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Foreword

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

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

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

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

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

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

2 References

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

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

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

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

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

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

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

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

[8-1] 3GPP TS 38.101-1: "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"

[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 (F1AP)"

3 Definitions, symbols and abbreviations

3.1 Definitions

For the purposes of the present document, the terms and definitions given in [1, TR 21.905] and the following apply. A
term defined in the present document takes precedence over the definition of the same term, if any, in [1, TR 21.905]. A
parameter referenced in italics is provided by higher layers.

3GPP
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3.2

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

3.3

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

Symbols

Abbreviations

BPRE Bits per resource element

BWP Bandwidth part

CB Code block

CBG Code block group

CBR Channel busy ratio

CCE Control channel element
CORESET Control resource set

CP Cyclic prefix

CRC Cyclic redundancy check

CSI 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 dual 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
PSSCH Physical sidelink shared channel
PUCCH Physical uplink control channel

PUCCH-SCell

PUCCH SCell

PUSCH Physical uplink shared channel
QCL Quasi co-location

RB Resource block

RE Resource element

RLM Radio link monitoring

RRM Radio resource management

RS Reference signal

RSRP Reference signal received power

3GPP
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SCG
SCI
SCS
SECI
SFN
SL
SLIV
SPS
SR
SRI
SRS
SSS
TA
TAG
TCI
UCI
UE
UL
UL-SCH
uUss

11

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

3GPP
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4 Synchronization procedures
4.1 Cell search

Cell search is the 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 assumes that 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-RNTL.

For a half frame with SS/PBCH 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 slot in a
half-frame.

(o a4 .
- Case A - 15 kHz SCS: the first symbols of the candidate SS/PBCH blocks have indexes of 12,8 141

- 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

4,8,16,20] +28 n

- Case B - 30 kHz SCS: the first symbols of the candidate SS/PBCH blocks have indexes For

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

(

- Case C - 30 kHz SCS: the first symbols of the candidate SS/PBCH blocks have indexes (28 +14mn

- 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=0,123 .

- 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

( I
- Case D - 120 kHz SCS: the first symbols of the candidate SS/PBCH blocks have indexes 14,8,16,20] +28 n

For carrier frequencies within FR2, n=0,1,2,3,5,6,7,8,10,11,12,13,15,16,17,18

- ({3ase E - 240 kHz SCS: the 1first symbols of the candidate SS/PBCH blocks have indexes
18,12,16, 20, 32,36, 40, 4/ +56 1 o carrier frequencies within FR2, 1=0,1,2,3,5,6,7,8

3GPP



Release 16 13 3GPP TS 38.213 V16.4.0 (2020-12)

From the above cases, if the SCS of SS/PBCH blocks is not provided by ssbSubcarrierSpacing, the applicable cases for
a cell depend on a respective frequency band, as provided in [8-1, TS 38.101-1] and [8-2, TS 38.101-2]. A same case
applies for all SS/PBCH blocks on the cell. If a 30 kHz SS/PBCH block SCS is indicated by ssbSubcarrierSpacing,
Case B applies for 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 SCS in [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 a UE
configured to operate with carrier aggregation over a set of cells in a frequency band of FR2 or with frequency-
contiguous carrier aggregation over a set of cells in a frequency band of FR1, if the UE is provided SCS values by
ssbSubcarrierSpacing 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 SS/PBCH blocks in a half frame are indexed in an ascending order in time from 0 to Zmax —1 , where

Zmax is determined according to SS/PBCH block patterns for Cases A through E. L. is a maximum number
of SS/PBCH block indexes in a cell, and the maximum number of transmitted SS/PBCH blocks within a half frame is

L

max

- For operation without shared spectrum channel access, Ly, =L,

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

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

For L «>4 , a UE determines the 3 LSB bits of a candidate SS/PBCH block index per half frame from a one-to-

m

one mapping with an index of the DM-RS sequence transmitted in the PBCH as described in [4, TS 38.211]

- for L,, =10 |, the UE determines the 1 MSB bit of the candidate SS/PBCH block index from PBCH
payload bit dz,, as described in [5, TS 38.212]

- for L,,, =20 ,the UE determines the 2 MSB bits of the candidate SS/PBCH block index from PBCH
payload bits  dj3,¢,0d3,, as described in [5, TS 38.212]

- for L,,, =64 |, the UE determines the 3 MSB bits of the candidate SS/PBCH block index from PBCH
payload bits G j3,s,04,¢,d4,, as described in [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 SS/PBCH blocks occur with a periodicity of 2 frames.

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

For operation with shared spectrum channel access, a UE assumes that transmission of SS/PBCH blocks in a half frame
is within 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 DiscoveryBurst-WindowLength a duration of the discovery burst transmission
window. If DiscoveryBurst-WindowLength is not provided, the UE assumes that the duration of the discovery burst
transmission window is a half frame. For a serving cell, the UE assumes that a periodicity of the discovery burst
transmission window is same as a periodicity of half frames for receptions of SS/PBCH blocks in the serving cell. The
UE assumes that one or more SS/PBCH blocks indicated by ssb-PositionsInBurst may be transmitted within the
discovery burst transmission window and have candidate SS/PBCH blocks indexes corresponding to SS/PBCH block
indexes provided by ssb-PositionsInBurst. If MSB  k , k=>1 , of 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 0, the UE
assumes that the SS/PBCH block(s) are not transmitted.
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For operation with shared spectrum channel access, a UE assumes that SS/PBCH blocks in 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 a value of

N cmod NSoy|  is same among the SS/PBCH blocks.  Nhococ s an index of a DM-RS sequence

transmitted in a PBCH of a corresponding SS/PBCH block, and N SS%L 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
k ss5<24 [4, TS 38.211]. subCarrierSpacingCommon indicates SCS of RMSI only for the case of operation
without shared spectrum channel access. The UE can determine an SS/PBCH block index according to
N Hesmod N |, or according to imod N ¥ where | is the candidate SS/PBCH block index. The
UE assumes that within a discovery burst transmission window, a number of transmitted SS/PBCH blocks on a serving
cell is not larger than [N SQSCBL 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-
SubcarrierOffsetto N~

subCarr :ers;::tcmg Commo LSB of ssh-SubcarrierOffset Ny
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 Type0O-PDCCH CSS set, as
described in Clause 13, is present if K ¢sz<24  [4, TS 38.211] for FR1 orif Kkgz<12  for FR2. The UE

determines from MIB that a CORESET for Type0-PDCCH CSS set is not present if Kgz>23  for FR1 or if
k¢z>11 for FR2; the CORESET for Type0-PDCCH CSS set may be provided by PDCCH-ConfigCommon.

For a serving cell without transmission of SS/PBCH blocks, a UE acquires time and frequency synchronization with the
serving cell based on receptions of SS/PBCH blocks on the PCell, or on the PSCell, 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 a value N otse of a timing advance offset for a serving cell by n-TimingAdvanceOffset for the
serving cell. If the UE is not provided n-TimingAdvanceOffset for a serving cell, the UE determines a default value

Non ofsed of the timing advance offset for the serving cell as described in [10, TS 38.133].

If a UE is configured with two UL carriers for a serving cell, a same timing advance offset value = ™-°fset applies to
both carriers.

Upon reception of a timing advance command for a TAG, the UE adjusts uplink timing for PUSCH/SRS/PUCCH

transmission on all the serving cells in the TAG based on a value N o that the UE expects to be same for all the
serving cells in 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 cells in 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 a TAG from a serving cell in MCG in the band. The UE is not
expected to transmit a PUSCH/SRS/PUCCH in one CG when the PUSCH/SRS/PUCCH is overlapping in time, even
partially, with random access preamble transmitted in another CG.
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For a SCS of 2" 15 kHz, the timing advance command for a TAG indicates the change of the uplink timing relative to

the current uplink timing for the TAG in multiples of 16 -64 T, /2

described in [4, TS 38.211].

. The start timing of the random access preamble is

In case of random access response, a timing advance command [11, TS 38.321], T, , for a TAG indicates Na values

by index values of Ty = 0, 1, 2, ..., 3846, where an amount of the time alignment for the TAG with SCS of 2" 15 kHz

is Ny =T, 16 '64/ 2 . Noa is defined in [4, TS 38.211] and is relative to the SCS of the first uplink transmission
from the UE after the reception of the random access response.

LN , for a TAG indicates adjustment of a current Ny

TA

In other cases, a timing advance command [11, TS 38.321],

N . u
value, N ota , to the new Ny value, =~ ™-"ev by index values of =0, 1,2,.., 63, where for a SCS of 2" 15 kHz,

NTA_new :NTA_old +(TA - 31) 16 .64/2N

If a UE has multiple active UL BWPs, as described in Clause 12, in a same TAG, including UL BWPs in 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 Nra new value for an UL BWP with lower SCS may be rounded to align with the timing
advance granularity for the UL BWP with the lower SCS while satisfying the timing advance accuracy requirements in
[10, TS 38.133].

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

For a timing advance command received on uplink slot " and for a transmission other than a PUSCH scheduled by a
RAR UL grant or a fallbackRAR UL grant as described in Clause 8.2A or 8.3, or a PUCCH with HARQ-ACK
information in response to a successRAR as described in Clause 8.2A, the corresponding adjustment of the uplink

transmission timing applies from the beginning of uplink slot ™+ k+1 \here
k =[N (N N + Ny +o_5)/TSfH Ny,

slot

is a time duration in msec of V1 symbols corresponding to a
PDSCH processing time for UE processing capability 1 when additional PDSCH DM-RS is configured, N, is a time

duration in msec of N, symbols corresponding to a PUSCH preparation time for UE processing capability 1 [6, TS

38.214], N, max is the maximum timing advance value in msec that can be provided by a TA command field of 12 bits,

subframey
Nool is the number of slots per subframe, and T is the subframe duration of 1 msec. ™' and V2 are determined

with respect to the minimum SCS among the SCSs of all configured UL BWPs for all uplink carriers in the TAG and of
all configured DL BWPs for the corresponding downlink carriers. For “ =0 the UE assumes Ny =14 [6, TS 38.214].

subframe y
Slot " and Nso l are determined with respect to the minimum SCS among the SCSs of all configured UL BWPs for

all uplink carriers in the TAG. Nt men is determined with respect to the minimum SCS among the SCSs of all
configured UL BWPs for all uplink carriers in the TAG and for all configured initial UL BWPs provided by
initialUplinkBWP. The uplink slot ™ is the last slot among uplink slot(s) overlapping with the slot(s) of PDSCH
reception assuming T7, =0 , where the PDSCH provides the timing advance command and T, is defined in
[4, TS 38.211].

If a UE changes an active UL BWP between a time of a timing advance command reception and a time 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 absolute 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 Nea accordingly.

If two adjacent slots overlap due to a TA command, the latter slot is reduced in duration relative to the former slot.
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4.3 Timing for secondary cell activation / deactivation

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

t n+k

the minimum requirement defined in [10, TS 38.133] and no earlier than slo , except for the following:

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

- the actions related to the sCellDeactivationTimer associated with the secondary cell [11, TS 38.321] that the UE

applies in slot 1+k

- the actions related to CSI reporting on a serving cell which is not active in slot 7+ K that the UE applies in the

n+k

earliest slot after in which the serving cell is active.

k +3 _Nsubframe‘u +1 k

The value of K is slot where ! is a number of slots for a PUCCH transmission with HARQ-ACK
information for the PDSCH reception and is indicated by the PDSCH-to-HARQ_feedback timing indicator field in the
subframe,u

DCI format scheduling the PDSCH reception as described in Clause 9.2.3 and st is a number of slots per
subframe for the SCS configuration H of the PUCCH transmission.

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 ', the UE applies the corresponding actions in [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 applies in slot 1K,

If the sCellDeactivationTimer associated with the secondary cell expires in slot ", the UE applies the corresponding
actions in [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 applies in the first slot that is after slot

n+ 3®subframe, U . ) . .
slot where # is the 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 is the initial 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 rlf-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 with up to Nig-rim RadioLinkMonitoringRS for link recovery procedures, as described in Clause

6, and for radio link monitoring. From the Nig-rim RadioLinkMonitoringRS, up to Neww RadioLinkMonitoringRS can

be used for radio link monitoring depending on  L,,,, as described in Table 5-1, wherein L., is as 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.
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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 the active TCI state for PDCCH reception includes two RS, the UE expects that one RS is configured with qcl-
Type set to 'typeD' [6, TS 38.214] and the UE uses the RS configured with qcl-Type set to 'typeD' for radio link
monitoring; the UE does not expect both RS to be configured with qcl-Type set to 'typeD'

- the UE is not required to use for radio link monitoring an aperiodic or semi-persistent RS
- For Lmax :4, the UE selects the Mum RS provided for active TCI states for PDCCH receptions in CORESETs
associated with the search space sets in an order from the shortest monitoring periodicity. If more than one

CORESETs: 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 Niww RadioLinkMonitoringRS for radio link monitoring when the UE is not
provided RadioLinkMonitoringRS.

Values of Nir-rm and Ve for different values of Imax are given in Table 5-1.

Table 5-1: Nir-rm and Vuv as a function of maximum number Imox of SSIPBCH blocks per half

frame
Lmax NLR— RLM NRLM
4 2
8 4
64 8 8

For a CSI-RS resource configuration, powerControlOffsetSS is 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 a UE is configured with multiple DL. BWPs for a serving cell, the UE performs RLM using the RS(s) corresponding
to resource indexes provided by RadioLinkMonitoringRS for the active DL BWP or, if RadioLinkMonitoringRS is not
provided for the active DL BWP, using the RS(s) provided for the active TCI state for PDCCH receptions in
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 (Q..« and Qi) 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 (Q.. and Qi) 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 Q. for all resources in the set of resources for radio link
monitoring. When the radio link quality is better than the threshold Q;, for any resource in the set of resources for radio
link monitoring, the physical layer in the UE indicates, in frames where the radio link quality is assessed, in-sync to
higher layers.

6 Link recovery procedures

A UE can be provided, for each BWP of a serving cell, a set Do of periodic CSI-RS resource configuration indexes by

failureDetectionResources and a set @ of periodic CSI-RS resource configuration indexes and/or SS/PBCH block
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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 o by failureDetectionResources for a

BWP of the serving cell, the UE determines the set 9o 10 include periodic CSI-RS resource configuration indexes with
same values as the RS indexes in the RS sets indicated by TCI-State for respective CORESETs that the UE uses for

monitoring PDCCH and, if there are two RS indexes in a TCI state, the set 9o includes RS indexes configured with
qcl-Type set to 'typeD' for the corresponding TCI states. The UE expects the set Do 10 include up to two RS indexes.
The UE expects single port RS in the set o . The UE expects single-port or two-port CSI-RS with frequency density
equal to 1 or 3 REs per RB in the set @ .

The thresholds Qou,1r and Qinr 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.

The physical layer in the UE assesses the radio link quality according to the set Qo of resource configurations against

the threshold Qou,1r. For the set 90 | the UE assesses the radio link quality only according to SS/PBCH blocks on the
PCell or the PSCell or periodic CSI-RS resource configurations that are quasi co-located, as described in [6, TS 38.214],
with the DM-RS of PDCCH receptions monitored by the UE. The UE applies the Qinr threshold to the L1-RSRP
measurement obtained from a SS/PBCH block. The UE applies the Qi,r threshold to the L1-RSRP measurement
obtained for a CSI-RS resource after scaling a respective CSI-RS reception power with a value provided by
powerControlOffsetSS.

In non-DRX mode operation, the physical layer in the UE provides an indication to higher layers when the radio link

quality for all corresponding resource configurations in the set 9o that the UE uses to assess the radio link quality is
worse than the threshold Qo.r. The physical layer informs the higher layers when the radio link quality is worse than
the threshold Qou,.r With a periodicity determined by the maximum between the shortest periodicity among the

SS/PBCH blocks on the PCell or the PSCell and/or the periodic CSI-RS configurations in the set 9o that the UE uses to
assess the radio link quality and 2 msec. In DRX mode operation, the physical layer provides an indication to higher
layers when the radio link quality is worse than the threshold Q.u.r With a periodicity determined as described in [10,
TS 38.133].

For the PCell or the PSCell, upon request from higher layers, the UE provides to higher layers the periodic CSI-RS

configuration indexes and/or SS/PBCH block indexes from the set @ and the corresponding L.1-RSRP measurements
that are larger than or equal to the Qi,ir threshold.

For the SCell, upon request from higher layers, the UE indicates to higher layers whether there is at least one periodic

CSI-RS configuration index and/or SS/PBCH block index from the set 4 with corresponding L.1-RSRP measurements
that are larger than or equal to the Qi,1r threshold, and provides the periodic CSI-RS configuration indexes and/or

SS/PBCH block indexes from the set T and the corresponding L1-RSRP measurements that are larger than or equal to
the Qunrr threshold, if any.

For the PCell or the PSCell, a UE can be provided a CORESET through a link to a search space set provided by
recoverySearchSpaceld, 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 recoverySearchSpaceld.

For the PCell or the PSCell, the UE can be provided, by PRACH-ResourceDedicatedBFR, a configuration for PRACH

transmission as described in Clause 8.1. For PRACH transmission in slot T and according to antenna port quasi co-
location parameters associated with periodic CSI-RS resource configuration or with SS/PBCH block associated with

index Tnew 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 M*4 within a window configured by BeamFailureRecoveryConfig. For PDCCH monitoring in a search space set
provided by recoverySearchSpaceld and for corresponding PDSCH reception, the UE assumes the same antenna port

quasi-collocation parameters as the ones associated with index Tnew until the UE receives by higher layers an activation
for a TCI state or any of the parameters tci-StatesPDCCH-ToAddList and/or tci-StatesPDCCH-ToReleaseList. After the
UE detects a DCI format with CRC scrambled by C-RNTI or MCS-C-RNTT in the search space set provided by
recoverySearchSpaceld, the UE continues to monitor PDCCH candidates in the search space set provided by
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recoverySearchSpaceld until the UE receives a MAC CE activation command for a TCI state or tci-StatesPDCCH-
ToAddList and/or tci-StatesPDCCH-ToReleaseList.

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

- asame spatial filter as for the last PRACH transmission

- apower determined as described in Clause 7.2.1 with Qu :0, 9a =Anew , and 1=0

For the PCell or the PSCell, after 28 symbols from a last symbol of a first PDCCH reception in a search space set
provided by recoverySearchSpaceld where a UE detects a DCI format with CRC scrambled by C-RNTI or MCS-C-

RNTI the UE assumes same antenna port quasi-collocation parameters as the ones associated with index Tnew for
PDCCH monitoring in a CORESET with index 0.

For the PCell or the PSCell, if BFR MAC CE [11, TS38.321] is transmitted in Msg3 or MsgA of contention based
random access procedure, and if a PUCCH resource is provided with PUCCH-SpatialRelationInfo, after 28 symbols
from the last symbol of the PDCCH reception that determines the completion of the contention based random access
procedure as described in Clause 5.1.5 of [11, TS38.321], the UE transmits the PUCCH on a same cell as the PRACH
transmission using

- asame spatial filter as for the last PRACH transmission

- apower determined as described in Clause 7.2.1 with q, =0 , Qa =Ynew , and 1=0 , where @new is the SS/PBCH
block index selected for the last PRACH transmission.

A UE can be provided, by schedulingRequestID-BFR-SCell, a configuration for PUCCH transmission with a link
recovery request (LRR) as described in Clause 9.2.4. The UE can transmit in a first PUSCH MAC CE providing
index(es) for at least corresponding SCell(s) with radio link quality worse than Qqu iz, indication(s) of presence of

(..., for corresponding SCell(s), and index(es) (., for a periodic CSI-RS configuration or for a SS/PBCH

block provided by higher layers, as described in [11, TS 38.321], if any, for corresponding SCell(s). After 28 symbols
from a last symbol of a PDCCH reception with a DCI format scheduling a PUSCH transmission with a same HARQ
process number as for the transmission of the first PUSCH and having a toggled NDI field value, the UE

- monitors PDCCH in all CORESETs on the SCell(s) indicated by the MAC CE using the same antenna port quasi
co-location parameters as the ones associated with the corresponding index(es) (., if any

- transmits PUCCH on a PUCCH-SCell using a same spatial domain filter as the one corresponding to (.,
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  q,=0 , G4=Q,. ,and [=0 ,if

- the UE is provided PUCCH-SpatialRelationInfo for the PUCCH,
- a PUCCH with the LRR was either not transmitted or was transmitted on the PCell or the PSCell, and
- the PUCCH-SCell is included in the SCell(s) indicated by the MAC-CE

where the SCS configuration for the 28 symbols is 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/PUCCHY/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
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pathloss estimation for PUSCH/PUCCH/SRS transmissions that is larger than 4, the UE maintains for pathloss
estimation RS resources corresponding to RS resource indexes (; as described in Clauses 7.1.1, 7.2.1, and 7.3.1. If
an RS resource updated by MAC CE, as described 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 pathloss estimation
based on the RS resources starting from the first slot that is after slot k+3+ N 27:;”“’”6’“ where k is the slot
where the UE would transmit a PUCCH or PUSCH with HARQ-ACK information for the PDSCH providing the MAC
CEand p isthe SCS configuration for the PUCCH or PUSCH, respectively.

A PUSCH/PUCCH/SRS/PRACH transmission occasion i is defined by a slot index ng’f within a frame with

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

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 ¢ ,a
UE first calculates a linear value  Ppygey £ ¢ (i 1545 l) of the transmit power PPUSCH)b,f,C(i ,J>qd> l) ,
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-FullPowerTransmission in PUSCH-Config is provided, the UE scales lAJPUSCH bf.c (i 194> l) 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 is the 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-FullPowerTransmission in PUSCH-Config is set to fullpowerMode2,

- s=1 for full power TPMIs reported by the UE [16, TS 38.306], and s is the ratio of a number of
antenna ports with non-zero PUSCH transmission power over a number of SRS ports for remaining
TPMIs, where the number of SRS ports is 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-
ResourceSet with usage set to 'codebook’, or indicated by Type 1 configured grant, or the number of SRS
ports is 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 SRS resource with a single port is indicated 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-FullPowerTransmission in PUSCH-Config is set to fullpower, s=1

- else, if each SRS resource in the SRS-ResourceSet with usage set to 'codebook' has more than one SRS port, the
UE scales the 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 P of carrier f of serving cell c using parameter set configuration

with index / and PUSCH power control adjustment state with index I , the UE determines the PUSCH transmission
Prusarp,.c(s J> 1) in PUSCH transmission occasion !

power as
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. ﬁPCMAx,f,c (), ﬁ

PPUSCH,b, fic (1! j! qd ? l) =mun PUSCH

where,

P
[8-3, TS38.101-3] for carrier f of serving cell C in PUSCH transmission occasion

PO,PUSCH,b,f,C(J')

PO_UE_PUSCH,b, f.c ( J)

. . . . . N
A Po_puscip, rc(J) +10log,, (2" Mg, e @)+, (j)PLy ¢ (qg) +Argp o (D + fo (l,l)ﬁ
[dBm]

i
wax, 1.c(0) is the UE configured maximum output power defined in [8-1, TS 38.101-1], [8-2, TS38.101-2] and
i

POfNOMINALfPUSCH, fc (.])

is a parameter composed of the sum of a component and a component

. |
where J€10: L. -1
If a UE 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 a PUSCH (re)transmission corresponding to a RAR
UL grant as described in Clause 8.3,

j=0 PO_UE_PUSCH,b,f,c (0) =0 and POfNOMlNAL?PUSCH,f,c 0) :P07PM + APREAMBLE?Msg3
) s b

where POfPRE is provided by preambleReceivedTargetPower [11, TS 38.321] and A PREAMBLE,,,, 1S

APREAMBLEstg3 -

provided by msg3-DeltaPreamble, or dB if msg3-DeltaPreamble is not provided, for

carrier f of serving cell ¢
If a UE established dedicated RRC connection using a Type-2 random access procedure, as described in

Clause 8, and is not provided PO-PUSCH-AlphasSet, or for a PUSCH transmission for Type-2 random access
procedure as described in Clause 8.1A,

j=0, P O,UE,PUSCH,b,f,c(O):O ,and P O_NOMINAL_PUSCH,f,c(O):P o_pREF Apisgn )

PUSCH

where PO_PRE is provided by msgA-preambleReceivedIargetPower, or by
preambleReceivedTargetPower if msgA-preambleReceivedTargetPower is not provided and A MsgApsy 1S
provided by msgA-DeltaPreamble, or A MsgApscn =A PREAMBLE,,, dB if msgA-DeltaPreamble is not
provided, for carrier f  of serving cell ¢

For a PUSCH (re)transmission configured by ConfiguredGrantConfig, / :1, Fo nownwavpuscr . (1) is

P 1) =P 0
provided by p0-NominalWithoutGrant, or ~ O-NOMINALPUSCH, f < =Fo nownatpusa . (0) if pO-

NominalWithoutGrant is not provided, and Po_ue vuscius, 1. (D is provided by p0 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 serving cell ¢

i€l2,..,7-1=s

For / 1% O_NOMINAL_PUSCH, f,c ()

J,a value, applicable for all JES, , is provided by p0-

NominalWithGrant, or Fo vownac pusci, . (1) =Fo_vowmar puscr, .c () if p0-NominalWithGrant is not
provided, for each carrier f of serving cell C and a set of Py us_puscup, 1. (J) 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 serving cell ¢

- If the UE is provided by SRI-PUSCH-PowerControl more than one values of p0-PUSCH-AlphaSetId and
if a DCI format scheduling the PUSCH transmission includes an SRI field, the UE obtains a mapping
from sri-PUSCH-PowerControlld in SRI-PUSCH-PowerControl between a set of values for the SRI field
in the 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 Fo_ue_puscis,.c(J) from the p0-PUSCH-
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AlphaSetld value that is mapped to the SRI field value. If the DCI format also 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 determines a value of Po_ue_puscip, . (J) from a first value in PO-PUSCH-
Set with a p0-PUSCH-SetId 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 S
- If PO-PUSCH-Set is provided to the UE and the DCI format includes an open-loop power control

e . . . P j
parameter set indication field, the UE determines a value of = ©-UE-PUSCHb. f.c () from

- afirst PO-PUSCH-AlphaSet in p0-AlphaSets if a value of the open-loop power control parameter
set indication field is '0' or '00'

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

- asecond value in PO-PUSCH-Set with the lowest p0-PUSCH-SetID value if a value of the open-
loop power control parameter set indication field is '10'

- else, the UE determines Fo ve ruscip.r.c(J) from the value of the first PO-PUSCH-AlphaSet in p0-
AlphaSets

For ab,f,c(j)

- ForJZO,

- if PO_NOMINAL_PUSCH, f,c (0 ) = PO_PRE+ AMSgA and msgA-Alpha is provided, C(b’f c (0) is the

value of msgA-Alpha

PUSCH

- elseif PO_NOMINAL_PUSCH,f, c (O ) = PO_PRE + APREAMBLEMW3 or msgA-Alpha is not prOVided, and

ab,f,c(o)

msg3-Alpha is provided, is the value of msg3-Alpha

else, A 10(0) =1

For j=1 , %, 1. (1) is provided 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 serving cell ¢

- For /€ 5 , a set of %1 () values are provided by a set of alpha in PO-PUSCH-AlphaSet indicated by a

respective set of p0-PUSCH-AlphaSetId for active UL BWP b of carrier [ of serving cell c
- If the UE is provided SRI-PUSCH-PowerControl and more than one values of p0-PUSCH-AlphaSetlId,
and if a DCI format scheduling the PUSCH transmission includes an SRI field, the UE obtains a mapping

from sri-PUSCH-PowerControlld in SRI-PUSCH-PowerControl between a set of values for the SRI field
in the DCI format [5, TS 38.212] and a set of indexes provided by p0-PUSCH-AlphaSetId that map to a

set of PO-PUSCH-AlphaSet values and determines the values of %, 1.c(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 %, 1. (J) from the value of the first PO-PUSCH-
AlphaSet in p0-AlphaSets
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M PUSCH .
e,p, . () is the bandwidth of the PUSCH resource assignment expressed in number of resource blocks for

PUSCH transmission occasion ! on active UL BWP D of carrier f of serving cell € and u isa SCS
configuration defined in [4, TS 38.211]

PL
b.r.c(a) is a downlink pathloss estimate in dB calculated by the UE using reference signal (RS) index dq
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-ForSRS, or before the

PL
UE is provided dedicated higher layer parameters, the UE calculates ~ /- (qa) 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-PathlossReferenceRS, the set of RS resource indexes can include one or both of a set of SS/PBCH
block indexes, each provided by ssb-Index when a value of a corresponding pusch-PathlossReferenceRS-Id
maps to a SS/PBCH block index, and a set of CSI-RS resource indexes, each provided by csi-RS-Index when
a value of a corresponding pusch-PathlossReferenceRS-Id maps to a CSI-RS resource index. The UE

identifies a RS resource index (; in the set of RS resource indexes to correspond either to a SS/PBCH

block index or to a CSI-RS resource index as provided by pusch-PathlossReferenceRS-Id in PUSCH-
PathlossReferenceRS

- If the PUSCH transmission is scheduled by a RAR UL grant as described in Clause 8.3, or for a PUSCH
transmission for Type-2 random access procedure as described in Clause 8.1A, the UE uses the same RS

resource index (,; as for a corresponding PRACH transmission

- If the UE is provided SRI-PUSCH-PowerControl and more than one values of PUSCH-
PathlossReferenceRS-Id, the UE obtains a mapping from sri-PUSCH-PowerControlld in SRI-PUSCH-
PowerControl between a set of values for the SRI field in a DCI format scheduling the PUSCH transmission

and a set of PUSCH-PathlossReferenceRS-Id values and determines the RS resource index q,; from the
value of PUSCH-PathlossReferenceRS-Id 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
pathlossReferenceLinking

- If the PUSCH transmission is scheduled by DCI format 0_0, and if the UE is provided a spatial setting by
PUCCH-SpatialRelationInfo for a PUCCH resource with a lowest index for active UL BWP b  of each
carrier f and serving cell ¢ , as described in Clause 9.2.2, the UE uses the same RS resource index

q, as for a PUCCH transmission in the PUCCH resource with the lowest index

- If the PUSCH transmission is not scheduled by DCI format 0_0, and if the UE is provided
enableDefaultBeamPL-ForSRS and is not provided PUSCH-PathlossReferenceRS and PUSCH-

PathlossReferenceRS-r16, the UE uses the same RS resource index (,; as for an SRS resource set with an
SRS resource associated with the PUSCH transmission

- If

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

- the PUSCH transmission is scheduled by DCI format 0_1 or DCI format 0_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 (; with a respective PUSCH-PathlossReferenceRS-1d value

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

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

- the UE is not provided PUCCH resources for the active UL BWP of serving cell ¢ ,and

the UE is provided enableDefaultBeamPL-ForPUSCHO-0

the UE determines a RS resource index (; providing a periodic RS resource configured with gcl-Type set
to 'typeD' in the TCI state or the QCL assumption of a CORESET with the lowest index in the active DL
BWP of the serving cell ¢

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

- the UE is not provided a spatial setting for PUCCH resources on the active UL BWP of the primary cell
[11, TS 38.321], and

- the UE is provided enableDefaultBeamPL-ForPUSCHO-0

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

- For a PUSCH transmission configured by ConfiguredGrantConfig, if rrc-ConfiguredUplinkGrant is included

in ConfiguredGrantConfig, a RS resource index da g provided by a value of pathlossReferencelndex

included in rrc-ConfiguredUplinkGrant where the RS resource is either on serving cell C or, if provided, on
a serving cell indicated by a value of pathlossReferenceLinking

- For a PUSCH transmission configured by ConfiguredGrantConfig that does not include rrc-

ConfiguredUplinkGrant, the UE determines a RS resource index 94 from a value of PUSCH-
PathlossReferenceRS-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 SRI field, the UE

determines a RS resource index 94 with a respective PUSCH-PathlossReferenceRS-Id value being equal to

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

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

- For a PUSCH 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 SRI field, a RS resource index qq is determined from the PUSCH-
PathlossReferenceRS-Id mapped to sri-PUSCH-PowerControlld = 0

PLy.c(40) referenceSignalPower — higher layer filtered RSRP, where referenceSignalPower is provided by
higher layers and RSRP is defined in [7, TS 38.215] for the reference serving cell and the higher layer filter
configuration 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, referenceSignalPower is provided by ss-PBCH-
BlockPower. If the UE is configured periodic CSI-RS reception, referenceSignalPower is provided either by ss-
PBCH-BlockPower or by powerControlOffsetSS providing an offset of the CSI-RS transmission power relative
to the SS/PBCH block transmission power [6, TS 38.214]. If powerControlOffsetSS is not provided to the UE,
the UE assumes an offset of 0 dB.

PUSCH )

A i) =101 ((2‘3"“"(5-1)- — i = _
TF,b,f,c(l) ng ﬁoffset for KS =1.25 and ATF,b,f,c(l) 0 for KS =

0 where Ks is provided

by deltaMCS for each UL BWP b of each carrier f and serving cell C . If the PUSCH transmission is over
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i — PUSCH
more than one layer [6, TS 38.214], A, e (1) 0. BPRE and Poitse , for active UL BWP b of each carrier
f and each serving cell € are computed as below
C-1
BPRE =) K,/Ng
r=0

- for PUSCH with UL-SCH data and
PUSCH without UL-SCH data, where

BPRE = Qm Q/ﬁPUSCH

ofsee for CSI transmission in a

- C s a number of transmitted code blocks, K, is a size for code block T, and N is a number of
N e ()1
_AqPUSCH /- i RB ..
Npe _MRB,b,f,c(l) : ZNsc,data(l’J) NPUSCH
j=0 (@)

, where = %m0 f.c¥) ig 3 pumber

resource elements determined as
of symbols for PUSCH transmission occasion ! on active UL BWP b of carrier f of serving cell ¢,

RB ..
N aa (1 1) is a number 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

0 <j < NPUSCH

PUSCH transmission is with repetition Type B, symbb, f ’C(l) ,and € | K, are defined in [5, TS

38.212]

PUSCH __ [)) CsI1

PUSCH __
Botser =1 when the PUSCH includes UL-SCH data and Botrser offset a5 described in Clause 9.3, when
the PUSCH includes CSI and does not include UL-SCH data

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

- For the PUSCH power control adjustment state fo.r.c (D) for active UL BWP D of carrier f of serving cell ¢

in PUSCH transmission occasion !

O USCH,b, f.¢ @.0) is a TPC command value included in a DCI format that schedules the PUSCH transmission

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

[
. 1€l0] 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

[0 1
- For a PUSCH (re)transmission configured by ConfiguredGrantConfig, the value of 1€0.1 is

provided to the UE by powerControlLoopToUse

- 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-ClosedLoopIndex and determines the I' value that is mapped to the SRI field value

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

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

ap,)-1

fo D) =fy (- 1o, 1)+ ZéPUSCH,b,f,c(m)I) I
m=0 is the PUSCH power control adjustment state * for active

UL BWP D of carrier f of serving cell C and PUSCH transmission occasion ! if the UE is not provided
tpc-Accumulation, where
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o)
The ~PUSCHb.T.c values are given in Table 7.1.1-1
dp)-1
ZépUSCH,b,f,c(m’I) D
m=0 is a sum of TPC command values in a set ' of TPC command values with

dp) K

cardinality D) that the UE receives between Kruscn (- ip)-1 symbols before PUSCH transmission

occasion |~ fo and Keuscu @ symbols before PUSCH transmission occasion ! on active UL BWP b of

l i,>0

carrier f of serving cell C for PUSCH power control adjustment state * , where is the smallest

integer for which Kouscu (i = 1o) symbols before PUSCH transmission occasion '~ ' is earlier than
Kyusen (1) symbols before PUSCH transmission occasion !

K

If a PUSCH transmission is scheduled by a DCI format, ~ PUSCcH () s a number of symbols for active UL

BWP b of carrier [ of serving cell C after a last symbol of a corresponding PDCCH reception and
before a first symbol of the PUSCH transmission

If a PUSCH transmission is configured by ConfiguredGrantConfig, Kyusen () s a number of " PUscHmin

slot

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

If the UE has reached maximum power for active UL BWPD of carrier | of serving cell C at PUSCH
ap,)-1

Z Spuscup, f.c(M,1) =0

o il 1y = S
transmission occasion '~ ' and m= , then fo 1D = o pc (= 0o, 1)

If UE has reached minimum power for active UL BWPD of carrier f of serving cell C at PUSCH
dp,)-1

Z‘SPUSCH,b, rc(ml) <0

i- i D)= i-i,l
transmission occasion '~ ' and m=0 , then Fop (WD) =1 p.c(=1o,1)

A UE resets accumulation of a PUSCH power control adjustment state I' for active UL BWP D of carrier

k,l :O,k =0,L..., i
f of serving cell € to fb,f,c( ) i

PO_UE_PUSCH,b, f.c (J)

- If a configuration for a corresponding value is provided by higher layers

b,f,c(j)

- If a configuration for a corresponding “ value is provided by higher layers

l

where ! is determined from the value of / as

(R 1 and the UE is provided higher SRI-PUSCH-PowerControl, I is the sri-PUSCH-
ClosedLoopIndex value(s) configured in any SRI-PUSCH-PowerControl with the sri-PO-PUSCH-

AlphaSetId value corresponding to J
S 1 and the UE is not provided SRI-PUSCH-PowerControl or j=0 s [=0

- If j :1, I is provided by the value of powerControlLoopToUse

is the 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

Opuscitp. ¢ absolute values are given in Table 7.1.1-1
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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 as described in Clause 8

fb,f,c (O’I) :ARumpup,b,f,C + 6mng,b,f,C , Where I :0 and

Omsg2.b.f.c is a 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 a random 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 ' in the serving cell € and

DD 101 24 .M PUSCH
i H H 0log,,( ey () H H H H
Apmmpup,b, f.c =min HD lT]aXH O’ PCMAX, f.c - D + PO?PUSCH,b, f.c (0) + ab, f.c (0) PLc H H D’ Aprampuprequestefl,b, f,cD
DH [ +ATF,b,f,c(O)+6msgz,b,f,c 00 H H
Apram uprequested,b, f,c 3 : ;
and puprequested,. 1.¢ js provided by higher layers and corresponds to the total power ramp-up

requested by higher layers from the first to the last random access preamble for carrier f in the

PUSCH
serving cell ¢, Migs1.c(0) is the bandwidth of the PUSCH resource assignment expressed in number

of resource blocks for the first PUSCH transmission on active UL BWP b of carrier | of serving

A
cell €, and ~ b 1e © is the power adjustment of first PUSCH transmission on active UL BWP b

of carrier f of serving cell ¢,

If the UE transmits the PUSCH in PUSCH transmission occasion i onactive ULBWP b  of carrier
f ofservingcell ¢ asdescribed in Clause 8.1A, 4 . (0,1)=A P ampup b f,c > Where

- [=0 ,and
0 | 0bg,@ MO g H
Apmmpup,by f.c =min [ max0, PCMAX, f.c” 0+ PO?PUSCH,b, f.c 0)+ Ay fe O -PL.() 100, AP rampuprequestedb, f .c []
oo f A ! 00 H
il 0 TF,b,f,c(l) 010 H
and AP, requesied b.f,c 1S provided by higher layers and corresponds to the total power ramp-up

requested by higher layers, M PI;I];T,S,E I;’C(i) is the bandwidth of the PUSCH resource assignment

expressed in number of resource blocks, and At p, ¢ (i ) is the power adjustment of the PUSCH

transmission in PUSCH transmission occasion i

Table 7.1.1-1: Mapping of TPC Command Field in a DCI format scheduling a PUSCH transmission, or
in DCI format 2_2 with CRC scrambled by TPC-PUSCH-RNTI, or in DCI format 2_3, to absolute and

o) o)
accumulated “PUSCHb.fc yalues or SRSbfc yalues

TPC Command S S 5 S
Field Accumulated ~PUSCHb.fc o TSRSb.fc [dB] | Absolute PUSCHb.f.c gp TSRS.L.f.c [dB]

0 -1 -4

1 0 -1

2 1 1

3 3 4

7.2 Physical uplink control channel
If the UE is configured with a SCG, the UE shall apply the procedures described in this 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.
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- When the procedures are applied for 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, 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 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.

7.2.1 UE behaviour

If a UE transmits a PUCCH on active UL BWP b of carrier f in the primary cell c using PUCCH power control

adjustment state with index I', the UE determines the PUCCH transmission power Prucerts, (5 4u-da-1) in PUCCH

1

transmission occasion ' as

P ( N ~ BPoviax, f.c (D i
pUCCH,b, f,c (1, dy» g, 1) =N ] . . . il
f Py pucchp, f,c(qu) +10log,,(2* Mfl:éjic;{c(l)) + PLb, f,c(qd) + AF?PUCCH(F) + ATF, b, f,c(l) +9, f,c(l: I)ﬁ

[dBm]
where

Poviax, 1.¢ (D) is the UE configured maximum output power defined in [8-1, TS 38.101-1], [8-2, TS38.101-2] and

[8-3, TS38.101-3] for carrier f of primary cell C in PUCCH transmission occasion i
P

_ Porucans. (@) is a parameter composed of the sum of a component Fo vowmac_pucc , provided by p0-
nominal, or Fo nowmar rucen =0 dBm if p0-nominal is not provided, for carrier f of primary cell C and, if
provided, a component Fo_ue_pucen(d,) provided by p0-PUCCH-Value in PO-PUCCH for active UL BWP b of
carrier | of primary cell €, where 0=q, <Qu Qi is asize for a set of Fo_ue puca values provided by

maxNrofPUCCH-PO-PerSet. The set of Fo
UE Py vepucen(q,) =0 0 =g, <Q,

-UE_PUCCH values is provided by p0-Set. If p0-Set is not provided to the

- If the UE is provided PUCCH-SpatialRelationInfo, the UE obtains a mapping, by an index provided by p0-
PUCCH-Id, between a set of pucch-SpatialRelationInfold values and a set of p0-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-SpatialRelationInfold, the UE determines the p0-
PUCCH-Value value through the link to a corresponding p0-PUCCH-Id index. The UE applies the activation

k + 3 .Nsubframe,,u
command in the first slot that is after slot slot where k is the slot where the UE would transmit a

PUCCH with HARQ-ACK information for the PDSCH providing the activation command and #is the sCS
configuration for the PUCCH

- If the UE is not provided PUCCH-SpatialRelationInfo, the UE obtains the p0-PUCCH-Value value from the
P0O-PUCCH with p0-PUCCH-Id value equal to the minimum p0-PUCCH-Id value in p0-Set

PUCCH .
M., 1. (1) is a bandwidth of the PUCCH resource assignment expressed in number of resource blocks for

PUCCH transmission occasion ! on active UL BWP P of carrier f of primary cell Cand “ isascs
configuration defined in [4, TS 38.211]
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PLy. 1.c(da) i5 4 downlink pathloss estimate in dB calculated by the UE using RS resource index Qa a5

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 PLy, 1. (44) 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

PLb,f,c (aq4)

- If the UE is provided a number of RS resource indexes, the UE calculates using RS resource

with index ¢ , where 0=q,<Q . Q is a size for a set of RS resources provided by maxNrofPUCCH-
PathlossReferenceRSs. The set of RS resources is 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-
PathlossReferenceRS when a value of a corresponding pucch-PathlossReferenceRS-Id maps to a SS/PBCH
block index, and a set of CSI-RS resource indexes, each provided by csi-RS-Index when a value of a
corresponding pucch-PathlossReferenceRS-Id maps to a CSI-RS resource index. The UE identifies a RS
resource in the set of RS resources to correspond either to a SS/PBCH block index or to a CSI-RS resource
index as provided by pucch-PathlossReferenceRS-1d in PUCCH-PathlossReferenceRS

- If the UE is provided pathlossReferenceRSs and PUCCH-SpatialRelationInfo, the UE obtains a mapping, by
indexes provided by corresponding values of pucch-PathlossReferenceRS-Id, between a set of pucch-
SpatialRelationInfold values and a set of referenceSignal values provided by PUCCH-PathlossReferenceRS.
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-SpatialRelationInfold, the UE determines the
referenceSignal value in PUCCH-PathlossReferenceRS through the link to a corresponding pucch-
PathlossReferenceRS-Id index. The UE applies the activation command in the first slot that is after slot

. pysubframe,u
k+3 Ny where k is the slot where the UE would transmit a PUCCH with HARQ-ACK information

for the PDSCH providing the activation command and s the SCS configuration for the PUCCH
- If PUCCH-SpatialRelationInfo includes servingCellld indicating a serving cell, the UE receives the RS for

resource index 9¢ on the active DL BWP of the serving cell

- If the UE is provided pathlossReferenceRSs and is not provided PUCCH-SpatialRelationInfo, the UE obtains
the referenceSignal value in PUCCH-PathlossReferenceRS from the pucch-PathlossReferenceRS-1d with
index 0 in PUCCH-PathlossReferenceRS where the RS resource is either on the primary cell or, if provided,
on a serving cell indicated by a value of pathlossReferencelLinking

- If the UE

is not provided pathlossReferenceRSs, and
- is not provided PUCCH-SpatialRelationInfo, and
- is provided enableDefaultBeamPL-ForPUCCH, and

- is not provided coresetPoolIndex value of 1 for any CORESET, or is provided coresetPoolIndex value of
1 for all CORESETSs, in ControlResourceSet and no codepoint of a TCI field, if any, in a DCI format of
any search space set maps to two TCI states [5, TS 38.212]

the UE determines a RS resource index (,; providing a periodic RS resource configured with 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 (,
applies to the PUCCH transmission in each of the multiple slots.

- The parameter Ae pucen (F) is a value of deltaF-PUCCH-f0 for PUCCH format 0, deltaF-PUCCH-f1 for

PUCCH format 1, deltaF-PUCCH-{2 for PUCCH format 2, deltaF-PUCCH-{3 for PUCCH format 3, and
deltaF-PUCCH-f4 for PUCCH format 4, if provided; otherwise = Ap pyccy (F =0
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Ao, () is a PUCCH transmission power adjustment component on active UL BWP b of carrier f of
primary cell C

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

H PIfJCCH
ATF,b,f,c(i) =10 longp{;TH()H Ay (D)
Niymo where

PUCCH
N

symo (1) is a number of PUCCH format 0 symbols or PUCCH format 1 symbols for the PUCCH
transmission as described in Clause 9.2.

PUCCH _

. N =2 for PUCCH format 0
PUCCH slot

- Nt =Ngm for PUCCH format 1

- Ay (1) =0 for PUCCH format 0

Ay () =10 lOglo(OUCI (l)) for PUCCH format 1, where Ouar (1) is a number of UCI bits in PUCCH
transmission occasion !

- For a PUCCH transmission using PUCCH format 2 or PUCCH format 3 or PUCCH format 4 and for a
number of UCI bits smaller than or equal to 11,

Argp (D) 1010%10( (nHARQ ack (1) + Ogp (i) + Oc; (1) /N (1)) , where

K, =6

_ Muarg-ack () is a number of HARQ-ACK information bits that the UE determines as described in
Clause 9.1.2.1 for Type-1 HARQ-ACK codebook and as described in Clause 9.1.3.1 for Type-2 HARQ-
ACK codebook. If the UE is not provided any of pdsch-HARQ-ACK-Codebook, pdsch-HARQ-ACK-

" =1
Codebook-r16, or pdsch-HARQ-ACK-OneShotFeedback, Marq-ack (1) if the UE includes a HARQ-

ACK information bit in the PUCCH transmission; otherwise, Marq-ack (1) =0

Ogy (1) is a number of SR information bits that the UE determines as described in Clause 9.2.5.1

Ocsi (1) is a number of CSI information bits that the UE determines as described in Clause 9.2.5.2

N ) N MPUCCH i NPUCCH
- N 5 2 number of resource elements determined as re () =M . (1) N () symbuct, (0 ), where

N cen() is a number of subcarriers per resource block excluding subcarriers used for DM-RS

PUCCH
transmission, and Nymouas, () § is a number of symbols excluding symbols used for DM-RS
transmission, as defined in Clause 9.2.5.2, for PUCCH transmission occasion I on active UL BWP b of

carrier f of primary cell ¢

- For a PUCCH transmission using PUCCH format 2 or PUCCH format 3 or PUCCH format 4 and for a

Ay .o () =10 logm( QKa BPREC) _ )

number of UCI bits larger than 11, , where

K, =2.4

BPRE( i) =(0, o (i) + Og (i) + Ocg; (i) + O (1))/ Ny, (0)
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- Oac(@® is a number of HARQ-ACK information bits that the UE determines as described in Clause
9.1.2.1 for Type-1 HARQ-ACK codebook and as described in Clause 9.1.3.1 for Type-2 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, Oack =1 if the UE includes a HARQ-ACK information bit

in the PUCCH transmission; otherwise, Oack =0

- Ox(® is a number of SR information bits that the UE determines as described in Clause 9.2.5.1
- O is a number of CSI information bits that the UE determines as described in Clause 9.2.5.2
- Ocrc() is a number of CRC bits that the UE determines as described in Clause 9.2

- Nee® is a number of resource elements that the UE determines as

N i =M PUCCH N NPUCCH i NRB ' )

re (1) w0, . (D) Nogen (D) Nygmvcrp, .0(0) sc.cu (1) is a number of subcarriers per resource block
PUCCH ( )

excluding subcarriers used for DM-RS transmission, and = ®®Ucté:f.<¥/ jg a number of symbols

excluding symbols used for DM-RS transmission, as defined in Clause 9.2.5.2, for PUCCH transmission

, where

occasion i on active UL BWP D of carrier f of primary cell ¢,

- For the PUCCH power control adjustment state 9o, (D) for active UL BWP D of carrier f of primary cell ¢

and PUCCH transmission occasion !

o il
puccis,.c (b1) is a TPC command value included in a DCI format scheduling a PDSCH reception for active

UL BWP P of carrier f of the primary cell C that the UE detects for PUCCH transmission occasion ! , or is
jointly coded with other TPC commands in a DCI format 2_2 with CRC scrambled by TPC-PUCCH-RNTI
[5, TS 36.212], as described in Clause 11.3

[ A
€] 0,1 if the UE is provided twoPUCCH-PC-AdjustmentStates and PUCCH-SpatialRelationInfo and

I'=0 if the UE is not provided twoPUCCH-PC-AdjustmentStates or PUCCH-SpatialRelationInfo
- If the UE obtains a TPC command value from a DCI format scheduling a PDSCH reception and if the UE

is provided PUCCH-SpatialRelationInfo, the UE obtains a mapping, by an index provided by p0-
PUCCH-Id, between a set of pucch-SpatialRelationInfold values and a set of values for closedLoopIndex

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

SpatialRelationInfold, the UE determines the value closedLoopIndex that provides the value of l through
the link to a corresponding p0-PUCCH-Id index

- If the UE obtains one TPC command from a DCI format 2_2 with CRC scrambled by a TPC-PUCCH-
RNTIL the I value is provided by the closed loop indicator field in DCI format 2_2

dc,)-1

gb,f,c(i:l) :gb,f,c(i - g, 1)+ ZéPUCCH,b,f,c(m’l)
- m=0 is the current PUCCH power control adjustment state I for

active UL BWP D of carrier f of primary cell C and PUCCH transmission occasion ! , where

0
The ~PUCCHb.T.¢ yalyes are given in Table 7.1.2-1

dc)-1
Z 5PUCCH,b,f,c (m,1) C
- om0 is a sum of TPC command values in a set "/ of TPC command values with
cardinality dC') that the UE receives between Krucen(i=io)=1 symbols before PUCCH transmission

occasion |~ i and Krucon () symbols before PUCCH transmission occasion i on active UL BWP D of

carrier f of primary cell C for PUCCH power control adjustment state, where >0 is the smallest
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integer for which Kpvcon (= 1o) symbols before PUCCH transmission occasion '~ '0 is earlier than

Kyucan (D) symbols before PUCCH transmission occasion !

