCCH format 2 or PUCCH
format 3 in aPUCCH resource that includes ME3““" PRBs, the UE determines a number of PRBs Mgp5at, for the
PUCCH transmission to be the minimum number of PRBs, that is smaller than or equal to a number of PRBs M5!
provided respectively by nrofPRBs of PUCCH-format2 or nrofPRBs of PUCCH-format3 and start from the first PRB
from the number of PRBSs, that results to (Oack + Ocre) < MiBasin * Nevotrt - Neymitict * @ - 7 @nd, if Mggee > 1,
(OACK + OCRC) > (Mgg,crgll-ln - 1) ’ stf:,}?:trl ' s};?rfbc—]l{JCI ' Qm -7, where Nslgzctrli Ns};lrfb(‘:]l-lJCI! Qm! and r are defined in clause
9.2.5.2. For PUCCH format 3, if Mggiar, isnot equal 2%z - 393 - 59 according to [4, TS 38.211], Mggsain, iSincreased
to the nearest allowed value of nrofPRBs [12, TS 38.331]. If (Oack + Ocre) > (MERE™ — 1) - N2B, - NEUSH - Q-

7, the UE transmits the PUCCH over M3 PRBs.

If aUE is provided afirst interlace of M{ om0 PRBS by interlace0 in InterlaceAllocation and transmits a PUCCH
with 0,cxk HARQ-ACK information bits and Ocg bits using PUCCH format 2 or PUCCH format 3, the UE transmits
the PUCCH over the first interlace if (Opck + Ocre) < Miaiace0 * Nevatrt - Nowivtict - 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.

9.24 UE procedure for reporting SR

A UE can be configured 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 configured by schedulingRequestl D-BFR-SCell a configuration for LRR in a PUCCH transmission using
either PUCCH format 0 or PUCCH format 1.
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A UE can be configured by schedulingRequestl DForMTRPBFR afirst configuration for LRR and, if the UE provides
twoLRRcapability, a second configuration for LRR in a PUCCH transmission using either PUCCH format 0 or PUCCH
format 1.

A UE can be configured by schedulingRequest! D-LBT-SCell a configuration for consistent LBT failure recovery, as
described in [11, TS 38.321], in a PUCCH transmission using either PUCCH format 0 or PUCCH format 1. The UE can
be provided, by phy-Prioritylndex in SchedulingRegquestResourceConfig, 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 configured a periodicity SRpgriopicity 1N Symbols or slots and an offset SRgggpsgr in Slots by
periodicityAndOffset for a PUCCH transmission conveying SR. If SRpgriopiciTy IS larger than one slot, the UE
determines a SR transmission occasion in a PUCCH to be in a slot with number né‘_f [4, TS38.211] in aframe with

. f ,
numbel’ nf if (nf . NS;::neu + Tlél'f - SROFFSET)mOdSRPERIODICITY =0.
If SRpgriopICITY 1S ONE Sot, the UE expects that SRorrsgr = 0 and every dot isa SR transmission occasion in a

PUCCH.

If SRpgriopIcITY 1S SMaller than one slot, the UE determines a SR transmission occasion in aPUCCH to startin a
Symbol withindex [ [4, TS 38211] if (l - lOmOdSRPERIODICITY)mOdSRPERlODlCITY = 0 where lo isthe value of
startingSymbol Index.

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 occasionsin a PUCCH are subject to the limitations for UE transmissions described in clause 11.1 and
clause11.1.1.

The UE transmits a PUCCH in the PUCCH resource for the corresponding SR configuration only when the UE
transmits a positive SR. For a positive SR transmission using PUCCH format 0, the UE transmits the PUCCH as
described in [4, TS 38.211] by obtaining m,, as described for HARQ-ACK information in clause 9.2.3 and by setting
m¢s = 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.

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 asingle 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 adlot to transmit CSl 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 resources in the slot that do not
overlap with the first resource, the UE determines a CSl report with the highest priority, among the CS|
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 dot 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 CSI reporting

- if the UE is provided multi-CS-PUCCH-ResourceList and if any of the multiple PUCCH resources overlap, the
UE multiplexes all CSl reportsin aresource from the resources provided by multi-CSl-PUCCH-ResourceList, as
described in clause 9.2.5.2.

A UE multiplexes DL HARQ-ACK information, with or without SR, and CSI report(s) in asame PUCCH if the UE is
provided simultaneousHARQ-ACK-CS; otherwise, the UE drops the CSI 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
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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 CSI reports that include Part 2 CSI reports in a PUCCH resource, the UE determines the
PUCCH resource and a number of PRBs for the PUCCH resource or a number of Part 2 CS| reports assuming that each
of the CSl reportsindicates rank 1.

If a UE would transmit multiple overlapping PUCCHs in aslot or overlapping PUCCH(s) and PUSCH(s) in aslot and,
when applicable as described in clauses 9.2.5.1 and 9.2.5.2, the UE is configured to multiplex different UCI typesin
one PUCCH, and at least one of the multiple overlapping PUCCHs or PUSCHsisin response to aDCI format detection
by the UE, the UE multiplexes all corresponding UCI typesif 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 expects that the first

symbol S, of the earliest PUCCH or PUSCH, among a group overlapping PUCCHs and PUSCHs in the dlot, satisfies
the following timeline conditions

- S, isnot before a symbol with CP starting after T, ; after alast symbol of any corresponding PDSCH, Threr

proc,1 proc,1

is given by maximum of {me"1 o, T L } where for the i-th PDSCH with corresponding HARQ-ACK

proc,1’ » % proc,1’
Mmux,i

transmission on a PUCCH which isin the group of overlapping PUCCHs and PUSCHS, T =

proc,1
(N, +dy; +1) - (2048 + 144) - k- 27% - T, dy ; is selected for thei-th PDSCH following [6, TS 38.214],

N, isselected based on the UE PDSCH processing capability of thei-th PDSCH and SCS configuration u,
where u corresponds to the smallest SCS configuration among the SCS configurations used for the PDCCH
scheduling the i-th PDSCH, the i-th PDSCH, the PUCCH with corresponding HARQ-ACK transmission for the
i-th PDSCH, and all PUSCHs in the group of overlapping PUCCHs and PUSCHSs.

- §, isnot before a symbol with CP starting after Tpy.o after alast symbol of a PDCCH reception providing

proc,release

aDCI format having associated HARQ-ACK information without scheduling a PDSCH reception. T, is

proc,release

given by maximum of {Tm”x‘l O e } where for the i-th PDCCH providing the DCI format

proc,release’ » % proc,release’

with corresponding HARQ-ACK transmission on a PUCCH which isin the group of overlapping PUCCHs and
PUSCHSs, 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 PUSCHSs in the group of overlapping PUCCHs and

PUSCHSs.

- if thereisno aperiodic CSI report multiplexed in a PUSCH in the group of overlapping PUCCHs and PUSCHSs,
S, is not before a symbol with CP starting after T+, , after alast symbol of

proc,2
- 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 inthe slot

If there is at least one PUSCH in the group of overlapping PUCCHs and PUSCHS, T;5757 - is given by maximum

Tmux,i

of {Toroas .+, Toraas, - } Where for the i-th PUSCH which isin the group of overlapping PUCCHSs and
PUSCHS, Tyrd = max (N + dyy + 1) - (2048 + 144) - 1 - 27 T + Toieen, daz ) Ao, Az A Togieen
are selected for the i-th PUSCH following [6, TS 38.214], N, is selected based on the UE PUSCH processing
capability of the i-th PUSCH and SCS configuration p, where u corresponds to the smallest SCS configuration
among the SCS configurations used for the PDCCH scheduling the i-th PUSCH, the PDCCHs 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 PUSCHSs in the group
of overlapping PUCCHs and PUSCHSs.

If there isno PUSCH in the group of overlapping PUCCHs and PUSCHS, T;;757 > is given by maximum of
{rymct, ..., Tl ...} where for the i-th PDSCH, or thei-th PDCCH providing aDCI format without

proc,2’ » fproc,2?

scheduling PDSCH, with corresponding HARQ-ACK information on a PUCCH which isin the group of
overlapping PUCCHS, T)"%% = (N, + 1) - (2048 + 144) - k- 27# - T, N, is selected 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

ETSI



3GPP TS 38.213 version 17.1.0 Release 17 112 ETSI TS 138 213 V17.1.0 (2022-05)

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 PUSCHSs,
S, isnot before asymbol with CP starting after Tz cs; = max ((Z +d) (2048 +144) -k - 27H - T, +

Tswitch dz,z) after alast symbol of

- any PDCCH with the DCI format scheduling an overlapping PUSCH, and

- any PDCCH scheduling a PDSCH, or providing a DCI format , with corresponding HARQ-ACK information
in an overlapping PUCCH in the slot

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=0,1,d=3foru=2,andd = 4 for u = 3. Tgyircn 1ISdefined 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,,dy, 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 aPUCCH 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.

A UE that

- 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

does not expect a PUCCH or a PUSCH transmission triggered by a detection of aDCI format in a PDCCH received in a
CORESET from the first CORESETs to overlap in time with a PUCCH or a PUSCH transmission triggered by a
detection of aDCI format in aPDCCH received in a CORESET from the second CORESETS.

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'ef™ that isanext 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, when aperiodic CSI-RSis used 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=0,1,d=3foru=2,andd = 4 foru = 3.

If a UE would transmit multiple PUCCHsin a dlot 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

ETSI



3GPP TS 38.213 version 17.1.0 Release 17 113 ETSI TS 138 213 V17.1.0 (2022-05)

HARQ-ACK information, and/or SR, and/or CSl reports and determines corresponding PUCCH(s) for transmission in
the slot according to the following pseudo-code. If the multiple PUCCHSs 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 a PUCCH 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 CSl 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 CSI 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
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
Setj = 0 - index of first resourcein set Q
Set 0 = 0 - counter of overlapped resources
whilej < Q) —1
if
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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

Jj <2(Q) — 1 and resource Q(j — o) overlaps with resource Q(j + 1), o = 0, the resourcesin set Q are of
different priority indexes, and the UE is provided UCI-MuxWithDifferentPriority

then
o=o0+1;
j=i+ 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, and 9.2.5.3
set the index of the single resource to j
Q=0\{Q(-0).Q(—0+1),..,0( - 1)}
Jj = 0 % start from the beginning after reordering unmerged resources at next step
0o=0;
order(Q) % function that re-orders resourcesin current set Q
Set ¢(Q) to the cardinality of Q
else
J=i+ 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;
whilek <2(Q)—1—k
ifQ(1,0)>QU+1,00R(Q(,0)=Q(U+1,0)&L(QMD) <LQU+ 1))
temp = Q(I);
Q) =QU+1);
Q(l+1) = temp;
end if
l=14+1;
end while

k=k+1,;

ETSI



3GPP TS 38.213 version 17.1.0 Release 17 115 ETSI TS 138 213 V17.1.0 (2022-05)

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 9.2.5.1 and 9.2.5.2

- 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 and 9.2.5.2 assume the following
- resources for transmissions of UCI types, prior to multiplexing or dropping, overlap in aslot
- 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 SR or 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 dl-
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 PUCCHs for respective K SRsin adlot, as determined by a set of
schedulingRequestResour celd, a schedulingRegquestResour celd associated with schedulingRequest| D-BFR-SCell, and a
schedulingRequestResour celd associated with schedulingRequest| 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 CSI report(s) from the UE in the dot.

If a UE would transmit a PUCCH with positive SR and at most two HARQ-ACK information bits in aresource using
PUCCH format 0O, 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
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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

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 a resource using
PUCCH format 1 in adlot, the UE transmits only a PUCCH with the HARQ-ACK information bits in the resource using
PUCCH format 1.

If the UE would transmit positive SR in afirst 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 bitsin 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 adlot, 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 a resource using PUCCH format 2 or
PUCCH format 3 or PUCCH format 4 in adot, 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 schedulingRequestl D-BFR-SCell, and a schedulingRequestResourceld
associated with schedulingRequest! D-LBT-SCell, are appended to the HARQ-ACK information bits and the UE
transmits the combined Oyc; = Oack + [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 SRs
isapositive LRR, the value of the [log, (K + 1)] bitsindicates the positive LRR. An all-zero value for the

[log, (K + 1)] bits represents a negative SR value across all K SRs.

If aUE would transmit a PUCCH with Q. CSI report bitsin aresource using PUCCH format 2 or PUCCH format 3 or

PUCCH format 4 in aslot, [log, (K + 1)] bits representing corresponding negative or positive SR, in ascending order of
the values of schedulingRequestResourceld, a schedulingRequestResour celd associated with schedulingRequesti D-
BFR-SCell, and a schedulingRequestResour celd associated with schedulingRequestl D-LBT-SCell, are prepended to the
CSl information bits as described in clause 9.2.5.2 and the UE transmits a PUCCH with the combined Oy =

[log,(K + 1)] + Ocg; UCI bitsin aresource using the PUCCH format 2 or PUCCH format 3 or PUCCH format 4 for
CSl reporting. If one of the SRsis a positive LRR, the value of the [log, (K + 1)] bitsindicates the positive LRR. An
all-zero value for the [log, (K + 1)] bits represents a negative SR value across all K SRs.

If aUE 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 in a PUCCH resource that includes ME3¢“" PRBs, the UE determines a
number of PRBs MgpSst, 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 resultsto (Oxck + Osg + Ocre) < MRSSSH - NRB - NPVCECH - Qp - 7 and,

sc,ctrl sym|
if MERCH > 1, (Opck + Osr + Ocre) > (Mg — 1) - N - Ngobtict - Qm - 7, Where N&%y, NSOt Qe and v
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],
MggSah isincreased to the nearest allowed value of nrofPRBs [12, TS 38.331]. If (Oxck + Osg + Ocgrc) >

(MEEEH — 1) - NEB ) - NEviicr - @m - 7, the UE transmits the PUCCH over the MEE““" PRBs,
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If aUE is provided afirst interlace of My,/Gik. o PRBs by interlace0 in InterlaceAllocation and transmits a PUCCH
with 0,cxk 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 - Nevoy -
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.

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-
ResourcelList. 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-ResourcelList or multi-CS -PUCCH-ResourceList 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 CSlI 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 aPart 1 CSl
report with wideband CSI and sub-band CSl.

Denote as

- O, atotal number of HARQ-ACK information bits, if any

- Og atota number of SR bits. Og, = 0 if thereis no scheduling request bit; otherwise, Og, =[log, (K +1)] as
described in clause 9.2.5.1
Neg'
" Ocg = 3. (Ocs patt.n + Ocspaiz o )» WHEre Ocsi-patn is@number of Part 1 CS| report bits for CS| report with

n=1
priority value N, Ocg_pan » iS@number of Part 2 CSI report bits, if any, for CSI report with priority value N

[6, TS 38.214], and Ng’;ﬁ“ isanumber of CSI reports that include overlapping CSl reports

- Ocre=O%recsipatit Ocreesparta, Where Ocre.csi-pat1 1S@number of CRC bits, if any, for encoding HARQ-
ACK, SR and Part 1 CSl report bitsand Ocrc cy-parz 1S @NUmMber of CRC bits, if any, for encoding Part 2 CS
report bits

In the following

- risacoderate given by maxCodeRate asin Table 9.2.5.2-1.

- MRS isanumber of PRBs provided by nrofPRBs; otherwise, if nrofPRBsis not provided, M7, =1
Ns?:,BctrI
orthogonal cover code with length N& " provided by occ-Length, NE2,, = (NQB —4)/ NGoH2 N2B = NE®
for PUCCH format 3 or, if the PUCCH resource with PUCCH format 3 includes an orthogonal cover code with
NPUCCH,E _ NRB/NPUCCH,?: and NRB _ NRB/NPUCCH,4 for PUCCH
SF - Vs SF ’ - Vs SF

sc,ctrl

=NZ® —4 for PUCCH format 2 or, if the PUCCH resource with PUCCH format 2 includes an

provided by occ-Length, N°

sc,ctrl

length

format 4, where N&° isanumber of subcarriers per resource block [4, TS 38.211]

- Nl isequal to anumber of PUCCH symbols N£+e? for PUCCH format 2 provided by nrofSymbolsin
PUCCH-format2. For PUCCH format 3 or for PUCCH format 4, NS 2%, is equal to anumber of PUCCH

symbols N&o"** for PUCCH format 3 or equal to anumber of PUCCH symbols N 5" for PUCCH format
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4 provided by nrofSymbols in 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, TS 38.211]

Q,=1if pi/2-BPSK isthe modulation scheme and Q,=2 if QPSK is the modulation scheme asindicated by
pi2BPK 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 CSl reports are overlapping and the UE is provided by multi-CS-PUCCH-ResourceList with J <2
PUCCH resourcesin adot, 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 (Opox +Ogg + Ogg +Ocnc ) < (M U . NS - Noee Q- r)O , the UE uses PUCCH format 2 resource

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

- @eif (O +Oup +Oug + Ocre) > (MPLEH . NFE, - NPUSSH ~Qm'r),- and

sc,ctrl
(Oucx + O +Ocgy +Ognc) < (MPY™H . NEB, - NPUSH. Q- r)m, 0< j<J -1, the UE transmitsa

PUCCH conveying HARQ-ACK information, SR and CSl report(s) in arespective 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 usesthe 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 NS CSl report(s) for transmission together with HARQ-
ACK information and SR, when any, in ascending priority value as described in [6, TS 38.214]

else, the UE transmits the O, +Qr+O.g+QO-xc bitsin a PUCCH resource provided by pucch-CSl-
ResourcelList and determined as described in clause 9.2.5

If aUE 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 [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 with a value of a PDSCH-to-HARQ_feedback timing indicator field, if present, or a
value of dl-DataToUL-ACK, or dI-DataToUL-ACK-r16, or diI-DataToUL-ACK-DCI-1-2, 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 Q,, UCI bits

if (Oncrc +Oss +Ocor_perrs + Ocrc corpar) S MESCH - N, - NFUSH . -1 , the UE transmits the HARQ-ACK,
SR, and CSl reports bits by selecting the minimum number M fuoc! of the Mg “" PRBs satisfying

(Ouc + Ot + Ot + Ocrccpans) S MPSCSH-NEB - NPUSSH. Q. -1 as described in clauses 9.2.3 and 9.25.1;

total

dlse, the UE selects N2 ¢Sl report(s), from the NS& CSI reports, for transmission together with HARQ-
ACK and SR in ascending priority value [6, TS 38.214], where the value of N2 satisfies

N reported

(]
PUCCH RB PUCCH
OACK +OSR + Zoca-partln +OCRC,CSI-part1,N <M RB ’ Nsc,ctrl ’ NwmbUCI ’Qm I and
=1
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Nt g

(o]
PUCCH RB PUCCH .
Oxck +O0x + ZOCSI-partln + OCRC,CSI-parll,NH >Mgg " Nggn - Nwml}UCI ‘Qn-r, where OCRC,CS!—partl,N Isa
n=1
Ngmled
number of CRC bits corresponding to O, +Ogs + ZOCS,_WL” UCI hits, and OCRC,CS,_pam,NH isanumber
n=1
NPl
of CRC hits corresponding to O, +Og + ZOCSl_pmn UCI hits.
n=1

If aUE is provided afirst interlace of MFUSCH  PRBs by interlace0 in InterlaceAllocation, the UE has HARQ-ACK,

Interlace,0

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 CSlI reportsto 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 with avalue of aPDSCH-to-HARQ_feedback timing indicator field, or a value provided by dlI-
DataToUL-ACK or dI-DataToUL-ACK-r16 or dlI-DataToUL-ACK-ForDCI-Format1-2 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—patt + Ocre.csipatt) < Minsiaeo - Nea - Ngmaoc  @m - 7, the UE transmits the
HARQ-ACK, SR, and CSl reports bitsin a PUCCH over the first interlace

- esg, if the UE is provided a second interlace of M{ ko ; PRBs by interlacel and if (Oack + Osg + Ocsi—pat1 +

Ocrecsipartt) < (Miisiaeo + Miisiam) - Neo - Nomaoc: - @m - 7, the UE transmits the HARQ-ACK,, SR,
and CSl 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 MRS o, or, if the UE is provided interlacel, by Miisia o + Mo ;.

If aUE hasHARQ-ACK, SR and sub-band CSl 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 with a value of a PDSCH-to-HARQ _feedback timing indicator field indicating a same
dlot for the PUCCH transmission, or by avalue provided by di-DataToUL-ACK or dlI-DataToUL-ACK-r16 or dI-

DataToUL-ACK-ForDCI-Formatl1-2 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 O, UCI bits
and

- if (Opx + O +Ocg + Ocre ) S M - NEZ - NDESE, - Q,, -1, the UE transmits the HARQ-ACK,, SR and the
N5 CSI report bits by selecting the minimum number M 225" of PRBs from the M s " PRBS satisfying
(Onck +Os +Ocg +Ocre) S Mipeir - NEB - NEVESH Q-1 as described in clauses 9.2.3 and 9.2.5.1

- dsg

- if for Ng&ei, >0 Part 2 CSl report priority value(s), it is

n=1

N(’:%Ax?;g‘tz Ng‘a}
PUCCH RB PUCCH
ZOCS!-partZ,n + OCRc,cs-partz,N <M RB ’ Nsc,cm ’ Nwmb-UCI - OACK + OSR + ZOCSI-partl,n + OCRC,CSI-panl (Qm : r) 'Qm T
n=1

and
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reported total
Negpaz +1 Necs

PUCCH RB PUCCH
ZOCSI-parth + OCRC,CS|-panz,N+1 > [M RB : Nsc,ctrl : NS/mb—UCl _IV(OACK + OSR + ZOCSI-partln + OCRC,CSl-panl] /(Qm : r)U : Qm T
n=1

n=1

the UE selects the first Ngeg?g:gz Part 2 CSl reports, according to respective priority value(s) [6, TS 38.214],

for transmission together with the HARQ-ACK, SR and Ng’st?' Part 1 CSl reports, where Ocg _pa o i1Sthe
number of Part 1 CSl report bits for the n,, CSI report and Ocg o o iSthe number of Part 2 CSI report bits

reported
NCpat2

for the n,, CSl report priority value, Ocqe cq-parzn 1S@NUMDEr of CRC bits corresponding to > Ocg iz
n=1
Nt
and oCRC,CS!-partZ,N+1 isanumber of CRC bits correspondingto  » Ocq_pazn
n=1

- €else the UE drops all Part 2 CSl reports and selects Néﬁ‘_’ﬁﬂl Part 1 CSl report(s), from the Ng’st?' 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 Ni&7e, satisfies

reported
CSl-part1

PUCCH RB PUCCH
OACK + OSR + ZOCS—partln +OCRC,CS|—part1,N <M RB ’ Nsc,ctrl : NsymbUCI : Qm T and
1

reported
N CSl-partl +1

PUCCH n|RB PUCCH .
Oack +Ox + ZOCS—partln +Ocrecspatinig |>Mre Neen - Ngmouc " Qn I, where OCRCCSHOarth IS
=)

reported
CSl-part1

anumber of CRC bits corresponding to Opc +Ox + Zocg_panln UCI bits, and Ocre csi-parta,nsa 1S@
n=1

reported
CS-panl+l

number of CRC bits corresponding to Opcx +Ox + ZOCg_pam UCI bits.
n=1

If aUE is provided afirst interlace of MFUSCH  PRBs by interlace0 in InterlaceAllocation, the UE has HARQ-ACK,

Interlace,0

SR and sub-band 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 that have avalue of a PDSCH-to-HARQ_feedback timing indicator field indicating a same sot for the
PUCCH transmission, or avalue provided by dl-DataToUL-ACK or dI-DataToUL-ACK-r16 or dl-DataToUL-
ACK-ForDCI-Formatl-2 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

and

- if (Oack + Osk + Ocs + Ocre) < Misiceso - Noan - Nomooer - @m - 7, the UE transmits the HARQ-ACK,, SR

and the N.&? CSl report bitsin aPUCCH over the first interlace

- eseif the UE is provided a second interlace of M SSH | PRBs by interlacel and if (Oack + Osg + Ocg +
Ocre) < (Misiaeo + Misiam1) - Noo - Nomooer © @m - 7, the UE transmits the HARQ-ACK,, SR, and CSl
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 MRS o, or, if the UE is provided interlacel, with M{ySSH o + Miisias 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-MuxWithDifferentPriority, and

- would transmit overlapping PUCCHs that include afirst PUCCH with Oxck ¢ 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};[rjnclf-]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 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.

If a UE transmits a PUCCH that includes one HARQ-ACK information bit of priority O and one HARQ-ACK
information bit of priority 1

- 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 aresource 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
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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(MEEC“H - NXB

sc,ctrl
Nemisvcr [(Ovcrs + Ocre1)/ (@ - T])-

9.254 UE procedure for deferring HARQ-ACK for SPS PDSCH

If aUE is provided spsHARQdEeferral and, after performing the proceduresin clauses 9 and 9.2.5 to resolve overlapping
among PUCCHs and PUSCHSs in 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

- isnot 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 slot and, after performing the proceduresin clauses 9 and 9.2.5 to resolve
overlapping among PUCCHs and PUSCHSs, if any, a PUSCH or aPUCCH in the earliest second slot to multiplex
HARQ-ACK information bits that include second HARQ-ACK information bits from the first HARQ-ACK
information bits

- if the UE detectsa 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 slot in the slot

- if the UE is provided a periodic cell switching pattern for PUCCH transmissions by pucch-sSCellPattern, the
UE determines the earliest second slot and a corresponding cell based on the periodic cell switching pattern
as described in clause 9.A

- if the UE multiplexes the second HARQ-ACK information in a PUSCH, or in a PUCCH using aresource that
is not from SPS-PUCCH-AN-Ligt, or from n1IPUCCH-AN if SPS-PUCCH-AN-List is hot 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 is not 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

- the second HARQ-ACK information bits correspond to SPS PDSCH configurations with spsHARQdeferral
values that are larger than or equal to atime difference, with reference to slots for PUCCH transmissions on the
primary cell, between the second dot and the slot of the SPS PDSCH reception, if any

- if the UE multiplexes the second HARQ-ACK information in afirst PUCCH using aresource provided by
SPS-PUCCH-AN-List, or by n1PUCCH-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 SS/PBCH block by ssb-
PositionslnBurst, 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 in aHARQ-ACK
codebook the UE generates as described in clauses9.1.2,9.1.2.1,9.1.3.1, or 9.1.5

- if the UE would receive a PDSCH providing a TB for a same HARQ process as a HARQ-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 HARQ-ACK information bits.
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The UE does not expect to be provided both spsHARQdeferral and nrofSots or PUCCH-nrofSots for any PUCCH
resource of same priority.

9.2.6 PUCCH repetition procedure

A UE can beindicated to transmit a PUCCH over Ny, slots using a PUCCH resource, where

- if the PUCCH resource isindicated by a DCI format and includes PUCCH-nrofSots, N;EPCBS‘H is provided by
PUCCH-nrofSots

- otherwise, Ny, IS provided by nrofSots

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 Ny, slots

- arepetition of the PUCCH transmission in each of the N}ZﬁpceceiH slots has a same number of consecutive symbols,
as provided by nrofSymbols

- arepetition of the PUCCH transmission in each of the Njrray, Slots has a same first symbol, as provided by
startingSymbolIndex if subslotLengthForPUCCH is not provided; otherwise mod(startingSymbol Index,
subslotLengthFor PUCCH)

- 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 slots 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 Njireat. slots is counted regardless of whether or not the UE
transmits the PUCCH in the dlot

- 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 sots
and the UE is provided PUCCH-DMRS-Bundling = "enabled'

- the UE performs frequency hopping per interval of N3 consecutive slots, that start from aslot
indicated to the UE and where the UE would transmit afirst repetition of the PUCCH, where N&va is
the val ue of PUCCH-Frequencyhopping-Interval, if provided; otherwise, NJ'&¥2 is the value of PUCCH-
TimeDomainWindowLength

- the UE transmits the PUCCH over intervals until the UE transmits the PUCCH in Ny, Slots, where the
first interval has number 0 and each subsequent interval is counted regardless of whether or not the UE
transmits the PUCCH in aslot

- 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
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- if the UE is not configured to perform frequency hopping for repetitions of a PUCCH transmission across
dots 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.

A SS/PBCH block symbol isasymbol 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 SB1 or ssh-PositionsinBurst in
ServingCellConfigCommon or, if the UE is not provided DLorJoint-TClState or followUnifiedTClstate, by ssb-
PositionsinBurst in SSB-MTCAdditional PCl associated to physical cell 1D with active TCI states.

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 aslot 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 hot SS/PBCH block symbol provided by
startingSymbolIndex as a first symbol, and

- consecutive UL symbols, as described in clause 11.1, or flexible symbols that are not SS/PBCH 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}Ef,”cegi}{ slots for a PUCCH transmission as

the Njre. consecutive slots starting from a slot indicated to the UE as described in clause 9.2.3 for HARQ-ACK
reporting, or aslot 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 dots, and the PUCCH transmission would overlap with actual PUSCH
repetitionsin 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 aPUCCH transmission with repetitions over Ny > 1 slots. If aUE
would transmit a first PUCCH over more than one slot and at least a second PUCCH over one or more dots, 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 dots and with UCI type priority of HARQ-ACK > SR > CSI with higher priority > CSI with lower priority

- the UE does not expect the first PUCCH and any of the second PUCCHSsto start at a same slot and include a UCI
type with same priority

- if thefirst PUCCH and any of the second PUCCHSs include a UCI type with same priority, the UE transmits the
PUCCH starting at an earlier slot and does not transmit the PUCCH starting at a later slot

- if thefirst PUCCH and any of the second PUCCHSs do not include a UCI type with same priority, the UE
transmits the PUCCH that includes the UCI type with higher priority and does not transmit the PUCCH that
include the UCI type with lower priority

When a PUCCH resource used for repetitions of a PUCCH transmission by a UE includes first and second spatial
settings, or first and second sets of power control parameters, as described in [11, TS 38.321] and in clause 7.2.1, the
UE

- usesthe first and second spatial settings, or the first and second sets of power control parameters, for first and

second repetitions of the PUCCH transmission, respectively, when Npirear, = 2,
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- aternates between the first and second spatial settings, or between the first and second sets of power control
parameters, respectively, per NSyich repetitions of the PUCCH transmission, where NS = 1 if
mappingPattern = 'cyclicMapping’; else, Nghitch = 2,

A UE does not expect a PUCCH 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 Npther,
slots due to overlapping with another PUCCH transmission in the slot, the UE counts the slot in the number of N}ZﬁpceceiH

sots.

For DAPS operation, if a UE would transmit aPUCCH over Ny, slots on the source MCG and the UE does not
transmit the PUCCH in aslot from the N7 2% 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 N7:2e% 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 [5, TS38.212] ina
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', the UE appliesthe Bl e X, pGELlL, and BSSLe2 valuesthat are
provided by betaOffsets = 'semiStatic' for the corresponding HARQ-ACK information, Part 1 CSI reports and Part 2
CSl reports. If the PUSCH transmission has priority O or priority 1 and the UE is configured by UCI-

MuxWithDifferentPriority 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 B or
BHARQ=ACKO rovided by betaOffset-CrossPril = 'semiStatic' for DCI formats 0_0/0_1 and by

offset

betaOffsetsCrossPri1DCI-0-2= 'semiSatic' for DCI format 0_2, or by betaOffset-CrossPri0 = 'semiStatic' for DCI
format 0-1 and by betaOffsetsCrossPriODCI-0-2= 'semiStatic' 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
applies the BLiac 4K pCSI-1 and BSS1=2 valuesthat are provided by CG-UCI-OnPUSCH = 'semiStatic' for the
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-MuxWithDifferentPriority 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 B aRQ-ACKL o gHARQ=ACKO hrovided by CG-betaOffsetsCrossPril =

i ] . offset . offset
'semiSatic’ 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-MuxWithDifferentPriority to multiplex HARQ-ACK information of priority 1, the UE
applies corresponding Arin e~ %" provided by the first value of betaOffset-CrossPril = 'dynamic'.

If the PUSCH transmission is a configured grant Type 2 PUSCH and the UE is provided CG-UCI-OnPUSCH

='dynamic’, the UE applies the B 2, BSSI-1, and BS51=2 valuesthat are determined from the first value of CG-
UCI-OnPUSCH = ‘dynamic'. If the PUSCH transmission has priority 0 or priority 1 and the UE is configured by UCI-
MuxWithDifferentPriority 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 ﬁHARQ_ACK'l or

offset
BRARYACKY hrovided by the first value of CG-betaOffsetsCrossPril = ‘dynamic’ or CG-betaOffsetsCrossPrio =

‘dynamic’, respectively.
HARQ-ACK information offsets BHARQACK Fre configured to values according to Table 9.3-1. The betaOffsetACK-

offset

Index1, betaOffsetACK-Index2, and betaOffsetACK-Index3 respectively provide indexes Iogesco - Iograse - and
IHARQ—ACK

offset.2 for the UE to use if the UE multiplexes up to 2 HARQ-ACK information bits, more than 2 and up to 11
HARQ-ACK information bits, and more than 11 bits in the PUSCH, respectively.
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Offsets BHARYACK for multiplexing HARQ-ACK information with priority 0inaPUSCH transmission with priority 1

are configured to values according to Table 9.3-1. The betaOffsetACKPriO-1ndex1, betaOffsetACKPriO-Index2, and

betaOffsstACKPri0-Index3 respectively provide indexes Iiecy s Iograor s AN Iogressy - ° for the UE to use

if the UE multiplexes up to 2 bits, more than 2 and up to 11 bits, and more than 11 bits of HARQ-ACK information
with priority 0 in the PUSCH transmission with priority 1, respectively.

Offsets ﬁ(f'f‘?slzg_ACK‘l for multiplexing HARQ-ACK information with priority 1 in a PUSCH transmission with priority O

are configured to values according to Table 9.3-1. The betaOffsetACKPril-Index1, betaOffsstACKPril-Index2, and

betaOffsetACKPri1-Index3 respectively provide indexes e 2o A1, 1NER2 A and 151 54 for the UE to use
if the UE multiplexes up to 2 bits, more than 2 and up to 11 bits, and more than 11 bits of HARQ-ACK information

with priority 1 in the PUSCH transmission with priority 0, respectively.

Part 1 CSI report and Part 2 CSI report offsets fSit.+ and BSit.2, respectively, are configured to val ues according to
Table 9.3-2. The betaOffsetCSl-Part1-Index1 and betaOffsetCSl-Part2-Index1 respectively provide indexes I$qr, and
IS$iiet, for the UE to use if the UE multiplexes up to 11 bits for Part 1 CSI reports or Part 2 CSl reportsin the PUSCH.
The betaOffsetCSl-Part1-Index2 and betaOffsetCSl-Part2-Index2 respectively provide indexes Igier; OF [ise, for the
UE to use if the UE multiplexes more than 11 bits for Part 1 CSl reports or Part 2 CSl reportsin the PUSCH.

If aDCI format that includes a beta_offset indicator field with one bit or two bits, as configured by uci-OnPUSCH or
UCI-OnPUSCH-DCI-0-2, schedules the PUSCH transmission from the UE, the UE is provided by each of

{ betaOffsetACK-Index1, betaOffsetACK-Index2, betaOffsetACK-Index3}, { betaOffsetACKPriO-1ndex1,
betaOffsetACKPriO-Index2, betaOffsetACKPriO-1ndex3}, and { betaOffsetACKPril-Index1, betaOffset ACKPril-Index2,

betaOffsetACKPri1-Index3} aset of two or four Iimee ACK, [HARQ=ACKO o g [HARIACKY indexes from Table 9.3-1
for multiplexing HARQ-ACK information in the PUSCH transmission and by each of { betaOffsetCSl -Part1-Index1,
betaOffsetCSl -Part1-Index2} aset of two or four IS;iot indexes, and by each of { betaOffsetCSl -Part2-Indexd,
betaOffsetCSl -Part2-Index2} aset of two or four IS-2 indexes from Table 9.3-2, respectively, for multiplexing Part 1

CSl reports and Part 2 CSI reports, respectively, in the PUSCH transmission. The beta offset indicator field indicates a

IFARYACK value andior a1l “*° value, and/or a Il value, aISEl.! value and a1Sih,2 value from the
respective sets of values, with the mapping defined in Table 9.3-3 and in Table 9.3-3A. If the PUSCH transmission has
priority O or priority 1, and the UE is provided UCI-MuxWithDifferentPriority, and the UE multiplexes HARQ-ACK
information of priority 1 or priority O in the PUSCH, the UE applies { betaOffsetACKPril-1ndex1, betaOffsetACKPril-
Index2, betaOffsetACKPril-Index3}, or { betaOffsetACKPriO-Index1, betaOffsetACKPriO-Index2, betaOffsetACKPriO-
Index3} provided by betaOffset-CrossPril = ‘dynamic' for DCI format 0_1, betaOffsetsCrossPri1DCI-0-2= 'dynamic'
for DCI format 0_2, or betaOffset-CrossPri0 = ‘dynamic' for DCI format 0_1, betaOffsetsCrossPriODCI-0-2=
‘dynamic’ for DCI format 0_2, respectively.

For aPUSCH transmission that is configured by a ConfiguredGrantConfig and includes CG-UCI, the UE multiplexes
CG-UCI in the PUSCH transmission if the UE is provided by betaOffsetCG-UCI aISENY value, from a set of values,
with the mapping defined in Table 9.3-1. If the UE is provided cg-UCI-Multiplexing and multiplexes HARQ-ACK
information in the PUSCH transmission, as described in clauses 9 and 9.2.5, the UE jointly encodes the HARQ-ACK
information and the CG-UCI [5, TS 38.212] and determines a number of resources for multiplexing the combined

information in a PUSCH using Bogeer - Which providesindexes I o, *“ and Ly, 2" for the UE to useif the

UE multiplexes up to 11, and more than 11 combined information bits, respectively.
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Table 9.3-1: Mapping of beta_offset values for HARQ-ACK information and/or for CG-UCI and the
index signalled by higher layers

Lo OF Toreert - OF Iogisery OF TGRS HARQ-ACK _ pG-UCI
OF Iogeny O Toens " OF Lygez [:l?xflgfze—tAcx.o o Bﬁfglszfzt—ACK.l
or Igf/f\slz%;;xcx,l or II(;lf?sRes-lACK,l or Izlf?slz(é-zACK,l Or Boeset Or Boeset

0 1.000

1 2.000

2 2.500

3 3.125

4 4.000

5 5.000

6 6.250

7 8.000

8 10.000
9 12.625
10 15.875
11 20.000
12 31.000
13 50.000
14 80.000
15 126.000
16 0.6

17 0.4
18 0.2

19 0.1
20 0.05
21 Reserved
22 Reserved
23 Reserved
24 Reserved
25 Reserved
26 Reserved
27 Reserved
28 Reserved
29 Reserved
30 Reserved
31 Reserved
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Table 9.3-2: Mapping of beta_offset values for CSI and the index signalled by higher layers

oo 15, | pgld
Igiato OF Iiioaa oftset
0 1.125
1 1.250
2 1.375
3 1.625
4 1.750
5 2.000
6 2.250
7 2.500
8 2.875
9 3.125
10 3.500
11 4.000
12 5.000
13 6.250
14 8.000
15 10.000
16 12.625
17 15.875
18 20.000
19 Reserved
20 Reserved
21 Reserved
22 Reserved
23 Reserved
24 Reserved
25 Reserved
26 Reserved
27 Reserved
28 Reserved
29 Reserved
30 Reserved
31 Reserved
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Table 9.3-3: Mapping of four beta_offset indicator values to offset indexes

HARQ-ACK HARQ-ACK HARQ-ACK:
(Ioffset,O or Ioffset,l or Ioffset,Z )’
( IHARQ-ACK,O IHARQ—ACK,O IHARQ-ACK,O)

beta_offset indicator| off>eh0 wikEl fisct2

HARQ-ACK,1 HARQ-ACK,1 HARQ-ACK,1
(Ioffset,O or Ioffset,l or Ioffset,Z )’
(Igitero OF Igfimo), (IShers OF IR 1)
'00' 15t offset index provided by higher layers
'01' 2M offset index provided by higher layers
'10' 3" offset index provided by higher layers
' 4" offset index provided by higher layers

Table 9.3-3A: Mapping of two beta_offset indicator values to offset indexes

HARQ-ACK HARQ-ACK HARQ-ACK.
(I offset,0 I offset,1 orl offset,2 )’
HARQ-ACK,0 HARQ-ACK,0 HARQ-ACK,0
(Ioffset,O or Ioffset,l or Ioffset,Z )’
IHARQ—ACK,I IHARQ—ACK,I IHARQ—ACK,I
( offset,0 offset,1 offset,2 )’
CSI-1 CSI-2 CSI-1 CSI-2
(Ioffset,() or offset,O)' (Ioffset,l or Ioffset,l)
'0' 1 offset index provided by higher layers

'l 2" offset index provided by higher layers

beta_offset indicator

10 UE procedure for receiving control information

If the UE is configured with a SCG, the UE shall apply the procedures described in this clause for both MCG and SCG
except for PDCCH monitoring in Type0/0A/2/2A -PDCCH CSS sets where the UE is not required to apply the
proceduresin this clause for the SCG

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

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

A UE monitors a set of PDCCH candidates in one or more CORESET s on the active DL BWP on each activated
serving cell configured with PDCCH monitoring according to corresponding search space sets where monitoring
implies receiving each PDCCH candidate and decoding according to the monitored DCI formats.

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
- 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, 11.1, and 11.1.1.

A UE obtains an indication to monitor PDCCH on the active DL BWP of the serving cell for a maximum number of
PDCCH candidates and non-overlapping CCEs

- perdot, asin Tables 10.1-2 and 10.1-3, if monitoringCapabilityConfig = r15monitoringcapability, or
- per span, asin Tables 10.1-2A and 10.1-3A, if monitoringCapabilityConfig = r 16monitoringcapability, or

- per group of X, slots according to combination (X, Y;), asin Tables 10.1-2B and 10.1-3B, if
monitoringCapabilityConfig = r17monitoringcapability or if monitoringCapabilityConfig is not provided
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The remaining of this clause, including clause 10.1, considers that a UE is provided monitoringCapabilityConfig for a
serving cell. If the UE is not provided monitoringCapabilityConfig for the serving cell, corresponding statements that
the UE is provided monitoringCapabilityConfig for the serving cell are substituted as follows

- for SCSconfiguration u € {0, 1, 2, 3}, the UE monitors PDCCH on the active DL BWP of the serving cell for
maximum numbers of PDCCH candidates and non-overlapping CCEs per slot asin Tables 10.1-2 and 10.1-3.

- for SCSconfiguration u € {5, 6}, the UE monitors PDCCH on the active DL BWP of the serving cell for
maximum numbers of PDCCH candidates and non-overlapping CCEs per group of X slots according to
combination (X;,Y;) = (4,1) foru =5 and (X,,Y;) = (8,1) for u = 6 asin Tables 10.1-2B and 10.1-3B.

The UE does not expect to monitor PDCCH with SCS configuration u = 6 before the UE is provided dedicated higher
layer parameters.

A UE can indicate a capability to monitor PDCCH according to one or more of the combinations (X,Y) = (2, 2), (4, 3),
and (7, 3) per SCS configuration of 4 = 0 and u = 1. A span isanumber of consecutive symbolsin aslot where the
UE is configured to monitor PDCCH. Each PDCCH monitoring occasion is within one span. If a UE monitors PDCCH
on acell according to combination (X, Y), the UE supports PDCCH monitoring occasionsin any symbol of aslot with
minimum time separation of X symbols between the first symbol of two consecutive spans, including across slots. A
gpan starts at afirst symbol where a PDCCH monitoring occasion starts and ends at alast symbol where a PDCCH
monitoring occasion ends, where the number of symbols of the spanisuptoY.

If a UE indicates a capability to monitor PDCCH according to multiple (X, Y) combinations and a configuration of
search space sets to the UE for PDCCH monitoring on a cell results to a separation of every two consecutive PDCCH
monitoring spansthat is equal to or larger than the value of X for more than one of the multiple combinations (X, Y), the
UE monitors PDCCH on the cell according to the combination (X, Y), from the more than one combinations (X, Y), that

is associated with the largest maximum number of MJE Y4 and 4% defined in Table 10.1-2A and Table
10.1-3A. The UE expects to monitor PDCCH according to the same combination (X, Y) in every slot on the active DL
BWP of acell.

For SCS configuration 4 = 5 or u = 6, aUE can indicate a capability to monitor PDCCH according to one or more
combinations (X, Y;), where X, and Y, are numbers of consecutive slots. Groups of X slots are consecutive and non-
overlapping and the Y, slots are within the X dots. The first group of X, slots starts from the beginning of a subframe.
The start of two consecutive groups of Y; dotsis separated by X, dots.

If a UE monitors PDCCH on a cell according to combination (X, Y;), the UE can monitor PDCCH for Typel-PDCCH
CSS set provided by dedicated higher layer signalling, Type3-PDCCH CSS sets, and USS setsin any dot of the Y, dots,
and the UE can monitor PDCCH for Type0/0A/2-PDCCH CSS set and Typel-PDCCH CSS set provided in SIB1 in any
slot of the X, dots. The UE determines the number of monitored PDCCH candidates and the number of non-overlapped
CCEsfor combination (X, Y;) based on al search space sets within the X, dots, as applicable according to the search
space set configurations, and maximum corresponding values are provided in Table 10.1-2B and Table 10.1-3B,
respectively.

For u = 6, if the UE indicates a capability to monitor PDCCH according to multiple combinations (X,,Y;) and a
configuration of search space sets to the UE for PDCCH monitoring on a serving cell resultsto a separation of every
two consecutive groups of Y; slotsthat is not smaller than X for more than one combinations (X, Y;), of the multiple
combinations (X, Y;), the UE monitors PDCCH on the cell according to the combination (X, Y;), from the more than
one combinations (X, Ys), that is associated with the largest maximum number of Mppaes® and Conead® defined in
Table 10.1-2B and Table 10.1-3B.

A UE capability for PDCCH monitoring per slot, or per group of X slots according to combination (X, Y;), or per span
on an active DL BWP of a serving cell is defined by a maximum number of PDCCH candidates and non-overlapped
CCEs the UE can monitor per slot, or per group of X, slots according to combination (X, Y;), or per span, respectively,
on the active DL BWP of the serving cell.

For monitoring of a PDCCH candidate by a UE, if the UE

- hasreceived ssb-PositionsinBurst in S B1 and has not received ssb-PositionsinBurst in
ServingCell ConfigCommon for a serving cell, and

- does not monitor PDCCH candidatesin a Type0-PDCCH CSS set, and
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- atleast one RE for aPDCCH candidate overlaps with at least one RE of a candidate SS/PBCH block
corresponding to a SS/PBCH block index provided by ssb-PositionsinBurst in SB1,

the UE is not required to monitor the PDCCH candidate.

For monitoring of a PDCCH candidate by a UE, if the UE
- hasreceived ssh-PositionsinBurst in ServingCell ConfigCommon for a serving cell, and
- does not monitor PDCCH candidatesin a Type0-PDCCH CSS set, and

- atleast one RE for aPDCCH candidate overlaps with at least one RE of a candidate SS/PBCH block
corresponding to a SS/PBCH block index provided by ssb-PositionsinBurst in ServingCell ConfigCommon,

the UE is not required to monitor the PDCCH candidate.
For monitoring of a PDCCH candidate by a UE, if the UE
- hasreceived ssh-PositionslnBurst in SSB-MTCAdditional PCI for a serving cell, and

- at least one RE for aPDCCH candidate overlaps with at |east one RE of a candidate SS/PBCH block
corresponding to a SS/PBCH block index provided by ssb-PositionsinBurst in SSB-MTCAdditional PCl with
same physical cell identity as the one associated with a RS having same quasi-collocation properties as a
CORESET for the PDCCH candidate,

the UE is not required to monitor the PDCCH candidate.

A UE is not required to monitor PDCCH candidates for a Type0/0A/1/2-PDCCH CSS set when the active TCI state for
a corresponding CORESET is not associated with physCellld in ServingCell ConfigCommon.

If a UE monitors the PDCCH candidate for a TypeO-PDCCH CSS set on the serving cell according to the procedure
described in clause 13, the UE may assume that no SSYPBCH block is transmitted in REs used for monitoring the
PDCCH candidate on the serving cell.

If at least one RE of a PDCCH candidate for a UE on the serving cell overlaps with at least one RE of Ite-CRS
ToMatchAround, or of LTE-CRS-PatternList, the UE is not required to monitor the PDCCH candidate.

If aUE is provided availableRB-SetsPerCell, the UE is not required to monitor PDCCH candidates that overlap with
any RB from RB sets that are indicated as unavailable for receptions by an available RB set indicator field in DCI
format 2_0 as described in clause 11.1.1. If the UE does not obtain the available RB set indicator for a symbol, the UE
monitors PDCCH candidates on all RB sets in the symbol.

If a UE can support

- afirst set of N2jj, serving cells where the UE is either not provided coresetPoolIndex or is provided
coresetPoollndex with asingle value for all CORESETs on all DL BWPs of each scheduling cell from the first
set of serving cells, and

- asecond set of N2ji; ; serving cells where the UE is not provided coresetPool Index or is provided
coresetPool Index with avalue O for afirst CORESET, and with avalue 1 for a second CORESET on any DL
BWP of each scheduling cell from the second set of serving cells

the UE determines, for the purpose of reporting pdcch-BlindDetectionCA, a number of serving cells as Neyjig o + R -
NZis1 Where R isavalue reported by the UE.

If a UE indicatesin UE-NR-Capability a carrier aggregation capability larger than 4 serving cells and the UE is not
provided monitoringCapabilityConfig for any downlink cell or if the UE is provided monitoringCapabilityConfig =
r15monitoringcapability for all downlink cells where the UE monitors PDCCH, the UE includes in UE-NR-Capability
an indication for a maximum number of PDCCH candidates and for a maximum number of non-overlapped CCEsthe
UE can monitor per slot when the UE is configured for carrier aggregation operation over more than 4 cells. When a UE
is not configured for NR-DC operation, the UE determines a capability to monitor a maximum number of PDCCH

candidates and a maximum number of non-overlapped CCEs per slot that correspondsto N©-_ downlink cells, where

cells

cap

N iSN2liso + R - N2jig 1 if the UE does not provide pdcch-BlindDetectionCA where N2jis o + Noji 1 iSthe
number of configured downlink serving cells
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cap
cells

- otherwise, N__isthe value of pdcch-BlindDetectionCA

When a UE is configured for NR-DC operation, the UE determines a capability to monitor a maximum number of
PDCCH candidates and a maximum number of non-overlapped CCEs per slot that correspondsto N&ob = NMSG

cells cells
downlink cells for the MCG where N is provided by pdcch-BlindDetection for the MCG and determines a capability
to monitor a maximum number of PDCCH candidates and a maximum number of non-overlapped CCEs per sot that

correspondsto Noo. = Nt downlink cells for the SCG where N3G is provided by pdech-BlindDetection for the
SCG. When the UE is configured for carrier aggregation operation over more than 4 cells, or for acell group when the
UE is configured for NR-DC operation, the UE does not expect to monitor per slot a number of PDCCH candidates or a

number of non-overlapped CCEs that is larger than the maximum number as derived from the corresponding val ue of
Ncap

cells”

DL,cells

When a UE is configured for NR-DC operation with atotal of Nyz_p downlink cells on both the MCG and the SCG,
the UE expects to be provided pdcch-BlindDetection for the MCG and pdcch-BlindDetection for the SCG with values
that satisfy

- pdcch-BlindDetection for the MCG + pdech-BlindDetection for the SCG <= pdcch-BlindDetectionCA, if the UE
reports pdcch-BlindDetectionCA, or

- pdcch-BlindDetection for the MCG + pdcch-BlindDetection for the SCG <= N ﬂlgf%lcs, if the UE does not report
pdcch-BlindDetectionCA.

For NR-DC operation, the UE may indicate, through pdcch-BlindDetectionMCG-UE and pdcch-BlindDetectionSCG-
UE, respective maximum values for pdcch-BlindDetection for the MCG and pdcch-BlindDetection for the SCG.

If the UE reports pdcch-BlindDetectionCA,

- thevalue range of pdcch-BlindDetectionMCG-UE or of pdcch-BlindDetectionSCG-UE is[1, ..., pdcch-
BlindDetectionCA-1], and

- pdcch-BlindDetectionMCG-UE + pdech-BlindDetectionSCG-UE >= pdcch-BlindDetectionCA.
Otherwisg, if Nﬁﬁ'ﬁ%lé,max isamaximum total number of downlink cells that the UE can be configured on both the MCG
and the SCG for NR-DC asindicated in UE-NR-Capability,

- thevalue range of pdcch-BlindDetectionMCG-UE or of pdcch-BlindDetectionSCG-UE is[1, 2, 3], and

DL,cells

- pdcch-BlindDetectionMCG-UE + pdcch-BlindDetectionSCG-UE >= Ny ¢ 1y

If aUE indicates in UE-NR-Capability a carrier aggregation capability larger than two downlink cells, the UE includes
in UE-NR-Capability an indication for a maximum number of PDCCH candidates and a maximum number of non-
overlapped CCEs that the UE can monitor per span when the UE is configured for carrier aggregation operation over
more than two downlink cells with monitoringCapabilityConfig = r16monitoringcapability. When a UE is not
configured for NR-DC operation and the UE is provided monitoringCapabilityConfig = r16monitoringcapability for all
downlink cells where the UE monitors PDCCH, the UE determines a capability to monitor a maximum number of
PDCCH candidates and a maximum number of non-overlapped CCESs per span that corresponds to NSob~ "¢ downlink
cells, where

Ncap—r16

ceus  1sthe number of configured downlink cellsif the UE does not provide pdcch-MonitoringCA

. cap-rl6
- otherwise, N,

isthe value of pdcch-MonitoringCA

When a UE is configured for NR-DC operation and the UE is provided monitoringCapabilityConfig =
r16monitoringcapability for all downlink cells where the UE monitors PDCCH, the UE determines a capability to
monitor a maximum number of PDCCH candidates and a maximum number of non-overlapped CCESs per span that
corresponds to

- NSPTe = NMCG o downlink cells for the MCG where NMSC. . is provided by pdech-BlindDetection2 for the

cells cells,rié

MCG, and

- NEP=Te = NSSE o downlink cells for the SCG where N3SG .,  is provided by pdech-BlindDetection2 for the

SCG
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When the UE is configured for carrier aggregation operation over more than 2 cells, or for a cell group when the UE is
configured for NR-DC operation, the UE does hot expect to monitor per span a number of PDCCH candidates or a

number of non-overlapped CCEsthat is larger than the maximum number as derived from the corresponding val ue of
Neats

When a UE is configured for NR-DC operation with atotal of Nog“et* downlink cells on both the MCG and the SCG
and the UE is provided monitoringCapabilityConfig = r16monitoringcapability for all downlink cells where the UE
monitors PDCCH, the UE expects to be provided pdcch-BlindDetection2 for the MCG and pdech-BlindDetection2 for
the SCG with values that satisfy

- pdcch-BlindDetection2 for the MCG + pdcch-BlindDetection2 for the SCG <= pdcch-MonitoringCA, if the UE
reports pdcch-MonitoringCA, or

- pdcch-BlindDetection2 for the MCG + pdcch-BlindDetection2 for the SCG <= No S, if the UE does not
report pdcch-MonitoringCA

When a UE is configured for NR-DC operation and the UE is provided monitoringCapabilityConfig =
r16monitoringcapability for all downlink cells where the UE monitors PDCCH, the UE may indicate, through pdcch-
BlindDetectionMCG-UE-r16 and pdcch-BlindDetectionSCG-UE-r 16, respective maximum val ues for pdcch-
BlindDetection for the MCG and pdcch-BlindDetection for the SCG.

