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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)"
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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 Symbols

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

3.3 Abbreviations

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

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

Csl Channel state information

CSs 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

GSCN Global synchronization channel number
HARQ-ACK Hybrid automatic repeat request acknowledgement
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
PRACH Physical random access channel

PRB Physical resource block

PRG Physical resource block group

PSCell Primary secondary cell

PSBCH Physical sidelink broadcast channel
PSCCH Physical sidelink control channel
PSFCH Physical sidelink feedback channel

PSS Primary synchronization signal

ETSI
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PSSCH
PUCCH
PUCCH-SCell
PUSCH
QCL
RB

RE
RLM
RRM
RS
RSRP
SCG
scl
scs
SFCI
SFN
SL
SLIV
SPS
SR

SRI
SRS
Sss
TA
TAG
TCI
uCl
UE

uL
UL-SCH
uss

Physical sidelink shared channel
Physical uplink control channel
PUCCH 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
Timing advance

Timing advance group
Transmission Configuration Indicator
Uplink control information

User equipment

Uplink

Uplink shared channel
UE-specific search space

ETSI
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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.

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.

- CaseA - 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, TS37.213],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=01.

- Case C - 30 kHz SCS: the first symbols of the candidate SS/PBCH 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 SSYPBCH 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 frequencies within FR2,n = 0,1,2,3,5,6, 7, 8.

From the above cases, if the SCS of SS/PBCH blocksis not provided by sshSubcarrier Spacing, the applicable cases for

acell depend on arespective frequency band, as provided in [8-1, TS 38.101-1] and [8-2, TS 38.101-2]. A same case
appliesfor all SS/PBCH blocks on the cell. If a30 kHz SS/PBCH block SCSisindicated by sshSubcarrier Spacing,

ETSI
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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 SSYYPBCH blocks in a half frame are indexed in an ascending order in time from 0 to L,,,, — 1, where

L,.qx 1S determined according to SS/PBCH block patterns for Cases A through E. L,,,,, isamaximum number of
SS/PBCH block indexesin a cell, and the maximum number of transmitted SS/PBCH blocks within a half frameis

Lmax "
- For operation without shared spectrum channel access, Lyax = Linax

- For operation with shared spectrum channel access, L,,,,, = 8 for L,,,,, = 10 and 15 kHz SCS of SS/PBCH
blocks and for L,,, = 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,a, = 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 Lyq, = 64, the UE determines the 3 MSB bits of the candidate SSYPBCH block index from PBCH payload
bitsa;. s, @i46, 4.7 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 blocks in the serving cell.

For initial cell selection, a UE may assume that half frames with SSYPBCH 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 blocksin 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 ssb-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)
corresponding to SS/PBCH block index equal to k — 1 may be transmitted; if MSB k is set to O, the UE assumes that
the SS/PBCH block(s) are not transmitted.

For operation with shared spectrum channel access, 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 avaue of
(NpECH s mod N&o) is same among the SS/PBCH blocks. N55¢H ¢ is an index of a DM-RS sequence transmitted in a
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PBCH of a corresponding SYPBCH block, and N&5; 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]. subCarrier SpacingCommon indicates SCS of RM S| only for the case of operation without shared spectrum

channel access. The UE can determine an SS/PBCH block index according to (N5 5<% mod Ng&;,), or according to

(t mod NZ7) 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 N2z

subCarrierSpacingCommon LSB of ssb-SubcarrierOffset N
scs150r60 0 1
scs150r60 1 2
scs300r120 0 4
scs300r120 1 8

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.

4.2 Transmission timing adjustments

A UE can be provided avalue N, 4. Of atiming advance offset for aserving 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
Noa o Of thetiming 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 N;, .. appliesto
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 N;, 4. that the UE expects to be same for all the

serving cellsin the TAG and based on the received timing advance command where the uplink timing for
PUSCH/SRS/PUCCH transmissions is the same for all the serving 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 aserving cell in MCG in the band. The UE is
not expected to transmit a PUSCH/SRS/PUCCH in one CG when the PUSCH/SRS/PUCCH is overlapping in time,
even partialy, with random access preamble transmitted in another CG.

For 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, , foraTAG indicates N, vauesby index valuesof T, =0, 1, 2, ..., 3846, where an amount
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of the time alignment for the TAG with SCS of 2#-15 kHzis N, =T, -16-64/2“ . N, isdefinedin[4, TS38.211]

and isrelative to the SCS of the first uplink transmission from the UE after the reception of the random access response
or absolute timing advance command MAC CE.

In other cases, atiming advance command [11, TS 38.321], T, , for aTAG indicates adjustment of a current N,
value, Ny, 44 ,tothenew N, vaue, N, ., ,byindexvaluesof T, =0,1,2,..., 63, wherefor aSCSof 215 kHz,

Nra new= Nra o+ (T —31)-16-64/2¢ .

TA_new

If a UE has multiple active UL BWPs, as described in clause 12, in asame TAG, including UL BWPsin two UL
carriers of a serving cell, the timing advance command value is relative to the largest SCS of the multiple active UL
BWHPs. The applicable N, ., VvaueforanUL 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 reguirementsin
[10, TS 38.133].

Adjustment of an N,, 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 a PUCCH 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 N+k+1 where

k= (Nj‘j}t’"m" (N2 + Ny + Ny e +0.5)/ Ty -‘ , Ny, isatimedurationin msec of N, symbols corresponding to a
PDSCH processing time for UE processing capability 1 when additional PDSCH DM-RS s configured, N, isatime
durationin msec of N, symbols corresponding to a PUSCH preparation time for UE processing capability 1 [6, TS
38.214], N is the maximum timing advance value in msec that can be provided by a TA command field of 12 bits,
Nrrames s the number of slots per subframe, and T isthe subframe duration of 1 msec. N, and N, are determined
with respect to the minimum SCS among the SCSs of al configured UL BWPsfor all uplink carriersin the TAG and of
all configured DL BWPs for the corresponding downlink carriers. For 4 = 0, the UE assumes N,, =14 [6, TS 38.214].
Slot N and N3oa™# gre determined with respect to the minimum SCS among the SCSs of all configured UL BWPs for
al uplink carriersinthe TAG. N;, ., is determined with respect to the minimum SCS among the SCSs of all

configured UL BWPsfor all uplink carriersinthe TAG and for al configured initial UL BWPs provided by

initial UplinkBWP. The uplink slot N isthe last slot among uplink slot(s) overlapping with the slot(s) of PDSCH
reception assuming Ty, = 0, where the PDSCH provides the timing advance command and T, isdefined in [4, TS
38.211].

TA,max

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 N, accordingly.

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

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+k, except for the following:

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

- theactions related to the sCell DeactivationTimer associated with the secondary cell [11, TS 38.321] that the UE
appliesinslot n+k
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- theactionsrelated to CSI reporting on a serving cell which is not activein slot n+Kthat the UE appliesin the
earliest slot after n+Kk in which the serving cell is active.

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

slot

information for the PDSCH reception as described in clause 9.2.3 and N2 s a number of slots per subframe for

the SCS configuration 4 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 slot N, the UE applies the corresponding actionsin [11, TS 38.321] no later than the minimum
requirement defined in [10, TS 38.133], except for the actions related to CSI reporting on an activated serving cell
which the UE appliesin slot 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 CSl reporting on an activated serving cell which the UE appliesin the first slot that is after slot

n+3- N3 where g 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-TimersAndConstantsis
provided by higher layers and is not set to release, the downlink radio link quality of the PSCell of the SCG is
monitored by the UE for the purpose of indicating out-of-sync/in-sync status to higher layers. The UE is not required to
monitor the downlink radio link quality in DL BWPs other than the active DL BWP on the PSCell.

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 ;_r RadioLinkMonitoringRS, upto 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 theactive TCI state for PDCCH reception includes two RS, the UE expects that one RS is configured with qgcl-
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 gcl-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 CORESETs
associated with the search space setsin an order from the shortest monitoring periodicity. If more than one
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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 s pu and Ng,, for different valuesof L., aregivenin Table5-1.

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

frame
Lmax 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
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 Qinfor 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 aset @, 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. 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 as the RS indexes in the RS sets indicated by TCI-
Sate for respective CORESET s that the UE uses for monitoring PDCCH and, if there are two RSindexesinaTCl
state, the set @, includes RS indexes configured with qcl-Type set to ‘typeD' for the corresponding TCI states. The UE

expectsthe set g, toinclude up to two RS indexes. The UE expects single port RSinthe set g, . The UE expects
single-port or two-port CSI-RS with frequency density equal to 1 or 3REsper RB intheset T, .

The thresholds Qou,L.r @nd Qin,Lr correspond to the default value of riminSyncOutOfSyncThreshold, 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 @, of resource configurations against
the threshold Qout Lr. FOr the set @, , the UE assesses the radio link quality only according to SSYPBCH blocks on the
PCéll 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 QinLr threshold to the L1-
RSRP measurement obtained from a SS/PBCH block. The UE applies the QinLr threshold to the L 1-RSRP measurement
obtained for a CSI-RS resource after scaling a respective CSI-RS reception power with avalue 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 configurationsin the set @, that the UE uses to 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,Lr With a periodicity determined by the maximum between the shortest periodicity among the
SS/PBCH blocks on the PCell or the PSCell and/or the periodic CSI-RS configurationsin the set g, 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 isworse than the threshold Qow,Lr With a periodicity determined as described in [10,
TS38.133].

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 @, and the corresponding L 1-RSRP measurements

that are larger than or equal to the Qinr threshold.

For the SCell, upon request from higher layers, the UE indicates to higher layers whether there is at least one periodic
CSI-RS configuration index or SS/PBCH block index from the set @; with corresponding L 1-RSRP measurements that
is larger than or equal to the QinLr threshold, and provides the periodic CSI-RS configuration indexes and/or SS/PBCH
block indexesfromthe set T; 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 transmissionin dot N and according to antenna port quasi co-
location parameters associated with periodic CSI-RS resource configuration or with SS/PBCH block associated with

index O.e, 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
slot n+4 within awindow 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 aTCI state or any of the parameters tci-StatesPDCCH-ToAddList and/or tci-StatesPDCCH-ToReleaseList. 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-SatesPDCCH-ToReleaselist.

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

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

For the PCell or the PSCell, after 28 symbols from alast symbol of afirst PDCCH reception in a search space set
provided by recoverySearchSpacel d where a UE detects a DCI format with CRC scrambled by C-RNTI or MCS-C-
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RNTI, the UE assumes same antenna port quasi-collocation parameters as the ones associated with index J,g, for
PDCCH monitoring in a CORESET with index 0.

For the PCell or the PSCell, if BFR MAC CE [11, TS38.321] istransmitted 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 5.1.5 of [11, TS38.321], the UE transmits the PUCCH on a same cell as the PRACH
transmission using

- asame spatid filter as for the last PRACH transmission

- apower determined as described in clause 7.2.1 with 0, =0, g4 =0, , and | =0, where gnew is the SSY/PBCH
block index selected 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. The UE can transmit in a first PUSCH MAC CE providing
index(es) for at least corresponding SCell(s) with radio link quality worse than Qou,Lr, indication(s) of presence of qew
for corresponding SCell(s), and index(es) q,.,, for aperiodic CSI-RS configuration or for a SSYPBCH block provided
by higher layers, as described in [11, TS 38.321], if any, for corresponding SCell(s). After 28 symbols from alast
symbol of aPDCCH 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 on the SCell(s) indicated by the MAC CE using the same antenna port quasi
co-location parameters as the ones associated with the corresponding index(es) gy, if any

- transmits PUCCH on a PUCCH-SCell using a same spatial domain filter as the one corresponding to qe., if
any, for periodic CSI-RS or SS/PBCH block reception, as described in clause 9.2.2, and using a power
determined as described in clause 7.2.1 with g, = 0, g4 = qpew, and 1 = 0, if

- 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.

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 - N> 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 and u isthe SCS
configuration for the PUCCH or PUSCH, respectively.

A PUSCH/PUCCH/SRS/PRACH transmission occasion i is defined by a slot index né‘_ » Within aframe 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].
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7.1 Physical uplink shared channel

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

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

- if ul-FullPowerTransmission 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 a number 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 isthe ratio of a number of antenna
ports with non-zero PUSCH transmission power over a number of SRS ports for remaining TPMIs, where
the number of SRS portsis associated with an SRS resource indicated by an SRI field in a DCI format
scheduling the PUSCH transmission if more than one SRS resource is configured in the SRS-Resour ceSet
with usage set to ‘codebook’, or indicated by Type 1 configured grant, or the number of SRS portsis
associated with the SRS resource if only one SRS resource is configured in the SRS-ResourceSet with
usage set to ‘codebook’,

- s =1,if an SRSresource with asingle port isindicated by an SRI field in a DCI format scheduling the
PUSCH transmission when more than one SRS resource is provided in the SRS-ResourceSet with usage
set to 'codebook’, or indicated by Type 1 configured grant, or if only one SRS resource with a single port
is provided in the SRS-ResourceSet with usage set to ‘codebook’, and

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

- €ése 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 a UE transmits a PUSCH on active UL BWP b of carrier f of serving cell C using parameter set configuration
withindex j and PUSCH power control adjustment state with index |, the UE determines the PUSCH transmission
power Poysc b ¢ o(isJ,0g,!) in PUSCH transmission occasion | as

PCMAX,f .C (I)!

Po_puschp, 1c (1) +1010g, (24 - M Isg,sb(,:f':'c(i)) + 0y ¢ (1) Plys o (Ag) + Agpp (1) + fy g o vl)}
[dBm]

PPUSCH,b,f,c(iv j,G4,1)=mi n{

where,

- Rwax; (1) 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 C in PUSCH transmission occasion | .

- R puscirc(]) isaparameter composed of the sum of acomponent Ry nominaLpuscrrc(]) and acomponent
PO_UE_PUSCHJ,f,C(j) where ] € {O, 1..J —l}
- 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,
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j=0 Po e PUSCH b, f ,c 0)=0 and PO_NOMINAL_PUSCH, f.c 0= PO_PRE + APREAMBLE_Msg3

where Py pg; is provided by preambleReceivedTargetPower [11, TS 38.321] and AprpampLE msgs IS
provided by msg3-DeltaPreamble, or APREAMBLE Ms = 0 dB if msg3-DeltaPreamble is not provided, for
carier f of servingcell C

- 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, Po ue puschp,f,c(0) = 0, and Po nominaL_pusch,f,c(0) = Po pre + Amsga_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 yowmaL pusci.r.c(D 1S

provided by p0-NominalWithoutGrant, or P nominaguschr.cD =R nominapuscrr ¢ (O) if poO-
NominalWithoutGrant is not provided, and Py, ¢ pysci .1 .c(1) IS provided by pO obtained from pO-PUSCH-
Alpha in ConfiguredGrantConfig that provides an index PO-PUSCH-AlphaSetid to a set of PO-PUSCH-
AlphaSet for active UL BWP b of carrier f of serving cell C

- For je{2,..,d-1=S;,a Py yowmaL puscr < (J) value, applicablefor al je 'S, isprovided by po-
NominalWithGrant, or Ry yominaL puschf.c (1) = Po nominaL puscri ¢ (0) if pO-NominalWithGrant is not
provided, for each carrier f of serving cell Cand aset of Po_ue puscH 1.1 (]) values are provided by a set

of p0 in PO-PUSCH-AlphaSet indicated by a respective set of p0-PUSCH-AlphaSetid for active UL BWP b
of carrier f of servingcell C

- 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 SR 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 ¢ pyse b1 o (J) from the p0-PUSCH-
AlphaSetid value that is mapped to the SRI field value. If the DCI format a so includes an open-loop
power control parameter set indication field and a value of the open-loop power control parameter set
indication field is'1', the UE determinesavalue of Py ¢ pyson 1. (1) fromafirst valuein PO-PUSCH-

Set with a p0-PUSCH-Setld value mapped to the SRI field value.

- 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 ¢ pysch b1 o (]) 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 value in 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 vaue 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 ¢ pyse .1 c(j) from the value of the first PO-PUSCH-AlphaSet in pO-
AlphaSets
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For a, ; .(])

For j=0,

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

- ©sef Py nominaL puscr,f,c(0) = Po pre + ApreampLe msgs OF MSYA-Alpha is not provided, and msg3-
Alphais provided, ¢, ; .(0) isthe value of msg3-Alpha

- ese o, (0)=1

For j=1, (1) isprovided by alpha obtained from p0-PUSCH-Alpha in ConfiguredGrantConfig

providing an index PO-PUSCH-AlphaSetid to a set of PO-PUSCH-AlphaSet for active UL BWP b of carrier
f of servingcell C

For jeS;,asetof &, (j) valuesare provided by aset of alpha in PO-PUSCH-AlphaSet indicated by a
respective set of p0-PUSCH-AlphaSetid for active UL BWP b of carrier f of servingcell C

- If the UE is provided SRI-PUSCH-PowerControl and more than one val ues of pO-PUSCH-AlphaSetid,
and if aDCI format scheduling the PUSCH transmission includes an 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 ¢, ; .(j) from the p0-PUSCH-

AlphaSetid value that is mapped to the SRI field value
- 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, and the UE determines ¢, ; .(j) from the value of the first PO-PUSCH-

AlphaSet in p0-AlphaSets

M et (i) isthe bandwidth of the PUSCH resource assignment expressed in number of resource blocks for

PUSCH transmission occasion | on active UL BWP b of carrier f of serving cell C and i isaSCS
configuration defined in [4, TS 38.211]

o]

L, 1 .(dy) isadownlink pathloss estimate in dB calculated by the UE using reference signal (RS) index g, for

the active DL BWP, as described in clause 12, of carrier f of serving cell ¢

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

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

Pathl ossReferenceRS

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

If the UE is provided SRI-PUSCH-PowerControl and more than one val ues of PUSCH-
Pathl ossReferenceRS-1d, the UE obtains a mapping from sri-PUSCH-Power Controlld in SRI-PUSCH-
PowerControl between a set of values for the SRI field in a DCI format scheduling the PUSCH transmission
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and a set of PUSCH-Pathl ossReferenceRS 1d values and determines the RS resource index g, from the value
of PUSCH-PathlossReferenceRS-1d that is mapped to the SRI field value 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, and if the UE is provided a spatial setting by
PUCCH-SpatialRelationInfo for a PUCCH resource with alowest 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_0O, 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 a respective 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 UEisnot provided PUCCH resources for the active UL BWP of serving cell ¢, and
- theUE is provided enableDefaultBeamPL-ForPUSCHO-0

the UE determines a RS resource index g, providing a periodic RS resource configured with qcl-Type set to
‘typeD’ in the TCI state or the QCL assumption of a CORESET with the lowest index in the active DL BWP
of the serving cell ¢

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

- theUE isnot provided a spatial 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 ¢

- For aPUSCH transmission configured by ConfiguredGrantConfig, if rrc-ConfiguredUplinkGrant is included
in ConfiguredGrantConfig, a RS resource index g, isprovided by avalue of pathlossReferencel ndex

included in rrc-ConfiguredUplinkGrant where the RS resource is either on serving cell C or, if provided, on
aserving cell indicated by avalue of pathlossReferencelinking

- For aPUSCH transmission configured by ConfiguredGrantConfig that does not include rrc-
ConfiguredUplinkGrant, the UE determines a RS resource index g, from avalue of PUSCH-
PathlossReferenceRS-1d that is mapped to a SRI field value in a DCI format activating the PUSCH
transmission. If the DCI format activating the PUSCH transmission does not include an SRI field, the UE
determines a RS resource index g, with arespective PUSCH-PathlossReferenceRS 1d value being equal to
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zero where the RS resource is either on serving cell C or, if provided, on aserving cell indicated by avalue
of pathlossReferencelLinking

- If the UE is provided enablePL-RS UpdateForPUSCH-SRS, a mapping between sri-PUSCH-Power Controlld
and PUSCH-PathlossReferenceRS-1d values can be updated by a MAC CE as described in [11, TS38.321]

- 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, a RS resource index g, isdetermined from the PUSCH-
Pathl ossReferenceRS-1d mapped to sri-PUSCH-PowerControlld =0

PL, ; .(q4) = referenceSignalPower — higher layer filtered RSRP, where referenceSignal Power is provided by
higher layers and RSRP isdefined in [7, TS 38.215] for the reference serving cell and the higher layer filter
configuration provided by QuantityConfig is defined in [12, TS 38.331] for the reference serving cell

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

- Ageyr () =1000g(( 2575 —1). B for K =125 and gy, (i) =0 for Kg=0 where Kg is provided
by deltaMCSfor each UL BWP b of each carrier f and serving cell C. If the PUSCH transmission is over
more than one layer [6, TS 38.214], A, (i) =0. BPRE and 55, for active UL BWP b of each carrier

f and each serving cell C, are computed as below

c-1
- BPRE=) K,/N for PUSCH with UL-SCH dataand BPRE = Q, - R/ B for CSl transmission in a
r=0

PUSCH without UL-SCH data, where
- C isanumber of transmitted code blocks, K, isasizefor codeblock r ,and N isanumber of

Nomoo.r ¢ (1)-1

resource elements determined as Nge = Mpgnro()- Y N&o. (i, J) , where NJOZ (i) isanumber
j=0

of symbols for PUSCH transmission occasion | on active UL BWP b of carrier f of servingcell C,

Ni%ala(i ,J) isanumber of subcarriers excluding DM-RS subcarriers and phase-tracking RS samples[4,

TS38.211] in PUSCH symbol | and assuming no segmentation for anominal repetition in case the

PUSCH transmission is with repetition Type B, 0< j <Ng 0% (i), and C , K, aredefinedin[5, TS

38.212]

- B =1 when the PUSCH includes UL-SCH dataand L5 = g5, asdescribed in clause 9.3, when

offset

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

- Q, isthemodulation 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,|) for active UL BWP b of carrier f of serving cell

C in PUSCH transmission occasion |

- Opysch b1 ¢ (i,1) isaTPC command value included in aDCI format that schedules the PUSCH transmission

occasion | on active UL BWP b of carrier f of serving cell C or jointly coded with other TPC commands
inaDCI format 2_2 with CRC scrambled by TPC-PUSCH-RNTI, as described in clause 11.3

- 1e{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 aRAR
UL grant as described in clause 8.3
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- For aPUSCH (re)transmission configured by ConfiguredGrantConfig, the value of | € {0,1} is
provided to the UE by power ControlLoopToUse

- 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-ClosedLooplndex and determinesthe | value that is mapped to the SRI field value

- If the PUSCH transmission is scheduled by a DCI format that does not include an SR field, or if an
SRI-PUSCH-PowerControl is not provided to the UE, 1 =0

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

¢(D,)-1
fop ()= fo  (i=ig, 1)+ Zé‘PUSCH’bnyC(m,I) is the PUSCH power control adjustment state | for active

m=0
UL BWP b of carrier f of serving cell C and PUSCH transmission occasion | if the UE is not provided
tpc-Accumulation, where

- The Opyscp 1 c Valuesaregivenin Table 7.1.1-1

¢(D; -1

5PUSCH, b,f,c
m=0

cardinaliity ¢(D)) that the UE receives between Ko, (i —i,) —1 Ssymbols before PUSCH transmission

(m,1) isasum of TPC command valuesinaset D; of TPC command values with

occasion i —i, and K ey (1) Symbols before PUSCH transmission occasion 1 on active UL BWP b of

carrier f of serving cell C for PUSCH power control adjustment state | , where i, >0 isthe smallest
integer for which Kq, (i —i,) symbols before PUSCH transmission occasion i —i, isearlier than

K pysoy (1) Symbols before PUSCH transmission occasion |

- If aPUSCH transmission is scheduled by a DCI format, K., (i) isanumber of symbolsfor active UL
BWP b of carrier f of servingcell C after alast symbol of a corresponding PDCCH reception and

before afirst symbol of the PUSCH transmission
- If aPUSCH transmission is configured by ConfiguredGrantConfig, K e, (i) isanumber of Kpjgey min

symbols equal to the product of a number of symbols per slot, N&%,, and the minimum of the values
provided by k2 in PUSCH-ConfigCommon for active UL BWP b of carrier f of serving cell C

- If the UE has reached maximum power for active UL BWPb of carrier f of servingcell C at PUSCH
¢(D)-1
transmission occasion i —i, ad " Spyenp 1 (MI) 20, then £, (i,1)=f,, (i-i,.1)
m=0

- If UE has reached minimum power for active UL BWPD of carrier f of serving cell C at PUSCH
¢(D;)-1
transmission occasion i —iy and Y Spyscrp, (M) <0, then f o (1) ="f, (i—il)

m=0

- A UE resets accumulation of a PUSCH power control adjustment state | for active UL BWP b of carrier
f of servingeell Cto fp ¢ (K 1)=0k=01,...,i

- If aconfiguration for acorresponding Py (e pyscrip.1.c(]) vaueisprovided by higher layers
- If aconfiguration for acorresponding ¢, ; .(j) valueis provided by higher layers

where | isdetermined fromthevalueof j as
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-
t

- If j>1 and the UE is provided higher SRI-PUSCH-PowerControl, | isthe sri-PUSCH-

ClosedLooplndex value(s) configured in any SRI-PUSCH-Power Control with the sri-PO-PUSCH-
AlphaSetld value corresponding to |

- If j>1 andthe UE isnot provided SRI-PUSCH-PowerControl or j = 0, =0

- If j=1, | is provided by the value of power ControlLoopToUse

fb,f,c(i,l) =5puscm,f,c(i,|) isthe PUSCH power control adjustment state for active UL BWP b of carrier

f of serving cell C and PUSCH transmission occasion | if the UE is provided tpc-Accumulation, where
Opyuscrip. 1 o dbsolute valuesare givenin Table 7.1.1-1

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

+0 where | =0 and

msg2,b,f,c?

fb,f,c(oll) =Apr

ampup b, f ,c

= Omgan 1. 1SATPC command valueindicated 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 inthe servingcell C, and

1010g,6(2" Mgy 1 (0))
B APra.mpup,b,f,c =min 4 max| O' PCMAX,f,c -+ POfPUSCH,b,f,c (0) + ab,f,c(o) : PLc ’ AF)ra.mpuprem&ﬂex:l,l),f,c

A ST (0) Ry NP

and AP, puprequested b, £ ¢ 1S Provided by higher layers and corresponds to the total power ramp-up
requested by higher layers from the first to the last random access preamble for carrier f inthe
serving cell C, M7 (0) isthe bandwidth of the PUSCH resource assignment expressed in number
of resource blocks for the first PUSCH transmission on active UL BWP b of carrier f of serving
cell C,and A ¢ .(0) isthe power adjustment of first PUSCH transmission on active UL BWP b

of carrier f of servingcell C.

f 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, fy £ (0,1) = APy ampup b £.c» Where

l=0,and

1010g,(2" M ggyrc(i))
AP roupi ¢ = MiN 3maX| 0, Poyiax ¢ —| + Po_puscrip, 1. (0) + %, ¢ . (0) - PL. (i) ) AP, orouprequested b f
+ A1 o(0)
and APy gmpuprequested,p,r,c 1SProvided by higher layers and corresponds to the total power ramp-up
requested by higher layers, Mgy 7 (i) is the bandwidth of the PUSCH resource assignment expressed in

number of resource blocks, and A+, £ (i) isthe power adjustment of the PUSCH transmissionin
PUSCH transmission occasion i.
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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 Jpyecyy 1. Values or dgg, ¢ o Values

TPC Command Field | Accumulated Opysciip .c OF Ogrgp s [0B] | Absolute Spyecp . OF Ospsp.rc [AB]
0 -1 -4
1 0 -1
2 1 1
3 3 4

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

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

- When the procedures are applied for SCG, the term 'serving cell' in this clause refersto serving cell belonging to
the SCG. The term 'primary cell' in this clause refers to the PSCell of the SCG.

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

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

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

7.2.1 UE behaviour

If a UE transmits a PUCCH on active UL BWP b of carrier f inthe primary cell C using PUCCH power control
adjustment state with index | , the UE determines the PUCCH transmission power Pjcqyp ¢ o(i,Gy,dg,1) in PUCCH

transmission occasion | as

PPUCCHbfc(iqudevl):min{PCMAXYf’C(I), PUCCH 1 . . }
o Po_puccrp, 1.c Q) +1010g5(2° - Mgy 1 e (i) + Pl ¢ o (0y) + AF_PUCCH(F )+ Avep c()+ 0y ¢ c(01)
[dBm]
where
Powax, 1.(1) 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 C in PUCCH transmission occasion |

- Py pucchp. r.(Qy) isaparameter composed of the sum of acomponent Py youac puccH» Provided by po-
nominal, or Py yowinaL puccn =0 dBmif pO-nominal is not provided, for carrier f of primary cell C and, if
provided, acomponent P, e pycqy (0l,) Provided by p0-PUCCH-Valuein PO-PUCCH for active UL BWP b of
carier f of primary cell C, where 0<q, <Q,. Q, isasizeforaset of P, g pyccy Values provided by
maxNrofPUCCH-PO-PerSet. Theset of Py ¢ ooy VAlUesis provided by pO-Set. If p0-Set is not provided to

the UE, PO_UE_PUCCH (@,)=0, 0<q,<Q,
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If the UE is provided PUCCH-Spatial Relationl nfo, the UE obtains a mapping, by an index provided by pO-
PUCCH-Id, between a set of pucch-Spatial Relationlnfold values and a set of pO-PUCCH-Value values. If the
UE is provided more than one values for pucch-Spatial RelationInfold and the UE receives an activation
command [11, TS 38.321] indicating a value of pucch-SpatialRelationlnfold, the UE determines the pO-
PUCCH-Value value through the link to a corresponding pO-PUCCH-Id index. The UE applies the activation

command in the first slot that is after slot K+3- NS \yhere k isthe Slot where the UE would transmit a

PUCCH with HARQ-ACK information for the PDSCH providing the activation command and 4 isthe SCS
configuration for the PUCCH

If the UE is not provided PUCCH-Spatial Relationlnfo, the UE obtains the pO-PUCCH-Value value from the
PO-PUCCH with pO-PUCCH-1d value equal to the minimum p0-PUCCH-1d value in p0-Set

M PUCCH

reb. 1 ¢ (1) isabandwidth of the PUCCH resource assignment expressed in number of resource blocks for

PUCCH transmission occasion | on active UL BWP b of carrier f of primary cell C and # isaSCS
configuration defined in [4, TS 38.211]

Ly ¢ o(aq) iIsadownlink pathloss estimate in dB calculated by the UE using RSresource index g, as

described in clause 7.1.1 for the active DL BWP b of carrier f of the primary cell C as described in clause 12

If the UE is not provided pathlossReferenceRSs or before the UE is provided dedicated higher layer
parameters, the UE calculates PL, ; .(q,) using a RS resource obtained from an SYPBCH 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, ; .(q,) using RSresource
withindex g4, where 0<q, <Q,. Q, isasizefor aset of RSresources provided by maxNrofPUCCH-
Pathl ossReferenceRSs. The set of RS resourcesis provided by pathlossReferenceRSs. 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-Id 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
referenceSignal value in PUCCH-PathlossReferenceRS through the link to a corresponding pucch-
PathlossReferenceRS-Id index. The UE applies the activation command in the first dot that is after slot

k+3- N3P \yhere K isthe slot where the UE would transmit a PUCCH with HARQ-ACK information

for the PDSCH providing the activation command and # isthe SCS configuration for the PUCCH

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

If the UE is provided pathlossReferenceRSs and is not provided PUCCH-Spatial Relationlnfo, the UE obtains
the referenceSignal value in PUCCH-Pathl ossReferenceRS from the pucch-PathlossReferenceRS-1d with
index 0 in PUCCH-Pathl ossReferenceRS where the RS resource is either on the primary cell or, if provided,
on aserving cell indicated by avalue of pathlossReferenceLinking

If the UE

- isnot provided pathlossReferenceRSs, and

- isnot provided PUCCH-Spatial Relationl nfo, and

- isprovided enableDefaultBeamPL-ForPUCCH, and
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- 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. For a PUCCH transmission over multiple slots, a same g, applies to the
PUCCH transmission in each of the multiple dots.

- The parameter A pccq(F) isavalue of deltaF-PUCCH-fO 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 pyceu(F) = 0.