If the PUCCH transmission is in response to a detection by the UE of a DCI format, Kyucen (D) isa

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

If the PUCCH transmission is not in response to a detection by the UE of a DCI format, Koucan () 5 5

slot

number of Kruccimn symbols equal to the product of a number of symbols per slot, = %™, 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 € at PUCCH
dc,)-1

ZéPUCCHb f, (m, 1) =0

L. . - i) = i-i,l
transmission occasion .~ ' and m=o , then Go.r.e(B1) =Gy (= o, D)

If UE has reached minimum power for active UL BWP b of carrier f of primary cell C at PUCCH
dc)-1

Z‘SPUCCHb fc(m =<0

.. . i - i,l)= i-i,l
transmission occasion |~ % and m= , then G, p,e (1) =Gy, .= 1o, 1)

If a configuration of a Po puccitn, (@) value for a corresponding PUCCH power control adjustment

state I for active UL BWP D of carrier | of primary cell Cis provided by higher layers,

G, .o (k1) =0,k =0,1,...,i

If the UE is provided PUCCH-SpatialRelationInfo, the UE determines the value of I' from the value
of Qv based on a pucch-SpatialRelationInfold value associated with the p0-PUCCH-Id value

corresponding to Qu and with the closedLoopIndex value corresponding to ! ; otherwise, =0
Else,
gb,f,c (0’ l) = APrumpup,b,f,c + 6b,f,c , where I :0 , and (Sb,f,c is

- 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-RNTT or MCS-C-RNTT that
the UE detects in a first PDCCH reception in a search space set provided by
recoverySearchSpaceld if the PUCCH transmission is a first PUCCH transmission after 28
symbols from a last symbol of the first PDCCH reception,

and, if the UE transmits PUCCH on active UL BWP b of carrier [ of primary cell ¢,

AP bt %CMAX}’C_ By puccrip,pe TPLy ;o (Q)+Ar PUCCH(F)+ATbec+6bfc)
rai

mpuprequested b, f ,c
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otherwise,
a 0, 0
_ [max ( fis 0
APrampup,b, f.c =Imnin [j PCMAX,f,C - PO?PUCCH,b, f.c + PLb, f.c (qd) il
0 AP ]
0 rampuprequested,b, f ,¢ Il where rampuprequested,b, f ,c is
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 I of primary cell €, and AF—"UCC”(F)

corresponds to PUCCH format 0 or PUCCH format 1

. . 0
Table 7.2.1-1: Mapping of TPC Command Field in a DCI format to accumulated ~"U°“"b.f-¢ yalues

TPC Command S
Field Accumulated ~PUCCHb[.c [dB]

0 -1

1 0

2 1

3 3

7.3 Sounding reference signals

P i P i,q,,1
For SRS, a UE splits a linear value P b,1.c(:451) of the transmit power = k-t (@.q..1) on active UL BWP D of

carrier f of serving cell ¢ equally across the configured antenna ports for SRS.
7.3.1  UE behaviour

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

cell € using SRS power control adjustment state with index I , the UE determines the SRS transmission power

P i,g.,l) . .. .
w1 .c (1G5, 1) in SRS transmission occasion ! as

. . BPCMAX, f,c(i): B
PSRS,b,f,c (l)qS’l) =Imnn D

. . ol
HPo srs b, 1,0 (q5) +10 log,, (2" Mg b (D) + Usps ¢ (q) *PLy ;(qg) +hy (i,Df [dBm]

where,

Pevax, 1.() is the UE configured maximum output power defined in [8, TS 38.101-1], [8-2, TS38.101-2] and

[TS 38.101-3] for carrier f of serving cell C in SRS transmission occasion !

Fo_sws..1.0(d5) is provided by p0 for active UL BWP b of carrier [ of serving cell € and SRS resource set

ds provided by SRS-ResourceSet and SRS-ResourceSetld

MSRS, b,f,c (l)

- is a SRS bandwidth expressed in number of resource blocks for SRS transmission occasion !

on

active UL BWP b of carrier f of serving cell C and u is a SCS configuration defined in [4, TS 38.211]

a
- SRS,b, . @) is provided by alpha for active UL BWP b of carrier f of serving cell € and SRS resource set

ds

PL, f,c(qd)

- is a downlink pathloss estimate in dB calculated by the UE using RS resource index Qa o
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 (, is provided by pathlossReferenceRS associated with the SRS resource set
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(. and is either an ssb-Index providing a SS/PBCH block index or a csi-RS-Index providing a CSI-RS
resource index If the UE is provided enablePL-RS-UpdateForPUSCH-SRS, a MAC CE [11, TS 38.321] can
provide by SRS-PathlossReferenceRS-1d a corresponding RS resource index (,; for aperiodic or semi-
persistent SRS resource set

- If the UE is not provided pathlossReferenceRS or SRS-PathlossReferenceRS-Id, or before the UE is provided
dedicated higher layer parameters, the UE calculates PLy.1.c(4a) 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 pathlossReferenceLinking, the RS resource is on a serving cell indicated by a
value of pathlossReferencelLinking

- If the UE
- is not provided pathlossReferenceRS or SRS-PathlossReferenceRS-Id,
- is not provided spatialRelationInfo, and
- is provided enableDefaultBeamPL-ForSRS, and

- is not provided coresetPoolIndex value of 1 for any CORESET, or is provided coresetPoolIndex value of
1 for all CORESETS, in ControlResourceSet and no codepoint of a TCI field, if any, in a DCI format of
any search space set maps to two TCI states [5, TS 38.212]

the UE determines a RS resource index Ay 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
CORESETS: are provided in the active DL BWP of serving cell ¢

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

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

transmission occasion !

i) = i Ll . . .
Mo p.c 1) = o (1) , where fo.pc@D) is the current PUSCH power control adjustment state as described
in Clause 7.1.1, if srs-PowerControlAdjustmentStates indicates a same power control adjustment state for
SRS transmissions and PUSCH transmissions; or

ds,)-1
hy () =h, (- i)+ Z‘SSRS,b,f,c (m)
m=0 if the UE is not configured for PUSCH transmissions on active UL

BWP D of carrier f of serving cell ¢ , or if srs-PowerControlAdjustmentStates indicates separate power
control adjustment states between SRS transmissions and PUSCH transmissions, and if tpc-Accumulation is
not provided, where

)
- The SBb1.¢ yalues are given in Table 7.1.1-1

0. m
- SRS,b, f <(m) is jointly coded with other TPC commands in a PDCCH with DCI format 2_3, as
described in Clause 11.4

as,)-1

ZésRs, b,f,c(m)
ds,)

Kies (1) symbols before SRS transmission occasion ! on active UL BWP b of carrier f of serving cell

is a sum of TPC command values in a set > of TPC command values with cardinality

that the UE receives between Kws (1= 1y)- 1 symbols before SRS transmission occasion '~ "o and

C for SRS power control adjustment state, where " >0 s the smallest integer for which Kors (0= 1o)
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symbols before SRS transmission occasion '~ "0 is earlier than Kips (1) symbols before SRS transmission

occasion !

if the SRS transmission is aperiodic, Ksws () is a number of symbols for active UL BWP b of carrier |

of serving cell C after a last symbol of a corresponding PDCCH triggering the SRS transmission and
before a first symbol of the SRS transmission

if the SRS transmission is semi-persistent or periodic, Kss () s a number of sk min symbols equal to
slot

the product of a number of symbols per slot, Nsym", and the minimum of the values provided by k2 in

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

If the UE has reached maximum power for active UL BWP b of carrier | of serving cell C at SRS
ds,)-1

- - 2, O, p.c(m) =0 hy ;o (D) =hy (- iy)
transmission occasion 0 and m=0 , then "1 b.f.e 0

If UE has reached minimum power for active UL BWP b of carrier f of serving cell C at SRS
ds,)-1

Z 5SRS, b, f.c (m) <0

.. . i-i h i) =h i-i
transmission occasion 0 and m=0 , then b.r.c () =y (0= o)

If a configuration for a Po srs,b.1.¢(d5) value or for a “srs:b.f.c (@) value for a corresponding SRS

power control adjustment state I' for active UL BWP D of carrier f of serving cell Cis provided by
higher layers

h,, (K)=0,k=0,1,...i

Else

(0) = +
b,f,c rampup b, f ,c msg2,b,f,c

where

0

m$92b.[.¢ i the TPC command value indicated in the random access response grant corresponding to

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

I HO’ H 0
- [max ( B ) ) ,0
AP pup b, f.c =N H Poviax e - PO?SRS,b,f,c(qs) +10log,, (2’ ’MSRs,b,f,c(l)) +aSRS,b,f,c(qs) ‘PLb,f,c(Cld) H 0
I I
DAPmmpuprequested,b,f,c D .
AP ibre . .
where rampuprequested.b, f.¢ js 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

serving cell C.

if the UE is not configured for PUSCH transmissions on active UL BWP b of carrier f

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

detects a DCI format 2_3 Ksrs, min symbols before a first symbol of SRS transmission occasion ! , where

absolute values of Osrs, b, 1.0 are provided in Table 7.1.1-1
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- if srs-PowerControlAdjustmentStates 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 4s ; 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 Is .

If a UE transmits SRS based on a configuration by SRS-PosResourceSet on active ULBWP b of carrier [ of
serving cell ¢, the UE determines the SRS transmission power ~ Pgps , ’f’c(i s qs) in SRS transmission occasion

i as
. B Povax, 1,0 (D i
PSRS,b,f,c(l’qs) =min | u . I
BB srs,b, f.c (q,) +10log,, (2" Mgy (D)) + Qsps 1, 1 (Qs) *PL, ; (qy )ﬁ
[dBm]
where,

- POSRS, b.f, C( qs) and  Qgpg p. f,c(qs) are provided by p0-r16 and alpha-r16 respectively, for active UL

BWP b ofcarrier f ofservingcell ¢ ,and SRS resourceset (, isindicated by SRS-
PosResourceSetld from SRS-PosResourceSet, and

- PL,,,

of an active DL BWP of a serving cell ¢ , using RS resource indexed (; in a serving or non-serving cell

qd) is a downlink pathloss estimate in dB calculated by the UE, as described in Clause 7.1.1 in case

for SRS resource set (. [6, TS 38.214]. A configuration for RS resource index (; associated with SRS

resource set (, is provided by pathlossReferenceRS-Pos

- if a ssb-IndexNcell is provided, referenceSignalPower is provided by ss-PBCH-BlockPower-r16

- if a dI-PRS-Resourceld is provided, referenceSignalPower is provided by dI-PRS-ResourcePower

If the UE determines that the UE is not able to accurately measure PLb’ fe qd) , or the UE is not provided

with pathlossReferenceRS-Pos, the UE calculates PL, f ,C( qd) using a RS resource obtained from the
SS/PBCH block of the serving cell that the UE uses to obtain MIB

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

7.4 Physical random access channel

133

A UE determines a transmission power for a physical random access channel (PRACH), *PRACHD. [ (D , on active UL

BWP D of carrier f of serving cell C based on DL RS for serving cell C in transmission occasion !

( , ‘\

Poraciip,.c (i) =min | Pyax. fie (i), P, prRACHurget, fe T PLb, )

das

[dBm],

where Powax.e (1) is the 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 ¢ within transmission occasion ! s Poracitamer e is 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

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 referenceSignalPower — higher layer filtered RSRP in dBm, where RSRP is defined in [7, TS 38.215] and the
higher layer filter configuration is defined in [12, TS 38.331]. If the active DL BWP is the initial DL. BWP and for

SS/PBCH block and CORESET multiplexing pattern 2 or 3, as described in Clause 13, the UE determines PLyrc pased
on the SS/PBCH block associated with the PRACH transmission.

b.f.c is a pathloss for the active UL BWP b of carrier f based on
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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 is in response to
a detection of a PDCCH order by the UE that triggers a contention based random access procedure, or is associated with

a link recovery procedure where a corresponding index Gnew s associated with a SS/PBCH block, as described in
Clause 6, referenceSignalPower is provided by ss-PBCH-BlockPower.

If a PRACH transmission from a UE is in 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, referenceSignalPower 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 a link recovery

procedure where a corresponding index Unew s associated with a periodic CSI-RS configuration as described in Clause
6, referenceSignalPower is obtained by ss-PBCH-BlockPower and powerControlOffsetSS where powerControlOffsetSS
provides an offset of CSI-RS transmission power relative to SS/PBCH block transmission power [6, TS 38.214]. If
powerControlOffsetSS is 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 value provided by powerControlOffsetSS.

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

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

If due to power allocation to PUSCH/PUCCH/PRACH/SRS transmissions as described in Clause 7.5, or due to power
allocation in EN-DC or NE-DC or NR-DC operation, or due to slot format determination as described in Clause 11.1, or
due to the PUSCH/PUCCH/PRACH/SRS transmission occasions are in the same 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 a transmission 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 a transmission
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 a total UE transmit power
for PUSCH or PUCCH or PRACH or SRS transmissions on serving cells in a frequency range in a respective

i

transmission occasion ! would exceed Femax () , where Pemax () s the linear value of Penax () in transmission

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

total UE transmit power for transmissions on serving cells in the frequency range is smaller than or equal to Powax (D)
for that frequency range in every symbol of transmission occasion ! . When determining a total transmit power for
serving cells in a frequency range in a symbol of transmission occasion !, the UE does not include power for

transmissions starting after the symbol of transmission occasion ! . The total UE transmit power in a symbol of a slot is
defined as the sum of the linear values of UE transmit powers for PUSCH, PUCCH, PRACH, and SRS in the symbol of
the slot.

- PRACH transmission on 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 CSI

- PUSCH transmission without HARQ-ACK information or CSI and, for Type-2 random access procedure,
PUSCH transmission on the PCell
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- SRS transmission, with aperiodic SRS having higher priority than semi-persistent and/or periodic SRS, or
PRACH transmission on a serving cell other than the PCell

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 a UE is configured with a MCG using E-UTRA radio access and with a SCG using NR radio access, the UE is

configured a maximum power Pire for transmissions on the MCG by p-MaxEUTRA and a maximum power Pk for
transmissions in FR1 on the SCG by p-NR-FR1.

The UE determines a transmission power for the MCG as described in [13, TS 36.213] using Prre as the maximum
transmission power. The UE determines transmission power for the SCG in FR1 as described Clauses 7.1 through 7.5

using PNk a5 the maximum transmission power. The UE determines transmission power for the SCG in FR2 as
described 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 is included in an EN-DC configuration.

P, P,

D D HEN-DC
+ > . . P, . . P,
Bie + Pyg > P LTE jg the linear value of “LTE | “m& jg the linear value of "Mt

If a UE is configured with Toul  where

and P Toul is the linear value of a configured maximum transmission power for EN-DC operation as defined in [8-3, TS
38.101-3] for FR1, the UE determines a transmission power for the SCG as follows.

- If the UE is configured with reference TDD configuration for E-UTRA (by tdm-PatternConfig-r15 or by tdm-
PatternConfig-r16 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 is an 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 uplinkTxSwitching-OptionSupport = dualUL in [16, TS 38.306], and is configured
with tdm-PatternConfig-r16, 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 b of the
SCG in FR1, and

f 13Mcc (il) + lsscc. (iz) = ISTEEIDC

- i in any portion of slot b of the SCG,

. 3 . - . D EN-DC
the UE reduces transmission power in any portion of slot 2 of the SCG so that Bucg i) + P (i,) <P in

any portion of slot 2 where Pucs i) and Fsce (,) are the linear values of the total UE transmission powers in

subframe ' of the MCG and in slot 2 of the SCG in FR1, respectively. The UE is not required to transmit in

any portion of slot b of the SCG if Fsco (i,)

Buco (i) + Pocg (iy) <Pi™ in any portion of slot b of the SCG. The UE is required to
transmit in slot 2 of the SCG if Fs ;) would not need to be reduced by more than the value provided by
ISMCG (i1) + ISSCG (iz) SISTENIDC in all i I

ot portions of slot 2.

would need to be reduced by more than the value provided by

Xscare in order for

Xscare in order for
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- If the UE does not indicate a capability for dynamic power sharing between E-UTRA and NR for EN-DC, the
UE expects to be configured with reference TDD configuration for E-UTRA by tdm-PatternConfig-r15 in [13,
TS 36.213].

7.6.1A NE-DC

If a UE 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 Pw for transmissions in FR1 on the MCG by p-NR-FR1 and a maximum power Pire for
transmissions on the SCG by p-MaxEUTRA.

The UE determines transmission power for the MCG in FR1 as described Clauses 7.1 through 7.5 using P as the

maximum transmission power for Foviax =Pxx The UE determines transmission power for the MCG in FR2 as

described 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 Prre as the maximum transmission power.

If at least one symbol of slot i of the MCG that is indicated as uplink or flexible by tdd-UL-DL-ConfigurationCommon
or tdd-UL-DL-ConfigurationDedicated overlaps with subframe 2 of the SCG

- for subframe iz, the UE determines a transmission power for the SCG as described in [13, TS 36.213] using

P, . -
LTE 35 the maximum transmission power

otherwise

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

5 NE-DC
P,

+ Py > Total Where

PL’T‘ PN

If a UE is conflgured w1th Pire E is the linear value of LTE R js the linear value of

NE-DC
P, P . . . - . . .
NR and “Tewl g the 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-PatternConfig-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 slot on the MCG in FR1 when a corresponding subframe on the SCG is
an UL subframe in the reference TDD configuration.

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

- if the UE transmission(s) in slot by of the MCG in FR1 overlap in time with UE transmission(s) in subframe

I, of the SCG, and

~

[ NE-DC

if Puca (1) + Rea (1) > Prog in any portion of slot i of the MCG,

(l )+Pscc(i2) P

P
the UE reduces transmlssmn power in any portlon of slot i of the MCG so that ~ MG Total

(i) (i)

in all portions of slot ", where Pucs'i) and Pses'2’ are the linear values of the total UE transmission powers

in slot I of the MCG in FR1 and in subframe 2 of the SCQG, 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-PatternConfig-r15 in [13,
TS 36.213]).
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7.6.2 NR-DC

If a UE is configured with an MCG using NR radio access in FR1 or in FR2 and with a SCG using NR radio access in
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 a UE 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, for transmissions on the MCG by p-NR-FR1 and/or by p-NR-FR2 and a maximum power
Py for transmissions on the SCG by p-NR-FR1 and/or by p-NR-FR2 and with an inter-CG power sharing mode

by nrdc-PCmode-FR1 for FR1 and/or by nrdc-PCmode-FR2 for FR2. The UE determines a transmission power on the
MCG and a transmission power on the SCG per frequency range.

If a UE 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 Pgc; to be configured such that

5 D NR-DC D . ) . .

Pyicot Psco > Proa ,where Py, . isthelinearvalue of Pycg , Py is the linear value of
SNR-DC . ) ' . - S

Py ,and Py, is the 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 a UE 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;cq  or  Pgcg
as the maximum transmission power, respectively.

If a UE is provided semi-static-mode?2 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  Pgc;  or

P,icc as the maximum transmission power, respectively

- ifat least one symbol of slot 1, of the MCG or of the SCG that is indicated 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 Pgo; or Pycc , respectively, as the maximum transmission power

- otherwise, the UE determines a power for the transmission on MCG or the SCG overlapping with slot 1, , as

described in [8-3, TS 38.101-3] and in Clauses 7.1 through 7.5 without considering Py or Py
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 a UE
- is provided dynamic for nrdc-PCmode-FR1 or for nrdc-PCmode-FR2, and
- indicates a capability to support dynamic power sharing for intra-FR NR DC,

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

- are scheduled by DCI formats in PDCCH receptions with a last 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|Pyeg, PasPC—Pita!| | if the UE determines transmissions on the MCG witha Pl total

power
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- ﬁ?ﬁ;?c , if the UE does not determine any transmissions on the MCG
where
T ofgee =max [ T?lgoxc,MCG’ Tglfoxc,scc} )
T;nri);,MCG and Tgrz);,scc is the maximum of Tproc 2 Tproc,CSI ) T;nrl:;,release > TL"er:,z >

mux

and TPmC’CSI based on the configurations on the MCG and the SCG, respectively, when the UE indicates the
value of 'long' for the capability,

max

max . . mux mux
= Thoemcs @4 Ty sog isthemaximumof  Tpocn s Thoe tease > Tproc,,  Dased on the

configurations on the MCG and the SCG, respectively, when the UE indicates the value of 'short' for the
capability, and

- P”MCE‘;;’ is the total power for the transmissions on the MCG that overlap with the transmission occasion on

the SCG where ﬁﬁj&“g’ is determined based on transmissions configured by higher layers and on

transmissions scheduled by DCI formats in PDCCH receptions with a last symbol that is at least T
before the first symbol of the transmission occasion on the SCG.

offset

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

- are scheduled/triggered by DCI formats in PDCCH receptions with a last symbol that is earlier by less than
T 4t; 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 value in a DCI format 2_2 or a DCI format 2_3 in a
PDCCH reception with a last symbol that is less than T 4, 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 receives in a DCI format 2_2 or a DCI format 2_3 in a
PDCCH reception with a last symbol that is less than T .., 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 is valid for
PUSCH transmission occasion | on active UL BWP D of carrier f of serving cell ¢ A Type 3 UE power headroom

PH that is valid for SRS transmission occasion | on active UL BWP P 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 a reference 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 a reference 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,, Where Tproc2is determined according to [6, TS 38.214] assuming
d>; =1, d»,=0, and with pp;. corresponding to the subcarrier spacing of the active downlink BWP of the scheduling cell
for a configured grant if the power headroom report is reported on the PUSCH using the configured grant.

If a UE
- is configured with two UL carriers for a serving cell, and
- determines a Type 1 power headroom report and a Type 3 power headroom report for the serving cell

the UE
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- provides the 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 a UE is configured with a SCG and if phr-ModeOtherCG 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,

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

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

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

- if the duration 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 the duration of NR slot on active UL BWP is the same as that of E-UTRA subframe carrying the Dual
Connectivity PHR for asynchronous EN-DC/NE-DC [10, TS 38.133], the UE provides power headroom of the
first NR 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 ¢ , the UE
computes the Type 1 power headroom report as

.. N . B . . . oo
PH, o1p (s J>q451) :PCMAx,f,c(’)' | Po,puscm;,f,c(f) +10log,, (2 'Mrl:};i,c;{,c(’)) +ab,f,c(]) 'PLb,f,c(Qd) +ATF,b,f,c(l) + fb,f,c(l:l)J [dB]

PUSCH

where PCMAx,f,C(i)’ Posuscin, () Mranfe@® @pc()) PLy @) Awmp @ g forcGD

Clause 7.1.1.

are defined in

If a UE is configured with multiple cells for PUSCH transmissions, where a SCS configuration 1 on active UL BWP
bi of carrier i of serving cell ! is smaller than a SCS configuration " on active UL BWP P2 of carrier > of

serving cell €2 , and if the UE provides a Type 1 power headroom report in a PUSCH transmission in a slot on active
UL BWP b, that overlaps with multiple slots on active UL BWP b, , the UE provides a Type 1 power headroom
report for the first PUSCH, if any, on the first slot of the multiple slots on active UL BWP b, that fully overlaps with

the slot on active UL BWP b, . If a UE is configured with multiple cells for PUSCH transmissions, where a same SCS

configuration on active UL BWP b, of carrier fi of serving cell 1 and active UL BWP b, of carrier f> of

3GPP



Release 16 43 3GPP TS 38.213 V16.4.0 (2020-12)

serving cell Cz , and if the UE provides a Type 1 power headroom report in a PUSCH transmission in a slot on active

UL BWP by , 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 slot on active UL BWP b, .
If a UE 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 by and overlaps with one or more slots on active UL BWP b, , the UE provides a Type 1 power headroom

report for the first PUSCH, if any, on the first slot of the one or more slots on active UL BWP b, that overlaps with the

multiple slots of the nominal repetition on active UL BWP by .

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] is triggered, the UE provides power headroom of the first PUSCH, if any, on the determined NR slot as
described in clause 7.7.

If a UE is configured with multiple cells for PUSCH transmissions, the UE does not consider for computation of a Type
1 power headroom report in a first PUSCH transmission that includes an initial transmission of transport block on active

ULBWP D1 of carrier 1 of serving cell €1 , a second PUSCH transmission on active UL BWP b> of carrier > of
serving cell €2 that overlaps with the first PUSCH transmission if

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

- the second PDCCH monitoring occasion is after a first PDCCH monitoring occasion where the UE detects the
earliest DCI format scheduling an initial transmission of a transport 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,, Where Tproc» is determined according to [6, TS 38.214] assuming d»; =1, d»»=0, and with pp;
corresponding to the subcarrier spacing of the active downlink BWP of the scheduling cell for a configured grant
if the first PUSCH transmission is on a configured grant after a power headroom report was triggered.

If the UE determines that a Type 1 power headroom report for an activated serving cell is based on a reference PUSCH

transmission then, for PUSCH transmission occasion ! on active UL BWP b of carrier f of serving cell C | the UE
computes the Type 1 power headroom report as

.. ~ n | . . -
Pthpelb,f,c(ly J>q4,D) :PCMAX,f,c(l)- | PO?PUSCH,b,f,c(J) +ab,f,c(]) 'PLb,f,c(Qd) + fb,f,c(l:l)J [dB]

P .
where = M7 0 is computed assuming MPR=0 dB, A-MPR=0 dB, P-MPR=0 dB. ATc = 0 dB. MPR, A-MPR, P-MPR
and AT are defined in [8-1, TS 38.101-1], [8-2, TS38.101-2] and [8-3, TS 38.101-3]. The remaining parameters are

. a »
defined in Clause 7.1.1 where Po puscas..c () and >f U) are obtained using Fo_vommar_puscr, c (0) and pO-

PUSCH-AlphaSetld = 0, PLy.1.c(44) is obtained using pusch-PathlossReferenceRS-Id = 0, and =0

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

7.7.2 Type 2 PH report

This clause is reserved.
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7.7.3 Type 3 PH report

If a UE determines that a Type 3 power headroom report for an activated serving cell is based on an actual SRS
transmission then, for SRS transmission occasion ! on active UL BWP b of carrier f of serving cell €  and if

the UE is not configured for PUSCH transmissions on 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 03 .0(,95) =Poyiax e (D | Po srsp.f.ec(qs) +10108,0 (2" -Mggg p 1 (D) + Osps  1..(q5) “PLy . (qq) +hy, (D) |
[dB]

PCMAX,f,c(i) PO?SRS,b,f,c(qs) MSRs,b,f,c(i) aSRS,b,f,c(qs) PLb,f,c(qd) and hb,f,e(i)

where 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 a reference SRS
transmission then, for SRS transmission occasion ! on UL BWP b of carrier f of serving cell € | and if the UE

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

. ~ | N
PH g pesp 1. (5595) =Poviax r.0 (D = | Po_srs b f.e(q5) + Asps b, o (q5) “PLy ¢ (qq) + By f (D)) [dB]

(qs)

P
where 95 is an SRS resource set corresponding to SRS-ResourceSetld = 0 for UL BWP D and ~0-StS.b.f.ctts )
Osgs, f.e qs) PLb,f,c(qd) and hb, f,c(i)

are defined in Clause 7.3.1 with corresponding values obtained from SRS-
ResourceSetld = 0 for UL BWP D . Femax. (1) is computed assuming MPR=0 dB, A-MPR=0 dB, P-MPR=0 dB
and AT =0 dB. MPR, A-MPR, P-MPR and AT are defined in [8-1, TS 38.101-1], [8-2, TS38.101-2] and [8-3, TS
38.101-3].

If a UE is configured with two UL carriers for 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 a reference 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 shifts in the PRACH preamble sequence set

(index to logical root sequence table, cyclic shift (7 ©5), and set type (unrestricted, restricted set A, or restricted
set B)).

From the physical layer perspective, the Type-1 L.1 random access procedure includes the transmission of random
access preamble (Msg1) in a PRACH, random access response (RAR) message with a PDCCH/PDSCH (Msg?2), and
when applicable, the transmission of a PUSCH scheduled by a RAR UL grant, and PDSCH for contention resolution.
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From the physical layer perspective, the Type-2 L1 random access procedure includes the transmission of random
access preamble in a PRACH and of a PUSCH (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 a random access procedure is initiated by a PDCCH order to the UE, a PRACH transmission is with a same SCS as a
PRACH transmission initiated by higher layers.

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

P
- A preamble index, a preamble SCS, PRACH, arget 5 corresponding RA-RNTI, and a PRACH resource.

PPRACH,b, f.c (1)

A PRACH is transmitted using the selected PRACH format with transmission power ,as described in

Clause 7.4, on the indicated PRACH resource.

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

For Type-2 random access procedure with common configuration of PRACH occasions with Type-1 random access
procedure, a UE is provided a number N  of SS/PBCH block indexes associated with one PRACH occasion by ssb-
perRACH-OccasionAndCB-PreamblesPerSSB and a number ()  of contention based preambles per SS/PBCH block
index per valid PRACH occasion by msgA-CB-PreamblesPerSSB-PerSharedRO. The PRACH transmission can be on a
subset of PRACH occasions associated with a same SS/PBCH block index within an SSB-RO mapping cycle for a UE
provided with a PRACH mask index by msgA-SSB-SharedRO-MaskIndex according to [11, TS 38.321].

For Type-2 random access procedure with separate configuration of PRACH occasions with Type-1 random access
procedure, a UE is provided 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 msgA-SSB-
PerRACH-OccasionAndCB-PreamblesPerSSB when provided; otherwise, by ssb-perRACH-OccasionAndCB-
PreamblesPerSSB.

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 mappedto 1/N
consecutive valid PRACH occasions and R  contention based preambles with consecutive indexes associated with
the SS/PBCH block index per valid PRACH occasion start from preamble index 0. If N >1 , R contention

based preambles with consecutive indexes associated with SS/PBCH block index n , 0<n<N-—1 |, pervalid
PRACH occasion start from preamble index n-N ;)::émble/ N where N ;f:;mble is provided by

totalNumberOfRA-Preambles for Type-1 random access procedure, or by msgA-TotalNumberOfRA-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 mappedto 1/N consecutive valid PRACH occasions and
(Q contention based preambles with consecutive indexes associated with the SS/PBCH block index per valid

PRACH occasion start from preamble index 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-N Z)::;mble/ N+R ,where N f::émble is provided by totalNumberOfRA-Preambles for Type-1

random access procedure.
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For link recovery, a UE is providled 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 cfra is provided, a UE is provided N SS/PBCH block indexes associated with one PRACH
occasion by ssh-perRACH-Occasion in occasions. If N<1 , one SS/PBCH block index is mappedto 1/ N
consecutive valid PRACH occasions. If N >1 , all consecutive N SS/PBCH block indexes are associated with
one PRACH occasion.

SS/PBCH block indexes provided by ssb-PositionsInBurst in SIB1 or in ServingCellConfigCommon are mapped to
valid PRACH occasions in the following order where the parameters are described in [4, TS 38.211].

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

Second, in increasing order of frequency resource indexes for frequency multiplexed PRACH occasions
- Third, in increasing order of time resource indexes for time multiplexed PRACH occasions within a PRACH slot
- Fourth, in increasing order of indexes for PRACH slots

An association period, starting from frame 0, for mapping SS/PBCH block indexes to PRACH occasions is the smallest
SSB
value in the set determined by the PRACH configuration period according Table 8.1-1 such that N, SS/PBCH block
SSB
indexes are mapped at least once to the PRACH occasions within the association period, where a UE obtains ~ ™ from
the value of ssb-PositionsInBurst in SIB1 or in ServingCellConfigCommon. If after an integer number of SS/PBCH
block indexes to PRACH occasions mapping cycles within the association period there is a set of PRACH occasions or
SSB
PRACH preambles that are not mapped to Nz SS/PBCH block indexes, no SS/PBCH block indexes are mapped to
the set of PRACH occasions or PRACH preambles. An association pattern period includes one or more association
periods and is determined so that a pattern between PRACH occasions and SS/PBCH block indexes repeats at most
every 160 msec. PRACH occasions not associated with SS/PBCH block indexes after an integer number of association
periods, if any, are not used for PRACH transmissions.

For a PRACH transmission triggered by a PDCCH order, the PRACH mask index field [5, TS 38.212], if the value of
the random access preamble index field is not zero, indicates the PRACH occasion for the PRACH transmission where
the PRACH occasions are associated with the SS/PBCH block index indicated by the SS/PBCH block index field of the
PDCCH order.

For a PRACH transmission triggered by higher layers, if ssb-ResourceList is provided, the PRACH mask index is
indicated by ra-ssb-OccasionMaskIndex 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 occasions is

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

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

- Third, in increasing order of indexes for PRACH slots
For a PRACH transmission triggered upon request by higher layers, a value of ra-OccasionList [12, TS 38.331], if
csirs-ResourceList is provided, indicates a list 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.
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Table 8.1-1: Mapping between PRACH configuration period and SS/IPBCH block to PRACH occasion
association period

PRACH configuration period (msec) feseE 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 a UE is not provided tdd-UL-DL-ConfigurationCommon, a PRACH occasion in a PRACH slot is valid if it

does not precede a SS/PBCH block in the PRACH slot and starts at least N gap  Symbols after a last SS/PBCH
block reception symbol, where N gap 15 provided in Table 8.1-2 and, if channelAccessMode = 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 ssb-PositionsInBurst in SIB1 or in ServingCellConfigCommon , as described in Clause 4.1

- If a UE is provided tdd-UL-DL-ConfigurationCommon, a PRACH occasion in a PRACH slot is valid if
- it is within UL symbols, or

- it does not precede a SS/PBCH block in the PRACH slot and starts at least N gap  Symbols after a last
downlink symbol and at least N gap  Symbols after a last SS/PBCH block symbol, where N gap 1S
provided in Table 8.1-2, and if channelAccessMode = 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 ssb-PositionsInBurst in SIB1 or in ServingCellConfigCommon, as described in Clause 4.1.

—_ N =
For preamble format B4 [4, TS 38.211], Ngap_o gap 0 .

Table 8.1-2: N values for different preamble SCS

gap
Preamble SCS N gap
1.25 kHz or 5 kHz 0
15 kHz or 30 kHz or 60 kHz or 120 kHz 2

If a random access procedure is initiated 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

NT,2+ ABWPSwitching-'- ADelay+ Tswitch msec, where

- N r Isatime duration of N, symbols corresponding to a PUSCH preparation time for UE processing

capability 1 [6, TS 38.214] assuming p corresponds to the smallest SCS configuration between the SCS
configuration of the PDCCH order and the SCS configuration of the corresponding PRACH transmission

- Dgwpswitching=0  if the active UL BWP does not change and A pgyps,iching  is defined in [10, TS 38.133]
otherwise

- A =0.5 msec for FR1 and ADelay:0.25 msec for FR2

Delay
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- T, .n Iisaswitching gap duration as defined in [6, TS 38.214]

For a PRACH transmission using 1.25 kHz or 5 kHz SCS, the UE determines N, assuming SCS configuration
p=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 a first slot is separated by less than N  symbols from the last or first symbol, respectively, of a
PUSCH/PUCCHY/SRS transmission in a second slot where N=2 for py=0 or p=¢( 1, N=4 for

p=2 or p=3 ,and p 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 atleast N symbols where N=2 for py=0 or p=1 ,
N=4 for p=2 or p=3 ,and p 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 a valid PRACH occasion if the
PRACH preamble is not mapped to a valid PUSCH occasion.

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

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

A UE determines a first interlace or first RB for a first PUSCH occasion in an active UL BWP respectively from
interlacelndexFirstPO-MsgA-PUSCH or from frequencyStartMsgA-PUSCH that provides an offset, in number of RBs
in the active UL BWP, from a first RB of the active UL BWP. A PUSCH occasion includes a number of interlaces or a
number of RBs provided by nrofInterlacesPerMsgA-PO or by nrofPRBs-perMsgA-PO, respectively. Consecutive
PUSCH occasions in the frequency domain of an UL BWP are separated by a number of RBs provided by
guardBandMsgA-PUSCH. A number N ¢ of PUSCH occasions in 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
interlaceIndexFirstPO-MsgA-PUSCH and nrofInterlacesPerMsgA-PO, the RB set for the PUSCH occasion in the
active UL BWP is the same RB set as the corresponding PRACH transmission. The UE assumes that the RB set is
defined as when the UE is not provided intraCellGuardBandsPerSCS for an UL carrier as described in Clause 7 of [6,
TS 38.214].

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

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

- one of the entries from table 6.1.2.1.1-2 or table 6.1.2.1.1-3 in [6, TS 38.214], if PUSCH-
TimeDomainResourceAllocationList is not provided in PUSCH-ConfigCommon

else, the UE is provided a SLIV by startSymbolAndLengthMsgA-PO, and a PUSCH mapping type by
mappingTypeMsgA-PUSCH for a PUSCH transmission.
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For mapping one or multiple preambles of a PRACH slot to a PUSCH occasion associated with a DMRS resource, a UE
determines a first slot for a first PUSCH occasion in an active UL BWP from msgA-PUSCH-TimeDomainOffset that
provides an offset, in number of slots in the active UL BWP, relative to the start of a PUSCH slot including the start of
each PRACH slot. The UE does not expect to have a PRACH preamble transmission and a PUSCH transmission with a
msgA in a PRACH slot or in a PUSCH slot, or to have overlapping msgA PUSCH occasions for a MsgA PUSCH
configuration. The UE expects that a first PUSCH occasion in each slot has a same SLIV for a PUSCH transmission
that is provided by startSymbolAndLengthMsgA-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-perSlot and a

number N of consecutive slots that include PUSCH occasions is provided by nrofSlotsMsgA-PUSCH.

N

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

A UE is provided an MCS for data information 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-intraSlotFrequencyHopping 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 N UL,hop - 1f guardPeriodMsgA-PUSCH is provided, a first symbol

of the second hop is separated by guardPeriodMsgA-PUSCH symbols from the end of a last symbol of the first hop;
otherwise, there is no time separation of the PUSCH transmission before and after frequency hopping. If a UE is
provided with uselnterlacePUCCH-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 a DMRS resource. The DMRS resources are provided by msgA-DMRS-Config.

Each consecutive number of N preamble  Preamble indexes from valid PRACH occasions in a PRACH slot

- first, in increasing order of preamble indexes within a single PRACH occasion

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

- third, in increasing order of time resource indexes for time multiplexed PRACH occasions within a PRACH slot
are mapped to a valid PUSCH occasion and the associated DMRS resource

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

- second, in increasing order of DMRS resource indexes within a PUSCH occasion, where a DMRS resource
index DMRS,, is determined first in an ascending order of a DMRS port index and second in an ascending
order of a DMRS sequence index [4, TS 38.211]

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

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

where N = Ceil (Tpreamble/TPUSCH) ’
association pattern period multiplied by the number of preambles per valid PRACH occasion provided by rach-
ConfigCommonTwoStepRA, and T pyscy  is a total 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.

is a total number of valid PRACH occasions per

preamble preamble

A PUSCH occasion is valid 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
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spectrum and for SS/PBCH blocks with indexes provided by ssb-PositionsInBurst in SIB1 or by
ServingCellConfigCommon

- if a UE is not provided tdd-UL-DL-ConfigurationCommon, a PUSCH occasion is valid if the PUSCH occasion
- does not precede a SS/PBCH block in the PUSCH slot, and

- starts at least N gap  Symbols after a last SS/PBCH block symbol, where N gap s provided in Table
8.1-2

- if a UE is provided tdd-UL-DL-ConfigurationCommon, a PUSCH occasion is valid if the PUSCH occasion
- is within UL symbols, or

- does not precede a SS/PBCH block in the PUSCH slot, and

- starts at least N gap Symbols after a last downlink symbol and at least N gap Symbols after a last

SS/PBCH block symbol, where N gap is provided in Table 8.1-2 and, if channelAccessMode = 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-RNTT 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 Type1l-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 Type1l-PDCCH CSS set, is provided by ra-
ResponseWindow.

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

symbol of the PDSCH reception, where N is a time duration of N, symbols corresponding to a PDSCH processing

time for UE processing capability 1 assuming u corresponds to the smallest SCS configuration among the SCS
configurations for the PDCCH carrying the DCI format 1_0, the corresponding PDSCH when additional PDSCH DM-

RS is configured, and the corresponding PRACH. For “ =0, the UE assumes Nip =14 [6, TS 38.214]. For a PRACH
transmission using 1.25 kHz or 5 kHz SCS, the UE determines N, assuming SCS configuration H :O.

If the UE detects a DCI format 1_0 with CRC scrambled by the corresponding RA-RNTT and LSBs of a SEN field in
the DCI format 1_0, if included and applicable, are same as corresponding LSBs 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], as for a SS/PBCH block or a CSI-RS resource
the UE used for PRACH association, as described in Clause 8.1, regardless of whether or not the UE is provided TCI-
State for the CORESET where the UE receives the PDCCH with the DCI format 1_0.
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If the UE attempts to detect the DCI format 1_0 with CRC scrambled by the corresponding RA-RNTT 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-RNTT 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 Type1-PDCCH CSS set for receiving the PDCCH that
includes the DCI format 1_0.

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

If the value of the frequency hopping flag is 0, the UE transmits the PUSCH without frequency hopping; otherwise, the
UE transmits the PUSCH with frequency hopping.

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

The TPC command value Onganf.c is used for setting the power of the PUSCH transmission, as described in Clause
7.1.1, and is interpreted according to Table 8.2-2.

The CSI request field is reserved.

The ChannelAccess-CPext field indicates a channel access type and CP extension for operation with shared spectrum
channel access [15, TS 37.213] as defined in Table 7.3.1.1.1-4 in TS 38.212.

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

RAR grant field Number of bits
Frequency 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
CSI 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 Omsg2 f.c for PUSCH

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

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

If the UE does not detect the DCI format 1_0 with CRC scrambled by the corresponding RA-RNTI within the window,
or if the UE detects the DCI format 1_0 with CRC scrambled by the corresponding RA-RNTT 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 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 procedure is as described in [11, TS 38.321].
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8.2A Random access response - Type-2 random access procedure

In response to a transmission of a PRACH and a PUSCH, or to a transmission of only a PRACH if the PRACH
preamble is mapped to a valid PUSCH occasion, a UE attempts to detect a DCI format 1_0 with CRC scrambled by a
corresponding MsgB-RNTTI during a window controlled by higher layers [11, TS 38.321]. The window starts at the first
symbol of the earliest CORESET the UE is configured to receive PDCCH for Typel-PDCCH CSS set, as defined in
Clause 10.1, that is at least one symbol, after the last symbol of the PUSCH occasion corresponding to the PRACH
transmission, where the symbol duration corresponds to the SCS for Typel-PDCCH CSS set. The length of the window
in number of slots, based on the SCS for Typel-PDCCH CSS set, is provided by msgB-ResponseWindow.

In response to a transmission of a PRACH, if the PRACH preamble is not mapped to a valid PUSCH occasion, a UE
attempts to detect a DCI format 1_0 with CRC scrambled by a corresponding MsgB-RNTTI 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 SCS for Type1-PDCCH
CSS set, is provided by msgB-ResponseWindow.

If the UE detects the DCI format 1_0, with CRC scrambled by the corresponding MsgB-RNTI and LSBs of a SFN field
in the 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 layers indicate to the physical layer

- an uplink 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 detects a RAR UL grant, or

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

- a PUCCH resource for the transmission of the PUCCH is indicated by PUCCH resource indicator field of 4
bits in the successRAR from a PUCCH resource set that is provided by pucch-ResourceCommon

- aslot for the PUCCH transmission is indicated by a HARQ Feedback Timing Indicator field of 3 bits in the
successRAR having avalue k from {1, 2, 3, 4, 5, 6, 7, 8} and, with reference to slots for PUCCH
transmission having duration T, , the slot is determined as n+k+A ,where n isaslot of the
PDSCH receptionand A is as defined for PUSCH transmission in 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 a time smaller than N ;+0.5 msec where N, 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 a PUCCH transmission is indicated by a Channel Access-CPext field in the successRAR as defined in
Table 7.3.1.1.1-4 in TS 38.212

- the PUCCH transmission is with a same spatial domain transmission filter and in a same active UL BWP as a
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 is running [11, TS 38.321].

If the UE detects a DCI format 1_0 with CRC scrambled by the corresponding MsgB-RNTI and receives a transport
block within the window in a corresponding PDSCH, the UE may assume same DM-RS antenna port quasi co-location
properties, as described in [6, TS 38.214], as for a SS/PBCH block the UE used for PRACH association, as described in
Clause 8.1, regardless of whether or not the UE is provided TCI-State for the CORESET where the UE receives the
PDCCH with the DCI format 1_0.

The UE does not expect to be indicated to transmit the PUCCH with the HARQ-ACK information at a time that is prior
to a time when the UE applies a TA command that is provided by the transport block. If the UE does not detect the DCI
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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 LSBs of the SFN where the UE transmitted the PRACH,
or if the UE does not correctly receive the transport block in the corresponding PDSCH within the window, or if the
higher layers do not identify the RAPID associated with the PRACH transmission from the UE, the higher layers can
indicate to the physical layer to transmit only PRACH according to Type-1 random access procedure or to transmit both
PRACH and PUSCH according to Type-2 random access procedure [11, TS 38.321]. If requested by higher layers, the

UE is expected to transmit a PRACH no later than Np;+0.75 msec after the last symbol of the window, or the last
symbol of the PDSCH reception, where N 11 s atime duration of N, symbols corresponding to a PDSCH
processing time for UE processing capability 1 when additional PDSCH DM-RS is configured. For p=0 , the UE
assumes N1,0: 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 detects the 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 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 procedure is 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 is indicated by higher layers.

If useInterlacePUCCH-PUSCH is not provided by BWP-UplinkCommon and BWP-UplinkDedicated, for determining
the frequency domain resource allocation for the PUSCH transmission within the active UL BWP

- if the active UL BWP and the initial UL BWP have same SCS and same CP length and the active UL BWP
includes all RBs of the initial UL BWP, or the active UL BWP is the initial UL BWP, the initial UL BWP is 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 RBs in the initial UL BWP

The frequency domain resource allocation is by uplink resource allocation type 1 [6, TS 38.214]. For an initial UL BWP

sizeof N f;isp RBs, a UE processes the frequency domain resource assignment field as follows

- if N SBiif;P <180 , or for operation with shared spectrum channel access if N géf,l, <90

- truncate the frequency domain resource assignment field to its [ logz(N :if,P '(N ]S;;P+ 1)/ 2) | least
significant bits and interpret the truncated frequency resource assignment field as for the frequency resource
assignment field in DCI format 0_0 as described in [5, TS 38.212]

- else

- insert [ logz(N 51;;8/13 '(N :;e,P+ 1)/ 2) ]—14 most significant bits, or for operation with shared spectrum

size

channel access insert [ logz(N BWP '(N §$P+ 1)/ 2) ]—12 most significant bits, with value set to '0'

after the N UL,hop  Dits to the frequency domain resource assignment field, where N UL, hop — 0 ifthe
frequency hopping flag is set to '0'and N uL,hop 1S provided in Table 8.3-1 if the hopping flag bit is set to

'1", and interpret the expanded frequency resource assignment field as for the frequency resource assignment
field in DCI format 0_0 as described in [5, TS 38.212]

- endif

If uselnterlacePUCCH-PUSCH is provided by BWP-UplinkCommon or BWP-UplinkDedicated, the frequency domain
resource allocation is by uplink resource allocation type 2 [6, TS 38.214]. A UE processes the frequency domain
resource assignment field as follows
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- truncate the frequency domain resource assignment fieldtothe X =6 LSBsif p=0 ,ortothe

X=5 LSBsif p=1

- for interlace allocation of a PUSCH transmission, interpret the X  MSBs of the truncated frequency domain
resource assignment field for the active UL BWP as for the X  MSBs of the frequency domain resource
assignment field in DCI format 0_0 [6, TS 38.214]

- for RB set allocation of a PUSCH transmission, the RB set of the active UL BWP is the 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] is given in Table 8.3-1.

Table 8.3-1: Frequency offset for second hop of PUSCH transmission with frequency hopping
scheduled by RAR UL grant or of Msg3 PUSCH retransmission

Number of PRBs in initial UL Value of NUL,hOp Hopping Frequency offset for 2™ hop
BWP Bits
size
size 0 lNEKN'P/zj
]\[BWP<50 1 size /4
l Npwp j
00 [ Ngwp/2]
size
e 01 [ Npwel4 ]
NBWP = 50 size
10 _[ NBWP/4j
11 Reserved

A SCS for the PUSCH transmission is provided by subcarrierSpacing 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 a TC-RNTTI is provided by higher layers, the scrambling initialization of the PUSCH
corresponding to the RAR UL grant in clause 8.2 is by TC-RNTI. Otherwise, the scrambling initialization of the
PUSCH corresponding to the RAR UL grant in clause 8.2 is by 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-RNT1I 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 receives a PDSCH with a
RAR message ending inslot n for a corresponding PRACH transmission from the UE, the UE transmits the
PUSCH inslot n +k2+ A, where k2 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

NT’1+NT,2+0.5 msec, where NT’1 is a time duration of N, symbols corresponding to a PDSCH
processing time for UE processing capability 1 when additional PDSCH DM-RS is configured, N T lisatime
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 considers that NN, and N, correspond to the smaller of the SCS
configurations for the PDSCH and the PUSCH. For =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-RNTTI 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
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within a same active UL BWP as the PUSCH transmission. A minimum time between the last symbol of the PDSCH
reception and the first symbol of the corresponding PUCCH transmission with the HARQ-ACK information is equal to
Ny 0.5 msec. Ny is a time duration of N, symbols corresponding to a PDSCH processing time for UE
processing capability 1 when additional PDSCH DM-RS is configured. For =0, the UE assumes Ny =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], as for a
SS/PBCH block the UE used for PRACH association, as described in Clause 8.1, regardless of whether or not the UE is
provided TCI-State for the CORESET where the UE receives the PDCCH with the DCI format.