If the UE reports pdcch-MonitoringCA,

- thevalue range of pdcch-BlindDetectionMCG-UE-r16 or of pdcch-BlindDetectionSCG-UE-r16is[1, ..., pdcch-
MonitoringCA-1], and

- pdcch-BlindDetectionMCG-UE-r16 + pdcch-BlindDetectionSCG-UE-r 16 >= pdcch-MonitoringCA.

Otherwise, if Nyg ot max.r16 IS @Maximum total number of downlink cells for which the UE is provided

monitoringCapabilityConfig = r16monitoringcapability and the UE is configured on both the MCG and the SCG for
NR-DC asindicated in UE-NR-Capability

- thevalue of pdcch-BlindDetectionMCG-UE-r16 or of pdcch-BlindDetectionSCG-UE-r16is 1,

- pdech-BlindDetectionMCG-UE-r16 + pdcch-BlindDetectionSCG-UE-r16 >= Nyg ot max.r16-
If aUE indicates in UE-NR-Capability a carrier aggregation capability larger than four downlink cells, the UE includes
in UE-NR-Capability an indication for a maximum number of PDCCH candidates and a maximum number of non-
overlapped CCEs that the UE can monitor per group of X sots when the UE is configured for carrier aggregation
operation over more than four downlink cells with SCS configuration u € {5, 6}. When a UE is not configured for NR-
DC operation for al downlink cells where the UE monitors PDCCH, the UE determines a capability to monitor a
maximum number of PDCCH candidates and a maximum number of non-overlapped CCESs per group of X, slots that

corresponds to NS>~™7 downlink cells, where

cap-ri17
Ncells

is the number of configured downlink cellsif the UE does not provide pdcch-MonitoringCA-r17

: cap-ril7
- otherwise, N

is the value of pdcch-MonitoringCA-r17

When the UE is configured for carrier aggregation operation over more than 4 cells, the UE does not expect to monitor
per group of X, dlots anumber of PDCCH candidates or a number of non-overlapped CCEsthat islarger than the

maximum number as derived from the corresponding value of N3 ™7

If aUE indicates in UE-NR-Capability a carrier aggregation capability larger than one downlink cell with
monitoringCapabilityConfig = r15monitoringcapability or larger than one downlink cell with
monitoringCapabilityConfig = r16monitoringcapability, the UE includes in UE-NR-Capability an indication for a
maximum number of PDCCH candidates and a maximum number of non-overlapped CCEs the UE can monitor for
downlink cells with monitoringCapabilityConfig = r15monitoringcapability or for downlink cells with
monitoringCapabilityConfig = r16monitoringcapability when the UE is configured for carrier aggregation operation
over more than two downlink cells with at least one downlink cell with monitoringCapabilityConfig =
r15monitoringcapability and at least one downlink cell with monitoringCapabilityConfig = r16monitoringcapability.
When a UE is not configured for NR-DC operation, the UE determines a capability to monitor a maximum number of
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cap-r16
Ncells,rls

PDCCH candidates and a maximum number of non-overlapped CCEs per slot or per span that corresponds to

downlink cellsor to N5 e downlink cells, respectively, where

cap-r16
Ncells,rls

is the number of configured downlink cellsif the UE does not provide pdcch-BlindDetectionCA1
- otherwise,

- if the UE reports only one combination of (pdcch-BlindDetectionCAL, pdcch-BlindDetectionCA2), N TS
isthe value of pdcch-BlindDetectionCA1

- else, Nogh s isthe value of pdcch-BlindDetectionCA1 from a combination of (pdcch-BlindDetectionCAL,

pdcch-BlindDetectionCA2) that is provided by pdcch-BlindDetectionCA-Combl ndicator

and

cap-r16
Ncells,rlé

is the number of configured downlink cellsif the UE does not provide pdcch-BlindDetectionCA2

- otherwise,

cap-rlé
Ncells,rle

- if the UE reports only one combination of (pdcch-BlindDetectionCA1L, pdcch-BlindDetectionCA2),
is the value of pdcch-BlindDetectionCA2

- else, NP~"1% i the value of pdcch-BlindDetectionCA2 from a combination of (pdcch-BlindDetectionCAL,

cells,r16

pdcch-BlindDetectionCA2) that is provided by pdcch-BlindDetectionCA-Combl ndicator

If aUE indicatesin UE-NR-Capability a carrier aggregation capability larger than one downlink cell with
monitoringCapabilityConfig = r15monitoringcapability or larger than one downlink cell with
monitoringCapabilityConfig = r17monitoringcapability, the UE includes in UE-NR-Capability an indication for a
maximum number of PDCCH candidates and a maximum number of non-overlapped CCEs the UE can monitor for
downlink cells with monitoringCapabilityConfig = r 15monitoringcapability or for downlink cells with
monitoringCapabilityConfig = r17monitoringcapability when the UE is configured for carrier aggregation operation
over more than two downlink cells with at least one downlink cell with monitoringCapabilityConfig =
r15monitoringcapability and at least one downlink cell has SCS configuration u € {5, 6}. When a UE is not configured
for NR-DC operation, the UE determines a capability to monitor a maximum number of PDCCH candidates and a

maximum number of non-overlapped CCEs per slot or per group of X, slots that correspondsto NS, "), downlink

—r17 . .
cellsor to N/ "7 1 downlink cells, respectively, where

NEPT17 isthe number of configured downlink cellsif the UE does not provide pdcch-BlindDetectionCAr 15

cells,r15/r17
- otherwise,

- if the UE reports only one combination of (pdcch-BlindDetectionCAr15, pdcch-BlindDetectionCAr17),
NEP-T17 isthe value of pdcch-BlindDetectionCAr15

cells,r15/r17

- ese, N, isthe value of pdcch-BlindDetectionCAr15 from a combination of (pdcch-

BlindDetectionCAr 15, pdcch-BlindDetectionCAr17) that is provided by pdcch-BlindDetectionCA-
Comblndicator-r17

and

- NPT isthe number of configured downlink cellsif the UE does not provide pdcch-BlindDetectionCAr17

cells,r17/r15
- otherwise,

- if the UE reports only one combination of (pdcch-BlindDetectionCAr15, pdcch-BlindDetectionCAr17),
NEPT7isthe value of pdcch-BlindDetectionCAr17

cells,r17/r15

- else, Ny 11 45 isthe value of pdcch-BlindDetectionCAr17 from acombination of (pdcch-

BlindDetectionCAr 15, pdcch-BlindDetectionCAr17) that is provided by pdcch-BlindDetectionCA-
Comblndicator-r17
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If aUE indicates in UE-NR-Capability a carrier aggregation capability larger than one downlink cell with
monitoringCapabilityConfig = r16monitoringcapability or larger than one downlink cell with
monitoringCapabilityConfig = r17monitoringcapability, the UE includes in UE-NR-Capability an indication for a
maximum number of PDCCH candidates and a maximum number of non-overlapped CCEs the UE can monitor for
downlink cells with monitoringCapabilityConfig = r 16monitoringcapability or for downlink cells with
monitoringCapabilityConfig = r17monitoringcapability when the UE is configured for carrier aggregation operation
over more than two downlink cells with at least one downlink cell with monitoringCapabilityConfig =
r16monitoringcapability and with at least one downlink cell with monitoringCapabilityConfig =
r17monitoringcapability. When a UE is not configured for NR-DC operation, the UE determines a capability to monitor
a maximum number of PDCCH candidates and a maximum number of non-overlapped CCEs per span or per group of

X, slots that correspondsto N\, downlink cellsor to N o downlink cells, respectively, where

N g e v 1S the number of configured downlink cells if the UE does not provide pdcch-BlindDetectionCAr16

- otherwise,

- if the UE reports only one combination of (pdcch-BlindDetectionCAr 16, pdcch-BlindDetectionCAr17),
NP7 isthe value of pdcch-BlindDetectionCAr16

cells,r16/r17

- else, Ny 1] a7 isthe value of pdcch-BlindDetectionCAr16 from acombination of (pdcch-

BlindDetectionCAr 16, pdcch-BlindDetectionCAr17) that is provided by pdcch-BlindDetectionCA-
Comblndicator-r17

and

- N{gte 17 r16 iSthe number of configured downlink cellsif the UE does not provide pdcch-BlindDetectionCAr17

- otherwise,

- if the UE reports only one combination of (pdcch-BlindDetectionCAr 16, pdcch-BlindDetectionCAr17),
NP7 isthe value of pdcch-BlindDetectionCAr17

cells,r17/r16

- ese, N 16 isthe value of pdcch-BlindDetectionCAr17 from a combination of (pdcch-

BlindDetectionCAr 16, pdcch-BlindDetectionCAr17) that is provided by pdcch-BlindDetectionCA-
Comblndicator-r17

If aUE indicatesin UE-NR-Capability a carrier aggregation capability larger than one downlink cell with
monitoringCapabilityConfig = r15monitoringcapability, or larger than one downlink cell with
monitoringCapabilityConfig = r16monitoringcapability, or larger than one downlink cell with
monitoringCapabilityConfig = r17monitoringcapability, the UE includes in UE-NR-Capability an indication for a
maximum number of PDCCH candidates and a maximum number of non-overlapped CCEs the UE can monitor for
downlink cells with monitoringCapabilityConfig = r15monitoringcapability, or for downlink cells with
monitoringCapabilityConfig = r 16monitoringcapability, or for downlink cells with monitoringCapabilityConfig =
r17monitoringcapability when the UE is configured for carrier aggregation operation over more than three downlink
cellswith at least one downlink cell with monitoringCapabilityConfig = r 15monitoringcapability, at least one downlink
cell with monitoringCapabilityConfig = r16monitoringcapability and at least one downlink cell with
monitoringCapabilityConfig = r17monitoringcapability. When a UE is not configured for NR-DC operation, the UE

determines a capability to monitor a maximum number of PDCCH candidates and a maximum number of non-

overlapped CCEs per slot or per span or per group of X, slots that corresponds to Noyjp 76 1, downlink cells or to

cap-ri7 H cap-ri7 f :
Neetis r16/(r1s,r17; dOWNHNK cells or to Negyy 17645 716y dOWNlink cells, respectively, where

N ot 6717 1S the number of configured downlink cellsif the UE does not provide pdcch-

BlindDetectionCAr15
- otherwise,

- if the UE reports only one combination of (pdcch-BlindDetectionCAr15, pdcch-BlindDetectionCAr 16, pdcch-
BlindDetectionCAr17), Ngo T\ 16,17y IS the value of pdech-BlindDetectionCAr15
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and

- else, N 16,17 iSthe value of pdech-BlindDetectionCAr 15 from a combination of (pdcch-

BlindDetectionCAr 15, pdcch-BlindDetectionCAr 16, pdcch-BlindDetectionCAr17) that is provided by pdcch-
BlindDetectionCA-Comblndicator-r17

N itorierisr17y 1S the number of configured downlink cellsif the UE does not provide pdcch-

BlindDetectionCAr16
otherwise,

- if the UE reports only one combination of (pdcch-BlindDetectionCAr15, pdcch-BlindDetectionCAr 16, pdcch-
BlindDetectionCAr17), Ngio T\ 15,17, IS the value of pdech-BlindDetectionCAr 16
- else, N1 ¢ s a7y iSthe value of pdech-BlindDetectionCAr 16 from a combination of (pdcch-

BlindDetectionCAr 15, pdcch-BlindDetectionCAr 16, pdcch-BlindDetectionCAr17) that is provided by pdcch-
BlindDetectionCA-Comblndicator-r17

N gtoti7 /1516 1S the number of configured downlink cellsif the UE does not provide pdcch-

BlindDetectionCAr17
otherwise,

- if the UE reports only one combination of (pdcch-BlindDetectionCAr 15, pdcch-BlindDetectionCAr 16, pdcch-

BlindDetectionCAr17), Ngo 1) 15,116, 1S the value of pdcch-BlindDetectionCAr17

- else, N s e iSthe value of pdech-BlindDetectionCAr 17 from a combination of (pdcch-

BlindDetectionCAr 15, pdcch-BlindDetectionCAr 16, pdcch-BlindDetectionCAr17) that is provided by pdcch-
BlindDetectionCA-Comblndicator-r17

When a UE is configured for NR-DC operation and is provided monitoringCapabilityConfig = r 15monitoringcapability
for at least one downlink cell and monitoringCapabilityConfig = r 16monitoringcapability for at least one downlink cell

where the UE monitors PDCCH, the UE determines a capability to monitor a maximum number of PDCCH candidates

and a maximum number of non-overlapped CCEs that corresponds to

NERTe = NMES. < downlink cellsfor the MCG where NYSS,. < is provided by pdech-BlindDetection3 for the

cells,r15

MCG,

NEPTe = NSSE | downlink cells for the SCG where N3SE |, 5 is provided by pdech-BlindDetection3 for the

cells,r15

SCG, and

NERTo = NMES. o downlink cellsfor the MCG where NYSS. . is provided by pdcch-BlindDetection2 for the

cells,ri6

MCG,

NEPTe = NSSE 116 downlink cells for the SCG where NSSE 1. is provided by pdech-BlindDetection? for the

cells,ri6

SCG

When a UE is configured for carrier aggregation operation over more than two downlink cells with at |east one
downlink cell with monitoringCapabilityConfig = r 15monitoringcapability, at least one downlink cell with
monitoringCapabilityConfig = r16monitoringcapability, and no downlink cell has SCS configuration i € {5, 6}, or for a
cell group when the UE is configured for NR-DC operation, the UE does not expect to

monitor per slot a number of PDCCH candidates or a number of non-overlapped CCEsthat is larger than the

: . . cap-rlé6
maximum number as derived from the corresponding value of N ;¢ .15, and

monitor per span a number of PDCCH candidates or a number of non-overlapped CCEsthat islarger than the

. . . cap-rl6
maximum number as derived from the corresponding value of N s 116

When the UE is configured for carrier aggregation operation over more than two downlink cells with at least one
downlink cell with monitoringCapabilityConfig = r 15monitoringcapability, at least one downlink cell with
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monitoringCapabilityConfig = r17monitoringcapability, and no downlink cell with monitoringCapabilityConfig =
r16monitoringcapability, the UE does not expect to

- monitor per slot anumber of PDCCH candidates or a number of non-overlapped CCEs that is larger than the

. . . cap—rl7
maximum number as derived from the corresponding value of Ny, 15 /r17, @d

- monitor per group of X, slots a number of PDCCH candidates or a number of non-overlapped CCEs that is larger

than the maximum number as derived from the corresponding value of N,be 7l

When the UE is configured for carrier aggregation operation over more than two downlink cells with at least one
downlink cell with monitoringCapabilityConfig = r 16monitoringcapability, at least one downlink cell with
monitoringCapabilityConfig = r17monitoringcapability, and no downlink cell with monitoringCapabilityConfig =
r15monitoringcapability, the UE does not expect to

- monitor per span a number of PDCCH candidates or a number of non-overlapped CCEsthat is larger than the

. . . cap-r17
maximum number as derived from the corresponding value of N ;¢ 1717, @d

- monitor per group of X slots a number of PDCCH candidates or a number of non-overlapped CCEsthat islarger

than the maximum number as derived from the corresponding value of Ny, "\ 16

When the UE is configured for carrier aggregation operation over more than three downlink cells with at least one
downlink cell with monitoringCapabilityConfig = r15monitoringcapability, at least one downlink cell with
monitoringCapabilityConfig = r16monitoringcapability, and at least one downlink cell with
monitoringCapabilityConfig = r17monitoringcapability, the UE does not expect to

- monitor per slot anumber of PDCCH candidates or a number of non-overlapped CCEs that is larger than the

. . . cap—rl7
maximum number as derived from the corresponding value of Ny, 15 /¢r16717) @d

- monitor per span a number of PDCCH candidates or a number of non-overlapped CCEsthat is larger than the

. . . cap—rl7
maximum number as derived from the corresponding value of Ny, 16 /¢r15r17) @d

- monitor per group of X, slots a number of PDCCH candidates or a number of non-overlapped CCEs that is larger
than the maximum number as derived from the corresponding value of Ngro 1 15 116)

When a UE is configured for NR-DC operation with atotal of Nog“et* downlink cells on both the MCG and the SCG

and the UE is provided monitoringCapabilityConfig = r 15monitoringcapability for N;?;fglgﬂ 5 downlink cellsand

monitoringCapabilityConfig = r16monitoringcapability for Nig5 e, downlink cells where the UE monitors PDCCH,
the UE expects to be provided pdcch-BlindDetection3 and pdcch-BlindDetection2 for the MCG, and pdcch-
BlindDetection3 and pdcch-BlindDetection2 for the SCG with values that satisfy

- pdcch-BlindDetection3 for the MCG + pdcch-BlindDetection3 for the SCG <= pdcch-BlindDetectionCAL, if the
UE reports pdcch-BlindDetectionCAL, or

- pdcch-BlindDetection3 for the MCG + pdcch-BlindDetection3 for the SCG <= Nyg 5t if the UE does not
report pdcch-BlindDetectionCAl

and

- pdcch-BlindDetection2 for the MCG + pdcch-BlindDetection2 for the SCG <= pdcch-BlindDetectionCA2, if the
UE reports pdcch-BlindDetectionCA2, or

- pdcch-BlindDetection2 for the MCG + pdcch-BlindDetection2 for the SCG <= Ngp 5 ¢, if the UE does not
report pdcch-BlindDetectionCA2

When a UE is configured for NR-DC operation and is provided monitoringCapabilityConfig = r 15monitoringcapability
for at least one downlink cell and monitoringCapabilityConfig = r 16monitoringcapability for at least one downlink cell
where the UE monitors PDCCH, the UE may indicate, through pdcch-BlindDetectionMCG-UE1 and pdcch-
BlindDetectionSCG-UEL1, respective maximum values for pdcch-BlindDetection3 for the MCG and pdcch-
BlindDetection3 for the SCG, and through pdcch-BlindDetectionMCG-UE2 and pdcch-BlindDetectionSCG-UE2
respective maximum values for pdcch-BlindDetection2 for the MCG and pdcch-BlindDetection2 for the SCG.
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If the UE reports pdcch-BlindDetectionCAL,

- thevalue range of pdcch-BlindDetectionMCG-UEL or of pdcch-BlindDetectionSCG-UEL is[0, 1, ..., pdcch-
BlindDetectionCA1], and

- pdcch-BlindDetectionMCG-UEL1 + pdcch-BlindDetectionSCG-UEL >= pdech-BlindDetectionCA1.

Otherwise, if Nyg bt maxr1s IS @maximum total number of downlink cells for which the UE is provided

monitoringCapabilityConfig = r15monitoringcapability and the UE is configured on both the MCG and the SCG for
NR-DC asindicated in UE-NR-Capability

- thevalue range of pdcch-BlindDetectionMCG-UEL1 or of pdcch-BlindDetectionSCG-UEL is [0, 1, 2],
- pdech-BlindDetectionMCG-UEL + pdcch-BlindDetectionSCG-UEL >= Now“oe .
If the UE reports pdcch-BlindDetectionCA2

- thevalue range of pdcch-BlindDetectionMCG-UE2 or of pdcch-BlindDetectionSCG-UE2is [0, 1, ..., pdcch-
BlindDetectionCA2], and

- pdcch-BlindDetectionMCG-UE2 + pdcch-BlindDetectionSCG-UE2 >= pdech-BlindDetectionCA2.

Otherwise, if Nyg bt maxr16 IS @Maximum total number of downlink cells for which the UE is provided

monitoringCapabilityConfig = r16monitoringcapability and the UE is configured on both the MCG and the SCG for
NR-DC asindicated in UE-NR-Capability

- thevalue range of pdcch-BlindDetectionMCG-UE2 or of pdcch-BlindDetectionSCG-UE2 is [0, 1],

- pdech-BlindDetectionMCG-UE2 + pdcch-BlindDetectionSCG-UE2 >= Ny g5 cnax ri6-

10.1 UE procedure for determining physical downlink control
channel assignment

A set of PDCCH candidates for a UE to monitor is defined in terms of PDCCH search space sets. A search space set
canbea CSS set or aUSS set. A UE monitors PDCCH candidates in one or more of the following search spaces sets

- aTypeO-PDCCH CSS set on the primary cell of the MCG configured by

- pdech-ConfigSIB1in MIB or by searchSpaceS B1 in PDCCH-ConfigCommon or by searchSpaceZero in
PDCCH-ConfigCommon for aDCI format 1_0 with CRC scrambled by a SI-RNTI, or

- searchSpaceZero in PDCCH-ConfigCommon when pdcch-Config-MCCH and pdcch-Config-MTCH are not
provided, for aDCI format 4_0 with CRC scrambled by aMCCH-RNTI or aG-RNTI

- aTypeOA-PDCCH CSS st configured by searchSpaceOther Systeml nformation in PDCCH-ConfigCommon for
aDCI format 1_0 with CRC scrambled by a SI-RNTI on the primary cell of the MCG

- aTypeOB-PDCCH CSS set configured by searchSpaceBroadcast in pdcch-Config-MCCH and pdcch-Config-
MTCH for aDCI format with CRC scrambled by aMCCH-RNTI or a G-RNTI, on the primary cell of the MCG

- aTypel-PDCCH CSS set configured by ra-SearchSpace in PDCCH-ConfigCommon for a DCI format 1_0 with
CRC scrambled by a RA-RNTI, aMsgB-RNTI, or aTC-RNTI on the primary cell

- aTypelA-PDCCH CSS st configured by sdt-SearchSpace in PDCCH-ConfigCommon for a DCI format with
CRC scrambled by a C-RNTI or aCS-RNTI on the primary cell as described in clause 19.1

- aType2-PDCCH CSS set configured by pagingSearchSpace in PDCCH-ConfigCommon for aDCI format 1 0
with CRC scrambled by a P-RNTI on the primary cell of the MCG

- aType2A-PDCCH CSS set configured by pei Sear chSpace in DownlinkConfigCommonS B for a DCI format
2 7 with CRC scrambled by a PEI-RNTI on the primary cell of the MCG

- aType3-PDCCH CSS set configured by
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- SearchSpace in PDCCH-Config with searchSpaceType = common for DCI formats with CRC scrambled by
INT-RNTI, SFI-RNTI, TPC-PUSCH-RNTI, TPC-PUCCH-RNTI, TPC-SRS-RNTI, or CI-RNTI and, only for
the primary cell, C-RNTI, MCS-C-RNTI, CS-RNTI(s), or PS-RNTI, or

- SearchSpace-Multicast in PDCCH-Config-Multicast for DCI formats with CRC scrambled by G-RNTI, or
G-CS-RNTI, or

- searchSpaceBroadcast in pdcch-Config-MCCH and pdcch-Config-MTCH on a secondary cell for a DCI
format 4_0 with CRC scrambled by aMCCH-RNTI or aG-RNTI, and

- aUSSset configured by

- SearchSpace in PDCCH-Config with searchSpaceType = ue-Specific for DCI formats with CRC scrambled
by C-RNTI, MCS-C-RNTI, SP-CSI-RNTI, CS-RNTI(s), SL-RNTI, SL-CS-RNTI, or SL Semi-Persistent
Scheduling V-RNTI, or

- sdt-CG-SearchSpace for DCI formats with CRC scrambled by C-RNTI or CS-RNTI as described in clause
19.1.

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, DCI formats with CRC scrambled by G-RNTI or G-CS-RNTI are also referred to as multicast DCI
formats, and DCI formats with CRC scrambled by MCCH-RNTI or G-RNTI for MTCH scheduling PDSCH receptions
are also referred to as broadcast DCI formats.

For aDL BWP, if aUE is not provided searchSpaceS B1 for Type0-PDCCH CSS set by PDCCH-ConfigCommon, the
UE does not monitor PDCCH candidates for a Type0-PDCCH CSS set on the DL BWP. The Type0-PDCCH CSS set is
defined by the CCE aggregation levels and the number of PDCCH candidates per CCE aggregation level givenin Table
10.1-1.

If the active DL BWP and the initial DL BWP for a UE have same SCS and same CP length and the active DL BWP
includes al RBs of the CORESET with index O, or the active DL BWP isthe initial DL BWP, or the active DL BWP
includes all RBs of an MBS frequency resource provided by cfr-Config-MCCH-MTCH as described in clause 18, the
CORESET configured for Type0-PDCCH CSS set has CORESET index 0 and the Type0-PDCCH CSS set has search
space set index 0.

If the active DL BWP and an MBS frequency resource provided by cfr-Config-MCCH-MTCH for a UE have same SCS
and same CP length and the active DL BWP includes all RBs of the MBS frequency resource, and if the UE is provided
searchSpaceBroadcast for TypeOB-PDCCH CSS set on the primary cell or for Type3-PDCCH CSS set on a secondary
cell, the UE monitors PDCCH for detection of broadcast DCI formats, as described in clause 18, on the active DL
BWP.

For aDL BWP, if aUE isnot provided searchSpaceOther Systeml nformation for TypeOA-PDCCH CSS set, the UE
does not monitor PDCCH for TypeOA-PDCCH CSS set on the DL BWP. The CCE aggregation levels and the number
of PDCCH candidates per CCE aggregation level for TypeOA-PDCCH CSS set are givenin Table 10.1-1.

For aDL BWP, if aUE isnot provided ra-SearchSpace for Typel-PDCCH CSS set, the UE does not monitor PDCCH
for Typel-PDCCH CSS set on the DL BWP. If the UE has not been provided a Type3-PDCCH CSS set, or a TypelA-
PDCCH CSS set, or a USS set and the UE hasreceived a C-RNTI and has been provided a Typel-PDCCH CSS set, the
UE monitors PDCCH candidates for DCI format 0_0 and DCI format 1_0 with CRC scrambled by the C-RNTI in the
Typel-PDCCH CSS set.

If aUE is not provided pagingSearchSpace for Type2-PDCCH CSS set, the UE does not monitor PDCCH for Type2-
PDCCH CSS set on the DL BWP. The CCE aggregation levels and the number of PDCCH candidates per CCE
aggregation level for Type2-PDCCH CSS set are given in Table 10.1-1.

If aUE is not provided pei SearchSpace for Type2A-PDCCH CSS set, the UE does not monitor PDCCH for Type2A-
PDCCH CSS set on the DL BWP. The CCE aggregation levels and the maximum number of PDCCH candidates per
CCE aggregation level for Type2A-PDCCH CSS set are given in Table 10.1-1. If the UE is provided pei SearchSpace
with zero value for the Type2A-PDCCH CSS set index, and for the SS/PBCH block and CORESET multiplexing
patterns 2 and 3, the UE determines PDCCH monitoring occasions as described in clause 13.

If aUE is provided a zero value for searchSpacel D in PDCCH-ConfigCommon for a Type0/0A/2-PDCCH CSS set, or
is not provided searchSpaceBroadcast, the UE determines monitoring occasions for PDCCH candidates of the
Type0/0A/2-PDCCH CSS set as described in clause 13, and the UE is provided a C-RNTI, the UE monitors PDCCH
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candidates only at monitoring occasions associated with a SS/PBCH block, where the SSYPBCH block is determined by
the most recent of

- aMAC CE activation command indicating a TCI state of the active BWP that includes a CORESET with index
0, asdescribed in [6, TS 38.214], where the TCl-state includes a CSI-RS which is quasi-co-located with the
SS/PBCH block, or

- arandom access procedure that is not initiated by a PDCCH order that triggers a contention-free random access
procedure

If a UE monitors PDCCH candidates for DCI formats with CRC scrambled by a C-RNTI and the UE is provided a non-
zero value for searchSpacel D in PDCCH-ConfigCommon for a Type0/0A/2-PDCCH CSS set, or monitors PDCCH
candidates for DCI formats with CRC scrambled by a MCCH-RNTI or a G-RNTI and the UE is provided a non-zero
value for searchSpaceBroadcast in pdcch-Config-MCCH and pdcch-Config-MTCH for a Type0/0B-PDCCH CSS s,
the UE determines monitoring occasions for PDCCH candidates of the Type0/0A/2-PDCCH CSS set, or of the
Type0/0B-PDCCH set, respectively, based on the search space set associated with the value of searchSpacel D.

The UE may assume that the DM-RS antenna port associated with PDCCH receptions in the CORESET configured by
pdcch-ConfigS Bl in MIB, the DM-RS antenna port associated with corresponding PDSCH receptions, and the
corresponding SS/PBCH block are quasi co-located with respect to average gain, quasi co-location 'typeA' and 'typeD'
properties, when applicable [6, TS 38.214], if the UE is not provided a TCI state indicating quasi co-location
information of the DM-RS antenna port for PDCCH reception in the CORESET. The value for the DM-RS scrambling
sequence initialization is the cell 1D. For operation without shared spectrum channel accessin FR1 and FR2-1, aSCSis
provided by subCarrier SpacingCommon in MIB. For operation with shared spectrum channel accessin FR1 and for
operation in FR2-2, a SCSis same as the SCS of a corresponding SS/PBCH block.

For single cell operation or for operation with carrier aggregation in a same frequency band, a UE does not expect to
monitor aPDCCH in a Type0/0A/0B/2/3-PDCCH CSS set or in a USS set if aDM-RS for monitoringa PDCCH in a
Typel-PDCCH CSS set is not configured with same qcl-Type set to 'typeD' properties [6, TS 38.214] with aDM-RS for
monitoring the PDCCH in the Type0/0A/0B/2/3-PDCCH CSS set or in the USS set, and if the PDCCH or an associated
PDSCH overlapsin at least one symbol with a PDCCH the UE monitorsin a Typel-PDCCH CSS set or with an
associated PDSCH.

If aUE is provided

- one or more search space sets by corresponding one or more of searchSpaceZero, searchSpaceSB1,
sear chSpaceOther Systeml nformation, pagingSearchSpace, ra-SearchSpace, and

- aC-RNTI, an MCS-C-RNTI, or aCS-RNTI

the UE monitors PDCCH candidates for DCI format 0_0 and DCI format 1_0 with CRC scrambled by the C-RNTI, the
MCS-C-RNTI, or the CS-RNTI in the one or more search space setsin a dot where the UE monitors PDCCH
candidates for at least aDCI format 0_0 or aDCI format 1 0 with CRC scrambled by SI-RNTI, RA-RNTI, MsgB-
RNTI, or P-RNTI.

If aUE is provided

- one or more search space sets by corresponding one or more of searchSpaceZero, searchSpaceSIB1,
searchSpaceOther Systeml nformation, pagingSearchSpace, pei Searchpace, ra-SearchSpace, or a CSS set by
PDCCH-Config, and

- aSI-RNTI, aP-RNTI, aPEI-RNTI, aRA-RNTI, aMsgB-RNTI, aSFI-RNTI, an INT-RNTI, a TPC-PUSCH-
RNTI, aTPC-PUCCH-RNTI, or aTPC-SRS-RNTI

then, for aRNTI from any of these RNTIs, the UE does not expect to process information from more than one DCI
format with CRC scrambled with the RNTI per slot.

Table 10.1-1: CCE aggregation levels and maximum number of PDCCH candidates per CCE
aggregation level for CSS sets configured by searchSpaceSIB1

CCE Aggregation Level Number of Candidates
4 4
8 2
16 1
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For each DL BWP configured to a UE in a serving cell, the UE can be provided by higher layer signalling with

- P < 3 CORESETsif coresetPoolIndex is not provided, or if avalue of coresetPoollndex is same for all
CORESETSsif coresetPoollndex is provided

- P < 5 CORESETsif coresetPoollndex is not provided for afirst CORESET, or is provided and has avalue O for
afirst CORESET, and is provided and has avalue 1 for a second CORESET

For each CORESET, the UE is provided the following by Control Resour ceSet:
- aCORESET index p, by controlResourceSetld or by control ResourceSetld-v1610, where

- 0 <p < 12if coresetPoollndex is not provided, or if avalue of coresetPoollndex is same for all CORESETs
if coresetPoollndex is provided,;

- 0 <p < 16if coresetPoolIndex is not provided for afirst CORESET, or is provided and has avalue O for a
first CORESET, and is provided and has avalue 1 for a second CORESET;

- aDM-RS scrambling sequence initiaization value by pdcch-DMRS-Scramblingl D;

- aprecoder granularity for a number of REGsin the frequency domain where the UE can assume use of a same
DM-RS precoder by precoder Granularity;

- anumber of consecutive symbols provided by duration;
- aset of resource blocks provided by frequencyDomainResour ces,
- CCE-to-REG mapping parameters provided by cce-REG-MappingType;

- anantennaport quasi co-location, from a set of antenna port quasi co-locations provided by TCI-Sate, indicating
quas co-location information of the DM-RS antenna port for PDCCH reception;

- anindication for a presence or absence of atransmission configuration indication (TCI) field for a DCI format,
other than DCI format 1_0, that schedules PDSCH receptions or has associated HARQ-ACK information
without scheduling PDSCH and is provided by a PDCCH in CORESET p, by tci-PresentIinDCI or tci-
PresentDCI-1-2.

When precoder Granularity = allContiguousRBs, a UE does not expect

- to be configured a set of resource blocks of a CORESET that includes more than four sub-sets of resource blocks
that are not contiguous in frequency

- any RE of aCORESET to overlap with any RE determined from Ite-CRS-ToMatchAround, or from LTE-CRS-
PatternList, or with any RE of a SS/PBCH block.

If aUE is provided two TCI states indicating quasi co-location information of the DM-RS antenna port for PDCCH
reception in a CORESET associated with a Type3-PDCCH CSS set, the UE may assume the quasi co-location
information indicated in both of the two TCI states for the PDCCH reception in the CORESET.

For each CORESET inaDL BWP of a serving cell, arespective frequencyDomainResour ces provides a bitmap

- if aCORESET is not associated with any search space set configured with fregqMonitorLocations, the bits of the
bitmap have a one-to-one mapping with non-overlapping groups of 6 consecutive PRBS, in ascending order of
the PRB index in the DL BWP bandwidth of N3P PRBs with starting common RB position N§&k, where the
first common RB of the first group of 6 PRBs has common RB index 6 - [N§a5 /6] if rb-Offset is not provided,

or the first common RB of the first group of 6 PRBs has common RB index NS@E + Nifset where Noiset is
provided by rb-Offset.

- if aCORESET isassociated with at least one search space set configured with freqMonitorLocations, the first
Nfﬂ;zg_seto bits of the bitmap have a one-to-one mapping with non-overlapping groups of 6 consecutive PRBS, in
ascending order of the PRB index in each RB set k in the DL BWP bandwidth of NEYP PRBswith starting
common RB position Rngir,f:gL [6, TS 38.214], where the first common RB of the first group of 6 PRBs has
common RB index RBS;4 5, + NSi=e* and k is indicated by freqMonitorLocations if provided for a search space
set; otherwise, k = 0. NE€ oo = |(N§Z8.0 — NSESY) /6], N§iS, 1o isanumber of available PRBsin the RB set
0 for the DL BWP, and NS¢t is provided by rb-Offset or Ng&set = 0 if rb-Offset is not provided. If aUE is
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provided RB setsin the DL BWP, the UE expects that the RBs of the CORESET are within the union of the
PRBsin the RB sets of the DL BWP.

For a CORESET other than a CORESET with index O,

if a UE has not been provided a configuration of TCI state(s) by tci-SatesPDCCH-ToAddList and tci-
SatesPDCCH-ToReleaseList for the CORESET, or has been provided initial configuration of more than one TCI
states for the CORESET by tci-StatesPDCCH-ToAddList and tci-StatesPDCCH-ToReleaseList but has not
received a MAC CE activation command for one of the TCI states as described in[11, TS 38.321], the UE
assumes that the DM-RS antenna port associated with PDCCH receptionsis quasi co-located with the SS/PBCH
block the UE identified during the initial access procedure, or for a most recent configured grant PUSCH
transmission as described in clause 19 for a same HARQ process,

if a UE has been provided a configuration of more than one TCI states by tci-StatesPDCCH-ToAddList and tci-
SatesPDCCH-ToReleaseList for the CORESET as part of Reconfiguration with sync procedure as described in
[12, TS 38.331] but has not received a MAC CE activation command for one of the TCI states as described in
[11, TS 38.321], the UE assumes that the DM-RS antenna port associated with PDCCH receptionsis quasi co-
located with the SS/PBCH block or the CSI-RS resource the UE identified during the random access procedure
initiated by the Reconfiguration with sync procedure as described in [12, TS 38.331].

For a CORESET with index O,

if the UE is provided DLorJoint-TCl State and if followUnifiedTClstate = 'enabled’ for the CORESET, the UE
assumes that a DM-RS antenna port for PDCCH receptionsin the CORESET and a DM-RS antenna port for
PDSCH receptions scheduled by DCI formats provided by PDCCH receptions in the CORESET are quasi co-
located with the reference signals provided by the indicated DLorJoint-TClSate [6, TS 38.214]

else, the UE assumes that a DM-RS antenna port for PDCCH receptions in the CORESET is quasi co-located
with

- theoneor more DL RS configured by a TCI state, where the TCI stateisindicated by aMAC CE activation
command for the CORESET, if any, or

- aSS/PBCH block the UE identified during a most recent random access procedure not initiated by a PDCCH
order that triggers a contention-free random access procedure, if no MAC CE activation command indicating
aTCl state for the CORESET isreceived after the most recent random access procedure, or a SS'PBCH
block the UE identified during amost recent configured grant PUSCH transmission as described in clause 19.

For a CORESET other than a CORESET with index O, if aUE is provided asingle TCI state for a CORESET, or if the
UE receives a MAC CE activation command for one or two of the provided TCI states for a CORESET, the UE
assumes that the DM-RS antenna port associated with PDCCH receptions in the CORESET is quasi co-located with the
one or more DL RS configured by the TCI states. For a CORESET with index 0, the UE expects that a CSI-RS
configured with qcl-Type set to 'typeD' in a TCl state indicated by a MAC CE activation command for the CORESET is
provided by a SSYPBCH block

if the UE receivesaMAC CE activation command for one of the TCI states, the UE applies the activation
command in the first dot that is after slot k + 3NSUPTame# 4 ou . where k isthe slot where the UE would

slot
transmit a PUCCH with HARQ-ACK information for the PDSCH providing the activation command, u isthe
SCS configuration for the PUCCH in the slot when the activation command is applied, and k., isanumber of

dotsfor SCS configuration u = 0 provided by K-Mac or k.. = 0 if K-Mac is not provided.

If aUE is provided DLorJoint-TClState, a DM-RS antenna port for PDCCH receptionsin a CORESET, other than a
CORESET with index 0, associated only with USS sets and/or Type3-PDCCH CSS sets, and a DM-RS antenna port for
PDSCH receptions scheduled by DCI formats provided by PDCCH receptions in the CORESET are quasi co-located
with reference signals provided by the indicated DLorJoint-TClState [6, TS 38.214].

If aUE is provided followUnifiedTClstate for a CORESET, other than a CORESET with index 0, associated at |east
with CSS sets other than Type3-PDCCH CSS sets, and if followUnifiedTCl state is set as enabled, a DM-RS antenna
port for PDCCH receptionsin the CORESET and a DM-RS antenna port for PDSCH receptions scheduled by DCI
formats provided by PDCCH receptionsin the CORESET are quasi co-located with reference signals provided by the
indicated DLorJoint-TCl State.

If the UE is provided by simultaneousTCI-UpdateList1 or simultaneousTCI-UpdateList2 up to two lists of cells for
simultaneous TCI state activation, the UE applies the antenna port quasi co-location provided by one or two TCI-State
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each with same activated tci-Statel D value, to CORESETs with asame index in all configured DL BWPs of all
configured cellsin alist determined from a serving cell index, where one or two tci-Statel D, the CORESET index, and
the serving cell index are provided by aMAC CE command.

For each DL BWP configured to aUE in aserving cell, the UE is provided by higher layerswith S < 10 search space
sets where, for each search space set from the S search space sets, the UE is provided the following by SearchSpace:

asearch space setindex s, 0 < s < 40, by searchSpaceld

an association between the search space set s and a CORESET p by control ResourceSetld or by
control ResourceSetl d-v1610

a PDCCH monitoring periodicity of k slotsand a PDCCH monitoring offset of og slots, by
monitoringS otPeriodicityAndOffset or by monitoringS otPeriodicityAndOffset-r17

a PDCCH monitoring pattern within a dlot, indicating first symbol(s) of the CORESET for PDCCH monitoring
within each slot where the UE monitors PDCCH, by monitoringSymbolsWithinS ot

aduration of Ty < kg indicating a number of slots that the search space set s exists by duration, or a number of
dlots in consecutive groups of slots where the search space set s can exist by duration-r17

abitmap, by monitoringSotswithinSotGroup, that applies per group of slots and provides a PDCCH monitoring
pattern indicating slotsin a group of slots for PDCCH monitoring

- asizeof the group of dotsis same as a size of monitoringSotsWithinSotGroup

- foraTypel-PDCCH CSS set provided by ra-SearchSpace in dedicated RRC signaling, or for a Type3-
PDCCH CSS set, or for a USS set, the PDCCH monitoring pattern indicates only consecutive slotsin the
group of slots for PDCCH monitoring and, at least for one combination (X, Y;) indicated by the UE asa
capability, a number of the consecutive slots is not larger than Y

anumber of PDCCH candidates MS(L) per CCE aggregation level L by aggregationLevel1, aggregationLevel 2,
aggregationLevel4, aggregationLevel 8, and aggregationLevel 16, for CCE aggregation level 1, CCE aggregation
level 2, CCE aggregation level 4, CCE aggregation level 8, and CCE aggregation level 16, respectively

an indication that search space set s is either a CSS set or a USS set by searchSpaceType
if search space set s isa CSS set

- anindication by dci-Format0-0-AndFormat1-0 to monitor PDCCH candidates for DCI format 0_0 and DCI
format 1 0

- anindication by dci-Format2-0 to monitor one or two PDCCH candidates, or to monitor one PDCCH
candidate per RB set if the UE is provided freqMonitorLocations for the search space set, for DCI format 2_0
and a corresponding CCE aggregation level

- anindication by dci-Format2-1 to monitor PDCCH candidates for DCI format 2_1
- anindication by dci-Format2-2 to monitor PDCCH candidates for DCI format 2_2
- anindication by dci-Format2-3 to monitor PDCCH candidates for DCI format 2_3
- anindication by dci-Format2-4 to monitor PDCCH candidates for DCI format 2_4
- anindication by dci-Format2-6 to monitor PDCCH candidates for DCI format 2_6
- anindication by dci-Format4-0 to monitor PDCCH candidates for DCI format 4_0

- anindication by dci-Format4-1, or dci-Format4-2, or dci-Format4-1-AndFormat4-2 to monitor PDCCH
candidates for DCI format 4 1, or DCI format 4_2, or for both DCI format 4 1 and DCI format 4_2,
respectively

a search space set index by searchSpacelinking for another search space set that islinked to search space set s

if search space set s isaUSS set, an indication by dci-Formats to monitor PDCCH candidates either for DCI
format 0_0 and DCI format 1_0, or for DCI format 0_1 and DCI format 1_1, or an indication by dci-FormatsExt
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to monitor PDCCH candidates for DCI format 0_2 and DCI format 1_2, or for DCI format 0_1, DCI format 1_1,
DCI format 0_2, and DCI format 1 2, or an indication by dci-FormatsSL to monitor PDCCH candidates for DCI
format 0_0 and DCI format 1_0, or for DCI format 0_1 and DCI format 1_1, or for DCI format 3_0O, or for DCI
format 3_1, or for DCI format 3_0 and DCI format 3_1

- abitmap by fregqMonitorLocations, if provided, to indicate an index of one or more RB sets for the search space
set s, where the MSB k in the bitmap correspondsto RB set k — 1 inthe DL BWP. For RB set k indicated in the
bitmap, the first PRB of the frequency domain monitoring location confined within the RB set is given by
RBY 8, + Ngiset, where RByy o, is the index of first common RB of the RB set k [6, TS 38.214], and

S
NZffset is provided by rb-Offset or Ng&*et = 0 if rb-Offset is not provided. For each RB set with a corresponding
value of 1 in the bitmap, the frequency domain resource allocation pattern for the monitoring location is
determined based on the first NSi¢ o o bits in frequencyDomainResources provided by the associated
CORESET configuration.

If the monitoringSymbolsWithinS ot indicates to a UE to monitor PDCCH in a subset of up to three consecutive symbols
that are same in every slot where the UE monitors PDCCH for all search space sets, the UE does not expect to be
configured with aPDCCH SCS other than 15 kHz if the subset includes at least one symbol after the third symbol.

A UE does not expect to be provided afirst symbol and a number of consecutive symbols for a CORESET that results
to a PDCCH candidate mapping to symbols of different dots.

A UE does not expect any two PDCCH monitoring occasions on an active DL BWP, for a same search space set or for
different search space sets, in a same CORESET to be separated by a non-zero number of symbolsthat is smaller than
the CORESET duration.

A UE determines a PDCCH monitoring occasion on an active DL BWP from the PDCCH monitoring periodicity, the
PDCCH monitoring offset, and the PDCCH monitoring pattern within aslot. For search space set s, the UE determines
that PDCCH monitoring occasions exist in a ot with number ngf P [4, TS38.211] in aframe with number n; if (n,

NITamedty nf - - o) modkg = 0. If monitoringSlotsWithinSotGroup is provided, the slot is the first slot in a group of

slot
dlots and PDCCH monitoring occasions exist in the group of slots. The UE monitors PDCCH candidates for search
space set s for T, consecutive slots, starting from dot n* ., and does not monitor PDCCH candidates for search space set

s.f?
s for the next k; — T, consecutive dots.

A USS at CCE aggregation level L € {1, 2,4, 8, 16} is defined by a set of PDCCH candidates for CCE aggregation level
L.

If aUE is configured with CrossCarrier SchedulingConfig for a serving cell the carrier indicator field value corresponds
to the value indicated by CrossCarrier SchedulingConfig.

For an active DL BWP of a serving cell on which a UE monitors PDCCH candidatesin a USS, if the UE is not
configured with a carrier indicator field, the UE monitors the PDCCH candidates without carrier indicator field. For an
active DL BWP of a serving cell on which a UE monitors PDCCH candidatesin aUSS, if aUE is configured with a
carrier indicator field, the UE monitors the PDCCH candidates with carrier indicator field.

A UE does not expect to monitor PDCCH candidates on an active DL BWP of a secondary cell if the UE is configured
to monitor PDCCH candidates with carrier indicator field corresponding to that secondary cell in another serving cell.
For the active DL BWP of a serving cell on which the UE monitors PDCCH candidates, the UE monitors PDCCH
candidates at least for the same serving cell.

For a search space set s associated with CORESET p, the CCE indexes for aggregation level L corresponding to
PDCCH candidate m~)  of the search space setin dot ngf P for an active DL BWP of a serving cell corresponding to

sncr
carrier indicator field value n¢,; are given by
L
m§,ﬁc, * Necep
L- Yp o ) S
Tsf L-M

s,max

+ nC1> mod lNCCE,p/LJ} +1i

where

for any CSS, Yp.nﬁff =0,
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foraUss, v, = (4, - Yp‘ng’f_l) modD, Y,,_, = ngyry % 0, A, = 39827 for pmod3 = 0, A, = 39829 for
pmod3 =1, A, = 39839 for pmod3 = 2,and D = 65537,

i=0,L—1;
Ne¢cg,p iSthe number of CCEs, numbered from 0to N¢cg,, — 1, in CORESET p and, if any, per RB set;

ne; isthe carrier indicator field value if the UE is configured with a carrier indicator field by
CrossCarrier SchedulingConfig for the serving cell on which PDCCH is monitored; otherwise, including for any CSS,
nCI = 0,

mg_ﬁza =0, Ms(,Ln)c, — 1, where Ms(,Ln)c, is the number of PDCCH candidates the UE is configured to monitor for

aggregation level L of asearch space set s for aserving cell corresponding to n;

for any CSS, M%), = Mgf,);
for auss, ML), isthe maximum of M{-)

sme; Over al configured ng; values for a CCE aggregation level L of search
space set s ;

the RNTI value used for ngy isthe C-RNTI.

For search space sets s; and s; that include searchSpaceLinking with value s; and s;, respectively, a UE monitors, in
monitoring occasions with same index according to each of search space sets s; and s; inaslot, PDCCH candidates

& o and mg)n o Withm(®) = mgf)n ., for detection of a DCI format with same information. The UE expects k, =

ks;, 05, = 05, Ts, = Ty, MS(iL) = MS(;), and a same number of non-overlapping PDCCH monitoring occasions per slot
based on corresponding monitoringSymbolsWithinSot, for search space sets s; and s;. For CORESET p; associated with
the search space set s; and for CORESET p; associated with the search space set s;, the UE is provided tci-
PresentInDCI or tci-PresentDCI-1-2 for either none or both of CORESETs p; and p;. For CORESET p; associated with
the search space set s; and for CORESET p; associated with the search space set s;, the UE is either not provided
coresetPoolIndex value of 1 for any of the two CORESETS, or is provided coresetPool Index value of 1 for both
CORESETS.

m

A UE can indicate by countLinkedCandidates a capability for counting PDCCH candidates mgf; o and mgf)n o, Sither as
2 PDCCH candidates or as 3 PDCCH candidates.

For search space sets s;, s;, si, and s;, that include searchSpaceLinking with values s;, s;, s, and sy, respectively, aUE

expects to simultaneously monitor PDCCH candidates m(>), . = mgj)nm, andm{S) =ms. onlyif afirst CCE

of m® orm!®  hasdifferent index than afirst CCE of m{'® orm{*®) inaCORESET configured with cce-

Sincr SjncI SkMNCI2 SLNCI,2

REG-MappingType = 'noninterleaved' and with duration of one symbol.
If aUE
- isprovided monitoringCapabilityConfig = r 16monitoringcapability for a downlink cell,

- isprovided, by searchSpaceLinking, for search space sets s; and s; on the downlink cell respective values s; and
Siy and

- indicates three-BDfor SSsetLinking

the UE counts each PDCCH candidate for the one of the search space sets s; and s; that the UE monitors PDCCH in the
later span, astwo PDCCH candidates. The UE does not expect afirst PDCCH candidate from search space set s; or s;
and a second PDCCH candidate from a search space set s, that does not include searchSpacelinking to use a same set
of CCEs and same scrambling in a same CORESET, and provide respective first and second DCI formats with same
size, in any span other than the first spanin aslot.

A UE does not expect to be provided freqMonitorLocations for a search space set s in a serving cell if
intraCellGuardBandsDL-List indicates that no intra-cell guard-bands are configured for the serving cell.

A UE that
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- isconfigured for operation with carrier aggregation, and

- indicates support of search space sharing through searchSpaceSharingCA-UL or through
searchSpaceSharingCA-DL, and

- hasaPDCCH candidate with CCE aggregation level L in CORESET p associated with search space set s; for
detection of afirst DCI format, other than DCI format 0_0 or DCI format 1_0, having afirst size and scheduling

- PUSCH transmission or configured grant Type 2 PUSCH release on serving cell n; ,, or

- PDSCH reception or having associated HARQ-ACK information without scheduling PDSCH reception on
serving cell ngy,

can receive a corresponding PDCCH through a PDCCH candidate with CCE aggregation level L in CORESET p
associated with search space set s; for detection of asecond DCI format having a second size and associated with
scheduling on serving cell ne, , if the first size and the second size are same and if neither of search space sets s; and s;
includes searchSpacel.inking.

A UE expects to monitor PDCCH candidates for up to 4 sizes of DCI formats that include up to 3 sizes of DCI formats
with CRC scrambled by C-RNTI per serving cell. The UE counts a number of sizes for DCI formats per serving cell
based on a number of configured PDCCH candidates in respective search space sets for the corresponding active DL
BWP.

A UE does not expect to detect, in a same PDCCH monitoring occasion, a DCI format with CRC scrambled by a Sl-
RNTI, RA-RNTI, MsgB-RNTI, TC-RNTI, P-RNTI, C-RNTI, CS-RNTI, MCS-RNTI, MCCH-RNTI, G-RNTI, or G-
CS-RNTI and aDCI format with CRC scrambled by a SL-RNTI or a SL-CS-RNTI for scheduling respective PDSCH
reception and PSSCH transmission on a same serving cell.

A PDCCH candidate with index mg)n ¢, for asearch space set s; using aset of L CCEsina CORESET p on the active
DL BWP for serving cell n; isnot counted for monitoring if thereisa PDCCH candidate with index m® fora

Sincr
(L (L)

search space set s; < s;, or if thereisa PDCCH candidate with index nsj‘)n o, and N ey < mg)n v Inthe CORESET p

on the active DL BWP for serving cell n;; using a same set of L CCEs, the PDCCH candidates have identical
scrambling, and the corresponding DCI formats for the PDCCH candidates have a same size; otherwise, the PDCCH
candidate with index mgf)n ., Is counted for monitoring.
For search space sets s; and s; that include searchSpaceLinking with values s; and s;, and for search space set s, that
does not include searchSpacelinking, when a UE

- monitors PDCCH candidates mglm = mgL.)n for detection of afirst DCI format,

v , jCr1
- monitors PDCCH candidate m**’

sner, TOF detection of asecond DCI format having a same size as the first DCI
format,

- the PDCCH candidate m'*). | or the PDCCH candidate m'~, , and the PDCCH candidate m'*), . have

Sipncr’ Sjncr1’ SKNCI2
identical scrambling and use a same set of CCEs over same symbolsinasot in a CORESET p,
the PDCCH candidate m* is not counted for monitoring and the UE assumes that a detected DCI format is the first

SknCl2

DCI format. A UE may monitor PDCCH candidate m® depending on a corresponding capability [16, TS 38.306].

SpNCI2

For search space sets s; and s; that include searchSpaceLinking with values s; and s;, and for search space set s, that
does not include searchSpacel.inking, when a UE
- monitors PDCCH candidates mgf’; o1 = mgj’),, c1, for detection of afirst DCI format and monitors PDCCH
(16) _ _ (16)

sincrr — UUSpncr for

candidate mgiﬁ,z <1, fOr detection of asecond DCI format, or monitors PDCCH candidates m

detection of the first DCI format and monitors PDCCH candidate mgi)n ¢1 fOr detection of the second DCI
format, and
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- one of the PDCCH candidates mf?l o, and mf)n , and the PDCCH candidate m§16,3 , or one of the PDCCH
2] f jCcr1 k" CI,2
candidates m*®_  and m{*®_ . and the PDCCH candidate m'® | have afirst CCE with same index and are

Sinci1 Sjncr1’ Spncr2’
simultaneously monitored in a CORESET p with cce-REG-MappingType = 'nonlnterleaved' and duration of one
symbol,

the UE assumes that a detected DCI format is the first DCI format.

For search space sets s;, s;, sk, and s; that include searchSpacelinking with values s;, s;, s;, and s, respectively, and
for detection of DCI formats with same size, a UE expects different CCEs or different scrambling in a CORESET p for

any of first PDCCH candidatesm;), , . and mg)n o Withm = mgf)n ¢4+ @d any of second PDCCH candidates
M, admis,  withm,  =m{), that the UE would simultaneously monitor.

max,slot,u

Table 10.1-2 provides the maximum number of monitored PDCCH candidates, Mpp ¢y
BWP with SCS configuration u for operation with asingle serving cell.

