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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.

- Case A - 15 kHz SCS: the first symbols of the candidate SS/PBCH blocks have indexes of {2,8}+14-n.

- For operation without shared spectrum channel access:

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

- For operation with shared spectrum channel access, as described in [15, TS 37.213],n = 0,1, 2, 3, 4.

- CaseB - 30 kHz SCS: the first symbols of the candidate SS/PBCH blocks have indexes {4, 8,16, 20}+ 28-n . For

carrier frequencies smaller than or equal to 3 GHz, n=0. For carrier frequencies within FR1 larger than 3 GHz,
n=01.

- Case C - 30 kHz SCS: the first symbols of the candidate SSPBCH blocks have indexes {2,8}+14-n .

- For operation without shared spectrum channel access
- For paired spectrum operation

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

- For unpaired spectrum operation

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

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

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

- CaseE - 240 kHz SCS: the first symbols of the candidate SS/PBCH blocks have indexes
{8,12,16, 20, 32, 36, 40, 44}+56 - n . For carrier 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 a 30 kHz SS/PBCH block SCSisindicated by sshSubcarrier Spacing,
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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
of the timing advance offset for the serving cell as described in [10, TS 38.133].

N TA, offset

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 avaue N, . 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 a serving cell in MCG in the band. The UE is
not expected to transmit a PUSCH/SRS/PUCCH in one CG when the PUSCH/SRS/PUCCH is overlapping in time,
even partialy, with random access preamble transmitted in another CG.

For 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 preambleis
described in [4, TS 38.211].

A timing advance command [11, TS 38.321] in case of random access response or in an absolute timing advance
command MAC CE, T, ,foraTAG indicates N;, valuesby index valuesof T, =0, 1, 2, ..., 3846, where an amount
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of the time aignment for the TAG with SCS of 2“ .15 kHzis N, =T, -16-64/2“ . N,, isdefinedin[4, TS 38.211]

and isrelative to the SCS of the first uplink transmission from the UE after the reception of the random access response
or 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,

vaue, Ny, ,4,tothenew N, value N by index valuesof T, =0, 1, 2,..., 63, where for aSCS of 2# .15 kHz,

Nra new = Nra o + (TA _31)'16' 647/ 24,

TA_new ?

If a UE has multiple active UL BWPs, as described in clause 12, in a same TAG, including UL BWPsin two UL
carriers of a serving cell, the timing advance command value is relative to the largest SCS of the multiple active UL
BWPs. The applicable N, ,,, Vvauefor an UL BWP with lower SCS may be rounded to align with the timing

advance granularity for the UL BWP with the lower SCS while satisfying the timing advance accuracy requirementsin
[10, TS 38.133].

Adjustment of an N, valueby apositive 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 atransmission other than a PUSCH scheduled by a
RAR UL grant or afallbackRAR UL grant as described in clause 8.2A or 8.3, or aPUCCH with HARQ-ACK
information in response to a successRAR as described in clause 8.2A, the corresponding adjustment of the uplink

transmission timing applies from the beginning of uplink slot N+k+1 where

k= (Nj‘jf”m"’ : (NT,1+ N5+ Nia e +0.5)/TSf -‘ , N1, isatimedurationin msec of N, symbols corresponding to a
PDSCH processing time for UE processing capability 1 when additional PDSCH DM-RSis 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 hits,

N3wrames s the number of slots per subframe, and T, is the subframe duration of 1 msec. N, and N, are determined

with respect to the minimum SCS among the SCSs of al configured UL BWPs for al 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 N3« are determined with respect to the minimum SCS among the SCSs of all configured UL
BWPsfor all uplink carriersinthe TAG. N, ., isdetermined with respect to the minimum SCS among the SCSs of all

configured UL BWPsfor al uplink carriersin the 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 dot is reduced in duration relative to the former dot.

4.3 Timing for secondary cell activation / deactivation

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

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

- theactions related to CSI reporting on a serving cell that is activein slot N+Kk

- theactionsrelated to the sCellDeactivationTimer associated with the secondary cell [11, TS 38.321] that the UE
appliesinslot N+k
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- theactionsrelated to CSl reporting on aserving cell which is not activein slot N+ K that the UE appliesin the
earliest ot after N+Kk in which the serving cell is active.

Thevaueof K ism + 3 NS“PTameH | 1 where dot n+misadot indicated for PUCCH transmission with HARQ-ACK

slot

information for the PDSCH reception as described in clause 9.2.3 and Njfft’"ame"” isanumber of slots per subframe for

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

With reference to slots for PUCCH transmissions, if a UE receives a deactivation command [11, TS 38.321] for a
secondary cell ending in 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 dlot n+Kk .

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

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

5 Radio link monitoring

The downlink radio link quality of the primary cell is monitored by a UE for the purpose of indicating out-of-sync/in-
sync status to higher layers. The UE is not required to monitor the downlink radio link quality in DL BWPs other than
the active DL BWP, as described in clause 12, on the primary cell. If the active DL BWP istheinitial DL BWP and for
SS/PBCH block and CORESET multiplexing pattern 2 or 3, as described in clause 13, the UE is expected to perform
RLM using the associated SS/PBCH block when the associated SS/PBCH block index is provided by
RadioLinkMonitoringRS.

If the UE is configured with a SCG, as described in [12, TS 38.331], and the parameter rIf-TimersAndConstants is
provided by higher layers and is not set to release, the downlink radio link quality of the PSCell of the SCG is
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 ;_g, 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 uses for radio link monitoring the RS provided for the active TCI state for PDCCH reception if the active
TCI state for PDCCH reception includes only one RS

- if theactive TCI state for PDCCH reception includes two RS, the UE expects that one RS is configured with 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"

- the UE is not 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 receptions in 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 py @d Ny, for different valuesof L aregivenin Table5-1.

Table 5-1: N,z g v 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 BWPs for a serving cell, the UE performs RLM using the RS(s) corresponding
to resource indexes provided by RadioLinkMonitoringRSfor the active DL BWP or, if RadioLinkMonitoringRSis not
provided for the active DL BWP, using the RS(s) provided for the active TCI state for PDCCH receptionsin
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
riminSyncOutOfSyncThreshold. The UE determines the indication period as the maximum between the shortest
periodicity for radio link monitoring resources and the DRX period.

The physical layer in the UE indicates, in frames where the radio link quality is assessed, out-of-sync to higher layers
when the radio link quality is worse than the threshold Qo for all resources in 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 @, 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 determinesthe 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 RS indexesina TCl
state, the set @, includes RS indexes configured with gcl-Type set to ‘typeD’ for the corresponding TCI states. The UE

expectsthe set g, toinclude up to two RSindexes. The UE expectssingle 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 g, of resource configurations against
the threshold Qout,Lr. FOr the set @, , the UE assesses the radio link quality only according to SS/PBCH blocks on the
PCell or the PSCéll 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 Qin r threshold to the L1-
RSRP measurement obtained from a SS/PBCH block. The UE applies the Qin, r threshold to the L 1-RSRP measurement
obtained for a CSI-RS resource after scaling a respective CSI-RS reception power with a value provided by

power Control OffsetSS,

In non-DRX mode operation, the physical layer in the UE provides an indication to higher layers when the radio link
quality for all corresponding resource configurationsin the set g, that the UE uses to assesstheradio link quality is
worse than the threshold Qou,Lr. The physical layer informs the higher layers when the radio link quality isworse 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 configurationsinthe set @, 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 L1-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 thereis at least one periodic
CSI-RS configuration index or SS/PBCH block index fromthe set @; with corresponding L 1-RSRP measurements that
islarger than or equal to the Qinr threshold, and provides the periodic CSI-RS configuration indexes and/or SSYPBCH
block indexesfromthe set @; and the corresponding L 1-RSRP measurements that are larger than or equal to the Qin,r
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
recoverySearchSpaceld, 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 .y 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

guasi-collocation parameters as the ones associated with index O, until the UE receives by higher layers an

activation for a TCI state or any of the parameters tci-SatesPDCCH-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 receives a MAC CE activation command for a TCI state or tci-
SatesPDCCH-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 recoverySearchSpaceld for which the UE detects a DCI format with CRC scrambled by C-RNTI or MCS-
C-RNTI and until the UE receives an activation command for PUCCH-SpatialRelationinfo [11, TS 38.321] or is
provided PUCCH-Spatial Relationlnfo for PUCCH resource(s), the UE transmits a PUCCH on a same cell asthe
PRACH transmission using

- asame gpatid filter as for the last PRACH transmission
- apower determined as described in clause 7.2.1 with g, =0, 0y =0, , and 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 g, for
PDCCH monitoring in a CORESET with index 0.

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

- asame gpatid filter as for the last PRACH transmission

- apower determined as described in clause 7.2.1 with 0, =0, Q4 =0, , and | =0, where gnew is the SSYPBCH
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 afirst PUSCH MAC CE providing
index(es) for at least corresponding SCell(s) with radio link quality worse than Qo Lr, indication(s) of presence of qew
for corresponding SCell(s), and index(es) g, 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 all CORESETSs on the SCell(s) indicated by the MAC CE using the same antenna port quasi
co-location parameters as the ones associated with the corresponding index(es) gy, if any

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

- the UE is provided PUCCH-Spatial Relationlnfo for the PUCCH,
- aPUCCH with the LRR was 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
pathl oss estimation for PUSCH/PUCCH/SRS transmissions that is larger than 4, the UE maintains for pathl oss
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 ¢ 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 slot, and a number of consecutive symbols L. For a PUSCH
transmission with repetition Type B, a PUSCH transmission occasion is anominal repetition [6, TS 38.214].
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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,0y,1) in PUSCH transmission occasion | as

PCMAX,f,c(i)v

Po_puschip, 1e(1) +10l0g,,(2“ -M Fsg,sb(,:;-,'c(i)) + 01 (1) PLy ¢ o(Ag) + Agpp (1) + Fy g o0 )}
[dBm]

Pruschp, f,c(iv j,0q.1)=mi n{

where,

- Pouaxi (i) isthe UE configured maximum output power defined in [8-1, TS 38.101-1], [8-2, TS 38.101-2] and
[8-3, TS38.101-3] for carrier f of servingcell C in PUSCH transmission occasion i .

- R puscry1.c(1) isaparameter composed of the sum of acomponent Py, yowminaL puscrise(]) and acomponent
PO_UE_PUSChb,f,C(j) where ] € {0, 1, ey 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 I:)o UE_PUSCH b, f ¢ (O) =0 and PO_NOMINAL_PUSCH, fc 0) = PO_PRE + APREAMBLE_Msg3

where Py pr is provided by preambleReceivedTargetPower [11, TS 38.321] and AprpampLe msgs 1S
provided by msg3-DeltaPreamble, or APREAMBLE_ Msg = 0 dB if msy3-DeltaPreamble is not provided, for
carrier 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 aPUSCH transmission for Type-2 random access
procedure as described in clause 8.1A,

J =0, Po_ue_puscH,b,r,c(0) = 0, and Po nominaL_pusch,f,c(0) = Po pre + Amsga pusch:

where Py pgg IS provided by msgA-preambleReceivedTargetPower, or by preambleReceivedTar getPower if
msgA-preambleReceivedTargetPower is not provided and 4544 pyscw IS provided by msgA-DeltaPreamble,
Of Aysga puscn = ApreampLe_msgsz AB if msgA-DeltaPreamble is not provided, for carrier f of serving cell ¢

- For aPUSCH (re)transmission configured by ConfiguredGrantConfig, j =1, Py yowmmaL pusch ¢ is

provided by p0-NominalWithoutGrant, or R nominasuschr D = P nominasuscrr ¢ (0) if po-
NominalWithoutGrant is not provided, and Py, ¢ pysci . 1.c (1) iSprovided by pO obtained from p0-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 servingcell C

- For jef2,..,3-1=S;,a P, yomnaL puscrr () value applicableforal je S, isprovided by po-
NominalWithGrant, or Ry yominaL pusch.f.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 ¢ (]) 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 is provided by SRI-PUSCH-PowerControl more than one val ues of pO-PUSCH-AlphaSetld and
if aDCI format scheduling the PUSCH transmission includes an SR field, the UE obtains a mapping
from sri-PUSCH-Power Controlld in SRI-PUSCH-Power Control between a set of values for the SRI field
inthe DCI format [5, TS 38.212] and a set of indexes provided by p0-PUSCH-AlphaSetid that map to a
set of PO-PUSCH-AlphaSet values and determines the value of Py ¢ pysoy 1.1 ¢ (j) from the pO-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 e pysch b.1.c(J) 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 determinesavalue of Py e pysch .1 c(J) from

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

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

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

- €else, the UE determines Py . pysoy .1 (J) fromthe 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_puscn @d MsgA-Alpha s provided, a;, ¢ .(0) isthe value
of msgA-Alpha

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

- dse ;. (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 je S;,asetof o, .(j) vauesareprovided 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 serving cell 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 pO-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 pO-AlphaSets

PUSCH
M

rB.b. f ¢ (1) 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 M isaSCS
configuration defined in [4, TS 38.211]

P

L, 1 c(0y) 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, ; .(dy) using a RS resource from

an SS/PBCH block with same SS/PBCH block index as the one the UE uses to obtain MIB

If the UE is configured with a number of RS resource indexes, up to the value of maxNrofPUSCH-
PathlossReferenceRSs, and a respective set of RS configurations for the number of RS resource indexes by
PUSCH-Pathl ossReferenceRS, the set of RS resource indexes can include one or both of a set of SS/PBCH
block indexes, each provided by ssh-Index when avalue of a corresponding pusch-Pathl ossReferenceRS-1d
maps to a SS/PBCH block index, and a set of CSI-RS resource indexes, each provided by csi-RSIndex when
avalue of a corresponding pusch-PathlossReferenceRS-1d maps to a CSI-RS resource index. The UE
identifies a RS resource index g, in the set of RS resource indexes to correspond either to a SSYPBCH block
index or to a CSI-RS resource index as provided by pusch-PathlossReferenceRS-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-
Power Control 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 a serving cell indicated by a value of pathlossReferencelLinking

- 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, asfor 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
equal to zero where the RS resource is either on serving cell ¢ or, if provided, on aserving cell indicated by a
value of pathlossReferenceLinking

- If
- the PUSCH transmission is scheduled by DCI format 0_0 on serving cell c,
- the UEis not 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 qgcl-Type set to
‘typeD’ in the TCI state or the QCL assumption of a CORESET with the lowest index in the active DL BWP
of the serving cell ¢

- If
- 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 avaue 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-

Pathl ossReferenceRS-Id 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 SR 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 a serving cell indicated by avalue
of pathlossReferencelLinking

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

- For aPUSCH transmission scheduled by a DCI format that does not include an SRI field, or for a PUSCH
transmission configured by ConfiguredGrantConfig and activated, as described in clause 10.2, by a DCI

format that does not include an SR field, a RS resource index g, is determined from the PUSCH-
Pathl ossReferenceRS-1d mapped to sri-PUSCH-PowerControlld = 0

PL, ; .(04) = referenceSignalPower — higher layer filtered RSRP, where referenceSignal Power is provided by

higher layersand RSRP isdefined in [7, TS 38.215] for the reference serving cell and the higher layer filter
configuration provided by QuantityConfig is defined in [12, TS 38.331] for the reference serving cell

If the UE is not configured periodic CSI-RS reception, referenceS gnal Power is provided by ss-PBCH-
BlockPower. If the UE is configured periodic CSI-RS reception, referenceSignal Power is provided either by ss-
PBCH-BIlockPower or by power Control OffsetSS providing an offset of the CSI-RS transmission power relative
to the SS/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.

- ATFYbyf'C(i)=10Ioglo((28PREKS —1)-ﬁ;$§H) for Kg =125 and A, (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 g5, for active UL BWP b of each carrier

f and each serving cell C, are computed as below

c-1
- BPRE=)
r=0

PUSCH without UL-SCH data, where

K. /Ny for PUSCH with UL-SCH dataand BPRE = Q, - R/ 87" for CSl transmissionin a

- C isanumber of transmitted code blocks, K, isasizefor codeblock r,and N isanumber of

Ngmoor o (1)-1

resource elements determined as Nge = Migp 1o (i)- D N&. (0, 1), where NPT (i) isanumber
j=0

of symbols for PUSCH transmission occasion i on active UL BWP b of carrier f of serving cell C,

NE%aa(is J) isanumber of subcarriers excluding DM-RS subcarriers and phase-tracking RS samples [4,

TS 38.211] in PUSCH symbol j and assuming no segmentation for a nominal repetition in case the
PUSCH

PUSCH transmission is with repetition Type B, 0< j < Ny (i) ,and C , K, aredefinedin[5, TS
38.212]

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

offset

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

- Q, isthe modulation order and R isthe target code rate, as described in [6, TS 38.214], provided by the DCI
format scheduling the PUSCH transmission that includes CSI and does not include UL-SCH data
- For the PUSCH power control adjustment state f, , .(i,I) for active UL BWP b of carrier f of serving cell

C in PUSCH transmission occasion |

= Opyscn, 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

- le{o0,1} if the UE is configured with twoPUSCH-PC-AdjustmentStates and | =0 if the UE is not

configured with twoPUSCH-PC-AdjustmentStates or if the PUSCH transmission is scheduled by a RAR
UL grant as described in clause 8.3
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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-ClosedLoopl ndex and determines the | value that is mapped to the SRI field value

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

- If the UE obtains one TPC command from aDCI 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
for (i) = foroli=ig,)+ D Spysarp, (M) isthe PUSCH power control adjustment state | for active

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

- The Opyscnp 1 c Valuesaregivenin Table 7.1.1-1

¢(D, -1
=D Suscn, b1 o (M, 1) isasum of TPC command valuesinaset D; of TPC command values with
m=0

cardinality ¢(D,) that the UE receives between Ko, (i —i,) —1 symbols before PUSCH transmission
occasion i —i, and K pe (i) Symbols before PUSCH transmission occasion | 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 K,q, (i —i,) Symbols before PUSCH transmission occasion i —i, is earlier than

K pysey (i) Symbols before PUSCH transmission occasion |

- If aPUSCH transmission is scheduled by aDCI format, K, 4, (i) isanumber of symbolsfor active UL
BWP b of carrier f of servingcell C after alast symbol of acorresponding PDCCH reception and
before afirst symbol of the PUSCH transmission

- If aPUSCH transmission is configured by ConfiguredGrantConfig, K s, (i) isanumber of Kpjgoy 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 servingcell C

- If the UE has reached maximum power for active UL BWPD of carrier f of serving cell C at PUSCH

¢(D;)-1

transmission occasion i —i, and 'Z5PUSCHVb'f’C(m,|)20,then fo ()= "fy (i—igl)

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 —i, and ZdPUSCH'b'f'C(m,I)SO,then fo i) =1 (i=ig0)

m=0

- A UE resets accumulation of a PUSCH power control adjustment state | for active UL BWP b of carrier
f of servingcell Cto fy ¢ o(K1)=0k=01...,i

- If aconfiguration for acorresponding Py, ye puschp. ¢ (1) valueis provided by higher layers
- If aconfiguration for acorresponding ¢, ; .(j) vaueis provided by higher layers

where | isdetermined from the value of j as
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- 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, | isprovided by the value of powerControlLoopToUse

fo.1 (1) =Fuscr 1 o (4] 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

Opyscrip, 1 c AbsolutevauesaregiveninTable 7.1.1-1

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

fo.:c(0,1)=APR,

+0 where | =0 and

rampup b, f ,c msg2,b,f,c

O 2.1.c 1S@TPC command value indicated in a random 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,,(2 - M3 (0)

APrarmup,b,f,c = min max o' PCMAX,f,c -+ PO_PUSCH,b,f,c (0) + ab,f,c (o) : PLC ’ APranpupreqtmed,b, f.c
A0 10O+ 0gont
and AP, puprequesed b, £ ¢ 1S Provided by higher layers and corresponds to the total power ramp-up

reguested by higher layers from the first to the last random access preamble for carrier f 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
cel C,and A .(0) isthe power adjustment of first PUSCH transmission on active UL BWP b

of carrier f of servingcell C.