9 UE procedure for reporting control information

If a 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.

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

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

- When the procedures are applied for secondary PUCCH group, the terms 'secondary cell', 'secondary cells',
'serving cell', 'serving cells' in this clause refer to secondary cell, secondary cells (not including the PUCCH-
SCell), serving cell, serving cells belonging to the secondary PUCCH group respectively. The term 'primary cell'
in this clause refers to the PUCCH-SCell of the secondary PUCCH group. If pdsch-HARQ-ACK-Codebook-
secondaryPUCCHgroup-r16 is provided, pdsch-HARQ-ACK-Codebook is replaced by pdsch-HARQ-ACK-
Codebook-secondaryPUCCHgroup-r16. If harq-ACK-SpatialBundlingPUCCH-secondaryPUCCHgroup is
provided, harq-ACK-SpatialBundlingPUCCH is replaced by harq-ACK-SpatialBundlingPUCCH-
secondaryPUCCHgroup. If harq-ACK-SpatialBundlingPUSCH-secondaryPUCCHgroup is provided, harg-
ACK-SpatialBundlingPUSCH is replaced by harq-ACK-SpatialBundlingPUSCH-secondaryPUCCHgroup.

If a UE is provided pdsch-HARQ-ACK-CodebookList-r16, pdsch-HARQ-ACK-Codebook is replaced by pdsch-HARQ-
ACK-CodebookList-r16.

If a UE

- is not provided coresetPoolIndex or is provided coresetPoollndex with a value of 0 for first CORESETs on
active DL BWPs of serving cells, and

- is provided coresetPoolIndex with a value of 1 for second CORESETs on active DL. BWPs of the serving cells,
and

- is provided 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 CORESETs 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. 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.
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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 a UE is configured for NR-DC operation, the UE does not expect to be configured with a PUCCH-SCell.

A PUSCH or a PUCCH transmission, including repetitions if any, can be of priority index 0 or of priority index 1. For a
configured grant PUSCH transmission, a UE determines a priority index from phy-PriorityIndex, if provided. For a
PUCCH 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 a PUCCH transmission with SR, a
UE determines the corresponding priority as described in Clause 9.2.4. For a PUSCH transmission with semi-persistent
CSIreport, a UE determines a priority index from a priority indicator field, if provided, in a DCI format that activates
the semi-persistent CSI report. If a priority index is not provided to a UE for a PUSCH or a PUCCH transmission, the
priority index is 0.

If a UE is provided two PUCCH-Config

- if the UE is provided subslotLengthForPUCCH in the first PUCCH-Config, the PUCCH resource for any SR
configuration with priority index 0 or any CSI report configuration in any PUCCH-Config is within the
subslotLengthForPUCCH symbols in 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 symbols in the
second PUCCH-Config

If in an 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, a DCI format 0_1 or a DCI format 0_2 can schedule a
PUSCH transmission of any priority and a DCI format 1_1 or a DCI format 1_2 can schedule a PDSCH reception and
trigger a PUCCH transmission with corresponding HARQ-ACK information of any priority.

When a UE determines overlapping for PUCCH and/or PUSCH transmissions of different priority indexes, 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 a transmission of a first PUCCH of larger priority index scheduled by a DCI format in a PDCCH reception
would overlap in time with a repetition of a transmission 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 a transmission of a first PUSCH of larger priority index scheduled by a DCI format in a PDCCH reception
would overlap in time with a repetition of the transmission of a second PUCCH of smaller priority index, the UE
cancels the repetition of the transmission of the second PUCCH before the first symbol that would overlap with
the first PUSCH transmission

where

- the overlapping is applicable before or after resolving overlapping among channels of larger priority index, if
any, as described in Clauses 9.2.5 and 9.2.6

- the UE expects that the transmission of the first PUCCH or the first PUSCH, respectively, would not start before
TpmC ’2+d , after a last symbol of the corresponding PDCCH reception

- TpmC o s the PUSCH preparation time for a corresponding UE processing capability assuming d 21— 0
[6, TS 38.214], basedon 1 and N , as subsequently defined in this Clause, and d 1 is determined by
areported UE capability

If a UE is scheduled by a DCI format in a first PDCCH reception to transmit a first PUCCH or a first 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
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- Tpmc o isbased onavalueof 1 corresponding to the smallest SCS configuration of the first PDCCH,
the second PDCCHs, the first PUCCH or the first PUSCH, and the second PUCCHs or the second PUSCHs

- if the overlapping group includes the first PUCCH

- if processingType2Enabled of PDSCH-ServingCellConfig is set to enable for the serving cell where the
UE receives the first PDCCH and for all serving cells where the UE receives the PDSCHs corresponding
to the second PUCCHs, and if processingType2Enabled of PUSCH-ServingCellConfig is set to enable for
the serving cells with the second PUSCHs, N, is5for pu=0 ,55for p=1 and 11 for

p=2
- else, N, is10for p =0,12for p=1 ,23for p=2 ,and36for p=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 all serving cells where the UE receives the PDSCHs corresponding to the second

PUCCHs, N, is5for p=0 ,55for p=1 and1lfor pu=2
- else, N, is10for p =0,12for p=1 ,23for p=2 ,and36for p=3 ;
If a UE would transmit the following channels, including repetitions if 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 a PDSCH reception
without a corresponding PDCCH and a second PUCCH of smaller priority index with SR and/or CS], 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

- a PUSCH of larger priority index with SP-CSI reports(s) without a corresponding PDCCH and a PUCCH of
smaller priority index with SR, or CSI, or HARQ-ACK information only in response to a PDSCH reception
without a corresponding PDCCH, or

- aconfigured grant PUSCH of larger priority index and a configured PUSCH of lower priority index on a same
serving cell

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

of larger priority index.

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-CSI report(s) without a corresponding
PDCCH.

In the remaining of this Clause, a UE multiplexes UCIs with same priority index in a PUCCH or a PUSCH. A PUCCH
or a PUSCH is assumed to have a same priority index as a priority index of UCIs a UE multiplexes in the PUCCH or
the PUSCH.

In the remaining of this Clause, the multiplexing or prioritization for overlapping channels are for overlapping channels
with same priority index.

In the remaining of this Clause, if a UE is provided subslotLengthForPUCCH, a slot for an associated PUCCH
transmission includes a number of symbols indicated by subslotLengthForPUCCH.

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.
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If a UE would transmit CSI reports on overlapping physical channels, the UE applies the priority rules described in [6,
TS 38.214] for the multiplexing of CSI reports.

If a UE has overlapping resources for PUCCH transmissions in a slot and at least one of the PUCCH transmissions is
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 a UE

- 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 reports in the PUSCH;

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

A UE does not expect to multiplex in a PUSCH transmission in one slot with SCS configuration [, UCI of same
type that the UE would transmit in PUCCHs in different slots with SCS configuration U, if <[,

A UE does not expect to multiplex in a PUSCH transmission or in a PUCCH transmission HARQ-ACK information
that the UE would transmit in different PUCCHs.

A UE does not expect a PUCCH resource that results from multiplexing overlapped PUCCH resources, if applicable, to
overlap with more than one PUSCHs if each of the more than one PUSCHs includes aperiodic CSI reports.

A UE does not expect to detect a DCI format scheduling a PDSCH reception or a SPS PDSCH release, a DCI format
1_1 indicating 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 a slot 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 CSI in a PUSCH and the UE would multiplex UCI that includes HARQ-ACK
information in a PUCCH that overlaps with the PUSCH and the timing conditions for overlapping PUCCHs and
PUSCHs in Clause 9.2.5 are fulfilled, the UE multiplexes only the HARQ-ACK information in the PUSCH and does
not transmit the PUCCH.

If a UE transmits multiple PUSCHs in a slot on respective serving cells that include first 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 multiple PUSCHs, and the multiple PUSCHs fulfil the conditions in Clause
9.2.5 for UCI multiplexing, the UE multiplexes the UCI in a PUSCH from the first PUSCHs.

If a UE transmits multiple PUSCHs in a slot on respective serving cells and the UE would multiplex UCI in one of the
multiple PUSCHs and the UE does not multiplex aperiodic CSI in any of the multiple PUSCHs, the UE multiplexes the
UCI in a PUSCH of the serving cell with the smallest ServCellIndex subject to the conditions in Clause 9.2.5 for UCI
multiplexing being fulfilled. If the UE transmits more than one PUSCHs in the slot on the serving cell with the smallest
ServCellIndex that fulfil the conditions in Clause 9.2.5 for UCI multiplexing, the UE multiplexes the UCI in the earliest
PUSCH that the UE transmits in the slot.

If a UE transmits a PUSCH over multiple slots and the UE would transmit a PUCCH with HARQ-ACK and/or CSI
information over a single slot that overlaps with the PUSCH transmission in one or more slots of the multiple 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 CSI 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
a slot from the multiple slots if the UE would not transmit a single-slot PUCCH with HARQ-ACK and/or CSI
information in the slot in case the PUSCH transmission was absent.

If a UE transmits a PUSCH with repetition Type B and the UE would transmit a PUCCH with HARQ-ACK and/or CSI
information over a single slot that overlaps with the PUSCH transmission in one or more slots, the UE expects all actual
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repetitions of the PUSCH transmission [6, TS 38.214] that would overlap with the PUCCH transmission to fulfill the
conditions in Clause 9.2.5 for multiplexing the HARQ-ACK and/or CSI information, and the UE multiplexes the
HARQ-ACK and/or CSI information in the earliest actual PUSCH repetition of the PUSCH transmission that would
overlap with the PUCCH transmission and includes more than one symbol. The UE does not expect that all actual
repetitions that would overlap with the PUCCH transmission do not include more than one symbol.

If the PUSCH transmission over the multiple slots is scheduled by a DCI format that includes a DAI field, the value of
the DATI field is applicable for multiplexing HARQ-ACK information in the PUSCH transmission in any slot from the
multiple slots where the UE multiplexes HARQ-ACK information.

When a UE would multiplex HARQ-ACK information in a PUSCH transmission that is configured by a
ConfiguredGrantConfig, and includes CG-UCI [5, TS 38.212], the UE multiplexes the HARQ-ACK information in the
PUSCH transmission if the UE is provided cg-UCI-Multiplexing; otherwise, the UE does not transmit the PUSCH and
multiplexes the HARQ-ACK information in a PUCCH transmission or in another PUSCH transmission.

9.1 HARQ-ACK codebook determination

If a UE 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 is indicated 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 multiplexes in a same HARQ-ACK codebook only HARQ-ACK information associated with a same priority
index. If the UE is indicated to generate two HARQ-ACK codebooks

- afirst 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 is indicated by harq-CodebookID, per SPS PDSCH configuration, a HARQ-ACK codebook
index for multiplexing the corresponding HARQ-ACK information bit.

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

- the UE includes the 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 dI-DataToUL-ACK-r16

In the remaining of this Clause, reference is to 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 a UE 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 where the end of a last symbol of the
PDCCH reception is not after the end of a last symbol of any of the SPS PDSCH receptions, 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 PDSCHs, does not generate HARQ-ACK information for the SPS PDSCH
receptions, and generates a HARQ-ACK information bit for the SPS PDSCH release.

If a UE detects a DCI format 1_1 indicating
- SCell dormancy without scheduling a PDSCH reception, as described in Clause 10.3, and
- is provided 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 a DCI format 1_1 indicating SCell
dormancy and the HARQ-ACK information bit value is ACK.
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If a UE is not provided PDSCH-CodeBlockGroupTransmission, the UE generates one HARQ-ACK information bit per
transport block.

For a HARQ-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 0 represents a
NACK while a HARQ-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 a CS-RNTL

9.1.1 CBG-based HARQ-ACK codebook determination

If a UE is provided PDSCH-CodeBlockGroupTransmission for a serving cell, the UE receives a PDSCH scheduled by
DCI format 1_1, that includes code block groups (CBGs) of a transport block. The UE is also provided

CBG/TB, max
maxCodeBlockGroupsPerTransportBlock indicating a maximum number = HAR® ACK of CBGs for generating respective
HARQ-ACK information bits for a transport block reception for the serving cell.

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

CBG/TB —
N, HARQ- ACK =M

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

CBG/TB, max CBG/TB < NCBG/TB,maX
The HARQ-ACK codebook includes the = FARQ-ACK HARQ-ACK information bits and, if =~ HARQACK HARQ-ACK ™ for
CBG/TB,max _ NCBG/TB
a transport block, the UE generates a NACK value for the last = HARQACK HARQ-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.

CBG/TB
If a UE correctly detects each of the = HAR2ACK CBGs and does not correctly detect the transport block for the
NCBG/TB NCBG/TB
HARQ-ACK CBGs, the UE generates a NACK value for each of the = HARXACK CBGs,

9.1.2 Type-1 HARQ-ACK codebook determination

This Clause applies if the UE is configured with pdsch-HARQ-ACK-Codebook = semi-static.

A UE reports HARQ-ACK information for a corresponding PDSCH reception or SPS PDSCH release only in a HARQ-
ACK codebook that the UE transmits in a slot indicated by a value of a PDSCH-to-HARQ_feedback timing indicator
field in a corresponding DCI format. The UE reports NACK value(s) for HARQ-ACK information bit(s) in a HARQ-
ACK codebook that the UE transmits in a slot not indicated by a value of a PDSCH-to-HARQ_feedback timing
indicator field in a corresponding DCI format.

If a UE is not provided pdsch-HARQ-ACK-OneShotFeedback, the UE does not expect to receive a PDSCH scheduled
by a DCI format that the UE detects in any PDCCH monitoring occasion and includes a PDSCH-to-HARQ_feedback
timing indicator field providing an inapplicable value from di-DataToUL-ACK-r16.

If the UE is provided pdsch-AggregationFactor-r16 in SPS-Config or pdsch-AggregationFactor in PDSCH-Config and
no entry in pdsch-TimeDomainAllocationList and pdsch-TimeDomainAllocationListDCI-1-2 includes repetitionNumber

in PDSCH-TimeDomainResourceAllocation-r16, N ;fgg‘gﬁmax is a maximum value of pdsch-AggregationFactor-r16
in SPS-Config or pdsch-AggregationFactor in PDSCH-Config; otherwise ~ Npbscs =1 . The UE reports HARQ-

ACK information for a PDSCH reception

3GPP



Release 16 61 3GPP TS 38.213 V16.4.0 (2020-12)

repeat

- fromslot n—N ;,egg‘gH+ 1 toslot n ,if Nppeey is provided by pdsch-AggregationFactor or pdsch-
AggregationFactor-r16 [6, TS 38.214], or

- fromslot n—repetitionNumber+1 toslot n , if the time domain resource assignment field in the DCI
format scheduling the PDSCH reception indicates an entry containing repetitionNumber, or

- inslot n , otherwise

only in a HARQ-ACK codebook that the UE includes in a PUCCH or PUSCH transmission in slot n+k , where

k is a number of slots indicated by the PDSCH-to-HARQ_feedback timing indicator field in a corresponding DCI
format or provided by dI-DataToUL-ACK if the PDSCH-to-HARQ_feedback timing indicator field is not present in the
DCI format. If the UE reports HARQ-ACK information for the PDSCH reception in a slot other than slot n+k , the
UE sets a value for each corresponding HARQ-ACK information bit to NACK.

If a UE reports HARQ-ACK information in a PUCCH only for
- a SPS PDSCH release indicated by DCI format 1_0 with counter DAI field value of 1, or
- a PDSCH reception scheduled by DCI format 1_0 with counter DAI field value of 1 on the PCell, or

- SPS PDSCH reception(s)

within the Mac 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 My occasion(s) on respective serving cell(s), where the value of counter DAI in
DCI format 1_0 is according to Table 9.1.3-1 and HARQ-ACK information bits in response to more than one SPS
PDSCH receptions that the UE is configured to receive are ordered according to the following pseudo-code; otherwise,
the procedures in Clause 9.1.2.1 and Clause 9.1.2.2 for a HARQ-ACK codebook determination apply.

Set N2

cells  to the number of serving cells configured to the UE

Set N fps to the number of SPS PDSCH configuration configured to the UE for serving cell ¢

Set N ICJL to the number of DL slots for 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
while c<N Ly

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

while s<N>™
Set n,=0 —slotindex
. DL
while np<N,
if {

a UE is configured to receive SPS PDSCHs fromslot  n,— N pheey+1 toslot 1, for SPS

PDSCH configuration S onserving cell ¢ ,excluding SPS PDSCHs that are not required to
be received in any slot among overlapping SPS PDSCHys, if any according to [6, TS 38.214], or
based on a UE capability for a number of PDSCH receptions in a slot according to [6, TS 38.214],
or due to overlapping with a set of symbols indicated as uplink by tdd-UL-DL-

repeat

ConfigurationCommon or by tdd-UL-DL-ConfigurationDedicated where N ppq-y  is provided
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by pdsch-AggregationFactor-r16 in sps-Config or, if pdsch-AggregationFactor-r16 is not included
in sps-Config, by pdsch-AggregationFactor in pdsch-config, and

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

}
0/ = 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
9.1.2.1 Type-1 HARQ-ACK codebook in physical uplink control channel

For a serving cell ¢ , an active DL BWP, and an active UL BWP, as described in Clause 12, the UE determines a set
of M A,c occasions for candidate PDSCH receptions for which the UE can transmit corresponding HARQ-ACK
information in a PUCCH inslot 1N .Ifservingcell ¢ is deactivated, the UE uses as the active DL BWP for

determining the set of M A,c occasions for candidate PDSCH receptions a DL BWP provided by
firstActiveDownlinkBWP-Id. The determination is based:

a) on aset of slot timing values K, associated with the active UL BWP

a) 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 slot timing values
{1! 2’ 3} 4! 5’ 6} 7! 8}

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

c) 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, is provided by dI-DataToUL-ACK-ForDCIFormat1_2

d) 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 and dI-DataToUL-ACK-ForDCIFormat1_2

b) on aset of row indexes R of atable that is associated with the active DL BWP and defining respective sets
of slot offsets K, , start and length indicators SLIV, and PDSCH mapping types for PDSCH reception as

described in [6, TS 38.214], 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 a table for DCI format 1_2 [6, TS 38.214], for each PDCCH
monitoring occasion in a set of PDCCH monitoring occasions with different starting symbols within a 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 prefixand S+S;+L<12 for extended cyclic prefix, add a new
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row index in the set of row indexes of the table by replacing the starting symbol S  of the row index by

S+S,

c) ontheratio DHer7Hur  between the downlink SCS configuration Hp; and the uplink SCS configuration

My provided by subcarrierSpacing in BWP-Downlink and BWP-Uplink for the active DL BWP and the
active UL BWP, respectively

d) if provided, on tdd-UL-DL-ConfigurationCommon and tdd-UL-DL-ConfigurationDedicated as described in
Clause 11.1
e) if ca-SlotOffset is provided, on NN glo“t)offset,c and  Horee, pLc  Provided by ca-SlotOffset for serving cell
¢ ,oron N g;,offset and  Hfreer, ur,  Provided by ca-SlotOffset for the primary cell, as described in [4,
TS 38.211].
If aUE

- is not provided coresetPoolIndex or is provided coresetPoolIndex with a value of 0 for first CORESETs on
active DL BWPs of serving cells, and

- is provided coresetPoolIndex with a value of 1 for second CORESETs on active DL. BWPs of the serving cells,
and

- is provided ackNackFeedbackMode = joint

where

- aserving cell is placed in a first set S, of N CDe%fg serving cells if the serving cell includes a first
CORESET, and

- aserving cell is placed in a second set S, of NCDeIfl’Sl serving cells if the serving cell includes a second
CORESET, and

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

the UE generates a Type-1 HARQ-ACK codebook for theset S, andtheset S; of serving cells separately by
setting Now =N>-® and No: =ND2r! in the following pseudo-code. The UE concatenates the HARQ-ACK

cells cells cells cells

codebook generated for the set S, followed by the HARQ-ACK codebook generated for the set S; to obtain a
total number of Oacx HARQ-ACK information bits.

For the set of slot timing values K, , the UE determines a set of My 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 a single DCI format is same as for a corresponding SPS PDSCH reception with the lowest SPS
configuration index among the multiple SPS PDSCH releases.

Set / =0 _ index of occasion for candidate PDSCH reception or SPS PDSCH release

Set B=0
M, =0
Set = A€
Set dKl) to the cardinality of set K,

Set k =0 — index of slot timing values Ku , in descending order of the slot timing values, in set Ky for serving cell ¢

If a UE is not provided ca-SlotOffset for any serving cell of PDSCH receptions and for the serving cell of corresponding
PUCCH transmission with HARQ-ACK information
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while K < dk,)

" mod (nU -Ky, +1, rr];.lx(Z‘“”L"“DL ,1)) =0

Set o =0 _ index of a DL slot within an UL slot

while np < max(z"’m.-uu;, ,1)

Set R to the set of rows

dr)

Set to the cardinality of R

Set T =0 _index of row in set R

if slot "V starts at a same time as or after a slot for an active DL BWP change on serving cell € or an active

UL BWP change on the PCell and slot H(nU ) K“‘) 24 is before the slot for the active DL BWP

change on serving cell € or the active UL BWP change on the PCell

n,=np+1 ;
else
while ' < dr)
if the UE is provided tdd-UL-DL-ConfigurationCommon, or tdd-UL-DL-ConfigurationDedicated and,
for each slot from slot [ (nU— Kl,k) < 2feHe [ — N;fg?gﬁmax+ 1 toslot
/ (nU— K 1, k) e R p atleast one symbol of the PDSCH time resource derived by row
' is configured as UL where Kt is the k-th slot timing value in set Ky s
R=R\r .
else
r=r+l.
end if
end while

if the UE does not indicate a capability to receive more than one unicast PDSCH per slot and R#0 ,
MA,C :MA,C U.] B
Jj=j+l,

else

dr)

Set 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#0

Set T =0
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r<dr)

while
if S =M for start OFDM symbol index S forrow I

b =j
Py~ ; - index of occasion for candidate PDSCH reception or SPS PDSCH release

associated with row

R:R\r;

B=B Ubr,k,nu .

>

else
r=r+l.
end if
end while
M, =M, Uj;

J=j+l,

Set ™M to the smallest last OFDM symbol index among all rows of R

end while
end if
np=np+1 ;
end if
end while
end if
k=k+1.
end while
else
while K < 4K
NU NP
i mod| ny— K, o] (Sl - Stalie g1 41, max (2%, 1) =0

Set =0 _ index of a DL slot within an UL slot

while ™ < —— ’1)

Set R to the set of rows

dr)

Set to the cardinality of R

r=0

Set —index of row in set R
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if slot U starts at a same time as or after a slot for an active DL BWP change on serving cell C or an active UL

NU NP
BWP change on the PCell and slot [(n —K ) QHoT Mo [y [ | —slot.offset __ Z_slot. offset.c | . pHor [ 4y
U Lk Zl»laffsat,uL Zl»laffsa[,m,c D

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

PCell
np=np+1 ;
else
while " <AR)

if the UE is provided tdd-UL-DL-ConfigurationCommon, or tdd-UL-DL-ConfigurationDedicated and,
for each slot from slot

N N>
Hpr— Hur slot ,offset slot , offset ¢ Hpr, repeat ,max
ny—K, |2 + - 2% [+n,— N +1 toslot
[( U Lk j l 2Faffsal,UL 2/‘laffsal,DL,c j D PDSCH
UL DL
N

l(nU_Kl,k) Qb He [y | zsilotf’of:et - ;Iztﬁ’ oﬁ;iet’c 'ZpDL_/+nD , at least one symbol of the

PDSCH time resource derived by row ' is configured as UL where Ky is the k-th slot timing value
in set K, s
R =R\r ;
else
r=r+l,
end if
end while

if the UE does not indicate a capability to receive more than one unicast PDSCH per slot and R#0
MA,C :MA,c Uj .
J=i+l,

else

dr)

Set 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 #@

r=0
r<dRr)

while

if S =M for start OFDM symbol index S forrow T

b =j
ko, = J ; - index of occasion for candidate PDSCH reception or SPS PDSCH release
associated with row I
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R=R\r .
B=BUDb,,, .
else
r=r+l,
end if
end while
M,. =M, Uj;
Jj=j+l,
Set M to the smallest last OFDM symbol index among all rows of R,
end while
end if
np=np+1 ;
end if
end while
end if
k=k+1.
end while
end if
If the UE indicates a capability to receive more than one PDSCH per slot, for occasions of candidate PDSCH receptions
corresponding to rows of R associated with a same value of bk, , where br”""D €B , the UE does not expect to

receive more than one PDSCH in a same DL slot.

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

- 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 1_0 and if
- the UE is configured with more than one serving cells, or

] C(MA'C)>1,and

- PDSCH-CodeBlockGroupTransmission is provided to the UE

CBG/TB, max

the UE repeats Niara- aci times the HARQ-ACK information for the transport block in the PDSCH or for the SPS
PDSCH release.
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A UE does not expect to detect a DCI format switching a DL BWP within Ny symbols prior to a first symbol of a
PUCCH transmission where the UE multiplexes HARQ-ACK information, where N, is defined in Clause 9.2.3.

If a UE is provided dI-DataToUL-ACK or dI-DataToUL-ACK-ForDCIFormat1_2, the UE does not expect to be
indicated by DCI format 1_0 a slot timing value for transmission of HARQ-ACK information that does not belong to
the intersection of the set of slot 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 harq-ACK-SpatialBundlingPUCCH is not
provided and generates HARQ-ACK information with value of ACK for the second transport block if harq-ACK-
SpatialBundlingPUCCH is provided.

GACK SACK  SACK

A UE determines ° ~ ' 77 oMK HARQ-ACK information bits, for a total number of Oacx HARQ-ACK
information bits, of a HARQ-ACK codebook for transmission in a PUCCH according to the following pseudo-code. In
the following pseudo-code, if the UE does not receive a transport block or a CBG, due to the UE not detecting a
corresponding DCI format, the UE generates a NACK value for the transport block or the CBG. The cardinality of the

set M defines a total number M¢ of occasions for PDSCH reception or SPS PDSCH release for serving cell ¢
corresponding to the HARQ-ACK information bits.

Set € =0 _ serving cell index: lower indexes correspond to lower RRC indexes of corresponding cells including, when
applicable, cells in the set S, andtheset S,

Set j=0_ HARQ-ACK information bit index

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

DL
. C<N
while cells

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

while ™ <M.

if harq-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 €,

~ ACK
/' =HARQ-ACK information bit corresponding to a first transport block of this cell;

Jj=j+l,
~ACK
/' =HARQ-ACK information bit corresponding to a second transport block of this cell;
Jj=i+l,
elseif harq-ACK-SpatialBundlingPUCCH is provided, and the UE is configured by

maxNrofCodeWordsScheduledByDCI with reception of two transport blocks for the active DL BWP of
serving cell €,

~ ACK
J = binary AND operation of the HARQ-ACK information bits corresponding to first and second
transport blocks of this cell - if the UE receives one transport block, the UE assumes ACK for the
second transport block;
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J=i+l,

N CBG/TB, max
elseif PDSCH-CodeBlockGroupTransmission is provided, and =~ HAR® ACKe CBGs are indicated by
maxCodeBlockGroupsPerTransportBlock for serving cell €,

set e8¢ =0 _ CBG index

< NCBG/TB, max

while Nepg HARQ- ACK,c

~ ACK

Opencee = HARQ-ACK information bit corresponding to CBG Mcec 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 €

~ ACK
o . CBG/TBmax

N . . . .

Jriesa*tMiake ke = HARQ-ACK information bit corresponding to CBG '8¢ of the second

transport block;

end if

Nepg =Nepe +1.

end while

j :_] +NDL .NCBG/TB,InaX NDL
TBe “THARQ-ACK.c “where ~ ™€ is the value of maxNrofCodeWordsScheduledByDCI for the

active DL BWP of serving cell ¢;

else
& AcK
/" = HARQ-ACK information bit of serving cell €;
J=Jj+1,
end if
m=m+1.
end while
c=c+l.
end while
<
If Orck +Os *+0cy <11 , the UE determines a number of HARQ-ACK information bits MHARQ-ACK  for obtaining a
N -1M, -1 NoE-1M, -1
n — Z Z‘ Nreceived + Z Z NreceivedCBG
HARQ-ACK m,c m,c
transmission power for a PUCCH, as described in Clause 7.2.1, as =0 m=0 c=0 m=0

where

received

- ™¢ s the number of transport blocks the UE receives in PDSCH reception occasion ™ for serving cell € if
harg-ACK-SpatialBundlingPUCCH and PDSCH-CodeBlockGroupTransmission are not provided, or the number
of transport blocks the UE receives in PDSCH reception occasion ™ 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 receptions if harq-ACK-
SpatialBundlingPUCCH is provided or SPS PDSCH release in PDSCH reception occasion ™ for serving cell ¢
and the UE reports corresponding HARQ-ACK information in the PUCCH.
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receivedCBG
. N is the number of CBGs the UE receives in a PDSCH reception occasion ™ for serving cell € if
PDSCH-CodeBlockGroupTransmission is provided and the PDSCH reception is scheduled by a DCI format that
supports CBG-based PDSCH receptions and the UE reports corresponding HARQ-ACK information in the
PUCCH.

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

If a UE would multiplex HARQ-ACK information in a PUSCH transmission that is not scheduled by a DCI format or is
scheduled by a DCI format that does not include a DAI field, then

- if the UE has not received any PDSCH or SPS PDSCH release that the UE transmits corresponding HARQ-ACK
information in the PUSCH, based on a value of a respective PDSCH-to-HARQ_feedback timing indicator field
in a DCI format scheduling the PDSCH reception or the SPS PDSCH release or on the value of dI-DataToUL-
ACK if the PDSCH-to-HARQ _feedback timing indicator field is not present in DCI format 1_1 or on the value
of dI-DataToUL-ACK-ForDCI-Format1-2 if the PDSCH-to-HARQ_feedback timing indicator field is not
present in DCI format 1_2, in any of the M. occasions for candidate PDSCH receptions by a DCI format or
SPS PDSCH on any serving cell ¢ , as described in Clause 9.1.2.1, the UE does not multiplex HARQ-ACK
information in the PUSCH transmission;

- else the UE generates the HARQ-ACK codebook as described in Clause 9.1.2.1, except that harq-ACK-
SpatialBundlingPUCCH is replaced by harq-ACK-SpatialBundlingPUSCH, 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 inthe M, occasions for candidate PDSCH receptions in which

case the UE generates HARQ-ACK information only for the SPS PDSCH release or only for the PDSCH
reception as described in Clause 9.1.2.

A UE sets to NACK value in the HARQ-ACK codebook any HARQ-ACK information corresponding to PDSCH
reception or SPS PDSCH release that the UE detects in a PDCCH monitoring occasion that starts after a PDCCH
monitoring occasion where the UE detects a DCI format scheduling the PUSCH transmission.

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

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

V%I]“D =1 except that harq-ACK-SpatialBundlingPUCCH is replaced by harq-ACK-SpatialBundlingPUSCH. The

UE does not generate a HARQ-ACK codebook for multiplexing in the PUSCH transmission when V;I_I]“) A =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 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. V[TJ_% A1=0 if the PUSCH is scheduled by a DCI format that includes a DAI

field and the DAI field is set to '0'; otherwise, [TJ_%)AI: 1

9.1.3 Type-2 HARQ-ACK codebook determination

This clause applies if 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 is in response to a
detection of a DCI format that does not include a counter DAI field.

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

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

- if the UE is provided pdsch-HARQ-ACK-OneShotFeedback, the first DCI format does not indicate SPS
PDSCH release or SCell dormancy, the UE detects the second DCI format in any PDCCH monitoring
occasion after the first one, and the second DCI format includes a One-shot HARQ-ACK request field with
value 1, the UE includes the HARQ-ACK information in a Type-3 HARQ-ACK codebook, as described in
Clause 9.1.4, and where the 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 inslot n based on

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

- slotoffsets K, [6, TS 38.214] provided by time domain resource assignment field in a DCI format

scheduling PDSCH receptions and by pdsch-AggregationFactor, or pdsch-AggregationFactor-r16, or
repetitionNumber, when provided.

The set of PDCCH monitoring occasions for a DCI format scheduling PDSCH receptions or SPS PDSCH release or
indicating SCell dormancy is defined as the union of PDCCH monitoring occasions across active DL BWPs of
configured serving cells. PDCCH monitoring occasions are indexed in an ascending order of start time of the search
space sets associated with a PDCCH monitoring occasion. The cardinality of the set of PDCCH monitoring occasions
defines a total number M of PDCCH monitoring occasions.

A value of the counter downlink assignment indicator (DAI) field in DCI 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 is present up to the current serving cell and current PDCCH
monitoring occasion,

- first, if the UE indicates by type2-HARQ-ACK-Codebook support for more than one PDSCH reception on a
serving cell that are scheduled from a same PDCCH monitoring occasion, in increasing order of the PDSCH
reception starting time for the same {serving cell, PDCCH monitoring occasion} pair,
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- 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 coresetPoolIndex
with value O for one or more first CORESETs and is provided coresetPoolIndex with value 1 for one or more second
CORESETS, and is provided ackNackFeedbackMode = joint, the value of the counter DAI is in the order of the first
CORESETs and then the second CORESETs for a same serving cell index and a same PDCCH monitoring occasion
index.

The value of the total DAI, when present [5, TS 38.212], in a DCI format denotes the total number of {serving cell,
PDCCH monitoring occasion }-pair(s) in which PDSCH reception(s), SPS PDSCH release or SCell dormancy indication
associated with DCI formats is present, up to the current PDCCH monitoring occasion m and is updated from
PDCCH monitoring occasion to PDCCH monitoring occasion. If, for an active DL BWP of a serving cell, the UE is not
provided coresetPoollndex or is provided coresetPoollndex with value 0 for one or more first CORESETSs 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 CORESETs.

Denoteby N EED Ay the number of bits for the counter DATand set T =2V Denote by VBED ALcm  (he
value of the counter DAI in a DCI format scheduling PDSCH reception, SPS PDSCH release or SCell dormancy
indication on serving cell ¢ in PDCCH monitoring occasion m according to Table 9.1.3-1 or Table 9.1.3-1A.
Denote by V?E parm 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 a same value of total DAT in all DCI formats that include a total 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 is in response to detection of DCI formats with different number of bits for the counter DAI field.

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

~ACK ~ACK ~ACK
the OO ,01 ,"',OO

following pseudo-code:

_, ,foratotal number of O, HARQ-ACK information bits, according to the

ACK

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

Set j=0

Set Vi, =0
Set V[emPZZO
Set V.=0

Set N ]C)e%,s to the number of serving cells configured by higher layers for the UE

- if, for an active DL. BWP of a serving cell, the UE is not provided coresetPoolIndex or is provided
coresetPoolIndex with value 0 for one or more first CORESETs and is provided coresetPoolIndex with value 1
for one or more second CORESETSs, and is provided ACKNackFeedbackMode = JointFeedback, the serving cell
is counted two times where the first time corresponds to the first CORESETs and the second time corresponds to
the second CORESETs

- if the UE indicates type2-HARQ-ACK-Codebook, a serving cell is counted [N pMzg)s;CH times where

N E;DSCH is the number of PDSCH receptions that can be scheduled for the serving cell by DCI formats in

PDCCH receptions at a same PDCCH monitoring occasion based on the reported value of type2-HARQ-ACK-
Codebook

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

while m<M
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Set ¢=0 - serving cell index: lower indexes correspond to lower RRC indexes of corresponding cell
while c<Now

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

c=c+1 ;
else

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

. DL
if VC—DAI,c,mSVtemp
j=j+1
end if
__ysDL
Vtemp_VCfDAI,c,m
. DL _
if VT-DAI,m—®
__+,DL
Vtem ,Z_VC—DAI,c,m
p
else
__ /DL
Vtem _VT—DAI,m
p

end if

if harq-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
2T, - j+2[V2 —1]

C-DAlc,m

of this cell

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

~ACK
2:T, - j+2(VE —1]+1

C—DAl,c,m

block of this cell

= HARQ-ACK information bit corresponding to the second transport

DL DL |

Vs:VsU{z'TD'j"'Z Veipatem™12:Tp j+2{ Vi pay e m— 141

elseif harq-ACK-SpatialBundlingPUCCH is provided to the UE and m is a monitoring occasion
for PDCCH with a DCI format that supports PDSCH reception with two transport blocks and the UE
is configured by maxNrofCodeWordsScheduledByDCI with reception of two transport blocks in at
least one configured DL BWP of a serving cell,

~ACK
Tp 'j+VEI:DAl,C,m -1
to the first and second transport blocks of this cell

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

V=VU T 4V parem—1]
else

~ACK
Tp .j+ng£DAI,r,m_ 1

= HARQ-ACK information bit of this cell
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V=VU T 4V o em—1]
end if
end if
c=c+l1
end if
end while
m=m+1

end while

Vtemp: ijd

+V

temp

4 4
— || x| —
Ty Tp
if UE does not set vtemﬂ:v%ﬁ\, and T,=2

|/

temp 2 temp

end if

., JXxTy,
j=1 1 1

if V <V

temp 2 temp

j=j+1
end if

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

0" =2-[4-j+V

temp2

else

0"*=4-j+v

temp 2

end if
51_ACK: NACK forany j{€ {0,1,--- ,O0K— 1}{ Vi

If a UE is configured to receive SPS PDSCH and the UE multiplexes HARQ-ACK information for one activated SPS
PDSCH reception in the PUCCH inslot n , the UE generates one HARQ-ACK information bit associated with the

SPS PDSCH reception and appends it to the (O”“" HARQ-ACK information bits.

If a UE is configured to receive SPS PDSCH and the UE multiplexes HARQ-ACK information for multiple activated
SPS PDSCH receptions in the PUCCH in slot n , the UE generates the HARQ-ACK information as described in

Clause 9.1.2 and appends it to the O“A“®“ 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 maxNrofCodeWordsScheduledByDCI is 2, the
HARQ-ACK information is associated with the first transport block and the UE generates a NACK for the second
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transport block if harq-ACK-SpatialBundlingPUCCH is not provided and generates HARQ-ACK information with
value of ACK for the second transport block if harq-ACK-SpatialBundlingPUCCH is provided.

If a UE is not provided PDSCH-CodeBlockGroupTransmission for each of the [N cDeIfzs 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 O, +Ogr+tOc; <11 | the UE
determines a number of HARQ-ACK information bits  Myarq.ack  for obtaining a transmission power for a
PUCCH, as described in Clause 7.2.1, as

DL

calls™ 1 New—1 (M—1

_ _ DL DL recewed
NyarQ-ack =Nuarg-ack, 18 =| | Vpar,m_ — Z U ayc mOd(TD) N5, maxt Z N, Nsps, ¢
c=0 =0

N

[
Il
o

where

- if ND
reception or indicating SPS PDSCH release or indicating SCell dormancy, for any serving cell ¢ that the UE
detects withinthe M  PDCCH monitoring occasions.

cells

=1, ngu, m, 1S the value of the counter DAI in the last DCI format scheduling PDSCH

- if NP2 s>1

cells

- if the UE does not detect any DCI format that includes a total DALI field in a last PDCCH monitoring
occasion withinthe 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[D,kl’ml is the value of the counter DAI in a last DCI format the UE detects in the last
PDCCH monitoring occasion

- if the UE detects at least one DCI format that includes a total DALI field in a last 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 ¢

VB/LU’ m, 1S the value of the total DAI in the at least one DCI format that includes a total DAI field

- V[D,fu’mwz 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 ¢ inanyofthe M PDCCH
monitoring occasions.

- U, aLc s the total 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 . U, ALc— 0 if the UE does not detect any DCI format scheduling PDSCH reception, indicating SPS

PDSCH release or indicating SCell dormancy for serving cell ¢ inany of thee M PDCCH monitoring
occasions.

- N IT);, max =2 if the value of maxNrofCodeWordsScheduledByDCI is 2 for any serving cell ¢  and harg-
ACK-SpatialBundlingPUCCH is not provided; otherwise, N %’ max = 1

N ;ffiived is the number of transport blocks the UE receives in a PDSCH scheduled by a DCI format that the

UE detects in PDCCH monitoring occasion m for serving cell ¢ if harq-ACK-SpatialBundlingPUCCH
is not provided, or the number of PDSCH scheduled by a DCI format that the UE detects in PDCCH monitoring
occasion m forserving cell ¢ if harq-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 forserving cell ¢
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- N sps,c  is the number of SPS PDSCH receptions by the UE on serving cell ¢  for which the UE transmits
corresponding HARQ-ACK information in the same PUCCH as for HARQ-ACK information corresponding to
PDSCH receptions within the M PDCCH monitoring occasions.

If a UE

DL,CBG
cells

- is provided PDSCH-CodeBlockGroupTransmission for N serving cells; and

DL,TB
cells

- is not provided PDSCH-CodeBlockGroupTransmission, for N

DL,TB DL,CBG __ »yDL
Ncells +Ncells - Ncells

serving cells where

. ~ACK ~ACK ~ ACK . . . .
the UE determines the o0, ,0; ,-*-,0o _; according to the previous pseudo-code with the following
ACK

modifications
- N CDe%IS is used for the determination of a first HARQ-ACK sub-codebook for
- SPS PDSCH release,

- SPS PDSCH reception,

- DCI format 1_1 indicating SCell dormancy, and

- for TB-based PDSCH receptions on the N CD;,’SC B¢ serving cells and on the N CD;,’;F B serving cells,
DL . DL,CBG -
- N s isreplacedby N for the determination of a second HARQ-ACK sub-codebook
DL,CBG

corresponding to the [N serving cells for CBG-based PDSCH receptions, and

cells

- if, for an active DL BWP of a serving cell, the UE is not provided coresetPoolIndex or is provided
coresetPoolIindex with value 0 for one or more first CORESETs and is provided coresetPoollndex with value 1
for one or more second CORESETSs, and is provided ackNackFeedbackMode = joint, the serving cell is counted
as two times where the first time corresponds to the first CORESETs 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

DL,CBG . CBG/TB,max . . .
N cells serving cells, the UE generates  Nyarq - ackma HARQ-ACK information bits, where
Jy CBG/TB max ' . NDL . NCBG/TB,max NDL,CBG .
HARQ-ACKmax jg the maximum value of TB,c " {VHARQ-ACK,c across all cells serving cells and

DL

Nig. is the value of maxNrofCodeWordsScheduledByDCI for serving cell C .Iffora serving cell
. DL CBG/TB,max CBG/TB,max

is  Nip " Npjarg-ack,c<N naro-ack,max - the UE generates NACK for the last

CBG/TB, DL CBG/TB, . . .
Ny ARQ_E&,MX —Nrg .~ Ny ARQ_ES;)C HARQ-ACK information bits for serving cell ¢

C it

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

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

If Opck+Osp+O0cg <11 | the UE also determines  Nyapqack © Muarg-ack, 78¥ Mhargackces O
obtaining a PUCCH transmission power, as described in Clause 7.2.1, with

NDI,,CB(; -1 Nl)l, 1 M-1

cells

_ DL CBG CBG/TB,max received, CBG
Ngarqack.cec=|| Vparm — Z Ubparc mod (TD) N arRQ—ACK max T N ¢
c=0

last

where
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- if N> Ce,,s =1, VLD)/];I,m, is the value of the counter DAI in the last DCI format scheduling CBG-based
PDSCH reception for any serving cell ¢ that the UE detects withinthe M PDCCH monitoring
occasions

- if N© Ce,,s >1 ., ngf’m, is the value of the total DAT in the last DCI format scheduling CBG-based

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

- ngj,ml =1 , if the UE does not detect any DCI format scheduling CBG-based PDSCH reception for

any serving cell ¢ inanyofthe M PDCCH monitoring occasions

- U(E;IZIG,C is the total number of DCI formats scheduling CBG-based PDSCH receptions that the UE detects

withinthe M PDCCH monitoring occasions for serving cell ¢ . U%lzicz 0 if the UE does not

detect any DCI format scheduling CBG-based PDSCH reception for serving cell ¢ inany of the M
PDCCH monitoring occasions

- N:nefiiVEd’CBG is the number of CBGs the UE receives in a PDSCH scheduled by a DCI format that
supports CBG-based PDSCH reception that the UE detects in 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 NBEDAI:Z and of total DAI

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

MSB, LSB \% SPS PDSCH release or DCI format 1_1 indicating SCell dormancy is
T-DAI present,denotedas Y and Y >1
0,0 Y—1/modT,+1=1

1
0,1 2 Y—1/mod T ,+1=2
1,0 3 Y—1)mod T ,+1=3
11 4 \Y—1|modT,+1=4

Table 9.1.3-1A: Value of counter DAI for NBEDAI: 1

Number of {serving cell, PDCCH monitoring occasion}-pair(s) in which
DAI DL PDSCH transmission(s) associated with PDCCH or PDCCH indicating
Vpar SPS PDSCH release or DCI format 1_1 indicating SCell dormancy is
present,denotedas Y and Y >1
0 1 Y—1/modT,+1=1
1 2 Y—1/mod T ,+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 DATI 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, or in response to a
detection of a DCI format 1_1 indicating SCell dormancy, to multiplex in the PUSCH, as described in Clause
9.1.3.1, the UE does not multiplex HARQ-ACK information in the PUSCH transmission;

- else, the UE generates the HARQ-ACK codebook as described in Clause 9.1.3.1, except that harq-ACK-
SpatialBundlingPUCCH is replaced by harq-ACK-SpatialBundlingPUSCH.
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If a UE multiplexes HARQ-ACK information in a PUSCH transmission that is scheduled by a DCI format that includes
a DAI 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 UEsets V= Vg];u where ngl is the 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 a first DAI field
corresponding to the first HARQ-ACK sub-codebook and a second DALI field corresponding to the second
HARQ-ACK sub-codebook

- harq-ACK-SpatialBundlingPUCCH is replaced by harq-ACK-SpatialBundlingPUSCH.

If a UE is not provided PDSCH-CodeBlockGroupTransmission and the UE is scheduled for a PUSCH transmission by
DCI format that includes a DAI field with value V[TJ_]LD A;=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 a UE is provided PDSCH-CodeBlockGroupTransmission and the UE is scheduled for a PUSCH transmission by DCI
format that includes a DAI field with first value V[TJ_]LD A1 =4 or with second value V[TJ_ % A1=4 and the UE has
not received any PDCCH within the monitoring occasions for PDCCH with DCI format scheduling PDSCH receptions
or SPS PDSCH release, or DCI format 1_1 indicating SCell dormancy, on any serving cell ¢ and the UE does not
have HARQ-ACK information in response to a SPS PDSCH reception to multiplex in the PUSCH, as described in

Clause 9.1.3.1, the UE does not multiplex HARQ-ACK information for the first sub-codebook or for the second sub-
codebook, respectively, in the PUSCH transmission.

Table 9.1.3-2: Value of DAI

Number of {serving cell, PDCCH monitoring occasion}-pair(s) in which
DAI DL PDSCH transmission(s) associated with PDCCH or PDCCH indicating
MSB, LSB VT—DAI SPS PDSCH release or DCI format 1_1 indicating SCell dormancy is
present, denoted as X and X>1
0,0 1 —1|mod 4+1=1
0,1 2 (X 1/mod 4+1=2
1,0 3 (X —1/mod 4+1=3
1,1 4 (X —1/mod 4+1=4
9.1.3.3 Type-2 HARQ-ACK codebook grouping and HARQ-ACK retransmission

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

Set g to the value of a PDSCH group index field in a last DCI format that provides a value of g and indicates a
PUCCH transmission occasion.

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

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

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

Set h‘lg”:‘m(’dz( g) to a value of a second New feedback indicator field in the last DCI format providing the value of

g
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Set V‘:g;]l:‘mdz to the value of a total DAI field for group g+ 1) mod 2 in the last DCI format providing the
valueof 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

T .o . [g+1)mod2
indicating a same slot for a PUCCH transmission occasion, set Vg ”": mod2 _

Set g to the value of a number of requested PDSCH group(s) field in the last DCI format providing the value of g
A UE does not expect to detect DCI formats with respective

- Number of requested PDSCH group(s) field values of 0, and

- PDSCH-to-HARQ_feedback timing field values that indicate a same PUCCH transmission occasion, and

- PDSCH group index field values that are different

Generate first HARQ-ACK information for PUCCH transmission occasion | (g) in a slot, as described in Clause
9.1.3.1, where

- the first 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 a value of g and h( g) and

are associated with a same valueof g ,of h ( g) , and at least one of the DCI formats providing a value of
k indicating the slot

- at least one of the DCI formats provides a h( g) value

- m=0 corresponds to a PDCCH monitoring occasion, where the UE detects a DCI format that provides a
valueof g oris associated with a value of g , that is the first PDCCH monitoring occasion after a
PDCCH monitoring occasion where the UE detects another DCI format that provides a value different than

h(g)

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

If hig+1]mod2( h£g+1\mod2(

g) =g or g): h (( g+ 1) mod 2) , generate second HARQ-ACK information for
PUCCH transmission occasion i(|g+1)mod2) inaslot, 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/mod2) ,butare associated with a same value of |[g+1|mod2 , of
h(lg+1)mod?2)

- atleast one of the DCI formats providesa h([g+1/mod2) value

- m=0 corresponds to a PDCCH monitoring occasion, where the UE detects a DCI format that provides a
value of [g+1)mod?2 or that is associated with a value of [g+1|mod2 , that is the first PDCCH
monitoring occasion after a PDCCH monitoring occasion where the UE detects another DCI format that provides
a value different than  h([g+1/mod2)

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

- if Vg;lllmOdZ #@ , 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 V.., = V‘g;ll mod2 - 1f the UE is provided PDSCH-

DL ,CBG
N cells

. (g+1/mod2
serving cells, set V. ,= V“]_g):H mo for both sub-

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

CodeBlockGroupTransmission for
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It H9™(gl#z and K™ g)#h (lg+1/mod?2) ., generate second HARQ-ACK information as
described in Clause 9.1.3.1 by setting M =0 and, after the completion of the ¢ and m loops for the

pseudo-code for the second HARQ-ACK codebook generation in Clause 9.1.3.1, setting V.., = Vgul imod2

The generation of the second HARQ-ACK information for PUCCH transmission occasion i([g+1Jmod2) ina
slot, as described in Clause 9.1.3.1, excludes the generation of HARQ-ACK information for SPS PDSCH receptions.