, per dot foraUE inaDL

Table 10.1-2: Maximum number Mmsslote of monitored PDCCH candidates per slot for a DL BWP
with SCS configuration u € {0,1, 2,3} for a single serving cell

n Maximum number of monitored PDCCH candidates per slot and per serving cell M;,",;lgéﬁ"t’"
0 44
1 36
2 22
3 20

Table 10.1-2A provides the maximum number of monitored PDCCH candidates, Mpiasa™* | per span for aUE in aDL
BWP with SCS configuration y for operation with asingle serving cell.

Table 10.1-2A: Maximum number MR XY1 ot monitored PDCCH candidates in a span for
combination (X,Y) for a DL BWP with SCS configuration u € {0, 1} for a single serving cell

Maximum number M X # of monitored PDCCH
candidates per span for combination (X,¥) and per

serving cell
I 2.2 (4,3) (7, 3)
0 14 28 44
1 12 24 36

Table 10.1-2B provides the maximum number of monitored PDCCH candidates, Mpaeas™, per group of X slots for
combination (X, Y;) for aUE inaDL BWP with SCS configuration u for operation with asingle serving cell.

Table 10.1-2B: Maximum number Mpsa%s* of monitored PDCCH candidates per group of X; slots for
combination (X,,Y,) for a DL BWP with SCS configuration u € {5,6} for a single serving cell

max, X1

Maximum number Mo of monitored PDCCH candidates in a
group of X, slots per combination (X, ¥,) and per serving cell

2 (4, 1) (4,2) (8. 1) (8.4)
5 20 20 - -
6 10 10 20 20

Table 10.1-3 provides the maximum number of non-overlapped CCEs, CT4st for a DL BWP with SCS
configuration u that a UE is expected to monitor corresponding PDCCH candidates per slot for operation with asingle
serving cell.

CCEsfor PDCCH candidates are non-overlapped if they correspond to
- different CORESET indexes, or
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- different first symbols for the reception of the respective PDCCH candidates.

Table 10.1-3: Maximum number Cpaaie“* of non-overlapped CCEs per slot for a DL BWP with SCS
configuration u € {0,1,2,3} for a single serving cell

[ Maximum number of non-overlapped CCEs per slot and per serving cell C';l;&sfl[m’"
0 56
1 56
2 48
3 32

Table 10.1-3A provides the maximum number of non-overlapped CCEs, Cmex ¥4 for a DL BWP with SCS
configuration u that a UE is expected to monitor corresponding PDCCH candidates per span for operation with asingle
serving cell.

Table 10.1-3A: Maximum number Coe%"# of non-overlapped CCEs in a span for combination (X, Y)
for a DL BWP with SCS configuration u € {0,1} for a single serving cell

. max,(X,Y) 1
Maximum number Cpp i~ Of non-overlapped

CCEs per span for combination (X,Y) and per

Table 10.1-3B provides the maximum number of non-overlapped CCEs, Cp

DCCH

serving cell
0 18 36 56
1 18 36 56
max,Xs,[

for aDL BWP with SCS

configuration u that a UE is expected to monitor corresponding PDCCH candidates per group of X, slotsfor
combination (X, Y;) for operation with asingle serving cell.

Table 10.1-3B: Maximum number Chaa¥s* of non-overlapped CCEs in a group of X slots for any
combination (X,,Y,) for a DL BWP with SCS configuration u € {5,6} for a single serving cell

Maximum number of non-overlapped CCEs in a group of X, slots
per combination (X, ¥,) and per serving cell CpaorsH
I (4,1) (4,2) (8, 1) (8,.4)
5 32 32 - -
6 16 16 32 32

If aUE
- does not report pdcch-BlindDetectionCA or is not provided BDFactorR, y = R

- reports pdech-BlindDetectionCA, the UE can be indicated by BDFactorR either y = 1 ory = R

If aUE is configured with chh'sl,lo + chh‘;fl downlink cells for which the UE is not provided

monitoringCapabilityConfig, or is provided monitoringCapabilityConfig = r 15monitoringcapability and is not provided
CORESETPoolIndex, with associated PDCCH candidates monitored in the active DL BWPs of the scheduling cells
using SCS configuration u where ¥3_o (Nt + v - Nojy) < N&ab, the UE is ot required to monitor, on the active

cells,0
DL BWPs of the scheduling cells,

total,slot,u __ max,slot,u . total,slot,u __ ,~max,slot,u
- morethan Mppely © = Mppeen . PDCCH candidates or more than Cppyeéy L Copeen + Non-overlapped
N

CCEs per dlot for each scheduled cell when the scheduling cell isfrom the N, downlink cells, or

- morethan M2 =y - MD2S9%" PDCCH candidates or more than Cpoc ™ = y - Co2¥So% non-
overlapped CCEs per sot for each scheduled cell when the scheduling cell isfrom the Nih';fl downlink cells

- more than M{2%3°* PDCCH candidates or more than Y3 non-overlapped CCEs per slot for CORESETs
with same coresetPool Index value for each scheduled cell when the scheduling cell is from the N, downlink
cells
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NEP. isreplaced by Nh2, if aUE is configured with downlink cells for which the UE is provided both
monitoringCapabilityConfig = r 15monitoringcapability and monitoringCapabilityConfig = r 16monitoringcapability.

If aUE

- isconfigured with N, DWE 4 NPVE - downlink cells for which the UE is not provided monitoringCapabilityConfig,

cells,0 cells,1

or is provided monitoringCapabilityConfig = r15monitoringcapability and is not provided coresetPool I ndex,

- with associated PDCCH candidates monitored in the active DL BWPs of the scheduling cell(s) using SCS
: : DL, DL,
configuration u, where 3.3 _o(Negit + ¥ - Negit'y) > Neoh, and
- aDL BWP of an activated cell isthe active DL BWP of the activated cell, and a DL BWP of a deactivated cell is
the DL BWP with index provided by firstActiveDownlinkBWP-1d for the deactivated cell,

total,dot,u __

. . . cap max,slot, i
the UE is not required to monitor more than Mpy oy = [Nce”S “Mppeen »
total dlot,u _

(NCDe,Llﬁo +y- NCDe,Llﬁl /Z?ZO(NDLJO +y- NchLl’il | PDCCH candidates or more than Cppeay - =

cells,

Ci max,slot, DL, DL, DL,j DL,j .
|NGhs - Crocen - - (Nogito +7 - Nce||§1)/213=o(N Lo+ 7 - Negi2,) | non-overlapped CCEs per slot on the active

cells,
DL BWP(s) of scheduling cell(s) from the N2ji¥, + N2j¥, downlink cells. N, is replaced by N2 if aUE is
configured with downlink cells for which the UE is provided both monitoringCapabilityConfig =
r15monitoringcapability and monitoringCapabilityConfig = r16monitoringcapability.
For each scheduled cell from the N°1# downlink cells, the UE is not required to monitor on the active DL BWP with

cells,0

SCS configuration u of the scheduling cell more than min (Mo, MI24.S%*) PDCCH candidates or more than
min(CRasSot# XA S%) non-overlapped CCEs per slot.

For each scheduled cell from the N22“ downlink cells, the UE is not required to monitor on the active DL BWP with

cells, 1

SCS configuration u of the scheduling cell

- more than min(y - MESH, ME22%#) PDCCH candidates or more than min(y - Crasa®, CA8%) non-
overlapped CCEs per slot

- more than min(Mpaeast, Mgasoh) PDCCH candidates or more than min(CoaessH, C3%4) non-
overlapped CCEs per dot for CORESET s with same coresetPool | ndex value

If aUE is configured with Nih‘irl ¢ downlink cells for which the UE is provided monitoringCapabilityConfig =

r16monitoringcapability and with associated PDCCH candidates monitored in the active DL BWPs of the scheduling

cells using SCS configuration i, and with Nih’g’fg’” of the Nih'srlé downlink cells using combination (X, Y) for

PDCCH monitoring, where Y.\, N, PLu < N8 the UE is not required to monitor, on the active DL BWP of the

cells,r16 — "“cells
total, X.Y).u __ total,(X,Y),u __ Cmax,(X,Y),/A

scheduling cell, more than Mpp ey = Mn]gaé(’c(g’Y)’” PDCCH candidates or morethan Cppoci - = Copeels

non-overlapped CCEs per span for each scheduled cell when the scheduling cell is from the Ngﬁ'g'fg'” downlink cells.

If aUE is configured with downlink cells for which the UE is provided both monitoringCapabilityConfig =
r 15monitoringcapability and monitoringCapabilityConfig = r16monitoringcapability, N<"*°

cells

cap-rl6

is replaced by Ncells,r16'

If aUE is configured only with N DL downlink cells for which the UE is provided monitoringCapabilityConfig =

cells,;ri6

r16monitoringcapability and with associated PDCCH candidates monitored in the active DL BWPs of the scheduling

cells using SCS configuration i, and with Nih’g’fg’” of the Nih'srlé downlink cells using combination (X, Y) for

PDCCH monitoring, where ¥1_  N2:* > NP1 3 DL BWP of an activated cell isthe active DL BWP of the

cells,ri6 cells

activated cell, and aDL BWP of a deactivated cell isthe DL BWP with index provided by firstActiveDownlinkBWP-Id

for the deactivated cell, the UE is not required to monitor more than Mymaro 7 = | NP6 ek
DL,(X,Y),1 1 DL,j . total,(X,Y),u __ cap-rlé max,(X,Y),u
Ncells,r16 /Zj=0 Ncells,rlGJ PDCCH candidates or more than CPDCCH - lNcells ) CPDCCH )

DL,(X,Y),u 1 DL,j
Ncells,r16 /Zj=0 Ncells,rlGJ non—overlapped CCEs
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- per set of spans on the active DL BWP(s) of all scheduling cell(s) from the N, PLEVM qownlink cells within

cells,ri6
DLXY)p

every X symbols, if the union of PDCCH monitoring occasions on all scheduling cells fromthe N ;') ¢

downlink cells results to PDCCH monitoring according to the combination (X,Y) and any pair of spansin the set
iswithin' Y symbols, where first X symbols start at a first symbol with a PDCCH monitoring occasion and next X
symbols start at a first symbol with a PDCCH monitoring occasion that is not included in the first X symbols

- per set of spans across the active DL BWP(s) of al scheduling cells from the N DL XY).1

cellsr1e downlink cells, with at
most one span per scheduling cell for each set of spans, otherwise

where N2 isanumber of confi gured cells with associated PDCCH candidates monitored in the active DL BWPs

cells,r16
of the scheduling cells using SCS configuration j. If a UE is configured with downlink cells for which the UE is
provided both monitoringCapabilityConfig = r15monitoringcapability and monitoringCapabilityConfig =
ri6monitoringcapability, N> is replaced by Nogb 2.

For each scheduled cell from the Nihfifé” downlink cells using combination (X, Y), the UE is not required to monitor

on the active DL BWP with SCS configuration u of the scheduling cell, more than min(MffDaé"c(ﬁ'Y)‘” , MLk )

PDCCH candidates or more than min(C:;)ag‘c(:{(‘Y)'#, Cpoat ek ) non-overlapped CCES per span.

A UE does not expect to be configured CSS sets, except for CSS sets provided by searchSpaceBroadcast or by
searchSpace-Multicast, that result to corresponding total, or per scheduled cell, numbers of monitored PDCCH
candidates and non-overlapped CCEs per slot, per group of X, slotsfor a corresponding combination (X, Y;), or per
span that exceed the corresponding maximum numbers per slot, or per group of X, slots for a corresponding
combination (X, Y), or per span, respectively.

For same cell scheduling or for cross-carrier scheduling, a UE does not expect a number of PDCCH candidates, and a
number of corresponding non-overlapped CCEs per slot, or per group of X sots for a corresponding combination
(X,,Ys), or per span, on a secondary cell to be larger than the corresponding numbers that the UE is capable of
monitoring on the secondary cell per dot, or per group of X, slots for a corresponding combination (X, Y;), or per span,
respectively. If aUE is provided monitoringCapabilityConfig = r16monitoringcapability for the primary cell, except the
first span of each dot, the UE does hot expect a number of PDCCH candidates and a number of corresponding non-
overlapped CCEs per span on the primary cell to be larger than the corresponding numbers that the UE is capable of
monitoring on the primary cell per span.

If aUE is configured with NPLE  downlink cells with SCS configuration u € {5, 6} in the active DL BWPs of the

cells,r17
. . DL,Xs,u DLu
scheduling cells, and with N ¢ 71 of the Negjic .,

cells,r17 downlink cells using any combination (X;, Ys) for agroup of X
slots for PDCCH monitoring, where ¥5_, Noy¥ . - < NP7, the UE is not required to monitor, on the active DL

cells,r17 — “Vcells
BWP of the scheduling cell, more than Myoaes® = Mp2Xs# PDCCH candidates or more than Coai* = CoeXsh
non-overlapped CCEs per group of X, slots for each scheduled cell when the scheduling cell isfrom the Nih’f}'{;

downlink cells. If the UE is configured with downlink cells for which the UE is provided monitoringCapabilityConfig =
r15monitoringcapability and downlink cells for which the UE is provided monitoringCapabilityConfig =

ri7monitoringcapability for the active DL BWPs, N5 is replaced by NS0 s+ I the UE is configured with

downlink cells for which the UE is provided monitoringCapabilityConfig = r16monitoringcapability and downlink cells
for which the UE is provided monitoringCapabilityConfig = r 17monitoringcapability for the active DL BWPs, N2>

cells
is replaced by N7 6. If the UE is configured with downlink cells for which the UE is provided
monitoringCapabilityConfig = r15monitoringcapability and monitoringCapabilityConfig = r 16monitoringcapability

and downlink cells with SCS configuration u € {5, 6} for the active DL BWPs, Ny isreplaced by N7 15,16,

If aUE is configured Nih’é‘_m downlink cells with monitoringCapabilityConfig = r17monitoringcapability for the

active DL BWPs of the scheduling cells, and with N 2%, of the Nyt ., downlink cells using any combination

(X,, Y,) for agroup of X, slotsfor PDCCH monitoring, where $5_¢ Ny - > NP7 aDL BWP of an activated cell

cells,r17 cells
isthe active DL BWP of the activated cell, and a DL BWP of a deactivated cell isthe DL BWP with index provided by
firstActiveDownlinkBWP-1d for the deactivated cell, the UE is not required to monitor more than Myiaeist =
-r17 X, DL,X;, DL,j - total,Xs,u __ -r17 X,
N Mppecn™ Ncells,rf7/216=5Ncellé,r17J PDCCH candidates, or more than Cppccy™ = [Ne * Copecn -

Nyt /¥8_o Newi? ., | non-overlapped CCEs, per group of X; slots on the active DL BWP(s) of scheduling cell(s)

cells,r17
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from the No>s#;, downlink cells where Noyi? . is anumber of configured cells with associated PDCCH candidates

monitored in the active DL BWPs of the scheduling cells using SCS configuration j. If the UE is configured Nih’é‘_m
downlink cells for which the UE is provided both monitoringCapabilityConfig = r15monitoringcapability or
monitoringCapabilityConfig = r16monitoringcapability, and monitoringCapabilityConfig = r17monitoringcapability for
the active DL BWP' NcC:l}l)s-rU is repl aced by Ncceal}ljs-,rrll';/rls’ or by Ncceal}ljs-,rrll';/r16’ or by Ncceaﬁ)s-,l;llz/{rls,rlé}’ respectively, and

total, Xg,u __ cap-rl7 max,Xs, i1 DL,Xs,u 6 DL,j total,Xs,u __ cap-r17 max,Xg,U
MPDCCH - Ncells, ref MPDCCH Ncells,r17/zj=0 Ncells,r17J ’ CPDCCH - lNcells,ref CPDCCH

DL,Xs,u 6 DL,j cap-rl7 cap-rl7 cap-rl7 cap-rl7 :
Ncells,r17/zj=0 Ncells,r17J’ and Ncells,ref is one of Ncells,r17/r15’ Ncells,r17/r16' or Ncells,r17/{r15,r16}' respectlvel Y.

For each scheduled cell from the Nih’f}'{; downlink cells using any combination (X, ;) for agroup of X; slots, the UE

is not required to monitor on the active DL BWP with SCS configuration u of the scheduling cell, more than

. max,Xg, i1 total Xg,u . . max,Xg,u ~total Xg,u
min(Mppeer™, Mppecs ) PDCCH candidates or more than min(Cpneer™ Copecr ) Non-overlapped CCEs per

group of X, dots.

For cross-carrier scheduling, the number of PDCCH candidates for monitoring and the number of non-overlapped CCEs
per span or per slot or per group of X, slots are separately counted for each scheduled cell.

The UE allocates PDCCH candidates for monitoring to USS sets for the primary cell having an active DL BWP with
SCS configuration ¢ in aslot if the UE is not provided monitoringCapabilityConfig for the primary cell or if the UE is
provided monitoringCapabilityConfig = r15monitoringcapability for the primary cell, or in the first span of each dot if
the UE is provided monitoringCapabilityConfig = r16monitoringcapability for the primary cell, or in agroup of X, dots
for a corresponding combination (X, Y;) if the UE is provided monitoringCapabilityConfig = r17monitoringcapability
for the primary cell, according to the following pseudocode.

If for the USS sets for scheduling on the primary cell the UE is not provided coresetPoolIndex for first CORESETS, or
is provided coresetPoolIndex with value O for first CORESETS, and is provided coresetPool Index with value 1 for

second CORESETS, and if min(y - Mpeasi®™, MEs0%) > min( Mpso®, My or min(y -

Cpassiouit | LSO > min(CaeasiotH, @S, the following pseudocode applies only to USS sets associated with
thefirst CORESETSs. A UE does not expect to monitor PDCCH in a USS set without allocated PDCCH candidates for
monitoring.

In the following pseudocode, if the UE is provided monitoringCapabilityConfig = r16monitoringcapability for the

. max,slot,j max,slot, it max,(X,Y),n max,(X,Y),n . total,slot,p
primary cell, Mppeoy  and Cppecy -~ arereplaced by Moy ™ and Cppeoy - respectively, and Mooy d
total,slot,u total,(X,Y),1 total,(X,Y),1

Cppeen  arereplaced by Mppocy” ™ and Cppeeyy  respectively.

In the following pseudocode, if the UE is provided monitoringCapabilityConfig = r17monitoringcapability for the

. max,slot,p max,slot,pt max,Xg, 1t max,Xg, 1t . total,slot,t
primary cell, Mppeoy  and Cppecy -~ arereplaced by Mo and Cppoyy respectively, and My d
total,slot,u total,Xg,1 total, Xg,p

Cppeen  arereplaced by Mppcy™ and Cppecy respectively.

For all search space sets that a UE monitors PDCCH on the primary cell within aslot n, or within agroup of X, slots for
a corresponding combination (X, Y;), or within aspan in slot n, denote by S, a set of CSS sets, except for CSS sets
provided by searchSpaceBroadcast or by searchSpace-Multicast, with cardinality of 1., and by S, aset of USS sets
and CSS sets provided by searchSpaceBroadcast or by searchSpace-Multicast with cardinality of /s for scheduling on
the primary cell. The location of search space sets s;, 0 < j < J,ss, iN Syss IS according to an ascending order of the
search space set index.

Denote by Méﬁs)s(i)’ 0 <i< I, the number of counted PDCCH candidates for monitoring for CSS set S, (i) and by
(L
M

Suss()? 0 =T < Juss: the number of counted PDCCH candidates for monitoring for search space set S5 (j). If aUE
indicates three-BDfor SSsetLinking and is provided for search space set s;, by searchSpaceLinking, a search space set s;
withs; < s;, st M o =2-M" . if s ands; are CSSsetsor set M(Y o =2-M(P . if s; and s; are USS sets.
For the CSS sets in S5, @ UE monitors Mificey = 15 %, My~ PDCCH candidates requiring atotal of CSicu
non-overlapping CCEsin adot, of in group of X, slots for a corresponding combination (X;, Yy), or in aspan.

Denote by Ve (Suss () the set of non-overlapping CCEs for search space set Sy () and by ¢(Vece(Suss (7)) ); the
cardinality of Vecg(Syuss(J)) where a UE determines the non-overlapping CCEs for search space set S, (j) considering
the allocated PDCCH candidates for monitoring for the CSS setsin S, and the allocated PDCCH candidates for
monitoring for all search space sets S, (k), 0 < k <.
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uss max,slot,u total,slot,u CcSS
Set MpSeen = min(Mppcon ™ Mppean ) — Msbecn
uss . max,slot,u ~total,slot,u css
Set Cppecn = mm(CPDCCH »Ceoccn ) — Cpbecn
Setj =0
(L) ss ss
while X, Mg ;) < MiSecn AND A(Vece(Suss (1)) < Checn

alocate ), MS(EZS ¢jy PDCCH candidates for monitoring to search space set S5 (j)

L .
Mppecn = Mpdecn — 21 éguzs(l)’

Cll;]gSCCH - PDSCCH 67(VCCE(SUSS (1)))
j=i+ 1
end while
If aUE
- isconfigured for single cell operation or for operation with carrier aggregation in a same frequency band, and

- monitors PDCCH candidates in overlapping PDCCH monitoring occasionsin multiple CORESETs that have
been configured with same or different qcl-Type set to ‘typeD' properties on active DL BWP(s) of one or more
cells

the UE monitors PDCCHs only in a CORESET, and in any other CORESET from the multiple CORESET s that have
been configured with qcl-Type set to same 'typeD' properties as the CORESET, on the active DL BWP of acell from
the one or more cells

- the CORESET correspondsto the CSS set with the lowest index in the cell with the lowest index containing
CSS, if any; otherwise, to the USS set with the lowest index in the cell with lowest index

- thelowest USS set index is determined over all USS setswith at least one PDCCH candidate in overlapping
PDCCH monitoring occasions

If aUE
- isconfigured for single cell operation or for operation with carrier aggregation in a same frequency band,

- monitors PDCCH candidates in overlapping PDCCH monitoring occasions in multiple CORESET s that have
been configured with same or different qcl-Type set to ‘typeD' properties on active DL BWP(s) of one or more
cells, and

- isprovided two-QCLTypeDfor PDCCHRepetition

the UE monitors PDCCHs only in afirst CORESET with qcl-Type set to first 'typeD’ properties and, if any, in a second
CORESET with gcl-Type set to second 'typeD' properties that are different than the first ‘typeD' properties, and in any
other CORESET from the multiple CORESET s with corresponding qcl-Type set to the first 'typeD’ properties and/or to
the second 'typeD' properties

- thefirst CORESET corresponds to the CSS set with the lowest index in the cell with the lowest index containing
CSS sets, if any; otherwise, to the USS set with the lowest index in the cell with lowest index

- excluding CSS sets and USS sets associated with CORESET s with qgcl-Type set to first ‘typeD' properties, the
second CORESET corresponds to the CSS set with the lowest index in the cell with the lowest index containing
CSS sets; if any; otherwise, to the USS set with the lowest index in the cell with lowest index, where the CSS set
or the USS set includes searchSpacelLinking with a value indicating, respectively, any CSS set or any USS set
associated with CORESETs with qcl-Type set to first 'typeD' properties

- thelowest USS set index is determined over al USS sets with at least one PDCCH candidate in overlapping
PDCCH monitoring occasions

If aUE
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- isconfigured for single cell operation or for operation with carrier aggregation in a same frequency band,

- monitors PDCCH candidates in overlapping PDCCH monitoring occasions in multiple CORESET s that have
been configured with same or different qcl-Type set to ‘typeD' properties on active DL BWP(s) of one or more
cells,

- one or more CORESET s have two activated TCI states, and
- reports twoTypeDcapabilityname

the UE monitors PDCCHs only in a CORESET with afirst qcl-Type set to first ‘typeD’ properties and, if any, a second
qcl-Type set to second 'typeD' properties that are different than the first ‘typeD' properties, and in any other CORESET
from the multiple CORESET s with corresponding qcl-Type set to the first 'typeD' properties or to the second ‘typeD’
properties

- the CORESET correspondsto the CSS set with the lowest index in the cell with the lowest index containing
CSS, if any; otherwise, to the USS set with the lowest index in the cell with lowest index

- thelowest USS set index is determined over all USS setswith at least one PDCCH candidate in overlapping
PDCCH monitoring occasions

For the purpose of determining the CORESET, a SS/PBCH block is considered to have different QCL 'typeD' properties
than a CSI-RS.

For the purpose of determining the CORESET, afirst CSI-RS associated with a SS/PBCH block in afirst cell and a
second CSI-RSin asecond cell that is aso associated with the SS/PBCH block are assumed to have same QCL ‘typeD’
properties.

The allocation of non-overlapping CCEs and of PDCCH candidates for PDCCH monitoring is according to all search
space sets associated with the multiple CORESET s on the active DL BWP(S) of the one or more cells.

The number of active TCI statesis determined from the multiple CORESETSs.
If aUE
- isconfigured for single cell operation or for operation with carrier aggregation in a same frequency band, and

- monitors PDCCH candidates in overlapping PDCCH monitoring occasions in multiple CORESETs where none
of the CORESET s has T ClI-states configured with qcl-Type set to 'typeD’,

the UE isrequired to monitor PDCCH candidates in overlapping PDCCH monitoring occasions for search space sets
associated with different CORESETS.

For a scheduled cell and at any time, if a UE is provided a C-RNTI, the UE expects to have received at most 16
PDCCHsfor DCI formats with CRC scrambled by C-RNTI, CS-RNTI, MCS-C-RNTI, G-RNTI for multicast, or G-CS-
RNTI scheduling 16 PDSCH receptions for which the UE has not received any corresponding PDSCH symbol and at
most 16 PDCCHs for DCI formats with CRC scrambled by C-RNTI, CS-RNTI, or MCS-C-RNTI scheduling 16
PUSCH transmissions for which the UE has not transmitted any corresponding PUSCH symbol.

If a UE is not provided monitoringCapabilityConfig = r 16monitoringcapability for any serving cell, and

- isnot configured for NR-DC operation and indicates through pdcch-BlindDetectionCA a capability to monitor
PDCCH candidates for N-5P > 4 downlink cells and the UE is configured with N2L . > 4 downlink cells or

cells cells

N > 4 uplink cells, or

- isconfigured with NR-DC operation and for a cell group with N2% . downlink cells or N2k uplink cells

the UE expects to have respectively received at most 16 - N2> PDCCHs for

cells

- DCI formats with CRC scrambled by a C-RNTI, or aCS-RNTI, or aMCS-C-RNTI scheduling 16 - N3P

cells
PDSCH receptions for which the UE has not received any corresponding PDSCH symbol over all N2k
downlink cells
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- DCI formats with CRC scrambled by a C-RNTI, or aCS-RNTI, or aMCS-C-RNTI scheduling 16 - N3P

cells
PUSCH transmissions for which the UE has not transmitted any corresponding PUSCH symbol over all N2k
uplink cells

If a UE is provided monitoringCapabilityConfig = r 16monitoringcapability for all serving cells, and

- isnot configured for NR-DC operation and indicates through pdcch-MonitoringCA a capability to monitor
PDCCH candidates for N°%?~"*® > 2 downlink cells and the UE is configured with N2k > 2 downlink cells or

cells cells

N > 2 uplink cells, or

ells

- isconfigured with NR-DC operation and for a cell group with N2% . downlink cells or N2k uplink cells

the UE expects to have respectively received at most 16 - N°% """ PDCCHs for

cells

- DCI formats with CRC scrambled by a C-RNTI, or aCS-RNTI, or aMCS-C-RNTI scheduling 16 - NE2P7716

cells
PDSCH receptions for which the UE has not received any corresponding PDSCH symbol over all N2k
downlink cells

- DCI formats with CRC scrambled by a C-RNTI, or aCS-RNTI, or aMCS-C-RNTI scheduling 16 - NE2P7716

cells
PUSCH transmissions for which the UE has not transmitted any corresponding PUSCH symbol over all N2k,
uplink cells.

If aUE is provided monitoringCapabilityConfig = ri6monitoringcapability for at least one serving cell and is not
provided monitoringCapabilityConfig = r 16monitoringcapability for at least one serving cell, and

- isnot configured for NR-DC operation, and indicates a capability to monitor PDCCH candidates for N2 716 >

cells,rl5 =

1 downlink cellsand N 7* > 1 downlink cells, and the UE is configured with N2%; > 1 downlink cells or

NUE > 1 uplink cells, or

cells

- isconfigured with NR-DC operation and for a cell group with N2% . downlink cells or N2k uplink cells

the UE expects to have respectively received

- atmost 16 - NS%~"16 pDCCHs for DCI formats with CRC scrambled by a C-RNTI, or aCS-RNTI, or aMCS-

cells,r15

C-RNTI scheduling 16 - N%?~"1¢ PDSCH receptions for which the UE has not received any corresponding

cells,r15
PDSCH symbol over all serving cells that are not provided monitoringCapabilityConfig =
r16monitoringcapability

- atmost 16 - NS%~"16 pDCCHs for DCI formats with CRC scrambled by a C-RNTI, or aCS-RNTI, or aMCS-

cells,r15

C-RNTI scheduling 16 - N°%""1¢ PUSCH transmissions for which the UE has not transmitted any

cells,r15
corresponding PUSCH symbol over al serving cellsthat are not provided monitoringCapabilityConfig =
r16monitoringcapability

- atmost 16 - N°%~71% pDCCHs for DCI formats with CRC scrambled by a C-RNTI, or aCS-RNTI, or aMCS-

cells,r16

C-RNTI scheduling 16 - N°%"71¢ PDSCH receptions for which the UE has not received any corresponding

cells,r16

PDSCH symbol over all serving cells that are provided monitoringCapabilityConfig = r16monitoringcapability

- atmost 16 - NS%~71% pDCCHs for DCI formats with CRC scrambled by a C-RNTI, or aCS-RNTI, or aMCS-

cells,r16

C-RNTI scheduling 16 - N°%"71¢ PUSCH transmissions for which the UE has not transmitted any

cells,r16
corresponding PUSCH symbol over all serving cells that are provided monitoringCapabilityConfig =
ri16monitoringcapability

If aUE is provided serving cells with SCS configuration u € {5, 6} for the active DL BWP, is not configured for NR-
DC operation and indicates through pdcch-MonitoringCA a capability to monitor PDCCH candidates for NP7 > 4

cells

downlink cells and the UE is configured with N2k > 4 downlink cells or Nk > 4 uplink cells, the UE expects to

cells c

have respectively received at most 16 - N-2~"*7 PDCCHs for

cells

- DCI formats with CRC scrambled by a C-RNTI, or aCS-RNTI, or aMCS-C-RNTI scheduling 16 - N 22~

cells

PDSCH receptions for which the UE has not received any corresponding PDSCH symbol over all N2k
downlink cells
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- DCI formats with CRC scrambled by a C-RNTI, or aCS-RNTI, or aMCS-C-RNTI scheduling 16 - N 22~

cells
PUSCH transmissions for which the UE has not transmitted any corresponding PUSCH symbol over al N2
uplink cells.

If a UE is provided monitoringCapabilityConfig = r 17monitoringcapability for at least one serving cell, is provided
monitoringCapabilityConfig = r15monitoringcapability for at least one serving cell, is not provided
monitoringCapabilityConfig = r16monitoringcapability for any serving cell, is not configured for NR-DC operation,

indicates a capability to monitor PDCCH candidates for Negl 17s .y, = 1 downlink cellsand Neghe 117 s = 1

downlink cells, and UE is configured with N2% . > 1 downlink cell or N2k > 1 uplink cells, the UE expects to have
respectively received

- amost 16 - NS "7, |, PDCCHSs for DCI formats with CRC scrambled by aC-RNTI, or aCS-RNTI, or a
MCS-C-RNTI scheduling 16 - N°%?~"7 _ PDSCH receptions for which the UE has not received any

cells,r15/r17
corresponding PDSCH symbol over al serving cellsthat are provided monitoringCapabilityConfig =
r15monitoringcapability

- amost 16 - NS "7, |, PDCCHSs for DCI formats with CRC scrambled by aC-RNTI, or aCS-RNTI, or a
MCS-C-RNTI scheduling 16 - N°%~"17  PUSCH transmissions for which the UE has not transmitted any

cells,r15/r17
corresponding PUSCH symbol over al serving cellsthat are provided monitoringCapabilityConfig =
r15monitoringcapability

- amost 16 - NS "« PDCCHSs for DCI formats with CRC scrambled by aC-RNTI, or aCS-RNTI, or a
MCS-C-RNTI scheduling 16 - N°%?~"17  PDSCH receptions for which the UE has not received any

cells,r17/r15
corresponding PDSCH symbol over al serving cells with monitoringCapabilityConfig =
r17monitoringcapability

- amost 16 - NS "« PDCCHSs for DCI formats with CRC scrambled by aC-RNTI, or aCS-RNTI, or a
MCS-C-RNTI scheduling 16 - N°®?~"'7 _ PUSCH transmissions for which the UE has not transmitted any

cells,r17/r15
corresponding PUSCH symbol over al serving cells with monitoringCapabilityConfig =
r17monitoringcapability

If aUE is provided monitoringCapabilityConfig = r 17monitoringcapability for at least one serving cell, is provided
monitoringCapabilityConfig = r16monitoringcapability for at least one serving cell, is not provided
monitoringCapabilityConfig = r15monitoringcapability for any serving cell, is not configured for NR-DC operation,

indicates a capability to monitor PDCCH candidates for Negl [1e .y, = 1 downlink cellsand Nl 117 06 = 1

downlink cells, and the UE is configured with N2}, > 1 downlink cellsor N2k > 1 uplink cells

cells

the UE expects to have respectively received

- atmost 16+ N " ,, PDCCHs for DCI formats with CRC scrambled by a C-RNTI, or aCS-RNTI, or a
MCS-C-RNTI scheduling 16 - N°*?"'7 _ PDSCH receptions for which the UE has not received any

cells,r16/r17
corresponding PDSCH symbol over al serving cells that are provided monitoringCapabilityConfig =
r16monitoringcapability

- atmost 16 - N ,, PDCCHs for DCI formats with CRC scrambled by a C-RNTI, or aCS-RNTI, or a
MCS-C-RNTI scheduling 16 - N°®?~"'7 _ PUSCH transmissions for which the UE has not transmitted any

cells,r16/r17
corresponding PUSCH symbol over all serving cells that are provided monitoringCapabilityConfig =
r16monitoringcapability

- atmost 16+ N\, o PDCCHs for DCI formats with CRC scrambled by a C-RNTI, or aCS-RNTI, or a
MCS-C-RNTI scheduling 16 - N°*?"%7  PDSCH receptions for which the UE has not received any

cells,r17/r16
corresponding PDSCH symbol over all serving cells with monitoringCapabilityConfig =
r17monitoringcapability
- atmost 16+ N\, o PDCCHs for DCI formats with CRC scrambled by a C-RNTI, or aCS-RNTI, or a
MCS-C-RNTI scheduling 16 - N7 PUSCH transmissions for which the UE has not transmitted any

cells,r17/r16
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corresponding PUSCH symbol over all serving cells with monitoringCapabilityConfig =
r17monitoringcapability

If a UE is provided monitoringCapabilityConfig = r17monitoringcapability for at least one serving cell, is provided
monitoringCapabilityConfig = r16monitoringcapability for at least one serving cell, and monitoringCapabilityConfig =
r15monitoringcapability for at least one serving cell, is not configured for NR-DC operation, indicates a capability to
monitor PDCCH candidates for Nogi "1 16 17, = 1 downlink cells, NGt 70> 1, and Negpe T e = 1

downlink cells, and is configured with N2k > 1 downlink cellsor N3k, > 1 uplink cells

the UE expects to have respectively received

- atmost 16 - N ' 1617 PDCCHs for DCI formats with CRC scrambled by a C-RNTI, or aCS-RNTI, or a

MCS-C-RNTI scheduling 16 - Ny 76,17, PDSCH receptions for which the UE has not received any
corresponding PDSCH symbol over all serving cells that are provided monitoringCapabilityConfig =
r15monitoringcapability

- atmost 16 - N '\ 1617 PDCCHs for DCI formats with CRC scrambled by a C-RNTI, or aCS-RNTI, or a

MCS-C-RNTI scheduling 16  Negjps 1 1617, PUSCH transmissions for which the UE has not transmitted any

corresponding PUSCH symbol over all serving cells that are provided monitoringCapabilityConfig =
r15monitoringcapability
- atmost 16 - N '\ o151, PDCCHs for DCI formats with CRC scrambled by a C-RNTI, or aCS-RNTI, or a

MCS-C-RNTI scheduling 16 - Ny Tie 1 17, PDSCH receptions for which the UE has not received any

corresponding PDSCH symbol over all serving cells that are provided monitoringCapabilityConfig =
r16monitoringcapability
- atmost 16 - N ' o151, PDCCHs for DCI formats with CRC scrambled by a C-RNTI, or aCS-RNTI, or a

MCS-C-RNTI scheduling 16 - Negjps T 1 17, PUSCH transmissions for which the UE has not transmitted any

corresponding PUSCH symbol over all serving cells that are provided monitoringCapabilityConfig =
r16monitoringcapability
- atmost 16 - N\ 16717 PDCCHs for DCI formats with CRC scrambled by a C-RNTI, or aCS-RNTI, or a

MCS-C-RNTI scheduling 16 - Ny 7 6,17, PDSCH receptions for which the UE has not received any
corresponding PDSCH symbol over all serving cells with monitoringCapabilityConfig =
r17monitoringcapability

- atmost 16 - N\ 016717 PDCCHs for DCI formats with CRC scrambled by a C-RNTI, or aCS-RNTI, or a

MCS-C-RNTI scheduling 16 - N°%?7"%7 PUSCH transmissions for which the UE has not transmitted any

cells,r17 /{r16,r17}
corresponding PUSCH symbol over all serving cells with monitoringCapabilityConfig =
r17monitoringcapability

If aUE

- isconfigured to monitor afirst PDCCH candidate for aDCI format 0_0 and aDCI format 1_0 from a CSS set
and asecond PDCCH candidate for aDCI format 0_0 and aDCI format 1 0 from a USS set, where the CSS set
and the USS set do not include searchSpacelLinking, in a CORESET with index zero on an active DL BWP, and

- the DCI formats 0_0/1_0 associated with the first PDCCH candidate and the DCI formats 0_0/1_0 associated
with the second PDCCH candidate have same size, and

- the UE receives the first PDCCH candidate and the second PDCCH candidate over a same set of CCEs, and
- thefirst PDCCH candidate and the second PDCCH candidate have identical scrambling, and

- the DCI formats 0_0/1_0 for the first PDCCH candidate and the DCI formats 0_0/1_0 for the second PDCCH
candidate have CRC scrambled by either C-RNTI, or MCS-C-RNTI, or CS-RNTI

the UE decodes only the DCI formats 0_0/1_0 associated with the first PDCCH candidate.

If a UE detects a DCI format with inconsistent information, the UE discards all the information in the DCI format.
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A UE configured with a bandwidth part indicator in a DCI format determines, in case of an active DL BWP or of an
active UL BWP change, that the information in the DCI format is applicable to the new active DL BWP or UL BWP,
respectively, as described in clause 12.

For unpaired spectrum operation, if aUE is not configured for PUSCH/PUCCH transmission on serving cell ¢,, the UE
does not expect to monitor PDCCH on serving cell ¢, if the PDCCH overlapsin time with SRS transmission (including
any interruption due to uplink or downlink RF retuning time [10, TS 38.133]) on serving cell ¢, and if the UE is not
capable of simultaneous reception and transmission on serving cell ¢;and serving cell ¢,.

If aUE is provided resourceBlocks and symbol slnResourceBlock in RateMatchPattern of PDSCH-Config, or if the UE
is additionally provided periodicityAndPattern in RateMatchPattern of PDSCH-Config, the UE can determine a set of
RBsin symbols of adot that are not available for PDSCH reception scheduled by a unicast DCI format as described in
[6, TS 38.214]. If aPDCCH candidate that provides a unicast DCI format is mapped to one or more REs that overlap
with REs of any RB in the set of RBsin symbols of the slot, the UE does not expect to monitor the PDCCH candidate.

If aUE is provided resourceBlocks and symbol sl nResourceBlock in RateMatchPattern of PDSCH-Config-Multicast, or
if the UE is additionally provided periodicityAndPattern in RateMatchPattern of PDSCH-Config-Multicast, the UE can
determine a set of RBsin symbols of a slot that are not available for PDSCH reception scheduled by a multicast DCI
format. If aPDCCH candidate that provides a multicast DCI format is mapped to one or more REs that overlap with
REs of any RB in the set of RBsin symbols of the slot, the UE does not expect to monitor the PDCCH candidate.

A UE does not expect to be configured with dci-FormatsSL and dci-FormatsExt in a same USS.

10.1.1 Self-carrier and cross-carrier scheduling on the primary cell

A UE can be configured for scheduling on the primary cell from the primary cell and from a secondary cell [12, TS
38.331]. The UE is either not provided monitoringCapabilityConfig or the UE is provided only
monitoringCapabilityConfig = r15monitoringcapability for the primary cell and for the secondary cell. The UE is not
provided coresetPoollndex on the primary cell or on the secondary cell.

The SCS configuration u, for the active DL BWP on the primary cell is smaller than or equal to the SCS configuration
us for the active DL BWP on the secondary cell.

For the remaining of this clause, either the secondary cell is activated and the active DL BWP is not a dormant DL
BWHP for a UE, or the UE does not indicate a capability [16, TS 36.306] for disabling a that is provided by ccs-
BlindDetectionSplit; otherwise, procedures described in the remaining of this clause are not applicable for the UE and
the procedures are as described in clause 10.1.

If up < s, the UE determines MinecS™” and CRRESTF, and determines Msa g™ and Crag e, by including the
primary cell only in the N downlink cellsin Y.3_o(Noui2o + ¥ - Nogie1), as described in clause 10.1. If pp = g =
. the UE determines M;"Dt?:'gﬁt"‘ and Copesa ™ by including the primary cell once in the N g% downlink cellsin

2 o(Ngwizo +7 - Nogit, ), @ described in clause 10.1.
For scheduling on the primary cell from the primary cell, the UE is not required to monitor more than
@ - min(Mpsote, moEset4P) | PDCCH candidates per slot or more than |« - min( a7, Ci2a5°%) | non-
overlapping CCEs per slot on the active DL BWP of the primary cell, where « is provided by ccs-BlindDetectionSplit.

For scheduling on the primary cell from the secondary cell, the UE is not required to monitor on the active DL BWP of
the secondary cell more than

- MESONS PDCCH candidates per slot or more than Coree™™S non-overlapping CCEs per slot of the active DL
BWP of the secondary cell

. max,slot,up total,slot,up . . max,slot,up total,slot,up .
- mm(MPDCCIH ,MPDICClH —|a mm(MPDClCH ,MPID?CH )] PDCCH candidates per slot or more than
. max,slot,up totalslot,up — max,slot,up ~totalslotup ~ . .
min(Copccy *r Coneen ) = L - min(Copcey”™”, Conce " )| non-overlapping CCEs per slot of the active
DL BWP of the primary cell

If up < ug, the UE does not count PDCCH candidates and non-overlapping CCEs that the UE monitors for scheduling
on the primary cell from the secondary cell towards Mo ®*#S and Cioaisi®Hs, respectively.
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If up < ug, the UE counts PDCCH candidates and non-overlapping CCEs that the UE monitors for scheduling on the
primary cell from the secondary cell towards Myec,” " and Croees 7, respectively.

For alocation of PDCCH candidates and non-overlapping CCEsto search space sets for scheduling on the primary cell
from the primary cell, the UE applies the procedure in clause 10.1 using |a - min( Mpessiot, M@0t | instead of

. max,slot,u total,slot,u : " max,slot,u ~total,slot,u\| : . max,slot,u ~total,slot,u
m?n(MPDCCH ,Mppecn’™), and using |a - min(Cpeey™, Copecyr )| instead of min(Cppeey’™, Copecn” ) for the
primary cell.

10.2 PDCCH validation for DL SPS and UL grant Type 2

A UE validates, for scheduling activation or scheduling release, a DL SPS assignment PDCCH or a configured UL
grant Type 2 PDCCH if

- the CRC of acorresponding DCI format is scrambled with a CS-RNTI provided by cs-RNTI or a G-CS-RNTI
provided by g-cs-RNTI, and

- thenew dataindicator field in the DCI format for the enabled transport block is set to '0', and
- the DFI flag field, if present, in the DCI format is set to ‘0", and
- thetime domain resource assignment field in the DCI format indicates arow with single SL1V, and

- if validationis for scheduling activation and if the PDSCH-to-HARQ _feedback timing indicator field in the DCI
format is present, the PDSCH-to-HARQ_feedback timing indicator field does not provide an inapplicable value
from dI-DataToUL-ACK-r16.

If aUE is provided asingle configuration for UL grant Type 2 PUSCH or for SPS PDSCH, validation of the DCI
format is achieved if all fields for the DCI format are set according to Table 10.2-1 or Table 10.2-2.

If aUE is provided more than one configuration for UL grant Type 2 PUSCH or for SPS PDSCH, avalue of the HARQ
process number field in aDCI format indicates an activation for a corresponding UL grant Type 2 PUSCH or for a SPS
PDSCH configuration with a same value as provided by ConfiguredGrantConfiglndex or by sps-Configlndex,
respectively. Validation of the DCI format is achieved if the RV field for the DCI format is set asin Table 10.2-3.

If aUE is provided more than one configuration for UL grant Type 2 PUSCH or for SPS PDSCH

- if the UE is provided ConfiguredGrantConfigType2DeactivationStatelList or sps-ConfigDeactivationStateList, a
value of the HARQ process number field in a DCI format indicates a corresponding entry for scheduling release
of one or more UL grant Type 2 PUSCH or SPS PDSCH configurations

- if the UE is not provided ConfiguredGrantConfigType2DeactivationStateList or sps-
ConfigDeactivationStateList, a value of the HARQ process number field in a DCI format indicates arelease for a
corresponding UL grant Type 2 PUSCH or for a SPS PDSCH configuration with a same value as provided by
ConfiguredGrantConfiglndex or by sps-Configlndex, respectively

Validation of the DCI format is achieved if al fields for the DCI format are set according to Table 10.2-4.

If validation is achieved, the UE considers the information in the DCI format as a valid activation or valid release of DL
SPS or configured UL grant Type 2. If validation is not achieved, the UE discards al the information in the DCI format.

Table 10.2-1: Special fields for single DL SPS or single UL grant Type 2 scheduling activation PDCCH
validation when a UE is provided a single SPS PDSCH or UL grant Type 2 configuration in the active
DL/UL BWP of the scheduled cell

DCI format 0_0/0_1/0_2 | DCl format 1_0/1_2/4_1 DCl format 1_1/4_2
HARQ process number setto all '0's setto all '0's setto all '0's
. i~ . For the enabled transport block:
Redundancy version setto all '0's set to all '0's set to all '0's

ETSI



3GPP TS 38.213 version 17.1.0 Release 17 159 ETSI TS 138 213 V17.1.0 (2022-05)

Table 10.2-2: Special fields for single DL SPS or single UL grant Type 2 scheduling release PDCCH
validation when a UE is provided a single SPS PDSCH or UL grant Type 2 configuration in the active
DL/UL BWP of the scheduled cell

DCI format

DCI format 0_0/0_1/0_2 1.0 1/1 2/4 1/4 2
HARQ process number setto all '0's setto all '0's
Redundancy version setto all '0's setto all'0's
Modulation and coding scheme settoall'l's settoall'l's

set to all '0's for FDRA
Type 2 with u =1

set to all '0's for FDRA
Type 0 or for
dynamicSwitch
setto all '1's for FDRA
Type 1

Frequency domain resource
assignment

set to all '1's, otherwise

Table 10.2-3: Special fields for a single DL SPS or single UL grant Type 2 scheduling activation
PDCCH validation when a UE is provided multiple DL SPS or UL grant Type 2 configurations in the
active DL/UL BWP of the scheduled cell

DCl format 0_0/0_1/0_2 | DClformat 1_0/1_2/4_1 DClformat 1_1/4_2
For the enabled transport block:

setto all '0's

Redundancy version setto all '0's

setto all '0's

Table 10.2-4: Special fields for a single or multiple DL SPS and UL grant Type 2 scheduling release
PDCCH validation when a UE is provided multiple DL SPS or UL grant Type 2 configurations in the
active DL/UL BWP of the scheduled cell

DCI format

DCI format 0_0/0_1/0_2 1.0/1 11 2/4 1/4 2
Redundancy version setto all '0's setto all '0's
Modulation and coding scheme settoall'l's settoall'l's

set to all '0's for FDRA
Type 2 with u =1

set to all '0's for FDRA Type 0 or

. . for dynamicSwitch
Frequency domain resource assignment

set to all '1's, otherwise | setto all'l's for FDRA Type 1

A UE is expected to provide HARQ-ACK information in response to a SPS PDSCH release after N symbols from the
last symbol of a PDCCH providing the SPS PDSCH release. If processingType2Enabled of PDSCH-ServingCellConfig
is set to enable for the serving cell with the PDCCH providing the SPS PDSCH release, N = 5 for u = 0, N = 5.5 for
u=1,and N = 11 for u = 2, otherwise, N = 10foruy =0, N = 12foru=1,N =22 foru =2, N = 25 for u = 3,
N =100 for u = 5,and N = 200 for 4 = 6, wherein u corresponds to the smallest SCS configuration between the
SCS configuration of the PDCCH providing the SPS PDSCH release and the SCS configuration of a PUCCH carrying
the HARQ-ACK information in response to a SPS PDSCH release.

10.2A PDCCH validation for SL configured grant Type 2

A UE validates, for scheduling activation or scheduling release, a SL configured grant Type 2 PDCCH if
- the CRC of acorresponding DCI format 3_0 is scrambled with a SL-CS-RNTI provided by 9-CS-RNTI, and
- thenew dataindicator field in the DCI format 3_0 for the enabled transport block is set to '0°

Validation of the DCI format 3_0is achieved if all fields for the DCI format 3_0 are set according to Table 10.2A-1 or
Table 10.2A-2.

If validation is achieved, the UE considers the information in the DCI format 3_0 asavalid activation or valid release
of SL configured grant Type 2. If validation is not achieved, the UE discards all the information in the DCI format 3 0.
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Table 10.2A-1: Special fields for SL configured grant Type 2 scheduling activation PDCCH validation

DCI format 3 0
HARQ process number setto al '0's

Table 10.2A-2: Special fields for SL configured grant Type 2 scheduling release PDCCH validation

DCI format 3 0
HARQ process humber sttoal'ls
Frequency resource assignment wttoal '
(if present)

10.3  PDCCH monitoring indication and dormancy/non-dormancy

behaviour for SCells

A UE configured with DRX mode operation [11, TS 38.321] can be provided the following for detection of a DCI
format 2_6 in a PDCCH reception on the PCell or on the SpCell [12, TS 38.331]

aPS-RNTI for DCI format 2_6 by ps-RNTI

anumber of search space sets, by dci-Format2-6, to monitor PDCCH for detection of DCI format 2_6 on the
active DL BWP of the PCell or of the SpCell according to a common search space as described in clause 10.1

apayload size for DCI format 2_6 by sizeDCI-2-6
alocationin DCI format 2_6 of a Wake-up indication bit by ps-PositionDCI-2-6

- a'0 valuefor the Wake-up indication bit, when reported to higher layers, indicates to not start the drx-
onDurationTimer for the next long DRX cycle[11, TS 38.321]

- a'l vauefor the Wake-up indication bit, when reported to higher layers, indicates to start the drx-
onDurationTimer for the next long DRX cycle[11, TS 38.321]

abitmap, when the UE is provided a number of groups of configured SCells by
dormancyGroupOutsideActiveTime, where

- thebitmap location isimmediately after the Wake-up indication bit location

- thebitmap size is equa to the number of groups of configured SCells where each bit of the bitmap
corresponds to a group of configured SCells from the number of groups of configured SCells

- a'0 vauefor ahit of the bitmap indicates an active DL BWP, provided by dormantBWP-1d, for the UE [11,
TS38.321] for each activated SCell in the corresponding group of configured SCells

- a'l'vauefor abit of the bitmap indicates

- anactive DL BWP, provided by firstOutsideActiveTimeBWP-Id, for the UE for each activated SCell in
the corresponding group of configured SCells, if a current active DL BWP is the dormant DL BWP

- acurrent active DL BWP, for the UE for each activated SCell in the corresponding group of configured
SCells, if the current active DL BWP is not the dormant DL BWP

the UE setsthe active DL BWP to the indicated active DL BWP

an offset by ps-Offset indicating atime, where the UE starts monitoring PDCCH for detection of DCI format 2_6
according to the number of search space sets, prior to a slot where the drx-onDurationTimer would start on the
PCell or on the SpCell [11, TS 38.321]

- for each search space set, the PDCCH monitoring occasions are the onesin the first T slots indicated by
duration, or T, = 1 dot if duration is not provided, starting from the first slot of the first T slots and ending
prior to the start of drx-onDurationTimer.
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On PDCCH monitoring occasions associated with a same long DRX Cycle, a UE does not expect to detect more than
one DCI format 2_6 with different values of the Wake-up indication bit for the UE or with different values of the
bitmap for the UE.

The UE does not monitor PDCCH for detecting DCI format 2_6 during Active Time [11, TS 38.321].

If a UE reports for an active DL BWP a MinTimeGap value that is X dots prior to the beginning of a slot where the UE
would start the drx-onDurationTimer, the UE is not required to monitor PDCCH for detection of DCI format 2_6 during
the X dlots, where X corresponds to the MinTimeGap val ue of the SCS of the active DL BWP in Table 10.3-1.

Table 10.3-1 Minimum time gap value X

Minimum Time Gap X (slots)
SEB {(HE) Value 1 Value 2

15 1 3

30 1 6

60 1 12
120 2 24
480 8 96
960 16 192

If aUE is provided search space sets to monitor PDCCH for detection of DCI format 2_6 in the active DL BWP of the
PCeéll or of the SpCell and the UE detects DCI format 2_6, the physical layer of a UE reports the value of the Wake-up
indication bit for the UE to higher layers[11, TS 38.321] for the next long DRX cycle.

If aUE is provided search space sets to monitor PDCCH for detection of DCI format 2_6 in the active DL BWP of the
PCell or of the SpCell and the UE does not detect DCI format 2_6, the physical layer of the UE does not report avalue
of the Wake-up indication bit to higher layers for the next long DRX cycle.

If aUE is provided search space sets to monitor PDCCH for detection of DCI format 2_6 in the active DL BWP of the
PCell or of the SpCell and the UE

- isnot required to monitor PDCCH for detection of DCI format 2_6, as described in clauses 10, 11.1, 12, and in
clause 5.7 of [11, TS 38.321] for all corresponding PDCCH monitoring occasions outside Active Time prior to a
next long DRX cycle, or

- does not have any PDCCH monitoring occasions for detection of DCI format 2_6 outside Active Time of a next
long DRX cycle

the physical layer of the UE reports avalue of 1 for the Wake-up indication bit to higher layers for the next long DRX
cycle.