- If the UE transmits the PUSCH in PUSCH transmission occasion i on active UL BWP b of carrier f of
serving cell ¢ asdescribed in clause 8.1A, f, £(0,1) = APyqmpupp,f,c, Where

AP

[=0,and

1010g,6(2" - Mggp 1. ()
rampup,b, f ,.c = min max| O’ PCMAX,f,c -t F’OfPUSCH,b,f,(: (O) + ab,f Kol (O) : PLc (I) 1 Apranpupreqmed,b,f,c
+ A ()

and APy gmpuprequestea,n.f,c 1S Provided by higher layers and corresponds to the total power ramp-up
requested by higher layers, Mggsf . (i) is the bandwidth of the PUSCH resource assignment expressed in
number of resource blocks, and Arg , £ (i) isthe power adjustment of the PUSCH transmission in
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 Opygeyyp 1o VAlUBS OF Oy, ¢ o Values

TPC Command Field | Accumulated Opyscrip f.c OF Osrsp 1 c [AB] | Absolute dpyeeyp s OF Oepsp 1o [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 aUE 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 By cqp ¢ (i, 0g.1) in PUCCH

transmission occasion | as

PCMAX,f,c(i)v
Py ruccrn, .0 (G) 1010810 (2 - MEg e (1) + PLy ¢ o (Gg) + Ar puce(F )+ Arep ¢ o)+ Gy 1 0 (01
[dBm]

Pouccrip, 1 ¢ (1,0, 0y, 1) = mi n{

where

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

- Po pucchp t.c(G,) isaparameter composed of the sum of acomponent P, youa. puccr » Provided by po-
nominal, or Py yovmar puce =0 dBmif p0-nominal is not provided, for carrier f of primary cell C and, if
provided, acomponent P, ¢ mcqy (0,) Provided by p0-PUCCH-Value in PO-PUCCH for active UL BWP b of
carrier f of primary cell C, where 0<q, <Q, . Q, isasizeforasetof P,z mycey Values provided by
maxNrofPUCCH-PO-Per Set. The set of P, ¢ oy VaAUeSis provided by pO-Set. If pO-Set is not provided to

the UE, PO_UE_PUCCH (qu) =0, 0< q, < Qu
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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-Jpatial Relationlnfold values and a set of pO-PUCCH-Value values. If the
UE is provided more than one values for pucch-SpatialRelationInfold and the UE receives an activation
command [11, TS 38.321] indicating a value of pucch-Spatial Relationlnfold, the UE determines the pO-
PUCCH-Value value through the link to a corresponding pO-PUCCH-Id index. The UE applies the activation
command in the first slot that is after slot K+3- N2 \yhere k is the 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 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

PUCCH
M

re.b.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 primarycell C and ¢ isaSCS
configuration defined in [4, TS 38.211]

P

Ly ¢ c(dq) 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 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 SS/PBCH block with same

SS/PBCH block index as the one the UE uses to obtain MIB

If the UE is provided a number of RS resource indexes, the UE calculates PL, ; .(q,) using RSresource

withindex g4, where 0<q,; <Q,. Q, isasizefor aset of RS resources 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-Id 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-Pathl ossReferenceRS 1d in PUCCH-Pathl ossReferenceRS

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

k+3- Ngofame \where 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-Pathl ossReferenceRS-Id 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 pathl ossReferencelinking

If the UE

- isnot provided pathlossReferenceRSs, and

- isnot provided PUCCH-Spatial Relationl nfo, and

- isprovided enableDefaultBeamPL-ForPUCCH, and
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is not provided coresetPoolIndex value of 1 for any CORESET, or is provided coresetPoolIndex 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¢ e, (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.

Aqpp ¢ (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

Avep, ¢ (1) =10l Oglo[l\lpb#j +Ayq () where

symb (I )

Ngm " (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

NP = NS for PUCCH format 1

symb

Ayg (i) =0 for PUCCH format 0

Ayq (i) =10l0g,, (0, (i) for PUCCH format 1, where Qi) 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,

Agppt () = 1O|0910(K1 : (nHARQACK (1) +Ox (i) +Ocg ('))/ Nge (')) , where

K,=6

Nuaro-ack () isanumber of HARQ-ACK information bits that the UE determines as described in clause

9.1.2.10r 16.5.1.1 for Type-1 HARQ-ACK codebook and as described in clause 9.1.3.1 or 9.1.3.3 or
16.5.2.1 for Type-2 HARQ-ACK codebook. Nyaroack (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, Nyjapo.ack (1) =1 if the UE

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

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

Nge(i) isanumber of resource elements determined as Nee(i) =Mggp 7 (i) Noo () Nooooin, 1 (i) , where

N (i) isanumber of subcarriers per resource block excluding subcarriers used for DM-RS
transmission, and N5, 504 (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
carrier 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 bitslarger than 11, A, ¢ (i) =1OIoglO( 22 BPREO) —1) , Where

K,=24

BPRE(i) = (OACK (1) + Ogg (i) + Ocg (i) + Ocre (i))/NRE ()

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

O (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

Ng:(i) isanumber of resource elements that the UE determines as
Nee(i) = Mggﬁcfrjc(i)' NG®

scctrl
excluding subcarriers used for DM-RS transmission, and NZ2CG ¢ (i) is@number 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.

(i) Ngmaooin, 1 (), where NE&, (i) isanumber of subcarriers per resource block

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

and PUCCH transmission occasion |

Spucchip, 1 c(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, TS38.212], as described in clause 11.3

| 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-AdjustmentSates 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 Relationl nfold, the UE determines the val ue closedLoopl ndex that providesthe 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

¢(C)-1

- Oprc ) =04 (i=ig,1)+ Z(SPUCCHYb,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 Opyccrp, i ¢ Valuesaregivenin Table7.1.2-1
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¢(C -1
- Z Opucch b, 1« (Mi1) 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 K geey (i) Symbols before PUCCH transmission occasion | 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, isearlier than

K pueoy (1) Symbols before PUCCH transmission occasion |

- If the PUCCH transmission isin 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,y (i) iSa
number of K, wn Symbolsequal to the product of a number of symbols per slot, got, and the

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
- L ec)L . .
transmission occasion i —i and > Suee b o (M) 20, then gy (1) =gy (I —io.l)

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 and > Fyeqp ¢ (M) <0, then g, ¢ (1) =0y ¢ (i —i.l)
m=0

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

state | for active UL BWP b of carrier  of primary cell C is provided by higher layers,
- Oprckl)=0k=0L...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-SpatialRelationlnfold value associated with the pO0-PUCCH-Id value

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

- G (O)=AP +3, ., where | =0, and g, is

ampup,b, f ,c

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

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

- the TPC command value in 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 is afirst 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,
.| MeX
ARanmpyb,f_c=mn PCMAX,f,c _(POfPUCCH,b,f,c + P"b,f,c(od)+AF7PlJCCH (F)+ATF,b,f,c +5b,f,c) :
ARanmpra;tmai,b, f.c
otherwise,
01

| max , .

APramplm,b,f,C =min Pemax tc — (PO_PUCCH,b,f ot PLy ¢ (0 )) where Aprampupreqwsted,b,f c IS

AF)r:;urpuprequested,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
A myoen(F) correspondsto PUCCH format 0 or PUCCH format 1

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

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

7.3 Sounding reference signals

For SRS, a UE splitsalinear value ISSRSbnyC(i,qS,I) of the transmit power Pigqy,  o(i,0,!) 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
Pssp, 1 o (i, 0s,1) in SRS transmission occasion | as

PCMAX,f ,c (I)!

Pirsp.1c(i:0s,1)=min . . [dBm]
b {PO_SRS,b,f <(05) +10109,(2° - Mgzsp 1 o (1)) + Osrsp, .6 (Gs) - Pl g o (d) + 1y ¢ (0] )}

where,

[

CMAX, f.c

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

[TS38.101-3] for carrier f of serving cell C in SRS transmission occasion |

P, srsp.r.c(Gs) is provided by pO for active UL BWP b of carrier f of serving cell C and SRS resource set
05 provided by SRS-ResourceSet and SRS-ResourceSetld

- Mgggp 1 (i) isaSRS bandwidth expressed in number of resource blocks for SRS transmission occasion | on
activeUL BWP b of carrier f of servingcell C and 4 isaSCS configuration defined in [4, TS 38.211]

- OtSRSb’f’c(qS) is provided by alpha for active UL BWP b of carrier f of serving cell C and SRS resource set
Qs
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PL, ¢ .(dy) isadownlink pathloss estimate in dB calculated by the UE using RS resource index g4 as

described in clause 7.1.1 for the active DL BWP of serving cell ¢ and SRS resource set g, [6, TS 38.214]. The
RS resource index g, is provided by pathl ossReferenceRS associated with the SRS resource set g, and is either
an ssh-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 a RSresource 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 pathl ossReferenceRS or SRS-PathlossReferenceRS I d,
- 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
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, 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 CORESETs are not
provided in the active DL BWP of serving cell ¢

For the SRS power control adjustment state for active UL BWP b of carrier f of serving cell Cand SRS

transmission occasion |

hy ¢ (i,1) = f,, .(i,1), where f,, (i,]) isthe current PUSCH power control adjustment state as described

inclause 7.1.1, if srs-Power Control AdjustmentStates indi cates a same power control adjustment state for
SRS transmissions and PUSCH transmissions; or

¢(s)-1

Ny (o) =hy  (i—ig)+ Z Ssrs 1 (M) 1f the UE is not 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 Ogep 1 c vValuesaregivenin Table7.1.1-1

Ogrsp. 1 ¢ (M) isjointly coded with other TPC commands in aPDCCH with DCI format 2_3, as
described in clause 11.4

¢(s)-

1
Osrsp. 1 ¢ (M) isasum of TPC command valuesinaset S; of TPC command values with cardinality

m=0
¢(S;) that the UE receives between Kg.i—i,)—1 symbols before SRS transmission occasion i —i, and
Keeli) Symbols before SRS transmission occasion | on active UL BWP b of carrier f of serving cell

C for SRS power control adjustment state, where i, >0 isthe smallest integer for which Kgu(i —i)
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symbols before SRS transmission occasion i —i, isearlier than Kg.(i) symbols before SRS transmission
occasion |

- if the SRStransmission is aperiodic, Kgd(i) isanumber of symbolsfor active UL BWP b of carrier f
of serving cell C after alast symbol of acorresponding PDCCH triggering the SRS transmission and
before afirst symbol of the SRS transmission

- if the SRStransmission is semi-persistent or periodic, K di) isanumber of K o ., Symbolsequal to
the product of a number of symbols per slot, N2, 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 BWP b  of carrier f of serving cell C at SRS
c(s)-1
transmission occasion i —i, and " Sy (M) 20, then h, o (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
c(s)-1
transmission occasion i —i, and " Sy (M) <0, then hy o (i)=h, (  (i-i,)

m=0

- If aconfiguration for a P, o 4 ¢ .

(q,) vaueorfora ag, . (q,) vaueforacorresponding 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

- hb,f,c(o) = APrampup,b,f,c + 5b,f,c
where
O, iS

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

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

and

01
m . 1
AR punb f ¢ = mi a{ Pemax t.c — (PO_SRSb, 1 ¢(0s) +1010g,4(2“ - Mgrgp, 1.6 (1)) + rgp 1.0 (06) - Py ¢ (G )) ;
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.

} nr,f,c(i):g%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
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detectsaDCI format 2_3 K s .., Symbolsbefore afirst symbol of SRS transmission occasion |, where
absolute values of § areprovidedin 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

control adjustment state SRS transmission occasion | occurs at the beginning of the first transmitted SRS
resource in the SRS resource set q .

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
Psrsp, rc(1:0s) = min . _ [dBm]
Po_srsp, 1.c(0s) 10100, (2" - Mz ¢ (1)) + s 1.c(As) - Pl ¢ ¢ (Cly)

where,

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

- PLy ¢ .(qq) isadownlink pathloss estimate in dB calculated by the UE, as described in clause 7.1.1 in case of an
active DL BWP of aserving cell ¢, using RS resource indexed g, in 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, referenceSgnal Power is provided by ss-PBCH-BlockPower-r16
- if adl-PRS-Resourceld is provided, referenceSgnalPower is provided by dI-PRS-ResourcePower

If the UE determines that the UE is not able to accurately measure PLy, f .(q4), or the UE is not provided with
pathl ossReferenceRS-Pos, the UE calculates PLy, f .(q,4) using a RS resource obtained from the SSYPBCH block
of the serving cell that the UE usesto 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 C based on DL RS for serving cell Cin transmission occasion i as

Feracry, .o () =mi r{FZ?MAXf <), Poracrargare + Ply ,c} [dBm],
where P, (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 |, Porach, trge, 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 serving cell 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 referenceSignal Power — higher layer filtered RSRP in dBm, where RSRP isdefined in [7, TS 38.215] and the

higher layer filter configuration isdefined in [12, TS 38.331]. If the active DL BWP istheinitial DL BWP and for
SS/PBCH block and CORESET multiplexing pattern 2 or 3, as described in clause 13, the UE determines PL, , . based

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

b,f,c
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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 g, isassociated with a SS/PBCH block, as described in

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

If aPRACH transmission from a UE isin response to a detection of a PDCCH order by the UE that triggers a
contention-free random access procedure and depending on the DL RS that the DM-RS of the PDCCH order is quasi-
collocated with as described in clause 10.1, 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, referenceSignal Power is obtained by ss-PBCH-BlockPower and power Control OffsetSS where power Contr ol 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 arandom access response window, as described in clause 8.2, the UE does not receive a random access
response that contains a preamble identifier corresponding to the preamble sequence transmitted by the UE, the UE
determines a transmission power for a subsequent PRACH transmission, if any, as described in [11, TS 38.321].

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

If due to power allocation to PUSCH/PUCCH/PRACH/SRS transmissions as described in clause 7.5, or due to power
alocation in EN-DC or NE-DC or NR-DC operation, or due to slot format determination as described in clause 11.1, or
due to the PUSCH/PUCCH/PRACHY/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
allocation 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 a frequency range in a respective

transmission occasion | would exceed By,,, (i) , Where B, (i) isthelinear value of Py, (i) intransmission

occasion | asdefined in[8-1, TS 38.101-1] for FR1 and [8-2, TS 38.101-2] for FR2, the UE allocates power to
PUSCH/PUCCH/PRACH/SRS transmissions according to the following priority order (in descending order) so that the
total UE transmit power for transmissions on serving 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 range in asymbol of transmission occasion 1 , 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 dot.

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

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

7.6 Dual connectivity

7.6.1 EN-DC

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

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

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

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

described in clauses 7.1 through 7.5.

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

If aUE isconfigured with B + P, > PE,® , where p. isthelinear valueof P .. , R, isthelinear value of R,

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

Total

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

- If the UE is configured with reference TDD configuration for E-UTRA (by tdm-PatternConfig or by 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 Pyee (iy)+ Pss (i,)> PEY S inany portion of ot i, of the SCG,

Total

the UE reduces transmission power in any portion of slot i, of the SCG so that B, (i, )+ Pss (i,)< PEL™ in
any portion of slot i,, where B,(i,) and Py (i,) arethelinear values of the total UE transmission powersin
subframe i, of the MCG and in dot i, of the SCG in FR1, respectively. The UE is not required to transmit in
any portion of slot i, of the SCGif Py (i,) would need to be reduced by more than the value provided by
XscaLe inorder for B, (i,)+ P (i,) < PELPC inany portion of dot i, of the SCG. The UE is required to
transmitin slot i, of the SCG if R(i,) would not need to be reduced by more than the value provided by

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

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

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

transmissions on the SCG by p-MaxEUTRA.

The UE determines transmission power for the MCG in FR1 as described in clauses 7.1 through 7.5 using B, asthe
maximum transmission power for P, < P . 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 dot i, of the MCG that is indicated 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 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 > pNEPc, where P

Total LTE

isthelinear valueof P ., P,, isthelinear value of

P »and ﬁT’jJaDC 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 a ot on the MCG in FR1 when a corresponding subframe on the SCG
isan UL subframein 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

- if Byee (i) + Pes (i) > ﬁT“;gDC in any portion of dlot i, of the MCG,

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

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

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

- If the UE does not indicate a capability for dynamic power sharing between E-UTRA and NR for NE-DC, the
UE expects to be configured with reference TDD configuration for E-UTRA (by tdm-PatternConfigNE-DC-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-
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PCmode-FR1 for FR1 and/or by nrdc-PCmode-FR2 for FR2. The UE determines a transmission power on the MCG
and atransmission power on the SCG per frequency range.

If aUE is provided semi-static-model for nrdc-PCmode-FR1 or for nrdc-PCmode-FR2, or semi-static-mode2 for nrdc-
PCmode-FR1 or for nrdc-PCmode-FR2, the UE does not expect Py and Py to be configured such that Py +
Pscq > PRR-PC where Py isthe linear value of Py, Pscg isthe linear value of Py, and PXR-PC isthe linear value

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

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

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

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

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

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

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

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

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

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

- overlap with the transmission occasion on the SCG

the maximum transmission power on the SCG is determined as

- min(Pscg, PARDC — Pacwal) if the UE determines transmissions on the MCG with a P35 total power

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

where

— max max
- Toffset - maX{Tproc,MCG'Tproc,SCG}a

Toroemce A Tprot see isthe maximum of Tyroc2, Toroc,csi Tproe reteases Tproc2» @d Tyroc cs; based on the
configurations on the MCG and the SCG, respectively, when the UE indicates the value of 'long' for the

capability,

- Toreemce ad Tros sc isthe maximum of Toypoc 20 Toroereleaser Tproc,2 DaSed on the configurations on the MCG
and the SCG, respectively, when the UE indicates the value of 'short' for the capability, and

- Pacval jsthe total power for the transmissions on the MCG that overlap with the transmission occasion on the
SCG where Pacval js 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.
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The UE does not expect to have PUSCH, PUCCH, PRACH, or SRS transmissions on the MCG that

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

- overlap with the transmission occasion on the SCG

The UE does not expect to receive a positive TPC command valuein aDCI format 2 2 or aDCl format 2_3ina
PDCCH reception with alast symbol that islessthan Ty before the first symbol of the transmission occasion on the
SCG, if the transmission on the MCG overlaps with the transmission occasion on the SCG.

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

7.7 Power headroom report

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

PH that isvalid for SRS transmission occasion | 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 iS 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 aserving 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 'virtual' then, for power headroom
reports transmitted on the CG, the UE computes PH assuming that the UE does not transmit PUSCH/PUCCH on any
serving cell of the other CG. For NR-DC when both the MCG and the SCG operate either in FR1 or in FR2 and for a
power headroom report transmitted on the MCG or the SCG, the UE computes PH assuming that the UE does not
transmit PUSCH/PUCCH on any serving cell of the SCG or the MCG, respectively.

If the UE is configured with a SCG,

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

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

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

- if theduration of NR slot on active UL BWP is different from that of E-UTRA subframe carrying the Dual
Connectivity PHR, the UE provides power headroom of the first NR 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

Pthpe.‘L,b,f,c(i‘ ag.) = PCMAX,f,c(i)_ {PO_PUSCHb,f,c(j)+10|0g10(2# ’ Mggi:f}‘fc(i))-'—ab,f,c(j)’ PLb,f,c(qd)+ATF,b,f,c(i) + fb,f,c(ivl) } [dB]

H PUSCH

where PCMAx,f,c(')y Po pusch.b,r.c (1) 5 Megotc(), ab,f,c(j)y Plyc(04)s Arep s (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 serving cell C; issmaller than a SCS configuration &, onactive 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 adot on active
UL BWP b, that overlaps with multiple dots on active UL BWP b, , the UE provides a Type 1 power headroom
report for the first PUSCH, if any, on the first slot of the multiple slots on active UL BWP b, that fully overlaps with
the slot on active UL BWP b, . If aUE is configured with multiple cells for PUSCH transmissions, where a same SCS
configuration on active UL BWP b, of carrier f; of serving cell 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 aslot on active
UL BWP b, , the UE provides a Type 1 power headroom report for the first PUSCH, if any, on the slot on active UL
BWP b, that overlaps with the dot 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 providesa 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 serving cell C;, asecond PUSCH transmission on active UL BWP b, of carrier f, of

serving cell C, that overlaps with the first PUSCH transmission if
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- the second PUSCH transmission is scheduled by a DCI format in a PDCCH received in a second PDCCH
monitoring occasion, and

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

or

- the second PUSCH transmission is after the first uplink symbol of the first PUSCH transmission minus
T proc,2=Tproc,2 Where Tyroc,2 1S determined according to [6, TS 38.214] assuming dq1 =1, d22=0, and with pipo,
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 serving cell C , the UE
computes the Type 1 power headroom report as

PHyperp r o (1 ,0gs1) = 5CMAX,f,c(i)_{ Fo_puschp, .o (1) + % ¢ (1) Ply ¢ o (dg) + fb,f,c(ial)} [dB]

where Py, ; (i) iscomputed assuming MPR=0 dB, A-MPR=0 dB, P-MPR=0 dB. ATc = 0 dB. MPR, A-MPR, P-MPR
and ATc aredefined in [8-1, TS 38.101-1], [8-2, TS 38.101-2] and [8-3, TS 38.101-3]. The remaining parameters are
defined in clause 7.1.1 where Py pygopp, 1o (§) and O o(]) are obtained using Py youmar pusch, 1o (0) and po-
PUSCH-AlphaSetld= 0, PL, , .(q,) isobtained using pusch-PathlossReferenceRS-Id = 0, and | =0.