- Aqgp 1 (i) isaPUCCH transmission power adjustment component on active UL BWP b of carrier f of
primary cell C

- For aPUCCH transmission using PUCCH format 0 or PUCCH format 1,
PUCCH

Aspp ¢ o (i) =10l0g,, % +Ayq () where
Nsymb (I)

PUCCH
N

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

NPY“" =2 for PUCCH format 0

- N =Ng, for PUCCH format 1

Ayg (i) =0 for PUCCH format 0

Ayg (i) =1010g,4(Oyq (i)) for PUCCH format 1, where O, (i) isanumber of UCI bitsin PUCCH
transmission occasion |

- 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,

Agep i (i) =10log,, (Kl : (nHARQACK (1) + O (1) +Ocg (i ))/ Nge (i )) , where
- K,=6

Nparo-ack (1) 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. Nyaro ack (1) isthesame as O, (i) asdescribed 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, Nyarg.ack (1) =1 if the UE

includes aHARQ-ACK information bit in the PUCCH transmission; otherwise, Nyago.ack (1) =0
- Og (i) isanumber of SR information bits that the UE determines as described in clause 9.2.5.1

- Og(i) isanumber of CSI information bits that the UE determines as described in clause 9.2.5.2

- Ng(i) isanumber of resource elements determined as Nee(i) =Mggp ¢ o) Noo()- Nooaoan 1) , where

Ngo(i) isanumber of subcarriers per resource block excluding subcarriers used for DM-RS

transmission, and N5, ood, (i) isanumber of symbols excluding symbols used for DM-RS

transmission, as defined in clause 9.2.5.2, for PUCCH transmission occasion | on active UL BWP b of
carier f of primary cell C
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- For aPUCCH transmission using PUCCH format 2 or PUCCH format 3 or PUCCH format 4 and for a
number of UCI bits larger than 11, Arey ¢ (i) =10Ioglo( 2= BPRED) —1) , Where

K,=24
BPRE(i) = (Opck (i) + Og (i) + Ocg (i) + Ocre 1))/ Ne ()

O,k (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, =1 if the UE includesaHARQ-ACK information bit

in the PUCCH transmission; otherwise, O, =0

Og (i) isanumber of SR information bits that the UE determines as described in clause 9.2.5.1
Oq (i) isanumber of CSI information bits that the UE determines as described in clause 9.2.5.2
Ocre (i) isanumber of CRC bits that the UE determines as described in clause 9.2

N (i) isanumber of resource elements that the UE determines as

Neeli) =Mggnte()- N&en()- NSoaoan 1..0), where N2, (i) isanumber of subcarriers per resource block

excluding subcarriers used for DM-RS transmission, and NJ/¢Sc ¢ (i) is@anumber of symbols
excluding symbols used for DM-RS transmission, as defined in clause 9.2.5.2, for PUCCH transmission
occasion | on active UL BWP b of carrier f of primary cell C.

- For the PUCCH power control adjustment state gy, ; .(i,l) for active UL BWP b of carrier f of primary cell C

and PUCCH transmission occasion |

Opuccrp, 1 ¢(i:1) isaTPC command value included in a DCI format scheduling a PDSCH reception for active

UL BWP b of carrier f of the primary cell C that the UE detects for PUCCH transmission occasion 1 , or is

jointly coded with other TPC commandsin a DCI format 2_2 with CRC scrambled by TPC-PUCCH-RNTI
[5, TS 38.212], asdescribed in clause 11.3

I e {0,1} if the UE is provided twoPUCCH-PC-AdjustmentStates and PUCCH-Spatial Relationinfo and
[ =0 if the UE is not provided twoPUCCH-PC-AdjustmentStates or PUCCH-Spatial Relationlnfo

If the UE obtains a TPC command value from a DCI format scheduling a PDSCH reception and if the UE
is provided PUCCH-Spatial Rel ationInfo, 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 closedLoopl ndex

that providethe | value(s). If the UE receives an activation command indicating a value of pucch-

Spatial Relationinfold, 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 obtains one TPC command from a DCI format 2_2 with CRC scrambled by a TPC-PUCCH-
RNTI, the | valueis provided by the closed loop indicator field in DCI format 2_2

(!

- Opr (D) =0y (=g, )+ ZéPUCCHb’f,C(m,I) isthe current PUCCH power control adjustment state | for
m=0

active UL BWP b of carrier f of primary cell C and PUCCH transmission occasion | , where

- The OpyccHp ¢ Valuesaregivenin Table 7.1.2-1
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¢(C -1
- Z Opucchip, 1 (M,1) isasum of TPC command valuesinaset C; of TPC command values with

m=0

cardinality ¢(C,) that the UE receives between K .., (i —i,) —1 symbols before PUCCH transmission
occasion i —i, and Kpyeq (i) Symbols before PUCCH transmission occasion 1 on active UL BWP b of
carrier f of primary cell C for PUCCH power control adjustment state, where i, >0 isthe smallest
integer for which Ko, (i —iy) symbols before PUCCH transmission occasion i — i, is earlier than

K pyegn (i) Symbols before PUCCH transmission occasion |

- If the PUCCH transmission is in response to a detection by the UE of aDCI format, K, (i) isa

number of symbols for active UL BWP b of carrier f of primary cell C after alast symbol of a
corresponding PDCCH reception and before afirst symbol of the PUCCH transmission

- If the PUCCH transmission is not in response to a detection by the UE of aDCI format, K, (i) isa

number of K symbols equal to the product of a number of symbols per slot, S'?ﬁb, and the

PUCCH, min
minimum of the values provided by k2 in PUSCH-ConfigCommon for active UL BWP b of carrier f of
primary cell C

- If the UE has reached maximum power for active UL BWP b of carrier f of primary cell C at PUCCH
e(C)-1 . L.
transmission occasion i —i; ad Y Spyeen b1 (M) =0, then gy (1,1) =gy (I o, 1)
m=0

- If UE has reached minimum power for active UL BWP b of carrier f of primary cell C at PUCCH
¢(C;)-1
transmission occasion i iy ad " Specyp ¢ (M) <O, then gy, (1) =gy ¢ (I —io.l)
m=0

- If aconfiguration of & Py pycch b1, (d,) valuefor acorresponding PUCCH power control adjustment

state | for active UL BWP b of carrier f of primary cell C isprovided by higher layers,
- Ohrc(kl)=0k=01..i

If the UE is provided PUCCH-Spatial Relationl nfo, the UE determines the value of | from the value
of q, based on a pucch-Spatial Relationlnfold value associated with the p0-PUCCH-Id value

corresponding to ¢, and with the closedLooplndex value corresponding to | ; otherwise, | =0
- Elsg

- 0,,.0)=AP +8, ., where | =0,and G, is

ampup,b, f,c

- 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,
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0,
| max
APranmpyb‘fYC:mn [PCMAX,f,c _(%7Wm4,b,f,c + PLb,f,c(Gd)+AF7PlJC(]4 (F) +ATF,b,f,c +é;3,f,c)J :
Aprarrp.;xeqﬁed,b, f.c
otherwise,

01
| max , .
AR roupp 1 ¢ =MIN ( Pemax.t.c — (PO_PUCCH,b,f T PLy ¢ (qq ))} where APranpupreqtesIed,b, fclS

A|3rf;1rr1)upreque5ted,b,f .C
provided by higher layers and corresponds to the total power ramp-up requested by higher layers from
the first to the last preamble for active UL BWP b of carrier f of primary cell C, and

At pyeen(F) corresponds to PUCCH format 0 or PUCCH format 1

Table 7.2.1-1: Mapping of TPC Command Field in a DCI format to accumulated 5PUCCHb,f,C values

TPC Command Field | Accumulated Spcepp, 1 [AB]
0 -1
1 0
2 1
3 3

7.3 Sounding reference signals

For SRS, a UE splitsalinear value I%Rsbyfyc(i,qs,l) of the transmit power Pgg, ¢ .(i,0s,1) onactive UL BWP b of
carrier f of serving cell C 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 C using SRS power control adjustment state with index | , the UE determines the SRS transmission power
Pasp.1.c(:Gs,1) in SRS transmission occasion | as

PCMAX,f,c(i)!

Persp, 1c(1:0s,1) =min . . [dBm]
o Po_srsp, 1 ¢ (0s) 71010935 (2 - M gegy 1 (1)) + Cspspp 1. (As) - Pliy ¢ o (Ag) + 1y ¢ o (0,1)

where,

Powax, (i) 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 C in SRS transmission occasion |

Py srsp < (Gs) isprovided by pO for active UL BWP b of carrier f of serving cell C and SRS resource set
0 provided by SRS-ResourceSet and SRS-ResourceSetld

- Mgy s ,c(i) is a SRS bandwidth expressed in number of resource blocks for SRS transmission occasion | on
active UL BWP b of carrier f of serving cell C and £ isaSCS configuration defined in [4, TS 38.211]

- aSRSb’f’C(qS) is provided by alpha for active UL BWP b of carrier f of serving cell C and SRS resource set
s
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PL, ¢ .(d4) isadownlink pathloss estimate in dB calculated by the UE using RS resource index g, as

described in clause 7.1.1 for the active DL BWP of serving cell ¢ and SRS resource set g, [6, TS 38.214]. The
RS resource index g is provided by pathl ossReferenceRS associated with the SRS resource set g, and is either
an ssb-Index providing a SSYPBCH 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
PathlossReferenceRS-1d a corresponding RS resource index g, for aperiodic or semi-persistent SRS resource set

qs

If the UE is not provided pathlossReferenceRS or SRS-PathlossReferenceRS-1d, or before the UE is provided
dedicated higher layer parameters, the UE calculates PL, , (q,) using aRSresource 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 pathlossReferencelinking, the RS resource is on a serving cell indicated by a value of
pathl ossReferencelinking

If the UE

- isnot provided pathlossReferenceRS or SRS-Pathl ossReferenceRS:-Id,
- isnot provided spatial Relationl nfo, 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]

the UE determines a RS resource index g, providing a periodic RS resource configured with gcl-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 ¢

- theactive PDSCH TCI state with lowest ID [6, TS 38.214] in the active DL BWP, if CORESET s 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 Cand SRS
transmission occasion |

hy ¢ (i,1) =, (i,1), where f . (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

¢S
ot () =Ny (i —ig)+ D Ossp.s(m) if the UEisnot configured for PUSCH transmissions on active UL

m=0
BWP b of carrier f of servingcell C, or if srs-Power Control AdjustmentStates indicates separate power

control adjustment states between SRS transmissions and PUSCH transmissions, and if tpc-Accumulation is
not provided, where

- The Oy ¢ Valuesare givenin Table 7.1.1-1

Osrsp. t (M) isjointly coded with other TPC commandsin a PDCCH with DCI format 2_3, as
described in clause 11.4

¢(8)-

1
O 1 (M) isasum of TPC command valuesinaset S; of TPC command values with cardinality

m=0

¢(S,) that the UE receives between K .i—i,)—1 symbols before SRS transmission occasion i —i, and
Kedi) symbols before SRS transmission occasion | onactiveUL BWP b of carrier f of serving cell
C for SRS power control adjustment state, where i, >0 is the smallest integer for which Kg(i —i,)
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symbols before SRS transmission occasion i —i, isearlier than Ky4i) symbols before SRS transmission
occasion |

- if the SRStransmission is aperiodic, Ky.4i) isanumber of symbolsfor active UL BWP b of carrier f

of serving cell C after alast symbol of a corresponding PDCCH triggering the SRS transmission and
before afirst symbol of the SRS transmission

- if the SRStransmission is semi-persistent or periodic, Kgd(i) isanumber of K .. .., Symbolsequal to
the product of a number of symbols per slot, N3¢ , and the minimum of the values provided by k2 in

symb !

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

- If the UE has reached maximum power for active UL BWP b of carrier f of serving cell Cat SRS
e(s)-1
transmission occasion i —i, ad Y Sggp (M) =0, then by (i) =h, (i —i,)

m=0

- If UE has reached minimum power for active UL BWP b of carrier f of serving cell Cat SRS
¢(s)-1
transmission occasion i —i, ad Y Sggp (M) <0, then by (i) =h, (i —i,)

m=0

- If aconfiguration for a P,

s b.1.c(0s) valueorfora agg, .(q,) vauefor acorresponding SRS

power control adjustment state | for active UL BWP b of carrier f of serving cell Cis provided by
higher layers

- h,.(K=0k=01..,i
- Else

~ h,O=aP_  +5_
where

5msgz,b, f,c isthe 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 cell C, and

O!
m . f
APy . = N @{PCMAX,f,C—(PoSRs,b,f,c(qs)+1OIogm<2”-MSRs,b,f,co»+am,f,c(qs)-PLb,f,c(qd))] :

AP

rampupreqested,b, f ,c

where AP is provided by higher layers and corresponds to the total power ramp-up

rampuprequ ested ,b, f ,c
requested by higher layers from the first to the last preamble for active UL BWP b of carrier f of
serving cell C.

Q,f,c(i):é‘%b,f,c(i) if the UE is not configured for PUSCH transmissions on active UL BWP b of carrier f

of serving cell C, or if srs-PowerControl AdjustmentStates indicates separate power control adjustment states
between SRS transmissions and PUSCH transmissions, and tpc-Accumulation is provided, and the UE

detectsaDCI format 2 3 K g ., Symbolsbefore afirst symbol of SRS transmission occasion |, where
absolute values of § areprovided in Table 7.1.1-1

SRS, b, f,c

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 |
occurs at the beginning of each SRS resource in the SRS resource set g, ; otherwise, the update of the power
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control adjustment state SRS transmission occasion | occurs at the beginning of the first transmitted SRS
resource in the SRS resource set g, .

If a UE transmits SRS based on a configuration by SRS-PosResourceSet on active UL BWP b of carrier f of serving
cell ¢, the UE determines the SRS transmission power Pggs p, ¢ (i, q5) in SRS transmission occasion i as

PCMAX,f,c(i)1

Pssp, rc(i:ds) = min , [dBm]
e {PO_SRS,b, .c(0s) +1010055 (2 - Mgy 1 c (1)) + Ospspp, . (Gs) - Pl 1 (Gl )}

where,

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

- PLyf.(qq) isadownlink pathloss estimate in dB calculated by the UE, as described in clause 7.1.1 in case of an
active DL BWP of aserving cell ¢, using RS resource indexed g, in aserving 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 determines that the UE is not able to accurately measure PLy, s .(q4), or the UE is not provided with
pathl ossReferenceRS-Pos, the UE calculates PLy, r .(q,4) using a RS resource obtained from the SSYPBCH block
of the serving cell that the UE uses to obtain MIB

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

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

Practy () =mi r{PCMAXf <), Prachiagersc + Ply s ,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, TS 38.101-3] for carrier f of serving cell Cwithin transmission occasion 1, Porach, e, 1c 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, , . isapathlossfor the active UL BWP b of carrier f based on

the DL RS associated with the PRACH transmission on the active DL BWP of 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 is defined in [12, TS 38.331]. If the active DL BWP istheinitial DL BWP and for

SS/PBCH block and CORESET multiplexing pattern 2 or 3, as described in clause 13, the UE determines PL, . . based

on the SS/PBCH block associated with the PRACH transmission.

Where PCMAX, f.c

b,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, referenceSignal 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-
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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 includes two RS, the UE expects that one RS is configured with gcl-Type set to
‘typeD' and the UE uses the one RS when applying a val ue 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 a PRACH 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
alocation in 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 Py, (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
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 atotal transmit power for
serving cellsin afrequency rangein asymbol of transmission occasion | , the UE does not include power for

transmissions starting after the symbol of transmission occasion i . The total 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.
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7.6 Dual connectivity

7.6.1 EN-DC

If aUE is configured with aMCG using E-UTRA radio access and with a SCG using NR radio access, the UE is
configured a maximum power P .. for transmissions on the MCG by p-MaxEUTRA and a maximum power P, for

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

The UE determines a transmission power for the MCG as described in [13, TS 36.213] using P, 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 + B, > PEN°¢ , where p .. isthelinear valueof P, B, isthelinear value of R,
and pEVo¢ isthe linear value of a configured maximum transmission power for EN-DC operation as defined in [8-3,

TS 38.101-3] for FR1, the UE determines a transmission power for the SCG as follows.

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

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

- If the UE indicates a capability for dynamic power sharing between E-UTRA and NR for EN-DC, and does
not indicate a capability tdm-restrictionDual TX-FDD-endc-r16 in [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.

- 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

- i Pyes (ip)+ Py (i,)> PEYPC inany portion of dot i, of the SCG,

Total

the UE reduces transmission power in any portion of slot i, of the SCG so that B, (i,)+ Py (i,)< PEY®C in
any portion of slot i,, where B,..(i,) and P (i,) arethelinear values of the total UE transmission powersin
subframe i, of the MCG and in slot i, of the SCG in FR1, respectively. The UE is not required to transmit in
any portion of slot i, of the SCGif P, (i,) would need to be reduced by more than the value provided by
XscaLe inorder for B, (i,)+ Py (i,)< PEYPC inany portion of slot i, of the SCG. The UE isrequired to
transmit in slot i, of the SCG if p_(i,) would not need to be reduced by more than the value provided by
XscaLe in order for lsMCG (i1)+ FA)sce (iz)S

2)
pEvec inal portions of slot i, .

ot

- 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.
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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, < Pk - The UE determines transmission power for the MCG in FR2 as
described in clauses 7.1 through 7.5.

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

If at least one symbol of dlot 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.re asthe 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 isconfigured with p__ 1 B > p\=oc, where p, _ isthelinear valueof P, P, isthelinear value of

P »and ﬁT’j)tEajDC 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-r15 in
[13, TS 36.213])

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

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

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

A~

- if Byeg (i) + Pes (i,)> PNEDC i any portion of slot i, of the MCG,

Total

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

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 access in 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 +
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Pgcg > PRR-PC where Py isthe linear value of Pycg, Pscg iSthe linear value of Py, and PXRZPC isthe linear value

of a configured maximum transmission power for NR-DC operation in FR1 or FR2 asdefined 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 O Psc asthe
maximum transmission power, respectively.

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

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

- otherwise, the UE determines a power for the transmission on SCG or the MCG overlapping with dlot i,, as
described in [8-3, TS 38.101-3] and in clauses 7.1 through 7.5 without considering P OF Pycg 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-FR1 or for nrdc-PCmode-FR2, and
- indicates a capability to support dynamic power sharing for intraaFR NR DC,

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

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

- overlap with the transmission occasion on the SCG
the maximum transmission power on the SCG is determined as
- min(Psce, PYRDC — PAEval), if the UE determines transmissions on the MCG with a P3¢ total power
PRR-DC if the UE does not determine any transmissions on the MCG

where

- Toftst = mMax{ pmrgg,MCG'T;;?g’cc,scc}a

- Tpreemce ad Tproe scq isthe maximum of Tyyroc 25 Tproccsis Tprocreteaser Tproe,z» @d Tproz,csr based on the
configurations on the MCG and the SCG, respectively, when the UE indicates the value of 'long' for the
capability,

- Toroemce ad Tros scq isthe maximum of Ty,poc 25 Torocreieaser Tproe,2 Dased on the configurations on the MCG
and the SCG, respectively, when the UE indicates the value of 'short’ for the capability, and

- Pacval jsthe total power for the transmissions on the MCG that overlap with the transmission occasion on the
SCG where P3¢ s determined based on transmissions configured by higher layers and on transmissions
scheduled by DCI formatsin 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
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- 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 isless than Ty before the first symbol of the transmission occasion on the
SCG, if the transmission on the MCG overlaps with the transmission occasion on the SCG.

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 | on active UL BWP b of carrier f of serving cell C.

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

If aUE

- isconfigured with two UL carriersfor a serving cell, and

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

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

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

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

If the UE is configured with a SCG,

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

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

If the UE is configured with a PUCCH-SCell,

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

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

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

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

7.7.1 Type 1 PH report

If a UE determines that a Type 1 power headroom report for an activated serving cell is based on an actual PUSCH
transmission then, for PUSCH transmission occasion | on active UL BWP b of carrier f of serving cell C, the UE
computes the Type 1 power headroom report as

Pthpel,b,f,c(iv §394:1) = Poyax 1 c ()= {POfPUSCHb,f,c(j)+10|Oglo(2ﬂ : M:g,ls),cf}-fc(i))+ab,f,c(j)' PLy o (Qg) +Agpp ¢ () + Ty ¢ o (1) } [dB]

where PCMAX,f,c(i)’ Po_puschip.f.c (1) 5 M;;Sb’cﬁc(i), ao,f,c(j), PLy ¢ (Ag)s Arep s c(i) and f, ¢ (i,1) aredefinedin
clause 7.1.1.

If aUE is configured with multiple cells for PUSCH transmissions, where a SCS configuration £, on active UL BWP
b, of carrier f, of servingcell C; issmaller than a SCS configuration x, on active UL BWP b, of carrier f, of

serving cell C, , and if the UE provides a Type 1 power headroom report in a PUSCH transmission in aslot 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 servingcell C; and active UL BWP b, of carrier f, of

serving cell C, , and if the UE provides a Type 1 power headroom report in a PUSCH transmission in asot on active
UL BWP b, , the UE providesa Type 1 power headroom report for the first PUSCH, if any, on the slot on active UL
BWP b, that overlapswith the slot on active UL BWP b, .

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 ot of the one or more dots 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 servingcell C;, asecond PUSCH transmission on active UL BWP b, of carrier f, of

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

or

- the second PUSCH transmission is after the first uplink symbol of the first PUSCH transmission minus
T oroc.2=Tproc,2 Where Tyroc2 1S determined according to [6, TS 38.214] assuming do1 =1, d22=0, and with pp.
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 | on active UL BWP b of carrier f of servingcell C, the UE
computes the Type 1 power headroom report as

o R (S ISCMAx,f,c(i)_{ Fo puscrb.t ¢ (1) + % ¢ (1) Ply ¢ o (dy) + fb,f,c(ivl)} [dB]

where Py (i) is computed assuming MPR=0 dB, A-MPR=0 dB, P-MPR=0 dB. 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]. The remaining parameters are
defined in clause 7.1.1 where Py pyscp. 1 (J) and O (]) are obtained using Py younar puscr, 10 (0) a@nd po-
PUSCH-AlphaSetld= 0, PL, , .(q,) isobtained 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-Config is not
provided to the UE for any of the two UL carriers, the UE computes a Type 1 power headroom report for the serving
cell assuming areference PUSCH transmission on the non-supplementary UL carrier.

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 r.c (1:0s) = Powax e ()~ { Po_srsb, ¢ (ds) +101095(2* - M ggp 1 ¢ (1)) + Ogpsp 1.0 (As) - Pl o () + 1y ¢ (1) }
[dB]

where PCMAX,f,c (') 1 Po srs b1 (ds) » Mggp 1 (i) aSRSb,f,C(qS)’ PL, .(dy) and h, (i) ae 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

PHypean. 1 ¢ 05) = Powaser o)) L P s s 0 (06) + P 1.0 (0) - Pliy 1 o(@) + 1 o)} [0B]
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where (s isan SRS resource set corresponding to SRS-ResourceSetld = 0 for UL BWP b and PO_SRsbnyC(qS) ,
Osps i ¢(0s), Pl (Qy) and hy ¢ (i) are defined in clause 7.3.1 with corresponding values obtained from SRS-

ResourceSetld = 0 for UL BWP b . ISCMAX t.c(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:

- 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
st 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 aPDCCH/PDSCH (Msg2), and
when applicable, the transmission of a PUSCH scheduled by a RAR UL grant, and PDSCH for contention resolution.

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

If arandom access procedure isinitiated by a PDCCH order to the UE, a PRACH transmission is with asame SCSasa
PRACH transmission initiated by higher layers.

If aUE is configured with two UL carriers for a serving cell and the UE detects a PDCCH order, the UE uses the
UL/SUL indicator field value from the detected PDCCH order to determine the UL carrier for the corresponding
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 preamble index, a preamble SCS, Porach target » @ COrresponding RA-RNTI, and a PRACH resource.
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A PRACH istransmitted using the selected PRACH format with transmission power Bogacyp, 1 (i) , asdescribed 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-Occasi onAndCB-PreamblesPer SSB.

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

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

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

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 ssh-PositionsinBurst in SIB1 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 indexes to PRACH occasions is the smallest
value in the set determined by the PRACH configuration period according Table 8.1-1 such that I\LrsfB SS/PBCH hlock

indexes are mapped at least once to the PRACH occasions within the association period, where a UE obtains I\LrsfB 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
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PRACH preambles that are not mapped to I\LrsfB SS/PBCH block indexes, no SS/PBCH 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 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 SS/PBCH block index field of the
PDCCH order.

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 value is 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

- Third, inincreasing order of indexes for PRACH slots

For a PRACH transmission triggered upon request by higher layers, avalue of ra-OccasionList [12, TS 38.331], if
csirs-Resourcelist is provided, indicates alist of PRACH occasions for the PRACH transmission where the PRACH
occasions are associated with the selected CSI-RS index indicated by csi-RS. The indexing of the PRACH occasions
indicated by ra-OccasionList 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) Association _period_ (numb_er of PRACH
configuration periods)
10 {1, 2, 4,8, 16}
20 {1, 2, 4,8}
40 {1, 2, 4}
80 {1, 2}
160 {1}

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

- if aUE is not 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 SS/PBCH block corresponds to the SS/PBCH block index
provided by ssh-PositionsinBurst in SB1 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
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- it does not precede a SS/PBCH block in the PRACH slot and starts at least N, 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 SB1 or in ServingCellConfigCommon, as described in clause 4.1.

For preamble format B4 [4, TS 38.211], Ngap = 0 Ny, = 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

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 u corresponds to the smallest SCS configuration between the SCS configuration of
the PDCCH order and the SCS configuration of the corresponding PRACH transmission

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

- Aperay= 0.5 msec for FR1 and Apy,, = 0.25 msec for FR2

- Tswitch 1Saswitching 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 y = 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 =2 fory=0oru =1, N =4foru=2oru=3,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 =2 foruy =0oru=1,N =4 foru =2
or u = 3, and u isthe SCS configuration for the active UL BWP.

A UE does not transmit a PUSCH in a PUSCH occasion if the PUSCH occasion associated with a DMRS resource is
not mapped to a preamble of valid PRACH occasions or if the associated PRACH preamble is not transmitted as
described in clause 7.5 or clause 11.1. A UE can transmit a PRACH preamble in avalid PRACH occasion if the
PRACH preambleis 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 occasionsin an active UL BWP from msgA-
PUSCH-Config for the active UL BWP. If the active UL BWP is not the initial 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.
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A UE determines afirst interlace or first RB for afirst PUSCH occasion in an active UL BWP respectively from
interlacel ndexFirstPO-MsgA-PUSCH or from frequencyStartMsgA-PUSCH that provides an offset, in number of RBs
inthe active UL BWP, from afirst RB of the active UL BWP. A PUSCH occasion includes a number of interlaces or a
number of RBs provided by nroflnterlacesPerMsgA-PO or by nrofPRBs-per MsgA-PO, respectively. Consecutive
PUSCH occasionsin the frequency domain of an UL BWP are separated by a number of RBs provided by
guardBandMsgA-PUSCH. A number N of PUSCH occasionsin the frequency domain of an UL BWP is provided by
nrofMsgA-PO-FDM.

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

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

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

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

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

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

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

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

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

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

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

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

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

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

are mapped to avalid PUSCH occasion and the associated DMRS resource

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

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

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

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

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

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

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

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

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

- if aUEisprovided 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 dot, and

- Startsat least Ny, symbols after alast downlink symbol and at least Ng,, symbols after alast SS/PBCH block
symbol, where Ny, is provided in Table 8.1-2 and, if channel AccessMode = semistatic is provided, does not

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

8.2 Random access response - Type-1 random access procedure

In response to a PRACH transmission, a UE attempts to detect a DCI format 1_0 with CRC scrambled by a
corresponding RA-RNTI during awindow controlled by higher layers[11, TS 38.321]. 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.
The length of the window in number of slots, based on the SCS for Typel-PDCCH CSS set, is provided by ra-
ResponseWindow.

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 LSBs of the SFN where the UE transmitted
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PRACH, and the UE receives atransport block in a corresponding PDSCH within the window, the UE passes the
transport block to higher layers. The higher layers parse the transport block for a random access preamble identity
(RAPID) associated with the PRACH transmission. If the higher layers identify the RAPID in RAR message(s) of the
transport block, the higher layersindicate an uplink grant to the physical layer. 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 a SFN field in the DCI format 1_0, if included and applicable, are not same as corresponding L SBs of the SFN
where the UE transmitted PRACH, or if the UE does not correctly receive the transport block in the corresponding
PDSCH within the window, or if the higher layers do not identify the RAPID associated with the PRACH transmission
from the UE, the higher layers can indicate to the physical layer to transmit a PRACH. If requested by higher layers, the
UE is expected to transmit a PRACH no later than N, +0.75 msec after the last symbol of the window, or the last

symbol of the PDSCH reception, where N;, isatime duration of N, symbols corresponding to a PDSCH processing

time for UE processing capability 1 assuming 4 corresponds to the smallest SCS configuration among the SCS

configurations for the PDCCH carrying the DCI format 1_0, the corresponding PDSCH when additional PDSCH DM-
RSis configured, and the corresponding PRACH. For 4 =0, the UE assumes N,, =14 [6, TS 38.214]. For aPRACH

transmission using 1.25 kHz or 5 kHz SCS, the UE determines N; assuming SCS configuration x#=0.

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

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 10 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 O, the UE transmits the PUSCH without frequency hopping; otherwise, the
UE transmits the PUSCH with frequency hopping.

The UE determines the MCS of the PUSCH transmission from the first sixteen indexes of the applicable MCS index
table for PUSCH as described in [6, TS 38.214].

The TPC command value &,y ¢ . 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.
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Table 8.2-1: Random Access Response Grant Content field size

RAR grant field Number of bits
Freqguency hopping flag 1
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 &

msg2,b, f,c

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
SFN where the UE transmitted the PRACH, or the UE does not correctly receive a corresponding transport block within
the window, the UE procedureis as described in [11, TS 38.321].

8.2A Random access response - Type-2 random access procedure

In response to a transmission of a PRACH and a PUSCH, or to atransmission of only a PRACH if the PRACH
preamble is mapped to a valid 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. The length of the window
in number of dots, based on the SCSfor Typel-PDCCH CSS set, is provided by msgB-ResponseWindow.

In response to a transmission of a PRACH, if the PRACH preamble is not mapped to a valid PUSCH occasion, a UE
attempts to detect a DCI format 1_0 with CRC scrambled by a corresponding MsgB-RNTI during a window controlled
by higher layers[11, TS 38.321]. The window starts at the first symbol of the earliest CORESET the UE is configured to
receive PDCCH for Typel-PDCCH CSS set, as defined in clause 10.1, that is at least one symbol, after the last symbol
of the PRACH occasion corresponding to the PRACH transmission, where the symbol duration corresponds to the SCS
for Typel-PDCCH CSS set. The length of the window in number of dots, based on the SCSfor Typel-PDCCH CSS set,
is provided by msgB-Response\WWindow.

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
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- transmission of a PUCCH with HARQ-ACK information having ACK value if the RAR message(s) is for
successRAR, where

- aPUCCH resource for the transmission of the PUCCH isindicated by PUCCH resource indicator field of 4
bitsin the successRAR from a PUCCH resource set that is provided by pucch-ResourceCommon

- adot for the PUCCH transmission isindicated by aHARQ Feedback Timing Indicator field of 3 bitsin the
successRAR having avalue k from{1, 2, 3, 4,5, 6, 7, 8} and, with reference to slots for PUCCH
transmission having duration Ty;,;, the slot isdetermined asn + k + A, where n isa dot of the PDSCH
reception and A is as defined for PUSCH transmissionin Table 6.1.2.1.1-5 of [6, TS 38.214]

- 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 = "semistatic"
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].

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].

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 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, as described in clause 12 and in [4, TS 38.211], for a PUSCH transmission scheduled by a RAR
UL grant isindicated by higher layers.
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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]

- 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.
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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 yop, Hopping Bits | Frequency offset for 2" hop
. 0 [VEwe /2]
Ngwp < 50 -
1 Vg, /4]
00 |VEwe/ 2]
. 01 [VEwe /4]
N§igp = 50 .
10 —|Niivp /4]
11 Reserved

A SCS for 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 0. 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]. The UE always transmits the PUSCH scheduled by a RAR UL grant without
repetitions.

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, where k, and A are provided in [6, TS 38.214].

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
N;,+0.5 msec. N, isatimedurationof N, symbols corresponding to a PDSCH processing time for UE

processing capability 1 when additional PDSCH DM-RSis configured. For u =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.
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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-secondaryPUCCHGgroup.

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.

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 coresetPool Index with avalue of 1 for second CORESETs on active DL BWPs of the serving cells,
and

- isprovided ackNackFeedbackMode = separate

the UE shall separately apply the procedures described in clauses 9.1 and 9.2.3 for reporting HARQ-ACK information
associated with the first CORESETSs on active DL BWP of the serving cells and for reporting HARQ-ACK information
associated with the second CORESETS on active DL BWP of the serving cells, and the UE does not expect to be
provided with subslotLengthForPUCCH or to be indicated by pdsch-HARQ-ACK-CodebookList 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-CodebookiD, if provided. For aPUCCH transmission with SR, a UE determines the corresponding priority as
described in clause 9.2.4. For a PUSCH transmission with semi-persistent CSl report, a UE determines a priority index
from apriority indicator field, if provided, in a DCI format that activates the semi-persistent CSI report. If apriority
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index is not provided to a UE for aPUSCH or a PUCCH transmission other than PUCCH transmissions with SL
HARQ-ACK reports, the priority index is 0.