If aUE is provided search space setsto monitor PDCCH for detection of DCI format 0_1 and DCI format 1_1 and if
one or both of DCI format 0_1 and DCI format 1 1 include a SCell dormancy indication field,

- the SCell dormancy indication field is a bitmap with size equal to a number of groups of configured SCells,
provided by dormancyGroupWithinActiveTime,

- each bit of the bitmap corresponds to a group of configured SCells from the number of groups of configured
Scells

- if the UE detectsa DCI format O_1 or aDCI format 1 1 that does not include a carrier indicator field, or detects
aDCI format 0_1 or DCI format 1_1 that includes a carrier indicator field with value equal to 0, and if the DCI
format 0_1 does not indicate UL grant Type 2 release nor deactivate semi-persistent CSl report(s) on PUSCH, or
if the DCI format 1_1 does not indicate SPS PDSCH release

- a'0' vauefor abit of the bitmap indicates an active DL BWP, provided by dormantBWP-1d, for the UE for
each activated SCéll in the corresponding group of configured SCells

- a'l'vauefor abit of the bitmap indicates

- anactive DL BWP, provided by firstWithinActiveTimeBWP-1d, for the UE for each activated SCell in the
corresponding group of configured SCells, if a current active DL BWP is the dormant DL BWP
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- acurrent active DL BWP, for the UE for each activated SCell in the corresponding group of configured
SCells, if the current active DL BWP is not the dormant DL BWP
- the UE setsthe active DL BWP to the indicated active DL BWP
If aUE is provided search space sets to monitor PDCCH for detection of DCI format 1 1, and if
- the CRC of DCI format 1_1 isscrambled by a C-RNTI or aMCS-C-RNTI, and if
- aone-shot HARQ-ACK reguest field is not present or hasa'0' value, and if

- the UE detectsa DCI format 1_1 on the primary cell that does not include a carrier indicator field, or detects a
DCI format 1 1 onthe primary cell that includes a carrier indicator field with value equal to 0, and if

- resourceAllocation = resourceAllocationTypeO and al bits of the frequency domain resource assignment field in
DCI format 1_1 are equal to O, or

- resourceAllocation = resourceAllocationTypel and al bits of the frequency domain resource assignment field in
DCI format 1_1 areequal to 1, or

- resourceAllocation = dynamicSwitch and all bits of the frequency domain resource assignment field in DCI
format 1_1areequaltoOor 1

the UE considersthe DCI format 1_1 asindicating SCell dormancy, not scheduling a PDSCH reception, and for
transport block 1 interprets the sequence of fields of

- modulation and coding scheme
- new dataindicator
- redundancy version
and of
- HARQ process number
- antennaport(s)
- DMRS sequenceinitialization
as providing a bitmap to each configured SCell, in an ascending order of the SCell index, where

- a'0' vauefor abit of the bitmap indicates an active DL BWP, provided by dormantBWP-1d, for the UE for a
corresponding activated SCell

- a'l'vauefor ahit of the bitmap indicates

- anactive DL BWP, provided by firstWithinActiveTimeBWP-1d, for the UE for a corresponding activated
SCell, if acurrent active DL BWP isthe dormant DL BWP

- acurrent active DL BWP, for the UE for a corresponding activated SCell, if the current active DL BWP is
not the dormant DL BWP

- the UE setsthe active DL BWP to the indicated active DL BWP

If an active DL BWP provided by dormantBWP-Id for a UE on an activated SCell is not a default DL BWP for the UE
on the activated SCell, as described in clause 12, the BWP inactivity timer is not used for transitioning from the active
DL BWP provided by dormantBWP-Id to the default DL BWP on the activated SCell.

A UE is expected to provide HARQ-ACK information in response to a detection of aDCI format 1_1 indicating SCell
dormancy after N symbols from the last symbol of aPDCCH providing the DCI format 1_1. If
processingType2Enabled of PDSCH-ServingCellConfig is set to enable for the serving cell with the PDCCH providing
theDCl formatl 1, N=7foru=0,N =7.5foru=1,and N = 15 for u = 2; otherwise, N = 14 foru =0, N =
16foruy=1,N=27foru=2,N=31foru=3,N =124 foru =5, and = 248 for u = 6, where u isthe smallest
SCS configuration between the SCS configuration of the PDCCH providing the DCI format 1_1 and the SCS
configuration of a PUCCH with the HARQ-ACK information in response to the detection of the DCI format 1_1.
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10.4  Search space set group switching and skipping of PDCCH

monitoring

A UE can be provided a group index for arespective Type3-PDCCH CSS set or USS set by searchSpaceGroupldList
for PDCCH monitoring on a serving cell. If the UE is not provided searchSpaceGroupldList for a search space set, the
following procedures are not applicable for PDCCH monitoring according to the search space set.

If aUE is provided cellGroupsFor SwitchList, indicating one or more groups of serving cells, the following procedures
apply to all serving cells within each group; otherwise, the following procedures apply only to a serving cell for which
the UE is provided searchSpaceGroupl dList.

When a UE is provided searchSpaceGroupldList, the UE resets PDCCH monitoring according to search space sets with
group index O, if provided by searchSpaceGroupldList.

A UE can be provided by searchSpaceSwitchDelay a number of symbols Pg,,;¢., Where aminimum value of Pg;¢cp IS
provided in Table 10.4-1 for UE processing capability 1 and UE processing capability 2 and SCS configuration u. UE
processing capability 1 for SCS configuration u applies unless the UE indicates support for UE processing capability 2.

Table 10.4-1: Minimum value of Pg,,;;cn [Symbols]

Minimum Pgyiicn Value for Minimum Pgyicn Value for
Rl uE processing capability 1 [symbols] | UE processing capability 2 [symbols]
0 25 10
1 25 12
2 25 22
3 40 -
5 160 -
6 320 -

A UE can be provided, by searchSpaceSwitchTimer, atimer value for a serving cell that the UE is provided
searchSpaceGroupldList or, if provided, for a set of serving cells provided by cell GroupsFor SwitchList. The UE
decrements the timer value by one after each slot based on areference SCS configuration that is the smallest SCS
configuration p among all configured DL BWPs in the serving cell, or in the set of serving cells. The UE maintains the
reference SCS configuration during the timer decrement procedure.

If aUE is provided by SearchSpaceSwitchTrigger alocation of a search space set group switching flag field ina DCI
format 2_0, asdescribed in clause 11.1.1, for a serving cell where the UE has active DL BWP with SCS configuration u

- if the UE detectsa DCI format 2_0 and a value of the search space set group switching flag field in the DCI
format 2_0is0, the UE starts monitoring PDCCH according to search space sets with group index 0, and stops
monitoring PDCCH according to search space sets with group index 1, for the serving cell

- at the beginning of the first dot that is at least Ps,,;:., Symbols after the last symbol of the PDCCH with the
DCI format 2 Owhenu € {0,1, 2,3}

- at the beginning of the first dot, of agroup of X dots, that isat least Pg,,;:..n Symbols after the last symbol of
the PDCCH with the DCI format 2_0 when u € {5, 6}

- if the UE detectsa DCI format 2_0 and a value of the search space set group switching flag field in the DCI
format 2_0is 1, the UE starts monitoring PDCCH according to search space sets with group index 1, and stops
monitoring PDCCH according to search space sets with group index O, for the serving cell

- at the beginning of the first slot that is at least Ps,,;+.;, Symbols after the last symbol of the PDCCH with the
DCI format 2_0, when i € {0, 1, 2, 3}

- at the beginning of the first dot, of agroup of X dots, that isat least Pg,,;:..n Symbols after the last symbol of
the PDCCH with the DCI format 2_0 when u € {5, 6}

and the UE sets the timer value to the value provided by searchSpaceSwitchTimer

- if the UE monitors PDCCH for a serving cell according to search space sets with group index 1, the UE starts
monitoring PDCCH for the serving cell according to search space sets with group index 0, and stops monitoring
PDCCH according to search space sets with group index 1, for the serving cell
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- at the beginning of the first dot that isat least Ps,,;:., Symbols after a ot where the timer expires or after a
last symbol of aremaining channel occupancy duration for the serving cell if indicated by DCI format 2_0
whenu € {0, 1, 2,3}

- at the beginning of the first dot, of agroup of X dots, that isat least Pg,,;:.n Symbols after aslot where the
timer expires or after alast symbol of aremaining channel occupancy duration for the serving cell if
indicated by DCI format 2_0 when u € {5, 6}

If aUE is not provided SearchSpaceSwitchTrigger for aserving cell,

- if the UE detects a DCI format by monitoring PDCCH according to a search space set with group index 0, the
UE starts monitoring PDCCH according to search space sets with group index 1, and stops monitoring PDCCH
according to search space sets with group index 0, for the serving cell

- at the beginning of the first dot that isat least Ps,,;:., Symbols after the last symbol of the PDCCH with the
DCI format when u € {0, 1, 2, 3},

- at the beginning of the first dot, of agroup of X dots, that isat least Pg,,;:.n Symbols after the last symbol of
the PDCCH with the DCI format when u € {5, 6}

the UE sets the timer value to the value provided by searchSpaceSwitchTimer if the UE detects a DCI format by
monitoring PDCCH in any search space set

- if the UE monitors PDCCH for a serving cell according to search space sets with group index 1, the UE starts
monitoring PDCCH for the serving cell according to search space sets with group index 0, and stops monitoring
PDCCH according to search space sets with group index 1, for the serving cell

- at the beginning of the first dlot that is at least Ps,, i+, Symbols after a slot where the timer expires or, if the
UE is provided a search space set to monitor PDCCH for detecting a DCI format 2_0, after alast symbol of a
remaining channel occupancy duration for the serving cell if indicated by DCI format 2_ 0 when u €
{Ol 1' 2’ 3}

- at the beginning of the first dot, of agroup of X dots, that isat least Pg,,;;.n Symbols after aslot where the
timer expires or, if the UE is provided a search space set to monitor PDCCH for detecting a DCI format 2_0,
after alast symbol of aremaining channel occupancy duration for the serving cell if indicated by DCI format
2 Owhenyu € {5,6}

A UE determines a dot and a symbol in the dot to start or stop PDCCH monitoring according to search space setsfor a
serving cell that the UE is provided searchSpaceGroupldList or, if cellGroupsForSwitchList is provided, for a set of
serving cells, based on the smallest SCS configuration u among al configured DL BWPsin the serving cell or in the set
of serving cells and, if any, in the serving cell where the UE receives a PDCCH and detects a corresponding DCI format
2 _0triggering the start or stop of PDCCH monitoring according to search space sets.

A UE can be provided a set of durations by PDCCHSkippingDurationList for PDCCH monitoring on an active DL
BWP of aserving cell and, if the UE is not provided searchSpaceGroupldList-r17 on the active DL BWP of the serving
cell, aDCI format 0_1 and a DCI format 0_2 that schedule PUSCH transmission, and aDCI format 1_1 and a DCI
format 1_2 that schedule PDSCH receptions can include a PDCCH monitoring adaptation field of 1 bit or of 2 bits.

If the field has 1 bit and for PDCCH monitoring by the UE according to Type3-PDCCH CSS sets or USS sets on the
active DL BWP of the serving cell

- a'0 vauefor the bit indicates no skipping in PDCCH monitoring

- a'l'vauefor the bit indicates skipping PDCCH monitoring for aduration provided by the first value in the set
of durations

If the field has 2 bits and for PDCCH monitoring by the UE according to Type3-PDCCH CSS sets or USS sets on the
active DL BWP of the serving cell

- a'00' value for the bitsindicates no skipping in PDCCH monitoring

- a'0l' value for the bits indicates skipping PDCCH monitoring for a duration provided by the first value in the set
of durations
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- a'10' value for the bits indicates skipping PDCCH monitoring for a duration provided by the second value in the
set of durations

- a'll valuefor the bitsindicates skipping PDCCH monitoring for a duration provided by the third value in the
set of durations, if any; otherwise, if the set of durations includes two values, a use of the '11' value is reserved

A UE can be provided group indexes for a Type3-PDCCH CSS set or USS set by searchSpaceGroupldList-r17 for
PDCCH monitoring on an active DL BWP of a serving cell and, if the UE is not provided PDCCH SkippingDurationList
for the active DL BWP of the serving cell, aDCI format 0_1 and aDCI format 0_2 that schedule PUSCH transmissions
and aDCI format 1_1 and aDCI format 1_2 that schedule PDSCH receptions can include a PDCCH monitoring
adaptation field of 1 bit or of 2 bitsfor the serving cell.

If the field has 1 bit and for PDCCH monitoring by the UE according to Type3-PDCCH CSS sets or USS sets on the
active DL BWP of the serving cell

- a'0' vauefor the bit indicates start of PDCCH monitoring according to search space sets with group index 0 and
stop of PDCCH monitoring according to search space sets with other group indexes, if any

- a'l'vauefor the bit indicates start of PDCCH monitoring according to search space sets with group index 1 and
stop of PDCCH monitoring according to search space sets with other group indexes, if any, and the UE setsthe
timer value to the one provided by searchSpaceSwitchTimer-r17

If the field has 2 bits and for PDCCH monitoring by the UE according to Type3-PDCCH CSS sets or USS sets on the
active DL BWP of the serving cell

- a'00 value for the bit indicates start of PDCCH monitoring according to search space sets with group index O
and stop of PDCCH monitoring according to search space sets with other group indexes, if any

- a'01 valuefor the hit indicates start of PDCCH monitoring according to search space sets with group index 1
and stop of PDCCH monitoring according to search space sets with other group indexes, if any, and the UE sets
the timer value to the one provided by searchSpaceSwitchTimer-r17

- a'l0' valuefor the hit indicates start of PDCCH monitoring according to search space sets with group index 2
and stop of PDCCH monitoring according to search space sets with other group indexes, if any, and the UE sets
the timer value to the one provided by searchSpaceSwitchTimer-r17

- a'll' vaueisreserved

A UE can be provided a set of durations by PDCCHSKippingDurationList and group indexes for a Type3-PDCCH CSS
set or USS set by searchSpaceGroupldList-r17 for PDCCH monitoring on an active DL BWP of a serving cell and, a
DCI format 0_1 and a DCI format 0_2 that schedule PUSCH transmissions, and a DCI format 1_1 and a DCI format

1 2 that schedule PDSCH receptions can include a PDCCH monitoring adaptation field of 2 bits.

If the set of durations includes one value and for PDCCH monitoring by the UE according to Type3-PDCCH CSS sets
or USS sets on the active DL BWP of the serving cell

- a'00' valuefor the bitsindicates start of PDCCH monitoring according to search space sets with group index 0
and stop of PDCCH monitoring according to search space sets with group index 1, if any

- a'01' valuefor the bitsindicates start of PDCCH monitoring according to search space sets with group index 1
and stop of PDCCH monitoring according to search space sets with group index 0, if any, and the UE setsthe
timer value to the one provided by searchSpaceSwitchTimer-r17

- a'10' valuefor the bits indicates skipping PDCCH monitoring for a duration provided by the value in the set of
durations

- a'll vaueisreserved

If the set of durations includes two values and for PDCCH monitoring by the UE according to Type3-PDCCH CSS sets
or USS sets on active DL BWP of the the serving cell

- a'00' valuefor the bitsindicates start of PDCCH monitoring according to search space sets with group index 0
and stop of PDCCH monitoring according to search space sets with group index 1, if any
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- a'0l valuefor the bitsindicates start of PDCCH monitoring according to search space sets with group index 1
and stop of PDCCH monitoring according to search space sets with group index 0, if any, and the UE setsthe
timer value to the one provided by searchSpaceSwitchTimer-r17

- a'l0' valuefor the bitsindicates skipping PDCCH monitoring for a duration provided by the first value in the set
of durations

- a'll valuefor the bitsindicates skipping PDCCH monitoring for a duration provided by the second value in the
set of durations

When the PDCCH monitoring adaptation field indicates to a UE to start PDCCH monitoring according to search space
sets with afirst group index and stop PDCCH monitoring according to search space sets with a second group index, the
UE appliesthe indication

- at the beginning of afirst slot that is at least P, ;:.;, Symbols after the last symbol of the PDCCH reception
providing the DCI format with the PDCCH monitoring adaptation field when u € {0, 1, 2, 3},

- at the beginning of afirst slot, of aslot group of X, dlots, that is at least Py, ;. Symbols after the last symbol of
the PDCCH reception providing the DCI format with the PDCCH monitoring adaptation field when u € {5, 6}

When the PDCCH monitoring adaptation field indicates to a UE to skip PDCCH monitoring for a duration on the active
DL BWP of aserving cell, the UE starts skipping of PDCCH monitoring at the beginning of afirst slot that is after the
last symbol of the PDCCH reception providing the DCI format with the PDCCH monitoring adaptation field.

If aUE is provided group indexes for a Type3-PDCCH CSS set or a USS set by searchSpaceGroupldList-r17 and a
timer value by searchSpaceSwitchTimer-r17 for PDCCH monitoring an active DL BWP of on a serving cell and the
timer is running, the UE

- resetsthe timer after adot of the active DL BWP of the serving cell if the UE detects a DCI format in a PDCCH
reception in the slot for with CRC scrambled by C-RNTI/CS-RNTI/MCS-C-RNTI

- otherwise, decrements the timer value by one after a dot of the active DL BWP of the serving cell

When the timer expiresin afirst dot, the UE monitors PDCCH on the serving cell according to search space sets with
group index O starting in a second ot that

- isnot earlier than Pg,,;:., Symbols after the first slot when u € {0, 1, 2, 33,
- isafirst dotinaslot group of X, slotsthat is not earlier than Py, ¢, Symbols after the first slot when u € {5, 6},
- isnot earlier than a slot where a PDCCH skipping duration expires, if applicable

When a UE receives

- afirst PDCCH in afirst dot that provides a DCI format with a PDCCH monitoring adaptation field having afirst
value indicating skipping PDCCH monitoring, or indicating start of PDCCH monitoring according to a search
space sets with afirst group index and stop of PDCCH monitoring according to search space sets with a second
group index, for an active DL BWP and

- asecond PDCCH that provides a DCI format with a PDCCH monitoring adaptation field having a second value
indicating skipping PDCCH monitoring, or indicating start of PDCCH monitoring according to search space sets
with afirst group index and stop of PDCCH monitoring according to search space sets with a second group
index different than the first group index, for the active DL BWP where the second PDCCH is received

- inthefirst dot if the first value indicates skipping PDCCH monitoring

- beforeadot that isat least P,,,;¢., Symbols after the first ot if the first value indicates start of PDCCH
monitoring according to search space sets with a first group index

the UE does not expect the second value to be different than the first value.

A UE does not expect to receive in a second slot a PDCCH on an active DL BWP that provides a DCI format indicating
skipping PDCCH monitoring, or start of PDCCH monitoring according to search space sets with group index 1 or 2 for
the active DL BWP, if the second dot is not at least Pg,,;..n, Symbols after afirst slot where the timer expires.
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10.4A PDCCH monitoring for early indication of paging

A UE can be provided the following for detection of a DCI format 2_7 in RRC_IDLE state or in RRC_INACTIVE state
[12, TS 38.331]

- asearch space set, by peiSearchSpace, to monitor PDCCH for detection of DCI format 2_7 according to a
Type2A-PDCCH CSS set as described in clause 10.1

- anumber of frames, by PEI-F_offset, from the start of afirst paging frame of paging frames associated with a
number of PDCCH monitoring occasions for DCI format 2_7 [17, TS 38.304] to the start of aframe

- anumber of symbols, by firstPDCCH-MonitoringOccasionOfPEI-O, from the start of the frame to the start of
the first PDCCH monitoring occasion for DCI format 2_7

- asze, by payloadSzeDCI_format2_7
- anumber of subgroups per paging occasion, N&9, by subgroupsNumPer PO

- anumber of paging occasions associated with the number of PDCCH monitoring occasions for DCI format 2_7,
NEE!, by PONumPerPEI

A paging indication field of DCI format 2_7 includes NEE! segments of K bits, where K = N&2 if N&? > 0and K =1
if N&O isnot provided. For asubgroup index isg, 0 < is; < K, a UE determines avalue for the (ip, - K + igg) bitinthe
paging indication field, where ipy = ((UE_LIDmodN) - Ns + is)modNES! is a paging occasion index, and UE_ID, N, N,
isq, and ig are defined in [17, TS 38.304]. When the valueis '1', the UE monitors a paging occasion determined
according to [17, TS 38.304]; otherwise, the UE is not required to monitor the paging occasion.

If NEE' < Ng, the number of symbols from the start of the frame to the start of the first PDCCH monitoring occasion for
DCI format 2_7 that is associated with paging occasion index ip,, isthe ([iS/N}E’(‘,“] + 1)—th value from the Ng/NEE!
values provided by firstPDCCH-MonitoringOccasi onOfPEI-O.

10.4B Indication of TRS resources

A UE in RRC_IDLE state or RRC_INACTIVE state can be provided by TRS-ResourceSetConfig a set of TRS
occasions [6, TS 38.214]. If TRS-ResourceSetConfig is provided, a DCI format 2_7, if pei SearchSpace is provided, and
aDCI format 1_0 with CRC scrambled by P-RNTI includes a TRS availability indication field [4, TS 38.212] that
provides a bitmap to groups of TRS resource sets where the configuration of each TRS resource set includes an
association to a bit of the bitmap. The UE can be additionally provided a multiple, by validityDuration, for a number of
frames provided by defaultPagingCycle for TRS resource sets with indicated presence; if validityDuration is not
provided, the multiple is equal to 2.

A value of '1' for abit of the bitmap indicates presence of associated TRS resource sets for the multiple of the number
of frames, starting from a SFN determined from (SFN + PF_offset)modT = 0 [17, TS 38.304] that corresponds to the
frame that includes a PDCCH providing the DCI format 2_7, or the DCI format 1_0 with CRC scrambled by P-RNTI,
with the TRS availability indication field indicating the TRS resource sets, where T is provided by defaultPagingCycle.
A value of '0' for abit of the bitmap indicates no change to a current assumption for the availability or unavailability of
associated TRS resource sets.

A UE can receive first and second PDCCHSs that provide DCI format 2_7 or DCI format 1_0 with CRC scrambled by P-
RNTI that indicate presence of TRS resource sets for the multiple of the number of frames, where the second PDCCH
reception after the first PDCCH reception by atime that is smaller than the multiple of the number of frames.

10.5 HARQ-ACK information for PUSCH transmissions

A UE can be configured a number of search space sets to monitor PDCCH for detecting a DCI format 0_1 with aDFI
flag field and CRC scrambled with a CS-RNTI provided by cs-RNTI. The UE determines that the DCI format provides
HARQ-ACK information for PUSCH transmissions based on when a DFI flag field valueis set to "1, if aPUSCH
transmission is configured by ConfiguredGrantConfig.
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The HARQ-ACK information corresponds to transport blocks in PUSCH transmissions for all HARQ processes for a
serving cell of a PDCCH reception that provides DCI format 0_1 or, if DCI format 0_1 includes a carrier indicator field,
for aserving cell indicated by a value of the carrier indicator field.

For aPUSCH transmission configured by ConfiguredGrantConfig, HARQ-ACK information for a transport block of a
corresponding HARQ process number isvalid if afirst symbol of the PDCCH reception is after alast symbol of the
PUSCH transmission, or of any repetition of the PUSCH transmission, by a number of symbols provided by cg-
minDFI-Delay.

For aninitial transmission by a UE of atransport block in a PUSCH configured by ConfiguredGrantConfig, if the UE
receives a CG-DFI that provides HARQ-ACK information for the transport block, the UE assumes that the transport
block was correctly decoded if the HARQ-ACK information value is ACK; otherwise, the UE assumes that the
transport block was not correctly decoded.

For aPUSCH transmission scheduled by a DCI format, if the UE receives a CG-DFI that provides HARQ-ACK
information for the transport block, the UE assumes that the transport block was correctly decoded if the HARQ-ACK
information value is ACK; otherwise, the UE assumes that the transport block was not correctly decoded.

For a PUSCH transmission scheduled by a DCI format, HARQ-ACK information for a transport block of a
corresponding HARQ process number isvalid if afirst symbol of the PDCCH reception is after alast symbol of the
PUSCH transmission by a number of symbols provided by cg-minDFI-Delay or, if the PUSCH transmission is over
multiple slots,

- after alast symbol of the PUSCH transmission in afirst slot from the multiple slots by a number of symbols
provided by cg-minDFI-Delay, if avalue of the HARQ-ACK information is ACK.

- after alast symbol of the PUSCH transmission in alast slot from the multiple slots by a number of symbols
provided by cg-minDFI-Delay, if avalue of the HARQ-ACK information isNACK.

UE does not expect to be configured with different cg-minDFI-Delay-r16 among multiple ConfiguredGrantConfig in
one BWP.

11 UE-group common signalling

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

- 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.

In the remaining of this clause, unless stated otherwise, 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
- theend of the PDCCH reception in the end of the PDCCH candidate that ends | ater

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, 11.1, and 11.1.1.

11.1  Slot configuration

A dot format includes downlink symbols, uplink symbols, and flexible symbols.

The following are applicable for each serving cell.
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If aUE is provided tdd-UL-DL-ConfigurationCommon, the UE sets the slot format per slot over a number of dots as
indicated by tdd-UL-DL-ConfigurationCommon.

The tdd-UL-DL-ConfigurationCommon provides
- areference SCS configuration i, by referenceSubcarrier Spacing
- apatternl.
The patternl provides
- adot configuration period of P msec by dI-UL-TransmissionPeriodicity

- anumber of dots dy,, with only downlink symbols by nrofDownlinkSots

- anumber of downlink symbols dg,, by nrofDownlinkSymbols
- anumber of dots Uy, With only uplink symbols by nrofUplinkS ots
- anumber of uplink symbols Uy, by nrofUplinkSymbols

A value P =0.625 msecisvalid only for t4-3. A vaue P=1.25 msecisvalid only for f44-2 or t44=-3. A vaue
P=25 msecisvalidonly for ft =1, 0r =2, 0r ty=3.

A slot configuration period of P msec includes S=P-2“ dotswith SCS configuration £, . Fromthe S dots, a
first dgots slotsinclude only downlink symbols and alast Ugyys slotsinclude only uplink symbols. The dsym symbols
after the first dgots dots are downlink symbols. The Uy, symbols before the last Uy Slots are uplink symbols. The

remaining (S-dg,.-Ug,)- N3% -d

Smb Uy, are flexible symbols.

sym ~
Thefirst symbol every 20/P periodsis afirst symbol in an even frame.
If tdd-UL-DL-ConfigurationCommon provides both patternl and pattern2, the UE sets the slot format per slot over a

first number of sots asindicated by patternl and the UE sets the slot format per slot over a second number of slots as
indicated by pattern2.

The pattern2 provides

- adot configuration period of P, msec by dI-UL-TransmissionPeriodicity

- anumber of sots dgots’z with only downlink symbols by nrofDownlinkS ots
- anumber of downlink symbols dsym,z by nrofDownlinkSymbols

- anumber of slots Uyqyso With only uplink symbols by nrofUplinkSots

- anumber of uplink symbols Uy, by nrofUplinkSymbols

The applicable valuesof P, are same asthe applicable valuesfor P .

A dot configuration period of P+ P, msecincludesfirst S=P-2“« dotsand second S, =P, -2“« slots.

Fromthe S dlots, afirst d5|ots’2 slots include only downlink symbols and alast Ugqs, include only uplink symbols.

The dsym,2 symbols after the first dgots’z slots are downlink symbols. The Uy, . symbols before the last Uyys, Slotsare

slot

uplink symbols. The remaining (g ~ Oy udots’2)~ NSmp- Oyymo-Uym» are flexible symbols.
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A UE expectsthat P+ P, divides 20 msec.
The first symbol every 20/(P + P,) periodsis afirst symbol in an even frame.

A UE expects that the reference SCS configuration i, issmaller than or equal to a SCS configuration g for any
configured DL BWP or UL BWP. Each slot provided by patterni or pattern2 is applicableto 2“*«) consecutive slots
in the active DL BWP or the active UL BWP where the first dot starts at a sametime as afirst dot for the reference
SCS configuration 4, and each downlink or flexible or uplink symbol for the reference SCS configuration (.

corresponds to 2“*« consecutive downlink or flexible or uplink symbols for the SCS configuration .

If the UE is additionally provided tdd-UL-DL-ConfigurationDedicated, the parameter tdd-UL-DL-
ConfigurationDedicated overrides only flexible symbols per slot over the number of dots as provided by tdd-UL-DL-
ConfigurationCommon.

The tdd-UL-DL-ConfigurationDedicated provides
- aset of dot configurations by slotSpecificConfigurationsToAddModList
- for each dlot configuration from the set of slot configurations
- adotindex for adot provided by slotlndex
- aset of symbolsfor adot by symbols where
- if symbols = allDownlink, all symbolsin the dot are downlink
- if symbols = allUplink, all symbolsin the dot are uplink

- if symbols = explicit, nrofDownlinkSymbols provides a number of downlink first symbolsin the slot and
nrofUplinkSymbols provides a number of uplink last symbolsin the dot. If nrofDownlinkSymbolsis not
provided, there are no downlink first symbolsin the sot and if nrofUplinkSymbolsis not provided, there
are no uplink last symbolsin the slot. The remaining symbolsin the slot are flexible

For each dot having a corresponding index provided by slotindex, the UE applies aformat provided by a corresponding
symbols. The UE does not expect tdd-UL-DL-ConfigurationDedicated to indicate as uplink or as downlink a symbol
that tdd-UL-DL-ConfigurationCommon indicates as a downlink or as an uplink symbol, respectively.

For each dot configuration provided by tdd-UL-DL-ConfigurationDedicated, areference SCS configuration isthe
reference SCS configuration 4,4 provided by tdd-UL-DL-ConfigurationCommon.

A slot configuration period and a number of downlink symbols, uplink symbols, and flexible symbolsin each dot of the
dlot configuration period are determined from tdd-UL-DL-ConfigurationCommon and tdd-UL-DL-
ConfigurationDedicated and are common to each configured BWP.

A UE considers symbolsin aslot indicated as downlink by tdd-UL-DL-ConfigurationCommon, or tdd-UL-DL-
ConfigurationDedicated to be available for receptions and considers symbolsin asot indicated as uplink by tdd-UL-
DL-ConfigurationCommon, or by tdd-UL-DL-ConfigurationDedicated to be available for transmissions.

If aUE is not configured to monitor PDCCH for DCI format 2_0, for a set of symbols of a dot that are indicated as
flexible by tdd-UL-DL-ConfigurationCommon and tdd-UL-DL-ConfigurationDedicated if provided, or when tdd-UL-
DL-ConfigurationCommon and tdd-UL-DL-ConfigurationDedicated are not provided to the UE

- the UE receives PDSCH or CSI-RS in the set of symbols of the dot if the UE receives a corresponding
indication by aDCI format

- the UE transmits PUSCH, PUCCH, PRACH, or SRSin the set of symbols of the dot if the UE receivesa
corresponding indication by a DCI format, a RAR UL grant, fallbackRAR UL grant, or successRAR

For operation on asingle carrier in unpaired spectrum, if a UE is configured by higher layersto receive aPDCCH, or a
PDSCH, or aCSI-RS, or aDL PRSin aset of symbols of aslot, the UE receives the PDCCH, the PDSCH, the CSI-RS,
or the DL PRSif the UE does not detect a DCI format that indicates to the UE to transmit a PUSCH, a PUCCH, a
PRACH, or aSRSin at least one symbol of the set of symbols of the dot; otherwise, the UE does not receive the
PDCCH, or the PDSCH, or the CSI-RS, or the DL PRS in the set of symbols of the dot.
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For a UE operation with shared spectrum channel accessin FR1, or in FR2-2 when the UE is provided

Channel AccessMode2-r17 = 'enabled’, if the UE is provided csi-RS-ValidationWith-DCI, is not provided CO-
DurationsPerCell, and is not provided SotFormatCombinationsPerCell, and if the UE is configured by higher layersto
receive a CSI-RSin a set of symbols of adot, the UE cancelsthe CSI-RS reception in the set of symbols of the dot if
the UE does not detect a DCI format indicating an aperiodic CSI-RS reception or scheduling a PDSCH reception in the
set of symbols of the dot.

If aUE is provided channel AccessMode ='dynamic' and is provided availableRB-SetsToAddModList and availableRB-
SetsToReleaselist, the UE expects to be provided co-DurationsPer Cell ToAddModList and co-
DurationsPerCell ToRel easelist and/or dotFormatCombToAddModList and slotFormatCombToReleasel.ist.

For operation on asingle carrier in unpaired spectrum, if a UE is configured by higher layers to transmit SRS, or
PUCCH, or PUSCH, or PRACH in a set of symbols of aslot and the UE detects a DCI format indicating to the UE to
receive CSI-RS or PDSCH in a subset of symbols from the set of symbals, then

- If the UE does not indicate the capability of [partial Cancellation], the UE does not expect to cancel the
transmission of the PUCCH or PUSCH or PRACH in the set of symbolsif the first symbol in the set occurs
within T, , relativeto alast symbol of a CORESET where the UE detects the DCI format; otherwise, the UE
cancels the PUCCH, or the PUSCH, or an actual repetition of the PUSCH [6, TS38.214], determined from
clauses9 and 9.2.5 or clause 6.1 of [6, TS38.214], or the PRACH transmission in the set of symbols.

- If the UE indicates the capability of [partial Cancellation], the UE does not expect to cancel the transmission of
the PUCCH or PUSCH or PRACH in symbols from the set of symbolsthat occur within T, , relativeto alast
symbol of a CORESET where the UE detects the DCI format. The UE cancels the PUCCH, or the PUSCH, or an
actual repetition of the PUSCH [6, TS 38.214], determined from clauses 9 and 9.2.5 or clause 6.1 of [6, TS
38.214], or the PRACH transmission in remaining symbols from the set of symbols.

- The UE does not expect to cancel the transmission of SRS in symbols from the subset of symbols that occur
within T, , relative to alast symbol of a CORESET where the UE detects the DCI format. The UE cancels the
SRS transmission in remaining symbols from the subset of symbols.

Tproc,2 1Sthe PUSCH preparation time for the corresponding UE processing capability [6, TS 38.214] assuming
d,, = 1 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, PUCCH, PUSCH or u,., where u,. corresponds to

the SCS configuration of the PRACH if it is 15kHz or higher; otherwise u, = 0.

For a set of symbols of adot that are indicated to a UE as uplink by tdd-UL-DL-ConfigurationCommon, or tdd-UL-DL-
ConfigurationDedicated, the UE does not receive PDCCH, PDSCH, or CSI-RS when the PDCCH, PDSCH, or CSI-RS
overlaps, even partially, with the set of symbols of the dot.

For a set of symbols of adot that are indicated to a UE as uplink by tdd-UL-DL-ConfigurationCommon, or tdd-UL-DL-
ConfigurationDedicated, the UE does not receive DL PRS in the set of symbols of the dlot, if the UE is not provided
with a measurement gap.

For a set of symbols of adot that are indicated to a UE as downlink by tdd-UL-DL-ConfigurationCommon, or tdd-UL-
DL-ConfigurationDedicated, the UE does not transmit PUSCH, PUCCH, PRACH, or SRS when the PUSCH, PUCCH,
PRACH, or SRS overlaps, even partialy, with the set of symbols of the dlot.

For a set of symbols of adot that are indicated to a UE as flexible by tdd-UL-DL-ConfigurationCommon, and tdd-UL-
DL-ConfigurationDedicated if provided, the UE does not expect to receive both dedicated higher layer parameters
configuring transmission from the UE in the set of symbols of the slot and dedicated higher layer parameters
configuring reception by the UE in the set of symbols of the dlot.

For operation on asingle carrier in unpaired spectrum, for a set of symbols of a dlot indicated to a UE for reception of
SS/PBCH blocks by ssh-PositionsinBurst in SB1 or by ssh-PositionsinBurst in ServingCell ConfigCommon or, if the
UE is not provided DLorJoint-TClSate or followUnifiedTCl state, by ssb-PositionsinBurst in SSB-MTCAd(ditional PCI
associated to physical cell ID with active TCI states, the UE does not transmit PUSCH, PUCCH, PRACH inthe dlot if a
transmission would overlap with any symbol from the set of symbols and the UE does not transmit SRS in the set of
symbols of the dot. The UE does not expect the set of symbols of the slot to be indicated as uplink by tdd-UL-DL-
ConfigurationCommon, or tdd-UL-DL-ConfigurationDedicated, when provided to the UE.

If aUE
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- isconfigured with multiple serving cells and is provided with directional CollisionHandling-r16 = 'enabled’ for a
set of serving cell(s) among the multiple serving cells, and

- indicates support of half-DuplexTDD-CA-SameSCSr16 capability, and
- isnot configured to monitor PDCCH for detection of DCI format 2_0 on any of the multiple serving cells,

for aset of symbols of adlot that are indicated to the UE for reception of SSYPBCH blocks in afirst cell of the multiple
serving cells by ssh-PositionsInBurst in Systeml nformationBlockTypel or by ssb-PositionsinBurst in
ServingCellConfigCommon or, if the UE is not provided DLorJoint-TCl State or followUnifiedTCl state, by ssb-
PositionsInBurst in SSB-MTCAdditional PCI associated to physical cell ID with active TCI states, the UE does not
transmit PUSCH, PUCCH, or PRACH in the slot if a transmission would overlap with any symbol from the set of
symbols, and the UE does not transmit SRS in the set of symbols of the dot in

- any of the multiple serving cellsif the UE is not capable of simultaneous transmission and reception as indicated
by simultaneousRxTxI nterBandCA among the multiple serving cells, and

- any one of the cells corresponding to the same band as the first cell, irrespective of any capability indicated by
simultaneousRXTxI nter BandCA.

For a set of symbols of aslot corresponding to avalid PRACH occasionand N, symbols before the valid PRACH

occasion, as described in clause 8.1, the UE does not receive PDCCH, PDSCH, or CSI-RS in the slot if areception
would overlap with any symbol from the set of symbols. The UE does not expect the set of symbols of the ot to be
indicated as downlink by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated.

For a set of symbols of adot indicated to a UE by pdcch-ConfigSB1 in MIB for a CORESET for TypeO-PDCCH CSS
set, the UE does not expect the set of symbolsto be indicated as uplink by tdd-UL-DL-ConfigurationCommon, or tdd-
UL-DL-ConfigurationDedicated.

If aUE is scheduled by a DCI format to receive PDSCH over multiple slots, and if tdd-UL-DL-ConfigurationCommon,
or tdd-UL-DL-ConfigurationDedicated, indicate that, for a dlot from the multiple slots, at least one symbol from a set of
symbols where the UE is scheduled PDSCH reception in the slot is an uplink symbol, the UE does not receive the
PDSCH inthe dlot.

If aUE is scheduled by a DCI format to transmit PUSCH over multiple slots, and if tdd-UL-DL-ConfigurationCommon,
or tdd-UL-DL-ConfigurationDedicated, indicates that, for aslot from the multiple dots, at least one symbol from a set
of symbols where the UE is scheduled PUSCH transmission in the slot is a downlink symbol, the UE does not transmit
the PUSCH in the dot.

If aUE

- isconfigured with multiple serving cells and is provided with directional CollisionHandling-r16 = 'enabled’ for a
set of serving cell(s) among the configured multiple serving cells, and

- indicates support of half-DuplexTDD-CA-SameSCSr16 capability, and
- isnot configured to monitor PDCCH for detection of DCI format 2_0 on any of the multiple serving cells,
the UE determines a reference cell for asymbol as an active cell with the smallest cell index among

- the configured multiple serving cells if the UE is not capable of simultaneous transmission and reception as
indicated by simultaneousRxTxInter BandCA among the multiple serving cells, and

- thecellsof each band respectively if the UE is capable of simultaneous transmission and reception by
simultaneousRxTxI nterBandCA for the configured multiple serving cells,

where the symbol is configured as
- downlink, or uplink, asindicated by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated

- uplink, if the symbol is flexible and the UE is configured to transmit SRS, PUCCH, PUSCH, or PRACH on the
symbol

- downlink, if the symbol isflexible and the UE is configured to receive PDCCH, PDSCH or CSI-RS on the
symbol.
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And if another cell among the cells configured with directional CollisionHandling-r 16 operates in the same frequency
band as the reference cell, the UE does not expect

asymbol to beindicated as downlink or uplink on the reference cell and as uplink or downlink on another cell,
respectively, by tdd-UL-DL-ConfigurationCommon or by tdd-UL-DL-ConfigurationDedicated,

tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated to indicate a symbol as downlink on
the reference cell and to detect a DCI format scheduling a transmission on the symbol on another cell, and

to be configured by higher layersto receive PDCCH, PDSCH, or CSI-RS on a flexible symbol on the reference
cell and to detect a DCI format scheduling a transmission on the symbol on another cell,

if the reference cell and another cell among the cells configured with directional CollisionHandling-r16 operatein
different frequency bands,

the UE

assumes symbol as flexible, is not required to receive higher layer configured PDCCH, PDSCH, or CSI-RS and
not expected to transmit higher layer configured SRS, PUCCH, PUSCH, or PRACH, when tdd-UL-DL-
ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated indicates symbol as downlink or uplink on
another cell and as uplink or downlink for the reference cell, respectively,

transmits a signal/channel scheduled by a DCI format on a symbol of another cell when the symbol isindicated
as downlink by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated for the reference cell,

is not required to receive a higher layer configured PDCCH, PDSCH, or CSI-RS on flexible symbols on the
reference cell inaset of symboals, if the UE detects a DCI format scheduling a transmission on one or more
symbolsin the set of symbols on another cell,

and regardless of whether the reference cell and another cell operate in same or different frequency bands,

the UE

does not expect tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated for the reference cell
to indicate a symbol as uplink and to detect a DCI format scheduling a reception on the symbol on another cell

does not expect to be configured by higher layersto transmit SRS, PUCCH, PUSCH, or PRACH on aflexible
symbol on the reference cell and to detect a DCI format scheduling a reception on the symbol on another cell

does not transmit a PUCCH, PUSCH or PRACH that is configured by higher layers on a set of symbols on
another cell if at least one symbol from the set of symbolsisindicated as downlink by tdd-UL-DL-
ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated or isasymbol corresponding to a PDCCH,
PDSCH, or CSI-RS reception that is configured by higher layers on the reference cell

does not transmit a SRS that is configured by higher layers on a set of symbols on another cell if the set of
symbolsisindicated as downlink by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated
or corresponds to a PDCCH, PDSCH or CSI-RS reception that is configured by higher layers on the reference
cell

does not receive a PDCCH, PDSCH or CSI-RSthat is configured by higher layers on a set of symbols on another
cell if at least one symbol from the set of symbolsisindicated as uplink by tdd-UL-DL-ConfigurationCommon
or tdd-UL-DL-ConfigurationDedicated or is a symbol corresponding to a SRS, PUCCH, PUSCH, or PRACH
transmission that is configured by higher layers on the reference cell

assumes a symbol indicated as downlink or uplink by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-
ConfigurationDedicated on another cell to be flexible, if the UE is respectively configured by higher layersto
transmit SRS, PUCCH, PUSCH, or PRACH or to receive PDCCH, PDSCH, or CSI-RS on the reference cell

does not expect to detect afirst DCI format scheduling a transmission or reception on a symbol on afirst cell and
a second DCI format scheduling a reception or transmission on the symbol on a second cell, respectively.

After the UE applies the procedures described above for directional collision handling within the set of cellsthat have
been configured with directional CollisionHandling-r 16, the UE does not expect any directional collision among the
serving cells that the UE is not capable of simultaneous transmission and reception.
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11.1.1 UE procedure for determining slot format

This clause applies for a serving cell that isincluded in a set of serving cells configured to a UE by
slotFormatCombToAddModList and slotFormatCombToReleaselist, availableRB-SetsToAddModList and availableRB-
SetsToReleaseList, switchTrigger ToAddModList and switchTrigger ToReleaselit, or co-

DurationsPerCell ToAddModList and co-DurationsPer Cell ToRel easelist.

If aUE is configured by higher layers with parameter SotFormatindicator, the UE is provided an SFI-RNTI by sfi-
RNTI and with a payload size of DCI format 2_0 by dci-PayloadSze.

The UE is also provided in one or more serving cells with a configuration for a search space set s and a corresponding
CORESET p for monitoring Mz(,_LSSF‘) PDCCH candidates for DCI format 2_0 with a CCE aggregation level of Lgg;

CCEs as described in clause 10.1. The M{'$*” PDCCH candidates are the first Mo<™ PDCCH candidates for CCE
aggregation level Lgg; for search space set s in CORESET p.

For each serving cell in the set of serving cells, the UE can be provided:
- anidentity of the serving cell by servingCellld
- alocation of a SFl-index field in DCI format 2_0 by positionInDCI

- aset of dot format combinations by slotFormatCombinations, where each slot format combination in the set of
dot format combinations includes

- one or more slot formats indicated by a respective slotFormats for the slot format combination, and

- amapping for the slot format combination provided by slotFormats to a corresponding SFI-index field value
in DCI format 2_0 provided by slotFormatCombinationid

- for unpaired spectrum operation, a reference SCS configuration ugg; by subcarrier Spacing and, when a
supplementary UL carrier is configured for the serving cell, areference SCS configuration g sy, by
subcarrier Spacing2 for the supplementary UL carrier

- for paired spectrum operation, areference SCS configuration ugg py, for aDL BWP by subcarrier Spacing and a
reference SCS configuration ugg yp, for an UL BWP by subcarrier Spacing2

- alocation of an available RB set indicator field in DCI format 2_0 that is

- one bit, if intraCellGuardBandsDL-List for the serving cell indicates no intra-cell guard-bands are
configured, where avalue of '1' indicates that the serving cell is available for receptions, avalue of '0'
indicates that the serving cell is not available for receptions, by availableRB-SetsPerCell, and the serving cell
remains available or unavailable for reception until the end of the remaining channel occupancy duration

- abitmap having a one-to-one mapping with the RB sets [6, TS 38.214] of the serving cell, if
intraCellGuardBandsDL-List for the serving cell indicates intra-cell guard-bands are configured, where the
bitmap includes Ngg set pr. bits and Ngg set pr. 1S the number of RB setsin the serving cell, avalue of '1'
indicates that an RB set is available for receptions, avalue of '0' indicates that an RB set is not available for
receptions, by availableRB-SetsPerCell and a RB set remains available or unavailable for receptions until the
end of the remaining channel occupancy duration

- alocation of achannel occupancy duration field in DCI format 2_0, by CO-DurationsPerCell, that indicates a
remaining channel occupancy duration for the serving cell starting from afirst symbol of a slot where the UE
detects the DCI format 2_0 by providing a value from co-DurationList. The channel occupancy duration field
includes max{[log, (COdurationListSize)], 1} bits, where COdurationListSize isthe number of values provided
by co-DurationList. If CO-DurationsPerCell is not provided, the remaining channel occupancy duration for the
serving cell isanumber of dots, starting from the slot where the UE detects the DCI format 2_0, that the SFI-
index field value provides corresponding slot formats

- areference SCS configuration for co-DurationList, by subcarrier Spacing-r16

- alocation of a search space set group switching flag field in DCI format 2_0, by SearchSpaceSwitchTrigger, that
indicates a group from two groups of search space sets for PDCCH monitoring for scheduling for the serving cell
or the set of serving cells, provided by CellGroupsFor Switching, as described in clause 10.4.
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If neither CO-DurationPerCell-r16 nor SotFormatCombinationsPer Cell are provided and if Channel AccessMode-
rl6 ="semiStatic" is provided, the proceduresin this clause apply with assuming a channel occupancy time defined in
clause 4.3 of [15, TS 37.213] isthe remaining channel occupancy duration if a DL transmission burst(s) is detected
within the channel occupancy time.

A SFl-index field valuein aDCI format 2_0 indicatesto aUE adlot format for each slot in a number of slots for each
DL BWP or each UL BWP starting from a slot where the UE detects the DCI format 2_0. The number of sotsis equal
to or larger than a PDCCH monitoring periodicity for DCI format 2_0. The SFI-index field includes
max{[log,(maxSFlindex +1) |1} bits where maxSFlindex is the maximum value of the values provided by

corresponding slotFormatCombinationld. A dot format isidentified by a corresponding format index as provided in
Table 11.1.1-1 where 'D' denotes a downlink symbol, 'U' denotes an uplink symbol, and 'F' denotes a flexible symbol.

If aPDCCH monitoring periodicity for DCI format 2_0, provided to a UE for the search space set S by

monitoringS otPeriodicityAndOffset, is smaller than a duration of a slot format combination the UE obtains at a PDCCH
monitoring occasion for DCI format 2_0 by a corresponding SFI-index field value, and the UE detects more than one
DCI formats 2_0 indicating a slot format for a slot, the UE expects each of the more than one DCI formats 2_0 to
indicate a same format for the sot.

A UE does not expect to be configured to monitor PDCCH for DCI format 2_0 on a second serving cell that uses larger
SCS than the serving cell.
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Table 11.1.1-1: Slot formats for normal cyclic prefix

Symbol number in a slot

13

12

11

10

Reserved
UE determines the slot format for the slot based on tdd-UL-DL-ConfigurationCommon, or tdd-UL-

DL-ConfigurationDedicated and, if any, on detected DCI formats

Format

10
11
12
13
14
15
16
17
18
19
20
21

22
23
24
25
26
27

28
29
30
31

32

33
34

35

36
37

38
39

40

41

42

43

44
45

46

47

48

49

50
51

52

53

54

55
56 — 254

255
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For unpaired spectrum operation for a UE on a serving cell, the UE is provided by subcarrier Spacing areference SCS
configuration ugg; for each slot format in a combination of slot formats indicated by an SFI-index field value in DCI
format 2_0. The UE expects that for areference SCS configuration ugg; and for an active DL BWP or an active UL
BWP with SCS configuration u, itisu > ugg;. Each slot format in the combination of slot formats indicated by the SHI-
index field value in DCI format 2_0 is applicable to 2~#sFD consecutive slots in the active DL BWP or the active UL
BWP where the first dot starts at a sametime asafirst dot for the reference SCS configuration ugg; and each downlink

or flexible or uplink symbol for the reference SCS configuration ugg; corresponds to 2W#s1) consecutive downlink or
flexible or uplink symbols for the SCS configuration u.

For paired spectrum operation for a UE on a serving cell, the SFI-index field in DCI format 2_0 indicates a combination
of dlot formats that includes a combination of slot formats for a reference DL BWP and a combination of slot formats
for areference UL BWP of the serving cell. The UE is provided by subcarrier Spacing a reference SCS configuration
usri,pL for the combination of slot formats indicated by the SFl-index field value in DCI format 2_0 for the reference
DL BWP of the serving cell. The UE is provided by subcarrier Spacing2 a reference SCS configuration g yy, for the
combination of sot formats indicated by the SFI-index field value in DCI format 2_0 for the reference UL BWP of the
serving cell. If pggypr, = psprur @nd for each 2(#sepL-pseuL) 4 1 values provided by a value of dotFormats, where the
value of dotFormatsis determined by a value of slotFormatCombinationld in g otFormatCombination and the value of
slotFormatCombinationld is set by the value of the SFI-index field value in DCI format 2_0, the first 2(#skpL-psruL)
values for the combination of ot formats are applicable to the reference DL BWP and the next value is applicable to
the reference UL BWP. If pgp pr, < psprur @nd for each 2(usrru-nsrioL) 4 1 values provided by slotFormats, the first
value for the combination of slot formatsis applicable to the reference DL BWP and the next 2(#sFLuL-usrioL) yalues
are applicable to the reference UL BWP.

The UE is provided areference SCS configuration gy py, SO that for an active DL BWP with SCS configuration pip,, it
isupL, = usprpL- The UE is provided a reference SCS configuration uggy yy, so that for an active UL BWP with SCS
configuration pyy, itis pyy, = pspyuL- Each ot format for a combination of slot formats indicated by the SFI-index
field value in DCI format 2_0 for the reference DL BWP, by indicating a value for dotFormatCombinationld that is
mapped to a value of dotFormats in slotFormatCombination, is applicable to 2(spL-sriL) consecutive Slots for the
active DL BWP where the first dot starts at a sametime asafirst slot in the reference DL BWP and each downlink or
flexible symbol for the reference SCS configuration pgg p;, corresponds to 2(pL-rsFioL) consecutive downlink or
flexible symbols for the SCS configuration up;,. Each ot format for the combination of slot formats for the reference
UL BWP s applicable to 2(#uL-#srLuL) consecutive slots for the active UL BWP where the first slot starts at a same
time asafirst dot in the reference UL BWP and each uplink or flexible symbol for the reference SCS configuration
UsFruL corresponds to 2(kuL-msrLuL) consecutive uplink or flexible symbols for the SCS configuration pyy..

For unpaired spectrum operation with a second UL carrier for a UE on a serving cell, the SFl-index field value in DCI
format 2_0 indicates a combination of slot formats that includes a combination of sot formats for areference first UL
carrier of the serving cell and a combination of slot formats for a reference second UL carrier of the serving cell. The
UE is provided by subcarrier Spacing areference SCS configuration pgg; for the combination of slot formats indicated
by the SFl-index field in DCI format 2_0 for the reference first UL carrier of the serving cell. The UE is provided by
subcarrier Spacing? areference SCS configuration g sy, for the combination of slot formats indicated by the SFI-

index field valuein DCI format 2_0 for the reference second UL carrier of the serving cell. For each 2(#sFi-#srisuL) 4 1

values of slotFormats, the first 2(#sri—#srisuL) values for the combination of slot formats are applicable to the reference
first UL carrier and the next value is applicable to the reference second UL carrier.

The UE expects to be provided areference SCS configuration ugg; sy, S0 that for an active UL BWP in the second UL
carrier with SCS configuration psyy,, it is isyr, = psrisuL- Each slot format for a combination of slot formats indicated
by the SFl-index field in DCI format 2_0 for the reference first UL carrier is applicable to 2(#~#sFD) consecutive slots
for the active DL BWP and the active UL BWP in the first UL carrier where the first dot startsat asametime asafirst
dot inthe reference first UL carrier. Each ot format for the combination of slot formats for the reference second UL
carrier isapplicable to 2(ssur-nsFisuL) consecutive slots for the active UL BWP in the second UL carrier where the first
dot starts at asame time as afirst dot in the reference second UL carrier.

If aBWPin the serving cell is configured with u = 2 and with extended CP, the UE expects pgsp; = 0, pgpr = 1, Or

uspr = 2. A format for adot with extended CP is determined from aformat for aslot with normal CP. A UE determines
an extended CP symbol to be a downlink/uplink/flexible symbol if the overlapping normal CP symbolsthat are
downlink/uplink/flexible symbols, respectively. A UE determines an extended CP symbol to be a flexible symbol if one
of the overlapping normal CP symbolsisflexible. A UE determines an extended CP symbol to be a flexible symbol if
the pair of the overlapping normal CP symbolsincludes a downlink and an uplink symbol.
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A reference SCS configuration piggy, OF fsgrpr, OF UspruL, OF UsrisuL 1S€ither 0, or 1, or 2 for FR1 and iseither 2 or 3
for FR2.

For a set of symbols of adot, a UE does not expect to detect a DCI format 2_0 with an SFI-index field value indicating
the set of symbols of the slot as uplink and to detect a DCI format indicating to the UE to receive PDSCH or CSI-RSin
the set of symbols of the slot.

For a set of symbols of adot, a UE does not expect to detect a DCI format 2_0 with an SFl-index field value indicating
the set of symbolsin the slot as downlink and to detect a DCI format, a RAR UL grant, fallbackRAR UL grant, or
successRAR indicating to the UE to transmit PUSCH, PUCCH, PRACH, or SRS in the set of symbols of the slot.

For a set of symbols of adot that are indicated by a DCI format 2_0 as being within aremaining channel occupancy
duration either by a channel occupancy duration field or by an SFlI-index field, a UE does not expect to detect at a later
timeaDCI format 2_0 indicating, either by a channel occupancy duration field or by an SFI-index field, that any
symbol from the set of symbolsis not within aremaining channel occupancy duration.