If aUE is configured with two UL carriersfor aserving 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 areference 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 clauseis reserved.

7.7.3 Type 3 PH report

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

PH e e (1:0s) = Pomax . ¢ ()~ { Po srs. 1 ¢ (ds) + 10109, (2" - M g1 ¢ (1)) + Xspsp 1.6 (As) Pl o (0g) + 1y ¢ () }
[dB]

where PCMAX,f,c (i)’ Po s, bic(ds) + Mgy rc(i) aSRSb,f,c(qs)v PLy ¢ (dg) and hy ¢ (1) are defined in clause
7.3.1 with corresponding values provided by SRS-ResourceSet.

If the UE determines that a Type 3 power headroom report for an activated serving cell is based on areference SRS
transmission then, for SRS transmission occasion i on UL BWP b of carrier f of serving cell ¢, and if the UE is

not configured for PUSCH transmissionson UL BWP b of carrier f of serving cell ¢ and aresource for the
reference SRS transmission is provided by SRS-Resource, the UE computes a Type 3 power headroom report as

PH oo .0 (13 86) = Poagan. .0(0) = L P s .0 (0) + Ol .0 (0) - Pl ¢ o () + My o ()] [0B]
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where (g isan SRS resource set corresponding to SRS-ResourceSetld = 0 for UL BWP b and PO_SRSb,f,C(qs) ,
Oss t(Qs), Plyt(Qy) and h, ¢ (i) are defined in clause 7.3.1 with corresponding val ues obtained from SRS-

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

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

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

8 Random access procedure

Prior to initiation of the physical random access procedure, Layer 1 receives from higher layers a set of SS/PBCH 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 (N5 ), and set type (unrestricted, restricted set A, or restricted
set B)).
From the physical layer perspective, the Type-1 L1 random access procedure includes the transmission of random

access preamble (Msgl) in a PRACH, random access response (RAR) message with a PDCCH/PDSCH (Msg2), and
when applicable, the transmission of a PUSCH scheduled by a RAR UL grant, and PDSCH for contention resolution.

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

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

If aUE is configured with two UL carriersfor a serving cell and the UE detects a PDCCH order, the UE uses the
UL/SUL indicator field value from the detected PDCCH order to determine the UL carrier for the corresponding
PRACH transmission.

8.1 Random access preamble

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

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

- A preambleindex, a preamble SCS, PPRAmmrget , acorresponding RA-RNTI, and a PRACH resource.
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A PRACH istransmitted using the selected PRACH format with transmission power Pogacyp, 1 (i) , @ described in
clause 7.4, on the indicated PRACH resource.

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

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

per RACH-Occasi onAndCB-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 S§/PBCH block indexes associated with one PRACH occasion and a
number R of contention based preambles per SS/PBCH block index per valid PRACH occasion by msgA-SSB-
PerRACH-Occasi onAndCB-Preambl esPer SSB when provided; otherwise, by ssb-perRACH-OccasionAndCB-
Preambl esPer SB.

For 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 - Njoeaypie/N Where No@, 1. is provided by totalNumber OfRA-Preambles for Type-1 random
access procedure, or by msgA-Total Number OfRA-Preambles for Type-2 random access procedure with separate

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

For Type-2 random access procedure with common configuration of PRACH occasions with Type-1 random access
procedure, if N < 1, one SS/PBCH block index is mapped to 1/N consecutive valid PRACH occasions and Q
contention based preambles with consecutive indexes associated with the SSYPBCH 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- Nyotalme/N + R, where {2t 1. 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 ssb-perRACH-
Occasion in BeamFailureRecoveryConfig. For a dedicated RACH configuration provided by RACH-ConfigDedicated,
if cfraisprovided, aUE is provided N SS/PBCH block indexes associated with one PRACH occasion by ssb-

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].

- First, inincreasing order of preamble indexes within asingle PRACH occasion

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

- Third, inincreasing order of time resource indexes for time multiplexed PRACH occasions within a PRACH slot
- 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 NTSfB SS/PBCH block

indexes are mapped at least once to the PRACH occasions within the association period, where a UE obtains NTSfB from

the value of ssb-PositionsinBurst in SIB1 or in ServingCellConfigCommon. If after an integer number of SS/PBCH
block indexesto 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 N{'fB 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 aPRACH 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 isnot 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 a next channel occupancy time where the UE does not transmit [15, TS 37.213].

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

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

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

8.2 Random access response - Type-1 random access procedure

In response to a PRACH transmission, a UE attempts to detect a DCI format 1_0 with CRC scrambled by a
corresponding RA-RNTI during awindow controlled by higher layers[11, TS 38.321]. 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 shall be ready to transmit a PRACH no later than N;, +0.75 msec after the last symbol of the window, or the last

symbol of the PDSCH reception, where 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 SSYPBCH block or a CSI-RS resource
the UE used for PRACH association, as described in clause 8.1, regardless of whether or not the UE is provided TCI-
Sate for the CORESET where the UE receives the PDCCH with the DCI format 1 0.

If the UE attempts to detect the DCI format 1_0 with CRC scrambled by the corresponding RA-RNTI in response to a
PRACH transmission initiated by a PDCCH order that triggers a contention-free random access procedure for the
SpCell [11, TS 38.321], the UE may assume that the PDCCH that includes the DCI format 1_0 and the PDCCH order
have same DM-RS antenna port quasi co-location properties. If the UE attempts to detect the DCI format 1_0 with CRC
scrambled by the corresponding RA-RNTI in response to a PRACH transmission initiated by a PDCCH order that
triggers a contention-free random access procedure for a secondary cell, the UE may assume the DM-RS antenna port
quasi co-location properties of the CORESET associated with the Typel-PDCCH CSS set for receiving the PDCCH
that includes the DCI format 1_0.

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

If the value of the frequency hopping flag is O, the UE transmits the PUSCH without frequency hopping; otherwise, the
UE transmits the PUSCH with frequency hopping.

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

The TPC command value &, ., ¢ . iSused 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 7.3.1.1.1-4 in [5, TS 38.212] or Table 7.3.1.1.1-4A in [5, TS 38.212]
if channel AccessMode = "semiStatic” is provided.
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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 & for PUSCH

msg2,b, f,c

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

Unlessthe UE is configured a SCS, the UE receives subsequent PDSCH using same SCS as for the PDSCH reception
providing the RAR message.

If the UE does not detect the DCI format 1_0 with CRC scrambled by the corresponding RA-RNTI within the window,
or if the UE detects the DCI format 1_0 with CRC scrambled by the corresponding RA-RNTI within the window and
the LSBs of a SFN field in the DCI format 1_0, if included and applicable, are not same as corresponding L SBs of the
SFN where the UE transmitted the PRACH, or the UE does not correctly receive a corresponding transport block within
the window, the UE procedureis as described in [11, TS 38.321].

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

In response to a transmission of a PRACH and a PUSCH, or to atransmission of only a PRACH if the PRACH
preamble is mapped to avalid PUSCH occasion, a UE attemptsto detect aDCI format 1_0 with CRC scrambled by a
corresponding MsgB-RNTI during 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 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 slots, based on the SCSfor Typel-PDCCH CSS set,
is provided by msgB-ResponseWWindow.

If the UE detects the DCI format 1_0, with CRC scrambled by the corresponding MsgB-RNTI and LSBs of a SFN field
inthe DCI format 1_0, if applicable, are same as corresponding LSBs of the SFN where the UE transmitted PRACH,
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 layersindicate 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 access type 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[5, TS38.212] or Table 7.3.1.1.1-4A in [5, TS 38.212] if channel AccessMode =
"semiStatic” is provided

- the PUCCH transmission is with a same spatial domain transmission filter and in a same active UL BWP asa
last PUSCH transmission

If the UE detects the DCI format 1_0 with CRC scrambled by a C-RNTI and a transport block in a corresponding
PDSCH within the window, the UE transmits a PUCCH with HARQ-ACK information having ACK value if the UE
correctly detects the transport block or NACK value if the UE incorrectly detects the transport block and the time
alignment timer isrunning [11, TS 38.321].

If the UE detectsa DCI format 1_0 with CRC scrambled by the corresponding MsgB-RNTI and receives a transport
block within the window in a corresponding PDSCH, the UE may assume same DM-RS antenna port quasi co-location
properties, as described in [6, TS 38.214], as for a SS/PBCH block the UE used for PRACH association, as described in
clause 8.1, regardless of whether or not the UE is provided TCI-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 shall be ready to transmit a PRACH no later than Nr; + 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 x4 =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.

When a UE transmits multiple PUSCHSs on respective serving cellsin aslot with reference to slots for PUCCH
transmissions and the multiple PUSCHs overlap with a PUCCH carrying UCI in the slot, the UE selects all the PUSCHSs
overlapping with the PUCCH as the candidate PUSCHSs for UCI multiplexing within the slot.

If a UE would transmit a single PUSCH scheduled by a DCI format that includes a DAI field on aserving cell inasdlot
with reference to slots for PUCCH transmissions without any other PUSCH that would be transmitted on any serving
cell in the dot and the UE does not determine any PUCCH carrying HARQ-ACK information in the dot, or if the UE
indicates the corresponding capability Multiplexing-HARQ-ACK-without-PUCCH-on-PUSCH and the UE transmits
multiple PUSCHSs on respective serving cellsin aslot with reference to slots for PUCCH transmissions and the UE does
not determine any PUCCH carrying HARQ-ACK information in the slot and at least one of the multiple PUSCHSs is
scheduled by a DCI format that includes a DAL field, the UE selects the single PUSCH or all the multiple PUSCHs in
the dot as the candidate PUSCHs for HARQ-ACK multiplexing within the slot except for any PUSCH among the
multiple PUSCHSs that is scheduled by a DCI format that includes a DAL field that is equal to 4 in case the UE is
configured with pdsch-HARQ-ACK-Codebook = dynamic or with pdsch-HARQ-ACK-Codebook-r 16, or isequal to 0 in
case the UE is configured with pdsch-HARQ-ACK-Codebook = semi-static.

The UE determines the PUSCH for UCI multiplexing by applying the following procedure on the candidate PUSCHs as
described in this clause:

- If the candidate PUSCHs include first PUSCHs 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 candidate PUSCHS, and the candidate PUSCHs fulfil the conditionsin clause 9.2.5 for UCI
multiplexing, the UE multiplexes the UCI in aPUSCH from the first PUSCHSs.

- If the UE would multiplex UCI in one of the candidate PUSCHs and the UE does not multiplex aperiodic CSl in
any of the candidate PUSCHSs, the UE multiplexes the UCI in a PUSCH of the serving cell with the smallest
ServCelllndex subject to the conditionsin clause 9.2.5 for UCI multiplexing being fulfilled. If the UE transmits
more than one PUSCHs in the dot on the serving cell with the smallest ServCelllndex that fulfil the conditionsin
clause 9.2.5 for UCI multiplexing, the UE multiplexes the UCI in the earliest PUSCH that the UE transmitsin
the slot.

If a UE transmits a PUSCH over multiple slots and the UE would transmit a PUCCH with HARQ-ACK and/or CS|
information over a single slot that overlaps with the PUSCH transmission in one or more slots of the multiple slots, and
the PUSCH transmission in the one or more 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 slot in case the PUSCH transmission was absent.

If a UE transmits a PUSCH with repetition Type B and the UE would transmit a PUCCH with HARQ-ACK and/or CS|
information over 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 CSl 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 al actual
repetitions that would overlap with the PUCCH transmission do not include more than one symbol.

If the PUSCH transmission over the multiple slotsis scheduled by a DCI format that includes a DA field, the value of
the DAI 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
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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-
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 aUE is provided pdsch-HARQ-ACK-OneShotFeedback and the UE detects a DCI format in any PDCCH monitoring
occasion that includes a One-shot HARQ-ACK request field with value 1

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

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

In the remaining of this clause, referenceisto 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 adot 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-r 16, the UE is not
expected to receive the DCI format in a slot containing a SPS PDSCH transmission occasion other than the first
transmission occasion required to be received by the UE for a TB.

If aUE is configured to receive SPS PDSCHs in a slot 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
- SCéll 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.
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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 while aHARQ-ACK information bit value of 1 represents an 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

maxCodeBlockGroupsPer TransportBlock indicating a maximum number Ngﬁggi"gix of CBGsfor generating

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

For anumber of C code blocks (CBs) in atransport block, the UE determines a number of CBGs M according to
clause 5.1.7.1 of [6, TS 38.214] and determines a number of HARQ-ACK bits for the transport block as

Nﬁigg?ACK =M.

The UE generates an ACK for the HARQ-ACK information bit of a CBG if the UE correctly received all code blocks of
the CBG and generatesaNACK for the HARQ-ACK information bit of a CBG if the UE incorrectly received at |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 N2 ek HARQ-ACK information bitsand, if Naro ack < Njamo ace for

atransport block, the UE generates aNACK value for thelast N0 rek — Niamo ack HARQ-ACK information bits
for the transport block in the HARQ-ACK codebook.

If the UE generates a HARQ-ACK codebook in response to a retransmission of a transport block, corresponding to a
same HARQ process as a previous transmission of the transport block, the UE generates an ACK for each CBG that the
UE correctly decoded in a previous transmission of the transport block.

If a UE correctly detects each of the NS Az0 e« CBGs and does not correctly detect the transport block for the

N Ao ack CBGs, the UE generates a NACK 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 a corresponding DCI format or provided by di-DataToUL-ACK or dI-DataToUL-ACK-r16 or dl-DataToUL-
ACK-DCI-1-2 if the PDSCH-to-HARQ_feedback timing indicator field is not present in the DCI format as described in
clause 9.2.3. The UE reports NACK value(s) for HARQ-ACK information bit(s) inaHARQ-ACK codebook that the
UE transmitsin aslot 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 aDCI format that the UE detectsin 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
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in PDSCH-TimeDomainResourceAllocation-r16, Njmeer, ™ is a maximum value of pdsch-AggregationFactor-r16 in

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

- fromDL slot ny, — Nppeey; + 1 to DL dot ny, if Nppaey is 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 transmissionin 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 dlI-DataToUL-ACK or dI-DataToUL-ACK-r16 or
di-DataToUL-ACK-DCI-1-2 if the PDSCH-to-HARQ_feedback timing indicator field is not present in the DCI format.
If the UE reports HARQ-ACK information for the PDSCH reception in aslot other than slot n + k, the UE setsavalue
for each corresponding HARQ-ACK information bit to NACK.

If a UE reports HARQ-ACK information in a PUCCH only for
- aSPSPDSCH release indicated by DCI format 1_0 with counter DAI field value of 1, or
- aPDSCH reception scheduled by DCI format 1_0 with counter DAL field value of 1 on the PCell, 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_0isaccording to Table 9.1.3-1 and HARQ-ACK information bitsin response to more than one SPS
PDSCH receptions that the UE is configured to receive are ordered according to the following pseudo-code; otherwise,
the proceduresin clause 9.1.2.1 and clause 9.1.2.2 for aHARQ-ACK codebook determination apply.

Set N2l 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 < N2L

cells

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

whiles < NSFS
Set np = 0 —dot index
whilen, < NPt
if {

aUE is configured to receive SPS PDSCHSs from slot n, — NJher + 1 to slot 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-
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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
}
/' = HARQ-ACK information bit for this SPS PDSCH reception
j=j+1
end if
np =np + 1,
end while

s=s+1,

end while

c=c+1;

end while

9.1.21

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

For aserving cell ¢, an active DL BWP, and an active UL BWP, as described in clause 12, the UE determines a set of
M, . occasions for candidate PDSCH receptions for which the UE can transmit corresponding HARQ-ACK information
inaPUCCH in dlot ny. If serving cell ¢ is deactivated, the UE uses as the active DL BWP for determining the set of
M, . occasions for candidate PDSCH receptions a DL BWP provided by firstActiveDownlinkBWP-1d. The
determination is based:

a) onaset of dot timing values K; associated with the active UL BWP

b)

©)

a)

b)

c)

d)

€)

If the UE is configured to monitor PDCCH for DCI format 1_0 and is not configured to monitor PDCCH for
either DCI format 1_1 or DCI format 1_2 on serving cell ¢, K; is provided by the dlot timing values{1, 2, 3,
4,5,6,7,8}

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 or dl-DataToUL-ACK-r16

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

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

If aninapplicable valuein diI-DataToUL-ACK-r16 is provided, the value is excluded from K,

on aset 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 UE is provided referenceOfSLIVDCI-1-2, for each row index with slot offset K, = 0 and PDSCH
mapping Type B in a set of row indexes of atable for DCI format 1_2 [6, TS 38.214], for any PDCCH
monitoring occasion in any slot where the UE monitors PDCCH for DCI format 1_2 and with starting
symbol S, > 0,if S + S, + L < 14 for normal cyclic prefix and S + S, + L < 12 for extended cyclic prefix,
add a new row index in the set of row indexes of the table by replacing the starting symbol S of the row index
by S + S,

on the ratio 2#pL~#uL hetween the downlink SCS configuration up;, and the uplink SCS configuration uy;,
provided by subcarrier Spacing in BWP-Downlink and BWP-Uplink for the active DL BWP and the active UL
BWP, respectively
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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 Ns%t,offset,c and pofrser o1, Provided by ca-SotOffset for serving cell ¢, or on
NJ& oftser @ Hosser 1, Provided by ca-SotOffset for the primary cell, as described in [4, TS 38.211].

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

- isprovided ackNackFeedbackMode = joint

DL,0
Ncells

- asevingcdl isplaced in afirst set S, of serving cellsif the serving cell includes afirst CORESET, and

DL,1
Ncells

- aserving cell is placed in a second set S; of
and

serving cellsif the serving cell includes a second CORESET,

- serving cells are placed in a set according to an ascending order of a serving cell index

the UE generates a Type-1 HARQ-ACK codebook for the set Sy and the set S; of serving cells separately by setting
NRE = NPM0 and N = NP1 in the 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« HARQ-ACK information hits.

For the set of slot timing values K, , the UE determinesa set 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=YJ

Set M, =0

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

Set k =0 —index of slot timing values K,, , in descending order of the slot timing values, in set K, for serving cell C

1k ?

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, +1,max(24 > 1))=0
Set n, =0 —index of aDL slot within an UL slot
while ny, < max(Z”DL"‘UL ,1)

Set R tothe set of rows

Set ¢(R) to the cardinality of R
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Set =0 —index of rowinset R

if ot n,, startsat asametime asor after aslot for an active DL BWP change on serving cell C or an active

UL BWP change on the PCell and slot L(nU - Ky ) 2oL M J+ n, isbeforethe slot 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 < 2(R)
if the UE is provided tdd-UL-DL-ConfigurationCommon, or tdd-UL-DL-ConfigurationDedicated and,
for each slot from slot [(ny — Ky ) - 2#PL7H0L| + mpy — Nppoy o + 1 to dot | (ny — Ky ) -
Z”DL‘“UL] + np, at least one symbol of the PDSCH time resource derived by row r isconfigured as
UL where K, isthek-th ot timing valueinset 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=JJ,
Mac=M, UJs
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 =0
while r <¢(R)
if S<m for start OFDM symbol index S for row r

B s, =1 ; - index of occasion for candidate PDSCH reception or SPS PDSCH release
associated withrow r

R=R\r;

B=BUb

kg o
else

r=r+1;
end if

end while
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M =M, Uj;
j=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
else

while k < ¢(K,)

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

Set n, =0 —index of aDL dot within an UL slot
while n, < max(Z"DL o ,1)
Set R to the set of rows

Set ¢(R) to the cardinality of R

Set I'=0 —index of rowinset R

if ot n, startsat asametime as or after aslot for an active DL BWP change on serving cell C or an active UL

- Nggt,offset Ns%{;t,offset,c
BWHP change on the PCell and dlot |(ny — Ky ) - 2#PLHuL| + [(Z“Offset_m — horeenic) 2P| +

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

np =np +1;
else
while r < 2(R)

if the UE is provided tdd-UL-DL-ConfigurationCommon, or tdd-UL-DL-ConfigurationDedicated and,

D

UL L
N, N,
_ . OUDL—U slotoffset _ “slotoffsetc) ou _
for each ot from slot l(nU Kl.k) 2HDL ULJ + l(zuaffSet.UL zﬂoffset.DL,c) 2 DLJ +np
NppBeatma® 1 1 todot [(ny — Ky ) - 2#L7HUL| + Nelotosfset _ Nslotoffsetc . 240L| 4, at least
PDSCH ny 1,k 2Poffset UL pPoffsetDLc Np,

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

Set =0

while r <¢(R)

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

b,,k,nD = J ; - index of occasion for candidate PDSCH reception or SPS PDSCH release
associated with row r

R=R\r:
B:Bubr,k,nD;
else
r=r+1;
end if
end while
Mac =M,y 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
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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 is 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

- the UE is configured with more than one serving cells, or
- dM,)>1, and
- PDSCH-CodeBlockGroupTransmission is provided to the UE

the UE repeats N,fﬁgg B 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 aDL BWP within N, symbols prior to afirst symbol of a
PUCCH transmission where the UE multiplexes HARQ-ACK information, where N, is defined in clause 9.2.3.