If aUE is provided one PUCCH-Config

- if the UE is provided subslotLengthForPUCCH in the PUCCH-Config, the PUCCH resource for any SR
configuration with priority index 0 or any CSl report configuration in the PUCCH-Config is within the
subdlotLengthForPUCCH symbolsin the PUCCH-Config

If aUE is provided two PUCCH-Config

- if the UE is provided subslotLengthForPUCCH in the first PUCCH-Config, the PUCCH resource for any SR
configuration with priority index 0 or any CSl report configuration in any PUCCH-Config is within the
subdlotLengthForPUCCH 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 a UE is provided subslotLengthForPUCCH in a PUCCH-Config of agiven priority index, in asot of Nz;ﬂ,ﬁ symbols
[4, TS 38.211] with HARQ-ACK, the UE does not expect that HARQ-ACK information in response to SPS PDSCH
reception(s) only (if any) or SR (if any) of the given priority index in asot of subslotLengthForPUCCH symbolsis

moved to a different ot of subslotLengthForPUCCH symbols after multiplexing overlapping PUCCHSs.

If inan active DL BWP a UE monitors PDCCH either for detection of DCI format 0_1 and DCI format 1 1 or for
detection of DCI format 0_2 and DCI format 1_2, a priority index can be provided by a priority indicator field. If a UE
indicates a capability to monitor, in an active DL BWP, PDCCH for detection of DCI format 0_1 and DCI format 1_1
and for detection of DCI format 0_2 and DCI format 1_2, aDCI format 0_1 or a DCI format 0_2 can schedule a
PUSCH transmission of any priority, aDCI format 1_1 or aDCI format 1 _2 can schedule a PDSCH reception and
trigger a PUCCH transmission with corresponding HARQ-ACK information of any priority and aDCI format 1 1 can
indicate SCell dormancy and trigger a PUCCH transmission with corresponding HARQ-ACK information of any
priority.

When a UE determines overlapping for PUCCH transmissions with SL HARQ-ACK reports and PUCCH of larger
and/or smaller priority index, the UE resolves the overlapping for PUCCH transmissions with SL HARQ-ACK reports
and PUCCH of each priority index as described in clause 9.2.5 and 9.2.6 before resolving the overlapping for PUCCH
transmissions without SL HARQ-ACK or the overlapping for PUCCH transmissions and PUSCH transmissions.

When a UE determines overlapping for PUCCH and/or PUSCH transmissions of 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 repetitions if any, the UE first resolves the overlapping for PUCCH and/or
PUSCH transmissions of smaller priority index as described in clauses 9.2.5 and 9.2.6. Then,

- if atransmission of afirst PUCCH of larger priority index scheduled by a DCI format in a PDCCH reception
would overlap in time with a repetition of atransmission of a second PUSCH or a second PUCCH of smaller
priority index, the UE cancels the repetition of a transmission of the second PUSCH or the second PUCCH
before the first symbol that would overlap with the first PUCCH transmission

- if atransmission of afirst PUSCH of larger priority index scheduled by a DCI format in a PDCCH reception
would overlap in time with a repetition of the transmission of a second PUCCH of smaller priority index, the UE
cancels the repetition of the transmission of the second PUCCH before the first symbol that would overlap with
the first PUSCH transmission

where

- the overlapping is applicable before or after resolving overlapping among channels of larger priority index, if
any, asdescribed 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
Throc,2 After alast symbol of the corresponding PDCCH reception
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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

Throc,2 1Sbased 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 receivesthe first PDCCH and for al serving cells where the UE receives the PDSCHSs corresponding
to the second PUCCHSs, and if processingType2Enabled of PUSCH-ServingCellConfig is set to enable for
the serving cells with the second PUSCHS, N, is5foru = 0,5.5foru =1 and 11 foru = 2

- €se N,is10for u=0,12foru = 1,23 foru = 2, and 36 for u = 3;
- if the overlapping group includes the first PUSCH

- if processingType2Enabled of PUSCH-ServingCellConfig is set to enable for the serving cells with the
first PUSCH and the second PUSCHs and if processingType2Enabled of PDSCH-ServingCellConfig is
set to enable for al serving cells where the UE receives the PDSCHSs corresponding to the second
PUCCHSs, N, is5foru =0,55foru=1and11foru = 2

- €ese N,is10for u=0, 12foru =1, 23 for u = 2, and 36 for u = 3;
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 PDCCH(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 PUSCH of smaller priority index on a same
serving cell

the UE is expected to cancel arepetition of the PUCCH/PUSCH transmissions of smaller priority index before the first
symbol overlapping with the PUCCH/PUSCH transmission of larger priority index if the repetition of the
PUCCH/PUSCH transmissions of smaller priority index overlapsin time with the PUCCH/PUSCH transmissions of
larger priority index.

When a UE determines overlapping for PUCCH transmissions with SL HARQ-ACK reports and PUSCH of smaller
priority index, including repetitionsif any, after resolving the overlapping PUCCH other than PUCCH transmissions
with SL HARQ-ACK reports and/or PUSCH transmissions, if the PUSCH includes no UCI, the UE resolves the
overlapping for PUCCH transmissions with SL HARQ-ACK reports and PUSCH of smaller priority index as described
in clauses 9.2.5 and 9.2.6.

When a UE determines overlapping for PUCCH transmissions with SL HARQ-ACK reports and PUSCH of larger
priority index only, including repetitionsif any, after resolving the overlapping PUCCH other than PUCCH
transmissions with SL HARQ-ACK reports and/or PUSCH transmissions, the UE does not transmit the PUCCH with
SL HARQ-ACK reports

where
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- the UE expects that the transmission of the PUSCH would not start before T, , + d, after alast symbol of the
corresponding PDCCH reception;

= Tproc,2 isthe PUSCH preparation time for a corresponding UE processing capability assuming d, ; = 0 [6, TS
38.214], based on u and N, as subsequently defined in this clause, and d, is determined by areported UE
capability.

The UE expects the PUCCH and PUSCH transmissions 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. A UE does not expect to be scheduled to transmit a PUCCH of smaller priority index
that would overlap in time with a PUSCH of larger priority index with SP-CSl report(s) without a corresponding
PDCCH.

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 and clause 11.1.1. A PUCCH or aPUSCH is
assumed to have a same priority index as a priority index of UCls a 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 CS| reports on overlapping physical channels, the UE appliesthe 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 conditions in clause 9.2.5 for UCI multiplexing,
the UE

- multiplexes only HARQ-ACK information, if any, from the UCI in the PUSCH transmission and does not
transmit the PUCCH if the UE multiplexes aperiodic or semi-persistent CSI reportsin the PUSCH;

- multiplexes only HARQ-ACK information and CSI reports, if any, from the UCI in the PUSCH transmission
and does not transmit the PUCCH if the UE does not multiplex aperiodic or semi-persistent CS| 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 PUCCHSs.

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.
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A UE does not expect to detect a DCI format scheduling a PDSCH reception or a SPS PDSCH release, a DCI format
1 1indicating SCell dormancy, or a DCI format including a One-shot HARQ-ACK request field with value 1, 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.

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 in aPUSCH 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 PUSCHsin 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 CSI
information over a single slot that overlaps with the PUSCH transmission in one or more slots of the multiple sots, and
the PUSCH transmission in the one or more slots fulfills the conditions in clause 9.2.5 for multiplexing the HARQ-
ACK and/or CSl information, the UE multiplexes the HARQ-ACK and/or 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 dot 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 a single 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 CSI 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, the UE does not transmit the PUSCH and
multiplexes the HARQ-ACK information in a PUCCH transmission or in another PUSCH transmission.

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-
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CodeBlockGroupTransmissionList}, respectively, for use with the first and second HARQ-ACK codebooks,
respectively

If a UE receives a PDSCH without receiving a corresponding PDCCH, or if the UE receives a PDCCH indicating a SPS
PDSCH release, the UE generates one corresponding HARQ-ACK information bit. If the UE generates two HARQ-
ACK codebooks, the UE isindicated by harg-Codebooki D, per SPS PDSCH configuration, aHARQ-ACK codebook
index for multiplexing the corresponding HARQ-ACK information bit.

If a UE is provided pdsch-HARQ-ACK-OneShotFeedback and the UE detects a DCI format in any PDCCH monitoring
occasion that includes a One-shot HARQ-ACK request field with value 1

- the UE includesthe HARQ-ACK information in a Type-3 HARQ-ACK codebook, as described in clause 9.1.4

- the UE does not expect that the PDSCH-to-HARQ_feedback timing indicator field of the DCI format provides
an inapplicable value from dlI-DataToUL-ACK-r16

In the remaining of this clause, reference isto one HARQ-ACK codebook and to DCI formats that schedule PDSCH
reception, or indicate SPS PDSCH release, or indicate SCell dormancy without scheduling a PDSCH reception and are
associated with the HARQ-ACK codebook.

If aUE isrequired to receive SPS PDSCHsin a dot according to Clause 5.1 of [6] and Clause 11.1 for SPS
configurations that are indicated to be released by a DCI format, the UE is not expected to receive the DCI format in the
dot if the end of the last symbol of the PDCCH reception is after the end of alast symbol of any of the SPS PDSCH
receptions. For a SPS configuration subject to pdsch-AggregationFactor or pdsch-AggregationFactor-r16, the UE is not
expected to receive the DCI format in a slot containing a SPS PDSCH transmission occasion other than the first
transmission occasion required to be received by the UE for a TB.

If aUE is configured to receive SPS PDSCHs in aslot for SPS configurations that are indicated to be released by a DCI
format, and if the UE receives the PDCCH providing the DCI format in the slot, and if HARQ-ACK information for the
SPS PDSCH release and the SPS PDSCH receptions would be multiplexed in a same PUCCH, the UE does not expect
to receive the SPS PDSCHSs, does not generate HARQ-ACK information for the SPS PDSCH receptions, and generates
aHARQ-ACK information bit for the SPS PDSCH release.

If aUE is configured to receive SPS PDSCH(s) in aslot for SPS configuration(s), the UE does not expect to receive a
PDCCH providing aDCI format in the ot to indicate SPS PDSCH release of these SPS configuration(s), if HARQ-
ACK information for the SPS PDSCH release and the SPS PDSCH reception(s) would map to different 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 representsan ACK.

In the following, the CRC for a DCI format is scrambled with a C-RNTI, an MCS-C-RNTI, or aCS-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
maxCodeBl ockGroupsPer TransportBlock indicating a maximum number NSR20 50 of CBGs for generating

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

Ngiggicx =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.

The HARQ-ACK codebook includesthe Niio ack HARQ-ACK information bitsand, if Nijacg ack < Nijaro ace for

atransport block, the UE generates a NACK value for thelast Nijano Atk — 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 2 UE correctly detects each of the Nijaro ek CBGs and does not correctly detect the transport block for the

N Ao ack CBGs, the UE generates aNACK value for each of the Nijaro 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.

A UE does not expect to be configured with pdsch-HARQ-ACK-Codebook = semi-static for a codebook if aUE is
provided subslotLength-ForPUCCH for the codebook.

A UE reports HARQ-ACK information for a corresponding PDSCH reception or SPS PDSCH release only in aHARQ-
ACK codebook that the UE transmitsin a slot indicated by avalue of a PDSCH-to-HARQ feedback timing indicator
field in acorresponding DCI format. 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-r 16.

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, Nppeer, - is amaximum value of pdsch-AggregationFactor-r16in

SPS-Config or pdsch-AggregationFactor in PDSCH-Config; otherwise Nppaeny - = 1. The UE reports HARQ-ACK
information for a PDSCH reception

- from DL dot n, — Npphens + 1 t0 DL Slot np, if Nppess 1S provided by pdsch-AggregationFactor or pdsch-
AggregationFactor-r16 [6, TS 38.214], or

- fromDL dlot n, — repetitionNumber + 1 to DL dot n,, 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 transmission in dot n + k, wheren is
the last UL dot overlapping with DL dlot np, and k isanumber of dotsindicated by the PDSCH-to-HARQ _feedback
timing indicator field in a corresponding DCI format or provided by dI-DataToUL-ACK 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 aslot 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
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- aSPSPDSCH release indicated by DCI format 1_0 with counter DAI field value of 1, or
- aPDSCH reception scheduled by DCI format 1_0 with counter DAI field value of 1 on the PCéll, or
- SPSPDSCH reception(s)

withinthe 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 one SPS PDSCH
reception according to corresponding M , . occasion(s) on respective serving cell(s), where the value of counter DAL in

DCI format 1_Oisaccording to Table 9.1.3-1 and HARQ-ACK information bits in response to more than one SPS
PDSCH receptions that the UE is configured to receive are ordered according to the following pseudo-code; otherwise,
the procedures in clause 9.1.2.1 and clause 9.1.2.2 for aHARQ-ACK codebook determination apply.

Set NPl to the number of serving cells configured to the UE
Set NSPS to the number of SPS PDSCH configuration configured to the UE for serving cell ¢

Set NP to the number of DL slotsfor SPS PDSCH reception on serving cell ¢ with HARQ-ACK information multiplexed
on the PUCCH

Set j = 0 — HARQ-ACK information bit index
Set ¢ = 0 —serving cell index: lower indexes correspond to lower RRC indexes of corresponding cell
whilec < N2k

cells

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

whiles < NSPS
Set np = 0 —dot index
whilen, < NPt
if {
aUE is configured to receive SPS PDSCHs from slot n, — N rhew + 1 to dlot ny, for SPS
PDSCH configuration s on serving cell ¢, excluding SPS PDSCHs that are not required to be
received in any slot among overlapping SPS PDSCHs, if any according to [6, TS 38.214], or based
on a UE capability for a number of PDSCH receptionsin a slot according to [6, TS 38.214], or due
to overlapping with a set of symbolsindicated as uplink by tdd-UL-DL-ConfigurationCommon or
by tdd-UL-DL-ConfigurationDedicated where N} 72es 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
}
07" = HARQ-ACK information bit for this SPS PDSCH reception
j=j+1

end if

nDan+1;

end while

s=s+1,
end while
c=c+1;
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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

a) If the UE isconfigured 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 on serving cell ¢, K; is provided by the dot timing values{1, 2, 3,
4,5,6,7,8}

b) 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; is provided by dI-DataToUL-ACK

¢) If the UE isconfigured to monitor PDCCH for DCI format 1_2 and is not configured to monitor PDCCH for
DCI format 1_1 for serving cell ¢, K; is provided by dI-DataToUL-ACK-DCI-1-2

d) If the UE isconfigured to monitor PDCCH for DCI format 1_1 and DCI format 1_2 for serving cell ¢, K; is
provided by the union of dlI-DataToUL-ACK and dI-DataToUL-ACK-DCI-1-2

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 the union of row indexes of time domain
resource allocation tables for DCI formats the UE is configured to monitor PDCCH for serving cell ¢

a) if the UEis 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 anew row index in the set of row indexes of the table by replacing the starting symbol S of the row index
by S+ S,

C) ontheratio 2#pL~HuL between the downlink SCS configuration up;, and the uplink SCS configuration py;,
provided by subcarrier Spacing in BWP-Downlink and BWP-Uplink for the active DL BWP and the active UL
BWP, respectively

d) if provided, on tdd-UL-DL-ConfigurationCommon and tdd-UL-DL-ConfigurationDedicated as described in
clause 11.1

e) if ca-SotOffset is provided, on NO% et @ Hogsserpr,c Provided by ca-SlotOffset for serving cell ¢, or on
NSE and fofeer v, Provided by ca-SotOffset for the primary cell, as described in [4, TS 38.211].

slot,offset

If aUE

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

- isprovided coresetPoolIndex with avalue of 1 for second CORESETs on active DL BWPs of the serving cells,
and

- isprovided ackNackFeedbackMode = joint

where

- aserving cell isplaced in afirst set S, of N2-0

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
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- 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 Sp and the set S; of serving cells separately by setting
N2L = N2M0 and N2 = NPT inthe following pseudo-code. The UE concatenates the HARQ-ACK codebook

cells cells

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.

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

SPS PDSCH releases according to the following pseudo-code. A location in the Type-1 HARQ-ACK codebook for
HARQ-ACK information corresponding to a single SPS PDSCH release is same as for a corresponding SPS PDSCH
reception. A location in the Type-1 HARQ-ACK codebook for HARQ-ACK information corresponding to multiple SPS
PDSCH releases by asingle DCI format is same as for a corresponding SPS PDSCH reception with the lowest SPS
configuration index among the multiple SPS PDSCH rel eases.

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

Set M, =0

Set ¢(K,) to the cardinality of set Kk,

Set k =0 — index of dot timing values K

1« » in descending order of the slot timing values, in set K, for serving cell C

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 < ¢(K,)
it mod (n, - Ky, +1max(24x > 1))=0
Set n, =0 —index of aDL slot within an UL slot
while n, < max(2“DL"’UL ,1)
Set R tothe set of rows
Set ¢(R) to the cardinality of R

Set =0 —index of rowinset R

if ot n, starts at asametime as or after adot for an active DL BWP change on serving cell C or an active

UL BWP change on the PCell and slot L(nU L ) 2/ Hu J+ N is before the slot for the active DL BWP
change on serving cell € or the active UL BWP change on the PCell

Np =TlD+1,
else

while r < 2(R)

if the UE is provided tdd-UL-DL-ConfigurationCommon, or tdd-UL-DL-ConfigurationDedicated and,
for each dlot from slot | (ny — Ky ) - 2#PL7RUL| 4+ npy — NppRea ™ + 1 to dot | (ny — Ky -
Z”DL‘”UL] + np, a least one symbol of the PDSCH time resource derived by row r isconfigured as
UL where K, isthek-thslot timing valueinset K,

R=R\r:

else

ETSI



3GPP TS 38.213 version 16.8.0 Release 16 61 ETSI TS 138 213 V16.8.0 (2022-01)

r=r+1;
end if
end while
if the UE does not indicate a capability to receive more than one unicast PDSCH per slot and R=J,
Mac=M,.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 rowsof R
while R#J

Set r=0

while r <¢(R)

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

B «n, =] ; - index of occasion for candidate PDSCH reception or SPS PDSCH release
associated withrow r

R=R\r;
B=BUDb x,, ;
else
r=r+1;
end if
end while
Mue =M, Uj;
i=i+1
Set M to the smallest last OFDM symbol index among all rowsof R ;
end while
end if
np, =np + 1,
end if
end while
end if
k=k+1;

end while

ETSI



3GPP TS 38.213 version 16.8.0 Release 16 62 ETSI TS 138 213 V16.8.0 (2022-01)

else

while k < ¢(K,)

D

: Nsl{{;t,offset Nslgt,offset,c - _
if mod (nU — K+ l(zﬂoffsetm — Zl"offset,DL,c) - 2MUL] 4+ 1, max(2HULTHDL 1) | =0

Set ny =0 —index of aDL dot within an UL slot
while n, < max(Z*‘DL o ,1)

Set R tothe set of rows

Set ¢(R) to the cardinality of R

Set =0 —index of rowinset R

if ot n,, startsat asame time as or after a slot for an active DL BWP change on serving cell C or an active UL
NUL NDL
BWP change on the PCell and slot [(ny — Ky ) - 2#P~HuL| + [(z,ig’;;;f;f;,f - Zzg‘yfzfg{;jj;) . Z#DLJ +n,

is before the dot for the active DL BWP change on serving cell C or the active UL BWP change on the
PCell

TlD=nD+1;

else
while r < ¢(R)
if the UE is provided tdd-UL-DL-ConfigurationCommon, or tdd-UL-DL-ConfigurationDedicated and,
for each slot from slot | (ny — Ky ) - 2#PL7HUL| 4 l(:fijf;;s’;fsjf - ;V,i]‘;/ff"s’;ﬁffi) : Z”DLJ +np —
Npepeatmax 4 g to dot |(ny — Ky i) - 2#PL7HUL| + [(;"ié;;;;f;z - 1;’%;}(;1;/;5;25) . zuDLJ + np, a least
one symbol of the PDSCH time resource derived by row r isconfigured as UL where K, isthe k-th
dot timing valuein set K, ,
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 per slot and R# 3,
My =M, Uj;
i=1+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

while R=J
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Set =0
while r <¢(R)

if S<m for start OFDM symbol index S for row r
b,,k,nD = ] ; - index of occasion for candidate PDSCH reception or SPS PDSCH release
associated with row r
R=R\r:

B=BUh,

Ko
else
r=r+1;
end if
end while
My =M, Uj;
J=1+1
Set M to the smallest last OFDM symbol index among all rowsof 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 asamevalueof 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 a PDSCH that is scheduled by a DCI format that does not
support CBG-based PDSCH receptions and if

- the UE s configured with one serving cell, and
- ¢M,,)=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.

If a UE receives a SPS PDSCH, or a SPS PDSCH release, or a PDSCH that is scheduled by a DCI format that does not
support CBG-based PDSCH receptions and if
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- the UE is configured with more than one serving cells, or

- dM,)>1, and

- PDSCH-CodeBlockGroupTransmission is provided to the UE

the UE repeats Njieg ek times the HARQ-ACK information for the transport block in the PDSCH or for the SPS

PDSCH release.

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 N, isdefined in clause 9.2.3.

If aUE is provided di-DataToUL-ACK or dI-DataToUL-ACK-DCI-1-2, the UE does not expect to be indicated by DCI
format 1_0 adlot 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} 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, 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.

A UE determines 3%, 64X ....,65¢% _, HARQ-ACK information bits, for atotal number of O, HARQ-ACK

Oack-1
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, definesatotal number M, of occasions for PDSCH reception or SPS PDSCH release for serving cell ¢

corresponding to the HARQ-ACK information bits.

Set =0 — serving cell index: lower indexes correspond to lower RRC indexes of corresponding cellsincluding, when
applicable, cellsin the set Sy and the set S;

Set j=0- HARQ-ACK information bit index
Set ch,s to the number of serving cells configured by higher layers for the UE
while c< N2

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

while m< M,

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 c,

aACK = HARQ-ACK information bit corresponding to afirst transport block of this cell;

j=]+1;

~ACK
0~ =HARQ-ACK information bit corresponding to a second transport block of this cell;

j=J+1;
elseif 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 c,
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~ACK _ : : : . - :
0; " = binary AND operation of the HARQ-ACK information bits corresponding to first and second

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

j=i+1;

elseif PDSCH-CodeBlockGroupTransmission is provided, and Niaro ace . CBGs areindicated by
maxCodeBlockGroupsPer TransportBlock for serving cell ¢,

Set Negg = 0 - CBG index

- CBG/TB,max
while Negg < Niarg-ack,c

0" = HARQ-ACK information bit corresponding to CBG Nz of the first transport block;

i+NceG

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

0/ eemem = HARQ-ACK information bit corresponding to CBG Ny of the second
i+ncee +Nyarg-AcK ¢
transport block;
end if
Neas =Neas +1;

end while

j =1+ N5 Ny ack o » Where NI5. isthe value of maxNrofCodeWordsScheduledByDCI for the

TB,c HARQ-ACK,c 1

active DL BWP of serving cell c;

else

0/ = HARQ-ACK information bit of serving cell c;

j=J+1
end if
m=m+1;
end while
c=c+1;

end while

If Opck +Ogxg +0Ocg <11, the UE determines a number of HARQ-ACK information bits n,,,qo acc fOr obtaining a

N2i-1M -1 N2i—1M -1
.. . . ived ivedCBG
transmission power for aPUCCH, as described in clause 7.2.1, 8 Myapoack = 2, 2. Nme =+ > Y Npevedd
c=0 m=0 c=0 m=0

where

- N2 isthe number of transport blocks the UE receives in PDSCH reception occasion m for serving cell c if

harg-ACK-SpatialBundlingPUCCH 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-
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SpatialBundlingPUCCH is provided or SPS PDSCH release in PDSCH reception occasion m for serving cell ¢
and the UE reports corresponding HARQ-ACK information in the PUCCH.

- N2veiCB¢ s the number of CBGs the UE receivesin a PDSCH reception occasion m for serving cell ¢ if

PDSCH-CodeBlockGroupTransmission is provided and the PDSCH reception is scheduled by a DCI format that
supports CBG-based PDSCH receptions and the UE reports corresponding HARQ-ACK information in the
PUCCH.

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

If 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 DAI field, then

- if the UE has not received any PDSCH or SPS PDSCH release that the UE transmits corresponding HARQ-ACK
information in the PUSCH, based on a value of arespective PDSCH-to-HARQ_feedback timing indicator field
inaDCI format scheduling the PDSCH reception or the SPS PDSCH release or on the value of dI-DataToUL-
ACK if the PDSCH-to-HARQ _feedback timing indicator field is not present in DCI format 1_1 or on the value
of di-DataToUL-ACK-ForDCI-Format1-2 if the PDSCH-to-HARQ _feedback timing indicator field is not
present in DCI format 1_2, in any of the M, occasions for candidate PDSCH receptions by a DCI format or SPS
PDSCH on any serving cell ¢, asdescribed 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 SPS PDSCH reception, or only a PDSCH that is scheduled by DCI format 1_0 with a
counter DAI field value of 1 on the PCell in the M, occasions for candidate PDSCH receptions in which case the
UE generates HARQ-ACK information only for the SPS PDSCH release or only for the PDSCH reception as
described in clause 9.1.2.

A UE setsto NACK vauein the HARQ-ACK codebook any HARQ-ACK information corresponding to PDSCH
reception or SPS PDSCH release 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
DAl field, the UE generates the HARQ-ACK codebook as described in clause 9.1.2.1 when avalue of the DAI field is
VY%, = 1 except that harg-ACK-SpatialBundlingPUCCH is replaced by harg-ACK-Spatial BundlingPUSCH. The UE
does not generate a HARQ-ACK codebook for multiplexing in the PUSCH transmission when V{5, = 0 unlessthe UE
receives only a SPS PDSCH release, or only SPS PDSCH(s), or only a PDSCH that is scheduled by DCI format 1_0
with a counter DAL field value of 1 on the PCell in the M, occasions for candidate PDSCH receptions in which case the
UE generates HARQ-ACK information only for the SPS PDSCH release or only for the PDSCH reception as described
inclause 9.1.2. V’k,; = 0 if the PUSCH is scheduled by a DCI format that includes a DA field and the DA field is set
to'0’; otherwise, V{5, = 1.

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 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 aslot that isindicated by a value of a PDSCH-to-HARQ_feedback timing
indicator field in the second DCI format, where
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- if the UE is not provided pdsch-HARQ-ACK-Codebook-r16, the UE detects the second DCI format in any
PDCCH monitoring occasion after the first one, and where the slot indicated by the value of the PDSCH-to-
HARQ_feedback timing indicator field in the second DCI format is no later than a slot for HARQ-ACK
information in response to a SPS PDSCH reception, if any, received after the PDSCH scheduled by the first
DCI format.

- if the UE is provided pdsch-HARQ-ACK-Codebook-r 16, the UE detects the second DCI format in any
PDCCH monitoring occasion after the first one, and the second DCI format indicates aHARQ-ACK
information report for a same PDSCH group index as indicated by the first DCI format as described in clause
9.1.3.3, and where the dot indicated by the value of the PDSCH-to-HARQ_feedback timing indicator field in
the second DCI format is no later than aslot for HARQ-ACK information in response to a SPS PDSCH
reception, if any, received after the 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 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 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 indicate SPS
PDSCH release or SCell dormancy, 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 a Type-3 HARQ-ACK codebook, as described in
clause 9.1.4, 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 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-r16, the first DCI format does not indicate SPS
PDSCH release or SCell dormancy, and the UE receives the second DCI format later than the slot for
HARQ-ACK information in response to a SPS PDSCH reception received after the 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

A UE determines monitoring occasions for PDCCH with DCI format scheduling PDSCH receptions or SPS PDSCH
release or indicating SCell dormancy 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 a same PUCCH in slot n based on

- PDSCH-to-HARQ_feedback timing indicator field values for PUCCH transmission with HARQ-ACK
information in slot n in response to PDSCH receptions, SPS PDSCH release or SCell dormancy indication

- dotoffsets K, [6, TS 38.214] provided by time domain resource assignment field in a DCI format scheduling
PDSCH receptions and by pdsch-AggregationFactor, or pdsch-AggregationFactor-r 16, or repetitionNumber,
when provided.

The set of PDCCH monitoring occasions for a DCI format scheduling PDSCH receptions or SPS PDSCH release or
indicating SCell dormancy 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 a total nhumber 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} -pair(s) in which PDSCH reception(s), SPS PDSCH release or SCell
dormancy indication associated with the DCI formatsis present up to the current serving cell and current PDCCH
monitoring occasion,

- first, 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
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- 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), SPS PDSCH release or SCell dormancy indication
associated with DCI formatsis present, up to the current PDCCH monitoring occasion m and is updated from PDCCH
monitoring occasion to PDCCH monitoring occasion. If, for an active DL BWP of a serving cell, the UE is not provided
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, and is provided ackNackFeedbackMode = joint,

the total DAI value counts the { serving cell, PDCCH monitoring occasion} -pair(s) for both the first CORESETs and the
second CORESETS.

Denote by NP, the number of bits for the counter DAI and set T, = 2N ¢“oar, Denote by Veioalcm the value of the
counter DAI in a DCI format scheduling PDSCH reception, SPS PDSCH release or SCell dormancy indication on
serving cell ¢ in PDCCH monitoring occasion m according to Table 9.1.3-1 or Table 9.1.3-1A. Denote by VTD_LDAL,,, the
value of thetotal DAI inaDCI format in PDCCH monitoring occasion m according to Table 9.1.3-1. The UE assumes
asame value of total DAI in all 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 DAI field.

If the UE transmits HARQ-ACK information in aPUCCH in slot n and for any PUCCH format, the UE determines the

09", 67", -+, 64551, for atotal number of 0,cxk HARQ-ACK information bits, according to the following pseudo-
code:

Set m = 0 — PDCCH with DCI format scheduling PDSCH reception, SPS PDSCH release or SCell dormancy
indication monitoring occasion index: lower index corresponds to earlier PDCCH monitoring occasion

Setj =0
Set Vigmp = 0
Set Viempz = 0
SetV, =0

Set N2L . to the number of serving cells configured by higher layers for the UE

cells

- if, for an active DL BWP of a serving cell, the UE is not provided coresetPoolIndex or is provided
coresetPool Index with value O for one or more first CORESETs and is provided coresetPool Index with value 1
for one or more second CORESETS, and is provided ackNackFeedbackMode = joint, the serving cell is counted
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 NpKsq; times where NpKx -y isthe
number of PDSCH receptions that can be scheduled for the serving cell by DCI formatsin PDCCH receptions at
asame 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
whilec < 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 change is not triggered in PDCCH monitoring occasion m

c=c+1;
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else

if thereisa PDSCH on serving cell ¢ associated with PDCCH in PDCCH monitoring occasion m, or
thereisa PDCCH indicating SPS PDSCH release or SCell dormancy on serving cell ¢

it Vloaicm < Veemp
j=j+1
end if
Viemp = Ve oalem
if VEbaim = @
Viemp2 = VCP—I_DAI,c,m
else
Viemp2 = VTP—LDAI,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 |east one serving cell,

~ACK
. DL
2Tp j+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,

~ACK
Tp'j +V(,]‘)—LDAI,C,m_
the first and second transport blocks of this cell

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

Vo =V U{Tp - j + Vlparem — 1}
else

GACK , = HARQ-ACK information bit of this cell

Tp i +VE% ar,em=
Vo = Vo U{Tp - j + V%aem — 1}
end if
end if
c=c+1
end if
end while
m=m+1

end while
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Viemp = <j mod ( D)) X (%) + Viemp

|f UE doeS not set Vte‘mpz = V¥£DAI and TD =2

|4 %4

temp2 = temp

end if

jXTDJ

if Vtempz < Vtemp
j=j+1
end if

if harg-ACK-SpatialBundlingPUCCH is not provided to the UE and the UE is configured by
maxNrofCodeWor dsScheduledByDCl with reception of two transport blocks for at least one configured DL BWP of
aserving cell,

0K =2 (4 j+Vimp2)
ese

0" =4.j+v

temp2
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 in the PUCCH in slot n, the UE generates one HARQ-ACK information bit associated with the SPS
PDSCH reception and appendsiit to the 04 HARQ-ACK information bits.

If aUE is configured to receive SPS PDSCH and the UE multiplexes HARQ-ACK information for multiple activated
SPS PDSCH receptionsin the PUCCH in dot n, the UE generates the HARQ-ACK information as described in clause
9.1.2 and appendsiit to the 04 HARQ-ACK information bits.

For a PDCCH monitoring occasion with DCI format scheduling PDSCH reception or SPS PDSCH release or indicating
SCell dormancy in the active DL BWP of a serving cell, when a UE receives a PDSCH with one transport block or a
SPS PDSCH release or indicating SCell dormancy and the value of maxNrofCodeWordsScheduledByDCl is 2, the
HARQ-ACK information is associated with the first transport block and the UE generates a NACK for the second
transport block if harg-ACK-SpatialBundlingPUCCH is not provided and generates HARQ-ACK information with
value of ACK for the second transport block if harg-ACK-SpatialBundlingPUCCH is provided.