For a set of symbols of adot that are indicated as downlink/uplink by tdd-UL-DL-ConfigurationCommon, or tdd-UL-
DL-ConfigurationDedicated, the UE does not expect to detect a DCI format 2_0 with an SFI-index field value
indicating the set of symbols of the slot as uplink/downlink, respectively, or asflexible.

For a set of symbols of asot corresponding to SS/PBCH blocks with candidate SS/PBCH block indices corresponding
to the SS/IPBCH block indexes indicated to a UE by ssh-PositionsinBurst in SIB1, or by ssb-PositionsinBurst in
ServingCellConfigCommon, as described in clause 4.1 or, if the UE is not provided DLorJoint-TCl State or
followUnifiedTCl state, by ssh-PositionsinBurst in SSB-MTCAdditional PCl associated to physical cell ID with active
TCI states, the UE does not expect to detect a DCI format 2_0 with an SFI-index field value indicating the set of
symbols of the slot as uplink.

For aset of symbols of aslot corresponding to avalid PRACH occasion and Ng,, symbols before the valid PRACH

occasion, as described in clause 8.1, the UE does not expect to detect a DCI format 2_0 with an SFI-index field value
indicating the set of symbols of the slot as downlink.

For a set of symbols of adot indicated to a UE by pdcch-Config9B1 in MIB for a CORESET for Type0-PDCCH CSS
set, the UE does not expect to detect a DCI format 2_0 with an SFI-index field value indicating the set of symbols of the
slot as uplink.

For a set of symbols of adot indicated to a UE as flexible by tdd-UL-DL-ConfigurationCommon and tdd-UL-DL-
ConfigurationDedicated if provided, or when tdd-UL-DL-ConfigurationCommon and tdd-UL-DL-
ConfigurationDedicated are not provided to the UE, and if the UE detects a DCI format 2_0 providing a format for the
dlot using a dlot format value other than 255

- if one or more symbols from the set of symbols are symbolsin a CORESET configured to the UE for PDCCH
monitoring, the UE receives PDCCH in the CORESET only if an SFI-index field value in DCI format 2_0
indicates that the one or more symbols are downlink symbols

- if an SFl-index field value in DCI format 2_0 indicates the set of symbols of the dlot as flexible and the UE
detects a DCI format indicating to the UE to receive PDSCH or CSI-RSin the set of symbols of the slot, the UE
receives PDSCH or CSI-RSin the set of symbols of the slot

- if an SFI-index field value in DCI format 2_0 indicates the set of symbols of the dlot as flexible and the UE
detects a DCI format, a RAR UL grant, fallbackRAR UL grant, or successRAR indicating to the UE to transmit
PUSCH, PUCCH, PRACH, or SRSin the set of symbols of the slot the UE transmits the PUSCH, PUCCH,
PRACH, or SRSin the set of symbols of the slot

- if an SFl-index field value in DCI format 2_0 indicates the set of symbols of the dot as flexible, and the UE does
not detect a DCI format indicating to the UE to receive PDSCH or CSI-RS, or the UE does not detect a DCI
format, a RAR UL grant, fallbackRAR UL grant, or successRAR indicating to the UE to transmit PUSCH,
PUCCH, PRACH, or SRS in the set of symbols of the slot, the UE does not transmit or receive in the set of
symbols of the slot

- if the UE is configured by higher layersto receive PDSCH or CSI-RS in the set of symbols of the dlot, the UE
receives the PDSCH or the CSI-RSin the set of symbols of the slot only if an SFI-index field value in DCI
format 2_0 indicates the set of symbols of the slot as downlink and, if applicable, the set of symbolsiswithin
remaining channel occupancy duration
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- if the UE is configured by higher layersto receive DL PRSin the set of symbols of the dot, the UE receivesthe
DL PRSin the set of symbols of the dot only if an SFI-index field value in DCI format 2_0 indicates the set of
symbols of the slot as downlink or flexible.

- if the UE is configured by higher layersto transmit PUCCH, or PUSCH, or PRACH in the set of symbols of the
dot, the UE transmits the PUCCH, or the PUSCH, or the PRACH in the slot only if an SFI-index field valuein
DCI format 2_0 indicates the set of symbols of the dot as uplink

- if the UE is configured by higher layers to transmit SRS in the set of symbols of the dot, the UE transmits the
SRS only in asubset of symbols from the set of symbols of the ot indicated as uplink symbols by an SFI-index
field valuein DCI format 2_0

- aUE does not expect to detect an SFl-index field value in DCI format 2_0 indicating the set of symbols of the
dlot as downlink and also detect a DCI format, a RAR UL grant, fallbackRAR UL grant, or successRAR
indicating to the UE to transmit SRS, PUSCH, PUCCH, or PRACH, in one or more symbols from the set of
symbols of the slot

- aUE does not expect to detect an SFl-index field value in DCI format 2_0 indicating the set of symbols of the
slot as downlink or flexibleif the set of symbols of the slot includes symbols corresponding to any repetition of a
PUSCH transmission activated by an UL Type 2 grant PDCCH as described in clause 10.2

- aUE does not expect to detect an SFl-index field value in DCI format 2_0 indicating the set of symbols of the
dot as uplink and also detect a DCI format indicating to the UE to receive PDSCH or CSI-RSin one or more
symbols from the set of symbols of the slot

If aUE is configured by higher layersto receive a CSI-RS or aPDSCH in a set of symbols of aslot and the UE detects
aDCI format 2_0 with adot format value other than 255 that indicates a slot format with a subset of symbols from the
set of symbols as uplink or flexible, or the UE detects a DCI format indicating to the UE to transmit PUSCH, PUCCH,
SRS, or PRACH in at least one symbol in the set of the symbols, the UE cancels the CSI-RS reception in the set of
symbols of the slot or cancels the PDSCH reception in the slot.

For a UE operation with shared spectrum channel accessin FR1, or in FR2-2 when the UE is provided

Channel AccessMode2-r17 = 'enabled, if a UE is configured by higher layersto receive a CSI-RS and the UE is
provided CO-DurationsPerCell, for a set of symbols of adot that are indicated as downlink or flexible by tdd-UL-DL-
ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated, or when tdd-UL-DL-ConfigurationCommon and tdd-
UL-DL-ConfigurationDedicated are not provided, the UE cancels the CSI-RS reception in the set of symbols of the slot
that are not within the remaining channel occupancy duration.

If aUE is configured by higher layersto receive aDL PRS in a set of symbols of adot and the UE detects a DCI format
2 O with adot format value other than 255 that indicates a ot format with a subset of symbols from the set of symbols
as uplink, or the UE detects a DCI format indicating to the UE to transmit PUSCH, PUCCH, SRS, or PRACH in at least
one symbol in the set of the symbols, the UE cancelsthe DL PRS reception in the set of symbols of the dot.

If aUE is configured by higher layers to transmit SRS, or PUCCH, or PUSCH, or PRACH in a set of symbols of aslot
and the UE detects a DCI format 2_0 with a ot format value other than 255 that indicates a ot format with a subset of
symbols from the set of symbols as downlink or flexible, or the UE detects a DCI format indicating to the UE to receive
CSI-RS or PDSCH in a subset of symbols from the set of symbols, then

- If the UE does not indicate the capability of [partial Cancellation], the UE does not expect to cancel the
transmission of the PUCCH or PUSCH or PRACH in the set of symbolsif the first symbol in the set occurs
within T, , relative to alast symbol of a CORESET where the UE detects the DCI format; otherwise, the UE
cancels the PUCCH, or the PUSCH, or an actual repetition of the PUSCH [6, TS38.214], determined from
clauses 9 and 9.2.5 or clause 6.1 of [6, TS38.214], or the PRACH transmission in the set of symbols.

- If the UE indicates the capability of [partial Cancellation], the UE does not expect to cancel the transmission of
the PUCCH or PUSCH or PRACH in symbols from the set of symbolsthat occur within T, , relativeto alast
symbol of a CORESET where the UE detects the DCI format. The UE cancels the PUCCH, or the PUSCH, or an
actual repetition of the PUSCH [6, TS 38.214], determined from clauses 9 and 9.2.5 or clause 6.1 of [6, TS
38.214], or the PRACH transmission in remaining symbols from the set of symbols.

- The UE does not expect to cancel the transmission of SRS in symbols from the subset of symbols that occur
within T, , relative to alast symbol of a CORESET where the UE detects the DCI format. The UE cancels the
SRS transmission in remaining symbols from the subset of symbols.
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Tproc,2 1Sthe PUSCH preparation time for the corresponding UE processing capability [6, TS 38.214] assuming
d,, = 1 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, PUCCH, PUSCH or u,., where p,. corresponds to

the SCS configuration of the PRACH if it is 15kHz or higher; otherwise u, = 0.

If aUE is configured by higher layersto receive a CSI-RS or detects a DCI format 0_1 indicating to the UE to receive a
CSI-RSin one or more RB sets and a set of symbols of aslot, and the UE detects aDCI format 2_0 with bitmap
indicating that any RB set from the one or more RB setsis not available for reception, the UE cancelsthe CSI-RS
reception in the set of symbols of the dlot.

A UE assumes that flexible symbolsin a CORESET configured to the UE for PDCCH monitoring are downlink
symbolsif the UE does not detect an SFI-index field value in DCI format 2_0 indicating the set of symbols of the slot as
flexible or uplink and the UE does not detect a DCI format indicating to the UE to transmit SRS, PUSCH, PUCCH, or
PRACH in the set of symbols.

For a set of symbols of adot that are indicated as flexible by tdd-UL-DL-ConfigurationCommon, and tdd-UL-DL-
ConfigurationDedicated if provided, or when tdd-UL-DL-ConfigurationCommon, and tdd-UL-DL-
ConfigurationDedicated are not provided to the UE, and if the UE does not detect a DCI format 2_0 providing aslot
format for the slot

- the UE receives PDSCH or CSI-RSin the set of symbols of the slot if the UE receives a corresponding
indication by a DCI format

- the UE transmits PUSCH, PUCCH, PRACH, or SRSin the set of symbols of the dot if the UE receivesa
corresponding indication by a DCI format, a RAR UL grant, fallbackRAR UL grant, or successRAR

- the UE receives PDCCH as described in clause 10.1

- if the UE is configured by higher layersto receive PDSCH in the set of symbols of the dot, the UE does not
receive the PDSCH in the set of symbols of the dot

- if the UE is configured by higher layersto receive CSI-RSin the set of symbols of the slot, the UE does not
receive the CSI-RSin the set of symbols of the slot, except when UE is provided CO-DurationsPerCell and the
set of symbols of the dot are within the remaining channel occupancy duration.

- if the UE is configured by higher layersto receive DL PRS in the set of symbols of the slot, the UE receives the
DL PRS

- if the UE is configured by higher layersto transmit SRS, or PUCCH, or PUSCH, or PRACH in the set of
symbols of the slot and the UE is not provided enableConfiguredUL, then

- if the UE does not indicate the capability of [partial Cancellation], the UE does not expect to cancel the
transmission of the PUCCH, or the PUSCH, or an actual repetition of the PUSCH [6, TS 38.214], as
determined in clauses 9 and 9.2.5 or in clause 6.1 of [6. TS 38.214], or the PRACH in the slot if the first
symbol of the PUCCH or the PUSCH or actual repetition of the PUSCH or the PRACH in the slot occurs
within Ty, relaive to alast symbol of a CORESET where the UE is configured to monitor PDCCH for
DCI format 2_0; otherwise, the UE cancels the PUCCH, or the PUSCH, or an actual repetition of the PUSCH
[6, TS 38.214], as determined in clauses 9 and 9.2.5 or in clause 6.1 of [6. TS 38.214], or the PRACH in the
dot;

- if the UE indicates the capability of [partial Cancellation], the UE does not expect to cancel the transmission
of the PUCCH, or the PUSCH, or an actual repetition of the PUSCH [6, TS 38.214], as determined in clauses
9and 9.2.5or in clause 6.1 of [6. TS 38.214], or the PRACH in symbols from the set of symbols that occur
within T, , relativeto alast symbol of a CORESET where the UE is configured to monitor PDCCH for
DCI format 2_0. The UE cancels the PUCCH, or the PUSCH, or an actual repetition of the PUSCH [6, TS
38.214], asdetermined in clauses 9 and 9.2.5 or in clause 6.1 of [6. TS 38.214], or the PRACH transmission
in remaining symbols from the set of symbols;

- the UE does not expect to cancel the transmission of SRS in symbols from the set of symbols that occur
within T, , relative to alast symbol of a CORESET where the UE is configured to monitor PDCCH for
DCI format 2_0. The UE cancels the SRS transmission in remaining symbols from the set of symbols;

= Tproc2 iSthe PUSCH preparation time for the corresponding UE processing capability [6, TS 38.214]

assuming d, 1 = 1 and u corresponds to the smallest SCS configuration between the SCS configuration of
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the PDCCH carrying the DCI format 2_0 and the SCS configuration of the SRS, PUCCH, PUSCH or y,,
where pu,. corresponds to the SCS configuration of the PRACH if it is 15kHz or higher; otherwise y, = 0;

- if the UE is configured by higher layersto transmit SRS, or PUCCH, or PUSCH, or PRACH in the set of
symbols of the slot and the UE is provided enableConfiguredUL, the UE can transmit the SRS, or PUCCH, or
PUSCH, or PRACH, respectively.

For unpaired spectrum operation for a UE on a cell in afrequency band of FR1, and when the scheduling restrictions
due to RRM measurements [10, TS 38.133] are not applicable, if the UE detects a DCI format indicating to the UE to
transmit in a set of symbols, the UE is not required to perform RRM measurements [10, TS 38.133] based on a
SS/PBCH block or CSI-RS reception on a different cell in the frequency band if the SS/PBCH block or CSI-RS
reception includes at least one symbol from the set of symbols.

11.2  Interrupted transmission indication

If aUE is provided DownlinkPreemption, the UE is configured with an INT-RNTI provided by int-RNTI for monitoring
PDCCH conveying DCI format 2_1 [5, TS 38.212]. The UE is additionally configured with

- aset of serving cells by int-ConfigurationPer ServingCell that includes a set of serving cell indexes provided by
corresponding servingCellld and a corresponding set of locations for fieldsin DCI format 2_1 by positioninDCI

- aninformation payload size for DCI format 2_1 by dci-PayloadSize
- anindication granularity for time-frequency resources by timeFrequencySet

If aUE detects a DCI format 2_1 for a serving cell from the configured set of serving cells, the UE may assume that no
transmission to the UE is present in PRBs and in symbolsthat are indicated by the DCI format 2_1, from a set of PRBs
and a set of symbols of the last monitoring period. The indication by the DCI format 2_1 is not applicable to receptions
of SS/PBCH blocks.

The set of PRBsis equal to the active DL BWP as defined in clause 12 and includes B,; PRBs.

If a UE detectsaDCI format 2_1 in aPDCCH reception in aslot, the set of symbolsisthelast N3% T, -2

symb
symbols prior to the first symbol of the PDCCH reception in the dlot where T, isthe PDCCH monitoring periodicity
provided by the value of monitoringS otPeriodicityAndOffset, as described in clause 10.1, N ;ﬁﬁb is the number of
symbols per slot, & isthe SCS configuration for a serving cell with mapping to arespective field in the DCI format
21, u,, isthe SCS configuration of the DL BWP where the UE receives the PDCCH with the DCI format 2_1. If the
UE is provided tdd-UL-DL-ConfigurationCommon, symbols indicated as uplink by tdd-UL-DL-ConfigurationCommon
are excluded fromthelast Ngm, - Tyr - 2° ™" symbols prior to the first symbol of the PDCCH reception in the slot.
The resulting set of symbols includes a number of symbolsthat is denoted as N, -

The UE does not expect to be provided values of 4, u,;,and T, resultingto avalueof N§%, T, -2“ " thatis

not an integer. The UE does not expect to be configured by monitoringSymbolswithinS ot with more than one PDCCH
monitoring occasion for DCI format 2_1inadot.

A UE is provided the indication granularity for the set of PRBs and for the set of symbols by timeFrequencySet.

If the value of timeFrequencySet is 'set0', 14 bits from MSB of afield in DCI format 2_1 have a one-to-one mapping
with 14 groups of consecutive symbols from the set of symbols where each of the first N,; —| N,y /14 ]-14 symbol

groupsincludes [N, /14| symbols, each of thelast 14 — N,; + | N,y /14 |-14 symbol groupsincludes | N, /14

symbols, abit value of 0 indicates transmission to the UE in the corresponding symbol group and a bit value of 1
indicates no transmission to the UE in the corresponding symbol group.

If the value of timeFrequencySet is'setl, 7 pairs of bits from MSB of afield in the DCI format 2_1 have a one-to-one
mapping with 7 groups of consecutive symbols where each of the first N, — LNINT / 7J- 7 symbol groupsincludes

[N, /7] Symbols, each of thelast 7— N, +| N, /7] 7 symbol groupsincludes | N, /7 ] symbols, afirst bitina
pair of bits for asymbol group is applicable to the subset of first [B,,, /2] PRBsfromtheset of B, PRBs, asecond
bit in the pair of bits for the symbol group is applicable to the subset of last | B,; /2| PRBsfromthe set of B,; PRBs,

ETSI



3GPP TS 38.213 version 17.1.0 Release 17 182 ETSI TS 138 213 V17.1.0 (2022-05)

abit value of 0 indicates transmission to the UE in the corresponding symbol group and subset of PRBs, and a bit value
of 1 indicates no transmission to the UE in the corresponding symbol group and subset of PRBs.

11.2A Cancellation indication

If aUE is provided UplinkCancellation, the UE is provided, in one or more serving cells, search space sets for

monitoring the first PDCCH candidate with a CCE aggregation level of L.; CCEs of each search space set for detection
of aDCI format 2_4 [5, TS 38.212] with a CI-RNTI provided by ci-RNTI as described in clause 10.1.
UplinkCancellation additionally provides to the UE

- aset of serving cells, by ci-ConfigurationPer ServingCell, that includes a set of serving cell indexes and a
corresponding set of locations for fieldsin DCI format 2_4 by positioninDCI

- anumber of fieldsin DCI format 2_4, by positionInDCI-for SUL, for each serving cell for a SUL carrier, if the
serving cell is configured with a SUL carrier

- aninformation payload size for DCI format 2_4 by dci-PayloadSize-ForCl
- anindication for time-frequency resources by timeFrequencyRegion
For a serving cell having an associated field in aDCI format 2_4, for the field denote by
- N¢ anumber of bits provided by ci-PayloadSize
- B¢ anumber of PRBs provided by frequencyRegionfor Cl in timeFrequencyRegion

- T anumber of symbols, excluding symbols for reception of SS/PBCH blocks and DL symbolsindicated by tdd-
UL-DL-ConfigurationCommon, from a number of symbols that

- isprovided by timeDurationforCl in timeFrequencyRegion, if the PDCCH monitoring periodicity for the
search space set with the DCI format 2_4 is one slot and there are more than one PDCCH monitoring
occasionsinadot, or

- isequa to the PDCCH monitoring periodicity, otherwise.
- G¢ anumber of partitions for the T; symbols provided by timeGranularityforCl in timeFreguencyRegion

G sets of bits from the MSB of the N¢; bits have a one-to-one mapping with G¢; groups of symbols where each of the
first Go; — Tey + 1T/ Gerl + Gep groupsincludes | T/ Ge] symbols and each of the remaining Te; — 1T/ Gel - G
groupsincludes [T;/G¢ ] symbols. A UE determines a symbol duration with respect to a SCS configuration of an active
DL BWP where the UE monitors PDCCH for DCI format 2_4 detection.

For agroup of symbols, Ng; = N /G, bitsfrom MSB of each set of bits have a one-to-one mapping with Ng; groups
of PRBs where each of the first Ng; — B¢y + | B/ Ngil - Ng; groups includes [ B¢/ Ng;] PRBs and each of the remaining
B — |Bei/Ngl - Ng; groups includes [Bg;/Ng;| PRBs. A UE determines afirst PRB index as N5t% " = Oyrrier +
RBjtqre and anumber of contiguous RBsas B¢ = L, from frequencyRegionforCl that indicates an offset RB;,,+ and
alength Lz as RIV according to [6, TS 38.214], and from offsetToCarrier in FrequencylnfoUL-SB or

FrequencylnfoUL that indicates O, fOr @ SCS configuration of an active DL BWP where the UE monitors PDCCH
for DCI format 2_4 detection.

Anindication by aDCI format 2_4 for aserving cell is applicable to a PUSCH transmission or an SRS transmission on
the serving cell. If the PUSCH transmission or the SRS transmission is scheduled by a DCI format, the indication by the
DCI format 2_4 is applicable to the PUSCH transmission or SRS transmission only if the last symbol of the PDCCH
reception providing the DCI format is earlier than the first symbol of the PDCCH reception providing the DCI format

2 4

For the serving cell, the UE determines the first symbol of the T¢;; symbols to be the first symbol that is after T'p,
from the end of a PDCCH reception where the UE detects the DCI format 2_4, where T’ ..o, is obtained from Ty
for PUSCH processing capability 2 [6, TS 38.214] assuming d, ; = doggset * 27#UL/27H where dyger IS provided by
delta_Offset, u being the smallest SCS configuration between the SCS configuration of the PDCCH and the smallest
SCS configuration uy;, provided in scs-SpecificCarrierList of FrequencylnfoUL or FrequencylnfoUL-SB. The UE does
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not expect to cancel the PUSCH transmission or the SRS transmission before a corresponding symbol that is Ty
assuming that d, ; = 0 after alast symbol of the PDCCH reception where the UE detects the DCI format 2_4.

A UE that detectsa DCI format 2_4 for aserving cell cancels a PUSCH transmission or an actua repetition of a
PUSCH transmission [6, TS 38.214] if the PUSCH transmission is with repetition Type B, as determined in clauses 9
and 9.2.5or in clause 6.1 of [6, TS 38.214], or an SRS transmission on the serving cell if, respectively,

- thetransmission is PUSCH with priority O, if the UE is provided uplinkCancellationPriority,

- agroup of symboals, from the T;; symbols, has at least one bit value of '1' in the corresponding set of Ny, bitsin
the DCI format 2_4 and includes a symbol of the (repetition of the) PUSCH transmission or of the SRS
transmission, and

- agroup of PRBs, from the B;; PRBs, has a corresponding hit value of '1' in the set of bits corresponding to the
group of symbolsin the DCI format 2_4 and includes a PRB of the (repetition of the) PUSCH transmission or of
the SRS transmission,

where

- the cancellation of the (repetition of the) PUSCH transmission includes all symbols from the earliest symbol of
the (repetition of the) PUSCH transmission that isin a group of symbols having corresponding bit valuesof '1'in
the DCI format 2_4;

- the cancellation of the SRS transmission includes only symbols that are in one or more groups of symbols having
corresponding bit values of '1' in the DCI format 2_4.

If, based on an indication by a DCI format 2_4, a UE cancels a PUSCH transmission or an SRS transmission, the UE
does not expect to be scheduled by a second DCI format to transmit a PUSCH or an SRS over symbolsthat include
symbols of the cancelled PUSCH transmission or SRS transmission, where the last symbol of the PDCCH reception
providing the second DCI format islater than the first symbol of the PDCCH reception providing the DCI format 2_4.

11.3  Group TPC commands for PUCCH/PUSCH

For PUCCH transmission on a serving cell, a UE can be provided
- aTPC-PUCCH-RNTI for aDCI format 2_2 by tpc-PUCCH-RNTI

- afieldin DCI format 2_2 isa TPC command of 2 bits mapping to Spyccu,p,f,c Values as described in clause
721

- anindex for alocationin DCI format 2_2 of afirst bit for a TPC command field for the PCell, or for a carrier of
the PCell by tpc-1ndexPCell

- anindex for alocation in DCI format 2_2 of afirst bit for a TPC command field for a PUCCH-sSCell in the
primary PUCCH cell group, by tpc-IndexsScell

- anindex for alocation in DCI format 2_2 of afirst bit for a TPC command field for the PUCCH-SCell or for a
carrier for the PUCCH-SCell by tpc-1ndexPUCCH-Scell

- anindex for alocationin DCI format 2_2 of afirst bit for a TPC command field for a PUCCH-sSCell in the
secondary PUCCH cell group, by tpc-1ndexsScell-secondaryPUCCHgroup

- amapping for the PUCCH power control adjustment state I € {0,1}, by a corresponding {0, 1} value of a closed
loop index field that is appended to the TPC command field in DCI format 2_2 if the UE indicates a capability to
support two PUCCH power control adjustment states by twoDifferentTPC-Loop-PUCCH, and if the UE is
configured for two PUCCH power control adjustment states by twoPUCCH-PC-AdjustmentStates

The UE isaso provided on aserving cell with a configuration for a search space set s and a corresponding CORESET
p for monitoring PDCCH candidates for DCI format 2_2 with CRC scrambled by a TPC-PUCCH-RNTI as described in
clause 10.1.

For PUSCH transmission on a serving cell, a UE can be provided

- aTPC-PUSCH-RNTI for aDCI format 2_2 by tpc-PUSCH-RNTI
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- afieldin DCI format 2_2 isa TPC command of 2 bits mapping to Spyscu,p,r,c Values as described in clause
7.11

an index for alocation in DCI format 2_2 of afirst bit for a TPC command field for an uplink carrier of the
serving cell by tpc-Index

an index for alocation in DCI format 2_2 of afirst bit for a TPC command field for a supplementary uplink
carrier of the serving cell by tpc-IndexSUL

an index of the serving cell by targetCell. If targetCell is not provided, the serving cell is the cell of the PDCCH
reception for DCI format 2_2

amapping for the PUSCH power control adjustment state [ € {0,1}, by a corresponding {0, 1} value of a closed
loop index field that is appended to the TPC command field for the uplink carrier or for the supplementary
uplink carrier of the serving cell in DCI format 2_2 if the UE indicates a capability to support two PUSCH
power control adjustment states, by twoDifferentTPC-Loop-PUSCH, and if the UE is configured for two PUSCH
power control adjustment states by twoPUSCH-PC-AdjustmentStates

The UE isaso provided for the serving cell of the PDCCH reception for DCI format 2_2 with a configuration for a
search space set s and a corresponding CORESET p for monitoring PDCCH candidates for DCI format 2_2 with CRC
scrambled by a TPC-PUSCH-RNTI as described in clause 10.1.

11.4 SRS switching

DCI format 2_3 is applicable for uplink carrier(s) of serving cells where a UE is not configured for PUSCH/PUCCH
transmission or for uplink carrier(s) of a serving cell where srs-Power Control AdjustmentStates indicates a separate
power control adjustment state between SRS transmissions and PUSCH transmissions.

A UE configured by higher layers with parameter carrierSwitching is provided

aTPC-SRS-RNTI for a DCI format 2_3 by tpc-SRS-RNTI

an index of aserving cell where the UE interrupts transmission in order to transmit SRS on one or more other
serving cells by srs-SwitchFromServCelllndex

an indication of an uplink carrier where the UE interrupts transmission in order to transmit SRS on one or more
other serving cells by srs-SwitchFromCarrier

aDCI format 2_3 field configuration type by typeA or typeB

- for typeA, anindex for a set of serving cellsis provided by cc-Setindex, indexes of serving cellsin the set of
serving cells are provided by cc-IndexinOneCC-Set, and a DCI format 2_3 field includes a TPC command
for each serving cell from the set of serving cells and can a'so include a SRS reguest for SRS transmission on
the set of serving cells

- for typeB, DCI format 2_3 field includes a TPC command for a serving cell index and can also include a SRS
request for SRS transmission on the serving cell

an indication for a serving cell for whether or not afield in DCI format 2_3 includes a SRS request by
fieldTypeFormat2-3 where a value of 0/1 indicates absence/presence of the SRS request — a mapping for a 2 bit
SRS request to SRS resource setsisas provided in [6, TS 38.214]

anindex for alocationin DCI format 2_3 of afirst bit for afield for a non-supplementary uplink carrier of the
serving cell by startingBitOfFormat2-3

an index for alocation in DCI format 2_3 of afirst bit for afield for a supplementary uplink carrier of the
serving cell by startingBitOfFormat2-3SUL-v1530

12

Bandwidth part operation

If the UE is configured with a SCG, the UE shall apply the procedures described in this clause for both MCG and SCG
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- When the procedures are applied for MCG, the terms 'secondary cell’, 'secondary cells', 'serving cell’, 'serving
cells in this clause refer to secondary cell, secondary cells, serving cell, serving cells belonging to the MCG
respectively.

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

A UE configured for operation in bandwidth parts (BWPs) of a serving cell, is configured by higher layers for the
serving cell aset of at most four bandwidth parts (BWPs) for receptions by the UE (DL BWP set) in a DL bandwidth by
parameter BWP-Downlink or by parameter initial DownlinkBWP with a set of parameters configured by BWP-
DownlinkCommon and BWP-DownlinkDedicated, and a set of at most four BWPs for transmissions by the UE (UL
BWP set) in an UL bandwidth by parameter BWP-Uplink or by parameter initial UplinkBWP with a set of parameters
configured by BWP-UplinkCommon and BWP-UplinkDedi cated.

For operation with shared spectrum channel access, a UE expects that the BWP configured by the parameter
initial UplinkBWP provided in UplinkConfigCommonSI B is mapped to only asingle RB set.

If aUE is not provided initial DownlinkBWP, an initial DL BWP is defined by a location and number of contiguous
PRBs, starting from a PRB with the lowest index and ending at a PRB with the highest index among PRBs of a
CORESET for Type0-PDCCH CSS set, and a SCS and a cyclic prefix for PDCCH reception in the CORESET for
Type0-PDCCH CSS set; otherwise, theinitial DL BWP is provided by initial DownlinkBWP. For operation on the
primary cell or on a secondary cell, aUE is provided an initial UL BWP by initial UplinkBWP. If the UE is configured
with a supplementary UL carrier, the UE can be provided an initial UL BWP on the supplementary UL carrier by
initialUplinkBWP.

If a UE has dedicated BWP configuration, the UE can be provided by firstActiveDownlinkBWP-Id afirst active DL
BWP for receptions and by firstActiveUplinkBWP-Id afirst active UL BWP for transmissions on a carrier of the
primary cell.

For each DL BWP or UL BWP in aset of DL BWPs or UL BWPs, respectively, the UE is provided the following
parameters for the serving cell as defined in [4, TS 38.211] or [6, TS 38.214]:

- aSCSby subcarrier Spacing
- acyclic prefix by cyclicPrefix

- acommon RB N3&% = Oarrier + RBstare and anumber of contiguous RBs NI, = Ly provided by
IocationAr_deandvvi dth that indicates an offset RB;,+ and alength Lz as RIV according to [6, TS 38.214],
setting Ngwe = 275, and avalue O, Provided by offsetToCarrier for the subcarrier Spacing

- anindex inthe set of DL BWPs or UL BWPs by respective BWP-1d

- aset of BWP-common and a set of BWP-dedicated parameters by BWP-DownlinkCommon and BWP-
DownlinkDedicated for the DL BWP, or BWP-UplinkCommon and BWP-UplinkDedicated for the UL BWP [12,
TS38.331]

For unpaired spectrum operation, a DL BWP from the set of configured DL BWPs with index provided by BWP-Id is
linked with an UL BWP from the set of configured UL BWPs with index provided by BWP-1d when the DL BWP index
and the UL BWP index are same. For unpaired spectrum operation, a UE does not expect to receive a configuration
where the center frequency for aDL BWP is different than the center frequency for an UL BWP when the BWP-1d of
the DL BWP is same as the BWP-Id of the UL BWP.

For each DL BWP in aset of DL BWPs of the PCell, a UE can be configured CORESETs for every type of CSS sets
and for USS as described in clause 10.1. The UE does not expect to be configured without a CSS set on the PCell in the
active DL BWP.

If aUE is provided control ResourceSetZero and searchSpaceZero in PDCCH-ConfigS B1 or PDCCH-ConfigCommon,
the UE determines a CORESET for a search space set from control ResourcesetZero as described in clause 13 and for
Tables 13-1 through 13-10, and determines corresponding PDCCH monitoring occasions as described in clause 13 and
for Tables 13-11 through 13-15. If the active DL BWP is not theinitial DL BWP, the UE determines PDCCH
monitoring occasions for the search space set only if the CORESET bandwidth is within the active DL BWP and the
active DL BWP has same SCS configuration and same cyclic prefix astheinitial DL BWP.
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For each UL BWP in aset of UL BWPs of the PCell or of the PUCCH-SCell, the UE is configured resource sets for
PUCCH transmissions as described in clause 9.2.1.

A UE receives PDCCH and PDSCH in a DL BWP according to a configured SCS and CP length for the DL BWP. A
UE transmits PUCCH and PUSCH in an UL BWP according to a configured SCS and CP length for the UL BWP.

If a bandwidth part indicator field is configured in a DCI format, the bandwidth part indicator field value indicates the
active DL BWP, from the configured DL BWP set, for DL receptions as described in [5, TS 38.212]. If a bandwidth
part indicator field is configured in a DCI format, the bandwidth part indicator field value indicates the active UL BWP,
from the configured UL BWP set, for UL transmissions as described in [5, TS 38.212]. If a bandwidth part indicator
field is configured in a DCI format and indicates an UL BWP or aDL BWP different from the active UL BWP or DL
BWP, respectively, the UE shall

- for each information field in the DCI format

- if thesize of theinformation field is smaller than the one required for the DCI format interpretation for the
UL BWP or DL BWP that isindicated by the bandwidth part indicator, the UE prepends zeros to the
information field until its sizeis the one required for the interpretation of the information field for the UL
BWP or DL BWP prior to interpreting the DCI format information fields, respectively

- if the size of the information field islarger than the one required for the DCI format interpretation for the UL
BWP or DL BWP that isindicated by the bandwidth part indicator, the UE uses a number of least significant
bits of the DCI format equal to the one required for the UL BWP or DL BWP indicated by bandwidth part
indicator prior to interpreting the DCI format information fields, respectively

- settheactive UL BWP or DL BWP to the UL BWP or DL BWP indicated by the bandwidth part indicator in the
DCI format

If a bandwidth part indicator field is configured in a DCI format 0_1 and indicates an active UL BWP with different
SCS configuration i, or with different number Ngg”,. ;1. of RB sets, than a current active UL BWP, the UE determines
an uplink frequency domain resource allocation Type 2 based on X' bitsand Y bits that are generated by independently
truncating or padding the X MSBsand theY LSBs[6, TS 38.214] of the frequency domain resource assignment field of
DCI format 0_1, where truncation starts from the MSBs of the X bitsor the Y bits, zero-padding prepends zeros to the
X bitsor the Y bits, and

- if theindicated active UL BWP has SCS configuration ¢ = 1 and the current active BWP has SCS
configuration i = 0, the X MSBsare truncated to X' = X — 1 bits, or

- if theindicated active UL BWP has SCS configuration ¢ = 0 and the current active BWP has SCS
configuration u = 1, the X MSBs are zero-padded to X' = X + 1 bits

- otherwise, the X MSBs are unchanged

and

’ NRE setuL(NRE setuL*1) . BWP ;
- theY LSBsaretruncated or zero-paddedto Y’ = [Iog2 ( — : )] bits where Npg_. 1, iS@
number of RB sets configured for the indicated active UL BWP

A UE does not expect to detect a DCI format with a BWP indicator field that indicates an active DL BWP or an active
UL BWP change with the corresponding time domain resource assignment field providing a dot offset value for a
PDSCH reception or PUSCH transmission that is smaller than a delay required by the UE for an active DL BWP
change or UL BWP change, respectively [10, TS 38.133].

If a UE detects a DCI format with a BWP indicator field that indicates an active DL BWP change for acell, the UE is
not required to receive or transmit in the cell during a time duration from the end of the third symbol of a slot where the
UE receives the PDCCH that includes the DCI format in a scheduling cell until the beginning of a slot indicated by the
dlot offset value of the time domain resource assignment field in the DCI format.

If a UE detects a DCI format with SCell dormancy indication that indicates an active DL BWP change for an Scell in
dlot n of primary cell, the UE is not required to receive or transmit in the SCell during a time duration specified in [10,
TS38.133].
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If a UE detects a DCI format indicating an active UL BWP change for acell, the UE is not required to receive or
transmit in the cell during atime duration from the end of the third symbol of a dot where the UE receives the PDCCH
that includes the DCI format in the scheduling cell until the beginning of aslot indicated by the dot offset value of the
time domain resource assignment field in the DCI format.

A UE does not expect to detect a DCI format indicating an active DL BWP change or an active UL BWP change for a
scheduled cell within FR1 (or FR2) in aslot other than the first slot of a set of dots for the DL SCS of the scheduling
cell that overlaps with atime duration where the UE is not required to receive or transmit, respectively, for an active
BWP change in adifferent cell from the scheduled cell within FR1 (or FR2).

A UE expectsto detect a DCI format with a BWP indicator field that indicates an active UL BWP change or an active
DL BWP change only if a corresponding PDCCH is received within the first 3 symbols of adot. If the UE detects the
DCI format from two PDCCH receptions in search space sets s; and s; that include searchSpaceLinking with value s;
and s;, respectively, as described in clause 10.1, the UE considers the PDCCH reception where the UE detects the DCI
format to be the one from the two PDCCH receptions that ends later.

For aserving cell, a UE can be provided by defaultDownlinkBWP-1d a default DL BWP among the configured DL
BWHPs. If aUE is not provided a default DL BWP by defaultDownlinkBWP-Id, the default DL BWP istheinitial DL
BWP.

If aUE is provided by bwp-InactivityTimer atimer value for the serving cell [11, TS 38.321] and the timer is running,
the UE decrements the timer at the end of a subframe for FR1 or at the end of a half subframe for FR2 if the restarting
conditionsin[11, TS 38.321] are not met during the interval of the subframe for FR1 or of the half subframe for FR2.

For acell where a UE changes an active DL BWP due to a BWP inactivity timer expiration and for accommodating a
delay in the active DL BWP change or the active UL BWP change required by the UE [10, TS 38.133], the UE is not
required to receive or transmit in the cell during atime duration from the beginning of a subframe for FR1, or of half of
asubframe for FR2, that isimmediately after the BWP inactivity timer expires until the beginning of a ot where the
UE can receive or transmit.

When a UE's BWP inactivity timer for a cell within FR1 (or FR2) expires within a time duration where the UE is not
required to receive or transmit for an active UL/DL BWP changein the cell or in a different cell within FR1 (or FR2),
the UE delays the active UL/DL BWP change triggered by the BWP inactivity timer expiration until a subframe for
FR1 or half a subframe for FR2 that isimmediately after the UE completes the active UL/DL BWP change in the cell or
in the different cell within FR1 (or FR2).

If aUE is provided by firstActiveDownlinkBWP-1d afirst active DL BWP and by firstActiveUplinkBWP-1d afirst active
UL BWP on acarrier of asecondary cell, the UE uses the indicated DL BWP and the indicated UL BWP as the
respective first active DL BWP on the secondary cell and first active UL BWP on the carrier of the secondary cell.

A UE does not expect to monitor PDCCH when the UE performs RRM measurements [10, TS 38.133] over a
bandwidth that is not within the active DL BWP for the UE.

13 UE procedure for monitoring TypeO-PDCCH CSS
sets

If during cell search a UE determines from MIB that a CORESET for Type0-PDCCH CSS set is present, as described in
clause 4.1, the UE determines a number of consecutive resource blocks and a number of consecutive symbols for the
CORESET of the Type0-PDCCH CSS set from control ResourceSetZero in pdcch-ConfigS B1, as described in Tables
13-1 through 13-10, for operation without shared spectrum channel accessin FR1 and FR2-1, or as described in Tables
13-1A and 13-4A for operation with shared spectrum channel accessin FR1, or as described in Table 13-10A for FR2-
2, and determines PDCCH monitoring occasions from searchSpaceZero in pdcch-ConfigS B1, included in MIB, as
described in Tables 13-11 through 13-15. SEN.. and n, are the SFN and slot index within a frame of the CORESET
based on SCS of the CORESET and SFNssg; and ngsg ; are the SFN and slot index based on SCS of the CORESET,
respectively, where the SS/PBCH block with index i overlapsin time with system frame SFNgsg; and dot ngsg ;. The
symbols of the CORESET associated with pdcch-ConfigSIB1 in MIB or with searchSpaceSB1 in PDCCH-
ConfigCommon have normal cyclic prefix.

For operation with shared spectrum channel accessin FR2-2 and for operation without shared spectrum channel access,
a UE assumes that the offset in Tables 13-1 through 13-10A is defined with respect to the SCS of the CORESET for
Type0-PDCCH CSS set from the smallest RB index of the CORESET for TypeO-PDCCH CSS set to the smallest RB
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index of the common RB overlapping with the first RB of the corresponding SS/PBCH block. The SCS of the
CORESET for Type0-PDCCH CSS set is provided by subCarrier SpacingCommon for FR1 and FR2-1 and same as the
SCS of the corresponding SS/PBCH block for FR2-2. In Tables 13-7, 13-8, and 13-10, kgsg isdefined in[4, TS
38.211].

For operation with shared spectrum channel accessin FR1, a UE determines an offset from a smallest RB index of the
CORESET for Type0-PDCCH CSS et to a smallest RB index of the common RB overlapping with afirst RB of the
corresponding SS/PBCH block

- according to the offset in Table 13-1A or Table 13-4A, if the frequency position of the SS/PBCH block
corresponds to the GSCN of a synchronization raster entry as defined in [8-1, TS 38.101-1], and

- according to asum of afirst offset and a second offset if the frequency position of the SS/PBCH block is
provided by ssbFrequency in a measurement configuration associated with a reporting configuration providing
reportCGI and does not correspond to the GSCN of a synchronization raster entry as defined in [8-1, TS 38.101-
1], where

- thefirst offset is provided in Table 13-1A or Table 13-4A, and

- the second offset is determined as the offset from a smallest RB index of the common RB overlapping with
thefirst RB of the SS/PBCH block indicated in the measurement configuration to a smallest RB index of the
common RB overlapping with the first RB of a SS/PBCH block hypothetically located at the GSCN of a
synchronization raster entry, where the single synchronization raster entry islocated in the same channel as
the SS/PBCH block used for the shared spectrum channel access procedure, as described in [15, TS 37.213]

where the offsets are defined with respect to the SCS of the CORESET for Type0-PDCCH CSS set that is same as the
SCS of the corresponding SS/PBCH block.

For operation without shared spectrum channel access and for the SS/PBCH block and CORESET multiplexing pattern
1, aUE monitors PDCCH in the Type0-PDCCH CSS set over two slots. For SS/PBCH block with index i, the UE

determines an index of slot ny asny, = (0 - 2 + |i -MJ)modNSflrjtme"‘ that isin a frame with system frame number

(SFN) SFN satisfying SFN.mod2 = 0 if [(0 - 2# + [i - M])/NS2™**|mod2 = 0, or in aframe with SFN satisfying

slot

SFN.mod2 = 1if [(0 - 2% + [i - M])/NS2™**|mod2 = 1 where u € {0,1,2,3,5,6} based on the SCS for PDCCH

slot

receptionsin the CORESET [4, TS 38.211].

- Forp€{0,1,2,3} andfor aSS/IPBCH block index i, the two slots including the associated Type0-PDCCH
monitoring occasions are slotsn, and ny, + 1. M, 0, and the index of the first symbol of the CORESET in dots
ny and ny + 1 are provided by Table 13-11 and Table 13-12.

- For u =5 and for a SSYPBCH block index i, the two slots including the associated TypeO-PDCCH monitoring
occasionsare dotsn, and n, + 4. M, 0, and the index of the first symbol of the CORESET in dotsn, and n, +
4 are provided by Table 13-12A, where X = 1.25.

- For u = 6 and for a SSYPBCH block index i, the two slots including the associated TypeO-PDCCH monitoring
occasions are dotsn, and n, + 8. M, 0, and the index of the first symbol of the CORESET in dotsn, and n, +
8 are provided by Table 13-12A, where X = 0.625.

For operation with shared spectrum channel access and for the SS/PBCH block and CORESET multiplexing pattern 1, a
UE monitors PDCCH in the Type0-PDCCH CSS set over slots that include Type0-PDCCH monitoring occasions
associated with SS/PBCH blocks that are quasi co-located with the SS/PBCH block that provides a CORESET for
TypeO-PDCCH CSS set with respect to average gain, quasi co-location 'typeA' and 'typeD' properties, when applicable
[6, TS 38.214]. For a candidate SS/PBCH block index 7, where 0 < 7 < L,,,, — 1, two slotsinclude the associated
Type0-PDCCH monitoring occasions. The UE determines an index of slot ng asng = (0 - 2 + [T M]) mod NS "
that isin aframe with system frame number (SFN) SFN, satisfying SFN. mod 2 = 0 if [(0 2R+ (T M)/

NT2"*"| mod 2 = 0, or in aframe with SFN satisfying SN, mod 2 = 1if |(0 - 2# + [T- M]) /NS | mod 2 = 1

slot slot

where u € {0, 1,3,5,6} based on the SCS for PDCCH receptionsin the CORESET [4, TS 38.211].

- For u € {0,1} and for a candidate SS/PBCH block index z, the two slots including the associated Type0-PDCCH
monitoring occasions are slotsn, and ny, + 1. M, 0, and the index of the first symbol of the CORESET in dots
ny and ny + 1 are provided by Table 13-11. The UE does not expect to be configured with M = 1/2, or with
M =2, when N& = 1.
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- For u = 3 and for a candidate SSYPBCH block index t, the two slots including the associated Type0-PDCCH
monitoring occasions are slotsn, and ny, + 1. M, 0, and the index of the first symbol of the CORESET in dots
ny and ny + 1 are provided by Table 13-12.

- For u = 5 and for a candidate SSYPBCH block index 7, the two slots including the associated Type0-PDCCH
monitoring occasions are slotsn, and ny, + 4. M, 0, and the index of the first symbol of the CORESET in dots
ngy and ny + 4 are provided by Table 13-12A, where X = 1.25.

- For u = 6 and for a candidate SSYPBCH block index 7, the two slots including the associated Type0-PDCCH
monitoring occasions are dotsn, and n, + 8. M, 0, and the index of the first symbol of the CORESET in dots
ngy and n, + 8 are provided by Table 13-12A, where X = 0.625.

For operation without shared spectrum channel access and for the SS/PBCH block and CORESET multiplexing patterns
2 and 3, a UE monitors PDCCH in the Type0-PDCCH CSS set over one slot with Type0-PDCCH CSS set periodicity
equal to the periodicity of SS/PBCH block. For a SS/PBCH block with index i, the UE determines the slot index n,.

and SFN, based on parameters provided by Tables 13-13 through 13-15A.

For operation with shared spectrum channel access and for SS/PBCH block and CORESET multiplexing pattern 3, a
UE monitors PDCCH in the Type0-PDCCH CSS set over slots that include Type0-PDCCH monitoring occasions
associated with SS/PBCH blocks that are quasi co-located with the SS/PBCH block that provides a CORESET for
TypeO-PDCCH CSS set with respect to average gain, quasi co-location 'typeA' and 'typeD' properties, when applicable.
For a candidate SS/PBCH block index 1, where 0 < 1 < L, — 1, the periodicity of the slot including the associated
Type0-PDCCH monitoring occasion is same as the periodicity of the candidate SS/PBCH block, and the UE determines
the dlot index n. and SFN,. based on parameters provided by Tables 13-15 and 13-15A, where i isreplaced by 7 for
operation with shared spectrum channel accessin FR2-2.

For the SS/IPBCH block and CORESET multiplexing patterns 2 and 3, if the active DL BWP istheinitial DL BWP, the
UE is expected to be able to perform radio link monitoring, as described in clause 5, and measurements for radio
resource management [10, TS 38.133] using a SS/PBCH block that provides a CORESET for TypeO-PDCCH CSS set.