If aUE is provided dI-DataToUL-ACK, dI-DataToUL-ACK-r16 or di-DataToUL-ACK-DCI-1-2, the UE does not expect
to be indicated by DCI format 1_0 a dlot 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 slot 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 generates a NACK for the second transport block if harg-ACK-Spatial BundlingPUCCH is not
provided and generates HARQ-ACK information with value of ACK for the second transport block if harg-ACK-
SpatialBundlingPUCCH is provided.

A UE determines 6§'“¥, 67'“¥,..,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 formeat, the UE generates a NACK 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 C=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 NCZ,LlS to the number of serving cells configured by higher layers for the UE

while c< N2,
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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,

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

j=i+1;

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

j=i+1;
elseif harg-ACK-Spatial BundlingPUCCH is provided, and the UE is configured by

maxNrofCodeWor dsScheduledByDCl with reception of two transport blocks for the active DL BWP of
serving cell c,

~ACK _ : : : . : :
0; " =binary AND operation of the HARQ-ACK information bits corresponding to first and second

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

j=j+1;

elseif PDSCH-CodeBlockGroupTransmission is provided, and N S5eT8 & CBGs are indicated by

HARQ-ACK,c
maxCodeBlockGroupsPer TransportBlock for serving cell c,

Set Negg = 0 - CBG index

CBG/TB, max

while Negg < Ngarg-ack.c

~ACK

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

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

0" errema = HARQ-ACK information bit corresponding to CBG Negs Of the second

i+ncee+Nyarg-AcK ¢

transport block;
end if
Negg =Neps +1;
end while

=]+ Nige - Namooace « » Where Nfi isthe value of maxNrofCodeWordsScheduledByDCl for the

active DL BWP of serving cell c;

else
qACK = HARQ-ACK information bit of serving cell c¢;
j=i+1;

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

If Oxci +0sr +0Ocg <11, the UE determines a number of HARQ-ACK information bits n,,e, 4o« fOr obtaining a

N -1M -1 N —1M —1
. . . ived ivedCBG
transmission power for a PUCCH, as described in clause 7.2.1, 8 Myapoack = 0, O Nma @+ Y. D Npesvedc
c=0 m=0 c=0 m=0

where

received
- N m,c

is the number of transport blocks the UE receivesin PDSCH reception occasion m for serving cell ¢ if

harg-ACK-Spatial BundlingPUCCH and PDSCH-CodeBlockGroupTransmission are not provided, or the number
of transport blocks the UE receivesin PDSCH reception occasion m for serving cell ¢ if PDSCH-
CodeBlockGroupTransmission is provided and the PDSCH reception is scheduled by a DCI format that does not
support CBG-based PDSCH receptions, or the number of PDSCH receptionsif harg-ACK-
SpatialBundlingPUCCH is provided or SPS PDSCH release in PDSCH reception occasion m for serving cell ¢
and the UE reports corresponding HARQ-ACK information in the PUCCH.

N [eved GG 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 avalue of a respective PDSCH-to-HARQ_feedback timing indicator field
in aDCI format scheduling the PDSCH reception or the SPS PDSCH release or on the value of dlI-DataToUL-
ACK or dI-DataToUL-ACK-r16 if the PDSCH-to-HARQ feedback timing indicator field is not present in DCI
format 1_1 or on the value of dI-DataToUL-ACK-DCI-1-2 if the PDSCH-to-HARQ_feedback timing indicator
field isnot 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 ¢, as described in clause 9.1.2.1, the UE does not multiplex HARQ-
ACK information in the PUSCH transmission

- elsethe UE generates the HARQ-ACK codebook as described in clause 9.1.2.1, except that harg-ACK-
SpatialBundlingPUCCH is replaced by harg-ACK-Spatial BundlingPUSCH, unless the UE receives only a SPS
PDSCH release, or only 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 detectsin a PDCCH monitoring occasion that starts after a PDCCH
monitoring occasion where the UE detects a DCI format scheduling the PUSCH transmission.

A UE does not expect to detect a DCI format switching a DL BWP within N, symbols prior to afirst symbol of a
PUSCH transmission where the UE multiplexes HARQ-ACK information, where N, isdefined in [6, TS 38.214].

If a UE multiplexes HARQ-ACK information in a PUSCH transmission that is scheduled by DCI format that includes a
DAL field, the UE generates the HARQ-ACK codebook as described in clause 9.1.2.1 when a value of the DAI field is
V%, = 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 unless the 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
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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 response to a
detection of a DCI format that does not include a counter DAI field.

If aUE 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 di-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

- if the UE is not provided pdsch-HARQ-ACK-Codebook-r 16, the UE detects the second DCI format in any
PDCCH monitoring occasion after the first one, and where the slot indicated by the value of the PDSCH-to-
HARQ_feedback timing indicator field in the second DCI format is no later than a 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 indicatesa HARQ-ACK
information report for a same PDSCH group index as indicated by the first DCI format as described in clause
9.1.3.3, and where the dot indicated by the value of the PDSCH-to-HARQ_feedback timing indicator field in
the second DCI format is no later than aslot for HARQ-ACK information in response to a SPS PDSCH
reception, if any, received after the PDSCH scheduled by the first DCI format.

- if the UE is provided pdsch-HARQ-ACK-Codebook-r16, the UE receives the second DCI format later than
the dlot for HARQ-ACK information in response to a SPS PDSCH reception received after the PDSCH
scheduled by the first DCI format, and the second DCI format indicates a HARQ-ACK information report for
asame PDSCH group index as indicated by the first DCI format as described in clause 9.1.3.3.

- if the UE is provided pdsch-HARQ-ACK-OneShotFeedback, the first DCI format does not 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 reguest 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 slot indicated by the value of the PDSCH-to-HARQ _feedback timing indicator
field in the second DCI format is no later than a slot for HARQ-ACK information in response to a SPS
PDSCH reception, if any, received after the PDSCH scheduled by the first DCI format.

- if the UE is provided pdsch-HARQ-ACK-OneshotFeedback-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 or adl-DataToUL-ACK, or dI-DataToUL-ACK-r16, or
dli-DataToUL-ACK-DCI-1-2 value if the PDSCH-to-HARQ_feedback timing indicator field is not present in a
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DCI format, 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 aDCI format scheduling
PDSCH receptions and by pdsch-AggregationFactor, or pdsch-AggregationFactor-r16, or repetitionNumber,
when provided.

The set of PDCCH monitoring occasions for aDCI 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 atotal number M of PDCCH monitoring occasions.

A value of the counter downlink assignment indicator (DAI) field in DCI formats denotes the accumulative number of
{'serving cell, PDCCH monitoring occasion}-pair(s) in which PDSCH reception(s), SPS PDSCH release or SCell
dormancy indication associated with the DCI formats, excluding the SPS activation DCI, is present up to the current
serving cell and current PDCCH monitoring occasion,

- firgt, if the UE indicates by type2-HARQ-ACK-Codebook support for more than one PDSCH reception on a
serving cell that are scheduled from a same PDCCH monitoring occasion, in increasing order of the PDSCH
reception starting time for the same { serving cell, PDCCH monitoring occasion} pair,

- second in ascending order of serving cell index, and
- third in ascending order of PDCCH monitoring occasion index m, where 0 < m < M.

If, for an active DL BWP of a serving cell, the UE is not provided coresetPoollndex or is provided coresetPool Index
with value O for one or more first CORESETs and is provided coresetPoolIndex with value 1 for one or more second
CORESETS, and is provided ackNackFeedbackMode = joint, the value of the counter DAI isin the order of the first

CORESET s and then the second CORESET s for a same serving cell index and a same PDCCH monitoring occasion
index.

The value of the total DAI, when present [5, TS 38.212], in a DCI format denotes the total humber of { serving cell,
PDCCH monitoring occasion} -pair(s) in which PDSCH reception(s), SPS PDSCH release or SCell dormancy indication
associated with DCI formats, excluding the SPS activation DCI, is present up to the current PDCCH monitoring
occasion m and is updated from PDCCH monitoring occasion to PDCCH monitoring occasion. If, for an active DL
BWHP of aserving cell, the UE is not provided coresetPoollndex or is provided coresetPoollndex with value O for one or
more first CORESETs and is provided coresetPoollndex 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 CORESETSs.

Denote by NPL,,, the number of bits for the counter DAI and set T,, = 2V¢=pa1, Denote by V& a1 cm the value of the
counter DAI inaDCI 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 the total DAI in a DCI 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 a same Type-2 HARQ-ACK codebook, HARQ-ACK information that isin response to
detection of DCI formats with different number of bits for the counter DAI field.

If the UE transmits HARQ-ACK information in aPUCCH in slot n and for any PUCCH format, the UE determines the
o<k, o<k, -, 64¢K _, , for atotal number of 0,cx 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
SetVtemp =0
SetVtempz =0
SetV, = ¢

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

cells
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if, for an active DL BWP of aserving cell, the UE is not provided coresetPool Index or is provided

coresetPool Index with value O for one or more first CORESETSs and is provided coresetPool Index with value 1
for one or more second CORESETS, and is provided ackNackFeedbackMode = joint, the serving cell is counted
two times where the first time corresponds to the first CORESET s and the second time corresponds to the second
CORESETSs

if the UE indicates type2-HARQ-ACK-Codebook, a serving cell is counted N3X ., times where N} isthe
number of PDSCH receptions that can be scheduled for the serving cell by DCI formatsin PDCCH receptions at
a same PDCCH monitoring occasion based on the reported value of type2-HARQ-ACK-Codebook

Set M to the number of PDCCH monitoring occasion(s)

whilem < M

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

while c < N2

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

c=c+1;
else

if 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

Vtemp = VCP—I_DAI,c,m

if VTI?IﬁAI,m =0
Viemp2 = VCP—I_DAI,c,m

else

— 17DbL
Vtemp,z - VT—DAI,m
end if

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

~ACK
. DL
2Tpj+2(Veiparcm—1)

this cdll

= HARQ-ACK information bit corresponding to the first transport block of

~ACK
. DL
2Tp j+2(Veparem=1)+1

block of this cell

= HARQ-ACK information bit corresponding to the second transport

Vo=V, u{2-Tp - j+2(V2%na1em — 1), 2-Tp - j + 2(Vioarem — 1) + 1}

elseif harg-ACK-SpatialBundlingPUCCH is provided to the UE and m is a monitoring occasion for
PDCCH with aDCI format that supports PDSCH reception with two transport blocks and the UE is
configured by maxNrofCodeWor dsScheduledByDCI with reception of two transport blocks in at least
one configured DL BWP of aserving cell,
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6ACK
TD']""V(?—LDAI,c,m_
the first and second transport blocks of this cell

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

Ve =V, U{Tp - j + Vparem — 1}
else

GACK , =HARQ-ACK information bit of this cell

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

end while

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

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

|4 %4

temp2 = temp

end if

. PxTp
LA J
if Viempz < Viemp

j=j+1
end if

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

0K =2 (4 j+Viemp2)
ese

OACK =4 ] + VtempZ
end if
6" = NACK forany i € {0,1,---, 04K — 1}\V,

If aUE is configured to receive SPS PDSCH and the UE multiplexes HARQ-ACK information for one activated SPS
PDSCH reception, including the ones associated with the corresponding activation DCI, in the PUCCH in slot n, the
UE generates one HARQ-ACK information bit associated with the SPS PDSCH reception and appendsit to the 04¢X
HARQ-ACK information bits.

If aUE is configured to receive SPS PDSCH and the UE multiplexes HARQ-ACK information for multiple activated
SPS PDSCH receptions, including the ones associated with the corresponding activation DCI, in the PUCCH in dlot n,
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the UE generates the HARQ-ACK information as described in clause 9.1.2 and appends it to the 04X HARQ-ACK
information bits.

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

If 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

DL DL
— — DL Neells—1 DL Neenis—1 M—1 pyreceived
NMHARQ-ACK = MHARQ-ACK,TB = <(VDA1,mlast T Lic=g UDAI,C) mOd(TD)> Nigmax + L5 (Zm:o Npe + Nsps,c)

where

- if NQjis = 1, VhRimy,,, iSthe value of the counter DAI 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.
- ifNDE > 1

cells

- 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 ¢, V&1 my,,, 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 |east 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 in the at least one DCI format that includes a total DAI field

- VpAimye = 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 M PDCCH monitoring occasions for serving cell c.
Upai,. = 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 n.x = 1.

- Njeceived jg the number of transport blocks the UE receivesin a PDSCH scheduled by a DCI format that the UE
detectsin 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
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- isprovided PDSCH-CodeBlockGroupTransmission for N 2k¢B6

cells . Serving cells, and

- isnot provided PDSCH-CodeBlockGroupTransmission, for N2yii® serving cells where N23TP + N2HCBG =
NDL

cells

the UE determines the 65'°%, 67X, -+, 555 _, according to the previous pseudo-code with the following modifications

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

cells

-  SPSPDSCH release,
- SPSPDSCH reception,
- DCI format 1_1 indicating SCell dormancy, and

- for TB-based PDSCH receptions on the N2%B¢ serving cells and on the N4 serving cells,

cells cells

DL

- N2% isreplaced by N23P for the determination of a second HARQ-ACK sub-codebook corresponding to the

NPYCBG serving cells for CBG-based PDSCH receptions, and

cells

- if, for an active DL BWP of aserving cell, the UE is not provided 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

- 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 Nyjypo- o HARQ-ACK information bits, where N{Reo %0 isthe

DL,CBG
cells

serving cellsand Nr;, isthe value of

maxNrofCodeWor dsSchedul edByDCI for serving cell c. If for aserving cell ¢ itis NRS . - Nigawo nce <

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

information bits for serving cell ¢

maximum value of NB, - Nyaen “acice acrossall N

- the pseudo-code operation when harg-ACK-Spatial BundlingPUCCH is provided is not applicable
- The counter DAI value and the total DAI value apply separately for each HARQ-ACK sub-codebook

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

If OACK + OSR + OCSI < 11, the UE also determines nHARQ_ACK = nHARQ_ACK’TB + nHARQ_ACK,CBG for obtaini nga
PUCCH transmission power, as described in clause 7.2.1, with

DL,CBG DL .
_ DL Negisw —1,,CBG CBG/TB,max Negis—1 wpm—1 ppreceived,CBG
NHARQ-ACK,CBG — <(VDA|,m.as =2l UDAI,C) mod(TD)> Nyaro-Ack max + 22500 Lm=oNme

where

- ifNDL =1, VDK isthe value of the counter DAI in the last DCI format scheduling CBG-based PDSCH

cells DALmM5st

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

- if Newiis > 1., VpAim,,., iSthe value of the total DAI in the last DCI format scheduling CBG-based PDSCH
g ast

C

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

- VdAtmy, = 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

- USaE. isthetotal number of DCI formats scheduling CBG-based PDSCH receptions that the UE detects
within the M PDCCH monitoring occasions for serving cell ¢. USaf. = 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
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N,evedCBG i 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 N2, = 2 and of total DAI

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

DAI DL DL PDSCH transmission(s) associated with PDCCH or PDCCH indicating
MSB, LSB Vibar OF Vrpa SPS PDSCH release or DCI format 1_1 indicating SCell dormancy is
present, denoted asYandY > 1

0,0 1 Y -DmodTp,+1=1
0,1 2 Y -DmodTp,+1=2
1,0 3 Y —-—1DmodT, +1=3
1,1 4 Y —1DmodTp+1=4
Table 9.1.3-1A: Value of counter DAI for N2, =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,
as described in clause 9.1.3.1, the UE does not multiplex HARQ-ACK information in the PUSCH transmission;

- €élse, 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 Viemp, = Vi'ipar Where Vplp, isthe value of the DAI 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 V4’5, = 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 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
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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
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 dlI-
DataToUL-ACK or dI-DataToUL-ACK-r16

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

Set hl9*+Dmod2 (oY 10 a value of a second New feedback indicator field in the last DCI format providing the value of g

Set V,0+1mod2 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 19 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)
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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+imod2 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)mod?2 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)

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

- if VD(;‘{f Dmodz o after the completion of the ¢ and m loops for the pseudo-code for the second HARQ-ACK

codebook generation in clause 9.1.3.1, Set Vipmy = Vo3 ™%, If the UE is provided PDSCH-

CodeBlockGroupTransmission for N21B¢ serving cells, set Vigmp, = V9% for both sub-codebooks

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

If plg+1mod2 (o) + ¢ and h9+V™mod2(g) = h((g + 1)mod2), generate second HARQ-ACK information as described
inclause 9.1.3.1 by setting M = 0 and, after the completion of the ¢ and m loops for the pseudo-code for the second

HARQ-ACK codebook generation in clause 9.1.3.1, setting Vyeppz = ylgrmodz

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

If ¢ = 0, the UE

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

ifg=1

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

else

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

end if
end if

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

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

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

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

- for multiplexing in PUCCH transmission occasion i(g), if the PUSCH transmission is scheduled by a DCI
format without ul-Total DAI-Included configured except that for PDSCH group g = 0, the DCI field with value
V3% inthe DCI format is used after the completion of the c and m loops for the pseudo-code for the HARQ-
ACK codebook generation in clause 9.1.3.1, and when the HARQ-ACK information multiplexed in the PUCCH
transmission occasion i(g) includes HARQ-ACK information for PDSCH groups g and (g + 1)mod2

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

Vya inthe DCI format is used after the completion of the ¢ and m loops for the pseudo-code for the HARQ-

ACK codebook generation in clause 9.1.3.1, and when the UE has not detected any DCI format scheduling
PDSCH receptions, and the UE has not detected any DCI format with arequest for HARQ-ACK information for
any PDSCH group

- for multiplexing in PUCCH transmission occasion i(g), if the PUSCH transmission is scheduled by aDCI
format with ul-Total DAI-Included configured except that M SBs of the DCI field with value Vx; 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 aUE is scheduled a PUSCH transmission by DCI format 0_1 having a DAI field value V3 = 4 for aPDSCH group
index, and the UE has not detected any DCI format scheduling PDSCH receptions for the PDSCH group index, and the
UE has not detected any DCI format with arequest for HARQ-ACK information for the PDSCH group index, the UE
does not multiplex HARQ-ACK information in the PUSCH transmission for the PDSCH group index.

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

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

If aDCI format indicating a slot for a PUCCH transmission occasion does not include a New feedback indicator field, a
PDSCH reception scheduled by the DCI format or a SPS PDSCH release indicated by the DCI format is associated with
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 Ngps, isincluded in nHARQ _ackg ad, if g = 1and &V ™% + @, the UE determines
NHARQ-ACK,(g+1)modz DY SBting Vi = = yW@rvmod2 cor otaining a PUCCH transmission power, if g = 0,

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

9.1.4  Type-3 HARQ-ACK codebook determination

If a UE is provided pdsch-HARQ-ACK-OneShotFeedback, the UE determines 64'%, 57X, ..., 5¢K, _; HARQ-ACK
information bits, for atotal number of 0, HARQ-ACK information bits, of aType3 HARQ -ACK codebook
according to the following procedure.

Set N2

DL ¢ to the number of configured serving cells

Set NitArq,c to the value of nrofHARQ-ProcessesForPDSCH for serving cell ¢, if provided; else, set Nfxrq . = 8
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Set N5, 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 ¢; else, set NP,;C =1

Set Nﬁf%{i‘é’;_’; to the number of HARQ-ACK information bits per TB for PDSCH receptions on serving cell ¢ as
described in clause 9.1.1 if maxCodeBlockGroupsPer TransportBlock is provided for serving cell ¢ and pdsch-HARQ-

ACK-OneShotFeedbackCBG is provided; else, set Nyjuroacis = 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
whilec < N2k
while h < Nirroe
if NDIyarg = 0

. CBG/TB,max
if Nyarg-ackc > 0

while t < Npg.

NCBG/TB,max

Whlleg < HARQ-ACK,c

0, = HARQ-ACK information bit for CBG g of TB ¢ for HARQ process number h of

serving cell ¢, if any; else, 0, =0

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

ajACK = NDI vaueindicated in the DCI format corresponding to the HARQ-ACK information
bit(s) for TB ¢ for HARQ process number h on serving cell ¢, if any; else, 0/ =0
g=0
j=Jj+1
t=t+1
end while
else
while t < Npgc
ajACK =HARQ-ACK information bit for TB t for HARQ process h of serving cdll ¢, if any; else,
‘“‘lACK — O

0;

j=j+1
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ajACK = 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, ajACK -0

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

. CBG/TB,max
if Nyjarg-acke > 0

while t < Npg.