If aUE is not provided PDSCH-CodeBlockGroupTransmission for each of the N2%, serving cells, or for PDSCH
receptions scheduled by a DCI format that does not support CBG-based PDSCH receptions, or for SPS PDSCH
reception, or for SPS PDSCH release, or for SCell dormancy indication, and if Opckx + Osg + Ocgr < 11, the UE
determines a number of HARQ-ACK information bits nyarq-ack for obtaining atransmission power for aPUCCH, as
described in clause 7.2.1, as

— — cells cells recelved
MHARQ-ACK = MHARQ-ACK,TB = <(VDAI Miast s UDAI c) mOd(TD)> 'I‘B max (Z N + Nsps,c)

where

- ifNDL =1, VR ;muase 1S the value of the counter DAL in the last DCI format scheduling PDSCH reception or
indicating SPS PDSCH release or indicating SCell dormancy, for any serving cell ¢ that the UE detects within

the M PDCCH monitoring occasions.

- if NDL

cells

>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 PDCCH monitoring occasions where the UE detects at least one DCI format
scheduling PDSCH reception, indicating SPS PDSCH release or indicating SCell dormancy for any serving
cell ¢, VhR1my,,, iSthe value of the counter DAI in alast 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
within the M PDCCH monitoring occasions where the UE detects at least one DCI format scheduling
PDSCH reception, indicating SPS PDSCH release or indicating SCell dormancy for any serving cell ¢,
VbAim,.., 1Sthe value of the total DAI inthe at least one DCI format that includes a total DAI field

- VdAmy,,, = 0 if the UE does not detect any DCI format scheduling PDSCH reception, indicating SPS PDSCH
release or indicating SCell dormancy for any serving cell ¢ in any of the M PDCCH monitoring occasions.

- Upaiisthetotal number of a DCI format scheduling PDSCH reception, indicating SPS PDSCH release or
indicating SCell dormancy that the UE detects within the ¥ PDCCH monitoring occasions for serving cell c.
Upar,. = 0 if the UE does not detect any DCI format scheduling PDSCH reception, indicating SPS PDSCH
release or indicating SCell dormancy for serving cell ¢ in any of the M PDCCH monitoring occasions.

- NP nax = 2 if the value of maxNrofCodeWordsScheduledByDCl is 2 for any serving cell ¢ and harg-ACK-
SpatialBundlingPUCCH is not provided; otherwise, NP5 nax = 1.

- Njeceived jg the number of transport blocks the UE receivesin a PDSCH scheduled by a DCI format that the UE
detects in PDCCH monitoring occasion m for serving cell ¢ if harg-ACK-SpatialBundlingPUCCH is not
provided, or the number of PDSCH scheduled by a DCI format that the UE detectsin PDCCH monitoring
occasion m for serving cell ¢ if harg-ACK-SpatialBundlingPUCCH is provided, or the number of DCI format
that the UE detects and indicate SPS PDSCH release in PDCCH monitoring occasion m for serving cell ¢, or the
number of DCI format that the UE detects and indicate SCell dormancy in PDCCH monitoring occasion m for
serving cell c.

- Ngps, . 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 PDCCH monitoring occasions.

If aUE

- isprovided PDSCH-CodeBlockGroupTransmission for N 2k¢B6

cells . Serving cells, and
NDL,TB

DL, TB DL,CBG __
cells N, +N -

cells cells

- isnot provided PDSCH-CodeBlockGroupTransmission, for
NDL

cells

serving cells where
the UE determines the 65'°%, 67X, -+, 355 _, according to the previous pseudo-code with the following modifications

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

cells

SPS PDSCH release,

SPS PDSCH reception,

DCI format 1_1 indicating SCell dormancy, and

for TB-based PDSCH receptions on the N>:“B¢ serving cells and on the N°4™ serving cells,

cells cells

- N2 isreplaced by N2CEC for the determination of a second HARQ-ACK sub-codebook corresponding to the

cells cells

NPYCBG 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 O for one or more first CORESETs and is provided coresetPoolIndex with value 1
for one or more second CORESETS, and is provided ackNackFeedbackMode = joint, the serving cell is counted
as two times where the first time corresponds to the first CORESET s and the second time corresponds to the
second CORESETS, and
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- instead of generating one HARQ-ACK information bit per transport block for a serving cell from the N24¢B¢

cells
serving cells, the UE generates Nyjypor o HARQ-ACK information bits, where N(Rea %o, isthe

maximum value of N}, - Nigeenaci e acrossall Nie®¢ serving cellsand Npy, is the value of
maxNrofCodeWor dsSchedul edByDCI for serving cell c. If for aserving cell ¢ itis NRS . - Nigawo ncke <

CBG/TB,max NCBG/TB,max

CBG/TB,
Ny AR/Q_ ek max: the UE generates NACK for the last N,; ARQ_ACK max — oL HaRgack e HARQ-ACK

information bits for serving cell ¢
- the pseudo-code operation when harg-ACK-SpatialBundlingPUCCH 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 aso determines nHARQ_ACK = nHARQ-ACK,TB + nHARQ_ACK,CBG for obtaini nga
PUCCH transmission power, as described in clause 7.2.1, with

DL,CBG DL .
_ DL Negis —1,,CBG CBG/TB,max Negis—1 y"M—1 preceived,CBG
MHARQ-ACK,CBG = <(VDA|,m|ast - Zg:@ UDAI,C) mOd(TD)) NHARQ—ACK,max + Zc=0 Ym=0 Npc

where

- if N2jis = 1, VhR1my,,, iSthe value of the counter DA in the last DCI format scheduling CBG-based PDSCH

cells

reception for any serving cell ¢ that the UE detects within the M PDCCH monitoring occasions

- if N2> 1, vk isthe value of the total DAI in the last DCI format scheduling CBG-based PDSCH

c DALM a5t

reception for any serving cell ¢ that the UE detects within the M PDCCH monitoring occasions

- VBAtmy, = 0, if the UE does not detect any DCI format scheduling CBG-based PDSCH reception for any
serving cell ¢ inany of the M PDCCH monitoring occasions

- Ui, 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 s the number of CBGs the UE receivesin aPDSCH scheduled by a DCI format that supports
CBG-based PDSCH reception that the UE detectsin PDCCH monitoring occasion m for serving cell ¢ 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 indicating
MSB, LSB C-DAL T-DAI SPS PDSCH release or DCI format 1_1 indicating SCell dormancy is
present,denoted asYand¥ > 1

0,0 1 Y—DmodTp+1=1
0,1 2 Y —DmodTp+1=2
1,0 3 Y—1DmodTp+1=3
11 4 (Y — DmodT, +1=4
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Table 9.1.3-1A: Value of counter DAI for N2ty =1

DAI Number of {serving cell, PDCCH monitoring occasion}-pair(s) in which
Vs PDSCH transmission(s) associated with PDCCH or PDCCH indicating
SPS PDSCH release is present, denotedas Y and Y > 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 SPS PDSCH release, or DCI format 1_1 indicating SCell dormancy 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,
asdescribed 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 Viikp,, 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 SPS PDSCH release or indicating
SCell dormancy 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 receptions or SPS
PDSCH release, or DCI format 1_1 indicating SCell dormancy, 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 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-—1Dmod4+1=4
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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 a PDSCH group index field in alast DCI format that provides a value of g and indicates a PUCCH
transmission occasion.

Set i(g) to denote a PUCCH transmission occasion for multiplexing HARQ-ACK information
Set k to the value of a PDSCH-to-HARQ_feedback timing field, if any, in a DCI format providing avalue of g

- If the DCI format does not include a PDSCH-to-HARQ_feedback timing field, set k to the value provided by dI-
DataToUL-ACK

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 (g 10 a value of a second New feedback indicator field in the last DCI format providing the value of g

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 — ¢

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 sasme 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 isthe first PDCCH monitoring occasion after a PDCCH monitoring
occasion where the UE detects another DCI format that provides a value different than h(g)

The generation of the first HARQ-ACK information for PUCCH transmission occasion i(g) in adot, as described in
clause 9.1.3.1, excludes the generation of HARQ-ACK information for SPS PDSCH receptions.

If plg+timod2 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 avaue
of (g + 1)mod2 or that is associated with avalue of (g + 1)mod2, that isthe firsst PDCCH monitoring
occasion after a PDCCH monitoring occasion where the UE detects another DCI format that provides avalue
different than h((g + 1)mod2)
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- the PUCCH transmission occasion i((g + 1)mod?2) isalast one for multiplexing second HARQ-ACK
information and it is not after PUCCH transmission occasion i(g)

- if y@FImodZ o g 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 N24CBC serving cells, set Viempz = V57 ™% for both sub-codebooks

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

If hlg+Dmod2 (g o+ @ and h(9+Dmed2(g) = h((g 4+ 1)mod2), generate second HARQ-ACK information as described
in clause 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 Vyeppz = ylgrmodz

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

If g = 0, the UE

includes only the first HARQ-ACK information for multiplexing in PUCCH transmission occasion i(g)
gseif g =1

ifg=1

appends the first HARQ-ACK information to the second HARQ-ACK information for multiplexing in PUCCH
transmission occasion i(g)

ese

append the second HARQ-ACK information to the first HARQ-ACK information for multiplexing in PUCCH
transmission occasion i(g)

end if
end if

The UE appends the HARQ-ACK information corresponding to SPS PDSCH receptions, if any, as described in clause
9.1.3.1, after the first and second, if any, HARQ-ACK information.

If the HARQ-ACK information is multiplexed in a PUSCH transmission, the HARQ-ACK information is determined as

- for multiplexing in PUCCH transmission occasion i(g), if the PUSCH transmission is not scheduled by aDCI
format or is scheduled by a DCI format that does not include a DCI field with value Vs,

- for multiplexing in PUCCH transmission occasion i(g), if the PUSCH transmission is scheduled by a DCI
format without ul-Total DAI-Included configured except that for PDSCH group g, the DCI field with value Vs
in the DCI format is used after the completion of the ¢ and m loops for the pseudo-code for the HARQ-ACK
codebook generation in clause 9.1.3.1, and when the HARQ-ACK information multiplexed in the PUCCH
transmission occasion i(g) does not include HARQ-ACK information for PDSCH group (g + 1)mod2

- for multiplexing in PUCCH transmission occasion i(g), if the PUSCH transmission is scheduled by a DCI
format without ul-Total DAI-Included configured except that for PDSCH group g = 0, the DCI field with value
VY inthe DCI format is used after the completion of the ¢ and m loops for the pseudo-code for the HARQ-
ACK codebook generation in clause 9.1.3.1, and when the HARQ-ACK information multiplexed in the PUCCH
transmission occasion i(g) includes HARQ-ACK information for PDSCH groups g and (g + 1)mod?2

- for multiplexing in PUCCH transmission occasion i(g), if the PUSCH transmission is scheduled by a DCI
format without ul-Total DAI-Included configured except that for PDSCH group g = 0, the DCI field with value
VDUAh 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 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
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- 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 generationin clause 9.1.3.1.

If a UE is scheduled a PUSCH transmission by DCI format 0_1 having a DAI field value Viix; = 4 for aPDSCH group
index, and the UE has not detected any DCI format scheduling PDSCH receptions for the PDSCH group index, and the
UE has not detected any DCI format with arequest for HARQ-ACK information for the PDSCH group index, the UE
does not multiplex HARQ-ACK information in the PUSCH transmission for the PDSCH group index.

If a UE detects DCI formats with respective PDSCH-to-HARQ_feedback timing field values indicating a same PUCCH
transmission occasion and none of the DCI formats that the UE detects after alast PUCCH transmission occasion for

g = 0 includes a New feedback indicator field for g = 0, and at least one of the DCI formatsis DCI format 1_0, the UE
generates HARQ-ACK information only for PDSCH receptions scheduled by detections of DCI format 1_0 and SPS
PDSCH releases indicated by detections of DCI format 1_0, as described in clause 9.1.3.1 or 9.1.3.2 for multiplexing in
the PUCCH transmission occasion.

If aDCI format indicating aslot for aPUCCH transmission occasion does not include a New feedback indicator field, a
PDSCH reception scheduled by the DCI format or a SPS PDSCH release indicated by the DCI format is associated with
PDSCH group 0 and a value of h(g) associated with the DCI format is set only if h(g) is provided by another DCI
format that provides a value of h(g) for PDSCH group 0 and indicates the 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 nyapq-ack g @, if ¢ = 1 and ;974 = ¢, the UE determines

NHARQ-ACK,(g+1)modz DY SBting Vi = y@+modz cor ohtaining 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.

Set NPL  to the number of configured serving cells

cells

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

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 is provided; else, set Nyjupo-acks = 0

Set NDIyarq = 0 if pdsch-HARQ-ACK-OneShotFeedbackNDI is provided; else set NDIyarq = 1
Set ¢ = 0 —serving cell index

Set h = 0 — HARQ process number

Sett = 0 —TB index

Set g = 0 — CBG index

Setj=0
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whilec < N2k

while b < NBkro.c
if NDIyppq = 0

. CBG/TB,max
if NHARQ—ACK,C >0

while t < Npg.

NCBG/TB,max

Whlleg < HARQ-ACK,c

5J-ACK = HARQ-ACK information bit for CBG g of TB t for HARQ process number h of

serving cell c, if any; else, 6].ACK =0

j=j+1
g=g+1
end while

5J-ACK = NDI valueindicated 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]-ACK =0
g=0
j=j+1
t=t+1
end while
else
whilet < NFg:,
5J-ACK = HARQ-ACK information bit for TB ¢ for HARQ process h of serving cell ¢, if any; else,
6J_ACK -0
j=j+1
5J-ACK = NDI vaueindicated 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]-ACK =0

j=j+1
t=t+1
end while
end if
t=0

else

. CBG/TB,max
if NHARQ—ACK,C >0

whilet < NFg:,
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if UE has obtained HARQ-ACK information for TB t for HARQ process humber 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

0,"™ = HARQ-ACK information bit for CBG g of TB ¢ for HARQ process number h of
serving cell ¢
j=j+1
g=g+1
end while
else

. CBG/TB,max
while g < NHARQ_ACK_C

0% = NACK
j=j+1
g=g+1
end while
end if
g=20
t=t+1
end while
else
while t < Ng.

if UE has obtained HARQ-ACK information for TB t for HARQ process humber 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
5,-ACK = HARQ-ACK information bit for TB t for HARQ process h of serving cell ¢

else

ajACK = hinary 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

0% =NACK

j=j+1
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t=t+1
end if
end while
end if
t=0
end if
h=h+1
end while
h=0
c=c+1
end while

If N%Ig,c > 1, when a UE receives a PDSCH with one transport block, the HARQ-ACK information is associated with
the first transport block.

If a UE receives a SPS PDSCH, or aPDSCH that is scheduled by a DCI format that does not support CBG-based
PDSCH receptions for a serving cell ¢ and if maxCodeBlockGroupsPer TransportBlock is provided for serving cell ¢,

and pdsch-HARQ-ACK-OneshotFeedbackCBG is provided, the UE repeats Ny aps. acks timesthe HARQ-ACK
information for the transport block 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
9.2.3 and 9.2.5. The UE multiplexes only the Type-3 HARQ-ACK codebook in the PUCCH or the PUSCH for
transmission in the slot.

If
- aUE detectsa DCI format that includes a One-shot HARQ-ACK request field with value 1, and
- the CRC of the DCI is scrambled by a C-RNTI or an MCS-C-RNTI, and

- resourceAllocation = resourceAllocationType0 and al bits of the frequency domain resource assignment field in
the DCI format are equal to O, or

- resourceAllocation = resourceAllocationTypel and al bits of the frequency domain resource assignment field in
the DCI format are equal to 1, or

- resourceAllocation = dynamicSwitch and al bits of the frequency domain resource assignment field in the DCI
format are equal to O or 1

the DCI format provides arequest for a Type-3 HARQ-ACK codebook report and does not schedule a PDSCH
reception. 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 isprovided in clause 10.2 by replacing " SPS PDSCH release” with "DCI format".

If a UE multiplexes HARQ-ACK information in a PUSCH transmission, the UE generates the HARQ-ACK codebook
as described in this clause except that harg-ACK-Spatial BundlingPUCCH is replaced by harg-ACK-
Spatial BundlingPUSCH.

9.2 UCI reporting in physical uplink control channel

UCI types reported 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
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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 PUCCHSsin 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 an initial UL BWP of Nz, PRBs.

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.

An orthogonal cover code with index 0 is used for a PUCCH resource with PUCCH format 1 in Table 9.2.1-1 except
when index 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 a SPS PDSCH release, the UE determines a PUCCH resource with index rpyccns

0 < Tpycen < 15, 8STpycen = [2;2%] + 2 - Apgy, Where Ngcg is anumber of CCEsin a CORESET of a PDCCH

reception with the DCI format, as described in clause 10.1, n¢cg o IS the index of afirst CCE for the PDCCH reception,
and Apg; isavalue of the PUCCH resource indicator field in the DCI format.

If |7pucch/8] = 0 and a UE is provided a PUCCH resource by pucch-ResourceCommon and is not provided
usel nterlacePUCCH-PUSCH in BWP-UplinkCommon

- the UE determines the PRB index of the PUCCH transmission in the first hop as RBI + |rpucen/Nes) and the
PRB index of the PUCCH transmission in the second hop as N§28, — 1 — RB3® — [rpucen/Nesl, where Neg is
the total number of initial cyclic shift indexesin 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 |7pucch/8] = 1 and a UE is provided a PUCCH resource by pucch-ResourceCommon and is not provided
usel nterlacePUCCH-PUSCH in BWP-UplinkCommon

- the UE determines the PRB index of the PUCCH transmission in the first hop as N§Z% — 1 — RBYISS —
|("pucer — 8)/Ncs] and the PRB index of the PUCCH transmission in the second hop as RBJSS +
[(rruccr — 8)/Nesl

- the UE determines theinitial cyclic shift index in the set of initial cyclic shift indexes as (fpcq—8)MOdN.g

If aUE is provided a PUCCH resource by pucch-ResourceCommon and is provided uselnterlacePUCCH-PUSCH in
BWP-UplinkCommon
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the UE determines for the PUCCH resource an interlace index m asm = (mgy + |rpyccn/Nesl)modM where M
isanumber of interlaces [4, TS 38.211] and m, = RBSSS is an interlace index offset and RBSISt isas givenin
Table9.2.1-1

the UE determines an initial cyclic shift index in a set of initial cyclic shift indexes as rpyccymod N, where Neg
isthe total number of initial cyclic shiftsindexesin the set of initial cyclic shift indexesin Table 9.2.1-1

if pucch-ResourceCommon indicates
- index O: the first symbol is 9 for aPUCCH resource with PUCCH format O if rpycey = 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 rpyccy = 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

_ PRB offset Set of initial
Index PUCCH format | First symbol | Number of symbols R o&/s;( CS indexes
1 5 12 2 0 {0, 4, 8}

2 1 10 4 0 {0, 3, 6, 9}
: 1 10 4 2 {0, 3, 6, 9}
5 1 10 4 4 {0, 3, 6, 9}
5 1 2 10 0 {0, 3, 6, 9}
5 1 2 10 2 {0, 3, 6, 9}
o 1 2 10 4 {0, 3, 6, 9}
1 1 0 14 0 {0, 6}

5 1 0 14 0 {0, 3, 6, 9}
5 1 0 14 2 {0, 3, 6, 9}
o 1 0 14 4 {0, 3, 6, 9}
- . 0 14 Naw/4] | 0369

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:

a PUCCH resource index provided by pucch-Resourceld

an index of the first 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 the first PRB after frequency hopping by secondHopPRB, if a UE is not provided
usel nterlacePUCCH-PUSCH in BWP-UplinkDedicated

an indication for intra-slot frequency hopping by intraSotFrequencyHopping, if a UE is not provided
uselnterlacePUCCH-PUSCH in BWP-UplinkDedicated

an index of afirst interlace by interlace0, if a UE is provided usel nterlacePUCCH-PUSCH in BWP-
UplinkDedicated

if provided, an index of a second interlace by interlacel, if a UE is provided usel nterlacePUCCH-PUSCH in
BWP-UplinkDedicated
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- anindex of an RB set by rb-Setindex, if a UE is provided uselnterlacePUCCH-PUSCH in BWP-
UplinkDedicated

- aconfiguration for aPUCCH format provided by format

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 all UL BWPs or in hone of the UL BWPs for a serving cell.

If aUE is provided usel nterlacePUCCH-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
resultsin MPUSCH  RBsin the first interlace and the UE expects that MPUSCH  iseither 10 or 11. If interlacel is

interlace,0 interlace,0

provided, the intersection results in M paiit.. ; RBsin the second interlace and the UE expects that Mi otk ; 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
startingSymbol I ndex.

If the format indicates PUCCH-formatl, the PUCCH format configured for aPUCCH resource is PUCCH format 1,
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
startingSymbollndex, and an index for an orthogonal cover code by timeDomainOCC.

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 startingSymbolIndex. If a UE is provided by usel nterlacePUCCH-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 startingSymbol I ndex.

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 nIPUCCH-AN in SPS-Config for multiplexing
HARQ-ACK in a PUCCH transmission is relative to the first symbol of the subslotLengthForPUCCH symbols[12, TS
38.331]. For the remaining cases, the first symbol of a PUCCH resourceis relative to the first symbol of agot with
N3t symbols [4, TS 38.211].

A UE can be configured up to four sets of PUCCH resources in a PUCCH-Config. A PUCCH resource set is provided
by PUCCH-ResourceSet and is associated with a PUCCH resource set index provided by pucch-ResourceSetld, with a
set of PUCCH resource indexes provided by resourcelist that provides a set of pucch-Resourceld used in the PUCCH
resource set, and with a maximum number of UCI information bits the UE can transmit using a PUCCH resource in the
PUCCH resource set provided by maxPayloadSze. For the first PUCCH resource set, the maximum number of UCI
information bitsis 2. A maximum number of PUCCH resource indexes for a set of PUCCH resources is provided by
maxNrofPUCCH-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 Oyc; UCI information bits, that include HARQ-ACK information bits, the UE determines a PUCCH
resource set to be
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afirst set of PUCCH resources with pucch-ResourceSetld = 0 if Oy < 2 including 1 or 2 HARQ-ACK
information bits and a positive or negative SR on one SR transmission occasion if transmission of HARQ-ACK
information and SR occurs simultaneously, or

a second set of PUCCH resources with pucch-ResourceSetld = 1, if provided by higher layers, if 2 < Oyc < N,
where N, is equal to maxPayloadSize if maxPayloadSze is provided for the PUCCH resource set with pucch-
ResourceSetld = 1; otherwise N,is equal to 1706, or

athird set of PUCCH resources with pucch-ResourceSetld = 2, if provided by higher layers, if N, < Oy < N3
where N; is equal to maxPayloadSze if maxPayloadSize is provided for the PUCCH resource set with pucch-
ResourceSetld = 2; otherwise N;is equal to 1706, or

afourth set of PUCCH resources with pucch-ResourceSetld = 3, if provided by higher layers, if N3 < Oy <
1706.

If the UE is provided SPS-PUCCH-AN-List and transmits Oy¢; UCI information bits that include only HARQ-ACK
information bits in response to one or more SPS PDSCH receptions and SR, if any, the UE determines a PUCCH
resource to be

a PUCCH resource provided by sps-PUCCH-AN-Resourcel D obtained from the first entry in sps-PUCCH-AN-
Listif Oye < 2 including 1 or 2 HARQ-ACK information bits and a positive or negative SR on one SR
transmission occasion if transmission of HARQ-ACK information and SR occurs simultaneously, or

a PUCCH resource provided by sps-PUCCH-AN-Resourcel D obtained from the second entry in sps-PUCCH-
AN-Ligt, if provided, if 2 < Oye < Ny sps Where N gps iS either provided by maxPayloadSi ze obtained from the
second entry in sps-PUCCH-AN-List or is otherwise equal to 1706, or

a PUCCH resource provided by sps-PUCCH-AN-Resourcel D obtained from the third entry in sps-PUCCH-AN-
List, if provided, if N; sp5 < Oyc; < N, sps Where N, sp is either provided by maxPayloadSize obtained from the
third entry in sps-PUCCH-AN-List or is otherwise equal to 1706, or

a PUCCH resource provided by sps-PUCCH-AN-Resourcel D obtained from the fourth entry in sps-PUCCH-AN-
List, if provided, if Ny gps < Oycy < N3 gps Where Nj gpg is equal to 1706.

9.2.2 PUCCH Formats for UCI transmission

If aUE is not transmitting PUSCH, and the UE is transmitting UCI, the UE transmits UCI in aPUCCH using

PUCCH format O if

- thetransmission isover 1 symbol or 2 symbols,
- the number of HARQ-ACK information bits with positive or negative SR (HARQ-ACK/SR hits) is1 or 2
PUCCH format 1 if

- thetransmission isover 4 or more symbols,

- the number of HARQ-ACK/SR bitsis1 or 2
PUCCH format 2 if

- thetransmission isover 1 symbol or 2 symbols,
- the number of UCI bitsis more than 2

PUCCH format 3 if

- thetransmission isover 4 or more symbols,

- the number of UCI bitsis more than 2,

- the PUCCH resource does not include an orthogonal cover code, or the UE is provided usel nterlacePUCCH-
PUSCH in BWP-UplinkDedicated
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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 spatial setting for a PUCCH transmission is provided by PUCCH-SpatialRelationinfo if the UE is configured with a
single value for pucch-Spatial Relationlnfol d; otherwise, if the UE is provided multiple values for PUCCH-

Spatial Relationlnfo, the UE determines a spatial setting for the PUCCH transmission as described in [11, TS 38.321].
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-N32™™ \vhere 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 Relationlnfo, each slot consists of Ngﬁﬁb symbols asdefined in [4, TS 38.211], and x isthe SCS configuration
for the PUCCH

- If PUCCH-SpatialRelationlnfo provides sshb-Index, the UE transmits the PUCCH using a same spatial domain
filter as for areception of a SS/PBCH block with index provided by ssb-Index for a same serving cell or, if
servingCellld is provided, for aserving cell indicated by servingCellld

- €eseif PUCCH-SpatialRelationlnfo provides csi-RS-Index, the UE transmits the PUCCH using a same spatial
domain filter as for areception of a CSI-RS with resource index provided by csi-RS-Index for a same serving cell
or, if servingCellld is provided, for aserving cell indicated by servingCellld

- else PUCCH-Spatial Relationlnfo provides srs, the UE transmits the PUCCH using a same spatial domain filter
asfor 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 pathl ossReferenceRSs in PUCCH-Power Control,
- isprovided enableDefaultBeamPL-ForPUCCH, and
- isnot provided PUCCH-SpatialRelationlnfo, and

- isnot provided coresetPoolIndex value of 1 for any CORESET, or is provided coresetPoolIndex value of 1 for
al CORESETS, in Control ResourceSet and no codepoint of a TCI field, if any, in aDCI format of any search
space set mapsto two TCI 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. For a PUCCH 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 additionalDMRS.

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

A UE does not expect to transmit more than one PUCCH with HARQ-ACK information in aslot per priority index, if
the UE is not provided ackNackFeedbackMode = separate.

For DCI format 1_0, the PDSCH-to-HARQ_feedback timing indicator field valuesmap to {1, 2, 3,4, 5, 6, 7, 8}. For a
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 dots provided by dI-DataToUL-ACK, dI-DataToUL-ACK-r16, or diI-DataToUL-
ACKForDCIFormatl 2, asdefined in Table 9.2.3-1.

If the UE is provided subslotLengthForPUCCH, n isthe last UL slot that overlaps with the PDSCH reception or with
the PDCCH reception in case of SPS PDSCH release or in case of SCell dormancy indication or in case of the DCI
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format that requests Type-3 HARQ-ACK codebook report and does not schedule a PDSCH reception; otherwise, n is
the last UL dlot that overlaps with the DL dot n, for the PDSCH reception or with the DL slot ny, for the PDCCH
reception in case of SPS PDSCH release or in case of SCell dormancy indication or in case of the DCI format that
requests Type-3 HARQ-ACK codebook report and does not schedule a PDSCH reception.

For a SPS PDSCH reception ending in DL dot nj, the UE transmits the PUCCH in UL dlot n + k where k is provided
by the PDSCH-to-HARQ_feedback timing indicator field, if present, in a DCI format activating the SPS PDSCH
reception.

If the UE detects a DCI format that does not include a PDSCH-to-HARQ_feedback timing indicator field and schedules
aPDSCH reception or activates a SPS PDSCH reception ending in DL slot np, the UE provides corresponding HARQ-
ACK information in a PUCCH transmission within UL slot n + k where k is provided by dl-DataToUL-ACK, or dI-
DataToUL-ACK-r16, or diI-DataToUL-ACKForDCIFormatl 2.

If the UE detects a DCI format scheduling a PDSCH reception ending in DL slot ny, or if the UE detects a DCI format
indicating a SPS PDSCH release or indicating SCell dormancy through a PDCCH reception ending in DL slot np, or if
the UE detects a DCI format that requests Type-3 HARQ-ACK codebook report and does not schedule a PDSCH
reception through a PDCCH reception ending in DL dot i, as described in clause 9.1.4, the UE provides
corresponding HARQ-ACK information in a PUCCH transmission within UL slot n + k, where k is anumber of slots
and isindicated by the PDSCH-to-HARQ_feedback timing indicator field in the DCI format, if present, or provided by
dli-DataToUL-ACK, dI-DataToUL-ACK-r16, or dl-DataToUL-ACKForDCIFormatl 2.

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.

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

slots
PDSCH-to-HARQ_feedback timing indicator Number of slots K
1 bit 2 bits 3 bits
0 '00’ 000" 15t value provided by dl-DataToUL-ACK, dl-DataToUL-ACK-r16,
or dl-DataToUL-ACKForDCIFormatl 2
1 ‘01 001" 2" value provided by dl-DataToUL-ACK, dI-DataToUL-ACK-r16,
or dl-DataToUL-ACKForDCIFormatl 2
'10' 010’ 3" value provided by dI-DataToUL-ACK, dl-DataToUL-ACK-r16,
or dl-DataToUL-ACKForDCIFormatl 2
11 011" 4% value provided by dl-DataToUL-ACK, dl-DataToUL-ACK-r16,
or dI-DataToUL-ACKForDCIFormatl 2
100" 5" value provided by dl-DataToUL-ACK, dl-DataToUL-ACK-r16,
or dl-DataToUL-ACKForDCIFormatl 2
101 6™ value provided by dl-DataToUL-ACK, dI-DataToUL-ACK-r16,
or dl-DataToUL-ACKForDCIFormatl 2
110' 7" value provided by dl-DataToUL-ACK, dI-DataToUL-ACK-r16,
or dl-DataToUL-ACKForDCIFormatl 2
111" 8" value provided by dl-DataToUL-ACK, dl-DataToUL-ACK-r16,
or dl-DataToUL-ACKForDCIFormatl 2

For a PUCCH transmission with HARQ-ACK information, a UE determines a PUCCH resource after determining a set
of PUCCH resourcesfor O, 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, among the
DCI formats that have a value of a PDSCH-to-HARQ _feedback timing indicator field, if present, or avalue of dI-
DataToUL-ACK, or diI-DataToUL-ACK-r16, or dI-DataToUL-ACKForDCIFormatl 2, indicating a same sot 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 first indexed in an ascending order
across serving cells indexes 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 coresetPoollndex or is provided coresetPoollndex with value O for one or more first
CORESETs and is provided coresetPool Index with value 1 for one or more second CORESETs on an active DL BWP
of aserving cell, and with ackNackFeedbackMode = joint for the active UL BWP, detected DCI formats from PDCCH
receptions in the first CORESET s are indexed prior to detected DCI formats from PDCCH receptions in the second
CORESETSs.
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The PUCCH resource indicator field values map to values of a set of PUCCH resource indexes, as defined in Table
9.2.3-2 for aPUCCH resource indicator field of 3 bits, provided by resourceList for PUCCH resources from a set of
PUCCH resources provided by PUCCH-ResourceSet with a maximum of eight PUCCH resources. |f the PUCCH
resource indicator field includes 1 bit or 2 bits, the values map to the first two values or the first four values,
respectively, of Table 9.2.3-2. If the last DCI format does not include a PUCCH resource indicator field, the first value
of Table9.2.3-2 isused.