If q=0 ,theUE

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

ifg=1

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

else

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

end if
end if

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

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

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

- for multiplexing in PUCCH transmission occasion i (g) , if the PUSCH transmission is scheduled by a DCI
format without ul-TotalDAI-Included configured except that for PDSCH group g , the DCI field with value
ngu in the DCI format is used after the completion of the ¢ and m loops for the pseudo-code for
the HARQ-ACK codebook generation in Clause 9.1.3.1, and when the HARQ-ACK information multiplexed in
the PUCCH transmission occasion i(g) does not include HARQ-ACK information for PDSCH group
|g+1/mod 2

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

value ngu in the DCI format is used after the completion of the ¢ and m loops for the pseudo-code
for the HARQ-ACK codebook generation in Clause 9.1.3.1, and when the HARQ-ACK information multiplexed
in the PUCCH transmission occasion i[g] includes HARQ-ACK information for PDSCH groups g and

(g+1)mod?2

- for multiplexing in PUCCH transmission occasion i (g) , if the PUSCH transmission is scheduled by a DCI
format without ul-TotalDAI-Included configured except that for PDSCH group g=0 , the DCI field with
UL
value DAl in the 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 UE has not detected any DCI format
scheduling PDSCH receptions, and the UE has not detected any DCI format with a request for HARQ-ACK
information for any PDSCH group
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- for multiplexing in PUCCH transmission occasion i (g) , if the PUSCH transmission is scheduled by a DCI
format with ul-TotalDAI-Included configured except that MSBs of the DCI field with value ngu in the DCI

format are used for PDSCH group g=0 , and LSBs of DCI field with value ng;l in the DCI format are

used for PDSCH group g=1 , after the completion of the ¢ and m loops for the pseudo-code for the
HARQ-ACK codebook generation in Clause 9.1.3.1.

If a UE is scheduled a PUSCH transmission by DCI format 0_1 having a DAI field value ngu =4 foraPDSCH
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 a request 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 a last PUCCH transmission occasion for

g=0 includes a New feedback indicator field for g=0 , and at least one of the DCI formats is 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 a DCI 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 procedures in Clauses 9.2.3 and 9.2.5.

If OuextOg+Op <11 | the UE determines a number of HARQ-ACK information bits N yapo—ack, g for
group ¢ and a number of HARQ-ACK information bits  Mpapg— ack,(g+1)mod2  fOr group (g+ 1) mod?2 as

described in Clause 9.1.3.1 where  Ngps . isincludedin  Npapo_ack s and,if gq=1 and y grkmod2 « o
, the UE determines  Mpapo—ack,(g+1)mod2 DY setting ngu,m, = Vg,:} mod2 - For obtaining a PUCCH

transmission power, if q=0 , Nparo-ack™ Muaro-ack,g » €lse,

Nparg - ack = Muaro- ack , g MMHARQ - 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 a Type-3 HARQ-ACK codebook
according to the following procedure.

Set N ?j,s to the number of configured serving cells

Set N E/LARQ) . tothe value of nrofHARQ-ProcessesForPDSCH for serving cell ¢ , if provided; else, set
DL

NHARQ ,C = 8
Set N ]T)é . to the value of maxNrofCodeWordsScheduledByDCI for serving cell ¢ if harq-ACK-
SpatialBundlingPUCCH is provided and ~ NDI ,,=0 , or if harq-ACK-SpatialBundlingPUCCH is not provided,

or if maxCodeBlockGroupsPerTransportBlock is provided for serving cell ¢ ;else,set N %’C: 1

NCBG/TB ,max
HARQ—-ACK ,c

¢ asdescribed in Clause 9.1.1 if maxCodeBlockGroupsPerTransportBlock is provided for serving cell ¢ and

pdsch-HARQ-ACK-OneShotFeedbackCBG is provided; else, set [N flf\ggf A'g?, =

Set to the number of HARQ-ACK information bits per TB for PDSCH receptions on serving cell

Set NDI =0 if pdsch-HARQ-ACK-OneShotFeedbackNDI is provided; else set  NDI pj,p,=1

Set ¢=0 - serving cell index
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Set h=0 -—HARQ process number
Set t=0 -TB index

Set g=0 - CBG index

Set j=0

while c<N DL

cells
while  h<Npapo.c
if NDI,p,=0

. CBG/TB,max
if  Nparo-ack >0

while t<N7pj .

while g<NSEEIE:
~ACK
/- =HARQ-ACK information bit for CBG 9 of TB
h of serving cell ¢

t for HARQ process number
j=j+1
g=g+1

end while

~ ACK
J° =NDI value indicated in the DCI format corresponding to the HARQ-ACK information
bit(s) for TB t for HARQ process number h onserving cell ¢ , if any; else,
~ACK _
0; =0

g=0

j=j+1

t=t+1
end while

else

while t<Npj .

~ACK

/' =HARQ-ACK information bit for TB t for HARQ process h of serving cell ¢
j=j+1
~ ACK

J° =NDI value indicated in the DCI format corresponding to the HARQ-ACK information
bit(s) forTB t for HARQ process number h onserving cell ¢ , if any; else,

~ACK __
0; =0
j=j+1
t=t+1
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end while

end if

. CBG/TB ,max
if  Nyaro-ack >0

while t< NIT),;C

if UE has reported HARQ-ACK information for TB ¢t for HARQ process number h on
serving cell ¢ , and has not subsequently detected a DCI format scheduling a PDSCH
reception, or received a SPS PDSCH, with TB  t for HARQ process number h on
serving cell ¢

. BG/TB
while  g<N'arg ack «

0/ =NACK
j=j+1
g=g+1

end while
end if

if UE has obtained HARQ-ACK information for TB t for HARQ process number h on
serving cell ¢ corresponding to a PDSCH reception and has not reported the HARQ-ACK
information corresponding to the PDSCH reception

. CBG/TB, max
while g<N1HWQQ,ACK]C

~ ACK

% = HARQ-ACK information bit for CBG 9 of TB b for HARQ process
number h of serving cell ¢

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

while t< NIT),;C

if UE has reported HARQ-ACK information for TB ¢t for HARQ process number h on
serving cell ¢ and has not subsequently detected a DCI format scheduling a PDSCH
reception, or received a SPS PDSCH, with TB  t for HARQ process number h on
serving cell ¢
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af'ACK =NACK
j=i+1
t=t+1
end if

if UE has obtained HARQ-ACK information for TB t for HARQ process number h on

serving cell ¢ corresponding to a PDSCH reception and has not reported the HARQ-ACK
information corresponding to the PDSCH reception

if harq-ACK-SpatialBundlingPUCCH is not provided

~ ACK
[0}

= HARQ-ACK information bit for TB L for HARAQ process h of serving cell
c

else

~ACK
/' = binary AND operation of the HARQ-ACK information bits corresponding to first and
second transport blocks for HARQ process h  of serving cell ¢ . If the UE receives

one transport block, the UE assumes ACK for the second transport block

end if
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+l
end while

If a UE receives a SPS PDSCH, or a PDSCH that is scheduled by a DCI format 1_0 for a serving cell ¢ and if
maxCodeBlockGroupsPerTransportBlock is provided for serving cell ¢ , and pdsch-HARQ-ACK-

OneShotFeedbackCBG is provided, the UE repeats [N gﬁggf};g? . times the 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

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

- resourceAllocation = resourceAllocationType0 and all bits of the frequency domain resource assignment field in
the DCI format are equal to 0, or

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

- resourceAllocation = dynamicSwitch and all bits of the frequency domain resource assignment field in the DCI
format are equal to 0 or 1

the DCI format provides a request 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 p=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 harq-ACK-SpatialBundlingPUCCH is replaced by harq-ACK-
SpatialBundlingPUSCH.

9.2 UCI reporting in physical uplink control channel

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

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

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

In Clauses 9.2.3, 9.2.5.1 and 9.2.5.2, a UE assumes 11 CRC bits if a number of respective UCI bits is larger 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,
a PUCCH resource set is provided by pucch-ResourceCommon through an index to a row of Table 9.2.1-1 for

transmission of HARQ-ACK information on PUCCH in an initial UL BWP of N g;e,[, PRBs.

The PUCCH resource set includes sixteen resources, each corresponding to a PUCCH format, a first symbol, a duration,
a PRB offset RB%%;';} , and a cyclic shift index set for a PUCCH transmission.

The UE transmits a PUCCH using frequency hopping if not provided uselnterlacePUCCH-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.

The UE transmits the PUCCH using the same spatial domain transmission filter as for a PUSCH transmission scheduled
by a RAR UL grant as described in Clause 8.3.

If a UE 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 I'pyccy
2°n

Nece o . :
0<rpyceu<15 ,as rpyeey=1——=1+2-A,, ,where N c; isanumberof CCEsina
CCE

>
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CORESET of a PDCCH reception with the DCI format, as described in Clause 10.1, Ngcg o is the index of a first
CCE for the PDCCH reception, and App; is a value of the PUCCH resource indicator field in the DCI format.

it | I‘PUCCH/ 8 /=0 andaUEis 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 RBOBf\fAS,;t +[roucen! Nes |
and the PRB index of the PUCCH transmission in the second hop as

N ;K,sp— 1-— RBOBf\f,f,e;—[ rouccu!/ Nes | where N s the total number of initial cyclic shift indexes in

the set of initial cyclic shift indexes

- the UE determines the initial cyclic shift index in the set of initial cyclic shift indexes as  I'pycc MOd N

it [ 'vucen! 8 /=1 anda 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
Npwp—1— RBOBf\f,f,;[— [ (rPUCCH — 8)/ N/ and the PRB index of the PUCCH transmission in the second

hop as RB%f\f,‘s;epf+[ ( I'puccH™ 8)/NCSI

- the UE determines the initial cyclic shift index in the set of initial cyclic shift indexes as (rPUCCH - 8)mod Nes

If a UE 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 as
m=(m0+[ Ioucen! Nes j)modM where M is a number of interlaces [4, TS 38.211] and

my=RBoee is an interlace index offset and  RBows is as given in Table 9.2.1-1

- the UE determines an initial cyclic shift index in a set of initial cyclic shift indexes as  I'pyccyMOd N

where Ng is the total number of initial cyclic shifts indexes in the set of initial cyclic shift indexes in Table
9.2.1-1

- if pucch-ResourceCommon indicates
- index O: the first symbol is 9 for a PUCCH resource with PUCCH format 0 if  I'pyccy =10
- index 1 or 2: the first symbol is 9 for a PUCCH resource with PUCCH format 0 if I'pyccy =15

- index 3, 7, or 11: an orthogonal cover code with index 1 is used for a PUCCH resource with PUCCH format
1if  Ipyeey =10

- the UE does not expect pucch-ResourceCommon to indicate index 15
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Table 9.2.1-1: PUCCH resource sets before dedicated PUCCH resource configuration

PRB offset P
Index PUCCH format | First symbol | Number of symbols RB;gvs;t iest i(:]f(;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 INsz= /4] {0,3,6,9}

If a UE has dedicated PUCCH resource configuration, the UE is provided by higher layers with one or more PUCCH
resources.

A PUCCH resource includes the following parameters:

a PUCCH resource index provided by pucch-Resourceld

- an index of the first PRB prior to frequency hopping or for no frequency hopping by startingPRB, if a UE is not
provided uselnterlacePUCCH-PUSCH in BWP-UplinkDedicated

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

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

- an index of a first interlace by interlace0, if a UE is provided uselnterlacePUCCH-PUSCH in BWP-
UplinkDedicated

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

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

- aconfiguration for a PUCCH format provided by format

The UE expects that uselnterlacePUCCH-PUSCH in BWP-UplinkCommon and uselnterlacePUCCH-PUSCH in BWP-
UplinkDedicated are provided either in all UL BWPs or in none of the UL BWPs for a serving cell.

If a UE is provided uselnterlacePUCCH-PUSCH in BWP-UplinkDedicated, the UE determines available RBs for
PUCCH transmissions within the active UL BWP as the intersection of RBs corresponding to an interlace index
provided by interlace0 and, if provided, interlacel, and RBs of an RB set provided by rb-SetIndex. The intersection

M i}fgﬁio RBs in the first interlace and the UE expects that M ﬁ}jeff;i’o is either 10 or 11. If
PUCCH

interlace,1

results in

interlacel is provided, the intersection results in M RBs in the second interlace and the UE expects that

PUCCH . .
M ierlace, 1S either 10 or 11.

If the format indicates PUCCH-format0, the PUCCH format configured for a PUCCH resource is PUCCH format 0,
where the PUCCH resource also includes an index for an initial cyclic shift provided by initialCyclicShift, a number of
symbols for a PUCCH transmission provided by nrofSymbols, a first symbol for the PUCCH transmission provided by
startingSymbolIndex.

3GPP



Release 16 88 3GPP TS 38.213 V16.4.0 (2020-12)

If the format indicates PUCCH-format1, the PUCCH format configured for a PUCCH resource is PUCCH format 1,
where the PUCCH resource also includes an index for an initial cyclic shift provided by initialCyclicShift, a number of
symbols for a PUCCH transmission provided by nrofSymbols, a first symbol for the PUCCH transmission provided by
startingSymbolIndex, and an index for an orthogonal cover code by timeDomainOCC.

If the format indicates PUCCH-format2 or PUCCH-format3, the PUCCH format configured for a PUCCH resource is
PUCCH format 2 or PUCCH format 3, respectively, where the PUCCH resource also includes a number of PRBs
provided by nrofPRBs, a number of symbols for a PUCCH transmission provided by nrofSymbols, and a first symbol for
the PUCCH transmission provided by startingSymbolindex. If a UE is provided by uselnterlacePUCCH-PUSCH in
BWP-UplinkDedicated, and the format indicates PUCCH-format2 or PUCCH-format3 and PUCCH-ResourceEXxt is
provided, the PUCCH resource also includes an index of a second interlace by interlacel, if provided; otherwise, if
interlacel is not provided, the PUCCH resource also includes, if provided, an orthogonal cover code length by occ-
Length and an orthogonal cover code index by occ-Index. If the format indicates PUCCH-format3 and PUCCH-
ResourceExt is provided, the UE assumes that the M EECCHJ [4, TS38.211] PRBs with the lowest indexes within

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

If the format indicates PUCCH-format4, the PUCCH format configured for a PUCCH resource is PUCCH format 4,
where the PUCCH resource also includes a number of symbols for a PUCCH transmission provided by nrofSymbols, an
orthogonal cover code length by occ-Length, an orthogonal cover code index by occ-Index, and a first symbol for the
PUCCH transmission provided by startingSymbolIndex.

If a UE is provided subslotLengthForPUCCH in a PUCCH-Config, the first symbol of a PUCCH resource in PUCCH-
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

slot symbols [4, TS 38.211].

sym

relative to the first symbol of a slot with [N

A UE can be configured up to four sets of PUCCH resources. A PUCCH resource set is provided by PUCCH-
ResourceSet and is associated with a PUCCH resource set index provided by pucch-ResourceSetId, 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 maxPayloadSize. For the first PUCCH resource set, the maximum number of UCI
information bits is 2. A maximum number of PUCCH resource indexes for a set of PUCCH resources is provided by
maxNrofPUCCH-ResourcesPerSet. The maximum number of PUCCH resources in the first PUCCH resource set is 32
and the maximum number of PUCCH resources in the other PUCCH resource sets is 8.

If the UE transmits Oy,;  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 = 0if 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<0y <N, where N, isequal to maxPayloadSize if maxPayloadSize 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 maxPayloadSize if maxPayloadSize is provided for the PUCCH
resource set with pucch-ResourceSetld = 2; otherwise N 3 is equal to 1706, or

- afourth set of PUCCH resources with pucch-ResourceSetId = 3, if provided by higher layers, if
N,<O,;<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, the UE determines a PUCCH resource to be

- a PUCCH resource provided by sps-PUCCH-AN-ResourcelD obtained from the first entry in sps-PUCCH-AN-
Listif Oyg<2 ,or
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a PUCCH resource provided by sps-PUCCH-AN-ResourcelD obtained from the second entry in sps-PUCCH-
AN-List, if provided, if 2<Oyg <N, gps where N, gps is either provided by maxPayloadSize obtained
from the second entry in sps-PUCCH-AN-List or is otherwise equal to 1706, or

a PUCCH resource provided by sps-PUCCH-AN-ResourcelD obtained from the third entry in sps-PUCCH-AN-
List, if provided, if N 1,5PS <Oy <N 2 sps Where N 2.sps is either provided by maxPayloadSize
obtained from the third entry in sps-PUCCH-AN-List or is otherwise equal to 1706, or

a PUCCH resource provided by sps-PUCCH-AN-ResourcelD obtained from the fourth entry in sps-PUCCH-AN-
List, if prOVided, if NZ,SPS<OUCI < N3,SPS where N3,SPS is equal to 1706.

9.2.2 PUCCH Formats for UCI transmission

If a UE is not transmitting PUSCH, and the UE is transmitting UCI, the UE transmits UCI in a PUCCH using

PUCCH format 0 if

- the transmission is over 1 symbol or 2 symbols,
- the number of HARQ-ACK information bits with positive or negative SR (HARQ-ACK/SR bits) is 1 or 2
PUCCH format 1 if

- the transmission is over 4 or more symbols,

- the number of HARQ-ACK/SR bits is 1 or 2
PUCCH format 2 if

- the transmission is over 1 symbol or 2 symbols,
- the number of UCI bits is more than 2

PUCCH format 3 if

- the transmission is over 4 or more symbols,

- the number of UCI bits is more than 2,

- the PUCCH resource does not include an orthogonal cover code, or the UE is provided uselnterlacePUCCH-
PUSCH in BWP-UplinkDedicated

PUCCH format 4 if
- the transmission is over 4 or more symbols,
- the number of UCI bits is 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 a PUCCH transmission is provided by PUCCH-SpatialRelationInfo if the UE is configured with a
single value for pucch-SpatialRelationInfold; otherwise, if the UE is provided multiple values for PUCCH-
SpatialRelationInfo, the UE determines a spatial setting for the PUCCH transmission as described in [11, TS 38.321].
The UE applies corresponding actions in [11, TS 38.321] and a corresponding setting for a spatial domain filter to

k +3 .Nsubframe,,u

transmit PUCCH in the first slot that is after slot slot where 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-

SpatialRelationInfo and ** is the SCS configuration for the PUCCH

If PUCCH-SpatialRelationInfo provides ssb-Index, the UE transmits the PUCCH using a same spatial domain
filter as for a reception of a SS/PBCH block with index provided by ssb-Index for a same serving cell or, if
servingCellId is provided, for a serving cell indicated by servingCellld
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- else if PUCCH-SpatialRelationInfo provides csi-RS-Index, the UE transmits the PUCCH using a same spatial
domain filter as for a reception 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-SpatialRelationInfo provides srs, the UE transmits the PUCCH using a same spatial domain filter
as for a transmission 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 a UE

is not provided pathlossReferenceRSs in PUCCH-PowerControl,
- is provided enableDefaultBeamPL-ForPUCCH, and
- is not provided PUCCH-SpatialRelationInfo, and

- is not provided coresetPoolIndex value of 1 for any CORESET, or is provided coresetPoolIndex value of 1 for
all CORESETSs, in ControlResourceSet and no codepoint of a TCI field, if any, in a DCI format of any search
space set maps to two TCI states [5, TS 38.212]

a spatial setting for a PUCCH transmission from the UE is same as a spatial setting for PDCCH receptions by the UE in
the CORESET with the lowest ID on the active DL. BWP of the PCell. For a PUCCH transmission over multiple slots, a
same spatial setting applies to the PUCCH transmission in each of the multiple slots.

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

Use of m/2-BPSK, instead of QPSK, for a PUCCH transmission using PUCCH format 3 or 4 is indicated 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.

For DCI format 1_0, the PDSCH-to-HARQ_feedback timing indicator field values map to {1, 2, 3, 4, 5, 6, 7, 8}. For a
DCI format, other than DCI format 1_0, scheduling a PDSCH reception or a SPS PDSCH release, the PDSCH-to-
HARQ_feedback timing indicator field values, if present, map to values for a set of number of slots provided by dI-
DataToUL-ACK, dl-DataToUL-ACK-r16, or dl-DataToUL-ACKForDCIFormatl_2, as defined in Table 9.2.3-1.

For a SPS PDSCH reception ending in slot ", the UE transmits the PUCCH inslot n+k where Kk 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
a PDSCH reception or activates a SPS PDSCH reception ending in slot n , the UE provides corresponding HARQ-
ACK information in a PUCCH transmission within slot n+k where k is provided by dI-DataToUL-ACK, or dI-
DataToUL-ACK-r16, or dl-DataToUL-ACKForDCIFormatl_2.

With reference to slots for PUCCH transmissions, if the UE detects a DCI format scheduling a PDSCH reception
ending inslot n orif the UE detects a DCI format indicating a SPS PDSCH release or indicating SCell dormancy
through a PDCCH reception ending in slot n , 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 inslot n , as
described in Clause 9.1.4, the UE provides corresponding HARQ-ACK information in a PUCCH transmission within
slot n+k ,where Kk isanumber of slots and is indicated by the PDSCH-to-HARQ_feedback timing indicator
field in the DCI format, if present, or provided by dI-DataToUL-ACK, dl-DataToUL-ACK-r16, or dl-DataToUL-
ACKForDCIFormat1_2. k=0 corresponds to the last slot of the PUCCH transmission 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.

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.

3GPP



Release 16 91 3GPP TS 38.213 V16.4.0 (2020-12)

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

PDSCH-to-HARQ_feedback timing indicator Number of slots k
1 bit 2 hits 3 hits

‘0’ ‘00’ 000" 1% value provided by dl-DataToUL-ACK, dI-DataToUL-ACK-r16,

or dl-DataToUL-ACKForDCIFormatl_2
1' ‘01 001" 2" value provided by dl-DataToUL-ACK, dlI-DataToUL-ACK-r16,

or dl-DataToUL-ACKForDCIFormatl_2
10 010" 3" value provided by dl-DataToUL-ACK, dl-DataToUL-ACK-r16,

or dl-DataToUL-ACKForDCIFormatl_2
11 011" 4" value provided by di-DataToUL-ACK, dl-DataToUL-ACK-r16,

or dl-DataToUL-ACKForDCIFormatl_2
5" value provided by dl-DataToUL-ACK, dl-DataToUL-ACK-r16,

100 or dl-DataToUL-ACKForDCIFormatl_2

101" 6" value provided by dI-DataToUL-ACK, dl-DataToUL-ACK-r16,
or dl-DataToUL-ACKForDCIFormatl_2

110" 7" value provided by dl-DataToUL-ACK, dl-DataToUL-ACK-r16,
or dl-DataToUL-ACKForDCIFormatl_2

111" 8" value provided by dl-DataToUL-ACK, dl-DataToUL-ACK-r16,

or dl-DataToUL-ACKForDCIFormatl_2

For a PUCCH transmission with HARQ-ACK information, a UE determines a PUCCH resource after determining a set

of PUCCH resources for Ouva 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 a last DCI format, among the
DCI formats that have 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-ACKForDCIFormatl1_2, 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 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
CORESETs and is provided coresetPoollndex 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
receptions in the first CORESETSs 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 a PUCCH resource indicator field of 3 bits, provided by resourceList for PUCCH resources from a set of
PUCCH resources provided by PUCCH-ResourceSet with a maximum of eight PUCCH resources. If the PUCCH
resource indicator field includes 1 bit or 2 bits, the values map to the first two values or the first four values,
respectively, of Table 9.2.3-2. If the last DCI format does not include a PUCCH resource indicator field, the first value
of Table 9.2.3-2 is used.

For the first set of PUCCH resources and when the size Rpvcan of resourceList is larger than eight, when a UE provides
HARQ-ACK information in a PUCCH transmission in response to detecting a last DCI format in a PDCCH reception,
among DCI formats with a value of the PDSCH-to-HARQ_feedback timing indicator field, if present, or a value of di-
DataToUL-ACK, or dI-DataToUL-ACK-r16, or dl-DataToUL-ACKForDCIFormat1_2, indicating a same slot for the

< < -
PUCCH transmission, the UE determines a PUCCH resource with index Teuccn s 0 <Toyoen <Rpuoc 1, as

00n., , IR gl0 0 0 0

Dﬂ%ﬂm/[n FA, peucag if Ay < Royeey mod 8 0

il CCE, p A 0 0 i

Tpuccu _H IR /S[U ] ] H
ng : R

g0 L — I 0+ Rpycoy mod 8 if  Apg ZRpycey mod 8D

0I+A I—
il Nccs,p o 0 8 1

where Neckr is a number of CCEs in CORESET p of the PDCCH reception for the DCI format as described in

Clause 10.1, Mcck.p s the index of a first CCE for the PDCCH reception, and Appi is a value of the PUCCH
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resource indicator field in the DCI format. If the DCI format does not include a PUCCH resource indicator field,

APRI:O

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" 1% PUCCH resource provided by pucch-Resqurceld obtained from the
1% value of resourceList
s ‘o1 001" 2" PUCCH resource provided by pucch-Resourceld obtained from the
2" value of resourceList
‘10’ 010" 3" PUCCH resource provided by pucch-Resourceld obtained from the
3" value of resourceList
171 011" 4™ PUCCH resource provided by pucch-Resourceld obtained from the
4" value of resourcelList
100" 5" 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—ResqurceId obtained from the
7" value of resourcelList
111" 8" PUCCH resource provided by pucch-ResqurceId obtained from the
8" value of resourceList

If a UE detects a first DCI format indicating a first resource for a PUCCH transmission with corresponding HARQ-
ACK information in a slot 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 slot, the UE does not expect to multiplex
HARQ-ACK information corresponding to the second DCI format in a PUCCH resource in the slot if the PDCCH

N, €2048+144) @ @ @

reception that includes the second DCI format is not earlier than ¢ from the beginning of
a first symbol of the first resource for PUCCH transmission in the slot where, k and T, are defined in clause

4.1 of [4, TS 38.211] and u corresponds to the smallest SCS configuration among the SCS configurations of the
PDCCHs providing the DCI formats and the SCS configuration of the PUCCH. If processingType2Enabled of PDSCH-
ServingCellConfig is set to enable for the serving cell with the second DCI format and for all serving cells with

corresponding HARQ-ACK information multiplexed in the PUCCH transmission in the slot, Ny =3 for =0 ,
Ny =45 (U =1’ N, N, =8 . U =0’ Ny =10 ¢ u =1’ Ny =17 . 4 :2’

Ny =20 g, :3.

=3 for “ =2 ; otherwise ,

If a UE is not provided SPS-PUCCH-AN-List and transmits HARQ-ACK information corresponding only to a PDSCH
reception without a corresponding PDCCH, a PUCCH resource for corresponding PUCCH transmission with HARQ-
ACK information is provided by n1PUCCH-AN.

If a UE transmits a PUCCH with HARQ-ACK information using PUCCH format 0, the UE determines values My and

Mes for computing a value of cyclic shift @' (4, TS 38.211] where Mo js provided by initialCyclicShift of PUCCH-

formatO or, if initialCyclicShift is not provided, by the initial cyclic shift index as described in Clause 9.2.1 and Mes i
determined from the value of one HARQ-ACK information bit or from the values of two HARQ-ACK information bits
as in Table 9.2.3-3 and Table 9.2.3-4, respectively.

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

HARQ-ACK Value 0 1
Sequence cyclic shift me =0 meg =6
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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 meg =0 Mmeg =3 mes =6 mes =9

If a UE transmits a PUCCH with HARQ-ACK information using PUCCH format 1, the UE is provided a value for Mo
by initialCyclicShift of PUCCH-format1 or, if initialCyclicShift is not provided, by the initial cyclic shift index as
described in Clause 9.2.1.

If a UE transmits a PUCCH with Qack HARQ-ACK information bits and Ocxe bits using PUCCH format 2 or PUCCH
PUCCH PUCCH
format 3 in a PUCCH resource that includes ~ RB PRBs, the UE determines a number of PRBs = RBmin for the

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

provided respectively by nrofPRBs of PUCCH-format2 or nrofPRBs of PUCCH-format3 and start from the first PRB
<)fPUCCH nrRB - ArPUCCH o PUCCH
from the number of PRBs, that results to (OACK +OCRC) Mg min “Nic.cor Noymover Qn T and, if My > l,
PUCCH RB PUCCH RB PUCCH
(OACK + OCRC) > (MRB,min - 1) 'Nsc,ctrl 'NsymbUCI 'Qm T , where Nsc,ctrl , NsymbUCI , Qm , and r are defined in Clause
PUCCH PUCCH
RB.mi 26{2 .30t3 .50t5 RB. mi
9.2.5.2. For PUCCH format 3, if "M s not equal according to [4, TS 38.211], >N g

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

+ > (pfPUccH _ 1) yRB \PUCCH 5 PUCCH
(OACK OCRC) (MRB 1) Nt Noymover r,the UE transmits the PUCCH over Mg PRBs.

If a UE is provided a first interlace of M f;ggf;i o PRBs by interlace0 in InterlaceAllocation and transmits a

PUCCH with O,cx HARQ-ACK information bitsand O g bits using PUCCH format 2 or PUCCH format 3,

. — . PUCCH RB PUCCH
the UE transmits the PUCCH over the first interlace if (O ACK +OCRC) <M nertace0 " Nscert * Neoymbvcr* Qum T

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

9.24 UE procedure for reporting SR

A UE can be configured by SchedulingRequestResourceConfig a set of configurations for SR in a PUCCH transmission
using either PUCCH format 0 or PUCCH format 1. A UE can be configured by schedulingRequestID-BFR-SCell a
configuration for LRR in a PUCCH transmission using either PUCCH format 0 or PUCCH format 1. The UE can be
provided, by phy-PriorityIndex in SchedulingRequestResourceConfig, a priority index 0 or a priority index 1 for the SR.
If the UE is not provided a priority index for SR, the priority index is 0.

The UE is configured a PUCCH resource by SchedulingRequestResourceld, or by schedulingRequestID-BFR-SCell,
providing a PUCCH format 0 resource or a PUCCH format 1 resource as described in Clause 9.2.1. The UE is also

Reeriopiony iy symbols or slots and an offset SRoreser i slots by periodicityAndOffset for a

configured a periodicity 5

PUCCH transmission conveying SR. I ERIODICITY jg ]arger than one slot, the UE determines a SR transmission

n u
occasion in a PUCCH to be in a slot with number = [4, TS 38.211] in a frame with number ny if
(nf (N Irames 4 n;jf - SROFFSET)mOd SRypriopiaiy =0 )

slot

ERIODICITY {5 ope slot, the UE expects that SRorser and every slot is a SR transmission occasion in a PUCCH.

1f SReeropicry is smaller than one slot, the UE determines a SR transmission occasion in a PUCCH to start in a symbol

(- l, mod SRy pgiopicny Jmod SRpgriopicry =0 I

with index l [4, TS 38.211] if where 0 is the value of

startingSymbolIndex.

If the UE determines that, for a SR transmission occasion in a PUCCH, the number of symbols available for the
PUCCH transmission in a slot is smaller than the value provided by nrofSymbols, the UE does not transmit the PUCCH
in the slot.
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SR transmission occasions in a PUCCH are subject to the limitations for UE transmissions described in Clause 11.1 and
Clause 11.1.1.

The UE transmits a PUCCH in the PUCCH resource for the corresponding SR configuration only when the UE
transmits a positive SR. For a positive SR transmission using PUCCH format 0, the UE transmits the PUCCH as

described in [4, TS 38.211] by obtaining Mo as described for HARQ-ACK information in Clause 9.2.3 and by setting
Mes :0. For a positive SR transmission using PUCCH format 1, the UE transmits the PUCCH as described in [4, TS

38.211] by setting 2(9) =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
a PUCCH transmission is with repetitions over multiple slots is described in Clause 9.2.6. If a UE is configured with
multiple PUCCH resources in a slot to transmit CSI reports

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

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

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

- if the UE is provided multi-CSI-PUCCH-ResourceList and if any of the multiple PUCCH resources overlap, the
UE multiplexes all CSI reports in a resource from the resources provided by multi-CSI-PUCCH-ResourcelList, as
described in Clause 9.2.5.2.

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

If a UE would multiplex CSI reports that include Part 2 CSI reports in a PUCCH resource, the UE determines the
PUCCH resource and a number of PRBs for the PUCCH resource or a number of Part 2 CSI reports assuming that each
of the CSI reports indicates rank 1.

If a UE would transmit multiple overlapping PUCCHs in a slot or overlapping PUCCH(s) and PUSCH(s) in a slot and,
when applicable as described in Clauses 9.2.5.1 and 9.2.5.2, the UE is configured to multiplex different UCI types in
one PUCCH, and at least one of the multiple overlapping PUCCHs or PUSCHs is in response to a DCI format detection
by the UE, the UE multiplexes all corresponding UCI types if the following conditions are met. If one of the PUCCH
transmissions or PUSCH transmissions is in response to a DCI format detection by the UE, the UE expects that the first
symbol S, of the earliest PUCCH or PUSCH, among a group overlapping PUCCHs and PUSCHs in the slot,

satisfies the following timeline conditions
mux
proc,1

PDSCH, T™* _ is given by maximum of {Tmux’l R I where for the i-th PDSCH with

proc,1 proc,1>» proc,1» .

- S, is not before a symbol with CP starting after T after a last symbol of any corresponding

corresponding HARQ-ACK transmission on a PUCCH which is in the group of overlapping PUCCHs and
PUSCHs, The' =[N+ dy,+1]-(2048+ 144)-k-27"T. , d,, isselected for the i-th PDSCH

proc,1 =
following [6, TS 38.214], N, is selected based on the UE PDSCH processing capability of the i-th PDSCH

and SCS configuration p ,where p 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
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corresponding HARQ-ACK transmission for the i-th PDSCH, and all PUSCHs in the group of overlapping
PUCCHSs and PUSCHs.

S, s not before a symbol with CP starting after T« after a last symbol of any corresponding

proc ,release

SPS PDSCH release or of a DCI 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.

T is given by maximum of {Tmux’l o T . } where for the i-th PDCCH

proc ,release proc, release » proc ,release »
providing the SPS PDSCH release or the DCI format 1_1 with corresponding HARQ-ACK transmission on a
PUCCH which is in the group of overlapping PUCCHs and PUSCHs,

T =(N+1 ) . (2048+144) ck2H T. , N asdescribed in Clause 10.2, or DCI format 1_1

proc ,release —
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 [ 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 PUSCHs in the group of overlapping PUCCHs and
PUSCHs.

if there is no aperiodic CSI report multiplexed in a PUSCH in the group of overlapping PUCCHs and PUSCHs,
S, is not before a symbol with CP starting after T;ﬁ;t)z after a last symbol of
- any PDCCH with the DCI format scheduling an overlapping PUSCH, and

- any PDCCH scheduling a PDSCH or SPS PDSCH release, or a DCI format 1_1 indicating SCell dormancy,
or a DCI 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

mux

If there is at least one PUSCH in the group of overlapping PUCCHs and PUSCHs, T, »

is given by
maximum of T;ﬁ;xc”lz AR T';f;c’fz L } where for the i-th PUSCH which is in the group of overlapping
PUCCHs and PUSCHs, T, ", =max ((N2+d2,1+1) -(2048+144 - k- 27" T +T dy,| . dy,
, dy, and T

switch  are selected for the i-th PUSCH following [6, TS 38.214], N, is selected based on

the UE PUSCH processing capability of the i-th PUSCH and SCS configuration 1 ,where i corresponds
to the smallest SCS configuration among the SCS configurations used for the PDCCH scheduling the i-th
PUSCH, the PDCCHs scheduling the PDSCHs or providing the SPS PDSCH releases or providing the SCell
dormancy indication with corresponding HARQ-ACK transmission on a PUCCH which is in the group of
overlapping PUCCHs/PUSCHs, and all PUSCHs in the group of overlapping PUCCHs and PUSCHs.

switch »

If there is no PUSCH in the group of overlapping PUCCHs and PUSCHs, T;",f; 2 s given by maximum of

{T’"“"’l e T ] where for the i-th PDSCH or the i-th SPS PDSCH release or the i-th SCell

proc,2s proc,2s "
dormancy indication with corresponding HARQ-ACK transmission on a PUCCH which is in the group of

overlapping PUCCHs, y —(N2+ 1) -[2048+144) -k -27#- T. , N, isselected based on the UE

proc,2
PUSCH processing capability of the PUCCH serving cell if configured. =N, is selected based on the UE
PUSCH processing capability 1, if PUSCH processing capability is not configured for the PUCCH serving cell.
U is selected based on the smallest SCS configuration between the SCS configuration used for the PDCCH
scheduling the i-th PDSCH or providing the i-th SPS PDSCH release or providing the i-th SCell dormancy
indication with corresponding HARQ-ACK transmission on a PUCCH which is in the group of overlapping
PUCCHSs, and the SCS configuration for the PUCCH serving cell.

if there is an aperiodic CSI report multiplexed in a PUSCH in the group of overlapping PUCCHs and PUSCHs,
S, is not before a symbol with CP starting after

T proc.csr =max ((Z +d|-(2048+144) k- 27" T +T o eens d,,| 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 a DCI 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
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where 1 corresponds to the smallest SCS configuration among the SCS configuration of the PDCCHs, the

smallest SCS configuration for the group of the overlapping PUSCHs, and the smallest SCS configuration of

CSI-RS associated with the DCI format scheduling the PUSCH with the multiplexed aperiodic CSI report, and
d=2 for p=0,1 , d=3 for p=2 and d=4 for p=3

- N, N, d,, d,, , dy, , Z and T, aredefinedin[6,TS38.214], T
applied only if Z, of table 5.4-1 in [6, TS 38.214] is applied to the determination of Z ,and Kk and
T, are defined in [4, TS 38.211].

> > ) switch 1s

If a UE would transmit multiple overlapping PUCCHs in a slot or overlapping PUCCH(s) and PUSCH(s) in a slot, one
of the PUCCHs includes HARQ-ACK information in response to an SPS PDSCH reception, and any PUSCH is not in

response to a DCI format detection, the UE expects that the first symbol So of the earliest PUCCH or PUSCH satisfies
the first of the previous timeline conditions with the exception that components associated to a SCS configuration for a
PDCCH scheduling a PDSCH or a PUSCH are absent from the timeline conditions.

A UE does not expect a PUCCH or a PUSCH that is in 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

- is not provided coresetPoolIndex or is provided coresetPoollndex with a value of 0 for first CORESETs on
active DL BWPs of serving cells, and

- is provided coresetPoolIndex with a value of 1 for second CORESETs on active DL BWPs of the serving cells,
and

- is provided ackNackFeedbackMode = separate

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

If there is one or more aperiodic CSI reports multiplexed on a PUSCH in the group of overlapping PUCCHs and

PUSCHs and if symbol So s before symbol Z'et that is a next uplink symbol with CP starting after
1 mux —( 7 ) P S
Z'proccsi =(2+d) 2048 +144) - 2 Ie after the end of the last symbol of
- the last symbol of aperiodic CSI-RS resource for channel measurements, and

- the last symbol of aperiodic CSI-IM used for interference measurements, and

- the last symbol of aperiodic NZP CSI-RS for interference measurements, when aperiodic CSI-RS is used for
channel measurement for triggered CSI report "

the UE is not required to update the CSI report for the triggered CSI report N Z' s defined 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 g4
u :0’1, d =3 for #=2 jpg d =4 gop =3

If a UE would transmit multiple PUCCHs in a slot that include HARQ-ACK information, and/or SR, and/or CSI reports
and any PUCCH with HARQ-ACK information in the slot satisfies the above timing conditions and does not overlap
with any other PUCCH or PUSCH in the slot that does not satisfy the above timing conditions, the UE multiplexes the
HARQ-ACK information, and/or SR, and/or CSI reports and determines corresponding PUCCH(s) for transmission in
the slot according to the following pseudo-code. If the multiple PUCCHs do not include HARQ-ACK information and
do not overlap with any PUSCH transmission by the UE in response to a DCI format detection by the UE, the timing
conditions do not apply.

If

- a UE is not provided multi-CSI-PUCCH-ResourceList, and
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aresource for a PUCCH transmission with HARQ-ACK information in response to SPS PDSCH reception
and/or a resource for a PUCCH associated with a SR occasion overlap in time with two resources for respective
PUCCH transmissions with two CSI reports, and

there is no resource for a PUCCH transmission with HARQ-ACK information in response to a DCI format
detection that overlaps in time with any of the previous resources, and

the following pseudo code results to the UE attempting to determine a single PUCCH resource from the HARQ-
ACK and/or the SR resource and the two PUCCH resources with CSI reports

the UE

Set Q

Set

do)

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

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

to the set of resources for transmission of corresponding PUCCHs in a single slot without repetitions where
a resource 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

Q order(Q)

- the above three steps for the set are according to a subsequent pseudo-code for a function

a resource for negative SR transmission that does not overlap with a resource for HARQ-ACK or CSI
transmission is excluded from set Q
if the UE is not provided simultaneousHARQ-ACK-CSI and resources for transmission of HARQ-ACK

information include PUCCH format 0 or PUCCH format 2, resources that include PUCCH format 2, or PUCCH
Q

format 3, or PUCCH format 4 for transmission of CSI reports are excluded from the set if they overlap with

any resource from the resources for transmission of HARQ-ACK information

if the UE is not provided simultaneousHARQ-ACK-CSI 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

Q

from the set

- resources that include PUCCH format 2 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

to the cardinality of Q

Set Q(0) to be the first symbol of resource QU i the slot

Set LQ()) to be the number of symbols of resource Q) in the slot

Set J =0 _ index of first resource in set

Q

Set 0 =0 . counter of overlapped resources

while

if j<dQ)-1

j=dQ)-1
Q(j+1)

o _
and resource Q(j-0) overlaps with resource

0=0+1
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j=j+1
else
if O>0

P ) |
determine a single resource for multiplexing UCI associated with resources Q- 0),Qj - 0+1),.... QJ) as
described in Clauses 9.2.5.0, 9.2.5.1 and 9.2.5.2

set the index of the single resource to J

Q=Q\|Q>j- 0),Q(j- 0+1),... Q(j - 1)

J= % start from the beginning after reordering unmerged resources at next step
0=0
order(Q) % function that re-orders resources in current set Q
Set do) 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< C(Q) -1 % the next two while loops are to re-order the unmerged resources
[ =0
while 1 <dQ)-1-k
i QULO)>Q(I+1,0) OR(Qap)zQa+un&Luxn)<an+DD
temp =Q(I)
Q) = +1
QU +1) =temp
end if
[=l+1
end while
k =k +1
end while
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}

For each PUCCH resource in the set Q that satisfies the aforementioned timing conditions, when applicable,

- the UE transmits a PUCCH using the PUCCH resource if the PUCCH resource does not overlap in time with a
PUSCH transmission after multiplexing UCI following the procedures described in Clauses 9.2.5.1 and 9.2.5.2

- the UE multiplexes HARQ-ACK information and/or CSI reports in a PUSCH if the PUCCH resource overlaps in
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 CSI is selected as described in Clause 9. If the PUSCH transmission by the UE is not in
response to a DCI format detection and the UE multiplexes only CSI reports, the timing conditions are not
applicable

- the UE does not expect the resource to overlap with a second resource of a PUCCH transmission over multiple
slots if the resource is obtained from a group of resources that do not overlap with the second resource.

Clauses 9.2.5.0, 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 a slot
- multiplexing conditions of corresponding UCI types in a single PUCCH are satisfied, and

- the UE does not transmit any PUSCH time-overlapping with PUCCH in the slot.

9.25.0 UE procedure for prioritization between SL HARQ-ACK information in a
PUCCH and UCl 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 a first PUCCH and UCI in a second PUCCH
- if the second PUCCH has priority index 1,
- if sl-PriorityThreshold-UL-URLLC is provided

- the UE transmits the first PUCCH if a smallest priority value of the first PUCCH is smaller than slI-
PriorityThreshold-UL-URLLC; otherwise, the UE transmits the second PUCCH

- else
- the UE transmits the second PUCCH
- else

- 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 PUCCHSs for respective K  SRs in a slot, as determined by a
set of schedulingRequestResourceld and a schedulingRequestResourceld associated with schedulingRequestID-BFR-
SCell, with SR transmission occasions that would overlap with a transmission 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 slot.

If a UE would transmit a PUCCH with positive SR and at most two HARQ-ACK information bits in a resource using
PUCCH format 0, the UE transmits the PUCCH in the resource using PUCCH format 0 in PRB(s) for HARQ-ACK
information as described in Clause 9.2.3. The UE determines a value of " and "cs for computing a value of cyclic

shift & [4, TS 38.211] where ™ is provided by initialCyclicShift of PUCCH-format0, and Mcs is determined from
the value of one HARQ-ACK information bit or from the values of two HARQ-ACK information bits as in Table 9.2.5-
1 and Table 9.2.5-2, respectively.
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If the UE would transmit negative SR and a PUCCH with at most two HARQ-ACK information bits in a resource using
PUCCH format 0, the UE transmits the PUCCH in the resource using PUCCH format 0 for HARQ-ACK information as
described in Clause 9.2.3.

Table 9.2.5-1: Mapping of values for one HARQ-ACK information bit and positive SR to sequences for
PUCCH format 0

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

Table 9.2.5-2: Mapping of values for two HARQ-ACK information bits and positive SR to sequences
for PUCCH format 0

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

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

If the UE would transmit positive SR in a first resource using PUCCH format 1 and at most two HARQ-ACK
information bits in a second resource using PUCCH format 1 in a slot, 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 a resource using PUCCH format 1 and would transmit at most two HARQ-ACK information bits in 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 Oacx HARQ-ACK information bits in a resource using PUCCH format 2 or

PUCCH format 3 or PUCCH format 4 in a slot, as described in Clauses 9.2.1 and 9.2.3, HIOgZ(K + 1)H
a negative or positive SR, in ascending order of the values of schedulingRequestResourceld and a
schedulingRequestResourceld associated with schedulingRequestID-BFR-SCell, are appended to the HARQ-ACK

information bits and the UE transmits the combined Ova =Opex * UOgZ(K +1)H UCI bits in a PUCCH using a resource
with PUCCH format 2 or PUCCH format 3 or PUCCH format 4 that the UE determines as described in Clauses 9.2.1
[log, K+1]]

bits representing

and 9.2.3. If one of the SRs is a positive LRR, the value of the
log, (K +1)]

bits indicates the positive LRR. An all-

zero value for the | bits represents a negative SR value across all K  sRs.

If a UE would transmit a PUCCH with Ocsi CSI report bits in a resource using PUCCH format 2 or PUCCH format 3 or

PUCCH format 4 in a slot, [log, (r+ 1) bits representing corresponding negative or positive SR, in ascending order of
the values of schedulingRequestResourceld and a schedulingRequestResourceld associated with schedulingRequestID-
BFR-SCell, are prepended to the CSI information bits as described in Clause 9.2.5.2 and the UE transmits a PUCCH

with the combined Oua :HIOgZ(K +1)[ +0

PUCCH format 4 for CSI reporting. If one of the SRs is a positive LRR, the value of the
llog, (K +1)]

sl UCI bits in a resource using the PUCCH format 2 or PUCCH format 3 or
“0g2 [K+1]] bits indicates

the positive LRR. An all-zero value for the bits represents a negative SR value across all K gRs.

If a UE transmits a PUCCH with CAc HARQ-ACK information bits, O =1982(K +Ul gp pitg and Oere CRC bits
PUCCH
using PUCCH format 2 or PUCCH format 3 in a PUCCH resource that includes Mg PRBs, the UE determines a
PUCCH

number of PRBs = RBmin for the PUCCH transmission to be the minimum number of PRBs, that is smaller than or
equal to a number of PRBs provided respectively by nrofPRBs in PUCCH-format2 or nrofPRBs in PUCCH-format3
and starts from the first PRB from the number of PRBs, that results to

PUCCH _»rRB PUCCH PUCCH
(OACK +OSR +OCRC) SMRB,min 'Nsc,cm 'NsymbUCI 'Qm T and. if MRB >1
( ) ol b
(O +0.. +0O ) > |pgPUCCH _ 1) .yRB  pPUCCH Q r NRB V PUCCH Q
ACK SR CRC RB, sctrl buCI ctrl el : ;
min se.c sym m °  where ~ socm | Cosym , oM and ' are defined in
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PUCCH 0 o s PUCCH
Clause 9.2.5.2. For PUCCH format 3, if = X®™" s not equal 27 3% 5 according to [4, TS 38.211], = RBmn
is increased to the nearest allowed value of nrofPRBs for PUCCH-format3 [12, TS 38.331]. If

+ + > (pgPUuccH _ 1) . yRB L yPUCCH 5 PUCCH
(OACK Os OCRC) ( RB ) sect Nopmouer “Cn r,the UE transmits the PUCCH over the Mg PRBs.

If a UE is provided a first interlace of M fgfgﬁi o PRBs by interlace0 in InterlaceAllocation and transmits a

PUCCH with O,c« HARQ-ACK information bits, Og,=/[log, K+1|] SRbits,and Oz CRC bits
using PUCCH format 2 or PUCCH format 3, the UE transmits the PUCCH over the first interlace if

(O ACK +OSR+OCRC) <M fﬁ;ﬁio °N iitrl N fylﬁfga *Q,,°r ;otherwise, if the UE is provided a second interlace
by interlacel in PUCCH-format2 or PUCCH-format3, the UE transmits the PUCCH over the first and second
interlaces.

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

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

If a UE 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-CSI.

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

If a UE transmits CSI reports using PUCCH format 2, the UE transmits only wideband CSI for each CSI report [6, TS
38.214]. In the following, a Part 1 CSI report refers either to a CSI report with only wideband CSI or to a Part 1 CSI
report with wideband CSI and sub-band CSI.

Denote as

- Oax a total number of HARQ-ACK information bits, if any

- Os a total number of SR bits.

described in Clause 9.2.5.1

O Oy =llog, (K +1)]

=0 if there is no scheduling request bit; otherwise, ]

e
Ocq = Z (Oc51 partn T OCSI-parLZ,n)

O
_ n=l , where CSI-partl,n

is a number of Part 1 CSI report bits for CSI report with

O,
priority value 1, ~CSI-par2n g 3 number of Part 2 CSI report bits, if any, for CSI report with priority value " [6,
total

TS 38.214], and Nesi is a number of CSI reports that include overlapping CSI reports

O, =0, +0 O,
- TCRC T TCRCCSLpartl T CRC, CSI-par2 yyhepe CRG.CSIpartl g 4 number of CRC bits, if any, for encoding HARQ-

ACK, SR and Part 1 CSI report bits and Ocrc,cst-pariz is a number of CRC bits, if any, for encoding Part 2 CSI
report bits

In the following
- T isacode rate given by maxCodeRate as in Table 9.2.5.2-1.