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 < NHARQ_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
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ajACK = 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
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 aserving cell ¢ and if maxCodeBlockGroupsPer TransportBlock is provided for serving cell c,
and pdsch-HARQ-ACK-OneshotFeedbackCBG is provided, the UE repeats Ny ang- acie 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
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- 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 areequal toOor 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-
SpatialBundlingPUSCH.

9.2 UCI reporting in physical uplink control channel

UCI typesreported in aPUCCH include HARQ-ACK information, SR, LRR, and CSl. UCI bitsinclude HARQ-ACK
information bits, if any, SR information bits, if any, LRR information bit, if any, and CSl bits, if any. The HARQ-ACK
information bits correspond to a HARQ-ACK codebook as described in clause 9.1. For the remaining of this clause, any
reference to SR is applicable for SR and/or for LRR.

A UE may transmit one or two PUCCHSs on a serving cell in different symbols within a dot. When the UE transmits
two PUCCHsin adot and the UE is not provided ackNackFeedbackMode = separate, at least one of the two PUCCHSs
uses PUCCH format 0 or PUCCH format 2.

If aUE is provided ackNackFeedbackMode = separate, the UE may transmit up to two PUCCHs with HARQ-ACK
information in different symbols within aslot.

Inclauses 9.2.3, 9.2.5.1 and 9.2.5.2, a UE assumes 11 CRC bitsif a number of respective UCI bitsislarger than or
equal to 360; otherwise, the UE determines a number of CRC bits based on the number of respective UCI bits as
described in [5, TS 38.212].

9.2.1 PUCCH Resource Sets

If a UE does not have dedicated PUCCH resource configuration, provided by PUCCH-ResourceSet in PUCCH-Config,
aPUCCH resource set is provided by pucch-ResourceCommon through an index to arow of Table 9.2.1-1 for
transmission of HARQ-ACK information on PUCCH in aninitial UL BWP of N§ii3 PRBs.

The PUCCH resource set includes sixteen resources, each corresponding to a PUCCH format, afirst symbol, a duration,
aPRB offset RBJ 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
whenindex 3, 7, or 11 isindicated by pucch-ResourceCommon and usel nterlacePUCCH-PUSCH in BWP-
UplinkCommon is provided.

The UE transmits the PUCCH using the same spatial domain transmission filter as for a PUSCH transmission scheduled
by aRAR 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 rpyccis

0 < rpyccn < 15, 8S1pyccu = IZ;E%J + 2 - Apgy, Where N¢cg isanumber of CCEsin a CORESET of a PDCCH

reception with the DCI format, as described in clause 10.1, n¢cg o isthe index of afirst CCE for the PDCCH reception,
and Apg; isavalue of the PUCCH resource indicator field in the DCI format.
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If |7pucch/8] = 0 and a UE is provided a PUCCH resource by pucch-ResourceCommon and is not provided
uselnterlacePUCCH-PUSCH in BWP-UplinkCommon

the UE determines the PRB index of the PUCCH transmission in the first hop as RBYIS + |7pyccn/Nes| and the
PRB index of the PUCCH transmission in the second hop as N§2% — 1 — RBJS — [rpuccn/Nes), where Neg is
the total number of initial cyclic shift indexesin the set of initial cyclic shift indexes

the UE determines theinitial cyclic shift index in the set of initial cyclic shift indexes as rpyccymodNcg

If |7pucch/8] = 1 and a UE is provided a PUCCH resource by pucch-ResourceCommon and is not provided
uselnterlacePUCCH-PUSCH in BWP-UplinkCommon

the UE determines the PRB index of the PUCCH transmission in the first hop as NgZ% — 1 — RBSIS! —
|("puccr — 8)/Ncs] and the PRB index of the PUCCH transmission in the second hop as RBJSS +
[(rrucer — 8)/Nesl

the UE determines theinitial cyclic shift index in the set of initial cyclic shift indexes as (rPUCCH—S) mMOodNg

If aUE is provided a PUCCH resource by pucch-ResourceCommon and is provided uselnterlacePUCCH-PUSCH in
BWP-UplinkCommon

the UE determines for the PUCCH resource an interlace index m asm = (mgy + |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 rpyccymodNcg, 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 rpyccy = 10
- index 1 or 2: thefirst symbol is9 for a PUCCH resource with PUCCH format O if rpycey = 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 P
Index PUCCH format | First symbol | Number of symbols R OIR,SE‘ %e; ionfo;g)'(tézl
0 0 12 2 0 {0, 3}
1 0 12 2 0 {0, 4, 8}
2 0 12 2 3 {0, 4, 8}
3 1 10 4 0 {0, 6}
4 1 10 4 0 {0, 3, 6, 9}
5 1 10 4 2 {0, 3, 6, 9}
6 1 10 4 4 {0, 3, 6, 9}
7 1 4 10 0 {0, 6}
8 1 4 10 0 {0, 3, 6, 9}
9 1 4 10 2 {0, 3, 6, 9}
10 1 4 10 4 {0, 3, 6, 9}
11 1 0 14 0 {0, 6}
12 1 0 14 0 {0, 3, 6, 9}
13 1 0 14 2 {0, 3, 6, 9}
14 1 0 14 4 {0,3,6,9}
15 1 0 14 [Nz /4] {0,3,6,9)
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If a UE has dedicated PUCCH resource configuration, the UE is provided by higher layers with one or more PUCCH
resources.

A PUCCH resource includes the following parameters:
- aPUCCH resource index provided by pucch-Resourceld

- anindex of thefirst PRB prior to frequency hopping or for no frequency hopping by startingPRB, if aUE is not
provided usel nterlacePUCCH-PUSCH in BWP-UplinkDedicated

- anindex of thefirst PRB after frequency hopping by secondHopPRB, if a UE is not provided
uselnterlacePUCCH-PUSCH in BWP-UplinkDedicated

- anindication for intra-d ot frequency hopping by intraS otFrequencyHopping, if a UE is not provided
usel nterlacePUCCH-PUSCH in BWP-UplinkDedicated

- anindex of afirst interlace by interlaceQ, if a UE is provided uselnterlacePUCCH-PUSCH in BWP-
UplinkDedicated

- if provided, an index of a second interlace by interlacel, if aUE is provided uselnterlacePUCCH-PUSCH in
BWP-UplinkDedicated

- anindex of an RB set by rb-Setindex, if a UE is provided uselnterlacePUCCH-PUSCH in BWP-
UplinkDedicated

- aconfiguration for 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 uselnterlacePUCCH-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
results in My iqiace0 RBSin the first interlace and the UE expects that M qiate o iS €ither 10 or 11. I interlacel is

interlace,0

provided, the intersection results in M aiit.. ; RBsin the second interlace and the UE expects that Mi ot ; 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 also includes an index for an initial cyclic shift provided by initial CyclicShift, a number of
symbols for a PUCCH transmission provided by nrofSymbols, afirst symbol for the PUCCH transmission provided by
startingSymbol Index.

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
startingSymbol I ndex, and an index for an orthogonal cover code by timeDomainOCC.

If the format indicates PUCCH-format2 or PUCCH-format3, the PUCCH format configured for aPUCCH resourceis
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 MFF;EBJCCH’S [4, TS 38.211] PRBs with the lowest indexes within the

first, and if configured, second interlace are used for PUCCH transmission.

If the format indicates PUCCH-format4, the PUCCH format configured for a PUCCH resource is PUCCH format 4,
where the PUCCH resource a so includes a number of symbols for a PUCCH transmission provided by nrofSymbols, an
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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 resource is relative to the first symbol of aslot with
NEot symbols[4, TS38.211].

A UE can be configured up to four sets of PUCCH resources in a PUCCH-Config. A PUCCH resource set is provided
by PUCCH-ResourceSet and is associated with a PUCCH resource set index provided by pucch-ResourceSetld, with a
set of PUCCH resource indexes provided by resourcelist that provides a set of pucch-Resourceld used in the PUCCH
resource set, and with a maximum number of UCI information bits the UE can transmit using a PUCCH resource in the
PUCCH resource set provided by maxPayloadS ze. For the first PUCCH resource set, the maximum number of UCI
information bitsis 2. A maximum number of PUCCH resource indexes for a set of PUCCH resourcesis provided by
maxNrofPUCCH-Resour cesPer Set. The maximum number of PUCCH resourcesin the first PUCCH resource set is 32
and the maximum number of PUCCH resources in the other PUCCH resource setsis 8.

If the UE transmits Oyc; UCI information bits, that include HARQ-ACK information bits, the UE determines a PUCCH
resource set to be

- 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

- asecond set of PUCCH resources with pucch-ResourceSetld = 1, if provided by higher layers, if 2 < Oy < N,
where N, is equal to maxPayloadSze 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 < N;
where N; isequal 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

- aPUCCH 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

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

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

- aPUCCH 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
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PUCCH format 1 if

- thetransmission isover 4 or more symbols,

- the number of HARQ-ACK/SR bitsis 1 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

- 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 uselnterlacePUCCH-
PUSCH in BWP-UplinkDedicated

A spatial setting for aPUCCH transmission is provided by PUCCH-SpatialRelationinfo if the UE is configured with a
single value for pucch-SoatialRelationl nfold; otherwise, if the UE is provided multiple values for PUCCH-
SoatialRelationl nfo, 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- N2 \yhere 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-
SatialRelationlnfo, each slot consists of Ngﬁﬁb symbols asdefined in [4, TS 38.211], and u isthe SCS configuration
for the PUCCH

- If PUCCH-SpatialRelationlnfo provides ssh-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 a serving cell indicated by servingCellld

- eseif PUCCH-Spatial Relationlnfo 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 a serving 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 coresetPool Index value of 1 for any CORESET, or is provided coresetPool | ndex value of 1 for
al CORESETS, in Control ResourceSet and no codepoint of a TCI field, if any, in a DCI format of any search
space set mapsto two TCI states[5, TS 38.212]
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aspatial setting for aPUCCH transmission from the UE is same as a spatial setting for PDCCH receptions by the UE in
the CORESET with the lowest 1D on the active DL BWP of the PCell. 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 aPUCCH transmission using PUCCH format 3 or 4 is provided by additional DMRS.

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

9.2.3 UE procedure for reporting HARQ-ACK

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

For DCI format 1_0, the PDSCH-to-HARQ_feedback timing indicator field valuesmap to {1, 2, 3,4, 5, 6, 7, 8}. For 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 dl-DataToUL-ACK, dI-DataToUL-ACK-r16, or dl-DataToUL-
ACK-DCI-1-2, 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
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 n, 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 dot 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 ny, the UE provides corresponding HARQ-
ACK information in a PUCCH transmission within UL slot n + k where k is provided by dI-DataToUL-ACK, or dI-
DataToUL-ACK-r16, or dl-DataToUL-ACK-DCI-1-2.

If the UE detects a DCI format scheduling a PDSCH reception ending in DL dlot 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
di-DataToUL-ACK, dI-DataToUL-ACK-r16, or dl-DataToUL-ACK-DCI-1-2.

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

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

For aPUCCH 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, excluding
the SPS activation DCI, among the DCI formats that have a value of a PDSCH-to-HARQ_feedback timing indicator
field, if present, or avalue of dl-DataToUL-ACK, or dI-DataToUL-ACK-r16, or dl-DataToUL-ACK-DCI-1-2, indicating
asame dot 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 coresetPoolIndex or is provided coresetPoolIndex with value O
for one or more first CORESET s and is provided coresetPoolIndex with value 1 for one or more second CORESETs on
an active DL BWP of a serving cell, and with ackNackFeedbackMode = joint for the active UL BWP, detected DCI
formats from PDCCH receptionsin the first CORESET s are indexed prior to detected DCI formats from PDCCH
receptions in the second CORESETS.

The PUCCH resource indicator field values map to values of a set of PUCCH resource indexes, as defined in Table
9.2.3-2 for aPUCCH resource indicator field of 3 bits, provided by resourceList for PUCCH resources from a set of
PUCCH resources provided by PUCCH-ResourceSet with a maximum of eight PUCCH resources. |f the PUCCH
resource indicator field includes 1 bit or 2 bits, the values map to the first two values or the first four val ues,
respectively, of Table 9.2.3-2. If the last DCI format does not include a PUCCH resource indicator field, the first value
of Table 9.2.3-2 is used.

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 dl-DataToUL-ACK-DCI-1-2, indicating a same slot for the PUCCH

transmission, the UE determines a PUCCH resource with index Ioyccn, 05 MoycenS Roucar—1, @

\‘WJJ—AN IVRPUCCH—‘ if  Apg < Rpycey mod8

NCCE,p 8
Mrucen = N L /SJ
{CCE"’I\IRPUCCHJ+APR, {RP“E;CCHJ+ Reycey Mod8 if  Apy = Ryyoey Mod8
CCE,p
where N , isanumber of CCEsin CORESET P of the PDCCH reception for the DCI format as described in

clause 10.1, Nee , 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.
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Table 9.2.3-2: Mapping of PUCCH resource indication field values to a PUCCH resource in a PUCCH
resource set with maximum 8 PUCCH resources

PUCCH resource indicator PUCCH resource |
1 bit 2 bits 3 bits
‘0’ ‘00’ 000" 15t PUCCH resource provided by pucch-Resqurceld obtained from the
15t value of resourcelList
1 '01' 001" 2" PUCCH resource provided by pucch-Resourceld obtained from the
24 value of resourceList
'10' 010" 3" PUCCH resource provided by pucch-Resourceld obtained from the
3" value of resourceList
11 011" 4% PUCCH resource provided by pucch-Resourceld obtained from the
4" value of resourcelList
100" 5t PUCCH resource provided by pucch-ResqurceId obtained from the
5" value of resourceList
101" 6" PUCCH resource provided by pucch-ResqurceId obtained from the
6" value of resourceList
110" 7" PUCCH resource provided by pucch-Reso_urceId obtained from the
7' value of resourceList
111" 8" PUCCH resource provided by pucch—ResqurceId obtained from the
8" value of resourceList

If a UE determines afirst resource for a PUCCH transmission with HARQ-ACK information corresponding only to a
PDSCH reception without a corresponding PDCCH or detects afirst DCI format indicating a first resource for a
PUCCH transmission with corresponding HARQ-ACK information in a ot and also detects at a later time a second
DCI format indicating a second resource for a PUCCH transmission with corresponding HARQ-ACK information in
the dlot, the UE does not expect to multiplex HARQ-ACK information corresponding to the second DCI format in a
PUCCH resourcein the slot if the PDCCH reception that includes the second DCI format is not earlier than

N, - (2048+ 144) k-2 -T_ from the beginning of afirst symbol of the first resource for PUCCH transmissionin

the slot where, k and T, are defined in clause 4.1 of [4, TS 38.211] and i corresponds to the smallest SCS

configuration among the SCS configurations of the PDCCHs providing the DCI formats and the SCS configuration of

the PUCCH. If processingType2Enabled of PDSCH-ServingCellConfig is set to enable for the serving cell with the

second DCI format and for all serving cells with corresponding HARQ-ACK information multiplexed in the PUCCH

transmissionintheslot, N,=3 for £ =0, N,=4.5 for £ =1, N,=9 for =2 otherwise, N,=8 for £ =0,
N,=10 for £ =1, N, =17 for u=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, which includes the first SPS PDSCH reception associated with the

corresponding activation DCI, a PUCCH resource for corresponding PUCCH transmission with HARQ-ACK
information is provided by n1IPUCCH-AN.

If a UE transmits a PUCCH with HARQ-ACK information using PUCCH format O, the UE determines values m, and

M. for computing a value of cyclic shift & [4, TS 38.211] where m, is provided by initial CyclicShift of PUCCH-

formatO or, if initial CyclicShift is not provided, by the initial cyclic shift index as described in clause 9.2.1 and m is

determined from the value of one HARQ-ACK information bit or from the values of two HARQ-ACK information bits
asin Table 9.2.3-3 and Table 9.2.3-4, respectively.

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

HARQ-ACK Value 0 1
Sequence cyclic shift
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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 me =0 M =3 me =6 M =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, bitsusing PUCCH format 2 or PUCCH

format 3inaPUCCH resource that includes Mgz “" PRBs, the UE determines anumber of PRBs M fyoa! for the

PUCCH transmission to be the minimum number of PRBSs, that is smaller than or equal to a number of PRBs M /5"

provided respectively by nrofPRBs of PUCCH-format2 or nrofPRBs of PUCCH-format3 and start from the first PRB
from the number of PRBs, that results to (Oao +Ogre) < M i - Now - Novoe - QT and, if Mig™™ >1,

sc,ctrl

(OACK +OCRC) > (M rigfﬁ? _l)' Ng:

sc,ctrl

RB . .
Noee Q1 where Nggy, NJWeSt,, Qn,and I' are defined in clause

9.2.5.2. For PUCCH format 3, if M g isnot equal 2°2 - 3% - 5% according to [4, TS38.211], M gt is

increased to the nearest allowed value of nrofPRBs for PUCCH-format3 [12, TS 38.331]. If
(Ouck +Ocre) > (MPZSH _1). NP, . NEreStt *Qn T, the UE transmits the PUCCH over Mfs“™" PRBs.

sc,ctrl

If aUE is provided afirst interlace of M{{aire o PRBS by interlace0 in InterlaceAllocation and transmits a PUCCH

with 0,cxk HARQ-ACK information bits and Ocg bits using PUCCH format 2 or PUCCH format 3, the UE transmits
the PUCCH over the first interlace if (Oyck + Ocre) < MPVSCH - NEB - NPUCCH 0., - r; otherwise, if the UE is

Interlace,0 c,ctrl sym

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

9.2.4 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,
TS 38.321], ina PUCCH transmission using either PUCCH format 0 or PUCCH format 1. The UE can be provided, by
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 schedulingRequest! D-LBT-SCell, providing a PUCCH format O resource or a PUCCH format 1 resource as described
inclause 9.2.1. The UE is also configured aperiodicity SRozgopicry 1N Symbols or slots and an offset SR+ in slots

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

determines a SR transmission occasion in a PUCCH to be in a slot with number n;‘f [4, TS38.211] in aframe with
number n if (nf ’ N;rgtﬂe'ﬂ + ”éff — SRorreer )mOd Reeriopiary =0

If Recriooicry 1S0Ne slot, the UE expects that SR,-s; = 0 and every slot is a SR transmission occasion in a PUCCH.

If Recriooiary 15 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, m0d SReeropiciry )MOd SRecgyopiciry = 0 Where |, isthe value of
startingSymbol | ndex.

If the UE determines that, for a SR transmission occasion in a PUCCH, the number of symbols available for the
PUCCH transmission in aslot is smaller than the value provided by nrofSymbols, the UE does not transmit the PUCCH
inthe dlot.
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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 a single slot without repetitions. Any case that
aPUCCH transmission is with repetitions over multiple slots is described in clause 9.2.6. If a UE is configured with
multiple PUCCH resourcesin aslot to transmit CSI reports

- if the UE is not provided multi-CSl-PUCCH-ResourceList or if PUCCH resources for transmissions of CSl
reports do not overlap in the dot, the UE determines a first resource corresponding to a CSl report with the
highest priority [6, TS 38.214]

- if thefirst resource includes PUCCH format 2, and if there are remaining resourcesin the slot that do not
overlap with the first resource, the UE determines a CSl report with the highest priority, among the CSI
reports with corresponding resources from the remaining resources, and a corresponding second resource as
an additional resource for CSl reporting

- if thefirst resource includes PUCCH format 3 or PUCCH format 4, and if there are remaining resourcesin
the slot that include PUCCH format 2 and do not overlap with the first resource, the UE determines a CSl
report with the highest priority, among the CSl reports with corresponding resources from the remaining
resources, and a corresponding second resource as an additional resource for CS| reporting

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

A UE multiplexes DL HARQ-ACK information, with or without SR, and CSl report(s) in asame PUCCH if the UE is
provided simultaneousHARQ-ACK-CSl; otherwise, the UE drops the CSl report(s) and includes only DL HARQ-ACK
information, with or without SR, in the PUCCH. If the UE would transmit multiple PUCCHs in a slot that include DL
HARQ-ACK information and CSl report(s), the UE expects to be provided a same configuration for
simultaneousHARQ-ACK-CS each of PUCCH formats 2, 3, and 4.

If a UE would multiplex CSl reports that include Part 2 CS| reportsin a PUCCH resource, the UE determines the
PUCCH resource and a number of PRBs for the PUCCH resource or a number of Part 2 CSI reports assuming that each
of the CSl reportsindicates rank 1.