Table 13-1: Set of resource blocks and slot symbols of CORESET for Type0-PDCCH search space set
when {SS/PBCH block, PDCCH} SCSis {15, 15} kHz for frequency bands with minimum channel
bandwidth 5 MHz or 10 MHz

Index SS/PBCH block and CORESET Number of RBs | Number of Symbols Offset (RBS)

multiplexing pattern LRI NEORESET
0 1 24 2 0
1 1 24 2 5
2 1 24 2 4
3 1 24 3 0
4 1 24 3 2
S 1 24 3 4
6 1 48 1 12
7 1 48 1 16
8 1 48 2 12
9 1 48 2 16
10 1 48 3 12
11 1 48 3 16
12 1 96 1 38
14 1 96 3 38
15 Reserved
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Table 13-1A: Set of resource blocks and slot symbols of CORESET for Type0-PDCCH search space
set when {SS/PBCH block, PDCCH} SCS is {15, 15} kHz for frequency bands operated with shared
spectrum channel access

SS/PBCH block and CORESET Number of RBs Number of
Index multiplexing pattern NSGRESET Symbols NSORESET Offset (RBs)
0 1 96 1 10
1 1 96 1 12
2 1 96 1 14
3 L 96 1 16
4 L 96 2 10
5 1 96 2 12
6 1 96 2 14
! L 96 2 16
8 Reserved
9 Reserved
10 Reserved
11 Reserved
12 Reserved
13 Reserved
14 Reserved
15 Reserved

Table 13-2: Set of resource blocks and slot symbols of CORESET for Type0-PDCCH search space set
when {SS/PBCH block, PDCCH} SCS is {15, 30} kHz for frequency bands with minimum channel
bandwidth 5 MHz or 10 MHz

SS/PBCH block and CORESET Number of RBs | Number of Symbols

multiplexing pattern NSQRESET e Offset (RBs)

Index

24
24
24
24
24
24
24
24
48
48
48
48
48
48
14 Reserved
15 Reserved

[EnY
N

OO (N || |WIN|F|O

N RN
WWN[N[RP R w|w|w|w|N (NN
N2 (NN

Bln N5 ISR|oNo|o|m|~|o o
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Table 13-3: Set of resource blocks and slot symbols of CORESET for Type0-PDCCH search space set
when {SS/PBCH block, PDCCH} SCSis {30, 15} kHz for frequency bands with minimum channel
bandwidth 5 MHz or 10 MHz except for the frequency bands given in [5, TS38.101-1]

SS/PBCH block and CORESET Number of RBs | Number of Symbols
Index multiplexing pattern NSQRESET NCORESET Offset (RBs)
0 1 48 1 2
1 1 48 1 6
2 1 48 2 2
3 1 48 2 6
4 1 48 3 2
5 1 48 3 6
6 1 96 1 28
7 1 96 2 28
8 1 96 3 28
9 Reserved
10 Reserved
11 Reserved
12 Reserved
13 Reserved
14 Reserved
15 Reserved

Table 13-4: Set of resource blocks and slot symbols of CORESET for Type0-PDCCH search space set
when {SS/PBCH block, PDCCH} SCS is {30, 30} kHz for frequency bands with minimum channel
bandwidth 5 MHz or 10 MHz except for the frequency bands given in [5, TS38.101-1]

Index SS/PBCH block and CORESET Number of RBs | Number of Symbols Offset (RBs)
multiplexing pattern COREET NEORESET
0 1 24 2 0
L 1 24 2 1
2 1 24 2 >
3 1 24 2 3
4 1 24 2 4
2 1 24 3 0
6 1 24 3 1
7 1 24 3 >
8 1 24 3 3
9 1 24 3 4
11 1 48 1 14
12 1 48 1 16
13 1 48 > 12
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Table 13-4A: Set of resource blocks and slot symbols of CORESET for Type0-PDCCH search space
set when {SS/PBCH block, PDCCH} SCS is {30, 30} kHz for frequency bands operated with shared
spectrum channel access

SS/PBCH block and CORESET Number of RBs Number of
Index multiplexing pattern NSGRESET Symbols NSORESET Offset (RBs)
0 1 48 1 0
1 1 48 1 1
2 1 48 1 2
3 1 48 1 3
4 1 48 2 0
> 1 48 2 1
6 1 48 2 2
! 1 48 2 3
8 Reserved
9 Reserved
10 Reserved
11 Reserved
12 Reserved
13 Reserved
14 Reserved
15 Reserved

Table 13-5: Set of resource blocks and slot symbols of CORESET for Type0-PDCCH search space set
when {SS/PBCH block, PDCCH} SCS is {30, 15} kHz for frequency bands with minimum channel
bandwidth 40MHz or for the frequency bands given in [5, TS38.101-1]

el SS/PBCH block and CORESET Number of RBs | Number of Symbols Offset (RBS)
multiplexing pattern COREET NEORESET
0 1 48 1 4
1 1 48 2 4
2 1 48 3 4
3 1 96 1 0
2 1 96 1 56
5 1 96 2 0
3 1 96 2 56
/ 1 96 3 0
5 1 96 3 56
9 Reserved
10 Reserved
11 Reserved
12 Reserved
13 Reserved
14 Reserved
15 Reserved
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Table 13-6: Set of resource blocks and slot symbols of CORESET for Type0-PDCCH search space set
when {SS/PBCH block, PDCCH} SCSis {30, 30} kHz for frequency bands with minimum channel
bandwidth 40MHz or for the frequency bands given in [5, TS38.101-1]

SS/PBCH block and CORESET Number of RBs | Number of Symbols
Index multiplexing pattern NSQRESET s Offset (RBs)
0 1 24 2 0
1 1 24 2 4
2 1 24 3 0
3 1 24 3 7
4 1 48 1 0
5 1 48 1 28
6 1 48 2 0
7 1 48 2 28
8 1 48 3 0
9 1 48 3 28
10 Reserved
11 Reserved
12 Reserved
13 Reserved
14 Reserved
15 Reserved

Table 13-7: Set of resource blocks and slot symbols of CORESET for Type0-PDCCH search space set
when {SS/PBCH block, PDCCH} SCSis {120, 60} kHz

Index SS/PBCH block and CORESET Number of RBs Number of Offset (RBs)
multiplexing pattern NSIRESET Symbols NEORESET
0 1 48 1 0
1 1 48 1 8
2 1 48 2 0
3 1 48 2 8
4 1 48 3 0
5 1 48 3 8
6 1 96 1 28
7 1 96 2 28
-41 if kggg = 0
8 2 48 ! -42 if kgsg > 0
9 2 48 1 49
-41 if kggg = 0
10 2 9 ! -42 if kgsg > 0
11 2 96 1 97
12 Reserved
13 Reserved
14 Reserved
15 Reserved
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Table 13-8: Set of resource blocks and slot symbols of CORESET for Type0-PDCCH search space set
when {SS/PBCH block, PDCCH} SCS is {120, 120} kHz for FR2-1

Index SS/PBCH block and CORESET Number of RBs Number of Offset (RBS)
multiplexing pattern LT Symbols NSORESET
0 1 24 2 0
1 1 24 2 4
2 1 48 1 14
3 1 48 2 14
-20if kgsg = 0
4 3 24 2 21 if kggg > 0
5 3 24 2 24
-20if kgsg = 0
6 3 48 2 21 if kggg > 0
7 3 48 2 48
8 Reserved
9 Reserved
10 Reserved
11 Reserved
12 Reserved
13 Reserved
14 Reserved
15 Reserved

Table 13-9: Set of resource blocks and slot symbols of CORESET for Type0-PDCCH search space set
when {SS/PBCH block, PDCCH} SCS is {240, 60} kHz

Index

SS/PBCH block and CORESET
multiplexing pattern

Number of RBs
NCORESET
RB

Number of Symbols
NCOR]];:SET
sym|

Offset (RBs)

1

96

1

0

96

16

96

0

1
1
1

96

1
2
2

16

Reserved

Reserved

Reserved

Reserved

Reserved

OO |IN|O|O | |W|N|F|O

Reserved

Reserved

Reserved

Reserved

Reserved

Reserved

Reserved
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Table 13-10: Set of resource blocks and slot symbols of CORESET for Type0O-PDCCH search space
set when {SS/PBCH block, PDCCH} SCS is {240, 120} kHz

Index

SS/PBCH block and CORESET
multiplexing pattern

Number of RBs
NCORESET
RB

Number of
Symbols NSORESET

Offset (RBs)

1

48

1

48

48

48

@|O|w|O

24

-41 if kSSB =0
-42 if kSSB >0

24

25

48

-41 if kSSB =0
-42 if kSSB >0

N N N N Ll Ll

48

Rl R R kNN

49

Reserved

O|ON| & (O » |WIN|F|O

Reserved

Reserved

Reserved

Reserved

Reserved

Reserved

Reserved

Table 13-10A: Set of resource blocks and slot symbols of CORESET for Type0-PDCCH search space
set when {SS/PBCH block, PDCCH} SCSis {120, 120} kHz, {480, 480} kHz, or {960, 960} kHz for FR2-2

SS/PBCH block and CORESET Number of RBs Number of
Index multiplexing pattern NSQRESET Symbols Ng;)nIfESET Offset (RBs)
0 1 24 2 0
1 1 24 2 2
2 1 48 1 0
3 1 48 1 14
4 1 48 1 28
5 1 48 2 0
6 1 48 2 14
7 1 48 2 28
8 1 96 1 0
9
11
12 3 o4 ) -20 if kggy = O
221 if kggy > 0
13 3 24 2 -24
14 3 48 2 -20 if kggg = 0
21 if kggg > 0
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Table 13-11: Parameters for PDCCH monitoring occasions for Type0O-PDCCH CSS set - SS/PBCH
block and CORESET multiplexing pattern 1 and FR1

Index 0 Number of sears<|:2tspace sets per M First symbol index
0 0 1 1 0
1 0 2 1/2 {0, if i is even}, {NSOR™FT, if i is odd}
2 2 1 1 0
3 2 2 1/2 {0, if i is even}, {Noo>"", if i is odd}
4 5 1 1 0
5 5 2 1/2 {0, if i is even}, {Noo>"", if i is odd}
6 7 1 1 0
7 7 2 1/2 {0, if i is even}, {Ngop ", if i is odd}
8 0 1 2 0
9 5 1 2 0
10 0 1 1 1
11 0 1 1 2
12 2 1 1 1
13 2 1 1 2
14 5 1 1 1
15 5 1 1 2

Table 13-12: Parameters for PDCCH monitoring occasions for Type0-PDCCH CSS set - SS/PBCH
block and CORESET multiplexing pattern 1 and FR2-1, or SS/PBCH block and CORESET multiplexing
pattern 1 and {SS/PBCH block, PDCCH} SCS {120, 120} kHz in FR2-2

Index 0 A Bl seagl:gtspace Sets per M First symbol index
0 0 1 1 0
1 0 2 1/2 {0, ifi is even}, {7, if i is odd}
2 2.5 1 1 0
3 25 2 1/2 {0, if i is even}, {7, if i is odd}
4 5 1 1 0
5 5 2 1/2 {0, if i is even}, {7, if i is odd}
6 0 2 1/2 {0, if i is even}, {NSOW°"", if i is odd}
7 2.5 2 1/2 {0, if i is even}, {NSORFT, if i is odd}
8 5 2 1/2 {0, if i is even}, {Ngop~ ", if i is odd}
9 7.5 1 1 0
10 7.5 2 1/2 {0, if i is even}, {7, if i is odd}
11 7.5 2 1/2 {0, if i is even}, {NSOW>"", if i is odd}
12 0 1 2 0
13 5 1 2 0
14 Reserved
15 Reserved
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Table 13-12A: Parameters for PDCCH monitoring occasions for Type0O-PDCCH CSS set - SS/PBCH
block and CORESET multiplexing pattern 1 and {SS/PBCH block, PDCCH} SCS {480, 480} kHz or

{960, 960} kHz in FR2-2

Index 0 Number of search space sets per slot M First symbol index
0 0 1 1 0
1 0 2 1/2 {0, if i is even}, {7, if i is odd}
2 X 1 1 0
3 X 2 1/2 {0, if i is even}, {7, if i is odd}
4 5 1 1 0
5 5 2 1/2 {0, if i is even}, {7, if i is odd}
6 0 2 1/2 {0, if i is even}, {NSORSFT, if i is odd}
7 X 2 1/2 {0, if i is even}, {Ngop ", if i is odd}
8 5 2 1/2 {0, if i is even}, {NSOW>"", if i is odd}
9 5+X 1 1 0
10 5+X 2 1/2 {0, if i is even}, {7, if i is odd}
11 5+X 2 1/2 {0, if i is even}, {NSORFT, if i is odd}
12 0 1 2 0
13 5 1 2 0
14 Reserved
15 Reserved

Table 13-13: PDCCH monitoring occasions for Type0-PDCCH CSS set - SS/PBCH block and

CORESET multiplexing pattern 2 and {SS/PBCH block, PDCCH} SCS {120, 60} kHz

Index PDCCH monitoring occasions (SFN and slot number) Flzit_s())/mlbol |2g)ex
SEN SEN 0,1, 6,7 for
0 e i=ak,i=4k+1,i=4k+2i=4k+
C SSB,i 3
1 Reserved
2 Reserved
3 Reserved
4 Reserved
5 Reserved
6 Reserved
7 Reserved
8 Reserved
9 Reserved
10 Reserved
11 Reserved
12 Reserved
13 Reserved
14 Reserved
15 Reserved

ETSI




3GPP TS 38.213 version 17.1.0 Release 17 198 ETSI TS 138 213 V17.1.0 (2022-05)

Table 13-14: PDCCH monitoring occasions for Type0-PDCCH CSS set - SS/PBCH block and
CORESET multiplexing pattern 2 and {SS/PBCH block, PDCCH} SCS {240, 120} kHz

Index PDCCH monitoring occasions First symbol index
(SFN and slot number) (k=0,1,..,7)
0,1,2,3,0,1ini=8k,i=8k+1,i=8k+2,i=8k+3,i=
0 SFNC = SFNSSB,i 8k + 6, i=8k+7 (nc = nSSB'i)
Me = Tssp,i Of Ne = Nsspi — 1 12,13ini =8k + 4,i = 8k + 5 (nc = nggg; — 1)
1 Reserved
2 Reserved
3 Reserved
4 Reserved
5 Reserved
6 Reserved
7 Reserved
8 Reserved
9 Reserved
10 Reserved
11 Reserved
12 Reserved
13 Reserved
14 Reserved
15 Reserved

Table 13-15: PDCCH monitoring occasions for Type0-PDCCH CSS set - SS/PBCH block and
CORESET multiplexing pattern 3 and {SS/PBCH block, PDCCH} SCS {120, 120} kHz

First symbol index

Index PDCCH monitoring occasions (SFN and slot number) (k=0,1 15)
SEN SEN 4,8,2,6in
0 e =4k, i=4k+1,i=4k+2,i=4k+
C SSB,i 3
1 Reserved
2 Reserved
3 Reserved
4 Reserved
5 Reserved
6 Reserved
7 Reserved
8 Reserved
9 Reserved
10 Reserved
11 Reserved
12 Reserved
13 Reserved
14 Reserved
15 Reserved
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Table 13-15A: PDCCH monitoring occasions for Type0O-PDCCH CSS set - SS/PBCH block and
CORESET multiplexing pattern 3 and {SS/PBCH block, PDCCH} SCS {480, 480} kHz or {960, 960} kHz

Index PDCCH monitoring occasions (SFN and slot number) Flzit_s())/mlbol |gld)ex
0 SFN. = SFNgsp 2,9in
N¢e = Ngsp,i i=2k,i=2k+1
1 Reserved
2 Reserved
3 Reserved
4 Reserved
5 Reserved
6 Reserved
7 Reserved
8 Reserved
9 Reserved
10 Reserved
11 Reserved
12 Reserved
13 Reserved
14 Reserved
15 Reserved

If a UE detectsafirst SS/IPBCH block and determines that a CORESET for Type0-PDCCH CSS set is not present, and
for 24 < kgsg < 29 for FR1 or for 12 < kgsp < 13 for FR2, the UE may determine the nearest (in the corresponding
frequency direction) global synchronization channel number (GSCN) of a second SS/PBCH block having a CORESET
for an associated Type0-PDCCH CSS set as N&elerence 4 yQffset, yReference jsthe GSCN of the first SS/PBCH block
and NS¢t isa GSCN offset provided by Table 13-16 for FR1 and Table 13-17 for FR2. If the UE detects the second
SS/PBCH block and the second SS/PBCH block does not provide a CORESET for TypeO-PDCCH CSS set, as
described in clause 4.1, the UE may ignore the information related to GSCN of SS/PBCH block |ocations for
performing cell search.

If a UE detects a SS/IPBCH block and determines that a CORESET for Type0-PDCCH CSS set is not present, and for
kssg = 31 for FR1 or for kssg = 15 for FR2, the UE determines that there is no SSYPBCH block having an associated
Type0-PDCCH CSS set within a GSCN range [NESE " — NESEN, NESE® + NES]- NESeNand NESS are
respectively determined by control ResourceSetZero and searchSpaceZero in pdech-ConfigSIB1. If the GSCN rangeis
[NEgference yReference] 'the UE determines that there is no information for asecond SS/PBCH block with a CORESET

’

for an associated Type0-PDCCH CSS set on the detected SS/PBCH block.

If a UE does not detect any SS/PBCH block providing a CORESET for Type0-PDCCH CSS set, as described in clause
4.1, within atime period determined by the UE, the UE may ignore the information related to GSCN of SSPBCH
locations in performing cell search.
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Table 13-16: Mapping between the combination of kgsg and controlResourceSetZero and

searchSpaceZero in pdcch-ConfigSIB1 to N2set for FR1

Ksss 16x% control ResourceSetZero NOffset
+searchSpaceZero GSCN
24 01,...,255 1,2 ..,25
25 01,...,255 257,258, ..., 512
26 01,...,255 513,514, ...., 768
27 01,...,255 -1,-2, ..., -256
28 01,...,255 -257,-258, ...,-512
29 01,...,255 -513,-514, ....,-768
30 01, ..,255 Reserved, Reserved, ..., Reserved

Table 13-17: Mapping between the combination of kgsg and controlResourceSetZero and

searchSpaceZero in pdcch-ConfigSIB1 to N2set for FR2

K 16x% control Resour ceSetZero NOffset
Bz +searchSpaceZero Ceey
12 0,1,...,255 1,2 ...,256
13 01,...,255 -1,-2, ..., -256
14 01,...,255 Reserved, Reserved, ..., Reserved
14 Integrated access-backhaul operation

Throughout this specification, unless otherwise noted, statements using the term "UE" in clauses 4 through 13 are
equally applicableto the IAB-MT of an IAB node.

A procedure for an IAB-MT to perform cell search, system information acquisition, or random access procedure is same
as a corresponding one for a UE except for the following.

For initial cell selection, an lAB-MT may assume that half frames with SS/PBCH blocks occur with a periodicity of 16
frames.

For PRACH transmission, an IAB-MT determines frames and subframes/d ots within the frames containing PRACH
occasions as described in [4, TS 38.211].

The IAB-MT determines an association period for mapping SS/PBCH blocks to PRACH occasions based on a PRACH
configuration period as described in clause 8.1 and according to Table 14-1 instead of Table 8.1-1. An association
pattern period includes one or more association periods and is determined so that a pattern between PRACH occasions
and SS/PBCH blocks repeats at most every 640 msec. A PRACH occasionin a PRACH dlot isvalid according to the
conditionsin clause 8.1.
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Table 14-1: Mapping between PRACH configuration period and SS/PBCH block to PRACH occasion
association period for an IAB-MT

: q g Association period (number of PRACH

PRACH configuration period (msec) configuration periods)

10 {1,2,4,8,16,32, 64}

20 {1,2,4,8,16,32}

40 {1, 2,4, 8,16}

80 {1,2,4,8}

160 {1, 2,4}

320 {1, 2}

640 {1}

If an IAB-nodeis provided an index Tygiz in@aTiming DeltaMAC CE [11, TS 38.321] from a serving cell, the |AB-node
may assume that Tra/2 + (Ngeta + Taetta - Gstep—Na oftset/2) - Te is @ time difference between a DU transmission of a
signal from the serving cell and a reception of the signal by the IAB-MT when T1o/2 + (Ndelta + Tyata -
Gstep_NTA,Offset/Z) ‘T >0, where

- Tra isthedifference between the IAB-MT reception time and the IAB-MT transmission time for IAB-MT
transmission timing mode 'Case6', and is defined in clause 4.3.1 of [4, TS 38.211] for IAB-MT transmission
timing mode 'Casel' and parent node reception mode 'Case?'

- Nydta @d G, are determined as
- Ngata = —70528 and G, = 64, if the serving cell providing the Timing DeltaMAC CE operatesin FR1
- Ngata = —17664 and G, = 32, if the serving cell providing the Timing DeltaMAC CE operates in FR2

The IAB node may assume that a same value of index Ty, IS provided from a serving cell for the IAB-MT
transmission timing modes 'Case7' and 'Casel’

The IAB-node may use the time difference to determine a DU transmission time.

For aserving cell of an IAB-MT, the IAB-MT can be provided by Timing Case Indication MAC CE [11, TS 38.321] an
indication of the IAB-MT transmission timing mode in a slot. Upon reception of the Timing Case Indication for a
serving cell inaTAG, the IAB-MT appliesasame |AB-MT transmission timing mode in aslot on all serving cellsin
the TAG.

If theindicated IAB-MT transmission timing mode in aslot is set to 'Casel’, the IAB-MT transmissiontimeis
determined asfor a"UE" in clause 4.2.

If theindicated IAB-MT transmission timing mode in aslot is set to 'Case6', the |AB-node setsthe IAB-MT
transmission time to the transmission time of the |AB-DU.

If theindicated IAB-MT transmission timing mode in adlot is set to 'Case?’, the IAB-MT is provided atiming advance
offset value Nyy ofset 2 TOr aserving cell by 'Case?' Timing Advance Offset MAC CE [11, TS38.321]. The IAB-MT
determinesits uplink transmission timing as (Nga + Nraostset + Nraotset2) * Te Where Npy and Ny ofrser &€
obtained asfor a"UE" in clause 4.2 and Nt otset2 = Toffset2 - 16 + 64/2% where Ty » iS provided by the 'Case?’
Timing Advance Offset MAC CE [11, TS 38.321].

A dot format for an IAB-DU or an IAB-MT includes downlink symbols, uplink symbols, and flexible symbols.

For each cell of an IAB-DU, the IAB-DU can be provided an indication for a slot format over a number of slots by
gNB-DU Cell Resource Configuration [16, TS 38.473].

For each serving cell, an IAB-MT can be provided an indication for a slot format over a number of slots by tdd-UL-DL-
ConfigurationDedicated-|AB-MT. If the IAB-MT is provided tdd-UL-DL-ConfigurationDedicated-lAB-MT, the
statementsin clause 11.1 that include "tdd-UL-DL-ConfigurationDedicated" apply to the IAB-MT of an |AB node by
replacing "tdd-UL-DL-ConfigurationDedicated" with "tdd-UL-DL-ConfigurationDedicated-|AB-MT" for the IAB-MT,
except that the tdd-UL-DL-ConfigurationDedicated-| AB-MT provides

- aset of dot configurations by slotSpecificConfigurationsToAddModList-1AB-MT

- for each dot configuration from the set of slot configurations
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- adotindex for adot provided by slotlndex

- aset of symbolsfor adot by symbols-IAB-MT where
- if symbols-1AB-MT = allDownlink, all symbolsin the slot are downlink
- if symbols-IAB-MT = allUplink, all symbolsin the slot are uplink

- if symbols-1AB-MT = explicit, nrofDownlinkSymbols provides a number of downlink first symbolsin the
slot and nrofUplinkSymbols provides a number of uplink last symbolsin the dot. If nrofDownlinkSymbols
is not provided, there are no downlink first symbolsin the slot and if nrofUplinkSymbolsis not provided,
there are no uplink last symbolsin the slot. The remaining symbolsin the slot are flexible.

- if symbols-1AB-MT = explicit-lAB-MT, nrofUplinkSymbols provides a number of uplink first symbolsin
the slot and nrofDownlinkSymbols provides a number of downlink last symbolsin the dot. If
nrofUplinkSymbolsis not provided, there are no uplink first symbolsin the slot and if
nrofDownlinkSymbols is not provided, there are no downlink last symbolsin the slot. The remaining
symbolsin the slot are flexible.

If an IAB-MT is configured with an MCG and an SCG, is hot capable of simultaneous transmission and reception, and
would simultaneously transmit and receive on the MCG and the SCG,

- if flexible symbols are configured by both parent nodes for operation with inter-donor NR-DC, the IAB-MT
operates according to the scheduling from the MCG

- otherwise, if the IAB-MT is configured with multiple serving cells, is provided directional CollisionHandling-
r17 ='enabled for a set of serving cell(s) from the multiple serving cells, and indicates half-DuplexTDD-CA-
SameSCS capability across MCG and SCG for NR-DC operation, the IAB-MT applies the procedures for
resolving directional collisions as described in clause 11.1 for resolving directional collisions across serving
cells..

AnIAB-MT can be provided, by SotFormatCombinationsPerCell, alist of slot format combinations applicable for one
serving cell and, by SotFormatindicator, a configuration for monitor a DCI format 2_0 indicating a slot format
combination, from the list of slot format combinations, over a number of slots as described in clause 11.1.1. In addition
to the dlot formatsin Table 11.1.1-1, an SFI field for an IAB-MT in DCI format 2_0 can indicate to the IAB-MT adot
format from the slot formatsin Table 14-2.
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Table 14-2: Slot formats for normal cyclic prefix

Slot Symbol number in a slot

Format 0 1 2 3 4 5 6 7 8 9 10 11 12 13
56 0) 0) U U U U U U U U ) U U F
57 U U U U U U U U U U ) U F F
58 U U U U U U U U U U U F F F
59 U U U U U U U U U U F F F F
60 U U U U 0) ) 0) ) 0) F F F F F
61 U U U U U U 0) ) F F F F F F
62 U U U U U ) 0) F F F F F F F
63 0) 0) 0) 0) 0) ) F F F F F F F F
64 U U 0) 0) 0) F F F F F F F F F
65 0) 0) 0) 0) F F F F F F F F F F
66 0) 0) 0) F F F F F F F F F F F
67 0) 0) F F F F F F F F F F F F
68 U F F F F F F F F F F F F F
69 U F F F F F F F F F F F F D
70 U U F F F F F F F F F F F D
71 U U U F F F F F F F F F F D
72 U F F F F F F F F F F F D D
73 U U F F F F F F F F F F D D
74 U U U F F F F F F F F F D D
75 U F F F F F F F F F F D D D
76 U U F F F F F F F F F D D D
77 U U U F F F F F F F F D D D
78 U ) ) U ) U U U ) U ) U F D
79 ) ) ) ) ) U ) U ) U U F F D
80 ) U U ) ) U ) U U U F F F D
81 ) ) ) U ) U U U ) U ) F D D
82 ) ) ) ) ) U ) U ) U F F D D
83 ) U U ) 0) U 0) U U F F F D D
84 U F D D D D D D D D D D D D
85 U U F D D D D D D D D D D D
86 U U 0) F D D D D D D D D D D
87 U F F D D D D D D D D D D D
88 U U F F D D D D D D D D D D
89 U 0) 0) F F D D D D D D D D D
90 U F F F D D D D D D D D D D
91 U 0) F F F D D D D D D D D D
92 U 0) 0) F F F D D D D D D D D
93 ) U ) ) 0) U U U U F F F F D
94 ) ) ) 0) U U F F F F F F D D
95 0) U 0) 0) 0) U F F D D D D D D
96 0) 0) 0) 0) 0) ) 0) D D D D D D D

For aserving cell of an IAB-MT, the IAB-MT can be provided by Provided Guard Symbols MAC CE a humber of
symbols that will not be used for the IAB-MT in slots where the | AB-node transitions between IAB-MT and |AB-node
DU and a SCS configuration for the number of symbols[11, TS 38.321].

With reference to slots of an IAB-DU cell, asymbol in asot of an IAB-DU cell can be configured to be of hard, soft, or
unavailable type by HSNA Sot Configuration List in gNB-DU Cell Resource Configuration [16, TS 38.473]. When a
downlink, uplink, or flexible symbol is configured as hard, the IAB-DU cell can respectively transmit, receive, or either
transmit or receive in the symbol.

When a downlink, uplink, or flexible symbol is configured as soft, the |AB-DU cell can respectively transmit, receive
or either transmit or receive in the symbol only if

- thelAB-MT does not transmit or receive during the symbol of the IAB-DU cell, or
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- with respect to al serving cells, the IAB-MT would transmit or receive during the symbol of the IAB-DU cell,
and the transmission or reception during the symbol of the IAB-DU cell is not changed due to a use of the
symbol by the IAB-DU, or

- thelAB-MT detectsa DCI format 2_5 with an Al index field value indicating the soft symbol as availableif the
IAB-MT isnot configured with an SCG, or

- thelAB-MT detectstwo DCI formats 2_5 with an Al index field indicating the soft symbol as available from the
MCG and SCG, respectively, or

- thelAB-MT detects a DCI format 2_5 with an Al index field value indicating the soft symbol as available from
one cell group and with respect to all serving cells of the other cell group, the IAB-MT would transmit or receive
during the symbol of the IAB-DU cell, and the transmission or reception during the symbol of the IAB-DU cell
does not change due to a use of the symbol by the IAB-DU.

When the IAB-MT receives a DCI format 2_5 from a serving cell in acell group, the lAB-MT applies the information
of the DCI format 2_5 to all serving cells of the cell group.

When a symbol is configured as unavailable, the IAB-DU neither transmits nor receives in the symbol.

A symbol of adlot is equivalent to being configured as hard if an |AB-DU would transmit a SS/PBCH block, PDCCH
for TypeO-PDCCH CSS sets configured by pdcchConfigSIB1, or aperiodic CSI-RS in the symbol of the sot, or would
receive a PRACH or a SR in the symbol of the dot.

With reference to dots of an IAB-DU cell, the IAB-DU can be provided an indication of hard, soft or unavailable type
per RB set for symbols configured as downlink, uplink or flexible in aslot by Rel-17 frequency-domain 1AB-DU-
Resour ce-Configuration-H/S/NA-Config [16, TS 38.473]. The RB set size and the number of RB sets are configured by
RB-Set-Configuration [16, TS 38.473]. If an indication of hard, soft or unavailable typeis not provided for an RB set of
asymbol in adot, the lAB-DU appliesthe configuration of hard, soft or unavailable type provided by HSNA Sot
Configuration List in gNB-DU Cell Resource Configuration [16, TS 38.473] for the RB set of the symbol in the dlot. If
an indication of hard, soft, or unavailable type is provided for an RB set in a symbol of adlot, the |AB-DU appliesthe
configuration of hard, soft, or unavailable type provided by Rel-17 frequency-domain | AB-DU-Resour ce-Configuration-
H/SNA-Config [16, TS 38.473] when the | AB-node uses simultaneous transmission and reception in the slot.

When an RB set of adownlink, uplink, or flexible symbol is configured as hard, the IAB-DU cell can respectively
transmit, receive, or either transmit or receive on the RB set in the symbol.

When an RB set of adownlink, uplink, or flexible symbol is configured as soft, the IAB-DU cell can respectively
transmit, receive or either transmit or receive on the RB set in the symbol only if

- thelAB-MT does not transmit or receive on the RB set during the symbol of the IAB-DU cell, or

- with respect to al serving cells, the IAB-MT would transmit or receive on the RB set during the symbol of the
IAB-DU cdll, and the transmission or reception on the RB set or any RB set that is configured as unavailable or
configured as soft and not indicated as available during the symbol of the IAB-DU cell is not changed dueto a
use of the RB set in the symbol by the IAB-DU, or

- thelAB-MT detectsa DCI format 2_5 with an Al index field value indicating the soft RB set as available if the
IAB-MT isnot configured with an SCG, or

- thelAB-MT detectstwo DCI formats 2_5 with an Al index field value indicating the soft RB set as available
from the MCG and SCG, respectively, or

- thelAB-MT detectsa DCI format 2_5 with an Al index field value indicating the soft RB set as available from
one cell group and with respect to all serving cells of the other cell group, the IAB-MT would transmit or receive
on the RB set during the symbol of the IAB-DU cell, and the transmission or reception on the RB set during the
symbol of the IAB-DU cell does not change due to a use of the RB set in the symbol by the IAB-DU.

When an RB set of adownlink, uplink, or flexible symbol is configured as unavailable, the IAB-DU neither transmits
nor receivesin the RB set in the symbal.

If an IAB-node is provided an Availabilitylndicator, the IAB-node is provided an AI-RNTI by ai-RNTI and a payload
size of aDCI format 2_5 by dci-PayloadSzeAl. The IAB-node is also provided a search space set configuration, by
SearchSpace, for monitoring PDCCH.
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For each cell of an IAB-DU in a set of cells of the IAB-DU, the IAB-DU can be provided:
- anidentity of the |AB-DU cell by iab-DU-Cellldentity
- alocation of an availability indicator (Al) index field in DCI format 2_5 by positionlnDCI-Al

- aset of availability combinations by availabilityCombinations, where each availability combination in the set of
availability combinations includes

- resourceAvailability indicating availability of soft symbolsin one or more slots for the IAB-DU cell, or one
or multiple resourceAvailability with each resourceAvailablity indicating availability of soft resourcesin one
or more slots for one RB set group where one RB set group includes one or multiple RB sets, and

- amapping for the soft symbol, and/or for soft resources, availability combinations provided by
resourceAvailability to a corresponding Al index field value in DCI format 2_5 provided by
availabilityCombinationld

The IAB-DU can assume a same SCS configuration for availabilityCombinations for a cell as an SCS configuration
provided by gNB-DU Cell Resource Configuration for the cell.

An Al index field valuein aDCI format 2_5 indicates to an IAB-DU a soft symbol or a soft RB set in an RB set group
availability in each slot for anumber of slots starting from the earliest ot of the IAB-DU which overlapsin time with
the dlot of the IAB-MT where the IAB-MT detects the DCI format 2_5. The number of slotsis equal to or larger than a
PDCCH monitoring periodicity for DCI format 2_5 as provided by SearchSpace. The Al index field includes
max{[log,(maxAlindex + 1)], 1} bits where maxAlindex is the maximum of the values provided by corresponding
availabilityCombinationld. An availability for a soft symbol or a soft RB set in an RB set group in adot isidentified by
a corresponding val ue resourceAvailability as provided in Table 14-3.

Table 14-3: Mapping between values of resourceAvailability elements and types of soft symbol or
soft RB set availability in a slot

Value Indication
0 No indication of availability for soft symbols or soft RB sets in an RB set group
1 DL soft symbols or soft RB sets in an RB set group are indicated available
No indication of availability for UL and Flexible soft symbols or RB set group
> UL soft symbols or soft RB sets in an RB set group are indicated available
No indication of availability for DL and Flexible soft symbols or RB set group
3 DL and UL soft symbols or soft RB sets in an RB set group are indicated available
No indication of availability for Flexible soft symbols or RB set group
4 Flexible soft symbols or soft RB sets in an RB set group are indicated available
No indication of availability for DL and UL soft symbols or RB set group
5 DL and Flexible soft symbols or soft RB sets in an RB set group are indicated available
No indication of availability for UL soft symbols or RB set group
6 UL and Flexible soft symbols or soft RB sets in an RB set group are indicated available
No indication of availability for DL soft symbols or RB set group
7 DL, UL, and Flexible soft symbols or soft RB sets in an RB set group are indicated
available

If aPDCCH monitoring periodicity for DCI format 2_5 is smaller than a duration of an availability combination of soft
symbols over a number of dotsthat the [AB-MT obtains at a PDCCH monitoring occasion for DCI format 2_5 by a
corresponding Al index field value, and the IAB-MT detects more than one DCI formats 2_5 indicating an availability
combination of soft symbols or of soft RB setsin RB set groupsin adot, the IAB-MT expects that each of the more
than one DCI formats 2_5 indicates a same value for the availability combination of the soft symbols or of soft RB sets
inan RB set group inthe lot. An IAB-MT monitors PDCCH candidates for a DCI format 2_5 with CRC scrambled by
AlI-RNTI in one or both of the following search space sets:

- aType3-PDCCH CSS set configured by SearchSpace in PDCCH-Config with searchSpaceType = common;
- aUSS set configured by SearchSpace in PDCCH-Config with searchSpaceType = ue-Specific.

The IAB-node can be provided by the parent node a set of RS resource indexes that indicate quasi co-location properties
of an |AB-DU cell where simultaneous transmission/reception from the IAB-MT and transmission from the |AB-DU
cellsisrestricted by Child IAB-DU Restricted Beam Indication MAC CE as described in [11, TS 38.321]. The IAB-DU
does not transmit on a cell if the IAB node is operating in a non-TDM multiplexing mode using an indicated RS
resource index on a symbol or RB set configured as soft in an IAB-DU cell
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- whenitisnot indicated as available by resourceAvailability
- whenthel AB-MT is operating on an associated carrier, if that indication is provided

- when the current | AB-DU transmission mode corresponds to an associated multiplexing mode, if that indication
isprovided

- when one of the associated TCI states, RS resource indexes, or SRI of the IAB-MT, if provided, is
simultaneously used for reception or transmission of the lAB-MT

- when simultaneous transmission/reception by the IAB-MT and transmission from the IAB-DU cell occur in non-
overlapping frequency resources, if such indication is provided, or when simultaneous transmission/reception by
the IAB-MT and transmission from the IAB-DU cell occur in overlapping frequency resources

- inagivendot, if that indication is provided

For aserving cell of an IAB-MT, the IAB-MT can be provided a set of TCI states or a set of RS resource indexes
corresponding to a SS/PBCH block or to a CSI-RS resource index for aslot where a PDSCH EPRE adjustment is
indicated by DL Tx Power Adjustment MAC CE asdescribed in[11, TS 38.321]. The PDSCH EPRE can be derived
from adownlink CSI-RS EPRE as described in [6, TS 38.214] and a PDSCH power offset provided by

power Control Offsetl AB as described in [11, TS 38.321]. For a downlink DM-RS and/or PT-RS associated with a
PDSCH, the IAB-MT may assume that the ratio of PDSCH EPRE to DM-RS EPRE, and/or PT-RS EPRE to PDSCH
EPRE, isobtained asfor a"UE" in [6, TS 38.214]. If no TCI state or RS resource index is provided to the IAB-MT, the
IAB-MT may assume that a sasme PDSCH EPRE adjustment appliesto all TCI states or RS resource indexes configured
for the IAB-MT. A PDSCH EPRE adjustment provided by DL Tx Power Adjustment MAC CE may be restricted to
frequency resources of an |AB-node that do not result in simultaneous reception on the same frequency resources by an
IAB-MT and IAB-DU inadlot.

15 Dual active protocol stack based handover

If a UE indicates a capability for dual active protocol stack based handover (DAPS HO), the UE can be provided with a
source MCG and atarget MCG.

If aUE is configured with atarget MCG using NR radio accessin FR1 or in FR2 and with a source MCG 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.

If aUE is configured with atarget MCG using NR radio accessin FR1 and a source MCG using NR radio accessin
FR1, the UE is configured a maximum power Py for transmissions on the target MCG by p-DAPS Target and a
maximum power Py for transmissions on the source MCG by p-DAPS-Source and with an inter-CG power sharing
mode by uplinkPower SharingDAPS-Mode. The UE determines a transmission power on the target MCG and a
transmission power on the source MCG per frequency range.

If the UE indicates support for semi-static power sharing model and is provided uplinkPower SharingDAPS-Mode =
Semi-static-model, the UE determines a transmission power for the target MCG or for the source MCG as described in
clause 7.6.2 for nrdc-PCmode-FR1 = Semi-static-model by considering the target MCG as the MCG and the source
MCG asthe SCG.

If the UE indicates support for semi-static power sharing mode2 and is provided uplinkPower SharingDAPS-Mode =
Semi-static-mode2, the UE determines a transmission power for the target MCG or for the source SCG as described in
clause 7.6.2 for nrdc-PCmode-FR1 = Semi-static-mode2 by considering the target MCG as the MCG and the source
MCG as the SCG. The UE expects to be provided uplinkPower SharingDAPS-Mode = Semi-static-mode2 only for
synchronous DAPS HO operation [10, TS 38.133].

If the UE indicates support for dynamic power sharing and is provided uplinkPower SharingDAPS-Mode = Dynamic,
the UE determines a transmission power for the target MCG or for the source MCG as described in clause 7.6.2 for
nrdc-PCmode-FR1 = Dynamic by considering the target M CG as the MCG and the source MCG as the SCG.

Intra-frequency DAPS handover is described in clause 6.1.3.2 of [10, TS38.133].
For DAPS handover that is not intra-frequency, if
- the UE does not indicate support of interFreqUL-TransCancellationDAPS-r16, and
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- UE does not indicate a capability for power sharing between source and target MCG in DAPS handover or the
UE is not provided with uplinkPower SharingDAPS-Mode,

the UE does not expect transmissions on the target and source cell in overlapping time resources.
For DAPS handover that is not intra-frequency, if
- the UE indicates support of interFreqUL-TransCancellationDAPS-r16, and

- UE does not indicate a capability for power sharing between source and target MCG in DAPS handover or the
UE is not provided with uplinkPower SharingDAPS-Mode, and

- UE transmissions on the target cell and the source cell are in overlapping time resources,
the UE transmits only on the target cell, and cancels the transmission to source cell.
For intra-frequency DAPS handover, if

- UE transmissions on the target cell and the source cell are in overlapping time resources,
the UE transmits only on the target cell and cancels the transmission on the source cell.

The UE does not expect to cancel atransmission on the source cell if afirst symbol of the transmission on the source
cell islessthan Ty, + d after alast symbol of a CORESET where the UE receives a PDCCH providing aDCI format
scheduling atransmission on the target cell. T2 isthe PUSCH preparation time for the corresponding PUSCH
processing capability [6, TS 38.214] assuming d,; = 1, d isatime duration corresponding to 2 symbols for SCS
configuration u, and u isthe smallest SCS configuration between the SCS configuration of the PDCCH providing the
DCI format and the SCS configuration for the transmission on the source cell. If the UE transmits PRACH using 1.25
kHz or 5 kHz SCS on the source cell, the UE determines Ty, » assuming SCS configuration u = 0.

A UE does not expect to cancel atransmission on the source cell if the first symbol of the source cell transmission
occurs, relative to alast symbol of aPDSCH reception conveying a RAR message with a RAR UL grant on the target
cell, after anumber of symbolsthat is smaller than Ny; + Ny, + 0.5 msec, where Ny ; isatime duration of N; symbols
corresponding to a PDSCH processing time for UE processing capability 1 when additional PDSCH DM-RSis
configured, Ny, isatime duration of N, symbols corresponding to a PUSCH preparation time for UE processing
capability 1 [6, TS 38.214] and the UE considersthat N; and N, correspond to the smaller of the SCS configurations for
the PDSCH on the target cell and the transmission on the source cell. For u = 0, the UE assumes N, , = 14 [6, TS
38.214].

For intra-frequency DAPS handover operation, the UE expects that an active DL BWP and an active UL BWP on the
target cell are within an active DL BWP and an active UL BWP on the source cell, respectively.

If a UE is provided search space sets on both the target MCG and the source MCG, in any dot the UE does not expect
to have USS sets on both the target MCG and the source MCG that result in the number of monitored PDCCH
candidates and the total number of non-overlapped CCEsin both cells that each exceed the corresponding maximum
numbers per dot defined in Table 10.1-2 and Table 10.1-3.

For DAPS operation in a same frequency band, a UE does not transmit PUSCH/PUCCH/SRS to the source MCG in a
slot overlapping in time with a PRACH transmission to the target MCG or when a gap between afirst or last symbol of
a PRACH transmission to the target MCG in afirst ot would be separated by lessthan N symbols from alast or first
symbol, respectively, of the PUSCH/PUCCH/SRS transmission to the source MCG in a second slot. For DAPS
operation in a same frequency band, a UE does not transmit PRACH on the source MCG in adot overlapping in time
with a PUSCH/PUCCHY/SRS transmission on the target MCG or when a gap between the first or last symbol of a
PUSCH/PUCCH/SRS transmission on the target MCG is separated by lessthan N symbols from alast or afirst symbol,
respectively, of aPRACH transmission on the source MCG. N =2foruy=0oru=1,N=4foru=2oru = 3, and
u isthe SCS configuration of the active UL BWP for the PUSCH/PUCCH/SRS transmission. The PUSCH processing
capability is the processing capability of source cell.

16 UE procedures for sidelink

A UE is provided by SL-BWP-Config aBWP for SL transmissions (SL BWP) with numerology and resource grid
determined as described in [4, TS 38.211]. For aresource pool within the SL BWP, the UE is provided by d-
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NumSubchannel a number of sub-channels where each sub-channel includes a number of contiguous RBs provided by
sl-Subchannel Sze. The first RB of the first sub-channel in the SL BWP isindicated by d-StartRB-Subchannel.
Available dots for aresource pool are provided by d-TimeResource and occur with a periodicity of 10240 ms. For an
available slot without S-SS/PSBCH blocks, SL transmissions can start from a first symbol indicated by d-StartSymbol
and be within a number of consecutive symbolsindicated by dl-LengthSymbols. For an available sot with S-SS/PSBCH
blocks, the first symbol and the number of consecutive symbolsis predetermined.

The UE expects to use a same numerology in the SL BWP and in an active UL BWP in a same carrier of asame cell. If
the active UL BWP numerology is different than the SL BWP numerology, the SL BWP is deactivated.

A priority of a PSSCH according to NR radio access or according to E-UTRA radio accessisindicated by a priority
field in arespective scheduling SCI format. A priority of a PSSS/SSSS/PSBCH according to E-UTRA radio accessis
provided by d-SSB-PriorityEUTRA [13, TS 36.213]. A priority of an S-SS/PSBCH block is provided by d-SSB-
PriorityNR. A priority of a PSFCH is determined as described in clause 16.2.4.2.

A UE does not expect to be provided search space sets associated with CORESETSs on more than one cell to monitor
PDCCH for detection of DCI format 3_0 or DCI format 3_1.

16.1  Synchronization procedures

A UE receivesthe following SL synchronization signalsin order to perform synchronization procedures based on S-
SS/PSBCH blocks: SL primary synchronization signals (S-PSS) and SL secondary synchronization signals (S-SSS) [4,
TS38.211].

A UE assumes that reception occasions of a physical sidelink broadcast channel (PSBCH), S-PSS, and S-SSS arein
consecutive symbols [4, TS 38.211] and form a S-SS/PSBCH block.

For reception of a S-SS/PSBCH block, a UE assumes a frequency location corresponding to the subcarrier with index
66 in the S-SS/PSBCH block [4, TS 38.211], is provided by d-AbsoluteFrequencySSB. The UE assumes that a S-PSS
symbol, a S-SSS symbol, and a PSBCH symbol have a same transmission power. The UE assumes a same numerology
of the S-SS/PSBCH as for a SL BWP of the S-SS/PSBCH block reception, and that a bandwidth of the S-SS/PSBCH is
within a bandwidth of the SL BWP. The UE assumes the subcarrier with index 0 in the S-SS/PSBCH block is aligned
with a subcarrier with index 0in an RB of the SL BWP.

A UE isprovided, by sl-NumSSB-WithinPeriod, a number N;35¢ of S-SS/PSBCH blocksin a period of 16 frames. The
UE assumes that a transmission of the S-SS/PSBCH blocks in the period is with a periodicity of 16 frames. The UE
determines indexes of slots that include S-SS/PSBCH block as Nygase +(Niener + 1) - is_ssp, Where

offset interva

- index O corresponds to afirst slot in aframe with SFN of the serving cell satisfying (SFN mod 16) = 0 or DFN
satisfying (DFN mod 16) =0

- ig_gsp 1IS2S-SSYPSBCH block index within the number of S-SS/PSBCH blocks in the period, with 0 < ig_gsg <
Nperiod — 1

- N3x3SBisadot offset from a start of the period to the first slot including S-SS/PSBCH block, provided by d-
TimeOffsetSSB

- N3:5SB isadotinterval between S-SS/PSBCH blocks, provided by sl-Timelnterval

For paired spectrum, an S-SS/PSBCH block can be transmitted/received only in a slot of an UL carrier. For unpaired
spectrum, an S-SS/PSBCH block can be transmitted/received only in a slot of which all OFDM symbols are configured
as UL by tdd-UL-DL-ConfigurationCommon of the serving cell if provided or dl-TDD-Configuration if provided or dl-
TDD-Config of the received PSBCH if provided. Or if tdd-UL-DL-ConfigurationCommon and sl-TDD-Configuration are
not provided for a spectrum indicated with only PC5 interfacein Table 5.2E.1-1in [ TS 38.101-1], an S-SS/PSBCH block
can be transmitted/received in any slot of the spectrum.

For transmission of an S-SS/PSBCH block, a UE includes a bit sequence ay, a4, a,, as, ..., a;; in the PSBCH payload to
indicate sl-TDD-Config and provide a dot format over a number of slots.

For paired spectrum, or if tdd-UL-DL-ConfigurationCommon and sl-TDD-Configuration are not provided for a spectrum
indicated with only PC5 interfacein Table 5.2E.1-1 in [TS 38.101-1],

- Gy, Qq,0Qy,03,04,05,06,a7,0g,Ag, A9, A11 A€ SEL 1O ']
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else

- ao = 0if patternl is provided by sl-TDD-Configuration or tdd-UL-DL-ConfigurationCommon; a, = 1 if both
patternl and pattern2 are provided by sl-TDD-Configuration or tdd-UL-DL-ConfigurationCommon as
described in clause 11.1

- a4,a,,as, a, aredetermined based on
- P inpatternl asdescribed in Table 16.1-1 for ag = 0
- Pinpatternl and P, in pattern2 as described in Table 16.1-2 for a, = 1

where P and P, are asdescribed in clause 11.1

- ag,0g,ay,0g, g, A1, A1, A€ the 7th to 1st LSBs of udk,., respectively

usym*zﬂ_urefl

— SL  _ -
- for Ao = 01 Uglots — Uslots * 2H7Href 4 l L 1

usym*zl"_”ref

H=Href
*2 + T

uslots,z*zu_ﬂref"' +Iz

H—fref
u 2%2 Te
[ sym, +I

Uslots
_ SL _ Px2H41 s
- fora, =1,ugs,s = * [ +

w w

where

L isthe number of symbolsinadot: L = 12 if cyclicPrefix ="ECP"; else, L = 14
- Lislifugyy, «2¢ Frefmod L > L—Y,€elsel; isO

- Lislifugyy,* 2t Frefmod L > L —Y,elsel, isO

- Yisthesidelink starting symbol index provided by sl-SartSymbol

- w isthe granularity of dotsindication as described in Table 16.1-2

= Href Uslotss Usym» Uslots2» Usym,2 '€ the parameters of tdd-UL-ConfigurationCommon as described in
clause 11.1, or the parameters of sl-TDD-Configuration as defined in [9.3, TS 38.331]

- u=0,1,2,3 correspondsto SL SCSasdefinedin [4, TS 38.211]

Table 16.1-1: Slot configuration period when one pattern is indicated

Slot configuration period of patternl
a,,a;, asz, a, P (m%c)
0,0,0,0 0.5
0,0,0,1 0.625
0,0,1,0 1
0,0,1,1 1.25
0,1,00 2
0,1,0,1 2.5
0,1,10 4
0,1,1,1 5
1,0,0,0 10
Reserved Reserved

Table 16.1-2: Slot configuration period and granularity when two patterns are indicated

Slot configuration  [Slot configuration period| Granularity w in slots with different SCS

a;,az,az,a, period of patternl of pattern2 15kHz 30kHz | 60kHz [ 120kHz
P (msec) P, (msec)
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0,0,0,0 0.5 0.5

0,0,0,1 0.625 0.625

0,0,1,0 1 1 1

0,0,1,1 0.5 2

0,1,0,0 1.25 1.25

0,1,0,1 2 0.5

0,1,1,0 1 3

0,1,1,1 2 2

1,0,0,0 3 1

1,0,0,1 1 4

1,0,1,0 2 3 1 2
1,0,1,1 2.5 2.5

1,1,0,0 3 2

1,1,0,1 4 1

1,1,1,0 5 5 1 2 4
1,1,1,1 10 10 1 [ 2 4 8

If a UE would transmit or receive an S-SS/PSBCH block, and the transmission or reception would overlap in time with
transmissions or receptions on the sidelink using E-UTRA radio access, the UE transmits or receives the signal/channel
with the higher priority.

If a UE would transmit or receive sidelink synchronization signals for E-UTRA radio access, and the transmission or
reception would overlap in time with sidelink transmissions or receptions using NR radio access, the UE transmits or
receives the signal/channel with the higher priority.

16.2 Power control
16.2.0 S-SS/PSBCH blocks

A UE determines a power Ps.gp (i) for an S-SS/PSBCH block transmission occasion in slot i on active SL BWP b of
carrier f as

Pssss (i) = min(Pouax, Pos-sse + 1010919 (2% - MRg®*®) + as_ssg - PL) [dBm]
where
- Poyax isdefined in [8-1, TS 38.101-1]
- Pys_ssp isavaue of dI-PO-PSBCH if provided; else, Ps.ssp(i) = Pemax
- as_gsg isavaue of dI-Alpha-PSBCH, if provided; else, as_ssg = 1
- PL =PLyf.(q4) Whentheactive SL BWPison aserving cell ¢, as described in clause 7.1.1 except that

- the RSresource isthe one the UE uses for determining a power of a PUSCH transmission scheduled by a
DCI format O_0in serving cell ¢ when the UE is configured to monitor PDCCH for detection of DCI format
0 Oinservingcdl ¢

- the RSresource is the one corresponding to the SS/PBCH block the UE uses to obtain MI1B when the UE is
not configured to monitor PDCCH for detection of DCI format 0_0in serving cell ¢

- M35>*® = 11 isanumber of resource blocks for a S-SS/PSBCH block transmission with SCS configuration u

16.2.1 PSSCH

A UE determines a power Ppsscn (i) for a PSSCH transmission on a resource pool in symbols where a corresponding
PSCCH is not transmitted in PSCCH-PSSCH transmission occasion i on active SL BWP b of carrier f as:

Ppsscr (i) = min (PCMAXJPMAX,CBRJ min(Ppssch,p (i)JPPSSCH,SL(i))) [dBm]

where
- Peyax isdefined in [8-1, TS 38.101-1]
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- Pyaxcar iSdetermined by avalue of d-MaxTxPower based on a priority level of the PSSCH transmission and a
CBR range that includes a CBR measured in dot i — N [6, TS 38.214]; if d-MaxTxPower is not provided, then

Puax,cer = Pemax;
- if dI-PO-PSSCH-PSCCH is provided
- Pesscnp(i) = Pop + 1010gao (2% - MESH(D)) + ap - PL, [dBm]
- ese
- Pesscri,p (i) = min(Pevax, Puax,cer) [dBM]
where
- Py pisavaueof dI-PO-PSSCH-PSCCH if provided
- ap isavaue of dl-Alpha-PSSCH-PSCCH, if provided; else, ap, = 1

- PLp = PLyy.(qq) Whenthe active SL BWP ison aserving cell ¢, asdescribed in clause 7.1.1 except
that

- the RSresource is the one the UE uses for determining a power of a PUSCH transmission scheduled
by aDCI format 0_0 in serving cell ¢ when the UE is configured to monitor PDCCH for detection of
DCI format O_0in serving cell ¢

- the RSresource is the one corresponding to the SS/PBCH block the UE usesto obtain MIB when the
UE is not configured to monitor PDCCH for detection of DCI format 0_0 in serving cell ¢

- MEUH (i) isanumber of resource blocks for the PSSCH transmission occasion i and p isaSCS
configuration

- if d-PO-PSSCH-PSCCH is provided and if a SCI format scheduling the PSSCH transmission includes a cast type
indicator field indicating unicast or is SCI format 2-C

- Pessonsi (i) = Posy + 10l0gso (2% - MESM()) + @, - PLg, [dBm
- €ese
- Ppsscrs. (D) = min(Pevax, Pesscrp (i) [dBM]
where
- Py, isavalue of §-PO-PSSCH-PSCCH, if provided
- ag; isavaue of d-Alpha-PSSCH-PSCCH, if provided; else, ag, = 1
- PLg, = referenceSignalPower - higher layer filtered RSRP, where

- referenceSignalPower is obtained from a PSSCH transmit power per RE summed over the antenna
ports of the UE, higher layer filtered across PSSCH transmission occasions using a filter configuration
provided by dl-Filter Coefficient, and

- higher layer filtered RSRP isaRSRP, asdefined in[7, TS 38.215], that is reported to the UE from
a UE receiving the PSCCH-PSSCH transmission and is obtained from a PSSCH DM-RS using afilter
configuration provided by sl-Filter Coefficient

- MEFUH (i) isanumber of resource blocks for PSCCH-PSSCH transmission occasion i and u isa SCS
configuration

The UE splits the power Ppgse (1) equally across the antenna ports on which the UE transmits the PSSCH with non-
Zero power.

A UE determines a power Ppsscpp (i) for a PSSCH transmission on aresource pool in the symbols where a
corresponding PSCCH is transmitted in PSCCH-PSSCH transmission occasion i on active SL BWP b of carrier f as

ETSI



3GPP TS 38.213 version 17.1.0 Release 17 212 ETSI TS 138 213 V17.1.0 (2022-05)

P H; P H/:
MR M (O MR

Ppsscuz (i) = 10 10910( MESSCH ;) ) + Ppsscu (i) [dBm]

where MESCEM (i) is a number of resource blocks for the corresponding PSCCH transmission in PSCCH-PSSCH
transmission occasion i.

The UE splits the power Ppgscn2 (i) equally across the antenna ports on which the UE transmits the PSSCH with non-
Zero power.

16.2.2 PSCCH

A UE determines a power Ppgccy (i) for aPSCCH transmission on aresource pool in PSCCH-PSSCH transmission
occasion i as

M}F{’}S}CCH(Q

Ppscen (i) = 101ogso (MPTCH(I)) + Ppsscu (i) [dBm]
RB

where
- Ppgscn (i) isspecifiedin clause 16.2.1

- MESFCH (i) isanumber of resource blocks for the PSCCH transmission in PSCCH-PSSCH transmission occasion
i

MESSCH(i) isanumber of resource blocks for PSCCH-PSSCH transmission occasion i

16.2.3 PSFCH

A UE with Ny, 1 psrcn Scheduled PSFCH transmissions for HARQ-ACK information and conflict information, and
capable of transmitting a maximum of Ny, pspcy PSFCHS, determines anumber Ny, pspcy Of simultaneous PSFCH

transmissions and a power Ppgecy i (i) for a PSFCH transmission k, 1 < k < Nr, pspcy, On aresource pool in PSFCH
transmission occasion i on active SL BWP b of carrier f as

- if dI-PO-PSFCH is provided,
Pesrctone = Popsren + 10 10g10(2) + apgspey - PL [dBM]
where
- Popspcy isavalue of di-PO-PSFCH
- apgspcy iSavalue of di-Alpha-PSFCH, if provided; else, appscy = 1
- PL = PLyf.(qq) Whenthe active SL BWP ison aserving cell ¢, as described in clause 7.1.1 except that

- the RSresource is the one the UE uses for determining a power of a PUSCH transmission scheduled
by aDCI format 0_0 in serving cell ¢ when the UE is configured to monitor PDCCH for detection of
DCI format 0_0in serving cell ¢

- the RSresource is the one corresponding to the SS/PBCH block the UE uses to obtain M1B when the
UE is not configured to monitor PDCCH for detection of DCI format 0_0 in serving cell ¢

if Nchrxpsrc < Nmaxpsrch

- if Poscrone + 1010910 (Nsen rxpsecn) < Pomax, Where Peyax is determined for Nyc, rx psecn PSFCH
transmissions according to [8-1, TS 38.101-1]

NrypsecH = Nscn,rx,psrch @ Pesech k() = Ppsech,one [ABM]
- dse

- UE autonomously determines Ny pspcy PSFCH transmissions first with ascending order of
corresponding priority field values as described in clause 16.2.4.2 over the PSFCH transmissions with
HARQ-ACK information, if any, and then with ascending order of priority value over the PSFCH
transmissions with conflict information, if any, such that N, pspcy = max(1, Y5, M;) where M;, for
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1 <i < 8,isanumber of PSFCHs with priority value i for PSFCH with HARQ-ACK information
and M;, for i > 8, isanumber of PSFCHs with priority value i — 8 for PSFCH with conflict
information and K isdefined as

- the |argeSt value SatISfyI ng PPSFCH,one + 1010g10(maX(1, Zg(zl Ml)) < PCMA)( where PCMAX is
determined according to [8-1, TS 38.101-1] for transmission of all PSFCHsin YX | M;, if any

- zero, otherwise

and

Pesrenk(i) = min(Pemax — 1010910 (Nrx psecr), PesecH,one) [ABM]

where Poyax isdefined in[8-1, TS 38.101-1] and is determined for the Nyy pspcy PSFCH
transmissions

- dse

- the UE autonomously selects Ny, ox psrcn PSFCH transmissions with ascending order of corresponding
priority field values as described in clause 16.2.4.2

- if PPSFCH,one + 10l0g10(NmaX,PSFCH) < PCMAX! where PCMAX is determined for the Nmax,PSFCH PSFCH
transmissions according to [8-1, TS 38.101-1]

= NrgpsrcH = Nmaxpsrcn @0 Pegecri k(1) = Pegech one [ABMI
- dse

- the UE autonomously selects Nty pspcy PSFCH transmissions in ascending order of corresponding
priority field values as described in clause 16.2.4.2 over the PSFCH transmissions with HARQ-
ACK information, if any, and then with ascending order of priority value over the PSFCH
transmissions with conflict information, if any, such that N, pspcy = max(1, Y, M;) where M;
isanumber of PSFCHs with priority value i for PSFCH with HARQ-ACK information and M; isa
number of PSFCHs with priority value i — 8 for PSFCH with conflict information and K is
defined as

- thelargest value satisfying Pesrciione + 1010910 (max(1, X1, M;)) < Poyax Where Poyax is
determined according to [8-1, TS 38.101-1] for transmission of all PSFCHsin YX., M;, if any

- zero, otherwise

and

Posrcrx (i) = min(Peyax — 1010910 (Nx pseci), Prsech,one) [ABM]

where Py is determined for the Nry pspcy Simultaneous PSFCH transmissions according to [8-
1, TS38.101-1]

Ppsecn k(i) = Pomax — 10logyo(Nyy pspcn) [dBmMY

where the UE autonomously determines Ny pspcy PSFCH transmissions with ascending order of corresponding
priority field values as described in clause 16.2.4.2 over the PSFCH transmissions with HARQ-ACK
information, if any, and then with ascending order of priority value over the PSFCH transmissions with conflict
information, if any, such that Nyy pspcy = 1 and where Peyax is determined for the Ny pspcy PSFCH
transmissions according to [8-1, TS 38.101-1].