For the first set of PUCCH resources and when the size Ry, 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 a value of the PDSCH-to-HARQ _feedback timing indicator field, if present, or avalue of dI-
DataToUL-ACK, or dI-DataToUL-ACK-r16, or dI-DataToUL-ACKForDCIFormatl 2, indicating a same slot for the

PUCCH transmission, the UE determines a PUCCH resource with index I'syccns OSIoycers Roycai—1, as

{ nCCE, p '(RPUCCH / 8—‘

N J+APRI {Rﬂgﬁ'—‘ if  Apg < Roycey Mmod8

CCE,p

rPUCCH -
FCCEDURPUCCH/SJJ A { Reucert

8 J+ Reycey mod 8 if  Apg 2 Ryyeey mod8

NCCE,p

where N isanumber of CCEsin CORESET P of the PDCCH reception for the DCI format as described in

CCE,p
clause 10.1, N , istheindex of afirst CCE for the PDCCH reception, and Apy, is avalue of the PUCCH resource
indicator field in the DCI format. 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-ResqurceId obtained from the
15t 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-ResqurceId 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 a first 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 format is not earlier than

N, -(2048+144)- k- 27" -T_ from the beginning of afirst symbol of the first resource for PUCCH transmissionin
the slot where, x and T, are defined in clause 4.1 of [4, TS 38.211] and M correspondsto the smallest SCS

configuration among the SCS configurations of the PDCCHSs providing the DCI formats and the SCS configuration of
the PUCCH. If processingType2Enabled of PDSCH-ServingCellConfig is set to enable for the serving cell with the
second DCI format and for al serving cells with corresponding HARQ-ACK information multiplexed in the PUCCH
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transmissionintheslot,N,=3 for £ =0, N, =45 for £ =1, N,=9 for 1z =2; otherwise, N;=8 for £ =0,
N,=10 for £ =1, N, =17 for =2, N, =20 for u=3.
If aUE is not provided SPS-PUCCH-AN-List and transmits HARQ-ACK information corresponding only to a PDSCH

reception without a corresponding PDCCH, 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 O, the UE determines values m, and
M. for computing a value of cyclic shift & [4, TS 38.211] where my 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 mis

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 me =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 Mg =0 Mg =3 Mes =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 O, HARQ-ACK information bits and O, bits using PUCCH format 2 or PUCCH

format 3in a PUCCH resource that includes M iz """ PRBS, the UE determines anumber of PRBs M fooer' for the

PUCCH transmission to be the minimum number of PRBs, that is smaller than or equal to a number of PRBs M EECCH

provided respectively by nrofPRBs of PUCCH-format2 or nrofPRBs of PUCCH-format3 and start from the first PRB
from the number of PRBS, that resultsto (Oac +Ocre) < Mg - Ny - NEReS Q-1 and, if Mgg " >1,

sc,ctrl

(Oucx +Ocrc) > (MEYSSH 1) NEB - NFUSSH . Q 1, where NE2,,, NPYSS Q. and T are defined in clause
9.2.5.2. For PUCCH format 3, if M fgom isnot equal 22 - 3% - 5% according to [4, TS38.211], M fgomr is
increased to the nearest allowed value of nrofPRBs for PUCCH-format3 [12, TS 38.331]. If

(Orcx +QOure) > (MPECH—1) NE®, . NPUSSH. . Q-1 , the UE transmits the PUCCH over MPa®™ pRBs

sc,ctrl

If aUE is provided afirst interlace of MfYSSH

Interlace,0 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 * Neatrt - Nowivtict - Qm - 73 Otherwise, if the UE is

provided a second interlace by interlacel in PUCCH-format2 or PUCCH-format3, the UE transmits the PUCCH over
the first and second interlaces.

9.24 UE procedure for reporting SR

A UE can be 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 schedulingRequestI D-BFR-SCell a
configuration for LRR in a PUCCH transmission using either PUCCH format 0 or PUCCH format 1. A UE can be
configured by schedulingRequestI D-LBT-SCell a configuration for consistent LBT failure recovery, as described in [11,
TS38.321], in a PUCCH transmission using either PUCCH format 0 or PUCCH format 1. The UE can be provided, by
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phy-Prioritylndex in SchedulingRequestResour ceConfig, a priority index O 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 configured a PUCCH resource by SchedulingRequestResourceld, or by schedulingRequestl D-BFR-SCell, or
by schedulingRequestI D-LBT-SCell, providing a PUCCH format O resource or a PUCCH format 1 resource as described
in clause 9.2.1. The UE is aso configured a periodicity SRocriopicry 1N Symbols or slotsand an offset SR, indots

by periodicityAndOffset for a PUCCH transmission conveying SR. If SR, ooy 1S l8rger than one slot, the UE

determines a SR transmission occasion in a PUCCH to be in aglot with number néff [4, TS38.211] in aframe with
number N if (nf “Ngg™ + 1y — SRopreer )mOd Reeriopiciry =0-
If Recropicry 1S0ONe slot, the UE expectsthat SR, =0 and every slot is a SR transmission occasion in a PUCCH.

If Rcropicry 1S SMaller than one slot, the UE determines a SR transmission occasion in a PUCCH to start in a symbol

withindex | [4, TS38.211] if (I -1, Mod SRecqiopiciry )MOD SRegropiciry =0 Where |, isthe value of
startingSymbol I ndex.

If the UE determines that, for a SR transmission occasion in a PUCCH, the number of symbols available for the
PUCCH transmission in adot is smaller than the value provided by nrofSymbols, the UE does not transmit the PUCCH
inthe dot.

SR transmission occasions in a PUCCH are subject to the limitations for UE transmissions described in clause 11.1 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=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 CSI 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-ResourcelList and if any of the multiple PUCCH resources overlap, the
UE multiplexes al CSl reportsin aresource from the resources provided by multi-CS-PUCCH-ResourceList, as
described in clause 9.2.5.2.

A UE multiplexes DL HARQ-ACK information, with or without SR, and 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
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.
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If a UE would multiplex CSI reports that include Part 2 CSI reportsin a PUCCH resource, the UE determines the
PUCCH resource and a number of PRBsfor the PUCCH resource or a number of Part 2 CSI reports assuming that each
of the CSl reportsindicates rank 1.

If a UE would transmit multiple overlapping PUCCHs in a slot 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 PUSCHs isin responseto a DCI 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 slot, satisfies
the following timeline conditions

- Sy 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 {T%ﬁ o, Toroens ™ } where for thei-th PDSCH with corresponding HARQ-ACK
transmission on a PUCCH which isin the group of overlapping PUCCHs and PUSCHSs, T/, =

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

N, is selected based on the UE PDSCH processing capability of thei-th PDSCH and SCS configuration p,
where u corresponds to the smallest SCS configuration among the SCS configurations used for the PDCCH
scheduling 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.

- S, isnot before asymbol with CP starting after Ty, o rereqse after alast symbol of any corresponding SPS

PDSCH release or of aDCI format 1_1 indicating SCell dormancy as described in clause 10.3, or of a DCI
format 1_1 indicating a request for a Type-3 HARQ-ACK codebook report without scheduling PDSCH.

oerelease 1S diven by maximum of {T;';’fé';elem, e T eleaser } where for thei-th PDCCH providing the

SPS PDSCH release or the DCI format 1_1 with corresponding HARQ-ACK transmission on aPUCCH whichis
in the group of overlapping PUCCHs and PUSCHS, T' .- =(N+1)- (2048 + 144) - x-27*-T,, N as

proc,release
described in clause 10.2, or DCI format 1_1 that requests Type-3 HARQ-ACK codebook report as described in
clause 10.2, or the DCI format 1_1 indicating SCell dormancy without scheduling a PDSCH reception as
described in clause 10.3, where u corresponds to the smallest SCS configuration among the SCS configurations
used for the PDCCH providing the i-th SPS PDSCH release or the DCI format 1_1, the PUCCH with
corresponding HARQ-ACK transmission for the i-th SPS PDSCH release or the DCI format 1_1, and all

PUSCHSs in the group of overlapping PUCCHs and PUSCHs.

- 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,

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

- any PDCCH scheduling a PDSCH or SPS PDSCH release, or aDCI format 1_1 indicating SCell dormancy,
or aDCI format 1_1 indicating arequest for a Type-3 HARQ-ACK codebook report without scheduling
PDSCH, with corresponding HARQ-ACK information in an overlapping PUCCH in the slot

If thereis at least one PUSCH in the group of overlapping PUCCHs and PUSCHS, T74%, is given by maximum

proc,2
of (T oas .+, Toroas, - } Where for the i-th PUSCH which isin the group of overlapping PUCCHSs and
PUSCHS, Tyrd = max (N + dyy + 1) - (2048 + 144) - k¢ - 27 - T¢ + Tyren, oz ), Aoy, dyp @0 Ty

are selected for the i-th PUSCH following [6, TS 38.214], N, is selected based on the UE PUSCH processing
capability of thei-th PUSCH and SCS configuration u, where u corresponds to the smallest SCS configuration
among the SCS configurations used for the PDCCH scheduling the i-th PUSCH, the PDCCHSs scheduling the
PDSCHs or providing the SPS PDSCH releases or providing the SCell dormancy indication or providing the
indication of arequest for a Type-3 HARQ-ACK codebook report without scheduling PDSCH with
corresponding HARQ-ACK transmission on a PUCCH which isin the group of overlapping PUCCHS/PUSCHS,
and all PUSCHSs in the group of overlapping PUCCHs and PUSCHSs.

If there is no PUSCH in the group of overlapping PUCCHs and PUSCHS, T;757 - is given by maximum of
(T -+, Toroas, -+ } where for thei-th PDSCH or the i-th SPS PDSCH release or the i-th SCell dormancy
indication or the i-th indication of arequest for a Type-3 HARQ-ACK codebook report without scheduling
PDSCH with corresponding HARQ-ACK transmission on a PUCCH which isin the group of overlapping
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PUCCHSs, T™*L = (N, + 1) - (2048 + 144) - k - 27* - T, N,is selected based on the UE PUSCH processing

proc,2
capability of the PUCCH serving cell if configured. N, is selected based on the UE PUSCH processing
capability 1, if PUSCH processing capability is not configured for the PUCCH serving cell. u is selected based
on the smallest SCS configuration between the SCS configuration used for the PDCCH scheduling the i-th
PDSCH or providing the i-th SPS PDSCH release or providing the i-th SCell dormancy indication or providing
thei-th indication of arequest for a Type-3 HARQ-ACK codebook report without scheduling PDSCH with
corresponding HARQ-ACK transmission on a PUCCH which isin the group of overlapping PUCCHSs, and the
SCS configuration for the PUCCH serving cell.

- if thereisan aperiodic CSI report multiplexed in a PUSCH in the group of overlapping PUCCHs and PUSCHS,
So isnot before a symbol with CP starting after T757 cs; = max ((Z +d)- (2048 + 144) -k - 27* - T, +
Tswitch dz,z) after alast symbol of

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

- any PDCCH scheduling aPDSCH, or SPS PDSCH release, or providing a DCI format 1_1 indicating SCell
dormancy, or aDCI format 1_1 indicating a request for a Type-3 HARQ-ACK codebook report without
scheduling PDSCH, 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 PUSCHS, and the smallest SCS configuration of
CSI-RS associated with the DCI format scheduling the PUSCH with the multiplexed aperiodic CSl report, and
d=2foru=0,1,d=3foru=2andd = 4 for u = 3. Tgyiren 1ISdefined in [6, TS 38.214] and it is applied
only if Z; of table 5.4-1in [6, TS 38.214] is applied to the determination of Z.

- N;,N;,dyq,d;,,dy,,and Z aredefinedin [6, TS 38.214] and « and T, are defined in[4, TS 38.211].

If a UE would transmit multiple overlapping PUCCHs in a slot or overlapping PUCCH(s) and PUSCHY(s) in aslot, one
of the PUCCHs includes HARQ-ACK information in response to an SPS PDSCH reception, and any PUSCH isnot in
response to a DCI format detection, the UE expects that the first symbol S, of the earliest PUCCH or PUSCH satisfies

the first of the previous timeline conditions with the exception that components associated to a SCS configuration for a
PDCCH scheduling a PDSCH or a PUSCH are absent from the timeline conditions.

A UE does not expect a PUCCH or a PUSCH that isin response to a DCI format detection to overlap with any other
PUCCH or PUSCH that does not satisfy the above timing conditions.

A UE that

- isnot provided coresetPool Index 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 a DCI format in a PDCCH received in a
CORESET from the first CORESETSsto overlap in time with a PUCCH or a PUSCH transmission triggered by a
detection of aDCI format in a PDCCH received in a CORESET from the second CORESETSs.

If there is one or more aperiodic CSl reports multiplexed on a PUSCH in the group of overlapping PUCCHs and
PUSCHs and if symbol S, is before symbol z* that isanext uplink symbol with CP starting after

Z o =(2+d)-(2048+144)- k- 27 - 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
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the UE is not required to update the CSI report for the triggered CSl report N. Z' isdefined in[6, TS 38.214] and

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 CSI reports, and the smallest SCS configuration of the overlapping PUCCHs and PUSCHs and d = 2 for
#=01,d=3for y=2and d=4 for u=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
HARQ-ACK information, and/or SR, and/or CSI 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 PUCCHs in asingle slot without repetitions where

- aresource with earlier first symbol is placed before a resource 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

- the above three steps for 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 aresource for HARQ-ACK or CS
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 0 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 UEis not provided simultaneousHARQ-ACK-CSl 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
fromtheset 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
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Set ¢(Q) to the cardinality of Q
Set j,0) to be the first symbol of resource Q(j) inthe slot
Set L(Q(j)) to be the number of symbols of resource Q(j) inthe slot
Set j =0 -index of first resourceinset Q
Set 0=0 - counter of overlapped resources
while j<¢(Q)-1
if j<¢(Q)-1 and resource Q(j—o0) overlaps with resource Q(j +1)
0=0+1
ji=j+1
else
if 0>0

determine a single resource for multiplexing UCI associated with resources {Q(j —0),Q(j —0+1),..,Q(j)} as
described in clauses 9.2.5.0, 9.2.5.1 and 9.2.5.2

set the index of the single resourceto |
Q=Q\{Q(j-0),Q(j-0+1),.. Q(j -1}
j =0 % start from the beginning after reordering unmerged resources at next step
0=0
order(Q) % function that re-orders resourcesin current set Q
Set ¢(Q) to the cardinality of Q
else
j=j+1
end if
end if
end while
The function order(Q) performs the following pseudo-code
{
k=0
while k <£(Q)—1 % the next two while loops are to re-order the unmerged resources
=0
while | <2(Q)-1-k
it Q(1,0)>Q(I +10) OR (Q(,0)=Q(I +10) & L(Q())< L(Q(I +1))
temp=Q(/)
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Q)=Q(+1)
Q(l +1) = temp
end if
I=l+1
end while
k=k+1
end while

}
For each PUCCH resourceinthe 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 asmallest 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.
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9.25.1 UE procedure for multiplexing HARQ-ACK or CSl 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 schedulingReguestResour 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 0, the UE transmits the PUCCH in the resource using PUCCH format 0 in PRB(s) for HARQ-ACK
information as described in clause 9.2.3. The UE determines avalue of m, and m.g for computing a value of cyclic

shift & [4, TS 38.211] where my, 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 mes =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 ms=1 me =4 Meg =7 M =10

If a UE would transmit SR in aresource using PUCCH format 0 and HARQ-ACK information bitsin aresource using
PUCCH format 1 in adlot, the UE transmits only a PUCCH with the HARQ-ACK information bitsin the resource using
PUCCH format 1.

If the UE would transmit positive SR in a first resource using PUCCH format 1 and at most two HARQ-ACK
information bitsin a second resource using PUCCH format 1 in aslot, the UE transmits a PUCCH with HARQ-ACK
information bits in the first resource using PUCCH format 1 as described in clause 9.2.3. If a UE would not transmit a
positive SR in aresource using PUCCH format 1 and would transmit at most two HARQ-ACK information bitsin a
resource using PUCCH format 1 in a slot, the UE transmits a PUCCH in the resource using PUCCH format 1 for
HARQ-ACK information as described in clause 9.2.3.

If a UE would transmit a PUCCH with O, HARQ-ACK information bits in aresource using PUCCH format 2 or
PUCCH format 3 or PUCCH format 4 in aslot, as described in clauses 9.2.1 and 9.2.3, [log, (K +1)] bits representing
anegative or positive SR, in ascending order of the values of schedulingRequestResourceld, a
schedulingRequestResour cel d associated with 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 QJC|=OACK+(I OQ(KHﬂ 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 al 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 4inaslot, [log, (K +1)] bitsrepresenting corresponding negative or positive SR, in ascending order of

the values of schedulingRequestResourceld, a schedulingRequestResour celd associated with schedulingRequestl D-
BFR-SCell, and a schedulingRequestResour cel d associated with schedulingRequestI 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
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Oy =[l0g,(K +1)]+ 0.y 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)] bits indicates the positive LRR.

An all-zero value for the !_I og, (K +1)-‘ bits represents a negative SR value across all K SRs.

If a UE transmits a PUCCH with O, HARQ-ACK information bits, Og, =[log, (K +1)] SR bits, and O CRC bits

using PUCCH format 2 or PUCCH format 3 in a PUCCH resource that includes M ;,L;CCH PRBs, the UE determines a

number of PRBs M fgor' for the PUCCH transmission to be the minimum number of PRBs, that is smaller than or

equal to anumber of PRBs provided respectively by nrofPRBsin PUCCH-format2 or nrofPRBsin PUCCH-format3
and starts from the first PRB from the number of PRBs, that results to

PUCCH n|RB PUCCH : PUCCH
(OACK +0gx "'OCRC)S Mggmin - N ‘Ngmouc * QT and, if Mg >1,

sc,ctrl syl
(OACK +0g +OCRC) > (M ngn?? _1)' N;:?:trl ’ N;Enfﬁﬂ"d QT , where Nstcm ) N%%Cu% ) Qm ,and I' aredefinedin
clause 9.2.5.2. For PUCCH format 3, if M gt isnot equal 22 - 3% - 5% according to [4, TS38.211], M g it

isincreased to the nearest allowed value of nrofPRBs for PUCCH-format3 [12, TS 38.331]. If
PUCCH

(Orcx +Os +Ocrc) > (MEYH —1) NFE, - NPUSSL . Q, -1 , the UE transmits the PUCCH over the M2 pRBs;
If aUE is provided afirst interlace of M{{aire o PRBS by interlace0 in InterlaceAllocation and transmits a PUCCH
with 0,cx HARQ-ACK information bits, Osg = [log, (K + 1)] SR bits, and Oz CRC bits using PUCCH format 2 or
PUCCH format 3, the UE transmits the PUCCH over the first interlace if (Oack + Osg + Ocre) < Minteniareo - Necoy -
Neistict - @ - 7; otherwise, if the UE i's 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-
Resourcelist. If a UE is provided first and second PUCCH-Config, multi-CS-PUCCH-ResourceL.ist is provided by the
first PUCCH-Config, and PUCCH-Resourceld in pucch-CS-ResourceList or multi-CS-PUCCH-ResourcelList indicates
a corresponding PUCCH resource in PUCCH-Resource provided by the first PUCCH-Config.

If aUE is provided only one PUCCH resource set for transmission of HARQ-ACK information in response to PDSCH
reception scheduled by a DCI format or in response to a SPS PDSCH release or in response to a SCell dormancy
indication, the UE does not expect to be provided simultaneousHARQ-ACK-CSl.

A UE is configured by maxCodeRate a code rate for multiplexing HARQ-ACK, SR, and CSl report(s) ina PUCCH
transmission using PUCCH format 2, PUCCH format 3, or PUCCH format 4.

If a UE transmits CSl reports using PUCCH format 2, the UE transmits only wideband CSI 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
N

-~ O =Y (OCSI-partl,n +oCS|_pm2‘n), where Ocgy_patin is@number of Part 1 CSI report bits for CSI report with

n=1

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

[6, TS 38.214], and Ng,""' isanumber of CSI reports that include overlapping CSl reports
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Ocre =Ocreesipartit Ocrepsiparz: Where Ogpc cg-par 1S @ NUMber of CRC bits, if any, for encoding HARQ-
ACK, SR and Part 1 CSl report bits and Ocgc cg-parz 1S @number of CRC bits, if any, for encoding Part 2 CSI
report bits

In the following

I' isacode rate given by maxCodeRate asin Table 9.2.5.2-1.

M f2¢" isanumber of PRBs for PUCCH format 2, or PUCCH format 3, or PUCCH format 4, respectively,
where M ;2 is provided by nrofPRBs in PUCCH-format2 for PUCCH format 2 or by nrofPRBsin PUCCH-
format3 for PUCCH format 3, and M2°*=1 for PUCCH format 4

NE2 = N&2 —4 for PUCCH format 2 or, if the PUCCH resource with PUCCH format 2 includes an
N& “* provided by occ-Length, N5, = (NQB - 4)/ NEYecH2,
=NZ® for PUCCH format 3 or, if the PUCCH resource with PUCCH format 3 includes an orthogonal

orthogonal cover code with length
N RB

sc,ctrl

cover code with length N provided by occ-Length, N2, = NEB/NESH3 and NEB,, = NEB /NgYecH

for PUCCH format 4, where NSFéB isanumber of subcarriers per resource block [4, TS 38.211]

N PUCCH N PUCCH,2

smb-uci 1S equal to anumber of PUCCH symbols Ng,,, " for PUCCH format 2 provided by nrofSymbolsin

PUCCH

PUCCH-format2. For PUCCH format 3 or for PUCCH format 4, Ng,,7c; isequal to anumber of PUCCH

symbols NZ-** for PUCCH format 3 or equal to a number of PUCCH symbols Ngc“"** for PUCCH format

4 provided by nrofSymbolsin PUCCH-format3 or nrofSymbols in PUCCH-format4, respectively, after excluding
anumber of symbols used for DM-RS transmission for PUCCH format 3 or for PUCCH format 4, respectively
[4, TS 38.211]

Q,=1if pi/2-BPSK isthe modulation scheme and Q,,=2 if QPSK isthe modulation scheme as indicated 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 CSI 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 (Ouex +Oug +Ocg +Oce) < (MY - NE8, . N2UCH Q) 1), , the UE uses PUCCH format 2 resource

c,ctrl

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

- elseif (OACK +OSR +Oc5| +OCRC)> (M FFe’gCCH N&o - N;Lr:wcb-cgm 'Qm ’ r),— and

sc, ctrl

(Opck +Ogg +Ocg +Ogre ) < (M R NS NSRS -Qm~r)j+l, 0< j<J -1, theUE transmitsa

scctrl

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 j + 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 sdlects N2 CS) 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+Q.g+Oxxc bitsin a PUCCH resource provided by pucch-CSl-
ResourcelList and determined as described in clause 9.2.5
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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] inalast 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 dlI-DataToUL-ACKForDCIFormatl 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 (Oncc +Osg +Ocsr_prts + Oc cotpars) S MESCH - N NFUSCH . 1, the UE transmits the HARQ-ACK,
SR, and CSl reports bits by selecting the minimum number M fyoc of the Mgy~ PRBs satisfying

(Ouc + O + O parts + Ocrc g parn) S MASCEH - NEB, - NPUSCH Q. -1 ass described in clauses 9.2.3 and 9.25.1;

else, the UE sdlects N2 CS) report(s), fromthe N&& €SI reports, for transmission together with HARQ-
ACK and SR in ascending priority value [6, TS 38.214], where the value of NE2™ satisfies

reported
csl

PUCCH RB PUCCH
OACK +OSR + Zocg-partln +OCRC,CS|-part1,N <M RB ’ Nsc,ctrl ’ Nwmb—UCI ’Qm I and
=1

quuoned+l
[e=]
PUCCH RB PUCCH .
Oack 1Ok + ZOCSI-parlln +OCRC,CS|—partl,N+l >Mpg Nsc,ctrl ) Nwmt}UCI QI , where OCRC,CSl-partl,N Isa
n=1
N reported
csl
number of CRC bits corresponding t0 O +Osz + Y Ocgpartrn UCH bits, and Ocre csi-parta,ns1 1S @ number
n=1
NIy
of CRC hits corresponding to O, +Og + ZOCS,_men UCI bhits.
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

and

the UE determines the PUCCH resource using the PUCCH resource indicator field in alast of a number of DCI
formats with avalue of a PDSCH-to-HARQ _feedback timing indicator field 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

if (Oack + Osr + Ocsi—part1 + Ocre.csi-part1) < Minsiamo - Necat - Ngmooct - Qm - 7, the UE transmits the
HARQ-ACK, SR, and CSl reports bitsin a PUCCH over the first interlace

else, if the UE is provided asecond interlace of M{siqr ; PRBs by interlacel and if (Oack + Osg + Ocsi—pat1 +
Ocrecsipartt) < (Miisiaeo + Misiam) - 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 Miisiai 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
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- 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 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

and

- if (Opek + O +Ocg +Ogre ) S MEEH - NE2 - NOCSL - Q,, - 1, the UE transmits the HARQ-ACK, SR and the
Ngs' CSl report bits by selecting the minimum number M fyoc of PRBs from the M iy "' PRBs satisfying

(Onck + Osg +Ocq +Ocrc) S Migmn - NES - NEDECH, Q-1 as described in clauses 9.2.3 and 9.2.5.1
- dse

- if for NE§Tet, >0 Part 2 CSl report priority value(s), it is

reported tota
NCSl -part2 NCS\

PUCCH RB PUCCH
ZOCS»partZ,n + OCRC,CSI»partZ,N < (M RB ' Nsc,ctrl ' Nsymb—UCI - [OACK + OSR + ZOCS!»partln + OCRC,CSI»partl] /(Qm ' r)U ' Qm T

n=1 n=1
and

reported
Nedipao 1

Ng
PUCCH p(RB PUCCH
ZOCS-panZn + OCRC,CS!-panZ,N+l > [M RB ' Nsc,cm : Nsymb— ucl — [OACK + OSR + ZOCSI»partln + OCRC,CS!-panl (Qm : r) ‘Qm‘ r

n=1 n=1

the UE selectsthe first Nées,p‘_’{,tﬁz Part 2 CSI reports, according to respective priority value(s) [6, TS 38.214],

for transmission together with the HARQ-ACK, SR and “g’" Part 1 CSl reports, where Ocg o, iSthe

number of Part 1 CSl report bitsfor the ny, CSI report and Ocg_paro n 1S the number of Part 2 CSI report bits

reported
Ne a2

for the n, CSl report priority value, Ocre e pazn 1S @Nnumber of CRC bits corresponding to ZOCSI_pmn ,
=1

reported
Nedpa 1

and OCRC’CS|_pa«t2’N+1 isanumber of CRC bits corresponding to ZOCSI_pmn
=1

- else, the UE drops all Part 2 CSI reports and selects Négonay Part 1 CSI report(s), from the 4 CSl reports

in ascending priority value [6, TS 38.214], for transmission together with the HARQ-ACK and SR

information bits where the val ue of Ngeg‘_’;}:gl satisfies

reported
N CSl-partl

PUCCH ©[RB PUCCH
OACK +OSR + Zoca-partln +OCRC,CSI-part1,N <M RB ’ Nsc,ctrl ' NwmbUCI 'Qm’ I and
n=1

N reported +1
CSl-partl

PUCCH RB PUCCH .
OACK +OSR + ZOCS—partln +OCRC,CS|—partl,N+1 >M RB ’ Nsc,ctrl : NsymbUCI : Qm I, where OCRCCSI-parth IS
=1

reported
CSi-partl

anumber of CRC bits corresponding to Opc +Og + Zocs,_pamn UCI bits, and Ocre csi-patins isa
n=1

Nreported g
CS-partl

number of CRC bits corresponding to Oxck +Osz + Y Obstparizn UCH biits.
n=1

If aUE is provided afirst interlace of M{ om0 PRBS by interlace0 in InterlaceAllocation, the UE has HARQ-ACK,
SR and sub-band CSl reports to transmit, and the UE determines a PUCCH resource with PUCCH format 3, where
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and

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 dlot 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

if (Oack + Osr + Ocsi + Ocre) < Minsisoso - Nyt - Nomootr - @ - 7, the UE transmits the HARQ-ACK, SR
and the N/&? CSl report bitsin a PUCCH over the first interlace

elseif the UE is provided a second interlace of M{SSH | PRBs by interlacel and if (Oack + Osg + Ocs +

Ocre) < (Minisiseo + Minsiaes) - Nean - Nomoor © @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 M{RSSH o, or, if the UE is provided interlacel, with My o + Miasiot 1.

Table 9.2.5.2-1: Code rate I' corresponding to value of maxCodeRate

maxCodeRate | Code rate I

0.08
0.15
0.25
0.35
0.45
0.60
0.80
Reserved

N[OOI |WIN |- |O

9.2.6 PUCCH repetition procedure

For PUCCH formats 1, 3, or 4, a UE can be configured a number of slots, Njtey;, for repetitions of a PUCCH
transmission by respective nrofSots. If a UE is provided a PUCCH-config that includes subslotLengthForPUCCH, the
UE does not expect the PUCCH-config to include nrofSots.

repeat
For Npjeen > 1,

the UE repeats the PUCCH transmission with the UCI over Ny, slots

aPUCCH transmission in each of the N}ZﬁpceceiH slots has a same number of consecutive symbols, as provided by

nrofSymbolsin PUCCH-format1, nrofSymbolsin PUCCH-format3, or nrofSymbolsin PUCCH-format4

aPUCCH transmission in each of the Njrrea, slots has a same first symbol, as provided by startingSymbolIndex

in PUCCH-formatl, startingSymbollndex in PUCCH-format3, or startingSymbollndex in PUCCH-format4

the UE is configured by interslotFrequencyHopping whether or not to perform frequency hopping for PUCCH
transmissions in different slots

- if the UE is configured to perform frequency hopping for PUCCH transmissions across different slots
- 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 the second PRB, provided by secondHopPRB, in slots with odd number. The
slot indicated to the UE for the first PUCCH transmission has number 0 and each subsequent slot until the
UE transmitsthe PUCCH in N;EPCBS‘H slotsis counted regardless of whether or not the UE transmits the
PUCCH inthe slot
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- the UE does not expect to be configured to perform frequency hopping for a PUCCH transmission within
adot

- If the UE is not configured to perform frequency hopping for PUCCH transmissions across different slots and
if the UE is configured to perform frequency hopping for a PUCCH transmission within a slot, the frequency
hopping pattern between the first PRB and the second PRB is same within each dlot

If the UE determines that, for 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 in the dlot.

A SS/PBCH block symbol is a symbol of an SS/PBCH block with candidate SS/PBCH block index corresponding to
the SS/PBCH block index indicated to a UE by ssh-PositionsinBurst in SB1 or ssh-PositionsinBurst in
ServingCellConfigCommon, as described in clause 4.1.

For unpaired spectrum, the UE determines the Njreey; Slots for aPUCCH transmission starting from a slot indicated to
the UE as described in clause 9.2.3 for HARQ-ACK reporting, or a slot determined as described in clause 9.2.4 for SR
reporting or in clause 5.2.1.4 of [6, TS 38.214] for CSl reporting and having

- an UL symbol, asdescribed in clause 11.1, or flexible symbol that is not SSYPBCH block symbol provided by
startingSymbolIndex in PUCCH-formatl, or in PUCCH-format3, or in PUCCH-format4 as afirst symbol, and

- consecutive UL symbols, as described in clause 11.1, or flexible symbols that are not SSYPBCH block symbols,
starting from the first symbol, equal to or larger than a number of symbols provided by nrofsymbolsin PUCCH-
format1, or in PUCCH-format3, or in PUCCH-format4

For paired spectrum or supplementary uplink band, the UE determines the Ny, Slotsfor aPUCCH transmission as

the N}ZﬁpceceiH consecutive slots starting from a slot indicated to the UE as described in clause 9.2.3 for HARQ-ACK
reporting, or a slot determined as described in clause 9.2.4 for SR reporting or in clause 5.2.1.4 of [6, TS 38.214] for
CSl reporting.

If aUE would transmit a PUCCH over afirst number Ny, > 1 of slots and the UE would transmit a PUSCH with
repetition Type A over a second number of slots, and the PUCCH transmission would overlap with the PUSCH
transmission in one or more s ots, 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
slots.

If aUE would transmit a PUCCH over afirst number Ny, > 1 of slots and the UE would transmit a PUSCH with
repetition Type B over a second number of slots, and the PUCCH transmission would overlap with actual PUSCH
repetitions in one or more slots, and the conditionsin clause 9.2.5 for multiplexing the UCI in the PUSCH are satisfied
for the overlapping actual PUSCH repetitions, the UE transmits the PUCCH and does not transmit the overlapping
actual PUSCH repetitions.

A UE does not multiplex different UCI typesin aPUCCH transmission with repetitions over Ny > 1 slots. If aUE
would transmit a first PUCCH over more than one slot and at |east a second PUCCH over one or more slots, and the
transmissions of the first PUCCH and the second PUCCH would overlap in a number of dots then, for each sot of the
number of slots and with UCI type priority of HARQ-ACK > SR > CS| with higher priority > CSl with lower priority

- the UE does not expect the first PUCCH and any of the second PUCCHSs to 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 ot

- 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

A UE does not expect aPUCCH that isin response to a DCI format detection to overlap with any other PUCCH that
does not satisfy the corresponding timing conditionsin clause 9.2.5.
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If aUE would transmit a PUCCH over Ny slots and the UE does not transmit the PUCCH in aslot from the Ny,

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 N, 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 N7ePe% 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 CSl 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 g1A%A - BOL and Sy valuesthat are

(o]

provided by betaOffsets = 'semiStatic' for the corresponding HARQ-ACK information, Part 1 CS| reports and Part 2
CSl reports.