If a UE would transmit multiple overlapping PUCCHs in a slot or overlapping PUCCH(s) and PUSCH(s) in adot 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 dlot, satisfies
the following timeline conditions

- S, isnot before asymbol with CP starting after Ty, , after alast symbol of any corresponding PDSCH, T;0 1

proc,1

is given by maximum of {Tm“’"1 o T L } where for the i-th PDSCH with corresponding HARQ-ACK

proc,1’ » % proc,1’
Mux,i

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

proc,1
(N, +dy; +1) - (2048 + 144) - k- 27# - T, dy ; is selected for thei-th PDSCH following [6, TS 38.214],
N, isselected based on the UE PDSCH processing capability of thei-th PDSCH and SCS configuration u,
where u corresponds to the smallest SCS configuration among the SCS configurations used for the PDCCH

scheduling the i-th PDSCH, the i-th PDSCH, the PUCCH with corresponding HARQ-ACK transmission for the
i-th PDSCH, and al PUSCHSs in the group of overlapping PUCCHs and PUSCHs.
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S, is not before a symbol with CP starting after T+, after alast symbol of any corresponding SPS

proc,release

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.

i is given by maximum of {T"‘“’"1 e, T } where for the i-th PDCCH providing the

proc,release proc,release’  ? * proc,release’

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 thereis no aperiodic CSl report multiplexed in a PUSCH in the group of overlapping PUCCHs and PUSCHs,
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, T;5757 - is given by maximum
of {Tmex ... Tl ...} where for thei-th PUSCH which isin the group of overlapping PUCCHs and

proc,2’ """ Lproc,2;

PUSCHSs, ™% = max ((N2 +dyq +1)- (2048 + 144) - K- 27# - Ty + Tyieens dz_z), dy 1, dy 5 and Tyyieen

» “proc,2
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 PUCCHSs and PUSCHS, T74% ,is given by maximum of

» Iproc,

(T, . T, - } 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

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 CSl 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- 27H - T, +

Tswitch dz,z) after alast symbol of

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

- any PDCCH scheduling a PDSCH, or 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 PUSCHSs, and the smallest SCS configuration of
CSI-RS associated with the DCI format scheduling the PUSCH with the multiplexed aperiodic CSI report, and
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d=2foru=01,d=3foru=2andd = 4 for u = 3. Tsyircn iISAefined 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;,,dp,,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 adlot, 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 stisfies
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 coresetPoolIndex or is provided coresetPoollndex with a value of O for first CORESETs on
active DL BWPs of serving cells, and

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

- isprovided ackNackFeedbackMode = separate

does not expect a PUCCH or a PUSCH transmission triggered by a detection of a DCI format in aPDCCH 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, isbefore symbol z 7> that isanext uplink symbol with CP starting after

ref

zm o =(2'+d)-(2048+144)- k- 27 - T, after the end of the last symbol of

proc,CSI
- thelast symbol of aperiodic CSI-RS resource for channel measurements, and
- thelast symbol of aperiodic CSI-IM used for interference measurements, and

- thelast symbol of aperiodic NZP CSI-RS for interference measurements, when aperiodic CSI-RSis used for
channel measurement for triggered CSI report n

the UE is not required to update the CSI report for the triggered CSl report N. Z' isdefined in [6, TS 38.214] and u
corresponds to the smallest SCS configuration among the SCS configurations of the PDCCHs scheduling the PUSCHS,
the smallest SCS configuration of aperiodic CSI-RSs associated with DCI formats provided by the PDCCHs triggering
the aperiodic CSI reports, and the smallest SCS configuration of the overlapping PUCCHs and PUSCHs and d = 2 for
u=01,d=3for u=2andd=4 for u=3.

If a UE would transmit multiple PUCCHsin adot 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 CSl reports and determines corresponding PUCCH(s) for transmission in
the slot according to the following pseudo-code. If the multiple PUCCHSs do not include HARQ-ACK information and
do not overlap with any PUSCH transmission by the UE in response to a DCI format detection by the UE, the timing
conditions do not apply.

If
- aUEisnot provided multi-CS-PUCCH-ResourceList, and

- aresource for a PUCCH transmission with HARQ-ACK information in response to SPS PDSCH reception
and/or aresource for a PUCCH associated with a SR occasion overlap in time with two resources for respective
PUCCH transmissions with two CSl reports, and

- thereisno resource for aPUCCH transmission with HARQ-ACK information in response to a DCI format
detection that overlaps in time with any of the previous resources, and
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- thefollowing pseudo code results to the UE attempting to determine a single PUCCH resource from the HARQ-
ACK and/or the SR resource and the two PUCCH resources with CS| reports
the UE

- multiplexes the HARQ-ACK information and/or the SR in the resource for the PUCCH transmission with the
CSl report having the higher priority, and

- does not transmit the PUCCH with the CSI report having the lower priority

Set Q to the set of resources for transmission of corresponding PUCCHSsin a single 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 afunction 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 UE is not provided simultaneousHARQ-ACK-CS and at least one of the resources for transmission of
HARQ-ACK information includes PUCCH format 1, PUCCH format 3, or PUCCH format 4

- resources that include PUCCH format 3 or PUCCH format 4 for transmission of CSI reports are excluded
fromtheset Q

- resourcesthat include PUCCH format 2 for transmission of CSl reports are excluded fromthe set Q if they
overlap with any resource from the resources for transmission of HARQ-ACK information

Set ¢(Q) to the cardinality of Q

Set QX(],0) to be thefirst symbol of resource Q(j) inthe dot

Set L(Q(j)) to bethe number of symbols of resource Q(j) inthe slot
Set j =0 -index of first resourcein set Q

Set 0=0 - counter of overlapped resources

while j<¢(Q)-1

if j <¢(Q)-1 and resource Q(j—o0) overlapswith resource Q(j +1)

0=0+1

j=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
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set the index of the single resourceto j
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 < 5(Q)—1 % the next two while loops are to re-order the unmerged resources
=0
while | < 2(Q)-1-k
if Q(1,0)>Q(l+10) OR (Q(,0)=Q( +10) & L(Q())) < L(Q( +1))
temp=Q(l)
Q) =Q( +1)
Q(I+1) = temp
end if
I=l+1
end while
k=k+1
end while

}
For each PUCCH resourceintheset 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 multiplexesHARQ-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
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response to a DCI format detection and the UE multiplexes only CSl 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
- €ese

- the UE transmits the first PUCCH if the smallest priority value of the first PUCCH is smaller than sl-
PriorityThreshold; otherwise, the UE transmits the second PUCCH

When the UE determines to transmit the second PUCCH, the UE determines a single resource for multiplexing UCI in
the second PUCCH as described in clauses 9.2.5.1 and 9.2.5.2.

9.25.1 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 schedulingRegquestResour celd associated with schedulingRequest| D-BFR-SCell, and a
schedulingRequestResour celd associated with schedulingRequest! D-LBT-SCell, with SR transmission occasions that
would overlap with atransmission of a PUCCH with HARQ-ACK information from the UE in the slot or with a
transmission of a PUCCH with CSI report(s) from the UE in the dot.

If a UE would transmit a PUCCH with positive SR and at most two HARQ-ACK information bits in aresource using
PUCCH format 0O, the UE transmits the PUCCH in the resource using PUCCH format 0 in PRB(s) for HARQ-ACK
information as described in clause 9.2.3. The UE determines avalue of m, and m.g for computing avalue of cyclic
shift & [4, TS 38.211] where my, is provided by initial CyclicShift of PUCCH-formatO, and mg isdetermined 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.
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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 M =3 me =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 M =4 Mo =7 me =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 afirst 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 bitsin aresource using PUCCH format 2 or
PUCCH format 3 or PUCCH format 4 in adot, as described in clauses 9.2.1 and 9.2.3, [log, (K +1)] bits representing
anegative or positive SR, in ascending order of the values of schedulingRequestResourceld, a
schedulingRequestResour cel d associated with schedulingRequest! D-BFR-SCell, and a schedulingRequestResour cel d
associated with schedulingRequestI D-LBT-SCell, are appended to the HARQ-ACK information bits and the UE
transmits the combined Q¢ =OACK+(I oge(K+ZIﬂ UCI bitsin aPUCCH using aresource 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 a UE would transmit a PUCCH with Q. CSI report bitsin aresource using PUCCH format 2 or PUCCH format 3 or
PUCCH format 4inadot, |_Iog (K + 1)-| bits representing corresponding negative or positive SR, in ascending order of

the values of schedulingRequestResour celd, 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

O,q =/l0g,(K +1)]+O.4 UCI bitsin aresource using the PUCCH format 2 or PUCCH format 3 or PUCCH format 4
for CSI reporting. If one of the SRsisa positive LRR, the value of the |_| og,(K + 1)1 bits indicates the positive LRR.

An all-zero value for the !_I ng(K +1ﬂ bits represents a negative SR value across al K SRs.

If aUE transmits aPUCCH with O,., HARQ-ACK information bits, Og, =[log, (K +1)] SR bits, and Oz CRC bits
using PUCCH format 2 or PUCCH format 3 in a PUCCH resource that includes M5 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 pn|RB PUCCH . PUCCH
(OACK +0x "'ocRc)S Megmin - N “Nympua - Qn -1 and, if Mgg " >1,

scctrl

(OACK + OSR +OCRC) > (M gg’%ci: _l)' Nsiitrl

: PUCCH . o, o Eos - PUCCH
clause 9.2.5.2. For PUCCH format 3, if M g =" isnot equal 2% - 3% - 5% accordingto [4, TS38.211], M gg i
isincreased to the nearest allowed value of nrofPRBs for PUCCH-format3 [12, TS 38.331]. If

(Opex + Ot +Ocrc) > (MPYCH 1) N, Noee *Qq T , the UE transmits the PUCCH over the Mgz ' PRBs.

sc,ctrl

‘Ngmove - Qn T where N&%,, Nonole . Qm,and ' are defined in

sc,ctrl
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If aUE is provided afirst interlace of MFUSCH PRBs by interlace0 in InterlaceAllocation and transmits a PUCCH

Interlace,0

with 0,cxk HARQ-ACK information bits, Osg = [log, (K + 1)] SR bits, and Oz CRC bits using PUCCH format 2 or
PUCCH format 3, the UE transmits the PUCCH over the first interlace if (Oack + Osg + Ocre) < Minteniareo - Nevoy -
NPUCEH . Q,, - r; otherwise, if the UE is provided a second interlace by interlacel in PUCCH-format2 or PUCCH-

sym|

format3, the UE transmits the PUCCH over the first and second interlaces.

9.25.2 UE procedure for multiplexing HARQ-ACK/SR/CSI in a PUCCH

For a transmission occasion of a single CSl report, a PUCCH resource is provided by pucch-CS-Resourcelist. For a
transmission occasion of multiple CSI reports, corresponding PUCCH resources can be provided by multi-CS-PUCCH-
ResourcelList. If a UE is provided first and second PUCCH-Config, multi-CS-PUCCH-ResourceList is provided by the
first PUCCH-Config, and PUCCH-Resourceld in pucch-CS-ResourcelList or multi-CS -PUCCH-ResourceList indicates
a corresponding PUCCH resource in PUCCH-Resource provided by the first PUCCH-Config.

If aUE is provided only one PUCCH resource set for transmission of HARQ-ACK information in response to PDSCH
reception scheduled by a DCI format or in response to a 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 CSlI report(s) ina PUCCH
transmission using PUCCH format 2, PUCCH format 3, or PUCCH format 4.

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

- O 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

total
Neg

- O = (OCSI-partl,n n ch.pmz,n)’ where Ocg a1 iSanumber of Part 1 CS| report bits for CSI report with

n=1

priority value N, Ocg par 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

- Ore=O%reesipatit Ocrecsi para, Where Ocre,csi-pa 1 @Number of CRC hits, if any, for encoding HARQ-
ACK, SR and Part 1 CSl report bits and Ocpc cg-pare 1S @number of CRC bits, if any, for encoding Part 2 CS
report bits

In the following
- I isacoderate given by maxCodeRate asin Table 9.2.5.2-1.

- M isanumber of PRBsfor PUCCH format 2, or PUCCH format 3, or PUCCH format 4, respectively,
where M J2°" isprovided by nrofPRBsin PUCCH-format2 for PUCCH format 2 or by nrofPRBsin PUCCH-
format3 for PUCCH format 3, and M/7,°*"=1 for PUCCH format 4

- NsRc,BctrI
orthogonal cover code with length N&“"*? provided by occ-Length, N5, = (NE®—g)/NfPocH2 NP = N
for PUCCH format 3 or, if the PUCCH resource with PUCCH format 3 includes an orthogonal cover code with

NPUCCH,S _ NRB/NPUCCH,B and NRB _ NRB/NPUCCHA for PUCCH

SF -~ Vs SF ’ - Vs SF

sc,ctrl

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

provided by occ-Length, N2

sc,ctrl

length

format 4, where N&° isanumber of subcarriers per resource block [4, TS 38.211]
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N{me-ue isequal to anumber of PUCCH symbols N 5" for PUCCH format 2 provided by nrofSymbolsin

symb

PUCCH-format2. For PUCCH format 3 or for PUCCH format 4, N2'°% . is equal to a number of PUCCH

symb-U

symbols N YSCH2 for PUCCH format 3 or equal to a number of PUCCH symbols NEYSH* for PUCCH format

symb symb
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 is the modulation scheme and Q, =2 if QPSK is the modulation scheme asindicated by
pi2BPK for PUCCH format 3 or PUCCH format 4. For PUCCH format 2, Q, =2

If a UE has one or more CSl reports and zero or more HARQ-ACK/SR information bits to transmit in a PUCCH where
the HARQ-ACK, if any, isin response to a PDSCH reception without a corresponding PDCCH

if any of the CSl reports are overlapping and the UE is provided by multi-CS-PUCCH-ResourceList with J <2
PUCCH resourcesin asot, for PUCCH format 2 and/or PUCCH format 3 and/or PUCCH format 4, as described
in clause 9.2.1, where the resources are indexed according to an ascending order for the product of a number of

corresponding REs, modulation order Q,, and configured coderate I ;

- if (Opoq +Ogg + Ogg +Ocnc ) < (MY . NEFE - Nomecoe Q- r)O , the UE uses PUCCH format 2 resource

sc,ctrl

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

- eseif (OACK +OSR +OCSI +OCRC)> (M RPECCH NS - N;‘,;E?SC, 'Qm ’ r)j and

sc,ctrl

(OACK + OSR +OCSI + OCRC)S (M ggCCH N ioWE N;lrJn(ti-CSm 'Qm ' I‘)

sc,ctrl

1 0< j<J-1,theUE transmitsa

PUCCH conveying HARQ-ACK information, SR and CSI report(s) in a respective PUCCH where the UE
uses the PUCCH format 2 resource j + 1, or the PUCCH format 3 resource j + 1, or the PUCCH format 4

resource j +1

- elsethe UE uses the PUCCH format 2 resource J —1, or the PUCCH format 3 resource J —1, or the PUCCH

format 4 resource J —1 and the UE selects N €S| 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, +Qpr+Qg+Qre bitsin aPUCCH resource provided by pucch-CS-
Resourcelist and determined as described in clause 9.2.5

If aUE hasHARQ-ACK, SR and wideband or sub-band CSI reports to transmit and the UE determines a PUCCH
resource with PUCCH format 2, or the UE has HARQ-ACK, SR and wideband CSI reports [6, TS 38.214] to transmit
and the UE determines a PUCCH resource with PUCCH format 3 or PUCCH format 4, where

and

the UE determines the PUCCH resource using the PUCCH resource indicator field [5, TS 38.212] in alast of a
number of DCI formats with a value of a PDSCH-to-HARQ_feedback timing indicator field, if present, or a
value of dI-DataToUL-ACK, or dI-DataToUL-ACK-r16, or di-DataToUL-ACK-DCI-1-2, indicating a same slot
for the PUCCH transmission, or by avalue provided by dl-DataToUL-ACK or dI-DataToUL-ACK-r16 or dI-
DataToUL-ACK-DCI-1-2 if the PDSCH-to-HARQ_feedback timing indicator field is not present in the last DCI
format, from a PUCCH resource set provided to the UE for HARQ-ACK transmission, and

the UE determines the PUCCH resource set as described in clause 9.2.1 and clause 9.2.3 for Q) UCI bits

if (Ouc +Os +Ocqr_part + Occ.cspee) < MASCS - N, - NPUSSHL Q-1 , the UE transmits the HARQ-ACK,

sc,ctrl

SR, and CSl reports bits by selecting the minimum number M ;55 of the PRBs satisfying

(Opck +O + oca_panﬁocmycg_pam)s Mg - Nee - Nompoo - Qq T as described in clauses 9.2.3 and 9.2.5.1;

PUCCH
M RB

sc,ctrl
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- dse the UE selects N2 €S| report(s), from the NS CSl reports, for transmission together with HARQ-
ACK and SR in ascending priority value [6, TS 38.214], where the value of N satisfies

N reported

csl
PUCCH N|RB PUCCH
OACK +OSR + ZOCS-partln +OCRC,CS|—part1,N < Mgg : Nsc,cm : NsymbUCI 'Qm I and
n=1

Nreorted_ ¢
[e=]
PUCCH n[RB PUCCH .
Onck 1Ok + ZOCSI-partln +OCRC,CSI-partl,N+1 >Mgg N NwmkyUCI ‘Qn-T, where oCRC,CS!-partl,N Isa
n=1
Nreponsd
Ccsl
number of CRC bits corresponding to O, + Oz + Y Ocg-pasn UCH bits, and Ocre, csi-parta, n+1 i1S@number
n=1
N(r:zorled+l
of CRC bits corresponding to Oxex +Oxz + D Ocgpazn UCH bits.
n=1

If aUE is provided afirst interlace of My,/qii. o PRBs by interlace0 in InterlaceAllocation, the UE has HARQ-ACK,
SR and wideband or sub-band CSI reports to transmit, and the UE determines a PUCCH resource with PUCCH format

2, or the UE has HARQ-ACK, SR and wideband CSlI reportsto transmit and the UE determines a PUCCH resource
with PUCCH format 3, where

- the UE determines the PUCCH resource using the PUCCH resource indicator field in alast of a number of DCI
formats with avalue of a PDSCH-to-HARQ_feedback timing indicator field indicating a same slot for the
PUCCH transmission, or avalue provided by dI-DataToUL-ACK or dI-DataToUL-ACK-r16 or dl-DataToUL-
ACK-DCI-1-2 if the PDSCH-to-HARQ_feedback timing indicator field is not present in a DCI format, from a
PUCCH resource set provided to the UE for HARQ-ACK transmission, and

- the UE determines the PUCCH resource set as described in clauses 9.2.1 and 9.2.3 for Oy UCI bits
and

- if (OACK + OSR + OCSI—panl + OCRC,CSI-panl) < Mﬁ?eﬁgcio . Ng%m . g,LrJn%_CUHG . Qm ' T, the UE transmits the
HARQ-ACK, SR, and CSl reports bitsin a PUCCH over the first interlace

- esg, if the UE is provided a second interlace of M{ ko ; 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 Miisia o + Mo ;.