16.2.4 Prioritization of transmissions/receptions

16.2.4.1 Simultaneous NR and E-UTRA transmission/reception

If aUE
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- would transmit afirst channel/signal using E-UTRA radio access and second channels/signals using NR radio
access, and

- atransmission of the first channel/signal would overlap in time with a transmission of the second
channelg/signals, and

- the priorities of the channelg/signals are known to both E-UTRA radio access and NR radio accessat the UE T
msec prior to the start of the earliest of the two transmissions, where T < 4 and is based on UE implementation,

the UE transmits only the channelg/signals of the radio access technology with the highest priority
- asdetermined by the SCI formats scheduling the transmissions, or

- asindicated by higher layersin case of a S-SS/PSBCH block or asidelink synchronization signal using E-UTRA
radio access, or

- asdetermined in clause 16.2.4.2 in case of PSFCH transmissions.
If aUE

- would respectively transmit or receive afirst channel/signal using E-UTRA radio access and receive a second
channel/signal or transmit second channels/signals using NR radio access, and

- atransmission or reception of the first channel/signal would respectively overlap in time with a reception of the
second channel/signal or transmission of the second channels/signals, and

- the priorities of the channels/signals are known to both E-UTRA radio access and NR radio access at the UE T
msec prior to the start of the earliest transmission or reception, where T < 4 and is based on UE implementation,

the UE transmits or receives the channel /signals of the radio access technology with the highest priority
- asdetermined by the SCI formats scheduling the transmissions, or

- asindicated by higher layersin case of a S-SS/PSBCH block or asidelink synchronization signal using E-UTRA
radio access, or

- asdetermined in clause 16.2.4.2 among PSFCH transmissions/receptions.

16.2.4.2 Simultaneous PSFCH transmission/reception

For a PSFCH transmission or reception with HARQ-ACK information, a priority value for the PSFCH is equal to the
priority value indicated by an SCI format 1-A associated with the PSFCH.

For PSFCH transmission with conflict information, a priority value for the PSFCH is equal to the smallest priority value
determined by the corresponding SCI formats 1-A for the conflicting resources.

For PSFCH reception with conflict information, a priority value for the PSFCH is equal to the priority value determined
by the corresponding SCI format 1-A for the conflicting resource.

If aUE
- would transmit Ngcp, 1x psrcy PSFCHSs and receive Ny, rx psrcn PSFCHS, and
- transmissions of the Ny, T4 psrcy PSFCHS would overlap in time with receptions of the Ny, ry psrcy PSFCHS

the UE transmits or receives only a set of PSFCHs corresponding to the smallest priority field value, as determined by a
first set of SCI format 1-A and/or a second set of SCI format 1-A [5, TS 38.212] that are respectively associated with
PSFCHs with HARQ-ACK information from the Ng.p, 4 psrcy PSFCHs and PSFCHs with HARQ-ACK information
from the Nycp, rx psrcn PSFCHs when one or more of the PSFCHSs provide HARQ-ACK information. If none of the
Nschmx psrcn PSFCHs and none of the Ny, rx psrcn PSFCHS provide HARQ-ACK information, the UE transmits or
receives only a set of PSFCHs corresponding to the smallest priority value of the first set of PSFCHs and the second set
of PSFCHs that are respectively associated with the Ny, 1 psrcy PSFCHs and the Ny, ry psrcy PSFCHS when the
PSFCHSs provide conflict information..
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If aUE would transmit Ny, 1« psrcn PSFCHS in @ PSFCH transmission occasion, the UE first transmits PSFCHs with
HARQ-ACK information from Ny pspcy PSFCHS corresponding to the smallest priority field values from the

Nry psrcn Priority field values. Subsequently, the UE transmits remaining PSFCHs with conflict information
corresponding to the smallest remaining priority field values from the N, pspcy priority field values, if any.

If a UE indicates a capability to receive Ngy psrcy PSFCHs in a PSFCH reception occasion [18, TS 38.306], the UE first
receives PSFCHs with HARQ-ACK information, if any, and subsequently receives PSFCHs with conflict information,
if any.

16.2.4.3 Simultaneous SL and UL transmissions/receptions

If aUE

- would simultaneously transmit on the UL and on the SL in acarrier or in two respective carriers, and

- the UE is not capable of simultaneous transmissions on the UL and on the SL in the carrier or in the two
respective carriers

the UE transmits only on the link, UL or SL, with the higher priority.
If aUE
- would simultaneously transmit on the UL and receive on the SL in a carrier, or

- would simultaneously transmit on the UL and receive on the SL in two respective carriers and the UE is not
capable of simultaneous transmission on the UL and reception on the SL in the two respective carriers

the UE transmits on UL or receives on SL, with the higher priority.
If aUE
- iscapable of simultaneous transmissions on the UL and on the SL in two respective carriers,
- would transmit on the UL and on the SL in the two respective carriers,
- thetransmission on the UL would overlap with the transmission on the SL over atime period, and
- thetotal UE transmission power over the time period would exceed Poyax
the UE

- reduces the power for the UL transmission prior to the start of the UL transmission, if the SL transmission has
higher priority than the UL transmission as determined in clause 16.2.4.3.1, so that the total UE transmission
power would not exceed Peyax

- reduces the power for the SL transmission prior to the start of the SL transmission, if the UL transmission has
higher priority than the SL transmission as determined in clause 16.2.4.3.1, so that the total UE transmission
power would not exceed Poyax

16.2.4.3.1 Prioritizations for sidelink and uplink transmissions/receptions

A UE performs prioritization between SL transmissions/receptions and UL transmissions after performing the
procedures described in clause 9, clause 9.2.5, and clause 9.2.6, and in clause 6.1 of [6, TS 38.214].

PSFCH transmissionsin aslot, as determined in clause 16.2.4.2, have a same priority value as the smallest priority
value among PSSCH receptions with corresponding HARQ-ACK information provided by the PSFCH transmissionsin
the dlot, if any, and among PSFCH transmissions with conflict information in the slot, if any, where each priority value
isequal to the smallest priority value determined by corresponding SCI formats 1-A as described in clause 16.3.

PSFCH receptionsin aslot, as determined in clause 16.2.4.2, have a same priority value as the smallest priority value
among PSSCH transmissions with corresponding HARQ-ACK information provided by the PSFCH receptionsin the
dot, if any, and among PSFCH receptions with conflict information in the dlot, if any, where each priority valueis equal
to the priority value determined by corresponding SCI format 1-A as described in clause 16.3.

A priority of S-SS/PSBCH block transmission or reception is provided by sI-SSB-PriorityNR.
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For prioritization between SL transmission or PSFCH/S-SS/PSBCH block reception and UL transmission other than a
PRACH, or aPUSCH scheduled by an UL grant in a RAR and its retransmission, or a PUSCH corresponding to Type-2
random access procedure and its retransmission, or a PUCCH with sidelink HARQ-ACK information report

- if the UL transmissionis for aPUSCH or for aPUCCH with priority index 1,
- if d-PriorityThreshold-UL-URLLC is provided

- the SL transmission or reception has higher priority than the UL transmission if the priority value of the
SL transmission or reception is smaller than dl-PriorityThreshold-UL-URLLC; otherwise, the UL
transmission has higher priority than the SL transmission or reception

- ese
- the UL transmission has higher priority than the SL transmission or reception
- ese

- the SL transmission or reception has higher priority than the UL transmission if the priority value of the SL
transmission(s) or reception is smaller than d-PriorityThreshold; otherwise, the UL transmission has higher
priority than the SL transmission or reception

A PRACH transmission, or a PUSCH scheduled by an UL grant in a RAR and its retransmission, or a PUSCH for
Type-2 random access procedure and its retransmission, or a PUCCH with HARQ-ACK information in response to
successRAR, or a PUCCH indicated by a DCI format 1_0 with CRC scrambled by a corresponding TC-RNTI has
higher priority than a SL transmission or reception.

A PUCCH transmission with asidelink HARQ-ACK information report has higher priority than a SL transmission if a
priority value of the PUCCH is smaller than a priority value of the SL transmission. The priority val ue of the PUCCH
transmission is as described in clause 16.5. If the priority value of the PUCCH transmission is larger than the priority
value of the SL transmission, the SL transmission has higher priority.

A PUCCH transmission with asidelink HARQ-ACK information report has higher priority than a PSFCH/S-
SS/PSBCH block reception if a priority value of the PUCCH is smaller than a priority value of the SL reception. If the
priority value of the PUCCH transmission is larger than the priority value of the PSFCH/S-SS/PSBCH block reception,
the SL reception has higher priority.

When one or more SL transmissions from a UE overlap in time with multiple non-overlapping UL transmissions from
the UE, the UE performs the SL transmissionsif at least one SL transmission is prioritized over all UL transmissions
subject to the UE processing timeline with respect to the first SL transmission and the first UL transmission.

When one or more UL transmissions from a UE overlap in time with multiple non-overlapping SL transmissions, the
UE performsthe UL transmissionsif at least one UL transmission is prioritized over all SL transmissions subject to the
UE processing timeline with respect to the first SL transmission and the first UL transmission.

When one SL transmission overlapsin time with one or more overlapping UL transmissions, the UE performs the SL
transmission if the SL transmission is prioritized over al UL transmissions subject to both the UE multiplexing and
processing timelines with respect to the first SL transmission and the first UL transmission, where the UE processing
timeline with respect to the first SL transmission and the first UL transmission is same as when one or more SL
transmissions overlap in time with multiple non-overlapping UL transmissions.

When one SL transmission overlaps in time with one or more overlapping UL transmissions, the UE performs the UL
transmission if at least one UL transmission is prioritized over the SL transmission subject to both the UE multiplexing
and processing timelines with respect to the first SL transmission and the first UL transmission, where the UE
processing timeline with respect to the first SL transmission and the first UL transmission is same as when one or more
SL transmissions overlap in time with multiple non-overlapping UL transmissions.

16.3  UE procedure for reporting and obtaining control
information in PSFCH

Control information provided by a PSFCH transmission includes HARQ-ACK information or conflict information.
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16.3.0 UE procedure for transmitting PSFCH with control information

A UE can be indicated by an SCI format scheduling a PSSCH reception to transmit a PSFCH with HARQ-ACK
information in response to the PSSCH reception. The UE provides HARQ-ACK information that includes ACK or
NACK, or only NACK.

A UE can be provided, by d-PSFCH-Period, a number of slotsin aresource pool for a period of PSFCH transmission
occasion resources. If the number is zero, PSFCH transmissions from the UE in the resource pool are disabled.

A UE can be enabled, by inter-UECoordinationScheme2, to transmit a PSFCH with conflict information in aresource
pool. The UE can determine, based on an indication by a SCI format 1-A, a set of resources that includes one or more
dlots and resource blocks that are reserved for PSSCH transmission. If the UE determines a conflict for areserved
resource for PSSCH transmission, the UE provides conflict information in a PSFCH.

A UE expectsthat aslot t'3* (0 < k < T’ ,4,) has a PSFCH transmission occasion resource if k mod NEEGE = 0,
where t'3* isdefined in [6, TS 38.214], and ", iSanumber of slots that belong to the resource pool within 10240
msec according to [6, TS 38.214], and Ni&iS is provided by sl-PSFCH-Period.

A UE may be indicated by higher layersto not transmit a PSFCH that includes HARQ-ACK information in response to
aPSSCH reception [11, TS 38.321].

If a UE receives a PSSCH in a resource pool and the HARQ feedback enabled/disabled indicator field in an associated
SCI format 2-A/2-B/2-C hasvalue 1 [5, TS 38.212], the UE provides the HARQ-ACK information in a PSFCH
transmission in the resource pool. The UE transmits the PSFCH in afirst dot that includes PSFCH resources and is at
least a number of slots, provided by s-MinTimeGapPS-CH, of the resource pool after alast slot of the PSSCH
reception.

A UE is provided by sl-PSFCH-RB-Set aset of MR, PRBsin aresource pool for PSFCH transmission with HARQ-
ACK information in a PRB of the resource pool. A UE can be provided by sl-PSFCH-Conflict-RB-Set a set of MgRg e
PRBsin aresource pool for PSFCH transmission with conflict information in a PRB of the resource pool. A UE expects
that different PRBs are (pre)configured for conflict information and HARQ-ACK information. For a number of Ngop
sub-channels for the resource pool, provided by s-NumSubchannel, and a number of PSSCH dots associated with a
PSFCH slot that isless than or equal to NiGEGT, the UE allocatesthe [(i +j - Nigecn) - MESESH o (1 + 1+ j - NESEEH) -
MESEEH |« — 1] PRBsfrom the MEREH, PRBsto slot i among the PSSCH slots associated with the PSFCH slot and sub-
channel j, where MESESH = MERECH /(Ngpen + Nisaci), 0 < i < NESEGE, 0 < j < Ngpey, and the allocation startsin
an ascending order of i and continuesin an ascending order of j. The UE expects that Mgzp e, iSamultiple of Ngjoep, -

PSFCH
NPSSCH '

The second OFDM symbol I' of PSFCH transmission in aslot isdefined asl' = sl-StartSymbol +
sl-LengthSymbols — 2.

A UE determines a number of PSFCH resources available for multiplexing HARQ-ACK or conflict informationin a
PSFCH transmission as Rijn ts = Nime - Misnes stor - NESTEH where NESTH is anumber of cyclic shift pairs for the

resource pool provided by s-NumMuxCS-Pair and, based on an indication by d-PS-CH-CandidateResourceType,

- if 9-PSFCH-CandidateResourceType is configured as startSubCH, NFSECH = 1 and the MEgn 1. PRBs are
associated with the starting sub-channel of the corresponding PSSCH

- if d-PSFCH-CandidateResourceType is configured as allocSUbCH, NEEH = NEEH and the NS - Mo ot
PRBs are associated with the NZ5>$H sub-channels of the corresponding PSSCH

- for conflict information, the corresponding PSSCH is determined based on PSFCHOccasionScheme2

The PSFCH resources are first indexed according to an ascending order of the PRB index, from the NESEH - MESEH

PRBs, and then according to an ascending order of the cyclic shift pair index from the N$°H cyclic shift pairs.

A UE determines an index of a PSFCH resource for a PSFCH transmission with HARQ-ACK information in response
to a PSSCH reception or with conflict information corresponding to a reserved resource as (Pp + Mp)modRERE ts
where P, isaphysical layer source ID provided by SCI format 2-A/2-B/2-C [5, TS 38.212] scheduling the PSSCH
reception, or by SCI format 2-A/2-B/2-C with corresponding SCI format 1-A reserving the resource from another UE to
be provided with the conflict information. For HARQ-ACK information, M, isthe identity of the UE receiving the
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PSSCH asindicated by higher layersif the UE detects a SCI format 2-A with Cast type indicator field value of "01";
otherwise, M,y is zero. For conflict information, M,y is zero.

For a PSFCH transmission with HARQ-ACK information or conflict information, a UE determines am, value, for
computing a value of cyclic shift a [4, TS 38.211], from a cyclic shift pair index corresponding to a PSFCH resource
index and from NES™H using Table 16.3-1.

Table 16.3-1: Set of cyclic shift pairs

mg
NPSFCH : - - : - : : - - : - :

Cs Cyclic Shift | Cyclic Shift | Cyclic Shift | Cyclic Shift | Cyclic Shift | Cyclic Shift
Pair Index 0 | Pair Index 1 | Pair Index 2 | Pair Index 3 | Pair Index 4 | Pair Index 5

1 0 - - - - -

2 0 3 - - - -

3 0 2 4 - - -

6 0 1 2 3 4 5

For a PSFCH transmission with HARQ-ACK information, a UE determines am, value, for computing a value of
cyclic shift a [4, TS 38.211], asin Table 16.3-2 if the UE detects a SCI format 2-A with Cast type indicator field value
of "01" or "10" or a SCI format 2-C, or asin Table 16.3-3 if the UE detects a SCI format 2-B or a SCI format 2-A with
Cast type indicator field value of "11". For a PSFCH transmission with conflict information, a UE determines am,,
value for computing avalue of cyclic shift « [4, TS 38.211] asin Table 16.3-4. The UE applies one cyclic shift from a
cyclic shift pair to a sequence used for the PSFCH transmission [4, TS 38.211].

Table 16.3-2: Mapping of HARQ-ACK information bit values to a cyclic shift, from a cyclic shift pair,
of a sequence for a PSFCH transmission when HARQ-ACK information includes ACK or NACK

HARQ-ACK Value 0 (NACK) 1 (ACK)
Sequence cyclic shift 0 6

Table 16.3-3: Mapping of HARQ-ACK information bit values to a cyclic shift, from a cyclic shift pair,
of a sequence for a PSFCH transmission when HARQ-ACK information includes only NACK

HARQ-ACK Value 0 (NACK) 1 (ACK)
Sequence cyclic shift 0 N/A

Table 16.3-4: Mapping of conflict information bit values to a cyclic shift, from a cyclic shift pair, of a
sequence for a PSFCH transmission

Conflict information Conflict information for a next in time reserved resource indicated in SCI
Sequence cyclic shift 0

A first UE determines a second UE for providing the conflict information to in a PSFCH as follows

- if thefirst UE is an intended receiver of the second UE for areserved resource of a PSSCH transmissionin a
dot,

- does not expect to perform reception on the sidelink due to half-duplex operation in the slot, and
- determines to transmit to the second UE the PSFCH with the conflict information.

A first UE determines a UE for providing the conflict information to in a PSFCH as follows
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if, for aresource pool, typeAUEScheme2 is disabled, the first UE has been indicated afirst reserved resource and
a second reserved resource as resources for PSSCH reception or, if for aresource pool typeAUEScheme2 is
enabled, has been indicated at least the first reserved resource or the second reserved resource for PSSCH
reception,

detects afirst SCI format 1-A that includes afirst priority value, p,, and the first reserved resource for PSSCH
transmission from a second UE,

detects a second SCI format 1-A that includes a second priority value, p, < p,, and the second reserved resource
for PSSCH transmission from athird UE, and

determines that the first and second resources overlap in time and frequency
the PSFCH occasions for resource conflict information of the second UE and the third UE are valid

the indicationUEB flag in SCI Format 1-A from the second UE and the third UE isset to 1, if
indicationUEBScheme2 = 'enabled’

determines the first SCI format 1-A and the second SCI format 1-A are not received later than dl-
MinTimeGapPSFCH before the PSFCH occasion for conflict information

determines to transmit to the second UE the PSFCH with the conflict information

determines to transmit to either the second UE or the third UE the PSFCH with the conflict information, if p, =
D1

The first UE can be provided conditions by optionFor Condition2A1Scheme? to determine conflict of reserved resources
in aresource pool

if optionForCondition2A1Scheme2 = 'RSRP-ThresPerPriorities), the first UE can be provided by, ThresPSSCH-
RSRP-List Th(p;, p;), alist of RSRP thresholds for each priority combination (p;, p;) [6, TS 38.214]

- if thefirst UE is anintended receiver for PSSCH in areserved resource of the second UE, the first UE
determines a resource conflict if the RSRP [6, TS 38.214] of the third UE is above a threshold Th(p,, p;)

- if thefirst UE is an intended receiver for PSSCH in areserved resource of the third UE, the first UE
determines a resource conflict if the RSRP of the second UE is above a threshold Th(p,, p,)

if optionForCondition2A1Scheme2 = 'RSRP-ThreswithRsrpMeasurement’, the first UE can be provided avalue
Delta_Th by deltaRSRPThresh

- if thefirst UE is an intended receiver for PSSCH in areserved resource of the second UE, the first UE
determines aresource conflict if RSRP, > RSRP; + Delta_Th, where RSRP, and RSRP, are the RSRP
measurements from the first UE for the second UE and the third UE, respectively

- if thefirst UE is anintended receiver for PSSCH in areserved resource of the third UE, the first UE
determines aresource conflict if RSRP, > RSRP, + Delta_Th

If a UE transmits a PSFCH with conflict information corresponding to areserved resource indicated in an SCI format 1-
A, the UE transmits the PSFCH in the resource pool in a dot determined based on PSFCHOccas onScheme2

If PSFCHOccas onScheme2 = 'followSCl', the UE transmits the PSFCH in afirst slot that includes PSFCH
resources and is at least a number of dots, provided by s-MinTimeGapPSFCH, of the resource pool after aslot
of a PSCCH reception that provides the SCI format 1-A. The PSFCH resourceisinadot that is at least T; dots
[6, TS 38.214] before the resource associated with the conflict information; otherwise, the UE does not transmit
the PSFCH with conflict information.

If PSFCHOccas onScheme? = 'followReservedResource', the UE transmits the PSFCH in alatest slot that
includes PSFCH resources and is at least T; slots before a slot of the resource associated with conflict
information. The PSFCH resourceisin adot that is at least d-MinTimeGapPSFCH dlots after aslot of a PSCCH
reception that provides the SCI format 1-A; otherwise, the UE does not transmit the PSFCH with conflict
information.
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16.3.1 UE procedure for receiving PSFCH with control information

A UE that transmitted a PSSCH scheduled by a SCI format 2-A/2-B/2-C that indicates HARQ feedback enabled,
attempts to receive associated PSFCHs with HARQ-ACK information according to PSFCH resources determined as
described in clause 16.3.0. The UE determines an ACK or aNACK vaue for HARQ-ACK information provided in
each PSFCH resource as described in [8-4, TS 38.101-4]. The UE does not determine both an ACK value and aNACK
value at a same time for a PSFCH resource.

For each PSFCH reception occasion, from a number of PSFCH reception occasions, the UE generates HARQ-ACK
information to report to higher layers. For generating the HARQ-ACK information, the UE can be indicated by a SCI
format to perform one of the following

- if the UE receives a PSFCH associated with a SCI format 2-A with Cast type indicator field value of "10" or a
SCI format 2-C

- report to higher layers HARQ-ACK information with same value as a value of HARQ-ACK information that
the UE determines from the PSFCH reception

- if the UE receives a PSFCH associated with a SCI format 2-A with Cast type indicator field value of "01"

- report an ACK vaue to higher layersif the UE determines an ACK value from at least one PSFCH reception
occasion from the number of PSFCH reception occasions in PSFCH resources corresponding to every
identity M,p of UEs that the UE expects to receive corresponding PSSCHs as described in clause 16.3;
otherwise, report aNACK value to higher layers

- if the PSFCH reception occasion is associated with a SCI format 2-B or a SCI format 2-A with Cast type
indicator field value of "11"

- report to higher layers an ACK value if the UE determines absence of PSFCH reception for the PSFCH
reception occasion; otherwise, report aNACK value to higher layers

A UE that transmitted SCI format 1-A, indicating one or more reserved resources in a resource pool enabled by inter-
UECoordinationScheme2, attempts to receive associated PSFCH with conflict information in aresource pool with
PSFCH resources that the UE determines as described in clause 16.3.0. If the UE determines presence of a resource
conflict based on conflict information in a PSFCH reception, the UE reports the resource conflict to higher layers

- if dotLevel ResourceExclusionScheme2 is not provided, the UE reports resources overlapping with a next in time
reserved resource indicated by the SCI format 1-A

- if dotLevelResourceExclusionScheme2 is provided, the UE reports resources in a slot of a next in time reserved
resource indicated by the SCI format 1-A

If a UE receives a PSFCH with conflict information corresponding to a reserved resource indicated in an SCI format 1-
A, the UE receives the PSFCH in the resource pool in aslot determined based on PSFCHOccasionScheme2

- If PSFCHOccasionScheme2 = 'followSCl', the UE receives the PSFCH in afirst dot that includes PSFCH
resources and is at least a number of sots, provided by s-MinTimeGapPS-CH, of the resource pool after aslot
of aPSCCH transmission that provides the SCI format 1-A. The PSFCH resourceisin aslot that isat least T,
dlots[6, TS 38.214] before the resource associated with the conflict information; otherwise, the UE does not
receive the PSFCH with conflict information

- If PSFCHOccasionScheme2 = 'followReservedResource', the UE receives the PSFCH in alatest slot that
includes PSFCH resources and is at least T; dots before aslot of the resource associated with conflict
information. The PSFCH resourceisin adot that is at least d-MinTimeGapPSFCH dlots after adlot of a PSCCH
transmission that provides the SCI format 1-A; otherwise, the UE does not receive the PSFCH with conflict
information

16.4  UE procedure for transmitting PSCCH

A UE can be provided a number of symbolsin aresource pool, by s-TimeResourcePSCCH, starting from a second
symbol that is available for SL transmissionsin aslot, and a number of PRBsin the resource pool, by dl-
FreqResourcePSCCH, starting from the lowest PRB of the lowest sub-channel of the associated PSSCH, for a PSCCH
transmission with a SCI format 1-A.
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A UE that transmits a PSCCH with SCI format 1-A using sidelink resource alocation mode 2 [6, TS 38.214] sets

"Resource reservation period” as an index in sl-ResourceReservePeriodList corresponding to areservation
period provided by higher layers[11, TS 38.321], if the UE is provided sl-MultiReserveResource

- thevalues of the frequency resource assignment field and the time resource assignment field as described in [6,
TS 38.214] to indicate N resources from a set {Ry} of resources selected by higher layers asdescribed in[11, TS

38.321] with N smallest slot indices y, for0 <i <N —1suchthaty, <y, <-- <y, , <y, + 31, wherel

- N = min(Ngeiected: Nmax reserve )s WNEre Nogjecieq iS@number of resourcesin the set {R, } with slot indices
Vi 0 <Jj < Ngelectea — 1, SUChthat y ) <y, < - < I Nerecreq—1 < ¥, + 31, ad Ny reserve IS Provided by
d-MaxNumPer Reserve

- each resource, from the set of {Ry} resources, corresponds to Lg,,cq contiguous sub-channelsand adot ina
set of slots {t'" }, where Lg ¢y is the number of sub-channels available for PSSCH/PSCCH transmissionin a
sot

- (vgh i 3. ) isaset of dotsin asidelink resource pool [6, TS 38.214]

- ¥, isanindex of aslot where the PSCCH with SCI format 1-A istransmitted.

A UE that transmits a PSCCH with SCI format 1-A using sidelink resource alocation mode 1 [6, TS 38.214] sets

- thevalues of the frequency resource assignment field and the time resource assignment field for the SCI format
1-A transmitted in the m-th resource for PSCCH/PSSCH transmission provided by a dynamic grant or by a SL
configured grant, wherem = {1, ..., M} and M isthe total number of resources for PSCCH/PSSCH transmission
provided by a dynamic grant or the number of resources for PSCCH/PSSCH transmission in a period provided
by a SL configured grant type 1 or SL configured grant type 2, as follows:

- thefrequency resource assignment field and time resource assignment field indicate the m-th to M-th
resources as described in [6, TS 38.214].

For decoding of a SCI format 1-A, a UE may assume that a number of bits provided by sl-NumReservedBits can have
any value.

16.5 UE procedure for reporting HARQ-ACK on uplink

A UE can be provided PUCCH resources or PUSCH resources [12, TS 38.331] to report HARQ-ACK information that
the UE generates based on HARQ-ACK information that the UE obtains from PSFCH receptions, or from absence of
PSFCH receptions. The UE reports HARQ-ACK information on the primary cell of the PUCCH group, as described in
clause 9, of the cell where the UE monitors PDCCH for detection of DCI format 3_0.

For SL configured grant Type 1 or Type 2 PSSCH transmissions by a UE within atime period provided by dl-
PeriodCG, the UE generates one HARQ-ACK information bit in response to the PSFCH receptions to multiplex in a
PUCCH transmission occasion that is after alast time resource, in a set of time resources.

For PSSCH transmissions scheduled by a DCI format 3_0, a UE generates HARQ-ACK information in response to
PSFCH receptions to multiplex in aPUCCH transmission occasion that is after alast time resource in a set of time
resources provided by the DCI format 3_0.

From anumber of PSFCH reception occasions, the UE generates HARQ-ACK information to report in a PUCCH or
PUSCH transmission. The UE can be indicated by a SCI format to perform one of the following and the UE constructs
aHARQ-ACK codeword with HARQ-ACK information, when applicable

- for one or more PSFCH reception occasions associated with SCI format 2-A with Cast type indicator field value
of "10"

- generate HARQ-ACK information with same value as a value of HARQ-ACK information the UE
determines from the last PSFCH reception from the number of PSFCH reception occasions corresponding to
PSSCH transmissions or, if the UE determines that a PSFCH is not received at the last PSFCH reception
occasion and ACK isnot received in any of previous PSFCH reception occasions, generate NACK
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- for one or more PSFCH reception occasions associated with SCI format 2-A with Cast type indicator field value
of "01"

- generate ACK if the UE determines ACK from at least one PSFCH reception occasion, from the number of
PSFCH reception occasions corresponding to PSSCH transmissions, in PSFCH resources corresponding to
every identity M, of the UEs that the UE expectsto receive the PSSCH, as described in clause 16.3;
otherwise, generate NACK

- for one or more PSFCH reception occasions associated with SCI format 2-B or SCI format 2-A with Cast type
indicator field value of "11"

- generate ACK when the UE determines absence of PSFCH reception for the last PSFCH reception occasion
from the number of PSFCH reception occasions corresponding to PSSCH transmissions; otherwise, generate
NACK

After a UE transmits PSSCHs and receives PSFCHs in corresponding PSFCH resource occasions, the priority val ue of
HARQ-ACK information is same as the priority value of the PSSCH transmissions that is associated with the PSFCH
reception occasions providing the HARQ-ACK information.

The UE generates a NACK when, due to prioritization, as described in clause 16.2.4, the UE does not receive PSFCH in
any PSFCH reception occasion associated with a PSSCH transmission in aresource provided by a DCI format 3_0 or,
for a configured grant, in aresource provided in asingle period and for which the UE is provided a PUCCH resource to
report HARQ-ACK information. The priority value of the NACK is same as the priority value of the PSSCH
transmission.

The UE generatesaNACK when, due to prioritization as described in clause 16.2.4, the UE does not transmit a PSSCH
in any of the resources provided by aDCI format 3_0 or, for a configured grant, in any of the resources provided in a
single period and for which the UE is provided a PUCCH resource to report HARQ-ACK information. The priority
value of the NACK is same as the priority value of the PSSCH that was not transmitted due to prioritization.

The UE generates an ACK if the UE does not transmit a PSCCH with a SCI format 1-A scheduling a PSSCH in any of
the resources provided by a configured grant in asingle period and for which the UE is provided a PUCCH resource to
report HARQ-ACK information. The priority value of the ACK is same as the largest priority value among the possible
priority values for the configured grant.

The UE generates an ACK if the UE does not transmit a PSCCH with a SCI format 1-A scheduling a PSSCH in any of
the resources provided by a DCI format 3_0 and for which the UE is provided a PUCCH resource to report HARQ-
ACK information. The priority value of the ACK is same as the largest priority value among the possible priority values
for the dynamic grant.

For reporting HARQ-ACK information on uplink corresponding to one or multiple PSSCH transmissions with a
corresponding SCI format with the field 'HARQ feedback enabled/disabled indicator' set to disabled, the UE generates
HARQ-ACK information with the contents instructed by higher layer. The priority value of the HARQ-ACK
information is same as the priority value of the PSSCH transmission.

A UE does not expect to be provided PUCCH resources or PUSCH resources to report HARQ-ACK information that
start earlier than Ty, = (N + 1) - (2048 + 144) - k- 27# - T, after the end of alast symbol of alast PSFCH reception
occasion, from a number of PSFCH reception occasions that the UE generates HARQ-ACK information to report in a
PUCCH or PUSCH transmission, where

- kandT, aredefined in [4, TS 38.211]

- u = min(ug;, uyL), where ug; isthe SCS configuration of the SL BWP and uy;;, isthe SCS configuration of the
active UL BWP on the primary cell

- N isdetermined from u according to Table 16.5-1

Table 16.5-1: Values of N

|3 N
0 14
1 18
2 28
3 32
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For DCI format 3_0, if present, the PSFCH-to-HARQ_feedback timing indicator field values map to values for a set of
number of dots provided by d-PSFCH-ToPUCCH as defined in Table 16.5-2.

Table 16.5-2: Mapping of PSFCH-to-HARQ_feedback timing indicator field values to numbers of slots

PSFCH-to-HARQ_feedback timing indicator Number of slots K
1 bit 2 bits 3 bits

‘0 '00" ‘000’ 15t value provided by sl-PSFCH-ToPUCCH

'1' '01' ‘001" 2" value provided by slI-PSFCH-ToPUCCH
'10' '010' 3" value provided by slI-PSFCH-ToPUCCH

11 '011' 4% value provided by sl-PSFCH-ToPUCCH

'100" 5" value provided by sI-PSFCH-ToPUCCH

'101' 6™ value provided by sI-PSFCH-ToPUCCH

'110" 7t value provided by sI-PSFCH-ToPUCCH

‘111" 8" value provided by sI-PSFCH-ToPUCCH

With reference to slots for PUCCH transmissions and for a number of PSFCH reception occasions ending in ot n, the
UE provides the generated HARQ-ACK information in a PUCCH transmission within slot n + k, subject to the
overlapping conditionsin clause 9.2.5, where k is a number of dotsindicated by a PSFCH-to-HARQ_feedback timing
indicator field, if present, in aDCI format indicating a slot for PUCCH transmission to report the HARQ-ACK
information, or k is provided by 9-PSFCH-ToPUCCH for a transmission scheduled by a DCI format or for a SL
configured grant type 2, or by s-PSFCH-ToPUCCH-CG-Typel for a SL configured grant type 1. k = 0 correspondsto
alast dot for aPUCCH transmission that would overlap with the last PSFCH reception occasion assuming that the start
of the sidelink frame is same as the start of the downlink frame [4, TS 38.211].

For a PSSCH transmission by a UE that is scheduled by aDCI format, or for a SL configured grant Type 2 PSSCH
transmission activated by a DCI format, the DCI format indicates to the UE that a PUCCH resource is not provided
when avalue of the PUCCH resource indicator field is zero and avalue of PSFCH-to-HARQ feedback timing indicator
field, if present, is zero. For a SL configured grant Type 2 PSSCH transmission without a corresponding PDCCH, the
DCI format activating the SL configured grant Type 2 indicates to the UE that a PUCCH resource is not provided when
avalue of the PUCCH resource indicator field is zero and a value of PSFCH-to-HARQ feedback timing indicator field,
if present, iszero. For a SL configured grant Type 1 PSSCH transmission, a PUCCH resource can be provided by dl-
N1PUCCH-AN and sl-PSFCH-ToPUCCH-CG-Typel. For transmission of HARQ-ACK information corresponding
only to a SL configured grant Type 2 PSSCH transmission without a corresponding PDCCH, a UE can be provided a
PUCCH resource by sl-N1PUCCH-AN-Type2. If a PUCCH resource is not provided, the UE does not transmit a
PUCCH with generated HARQ-ACK information from PSFCH reception occasions.

For a PUCCH transmission with HARQ-ACK information, a UE determines a PUCCH resource after determining a set
of PUCCH resources from up to four PUCCH resource sets provided by sl-PUCCH-Config, 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, TS38.212] in alast DCI format 3_0, among the DCI formats 3_0 that have a value of a PSFCH-to-
HARQ_feedback timing indicator field 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 where, for PUCCH resource
determination, detected DCI formats are indexed in an ascending order across PDCCH monitoring occasion indexes.

The PUCCH resource indicator field values map to values of a set of PUCCH resource indexes, as described in clause
9.2.3.

A UE transmits a PUCCH with HARQ-ACK information using PUCCH format 0 or PUCCH format 1 or PUCCH
format 2 or PUCCH format 3 or PUCCH format 4 as described in clause 9.2.3.

A UE does not expect to multiplex HARQ-ACK information for more than one SL configured grantsin a same
PUCCH.

A priority value of a PUCCH transmission with one or more sidelink HARQ-ACK information bitsis the smallest
priority value for the one or more HARQ-ACK information bits.

In the following, the CRC for DCI format 3_0 is scrambled with a SL-RNTI or a SL-CS-RNTI.

16.5.1 Type-1 HARQ-ACK codebook determination

This clause appliesif the UE is configured with pdsch-HARQ-ACK-Codebook = semi-static.
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If aUE isconfigured a SL configured grant Type 1, and the UE is configured a SL configured grant Type 2 or to
monitor PDCCH for detection of DCI format 3_0 with CRC scrambled by SL-RNTI or SL-CS-RNTI, and the UE is
provided a set of slot timing values K, associated with a SL BWP by d-PSFCH-ToPUCCH and s-PSFCH-ToPUCCH-
CG-Typel, the 9-PSFCH-ToPUCCH-CG-Typel is one of d-PSFCH-ToPUCCH.

A UE reports HARQ-ACK information for PSSCH transmissions with corresponding PSFCH reception occasionsin
slot n only inaHARQ-ACK codebook that the UE includesin a PUCCH or PUSCH transmission in slot n + k, where
k isanumber of dotsindicated by the PSFCH-to-HARQ_feedback timing indicator field in aDCI format 3_0
scheduling the PSSCH transmissions, or by a value of PSFCH-to-HARQ feedback timing indicator field ina DCI
format 3_0 activating a SL configured grant Type-2 transmission, or by avalue of d-PSFCH-ToPUCCH-CG-Typel for
aSL configured grant Type-1. If the UE reports HARQ-ACK information for the PSSCH transmissions with
corresponding PSFCH reception occasions in a slot other than ot n + k, the UE sets a value for each corresponding
HARQ-ACK information bit to NACK.

If a UE reports HARQ-ACK information in a PUCCH only for

- PSFCH reception occasions associated with PSSCH transmissions scheduled by a DCI format 3_0 with counter
SAl field value of 1, or

- PSFCH reception occasions associated with PSSCH transmissions corresponding to a SL configured grant

within aset M, of occasions for candidate PSSCH transmissions with corresponding PSFCH reception occasions as
determined in clause 16.5.1.1, the UE determines a HARQ-ACK codebook only for the PSFCH reception occasion
associated with PSSCH transmissions scheduled by DCI format 3_0 or only for the PSFCH reception occasion
associated with PSSCH transmissions corresponding to a SL configured grant according to corresponding set M, of
occasions, where avalue of acounter SAl in DCI format 3_0 is according to Table 16.5.2.1-1. Otherwise, the
procedures in clause 16.5.1.1 and in clause 16.5.1.2 for aHARQ-ACK codebook determination apply.

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

For aSL BWP on acarrier, and an active UL BWP on the primary cell, as described in clause 12, a UE determines a set
M, of occasions for candidate PSSCH transmissions with corresponding PSFCH reception occasions for which the UE
can multiplex corresponding HARQ-ACK information in a PUCCH transmission in slot n;;. The determination is based
on:

a) aset of dot timing values K; associated with the SL BWP where K; is provided by 9-PS-CH-ToPUCCH for
DCI format 3_0 or by 9-PSFCH-ToPUCCH-CG-Typel

b) theratio 2#s.7#uL between the sidelink SCS configuration pg; and the uplink SCS configuration py,, provided by
subcarrier Spacing in sl-BWP-Config and BWP-Uplink for the SL BWP and the active UL BWP, respectively

c) aconfigured sidelink resource pool bitmap

d) avalue of aperiod of PSFCH transmission occasion resources for a sidelink resource pool provided by a
respective -PSFCH-Period

For the set of dlot timing valuesK;, the UE determines a set M, of occasions for candidate PSSCH transmissions with
corresponding PSFCH reception occasions according to the following pseudo-code.

Set j = 0 - index of occasion for candidate PSSCH transmissions with corresponding PSFCH reception occasions
SetM, = ¢
Set ¢(K;) to the cardinality of set K;
Set k = 0 —index of slot timing values K ,, in descending order of the slot timing values, in set K;
Set Npgrey to the value of the period of PSFCH transmission occasion resources for the sidelink resource pool
while k < ¢(K;)

if mod (ny — Kyj + 1, max(2*ui=#s, 1)) = 0

Set ng = 0 —index of aSL dot within an UL dlot
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while ng < max(2#sL~HuL, 1)

if slot ny, starts at a same time as or after aslot for an active UL BWP change on the PCell and slot
|(ny — Ky ) - 2#st7#uL| + ng is before the slot for the active UL BWP change on the PCell

nS =n5+1,
else

if ot |(ny — Ky ) - 2#s.7#0L| + ng belongs to the sidelink resource pool and includes PSFCH resources
asindicated by asidelink resource pool bitmap and sl-PSFCH-Period, where K, ;, is the k-th slot timing
valuein set K,

Set np = 0 —index of aSL dot within an PSFCH period
while ng < Npgpcn
My =My U j;
j=j+1
ng =np+1;
end while
end if
ng =ng + 1;
end if
end while
end if
k=k+1,
end while

The cardinality of the set M, defines atotal number M of occasions for candidate PSSCH transmissions with
corresponding PSFCH reception occasions corresponding to the HARQ-ACK information bits. A UE determines
0, 01", ..., 6455 .1 HARQ-ACK information bits, for atotal number of 0,cx HARQ-ACK information bits as
0/*“" = HARQ-ACK information bit for candidate PSSCH transmission with index j with corresponding PSFCH
reception, for 0 < j < M, asdescribed in clause 16.5. If the UE does not transmit a PSSCH in an occasion for
candidate PSSCH transmission with corresponding PSFCH reception occasion, due to the UE not detecting a
corresponding DCI format 3_0, the UE generates aNACK value for the occasion for candidate PSSCH transmission
with corresponding PSFCH reception occasion.

If Oack < 11, the UE determines a number of HARQ-ACK information bits nyarq-acxk for obtaining atransmission
power for a PUCCH, as described in clause 7.2.1, 8 nyargack = 2mzo Nicc®ve? where Njeeeed is a number of

HARQ-ACK information bits determined for corresponding PSSCH transmissions with corresponding PSFCH
reception occasions in PSFCH reception occasion m.

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

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 without an SAI field, then

- iftheUE

- hasnot received any PDCCH with aDCI format 3_0 scheduling PSSCH transmissions with corresponding
PSFCH reception occasions that the UE transmits corresponding HARQ-ACK information in the PUSCH,
based on a value of arespective PSFCH-to-HARQ_feedback timing indicator field in a DCI format
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scheduling the PSSCH transmissions or on the value of PSFCH-to-HARQ feedback timing indicator field in
aDCI format 3_0 activating a SL configured grant Type 2 transmission, or

- has not been provided PSSCH resources with corresponding PSFCH reception occasions that the UE
transmits corresponding HARQ-ACK information based on the value of 9-PS-CH-ToPUCCH-CG-Typel for
aSL configured grant Type 1, in any of the set M, of occasions for candidate PSSCH transmissions with
corresponding PSFCH reception occasions, as described in clause 16.5.1.1,

the UE does not multiplex HARQ-ACK information in the PUSCH transmission;

else the UE generates the HARQ-ACK codebook as described in clause 16.5.1.1, unless the UE generates
HARQ-ACK information only for

- PSFCH reception occasions associated with PSSCH transmissions corresponding to a SL configured grant, or

- PSFCH reception occasions associated with PSSCH transmissions that are scheduled by DCI format 3_0 with
acounter SAI field value of 1 in the set M, of occasions for candidate PSSCH transmissions with
corresponding PSFCH reception occasions,

in which case the UE generates HARQ-ACK information only for the PSFCH reception occasions as described
inclause 16.5.1.

A UE setsto NACK vauein the HARQ-ACK codebook any HARQ-ACK information corresponding to PSFCH
reception occasions associated with PSSCH transmissions scheduled by a DCI format 3_0 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 a UE multiplexes HARQ-ACK information in a PUSCH transmission that is scheduled by a DCI format that includes
a SAl field, the UE generates the HARQ-ACK codebook as described in clause 16.5.1.1 when a value of the SAI field
inthe DCI format is V%ss, = 1. The UE does not generate a HARQ-ACK codebook for multiplexing in the PUSCH
transmission when V”%,; = 0 unless the UE generates HARQ-ACK information only for

PSFCH reception occasions associated with PSSCH transmissions corresponding to a SL configured grant, or

PSFCH reception occasions associated with PSSCH transmissions that are scheduled by a DCI format 3_0 with a
counter SAI field value of 1 in the set M, of occasions for candidate PSSCH transmissions with corresponding
PSFCH reception occasions as described in clause 16.5.1.

VP, = 0 if the SAI field in the DCI format is set to '0'; otherwise, Vb, = 1.

16.5.2 Type-2 HARQ-ACK codebook determination

This clause appliesif the UE is configured with pdsch-HARQ-ACK-Codebook = dynamic.

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

A UE determines monitoring occasions for PDCCH with DCI format 3_0 for scheduling PSSCH transmissions with
associated PSFCH reception occasions on an active DL BWP of a serving cell ¢, as described in clause 10.1, and for
which the UE transmits HARQ-ACK information in asame PUCCH in slot n based on

PSFCH-to-HARQ _feedback timing indicator field values, or a value provided by d-PSFCH-ToPUCCH-CG-
Typel, for PUCCH transmission with HARQ-ACK information in slot n in response to PSFCH receptions,

time gap field in DCI format 3_0 for scheduling PSSCH transmissions with associated PSFCH receptions;

time resource assignment in DCI format 3_0 for scheduling PSSCH transmissions with associated PSFCH
receptions;

a configured sidelink resource pool bitmap;
avalue of aperiod of PSFCH resources provided in d-PSFCH-Period,;

avalue of a minimum time gap provided in d-MinTimeGapPS-CH.
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The set of PDCCH monitoring occasions for DCI format 3_0 for scheduling PSSCH transmissions with associated
PSFCH reception occasions is defined as the PDCCH monitoring occasions in the active DL BWP of the configured
serving cell, indexed in ascending order of start time of the associated search space sets. The cardinality of the set of
PDCCH monitoring occasions defines a total number M of PDCCH monitoring occasions.

A value of a counter sidelink assignment indicator (SAl) field in DCI format 3_0 denotes an accumul ative humber of
PDCCH monitoring occasions where PSSCH transmissions with associated PSFCH receptions are scheduled, up to a
current PDCCH monitoring occasion, in ascending order of PDCCH monitoring occasion index m, where 0 < m < M.

Denote by V21 the value of the counter SAI in DCI format 3_0 in PDCCH monitoring occasion m according to
Table 16.5.2.1-1.

If the UE transmits HARQ-ACK information in aPUCCH in slot n, the UE determines the 65%, {1, ..., 645X _4, for
atotal number of 0,cx HARQ-ACK information bits, according to the following pseudo-code:

Set m = 0 — PDCCH with DCI format 3_0 monitoring occasion index: lower index corresponds to earlier PDCCH
with DCI format 3_0 monitoring occasion

Setj=0
Set Viemp = 0
SetV; =0
Set M to the number of PDCCH monitoring occasions
whilem < M
if PDCCH monitoring occasion m is before an active UL BWP change on the PCell
m=M,
else

if there isa PSFCH reception occasion associated with a PSSCH transmission scheduled by a DCI format
in PDCCH monitoring occasion m

if Velsaim < Viemp
j=j+1

end if

Vtemp = VCSESAI,m

Ak , = HARQ-ACK information bit

4+VE s arm—
Ve =V, U {4) + Vilopm — 1)
end if
end if

m=m-+1,
end while
Ouack =47+ Viemp
6/ = NACK forany i € {0,1,...,0,cx — 1)\V;

if aSL configured grant Type 1 is configured for a UE, or aSL configured grant Type 2 is configured and activated
for a UE, and the SL configured grant provides a grant for PSSCH transmissions with PSFCH reception occasionsin
adot n — K,, where K, isthe PSFCH-to-HARQ-feedback timing value for the SL configured grant
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Ouck = Ouck + 15

05X _ = HARQ-ACK information bit associated with the PSFCH reception occasions associated with the

Oack—17

PSSCH transmissions scheduled by the SL configured grant
end if

If Oack < 11, the UE determines a number of HARQ-ACK information bits nyarq-acxk for obtaining atransmission
power for aPUCCH, as described in clause 7.2.1, as

M-1
s .
NHARQ-ACK = (Vsm,mm - U5A|) mod 4 + Z Nreceived 4 ..
m=0

where

- VSSALLmlast isavalue of acounter SAI field in alast DCI format 3_0 scheduling PSSCH transmissions associated
with PSFCH reception occasions that the UE detects within the M PDCCH monitoring occasions

- VSSALLmlast = 0 if the UE does not detect any DCI format 3_0 scheduling PSSCH transmissions associated with
PSFCH reception occasions in any of the M PDCCH monitoring occasions

- Ugy isatotal number of DCI format 3_0, scheduling PSSCH transmissions associated with PSFCH reception
occasions, that the UE detects within the M PDCCH monitoring occasions. Ug,; = 0 if the UE does not detect
any DCI format 3_0 scheduling PSSCH transmissions with associated PSFCH reception occasionsin any of the
M PDCCH monitoring occasions

- Npeceved js 3 number of DCI format 3_0 scheduling PSSCH transmissions with associated PSFCH reception
occasions that the UE detectsin PDCCH monitoring occasion m

- Ngg isanumber of SL configured grants for which the UE transmits corresponding HARQ-ACK information in
asame PUCCH as for HARQ-ACK information corresponding to PSFCH reception occasions within the M
PDCCH monitoring occasions

Table 16.5.2.1-1: Value of counter SAl in DCI format 3_0

SAI o Numl_)er of PDCCH mon_itoring oc_casions in whic_:h DCI format 3_0_
MSB. LSB Vetsar scheduling PSSCH transmissions with corresponding PSFCH reception
' occasions is present, denotedasYand ¥ > 1
0,0 1 (Y —1)mods+1=1
0,1 2 (Y — Dmod4+1=2
1,0 3 (Y—1)mod4+1=3
1,1 4 (Y —Dmodd +1=4

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

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 without an SAI field, then

- ifthe UE

- has not received any PDCCH within the monitoring occasions for DCI format 3_0 for scheduling PSSCH
with corresponding PSFCH reception occasions on any serving cell, and

- does not have HARQ-ACK information in response to a PSSCH transmission with corresponding PSFCH
reception occasions associated with a SL configured grant to multiplex in the PUSCH, as described in clause
16.5.2.1,

the UE does not multiplex HARQ-ACK information in the PUSCH transmission;

- €else, the UE generates and multiplexesin the PUSCH transmission the HARQ-ACK codebook as described in
clause 16.5.2.1.
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If a UE multiplexes HARQ-ACK information in a PUSCH transmission that is scheduled by a DCI format that includes
a SAl field, the UE generates the HARQ-ACK codebook as described in clause 16.5.2.1, with the following
modifications:

- For the pseudo-code for the HARQ-ACK codebook generation in clause 16.5.2.1, after the completion of the m
loop, the UE sets Vi, = Vilsa Where Vg, isthe value of the SAI field in the DCI format according to Table
16.5.2.2-1.

If aUE
- isscheduled for aPUSCH transmission by a DCI format that includes a SAl field with value V%%, = 4, and

- has not received any PDCCH within the monitoring occasions for PDCCH with DCI format 3_0 for scheduling
PSSCH with corresponding PSFCH reception occasions on a serving cell, and

- does not have HARQ-ACK information in response to PSFCH reception occasions associated with a SL
configured grant to multiplex in the PUSCH, as described in clause 16.5.2.1,

the UE does not multiplex HARQ-ACK information in the PUSCH transmission.

Table 16.5.2.2-1: Value of SAI

Number of PDCCH monitoring occasions in which DCI format 3_0

MSSAtSB V% scheduling PSSCH transmissions with corresponding PSFCH reception
’ occasions is present, denotedas Xand X > 1
0,0 1 X —1Dmod4+1=1
0,1 2 X —1mod4+1=2
1,0 3 (X —1)mod4+1=3
1,1 4 (X—1)mod4+1=4

16.6  UE procedure for LTE sidelink transmission

If the UE detectsa DCI format 3_1 with CRC scrambled by SL Semi-Persistent Scheduling V-RNTI in slot n, the DCI
format 3_1 activates or releases an LTE sidelink SPS configuration that isindicated by a SL SPS configuration index
field [5, TS38.212]. If the DCI format 3_1 activates an SL SPS configuration, the UE procedure for transmitting a
PSCCH and a PSSCH is as described in [13, TS 36.213] except that a transmission starts no earlier than Tp¢; — Nzﬁ X
Te X 103 + X + (4 + m) ms, where Ty, isastart time of slot n, Ny, and T, are defined in[4, TS 38.211], X isavalue
indicated by a Timing offset field in DCI format 3_1, and m isavalueindicated by SL index field in DCI format 3_1 if

the SL index field is present; otherwise, m = 0.

16.7  Operation for in-device coexistence

If a UE would transmit or receive afirst channel/signal using E-UTRA radio access and a second channel/signal using
NR radio access, when

- thefirst channel/signal and the second channel/signal are time-division multiplexed, and
- the UE knows the frame indexes of the first channel/signal and the frame indexes of the second channel/signal,

the UE transmits or receives each channel/signal so that the subframe boundary of the second channel/signal is aligned
with the subframe boundary of the first channel/signal where the subframe boundary alignment is achieved by UE
implementation means.

17 UE with reduced capabilities

A UE with reduced capabilities (RedCap UE) supports all Layer-1 UE features that are mandatory without capability
signaling.
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17.1 RedCap UE procedures

Procedures for a RedCap UE are same as described for a UE in all other clauses of this document unless stated
otherwise. In this clause, the term 'UE' refersto a RedCap UE.

A UE expectstheinitial DL BWP and the active DL BWP &fter the UE (re)establishes dedicated RRC connection to be
smaller than or equal to the maximum DL bandwidth that the UE supports. A UE can be provided aDL BWP by

initial DownlinkBWP in DownlinkConfigCommonRedCapS B, and an UL BWP by initialUplinkBWP in
UplinkConfigCommonRedCapSI B. If initialUplinkBWP in UplinkConfigCommonS B indicates an UL BWP that is
larger than a maximum UL BWP that a UE supports, the UE expectsto be provided an UL BWP by initialUplinkBWP
in UplinkConfigCommonRedCapSI B.

A UE can be provided by BWP-DownlinkDedicated a DL BWP, other than the initial DL BWP. A UE can be provided
by BWP-UplinkDedicated an UL BWP, other than the initial UL BWP, that is smaller than or equal to the maximum
UL bandwidth that the UE supports.

If aUE is provided RACH-ConfigCommon-RedCap or RACH-ConfigCommonTwoSepRA-RedCap, the UE uses
corresponding parameters to perform the proceduresin clauses 8.1, 8.1A, and 8.3; otherwise, the UE uses
corresponding parameters from RACH-ConfigCommon or RACH-ConfigCommonTwoStepRA.

If aUE is provided initial UplinkBWP in UplinkConfigCommonRedCapS B and does not have dedicated PUCCH
resource configuration, the UE transmits PUCCH with HARQ-ACK information as described in clause 9.2.1 using a
PUCCH resource set provided by pucch-ResourceCommonRedCap, except that frequency hopping for the PUCCH
transmission is disabled if disable-FH-PUCCH is provided in PUCCH-ConfigCommonRedCap. If frequency hopping
of the PUCCH transmission is disabled then, for the PUCCH transmission, the UE determines the initial cyclic shift
index in the set of initia cyclic shift indexes as rpyccymodN¢s and determines the PRB index as

- RBYISH 4 RBISadd 400/ Nes), if BWP-part = 'FromLower Edge’
N3y — RBRGS — RBIF — 1 — |rpycon/Ns), otherwise
where RBSiI%-24d j5 provided by additional-RB-Offset, if provided; otherwise, RBgSt24d = 0,

For aninitial DL BWP provided by initial DownlinkBWP in DownlinkConfigCommonRedCapS B, if a UE monitors
PDCCH according to a Typel-PDCCH CSS set and does not monitor PDCCH according to Type2-PDCCH CSS set,
the UE assumes that the initial DL BWP does not include SS/PBCH blocks or the CORESET with index 0. If the UE
monitors PDCCH according to Type2-PDCCH CSS set, the UE assumes that the initial DL BWP

- includes a SS/PBCH block and the CORESET with index O if the UE used the SS/PBCH block to obtain SIB1

- includes a SS/PBCH block and does not include the CORESET with index O if the initial DL BWP does not
include the SS/PBCH block the UE used to obtain SIB1

For an active DL BWP provided by BWP-DownlinkDedicated, a UE assumes that the active DL BWP includes a
SS/PBCH block, unless the UE indicates a capability to operate in the DL BWP without receiving an SS/PBCH block,
and does not include the CORESET with index O.