If the PUSCH transmission is with a configured grant and the UE is provided CG-UCI-OnPUSCH= 'semiSatic', the UE

appliesthe grareack - BCOL and Sy valuesthat are provided by CG-UCI-OnPUSCH = 'semiStatic' for the
corresponding HARQ-ACK information, Part 1 CSI reports and Part 2 CSI reports.

If the PUSCH is scheduled by DCI format O_0 and the UE is provided betaOffsets = ‘dynamic', the UE applies the
Bhrp-ack L gl and BSa7 values that are determined from the first value of betaOffsets = 'dynamic'.

(0] Ol

If the PUSCH is a configured grant Type 2 PUSCH activated by DCI format 0_0 and the UE is provided CG-UCI-
OnPUSCH ='dynamic', the UE appliesthe giac? A% = g1 "and fios? values that are determined from the first

(0] Ol

value of CG-UCI-OnPUSCH = 'dynamic'.

HARQ-ACK information offsets BHar?*“* are configured to values according to Table 9.3-1. The betaOffsetACK-

(o]

Index1, betaOffsetACK-Index2, and betaOffsetACK-Index3 respectively provide indexes | frap -, | ., and

| o " 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 bitsin the PUSCH, respectively.

Part 1 CSI report and Part 2 CSI report offsets ﬂgf;i and ﬂgf;f , respectively, are configured to values according to

Table 9.3-2. The betaOffsetCSl-Part1-Index1 and betaOffsetCSI-Part2-Index1 respectively provide indexes | o and

| Greco for the UE to useif the UE multiplexes up to 11 bits for Part 1 CSI reports or Part 2 CSl reports in the PUSCH.

The betaOffsetCS -Part1-Index2 and betaOffsetCSl-Part2-Index2 respectively provide indexes | Gy OF | ey 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,
schedules the PUSCH transmission from the UE, the UE is provided by each of { betaOffsetACK-Index1,

betaOffsetACK-Index2, betaOffsetACK-Index3} a set of two or four I;QZQACK indexes, by each of { betaOffsetCH -

Part1-Index1, betaOffsetCS -Part1-Index2} a set of two or four | chf"setl indexes, and by each of { betaOffsetCS -Part2-

Index, betaOffsetCS -Part2-Index2} a set of two or four If,i?;; indexes from Tables 9.3-1 and 9.3-2, respectively, for
multiplexing HARQ-ACK information, Part 1 CSI reports, and Part 2 CSl reports, respectively, in the PUSCH
transmission. The beta_offset indicator field indicatesa | fra>” ¢ value, a | Sy valueand a | G value from the

respective sets of values, with the mapping defined in Table 9.3-3 and in Table 9.3-3A.
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For a PUSCH transmission that is configured by a ConfiguredGrantConfig, and includes CG-UCI, the UE multiplexes
CG-UClI 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 multiplexes HARQ-ACK information in the PUSCH transmission,
as described in clause 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 B1ar@-ACK \yhich

offset
providesindexes e, - and g2 A for the UE to use if 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

lotoap - OF losay - oF lgiy - o ISR | Baiear “™ or BSfret”
0 1.000
1 2.000
2 2.500
3 3.125
4 4.000
5 5.000
6 6.250
7 8.000
8 10.000
9 12.625
10 15.875
11 20.000
12 31.000
13 50.000
14 80.000
15 126.000
16 Reserved
17 Reserved
18 Reserved
19 Reserved
20 Reserved
21 Reserved
22 Reserved
23 Reserved
24 Reserved
25 Reserved
26 Reserved
27 Reserved
28 Reserved
29 Reserved
30 Reserved
31 Reserved
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Table 9.3-2: Mapping of beta_offset values for CSI and the index signalled by higher layers

Igfss;,o or Iocffss:tl,l ﬂgfss!e_tl

|§2é12,0 or Igaetzl ,B;Esetz
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 Csl-1 Csl-2 Csl-1 Csl-2

beta_offset indicator| (I e or lofreel or o> )y (lotrssto OF lofrseto)s (oftsats OF lofreetn)
'00" 15t offset index provided by higher layers
‘01’ 2" offset index provided by higher layers
'10' 3" offset index provided by higher layers
11 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 Csl-1 CSl-2 CsSl-1 CSl-2
beta_offset indicator| (I yexd or lofreet or lofreer>  )s (lotrssto OF lofrseto)s (oftsets OF otreet)
'0' 1 offset index provided by higher layers
"1 2"d offset index provided by higher layers

10 UE procedure for receiving control information

If the UE is configured with a SCG, the UE shall apply the procedures described in this clause for both MCG and SCG
except for PDCCH monitoring in Type0/0A/2-PDCCH CSS sets where the UE is not required to apply the procedures
in 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 decoding each PDCCH candidate according to the monitored DCI formats.

If a UE is provided monitoringCapabilityConfig for a serving cell, the UE obtains an indication to monitor PDCCH on
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

If the UE is not provided monitoringCapabilityConfig, the UE monitors PDCCH on the serving cell for a maximum
number of PDCCH candidates and non-overlapping CCEs per sot.

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 u = 0 and 4 = 1. A spanisanumber of consecutive symbolsin adot 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
span 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 one or more of the multiple combinations (X, Y), the
UE monitors PDCCH on the cell according to the combination (X, Y), from the one or more combinations (X, Y), that is
associated with the largest maximum number of My ¥4 and ¢ X4 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.
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A UE capability for PDCCH monitoring per slot 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 span,
respectively, on the active DL BWP of the serving cell.

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

- hasreceived ssh-PositionsinBurst in S B1 and has not received 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 ssh-PositionsInBurst in SBL1,

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 SSYPBCH block index provided by ssb-PositionsinBurst in ServingCell ConfigCommon,

the UE is not required to monitor the PDCCH candidate.

If a UE monitors the PDCCH candidate for a Type0-PDCCH CSS set on the serving cell according to the procedure
described in clause 13, the UE may assume that no SS/PBCH block is transmitted in REs used for monitoring the
PDCCH candidate on the serving cell.

If at least one RE of a PDCCH candidate for a UE on the serving cell overlaps with at least one RE of IteeCRS
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 setsthat 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 N2jj; serving cells where the UE is not provided coresetPoolIndex or is provided
coresetPoollndex with avalue O for afirst CORESET, and with avalue 1 for asecond 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 cellsas N2ji o + R -
N2, where R isavalue reported by the UE.

If aUE 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 CCEs the
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 N2jjs o + Noji 1 iSthe
number of configured downlink serving cells

cap
cells

- otherwise, N__ isthe value of pdcch-BlindDetectionCA
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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 Noor - = NMSG

cells cells
downlink cells for the MCG where NMSC 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. = Negt 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 <= No=“% i 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 + pdcch-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 pdech-BlindDetectionMCG-UE or of pdcch-BlindDetectionSCG-UE is[1, 2, 3], and

DL,cells

- pdcch-BlindDetectionMCG-UE + pdcch-BlindDetectionSCG-UE >= Ny e 1y

If aUE indicatesin 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 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 per span that correspondsto N ob—"*¢ downlink
cells, where

Ncap—rls

ceis  isthe number of configured downlink cells if the UE does not provide pdcch-MonitoringCA

. cap-rlé6
- otherwise, N,

is the 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 CCEs per span that
corresponds to

- NSPTe = NMCG o downlink cells for the MCG where NMSC. . is provided by pdech-BlindDetection2 for the

MCG, and

NERT1e = NSSE | ¢ downlink cells for the SCG where NSSE 1. is provided by pdech-BlindDetection? 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
Neal

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 Njg 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 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 = r 15monitoringcapability or for downlink cells with
monitoringCapabilityConfig = r 16monitoringcapability 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

PDCCH candidates and a maximum number of non-overlapped CCEs per slot or per span that corresponds to N<%27716

cells,ris
: cap-r16 : .
downlink cellsor to N_;¢ ., downlink cells, respectively, where

cap-rleé
Ncells,rls

is the number of configured downlink cellsif the UE does not provide pdcch-BlindDetectionCAL
- otherwise,

- if the UE reports only one combination of (pdcch-BlindDetectionCAL, pdcch-BlindDetectionCA2), N 'S
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-Comblndicator

and

cap-rleé
Ncells,r16

is the number of configured downlink cellsif the UE does not provide pdcch-BlindDetectionCA2

- otherwise,
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- if the UE reports only one combination of (pdcch-BlindDetectionCAL, pdcch-BlindDetectionCA2), N T's
isthe value of pdcch-BlindDetectionCA2

- ese, N1 isthe value of pdcch-BlindDetectionCA2 from a combination of (pdcch-BlindDetectionCAL,
pdcch-BlindDetectionCA2) that is provided by pdcch-BlindDetectionCA-Comblndicator

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

- NSRS = NMES < downlink cells for the MCG where NMSS . < is provided by pdech-BlindDetection3 for the

cells,r15 cells,ri5

MCG,

- Nhois = NSt 15 downlink cells for the SCG where Nt 1 5 is provided by pdcch-BlindDetection3 for the

SCG, and

- NG = NMES, ¢ downlink cells for the MCG where N}, is provided by pdcch-BlindDetection? for the
MCG,

- Nehoie = NSt 16 downlink cells for the SCG where Nt 116 is provided by pdcch-BlindDetection2 for the

SCG

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 and at least one downlink cell with
monitoringCapabilityConfig = r16monitoringcapability, or for a cell group when the UE is configured for NR-DC
operation, the UE does not expect to

- monitor per slot anumber of PDCCH candidates or a number of non-overlapped CCEsthat is larger than the

. . . cap-rilé6
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 is larger than the

. . . cap-rlé6
maximum number as derived from the corresponding value of N ¢ 16

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 = r 16monitoringcapability for Nﬁ&fgléfrl ¢ 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 <= Nyp“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“ee .
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

- aType0-PDCCH CSS set configured by pdcch-ConfigSIB1 in MIB or by searchSpaceSIB1 in PDCCH-
ConfigCommon or by searchSpaceZero in PDCCH-ConfigCommon for a DCI format with CRC scrambled by a
SI-RNTI on the primary cell of the MCG

- aTypeOA-PDCCH CSS set configured by searchSpaceOther Systemlnformation in PDCCH-ConfigCommon for
aDCI format with CRC scrambled by a SI-RNTI on the primary cell of the MCG

- aTypel-PDCCH CSS set configured by ra-SearchSpace in PDCCH-ConfigCommon for a DCI format with
CRC scrambled by aRA-RNTI, aMsgB-RNTI, or aTC-RNTI on the primary cell

- aType2-PDCCH CSS set configured by pagingSearchSpace in PDCCH-ConfigCommon for a DCI format with
CRC scrambled by a P-RNTI on the primary cell of the MCG

- aType3-PDCCH CSS set configured by 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'SRNTI and

- aUSS set 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.

For aDL BWP, if aUE isnot provided searchSpaceSB1 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 theinitial DL BWP have same SCS and same CP length and the active DL BWP
includes all RBs of the CORESET with index 0, or the active DL BWP istheinitial DL BWP, the CORESET
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configured for Type0-PDCCH CSS set has CORESET index 0 and the Type0-PDCCH CSS set has search space set
index 0.

For aDL BWP, if aUE is not 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 given in Table 10.1-1.

For aDL BWP, if aUE is not 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 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 givenin Table 10.1-1.

If aUE is provided a zero value for searchSpacel D in PDCCH-ConfigCommon for a Type0/0A/2-PDCCH CSS sgt, 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 candidates only at monitoring occasions associated
with a SS/PBCH block, where the SS/PBCH block is determined by the most recent of

- aMAC CE activation command indicating a TCl state of the active BWP that includes a CORESET with index
0, asdescribed in [6, TS 38.214], where the TCI-gtate 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, the UE determines
monitoring occasions for PDCCH candidates of the Type0/0A/2-PDCCH CSS set based on the search space set
associated with the value of searchSpacelD.

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 TCl 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 access, a SCSis provided by
subCarrier SpacingCommon in MIB. For operation with shared spectrum channel access, a SCSis same asthe 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/2/3-PDCCH CSS set or in aUSS set if a DM-RS for monitoringaPDCCH ina
Typel-PDCCH CSS set is not configured with same qcl-Type set to 'typeD' properties [6, TS 38.214] with a DM-RS for
monitoring the PDCCH in the Type0/0A/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

ETSI



3GPP TS 38.213 version 16.8.0 Release 16 112 ETSI TS 138 213 V16.8.0 (2022-01)

one or more search space sets by corresponding one or more of searchSpaceZero, searchSpaceSIB1,
searchSpaceOther Systeml nformation, pagingSearchSpace, ra-SearchJpace, or a CSS set by PDCCH-Config,
and

aSI-RNTI, aP-RNTI, aRA-RNTI, aMsgB-RNTI, aSFI-RNTI, an INT-RNTI, a TPC-PUSCH-RNTI, a TPC-
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

For each DL BWP configured to a UE in a serving cell, the UE can be provided by higher layer signalling with

P < 3 CORESETSsif coresetPoollndex is not provided, or if avalue of coresetPoollndex is same for all
CORESETSsif coresetPoollndex is provided

P < 5 CORESETSsif coresetPoollndex is not provided for afirst CORESET, or is provided and has avalue O for
afirst CORESET, and is provided and has avaue 1 for a second CORESET

For each CORESET, the UE is provided the following by Control Resour ceSet:

a CORESET index p, by controlResourceSetld or by control ResourceSetld-v1610, where

- 0 <p < 12if coresetPoolIndex 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 initialization value by pdcch-DMRS-ScramblinglD;

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;
a set of resource blocks provided by frequencyDomai nResour ces;
CCE-to-REG mapping parameters provided by cce-REG-MappingType;

an antenna port quasi co-location, from a set of antenna port quasi co-locations provided by TCI-State, indicating
quas co-location information of the DM-RS antenna port for PDCCH reception in a respective CORESET;

an indication for a presence or absence of a transmission configuration indication (TCI) field for aDCI format,
other than DCI format 1_0, that schedules PDSCH receptions or indicates SPS PDSCH release or indicates SCell
dormancy or indicates a request for a Type-3 HARQ-ACK codebook report without scheduling PDSCH and is
transmitted 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 a CORESET to overlap with any RE determined from Ite-CRS ToMatchAround, or from LTE-CRS
PatternList, or with any RE of a SS/PBCH block.

For each CORESET inaDL BWP of a serving cell, arespective frequencyDomainResour ces provides a bitmap
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- if aCORESET is not associated with any search space set configured with fregMonitorLocations, 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 NEWP PRBs with starting common RB position N3&, where the
first common RB of the first group of 6 PRBs has common RB index 6 - [N5&5 /6] if rb-Offset is not provided,
or the first common RB of the first group of 6 PRBs has common RB index NS@5 + Ngifset where NQffset is
provided by rb-Offset.

- if aCORESET isassociated with at least one search space set configured with freqMonitorLocations, the first
NEEE cero 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 RBg;4h,. [6, TS 38.214], where the first common RB of the first group of 6 PRBs has

common RB index Rngir,fﬁL + Ngffset and kisindicated by freqMonitor Locations if provided for a search space

set; otherwise, k = 0. N3E€ .o = [(Ngggew NREseY) /6], N§&e,.o 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

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 aUE has not been provided a configuration of TCI state(s) by tci-StatesPDCCH-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-ToReleaseL.ist 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;

- if aUE has been provided a configuration of more than one TCI states by tci-SatesPDCCH-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 0, the UE assumes that a DM-RS antenna port for PDCCH receptions in the CORESET is
guasi 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 a
TCI state for the CORESET isreceived after the most recent random access procedure.

For a CORESET other than a CORESET with index O, if aUE is provided asingle TCI state for a CORESET, or if the
UE receivesa MAC CE activation command for one of the provided TCI states for a CORESET, the UE assumes that
the DM-RS antenna port associated with PDCCH receptionsin the CORESET is quasi co-located with the one or more
DL RS configured by the TCI state. For a CORESET with index 0, the UE expects that a CSI-RS configured with gcl-
Type set to 'typeD' in a TCl state indicated by a MAC CE activation command for the CORESET is provided by a
SS/PBCH block

- if the UE receivesa MAC CE activation command for one of the TCI states, the UE applies the activation

command in the first slot that is after slot k + 3NS 2"™e# 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. The active BWP is defined as the active BWP in the slot when the activation

command is applied.

If the UE is provided by simultaneousTCl-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 TCI-Sates 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 tci-Statel D, the CORESET index and the serving cell index are provided
by aMAC CE command.
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For each DL BWP configured to a UE in a serving cell, the UE is provided by higher layerswith § < 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 controlResourceSetld or by
control ResourceSetl d-v1610

a PDCCH monitoring periodicity of k slotsand a PDCCH monitoring offset of og slots, by
monitoringS otPeriodicityAndOffset

aPDCCH monitoring pattern within adot, indicating first symbol(s) of the CORESET within adlot for PDCCH
monitoring, by monitoringSymbolsWithinS ot

aduration of Ty < kg sotsindicating a number of slots that the search space set s exists by duration

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 O

- 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

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
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_0, or for DCI
format 3_1, or for DCI format 3_0 and DCI format 3_1

a bitmap by fregMonitorLocations, if provided, to indicate an index of one or more RB sets for the search space
set s, wherethe 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
RB 8, + Ngiset, where RByy b, is theindex of first common RB of the RB set k [6, TS 38.214], and

S

NEffset is provided by rb-Offset or Ng&set = 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 NS¢« 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 a PDCCH SCS other than 15 kHz if the subset includes at |east 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.
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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 a PDCCH monitoring occasion(s) existsin a slot with number ng_  [4, TS38.211] in aframe with number ny if (n;.

NS’Z?’”E'“ +n .- o) modks = 0. The UE monitors PDCCH candidates for search space set s for T; consecutive slots,

starting from slot ngf #» and does not monitor PDCCH candidates for search space set s for the next k; — T, consecutive
slots.

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 set in slot nﬁ r for an active DL BWP of a serving cell corresponding to
carrier indicator field value n.;are given by
) ms,nCI : NCCE,p

" {(yﬁmngf'+ L-M®

S, max

+ nc,> mod[NCCE‘p/LJ} +i

where

for any CSS, Yp.nﬁff =0,

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;

N¢cg,p isthe number of CCEs, numbered from 0to N¢cg, — 1, in CORESET p and, if any, per RB set;

ng; 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,

Mgny, =0, Ms(,Ln)C, — 1, where Ms(,Ln)C, isthe 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, ML = MY,

S,max 5,0

for ausSS, Ms(ﬁ,lax is the maximum of Ms(,Ln)c, over all configured n; values for a CCE aggregation level L of search
spaceset s ;

the RNTI value used for ngy isthe C-RNTI.

A UE does not expect to be provided fregMonitorLocations for a search space set s in aserving cell if
intraCell GuardBandsDL-List indicates that no intra-cell guard-bands are configured for the serving cell.

ETSI



3GPP TS 38.213 version 16.8.0 Release 16 116 ETSI TS 138 213 V16.8.0 (2022-01)

A UE that
- 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 for afirst DCI format scheduling PUSCH
transmission or UL grant Type 2 PUSCH release, other than DCI format 0_0, or for a second DCI format
scheduling PDSCH reception or SPS PDSCH release or indicating SCell dormancy or indicating a request for a
Type-3 HARQ-ACK codebook report without scheduling PDSCH, other than DCI format 1_0, having afirst size
and associated with serving cell ng; 5,

can receive a corresponding PDCCH through a PDCCH candidate with CCE aggregation level L in CORESET p for a
first DCI format or for asecond DCI format, respectively, having a second size and associated with serving cell n; , if
the first size and the second size are same.

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, or MCS-RNTI and a DCI 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 Msney for asearch space set s; using aset of CCEsin a CORESET p on the active DL
BWP for serving cell ng, is not counted for monitoring if there isa PDCCH candidate with index m, ., for asearch
space set s; < s;, or if thereisa PDCCH candidate with index N incy and Nsimey < Mgy in the CORESET p on the
active DL BWP for serving cell n.; using a same set of 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 Msney is counted for monitoring.

max,slot,u

Table 10.1-2 provides the maximum number of monitored PDCCH candidates, Mppccy , per slot foraUE inaDL
BWP with SCS configuration u for operation with asingle serving cell.
Table 10.1-2: Maximum number Mmasslote 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, Mm% X")* ner span for aUE in aDL

BWP with SCS configuration u for operation with asingle serving cell.

Table 10.1-2A: Maximum number MpsXY# of 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 MmexXD# ot monitored PDCCH
candidates per span for combination (X,Y) and per

serving cell
0 14 28 44
1 12 24 36
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Table 10.1-3 provides the maximum number of non-overlapped CCEs, Cpmaai’™*, for aDL 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
- different first symbols for the reception of the respective PDCCH candidates.

max,slot,u

Table 10.1-3: Maximum number Cppcey ~ 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, Cpaaii™*#  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 Chex&"# 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),u
Maximum number Cpp " Of non-overlapped

CCEs per span for combination (X,Y) and per

serving cell
u 2.2 (4,3) (7,3)
0 18 36 56
1 18 36 56

If aUE
- does not report pdcch-BlindDetectionCA or is not provided BDFactorR y = R

- reports pdcch-BlindDetectionCA, the UE can be indicated by BDFactorR either y =1 ory =R

If aUE is configured with NCZILI';_‘O + Nih';_‘l downlink cells for which the UE is not provided
monitoringCapabilityConfig-r16, or is provided monitoringCapabilityConfig-r16 = r 15monitoringcapability but not
provided CORESETPoolIndex, with associated PDCCH candidates monitored in the active DL BWPs of the scheduling
cells using SCS configuration i where Y3_o(Nopky + v - Nih’s"‘l) < NP  the UE is not required to monitor, on the

cells,0 cells?
active 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 Copeéy = Cppeen . NON-overlapped

CCEs per dot for each scheduled cell when the scheduling cell isfrom the chlLfs’,Lo downlink cells, or

- more than M8 = 1 . MI%SO% PDCCH candidates or more than G = y - (IS0 pop,
overlapped CCEs per slot for each scheduled cell when the scheduling cell is from the N°1#. downlink cells

cells,1

- more than M{2%3°"* PDCCH candidates or more than 3" 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

NP isreplaced by N2, if a UE is configured with downlink cells for which the UE is provided both
monitoringCapabilityConfig-r16 = r15monitoringcapability and monitoringCapabilityConfig-r16 =
r16monitoringcapability.

If aUE
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- isconfigured with N2I* 4+ NP downlink cells for which the UE is not provided monitoringCapabilityConfig,

cells,0 cells, 1

or is provided monitoringCapabilityConfig-r16 = r 15monitoringcapability but not provided coresetPool Index,

- with associated PDCCH candidates monitored in the active DL BWPs of the scheduling cell(s) using SCS
DL,u

configuration u, where $3_o(Noy¥) +y - Nogt,) > NP, and
- aDL BWP of an activated cell isthe active DL BWP of the activated cell, and a DL BWP of adeactivated cell is
the DL BWP with index provided by firstActiveDownlinkBWP-1d for the deactivated cell,

. . . total,dlot,u __ cap max,slot,u
the UE is not required to monitor more than Mpy o™ = [chls “Mppeey ™ "
total oty _

DL, DL, 3 DL,j DL,j .
(Nogito +v - Ncellgl)/zj=0(Ncells,O +vy: Ncells,l)J PDCCH candidates or more than Cppeeyy ™ =

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,0
DL BWP(s) of scheduling cell(s) from the N2ji¥, + N2j¥, downlink cells. N, isreplaced by N2 if aUE is

configured with downlink cells for which the UE is provided both monitoringCapabilityConfig-r16 =
r15monitoringcapability and monitoringCapabilityConfig-r16 = r16monitoringcapability.
For each scheduled cell from the N22#  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(CRsaot# XA 8%) non-overl apped CCEs per slot.

For each scheduled cell from the N2 downlink cells, the UE is not required to monitor on the active DL BWP with

cells,1

SCS configuration yu of the scheduling cell

- more than min(y - MESH, ME22%#) PDCCH candidates or more than min(y - Casa®, CA8%) non-
overlapped CCEs per slot

- more than min(MSH, MEZS*) PDCCH candidates or more than min( IS, RS non.

overlapped CCEs per slot for CORESET s with same coresetPoollndex value

If aUE is configured with NCZ]LI‘QHG 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 ¥1_, N2* < N the UE is not required to monitor, on the active DL BWP of the

cells,rie — “'cells
total, X,Y).u __ total,(X,Y),u __ Cmax,(X,Y),/A

scheduling cell, more than Mpp ey " = M n];aé(’c(g’Y)’” PDCCH candidates or morethan Cppeci - = Copeels
non-overlapped CCEs per span for each scheduled cell when the scheduling cell isfrom the Nih’g’fg'” downlink cells.
If aUE is configured with downlink cells for which the UE is provided both monitoringCapabilityConfig =
r15monitoringcapability and monitoringCapabilityConfig = r16monitoringcapability, N is replaced by Nc‘flfsrrliz

cells

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* > N1 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,(XY),1 /o1 DL, . tota,(X,Y).u __ cap-rl6 max,(X,Y),u
Neeisizs / Zj=oN cells,rlGJ PDCCH candidates or morethan Cppecy ™ = lNcells “Cepec

DL(XY)u /11 DL,
Ncells,r16 /ZjZO Ncells,rlGJ non-overlapped CCEs

- per set of spans on the active DL BWP(s) of all scheduling cell(s) from the N2 ** downlink cells within

cells,r16
every X symbols, if the union of PDCCH monitoring occasions on all scheduling cells from the N 25L&+

cells,ri6
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
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- 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 Nih‘l_rl ¢ Isanumber of configured cells with associated PDCCH candidates monitored in the active DL BWPs

of the scheduling cells using SCS configuration j. If a UE is configured with downlink cells for which the UE is
provided both monitoringCapabilityConfig = r 15monitoringcapability and monitoringCapabilityConfig =
ri6monitoringcapability, N is replaced by Ni3b 0.

For each scheduled cell from the N22 &Y% downlink cells us ng combination (X, Y), the UE is not required to monitor

cells,ri6
on the active DL BWP with SCS configuration u of the scheduling cell, more than min(MlﬂrI‘fé"c(ﬁ'Y)‘”, M )

PDCCH candidates or more than min(C;?)ag‘c(g‘Y)'”, Cpoar v ) non-overlapped CCES per span.

A UE does not expect to be configured CSS sets that result to corresponding total, or per scheduled cell, numbers of
monitored PDCCH candidates and non-overlapped CCEs per slot or per span that exceed the corresponding maximum
numbers per slot 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 span on a secondary cell to be larger than the
corresponding numbers that the UE is capable of monitoring on the secondary cell per slot or per span, respectively. If a
UE is provided monitoringCapabilityConfig = r16monitoringcapability for the primary cell, except the first span of
each dot, the UE does not 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.

For cross-carrier scheduling, the number of PDCCH candidates for monitoring and the number of non-overlapped CCEs
per span or per slot are separately counted for each scheduled cell.

For all search space setswithin aslot n or within aspanin slot n, denote by S, aset of CSS sets with cardinality of

| @ad by S aset of USS setswith cardinality of J . Thelocation of USSsets S;, 0< j < J,in S isaccording
to an ascending order of the search space set index.

Denote by M(Szm, 0<i< |, thenumber of counted PDCCH candidates for monitoring for CSSset S (i) and by

ML

oy 0 <d

us + the number of counted PDCCH candidates for monitoring for USSset S ((j).
l—1
For the CSS sets, a UE monitors M55, = >° > M, PDCCH candidates requiring atotal of CEDSSCCH non-
i=0

PDCCH
L

overlapping CCEsinasdot or in aspan.

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, according to the
following pseudocode. If for the USS sets for scheduling on the primary cell the UE is not provided coresetPool Index
for first CORESETS, or is provided coresetPoollndex with value O for first CORESETS, and is provided
coresetPoolIndex with value 1 for second CORESETS, and if min(y - My, Minaso*) >

min(Mpssot MEoatsett) or min(y - Coasi®t, GRS > min(Caasot, cioalsiett) | the following pseudocode
applies only to USS sets associated with the first 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

max,slot,it

monitoringCapabilityConfig = r16monitoringcapability for the primary cell, Maas® and Cpreey " are replaced by

max,(X,Y),n max,(X,Y),n . total,slot,u total,slot,u total,(X,Y),n total,(X,Y),n
Mppeey " @nd Cppeyy ~ respectively, and Mppoey ~ and Cppeeyy ~ arereplaced by Mppeey” ™ and Cppeey

respectively.
Denote by Vce(Sis(])) the set of non-overlapping CCEs for search space set S (j) and by 5(VCCE(SJ$( j))) the

cardinality of Voce(Si(])) where the non-overlapping CCEs for search space set S (j) are determined considering

the alocated PDCCH candidates for monitoring for the CSS sets and the allocated PDCCH candidates for monitoring
for all search space sets S (k), 0<k < j.
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maxslotyu totalslotu ) css
Set Mo, poccH= M I’{M poccH +Mepccn MepceH

dlot, total slot.

Set Cppecn=MiNClocen™ ODccgi'u)_CPDCCH

Set j=0

while ZM% () SMpSech AND 6( CCE(SJ$(J)))< DCCH

alocate D' M (SZ(].) PDCCH candidates for monitoring to USS set S(]J)
L

uss __N/USS (L
MPDCCH_ MPDCCH_ZMS&(J)
L

Cooeen=Crocen—¢ CCE(SJ$(J)))
j=1i+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 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

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 corresponds to 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 al USS sets with 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
asecond CSI-RSin asecond cell that is also associated with the SS/PBCH block are assumed to have same QCL
'typeD' properties

- thealocation 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 candidatesin overlapping PDCCH monitoring occasions in multiple CORESETs where none
of the CORESET s has TCl-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 CORESETSs.
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For a scheduled cell and at any time, a UE expects to have received at most 16 PDCCHs for DCI formats with CRC
scrambled by C-RNTI, CS-RNTI, or MCS-C-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 N2k downlink cellsor NI%. uplink cells

cells 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

- 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 N2
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

N5 > 2 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 - 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 - NE%P7716

cells
PUSCH transmissions for which the UE has not transmitted any corresponding PUSCH symbol over all N2k
uplink cells.

If aUE is provided monitoringCapabilityConfig = r L6monitoringcapability for at least one serving cell and is not
provided monitoringCapabilityConfig = r16monitoringcapability for at least one serving cell, and

- isnot configured for NR-DC operation, and indicates a capability to monitor PDCCH candidates for N2 7716 >

cells,r15

1 downlink cellsand N°%?~"'¢ > 1 downlink cells, and the UE is configured with N2k > 1 downlink cell or

cells,ri6 = cells

NGE o > 1 uplink cell, or

- isconfigured with NR-DC operation and for a cell group with N2k downlink cellsor NI, uplink cells

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 aMCS-
C-RNTI scheduling 16 - N°%~71¢ 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 - Njp. TS PDCCHs for DCI formats with CRC scrambled by a C-RNTI, or aCS-RNTI, or aMCS-

C-RNTI scheduling 16 - N°%"71¢ PUSCH transmissions for which the UE has not transmitted any

cells,r15
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corresponding PUSCH symbol over al serving cellsthat are not provided monitoringCapabilityConfig =
r16monitoringcapability

- atmost 16 - N 1° PDCCHs for DCI formats with CRC scrambled by a C-RNTI, or aCS-RNTI, or aMCS-
C-RNTI scheduling 16 - N - 7*° PDSCH receptions for which the UE has not received any corresponding

PDSCH symbol over all serving cells that are provided monitoringCapabilityConfig = r16monitoringcapability

- atmost 16 - NS~ 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 al serving cellsthat are provided monitoringCapabilityConfig =
r16monitoringcapability

If aUE

- isconfigured to monitor afirst PDCCH candidate for a DCI format 0_0 and a DCI format 1_0 from a CSS set
and a second PDCCH candidate for aDCI format 0_0 and aDCI format 1_0 from a USS set 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 receivesthe 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 formats0_0/1 O 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.

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 a UE 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 sinResourceBlock in RateMatchPattern, or if the UE is additionally
provided periodicityAndPattern in RateMatchPattern, the UE can determine a set of RBsin symbols of adot that are
not available for PDSCH reception as described in [6, TS 38.214]. If aPDCCH candidate in a ot 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.