PUCCH
M is a number of PRBs for PUCCH format 2, or PUCCH format 3, or PUCCH format 4, respectively,

PUCCH

where Mrs is provided by nrofPRBs in PUCCH-format2 for PUCCH format 2 or by nrofPRBs in PUCCH-

PUCCH _
Mg =1

format3 for PUCCH format 3, and for PUCCH format 4
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RB — RB
Nsc,ctrl _Nsc 4

for PUCCH format 2 or, if the PUCCH resource with PUCCH format 2 includes an orthogonal
cover code with length s provided by occ-Length, Necen :(NiB i 4)/ N , Necem =Ny’ for
PUCCH format 3 or, if the PUCCH resource with PUCCH format 3 includes an orthogonal cover code with
length Nz provided by occ-Length, Niow =N N::CCH‘S, and Noto =N® (NG
format 4, where NS&B is a number of subcarriers per resource block [4, TS 38.211]

for PUCCH

PUCCH PUCCH,2
symbUCL jg equal to a number of PUCCH symbols = %™  for PUCCH format 2 provided by nrofSymbols in
PUCCH
PUCCH-format2. For PUCCH format 3 or for PUCCH format 4, = ¥™>Y¢l js equal to a number of PUCCH
PUCCH,3 PUCCH,4

symbols = %™ for PUCCH format 3 or equal to a number of PUCCH symbols = %™  for PUCCH format
4 provided by nrofSymbols in PUCCH-format3 or nrofSymbols in PUCCH-format4, respectively, after excluding
a number of symbols used for DM-RS transmission for PUCCH format 3 or for PUCCH format 4, respectively
[4, TS 38.211]

Q, =1 if pi/2-BPSK is the modulation scheme and Q=2 if QPSK is the modulation scheme as indicated by
pi2BPSK for PUCCH format 3 or PUCCH format 4. For PUCCH format 2, n =2

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

if any of the CSI reports are overlapping and the UE is provided by multi-CSI-PUCCH-ResourceList with J <2
PUCCH resources in a slot, 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

Q

corresponding REs, modulation order <, and configured code rate r,

(O +0,, +O., +0O ) S(M PUCCH | \RB . pyPUCCH r

- if TACK DTSR T CSE T ECRC RB scen Noymover Qn Ty , the UE uses PUCCH format 2 resource
0 , or the PUCCH format 3 resource 0 , or the PUCCH format 4 resource 0

- elseif J and

(OACK +Og +Ocq + OCRC) S(MlzllaJCCH N, -NSI;[IJanCI?CI Q, 'r)]-+1 0<j<J-1

PUCCH A7RB PUCCH
(OACK + OSR +OCSI +OCRC) > (MRB "N, 'NsymbUCI Qm 'r)

sc,ctrl

sc,ctrl

, the UE transmits a
PUCCH conveying HARQ-ACK information, SR and CSI report(s) in a respective PUCCH where the UE

uses the PUCCH format 2 resource 7 + 1, or the PUCCH format 3 resource +1 , or the PUCCH format 4
resource Jj+i

- else the UE uses the PUCCH format 2 resource J - 1, or the PUCCH format 3 resource 7 - 1, or the PUCCH
reported
format 4 resource J ~ 1 and the UE selects * CS! CSI 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 Orck + O+ Ocsi +Ocne bits in a PUCCH resource provided by pucch-CSI-
ResourceList and determined as described in Clause 9.2.5

If a UE has HARQ-ACK, SR and wideband or sub-band CSI reports to transmit and the UE determines a PUCCH
resource with PUCCH format 2, or the UE has HARQ-ACK, SR and wideband CSI reports [6, TS 38.214] 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] in a last 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 dl-DataToUL-ACKForDCIFormatl1_2, indicating a
same slot for the PUCCH transmission, from a PUCCH resource set provided to the UE for HARQ-ACK
transmission, and
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- the UE determines the PUCCH resource set as described in Clause 9.2.1 and Clause 9.2.3 for Ova UCI bits

and

PUCCH RB PUCCH
(OACK + OSR + OCSI- partl + OCRC, CSI-partl) SMRB .Nsc,clrl .NsymbUCI 'Qm T , the UE transmits the HARQ-ACK,

PUCCH M PUCCH
SR, and CSI reports bits by selecting the minimum number =~ RB™in of the " RB PRBs satisfying

( ) PUCCH _prRB PUCCH
OACK + OSR * OCSI -partl + OCRC, CSI -partl SMRB,min Nsc,cn'l NsymbUCI Qm r

- if

as described in Clauses 9.2.3 and

9.2.5.1;
reported N total
- else, the UE selects = C5 CSI report(s), from the ~ "SI CSI reports, for transmission together with HARQ-
reported
ACK and SR in ascending priority value [6, TS 38.214], where the value of * €SI satisfies
Nrglomd H PUCCH RB PUCCH
DOACK +OSR + ZOCSI—parll,n +OCRC, CSI-parll,ND S]\4RB .Nsc,ctrl .NsymbUCI .Qm T
n=l
I 1 and
H NE;pIoned +1 H
PUCCH RB PUCCH
DOACK + OSR + ZOCSI-parth +OCRC, CSl-partLN+1]] > MRB 'Nsc,ccrl .NsymbUCI 'Qm T
0 n=l 0 where Ocre, csi-parti, v is a
Nrepumd ’
OACK +OSR + ZOCSI-parll,n O
number of CRC bits corresponding to n= UCI bits, and ~ CRGCSI-parthbN+1 g 5 pumber
N repored g

CsL

OACK + OSR + ZOCSI-parth
n=

of CRC bits corresponding to UCI bits.

If a UE is provided a first interlace of M }’,}fjffji)o PRBs by interlace0 in InterlaceAllocation, the UE has HARQ-

ACK, SR and wideband or sub-band CSI reports to transmit, and the UE determines a PUCCH resource with PUCCH
format 2, or the UE has HARQ-ACK, SR and wideband CSI reports to transmit and the UE determines a PUCCH
resource with PUCCH format 3, where

- the UE determines the PUCCH resource using the PUCCH resource indicator field in a last of a number of DCI
formats with a value of a PDSCH-to-HARQ_feedback timing indicator field indicating a same slot for the
PUCCH transmission, from a PUCCH resource set provided to the UE for HARQ-ACK transmission, and

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

and

. PUCCH RB PUCCH .
- if (OACK +Osr+Ocsi—par1 +OCRC,CSI-pan1) < M ientace,n” Nt * Neymp-vcr *Qm* T, the UE transmits the

HARQ-ACK, SR, and CSI reports bits in a PUCCH over the first interlace

- else, if the UE is provided a second interlace of M i}fgﬁil PRBs by interlacel and if

PUCCH PUCCH RB PUCCH
(OACK +OSR+OCSI—part1 +OCRC,CSI—part1 < (Mlnterlace,O + MInterlace,l) Nsc,ctrl Nsymb—UCI Qm r., the UE

transmits the HARQ-ACK, SR, and CSI reports bits in 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
pgRuccH ith  pgruceH PUCCH PUCCH
RB Wl Interlace,0

, or, if the UE is provided interlacel, by M | eiace.0t M interlace 1

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

- the UE determines the PUCCH resource using the PUCCH resource indicator field [5, TS 38.212] in a last of a
number of DCI formats with a value of a PDSCH-to-HARQ_feedback timing indicator field indicating a same
slot for the PUCCH transmission, from a PUCCH resource set provided to the UE for HARQ-ACK transmission,
and
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0

- the UE determines the PUCCH resource set as described in Clause 9.2.1 and Clause 9.2.3 for ~Y¢ UCI bits

and

if

PUCCH RB PUCCH
(OACK +OSR +OCSI +OCRC) <Mgg 'Nsc,crrl 'NsymbUCI Q, T

, the UE transmits the HARQ-ACK, SR and the

N total PUCCH PUCCH

PUCCH a7RB PUCCH
(OACK +OSR +Oc51 +OCRC) SMRB,min ‘N, 'NsymbUCI 'Qm T

Csl CSI report bits by selecting the minimum number = R&mi» of PRBs from the = RB PRBs satisfying

sc,ctrl

as described in Clauses 9.2.3 and 9.2.5.1

- else,

reported

CSI-part2

if for Part 2 CSI report priority value(s), it is

reporid oul
EoP H PUCCH nrRB PUCCH DH N H ( )D
Z OCSI-panz,n + OCRC,CSI-partZ,N ﬁu M RB "N, sc,ctrl "N, symbUCI ~ EH OACK +OSR + OCSI-pam,n + OCRC,CSI-paan Qm T DD 'Qm r

n= D n=l E D
and
KT H PUCCH RB PUCCH DH "8 H DH
ZOCSI-panZ,n + OCRC, CSI-part2,N+1 > DMRB 'Nsc,ctrl 'NsymbUCI - E OACK + OSR + ZOCSI -partl,n + OCRC,CSI-partl (Qm 'r)DD 'Qm r
n=l D H n=l H D

reported
the UE selects the first = P Part 2 CSI reports, according to respective priority value(s) [6, TS 38.214],
total

for transmission together with the HARQ-ACK, SR and Nes Part 1 CSI reports , where Ocst-parctn is the

number of Part 1 CSI report bits for the ™ CSI report and Ocst-parizn is the number of Part 2 CSI report bits

N
n O Z OCSI—panZ,n
for the "t CSI report priority value, ~ RGPV jg 5 number of CRC bits corresponding to = ,
N +1
OCSI-parlZ,n

OCRC, CSI-part2,N +1

and is a number of CRC bits corresponding to =

reported total
else, the UE drops all Part 2 CSI reports and selects ~ “'"P™ Part 1 CSI report(s), from the Nes CSI reports
in ascending priority value [6, TS 38.214], for transmission together with the HARQ-ACK and SR

reported

information bits where the value of =~ P!l gatisfies

N reporied
H CSl-partl H

PUCCH prRB PUCCH
HOACK +Oq + Z OCSI-parth +OCRC, CSI-partl,Nﬁ <My N, se,ctrl ‘N symbUCI QT

n=l

and
NrPored g
H lpaa H
PUCCH p7RB PUCCH
DOACK +Og + ZOCSI-parth + OCRC, CSI-partl,N+1] > Mg 'Nsc,ml .NsymbUCI QT
n=l

I 0

OCRC, CSI-partl,N

, where is

reported
CSI-partl

OACK + OSR + ZOCSI-parth
a number of CRC bits corresponding to n=l UCI bits, and

Nrepored g
CSl-partl

OACK + OSR + ZOCSI-parth
number of CRC bits corresponding to n=l UCI bits.

@)
CRC, CSI -partl,N +1 is a

PUCCH

If a UE is provided a first interlace of ~ My jaceo  PRBs by interlace0 in InterlaceAllocation, the UE has HARQ-
ACK, SR and sub-band CSI reports to transmit, and the UE determines a PUCCH resource with PUCCH format 3,

where
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- the UE determines the PUCCH resource using the PUCCH resource indicator field in a last of a number of DCI
formats that have a value of a PDSCH-to-HARQ_feedback timing indicator field indicating a same slot for the
PUCCH transmission, from a PUCCH resource set provided to the UE for HARQ-ACK transmission, and

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

and

. PUCCH RB PUCCH .
- if (O ack FOsr+Ocs1+Ocre| < M ineriace0* Noccrt * Nsymb-uci® Qm 7 - the UE transmits the HARQ-ACK,

SRandthe N ‘C(’;E}‘ CSI report bits in a PUCCH over the first interlace

- else if the UE is provided a second interlace of M fﬁgﬁil PRBs by interlacel and if

PUCCH PUCCH RB PUCCH .
(OACK +OSR+OCSI +OCRC) < (Mlnterlace,0+ Mlnterlace,l) : Nsc,ctrl : Nsymb-UCI : Qm ro, the UE transmits the

HARQ-ACK, SR, and CSI reports bits in 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
PUCCH

PUCCH _ . PUCCH , . o . PUCCH
Mg with My elaceo > O if the UE is provided interlacel, with M riace 0 M intertace.1

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

maxCodeRat r

. Code rate
0.08
0.15
0.25
0.35
0.45
0.60
0.80

Reserved

~N|O|O|R|WIN|F|O

9.2.6 PUCCH repetition procedure

For PUCCH formats 1, 3, or 4, a UE can be configured a number of slots, N ;%’EaéH , for repetitions of a PUCCH

transmission by respective nrofSlots. If a UE is provided a PUCCH-config that includes subslotLengthForPUCCH, the
UE does not expect the PUCCH-config to include nrofSlots.

repeat
For Npjeen>1
repeat

- the UE repeats the PUCCH transmission with the UCI over Npjccy slots

- aPUCCH transmission in each of the N {fgecaéH slots has a same number of consecutive symbols, as provided

by nrofSymbols in PUCCH-format1, nrofSymbols in PUCCH-format3, or nrofSymbols in PUCCH-format4

- aPUCCH transmission in each of the [N ;ef}f:aéH slots has a same first symbol, as provided by

startingSymbolIndex in PUCCH-formatl1, startingSymbolIndex in PUCCH-format3, or startingSymbolIndex 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 a first 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
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UE transmits the PUCCHin N E%)éaéH slots is counted regardless of whether or not the UE transmits
the PUCCH in the slot

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

- 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 slot

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

A SS/PBCH block symbol is a symbol of an SS/PBCH block with candidate SS/PBCH block index corresponding to the
SS/PBCH block index indicated to a UE by ssb-PositionsInBurst in SIB1 or ssb-PositionsInBurst in
ServingCellConfigCommon, as described in Clause 4.1.

For unpaired spectrum, the UE determines the Nphocy  slots for a PUCCH transmission starting from a slot

indicated to the UE as described in Clause 9.2.3 for HARQ-ACK reporting, or a slot determined as described in Clause
9.2.4 for SR reporting or in Clause 5.2.1.4 of [6, TS 38.214] for CSI reporting and having

- an UL symbol, as described in Clause 11.1, or flexible symbol that is not SS/PBCH block symbol provided by
startingSymbolIndex in PUCCH-format1, or in PUCCH-format3, or in PUCCH-format4 as a first symbol, and

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

For paired spectrum, the UE determines the Npocy  Slots for a PUCCH transmission as the  Nprocn

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 CSI reporting.

If a UE would transmit a PUCCH over a first number [N ;%’EaéH> 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 slots, and the conditions in 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 a UE would transmit a PUCCH over a first number N pycc>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 conditions in 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 types in a PUCCH transmission with repetitions over [N ;ellj(e:aéH> 1 slots.Ifa

UE would transmit a first PUCCH over more than one slot and at least a second PUCCH over one or more slots, and the
transmissions of the first PUCCH and the second PUCCH would overlap in a number of slots then, for each slot of the
number of slots and with UCI type priority of HARQ-ACK > SR > CSI with higher priority > CSI with lower priority

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

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

- if the first PUCCH and any of the second PUCCHs 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 a PUCCH that is in response to a DCI format detection to overlap with any other PUCCH that
does not satisfy the corresponding timing conditions in Clause 9.2.5.
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If a UE would transmit a PUCCH over N ;i%f:aéH slots and the UE does not transmit the PUCCH in a slot from the

Npteen  slots due to overlapping with another PUCCH transmission in the slot, the UE counts the slot in the

repeat
number of Npiocy  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 reports in a PUSCH. Offset values are also defined for multiplexing CG-UCI [5, TS 38.212] in a

CG-PUSCH. The offset values are signalled to a UE either by a DCI format scheduling the PUSCH transmission or by
higher layers.

If a DCI format that does not include a beta_offset indicator field schedules the PUSCH transmission from the UE and
/3’ HARQ- ACK CsI-1 /3 CSI-2

the UE is provided betaOffsets = 'semiStatic', the UE applies the /offset , [offset “apd Moffset yalues that are

provided by betaOffsets = 'semiStatic' for the corresponding HARQ-ACK information, Part 1 CSI reports and Part 2

CSI reports.

If the PUSCH transmission is with a configured grant and the UE is provided CG-UCI-OnPUSCH= 'semiStatic', the UE
/J) HARQ- ACK /J) CSI-1 /3 CSI-2

applies the offset offset "and "offset  values that are provided by CG-UCI-OnPUSCH = 'semiStatic' for the

corresponding HARQ-ACK information, Part 1 CSI reports and Part 2 CSI reports.

If the PUSCH is scheduled by DCI format 0_0 and the UE is provided betaOffsets = 'dynamic', the UE applies the
ﬁHARQ- ACK /J)CSI -1 /J)CSI -2
offset offset and "offset yalues that 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-
[)) HARQ- ACK ﬂ CsI-1 [)) CsI-2
OnPUSCH ='dynamic', the UE applies the " offset offiet - and "offset yvalues that are determined from the first

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

HARQ- ACK
HARQ-ACK information offsets Potie are configured to values according to Table 9.3-1. The betaOffsetACK-
I HARQ- ACK I HARQ- ACK
Index1, betaOffsetACK-Index2, and betaOffsetACK-Index3 respectively provide indexes - °ffset0 , - offsetl , and
HARQ- ACK
Lofser for the UE to use if the UE multiplexes up to 2 HARQ-ACK information bits, more than 2 and up to 11
HARQ-ACK information bits, and more than 11 bits in the PUSCH, respectively.

Part 1 CSI report and Part 2 CSI report offsets B chfssle_tl and B "Cffssle_tz , respectively, are configured to values according to
Table 9.3-2. The betaOffsetCSI-Partl-Index1 and betaOffsetCSI-Part2-Index1 respectively provide indexes I"Cffssle_‘l’o and
"szio for the UE to use if the UE multiplexes up to 11 bits for Part 1 CSI reports or Part 2 CSI reports in the PUSCH.
The betaOffsetCSI-Part1-Index2 and betaOffsetCSI-Part2-Index2 respectively provide indexes I‘)Cffsslegl or I"Cffsle-"zl for the

UE to use if the UE multiplexes more than 11 bits for Part 1 CSI reports or Part 2 CSI reports in the PUSCH.

If a DCI 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,
HARQ- ACK
betaOffsetACK-Index2, betaOffsetACK-Index3} a set of two or four - offset indexes, by each of {betaOffsetCSI-
csi-1
Partl-Index1, betaOffsetCSI-Part1-Index2} a set of two or four Lot indexes, and by each of {betaOffsetCSI-Part2-
CSI-2
Index1, betaOffsetCSI-Part2-Index2} a set of two or four ~°ffset indexes from Tables 9.3-1 and 9.3-2, respectively, for
multiplexing HARQ-ACK information, Part 1 CSI reports, and Part 2 CSI reports, respectively, in the PUSCH
HARQ- ACK CSI-1 CSI-2
transmission. The beta_offset indicator field indicates a  offset value, a ~°ffset value and a “°ffset 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-UCIa  [oo 0!

offset value, from a set of
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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

p ffg}:? A I i?s}:?l_ AR and T 2?5532_ AKX for the UE to use if the UE multiplexes

up to 11, and more than 11 combined information bits, respectively.

which provides indexes
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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

I;—;f/:eRt%— ACK ; Iﬂ]—;f?g’?— ACK or I(;I;:;g— ACK or B?f?sf?7 ACK or

I [
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

Iy o T | g
ot op Lomsert | Botr
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

beta_offsetindicatorl Lo o Lomers g Lotz ) (Lotsewo o Doy (Loters o Lot
'00' 1% 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] (Liid "™ | IWNT™ | IRNET) OGN, TGk (T TR
‘0’ 1% offset index provided by higher layers
' 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. The term 'primary cell' in this clause refers to the PSCell of the SCG.

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

If a UE is provided monitoringCapabilityConfig for a serving cell, the UE obtains an indication to monitor PDCCH on
the serving cell for a maximum number of PDCCH candidates and non-overlapping CCEs

- perslot, as in Tables 10.1-2 and 10.1-3, if monitoringCapabilityConfig = r15monitoringcapability, or
- per span, as in Tables 10.1-2A and 10.1-3A, if monitoringCapabilityConfig = r16monitoringcapability

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 slot.

A UE can indicate a capability to monitor PDCCH according to one or more of the combinations (X s Y] =(2,2),
(4, 3), and (7, 3) per SCS configuration of p=0 and p=1 . Aspanisanumber of consecutive symbols in a
slot where the UE is configured to monitor PDCCH. Each PDCCH monitoring occasion is within one span. If a UE
monitors PDCCH on a cell according to combination (X s Y) , the UE supports PDCCH monitoring occasions in
any symbol of a slot with minimum time separation of X  symbols between the first symbol of two consecutive
spans, including across slots. A span starts at a first symbol where a PDCCH monitoring occasion starts and ends at a
last symbol where a PDCCH monitoring occasion ends, where the number of symbols of the spanisupto Y

If a UE indicates a capability to monitor PDCCH according to multiple | X, Y) combinations and a configuration of
search space sets to the UE for PDCCH monitoring on a cell results to a separation of every two consecutive PDCCH
monitoring spans that 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 gg)gc’é YL and
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Crox: XYl defined in Table 10.1-2A and Table 10.1-3A. The UE expects to monitor PDCCH according to the

same combination | X, Y| in every slot on the active DL BWP of a cell.

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

- has received ssb-PositionsInBurst in SIB1 and has not received ssb-PositionsInBurst in
ServingCellConfigCommon for a serving cell, and

- does not monitor PDCCH candidates in a Type0O-PDCCH CSS set, and

- atleast one RE for a PDCCH candidate overlaps with at least one RE of a candidate SS/PBCH block
corresponding to a SS/PBCH block index provided by ssb-PositionsInBurst in SIB1,

the UE is not required to monitor the PDCCH candidate.

For monitoring of a PDCCH candidate by a UE, if the UE
- has received ssb-PositionsInBurst in ServingCellConfigCommon for a serving cell, and
- does not monitor PDCCH candidates in a Type0-PDCCH CSS set, and

- at least one RE for a PDCCH candidate overlaps with at least one RE of a candidate SS/PBCH block
corresponding to a SS/PBCH block index provided by ssb-PositionsInBurst in ServingCellConfigCommon,

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 Ite-CRS-
ToMatchAround, or of LTE-CRS-PatternList, the UE is not required to monitor the PDCCH candidate.

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

If a UE can support

- afirstsetof N cDeIfls o serving cells where the UE is either not provided coresetPoolIndex or is provided

coresetPoolIndex with a single value for all CORESETs on all DL BWPs of each scheduling cell from the first
set of serving cells, and

- asecondsetof N cDeIﬁs ; serving cells where the UE is not provided coresetPoolIndex or is provided

coresetPoolIndex with a value 0 for a first CORESET, and with a value 1 for a second CORESET on any DL
BWP of each scheduling cell from the second set of serving cells

the UE determines, for the purpose of reporting pdcch-BlindDetectionCA, a number of serving cells as
N cDeIfls,0+ R-N cDe]ﬁs,l where R is a value reported by the UE.

If a UE indicates in 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 corresponds to N o

wlls downlink cells,

where
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- N is No» oFR'N bL if the UE does not provide pdcch-BlindDetectionCA where

cells cells, cells,1

N CDe]ﬁS ot N CDe]ﬁS 1 s the number of configured downlink serving cells

- otherwise, Ner is the value of pdcch-BlindDetectionCA

cells

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 corresponds to N cop. =N xﬁsc

downlink cells for the MCG where N0 s provided by pdcch-BlindDetection for the MCG and determines a

cells
capability to monitor a maximum number of PDCCH candidates and a maximum number of non-overlapped CCEs per

slot that corresponds to [V EZES: SSS downlink cells for the SCG where [N fecnf

BlindDetection for the SCG. When the UE is configured for carrier aggregation operation over more than 4 cells, or for
a cell group when the UE is configured for NR-DC operation, the UE does not expect to monitor per slot a number of

PDCCH candidates or a number of non-overlapped CCE:s that is larger than the maximum number as derived from the
cap
cells

is provided by pdcch-

corresponding value of N
When a UE is configured for NR-DC operation with a total of [N ﬁ; f%[é 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 + pdcch-BlindDetection for the SCG <= pdcch-BlindDetectionCA, if the UE
reports pdcch-BlindDetectionCA, or

- pdcch-BlindDetection for the MCG + pdcch-BlindDetection for the SCG <= N ﬁﬁf‘jﬁﬁ , if the UE does not
report pdcch-BlindDetectionCA.

For NR-DC operation, the UE may indicate, through pdcch-BlindDetectionMCG-UE and pdcch-BlindDetectionSCG-
UE, respective maximum values for pdcch-BlindDetection for the MCG and pdcch-BlindDetection for the SCG.

If the UE reports pdcch-BlindDetectionCA,

- the value range of pdcch-BlindDetectionMCG-UE or of pdcch-BlindDetectionSCG-UE is [1, ..., pdcch-
BlindDetectionCA-1], and

- pdcch-BlindDetectionMCG-UE + pdcch-BlindDetectionSCG-UE >= pdcch-BlindDetectionCA.

Otherwise, if N ﬁf—e feD”é max 1S @ maximum total number of downlink cells that the UE can be configured on both the

MCG and the SCG for NR-DC as indicated in UE-NR-Capability,

- the value range of pdcch-BlindDetectionMCG-UE or of pdcch-BlindDetectionSCG-UE is [1, 2, 3], and
- pdcch-BlindDetectionMCG-UE + pdcch-BlindDetectionSCG-UE >= N ﬁéfggmax

If a UE indicates in UE-NR-Capability-r16 a carrier aggregation capability larger than two downlink cells, the UE
includes in UE-NR-Capability-r16 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
cap—r16

PDCCH candidates and a maximum number of non-overlapped CCEs per span that corresponds to N

downlink cells, where

- NS s the number of configured downlink cells if the UE does not provide pdcch-MonitoringCA

cap—r16
cells

- 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
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monitor a maximum number of PDCCH candidates and a maximum number of non-overlapped CCEs per span that
corresponds to

- Noas =N ICVZ“;SG +16 downlink cells for the MCG where NN ﬁiﬁf +16 s provided by pdcch-

BlindDetection2 for the MCG, and

S

- N E‘;ﬁ; =N fﬁg +16 downlink cells for the SCG where N ng +16 s provided by pdcch-

BlindDetection2 for the SCG

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 not expect to monitor per span a number of PDCCH candidates or a

number of non-overlapped CCEs that is larger than the maximum number as derived from the corresponding value of
N

When a UE is configured for NR-DC operation with a total of [N %Lz ’_CE”(S: 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-BlindDetection for the MCG and pdcch-BlindDetection for
the SCG with values that satisfy

- pdcch-BlindDetection2 for the MCG + pdcch-BlindDetection?2 for the SCG <= pdcch-MonitoringCA, if the UE
reports pdcch-MonitoringCA, or

- pdcch-BlindDetection2 for the MCG + pdcch-BlindDetection2 for the SCG <= N ﬁfe f‘;’é , 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-r16, respective maximum values for pdcch-
BlindDetection for the MCG and pdcch-BlindDetection for the SCG.

If the UE reports pdcch-MonitoringCA,

- the value range of pdcch-BlindDetectionMCG-UE-r16 or of pdcch-BlindDetectionSCG-UE-r16 is [1, ..., pdcch-
MonitoringCA-1], and

- pdcch-BlindDetectionMCG-UE-r16 + pdcch-BlindDetectionSCG-UE-r16 >= pdcch-MonitoringCA.

. . DL ,cells
Otherwise, if N,\,R_chmx’r16

monitoringCapabilityConfig = r16monitoringcapability and the UE is configured on both the MCG and the SCG for
NR-DC as indicated in UE-NR-Capability

is a maximum total number of downlink cells for which the UE is provided

- the value of pdcch-BlindDetectionMCG-UE-r16 or of pdcch-BlindDetectionSCG-UE-r16 is 1,

- pdcch-BlindDetectionMCG-UE-r16 + pdcch-BlindDetectionSCG-UE-r16 >= N Zﬁ ’_Cglé,max’rle

If a UE 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-r16 an indication for a
maximum number of PDCCH candidates and a maximum number of non-overlapped CCEs the UE can monitor for
downlink cells with monitoringCapabilityConfig = r15monitoringcapability or for downlink cells with
monitoringCapabilityConfig = r16monitoringcapability when the UE is configured for carrier aggregation operation
over more than two downlink cells with at least one downlink cell with monitoringCapabilityConfig =
r15monitoringcapability and at least one downlink cell with monitoringCapabilityConfig = r16monitoringcapability.
When a UE is not configured for NR-DC operation, the UE determines a capability to monitor a maximum number of
PDCCH candidates and a maximum number of non-overlapped CCEs per slot or per span that corresponds to

NP1 downlink cells orto NS -"'%  downlink cells, respectively, where
- NPT s the number of configured downlink cells if the UE does not provide pdcch-BlindDetectionCA1
- otherwise,
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- if the UE reports only one combination of (pdcch-BlindDetectionCA1, pdcch-BlindDetectionCA2),
NPT is the value of pdcch-BlindDetectionCA1
- else, N Egﬁ; :12 is the value of pdcch-BlindDetectionCA1 from a combination of (pdcch-
BlindDetectionCA1, pdcch-BlindDetectionCA?2) that is provided by pdcch-BlindDetectionCA-ComblIndicator

and

- NEEoTle s the number of configured downlink cells if the UE does not provide pdech-BlindDetectionCA2

- otherwise,

- if the UE reports only one combination of (pdcch-BlindDetectionCA1, pdcch-BlindDetectionCA2),
Nep-Tle s the value of pdcch-BlindDetectionCA2

- else, N&h-"\¢ is the value of pdcch-BlindDetectionCA2 from a combination of (pdcch-
BlindDetectionCA1, pdcch-BlindDetectionCAZ2) that is provided by pdcch-BlindDetectionCA-ComblIndicator

When a UE is configured for NR-DC operation and is provided monitoringCapabilityConfig = r15monitoringcapability
for at least one downlink cell and monitoringCapabilityConfig = rl16monitoringcapability 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

- N i‘;ﬁ;:}g: N ]cvigs,G,ns downlink cells for the MCG where N fﬁﬁf .15 s provided by pdcch-

BlindDetection3 for the MCG,
N T e=Nigs 15 downlink cells for the SCG where N, .5 is provided by pdcch-
BlindDetection3 for the SCG, and
- N EZZ; :}2 =N IC\Z55G +1¢ downlink cells for the MCG where [N ﬁﬁf +16 is provided by pdcch-
BlindDetection?2 for the MCG,
- Ngps =N fj,(j,rw downlink cells for the SCG where N fj},f,rm 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 = r15monitoringcapability 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 a number of PDCCH candidates or a number of non-overlapped CCEs that is larger than the
cap—r16

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 CCEs that is larger than the

maximum number as derived from the corresponding value of N 5;’5; :}2
When a UE is configured for NR-DC operation with a total of [N gﬁ fglé downlink cells on both the MCG and the

DL ,cells
N

SCG and the UE is provided monitoringCapabilityConfig = r15monitoringcapability for NR-DC.r15 downlink

cells and monitoringCapabilityConfig = r16monitoringcapability for N %Le ’_C;”é’rw 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-BlindDetectionCA, if the
UE reports pdcch-BlindDetectionCA1, or
- pdcch-BlindDetection3 for the MCG + pdcch-BlindDetection3 for the SCG <= N ﬁé ’_C%Ié,rls , if the UE does

not report pdcch-BlindDetectionCA1
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and

- pdcch-BlindDetection?2 for the MCG + pdcch-BlindDetection2 for the SCG <= pdcch-BlindDetectionCAZ2, if the
UE reports pdcch-BlindDetectionCA2, or

- pdcch-BlindDetection?2 for the MCG + pdcch-BlindDetection?2 for the SCG <= N ﬁﬁ ’_";”é’,le , if the UE does

not report pdcch-BlindDetectionCA2

When a UE is configured for NR-DC operation and is provided monitoringCapabilityConfig = r15monitoringcapability
for at least one downlink cell and monitoringCapabilityConfig = r16monitoringcapability for at least one downlink cell
where the UE monitors PDCCH, the UE may indicate, through pdcch-BlindDetectionMCG-UE1 and pdcch-
BlindDetectionSCG-UE1, 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.

If the UE reports pdcch-BlindDetectionCAl,

- the value range of pdcch-BlindDetectionMCG-UE]1 or of pdcch-BlindDetectionSCG-UEL1 is [0, 1, ..., pdcch-
BlindDetectionCA1], and

- pdcch-BlindDetectionMCG-UE1 + pdcch-BlindDetectionSCG-UE1 >= pdcch-BlindDetectionCA1.
Otherwise, if N ﬁﬁfeD”é’max’rls is a 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 as indicated in UE-NR-Capability

- the value range of pdcch-BlindDetectionMCG-UE]1 or of pdcch-BlindDetectionSCG-UEL1 is [0, 1, 2],

- pdcch-BlindDetectionMCG-UE1 + pdcch-BlindDetectionSCG-UE1 >= N ﬁﬁf‘;’é’max’rls

If the UE reports pdcch-BlindDetectionCA2

- the value range of pdcch-BlindDetectionMCG-UE?2 or of pdcch-BlindDetectionSCG-UEZ2 is [0, 1, ..., pdcch-
BlindDetectionCA2], and

- pdcch-BlindDetectionMCG-UEZ2 + pdcch-BlindDetectionSCG-UEZ2 >= pdcch-BlindDetectionCA2.

Otherwise, if N ﬁle _C%Ié max.r16 1S @ 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 as indicated in UE-NR-Capability

- the value range of pdcch-BlindDetectionMCG-UE?2 or of pdcch-BlindDetectionSCG-UE?2 is [0, 1],

- pdcch-BlindDetectionMCG-UE2 + pdcch-BlindDetectionSCG-UE2 >= N ﬁé f%[é,max,rm

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 can
be a CSS set or a USS 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-RNTT on the primary cell of the MCG

- aTypeOA-PDCCH CSS set configured by searchSpaceOtherSystemInformation in PDCCH-ConfigCommon for
a DCI format with CRC scrambled by a SI-RNTT 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 a RA-RNTI, a MsgB-RNTI, or a TC-RNTI on the primary cell
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- 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-RNTTI and, only for the primary cell, C-RNTI, MCS-C-RNTI, CS-RNTI(s), or PS-RNTI 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 a DL BWP, if a UE is not provided searchSpaceSIB1 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 given in Table
10.1-1. If the active DL BWP and the initial 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 is the initial DL. BWP, the CORESET
configured for Type0-PDCCH CSS set has CORESET index 0 and the Type0O-PDCCH CSS set has search space set
index 0.

For a DL BWP, if a UE is not provided searchSpaceOtherSystemInformation 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 a DL BWP, if a UE 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 has received a C-RNTT 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-RNTT in the Type1-PDCCH CSS set.

If a UE is not provided pagingSearchSpace for Type2-PDCCH CSS set, the UE does not monitor PDCCH for Type2-
PDCCH CSS set on the DL BWP. The CCE aggregation levels and the number of PDCCH candidates per CCE
aggregation level for Type2-PDCCH CSS set are given in Table 10.1-1.

If a UE is provided a zero value for searchSpaceID 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 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 TCI state of the active BWP that includes a CORESET with index
0, as described in [6, TS 38.214], where the TCI-state includes a CSI-RS which is quasi-co-located with the
SS/PBCH block, or

- arandom access procedure that is not initiated by a PDCCH order that triggers a contention-free random access
procedure

If a UE monitors PDCCH candidates for DCI formats with CRC scrambled by a C-RNTT and the UE is provided a non-
zero value for searchSpacelD 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-ConfigSIB1 in MIB, the DM-RS antenna port associated with corresponding PDSCH receptions, and the
corresponding SS/PBCH block are quasi co-located with respect to average gain, quasi co-location 'typeA' and 'typeD’
properties, when applicable [6, TS 38.214], if the UE is not provided a TCI state indicating quasi co-location
information of the DM-RS antenna port for PDCCH reception in the CORESET. The value for the DM-RS scrambling
sequence initialization is the cell ID. A SCS is provided by subCarrierSpacingCommon in MIB.

For single cell operation or for operation with carrier aggregation in a same frequency band, a UE does not expect to
monitor a PDCCH in a Type0/0A/2/3-PDCCH CSS set or in a USS set if a DM-RS for monitoring a PDCCH in a
Typel-PDCCH CSS set is not configured with same gcl-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 overlaps in at least one symbol with a PDCCH the UE monitors in a Typel-PDCCH CSS set or with an
associated PDSCH.

If a UE is provided
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- one or more search space sets by corresponding one or more of searchSpaceZero, searchSpaceSIB1,
searchSpaceOtherSystemInformation, pagingSearchSpace, ra-SearchSpace, and

- aC-RNTI, an MCS-C-RNTIL a CS-RNTI, a SL-RNTI, a SL-CS-RNTI, or a SL Semi-Persistent Scheduling V-
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-RNTT in the one or more search space sets in a slot where the UE monitors PDCCH
candidates for at least a DCI format 0_0 or a DCI format 1_0 with CRC scrambled by SI-RNTI, RA-RNTI, MsgB-
RNTI or P-RNTI.

If a UE is provided

- one or more search space sets by corresponding one or more of searchSpaceZero, searchSpaceSIB1,
searchSpaceOtherSystemInformation, pagingSearchSpace, ra-SearchSpace, or a CSS set by PDCCH-Config,
and

- aSI-RNTI, a P-RNTI, a RA-RNTI, a MsgB-RNTI, a SFI-RNTI, an INT-RNTI, a TPC-PUSCH-RNTI, a TPC-
PUCCH-RNTI, or a TPC-SRS-RNTI

then, for a RNTI from any of these RNTTIs, the UE does not expect to process information from more than one DCI
format with CRC scrambled with the RNTT 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 CORESET: if coresetPoollndex is not provided, or if a value of coresetPoollndex is same for all
CORESETs if coresetPoollndex is provided

- P<5 CORESETs if coresetPoollndex is not provided for a first CORESET, or is provided and has a value 0
for a first CORESET, and is provided and has a value 1 for a second CORESET

For each CORESET, the UE is provided the following by ControlResourceSet:
- aCORESETindex p ,by controlResourceSetld or by controlResourceSetld-v1610, where

- 0<p<12 if coresetPoollndex is not provided, or if a value of coresetPoolIndex is same for all
CORESETs if coresetPoolindex is provided;

- 0<p<16 if coresetPoolIndex is not provided for a first CORESET, or is provided and has a value 0 for
a first CORESET, and is provided and has a value 1 for a second CORESET;

- a DM-RS scrambling sequence initialization value by pdcch-DMRS-ScramblingID;

- aprecoder granularity for a number of REGs in the frequency domain where the UE can assume use of a same
DM-RS precoder by precoderGranularity;

- anumber of consecutive symbols provided by duration;
- aset of resource blocks provided by frequencyDomainResources;
- 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
quasi co-location information of the DM-RS antenna port for PDCCH reception in a respective CORESET;

- if the UE is provided by simultaneousTCI-UpdateList1 or simultaneousTCI-UpdateList2 up to two lists of
cells for simultaneous TCI state activation, the UE applies the antenna port quasi co-location provided by
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TCI-States with same activated tci-StateID value to CORESETs with index p  in all configured DL
BWPs of all configured cells in a list determined from a serving cell index provided by a MAC CE command

an indication for a presence or absence of a transmission configuration indication (TCI) field for a DCI format,
other than DCI format 1_0, that schedules PDSCH receptions or indicates SPS PDSCH release or indicates SCell
dormancy and is transmitted by a PDCCH in CORESET p , by tci-PresentInDCI or tci-PresentDCI-1-2..

When precoderGranularity = 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 in a DL BWP of a serving cell, a respective frequencyDomainResources provides a bitmap

if a CORESET is not associated with any search space set configured with freqMonitorLocations, 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 [N ggp PRBs with starting common RB position Nywp

where the first common RB of the first group of 6 PRBs has common RB index 6:[ N ;t‘% /6] if rb-Offset

is not provided, or the first common RB of the first group of 6 PRBs has common RB index N SB[%+ N ‘;Q;S“

where N9 s provided by rb-Offset.

if a CORESET is associated with at least one search space set configured with freqMonitorLocations, the first
b6
N bits of the bitmap have a one-to-one mapping with non-overlapping groups of 6 consecutive
RBG, set0

PRBs, in ascending order of the PRB index in each RBset k in the DL BWP bandwidth of N ﬁgp PRBs

with starting common RB position ~ RB{g,/p;  [6, TS 38.214], where the first common RB of the first group

of 6 PRBs has common RB index  RB(q, ;' + N 9%t and k is indicated by freqMonitorLocations if

N
6
N Gl |
. N¢ is a number of available
) '6 ) RB, set0
b6lé

provided for a search space set; otherwise, k=0

6
NRBG,seto
PRBs in the RB set 0 for the DL BWP, and N5 is provided by rb-Offset or N9 =0  if rb-Offset is

not provided. If a UE is provided RB sets in the DL. BWP, the UE expects that the RBs of the CORESET are
within the union of the PRBs in the RB sets of the DL BWP.

For a CORESET other than a CORESET with index 0,

if a UE has not been provided a configuration of TCI state(s) by tci-StatesPDCCH-ToAddList and tci-
StatesPDCCH-ToReleaseList for the CORESET, or has been provided initial configuration of more than one TCI
states for the CORESET by tci-StatesPDCCH-ToAddList and tci-StatesPDCCH-ToReleaseList but has not
received a MAC CE activation command for one of the TCI states as described in [11, TS 38.321], the UE
assumes that the DM-RS antenna port associated with PDCCH receptions is quasi co-located with the SS/PBCH
block the UE identified during the initial access procedure;

if a UE has been provided a configuration of more than one TCI states by tci-StatesPDCCH-ToAddList and tci-
StatesPDCCH-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 receptions is 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
quasi co-located with
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- the one or more DL RS configured by a TCI state, where the TCI state is indicated by a MAC CE activation
command for the CORESET, if any, or

- a SS/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 is received after the most recent random access procedure.

For a CORESET other than a CORESET with index 0, if a UE is provided a single TCI state for a CORESET, or if the
UE receives a 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 receptions in 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 qcl-
Type set to 'typeD' in a TCI state indicated by a MAC CE activation command for the CORESET is provided by a
SS/PBCH block

- if the UE receives a 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+3 N5/ ™" where k is the slot where the UE would

transmit a PUCCH with HARQ-ACK information for the PDSCH providing the activation command and
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.

For each DL. BWP configured to a UE in a serving cell, the UE is provided by higher layers with S <10 search

space sets where, for each search space set from the S search space sets, the UE is provided the following by
SearchSpace:

- asearch spacesetindex s , (0<s<4(Q , by searchSpaceld

- an association between the search space set S and a CORESET p by controlResourceSetld or by
controlResourceSetld-v1610

- a PDCCH monitoring periodicity of K, slots and a PDCCH monitoring offset of O slots, by
monitoringSlotPeriodicityAndOffset

- a PDCCH monitoring pattern within a slot, indicating first symbol(s) of the CORESET within a slot for PDCCH
monitoring, by monitoringSymbolsWithinSlot

- adurationof T <k, slots indicating a number of slots that the search space set s exists by duration

- anumber of PDCCH candidates M (SL) per CCE aggregation level L by aggregationLevell,

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

- 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

- an indication by dci-Format0-0-AndFormat1-0 to monitor PDCCH candidates for DCI format 0_0 and DCI
format1 0

- an indication 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

- an indication by dci-Format2-1 to monitor PDCCH candidates for DCI format 2_1
- an indication by dci-Format2-2 to monitor PDCCH candidates for DCI format 2_2
- an indication by dci-Format2-3 to monitor PDCCH candidates for DCI format 2_3
- an indication by dci-Format2-4 to monitor PDCCH candidates for DCI format 2_4

- an indication by dci-Format2-6 to monitor PDCCH candidates for DCI format 2_6
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- if search space set S is a USS 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_0 and DCI format 1_0, or for DCI format 0_1 and DCI format
1_1, or for DCI format 0_2 and DCI format 1_2, or, if a UE indicates a corresponding capability, for DCI format
0_1, DCI format 1_1, DCI format 0_2, and DCI format 1_2, or for DCI format 3_0, or for DCI format 3_1, or
for DCI format 3_0 and DCI format 3_1

- abitmap by freqMonitorLocations, if provided, to indicate an index of one or more RB sets for the search space
set S ,wherethe MSB Kk in the bitmap corresponds to RBset k—1 in the DL BWP. For RB set
k indicated in the bitmap, the first PRB of the frequency domain monitoring location confined within the RB

setis givenby RBXGH 4+ NOB  where RBIS":" is the index of first common RB of the RB set

k [6,TS38.214],and N5 s provided by rb-Offset or N9 =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

66
the monitoring location is determined based on the first N bits in frequencyDomainResources
RBG, set0

provided by the associated CORESET configuration.

If the monitoringSymbolsWithinSlot 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 least one symbol after the third symbol.

A UE does not expect to be provided a first symbol and a number of consecutive symbols for a CORESET that results
to a PDCCH candidate mapping to symbols of different slots.

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 symbols that 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 a slot. For search space set s , the UE

determines that a PDCCH monitoring occasion(s) exists in a slot with number n? f [4, TS 38.211] in a frame with
number N, if( N, . Nfame.b nt, - o, ) modk,=0 angﬁﬁTe’an’f—op,s mod k, ;=0
The UE monitors PDCCH candidates for search spaceset s for T consecutive slots, starting from slot  n’ f

, and does not monitor PDCCH candidates for search space set s forthenext Kk,—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 a UE is configured with CrossCarrierSchedulingConfig for a serving cell the carrier indicator field value corresponds
to the value indicated by CrossCarrierSchedulingConfig.

For an active DL BWP of a serving cell on which a UE monitors PDCCH candidates in 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 candidates in a USS, if a UE 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 § associated with CORESET p , the CCE indexes for aggregation level L
corresponding to PDCCH candidate 1, , ~ of the search space set in slot ng f for an active DL BWP of a

serving cell corresponding to carrier indicator field value N.; are given by

ms,nc,.NCCE,p .
L YP’”i',r+[ L-MY J+ng mod[NCCE,P/L‘I +1

s,max
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where

foranycss, Y, =0 ;

n

for a USS, Y,nif: Ap'Yp,uA modD | Y, =ngyy#0 , A,=39827 for pmod3=0 ,

p s.f

Ap=39829 for pmod3=1 |, Ap=39839 for pmod3=2 ,and D=65537 ;
i=0,---,L—-1 ;
N cce,p 1s the number of CCEs, numbered from 0to N ccEp T 1 ,in CORESET p and, if any, per RB set;

Ng; s the carrier indicator field value if the UE is configured with a carrier indicator field by
CrossCarrierSchedulingConfig for the serving cell on which PDCCH is monitored; otherwise, including for any CSS,

Ney =0 ;

mg, =0,---,M ‘:SL’I‘HCI— 1 ,where M LL’L,CI is the number of PDCCH candidates the UE is configured to monitor
for aggregation level L of a search space set s for a serving cell corresponding to N, ;

for any CSS, MY —M[Sljl);

s,max —_

for a USS, ME

. . (L] . .
s.max s the maximum of M s, Over all configured n,; values for a CCE aggregation level

L of search spaceset s ;
the RNTI value used for Mgy is the C-RNTL

A UE does not expect to be provided freqMonitorLocations for a search space set S in a serving cell if
intraCellGuardBandsDL-List indicates that no intra-cell guard-bands are configured for the serving cell.

A UE that
- is configured for operation with carrier aggregation, and

- indicates support of search space sharing through searchSpaceSharingCA-UL or through
searchSpaceSharingCA-DL, and

- has a PDCCH candidate with CCE aggregation level L in CORESET p for a first 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, other than DCI
format 1_0, having a first size and associated with serving cell nNg;, ,

can receive a corresponding PDCCH through a PDCCH candidate with CCE aggregation level L in CORESET
p for a first DCI format or for a second DCI format, respectively, having a second size and associated with serving
cell ng , 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 SI-
RNTIL RA-RNTI, MsgB-RNTI, TC-RNTI, P-RNTI, C-RNTI, CS-RNTI, or MCS-RNTT and a DCI format with CRC
scrambled by a SL-RNTT or a SL-CS-RNTT for scheduling respective PDSCH reception and PSSCH transmission on a
same serving cell.

APDCCH candidate with index M , ~ forasearch space set S; usingasetof CCEsina CORESET p on

the active DL BWP for serving cell N,; is not counted for monitoring if there is a PDCCH candidate with index
mg . forasearch space set S 6s j »orif there is a PDCCH candidate with index T , ~ and

ir

Ng ., <M ., ,inthe CORESET p on the active DL BWP for serving cell ¢, using a same set of CCEs,
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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 msi,na is counted for monitoring.

Mmax, slot,

Table 10.1-2 provides the maximum number of monitored PDCCH candidates, PDCCH , per slot for a UE in a

DL BWP with SCS configuration ¢t for operation with a single serving cell.

max, slot, p

Table 10.1-2: Maximum number M/ oy of monitored PDCCH candidates per slot for a DL BWP
with SCS configuration p€ {0, 1,2,3} for a single serving cell

Maximum number of monitored PDCCH candidates per slot and per serving cell

max, slot, p
MPDCCH

44
36
22
20

w|N|k|lo] =

Table 10.1-2A provides the maximum number of monitored PDCCH candidates, M ggég; Y.m , per span for a UE in

a DL BWP with SCS configuration g for operation with a single serving cell.

Table 10.1-2A: Maximum number My X"#  of monitored PDCCH candidates in a span for
combination (X, Y) for a DL BWP with SCS configuration p€ {O, 1{ for a single serving cell

. (Xx,Y) q
Maximum number M p ¢ cn “H of monitored

PDCCH candidates per span for combination
(X . Y) and per serving cell

u 2,2 (4.3) (7, 3)
0 14 28 44
1 12 24 36

max , slot, p

Table 10.1-3 provides the maximum number of non-overlapped CCEs, Cppley ~ > for a DL BWP with SCS

configuration p that a UE is expected to monitor corresponding PDCCH candidates per slot for operation with a
single serving cell.

CCE:s for PDCCH candidates are non-overlapped if they correspond to
- different CORESET indexes, or

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

Table 10.1-3: Maximum number Cho5°“#  of non-overlapped CCEs per slot for a DL BWP with SCS
configuration E{O, 1,2,3{‘ for a single serving cell

Maximum number of non-overlapped CCEs per slot and per serving cell

Cmax ,slot,
PDCCH

56
56
48
32

WIN|FR (O] =

Table 10.1-3A provides the maximum number of non-overlapped CCEs, C?gc’gj”“ , for a DL BWP with SCS

configuration p that a UE is expected to monitor corresponding PDCCH candidates per span for operation with a
single serving cell.