If aUE hasHARQ-ACK, SR and sub-band CSI reports to transmit and the UE determines a PUCCH resource with
PUCCH format 3 or PUCCH format 4, where

- the UE determines the PUCCH resource using the PUCCH resource indicator field [5, TS 38.212] inalast of a
number of DCI formats with a value 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 clause 9.2.1 and clause 9.2.3 for O, UCI bits

and

- if (Opx + O +Ocg + Ocre ) S MES - NE2 - NDESE, - Q,, -1, the UE transmits the HARQ-ACK,, SR and the
Ny CSl report bits by selecting the minimum number M 2255 of PRBs from the M 55" PRBs satisfying

(Onck + O +Ocg +Ocrc) S Mpaoot - NE2 - NP2 Q1 as described in clauses 9.2.3 and 9.2.5.1

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

reported B total
Nc& a2 Ncg

PUCCH RB PUCCH
Z OCSI-partZ,n + OCRC,CS!-panZ,N < {M RB : Nsc,mrl : Nsymb—UCI - [OACK + OSR + Z OCSI-panl,n + OCRC,CS-partl] /(Qm : r)U : Qm al

n=1 n=1

and

Ncsr;xﬁ?z*l r N(l:cg'ﬁ
PUCCH n|RB PUCCH
ZOCSI-parth + OCRC,CS|-panZ,N+l > M RB ’ Nsc,ctrl : Nsymb—UCI - OACK + OSR + ZOCSI-partln + OCRC,CS|-panl (Qm ! r) 'Qm -r
n=1

n=1

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

for transmission together with the HARQ-ACK, SR and N&§' Part 1 CSl reports, where Ogg et iSthe

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

NeEiee
for the n,, CSl report priority value, Ogge cg-patzn 1S @NUMber of CRC bits corresponding to > Ocqaion »
n=1
N a1

and OCRC,Cg_partZ,NH is anumber of CRC bits corresponding to Zocs,_pmzvn
=1

- else, the UE dropsall Part 2 CSl reports and selects NEs Part 1 CSl report(s), fromthe N&§' CSl reports
in ascending priority value [6, TS 38.214], for transmission together with the HARQ-ACK and SR
information bits where the value of N&g%, satisfies

reported
CSl-partl

PUCCH p|RB PUCCH
OACK +OSR + ZOCSl-partln +OCRC,CSI-part1,N <M RB : Nsc,ctrl ’ Nwmb»UCI 'Qm T and
n=1

reported +1
CSl-partl

PUCCH £ |RB PUCCH )
Oack +Ox + ZOCSl-partln +Ocrecspatins |~ Mes  Neen - Nympuc - Qm T, where OCRCCS|-part1N IS
n=1

reported
CSl-partl

anumber of CRC bits corresponding to Opc + O + ZOCg_panln UCI bits, and Ocre csi-patnia iS@
n=1

Nreported g
CSl-partl

number of CRC bits corresponding to Oacx +Ox + Zocg_panln UCI bits.

n=1L

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

Interlace,0

SR and sub-band CSl reports to transmit, and the UE determines a PUCCH resource with PUCCH format 3, where

- the UE determines the PUCCH resource using the PUCCH resource indicator field in alast of a number of DCI
formats that have avalue of a PDSCH-to-HARQ_feedback timing indicator field indicating a same sot for the
PUCCH transmission, or avalue provided by dl-DataToUL-ACK or dI-DataToUL-ACK-r16 or dl-DataToUL-
ACK-DCI-1-2 if the PDSCH-to-HARQ_feedback timing indicator field is not present in the last DCI format,
from a PUCCH resource set provided to the UE for HARQ-ACK transmission, and

- the UE determines the PUCCH resource set as described in clauses 9.2.1 and 9.2.3 for Oy UCI bits

and

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

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

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

Ocre) < (Minisiseo + Minsiae1) - Neant - Nomooci © @m - T, the UE transmits the HARQ-ACK,, SR, and CSl
reports bitsin a PUCCH over both the first and second interlaces
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- €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|FL|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 Ny, Slots has a same first symbol, as provided by startingSymbol Index

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

- the UE does not expect to be configured to perform frequency hopping for a PUCCH transmission within
adlot

- 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 asymbol 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.
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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 aslot determined as described in clause 9.2.4 for SR
reporting or in clause 5.2.1.4 of [6, TS 38.214] for CSl reporting and having

- an UL symbol, asdescribed in clause 11.1, or flexible symbol that is 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 dlots, 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 > CSl 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 dtarting 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.

If aUE would transmit a PUCCH over Nyt slots and the UE does not transmit the PUCCH in aslot from the Npthor,

slots due to overlapping with another PUCCH transmission in the slot, the UE counts the slot in the number of Nprre,
sots.

For DAPS operation, if a UE would transmit a PUCCH over N}ZﬁpceceiH slots on the source MCG and the UE does not
transmit the PUCCH in aslot from the N es slots due to overlapping in time with UE transmission on the target
MCG in the slot, the UE counts the slot in the number of N7:2et slots.

9.3 UCI reporting in physical uplink shared channel

Offset values are defined for a UE to determine a number of resources for multiplexing HARQ-ACK information and
for multiplexing CSI reportsin a PUSCH. Offset values are also defined for multiplexing CG-UCI [5, TS38.212] ina
CG-PUSCH. The offset values are signalled to a UE either by a DCI format scheduling the PUSCH transmission or by
higher layers.
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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 {ARRAK B 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 gARR-ACK — BEL and Byrer values that are provided by CG-UCI-OnPUSCH = 'semiStatic’ for the
corresponding HARQ-ACK information, Part 1 CS| reports and Part 2 CS| reports.

If the PUSCH is scheduled by DCI format O_0 and the UE is provided betaOffsets = ‘dynamic', the UE applies the
Braro-ack - g and BSe? valuesthat are determined from the first value of betaOffsets = 'dynamic'.

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 graRQ-AK = gCS1 ‘and BS3 2 valuesthat are determined from the first

offset offset ? offset

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

HARQ-ACK information offsets 559" are configured to values according to Table 9.3-1. The betaOffsetACK-

o)

Index1, betaOffsetACK-Index2, and betaOffsetACK-Index3 respectively provide indexes | fans *™, | fans ~, and

| s A for the UE to useif the UE multiplexes up to 2 HARQ-ACK information bits, more than 2 and up to 11

HARQ-ACK information bits, and more than 11 bits in the PUSCH, respectively.

Part 1 CSl report and Part 2 CSI report offsets ,Bgf;; and ﬁgf;f , respectively, are configured to values according to
Table 9.3-2. The betaOffsetCSI-Part1-Index1 and betaOffsetCSl-Part2-1ndex1 respectively provide indexes | e, and

| Sreco for the UE to useif the UE multiplexes up to 11 bits for Part 1 CSI reports or Part 2 CSI reportsin the PUSCH.

The betaOffsetCSl-Part1-Index2 and betaOffsetCSl-Part2-Index2 respectively provide indexes | ga, or | ey for the
UE to use if the UE multiplexes more than 11 bits for Part 1 CSl reports or Part 2 CS| 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 | a2 ““ indexes, by each of { betaOffsetCSl-
Part1-Indexd, betaOffsetCSI-Part1-Index2} aset of two or four | Gy indexes, and by each of { betaOffsetCSI-Part2-

Index1, betaOffsetCSI-Part2-Index2} aset of two or four |5 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 | franc ™ value, a | Se- valueand a | 5o value from the

respective sets of values, with the mapping defined in Table 9.3-3 and in Table 9.3-3A.

For a PUSCH transmission that is configured by a ConfiguredGrantConfig, and includes CG-UCI, the UE multiplexes
CG-UCI in the PUSCH transmission if the UE is provided by betaOffsetCG-UCI aIS&UC 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 Bl which
providesindexes Iipee; - and g% A for the UE to useif the UE multiplexes up to 11, and more than 11

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

SRS A5 or 18345 or 15A3A or ISP | GHARAACK or gt

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

|§fS|sétl,o or Igfgse-t%l ocf;gél

|o$2§0 or Igfgse-t,zl ﬁ(ff;fssaz
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

Csl-1 CSI-2 Csl-1 CSl-2

beta_offset indicator| (I fans "o« o Iy o of | ") (1 gnao OF o) (1 e OF | Sret)
'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
beta_offset indicator| (I fang o« o Iy o of | "), (1 gnao OF o) (1 gna OF | Sret)
'0' 1 offset index provided by higher layers
'l 2" 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. Theterm '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 aUE 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 u = 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 occasions in 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 resultsto 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 M X1 gng ¢Ta% X 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 sot 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
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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.
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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 dot n, denote by S aset of CSS sets with cardinality of

| and by S aset of USS setswith cardinality of J . Thelocation of USSsets S;, 0< j<J
to an ascending order of the search space set index.

in S isaccording

uss

Denote by Mggm , 0<i < | 4 , the number of counted PDCCH candidates for monitoring for CSSset S (i) and by

M (L)

sy 0= J < J, the number of counted PDCCH candidates for monitoring for USS set §(j)-

uss ?

le-1

For the CSS sets, a UE monitors M52, = > > M, PDCCH candidates requiring atotal of CPCDS§CH non-
L

PDCCH S (i)

i=0

overlapping CCEsin asdlot or in a span.

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

coresetPool Index with value 1 for second CORESETS, and if min(y - Mpsas™*, Minaso*) >

. max,slot, i total,slot,u . . rmaxslotu ~totalslot,u . max,slot,u ~total,slot,u .
mm(MPDCCH » Mppecn )Or mln(y Copcen  » Cepecn )>mm(CPDCCH » Copecn )vtthOHOW'ng 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

monit(or‘i()ngCapabiIit%/C())nfig = r16monitoringcaplalbility for the lp? mary cell, Mo an?(Cg;S’C(‘csif " are z?pl?ced by
max,(X,Y),n max,(X,Y),n . total,slot,p total,slot,p total,(X)Y),n total,(X)Y),n
Mppeey " @nd Cppeyy ~ respectively, and Mppoey ~ and Cppeeyy -~ arereplaced by Mppeey” ™ and Cppecy

respectively.

Denote by Ve (Sis()) the set of non-overlapping CCEs for search space set S (j) and by 6(\/CCE(S,$(j))) the

cardinality of Vece(Sis(])) 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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i slot total dlot,
Set M ;D$CCH =mi r(M glgécaﬂv MP?JCCE'U)_ M FC>§CCH

uss . maxslot,u ~tota s|0t,,u)_ css
Set CCH — mi r-'(CPDCCH ’CPDCCH C:PDCCH

Set j=0

while ZMé:(j) <MgSech AND K(VCCE(SJSS(J.)))S POCCH
L

alocate ) M, PDCCH candidates for monitoring to USS set §(j)
L

uss __N\/UsS (L) .
MPDCCH_ MPDCCH_ZMS&(J') )
L

C;§CCH = C;I?CCH —CVece(Sis( ))) ;
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 gcl-Type set to same 'typeD' properties as the CORESET, on the active DL BWP of acell from
the one or more cells

- the CORESET correspondsto the CSS set with the lowest index in the cell with the lowest index containing
CSS, if any; otherwise, to the USS set with the lowest index in the cell with lowest index

- thelowest USS set index is determined over all USS setswith at least one PDCCH candidate in overlapping
PDCCH monitoring occasions

- 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 aso associated with the SS/PBCH block are assumed to have same QCL
'typeD’ properties

- theallocation 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 CORESETs
If aUE
- isconfigured for single cell operation or for operation with carrier aggregation in a same frequency band, and

- monitors PDCCH candidates in overlapping PDCCH monitoring occasions in multiple CORESETs where none
of the CORESET s has T Cl-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,
TS 38.321] 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 (4 by referenceSubcarrier Spacing

- apatternl.
The patternl provides
- adot configuration period of P msec by dI-UL-TransmissionPeriodicity

- anumber of slots 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 msecisvalidonly for g4 -3. A value P=1.25 msecisvalid only for g4 -2 or t44=3. A vaue
P=25 msecisvaidonly for t4 =1, 0r thg=2,0r th4=3.
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A slot configuration period of P msecincludes S=P-2“# dotswith SCS configuration /s . Fromthe S dots, a
first ddots slotsinclude only downlink symbols and alast Uyq slotsinclude only uplink symbols. The dsym symbols
after the first ddots dots are downlink symbols. The Uy, symbols before the last Uy s Slots are uplink symbols. The
remaining (S-dyqs- Uges): Nirs - Gy - U,ry @€ flexible symbols.

Thefirst 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 ds|ots’2 with only downlink symbols by nrofDownlinkS ots
- anumber of downlink symbols dsym,z by nrofDownlinkSymbols

- anumber of dots Uyys, with only uplink symbols by nrofUplinkS ots

- anumber of uplink symbols Uy, - by nrofUplinkSymbols
The applicable valuesof P, are same asthe applicable valuesfor P .
A dot configuration period of P+ P, msecincludesfirst S=P-2“¢ gotsand second S, =P, -2« dots.

Fromthe S slots, afirst ds!ots,Z dotsinclude only downlink symbols and alast Uy, include only uplink symbols.

The dwm,Z symbols after the first ds|0t5’2 slots are downlink symbols. The Uy, ; symbols before the last Uy, Slotsare

slot

uplink symbols. The remaining (S2 - Oy u§0t32)~ Ngymb - Gsym 2~ Uym » @€ flexible symbols.
A UE expectsthat P+ P, divides 20 msec.
Thefirst symbol every 20/(P + P,) periodsisafirst symbol in an even frame.

A UE expects that the reference SCS configuration i, issmaller than or equal to a SCS configuration &« for any

configured DL BWP or UL BWP. Each slot provided by patternl or pattern2 is applicable to 2“*“=) consecutive slots
in the active DL BWP or the active UL BWP where the first slot starts at a same time as a first ot for the reference

SCS configuration u,¢ and each downlink or flexible or uplink symbol for the reference SCS configuration

corresponds to 2“*<) consecutive downlink or flexible or uplink symbols for the SCS configuration # .

If the UE is additionally provided tdd-UL-DL-ConfigurationDedicated, the parameter tdd-UL-DL-
ConfigurationDedicated overrides only flexible symbols per slot over the number of dots as provided by tdd-UL-DL-
ConfigurationCommon.

The tdd-UL-DL-ConfigurationDedicated provides
- aset of dot configurations by slotSpecificConfigurationsToAddModList
- for each dot configuration from the set of slot configurations
- adotindex for adot provided by slotlndex
- aset of symbolsfor adot by symbols where

- if symbols = allDownlink, all symbolsin the dot are downlink
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- if symbols= allUplink, all symbolsin the dot are uplink

- if symbols = explicit, nrofDownlinkSymbols provides a number of downlink first symbolsin the slot and
nrofUplinkSymbols provides a number of uplink last symbolsin the dot. If nrofDownlinkSymbolsis not
provided, there are no downlink first symbolsin the 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 (¢ provided by tdd-UL-DL-ConfigurationCommon.

A dot configuration period and a number of downlink symbols, uplink symbols, and flexible symbolsin each dot of the
dot 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 a slot 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 dot that are indicated as
flexible by tdd-UL-DL-ConfigurationCommon and tdd-UL-DL-ConfigurationDedicated if provided, or when tdd-UL-
DL-ConfigurationCommon and tdd-UL-DL-ConfigurationDedicated are not provided to the UE

- the UE receives PDSCH or CSI-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 adot, 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, TS 38.214], determined from
clauses 9, 9.2.5and 9.2.6 or clause 6.1 of [6, TS 38.214], 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, 9.2.5 and 9.2.6 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 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 receive PDCCH, PDSCH, or CSI-RS in the slot if areception
would overlap with any symbol from the set of symbols. The UE does not expect the set of symbols of the ot to be
indicated as downlink by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated.

For a set of symbols of adot indicated to a UE by pdcch-ConfigSB1 in MIB for a CORESET for TypeO-PDCCH CSS
set, the UE does not expect the set of symbolsto be indicated as uplink by tdd-UL-DL-ConfigurationCommon, or tdd-
UL-DL-ConfigurationDedicated.

ETSI



3GPP TS 38.213 version 16.10.0 Release 16 133 ETSI TS 138 213 V16.10.0 (2022-07)

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 =
"semiSatic" is provided, the procedures in 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 slot 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 dlot format for a slot, the UE expects each of the more than one DCI formats 2_0 to
indicate a same format for the sot.

A UE does not expect to be configured to monitor PDCCH for DCI format 2_0 on a second serving cell that uses larger
SCS than the serving cell.
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Table 11.1.1-1: Slot formats for normal cyclic prefix

Symbol number in a slot

13

12

11

10

Reserved
UE determines the slot format for the slot based on tdd-UL-DL-ConfigurationCommon, or tdd-UL-

DL-ConfigurationDedicated and, if any, on detected DCI formats

Format

10
11
12
13
14
15
16
17
18
19
20
21

22
23
24
25
26
27

28
29
30
31

32

33
34

35

36
37

38
39

40

41

42

43

44
45

46

47

48

49

50
51

52

53

54

55
56 — 254

255
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For unpaired spectrum operation for a UE on a serving cell, the UE is provided by subcarrier Spacing areference SCS
configuration ugg; for each slot format in a combination of slot formats indicated by an SFI-index field value in DCI
format 2_0. The UE expects that for areference SCS configuration ugg; and for an active DL BWP or an active UL
BWP with SCS configuration u, itisu > ugg;. Each slot format in the combination of slot formats indicated by the SHI-
index field value in DCI format 2_0 is applicable to 2~#sFD consecutive slots in the active DL BWP or the active UL
BWP where the first dot starts at a sametime asafirst dot for the reference SCS configuration ugg; and each downlink

or flexible or uplink symbol for the reference SCS configuration ugg; corresponds to 2W#s1) consecutive downlink or
flexible or uplink symbols for the SCS configuration u.

For paired spectrum operation for a UE on a serving cell, the SFI-index field in DCI format 2_0 indicates a combination
of dlot formats that includes a combination of slot formats for a reference DL BWP and a combination of slot formats
for areference UL BWP of the serving cell. The UE is provided by subcarrier Spacing a reference SCS configuration
usri,pL for the combination of slot formats indicated by the SFl-index field value in DCI format 2_0 for the reference
DL BWP of the serving cell. The UE is provided by subcarrier Spacing2 a reference SCS configuration g yy, for the
combination of sot formats indicated by the SFI-index field value in DCI format 2_0 for the reference UL BWP of the
serving cell. If pggypr, = psprur @nd for each 2(#sepL-pseuL) 4 1 values provided by a value of dotFormats, where the
value of dotFormatsis determined by a value of slotFormatCombinationld in g otFormatCombination and the value of
slotFormatCombinationld is set by the value of the SFI-index field value in DCI format 2_0, the first 2(#skpL-psruL)
values for the combination of ot formats are applicable to the reference DL BWP and the next value is applicable to
the reference UL BWP. If pgp pr, < psprur @nd for each 2(usrru-nsrioL) 4 1 values provided by slotFormats, the first
value for the combination of slot formatsis applicable to the reference DL BWP and the next 2(#sFLuL-usrioL) yalues
are applicable to the reference UL BWP.

The UE is provided areference SCS configuration gy py, SO that for an active DL BWP with SCS configuration pip,, it
isupL, = usprpL- The UE is provided a reference SCS configuration uggy yy, so that for an active UL BWP with SCS
configuration pyy, itis pyy, = pspyuL- Each ot format for a combination of slot formats indicated by the SFI-index
field value in DCI format 2_0 for the reference DL BWP, by indicating a value for dotFormatCombinationld that is
mapped to a value of dotFormats in slotFormatCombination, is applicable to 2(spL-sriL) consecutive Slots for the
active DL BWP where the first dot starts at a sametime asafirst slot in the reference DL BWP and each downlink or
flexible symbol for the reference SCS configuration pgg p;, corresponds to 2(pL-rsFioL) consecutive downlink or
flexible symbols for the SCS configuration up;,. Each ot format for the combination of slot formats for the reference
UL BWP s applicable to 2(#uL-#srLuL) consecutive slots for the active UL BWP where the first slot starts at a same
time asafirst dot in the reference UL BWP and each uplink or flexible symbol for the reference SCS configuration
UsFruL corresponds to 2(kuL-msrLuL) consecutive uplink or flexible symbols for the SCS configuration pyy..