10.2 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, 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

- 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.
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If aUE is provided a single 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 a UE is provided more than one configurations for UL grant Type 2 PUSCH or for SPS PDSCH, a value of the
HARQ process number field in a DCI 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 ConfiguredGrantConfigType2DeactivationSatel ist 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 ConfiguredGrantConfigType2DeactivationSateList 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 avalid 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 DCl format 1_1
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 setto all '0's set 1o all '0's

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

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

DCI format 0_0/0_1/0 2

DClformat1_0/1_1/1_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

Frequency domain resource
assignment

set to all '0's for FDRA
Type 2 with u =1

set to all '1's, otherwise

set to all '0's for FDRA
Type 0 or for
dynamicSwitch

set to all '1's for FDRA
Type 1

active DL/UL BWP of the scheduled cell

DCI format 0_0/0_1/0 2

DCl format 1 _0/1 2

DCl format 1 1

Redundancy version

setto all '0's

setto all '0's

set to all '0's
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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 0 0/0_1/0 2

DCl format 1 0/1 1/1 2

Redundancy version

set to 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

setto all '1's, otherwise | setto all '1'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-ServingCell Config
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,andN = 11 for u = 2, otherwise, N = 10foru =0,N =12foru=1,N =22 foru = 2,and N = 25 for

1 = 3, 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 informationin
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_0is scrambled with a SL-CS-RNTI provided by 9-CS-RNTI, and
- the new dataindicator field in the DCI format 3_0 for the enabled transport block is set to '0'

Validation of the DCI format 3_0 isachieved if al 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 as avalid 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.

Table 10.2A-1: Special fields for SL configured grant Type 2 scheduling activation PDCCH validation

DCI format 3 0
setto al '0's

HARQ process humber

Table 10.2A-2: Special fields for SL configured grant Type 2 scheduling release PDCCH validation

DCI format 3 0
settoal 'l's

settodl 'l's

HARQ process number
Frequency resource assignment
(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
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- 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, indicatesto 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 abit 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 a time, 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.

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 dot 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 dots, where X corresponds to the MinTimeGap value 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)
IS8 (W) Value 1 Value 2
15 1 3
30 1 6
60 1 12
120 2 24

If aUE is provided search space setsto 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
PCeéll 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
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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 sets to monitor PDCCH for detection of DCI format O_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 0_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 CSI report(s) on PUSCH, or
if the DCI format 1_1 does not indicate SPS PDSCH release

- a'0'vauefor ahit of the bitmap indicates an active DL BWP, provided by dormantBWP-Id, for the UE for
each activated SCell 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

- 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 request 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 = resourceAllocationType0 and all 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 areequa to 1, or

resourceAllocation = dynamicSwitch and all bits of the frequency domain resource assignment field in DCI
format 1 1areequaltoOor 1

the UE considers the DCI format 1 1 asindicating SCell dormancy, not scheduling a PDSCH reception, and for
transport block 1 interprets the sequence of fields of

and of

modulation and coding scheme
new data indicator

redundancy version

HARQ process number
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- antennaport(s)
- DMRS sequenceinitiaization
as providing a bitmap to each configured SCell, in an ascending order of the SCell index, where

- a'0 vauefor ahit of the bitmap indicates an active DL BWP, provided by dormantBWP-1d, for the UE for a
corresponding activated SCell

- a'l'vauefor abit 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-1d 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 a PDCCH providing the DCI format 1_1. If
processingType2Enabled of PDSCH-ServingCellConfig is set to enable for the serving cell with the PDCCH providing
the DCl format 1 1, N =7foru=0,N =7.5foru=1,and N = 15 for u = 2; otherwise, N = 14 foru =0, N =
16foru=1,N=27foru=2,and N = 31 for u = 3, 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.

10.4  Search space set group switching

A UE can be provided a group index for arespective Type3-PDCCH CSS set or USS set by searchSpaceGroupldList
for PDCCH monitoring on aserving 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 Py, iich 1S
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 Pgitcn Value for Minimum Pgyitcp Value for
1l uE processing capability 1 [symbols] | UE processing capability 2 [symbols]
0 25 10
1 25 12
2 25 22

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 cellGroupsFor SwitchList. The UE
decrements the timer value by one after each slot based on a reference 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.
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If aUE is provided by SearchSpaceSwitchTrigger alocation of a search space set group switching flag field for a
serving cell inaDCI format 2_0, as described in clause 11.1.1;

- 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 afirst ot that is at
least Py, itcn Symbols after the last symbol of the PDCCH with the DCI format 2_0

- 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 0, for the serving cell at afirst ot that is at
least P, iccn Symbols after the last symbol of the PDCCH with the DCI format 2_0, 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 at the beginning of the first slot
that isat least Ps,,;:cn, Symbols after a ot where the timer expires or after alast symbol of aremaining channel
occupancy duration for the serving cell if indicated by DCI format 2 0

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 O, for the serving cell at afirst slot that isat least Pg,i¢cn
symbols after the last symbol of the PDCCH with the DCI format, 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 O, and stops monitoring
PDCCH according to search space sets with group index 1, for the serving cell at the beginning of the first slot
that is at least Ps,,;:c, 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

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 cell GroupsForSwitchList 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.

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.

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 avalue of the carrier indicator field.

For a PUSCH transmission configured by ConfiguredGrantConfig, HARQ-ACK information for atransport 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.
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For a PUSCH 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 atransport 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 sots 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.

11.1  Slot configuration

A slot format includes downlink symbols, uplink symbols, and flexible symbols.
The following are applicable for each serving cell.

If aUE is provided tdd-UL-DL-ConfigurationCommon, the UE sets the dot format per slot over a number of slots 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 nrofDownlinkS ots

- anumber of downlink symbols d,,, by nrofDownlinkSymbols
- anumber of dots Uy, with only uplink symbols by nrofUplinkSots
- anumber of uplink symbols Uy, by nrofUplinkSymbols

A value P=0.625 msecisvalid only for y4-3. A value P=1.25 msecisvalid only for g4 -2 or ti4=3. A vaue
P=25 msecisvalidonly for g4 =1, 0r fh4=2,0r fhy=3.
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A slot configuration period of P msec includes S=P-2“* dotswith SCS configuration 4, . Fromthe S dots, a
first dgots dotsinclude only downlink symbols and alast Uy sotsinclude only uplink symbols. The dsym symbols
after the first dgots slots are downlink symbols. The Uy, symbols before the last Uy Slots are uplink symbols. The

remaining (S-dy .- Uge)- NS, -d

sy~ - are flexible symbols.

sym~Us
The first symbol every 20/P periodsisafirst symbol in an even frame.

If tdd-UL-DL-ConfigurationCommon provides both patternl and pattern2, the UE setsthe 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 dots dgots’z with only downlink symbols by nrofDownlinkS ots
- anumber of downlink symbols dsym,2 by nrofDownlinkSymbols

- anumber of dots Ugyso With only uplink symbols by nrofUplinkSots

- anumber of uplink symbols Uy, ; by nrofUplinkSymbols
The applicable values of P, are same asthe applicable valuesfor P .
A dot configuration period of P+ P, msecincludesfirst S=P-2“¢ dotsand second S, =P, -2“+ dots.

Fromthe S dlots, afirst ds|ots,2 dotsinclude only downlink symbols and alast Uyys» include only uplink symbols.

The dsym,; symbols after the first dgots’z slots are downlink symbols. The Uy, . symbols before the last Uyys, Slots are

ot

uplink symbols. The remaining (g ~Oyors 2 us.otsyz)- ot Oyym2-Uym are flexible symbols.
A UE expectsthat P+ P, divides 20 msec.
The first symbol every 20/(P + P,) periodsis afirst symbol in an even frame.

A UE expectsthat the reference SCS configuration u,s issmaller than or equal to a SCS configuration & for any

configured DL BWP or UL BWP. Each slot provided by patternl or pattern2 is applicableto 2“*« consecutive slots
in the active DL BWP or the active UL BWP where the first ot starts at a same time as a first ot for the reference

SCS configuration (£, and each downlink or flexible or uplink symbol for the reference SCS configuration i

corresponds to 2“*<) consecutive downlink or flexible or uplink symbols for the SCS configuration 4 .

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 slot are downlink
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- if symbols = allUplink, all symbolsin the slot 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 dlot. If nrofDownlinkSymbolsis 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

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, provided by tdd-UL-DL-ConfigurationCommon.

A dot configuration period and a number of downlink symbols, uplink symbols, and flexible symbolsin each sot 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 aslot 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 aset of symbols of a ot 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-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

For operation on asingle carrier in unpaired spectrum, if a UE is configured by higher layersto receiveaPDCCH, 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 dlot.

For operation with shared spectrum channel access, if a UE is provided csi-RS-ValidationWith-DClI, is not provided
CO-DurationsPerCell, and is not provided SotFormatCombinationsPerCell, and if the UE is configured by higher
layersto receive a CSI-RS in a set of symbols of a dot, the UE cancels the 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-
DurationsPer Cell ToReleaseList and/or slotFormatCombToAddModList and slotFormatCombToRel easeList.

For operation on a single carrier in unpaired spectrum, if a UE is configured by higher layersto transmit SRS, or
PUCCH, or PUSCH, or PRACH in a set of symbols of a slot 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 symboals, 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 Ty, , 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
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 symbols that occur within 7, , 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.
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- 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 p,., 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 dlot.

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 adot indicated to a UE by ssb-
PositionsinBurst in S B1 or ssb-PositionsinBurst in ServingCell ConfigCommon, for reception of SS/PBCH blocks, the
UE does not transmit PUSCH, PUCCH, PRACH in the dot 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 slot. The UE does not expect the set of
symbols of the dot to be indicated as uplink by tdd-UL-DL-ConfigurationCommon, or tdd-UL-DL-
ConfigurationDedicated, when provided to the UE.

If aUE

- 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 a set of symbols of adot that are indicated to the UE for reception of SSY/PBCH blocks in afirst cell of the multiple
serving cells by ssh-PositionsinBurst in Systeml nformationBlockTypel or by ssb-PositionsinBurst in
ServingCellConfigCommon, when provided to the UE, the UE does not transmit PUSCH, PUCCH, or PRACH in the
dot if atransmission would overlap with any symbol from the set of symbols, and the UE does not transmit SRS in the
set of symbols of the slot 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 occasion and 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 slot 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 Type0-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.
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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 dots, 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 a slot from the multiple slots, at least one symbol from a set
of symbols where the UE is scheduled PUSCH transmission in the slot is adownlink symbol, the UE does not transmit
the PUSCH in the dlot.

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 areference cell for a symbol as an active cell with the smallest cell index among

- the configured multiple serving cellsif the UE is not capable of simultaneous transmission and reception as
indicated by simultaneousRxTxInter BandCA among the multiple serving cells, and

- thecells of each band respectively if the UE is capable of simultaneous transmission and reception by
simultaneousRxTxInter BandCA 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.

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 be indicated 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 aflexible 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-r 16 operate in
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,

- isnot required to receive a higher layer configured PDCCH, PDSCH, or CSI-RS on flexible symbols on the
reference cell in a set of symbols, if the UE detects a DCI format scheduling a transmission on one or more
symbolsin the set of symbols on another cell,
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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 is a symbol 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-RS 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 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 cells that have
been configured with directional CollisionHandling-r16, the UE does not expect any directional collision among the
serving cells that the UE is not capable of simultaneous transmission and reception.

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 ToReleaselist, 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-PayloadS ze.

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 MS™ 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 SFl-index field value
in DCI format 2_0 provided by sotFormatCombinationld
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- for unpaired spectrum operation, areference SCS configuration ugg; by subcarrier Spacing and, when a
supplementary UL carrier is configured for the serving cell, areference SCS configuration uggy syp, by
subcarrier Spacing? for the supplementary UL carrier

- for paired spectrum operation, areference SCS configuration ugg; p;, for aDL BWP by subcarrier Spacing and a
reference SCS configuration psg yy, for an UL BWP by subcarrier Spacing2

- alocation of an available RB set indicator field in DCI format 2_O that is

- one hit, 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, avaue of ‘0’
indicates that the serving cell is not available for receptions, by availableRB-SetsPer Cell, 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 et p, Dits and Ny set p1, iS 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 a first symbol of a slot where the UE
detectsthe DCI format 2_0 by providing avalue from co-DurationList. The channel occupancy duration field
includes max{[log,(COdurationListSize)], 1} bits, where COdurationListSize is the 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.

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 a DCI format 2_0 indicates to a UE a slot format for each slot in a number of dots for each
DL BWP or each UL BWP starting from a slot where the UE detects the DCI format 2_0. The number of slotsis equal
to or larger than a PDCCH monitoring periodicity for DCI format 2_0. The SFl-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 SFl-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 formats2_0to
indicate a same format for the dlot.

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 slot 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 symbolsis flexible. 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, 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-ConfigSB1 in MIB for a CORESET for TypeO-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
dlot 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 aslot 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 slot as flexible and the UE
detects a DCI format indicating to the UE to receive PDSCH or CSI-RS in the set of symbols of the slot, the UE
receives PDSCH or CSI-RSin 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 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 SFI-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-RSin the set of symbols of the slot, the UE
receives the PDSCH or the CSI-RS in the set of symbols of the ot 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 operation with shared spectrum channel access, if a UE is configured by higher layers to receive a CSI-RS and the
UE is provided CO-DurationsPerCell, for a set of symbols of a dlot 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 dot 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 dot 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, , 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
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 aUE detectsa DCI format 2_1 in a PDCCH transmitted in a CORESET in a dlot, the set of symbolsisthe last
Ngms - Tinr 2" 7" symbols prior to the first symbol of the CORESET in the slot where T, isthe PDCCH
monitoring periodicity provided by the value of monitoringS otPeriodicityAndOffset, as described in clause 10.1,

N;‘;ﬁb is the number of symbols per slot, # isthe SCS configuration for a serving cell with mapping to a respective
field inthe DCI format 2_1, 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, symbolsindicated as uplink by tdd-UL-DL-
ConfigurationCommon are excluded from the last N;‘,ﬁﬁb ‘T - 2" 7 symbols prior to the first symbol of the
CORESET inthe 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, resultingtoavalueof N3 T, -2° " thatis

not an integer. The UE does not expect to be configured by monitoringSymbol sWithinS ot with more than one PDCCH
monitoring occasion for DCI format 2_1inasdlot.

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, a bit value of 0 indicates transmission to the UE in the corresponding symbol group and a bit value of 1
indicates no transmission to the UE in the corresponding symbol group.

If the value of 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,; — LNlNT /7J~ 7 symbol groups includes

[N, /7] symbols, each of thelast 7— N, +| N,y /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,
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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, a search space set for
monitoring the first PDCCH candidate with a CCE aggregation level of L.; CCEs of the 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’ proc,2 from the end of a PDCCH reception where the UE detects the DCI format 2_4, where T’ , is obtained from
Tproc,2 for PUSCH processing capability 2 [6, TS 38.214] assuming d,; = dofrser © 27 HUL/27H where dggset 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 FreguencylnfoUL-SB. The
UE does not expect to cancel the PUSCH transmission or the SRS transmission before a corresponding symbol that is

Tproc2 assuming that d, ; = 0 after alast symbol of a CORESET where the UE detects the DCI format 2_4.
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A UE that detectsa DCI format 2_4 for a serving cell cancels a PUSCH transmission or an actual repetition of a
PUSCH transmission [6, TS 38.214] if the PUSCH transmission is with repetition Type B, as determined in clauses 9
and 9.2.50r 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 bit 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

- thecancellation 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 values of '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 symbols that include
symbols of the cancelled PUSCH transmission or SRS transmission, where the last symbol of the PDCCH reception
providing the second DCI format is later 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

- afiedinDCI format 2_2 isa TPC command of 2 bits mapping to Opucch.b.f.c values as described in
clause 7.2.1

- 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 alocationin 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-IndexPUCCH-Scell

- amapping for the PUCCH power control adjustment state 1<{Q 1}, by a corresponding {0, 1} value of aclosed

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

- afiedinDCI format 2_2 isa TPC command of 2 bits mapping to 5PUSCH b.f,c Valuesasdescribed in clause
7.11

- anindex 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
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- anindex 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

- anindex of the serving cell by targetCell. If targetCell is not provided, the serving cell isthe cell of the PDCCH
reception for DCI format 2_2

- amapping for the PUSCH power control adjustment state | € {O, 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 carrier Switching is provided
- aTPC-SRS-RNTI for aDCI format 2_3 by tpc-SRS-RNTI

- anindex of aserving cell where the UE interrupts transmission in order to transmit SRS on one or more other
serving cells by srs-SwitchFromServCelllndex

- anindication 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-1ndexinOneCC-Set, and a DCI format 2_3 field includes a TPC command
for each serving cell from the set of serving cells and can also include a SRS request 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

- anindication for aserving 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
SRSrequest to SRS resource setsis as provided in [6, TS 38.214]

- anindex for alocation in DCI format 2_3 of afirst bit for afield for a non-supplementary uplink carrier of the
serving cell by startingBitOfFormat2-3

- anindex 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

- 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.
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- 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 initialDownlinkBWP, an initial DL BWP is defined by alocation 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, the initial DL BWP is provided by initial DownlinkBWP. For operation on the
primary cell or on a secondary cell, a UE is provided an initial UL BWP by initialUplinkBWP. If the UE is configured
with a supplementary UL carrier, the UE can be provided aninitial UL BWP on the supplementary UL carrier by
initial UplinkBWP.

If a UE has dedicated BWP configuration, the UE can be provided by firstActiveDownlinkBWP-1d a first 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]:

- aSCShy subcarrierSpacing
- acyclic prefix by cyclicPrefix

- acommon RB Ngio =0, + RByiar and anumber of contiguous RBs N2, = L, provided by
locationAndBanadwidth that indicates an offset RB,,, and alength L., asRIV accordingto [6, TS 38.214],

size

setting Ngyp =275, and avaue O, provided by offsetToCarrier for the subcarrier Spacing

- anindex inthe set of DL BWPs or UL BWPs by respective BWP-Id

- 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-I1d is
linked with an UL BWP from the set of configured UL BWPs with index provided by BWP-ld 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-Id 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 CORESETSs 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 Resour cesetZero 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 isnot the initial 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.

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.
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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 abandwidth 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 a DL BWP different from the active UL BWP or DL
BWP, respectively, the UE shall

- for eachinformation 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 size is the one required for the interpretation of the information field for the UL
BWP or DL BWP prior to interpreting the DCI format information fields, respectively

- if thesize of theinformation field is larger 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

- setthe active UL BWP or DL BWP to the UL BWP or DL BWP indicated by the bandwidth part indicator in the
DCI format

If abandwidth 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”,.. . 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’ bitsthat 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 O_1, where truncation starts from the MSBs of the X bits or the Y bits, zero-padding prepends zerosto the
X bitsor the Y bits, and

- if theindicated active UL BWP has SCS configuration ¢ = 1 and the current active BWP has SCS
configuration u = 0, the X MSBs are 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

BWP BWP
NRB-setUL(NRB—setuL+1)
2

- theY LSBsaretruncated or zero-paddedto Y’ = [Iog2 (
number of RB sets configured for the indicated active UL BWP

)] bitswhere Npp’s. u. isa

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 aBWP indicator field that indicates an active DL 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 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
slot 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].

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 slot where the UE receives the PDCCH
that includes the DCI format in the scheduling cell until the beginning of aslot indicated by the slot offset value of the
time domain resource assignment field in the DCI format.
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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 expects to 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 a dlot.

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 a time duration from the beginning of a subframe for FR1, or of half of
a subframe for FR2, that isimmediately after the BWP inactivity timer expires until the beginning of aslot where the
UE can receive or transmit.

When a UE's BWP inactivity timer for a cell within FR1 (or FR2) expires within atime 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 asubframe 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 Type0O-PDCCH CSS set from control ResourceSetZero in pdcch-Config9B1, as described in Tables
13-1 through 13-10, for operation without shared spectrum channel access, or as described in Tables 13-1A and 13-4A
for operation with shared spectrum channel access, and determines PDCCH monitoring occasions from
searchSpaceZero in pdcch-ConfigS B1, included in MIB, as described in Tables 13-11 through 13-15. spN. and ng

arethe SFN and slot index within a frame of the CORESET based on SCS of the CORESET and SFNg,; and Nggp
arethe SFN and slot index based on SCS of the CORESET, respectively, where the SSYPBCH block with index i
overlapsin time with system frame SFN <8, and slot Nggg ; - The symbols of the CORESET associated with pdcch-
Config9B1 in MIB or with searchSpaceS B1 in PDCCH-ConfigCommon have normal cyclic prefix.

For operation without shared spectrum channel access, a UE assumes that the offset in Tables 13-1 through 13-10 is
defined with respect to the SCS of the CORESET for Type0-PDCCH CSS set, provided by

subCarrier SpacingCommon, from the smallest RB index of the CORESET for Type0-PDCCH CSS set to the smallest
RB index of the common RB overlapping with the first RB of the corresponding SS/PBCH block. In Tables 13-7, 13-8,

and 13-10 K isdefinedin[4, TS 38.211].
For operation with shared spectrum channel access, 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
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- 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 SSYPBCH block is
provided by ssbFrequency in a measurement configuration associated with a reporting configuration providing
reportCGIl 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 TypeO-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 consecutive slots starting from slot n, . For

SS/PBCH block with index i , the UE determines an index of slot n, as N, =(O-2“ +[i- MJ)mOdN;Te” that isina
frame with system frame number (SFN) SFN satisfying SFN. mod2=0 if \_(O 2“ +i- I\/IJ)/ N;roa't“e”JmOdZ:O, or
in aframe with SEN satisfying SFNgmod2=1if [(0-2* +[i-M J)/N™# |mod2=1. M and O are provided by

slot
Tables 13-11 and 13-12, and x< {0,1,2,3 based on the SCS for PDCCH receptionsin the CORESET [4, TS 38.211].
The index for the first symbol of the CORESET inslots n, and n, +1 isthefirst symbol index provided by Tables 13-
11 and 13-12.

For operation with shared spectrum channel access and for the SS/PBCH block and CORESET multiplexing pattern 1, a
UE monitors PDCCH in the TypeO-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
Type0-PDCCH CSS set with respect to average gain, quasi co-location 'typeA' and 'typeD' properties, when applicable
[6, TS 38.214]. For acandidate SS/PBCH block index 7, where 0 < T < L, — 1, two consecutive slots starting from
slot n, include the associated Type0-PDCCH monitoring occasions. The UE determines an index of dlot n, asn, =

(0 - 2* + |7+ M]) mod NT3™** that isin aframe with system frame number (SFN) SFN,. satisfying SN, mod 2 = 0

slot

if|(0-2# + |t MJ)/Nframe'“J mod 2 = 0, or in aframe with SFN satisfying SFN, mod 2 = 1 if

slot

|0 2 + [T~ M])/NS2™*| mod 2 = 1. M and O are provided by Table 13-11, and u € {0, 1} based on the SCS for

PDCCH receptions in the CORESET [4, TS 38.211]. The index for the first symbol of the CORESET in slotsn, and
n, + 1 isthefirst symbol index provided by Table 13-11. The UE does not expect to be configured with M = 1/2, or

with M = 2, when N5 = 1.

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 TypeO-PDCCH CSS set periodicity equal to the periodicity of SS/PBCH block. For the
SS/PBCH 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 Type0-PDCCH CSS set. For a

SS/PBCH block with index | , the UE determines the slot index n - and SFN; based on parameters provided by Tables
13-13 through 13-15.
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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

Number of RBs | Number of Symbols
Index SS/P ?n(i:?t itp))llct)eili(nzngaigriESET N CORESET CORESE Offset (RBs)
RB mb

0 1 24 2 0
1 1 24 2 2
2 1 24 2 4
3 1 24 3 0
4 1 24 3 2
5 1 24 3 4
6 1 48 1 12
7 1 48 1 16
8 1 48 2 12
9 1 48 2 16
10 1 48 3 12
11 1 48 3 16
12 1 96 1 38
13 1 96 2 38
14 1 96 3 38
15 Reserved

Table 13-1A: 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 operated with shared
spectrum channel access

Index SS/PBCH block and CORESET Number of RBs Number of Offset (RBs)
multiplexing pattern NSYRESET Symbols NSORESET
0 1 96 1 10
1 1 96 1 12
2 1 96 1 14
3 1 96 1 16
4 1 96 2 10
5 1 96 2 12
6 1 96 2 14
7 1 96 2 16
8 Reserved
9 Reserved
10 Reserved
11 Reserved
12 Reserved
13 Reserved
14 Reserved
15 Reserved
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Table 13-2: Set of resource blocks and slot symbols of CORESET for Type0-PDCCH search space set
when {SS/PBCH block, PDCCH} SCSis {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
EEX multiplexing pattern N SORESET N Sop==T Offset (RBs)

0 1 24 2 5
1 1 24 2 6
2 1 24 2 7
3 1 24 2 8
4 1 24 3 5
5 1 24 3 6
6 1 24 3 7
7 1 24 3 8
8 1 48 1 18
9 1 48 1 20
10 1 48 2 18
11 1 48 2 20
12 1 48 3 18
13 1 48 3 20
14 Reserved

15 Reserved

Table 13-3: 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 5 MHz or 10 MHz

SS/PBCH block and CORESET Number of RBs | Number of Symbols
e multiplexing pattern N SORESET N SOREsET 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
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Table 13-4: 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 5 MHz or 10 MHz

Number of RBs | Number of Symbols
e | orisr (e
0 1 24 2 0
1 1 24 2 1
2 1 24 2 2
3 1 24 2 3
4 1 24 2 4
5 1 24 3 0
6 1 24 3 1
7 1 24 3 2
8 1 24 3 3
9 1 24 3 4
10 1 48 1 12
11 1 48 1 14
12 1 48 1 16
13 1 48 2 12
14 1 48 2 14
15 1 48 2 16

Table 13-4A: 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 operated with shared
spectrum channel access

Index SS/PBCH block and CORESET Number of RBs Number of Offset (RBS)
multiplexing pattern NSIRESET Symbols NSORESET
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
5 1 48 2 1
6 1 48 2 2
7 1 48 2 3
8 Reserved
9 Reserved
10 Reserved
11 Reserved
12 Reserved
13 Reserved
14 Reserved
15 Reserved
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Table 13-5: 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 40MHz

ndex | SSIPBCH block and CORESET | Number of RBs N”mberc‘gRi’;’Embo's )
multiplexing pattern N SORESET b
0 1 48 1 4
1 1 48 2 4
2 1 48 3 4
3 1 96 1 0
4 1 96 1 56
5 1 96 2 0
6 1 96 2 56
7 1 96 3 0
8 1 96 3 56
9 Reserved
10 Reserved
11 Reserved
12 Reserved
13 Reserved
14 Reserved
15 Reserved

Table 13-6: Set of resource blocks and slot symbols of CORESET for Type0-PDCCH search space set
when {SS/PBCH block, PDCCH} SCS is {30, 30} kHz for frequency bands with minimum channel
bandwidth 40MHz

Number of RBs Number of Symbols
e | s | e | | ot e

0 1 24 2 0
1 1 24 2 4
2 1 24 3 0
3 1 24 3 4
4 1 48 1 0
5 1 48 1 28
6 1 48 2 0
7 1 48 2 28
8 1 48 3 0
9 1 48 3 28
10 Reserved

11 Reserved

12 Reserved

13 Reserved

14 Reserved

15 Reserved
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Table 13-7: Set of resource blocks and slot symbols of CORESET for Type0-PDCCH search space set
when {SS/PBCH block, PDCCH} SCSis {120, 60} kHz

SS/PBCH block and CORESET Number of RBs Number of
LS multiplexing pattern N SORESET Symbols N Soreser izt Rz

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
41if kegg =0

8 2 48 1 42if ke, >0

9 2 48 1 49
41if Kgg =0

10 2 96 1
a2t ksgg>0

11 2 96 1 97

12 Reserved

13 Reserved

14 Reserved

15 Reserved

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

ndex SSIPBCH block and CORESET Numberof REs Number of Offset (RBs)
multiplexing pattern N SORESET Symbols N o=
0 1 24 2 0
1 1 24 2 4
2 1 48 1 14
3 1 48 2 14
. =0
4 3 24 2 -20 if ksse
-2110f Kgg >0
5 3 24 2 24
-20 if ks,sgzo
6 3 48 2
21if kg0
7 3 48 2 48
8 Reserved
9 Reserved
10 Reserved
11 Reserved
12 Reserved
13 Reserved
14 Reserved
15 Reserved

ETSI




3GPP TS 38.213 version 16.8.0 Release 16 154 ETSI TS 138 213 V16.8.0 (2022-01)

Table 13-9: Set of resource blocks and slot symbols of CORESET for Type0-PDCCH search space set
when {SS/PBCH block, PDCCH} SCSis {240, 60} kHz

Number of RBs | Number of Symbols
e | oriser (rms

0 1 96 1 0
1 1 96 1 16
2 1 96 2 0
3 1 96 2 16
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 13-10: Set of resource blocks and slot symbols of CORESET for Type0-PDCCH search space
set when {SS/PBCH block, PDCCH} SCS is {240, 120} kHz

Index SS/PBCH block and CORESET Number of RBs Number of Offset (RBS)
multiplexing pattern N SORESET Symbols N Soressr
0 1 48 1 0
1 1 48 1 8
2 1 48 2 0
3 1 48 2 8
41if Kgg =0
4 2 24 1
a2t Ksgg>0
5 2 24 1 25
. =0
6 2 48 1 -41 if kS,SB
-42if Kgg >0
7 2 48 1 49
8 Reserved
9 Reserved
10 Reserved
11 Reserved
12 Reserved
13 Reserved
14 Reserved
15 Reserved
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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 @) Number of sea;cl:gtspace sets per M First symbol index
0 0 1 1 0
1 0 2 1/2 {0, if I is even}, {ncomsT | if | is odd}
2 2 1 1 0
3 2 2 1/2 {0, if I is even}, {ncom=sT | if | is odd}
4 5 1 1 0
5 5 2 1/2 {0, if i is even}, {ncomesT if | is odd}
6 7 1 1 0
7 7 2 1/2 {0, if I is even}, { N goreseT | jf | 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 Type0O-PDCCH CSS set - SS/PBCH
block and CORESET multiplexing pattern 1 and FR2

Index @) LT G seagl:gtspace sets per M First symbol index
0 0 1 1 0
1 0 2 1/2 {0,if I is even}, {7, if | is odd}
2 2.5 1 1 0
3 2.5 2 1/2 {0,if I is even}, {7,if | is odd}
4 5 1 1 0
5 5 2 1/2 {0,if I iseven}, {7,if | is odd}
6 0 2 1/2 {0, if I is even}, {Ngggﬁﬂ ,if 1 is odd}
7 2.5 2 1/2 {0, if I is even}, {nConeser if I is odd}
8 5 2 1/2 {0, if I is even}, {ncomesT if | is odd}
9 7.5 1 1 0
10 7.5 2 1/2 {0,if I is even}, {7, if | is odd}
11 7.5 2 1/2 {0, if I is even}, {ngoresr | if | is odd}
12 0 1 2 0
13 5 1 2 0
14 Reserved
15 Reserved
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Table 13-13: PDCCH monitoring occasions for Type0-PDCCH 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 |25d)ex
0,1, 6,7 for
SFN ¢ = SFN gg;
0 oo i=4k, i=4k+1, i=4k+2,
C = ''SSB,i
i=4k+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

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,
0 SPNG = SN ses, i=8k+6,i=8k+7 (Nc=sgg;)
nc:nsssiornc:nsssi_l
Y ' 12,l3ini=8k+4,i=8k+5(nC:nSSByi—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
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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

Index PDCCH monitoring occasions (SFN and slot number) Flzit_s())/mlbol |25d)ex
4,8,2,6iIn
SFN = SFN g
0 - i=4k, i=4k+1, i=4k+2,
C = 'ISSB,i
i=4k+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

If a UE detectsafirst SSYPBCH block and determines that a CORESET for Type0-PDCCH CSS set is not present, and
for 24< Kegg <29 for FR1 or for 12 < Kess <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 TypeO-PDCCH CSS set as RS&W l\lgfsfg; N Reeence  isthe GSCN of the first SS/PBCH block and
GSCN
ni= isaGSCN 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 Type0-PDCCH CSS set, as
described in clause 4.1, the UE may ignore the information related to GSCN of SS/PBCH block locations for
performing cell search.

If a UE detects a SS/PBCH block and determines that a CORESET for Type0-PDCCH CSS set is hot present, and for
kess =31 for FR1 or for ks; =15 for FR2, the UE determines thet there is no SSYPBCH block having an associated

TypeO-PDCCH CSS set within aGSCN range [N g — N3 | NSger= + Ngod ]- Noo and N5, arerespectively
determined by control ResourceSetZero and searchSpaceZero in pdcch-ConfigSB1. If the GSCN rangeis

Ref Ref . . . . .
[ sg\]mcf} I\lcsg\jmc_f the UE determines that there is no information for a second SS/PBCH block with a CORESET

for an associated TypeO-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.