3GPP



Release 16 124 3GPP TS 38.213 V16.4.0 (2020-12)

Table 10.1-3A: Maximum number cf;‘,g;;gfi"“ of non-overlapped CCEs in a span for combination

(X, Y) for a DL BWP with SCS configuration € {0, 1} for a single serving cell

; XY,
Maximum number Cp5c5; " of non-

overlapped CCEs per span for combination
(X, Y) and per serving cell

1 @, 2) 4 3) 7. 3)
0 18 36 56
1 18 36 56

If a UE
- 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 or y=R

If a UE is configured with [N CDG%I’S"J o+ N CDE%I’S’)J 1 downlink cells for which the UE is not provided

monitoringCapabilityConfig-r16, or is provided monitoringCapabilityConfig-r16 = r15monitoringcapability but not

provided CORESETPoollndex, with associated PDCCH candidates monitored in the active DL BWPs of the scheduling
3

cells using SCS configuration i where Z (N CDeIﬁ’s“ oty N CDe]ﬁ’sul <N | the UE is not required to monitor, on

cells

u=0
the active DL BWPs of the scheduling cells,
total,slot, pr __ max,slot, y . total,slot, 4 __ ~max,slot, u
- morethan Moppiey =Mppcen . PDCCH candidates or more than  Copccy” =Cppoen. DOD-

. . DL, .
overlapped CCEs per slot for each scheduled cell when the scheduling cell is from the N Cells“ o downlink
cells, or

total,slot, p __ max,slot, i total,slot, pt __ max,slot, y

- morethan Mppien =V Mppéen.  PDCCH candidates or more than  Cppdey” =Y ' Cppeenw  DOD-

overlapped CCEs per slot for each scheduled cell when the scheduling cell is from the N CDeIﬁ’Sf’ 1 downlink cells
- morethan M PDCCH candidates or more than ~ C e " non-overlapped CCEs per slot for
CORESETSs with same coresetPoolIndex value for each scheduled cell when the scheduling cell is from the
N2-# downlink cells

cells,1

N&r  isreplacedby N @rl® ifa UE is configured with downlink cells for which the UE is provided both

cells cells,r15
monitoringCapabilityConfig-r16 = r15monitoringcapability and monitoringCapabilityConfig-r16 =
rl6monitoringcapability.

If a UE

. , . DL, DL,
- is configured with N ifo+ Nty

monitoringCapabilityConfig, or is provided monitoringCapabilityConfig-r16 = r15monitoringcapability but not
provided coresetPoolIndex,

downlink cells for which the UE is not provided

- with associated PDCCH candidates monitored in the active DL BWPs of the scheduling cell(s) using SCS

3
, . DL DL
configuration p , where Z ( Neailo#y Nl > Neah

cells,1 cells and

u=0

- a DL BWP of an activated cell is the active DL BWP of the activated cell, and a DL. BWP of a deactivated cell is
the DL BWP with index provided by firstActiveDownlinkBWP-Id for the deactivated cell,

the UE is not required to monitor more than
3

total,slot, i __ cap max,slot, i DL, u . nyDL,u ) z DL, j . nDL, j .
MPDCCH _[ Ncells MPDCCH Ncells,0+ Y Ncells,l / Ncells,0+y Ncells,l j PDCCH candidates or more
j=0

DL,j
cells,1

total,slot, pr __ cap , ~maxslot, p DL, u . nyPL 1 DL,j .
than CPDCCH _l Ncells C,PDCCH Ncells,0+y Ncells,l / Ncells,0+ y N j non—overlapped CCEs per
j=0
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slot on the active DL BWP(s) of scheduling cell(s) from the N DLt NP&#  downlink cells. NP s replaced

cells,0 cells,1 cells
by N&his ifa UE 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 N cDeIfl’s{J o downlink cells, the UE is not required to monitor on the active DL BWP
with SCS configuration 1  of the scheduling cell more than min|M ;’32;‘;"“ M ?Séggt’“ PDCCH candidates or

max,slot, i total,slot,

more than  min|Cppccr’” » Copcen non-overlapped CCEs per slot.
For each scheduled cell from the N CDE%{S”‘ . downlink cells, the UE is not required to monitor on the active DL BWP

with SCS configuration p  of the scheduling cell

- more than min PDCCH candidates or more than

max,slot, p total,slot, p
Y Mpncen' s Mepcen
. max,slot, total,slot, y
mm(y Crnccn’ > Crpccn

non-overlapped CCEs per slot

. max,slot, total,slot,
- more than min (MPDCCH K 5 MPDCCH H

non-overlapped CCEs per slot for CORESETSs with same coresetPoolIndex value

. . ,slot, total,slot,
PDCCH candidates or more than  min|Cppoen” > Copcen

If a UE is configured with N g;,’sf’ +16  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 p ,andwith N ZLH’S(fig M ofthe N ?jl’s“ +16 downlink cells using combination

1
|X,Y| for PDCCH monitoring, where Z NPE# < NP6 the UE is not required to monitor, on the

cells,r16 — = " cells
u=0
. . total,(X,Y), p __ max,(X,Y), u .
active DL BWP of the scheduling cell, more than ~ M ppcchn = Moppich PDCCH candidates or more than
C E’gaé’(cﬁ“’“ = ?SE%Y)’“ non-overlapped CCEs per span for each scheduled cell when the scheduling cell is from

the N IC)eL”’S(,fl’g ¥ downlink cells. If a UE is configured with downlink cells for which the UE is provided both
monitoringCapabilityConfig = r15monitoringcapability and monitoringCapabilityConfig = r16monitoringcapability,
Ncap-rlG

cells

. cap-rl6
is replaced by Nae s

If a UE is configured only with [N ]CJeL”’S’fﬂG 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 1 ,and with N ?eLu’s()r(ig M ofthe N ZLH’S" +1¢ downlink cells using combination

1

(X , Y) for PDCCH monitoring, where Z N ]CJeL”’S‘f”6> N E'Zﬁ'srls , a DL BWP of an activated cell is the active DL
pu=0

BWP of the activated cell, and a DL BWP of a deactivated cell is the DL BWP with index provided by

firstActiveDownlinkBWP-Id for the deactivated cell, the UE is not required to monitor more than

1

total,(X,Y), u __ cap-rl6 | p rmax,(X,Y),u | arDL,(X,Y),u DL,j .

Mopseen F=1I NG Mpgecs N s 116 / E N Ceits.ri6 | PDCCH candidates or more than
j=0

i

total,(X,Y), u__ cap-rl6 | ~max,(X,Y),u , arDL,(X,Y),p z DL, j

Cepccn =[N cels * Cppocn N cetis r16 I2.N cells,r 1ej non-overlapped CCEs
j=0

- per set of spans on the active DL BWP(s) of all scheduling cell(s) from the N ff,,;{fl’g ¥ downlink cells

within every X  symbols, if the union of PDCCH monitoring occasions on all scheduling cells from the

DL,(X,Y),u
Ncells,rlG

pair of spans in the set is within 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

downlink cells results to PDCCH monitoring according to the combination (X s Y) and any
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- per set of spans across the active DL BWP(s) of all scheduling cells from the N g%,’s(’fl’g ¥ downlink cells,
with at most one span per scheduling cell for each set of spans, otherwise

where N Zﬁ,’s}' +16 s a number 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 = r15monitoringcapability and monitoringCapabilityConfig =

rl6monitoringcapability, N Ezﬁ;rle isreplacedby N Eiﬁ:jfs
For each scheduled cell from the N gjl’s(’fl’g I# downlink cells using combination (X s Y) , the UE is not required

to monitor on the active DL BWP with SCS configuration p of the scheduling cell, more than

. max (X,Y),p total,,(X,Y),u max,(X,Y),u ~total ,(X,Y),p
min|Mppeey " s M ppecy Cepcerr s Crpecn

overlapped CCE:s per span.

PDCCH candidates or more than min( non-

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 slot, 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 sets within aslot ™ or within a spaninslot " | denote by Ses a set of CSS sets with

0<j<J

S,
cardinality of Lo and by Sus a set of USS sets with cardinality of Jus The location of USS sets ~J , uss in

Sy . . .
ws s according to an ascending order of the search space set index.

(L) .
My O0<i<lI
b

Denote by ess the number of counted PDCCH candidates for monitoring for CSS set Ses(®) and by

M(L) ) . .
$w) 0 =J <Jus the number of counted PDCCH candidates for monitoring for USS set Suss (1)

I -1
CSs — L
) Mppeon = Z ZM;SS)U) ) o CSS
For the CSS sets, a UE monitors i=0 L PDCCH candidates requiring a total of ~PPCCH non-

overlapping CCEs in a slot 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
slot 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 coresetPoolIndex
for first CORESETS, or is provided coresetPoolIndex with value 0 for first CORESETS, and is provided
coresetPoolIndex with value 1 for second CORESETSs, and if
minly-Myscci ", Miscen [ >min [ Mysec " Miseeir| - or

. I Lsl . I Lsl . .
min (y Crpeen > C if];a(;ég’“)> mm( Crocen” s Concen ™ ) , the following pseudocode applies only to USS sets

associated with the first CORESETs. A UE does not expect to monitor PDCCH in a USS set without allocated PDCCH

candidates for monitoring. In the following pseudocode, if the UE is provided monitoringCapabilityConfig =
max,slot, y max,slot, i max,(X,Y),u

rl6monitoringcapability for the primary cell, Mppiey T and  Coppdey arereplaced by Moppdcn and
max,(X,Y), u . total,slot, total,slot, p total,(X,Y), u
Corpccn respectively,and Mppcty” and  Cppley’  arereplaced by  Mppccn and
total,(X,Y), u .
Crpecn respectively.
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Ve (S (1)

Denote by Veee (S (1)) the set of non-overlapping CCEs for search space set Sus(J) and by the

cardinality of Veer (Suss (1)) where the non-overlapping CCEs for search space set Sus(J) are determined considering
the allocated PDCCH candidates for monitoring for the CSS sets and the allocated PDCCH candidates for monitoring

for all search space sets Suss(k), O0=k=j .

uss — ( maxslot, u total,slot, i ) - css
Set MPDCCH =mn MPDCCH ’MPDCCH MPDCCH

uss S ( maxslot, u total,slot,,u)_ css
Set CPDCCH =mn C'PDCCH ’CPDCCH CPDCCH

Set J =0

2 M) <Myt
L . uss
. AND Wers (50 (1)) =Cieen

(L)
2 M)
L

allocate PDCCH candidates for monitoring to USS set Sus(J)

uss —AfUSs (L)
MPDCCH _MPDCCH ZMS“_%(j)
L
b

o =3 - Wiy (S ()

j=j+1.
end while
If a UE
- is configured 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 CORESETSs that have
been configured with same or different gcl-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 CORESETs that have
been configured with qcl-Type set to same 'typeD' properties as the CORESET, on the active DL BWP of a cell from the
one or more cells

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

- the lowest USS set index is determined over all USS sets with at least one PDCCH candidate in overlapping
PDCCH monitoring occasions

- for the purpose of determining the CORESET, a SS/PBCH block is considered to have different QCL 'typeD'
properties than a CSI-RS

- for the purpose of determining the CORESET, a first CSI-RS associated with a SS/PBCH block in a first cell and
a second CSI-RS in a second cell that is also associated with the SS/PBCH block are assumed to have same QCL
'typeD' properties

- the allocation of non-overlapping CCEs and of PDCCH candidates for PDCCH monitoring is according to all
search space sets associated with the multiple CORESETs on the active DL BWP(s) of the one or more cells

- the number of active TCI states is determined from the multiple CORESETSs
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If a UE
- is configured 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 CORESETSs has TClI-states configured with gcl-Type set to 'typeD',

the UE is required to monitor PDCCH candidates in overlapping PDCCH monitoring occasions for search space sets
associated with different CORESETs.

For a scheduled cell and at any time, a UE expects to have received at most 16 PDCCHs for DCI formats with CRC
scrambled by C-RNTI, CS-RNTI, or MCS-C-RNTT 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-
RNTIL CS-RNTI, or MCS-C-RNTT scheduling 16 PUSCH transmissions for which the UE has not transmitted any
corresponding PUSCH symbol.

If a UE is not provided monitoringCapabilityConfig, and

- is not configured for NR-DC operation and indicates through pdcch-BlindDetectionCA or pdcch-MonitoringCA

a capability to monitor PDCCH candidates for [N ﬁjﬁsz 4  downlink cells and the UE is configured with
DL

N_j>4 downlink cellsor N gjls>4 uplink cells, or

DL

cells  downlink cells or NEZIS uplink

- is configured with NR-DC operation and for a cell group with [N
cells

the UE expects to have respectively received at most 16-N C.h.  PDCCHs for

cells

- DCI formats with CRC scrambled by a C-RNTI, or a CS-RNTI, or a MCS-C-RNTI scheduling 16N %

cells

PDSCH receptions for which the UE has not received any corresponding PDSCH symbol over all [N br

cells
downlink cells

- DCI formats with CRC scrambled by a C-RNTI, or a CS-RNTI, or a MCS-C-RNTI scheduling 16-N b

cells

PUSCH transmissions for which the UE has not transmitted any corresponding PUSCH symbol over all
N gf”s uplink cells

If a UE

- is configured to monitor a first PDCCH candidate for a DCI format 0_0 and a DCI format 1_0 from a CSS set
and a second PDCCH candidate for a DCI format 0_0 and a DCI 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 receives the first PDCCH candidate and the second PDCCH candidate over a same set of CCEs, and
- the first PDCCH candidate and the second PDCCH candidate have identical scrambling, and

- the DCI formats 0_0/1_0 for the first PDCCH candidate and the DCI formats 0_0/1_0 for the second PDCCH
candidate have CRC scrambled by either C-RNTI, or MCS-C-RNTTI, 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 C, , the
UE does not expect to monitor PDCCH on serving cell €, if the PDCCH overlaps in time with SRS transmission
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(including any interruption due to uplink or downlink RF retuning time [10, TS 38.133]) on serving cell C, and if

the UE is not capable of simultaneous reception and transmission on serving cell C; and serving cell C,

If a UE is provided resourceBlocks and symbolsInResourceBlock in RateMatchPattern, or if the UE is additionally
provided periodicityAndPattern in RateMatchPattern, the UE can determine a set of RBs in symbols of a slot that are
not available for PDSCH reception as described in [6, TS 38.214]. If a PDCCH candidate in a slot is mapped to one or
more REs that overlap with REs of any RB in the set of RBs in symbols of the slot, the UE does not expect to monitor
the PDCCH candidate.

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 a corresponding DCI format is scrambled with a CS-RNTI provided by cs-RNTI, and
- the new data indicator 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 validation is for scheduling activation and if the PDSCH-to-HARQ_feedback timing indicator field in the DCI
format is present, the PDSCH-to-HARQ_feedback timing indicator field does not provide an inapplicable value
from dI-DataToUL-ACK-r16.

If a UE 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 ConfiguredGrantConfigIndex or by sps-ConfigIndex,
respectively. Validation of the DCI format is achieved if the RV field for the DCI format is set as in Table 10.2-3.

If a UE is provided more than one configuration for UL grant Type 2 PUSCH or for SPS PDSCH

- if the UE is provided ConfiguredGrantConfigType2DeactivationStateList or sps-ConfigDeactivationStateList, a
value of the HARQ process number field in a DCI format indicates a corresponding entry for scheduling release
of one or more UL grant Type 2 PUSCH or SPS PDSCH configurations

- if the UE is not provided ConfiguredGrantConfigType2DeactivationStateList or sps-
ConfigDeactivationStateList, a value of the HARQ process number field in a DCI format indicates a release for a
corresponding UL grant Type 2 PUSCH or for a SPS PDSCH configuration with a same value as provided by
ConfiguredGrantConfigIndex or by sps-ConfigIndex, respectively

Validation of the DCI format is achieved if all fields for the DCI format are set according to Table 10.2-4.

If validation is achieved, the UE considers the information in the DCI format as a valid activation or valid release of DL
SPS or configured UL grant Type 2. If validation is not achieved, the UE discards all 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 DCI format1 0/1_2 DCl format1 1
HARQ process number setto all '0's setto all '0's setto all '0's
Redundancy version setto all '0's setto all '0's For the enabled tralnlsport block:
set to all '0's
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Table 10.2-2: Special fields for single DL SPS or single UL grant Type 2 scheduling release PDCCH
validation when a UE is provided a single SPS PDSCH or UL grant Type 2 configuration in the active

DL/UL BWP of the scheduled cell

DCI format 0_0/0_1/0_2

DCl format1 0/1_1/1 2

HARQ process number setto all '0's setto all '0's
Redundancy version setto all '0's set to all '0's
Modulation and coding scheme setto all '1's settoall'l's

Frequency domain resource
assignment

set to all '0's for FDRA
Type 2with p=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

Table 10.2-3: Special fields for a single DL SPS or single UL grant Type 2 scheduling activation
PDCCH validation when a UE is provided multiple DL SPS or UL grant Type 2 configurations in the
active DL/UL BWP of the scheduled cell

DCI format 0_0/0_1/0_2

setto all '0's

DCI format1 0/1_2

setto all '0's

DCI format1 1
For the enabled transport block:
setto all '0's

Redundancy version

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

DCI format1_0/1_1/1 2

Redundancy version set to all '0's set to all '0O's
Modulation and coding scheme setto all '1's setto all '1's
setto all ‘0's for FDRA | set to all '0's for FDRA Type 0 or
Type 2 with  p=1 for dynamicSwitch

Frequency domain resource assignment

set to all '1's, otherwise | settoall'l's for FDRA Type 1

A UE is expected to provide HARQ-ACK information in response to a SPS PDSCH release after [N
the last symbol of a PDCCH providing the SPS PDSCH release. If processingType2Enabled of PDSCH-

symbols from

ServingCellConfig is set to enable for the serving cell with the PDCCH providing the SPS PDSCH release, N =05
for py=0 , N=55 for p=1 ,and N=11 for p=2 ,otherwise, N=10 for p=0 |,
N=12 for p=1 , N=22 for p=2 ,and N=25 for p=3 ,wherein p corresponds to

the smallest SCS configuration between the SCS configuration of the PDCCH providing the SPS PDSCH release and
the SCS configuration of a PUCCH carrying the HARQ-ACK information in response to a SPS PDSCH release.

10.2A PDCCH validation for SL configured grant Type 2

A UE validates, for scheduling activation or scheduling release, a SL configured grant Type 2 PDCCH if
- the CRC of a corresponding DCI format 3_0 is scrambled with a SL-CS-RNTI provided by sI-CS-RNTI, and
- the new data indicator field in the DCI format 3_0 for the enabled transport block is set to '0'

Validation of the DCI format 3_0 is achieved if all fields for the DCI format 3_0 are set according to Table 10.2A-1 or
Table 10.2A-2.

If validation is achieved, the UE considers the information in the DCI format 3_0 as a valid activation or valid release
of SL configured grant Type 2. If validation is not achieved, the UE discards all the information in the DCI format 3_0.
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Table 10.2A-1: Special fields for SL configured grant Type 2 scheduling activation PDCCH validation

DCI format 3_0
HARAQ process number set to all '0's

Table 10.2A-2: Special fields for SL configured grant Type 2 scheduling release PDCCH validation

DCI format 3_0
HARQ process number settoall '1's
Frequency resource assignment
(if present)

settoall '1's

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]

a PS-RNTI for DCI format 2_6 by ps-RNTI

a number 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

a payload size for DCI format 2_6 by size-DCI-2-6
a location in DCI format 2_6 of a Wake-up indication bit by ps-PositionDCI-2-6

- a'0' value for 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" value for the Wake-up indication bit, when reported to higher layers, indicates to start the drx-
onDurationTimer for the next long DRX cycle [11, TS 38.321]

a bitmap, when the UE is provided a number of groups of configured SCells by
dormancyGroupOutsideActiveTime, where

- the bitmap location is immediately after the Wake-up indication bit location

- the bitmap size is equal 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"value for a bit of the bitmap indicates an active DL BWP, provided by dormantBWP-Id, for the UE [11,
TS38.321] for each activated SCell in the corresponding group of configured SCells

- a'l'value for a bit of the bitmap indicates

- an active 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 sets the 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 ones in the first T, slots indicated by

duration,or T =1 slot if duration is not provided, starting from the first slot of the first T, slots and

ending prior to the start of drx-onDurationTimer.

3GPP



Release 16 132 3GPP TS 38.213 V16.4.0 (2020-12)

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 slots prior to the beginning of a slot where the UE
would start the drx-onDurationTimer, the UE is not required to monitor PDCCH for detection of DCI format 2_6 during
the X slots, 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

SCs Minimum Time Gap X (slots)
(kHz) Value 1 Value 2
15 1 3
30 1 6
60 1 12
120 2 24

If a UE 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 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 a UE is provided search space sets to monitor PDCCH for detection of DCI format 2_6 in the active DL BWP of the
PCell or of the SpCell and the UE does not detect DCI format 2_6, the physical layer of the UE does not report a value
of the Wake-up indication bit to higher layers for the next long DRX cycle.

If a UE 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

- is not 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 a value of 1 for the Wake-up indication bit to higher layers for the next long DRX
cycle.

If a UE is provided search space sets to monitor PDCCH for detection of DCI format 0_1 and DCI format 1_1 and if
one or both of DCI format 0_1 and DCI format 1_1 include a SCell dormancy indication field,

- the SCell dormancy indication field is a bitmap with size equal to a number of groups of configured SCells,
provided by dormancyGroupWithinActiveTime,

- each bit of the bitmap corresponds to a group of configured SCells from the number of groups of configured
Scells

- if the UE detects a DCI format 0_1 or a DCI format 1_1 that does not include a carrier indicator field, or detects
a DCI format 0_1 or DCI format 1_1 that includes a carrier indicator field with value equal to 0

- a'0' value for a bit 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'value for a bit of the bitmap indicates

- an active DL BWP, provided by firstWithinActiveTimeBWP-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 sets the active DL. BWP to the indicated active DL BWP

If a UE is provided search space sets to monitor PDCCH for detection of DCI format 1_1, and if
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- the CRC of DCI format 1_1 is scrambled by a C-RNTI or a MCS-C-RNTI, and if
- aone-shot HARQ-ACK request field is not present or has a '0' value, and if

- the UE detects a DCI format 1_1 on the primary cell that does not include a carrier indicator field, or detects a
DCI format 1_1 on the 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 0, or

- resourceAllocation = resourceAllocationTypel and all bits of the frequency domain resource assignment field in
DCI format 1_1 are equal to 1, or

- resourceAllocation = dynamicSwitch and all bits of the frequency domain resource assignment field in DCI
format 1_1 are equal to 0 or 1

the UE considers the DCI format 1_1 as indicating SCell dormancy, not scheduling a PDSCH reception or indicating a
SPS PDSCH release, and for transport block 1 interprets the sequence of fields of

- modulation and coding scheme
- new data indicator
- redundancy version
and of
- HARQ process number
- antenna port(s)
- DMRS sequence initialization
as providing a bitmap to each configured SCell, in an ascending order of the SCell index, where

- a'0'value for a bit of the bitmap indicates an active DL BWP, provided by dormantBWP-Id, for the UE for a
corresponding activated SCell

- a'l"value for a bit of the bitmap indicates

- an active DL BWP, provided by firstWithinActiveTimeBWP-Id, for the UE for a corresponding activated
SCell, if a current active DL BWP is the 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 sets the active DL. BWP to the indicated active DL. BWP

If an active DL BWP provided by dormantBWP-Id for a UE on an activated SCell is not a default DL. BWP for the UE
on the activated SCell, as described in Clause 12, the BWP inactivity timer is not used for transitioning from the active
DL BWP provided by dormantBWP-Id to the default DL BWP on the activated SCell.

A UE is expected to provide HARQ-ACK information in response to a detection of a DCI 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 DCIformat1 1, N=7 for pu=0 , N=7.5 for p=1 ,and N=15 for p=2 ;otherwise,
N=14 for p=0 , N=16 for pu=1 , N=27 for p=2 ,and N=31 for p=3 ,
where p1 is the smallest SCS configuration between the SCS configuration of the PDCCH providing the DCI format

1_1 and the SCS configuration of a PUCCH with the HARQ-ACK information in response to the detection of the DCI
format 1_1.
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10.4  Search space set group switching

A UE can be provided a group index for a respective Type3-PDCCH CSS set or USS set by searchSpaceGroupldList for
PDCCH monitoring on a serving cell. If the UE is not provided searchSpaceGroupldList for a search space set, the
following procedures are not applicable for PDCCH monitoring according to the search space set.

If a UE is provided cellGroupsForSwitchList, 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 searchSpaceGroupldList.

When a UE is provided searchSpaceGroupldList, the UE resets PDCCH monitoring according to search space sets with
group index 0, if provided by searchSpaceGrouplIdList.

A UE can be provided by searchSpaceSwitchDelay a number of symbols P.,;,, where a minimum value of
P, .., isprovided in Table 10.4-1 for UE processing capability 1 and UE processing capability 2 and SCS

configuration p . UE processing capability 1 for SCS configuration p  applies unless the UE indicates support
for UE processing capability 2.

Table 10.4-1: Minimum value of P, [symbols]

i Minimum P, value for Minimum P, value for
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, a timer value for a serving cell that the UE is provided
searchSpaceGroupldList or, if provided, for a set of serving cells provided by cellGroupsForSwitchList. The UE
decrements the timer value by one after each slot based on a reference SCS configuration that is the smallest SCS
configuration 1 among all configured DL BWPs in the serving cell, or in the set of serving cells. The UE maintains
the reference SCS configuration during the timer decrement procedure.

If a UE is provided by SearchSpaceSwitchTrigger a location of a search space set group switching flag field for a
serving cell in a DCI format 2_0, as described in Clause 11.1.1;

- if the UE detects a DCI format 2_0 and a value of the search space set group switching flag field in the DCI
format 2_0 is 0, 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 a first slot that is at

least P, symbols after the last symbol of the PDCCH with the DCI format 2_0

- if the UE detects a DCI format 2_0 and a value of the search space set group switching flag field in the DCI
format 2_0 is 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 a first slot that is at

least P, 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 is at least P, symbols after a slot where the timer expires or after a last symbol of a remaining
channel occupancy duration for the serving cell that is indicated by DCI format 2_0

If a UE is not provided SearchSpaceSwitchTrigger for a serving cell,

- if the UE detects a DCI format by monitoring PDCCH according to a search space set with group index 0, the
UE starts monitoring PDCCH according to search space sets with group index 1, and stops monitoring PDCCH
according to search space sets with group index 0, for the serving cell at a first slot that is at least Py,
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
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- 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 is at least P, 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 a last symbol of a remaining channel occupancy
duration for the serving cell that is indicated by DCI format 2_0

A UE determines a slot and a symbol in the slot to start or stop PDCCH monitoring according to search space sets for a
serving cell that the UE is provided searchSpaceGroupldList or, if cellGroupsForSwitchList is provided, for a set of
serving cells, based on the smallest SCS configuration g among all configured DL BWPs in 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_0 triggering 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 a DFI
flag field and CRC scrambled with a CS-RNTT 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 value is set to '1', if a PUSCH
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 a serving cell indicated by a value of the carrier indicator field.

For a PUSCH transmission configured by ConfiguredGrantConfig, HARQ-ACK information for a transport block of a
corresponding HARQ process number is valid if a first symbol of the PDCCH reception is after a last symbol of the
PUSCH transmission, or of any repetition of the PUSCH transmission, by a number of symbols provided by cg-
minDFIDelay.

For an initial transmission by a UE of a transport block in a PUSCH configured by ConfiguredGrantConfig, if the UE
receives a CG-DFI that provides HARQ-ACK information for the transport block, the UE assumes that the transport
block was correctly decoded if the HARQ-ACK information value is ACK; otherwise, the UE assumes that the
transport block was not correctly decoded.

For 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 a transport block of a
corresponding HARQ process number is valid if a first symbol of the PDCCH reception is after a last symbol of the
PUSCH transmission by a number of symbols provided by cg-minDFIDelay or, if the PUSCH transmission is over
multiple slots,

- after a last symbol of the PUSCH transmission in a first slot from the multiple slots by a number of symbols
provided by cg-minDFIDelay, if a value of the HARQ-ACK information is ACK.

- after a last symbol of the PUSCH transmission in a last slot from the multiple slots by a number of symbols
provided by cg-minDFIDelay, if a value of the HARQ-ACK information is NACK.

UE does not expect to be configured with different cg-minDFIDelay-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.
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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.

11.1  Slot configuration

A slot format includes downlink symbols, uplink symbols, and flexible symbols.
The following are applicable for each serving cell.

If a UE is provided tdd-UL-DL-ConfigurationCommon, the UE sets the slot format per slot over a number of slots as
indicated by tdd-UL-DL-ConfigurationCommon.

The tdd-UL-DL-ConfigurationCommon provides

- areference SCS configuration Hres by referenceSubcarrierSpacing
- apatternl.

The patternl provides

- aslot configuration period of P msec by dI-UL-TransmissionPeriodicity
- anumber of slots 9o with only downlink symbols by nrofDownlinkSlots
. d :

- anumber of downlink symbols ~*™ by nrofDownlinkSymbols

- anumber of slots s with only uplink symbols by nrofUplinkSlots

u
- anumber of uplink symbols ™ by nrofUplinkSymbols

Avalue P =0.625 mgec s valid only for Hret :3. Avalue P =1-25 mgec s valid only for Hres =2 or Hret :3. A value

=1 U =2 U =3

= . . u =
P =25 msec is valid only for “ref =7 Jor Tref ©7 Jor Mref 77

A slot configuration period of P msec includes S =P 2" slots with SCS configuration Hhres .Fromthe S slots, a

sym

first dS]O‘S slots include only downlink symbols and a last Ustors slots include only uplink symbols. The symbols

sym

u
after the first dSk’tS slots are downlink symbols. The symbols before the last Utos slots are uplink symbols. The

(s-d ) N 4y

o -u - :
remaining slots © Fslots T “Tsymb ™ Tsym © Tsym gre flexible symbols.

20/P

The first symbol every periods is a first symbol in an even frame.

If tdd-UL-DL-ConfigurationCommon provides both pattern1 and pattern2, the UE sets the slot format per slot over a
first number of slots as indicated by patternl and the UE sets the slot format per slot over a second number of slots as
indicated by pattern2.

The pattern2 provides

PZ

- aslot configuration period of “2 msec by dI-UL-TransmissionPeriodicity

d slots,2

- anumber of slots with only downlink symbols by nrofDownlinkSlots

d
- anumber of downlink symbols ~¥™? by nrofDownlinkSymbols

slots,2

u
- anumber of slots with only uplink symbols by nrofUplinkSlots
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u
- anumber of uplink symbols %™ by nrofUplinkSymbols

P,

The applicable values of “2 are same as the applicable values for P

f— ) et
=p, 2"

A slot configuration period of P+P, mhsec includes first S =P 2" slots and second > slots.

slots,2 slots,2

u
From the % slots, a first slots include only downlink symbols and a last include only uplink symbols. The

dsym,2 slots,2 sym,2 slots,2

u u
slots are downlink symbols. The symbols before the last slots are

slot
- dslors,Z - uslots,Z) ‘N d

symb”

symbols after the first

uplink symbols. The remaining (Sz sym2” Yym2 are flexible symbols.

A UE expects that P+Ph divides 20 msec.

20/(P +P,)

The first symbol every periods is a first symbol in an even frame.

A UE expects that the reference SCS configuration Href s smaller than or equal to a SCS configuration - for any

)

configured DL BWP or UL BWP. Each slot provided by pattern1 or pattern2 is applicable to 2" onsecutive slots
in the active DL BWP or the active UL BWP where the first slot starts at a same time as a first slot for the reference

SCS configuration Href and each downlink or flexible or uplink symbol for the reference SCS configuration Hre

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 slots as provided by tdd-UL-DL-
ConfigurationCommon.

The tdd-UL-DL-ConfigurationDedicated provides
- aset of slot configurations by slotSpecificConfigurationsToAddModList
- for each slot configuration from the set of slot configurations
- aslot index for a slot provided by slotIndex
- aset of symbols for a slot by symbols where
- if symbols = allDownlink, all symbols in the slot are downlink
- if symbols = allUplink, all symbols in the slot are uplink

- if symbols = explicit, nrofDownlinkSymbols provides a number of downlink first symbols in the slot and
nrofUplinkSymbols provides a number of uplink last symbols in the slot. If nrofDownlinkSymbols is not
provided, there are no downlink first symbols in the slot and if nrofUplinkSymbols is not provided, there are
no uplink last symbols in the slot. The remaining symbols in the slot are flexible

For each slot having a corresponding index provided by slotIndex, the UE applies a format 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 slot configuration provided by tdd-UL-DL-ConfigurationDedicated, a reference SCS configuration is the
reference SCS configuration Hret provided by tdd-UL-DL-ConfigurationCommon.

A slot configuration period and a number of downlink symbols, uplink symbols, and flexible symbols in each slot of the
slot configuration period are determined from tdd-UL-DL-ConfigurationCommon and tdd-UL-DL-
ConfigurationDedicated and are common to each configured BWP.

A UE considers symbols in a slot indicated as downlink by tdd-UL-DL-ConfigurationCommon, or tdd-UL-DL-
ConfigurationDedicated to be available for receptions and considers symbols in a slot indicated as uplink by tdd-UL-
DL-ConfigurationCommon, or by tdd-UL-DL-ConfigurationDedicated to be available for transmissions.
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If a UE is not configured to monitor PDCCH for DCI format 2_0, for a set of symbols of a slot that are indicated as
flexible by tdd-UL-DL-ConfigurationCommon and tdd-UL-DL-ConfigurationDedicated if provided, or when tdd-UL-
DL-ConfigurationCommon and tdd-UL-DL-ConfigurationDedicated are not provided to the UE

- the UE receives PDSCH or CSI-RS in the set of symbols of the slot if the UE receives a corresponding
indication by a DCI format

- the UE transmits PUSCH, PUCCH, PRACH, or SRS in the set of symbols of the slot if the UE receives a
corresponding indication by a DCI format, a RAR UL grant, fallbackRAR UL grant, or successRAR

For operation on a single carrier in unpaired spectrum, if a UE is configured by higher layers to receive a PDCCH, or a
PDSCH, or a CSI-RS, or a DL PRS in a set of symbols of a slot, the UE receives the PDCCH, the PDSCH, the CSI-RS,
or the DL PRS if the UE does not detect a DCI format that indicates to the UE to transmit a PUSCH, a PUCCH, a
PRACH, or a SRS in at least one symbol of the set of symbols of the slot; 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 slot.

For operation with shared spectrum channel access, if a UE is provided csi-RS-ValidationWith-DCI, is not provided CO-
DurationsPerCell, and is not provided SlotFormatCombinationsPerCell, and if the UE is configured by higher layers to
receive a CSI-RS in a set of symbols of a slot, the UE cancels the CSI-RS reception in the set of symbols of the slot 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 slot.

If a UE is provided channelAccessMode ='dynamic' and is provided availableRB-SetsToAddModList and availableRB-
SetsToRelease, the UE expects to be provided co-DurationsPerCellToAddModList and co-
DurationsPerCellToReleaseList and/or slotFormatCombToAddModList and slotFormatCombToReleaseList.

For operation on a single carrier in unpaired spectrum, if a UE is configured by higher layers to transmit SRS, or
PUCCH, or PUSCH, or PRACH in a set of symbols of 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 symbols, then

- the UE does not expect to cancel the transmission in symbols from the set of symbols that occur, relative to a last
symbol of a CORESET where the UE detects the DCI format, after a number of symbols that is smaller than the

PUSCH preparation time Tpmc’z for the corresponding UE processing capability [6, TS 38.214] assuming

d »1=1 and p 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 l, , where
M, corresponds to the SCS configuration of the PRACH if it is 15kHz or higher; otherwise 1, =0

- the UE cancels the PUCCH, or the PUSCH, or an actual repetition of the PUSCH [6, TS 38.214], determined
from Clauses 9 and 9.2.5 or Clause 6.1 of [6. TS 38.214], or the PRACH transmission in remaining symbols
from the set of symbols and cancels the SRS transmission in remaining symbols from the subset of symbols

For a set of symbols of a slot 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 slot.

For a set of symbols of a slot 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 slot, if the UE is not provided
with a measurement gap.

For a set of symbols of a slot 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 partially, with the set of symbols of the slot.

For a set of symbols of a slot 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 slot.

For operation on a single carrier in unpaired spectrum, for a set of symbols of a slot indicated to a UE by ssb-
PositionsInBurst in SIB1 or ssb-PositionsInBurst in ServingCellConfigCommon, for reception of SS/PBCH blocks, the
UE does not transmit PUSCH, PUCCH, PRACH in the slot if a transmission would overlap with any symbol from the
set of symbols and the UE does not transmit SRS in the set of symbols of the slot. The UE does not expect the set of
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symbols of the slot to be indicated as uplink by tdd-UL-DL-ConfigurationCommon, or tdd-UL-DL-
ConfigurationDedicated, when provided to the UE.
If a UE

- is configured with multiple serving cells and is provided half-duplex-behavior = 'enable’, and

is not capable of simultaneous transmission and reception on any of the multiple serving cells, and
- indicates support of capability for half-duplex operation in CA with unpaired spectrum, and
- is not configured to monitor PDCCH for detection of DCI format 2_0 on any of the multiple serving cells,

for a set of symbols of a slot that are indicated to the UE for reception of SS/PBCH blocks in any of multiple serving
cells by ssb-PositionsInBurst in SystemInformationBlockTypel or by ssb-PositionsInBurst in
ServingCellConfigCommon, when provided to the UE, the UE does not transmit PUSCH, PUCCH, or PRACH in the
slot if a transmission would overlap with any symbol from the set of symbols, and the UE does not transmit SRS in the
set of symbols of the slot in any of multiple serving cells.

For a set of symbols of a slot corresponding to a valid PRACH occasion and Neap 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 a reception
would overlap with any symbol from the set of symbols. The UE does not expect the set of symbols of the slot to be
indicated as downlink by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated.

For a set of symbols of a slot indicated to a UE by pdcch-ConfigSIB1 in MIB for a CORESET for Type0-PDCCH CSS
set, the UE does not expect the set of symbols to be indicated as uplink by tdd-UL-DL-ConfigurationCommon, or tdd-
UL-DL-ConfigurationDedicated.

If a UE 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 slot from the multiple slots, at least one symbol from a set of
symbols where the UE is scheduled PDSCH reception in the slot is an uplink symbol, the UE does not receive the
PDSCH in the slot.

If a UE is scheduled by a DCI format 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 a downlink symbol, the UE does not transmit
the PUSCH in the slot.

If a UE
- is configured with multiple serving cells and is provided half-duplex-behavior = 'enable', and
- is not capable of simultaneous transmission and reception on any of the multiple serving cells, and
- indicates support of capability for half-duplex operation in CA with unpaired spectrum, and
- is not configured to monitor PDCCH for detection of DCI format 2-0 on any of the multiple serving cells,

the UE determines a reference cell for a symbol as an active cell with the smallest cell index among serving cells where
the symbol is configured as

- downlink, or uplink, as indicated 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 is flexible and the UE is configured to receive PDCCH, PDSCH or CSI-RS on the
symbol

If a UE

- is configured with multiple serving cells in a frequency band and is provided half-duplex-behavior = 'enable’,
and

- is not capable of simultaneous transmission and reception on any of the multiple serving cells, and
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indicates support of capability for half-duplex operation in CA with unpaired spectrum, and

is not configured to monitor PDCCH for detection of DCI format 2_0 on any of the multiple serving cells,

the UE does not expect

a symbol 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-ConfigDedicated 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 layers to receive PDCCH, PDSCH, or CSI-RS on a flexible symbol on the reference
cell and to detect a DCI format scheduling a transmission on the symbol on another cell.

If the reference cell and another cell for a UE operate in different frequency bands and if the UE

the UE

is configured with multiple serving cells and is provided half-duplex-behavior = 'enable', and
is not capable of simultaneous transmission and reception on any of the multiple serving cells, and
indicates support of capability for half-duplex operation in CA with unpaired spectrum, and

is not configured to monitor PDCCH for detection of DCI format 2-0 on any of the multiple serving cells,

UE assumes symbol as flexible, is not required to receive higher layer configured PDCCH, PDSCH, or CSI-RS
and not expected to transmit higher layers configured SRS, PUCCH, PUSCH, or PRACH, when tdd-UL-DL-
ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated indicates symbol as downlink or uplink on the
other cell and as uplink or downlink for the reference cell, respectively,

transmits a signal/channel scheduled by a DCI format on a symbol of the other cell when the symbol is indicated
as downlink by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigDedicated for the reference cell,

is not required to receive a higher layer configured PDCCH, PDSCH, or CSI-RS on flexible symbols on the
reference cell in a set of symbols, if the UE detects a DCI format scheduling a transmission on one or more
symbols in the set of symbols on the other cell.

If a UE

the UE

is configured with multiple serving cells and is provided half-duplex-behavior = 'enable’, and
is not capable of simultaneous transmission and reception on any cell from the multiple serving cells, and
indicates support of capability for half-duplex operation in CA with unpaired spectrum, and

is not configured to monitor PDCCH for detection of DCI format 2-0 on any of the multiple serving cells,

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 layers to transmit SRS, PUCCH, PUSCH, or PRACH on a flexible
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 symbols is indicated 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
symbols is indicated 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
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- 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 symbols is indicated 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 layers to
transmit SRS, PUCCH, PUSCH, or PRACH or to receive PDCCH, PDSCH, or CSI-RS on the reference cell

- does not expect to detect a first DCI format scheduling a transmission or reception on a symbol on a first cell and
a second DCI format scheduling a reception or transmission on the symbol on a second cell, respectively

11.1.1 UE procedure for determining slot format

This Clause applies for a serving cell that is included in a set of serving cells configured to a UE by
slotFormatCombToAddModList and slotFormatCombToReleaseList, availableRB-SetsToAddModList and availableRB-
SetsToRelease, switchTrigger ToAddModList and switchTriggerToReleaseList, or co-DurationsPerCellToAddModList
and co-DurationsPerCellToReleaseList.

If a UE is configured by higher layers with parameter SlotFormatIndicator, the UE is provided an SFI-RNTI by sfi-
RNTI and with a payload size of DCI format 2_0 by dci-PayloadSize.

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 M ‘:pL“s”:‘ PDCCH candidates for DCI format 2_0 with a CCE aggregation level of

L, CCEs as described in Clause 10.1. The M{I)LSSF’} PDCCH candidates are the first M ‘pLsg"‘ PDCCH
candidates for CCE aggregation level Lg;  for search space set s in CORESET p

For each serving cell in the set of serving cells, the UE can be provided:
- an identity of the serving cell by servingCellld
- alocation of a SFI-index field in DCI format 2_0 by positionInDCI

- aset of slot format combinations by slotFormatCombinations, where each slot format combination in the set of
slot format combinations includes

- one or more slot formats indicated by a respective slotFormats for the slot format combination, and

- a mapping for the slot format combination provided by slotFormats to a corresponding SFI-index field value
in DCI format 2_0 provided by slotFormatCombinationld

- for unpaired spectrum operation, a reference SCS configuration [gz; by subcarrierSpacing and, when a

supplementary UL carrier is configured for the serving cell, a reference SCS configuration  Hgpr sy by
subcarrierSpacing?2 for the supplementary UL carrier

- for paired spectrum operation, a reference SCS configuration Hgp; pp  for a DL BWP by subcarrierSpacing
and a reference SCS configuration  Hgp ¢  for an UL BWP by subcarrierSpacing2

- alocation of an available RB set indicator field in DCI format 2_0 that is

- one bit, if intraCellGuardBandsDL-List for the serving cell indicates no intra-cell guard-bands are
configured, where a value of '1' indicates that the serving cell is available for receptions, a value of '0'
indicates that the serving cell is not available for receptions, by availableRB-SetsPerCell, and the serving cell
remains available or unavailable for reception until the end of the remaining channel occupancy duration

- a bitmap 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 N RB,set,p,  Dits and N RB,set,pr. 1 the number of RB sets in the serving cell, a value

of '1" indicates that an RB set is available for receptions, a value 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
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- alocation of a channel 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
detects the DCI format 2_0 by providing a value from co-DurationList. The channel occupancy duration field

includes max{[ log,|COdurationListSize|] ,1} bits, where COdurationListSize is the number

of values provided by co-DurationList. If CO-DurationsPerCell is not provided, the remaining channel
occupancy duration for the serving cell is a number of slots, 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 subcarrierSpacing-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 CellGroupsForSwitching, as described in Clause 10.4.

If neither CO-DurationPerCell-r16 nor SlotFormatCombinationsPerCell are provided and if ChannelAccessMode-
r16 = 'semistatic' is provided, the procedures in this clause apply with assuming a channel occupancy time defined in
clause 4.3 of [15, TS 37.213] is the remaining channel occupancy duration if a DL transmission burst(s) is detected
within the channel occupancy time.

A SFI-index field value in a DCI format 2_0 indicates to a UE a slot format for each slot in a number of slots for each
DL BWP or each UL BWP starting from a slot where the UE detects the DCI format 2_0. The number of slots is equal
to or larger than a PDCCH monitoring periodicity for DCI format 2_0. The SFI-index field includes

[ : |
mmax| ﬂlogz(maxSFImde X+ 1)H’]* bits where maxSFIindex is the maximum value of the values provided by

corresponding slotFormatCombinationld. A slot format is identified 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 a PDCCH monitoring periodicity for DCI format 2_0, provided to a UE for the search space set § by
monitoringSlotPeriodicityAndOffset, is smaller than a duration of a slot format combination the UE obtains at a PDCCH
monitoring occasion for DCI format 2_0 by a corresponding SFI-index field value, and the UE detects more than one
DCI formats 2_0 indicating a slot format for a slot, the UE expects each of the more than one DCI formats 2_0 to
indicate a same format for the slot.

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
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For unpaired spectrum operation for a UE on a serving cell, the UE is provided by subcarrierSpacing a reference SCS
configuration gy, 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 a reference SCS configuration Hgr; and for an active DL BWP or an
active UL BWP with SCS configuration p ,itis H=Hgy; . Each slot format in the combination of slot formats
indicated by the SFI-index field value in DCI format 2_0 is applicable to 2{” ~Hsnl consecutive slots in the active DL
BWP or the active UL BWP where the first slot starts at a same time as a first slot for the reference SCS configuration
Hgrr  and each downlink or flexible or uplink symbol for the reference SCS configuration Hgr;  corresponds to
20 ) consecutive downlink or flexible or uplink symbols for the SCS configuration H

For paired spectrum operation for a UE on a serving cell, the SFI-index field in DCI format 2_0 indicates a combination
of slot formats that includes a combination of slot formats for a reference DL BWP and a combination of slot formats
for a reference UL BWP of the serving cell. The UE is provided by subcarrierSpacing a reference SCS configuration

Hspy, pr  for the combination of slot formats indicated by the SFI-index field value in DCI format 2_0 for the
reference DL BWP of the serving cell. The UE is provided by subcarrierSpacing2 a reference SCS configuration

Hspp yr  for the combination of slot formats indicated by the SFI-index field value in DCI format 2_0 for the
reference UL BWP of the serving cell. If  Hgp; pp 2 Mgy and for each plHsrrorHsrinl L1 yalues provided by a

value of slotFormats, where the value of slotFormats is determined by a value of slotFormatCombinationld in
slotFormatCombination and the value of slotFormatCombinationId is set by the value of the SFI-index field value in

DCI format 2_0, the first 2“’ s~ Hsul yalyes for the combination of slot formats are applicable to the reference DL
BWP and the next value is applicable to the reference UL BWP. If  HUgp; pr<Hgpr yp  and for each

2‘3“5”’“_“5”'“:# 1 values provided by slotFormats, the first value for the combination of slot formats is applicable to
the reference DL BWP and the next  2'¥su #s10/  yalyes are applicable to the reference UL BWP.

The UE is provided a reference SCS configuration  Hgg; p;  so that for an active DL BWP with SCS configuration
Hpp ,itis Hpp=Hger pr . The UE is provided a reference SCS configuration  Hggy 7 so that for an active

UL BWP with SCS configuration [y ,itis My 2Hgp - Each slot 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
slotFormatCombinationId that is mapped to a value of slotFormats in slotFormatCombination, is applicable to

oMo~ H sol consecutive slots for the active DL BWP where the first slot starts at a same time as a first slot in the
reference DL BWP and each downlink or flexible symbol for the reference SCS configuration Hgpy p;  corresponds
to MeTHsol - consecutive downlink or flexible symbols for the SCS configuration | pr - Each slot format for

the combination of slot formats for the reference UL BWP is applicable to 2‘:“ u~ Ml consecutive slots for the
active UL BWP where the first slot starts at a same time as a first slot in the reference UL BWP and each uplink or
flexible symbol for the reference SCS configuration Hgp 1,  corresponds to lHu~Hsmul  copsecutive uplink or

flexible symbols for the SCS configuration [

For unpaired spectrum operation with a second UL carrier for a UE on a serving cell, the SFI-index field value in DCI
format 2_0 indicates a combination of slot formats that includes a combination of slot formats for a reference first UL
carrier of the serving cell and a combination of slot formats for a reference second UL carrier of the serving cell. The

UE is provided by subcarrierSpacing a reference SCS configuration g for the combination of slot formats
indicated by the SFI-index field in DCI format 2_0 for the reference first UL carrier of the serving cell. The UE is
provided by subcarrierSpacing2 a reference SCS configuration  Hgp g, for the combination of slot formats
indicated by the SFI—index field value in DCI format 2_0 for the reference second UL carrier of the serving cell. For
each DM Hsisuly 1 values of slotFormats, the first /P Fsisul  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 a reference SCS configuration  Hggy gy so that for an active UL BWP in the second
UL carrier with SCS configuration  Hgyy, ,itis Mgy 2Hser syr - Each slot format for a combination of slot

formats indicated by the SFI-index field in DCI format 2_0 for the reference first UL carrier is applicable to 2‘:’1 ~Hsti]

consecutive slots for the active DL BWP and the active UL BWP in the first UL carrier where the first slot starts at a
same time as a first slot in the reference first UL carrier. Each slot format for the combination of slot formats for the
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reference second UL carrier is applicable to ~ D¥su™ #smsul  consecutive slots for the active UL BWP in the second UL
carrier where the first slot starts at a same time as a first slot in the reference second UL carrier.

If a BWP in the serving cell is configured with  p=2  and with extended CP, the UE expects Hgz; =0 ,

Hser=1 ,or Hgz;=2 . A format for a slot with extended CP is determined from a format for a slot with normal
CP. A UE determines an extended CP symbol to be a downlink/uplink/flexible symbol if the overlapping normal CP
symbols that 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 symbols is flexible. A UE determines an extended CP symbol to be
a flexible symbol if the pair of the overlapping normal CP symbols includes a downlink and an uplink symbol.

Areference SCS configuration Hgr; ,0r  Hger pp , 00 Heppyr 0T Hgpr syp s either 0, or 1, or 2 for FR1
and is either 2 or 3 for FR2.

For a set of symbols of a slot, 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-RS in
the set of symbols of the slot.