For unpaired spectrum operation with a second UL carrier for a UE on a serving cell, the SFl-index field value in DCI
format 2_0 indicates a combination of slot formats that includes a combination of 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 SFl-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, TS 38.214], determined from
clauses 9, 9.2.5and 9.2.6 or clause 6.1 of [6, TS 38.214], 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, 9.2.5 and 9.2.6 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, 9.2.5 and 9.2.6 or in clause 6.1 of [6. TS 38.214], or the PRACH in the ot 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, relative 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], asdetermined in clauses 9, 9.2.5 and 9.2.6 or in clause 6.1 of [6. TS 38.214], or the
PRACH inthe dlot;

- 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
9,9.25and 9.2.6 or in clause 6.1 of [6. TS 38.214], or the PRACH in symbols from the set of symbols that
occur within Ty, relative to 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 actua repetition of the PUSCH [6,
TS 38.214], asdetermined in clauses 9, 9.2.5 and 9.2.6 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 Ty, » 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 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 egual 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

Ny - Ty -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;'/"mtb is the number of symbols per dlot, 1 isthe SCS configuration for a serving cell with mapping to arespective
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, symbols indicated as uplink by tdd-UL-DL-
ConfigurationCommon are excluded fromthe last N3o, - Ty; -2 '™ symbols prior to the first symbol of the

CORESET in the slot. The resulting set of symbols includes a number of symbols thét is denoted as N, -

The UE does not expect to be provided values of x, s, ,and T, resultingtoavalueof Ny, -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 /14 |-14 symbol

groupsincludes [N, /14| symbols, each of the last 14 — N, +| N, /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, — LN wr/ 7J- 7 symbol groupsincludes

[Ny /7] symbols, each of thelast 7— N, +| Ny /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| PRBs from the 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 aserving cell cancels a PUSCH transmission or an actua repetition of a
PUSCH transmission [6, TS 38.214] if the PUSCH transmission is with repetition Type B, as determined in clauses 9
and 9.2.5or in clause 6.1 of [6, TS 38.214], or an SRS transmission on the serving cell if, respectively,

- thetransmission is PUSCH with priority O, if the UE is provided uplinkCancellationPriority,

- agroup of symboals, from the T;; symbols, has at least one bit value of '1' in the corresponding set of Ny, bitsin
the DCI format 2_4 and includes a symbol of the (repetition of the) PUSCH transmission or of the SRS
transmission, and

- agroup of PRBs, from the B.; PRBs, has a corresponding 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 no earlier 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 mappingto & values as described in

PUCCH, b, f,c
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-IndexPCell

- anindex for alocation in DCI format 2_2 of afirst bit for a TPC command field for the PUCCH-SCell or for a
carrier for the PUCCH-SCell by tpc-1ndexPUCCH-Scell

- amapping for the PUCCH power control adjustment state |<{Q 1}, by a corresponding {0, 1} value of a closed

loop index field that is appended to the TPC command field in DCI format 2_2 if the UE indicates a capability to
support two PUCCH power control adjustment states by twoDifferent TPC-Loop-PUCCH, and if the UE is
configured for two PUCCH power control adjustment states by twoPUCCH-PC-AdjustmentStates

The UE isalso provided on a serving cell with a configuration for a search space set € 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

- afieldin DCI format 2_2 isa TPC command of 2 bits mapping to 5Pus<:H, b, c vVauesasdescribed in clause
711

- 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 tpe-Index
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anindex for alocationin DCI format 2_2 of afirst bit for a TPC command field for a supplementary uplink
carrier of the serving cell by tpc-IndexSUL

an index of the serving cell by targetCell. If targetCell is not provided, the serving cell is the cell of the PDCCH
reception for DCI format 2_2

amapping for the PUSCH power control adjustment state | € {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 carrierSwitching is provided

aTPC-SRS-RNTI for a DCI format 2_3 by tpc-SRS-RNTI

an index of aserving cell where the UE interrupts transmission in order to transmit SRS on one or more other
serving cells by srs-SwitchFromServCelllndex

an indication of an uplink carrier where the UE interrupts transmission in order to transmit SRS on one or more
other serving cells by srs-SwitchFromCarrier

aDCI format 2_3 field configuration type by typeA or typeB

- for typeA, anindex for a set of serving cellsis provided by cc-SetIndex, indexes of serving cellsin the set of
serving cells are provided by cc-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

an indication for a serving cell for whether or not afield in DCI format 2_3 includes a SRS request by
fieldTypeFormat2-3 where a value of 0/1 indicates absence/presence of the SRS request — a mapping for a 2 bit
SRS request to SRS resource setsis as provided in [6, TS 38.214]

an index 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

an index for alocation in DCI format 2_3 of afirst bit for afield for a supplementary uplink carrier of the
serving cell by startingBitOfFormat2-3SUL-v1530

12

Bandwidth part operation

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

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 Ngip = Oie + RByay @nd anumber of contiguous RBs N3Z, = | provided by
locationAndBandwidth that indicates an offset RB,,, and alength L., asRIV according to [6, TS 38.214],

size

setting Ngywp = 275, and avalue O, provided by offsetToCarrier for the subcarrier Spacing

- anindex inthe set of DL BWPs or UL BWPs by respective BWP-1d

- aset of BWP-common and a set of BWP-dedicated parameters by BWP-DownlinkCommon and BWP-
DownlinkDedicated for the DL BWP, or BWP-UplinkCommon and BWP-UplinkDedicated for the UL BWP [12,
TS38.331]

For unpaired spectrum operation, a DL BWP from the set of configured DL BWPs with index provided by BWP-Id is
linked with an UL BWP from the set of configured UL BWPs with index provided by BWP-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 CORESET s 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-ConfigSIB1 or PDCCH-ConfigCommon,
the UE determines a CORESET for a search space set from control ResourcesetZero as described in clause 13 and for
Tables 13-1 through 13-10, and determines corresponding PDCCH monitoring occasions as described in clause 13 and
for Tables 13-11 through 13-15. If the active DL BWP is not theinitial DL BWP, the UE determines PDCCH
monitoring occasions for the search space set only if the CORESET bandwidth is within the active DL BWP and the
active DL BWP has same SCS configuration and same cyclic prefix astheinitial DL BWP.

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-ConfigSB1, included in MIB, as described in Tables 13-11 through 13-15. SN, and ng

arethe SFN and slot index within a frame of the CORESET based on SCS of the CORESET and SFNg,; and Nggy ;
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 s8I 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 ks isdefined in [4, TS38.211].
For operation with shared spectrum channel access, a UE determines an offset from a smallest RB index of the

CORESET for Type0-PDCCH CSS set to asmallest RB index of the common RB overlapping with afirst RB of the
corresponding SSYPBCH 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
reportCGI and does not correspond to the GSCN of a synchronization raster entry as defined in [8-1, TS 38.101-
1], where

- thefirst offset is provided in Table 13-1A or Table 13-4A, and

- the second offset is determined as the offset from a smallest RB index of the common RB overlapping with
thefirst RB of the SS/PBCH block indicated in the measurement configuration to a smallest RB index of the
common RB overlapping with the first RB of a SS/PBCH block hypothetically located at the GSCN of a
synchronization raster entry, where the single synchronization raster entry islocated in the same channel as
the SS/PBCH block used for the shared spectrum channel access procedure, as described in[15, TS 37.213]

where the offsets are defined with respect to the SCS of the CORESET for 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" +li- MJ)mOdN;ftme” that isina
frame with system frame number (SFN) SFN.. satisfying SFN- mod2=0 if \_(0-2” +[i- MJ)/N;TQ”JmOd2=O, or
in aframe with SFN satisfying SFNg mod2=1 if [(0-2“ +|i-M J/N™™# |mod2=1. M and O are provided by

slot

Tables 13-11 and 13-12, and u€ {0,1,2,3 based on the SCS for PDCCH receptionsin the CORESET [4, TS 38.211].
Theindex 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 Type0-PDCCH CSS set over slots that include Type0-PDCCH monitoring occasions
associated with SS/PBCH blocks that are quasi co-located with the SS/PBCH block that provides a CORESET for
TypeO-PDCCH CSS set with respect to average gain, quasi co-location 'typeA' and 'typeD' properties, when applicable
[6, TS 38.214]. For a candidate SS/PBCH block index 7, where 0 < 7 < L,,,,, — 1, two consecutive dots starting from
slot n, include the associated Type0-PDCCH monitoring occasions. The UE determines an index of dlot n, asn, =

(0 - 2* + |T- M]) mod NT2™* that isin aframe with system frame number (SFN) SFN,. satisfying SFN, mod 2 = 0

slot

if [(0 - 2% + [T- M])/N2™*| 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 receptionsin the CORESET [4, TS 38.211]. The index for the first symbol of the CORESET in dotsn, 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

g SSIPBCH block and CORESET Number of RBs | Number of Symbols Offset (RE
naex multiplexing pattern N SORESET CzEESE sei (#2)
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} SCS is {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 INSORESED 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

Number of RBs | Number of Symbols
LS [ otset o)

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} SCSis {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
Index multiplexing pattern N SRE=T N SopE=T 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
> 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

SS/PBCH block and CORESET Number of RBs | Number of Symbols
Index multiplexing pattern N SRE=T N o= Offset (RBs)
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
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} SCS is {30, 30} kHz for frequency bands operated with shared
spectrum channel access

SS/PBCH block and CORESET Number of RBs Number of
MEE multiplexing pattern NGGRESET Symbols NSORESET Offset (RBs)
0 1 48 1 0
1 1 48 1 1
2 1 48 1 2
3 1 48 1 3
4 1 48 2 0
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

index | SS/PBCH block and CORESET | Number of RBs Numberg;émbms Offset (RBs)
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} SCSis {30, 30} kHz for frequency bands with minimum channel
bandwidth 40MHz

SS/PBCH block and CORESET Number of RBs | Number of Symbols
EEX multiplexing pattern N GORESET N Sore==T Offset (RBs)
0 1 24 2 0
1 1 24 2 2
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
iz multiplexing pattern N SORESET Symbols N Sor=sEr Offset (RBs)

0 1 48 1 0

1 1 48 1 8

2 1 48 2 0

3 1 48 2 8

4 1 48 3 0

5 1 48 3 8

6 1 96 1 28

7 1 96 2 28
4110f Kgg =0

8 2 48 1 .
-42if kggg > 0

9 2 48 1 49
4110f Kgg =0

10 2 96 1
42 if |‘SSB>O

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

i SS/PBCH block and CORESET Number of RBs Number of Offset (RBS)
multiplexing pattern N SORESET Symbols N coresT
0 1 24 2 0
1 1 24 2 4
2 L 48 1 14
3 1 48 2 14
: —0
4 3 24 2 -20 if |%SB
-21if Kggg > 0
5 3 24 2 24
-20 if kSSBZO
6 3 48 2
21 if ksss>0
! El 48 2 48
8 Reserved
9 Reserved
10 Reserved
11 Reserved
12 Reserved
13 Reserved
14 Reserved
15 Reserved
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Table 13-9: Set of resource blocks and slot symbols of CORESET for Type0-PDCCH search space set
when {SS/PBCH block, PDCCH} SCSis {240, 60} kHz

SS/PBCH block and CORESET Number of RBs | Number of Symbols
Index multiplexing pattern I SeREET N SopE=T Offset (RBs)
0 1 96 1 0
1 1 96 1 16
2 1 96 2 0
3 1 96 2 16
4 Reserved
S 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 TypeO-PDCCH search space
set when {SS/PBCH block, PDCCH} SCS is {240, 120} kHz

SS/PBCH block and CORESET | Number of RBs Number of
iz multiplexing pattern N SORESET Symbols N Sor=sEr Offset (RBs)
0 1 48 1 0
1 1 48 1 8
2 1 48 2 0
3 1 48 2 8
4110f Kgg =0
4 2 24 1
42 if |‘SSB>O
5 2 24 1 25
. :O
6 2 48 1 arit Kssg
42 if Kggg > 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;tlzgntspace sets per M First symbol index
0 0 1 1 0
1 0 2 1/2 {0,if I is even}, {ngoresT if | is odd}
2 2 1 1 0
3 2 2 1/2 {0,if I iseven}, {neore= | if 1 is odd}
4 5 1 1 0
5 5 2 1/2 {0,if I iseven}, {neore= | if 1 is odd}
6 7 1 1 0
7 7 2 1/2 {0,if I is even}, {ngoresT if | is odd}
8 0 1 2 0
9 5 1 2 0
10 0 1 1 1
11 0 1 1 2
12 2 1 1 1
13 2 1 1 2
14 5 1 1 1
15 5 1 1 2

Table 13-12: Parameters for PDCCH monitoring occasions for Type0-PDCCH CSS set - SS/PBCH
block and CORESET multiplexing pattern 1 and FR2

Index O NS @ sea;(l:gtspace Sets per M First symbol index
0 0 1 1 0
1 0 2 1/2 {0, if 1 iseven}, {7,if I is odd}
2 2.5 1 1 0
3 2.5 2 1/2 {0, if 1 iseven}, {7,if I is odd}
4 5 1 1 0
5 5 2 1/2 {0, if I is even}, {7,if I is odd}
6 0 2 1/2 {0,if I is even}, {ncor===  if | is odd}
7 25 2 1/2 {0, if I is even}, { N Sopeser if | is odd}
8 5 2 1/2 {0, if I is even}, { N SoREsET if | is odd}
9 7.5 1 1 0
10 75 2 1/2 {0, if I is even}, {7, if I is odd}
11 7.5 2 1/2 {0,if I is even}, {nCoresT | 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;
0 oo i=4k, i=4k+1,i=4k+2,
Cc = '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

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
(SEN and slot number) (k=0,1,..7)
0,1,2,3,0,1ini=8k,i=8k+1,i=8k+2,i=8k+3,
0 SPNc = SN, i =8k+6, i=8k+7 (Nc=lkgg)
Ne =N O Ng =Ngg; -1
12,13in i=8k+4,i=8k+5 (nC = N, | -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
4,8,2,6in
SFN¢ =SFN g,
0 G i=4k, i=4k+1,i=4k+2,
Cc — '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 SS/PBCH block and determines that a CORESET for Type0-PDCCH CSS set is not present, and
for 24 <k, <29 for FR1 or for 12 < k., <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 st as h@?&mci l\@fsféﬁ N feeee  isthe GSCN of the first SSPBCH block and
N 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 TypeO-PDCCH CSS set, as
described in clause 4.1, the UE may ignore the information related to GSCN of SS/PBCH block |ocations for
performing cell search.

If a UE detects a SSY/PBCH block and determines that a CORESET for Type0-PDCCH CSS set is hot present, and for
kez =31 for FR1 or for kg, =15 for FR2, the UE determines that there is no SS/PBCH block having an associated

TypeO-PDCCH CSS set within a GSCN range [N Réeewe _ NSat -\ Rdeece |\ Ed 0 NS oand NEY, are
respectively determined by control ResourceSetZero and searchSpaceZero in pdech-ConfigSIB1. If the GSCN rangeis

Ref Ref . . . . ,
[ Sce,r\,enc,e Sce,r\,encf 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 SS/PBCH
locations in performing cell search.
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Table 13-16: Mapping between the combination of kg, and controlResourceSetZero and

Off
searchSpaceZero in pdcch-ConfigSIB1 to Ngséi for FR1

K 16x control Resour ceSetZero ffse

e +searchSpaceZero SCh

24 01, ...,255 1,2, ...,256

25 0,1, ...,255 257,258, ..., 512

26 0,1, ...,255 513,514, ...., 768

27 0,1, ...,255 -1,-2,...,-256

28 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 Ngséi for FR2

K 16x control ResourceSetZero fse
S8 +searchSpaceZero SCh
12 01,..,255 1,2, ..., 256
13 01,..,255 -1,-2, ..., -256
14 0,1,..,255 Reserved, Reserved, ..., Reserved
14 Integrated access-backhaul operation

Throughout this specification, unless otherwise noted, statements using the term "UE" in clauses 4 through 13 are
equally applicableto the IAB-MT of an IAB node.

A procedure for an IAB-MT to perform cell search, system information acquisition, or random access procedure is same
as a corresponding one for a UE except for the following.

For initial cell selection, an 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/d ots 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 occasionin a PRACH dlot isvalid according to the
conditionsin clause 8.1.
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Table 14-1: Mapping between PRACH configuration period and SS/PBCH block to PRACH occasion
association period for an IAB-MT

: q g Association period (number of PRACH

PRACH configuration period (msec) configuration periods)

10 {1,2,4,8,16,32, 64}

20 {1,2,4,8,16,32}

40 {1, 2,4, 8,16}

80 {1,2,4,8}

160 {1, 2,4}

320 {1, 2}

640 {1}

If an IAB-nodeis provided an index Tygiz in@aTiming DeltaMAC CE [11, TS 38.321] from a serving cell, the |AB-node
may assume that (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 nrofDownlinkSymbols
is not provided, there are no downlink first symbolsin the slot and if nrofUplinkSymbolsis not provided,
there are no uplink last symbolsin the slot. The remaining symbolsin the slot are flexible.

- if symbols-1AB-MT = explicit-lAB-MT, nrofUplinkSymbols provides a number of uplink first symbolsin
the slot and nrofDownlinkSymbols provides a number of downlink last symbolsin the dot. If
nrofUplinkSymbolsis not provided, there are no uplink first symbolsin the slot and if
nrofDownlinkSymbols is not provided, there are no downlink last symbolsin the slot. The remaining
symbolsin the slot are flexible.

An IAB-MT can be provided, by SotFormatCombinationsPerCell, alist of slot format combinations applicable for one
serving cell and, by SotFormatindicator, a configuration for monitor aDCI 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 ot 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 dlot 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 IAB-MT detects the DCI format 2_5. The number of slotsis equal to or larger than a PDCCH monitoring
periodicity for DCI format 2_5 as provided by SearchSpace. The Al index field includes

max {[log , (maxAlindex +1)]1} bits where maxAlindex is the maximum of the values provided by corresponding

availabilityCombinationld. An availability for a soft symbol 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
2 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 slotsthat the IAB-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 availability 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.
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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, TS 38.133].
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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- LS 1if ugyy * 247 #refmod L > L — Y, elsel, isO

- Lyis1ifugyy, * 2# et mod L > L — Y, dsel, isO

- Yisthesidelink starting symbol index provided by s-SartSymbol

- w isthe granularity of dotsindication as described in Table 16.1-2

= Hrefs Usiots: Usym: Uslots,2» Usym,2 A€ the parameters of tdd-UL-DL-ConfigurationCommon as described in

L isthe number of symbolsinadot: L = 12 if cyclicPrefix ="ECP"; else, L = 14

clause 11.1, or the parameters of s-TDD-Configuration asdefined in[12, 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
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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

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 5

1,0,1,0 2 3

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 [ 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
- apscy isavaue of dlI-Alpha-PSFCH, if provided; else, appscy = 1
- PL = PLyf.(qq) Whenthe active SL BWPison 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.
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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 PSFCH reception occasion is associated with a SCI format 2-B or a SCI format 2-A with Cast type
indicator field value of "11"

- report to higher layers an ACK value if the UE determines absence of PSFCH reception for the PSFCH
reception occasion; otherwise, report aNACK value to higher layers

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-
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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, including the PSSCH transmission(s) associated with the
corresponding activation DCI format 3_0, a UE can be provided a PUCCH resource by sI-N1IPUCCH-AN-Type2. If a
PUCCH resource is not provided, the UE does not transmit a PUCCH with generated HARQ-ACK information from
PSFCH reception occasions.

For a PUCCH transmission with HARQ-ACK information, a UE determines a PUCCH resource after determining a set
of PUCCH resources from up to four PUCCH resource sets provided by s-PUCCH-Config, for 0, HARQ-ACK
information bits, as described in clause 9.2.1. The PUCCH resource determination is based on a PUCCH resource
indicator field [5, TS38.212] in alast DCI format 3_0, excluding DCI format 3_0 for the SL configured grant Type 2
activation, 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.
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A UE does not expect to multiplex HARQ-ACK information for more than one SL configured grantsin a same
PUCCH.

A priority value of a PUCCH transmission with one or more sidelink HARQ-ACK information bits is the smallest
priority value for the one or more HARQ-ACK information hits.

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 d-PSFCH-ToPUCCH and s-PSFCH-ToPUCCH-
CG-Typel, the 9-PSFCH-ToPUCCH-CG-Typel is one of d-PSFCH-ToPUCCH.

A UE reports HARQ-ACK information for PSSCH transmissions with corresponding PSFCH reception occasionsin
slot n only inaHARQ-ACK codebook that the UE includesin a PUCCH or PUSCH transmission in slot n + k, where
k isanumber of dotsindicated by the PSFCH-to-HARQ feedback timing indicator field inaDCI 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 9-PS-CH-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 a counter SAl in DCI format 3_0 is according to Table 16.5.2.1-1. Otherwise, the
procedures in clause 16.5.1.1 and in clause 16.5.1.2 for aHARQ-ACK codebook determination apply.

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

For aSL BWP on acarrier, and an active UL BWP on the primary cell, as described in clause 12, a UE determines a set
M, of occasions for candidate PSSCH transmissions with corresponding PSFCH reception occasions for which the UE
can multiplex corresponding HARQ-ACK information in a PUCCH transmission in slot n;;. The determination is based
on:

a) aset of dot timing values K; associated with the SL BWP where K; is provided by 9-PS-FCH-ToPUCCH for
DCI format 3_0 or by 9-PSFCH-ToPUCCH-CG-Typel

b) theratio 2#s.7#uL between the sidelink SCS configuration pg; and the uplink SCS configuration py,, provided by
subcarrier Spacing in sl-BWP-Config and BWP-Uplink for the SL BWP and the active UL BWP, respectively

c) aconfigured sidelink resource pool bitmap

d) avalue of aperiod of PSFCH transmission occasion resources for a sidelink resource pool provided by a
respective -PSFCH-Period

For the set of dlot timing valuesK;, the UE determines a set M, of occasions for candidate PSSCH transmissions with
corresponding PSFCH reception occasions according to the following pseudo-code.

Set j = 0 - index of occasion for candidate PSSCH transmissions with corresponding PSFCH reception occasions

%tMA=®
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Set ¢(K;) to the cardindlity of set K;
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 (nU — K + 1, max(2#uL7kst, 1)) =0
Set ng = 0 —index of a SL slot within an UL slot
while ng < max(2#sL~HuL, 1)

if slot ny starts at a same time as or after aslot for an active UL BWP change on the PCell and slot
|(ny — Ky ) - 2#st7#0L| + ng is before the slot for the active UL BWP change on the PCell

Ng =ns+1,
else

if slot |(ny — Kyx) - 2451740 | + ng belongs to the sidelink resource pool and includes PSFCH resources
asindicated by a sidelink resource pool bitmap and s-PSFCH-Period, where K, ; isthe k-th slot timing
valuein set K;

Set np = 0 —index of a SL slot within an PSFCH period
whileny < Npgpen
My =My U J;
j=i+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
o<k, o1k, ..., 845E 1 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 occ