ETSI



3GPP TS 38.213 version 16.8.0 Release 16 158 ETSI TS 138 213 V16.8.0 (2022-01)

Table 13-16: Mapping between the combination of kg, and controlResourceSetZero and

. . Off
searchSpaceZero in pdcch-ConfigSIB1 to Ngséﬁ for FR1

Keeo 16x control Resour ceSetZero Offse
+searchSpaceZero Sch

24 01, ...,255 1,2, ...,256

25 0,1, ...,255 257,258, ..., 512

26 0,1, ...,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 kg, and controlResourceSetZero and

. . Off
searchSpaceZero in pdcch-ConfigSIB1 to l\'(;séﬁ for FR2

K 16x control ResourceSetZero fse
S8 +searchSpaceZero SCh
12 01,..,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 applicable to the IAB-MT of an |AB 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 IAB-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/slots within the frames containing PRACH
occasions as described in [4, TS 38.211].

The lAB-MT determines an association period for mapping SS/PBCH blocksto 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 occasion in a PRACH dot 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 (NTA /2 + Nyata + Taaita * Gstep) - T, isatime difference between a DU transmission of asignal from the
serving cell and areception of the signal by the IAB-MT when Nta /2 + Nggta + Taeta * Gstep > 0, Where Ny, is obtained
asfor a"UE" in clause 4.2 for the TAG containing the serving cell and Nyg, and G, are determined as

- Nyata = —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 use the time difference to determine a DU transmission time.
A slot 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 aslot 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 ot 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-IAB-MT" for the IAB-MT,
except that the tdd-UL-DL-ConfigurationDedicated-1AB-MT provides

- aset of dot configurations by sl otSpecificConfigurationsToAddModList-1AB-MT
- for each dot configuration from the set of slot configurations
- 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 nrofDownlinkSymbolsis 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 ot 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 slot. If nrofUplinkSymbols
is not provided, there are no uplink first symbolsin the slot and if nrofDownlinkSymbolsis not provided,
there are no downlink last symbolsin the slot. The remaining symbolsin the slot are flexible.

An1AB-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
tothe dot formatsin Table 11.1.1-1, an SFl field for an IAB-MT in DCI format 2_0 can indicate to the IAB-MT a dlot
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. When adownlink, 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 adownlink, 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

- thelAB-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
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- thelAB-MT detectsa DCI format 2_5 with an Al index field value indicating the soft symbol as available
When a symbol is configured as unavailable, the IAB-DU neither transmits nor receives in the symbol.

A symbol of aslot 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 dot, or would
receive a PRACH or a SR in the symbol of the dot.

If an IAB-node is provided an Availabilitylndicator, the |AB-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.

For each cell of an IAB-DU in a set of cells of the IAB-DU, the |AB-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 positioninDCI-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, and

- amapping for the soft symbol availability combinations provided by resourceAvailability to a corresponding
Al index field value in DCI format 2_5 provided by availabilityCombinationld

The lAB-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 |AB-DU a soft symbol availability in each dot for a
number of slots starting from the earliest slot of the IAB-DU which overlapsin time with the dot of the IAB-MT where
the lAB-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} bitswhere maxAlindex isthe maximum of the values provided by corresponding

availabilityCombinationld. An availability for a soft symbol in adot isidentified by a corresponding value
resourceAvailability as provided in Table 14-3.

Table 14-3: Mapping between values of resourceAvailability elements and types of soft symbol
availability in a slot

Value Indication
0 No indication of availability for soft symbols
1 DL soft symbols are indicated available
No indication of availability for UL and Flexible soft symbols
5 UL soft symbols are indicated available
No indication of availability for DL and Flexible soft symbols
3 DL and UL soft symbols are indicated available
No indication of availability for Flexible soft symbols
4 Flexible soft symbols are indicated available
No indication of availability for DL and UL soft symbols
5 DL and Flexible soft symbols are indicated available
No indication of availability for UL soft symbols
6 UL and Flexible soft symbols are indicated available
No indication of availability for DL soft symbols
7 DL, UL, and Flexible soft symbols 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 symbolsinasdlot, the IAB-MT expects that each of the more than one DCI formats 2_5 indicates a
same value for the avail ability combination of the soft symbolsin the slot. An IAB-MT monitors PDCCH candidates
for aDCI format 2_5 with CRC scrambled by AI-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.

ETSI



3GPP TS 38.213 version 16.8.0 Release 16 162 ETSI TS 138 213 V16.8.0 (2022-01)

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 Psqg 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 MCG 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

- 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 inter FreqUL-TransCancellationDAPSr16, 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 cancel s the transmission to source cell.
For intra-frequency DAPS handover, if

- UEtransmissions 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
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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 y = 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 a PDSCH 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-RS s
configured, Nr, 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 p = 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 CCEs in both cells that each exceed the corresponding maximum
numbers per slot 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
aPRACH 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 a slot overlapping in time
with a PUSCH/PUCCH/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 a PRACH transmission on the source MCG. N =2foru=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 dl-
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 dl-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 d-LengthSymbols. For an available slot 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 same as the priority of a corresponding PSSCH.

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].
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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 aigned
with a subcarrier with index 0in an RB of the SL BWP.

A UE is provided, by sl-NumSSB-WithinPeriod, a number N52308 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 Nygsse+(NSssE | + 1) - is_gsp, Where

- 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 ISaS-SSYPSBCH block index within the number of S-SS/PSBCH blocks in the period, with 0 < ig_gsg <
NS=SSB _

period

- N3pssBisadot offset from a start of the period to the first slot including S-SS/PSBCH block, provided by d-
TimeOffsetSSB

- N3:53B 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 dot of which al OFDM symbols are configured
as UL by tdd-UL-DL-ConfigurationCommon of the serving cell if provided or sl-TDD-Configuration if provided or -
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/IPSBCH block, a UE includes a bit sequence ay, a4, a,, as, ..., a;; in the PSBCH payload to
indicate sl-TDD-Config and provide a slot 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 ']
ese

- ao = 0 if 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
- P inpatternl 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, Ao, A1, A1, A€ the 7th to 1st LSBs of udk,., respectively

H—Href
— SL _ - Usym*2™ e
- for ap = 0, Uglots = Uslots * 2H7Href + l L + 11
u 2B Href u 2P~ Href
Uslots 2*2“_ﬂref+[L +Iz paobiq Uglors*2H T Href+ symf +1h
— SL _ i
- forao_l!uslots_ w *[ w ]+ w
where
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L isthe number of symbolsinadlot: L = 12 if cyclicPrefix="ECP"; else, L = 14
- Lislifugyy x2¢ #refmod L > L —Y, elsel; isO

- Lislifugyy, *2# #refmod L > L — Y, elsel, iSO

- Yisthesidelink starting symbol index provided by s-SartSymbol

- w isthe granularity of dotsindication as described in Table 16.1-2

= Hrefs Usiotsr Usym: Uslots,2» Usym,2 A€ the parameters of TDD-UL-ConfigurationCommon as described in
clause 11.1, or the parameters of l-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
0,1,0,0 2
0,101 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,a,,a3,a, period of patterni of pattern2 15kHz 30kHz | 60kHz | 120 kHz
P (msec) P, (msec)

0,0,0,0 0.5 0.5

0,001 0.625 0.625

0,010 1 1 1

0,011 0.5 2

0,1,0,0 1.25 1.25

0,1,0,1 2 0.5

0,1,1,0 1 3

0,111 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.
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16.2 Power control
16.2.0 S-SS/PSBCH blocks

A UE determines a power Ps g (i) for an S-SS/PSBCH block transmission occasionin dot i on active SL BWP b of
carrier f as

Pssss (i) = min(Poax, Pos-ssp + 1010g10(2" - MRg®®) + as_ssp - PL) [dBm]
where
- Pewax iSdefined in [8-1, TS 38.101-1]
- Pys_ssg isavalue of di-PO-PSBCH if provided; else, Ps ssp(i) = Pcmax
- ag_gsg iIsavalue of di-Alpha-PSBCH, if provided; else, as_gsg = 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 a
DCI format 0_0 in serving cell ¢ when the UE is configured to monitor PDCCH for detection of DCI format
0 Oinservingcell ¢

- the RSresource is the one corresponding to the SS/PBCH block the UE uses to obtain MIB when the UE is
not configured to monitor PDCCH for detection of DCI format O_0 in serving cell ¢

M358 = 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 Ppgeoy (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:

Ppssc (i) = min (PCMAX:PMAX,CBR' min(Pessch p (i),PPSSCH,SL(i))) [dBm]

where
- Peyax isdefined in [8-1, TS 38.101-1]

- 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
- Pesscnn () = Pop + 1010go (2 - MESH (D)) + a, - PL,, [dBm]
- dse
- Ppsscrp(8) = min(Povax, 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 ¢, 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 ¢
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- 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 ¢

MESCH (1) isanumber of resource blocks for the PSSCH transmission occasion i and p isa SCS
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

- Ppssch,sp(i) = Pos +1010gso (2” ‘ MRPSSCH(O) + agy, - 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 isobtained 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

- MEUH (i) isanumber of resource blocks for PSCCH-PSSCH transmission occasion i and u isa SCS
configuration

The UE splits the power Ppgse (i) equally across the antenna ports on which the UE transmits the PSSCH with non-
Zero power.

A UE determines a power Ppsgcpp (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

P H; P H/:
MR " (O MR

Ppsschz (i) = 10 10910( MESSCH ;) ) + Ppsscu (i) [dBm]

where MESCH (i) is anumber 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 Ppgccp (i) for aPSCCH transmission on aresource pool in PSCCH-PSSCH transmission
occasion i as

M}F{’}S}CCH(Q

Ppsceu(i) = 101logq, (m) + Ppsscu (i) [dBm]
where
- Ppgscu (i) isspecified in clause 16.2.1

- MECECM (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
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16.2.3 PSFCH

A UE with Ny, 7« psrcn Scheduled PSFCH transmissions, and capable of transmitting a maximum of Ny ax psrch
PSFCHSs, determines a number Ny pspcy Of Simultaneous PSFCH transmissions and a power Ppsecp (i) for a PSFCH
transmission k, 1 < k < Npy pspch. ON aresource pool in PSFCH transmission occasion i on active SL BWP b of
carrier f as

- if dI-PO-PSFCH is provided,
Pesrctone = Popsrcn + 10 10g10(2") + apgpey - PL [dBM]
where
- Popspcy isavalue of di-PO-PSFCH
- appscy 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 Nyenrxpsrct < Nmaxpsrch

- if Poscrone + 1010910 (Nsen xpsecn) < Pomax, Where Peyax is determined for Nygp, rx psecn PSFCH
transmissions according to [8-1, TS 38.101-1]

- NrgpsrcH = Nsch,rx,psrcn @00 Pesech () = Ppsech,one [ABM]
- dse

- UE autonomously determines N, pspcy PSFCH transmissions with ascending order of corresponding
priority field values as described in clause 16.2.4.2 such that Ny pspen = max(1, Xio, M;) where M;
isanumber of PSFCHs with priority value i and K is defined as

- the |argeSt value SaIISfyI ng PPSFCH,one + 1010g10(max(1, Zg{zl Ml)) < PCMAX where PCMAX is
determined according to [8-1, TS 38.101-1] for transmission of all PSFCHs assigned with priority
vauesl, 2, ..., K, if any

- zero, otherwise

and

Pesrenk(i) = min(Pemax — 1010910 (Nrx psecr), PesrcH,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, psrcy PSFCH transmissions with ascending order of corresponding
priority field values as described in clause 16.2.4.2

- if Pesrcrione + 1000910 (Nmaxpsrcn) < Pomax, Where Poyay is determined for the Npay pspen PSFCH
transmissions according to [8-1, TS 38.101-1]

Nrxpsect = Nmaxpsrcn @ Ppseen k(1) = Ppsech,one [ABMY

- dse
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- the UE autonomously selects Nty pspcy PSFCH transmissions in ascending order of corresponding
priority field values as described in clause 16.2.4.2 such that Ny, pspcy = max(1, Y5, M;) where
M; isanumber of PSFCHs with priority value i and K is defined as

- thelargest value satisfying Ppsrch one + 10l0g10(max(1, ¥1o ) M;)) < Poyax Where Poyay is
determined according to [8-1, TS 38.101-1] for transmission of all PSFCHs assigned with
priority values 1, 2, ..., K, if any

- zero, otherwise

and

Posrcrx (D) = min(Poyax — 1010910 (N 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 such that Npy pspcy = 1 and where Peyax is determined for
the Nty psrcn 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

- 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
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 of the two transmissions, where T < 4 and is based on UE implementation,

the UE transmits only the channels/signal's of the radio access technology with the highest priority as determined by the
SCI formats scheduling the transmissions or, in case of a S-SS/PSBCH block or a sidelink synchronization signal using
E-UTRA radio access, asindicated by higher layers or, in case of PSFCH, egual to the priority of the corresponding
PSSCH.

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 areception of the
second channel/signal or transmission of the second channels/signal's, 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 transmission or reception, where T < 4 and is based on UE implementation,

the UE transmits or receives the channel §/signal s of the radio access technology with the highest priority as determined
by the SCI formats scheduling the transmissions or, in case of a S-SS/PSBCH block or a sidelink synchronization signal
using E-UTRA radio access, as indicated by higher layers or, in case of PSFCH, equal to the priority of the
corresponding PSSCH.
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16.2.4.2 Simultaneous PSFCH transmission/reception
If aUE
- would transmit Ny, 1« psrcn PSFCHs and receive Ny, ry psrcn PSFCHS, and
- transmissions of the Ny, tx psrcn PSFCHs would overlap in time with receptions of the Ny, rx psrcn PSFCHS

the UE transmits or receives only a set of PSFCHSs corresponding to the smallest priority field value, as determined by a
first set of SCI format 1-A and a second set of SCI format 1-A [5, TS 38.212] that are respectively associated with the
Ngcntx,psrcn PSFCHs and the Ny ry psrcy PSFCHS.

If aUE would transmit Ngcp 1« psrcn PSFCHs in @ PSFCH transmission occasion, the UE transmits Ny pspcy PSFCHS
corresponding to the smallest Ny psrcy Priority field values indicated in all SCI formats 1-A associated with the
PSFCH transmission occasion.
16.2.4.3 Simultaneous SL and UL transmissions/receptions
If aUE

- would simultaneously transmit on the UL and on the SL in a carrier 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 acarrier, 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 Peyax
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 Poyax

- 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 a dot have a same priority value as the smallest priority value among PSSCH receptions with
corresponding HARQ-ACK information provided by the PSFCH transmissions in the slot.
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PSFCH receptionsin a slot have a same priority value as the smallest priority value among PSSCH transmissions with
corresponding HARQ-ACK information provided by the PSFCH receptions in the dlot.

A priority of S-SS/PSBCH block transmission or reception is provided by sI-SSB-PriorityNR.

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 transmission is for a PUSCH or for a PUCCH 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

- dse
- the UL transmission has higher priority than the SL transmission or reception
- dse

- 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 aRAR 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 aPUCCH 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 value 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 transmissions if 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 overlaps in 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 overlapsin 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.

ETSI



3GPP TS 38.213 version 16.8.0 Release 16 172 ETSI TS 138 213 V16.8.0 (2022-01)

16.3  UE procedure for reporting HARQ-ACK on sidelink

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 expectsthat aslot t';L (0 < k < T'p,4,) has aPSFCH transmission occasion resource if k mod NEgGH = 0,
where t's¢ isdefined in [6, TS 38.214], and T”,,,,, iSanumber of slots that belong to the resource pool within 10240
msec according to [6, TS 38.214], and N{&iSH is provided by sl-PSFCH-Period.

A UE may beindicated by higher layersto not transmit a PSFCH in response to a PSSCH reception [11, TS 38.321].

If a UE receives a PSSCH in aresource pool and the HARQ feedback enabled/disabled indicator field in an associated
SCI format 2-A or a SCI format 2-B hasvalue 1 [5, TS 38.212], the UE provides the HARQ-ACK informationin 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 dots, provided by 9-MinTimeGapPS-CH, of the resource pool after alast dot of the PSSCH
reception.

A UE is provided by sl-PSFCH-RB-Set a set of Mpgpse. PRBsin aresource pool for PSFCH transmission in a PRB of
the resource pool. For a number of Ny, sub-channels for the resource pool, provided by sl-NumSubchannel, and a
number of PSSCH dlots associated with a PSFCH slot that is less than or equal to Niset, the UE allocates the

[(i+ ) NESEGH) - MESESH o (i + 1+ ) - NESEGT) - MESESH  — 1] PRBs from the MERECH, PRBsto slot i among the
PSSCH slots associated with the PSFCH slot and sub-channel j, where MG, = MESEE, /(Naien - Nieit), 0 <

i < NESESH, 0 < j < Ngpen, and the allocation starts in an ascending order of i and continues in an ascending order of j.
The UE expects that MFzEce, isamultiple of Ny, - Nidech -

The second OFDM symbol I' of PSFCH transmission in aslot isdefined as !’ = sl-StartSymbol +
sl-LengthSymbols — 2 .

A UE determines a number of PSFCH resources available for multiplexing HARQ-ACK information in a PSFCH
transmission as RpRats = Nisec + Misnen stot * NEGT < where NESFEH is anumber of cyclic shift pairs for the resource
pool provided by sl-NumMuxCS-Pair and, based on an indication by d-PSFCH-CandidateResourceType,

- if 9-PSFCH-CandidateResourceType is configured as startSubCH, NFSECH = 1 and the MEgn . PRBs are

associated with the starting sub-channel of the corresponding PSSCH;

- if d-PSFCH-CandidateResourceType is configured as allocSUbCH, NESECH = NFASCH and the NE o - MEdr o
PRBs are associated with the NZ55$H sub-channels of the corresponding PSSCH.

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 in response to a PSSCH reception as

(Pp + Myp)modRERECEs where P isaphysical layer source 1D provided by SCI format 2-A or 2-B [5, TS 38.212]
scheduling the PSSCH reception, and M, istheidentity of the UE receiving the PSSCH as indicated by higher layers
if the UE detects a SCI format 2-A with Cast type indicator field value of "01"; otherwise, M,y is zero.

A UE determines amg value, for computing avalue of cyclic shift a [4, TS 38.211], from a cyclic shift pair index
corresponding to a PSFCH resource index and from NEST°H using Table 16.3-1.

Table 16.3-1: Set of cyclic shift pairs

my
NPSFCH - - - - - - - - - - - -
cs Cyclic Shift | Cyclic Shift | Cyclic Shift | Cyclic Shift | Cyclic Shift | Cyclic Shift
Pair Index O | Pair Index 1 | Pair Index 2 | Pair Index 3 | Pair Index 4 | Pair Index 5
1 0 - - - - -
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2 0 3 - - - -
3 0 2 4 - . -
6 0 1 2 3 4 5

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 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". The UE applies one cyclic shift froma
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

16.3.1 UE procedure for receiving HARQ-ACK on sidelink

A UE that transmitted a PSSCH scheduled by a SCI format 2-A or a SCI format 2-B that indicates HARQ feedback
enabled, attempts to receive associated PSFCHs according to PSFCH resources determined as described in clause 16.3.
The UE determines an ACK or aNACK value 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 a NACK 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"

- 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 value 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 UEsthat the UE expects to receive corresponding PSSCHSs as described in clause 16.3;
otherwise, report aNACK value to higher layers

- if the UE receives a PSFCH 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

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 a slot, and a number of PRBsin the resource pooal, by d-

ETSI



3GPP TS 38.213 version 16.8.0 Release 16 174 ETSI TS 138 213 V16.8.0 (2022-01)

FregResourcePSCCH, starting from the lowest PRB of the lowest sub-channel of the associated PSSCH, for a PSCCH
transmission with a SCI format 1-A.

A UE that transmits a PSCCH with SCI format 1-A using sidelink resource allocation mode 2 [6, TS 38.214] sets

- "Resource reservation period" as an index in sl-ResourceReservePeriodList corresponding to a reservation
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(Ngejected: Nmax reserve )» WNE€ Negjecreq iS@number of resourcesin the set {R, } with slot indices
Vi 0 <j < Ngelected — 1, SUChthat y) <y, < - <y, -1 < ¥, + 31, ad Ny reserve IS Provided by
sl-MaxNumPer Reserve

selecte

- each resource, from the set of {Ry} resources, corresponds to Lg,,cy 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 allocation 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 is the 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, asfollows:

- 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 a PUCCH 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
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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

- 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,p of the UEs that the UE expects to 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 value 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 generatesa 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 a resource 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 a single 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

- xand T, aredefined in [4, TS 38.211]

- u=min(ug;, pyL), 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
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Table 16.5-1: Values of N

1] N
0 14
1 18
2 28
3 32

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 sl-PSFCH-ToPUCCH
'10' '010' 3" value provided by sl-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' 7" 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 atransmission scheduled by a DCI format or for a SL
configured grant type 2, or by d-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 a value of the PUCCH resource indicator field is zero and a value 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 hot 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 aPUCCH 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, TS 38.212] 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.
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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.

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 s-PSFCH-ToPUCCH and d-PSFCH-ToPUCCH-
CG-Typel, the d-PSFCH-ToPUCCH-CG-Typel is one of 9-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
proceduresin 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 a SL 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 s-PSFCH-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 BWP-Sdelink and BWP-Uplink for the SL BWP and the active UL BWP, respectively

¢) aconfigured sidelink resource pool bitmap

d) avalue of aperiod of PSFCH transmission occasion resources for a sidelink resource pool provided by a
respective sl-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, =0

Set ¢(K;) to the cardinality of set K;
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Set k = 0 —index of slot timing values K, ., in descending order of the slot timing values, in set K;
Set Npgrcy 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(2rui=#st, 1)) = 0
Set ng = 0 —index of a SL slot within an UL slot
while ng < max(2#sLHuL, 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

Ng =ns+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 < Npgpcy
My =My U j;
j=j+1
ng=ng+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
03, 0fCK, ..., 5%tk _, HARQ-ACK information bits, for atotal number of 0,cx HARQ-ACK information bits as
0/ = HARQ-ACK information hit 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 a NACK value for the occasion for candidate PSSCH transmission
with corresponding PSFCH reception occasion.

If Opck < 11, the UE determines a number of HARQ-ACK information bits nyarq-acx for obtaining a transmission
power for a PUCCH, as described in clause 7.2.1, aSnyargack = Lmcs Nieceived where Njeeeved js a number of
HARQ-ACK information bits determined for corresponding PSSCH transmissions with corresponding PSFCH
reception occasions in PSFCH reception occasion m.
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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

- ifthe UE

- has not received any PDCCH with a DCI 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
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 d-PSFCH-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;

- elsethe 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 SAl 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
in clause 16.5.1.

A UE setsto NACK vaue in 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'5ss, = 1. The UE does not generate a HARQ-ACK codebook for multiplexing in the PUSCH
transmission when Vg, = 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.

V2t = 0 if the SAI field in the DCI format is set to '0'; otherwise, Vitg,, = 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 a same PUCCH in slot n based on

- PSFCH-to-HARQ_feedback timing indicator field values, or avalue provided by sl-PSFCH-ToPUCCH-CG-
Typel, for PUCCH transmission with HARQ-ACK information in slot n in response to PSFCH receptions;

- timegap field in DCI format 3_0 for scheduling PSSCH transmissions with associated PSFCH receptions;
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- time resource assignment in DCI format 3_0 for scheduling PSSCH transmissions with associated PSFCH
receptions;
- aconfigured sidelink resource pool bitmap;
- avalue of aperiod of PSFCH resources provided in 9-PSFCH-Period;
- avalue of aminimum time gap provided in d-MinTimeGapPSFCH.

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 atotal 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, where0 < m < M.

Denote by VCSESAI_m 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 6¢°%, 67, ..., 54¢x _,, for
atotal number of O,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 thereisa PSFCH reception occasion associated with a PSSCH transmission scheduled by a DCI format
in PDCCH monitoring occasion m

if Velsaim < Viemp
j=ij+1

end if

Viemp = Vétsaim

GAcK , =HARQ-ACK information bit

4j+VEEs pm—
Ve =V, U {4) + Vilopm — 1)
end if
end if
m=m+ 1,

end while
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OACK — 4_ ] + Vtemp
/K = NACK forany i €{0,1,...,04K — 1]\,

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

OACK — OACK + 1’

044tk _,= HARQ-ACK information bit associated with the PSFCH reception occasions associated with the
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, asdescribed in clause 7.2.1, as

M-1
NHARQ-ACK = (Vs%xLl,mIast — Usa) mod 4 + Z Nreceived 4 N
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

- Uy, isatotal number of DCI format 3_0, scheduling PSSCH transmi ssions associated with PSFCH reception
occasions, that the UE detects within the M PDCCH monitoring occasions. Us,; = 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

- Npeceived js 3 number of DCI format 3_0 scheduling PSSCH transmissions with associated PSFCH reception
occasions that the UE detects in PDCCH monitoring occasion m

- N 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 Numl_aer of PDCCH mon_itoring oc_casions in Whiph DCI format 3_0_
MSB. LSB Vi o 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 —1)mod4+1=14

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

- iftheUE

- 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
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- 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 multiplexes in the PUSCH transmission the HARQ-ACK codebook as described in
clause 16.5.2.1.

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, = Via; Where Vgy; 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

SAI o Numper of PDCCH mon.itoﬁng oc.casions in whiph DCI format 3_0.
MSB. LSB Visar scheduling PSSCH transmissions with corresponding PSFCH reception
’ occasions is present, denoted as 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 isavalue indicated 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.

ETSI



3GPP TS 38.213 version 16.8.0 Release 16 183 ETSI TS 138 213 V16.8.0 (2022-01)

Annex A:
Change history

Date TSG # TSG Doc. |CR Rev |Cat |Subject/Comment New
version
2017-04 |RAN1#89 |R1-1707925 Draft skeleton 0.0.0
2017-07 [AH_NR2 |R1-1712015 Inclusion of agreements until RAN1-adhoc#2 0.0.1
2017-08 |RAN1#90 |[R1-1714553 Inclusion of agreements on CA and first revisions 0.0.2
2017-08 |RAN1#90 |[R1-1714565 Second revisions 0.0.3
2017-08 [RAN1#90 |R1-1714658 Endorsed by RAN1#90 0.1.0
2017-08 [RAN1#90 |R1-1715323 Inclusion of agreements from RAN1#90 0.1.1
2017-08 |RAN1#90 |[R1-1715330 Updated editor's version 0.1.2
2017-09 [RAN#T77 RP-171995 For information to plenary 1.0.0
2017-09 SRANl#QObI R1-1716929 Inclusion of agreements until RAN1-adhoc#3 1.0.1
2017-10 [RAN1#90bi|R1-1719107 Endorsed by RAN1#90bis 1.1.0
S
2017-11 SRANl#QObl R1-1719226 Inclusion of agreements from RAN1#90bis 111
2017-11 SRAN1#90b| R1-1719243 Updated editor's version 1.1.2
2017-11 |RAN1#90bi[R1-1721050 Endorsed by RAN1#90bis 1.2.0
S
2017-12 [RAN1#91 |R1-1721343 Inclusion of agreements from RAN1#91 1.3.0
2017-12 |RAN#78 RP-172703 Endorsed version for approval by plenary 2.0.0
2017-12 |[RAN#78 Approved by plenary — Rel-15 spec under change control 15.0.0
2018-03 [RAN#79 RP-180200 |0001 - |F CR capturing the NR ad-hoc 1801 and RAN1#92 meeting 15.1.0
agreements

2018-06 [RAN#80 RP-181172 |0002 | 1 |F CR to TS 38.213 capturing the RAN1#92bis and RAN1#93 15.2.0
meeting agreements and aligning higher layer parameters with

TS 38.331
2018-09 |[RAN#81 RP-181789 |0005 - |F CR to 38.213 capturing the RAN1#94 meeting agreements 15.3.0
2018-09 [RAN#81 RP-182071 |0006 - |C Support maximum 8 SS/PBCH blocks for unpaired spectrum |15.3.0
beyond 2.4GHz
2018-12 [RAN#82 RP-182523 [0007 | 2 |F Combined CR of all essential corrections to 38.213 from 15.4.0
RAN1#94bis and RAN1#95.
2019-03 |RAN#83 RP-190449 |0009 - |F Correction on search space sharing 15.5.0
2019-03 [RAN#83 RP-190449 |0010 - |F CR on timing adjustment indicator 15.5.0
2019-03 |RAN#83 RP-190449 |0011 - |F CR on SSB-RO association 15.5.0
2019-03 [RAN#83 RP-190449 |0012 - |F Removal of CSI request in RAR grant 15.5.0
2019-03 |RAN#83 RP-190449 |0014 F Correction to dynamic HARQ codebook in NR 15.5.0
2019-03 [RAN#83 RP-190449 |0015 1 |[F Correcttions to TS 38.213 15.5.0
2019-03 [RAN#83 RP-190449 |0016 - |F CR on simultaneous active BWP switching across carriers 15.5.0
2019-03 |RAN#83 RP-190449 |0017 - |F CR on using CORESET#0 in dedicated DL BWP 15.5.0
2019-03 [RAN#83 RP-190449 |0018 - |F PDCCH monitoring for overlapped CORESETSs 15.5.0
2019-03 |RAN#83 RP-190449 |0019 - |F Correction to last PUCCH resource set configuration 15.5.0
2019-03 [RAN#83 RP-190449 |0020 - |F Correction on physical downlink control channel 15.5.0
2019-03 [RAN#83 RP-190449 |0021 - |F Correction to align RAN1 and RAN4 specifications for EN-DC |15.5.0
power control
2019-03 |RAN#83 RP-190449 |0022 - |F (Late Drop) CR on PRACH Power Ramping Counter 15.5.0
Suspension
2019-03 [RAN#83 RP-190449 |0023 - |F QCL properties of Msg4 in CONNECTED Mode 15.5.0
2019-03 |RAN#83 RP-190449 (0024 | - |F CR on latency after gNB response for recovery 15.5.0
2019-03 [RAN#83 RP-190449 |0025 - |F Clarifying DL reception and UL transmision related restrictions |15.5.0
2019-03 |RAN#83 RP-190449 |0026 - |F CR on QCL assumption for receiving PDCCH for RAR 15.5.0
2019-03 |RAN#83 RP-190449 |0027 - |F CR on identifying transmission occasion after resetting a PC 15.5.0
closed loop
2019-03 |RAN#83 RP-190449 |0028 - |F CR on overlapping of CS| and PUSCH with slot aggregation 15.5.0
2019-03 [RAN#83 RP-190449 |0029 - |F Correction on PHR timing for configured grant 15.5.0
2019-03 |RAN#83 RP-190449 |0030 - |F CR on QCL assumption for a CORESET other than 0 15.5.0
2019-03 [RAN#83 RP-190449 |0031 - |F Correction on DCI format 23 for SUL cell in TS 38.213 15.5.0
2019-03 |RAN#83 RP-190449 |0032 - |F Correction to support FR1 extension to 7.125 GHz 15.5.0
2019-03 |RAN#83 RP-190449 |0033 - |F CR on UE procedure for reporting multiple UCI types 15.5.0
2019-03 |RAN#83 RP-190449 (0034 | - |F Correction to transmission timing adjustments in TS 38.213 15.5.0
2019-06 [RAN#84 RP-191283 |0035 F CR on missing case for DCI format 1_1 with CS-RNTI 15.6.0
2019-06 |[RAN#84 RP-191283 (0036 | 1 |F CR on the determination of the minimum number of PRBs for |15.6.0

PUCCH transmission
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2019-06 [RAN#84 RP-191283 |0037 - |F CR on PHR determination and transmission 15.6.0
2019-06 |[RAN#84 RP-191283 (0038 | 4 |F Corrections to 38.213 including alignment of terminology 15.6.0
across specifications
2019-06 |[RAN#84 RP-191283 (0039 | 1 |F Correction on PUSCH power scaling 15.6.0
2019-06 |[|RAN#84 RP-191283 |0040 - |F Correction on PDCCH monitoring 15.6.0
2019-06 [RAN#84 RP-191283 |0041 - |F Correction on CRC assumption for multi-CSI resource 15.6.0
selection and CSI report(s) selection
2019-06 |[RAN#84 RP-191283 |0042 - |F Clarification of reference to PDSCH processing capability 1 in |15.6.0
TS 38.213
2019-06 [RAN#84 RP-191283 |0043 - |F Correction on the timeline condition of multiplexing two HARQ- |15.6.0
ACK information in one slot
2019-06 |RAN#84 RP-191283 [0044 | - |F CR on Type-1 HARQ-ACK codebook determination 15.6.0
2019-06 |[|RAN#84 RP-191283 |0045 - |F Correction on PHR in EN-DC 15.6.0
2019-06 |RAN#84 RP-191283 |0046 - |F CR to 38.213 on deactivation timing for ScellDeactivationTimer |15.6.0
2019-06 |RAN#84 RP-191283 |0047 - |F CR on single transmission timing for synchronous intra-band |15.6.0
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 section 10.1 in 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 section 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
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