17.2  Half-Duplex UE in paired spectrum

A half-duplex UE (HD-UE) in paired spectrum is not capable of simultaneous transmissions and receptions on a serving
cell with paired spectrum. This clauseis applicable for communication of a HD-UE on a serving cell with paired
spectrum.

A HD-UE does not expect to detect a DCI format scheduling areception in a set of symbols and detect a DCI format
scheduling atransmission in any symbol from the set of symbols.

If aHD-UE is configured by higher layersto receive aPDCCH, or PDSCH, or CSI-RS, or DL PRSin a set of symbols,
the HD-UE receives the PDCCH, or PDSCH, or CSI-RS, or DL PRS if the HD-UE does not detect a DCI format that
indicates to the HD-UE to transmit a PUSCH, or PUCCH, or PRACH, or SRSin at least one symbol of the set of
symbols; otherwise, the HD-UE does not receive the PDCCH, or PDSCH, or CSI-RS, or DL PRSin the set of symbols.
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If aHD-UE is configured by higher layers to transmit SRS, or PUCCH, or PUSCH in a set of symbols and the UE
detects a DCI format indicating to the HD-UE to receive CSI-RS or PDSCH in a subset of symbols from the set of
symbols, then

- the HD-UE does not expect to cancel the transmission of the PUCCH or PUSCH in the set of symbolsif the first
symbol in the set occurs within T, , relative to alast symbol of a CORESET where the HD-UE detects the
DCI format; otherwise, the HD-UE cancels the PUCCH, or the PUSCH, or an actua repetition of the PUSCH [6,
TS38.214], determined from clauses 9 and 9.2.5 or clause 6.1 of [6, TS38.214].

- the HD-UE does not expect to cancel the transmission of SRS in symbols from the subset of symbols that occur
within T, , relative to alast symbol of a CORESET where the HD-UE detects the DCI format. The HD-UE
cancels the SRS transmission in remaining symbols from the subset of symbols.

Tproc,2 isthe PUSCH preparation time for UE processing capability 1 [6, TS 38.214] assuming d,; = 1 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, PUCCH, PUSCH.

A HD-UE does not expect to receive both dedicated higher layer parameters configuring transmission in a set of
symbols and dedicated higher layer parameters configuring reception in the set of symbols. A HD-UE does not expect
to receive both a Type-0/0A/1/2-PDCCH CSS set configuration for PDCCH reception in a set of symbols and dedicated
higher layer parameters configuring transmission in the set of symbols.

If aHD-UE would transmit a PUSCH, or PUCCH, or SRS based on a configuration by higher layers and the HD-UE is
indicated presence of SSYPBCH blocks by ssh-PositionsinBurst in SIB1 or in ServingCellConfigCommon, the HD-UE
does not transmit

- PUSCH or PUCCH if alast symbol of the PUSCH or PUCCH transmission would not be at least Ny, gy - T [4,
TS 38.211] prior to afirst symbol of the next earliest SSYPBCH block

- PUSCH or PUCCH if afirst symbol of the PUSCH or PUCCH transmission would not be at least Ngy.1y * T¢ [4,
TS 38.211] after alast symbol of the previous latest SS/PBCH block

- SRSin symbolsthat would not be at least Nt,.gy - T, prior to afirst symbol of the next earliest SS/PBCH block
- SRSinsymbolsthat would not be at least N, - T, after alast symbol of the previous latest SS/PBCH block

If aHD-UE would transmit a PRACH based on a detected DCI format, or PUSCH, or PUCCH, or SRS and the HD-UE
isindicated presence of SS/PBCH blocks by ssh-PositionsinBurst in SB1 or in ServingCellConfigCommon in a set of
symbols, the HD-UE does not transmit PUSCH or PUCCH or PRACH if a transmission would overlap with any symbol
from the set of symbols and the HD-UE does not transmit SRS in the set of symbols.

If aHD-UE would transmit a PRACH or MsgA PUSCH triggered by higher layersin a set of symbols and would
receive aPDCCH, or aPDSCH, or aCSI-RS, or aDL PRS, or isindicated presence of SS/PBCH blocks by ssb-
PositionsinBurst in SB1 or in ServingCell ConfigCommon in symbols that include any symbol from the set of symbols,
the HD-UE can select based on its implementation whether to either transmit the PRACH or the MsgA PUSCH or
receive the PDSCH, or the CSI-RS, or the PL RS, or the PDCCH, or the SS/PBCH blocks.

If aHD-UE would receive aPDCCH, or aPDSCH, or aCSI-RS, or a DL PRS based on a configuration by higher
layers or isindicated presence of SS/PBCH blocks by ssb-PositionsinBurst in SB1 or in ServingCell ConfigCommon in
a set of symbols, and the HD-UE would transmit PRACH or MsgA PUSCH triggered by higher layers starting or
ending at asymbol that is earlier or later than Ngy.1y - T, OF N1yry * Te, respectively, from the last or first symbol in the
set of symbols, the HD-UE can select based on itsimplementation whether to either transmit the PRACH or the MsgA
PUSCH or receive the PDSCH, or the CSI-RS, or the DL PRS, or the PDCCH, or the SS/PBCH blocks.

18 Multicast Broadcast Services

This clause is applicable only for PDCCH receptions, PDSCH receptions, and PUCCH transmissions for MBS on a
serving cell. DCI formats with CRC scrambled by G-RNTI or G-CS-RNTI scheduling PDSCH receptions are referred
to as multicast DCI formats and the PDSCH receptions are referred to as multicast PDSCH receptions. DCI formats
with CRC scrambled by MCCH-RNTI or G-RNTI for MTCH scheduling PDSCH receptions are referred to as
broadcast DCI formats and the PDSCH receptions are referred to as broadcast PDSCH receptions. HARQ-ACK
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information associated with multicast DCI formats or multicast PDSCH receptionsis referred to as multicast HARQ-
ACK information.

A UE can be provided one or more G-RNTIs per serving cell for scrambling the CRC of multicast DCI formats for
scheduling PDSCH receptions. The UE can be provided one or more G-CS-RNTI per serving cell for scrambling the
CRC of multicast DCI formats providing activation/rel ease for SPS PDSCH receptions.

A UE can be configured by cfr-Config-MCCH-MTCH an MBS frequency resource for PDCCH and PDSCH receptions
providing MCCH and MTCH [12, TS 38.331]; otherwise, the MBS frequency resource is same as for the CORESET
with index O that is associated with the TypeO-PDCCH CSS set for PDCCH and PDSCH receptions providing MCCH
and MTCH. A UE monitors PDCCH for scheduling PDSCH receptions for MCCH or MTCH as described in clause
10.1.

In clauses referring to a higher layer parameter value provided by PDCCH-ConfigCommon or PDSCH-ConfigCommon,
when applicable a corresponding higher layer parameter value for MCCH/MTCH PDCCH receptions or PDSCH
receptions, respectively, is provided as described in [12, TS 38.331].

A UE isnot required to simultaneously receive PDSCHs for MCCH or MTCH on two serving cells. A UE in the
RRC_IDLE state or inthe RRC_INACTIVE state is not required to simultaneously receive on a serving cell

- PDSCHsfor MCCH and MTCH, or
- more than one MTCH PDSCHs, or
- PDSCH for MTCH and PBCH, or

- PDSCH for MCCH or MTCH and PDSCH scheduled by a DCI format 1_0 with CRC scrambled by SI-RNTI or
by P-RNTI

A UE can be configured, per DL BWP by cfr-Config-Multicast, an MBS fregquency resource within the DL BWP for
PDCCH and PDSCH receptions[4, TS 38.211]. If cfr-Config-Multicast does not include locationAndBandwidth-
Multicast, the MBS frequency resource is the active DL BWP. The UE is not required to simultaneously receive
PDSCHs on two serving cells. In clauses referring to a higher layer parameter value provided by PDCCH-Config or
PDSCH-Config or SPS-Config for a DL BWP, when applicable a corresponding higher layer parameter value for
multicast PDCCH, PDSCH, or SPS PDSCH receptionsis provided as described in [12, TS 38.331].

In clauses referring to a higher layer parameter value provided by afirst or second PUCCH-Config, when applicable a
corresponding higher layer parameter value for PUCCH transmissions associated with multicast PDCCH or PDSCH
receptions is provided as described in [12, TS 38.331]. In clauses referring to a higher layer parameter value provided
by SPS-PUCCH-AN or SPS-PUCCH-AN-List, when applicable a corresponding higher layer parameter value for
PUCCH transmissions associated with multicast SPS PDSCH receptionsis provided as described in [12, TS 38.331]. In
clauses referring to a higher layer parameter value provided by pdsch-HARQ-ACK-Codebook or pdsch-HARQ-ACK-
CodebookList, when applicable a corresponding higher layer parameter value for HARQ-ACK codebooks associated
with multicast HARQ-ACK information is provided as described in [12, TS 38.331].

A UE monitors PDCCH for scheduling PDSCH receptions or for activation/release of SPS PDSCH receptions for a
corresponding SPS PDSCH configuration as described in clause 10.1.

A UE can be configured by harg-Feedback-Option-Multicast for a G-RNTI, or by sps-HARQ-Feedback-Option-
Multicast for a G-CS-RNTI, to provide HARQ-ACK information for atransport block reception associated with the G-
RNTI or with the G-CS-RNTI, respectively, according to the first HARQ-ACK reporting mode or according to the
second HARQ-ACK reporting mode. The UE determines a priority for a PUCCH transmission with multicast HARQ-
ACK information according to any HARQ-ACK reporting mode as described in clause 9 for a PUCCH transmission
with unicast HARQ-ACK information.

For the first HARQ-ACK reporting mode, the UE generates HARQ-ACK information with ACK value when a UE
correctly decodes atransport block or detects a DCI format indicating an SPS PDSCH release; otherwise, the UE
generates HARQ-ACK information with NACK value, as described in clauses 9 and 9.1 through 9.3.

For the second HARQ-ACK reporting mode, the UE does not transmit a PUCCH that would include only HARQ-ACK
information with ACK values. The second HARQ-ACK reporting mode is not applicable when a number of HARQ-
ACK information bitsis more than four, or for the first SPS PDSCH reception after activation of SPS PDSCH
receptions for a SPS configuration, or for DCI formats having associated HARQ-ACK information without scheduling
aPDSCH reception.
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For the second HARQ-ACK reporting mode, when a number of HARQ-ACK information bitsis one, a UE transmits a
PUCCH only when the HARQ-ACK information bit has NACK value. For a PUCCH resource associated with PUCCH
format O, 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 m.; = 0. For a PUCCH resource associated with PUCCH format 1, the UE
transmits the PUCCH as described in [4, TS 38.211] by setting b(0) = 0.

For the second HARQ-ACK reporting mode, when a number of HARQ-ACK information bitsis 2, 3, or 4, the UE can
be indicated by moreThanOneNackOnly-Mode to provide the HARQ-ACK information bitsin a PUCCH either
according to the first HARQ-ACK reporting mode or by selecting a resource from a set of resources for the PUCCH
transmission based on the values of the HARQ-ACK information bits as described in Table 18-1.

If aUE is provided pucch-Config-Multicast1 or pucch-Config-Multicast2 for PUCCH transmissions with a priority
value, the UE transmits a PUCCH with the priority value according to pucch-Config-Multicast1 or pucch-Config-
Multicast2 for each G-RNTI or G-CS-RNTI that the UE provides associated HARQ-ACK information according to the
first HARQ-ACK reporting mode or the second HARQ-ACK reporting mode.

A PDSCH reception providing an initial transmission of atransport block is scheduled only by a multicast DCI format.
For the first HARQ-ACK reporting mode, a PDSCH reception providing a retransmission of the transport block can be
scheduled either by a multicast DCI format using a same G-RNTI asthe G-RNTI of theinitial transmission of the
transport block, or by aunicast DCI format using a C-RNTI [6, TS 38.214].

An activation for SPS PDSCH receptions using a G-CS-RNTI for a corresponding SPS PDSCH configuration is
provided only by amulticast DCI format as described in clause 10.2 by replacing CS-RNTI with the G-CS-RNTI. A
release for SPS PDSCH receptions using a G-CS-RNTI for a corresponding SPS PDSCH configuration is provided by a
multicast DCI format as described in clause 10.2 by replacing CS-RNTI with the G-CS-RNTI, or by a DCI format with
CRC scrambled by CS-RNTI. For the first HARQ-ACK reporting mode and for atransport block that a UE received in
a SPS PDSCH, a PDSCH reception providing a retransmission of the transport block can be scheduled either by a
unicast DCI format using a CS-RNTI or by amulticast DCI format using a same G-CS-RNTI asthe G-CS-RNTI of the
initial transmission of the transport block [6, TS 38.214].

A UE can be configured per G-RNTI or per G-CS-RNTI, by harg-FeedbackEnabler-Multicast with value set to
‘enabled’, to provide HARQ-ACK information for PDSCH receptions. When the UE is not provided harg-
FeedbackEnabler-Multicast for a G-RNTI or G-CS-RNTI, or when the UE is provided harg-FeedbackEnabler-
Multicast with value set to 'disabled’, the UE does not provide HARQ-ACK information for respective PDSCH
receptions. If a UE is provided harg-FeedbackEnabler-Multicast with value set to 'dci-enabler' for aG-RNTI or a G-
CS-RNTI, the UE determines whether or not to provide the HARQ-ACK information for PDSCH receptions based on
an indication by the multicast DCI format associated with the G-RNTI or the G-CS-RNTI [4, TS 38.212].

If a UE would multiplex HARQ-ACK information that the UE would provide according to the second HARQ-ACK
reporting mode with other UCI in afirst PUCCH, or in a PUSCH, as described in clauses 9 and 9.2.5, the UE provides
the HARQ-ACK information according to the first HARQ-ACK reporting mode. For resolving an overlapping among a
second PUCCH with HARQ-ACK information according to the second HARQ-ACK reporting mode and other
PUCCHSs or PUSCHSs prior to multiplexing the HARQ-ACK information in a PUCCH or PUSCH, the UE considers that
the UE would transmit the second PUCCH when all values of the HARQ-ACK information are'ACK'.

If aUE is provided multiple G-RNTIs or G-CS-RNTIs, a configuration for aHARQ-ACK codebook type appliesto all
G-RNTIsor G-CS-RNTIs.

If aUE is provided pdsch-HARQ-ACK-Codebook-Multicast = semi-static, the UE generates a Type-1 HARQ-ACK
codebook as described in clauses 9.1.2,9.1.2.1, and 9.1.2.2.

If aUE is provided pdsch-HARQ-ACK-Codebook-Multicast = dynamic, the UE generates a Type-2 HARQ-ACK
codebook as described in clause 9.1.3.1.

If, for unicast and multicast HARQ-ACK information of same priority value, aUE
- isprovided

- either pdsch-HARQ-ACK-Codebook = dynamic or pdsch-HARQ-ACK-Codebook-r16 and pdsch-HARQ-
ACK-Codebook-Multicast = semi-static,

- or pdsch-HARQ-ACK-Codebook = semi-static and pdsch-HARQ-ACK-Codebook-Muulticast = dynamic, and

- would multiplex the unicast and multicast HARQ-ACK information in a same PUCCH or PUSCH
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the UE

- appends the HARQ-ACK codebooks for the multicast HARQ-ACK information to the HARQ-ACK codebooks
for the unicast HARQ-ACK information

- if Oack + Osg + Ocs; < 11, the UE determines nyarq-ack for obtaining a power of a PUCCH transmission
with the HARQ-ACK information, as described in clause 7.2.1, as a sum of the nyarq-ack value from clause
9.1.2.1 or clause 9.1.3.3 and the nyarq-ack Value from clause 9.1.3.1.

A UE determines a PUCCH resource for a PUCCH transmission with HARQ-ACK information as described in clauses
9.2 and 9.2.1 through 9.2.5.

If the UE multiplexes HARQ-ACK information of same priority associated with unicast DCI formats and with multicast
DCI formatsin a same PUCCH, the last DCI format that the UE uses to determine the PUCCH resource, as described in
clause 9.2.3, isalast unicast DCI format.

If a UE multiplexesin a PUCCH first HARQ-ACK information associated with multicast SPS PDSCH receptions and
second HARQ-ACK information associated with multicast DCI formats and having same priority value as the first
HARQ-ACK information, and both the first and second HARQ-ACK information are according to the first HARQ-
ACK reporting mode, the UE determines the PUCCH resource based on the last multicast DCI format, as described in
clause 9.2.3.

If a UE multiplexesin a PUCCH first HARQ-ACK information associated with unicast SPS PDSCH receptions and
second HARQ-ACK information associated with multicast DCI formats and having same priority value as the first
HARQ-ACK information in a same PUCCH, the UE determines the PUCCH resource from SPS-PUCCH-AN-List for
unicast SPS PDSCH receptions as described in clause 9.2.1.

If a UE multiplexesin a PUCCH first HARQ-ACK information associated with unicast SPS PDSCH receptions and
second HARQ-ACK information associated with multicast SPS PDSCH receptions and having same priority value as
the first HARQ-ACK information in a same PUCCH, the UE determines the PUCCH resource from SPS-PUCCH-AN-
List for unicast SPS PDSCH receptions as described in clause 9.2.1.

A UE isnot required to multiplex in a PUCCH multicast HARQ-ACK information of a priority and unicast UCI of the
priority if the UE is provided subslotLengthForPUCCH for PUCCH transmissions with unicast UCI of the priority.

19 PUSCH transmission in RRC_INACTIVE state

19.1  Configured-grant based PUSCH transmission

A UE indicated to release a dedicated RRC connection can be provided one or more configurations by respective one or
more ConfiguredGrantConfig, for configured grant Type 1 PUSCH transmissions on the initial UL BWP [12, TS
38.331]. For the remaining of this clause, PUSCH transmissions refer to configured grant Type-1 PUSCH transmissions
for a configuration provided by ConfiguredGrantConfig.

A UE can be provided by sdt-SSB-Subset a number of SYPBCH block indexes N3ser,  to map to anumber of valid

PUSCH occasions for PUSCH transmissions over an association period. If the UE is not provided sdt-SSB-Subset, the

UE determines N3 hee " from the value of ssb-PositionsinBurst in SIB1 or by ServingCell ConfigCommon. A PUSCH

occasion for aPUSCH transmission is defined by a time resource and a frequency resource and is associated with a
DM-RS provided by cg-DMRS-Configuration for the configuration of PUSCH transmissions.

An association period, starting from frame with SFN 0, for mapping NSSQEE{CH SS/PBCH block indexes, from the
number of SS/PBCH block indexes, to valid PUSCH occasions and associated DM-RS resources is the smallest value in
the set determined by the PUSCH configuration period provided by periodicity in ConfiguredGrantConfig according to
Table 19.1-1 such that Nosee " SSIPBCH block indexes are mapped at least once to valid PUSCH occasions and
associated DM-RS resources within the association period. A UE is provided a number of SS/PBCH block indexes
associated with a PUSCH occasion and a DM-RS resource by sdt-SSB-per CG-PUSCH. If after an integer number of
SS/PBCH block indexes to PUSCH occasions and associated DM RS resources mapping cycles within the association
period there is a set of PUSCH occasions and associated DM RS resources that are not mapped to Nyoser. ' SSYPBCH

block indexes, no SSYPBCH block indexes are mapped to the set of PUSCH occasions and associated DM RS resources.
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An association pattern period includes one or more association periods and is determined so that a pattern between
PUSCH occasions with associated DM RS resources and SS/PBCH block indexes repeats at most every 640 msec.
PUSCH occasions and associated DM RS resources not associated with SS/PBCH block indexes after an integer number
of association periods, if any, are not used for PUSCH transmissions.

Table 19.1-1: Mapping between PUSCH configuration period and SS/PBCH block to configured
PUSCH resource association period

: : ; Association period (number of PUSCH
PUSCH configuration period T, configuration Beriods(except when PUSCH
(msec) configuration period islessthan 5 msec)
5 {1, 2,4,8,16, 32, 64, 128}
8 {1,2,4,5, 8, 10, 16, 20, 40, 80}
10 {1, 2,4, 8,16, 32, 64}
16 {1, 2, 4,5, 8,10,20,40}
20 {1, 2, 4, 8,16, 32}
32 {1,2,4,5, 10, 20}
40 {1,2,4,8,16}
64 {1, 2,5, 10}
80 {1,2, 4,8}
128 {1, 5}
160 {1, 2, 4}
320 {1, 2}
640 {1}

lelsjé'é?{c” SS/PBCH block indexes are mapped to valid PUSCH occasions and associated DM RS resources in the

following order

- firgt, inincreasing order of DM RS 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 a
DMRS sequence index [4, TS 38.211]

- second, inincreasing order of PUSCH configuration period indexes
A PUSCH occasionisvalid if it does not overlap with avalid PRACH occasion as described in clause 8.1.

For unpaired spectrum and for SS/PBCH blocks with indexes provided by ssh-PositionsinBurst in SB1 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 dlot, and
- Startsat least Ny, symbols after alast SS/PBCH block symbol, where Ny, is provided in Table 8.1-2

- if aUE s provided tdd-UL-DL-ConfigurationCommon, a PUSCH occasion is valid if the PUSCH occasion
- iswithin UL symbols

- startsat least Ngy, Symbols after alast downlink symbol, and at least Ny,, symbols after alast SSPBCH
block symbol, where Ny, is provided in Table 8.1-2

A UE determines a power of a PUSCH transmission as described in clause 7.1.1, where the UE obtains PLy, . (q4)
using a RS resource from an SS/PBCH block with index associated with the PUSCH transmission.

A UE can be provided a USS set by sdt-CG-SearchSpace, or a CSS set by sdt-SearchSpace, to monitor PDCCH for
detection of DCI format 0_0 with CRC scrambled by C-RNTI or CS-RNTI for scheduling PUSCH transmission or of
DCI format 1_0 with CRC scrambled by C-RNTI for scheduling PDSCH receptions [12, TS 38.331]. The UE may
assume that the DM-RS antenna port associated with the PDCCH receptions, the DM-RS antenna port associated with
the PDSCH receptions, and the SS/PBCH block associated with the PUSCH transmission are quasi co-located with
respect to average gain and quasi co-location ‘typeA' or 'typeD' properties. The UE transmits a PUCCH with HARQ-
ACK information associated with the PDSCH receptions as described in clause 9.2.1 using a same spatial domain
transmission filter as for the last PUSCH transmission.
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19.2 Random-access based PUSCH transmission

A UE indicated to release a dedicated RRC connection can be provided a configuration for a Type-1 and/or a Type-2
random access procedure on the initial UL BWP [12, TS 38.331]. PRACH occasions can have either acommon
configuration as, or a separate configuration from, PRACH occasions for Type-1 or Type-2 random access procedure as
described in clause 8.1. The UE procedure is as described in clause 8, including clauses 8.1 through 8.4. The UE
transmits a PRACH preamble with a power determined as described in clause 7.4.

For a common configuration of PRACH occasions and a Type-1 or a Type-2 random access procedure, a UE can be
provided a number of SS/PBCH block indexes associated with one PRACH occasion by sdt-CB-PreamblesPer SSB-
PerSharedRO or sdt-msgA-CB-Preambl esPer SSB-Per SharedRO, respectively. A PRACH transmission can be on a
subset of PRACH occasions associated with a same SS/PBCH block index within an SSB-RO mapping cycle as
determined by a PRACH mask index provided by sdt-SSB-SharedRO-Masklndex or sdt-msgA-SSB-SharedRO-
Masklindex according to [11, TS 38.321].

A UE can be provided by sdt-SearchSpace a CSS set to monitor, after contention resolution as described in clause 8.4,
PDCCH for detection of a DCI format 0_0 or DCI format 1_0 with CRC scrambled by C-RNTI for scheduling
respective PUSCH transmissions or PDSCH receptions; otherwise, if the UE is not provided sdt-SearchSpace, the UE
monitors PDCCH according to a Typel-PDCCH CSS set as described in clause 10.1. The UE may assume that the DM -
RS antenna port associated with the PDCCH receptions, the DM-RS antenna port associated with the PDSCH
receptions, and the SS/PBCH block associated with the PRACH transmission are quasi co-located with respect to
average gain and quasi co-location 'typeA' or 'typeD' properties.
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EN-DC
2019-06 |[|RAN#84 RP-191283 |0048 - |F CR on PDCCH Monitoring for NR-DC 15.6.0
2019-06 |RAN#84 RP-191283 |0049 - |F CR on Timing for MAC CE Applicability 15.6.0
2019-09 [RAN#85 RP-191942 |0051 F Correction on RA procedure triggered by higher layers 15.7.0
2019-09 [RAN#85 RP-191942 (0052 | 1 |[F CR on UE procedure for reporting multiple UCI types 15.7.0
2019-09 [RAN#85 RP-191942 |0053 - |F CR to 38.213 fix to HARQ-ACK Type-1 codebook pseudo- 15.7.0
code
2019-09 [RAN#85 RP-191942 [0054 | - |F CR to 38.213 on clarification of the RNTI used for scrambling a|15.7.0
PUSCH transmission scheduled by RAR UL grant
2019-09 [RAN#85 RP-191942 |0055 | 2 (F Corrections to 38.213 including alignment of terminology 15.7.0
across specifications in RAN1#98
2019-09 [RAN#85 RP-191942 | 0056 - |F Correction on intra-band EN-DC with single TAG 15.7.0
2019-09 [RAN#85 RP-191942 |0057 - |F Correction on PHR in EN-DC/NE-DC/NR-CA 15.7.0
2019-09 [RAN#85 RP-191942 |0058 - |F Correction on the time gap definition 15.7.0
2019-09 [RAN#85 RP-191942 |0059 - |F Correction on slot configuration 15.7.0
2019-09 [RAN#85 RP-191942 |0060 - |F CR to 38.213 on PUCCH configuration for NR-DC 15.7.0
2019-09 [RAN#85 RP-191942 |0061 - |F Correction on PUCCH power control 15.7.0
2019-12 |[RAN#86 RP-192626 (0062 | 1 |F CR on beta_offset values for UCI reporting in PUSCH 15.8.0
2019-12 |[RAN#86 RP-192626 |0063 - |F Correction on RACH occasion 15.8.0
2019-12 [RAN#86 RP-192626 |(0064 | - |F Correction on HARQ-ACK transmission with BWP change 15.8.0
2019-12 |[RAN#86 RP-192626 |0065 - |F CR on slot configuration regarding PUSCH scheduled by RAR |15.8.0
2019-12 |RAN#86 RP-192626 |0066 - |F Correction on power control for NE-DC 15.8.0
2019-12 |RAN#86 RP-192626 |0067 - |F Correction on time gap definition for HARQ-ACK transmission |15.8.0
2019-12 [RAN#86 RP-192626 |0068 - |F Correction on time gap definition for random access procedure |15.8.0
2019-12 |RAN#86 RP-192626 |0069 3 |F Corrections to 38.213 including alignment of terminology 15.8.0
across specifications in RAN1#98bis and RAN1#99
2019-12 [RAN#86 RP-193121 [0070 | 1 |B Introduction of two-step RACH in NR 16.0.0
2019-12 [RAN#86 RP-193221 (0071 | 2 |B Introduction of shared spectrum channel access 16.0.0
2019-12 |[RAN#86 RP-193123 (0072 | 1 |B Introduction of integrated access and backhaul in NR 16.0.0
2019-12 [RAN#86 RP-193222 |0073 | 2 (B Introduction of Industrial loT 16.0.0
2019-12 |RAN#86 RP-193125 |0074 1 |B Introduction of Ultra Reliable Low Latency Communications 16.0.0
Enhancements
2019-12 |RAN#86 RP-193127 (0075 | 1 (B Introduction of MIMO enhancements in NR 16.0.0
2019-12 [RAN#86 RP-193128 (0076 | 1 |B Introduction of UE power savings 16.0.0
2019-12 |RAN#86 RP-193131 |0077 1 |B Introduction of NR-DC in same Frequency Range and of 16.0.0
Cross-carrier Scheduling with Different Numerologies
2019-12 [RAN#86 RP-193132 (0078 | 1 |B Introduction of multiple LTE CRS rate matching patterns 16.0.0
2019-12 |RAN#86 RP-193124 (0079 | 1 (B Introduction of V2X in NR 16.0.0
2019-12 |[RAN#86 RP-193129 (0080 | 1 |B Introduction of positioning support in NR 16.0.0
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2019-12 |[RAN#86 RP-193223 (0081 | 2 |B Introduction of mobility enhancements in NR 16.0.0
2020-03 [RAN#87-e |RP-200184 (0085 - |F Corrections on two-step RACH 16.1.0
2020-03 [RAN#87-e |RP-200194 (0086 - |F Corrections on NR-DC and on Cross-carrier Scheduling with  |16.1.0
Different Numerologies
2020-03 |RAN#87-e |[RP-200186 |0087 - |F Corrections on integrated access and backhaul 16.1.0
2020-03 |RAN#87-e |RP-200189 |0088 - |F Corrections on Industrial IoT 16.1.0
2020-03 |RAN#87-e |RP-200190 |0089 - |F Corrections on MIMO enhancements 16.1.0
2020-03 |RAN#87-e |[RP-200193 |0090 - |F Corrections on Mobility Enhancements 16.1.0
2020-03 |RAN#87-e |[RP-200185 |0091 - |F Corrections on shared spectrum channel access 16.1.0
2020-03 |RAN#87-e |[RP-200192 |0092 - |F Corrections on Positioning 16.1.0
2020-03 |RAN#87-e [RP-200187 (0093 | - [F [Corrections on Sidelink 16.1.0
2020-03 [RAN#87-e |RP-200191 (0094 - |F Corrections on UE power savings 16.1.0
2020-03 |RAN#87-e |RP-200188 |0095 - |F Corrections on Ultra Reliable Low Latency Communications 16.1.0
Enhancements
2020-03 |RAN#87-e |[RP-200195 |0097 - |F Introduction of half-duplex operation in CA with unpaired 16.1.0
spectrum
2020-03 |RAN#87-e |[RP-200447 |0098 - |A [Corrections to 38.213 including alignment of terminology 16.1.0
across specifications in RAN1#100-e
2020-06 [RAN#88-e |RP-200683 (0102 - A Correction on PDCCH Blind Detection for NR-DC 16.2.0
2020-06 [RAN#88-e |RP-200688 (0103 | 1 |F Corrections on integrated access and backhaul 16.2.0
2020-06 [RAN#88-e |RP-200690 (0104 [ 1 |F Corrections on Ultra Reliable Low Latency Communications 16.2.0
Enhancements
2020-06 [RAN#88-e |RP-200693 (0105 [ 1 |F Corrections on UE power savings 16.2.0
2020-06 |RAN#88-e [RP-200689 (0106 | 1 [F [Corrections on Sidelink 16.2.0
2020-06 [RAN#88-e |RP-200694 (0107 | 1 |F Corrections on Positioning 16.2.0
2020-06 [RAN#88-e |RP-200687 (0108 | 1 |F Corrections on shared spectrum channel access 16.2.0
2020-06 [RAN#88-e |RP-200692 (0109 [ 1 |F Corrections on MIMO enhancements 16.2.0
2020-06 [RAN#88-e |RP-200691 (0110 [ 1 |F Corrections on Industrial loT 16.2.0

2020-06 [RAN#88-e |RP-200696 (0111 [ 1 |F Corrections on NR-DC and on Cross-carrier Scheduling with  |16.2.0
Different Numerologies

2020-06 [RAN#88-e |RP-200686 (0112 [ 1 |F Corrections on two-step RACH 16.2.0

2020-06 |RAN#88-e |RP-200697 |0113 1 |F Corrections on half-duplex operation in CA with unpaired 16.2.0
spectrum

2020-06 |RAN#88-e [RP-200705 (0114 [ - |B Introduction of UL transmission switching 16.2.0

2020-06 |RAN#88-e |[RP-200695 |0115 - |F Corrections on Mobility Enhancements 16.2.0

2020-06 [RAN#88-e |RP-201349 (0117 | 1 |A Extending 8 SSB support to the newly introduced 30 kHz Case |16.2.0
C SSB pattern on band n40

2020-09 |RAN#89-e |RP-201803 |0119 - |A [Correction on the definition for timeline condition 16.3.0
2020-09 |RAN#89-e [RP-201803 |0120 - |F Correction for PUCCH repetition transmission 16.3.0
2020-09 |RAN#89-e |RP-201814 |0121 - |F CR on determination of the number of RS for RLM 16.3.0
2020-09 |RAN#89-e |[RP-201803 |0123 - |A [CR on determining PO for a PUSCH retransmission 16.3.0

corresponding to a RAR UL grantin TS 38.213
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2020-09 |RAN#89-e |[RP-201803 |0125 - |F PRACH power ramping suspension 16.3.0

2020-09 |RAN#89-e |[RP-201806 |0126 - |F Clarify starting slot within DCI 2_5 indication 16.3.0

2020-09 |RAN#89-e |RP-201804 (0127 | - |[F CR on 2-step RACH for 38.213 16.3.0

2020-09 |RAN#89-e |RP-201813 (0128 | - |[F CR on Power Control for NR-DC 16.3.0

2020-09 |RAN#89-e |RP-201810 |0129 - |F Type-3 CSS monitoring with PS-RNTI on primary cell 16.3.0

2020-09 [RAN#89-e |RP-201812 (0131 - |F CR on correction on uplink power sharing for DAPS HO 16.3.0

2020-09 [RAN#89-e |RP-201812 (0132 - |F CR on correction on PDCCH monitoring for DAPS HO 16.3.0

2020-09 [RAN#89-e |RP-201813 (0133 - |F CR to 38.213 on RRC parameter alignment for SCell 16.3.0
dormancy

2020-09 |RAN#89-e [RP-201813 (0134 ( - |F CR to 38.213 on BWP triggering via SCell dormancy indication |16.3.0

2020-09 |RAN#89-e |RP-201813 |0135 - |F CR to 38.213 on HARQ-ACK processing timeline for DCI 16.3.0
format 1_1 with Scell dormancy indication without scheduling
PDSCH

2020-09 |RAN#89-e [RP-201807 |0136 - |F Corrections on Sidelink 16.3.0

2020-09 |RAN#89-e [RP-201809 |0137 - |F Corrections on MIMO enhancements 16.3.0

2020-09 |RAN#89-e [RP-201805 |0138 - |F Corrections on shared spectrum channel access 16.3.0

2020-09 |RAN#89-e [RP-201808 |0139 - |F Corrections on Ultra Reliable Low Latency Communications 16.3.0
Enhancements

2020-09 [RAN#89-e |RP-202015 (0141 [ 1 |A Extending 8 SSB support to the TDD bands with newly 16.3.0
introduced 30 kHz Case C SSB pattern

2020-09 |RAN#89-e [RP-201847 |0142 - |A [Correction on supplementary uplink in Rel-16 TS 38.213 16.3.0

2020-12 [RAN#90-e |RP-202379 (0144 - A CR on HARQ-ACK Determination for SPS Release 16.4.0

2020-12 [RAN#90-e |RP-202383 (0145 - |F Corrections related to sidelink physical layer procedures 16.4.0

2020-12 |RAN#90-e |RP-202382 |0146 - |F Clarify DCI Format 2_5 search space sets 16.4.0

2020-12 |RAN#90-e |RP-202380 (0147 | - |[F CR on 2-step RACH for 38.213 16.4.0

2020-12 |RAN#90-e |RP-202385 |0148 - |F Correction on UL power control 16.4.0

2020-12 [RAN#90-e |RP-202388 (0149 [ 1 |F Correction on uplink transmission cancellation for DAPS 16.4.0
handover

2020-12 |RAN#90-e |RP-202388 |0150 1 |F Correction on PUSCH processing capability for DAPS 16.4.0
handover

2020-12 |RAN#90-e [RP-202388 (0151 ( 1 |F Correction on intra-frequency DAPS handover 16.4.0

2020-12 |RAN#90-e [RP-202383 |0152 - |F Corrections on the use of TDRA and FDRA fields SCI for 16.4.0
Mode 1

2020-12 |RAN#90-e [RP-202383 |0153 - |F Corrections for the prioritization between uplink transmission |16.4.0
and sidelink transmission/reception

2020-12 [RAN#90-e |RP-202383 (0154 - |F Corrections related to the sidelink slot index 16.4.0

2020-12 [RAN#90-e |RP-202383 (0155 - |F Correction on sidelink pathloss calculation for S-SSB power 16.4.0
control

2020-12 |RAN#90-e [RP-202383 |[0156 [ 1 |F Correction on sidelink TDD configuration for OoC UEs 16.4.0

2020-12 [RAN#90-e |RP-202379 (0158 - A Correction on HARQ-ACK generation for DL transmission with |16.4.0

single TB when multi-TB is configured

2020-12 |RAN#90-e [RP-202381 |0159 - |F Miscellaneous corrections on NR unlicensed configured grant (16.4.0
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2020-12 |RAN#90-e |RP-202383 |0160 - |F Introduction of the preparation time for SL retransmissions in  [16.4.0
Mode 1

2020-12 |RAN#90-e [RP-202395 |0161 - |F Correction on uplink Tx switching 16.4.0

2020-12 |RAN#90-e [RP-202381 |0163 - |F Correction of NRU HARQ procedure in the presence of SPS  |16.4.0
PDSCH

2020-12 |RAN#90-e [RP-202381 |0165 - |F CR to 38.213 on NR-U 2-step RACH PO configuration 16.4.0

2020-12 |RAN#90-e [RP-202389 |0166 - |F 38.213 CR for NR-DC power control 16.4.0

2020-12 |RAN#90-e [RP-202389 |0167 - |F 38.213 CR Caorrection on HARQ-ACK codebook for secondary |16.4.0
PUCCH group

2020-12 [RAN#90-e |RP-202384 (0168 - |F Correction on Type2 HARQ-ACK codebook construction 16.4.0

2020-12 [RAN#90-e |RP-202384 (0169 - |F Correction on UL grant Type 2 PUSCH release for search 16.4.0
space sharing

2020-12 |RAN#90-e |RP-202384 |0170 - |F Correction on PDCCH monitoring on cell(s) configured with 16.4.0
Rel-15 PDCCH monitoring capability

2020-12 |RAN#90-e [RP-202383 |0171 - |F Correction on periodicity of resource pool bitmap 16.4.0

2020-12 |RAN#90-e [RP-202383 |0172 - |F Correction on PSFCH and PSCCH mapping 16.4.0

2020-12 [RAN#90-e |RP-202385 (0173 - |F CR on CBRA based BFR 16.4.0

2020-12 |RAN#90-e [RP-202381 |0174 - |F CR to 38.213 to correct references to 38.212 for RACH 16.4.0
procedure

2020-12 |RAN#90-e [RP-202381 |0175 - |F Correction on remaining channel occupancy assumption 16.4.0

2020-12 |RAN#90-e |RP-202398 (0176 | - |[F Alignment CR for TS 38.213 16.4.0

2020-12 |RAN#90-e [RP-202389 |0177 - |F Corrections for SCell dormancy indication 16.4.0

2020-12 |RAN#90-e [RP-202384 |0178 - |F CR on handling overlapping PUCCH/PUSCH transmissions 16.4.0
with repetitions and with different priorities

2021-03 |RAN#91-e [RP-210055 |0180 - |F Type-1 HARQ-ACK for PDSCH repetition with different SCSs |16.5.0
in DL and UL

2021-03 |RAN#91-e [RP-210047 |0182 - |A [Correction on the search space configuration of PUCCH-SCell |16.5.0

2021-03 |RAN#91-e |RP-210055 |0183 - |F Correction on UCI multiplexing with PUCCH overriding 16.5.0

2021-03 |RAN#91-e |RP-210048 |0184 - |F CR on transmission timing adjustment procedure in 38.213 16.5.0

2021-03 |RAN#91-e [RP-210055 |0186 - |F Correction for cancellation due to PDSCH/CSI-RS/SFI 16.5.0

2021-03 [RAN#91-e |RP-210049 (0187 - |F Correction of Type-3 HARQ-ACK codebook generation fora |16.5.0

PDSCH with one transport block for a configuration with a
maximum number of two TBs

2021-03 |RAN#91-e [RP-210049 |0188 - |F Correction of UE reception of DL control when a DCI indicates |16.5.0
a request for a Type-3 HARQ-ACK codebook report without
scheduling PDSCH

2021-03 [RAN#91-e |RP-210049 (0189 - |D Correction on PUCCH power control for enhanced Type-2 16.5.0
HARQ-ACK codebook and for Type-3 HARQ-ACK codebook

2021-03 [RAN#91-e |RP-210052 (0190 - |F CR on HARQ-ACK 16.5.0

2021-03 |RAN#91-e [RP-210049 |0191 - |F Correction on search space set group switching without 16.5.0
channel occupancy duration field

2021-03 |RAN#91-e |RP-210052 |0192 - |F Corrections on Scell BFR in Rel-16 16.5.0

2021-03 |RAN#91-e [RP-210058 |0193 - |F Correction on uplink Tx switching 16.5.0

2021-03 |RAN#91-e [RP-210050 (0194 [ - |F Corrections related to prioritization between uplink and sidelink | 16.5.0
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2021-03 |RAN#91-e [RP-210050 |0195 - |F Determination of indexes for slots for S-SS/PSBCH block 16.5.0
transmission(s)

2021-03 |RAN#91-e [RP-210050 |0196 - |F Restrictions of the slots for S-SSB transmission/reception 16.5.0

2021-03 |RAN#91-e [RP-210051 |0197 - |F CR on Timing for secondary cell activation / deactivation with |16.5.0
sub-slot PUCCH

2021-03 |RAN#91-e [RP-210051 |0198 - |F CR on number of PUCCHSs with HARQ-ACK in a slot 16.5.0

2021-03 |RAN#91-e [RP-210050 (0199 ( 1 |F Correction of SL HARQ-ACK information reporting to the gNB |16.5.0
in Mode 1

2021-03 |RAN#91-e |RP-210049 |0200 - |F Correction on LBT Type and CP Extension Indication for Semi-|16.5.0
Static Channel Occupancy in RAR

2021-03 |RAN#91-e [RP-210054 |0201 - |F CR to 38.213 on PRACH handling for NR-DC power control 16.5.0

2021-03 |RAN#91-e |RP-210054 |0202 - |F CR to 38.213 on HARQ-ACK priority determination for SCell 16.5.0
dormancy indication

2021-03 |RAN#91-e [RP-210055 |0203 - |F 38.213 CR on DCI ordering in a search space set 16.5.0

2021-03 |RAN#91-e |RP-210051 (0204 | - |F Correction on dci-FormatsExt in clause 10.1in TS 38.213 16.5.0

2021-03 |RAN#91-e [RP-210051 |0205 - |F Resolving collision with semi-static DL and SSB symbols 16.5.0

2021-03 |RAN#91-e |RP-210051 |0206 - |F Correction on PUCCH resource determination in clause 9.2.1 |16.5.0
in TS 38.213

2021-03 |RAN#91-e [RP-210059 |0207 - |F Editorial corrections for 38.213 16.5.0

2021-03 |RAN#91-e [RP-210126 |0208 - A Resubmission of CR179r1 on Correction on supplementary 16.5.0
uplink in 38.213

2021-06 [RAN#92-e |RP-211234 (0209 - |F Correction on multiplexing timeline definition for Type-3 16.6.0
HARQ-ACK codebook

2021-06 |RAN#92-e [RP-211234 |0210 - |F Correction on Type-3 HARQ-ACK codebook size ambiguity 16.6.0

2021-06 |RAN#92-e |RP-211250 |0211 - |F CR to TS 38.213 on clarifying DAPS HO impact on PUCCH 16.6.0
repetition counting

2021-06 |RAN#92-e [RP-211235 |0212 - |F Corrections for the reference signal used for sidelink power 16.6.0
control

2021-06 |RAN#92-e [RP-211237 (0214 | - |F Corrections for separate HARQ-ACK feedback of multi-TRP 16.6.0
transmission

2021-06 |RAN#92-e |RP-211240 |0215 - |F Correction on half-duplex operation in CA with unpaired 16.6.0
spectrum

2021-06 |RAN#92-e [RP-211239 |0216 - |F Correction on MR-DC Uplink Power Control in 38.213 16.6.0

2021-06 [RAN#92-e |RP-211234 (0217 - |F Correction on MsgA PUSCH validation for semistatic channel |16.6.0
access

2021-06 |RAN#92-e |[RP-211238 |0218 - |F CR on the number of pathloss estimates maintained by the UE |16.6.0
for SRS for positioning.

2021-06 [RAN#92-e |RP-211249 (0219 - |F Conditions for IAB-DU soft resource availability 16.6.0

2021-06 |RAN#92-e [RP-211235 |0220 - |F Correction of search space configuration for DCI formats 3_0 |16.6.0
and 3_1

2021-06 [RAN#92-e |RP-211234 (0221 - |F Correction on SR reporting due to consistent LBT failure 16.6.0
recovery

2021-06 |RAN#92-e |RP-211236 |0222 - |F Correction on Prioritization Timeline 16.6.0

2021-06 [RAN#92-e |RP-211236 (0223 - |F CR on the configuration for one PUCCH-Config with 16.6.0

subslotLengthForPUCCH-r16
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2021-06 [RAN#92-e |RP-211236 (0224 - |F CR on not supporting Type 1 HARQ-ACK codebook for sub- |16.6.0
slot HARQ-ACK in R16

2021-06 |RAN#92-e [RP-211236 |0225 - |F CR on Number of PUCCH resource sets per PUCCH-config 16.6.0

2021-06 |RAN#92-e [RP-211236 |0226 - |F Correction on UL cancellation due to dynamic SFI 16.6.0

2021-06 [RAN#92-e [RP-211233 (0228 [ 1 |A Rel-15 editorial corrections for TS 38.213 (mirrored to Rel-16) [16.6.0

2021-06 |RAN#92-e [RP-211243 (0229 ( 1 |F Rel-16 editorial corrections for TS 38.213 16.6.0

2021-06 |RAN#92-e [RP-211236 |0230 - |F Correction on UE procedure for determining physical downlink |16.6.0
control channel assignment for Rel-16 PDCCH monitoring
capability

2021-06 [RAN#92-e |RP-211235 (0232 - |F Corrections for the multiplexing SL HARQ-ACK information on |16.6.0
a PUSCH

2021-06 |RAN#92-e |RP-211237 |0233 - |F Correction on simultaneous multi-CC TCI indication for 16.6.0
CORESET

2021-06 |RAN#92-e [RP-211234 (0234 ( - |F Correction on HARQ-ACK codebook RRC parameter 16.6.0

2021-06 |RAN#92-e [RP-211234 |0235 - |F Initial UL BWP size restriction for NR-U 16.6.0

2021-06 |RAN#92-e [RP-211235 |0236 - |F Correction of SL HARQ-ACK reporting when SL feedback is 16.6.0
not used

2021-06 |RAN#92-e [RP-211235 |0237 - |F Correction of SL HARQ-ACK reporting on UL for SL CG type 2 |16.6.0

2021-06 |RAN#92-e [RP-211240 |0239 - |F Correction on UL cancellation due to DCI format 2_0 16.6.0

2021-06 |RAN#92-e [RP-211240 |0240 - |F Correction on half-duplex operation in CA with unpaired 16.6.0
spectrum

2021-06 [RAN#92-e |RP-211236 (0241 - |F Handling collision between PUCCH/PUSCH and semi-static 16.6.0
DL symbols and SSBs

2021-06 |RAN#92-e [RP-211236 |0242 - |F Correction on Type-1 HARQ-ACK codebook 16.6.0

2021-06 |RAN#92-e [RP-211252 |0243 - |F Correction on value of 1-bit counter DAI 16.6.0

2021-06 |RAN#92-e [RP-211236 (0244 ( - |F CR on correction for sub-slot based PUCCH 16.6.0

2021-06 [RAN#92-e |RP-211236 (0245 - |F CR on clarification for reference point of sub-slot based 16.6.0
PUCCH resource

2021-09 |RAN#93-e [RP-211842 |0246 - |F Clarification on SL power control and SL type-1 HARQ-ACK 16.7.0
codebook in out of coverage case

2021-09 |RAN#93-e [RP-211842 |0247 - |F Parameter name correction for PSSCH power control 16.7.0

2021-09 |RAN#93-e [RP-211844 |0248 - |F CR on number of received PDSCHs for multi-TRP 16.7.0

transmission

2021-09 [RAN#93-e |RP-211842 (0249 - |F Correction on synchronization procedure for sidelink 16.7.0
transmission

2021-09 |RAN#93-e [RP-211846 (0250 [ 1 |F Corrections on SCell dormancy indication 16.7.0

2021-09 |RAN#93-e |RP-211843 |0251 1 |F Correction on overlapping between SPS HARQ-ACK with HP  |16.7.0
and SP HARQ-ACK with LP

2021-09 |RAN#93-e [RP-211842 |0252 - |F CR on Simultaneous NR SL and LTE SL Operation 16.7.0

2021-09 |RAN#93-e |RP-211842 |0253 - |F Clarification on PUCCH Power control 16.7.0

2021-09 |RAN#93-e [RP-211843 |0254 ( - |F Corrections on Sub-slot Based HARQ-ACK Feedback for MAC |16.7.0
CE Activation/deactivation

2021-09 |RAN#93-e [RP-211842 |0255 - |F Correction of SL HARQ-ACK reporting on UL for skipped DG |16.7.0

2021-09 |RAN#93-e [RP-211842 |0256 - |F Correction on HARQ reporting for multiple pools with PSFCH |16.7.0
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2021-09 [RAN#93-e |RP-211843 (0257 - |F CR for SF_’S Release and SPS PDSCH Receptions with Slot 16.7.0
Aggregation
2021-09 |RAN#93-e |RP-211850 |0258 - |F Editorial corrections for TS 38.213 16.7.0
2021-09 |RAN#93-e [RP-211843 |0259 - |F Correction on HARQ-ACK timing 16.7.0
2021-12 |RAN#94-e [RP-212962 |0260 - |F Correction on Case 1 dormancy operation with data 16.8.0
scheduling
2021-12 |RAN#94-e [RP-212959 |0261 - |F CR on SL HARQ-ACK feedback reporting to gNB 16.8.0
2021-12 |RAN#94-e [RP-212959 |0262 - |F Clarification on UCI and SL HARQ-ACK 16.8.0
2021-12 |RAN#94-e [RP-212959 |0263 - |F Correction on priority order in power control for PSFCH 16.8.0
2021-12 |RAN#94-e [RP-212960 (0264 [ - |F Clarification on intra-UE prioritization/multiplexing on semi- 16.8.0
static symbols
2021-12 [RAN#94-e |RP-212961 (0265 - |F Correction on frequency hopping for PUCCH 16.8.0
2021-12 |RAN#94-e [RP-212960 |0266 - |F PIUCCH multiplexing with SPS HARQ-ACK or SR within a sub- [16.8.0
slot
2021-12 [RAN#94-e |RP-212964 (0267 | 1 |F Editorial corrections for TS 38.213 16.8.0
2021-12 [RAN#94-e |RP-212973 (0268 - B Introduction of coverage enhancements in NR 17.0.0
2021-12 |RAN#94-e |RP-212980 |0269 - |B Introduction of dynamic spectrum sharing enhancements in 17.0.0
NR
2021-12 |RAN#94-e |RP-212977 |0270 - |B Introduction of enhanced IAB in NR 17.0.0
2021-12 |RAN#94-e |RP-212967 |0271 - |B Introduction for extending NR operation to 71 GHz 17.0.0
2021-12 |RAN#94-e |RP-212968 |0272 - |B Introduction of [loT/URLLC enhancements in NR 17.0.0
2021-12 |RAN#94-e |RP-212979 |0273 - |B Introduction of multicast-broadcast services in NR 17.0.0
2021-12 [RAN#94-e |RP-212969 (0274 - B Introduction of non-terrestrial network operation in NR 17.0.0
2021-12 |RAN#94-e |RP-212971 |0275 - |B Introduction of UEs with reduced capabilities in NR 17.0.0
2021-12 [RAN#94-e |RP-212972 (0276 - B Introduction of UE power savings enhancements in NR 17.0.0
2021-12 [RAN#94-e |RP-212966 (0277 - B Introduction of further enhancements on MIMO for NR 17.0.0
2021-12 [RAN#94-e |RP-213524 (0278 - B Introduction of small data transmission in RRC_INACTIVE 17.0.0
state for NR
2021-12 |RAN#94-e |RP-212978 |0279 - |B Introduction of sidelink enhancements in NR 17.0.0
2022-03 |RAN#95-e [RP-220245 |0281 - |A [CR on UE procedure for receiving HARQ-ACK on sidelink 17.1.0
2022-03 [RAN#95-e |RP-220247 (0283 - A Corrections on HARQ-ACK timing parameters for Rel-17 17.1.0
2022-03 [RAN#95-e |RP-220272 (0285 - A CR on properties of tdd-UL-DL-ConfigurationDedicated and 17.1.0
tdd-UL-DL-configurationDedicated-IAB-MT
2022-03 [RAN#95-e |RP-220246 (0287 - A Clarification of the SPS PDSCH activation and HARQ-ACK 17.1.0
transmission for the 1st SPS PDSCH
2022-03 |RAN#95-e [RP-220249 |0289 - |A Rel-16 editorial corrections for TS 38.213 (mirrored to Rel-17) (17.1.0
2022-03 |RAN#95-e [RP-220257 |0290 - |F Corrections on coverage enhancements in NR 17.1.0
2022-03 |RAN#95-e [RP-220251 |0291 - |F Corrections on extending NR operation to 71 GHz 17.1.0
2022-03 |RAN#95-e |RP-220252 |0292 - |F Corrections on [loT/URLLC enhancements in NR 17.1.0
2022-03 |RAN#95-e |RP-220263 |0293 - |F Qo’ilrsctions on the introduction of multicast-broadcast services |17.1.0
in
2022-03 |RAN#95-e [RP-220262 |0294 - |F Corrections on sidelink enhancements in NR 17.1.0
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2022-03 |RAN#95-e [RP-220256 |0295 - |F Corrections on UE power savings enhancements in NR 17.1.0

2022-03 [RAN#95-e |RP-220261 (0296 - |F Corrections on elAB 17.1.0

2022-03 [RAN#95-e |RP-220250 (0297 - |F Corrections on further enhancements on MIMO for NR 17.1.0

2022-03 |RAN#95-e [RP-220271 |0298 - |C [Introduction of carrier BW smaller than 40 MHz for n79 17.1.0

2022-03 [RAN#95-e |RP-220264 (0299 - |F Corrections on dynamic spectrum sharing enhancements in 17.1.0
NR

2022-03 |RAN#95-e [RP-220253 |0300 - |F Corrections on non-terrestrial network operation in NR 17.1.0

2022-03 |RAN#95-e [RP-220254 |0301 - |F Corrections on positioning enhancements in NR 17.1.0

2022-03 |RAN#95-e |RP-220255 |0302 - |F Corrections on the introduction of UEs with reduced 17.1.0
capabilities in NR

2022-03 [RAN#95-e |RP-220270 (0303 - |F Corre;:tions on small data transmission in RRC_INACTIVE 17.1.0
state for NR
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