For a set of symbols of a slot, a UE does not expect to detect a DCI format 2_0 with an SFI-index field value indicating
the set of symbols in 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 a slot that are indicated by a DCI format 2_0 as being within a remaining channel occupancy
duration either by a channel occupancy duration field or by an SFI-index field, a UE does not expect to detect at a later
time a DCI format 2_0 indicating, either by a channel occupancy duration field or by an SFI-index field, that any
symbol from the set of symbols is not within a remaining channel occupancy duration.

For a set of symbols of a slot 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 as flexible.

For a set of symbols of a slot corresponding to SS/PBCH blocks with candidate SS/PBCH block indices corresponding
to the SS/PBCH block indexes indicated to a UE by ssb-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 a set of symbols of a slot corresponding to a valid PRACH occasion and [N gap  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 a slot indicated to a UE by pdcch-ConfigSIB1 in MIB for a CORESET for Type0O-PDCCH CSS
set, the UE does not expect to detect a DCI format 2_0 with an SFI-index field value indicating the set of symbols of the
slot as uplink.

For a set of symbols of a slot 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
slot using a slot format value other than 255

- if one or more symbols from the set of symbols are symbols in 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 SFI-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-RS in 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 slot 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 SRS in the set of symbols of the slot the UE transmits the PUSCH, PUCCH,
PRACH, or SRS in 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 slot 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
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format, a RAR UL, fallbackRAR UL grant, or successRAR grant 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 layers to receive PDSCH or CSI-RS in the set of symbols of the slot, the UE
receives the PDSCH or the CSI-RS in the set of symbols of the slot only if an SFI-index field value in DCI
format 2_0 indicates the set of symbols of the slot as downlink and, if applicable, the set of symbols is within
remaining channel occupancy duration

- if the UE is configured by higher layers to receive DL PRS in the set of symbols of the slot, the UE receives the
DL PRS in the set of symbols of the slot only if an SFI-index field value in DCI format 2_0 indicates the set of
symbols of the slot as downlink or flexible.

- if the UE is configured by higher layers to transmit PUCCH, or PUSCH, or PRACH in the set of symbols of the
slot, the UE transmits the PUCCH, or the PUSCH, or the PRACH in the slot only if an SFI-index field value in
DCI format 2_0 indicates the set of symbols of the slot as uplink

- if the UE is configured by higher layers to transmit SRS in the set of symbols of the slot, the UE transmits the
SRS only in a subset of symbols from the set of symbols of the slot indicated as uplink symbols by an SFI-index
field value in DCI format 2_0

- a UE does not expect to detect an SFI-index field value in DCI format 2_0 indicating the set of symbols of the
slot 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

- a UE does not expect to detect an SFI-index field value in DCI format 2_0 indicating the set of symbols of the
slot as downlink or flexible if 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

- a UE does not expect to detect an SFI-index field value in DCI format 2_0 indicating the set of symbols of the
slot as uplink and also detect a DCI format indicating to the UE to receive PDSCH or CSI-RS in one or more
symbols from the set of symbols of the slot

If a UE is configured by higher layers to receive a CSI-RS or a PDSCH in a set of symbols of a slot and the UE detects
a DCI format 2_0 with a slot 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 slot that are indicated as downlink or flexible by tdd-
UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated, or when tdd-UL-DL-ConfigurationCommon
and tdd-UL-DL-ConfigurationDedicated are not provided, the UE cancels the CSI-RS reception in the set of symbols of
the slot that are not within the remaining channel occupancy duration.

If a UE is configured by higher layers to receive a DL PRS in a set of symbols of a slot and the UE detects a DCI format
2_0 with a slot format value other than 255 that indicates a slot 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 cancels the DL PRS reception in the set of symbols of the slot.

If a UE is configured by higher layers to transmit SRS, or PUCCH, or PUSCH, or PRACH in a set of symbols of a slot
and the UE detects a DCI format 2_0 with a slot format value other than 255 that indicates a slot 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

- the UE does not expect to cancel the transmission in symbols from the set of symbols that occur, relative to a last
symbol of a CORESET where the UE detects the DCI format 2_0 or the DCI format, after a number of symbols
that is smaller than the PUSCH preparation time Tpmc,z for the corresponding PUSCH processing capability
[6, TS 38.214] assuming  d 21~ 1 and p corresponds to the smallest SCS configuration between the SCS
configuration of the PDCCH carrying the DCI format 2_0 or the DCI format and the SCS configuration of the
SRS, PUCCH, PUSCHor H, ,where W, corresponds to the SCS configuration of the PRACH if it is

15kHz or higher; otherwise 1, =0
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- the UE cancels the PUCCH, or the PUSCH, or an actual repetition of the PUSCH [6, TS 38.214], determined
from Clauses 9 and 9.2.5 or Clause 6.1 of [6. TS 38.214], or the PRACH transmission in remaining symbols
from the set of symbols and cancels the SRS transmission in remaining symbols from the subset of symbols.

If a UE is configured by higher layers to receive a CSI-RS or detects a DCI format 0_1 indicating to the UE to receive a
CSI-RS in one or more RB sets and a set of symbols of a slot, and the UE detects a DCI format 2_0 with bitmap
indicating that any RB set from the one or more RB sets is not available for reception, the UE cancels the CSI-RS
reception in the set of symbols of the slot.

A UE assumes that flexible symbols in a CORESET configured to the UE for PDCCH monitoring are downlink
symbols if 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 a slot 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 a slot
format for the slot

- the UE receives PDSCH or CSI-RS in 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 SRS in the set of symbols of the slot if the UE receives a
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 layers to receive PDSCH in the set of symbols of the slot, the UE does not
receive the PDSCH in the set of symbols of the slot

- if the UE is configured by higher layers to receive CSI-RS in the set of symbols of the slot, the UE does not
receive the CSI-RS in the set of symbols of the slot, except when UE is provided CO-DurationsPerCell and the
set of symbols of the slot are within the remaining channel occupancy duration.

- if the UE is configured by higher layers to receive DL PRS in the set of symbols of the slot, the UE receives the
DL PRS

- if the UE is configured by higher layers to transmit SRS, or PUCCH, or PUSCH, or PRACH in the set of
symbols of the slot and the UE is not provided enableConfiguredUL, the UE

- does not transmit the PUCCH, or the PUSCH, or the PRACH in the slot and does not transmit the SRS in
symbols from the set of symbols in the slot, if any, starting from a symbol that is after PUSCH preparation
time Tpmc,2 for the corresponding PUSCH timing capability [6, TS 38.214] assuming  d 21— 1 aftera
last symbol of a CORESET where the UE is configured to monitor PDCCH for DCI format 2_0 and
corresponds to the smallest SCS configuration between the SCS configuration of the PDCCH carrying the
DCI format 2_0 and the SCS configuration of the SRS, PUCCH, PUSCH or U, ,where [,

corresponds to the SCS configuration of the PRACH if it is 15kHz or higher; otherwise £, =0

- does not expect to cancel the transmission of the SRS, or the PUCCH, or the PUSCH, or the PRACH in
symbols from the set of symbols in the slot, if any, starting before a symbol that is after the PUSCH
preparation time Tpmc’2 for the corresponding PUSCH timing capability [6, TS 38.214] assuming

d 1= 1 after a last symbol of a CORESET where the UE is configured to monitor PDCCH for DCI
format2_0and g corresponds to the smallest SCS configuration between the SCS configuration of the
PDCCH carrying the DCI format 2_0 and the SCS configuration of the SRS, PUCCH, PUSCH or M, ,
where [, corresponds to the SCS configuration of the PRACH if it is 15kHz or higher; otherwise

p,=0

- if the UE is configured by higher layers to 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.
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For unpaired spectrum operation for a UE on a cell in a frequency 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 a UE 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-ConfigurationPerServingCell that includes a set of serving cell indexes provided by
corresponding servingCellld and a corresponding set of locations for fields in DCI format 2_1 by positionInDCI

- an information payload size for DCI format 2_1 by dci-PayloadSize
- an indication granularity for time-frequency resources by timeFrequencySet

If a UE detects a DCI format 2_1 for a serving cell from the configured set of serving cells, the UE may assume that no
transmission to the UE is present in PRBs and in symbols that 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 PRBs is equal to the active DL BWP as defined in Clause 12 and includes Bint pREs.

If a UE detects a DCI format 2_1 in a PDCCH transmitted in a CORESET in a slot, the set of symbols is the last
Nslot TINT 2“ = HiNT

symb :

symbols prior to the first symbol of the CORESET in the slot where Tinr is the PDCCH
monitoring periodicity provided by the value of monitoringSlotPeriodicityAndOffset, as described in Clause 10.1,

slot

symb js the number of symbols per slot, * is the SCS configuration for a serving cell with mapping to a respective

field in the DCI format 2_1, *NT is the 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-
slot .2,11 - MiNt

ConfigurationCommon are excluded from the last Noymy Tinr symbols prior to the first symbol of the

CORESET in the slot. The resulting set of symbols includes a number of symbols that is denoted as Ninr,

) ) Nslot T 'Z'U - HiNt .
The UE does not expect to be provided values of # Hint | and Tinr resulting to a value of = ¥ymb ~INT that is

not an integer. The UE does not expect to be configured by monitoringSymbolsWithinSlot with more than one PDCCH
monitoring occasion for DCI format 2_1 in a slot.

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 a field in DCI format 2_1 have a one-to-one mapping

NINT' HN[NT/14H 14

with 14 groups of consecutive symbols from the set of symbols where each of the first symbol

groups includes [ Nixr/14] symbols, each of the last 14 - Niyr +[Niyr/14] 14 symbol groups includes [Ninr/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 'set1’, 7 pairs of bits from MSB of a field in the DCI format 2_1 have a one-to-one

NINT - HNINT/7[ -7

mapping with 7 groups of consecutive symbols where each of the first symbol groups includes

[ Ninr/7] symbols, each of the last 7= Niwe + [Nt /707 symbol groups includes [Ninr/71 symbols, a first bit in a
pair of bits for a symbol group is applicable to the subset of first [Binr/2] PRBs from the set of Bint PRBs, a second

bit in the pair of bits for the symbol group is applicable to the subset of last 1Binr/2] PRBs from the set of DInT PRBs,
a bit value of 0 indicates transmission to the UE in the corresponding symbol group and subset of PRBs, and a bit value
of 1 indicates no transmission to the UE in the corresponding symbol group and subset of PRBs.
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11.2A Cancellation indication

If a UE 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 a DCI 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-ConfigurationPerServingCell, that includes a set of serving cell indexes and a
corresponding set of locations for fields in DCI format 2_4 by positionInDCI

- anumber of fields in DCI format 2_4, by positionInDCI-forSUL, for each serving cell for a SUL carrier, if the
serving cell is configured with a SUL carrier

- an information payload size for DCI format 2_4 by dci-PayloadSize-ForCI
- an indication for time-frequency resources by timeFrequencyRegion
For a serving cell having an associated field in a DCI format 2_4, for the field denote by

- N, anumber of bits provided by ci-PayloadSize
- B, anumber of PRBs provided by frequencyRegionforCI in timeFrequencyRegion

- T, anumber of symbols, excluding symbols for reception of SS/PBCH blocks and DL symbols indicated
by tdd-UL-DL-ConfigurationCommon, from a number of symbols that

- is provided by timeDurationforClI 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
occasions in a slot, or

- is equal to the PDCCH monitoring periodicity, otherwise.

- G anumber of partitions forthe T, symbols provided by timeGranularityforCI in
timeFrequencyRegion

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—T o+l To;/Gey |-G groupsincludes [T /G| symbols and each of the

remaining Teo;—[To/Ge /G groupsincludes [T /Gl 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 a group of symbols, Nz =N c1/ G, bits from MSB of each set of bits have a one-to-one mapping with

Ny, groups of PRBs where each of the first Np;—Bg+[ B/ Ng; /- Ny,  groups includes [ B/ Ny, |
PRBs and each of the remaining Bq;—[ B/ Ng; /- Ny, groups includes [ B,/ Ny, | PRBs. AUE
determines a first PRB index as N g = O carrier+ RBg;  and a number of contiguous RBsas B =Lpg  from
frequencyRegionforClI that indicates an offset RB,,, andalength Lz asRIV according to [6, TS 38.214], and

from offsetToCarrier in FrequencyInfoUL-SIB or FrequencyInfoUL that indicates O _,;.. for a SCS configuration
of an active DL. BWP where the UE monitors PDCCH for DCI format 2_4 detection.

An indication by a DCI format 2_4 for a serving 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' from the end of a PDCCH reception where the UE detects the DCI format 2_4, where 1"’ proc 2
obtained from T for PUSCH processing capability 2 [6, TS 38.214] assuming  d,,=d g, * R
where daffse[ is provided by delta_Offset, | being the smallest SCS configuration between the SCS

proc ,2 1S

proc ,2

configuration of the PDCCH and the smallest SCS configuration [l;;; provided in scs-SpecificCarrierList of
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FrequencyInfoUL or FrequencyInfoUL-SIB. The UE does not expect to cancel the PUSCH transmission or the SRS
transmission before a corresponding symbol thatis T
CORESET where the UE detects the DCI format 2_4.

proc,2  assuming that d 21=0 after a last symbol of a

A UE that detects a DCI format 2_4 for a serving cell cancels a PUSCH transmission or an actual repetition of a
PUSCH transmission [6, TS 38.214] if the PUSCH transmission is with repetition Type B, as determined in Clauses 9
and 9.2.5 or in Clause 6.1 of [6, TS 38.214], or an SRS transmission on the serving cell if, respectively,

- the transmission is PUSCH with priority 0, if the UE is provided uplinkCancellationPriority,

- agroup of symbols, from the T'5; symbols, has at least one bit value of '1' in the corresponding set of

Ny, bits in 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, fromthe B, PRBs, has a corresponding bit value of '1' in the set of bits corresponding to

the group of symbols in the DCI format 2_4 and includes a PRB of the (repetition of the) PUSCH transmission
or of the SRS transmission,

where

- the cancellation of the (repetition of the) PUSCH transmission includes all symbols from the earliest symbol of
the (repetition of the) PUSCH transmission that is in a group of symbols having corresponding bit values of '1' in
the DCI format 2_4;

- the cancellation of the SRS transmission includes only symbols that are in one or more groups of symbols having
corresponding bit values of '1' in the DCI format 2_4.

If, based on an indication by a DCI format 2_4, a UE cancels a PUSCH transmission or an SRS transmission, the UE
does not expect to be scheduled by a second DCI format to transmit a PUSCH or an SRS over symbols that include
symbols of the cancelled PUSCH transmission or SRS transmission, where the last symbol of the PDCCH reception
providing the second DCI format is later than the first symbol of the PDCCH reception providing the DCI format 2_4.

11.3  Group TPC commands for PUCCH/PUSCH

For PUCCH transmission on a serving cell, a UE can be provided
- aTPC-PUCCH-RNTI for a DCI format 2_2 by tpc-PUCCH-RNTI
- afield in DCI format 2_2 is a TPC command of 2 bits mapping to Fevccr, b e values as described in
Clause 7.2.1

- an index for a location in DCI format 2_2 of a first bit for a TPC command field for the PCell, or the SpCell for
EN-DC operation, or for a carrier of the PCell by tpc-IndexPCell

- an index for a location in DCI format 2_2 of a first bit for a TPC command field for the PUCCH-SCell or for a
carrier for the PUCCH-SCell by tpc-IndexPUCCH-Scell

[n4
- amapping for the PUCCH power control adjustment state [€[0.1 , by a corresponding {0, 1} value of a closed
loop index field that is appended to the TPC command field in DCI format 2_2 if the UE indicates a capability to
support two PUCCH power control adjustment states by twoDifferentTPC-Loop-PUCCH, and if the UE is
configured for two PUCCH power control adjustment states by twoPUCCH-PC-AdjustmentStates

The UE is also 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-RNTT as described
in Clause 10.1.

For PUSCH transmission on a serving cell, a UE can be provided

- aTPC-PUSCH-RNTI for a DCI format 2_2 by tpc-PUSCH-RNTI
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5PUSCH, b,f,c

- afield in DCI format 2_2 is a TPC command of 2 bits mapping to values as described in

Clause 7.1.1

an index for a location in DCI format 2_2 of a first bit for a TPC command field for an uplink carrier of the
serving cell by tpc-Index

an index for a location in DCI format 2_2 of a first 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

[ 4l
a mapping for the PUSCH power control adjustment state €01 , 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 is also provided for the serving cell of the PDCCH reception for DCI format 2_2 with a configuration for a

search space set S anda 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-PowerControlAdjustmentStates indicates a separate
power control adjustment state between SRS transmissions and PUSCH transmissions.

A UE configured by higher layers with parameter carrierSwitching is provided

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

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

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

a DCI format 2_3 field configuration type by typeA or typeB

- for typeA, an index for a set of serving cells is provided by cc-SetIndex, indexes of serving cells in the set of
serving cells are provided by cc-IndexInOneCC-Set, and a DCI format 2_3 field includes a TPC command
for each serving cell from the set of serving cells and can 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 a field 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 sets is as provided in [6, TS 38.214]

an index for a location in DCI format 2_3 of a first bit for a field for a non-supplementary uplink carrier of the
serving cell by startingBitOfFormat2-3

an index for a location in DCI format 2_3 of a first bit for a field for a supplementary uplink carrier of the
serving cell by startingBitOfFormat2-3SUL-v1530

12

Bandwidth part operation

If the UE is configured with a SCG, the UE shall apply the procedures described in this clause for both MCG and SCG
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- When the procedures are applied for MCG, the terms 'secondary cell', 'secondary cells', 'serving cell’, 'serving
cells' in this clause refer to secondary cell, secondary cells, serving cell, serving cells belonging to the MCG
respectively.

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

A UE configured for operation in bandwidth parts (BWPs) of a serving cell, is configured by higher layers for the
serving cell a set 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 initialDownlinkBWP 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 initialUplinkBWP with a set of parameters
configured by BWP-UplinkCommon and BWP-UplinkDedicated.

If a UE is not provided initialDownlinkBWP, an initial DL BWP is defined by a location and number of contiguous
PRBs, starting from a PRB with the lowest index and ending at a PRB with the highest index among PRBs of a
CORESET for Type0-PDCCH CSS set, and a SCS and a cyclic prefix for PDCCH reception in the CORESET for
Type0-PDCCH CSS set; otherwise, the initial DL BWP is provided by initialDownlinkBWP. 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 an initial UL BWP on the supplementary UL carrier by
initialUplinkBWP.

If a UE has dedicated BWP configuration, the UE can be provided by firstActiveDownlinkBWP-Id a first active DL
BWP for receptions and by firstActiveUplinkBWP-Id a first active UL BWP for transmissions on a carrier of the primary
cell.

For each DL BWP or UL BWP in a set 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]:

- a SCS by subcarrierSpacing

- acyclic prefix by cyclicPrefix

Ny =00, + R N =

i . L .
- acommon RB carrier sart and a number of contiguous RBs " BWP ~ RB provided by

locationAndBandwidth that indicates an offset RB,, and a length Ly as RIV according to [6, TS 38.214],

N3 =275

setting , and a value Ocare provided by offsetToCarrier for the subcarrierSpacing

- anindex in the set of DL BWPs or UL BWPs by respective BWP-Id

- aset of BWP-common and a set of BWP-dedicated parameters by BWP-DownlinkCommon and BWP-
DownlinkDedicated for the DL BWP, or BWP-UplinkCommon and BWP-UplinkDedicated for the UL BWP [12,
TS 38.331]

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-Id 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 a DL 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 a set of DL BWPs of the PCell, or of the PUCCH-SCell, a UE can be configured CORESETSs for
every type of CSS sets and for USS as described in Clause 10.1. The UE does not expect to be configured without a
CSS set on the PCell, or on the PUCCH-SCell, of the MCG in the active DL BWP.

If a UE is provided controlResourceSetZero and searchSpaceZero in PDCCH-ConfigSIB1 or PDCCH-ConfigCommon,
the UE determines a CORESET for a search space set from controlResourcesetZero 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 the initial DL. BWP, the UE determines PDCCH
monitoring occasions for the search space set only if the CORESET bandwidth is within the active DL BWP and the
active DL BWP has same SCS configuration and same cyclic prefix as the initial DL BWP.
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For each UL BWP in a set of UL BWPs of the PCell or of the PUCCH-SCell, the UE is configured resource sets for
PUCCH transmissions as described in Clause 9.2.1.

A UE receives PDCCH and PDSCH in a DL BWP according to a configured SCS and CP length for the DL BWP. A UE
transmits PUCCH and PUSCH in an UL BWP according to a configured SCS and CP length for the UL BWP.

If a bandwidth part indicator field is configured in a DCI format, the bandwidth part indicator field value indicates the
active DL BWP, from the configured DL BWP set, for DL receptions as described in [5, TS 38.212]. If a bandwidth part
indicator field is configured in a DCI format, the bandwidth part indicator field value indicates the active UL BWP,
from the configured UL BWP set, for UL transmissions as described in [5, TS 38.212]. If a bandwidth part indicator
field is configured in a DCI format and indicates an UL BWP or a DL BWP different from the active UL BWP or DL
BWP, respectively, the UE shall

- for each information field in the DCI format

- if the size of the information field is smaller than the one required for the DCI format interpretation for the
UL BWP or DL BWP that is indicated 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 the size of the information field is larger than the one required for the DCI format interpretation for the UL
BWP or DL BWP that is indicated 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

- set the active UL BWP or DL BWP to the UL BWP or DL BWP indicated by the bandwidth part indicator in the
DCI format

If a bandwidth part indicator field is configured in a DCI format 0_1 and indicates an active UL BWP with different
SCS configuration [ , or with different number N gg’f set,UL of RB sets, than a current active UL BWP, the UE

determines an uplink frequency domain resource allocation Type 2 basedon X ' bitsand Y ' bits that are
generated by independently truncating or padding the X MSBsandthe Y LSBs[6, TS 38.214] of the
frequency domain resource assignment field of DCI format 0_1, where truncation starts from the MSBs of the X bits or
the Y bits, zero-padding prepends zeros to the X bits or the Y bits, and

- if the indicated active UL BWP has SCS configuration =1 and the current active BWP has SCS
configuration yZO ,the X MSBs are truncated to X' = X—1 Dbits, or

- if the indicated active UL BWP has SCS configuration =0 and the current active BWP has SCS
configuration p=1 ,the X MSBs are zero-padded to X =X+1 bits

- otherwise, the X MSBs are unchanged

and

BWP NBWP
RB—set, UL RB —set, UL

2
is a number of RB sets configured for the indicated active UL BWP

+ 1) )
] bits where

- the Y LSBsare truncated or zero-paddedto  y'=[ log,

BWP
NRB —set, UL

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 slot offset value for a
PDSCH reception or PUSCH transmission that is smaller than a delay required by the UE for an active DL BWP change
or UL BWP change, respectively [10, TS 38.133].

If a UE detects a DCI format with a BWP indicator field that indicates an active DL BWP change for a cell, the UE is
not required to receive or transmit in the cell during a time duration from the end of the third symbol of a slot where the
UE receives the PDCCH that includes the DCI format in a scheduling cell until the beginning of a slot indicated by the
slot offset value of the time domain resource assignment field in the DCI format.
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If a UE detects a DCI format with SCell dormancy indication that indicates an active DL BWP change for an Scell in
slot n of primary cell, the UE is not required to receive or transmit in the SCell during a time duration specified in [10,
TS 38.133].

If a UE detects a DCI format indicating an active UL BWP change for a cell, the UE is not required to receive or
transmit in the cell during a time duration from the end of the third symbol of a slot where the UE receives the PDCCH
that includes the DCI format in the 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.

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 a slot other than the first slot of a set of slots for the DL SCS of the scheduling
cell that overlaps with a time duration where the UE is not required to receive or transmit, respectively, for an active
BWP change in a different 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 slot.

For a serving cell, a UE can be provided by defaultDownlinkBWP-Id a default DL BWP among the configured DL
BWPs. If a UE is not provided a default DL. BWP by defaultDownlinkBWP-Id, the default DL BWP is the initial DL
BWP.

If a UE is provided by bwp-InactivityTimer a timer 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
conditions in [11, TS 38.321] are not met during the interval of the subframe for FR1 or of the half subframe for FR2.

For a cell 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 is immediately after the BWP inactivity timer expires until the beginning of a slot where the
UE can receive or transmit.

When a UE's BWP inactivity timer for a cell within FR1 (or FR2) expires within a time duration where the UE is not
required to receive or transmit for an active UL/DL BWP change in the cell or in a different cell within FR1 (or FR2),
the UE delays the active UL/DL BWP change triggered by the BWP inactivity timer expiration until a subframe for FR1
or half a subframe for FR2 that is immediately after the UE completes the active UL/DL BWP change in the cell or in
the different cell within FR1 (or FR2).

If a UE is provided by firstActiveDownlinkBWP-Id a first active DL BWP and by firstActiveUplinkBWP-Id a first active
UL BWP on a carrier of a secondary cell, the UE uses the indicated DL BWP and the indicated UL BWP as the
respective first active DL BWP on the secondary cell and first active UL BWP on the carrier of the secondary cell.

A UE does not expect to monitor PDCCH when the UE performs RRM measurements [10, TS 38.133] over a
bandwidth that is not within the active DL BWP for the UE.

13 UE procedure for monitoring TypeO-PDCCH CSS
sets

If during cell search a UE determines from MIB that a CORESET for Type0-PDCCH CSS set is present, as described in
Clause 4.1, the UE determines a number of consecutive resource blocks and a number of consecutive symbols for the
CORESET of the Type0-PDCCH CSS set from controlResourceSetZero in pdcch-ConfigSIB1, 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-ConfigSIB1, included in MIB, as described in Tables 13-11 through 13-15. SEN¢ and ¢ are

. n ;
the SFN and slot index within a frame of the CORESET based on SCS of the CORESET and >' VB and "'SB.i are
the SFN and slot index based on SCS of the CORESET, respectively, where the SS/PBCH block with index ! overlaps

SFN ¢, Nggp ;
in time with system frame B, and slot = B! The symbols of the CORESET associated with pdcch-ConfigSIB1
in MIB or with searchSpaceSIB1 in PDCCH-ConfigCommon have normal cyclic prefix.
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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 subCarrierSpacingCommon,
from the smallest RB index of the CORESET for Type0O-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 hsse is defined in
[4, TS 38.211].

For operation with shared spectrum channel access, a UE determines an offset from a smallest RB index of the
CORESET for Type0-PDCCH CSS set to a smallest RB index of the common RB overlapping with a first RB of the
corresponding SS/PBCH block

- according to the offset in Table 13-1A or Table 13-4A, if the frequency position of the SS/PBCH block
corresponds to the GSCN of a synchronization raster entry as defined in [8-1, TS 38.101-1], and

- according to a sum of a first offset and a second offset if the frequency position of the SS/PBCH block is
provided by ssbFrequency in a measurement configuration associated with a reporting configuration providing
reportCGI and does not correspond to the GSCN of a synchronization raster entry as defined in [8-1, TS 38.101-
1], where

- the first 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
the first 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 is located in the same channel as
the SS/PBCH block used for the shared spectrum channel access procedure, as described in [15, TS 37.213]

where the offsets are defined with respect to the SCS of the CORESET for Type0-PDCCH CSS set that is same as the
SCS of the corresponding SS/PBCH block.

For operation without shared spectrum channel access and for the SS/PBCH block and CORESET multiplexing pattern

1, a UE monitors PDCCH in the Type0-PDCCH CSS set over two consecutive slots starting from slot ™o For

. _ U .. frameu
SS/PBCH block with index !, the UE determines an index of slot Mo 55 Mo _(O 28+ Mﬂ)mod Noo that is in a

_ Du . frameu —
frame with system frame number (SFN) SEN¢ satisfying SEN ¢ mod 2 =0 if H(O 2"+ MH)/ Ngo"*" 1 mod 2 =0 , or

SFN¢ mod 2 =1 ¢ llo 2" +1i -M)/NEme] mod 2 =L M ana O

in a frame with SFN satisfying

|
Tables 13-11 and 13-12, and “ 1% 23] based on the SCS for PDCCH receptions in the CORESET [4, TS 38.211].

The index for the first symbol of the CORESET in slots Mo and Mo *1 s the first symbol index provided by Tables 13-
11 and 13-12.

are provided by

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
Type0-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 | ,where 0<i<L,,—1 ,two consecutive slots starting
from slot 1N, include the associated Type0-PDCCH monitoring occasions. The UE determines an index of slot
Ny, as n,= (O . 2”+[f . Mj) mod N™meH  that is in a frame with system frame number (SFN) SFN .

slot

satisfying SFN.mod2=0 if [(O 2+ i'M j)/meme’“ |mod2=0 |, orina frame with SFN satisfying

slot

SFN_.mod2=1 if [(O-2“+[;'-Mj)/Nframe’“_/modZ:l. M and O are provided by Table 13-

slot

11,and p€{0,1} based on the SCS for PDCCH receptions in the CORESET [4, TS 38.211]. The index for the

first symbol of the CORESET inslots 1, and MNy+1 is the first symbol index provided by Table 13-11. The UE

does not expect to be configured with M =1/2 ,orwith M=2 ,when Nag=

For the SS/PBCH block and CORESET multiplexing patterns 2 and 3, a UE monitors PDCCH in the Type0-PDCCH
CSS set over one slot with Type0-PDCCH CSS set periodicity equal to the periodicity of SS/PBCH block. For the
SS/PBCH block and CORESET multiplexing patterns 2 and 3, if the active DL BWP is the initial 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
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n

SS/PBCH block with index ! , the UE determines the slot index "¢ and SFN¢ based on parameters provided by Tables

13-13 through 13-15.

Table 13-1: 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 with minimum channel
bandwidth 5 MHz or 10 MHz

SSIPBCH block and CORESET Number of RBs | Number of Symbols

[ multiplexing pattern NggSET N S(;?[]?SET Ol
0 1 24 2 )
1 1 24 2 >
2 1 24 2 4
3 1 24 3 0
4 1 24 3 >
) 1 24 3 2
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
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

Number of RBs Number of
Index SSIPBCH_bIoc_k and CORESET CORESET Symbols Offset (RBs)
multiplexing pattern Ngg NCORESET
symb
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/IPBCH block, PDCCH} SCS is {15, 30} kHz for frequency bands with minimum channel
bandwidth 5 MHz or 10 MHz

Ind SSIPBCH block and CORESET Number of RBs | Number of Symbols —
naex multiplexing pattern INCORESED N SORESET set (RBs)
0 1 24 > 5
1 1 24 > 6
2 1 24 > =
3 1 24 > 8
4 1 24 3 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 > 18
11 1 48 > 20
12 1 48 3 18
13 1 48 3 20
14 Reserved
15 Reserved

Table 13-3: Set of resource blocks and slot symbols of CORESET for Type0-PDCCH search space set
when {SS/PBCH block, PDCCH} SCS is {30, 15} kHz for frequency bands with minimum channel
bandwidth 5 MHz or 10 MHz

SS/PBCH block and CORESET Number of RBs | Number of Symbols
R multiplexing pattern NIRESET NSORESET Offset (RBs)
0 1 48 1 2
1 1 48 1 6
2 1 48 2 2
3 1 48 2 6
4 1 48 3 2
5 1 48 3 6
6 1 96 1 28
7 1 96 2 28
8 1 96 3 28
9 Reserved
10 Reserved
11 Reserved
12 Reserved
13 Reserved
14 Reserved
15 Reserved
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Table 13-4: Set of resource blocks and slot symbols of CORESET for Type0-PDCCH search space set
when {SS/IPBCH block, PDCCH} SCS is {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
multiplexing pattern N SORESET JySSREEE Offset (RBs)

symb

Index

[EEY
N

24
24
24
24
24
24
24
24
24
24
48
48
48
48
48
48

OO (N|O|O|~|WIN|F|O

A N R
I I RN e
I E NN R N = R SN =)

NININIRPIRP|IRPWWWIW[WIN[INININ

Table 13-4A: Set of resource blocks and slot symbols of CORESET for Type0-PDCCH search space
set when {SSIPBCH block, PDCCH} SCS is {30, 30} kHz for frequency bands operated with shared
spectrum channel access

| block and Number of RBs MLl o
Index e ICORE Bl CORESET Symbols Offset (RBs)
multiplexing pattern Ngs NCORESET
symb
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/IPBCH block, PDCCH} SCS is {30, 15} kHz for frequency bands with minimum channel
bandwidth 40MHz

SSIPBCH block and CORESET | Number of RBs | Number of Symbols

multiplexing pattern Ngp ooFT N :;?J;ESET R

Index

48
48
48
96
96
96
96
96
96
Reserved
10 Reserved
11 Reserved
12 Reserved
13 Reserved
14 Reserved
15 Reserved

=y
[EEN

N G
wlw[NN Rk w]|N
Ul a1 Ul
oC|lam|Cla || ||+

V|0 |N[o|O|[~|WNIF|O

Table 13-6: Set of resource blocks and slot symbols of CORESET for Type0-PDCCH search space set
when {SS/PBCH block, PDCCH} SCS is {30, 30} kHz for frequency bands with minimum channel
bandwidth 40MHz

SS/PBCH block and CORESET Number of RBs | Number of Symbols
Index multiplexing pattern NSORESET NSORESET Offset (RBs)
0 1 24 2 0
1 1 24 2 4
2 1 24 3 0
3 1 24 3 4
4 1 48 1 0
5 1 48 1 28
6 1 48 2 0
7 1 48 2 28
8 1 48 3 0
9 1 48 3 28
10 Reserved
11 Reserved
12 Reserved
13 Reserved
14 Reserved
15 Reserved
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Table 13-7: Set of resource blocks and slot symbols of CORESET for Type0-PDCCH search space set
when {SS/IPBCH block, PDCCH} SCS is {120, 60} kHz

index SSIPBCH block and CORESET Number of RBs Number of Offset (RBs)
multiplexing pattern NGQRESET Symbols Namr
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
8 2 48 1 avif Ko =0
42if Kssn >0
9 2 48 1 49
41 if Ksss =0
10 2 96 1
keew >0
-42if 5B
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 {SSIPBCH block, PDCCH} SCS is {120, 120} kHz

SSIPBCH block and CORESET Number of RBs Number of
Index multiplexing pattern [ EIORESET i ST Offset (RBs)
RB Symbols "t

0 1 24 2 0

1 1 24 2 4

2 1 48 1 14

3 1 48 2 14

4 3 24 2 -20 if kSSB 0
21 if kssg >0

5 3 24 2 24
20 if sp =0

6 3 48 2 " 0
21if B >

7 3 48 2 48

8 Reserved

9 Reserved

10 Reserved

11 Reserved

12 Reserved

13 Reserved

14 Reserved

15 Reserved
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Table 13-9: Set of resource blocks and slot symbols of CORESET for Type0-PDCCH search space set
when {SS/IPBCH block, PDCCH} SCS is {240, 60} kHz

SS/PBCH block and CORESET Number of RBs | Number of Symbols
multiplexing pattern NSORESET ORI Offset (RBs)

symb
1 96 1 0
1 96 1
1 96 2 0
1 96 2
Reserved
Reserved
Reserved
Reserved
Reserved
Reserved
10 Reserved
11 Reserved
12 Reserved
13 Reserved
14 Reserved
15 Reserved

Index

OO (N[O |O|~|WIN|F|O

Table 13-10: Set of resource blocks and slot symbols of CORESET for Type0-PDCCH search space
set when {SS/PBCH block, PDCCH} SCS is {240, 120} kHz

Number of RBs Number of
Index SSIPBCT'_b:OC_k and CORESET CORESET \ CORESET Offset (RBs)
multiplexing pattern NRp Symbols Neymb
0 1 48 1 0
1 1 48 1 8
2 1 48 2 0
3 1 48 2 8
41 Kssn =0
4 2 24 1
ke >0
-42if 5B
5 2 24 1 25
kg =0
6 2 48 1 -a1if 5B
42 if ksss >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 Type0-PDCCH CSS set - SS/IPBCH
block and CORESET multiplexing pattern 1 and FR1

Index O Bumbenl sea;tl:(l:tspace sets per M First symbol index
0 0 1 1 0
. CORESET .
1 0 2 1/2 0,if ! iseven}, {Vom it I is odd}
2 2 1 1 0
. CORESET .
3 2 2 1/2 (0,if L iseven}, {Vom it I is odd}
4 5 1 1 0
: CORESET :
5 5 2 1/2 (0,if L iseven}, {Vom it I is odd}
6 7 1 1 0
- CORESET >
7 7 2 12 {0,if ! iseven}, {Nvm it ! 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/IPBCH
block and CORESET multiplexing pattern 1 and FR2

Index O Number of sea;tlztr)\tspace sets per M First symbol index

0 0 1 1 0

1 0 2 1/2 {0,if ! is even}, {7,if ! is odd}

2 2.5 1 1 0

3 25 2 1/2 {0,if ! is even}, {7,if ! is odd}

4 5 1 1 0

5 5 2 172 {0,if ! iseven}, {7, if ! is odd}
* CORESET ;s

6 0 2 1/2 (0,if Liseven}, {NVo= it L is odd}
. CORESET s

7 25 2 12 {0,if ! iseven}, {V= " if I is odd}
. CORESET s

8 5 2 1/2 {0,if ! is even}, {Nsym‘tE St s odd}

9 75 1 1 0

10 75 2 1/2 {0,if I iseven}, {7,if ! is odd}
. CORESET -

11 75 2 V2 | qo,if !iseven}, {NMomr L if L 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/IPBCH block and
CORESET multiplexing pattern 2 and {SS/IPBCH block, PDCCH} SCS {120, 60} kHz

Index PDCCH monitoring occasions (SFN and slot number) Flzls(t_sgnlbol |;-|Fc’l)ex
0,1, 6,7 for
SEN . =SFN
0 _ ' i=4k i=4k+1 i=4k+?2
Ne =Nggp ) , ,
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/IPBCH block, PDCCH} SCS {240, 120} kHz

Index PDCCH monitoring occasions First symbol index
(SFN and slot number) (k=0,1,...,7)
i=8k i=8k+1 i=8k+2 i=8k+3
0,1,2,3,0,1in , , , ,
0 SEN¢ =SENssa, i =8k+6 i=8k+7 "c ~Tsp
Ne =Nssp,i op Mc =Mssp,i ~ 1 ) ( )
1 =8k+4 [ =8k+5 nc=ngg,;-1
12, 13in ,
1 Reserved
2 Reserved
3 Reserved
4 Reserved
S 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/IPBCH block and
CORESET multiplexing pattern 3 and {SS/PBCH block, PDCCH} SCS {120, 120} kHz

Index PDCCH monitoring occasions (SFN and slot number) Flzls(t_sgnlbol T;I)ex
4,8,2,6iIn
SFN. =SFN
0 _ ' i=4k i=4k+1 i=4k+2
Ne =Nggp ; ) , ,
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 detects a first SS/PBCH block and determines that a CORESET for Type0-PDCCH CSS set is not present, and

for 24 =Ksss =29 o1 FR1 or for 12 =Ksss =13 fo; 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

Reference+ NOffset Reference
for an associated Type0-PDCCH CSS set as 65N GSON | Nasen ™ s the GSCN of the first SS/PBCH block and

Offset

Nascn js a GSCN offset provided by Table 13-16 for FR1 and Table 13-17 for FR2. If the UE detects the second
SS/PBCH block and the second SS/PBCH block does not provide a CORESET for Type0-PDCCH CSS set, as
described in Clause 4.1, the UE may ignore the information related to GSCN of SS/PBCH block locations for
performing cell search.

If a UE detects a SS/PBCH block and determines that a CORESET for Type0-PDCCH CSS set is not present, and for
ks =31 for FR1 or for ksss =15 for FR2, the UE determines that there is no SS/PBCH block having an associated

Reference _ Start Reference End Start End .
Type0-PDCCH CSS set within a GSCN range [NGsen Ngsons Nosen ™+ Nasen ] Nesen and Noson are respectively

determined by controlResourceSetZero and searchSpaceZero in pdcch-ConfigSIB1. If the GSCN range is

[NReference NReferenc
GSCN > 77GSCN 4 the UE determines that there is no information for a second SS/PBCH block with a CORESET
for an associated Type0-PDCCH CSS set on the detected SS/PBCH block.

If a UE does not detect any SS/PBCH block providing a CORESET for Type0-PDCCH CSS set, as described in Clause
4.1, within a time 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 ksss and controlResourceSetZero and
Offset
searchSpaceZero in pdcch-ConfigSIB1 to = 5N for FR1

Kesn 16x% csntrolResourceSetZero N Offset
searchSpaceZero GSCN

24 0,1,...,255 1,2,...,256

25 0,1,...,255 257,258, ..., 512

26 0,1,...,255 513, 514, ...., 768

27 0,1,...,255 -1,-2, ..., -256

28 0,1,...,255 -257,-258, ..., -512

29 0,1,...,255 -513,-514, ...., -768

30 0,1, ...,255 Reserved, Reserved, ..., Reserved

Table 13-17: Mapping between the combination of ks and controlResourceSetZero and
Offset
searchSpaceZero in pdcch-ConfigSIB1 to = 6N for FR2

Kk 16%controlResourceSetZero N Offset
SSB +searchSpaceZero GSCN
12 0,1,...,255 1,2,...,256
13 0,1,...,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 applicable to the IAB-MT of an IAB node.

A procedure for an TAB-MT to perform cell search, system information acquisition, or random access procedure is same
as a corresponding one for a UE except for the following.

For initial cell selection, an IAB-MT may assume that half frames with SS/PBCH blocks occur with a periodicity of 16
frames.

For PRACH transmission, an IAB-MT determines frames and subframes/slots within the frames containing PRACH
occasions as described in [4, TS 38.211].

The IAB-MT determines an association period for mapping SS/PBCH blocks to PRACH occasions based on a PRACH
configuration period as described in Clause 8.1 and according to Table 14-1 instead of Table 8.1-1. An association
pattern period includes one or more association periods and is determined so that a pattern between PRACH occasions
and SS/PBCH blocks repeats at most every 640 msec. A PRACH occasion in a PRACH slot is valid according to the
conditions in Clause 8.1.
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Table 14-1: Mapping between PRACH configuration period and SS/IPBCH block to PRACH occasion
association period for an IAB-MT

PRACH configuration period (msec) feseE Period_ (numb_er of PRACH
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-node is provided an index T, in a Timing Delta MAC CE [11, TS 38.321] from a serving cell, the
IAB-node may assume that ( Noal24 Nyo# T g G

a signal from the serving cell and a reception of the signal by the IAB-MT when N, /2+N .+ T, " Gy0p>0

sep| Ic s a time difference between a DU transmission of

where Ny, is obtained as for a "UE" in Clause 4.2 for the TAG containing the serving cell and N, and

Gy, are determined as

- Nyau=—70528 and G,,,=64 |, if the serving cell providing the Timing Delta MAC CE operates in
FR1,

- Nyao=—17664 and G, =32 , if the serving cell providing the Timing Delta MAC 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 TAB-DU, the IAB-DU can be provided an indication for a slot format over a number of slots by
gNB-DU Cell Resource Configuration [16, TS 38.473].

For each serving cell, an IAB-MT can be provided an indication for a slot format over a number of slots by tdd-UL-DL-
ConfigurationDedicated-IAB-MT. If the IAB-MT is provided tdd-UL-DL-ConfigurationDedicated-IAB-MT, the
statements in Clause 11.1 that include "tdd-UL-DL-ConfigurationDedicated" apply to the IAB-MT of an IAB 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-IAB-MT provides

- aset of slot configurations by slotSpecificConfigurationsToAddModList-IAB-MT
- for each slot configuration from the set of slot configurations
- aslot index for a slot provided by slotIndex
- aset of symbols for a slot by symbols-IAB-MT where
- if symbols-IAB-MT = allDownlink, all symbols in the slot are downlink
- if symbols-IAB-MT = allUplink, all symbols in the slot are uplink

- if symbols-TIAB-MT = explicit, nrofDownlinkSymbols provides a number of downlink first symbols in the slot
and nrofUplinkSymbols provides a number of uplink last symbols in the slot. If nrofDownlinkSymbols is not
provided, there are no downlink first symbols in the slot and if nrofUplinkSymbols is not provided, there are
no uplink last symbols in the slot. The remaining symbols in the slot are flexible.

- if symbols-IAB-MT = explicit-TAB-MT, nrofUplinkSymbols provides a number of uplink first symbols in the
slot and nrofDownlinkSymbols provides a number of downlink last symbols in the slot. If nrofUplinkSymbols
is not provided, there are no uplink first symbols in the slot and if nrofDownlinkSymbols is not provided,
there are no downlink last symbols in the slot. The remaining symbols in the slot are flexible.

An TAB-MT can be provided, by SlotFormatCombinationsPerCell, a list of slot format combinations applicable for one
serving cell and, by SlotFormatIndicator, a configuration for monitor a DCI format 2_0 indicating a slot format
combination, from the list of slot format combinations, over a number of slots as described in Clause 11.1.1. In addition
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to the slot formats in Table 11.1.1-1, an SFI field for an IAB-MT in DCI format 2_0 can indicate to the IAB-MT a slot
format from the slot formats in Table 14-2.

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 U U U U U U U U U U U U U F
57 U 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 U U U U U F F F F F
61 U U U U U U U U F F F F F F
62 U U U U U U U F F F F F F F
63 U U U U U U F F F F F F F F
64 U U U U U F F F F F F F F F
65 U U U U F F F F F F F F F F
66 U U U F F F F F F F F F F F
67 U U 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 U U U U U F D
79 U U U U U U U U U U U F F D
80 U U U U U U U U U U F F F D
81 U U U U U U U U U U U F D D
82 U U U U U U U U U U F F D D
83 U U U U U U U 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 U 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 U U 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 U F F F D D D D D D D D D
92 U U U F F F D D D D D D D D
93 U U U U U U U U U F F F F D
94 U U U U U U F F F F F F D D
95 U U U U U U F F D D D D D D
96 U U U U U U U D D D D D D D

For a serving cell of an IAB-MT, the IAB-MT can be provided by Provided Guard Symbols MAC CE a number of
symbols that will not be used for the IAB-MT in slots where the IAB-node transitions between IAB-MT and IAB-node
DU and a SCS configuration for the number of symbols [11, TS 38.321].

With reference to slots of an IAB-DU cell, a symbol in a slot of an IAB-DU cell can be configured to be of hard, soft, or
unavailable type. When a downlink, uplink, or flexible symbol is configured as hard, the IAB-DU cell can respectively
transmit, receive, or either transmit or receive in the symbol.

When a downlink, uplink, or flexible symbol is configured as soft, the IAB-DU can respectively transmit, receive or
either transmit or receive in the symbol only if

- the IAB-MT does not transmit or receive in the symbol, or
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- the IAB-MT would transmit or receive in the symbol, and the transmission or reception in the symbol is not
changed due to a use of the symbol by the IAB-DU, or

- the IAB-MT detects a 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 a slot is equivalent to being configured as hard if an IAB-DU would transmit a SS/PBCH block, PDCCH
for Type0-PDCCH CSS sets configured by pdcchConfigSIB1, or a periodic CSI-RS in the symbol of the slot, or would
receive a PRACH or a SR in the symbol of the slot.

If an IAB-node is provided an AvailabilityIndicator, the IAB-node is provided an AI-RNTI by ai-RNTI and a payload
size of a DCI format 2_5 by dci-PayloadSizeAl. 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 IAB-DU can be provided:
- an identity of the IAB-DU cell by iab-DU-Cellldentity
- alocation of an availability indicator (AI) index field in DCI format 2_5 by positionInDCI-AI

- aset of availability combinations by availabilityCombinations, where each availability combination in the set of
availability combinations includes

- resourceAvailability indicating availability of soft symbols in 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 IAB-DU can assume a same SCS configuration for availabilityCombinations for a cell as an SCS configuration
provided by gNB-DU Cell Resource Configuration for the cell.

An Al index field value in a DCI format 2_5 indicates to an IAB-DU a soft symbol availability in each slot for a number
of slots starting from the earliest slot of the IAB-DU which overlaps in time with the slot of the IAB-MT where the
IAB-MT detects the DCI format 2_5. The number of slots is equal to or larger than a PDCCH monitoring periodicity for

[ : |
DCI format 2_5 as provided by SearchSpace. The Al index field includes ™*! llog, (maxATindex + 11,1 pis where

maxAlindex is the maximum of the values provided by corresponding availabilityCombinationId. An availability for a
soft symbol in a slot is identified by a corresponding value resourceAvailability as provided in Table 14-3.

Table 14-3: Mapping between values of resourceAvailability elements and types of soft symbol availability

in a slot
Value Indication
0 No indication of availability for soft symbols
1 DL soft symbols are indicated available
No indication of availability for UL and Flexible soft symbols
5 UL soft symbols are indicated available
No indication of availability for DL and Flexible soft symbols
3 DL and UL soft symbols are indicated available
No indication of availability for Flexible soft symbols
4 Flexible soft symbols are indicated available
No indication of availability for DL and UL soft symbols
5 DL and Flexible soft symbols are indicated available
No indication of availability for UL soft symbols
6 UL and Flexible soft symbols are indicated available
No indication of availability for DL soft symbols
7 DL, UL, and Flexible soft symbols are indicated available

If a PDCCH monitoring periodicity for DCI format 2_5 is smaller than a duration of an availability combination of soft
symbols over a number of slots that 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 symbols in a slot, the IAB-MT expects that each of the more than one DCI formats 2_5 indicates a
same value for the availability combination of the soft symbols in the slot. An IAB-MT monitors PDCCH candidates
for a DCI format 2_5 with CRC scrambled by AI-RNTT in one or both of the following search space sets:
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- 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.

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 a target MCG.

If a UE is configured with a target MCG using NR radio access in FR1 or in FR2 and with a source MCG using NR
radio access in 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 a UE is configured with a target MCG using NR radio access in FR1 and a source MCG using NR radio access in
FR1, the UE is configured a maximum power P,,-. for transmissions on the target MCG by p-DAPS-Target and a
maximum power Pg-; for transmissions on the source MCG by p-DAPS-Source and with an inter-CG power

sharing mode by uplinkPowerSharingDAPS-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 uplinkPowerSharingDAPS-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 as the SCG.

If the UE indicates support for semi-static power sharing mode2 and is provided uplinkPowerSharingDAPS-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-modeZ2 by considering the target MCG as the MCG and the source
MCG as the SCG. The UE expects to be provided uplinkPowerSharingDAPS-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 uplinkPowerSharingDAPS-Mode = Dynamic,
the UE determines a transmission power for the target MCG or for the source MCG as described in Clause 7.6.2 for
nrdc-PCmode-FR1 = Dynamic by considering the target MCG as the MCG and the source MCG as the SCG.

Intra-frequency DAPS handover is described in Clause 6.1.3.2 of [10, TS38.133].
For DAPS handover that is not intra-frequency, if
- the UE does not indicate support of ul-TransCancellationDAPS, 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 uplinkPowerSharingDAPS-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 ul-TransCancellationDAPS, 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 uplinkPowerSharingDAPS-Mode, and

- UE transmissions on the target cell and the source cell are in overlapping time resources,
the UE transmits only on the target cell, and cancels the transmission to source cell

For intra-frequency DAPS handover, if

- UE transmissions on the target cell and the source cell are in overlapping time resources,
the UE transmits only on the target cell and cancels the transmission on the source cell

The UE does not expect to cancel a transmission on the source cell if a first symbol of the transmission on the source

cell is less than Tpmc)2+d after a last symbol of a CORESET where the UE receives a PDCCH providing a DCI
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format scheduling a transmission on the target cell. T is the PUSCH preparation time for the corresponding

proc,2
PUSCH processing capability [6, TS 38.214] assuming d 21— 1 , d isatime duration corresponding to 2
symbols for SCS configuration p ,and p is the smallest SCS configuration between the SCS configuration of
the PDCCH providing the DCI format and the SCS configuration for the transmission on the source cell. If the UE
transmits PRACH using 1.25 kHz or 5 kHz SCS on the source cell, the UE determines T’ assuming SCS

configuration p=0

proc,2

A UE does not expect to cancel a transmission on the source cell if the first symbol of the source cell transmission
occurs, relative to a last symbol of a PDSCH reception conveying a RAR message with a RAR UL grant on the target

cell, after a number of symbols that is smaller than Np;+N,+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, N 1o s atime duration of N, symbols corresponding to a PUSCH preparation time for
UE processing capability 1 [6, TS 38.214] and the UE considers that 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 slot 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 CCE:s 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 a first or last symbol of
a PRACH transmission to the target MCG in a first slot would be separated by less than NN  symbols from a last 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/PUCCHY/SRS transmission on the target MCG is separated by less than N  symbols from a last or a first
symbol, respectively, of a PRACH transmission on the source MCG. N=2 for p=0 or p=1 , N=4
for ;122 or U= 3 ,and U is the 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 a BWP for SL transmissions (SL BWP) with numerology and resource grid
determined as described in [4, TS 38.211]. For a resource pool within the SL BWP, the UE is provided by sl-
NumSubchannel a number of sub-channels where each sub-channel includes a number of contiguous RBs provided by
sl-SubchannelSize. The first RB of the first sub-channel in the SL. BWP is indicated by sI-StartRB-Subchannel.
Available slots for a resource pool are provided by timeresourcepool 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 sI-StartSymbol
and be within a number of consecutive symbols indicated by sl-LengthSymbols. For an available slot with S-SS/PSBCH
blocks, the first symbol and the number of consecutive symbols is predetermined.

The UE expects to use a same numerology in the SL BWP and in an active UL BWP in a same carrier of a same 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 access is indicated by a priority
field in a respective scheduling SCI format. A priority of a PSSS/SSSS/PSBCH according to E-UTRA radio access is
provided by sI-SSB-PriorityEUTRA [13, TS 36.213]. A priority of an S-SS/PSBCH block is provided by sI-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 CORESETs on more than one cell to monitor
PDCCH for detection of DCI format 3_0 or DCI format 3_1.
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16.1  Synchronization procedures

A UE receives the following SL synchronization signals in 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,
TS 38.211].

A UE assumes that reception occasions of a physical sidelink broadcast channel (PSBCH), S-PSS, and S-SSS are in
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 sl-AbsoluteFrequencySSB. The UE assumes that a S-PSS
symbol, a S-SSS symbol, and a PSBCH symbol have a same transmission power. The UE assumes a same numerology
of the S-SS/PSBCH as for a SL BWP of the S-SS/PSBCH block reception, and that a bandwidth of the S-SS/PSBCH is
within a bandwidth of the SL BWP. The UE assumes the subcarrier with index 0 in the S-SS/PSBCH block
is aligned with a subcarrier with index 0 in an RB of the SL BWP.

A UE is provided, by sl-NumSSB-WithinPeriod, a number N f)e_ri)sf of S-SS/PSBCH blocks in 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 [N iffsfts B+ N lsn;ffﬁ *ig_gsg » Where

index 0 corresponds to a first slot in a frame with SFN satisfying (SFN mod 16)= 0

- I[¢_ssp isaS-SS/PSBCH block index within the number of S-SS/PSBCH blocks in the period, with

. S —SSB
0 Sls_ssps Nperiod -1

- N i,;sff P is a slot offset from a start of the period to the first slot including S-SS/PSBCH block, provided by

sl-TimeOffsetSSB
N ;Snt_ef\fz is a slot interval between S-SS/PSBCH blocks, provided by si-timelnterval

For transmission of an S-SS/PSBCH block, a UE includes a bit sequence d,,d,,d,,d;,...,d;; in the PSBCH
payload to indicate sI-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 interface in Table 5.2E.1-1 in [TS 38.101-1],

- a,,a,,a,,a,,d4,,4d;,d.,d,,dy,d4,d,,,d;; aresetto'l’;
else

- a,=0 if patternl is provided by sl-TDD-Configuration-r16 or tdd-UL-DL-ConfigurationCommon;

a,=1 if both pattern1 and pattern2 are provided by sl-TDD-Configuration-r16 or tdd-UL-DL-
ConfigurationCommon as described in Clause 11.1

- a,,a,,d,,a, are determined based on
- P in pattern] as described in Table 16.1-1 for a,=0
- P inpatternl and P, in pattern2 as described in Table 16.1-2 for a,=1
where P and P, are as described in Clause 11.1

- as,dag,a,,dg,dq,d,,,d,; arethe 7thto 1st LSBs of ufﬁ)ts , respectively

u H— Hret

*2
_ = SL_ H=Hiep sym
for ao 0 ’ uslots - uslots *2 + l L -/ +1 1
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- for a,=1 ,

B u *zllfllmf 2# Hret
ult z*zll llref+l sym,2 _/+12 “*2/1 I‘lref+l sym j I
SL slots, L P*2H+1 SOS
uslots=[ j*[ ]+[ j
w w w
where

- L is the number of symbols in aslot: L=12 if cyclicPrefix ="ECP"; else, L=14

- I, istif u, *2" " mod L>L—Y ,else I, isO

sym

- I, istif u. #2"" "™ modL>L—-Y ,else I, is0

sym,2
- Y s the sidelink starting symbol index provided by sI-StartSymbol

- w  is the granularity of slots indication as described in Table 16.1-2

- Hep 5 Uges , U s Ugosy 5 Ugmo  are the parameters of TDD-UL-

sym
ConfigurationCommon as described in Clause 11.1, or the parameters of sI-TDD-Configuration-r16 as
defined in [9.3, TS 38.331]

- 1=0,1,2,3 corresponds to SL SCS as defined in [4, TS 38.211]

Table 16.1-1: Slot configuration period when one pattern is indicated

Slot configuration period of patterni
a,,a,,d,,a, P (mse)
0,0,0,0 0.5
0,001 0.625
0,0,1,0 1
0,0,1,1 1.25
0,1,0,0 2
0,1,0,1 2.5
0,1,1,0 4
0,1,1,1 5
1,0,0,0 10
Reserved Reserved

Table 16.1-2: Slot configuration period and granularity when two patterns are indicated

Slot configuration |Slot configuration period| Granularity w in slots with different

a,a,,d,,d period of patterni of pattern2 scs
P (msec) P, (msec) 15kHz | 30kHz | 60 kHz | 120 kHz

0,0,0,0 0.5 0.5
0,0,0,1 0.625 0.625
0,0,1,0 1 1 L
0,0,1,1 0.5 2
0,1,0,0 1.25 1.25
0,1,0,1 2 05
0,1,1,0 1 3
0,1,1,1 2 2
1,0,0,0 3 1
1,0,0,1 1 4
1,0,1,0 2 3 1 2
1,0,1,1 2.5 2.5
1,1,0,0 3 2
1,1,0,1 4 1
1,1,1,0 5 5 1 > 7
1,1,1,1 10 10 1 | 2 4 8
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If a UE would transmit or receive an S-SS/PSBCH block, and the transmission or reception would overlap in time with
transmissions or receptions on the sidelink using E-UTRA radio access, the UE transmits or receives the signal/channel
with the higher priority.

If a UE would transmit or receive sidelink synchronization signals for E-UTRA radio access, and the transmission or

reception would overlap in time with sidelink transmissions or receptions using NR radio access, the UE transmits or
receives the signal/channel with the higher priority.

16.2 Power control
16.2.0 S-SS/PSBCH blocks

A UE determines a power PS_SSB(i) for an S-SS/PSBCH block transmission occasion in slot 1 as
Py gs5(i)=min (PCMAX’PO,S—SSB+ 10log,, (2" My, ™|+ @ g5 PL|  [dBm]
where
- Pgyax  isdefined in [8-1, TS 38.101-1]
- Py s ssp  is avalue of dI-PO-PSBCH if provided; else, PS_SSB(i): Pcyviax
- Og_ge isavalue of dI-Alpha-PSBCH, if provided; else, Oy _g55=1
- PL=PL,; . (qd) as described in Clause 7.1.1 except that

- the RS resource is the one the UE uses for determining a power of a PUSCH transmission scheduled by a
DCI format 0_0 when the UE is configured to monitor PDCCH for detection of DCI format 0_0

- the RS resource 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 0_0

- M ;BSSB: 11 is a number of resource blocks for a S-SS/PSBCH block transmission with SCS configuration

U
16.2.1 PSSCH

A UE determines a power PPSSCH,b’C(i) for a PSSCH transmission on a resource pool in symbols where a
corresponding PSCCH is not transmitted in PSCCH-PSSCH transmission occasion 1 as:

PPSSCH(i):min(PCMAX)PMAX,CBR:min(PPSSCH,D(i])PPSSCH,SL(i))) ([dBm]

where
- Piyax s defined in [8-1, TS 38.101-1]

- Py, ax,cer  is determined by a value of sl-MaxTransPower based on a priority level of the PSSCH
transmission and a CBR range that includes a CBR measured inslot i—N [6, TS 38.214]; if sl-
MaxTransPower-r16 is not provided, then  Pyax cgr=Peyax

- if dI-PO-PSSCH-PSCCH is provided
Prsscn,p (i>:P0,D+1010g10(2y : MESBSCH(i])+0(D *PL, [dBm]
- elseif sI-PO-PSSCH-PSCCH is provided

- PPSSCH,D(i):min(PCMAX’PMAX,CBR’PPSSCH,SL(i)) [dBm]

- else

3GPP



Release 16 174 3GPP TS 38.213 V16.4.0 (2020-12)

- PPSSCH,D(i>:min(PCMAX’PMAX,CBR [dBm]
where

- P, p is avalue of dI-P0-PSSCH-PSCCH if provided
- ap isavalue of dl-Alpha-PSSCH-PSCCH, if provided; else, ap=1
-  PL,=P Lb,f,c( qs) as described in Clause 7.1.1 except that

- the RS resource is the one the UE uses for determining a power of a PUSCH transmission scheduled
by a DCI format 0_0 when the UE is configured to monitor PDCCH for detection of DCI format 0_0

- the RS resource 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 0_0

- M E%SCH(i) is a number of resource blocks for the PSSCH transmission occasion [ and p isa
SCS configuration

- if sI-PO-PSSCH-PSCCH is provided and if a SCI format scheduling the PSSCH transmission includes a cast type
indicator field indicating unicast

PPSSCH,SL(i):PO,SL+1010g10(2#.ME{?BSCHII‘))"'O’SL.PLSL [dBm]
- else

- PPSSCH,SL(i):min(PCMAX’PPSSCH,D(i)) [dBm]

where
- Py g isavalue of sI-PO-PSSCH-PSCCH, if provided
- O isavalue of sl-Alpha-PSSCH-PSCCH, if provided; else, g =1
- PLg =referenceSignalPower — higher layer filtered RSRP , where

- referenceSignalPower is obtained from a PSSCH transmit power per RE summed over the
antenna ports of the UE, higher layer filtered across PSSCH transmission occasions using a filter
configuration provided by sl-filterCoefficient, and

- higher layer filtered RSRP is a RSRP, as defined 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 a
filter configuration provided by sl-filterCoefficient

- M g%SCH(i) is a number of resource blocks for PSCCH-PSSCH transmission occasion [ and

[ is a SCS configuration

The UE splits the power  Ppgsey (l) equally across the antenna ports on which the UE transmits the PSSCH with
NoN-zero power.

A UE determines a power  Ppgsciy p (1) for a PSSCH transmission on a resource pool in the symbols where a
corresponding PSCCH is transmitted in PSCCH-PSSCH transmission occasion 1 as

MII:;SCH ( i ) _ M§IS3CCH ( l)

PSSCH | .
Mg 1)

PPSSCHZ(i): 10log;, +PPSSCH<i) [dBm]

where M ﬁ%CCH(i) is a number of resource blocks for the corresponding PSCCH transmission in PSCCH-PSSCH

transmission occasion 1
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The UE splits the power P pSSCH2(l') 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  Ppgoepy ,b’c(i) for a PSCCH transmission on a resource pool in PSCCH-PSSCH

transmission occasion 1 as

PSCCH(I-)
N RB
PPSCCH(I)_]-O log,, MTCHH

rRB |\l

+P PSSCH(i) [dBm]

where

- Ppssen (1) is specified in Clause 16.2.1

- M EP{SBCCH(I') is a number of resource blocks for the PSCCH transmission in PSCCH-PSSCH transmission

occasion i

- M ;‘ZSCH (1) is a number of resource blocks for PSCCH-PSSCH transmission occasion i

16.2.3 PSFCH

AUE with Ny 1 pspey scheduled PSFCH transmissions, and capable of transmitting a maximum of
N ox.psrcy PSFCHS, determines a number Ny, ppey  of simultaneous PSFCH transmissions and a power
Ppseci (i) fora PSFCH transmission k , 1<K<Np pecy , on aresource pool in PSFCH transmission

occasion 1 as
- if dI-PO-PSFCH is provided,
Popspcn one=Po, psrcn +10 loglo( 211)"' Apspcy " PL [dBm]
where

- Pg pspey s a value of dI-P0-PSFCH
- A ppscy s a value of dI-Alpha-PSFCH, if provided; else, O ppgoy=— 1

- PL=PL,; (qd) as described in Clause 7.1.1 except that

- the RS resource is the one the UE uses for determining a power of a PUSCH transmission scheduled
by a DCI format 0_0 when the UE is configured to monitor PDCCH for detection of DCI format 0_0

- the RS resource 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 0_0

- if N sch, Tx,PSFCH <N max, PSFCH

- if  Ppgrenonet10l0 gy, NSCh,TX,PSFCH) <Pcyax »where Pcyax s determined for
N 1xpsrcy PSFCH transmissions according to [8-1, TS 38.101-1]

- N Tx,PSFCH:N sch,Tx,psFcH and P PSFCH,k(l) P pSECH,one  [dBM]

- else
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- UE autonomously determines Ny, pgpey  PSFCH transmissions with ascending priority order as

described in Clause 16.2.4.2 such that N Ty pspcy = Max

K
1, Z Ml.) where M, is a number
i=1
of PSFCHs with priority value i and K is defined as

K
1,). M;||<Pcyax where
i=1
P yax s determined according to [8-1, TS 38.101-1] for transmission of all PSFCHs
assigned with priority values 1, 2, ..., K ,if any

- the largest value satisfying  Ppgrey onet 1010 g1 | max

- zero, otherwise

and

Popspenx (1) =min (PCMAX_ 10lo glO<NTx,PSFCH) » Ppspcone| [dBm]

where  Pcyax s defined in [8-1, TS 38.101-1] and is determined for the Ny, pspey
PSFCH transmissions

- else

- the UE autonomously selects [N max,psrcy  PSFCH transmissions with ascending priority order as
described in Clause 16.2.4.2

- if  Ppgren et 1010 glo(Nmax’PSFCH) <Piyax >where Py s determined for the
N ox.psrc PSFCH transmissions according to [8-1, TS 38.101-1]

- N1 psecr=Nomax psecr - and P PSFCH,k(l) = Ppsrcp,one  [dBm]

- else

- the UE autonomously selects N 1x,psrcy  PSFCH transmissions in ascending order of
corresponding priority field values as described in Clause 16.2.4.2 such that

K
Ny, pspep=max|1, Z M I.) where M. is a number of PSFCHs with priority value
i=1

i and K is defined as

K

1,Y. M,

i=1
P yax s determined according to [8-1, TS 38.101-1] for transmission of all PSFCHs
assigned with priority values 1, 2, ..., K ,if any

- the largest value satisfying  Ppgpcy onet 10 10 g1o| max <P yax Where

- zero, otherwise

and
PPSFCH,k(i) =min (PCMAX_]-0loglO<NTx,PSFCH)’PPSFCH,one [dBm]

where Piyax  is determined for the N 1x,psrcy  Simultaneous PSFCH transmissions
according to [8-1, TS 38.101-1]

- else

PPSFCH,k(i>:PCMAX_lologlo(NTx,PSFCH) [dBm]

3GPP



Release 16 177 3GPP TS 38.213 V16.4.0 (2020-12)

where the UE autonomously determines [N 1x,psrcy  PSFCH transmissions with ascending priority order as
described in Clause 16.2.4.2 such that N Tx, PSFCH = 1 andwhere Pcyx is determined for the
N 1x,psrc PSFCH transmissions according to [8-1, TS 38.101-1]

16.2.4  Prioritization of transmissions/receptions

16.24.1 Simultaneous NR and E-UTRA transmission/reception
Ifa UE

- would transmit a first 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/signals 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.

If a UE

- would respectively transmit or receive a first channel/signal using E-UTRA radio access and receive a second
channel/signal or transmit second channels/signals using NR radio access, and

- atransmission or reception of the first channel/signal would respectively overlap in time with a reception of the
second channel/signal or transmission of the second channels/signals, and

- the priorities of the channels/signals are known to both E-UTRA radio access and NR radio access at the UE
T msec prior to the start of the earliest transmission or reception, where T <4 and is based on UE
implementation,

the UE transmits or receives only the channels/signals 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.

16.2.4.2 Simultaneous PSFCH transmission/reception

If a UE
- would transmit N, 1 psrcy  PSFCHs and receive Ny, p, pspey  PSFCHs, and

- transmissions of the N sch, Tx,psrc  PSFCHs would overlap in time with receptions of the N sch, Rx,PSFCH
PSFCHs

the UE transmits or receives only a set of PSFCHs corresponding to the smallest priority field value, as determined by a
first set of SCI format 1-A and a second set of SCI format 1-A [5, TS 38.212] that are respectively associated with the

Nh 1v,psrcn PSFCHs and the Ny po psroyy PSFCH.

If a UE would transmit N, 1, psrey PSFCHs in a PSFCH transmission occasion, the UE transmits

N 1x,psec  PSFCHSs corresponding to the smallest N 1x,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 a UE
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- would simultaneously transmit on the UL and on the SL of a serving cell, and
- the UE is not capable of simultaneous transmissions on the UL and on the SL of the serving cell
the UE transmits only on the link, UL or SL, with the higher priority.
If a UE
- would simultaneously transmit on the UL and receive on the SL in a carrier,
the UE transmits on UL or receives on SL, with the higher priority.
If a UE

- is capable of simultaneous transmissions on the UL and on the SL of two respective carriers of a serving cell, or
of two respective serving cells,

- would transmit on the UL and on the SL of the two respective carriers of the serving cell, or of the two respective
serving cells,

- the transmission on the UL would overlap with the transmission on the SL over a time period, and

the total UE transmission power over the time period would exceed P yax
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 P yax

- 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 P yax

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 9.2.5 and in Clause 6.1 of [6, TS 38.214].

PSFCH transmissions in a slot 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.

PSFCH receptions in 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 slot.

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 a PUSCH 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 sl-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(s) is smaller than si-PriorityThreshold-UL-URLLC; otherwise, the UL transmission has
higher priority than the SL transmission or reception

- else
- the UL transmission has higher priority than the SL transmission or reception

- else
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- 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 sI-PriorityThreshold; otherwise, the UL transmission has higher
priority than the SL transmission or reception

A PRACH transmission, or a PUSCH scheduled by an UL grant in a RAR and its retransmission, or a PUSCH for Type-
2 random access procedure and its retransmission has higher priority than a SL transmission or reception.

A PUCCH transmission with a sidelink 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.

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 performs the UL transmissions if 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 all UL transmissions subject to both the UE multiplexing and
processing timelines with respect to the first SL transmission and the first UL transmission, where the UE processing
timeline with respect to the first SL transmission and the first UL transmission is same as when one or more SL
transmissions overlap in time with multiple non-overlapping UL transmissions.

When one SL transmission overlaps in time with one or more overlapping UL transmissions, the UE performs the UL
transmission if at least one UL transmission is prioritized over the SL transmission subject to both the UE multiplexing
and processing timelines with respect to the first SL transmission and the first UL transmission, where the UE
processing timeline with respect to the first SL transmission and the first UL transmission is same as when one or more
SL transmissions overlap in time with multiple non-overlapping UL transmissions.

16.3  UE procedure for reporting HARQ-ACK on sidelink

A UE can be indicated by an SCI format scheduling a PSSCH reception, in one or more sub-channels from a number of

N fusbsc(le sub-channels, 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 sI-PSFCH-Period, a number of slots in a resource 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.

<k<T'
A UE expects that aslot ¢ 'iL 0<k ) T e ) has a PSFCH transmission occasion resource if
6
kmod N Egggﬁ =0 ,where t 'iL is defined in [6, TS 38.214],and T',,,, is a number of slots that belong to

the resource pool within 10240 msec according to [6, TS 38.214], and N ggggg is provided by sI-PSFCH-Period.

A UE may be indicated by higher layers to not transmit a PSFCH in response to a PSSCH reception [11, TS 38.321].

If a UE receives a PSSCH in a resource pool and the HARQ feedback enabled/disabled indicator field in an associated
SCI format 2-A or a SCI format 2-B has value 1 [5, TS 38.212], the UE provides the HARQ-ACK information in a
PSFCH transmission in the resource pool. The UE transmits the PSFCH in a first slot that includes PSFCH resources
and is at least a number of slots, provided by sl-MinTimeGapPSFCH, of the resource pool after a last slot of the PSSCH
reception.

A UE is provided by sI-PSFCH-RB-Set aset of M EIS{%(’:I;[ PRBs in a resource pool for PSFCH transmission in a

PRB of the resource pool. For a number of N, sub-channels for the resource pool, provided by sl-

NumSubchannel, and a number of PSSCH slots associated with a PSFCH slot that is less than or equal to N gzggg ,
the UE allocates the H i+j- Nggggﬁ . ijfciilm JI+1+j- Ni:ggﬁ . Mfftiiilot— 1| PRBs from the

M ﬁfg‘jet PRBstoslot [ among the PSSCH slots associated with the PSFCH slot and sub-channel j , where
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PSFCH PSFCH PSFCH . _ ~rPSFCH : . .
M et sior =M prg, sec!| Nowen* Npsscn| » 0<i<Npgscy » 0<J<Ngpe and the allocation starts in an
. . . . . . PSFCH . .
ascending order of 1 and continues in an ascending order of j .The UE expects that M p;BC st is amultiple

PSFCH
of  Ngpen* Npsscu

The second OFDM symbol /'of PSFCH transmission in a slot is defined as I'= startSLsymbols+ lengthSLsymbols - 2.

A UE determines a number of PSFCH resources available for multiplexing HARQ-ACK information in a PSFCH
PSFCH _ 3 rPSFCH
type subch, slot

the resource pool provided by sl-NumMuxCS-Pair and, based on an indication by sl-PSFCH-CandidateResourceType,

o PSFCH PSFCH PSFCH . e
transmission as  Rppp cs= N *N¢g where N g is a number of cyclic shift pairs for

- if sI-PSFCH-CandidateResourceType is configured as startSubCH, N fyiECH =1 andthe M fjti:(l:],Hsl of

PRBs are associated with the starting sub-channel of the corresponding PSSCH;

- if sI-PSFCH-CandidateResourceType is configured as allocSubCH, Nf;iiCH = NfusbsciH and the
PSSCH ,  rPSFCH

subch * Mguben, sior  PRBs are associated with one or more sub-channels from the [N fbeCiH sub-channels
of the corresponding PSSCH.
The PSFCH resources are first indexed according to an ascending order of the PRB index, from the

PSFCH _ p PSFCH
N M

type subch, slor  PRBs, and then according to an ascending order of the cyclic shift pair index from the

N ESSFCH cyclic shift pairs.
A UE determines an index of a PSFCH resource for a PSFCH transmission in response to a PSSCH reception as
(PID+M ID) mod RE;%?%S where P, s a physical layer source ID provided by SCI format 2-A or 2-B [5, TS
38.212] scheduling the PSSCH reception, and M, is the identity 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, My is
zZero.

A UE determinesa M, value, for computing a value of cyclic shift «a [4, TS 38.211], from a cyclic shift pair

index corresponding to a PSFCH resource index and from [N ESSFCH using Table 16.3-1.

Table 16.3-1: Set of cyclic shift pairs

m,
NPSFCH
€S Cyclic Shift | Cyclic Shift | Cyclic Shift | Cyclic Shift | Cyclic Shift | Cyclic Shift
Pair Index 0 | Pair Index 1 | Pair Index 2 | Pair Index 3 | Pair Index 4 | Pair Index 5
1 0 - - - - -
2 0 3 - - - -
3 0 2 4 - - _
6 0 1 2 3 4 5

A UE determinesa M, value, for computing a value of cyclic shift « [4, TS 38.211], as in Table 16.3-2 if the
UE detects a SCI format 2-A with Cast type indicator field value of "01" or "10", or as in 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 from
a cyclic shift pair to a sequence used for the PSFCH transmission [4, TS 38.211].

Table 16.3-2: Mapping of HARQ-ACK information bit values to a cyclic shift, from a cyclic shift pair, of
a sequence for a PSFCH transmission when HARQ-ACK information includes ACK or NACK

HARQ-ACK Value 0 (NACK) 1 (ACK)
Sequence cyclic shift 0 6
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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 a NACK value for HARQ-ACK information provided in each PSFCH resource as
described in [10, TS 38.133]. 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 layers if 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, of UEs that the UE expects to receive corresponding PSSCHs as described in Clause 16.3;
otherwise, report a NACK value to higher layers

- if the UE receives a PSFCH associated with a SCI format 2-B or a SCI format 2-A with Cast type indicator field
value of "11"

- report to higher layers an ACK value if the UE determines absence of PSFCH reception for the PSFCH
reception occasion; otherwise, report a NACK value to higher layers

16.4  UE procedure for transmitting PSCCH

A UE can be provided a number of symbols in a resource pool, by sI-TimeResourcePSCCH, starting from a second
symbol that is available for SL transmissions in a slot, and a number of PRBs in the resource pool, by sl-
FreqResourcePSCCH, starting from the lowest PRB of the lowest sub-channel of the associated PSSCH, for a PSCCH
transmission with a SCI format 1-A.

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-ResourceReservePeriodl corresponding to a reservation period
provided by higher layers [11, TS 38.321], if the UE is provided sI-MultiReserveResource

- the values 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}
in[11, TS 38.321] with N  smallest slot indices y; for 0<i<N—1 such that

YVo<V:1<-..<Yn_1ZYo+31 | where:

of resources selected by higher layers as described

- N=min{N _,eq> N max...| »where N . ..q isanumber of resources in the set { R, withslot

y)
indices  y; , O0<J<Nueq—1 ,suchthat Yo<Y;<...<Yy__ _1<Ye*+31 ,and N,
is provided by sI-MaxNumPerReserve
|
y)
slot in a set of slots {t 'iL} ,where L,y is the number of sub-channels available for
PSSCH/PSCCH transmission in a slot

sssss

- each resource, from the set of {R resources, corresponds to Ly contiguous sub-channels and a
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- t'sr, et e, isaset of slots in a sidelink resource pool [6, TS 38.214]

- Yo isanindex of a slot where the PSCCH with SCI format 1-A is transmitted.

A UE that transmits a PSCCH with SCI format 1-A using sidelink resource allocation mode 1 [6, TS 38.214] sets

- the values 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, where m= {1 yeorr 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, as follows:

- the frequency resource assignment field and time resource assignment field indicate the m -thto 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 sI-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 a time period provided by si-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 a last 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 a last time resource in a set of time
resources provided by the DCI format 3_0.

For each PSFCH reception occasion, from a number 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 a HARQ-ACK codeword with HARQ-ACK information, when applicable

- if the UE receives a PSFCH associated with a 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 a PSFCH reception in the PSFCH reception occasion and, if the UE determines that a
PSFCH is not received at the PSFCH reception occasion, generate NACK

- if the UE receives a PSFCH associated with a 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, in PSFCH resources corresponding to every identity M, of the UEs that
the UE expects to receive the PSSCH, as described in Clause 16.3; otherwise, generate NACK

- if the UE receives a PSFCH associated with a SCI format 2-B or a SCI format 2-A with Cast type indicator field
value of "11"

- generate ACK when the UE determines absence of PSFCH reception for each PSFCH reception occasion
from the number of PSFCH reception occasions; 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 generates a NACK when, due to prioritization, as described in Clause 16.2.4, the UE does not receive PSFCH
in any PSFCH reception occasion associated with a PSSCH transmission in a resource provided by a DCI format 3_0
with CRC scrambled by a SL-RNTI or, for a configured grant, in a resource provided in a single period and for which
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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 generates a NACK 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 a DCI format 3_0 with CRC scrambled by SL-RNTI 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.

A UE does not expect to be provided PUCCH resources or PUSCH resources to report HARQ-ACK information that
start earlier than T, =¢ |N+1]-(2048+144 -k -27" -T. after the end of a last symbol of a last 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

-k and T, aredefined in [4, TS 38.211]

- pU=min ([JSL,HUL) , where g isthe SCS configuration of the SL BWP and H; isthe SCS
configuration of the active UL BWP on the primary cell

- N  is determined from p according to Table 16.5-1

Table 16.5-1: Values of N

U N

14
1 18
2 28
3 32

With reference to slots for PUCCH transmissions and for a number of PSFCH reception occasions ending inslot n ,
the UE provides the generated HARQ-ACK information in a PUCCH transmission within slot n+k , subject to the
overlapping conditions in Clause 9.2.5, where Kk is a number of slots indicated by a PSFCH-to-HARQ_feedback
timing indicator field, if present, in a DCI format indicating a slot for PUCCH transmission to report the HARQ-ACK
information, or Kk is provided by sI-PSFCH-ToPUCCH-CG-Typel. k=0 corresponds to a last slot for a
PUCCH 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 a DCI 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 1 PSSCH transmission, a PUCCH resource can be provided by
sI-N1IPUCCH-AN and sI-PSFCH-ToPUCCH-CG-Typel. 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 for 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] in a last DCI format 3_0, among the DCI
formats 3_0 that have a value of a PSFCH-to-HARQ_feedback timing indicator field indicating a same slot for the
PUCCH transmission, that the UE detects and for which the UE transmits corresponding HARQ-ACK information in
the PUCCH where, for PUCCH resource determination, detected DCI formats are indexed in an ascending order across
PDCCH monitoring occasion indexes.
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A UE does not expect to multiplex HARQ-ACK information for more than one SL configured grants in 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 bits.

In the following, the CRC for DCI format 3_0 is scrambled with a SL-RNTT or a SL-CS-RNTI.

16.5.1 Type-1 HARQ-ACK codebook determination
This Clause applies if the UE is configured with pdsch-HARQ-ACK-Codebook = semi-static.

If a UE is configured 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 sl-PSFCH-ToPUCCH and sl-PSFCH-ToPUCCH-CG-
Typel, the sl-PSFCH-ToPUCCH-CG-Typel is one of sI-PSFCH-ToPUCCH.

A UE reports HARQ-ACK information for PSSCH transmissions with corresponding PSFCH reception occasions in
slot n only ina HARQ-ACK codebook that the UE includes in a PUCCH or PUSCH transmission in slot n+k
where k is a number of slots indicated by the PSFCH-to-HARQ_feedback timing indicator field in a DCI format
3_0 scheduling the PSSCH transmissions, or by a value of PSFCH-to-HARQ feedback timing indicator field in a DCI
format 3_0 activating a SL configured grant Type-2 transmission, or by a value of sI-PSFCH-ToPUCCH for a SL
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 slot n+k , the UE sets a value for each corresponding HARQ-ACK
information bit to NACK.

If a UE reports HARQ-ACK information in a PUCCH only for

- PSFCH reception occasions associated with PSSCH transmissions scheduled by a DCI format 3_0 with counter
SAI field value of 1, or

- PSFCH reception occasions associated with PSSCH transmissions corresponding to a SL configured grant

withinthe M , 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 transmission scheduled by DCI format 3_0 or only for the PSFCH reception occasion

associated with PSSCH transmission corresponding to a SL configured grant according to corresponding M ,

occasions, where a value of a counter SAI 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 a HARQ-ACK codebook determination apply.

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

For a SL BWPon aserving cell ¢ and an active UL BWP on the primary cell, as described in Clause 12, a UE

determines a set of M , 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
Ny . The determination is based on:

a) a set of slot timing values K associated with the SL BWP where K is provided by sI-PSFCH-
ToPUCCH for DCI format 3_0 or by sl-PSFCH-ToPUCCH-CG-Typel

b) theratio DHst7H  between the sidelink SCS configuration [g; — and the uplink SCS configuration

provided by subcarrierSpacing in BWP-Sidelink and BWP-Uplink for the SL BWP and the active UL BWP,
respectively

¢) aset of sidelink resource pool bitmaps

d) avalue of a period of PSFCH transmission occasion resources for a sidelink resource pool provided by a
respective sl-PSFCH-Period

For the set of slot timing values K, , the UE determines a set of M , occasions for candidate PSSCH
transmissions with corresponding PSFCH reception occasions according to the following pseudo-code.
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Set j=0 - index of occasion for candidate PSSCH transmissions with corresponding PSFCH reception occasions
Set M, =0
Set C (K 1) to the cardinality of set K
Set k=0 —index of slot timing values K 1x »indescending 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<¢ C (K]
if modD(nU—K1Jk+1,max(2”““““,1))=0
Set Ng=0 —index of a SL slot within an UL slot
while ng< max(Z“SL_“”L,l)

if slot Ny starts at a same time as or after a slot for an active UL BWP change on the PCell and slot
[ ( n,—K, k) < 2#7He [4ng s before the slot for the active UL BWP change on the PCell

ng=ng+1
else

if slot [ ( n,—K, k) Qs THe [y ng belongs to the sidelink resource pool and includes PSFCH
resources as indicated by a sidelink resource pool bitmap and sI-PSFCH-Period, where K 1k isthe k-
th slot timing value in set K

Set n,=0 —index of a SL slot within an PSFCH period

while  Np<N pepcy

M,=M,Uj ;
j=j+1 ;
np=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 a total number M  of occasions for candidate PSSCH transmissions with
corresponding PSFCH reception occasions corresponding to the HARQ-ACK information bits. A UE determines

0 ?CK s (N)fCK yeees (N)ggf_l HARQ-ACK information bits, for a total number of O ,cx HARQ-ACK information
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ACK

bitsas 0 i = HARQ-ACK information bit for candidate PSSCH transmission with index j with

corresponding PSFCH reception, for  0< j<M , as described in Clause 16.5. If the UE does not transmit a PSSCH
in an occasion for candidate PSSCH transmission with corresponding PSFCH reception occasions, due to the UE not
detecting a corresponding DCI format 3_0, the UE generates a NACK value for the occasion for candidate PSSCH
transmission with corresponding PSFCH reception occasions.

If Opcx<11 | the UE determines a number of HARQ-ACK information bits Myapo_ack  for obtaining a
M-1

transmission power for a PUCCH, as described in Clause 7.2.1, as  ny, ARQ-ACK — Z N ::CQWEd where
m=0

is a number of HARQ-ACK information bits determined for corresponding PSSCH transmissions with corresponding

PSFCH reception occasions in PSFCH reception occasion m

Nreceived
m

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

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

- ifthe UE

- has not received any PDCCH with a DCI format 3_0 scheduling PSSCH transmissions with corresponding
PSFCH reception occasions that the UE transmits corresponding HARQ-ACK information in the PUSCH,
based on a value of a respective PSFCH-to-HARQ_feedback timing indicator field in a DCI format
scheduling the PSSCH transmissions or on the value of PSFCH-to-HARQ feedback timing indicator field in
a DCI format 3_0 activating a SL configured grant Type-2 transmission, or

- has not been provided PSSCH resources with corresponding PSFCH reception occasions that the UE
transmits corresponding HARQ-ACK information based on the value of sl-PSFCH-ToPUCCH-CG-Typel for

a SL configured grant Type-1, in any of the M , occasions for candidate PSSCH transmissions with
corresponding PSFCH reception occasions, as described in Clause 16.5.1.1,

the UE does not multiplex HARQ-ACK information in the PUSCH transmission;

- else the UE generates the HARQ-ACK codebook as described in Clause 16.5.1.1, unless the UE generates
HARQ-ACK information only for

- PSFCH reception occasions associated with PSSCH transmissions corresponding to a SL configured grant, or

- PSFCH reception occasions associated with PSSCH transmissions that are scheduled by DCI format 3_0 with
a counter SAI field value of 1 inthe M , occasions for candidate PSSCH transmissions with
corresponding PSFCH reception occasions,

in which case the UE generates HARQ-ACK information only for the PSFCH reception occasions as described
in Clause 16.5.1.

A UE sets to NACK value in the HARQ-ACK codebook any HARQ-ACK information corresponding to PSFCH
reception occasions associated with PSSCH transmissions scheduled by a DCI format 3_0 that the UE detects in a
PDCCH monitoring occasion that starts after a PDCCH monitoring occasion where the UE detects a DCI format
scheduling the PUSCH transmission.

If a UE multiplexes HARQ-ACK information in a PUSCH transmission that is scheduled by a DCI format that includes
a SAI field, the UE generates the HARQ-ACK codebook as described in Clause 16.5.1.1 when a value of the SAI field

in the DCI format is VLTIE sai=1 . The UE does not generate a HARQ-ACK codebook for multiplexing in the
PUSCH transmission when V?E sai=0 unless the UE generates HARQ-ACK information only for

- PSFCH reception occasions associated with PSSCH transmissions corresponding to a SL configured grant, or

- PSFCH reception occasions associated with PSSCH transmissions that are scheduled by a DCI format 3_0 with a
counter SAI field value of 1inthe M , occasions for candidate PSSCH transmissions with corresponding
PSFCH reception occasions as described in Clause 16.5.1.
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VITJE say=0 if the SAT field in the DCI format is set to '0'; otherwise, VITH:S ar—1

16.5.2 Type-2 HARQ-ACK codebook determination

This Clause applies if the UE is configured with pdsch-HARQ-ACK-Codebook = dynamic.

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

A UE determines monitoring occasions for PDCCH with DCI format 3_0 for scheduling PSSCH transmissions with
associated PSFCH reception occasions on an active DL BWP of a serving cell ¢ , as described in Clause 10.1, and
for which the UE transmits HARQ-ACK information in a same PUCCH inslot n based on

- PSFCH-to-HARQ_feedback timing indicator field values, or a value provided by sI-PSFCH-ToPUCCH-CG-
Typel, for PUCCH transmission with HARQ-ACK information in slot n in response to PSFCH receptions;

- time gap field in DCI format 3_0 for scheduling PSSCH transmissions with associated PSFCH receptions;

- time resource assignment in DCI format 3_0 for scheduling PSSCH transmissions with associated PSFCH
receptions;

- aset of configured sidelink resource pool bitmaps;
- avalue of a period of PSFCH resources provided in sl-PSFCH-Period;
- avalue of a minimum time gap provided in sl-MinTimeGapPSFCH.

The set of PDCCH monitoring occasions for DCI format 3_0 for scheduling PSSCH transmissions with associated
PSFCH reception occasions is defined as the PDCCH monitoring occasions across active DL BWPs of the configured
serving cell, indexed in ascending order of start time of the associated search space sets. The cardinality of the set of
PDCCH monitoring occasions defines a total number M of PDCCH monitoring occasions.

A value of a counter sidelink assignment indicator (SAI) field in DCI format 3_0 denotes an accumulative number of
PDCCH monitoring occasions where PSSCH transmissions with associated PSFCH receptions are scheduled, up to a
current PDCCH monitoring occasion, in ascending order of PDCCH monitoring occasion index m , where

0<m<M

Denote by VZE sa;,m the value of the counter SAI in DCI format 3_0 in PDCCH monitoring occasion  m
according to Table 16.5.2.1-1.

If the UE transmits HARQ-ACK information in a PUCCH in slot n , the UE determines the

~ACK ~ACK ~ACK
Op ;01  ,eees O,

following pseudo-code:

, for a total number of O, HARQ-ACK information bits, according to the

Set m=0 - PDCCH with DCI format 3_0 monitoring occasion index: lower index corresponds to earlier
PDCCH with DCI format 3_0 monitoring occasion

Set j=0
set Vi, =0
Set V.=0

Sett M to the number of PDCCH monitoring occasions
while m<M
if PDCCH monitoring occasion m is before an active UL BWP change on the PCell
m=M ;

else
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if there is a PSFCH reception occasion associated with a PSSCH transmission scheduled by a DCI format
in PDCCH monitoring occasion m

. SL
if VC*SAI,m < Vtemp

j=j+1 ;
end if
SL
Vtemp: VC—SAI,m

~ACK

eV 1 = HARQ-ACK information bit

V=V, U4 j+Vegam—1
end if
end if
m=m+1 ;
end while
OACK =4- j+ Vtemp
0/K=NACK forany i€|0,1,...,0°%-1/[V{,

if a SL configured grant type 1 is configured for a UE, or a SL configured grant type 2 is configured and activated
for a UE, and the SL configured grant provides a grant for PSSCH transmissions with PSFCH reception occasions in

aslot n—K, ,where K, isthe PSFCH-to-HARQ-feedback timing value for the SL configured grant

OACK:OACK+1 ;

ACK
OOACK 1

PSSCH transmissions scheduled by the SL configured grant

= HARQ-ACK information bit associated with the PSFCH reception occasions associated with the

end if

If Opcx<11 | the UE determines a number of HARQ-ACK information bits  Myapo_ack  for obtaining a
transmission power for a PUCCH, as described in Clause 7.2.1, as

M-1
_ SL received
Nyarq-ack =V satm, USAI) mod 4+ Z N, +Neg

m=0

where

- Vil;\l,ml is a value of a counter SAI field in a last DCI format 3_0 scheduling PSSCH transmissions

associated with PSFCH reception occasions that the UE detects within the M PDCCH monitoring occasions

- Vﬁ‘;u,ml =0 if the UE does not detect any DCI format 3_0 scheduling PSSCH transmissions associated

with PSFCH reception occasions in any of the M PDCCH monitoring occasions

- Ug,; s a total number of DCI format 3_0, scheduling PSSCH transmissions associated with PSFCH

reception occasions, that the UE detects within the M PDCCH monitoring occasions. Ug, =0 if the
UE does not detect any DCI format 3_0 scheduling PSSCH transmissions with associated PSFCH reception
occasions in any of the M PDCCH monitoring occasions
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- N f,fcewed is a number of DCI format 3_0 scheduling PSSCH transmissions with associated PSFCH reception

occasions that the UE detects in PDCCH monitoring occasion m

- N is a number of SL configured grants for which the UE transmits corresponding HARQ-ACK
information in a same PUCCH as for HARQ-ACK information corresponding to PSFCH reception occasions
withinthe M  PDCCH monitoring occasions

Table 16.5.2.1-1: Value of counter SAIl in DCI format 3_0

Number of PDCCH monitoring occasions in which DCI format 3_0
SAl VSL scheduling PSSCH transmissions with corresponding PSFCH reception
MSB, LSB C—SAI - .
occasions is present, denotedas Y and Y >1
0,0 1 Y—1/mod4+1=1
0.1 2 Y —1/mod4+1=2
1,0 3 Y- 1)mod4+1 3
1,1 4 Y—1/mod4+1=4

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

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

- if the UE

- has not received any PDCCH within the monitoring occasions for DCI format 3_0 for scheduling PSSCH
with corresponding PSFCH reception occasions on any serving cell, and

- does not have HARQ-ACK information in response to a PSSCH transmission with corresponding PSFCH
reception occasions associated with a SL configured grant to multiplex in the PUSCH, as described in Clause
16.5.2.1,

the UE does not multiplex HARQ-ACK information in the PUSCH transmission;

- else, the UE generates and multiplexes in the PUSCH transmission the HARQ-ACK codebook as described in
Clause 16.5.2.1.

If a UE multiplexes HARQ-ACK information in a PUSCH transmission that is scheduled by a DCI format that includes
a SAI field, the UE generates the HARQ-ACK codebook as described in Clause 16.5.2.1, with the following
modifications:

- For the pseudo-code for the HARQ-ACK codebook generation in Clause 16.5.2.1, after the completion of the
m  loop, the UE sets V= ngl where ngl is the value of the SAI field in the DCI format
according to Table 16.5.2.2-1.

If a UE
- is scheduled for a PUSCH transmission by a DCI format that includes a SAI field with value Vglg =4 ,and

- has not received any PDCCH within the monitoring occasions for PDCCH with DCI format 3_0 for scheduling
PSSCH with corresponding PSFCH reception occasions on a serving cell, and

- does not have HARQ-ACK information in response to PSFCH reception occasions associated with a SL
configured grant to multiplex in the PUSCH, as described in Clause 16.5.2.1,

the UE does not multiplex HARQ-ACK information in the PUSCH transmission.

3GPP



Release 16 190 3GPP TS 38.213 V16.4.0 (2020-12)

Table 16.5.2.2-1: Value of SAI

Number of PDCCH monitoring occasions in which DCI format 3_0
SAl Vi scheduling PSSCH transmissions with corresponding PSFCH reception
MSB, LSB T-SAI . .
occasions is present, denotedas X and X>1
0,0 1 (X —1/mod 4+1=1
0,1 2 (X —1)mod 4+1=2
1,0 3 (X —1|mod 4+1=3
1,1 4 (X —1)mod 4+1=4

16.6  UE procedure for LTE sidelink transmission

If the UE detects a DCI format 3_1 with CRC scrambled by SL Semi-Persistent Scheduling V-RNTI inslot n , the
DCI format 3_1 activates or releases an LTE sidelink SPS configuration that is indicated by a SL SPS configuration
index field [5, TS 38.212]. If the DCI format 3_1 activates an SL SPS configuration, the UE procedure for transmitting
a PSCCH and a PSSCH is as described in [13, TS 36.213] except that a transmission starts no earlier than
N
TDCI_TTA xT % 10°+ X +(4+m) ms,where T, isastarttimeofslot n , Ny and T, are

defined in [4, TS 38.211], X is a value indicated by a Timing offset field in DCI format 3_1,and m is a value
indicated by SL index field in DCI format 3_1 if the SL index field is present; otherwise, m=0

16.7  Operation for in-device coexistence

If a UE would transmit or receive a first channel/signal using E-UTRA radio access and a second channel/signal using
NR radio access, when

- the first channel/signal and the second channel/signal are time-division multiplexed, and
- the UE knows the frame indexes of the first channel/signal and the frame indexes of the second channel/signal,

the UE transmits or receives each channel/signal so that the subframe boundary of the second channel/signal is aligned
with the subframe boundary of the first channel/signal where the subframe boundary alignment is achieved by UE
implementation means.
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2020-03 |RAN#87-e |RP-200194 |0086 - |F Corrections on NR-DC and on Cross-carrier Scheduling with  [16.1.0
Different Numerologies
2020-03 |RAN#87-e |RP-200186 |0087 - |F Corrections on integrated access and backhaul 16.1.0
2020-03 [RAN#87-e |RP-200189 |0088 [ - [F |Corrections on Industrial IoT 16.1.0
2020-03 |RAN#87-e |RP-200190 |0089 - |F Corrections on MIMO enhancements 16.1.0
2020-03 [RAN#87-e |RP-200193 (0090 | - |F Corrections on Mobility Enhancements 16.1.0
2020-03 |RAN#87-e |RP-200185 |0091 - |F Corrections on shared spectrum channel access 16.1.0
2020-03 |RAN#87-e |RP-200192 |0092 - |F Corrections on Positioning 16.1.0
2020-03 [RAN#87-e |RP-200187 |0093 - |F Corrections on Sidelink 16.1.0
2020-03 |RAN#87-e |RP-200191 |[0094 - |F Corrections on UE power savings 16.1.0
2020-03 |RAN#87-e |RP-200188 |0095 - |F Corrections on Ultra Reliable Low Latency Communications 16.1.0
Enhancements
2020-03 |RAN#87-e |RP-200195 |[0097 - |F Introduction of half-duplex operation in CA with unpaired 16.1.0
spectrum
2020-03 |RAN#87-e |RP-200447 |0098 - |A Corrections to 38.213 including alignment of terminology 16.1.0
across specifications in RAN1#100-e
2020-06 [RAN#88-e |RP-200683 |0102 - A Correction on PDCCH Blind Detection for NR-DC 16.2.0
2020-06 [RAN#88-e |RP-200688 (0103 | 1 |F Corrections on integrated access and backhaul 16.2.0
2020-06 |RAN#88-e |RP-200690 |0104 | 1 |F Corrections on Ultra Reliable Low Latency Communications 16.2.0
Enhancements
2020-06 |RAN#88-e |RP-200693 |[0105 1 |F Corrections on UE power savings 16.2.0
2020-06 [RAN#88-e |RP-200689 (0106 | 1 |F Corrections on Sidelink 16.2.0
2020-06 |RAN#88-e |RP-200694 |0107 | 1 |F Corrections on Positioning 16.2.0
2020-06 |RAN#88-e |RP-200687 |0108 | 1 |F Corrections on shared spectrum channel access 16.2.0
2020-06 [RAN#88-e |RP-200692 (0109 | 1 |F Corrections on MIMO enhancements 16.2.0
2020-06 [RAN#88-e |RP-200691 (0110 | 1 |F Corrections on Industrial loT 16.2.0

2020-06 [RAN#88-e |RP-200696 (0111 | 1 |F Corrections on NR-DC and on Cross-carrier Scheduling with [ 16.2.0
Different Numerologies

2020-06 |RAN#88-e |RP-200686 |0112 | 1 |F Corrections on two-step RACH 16.2.0

2020-06 |RAN#88-e |RP-200697 |0113 | 1 |F Corrections on half-duplex operation in CA with unpaired 16.2.0
spectrum

2020-06 |RAN#88-e |RP-200705 |0114 - |B Introduction of UL transmission switching 16.2.0

2020-06 |RAN#88-e |RP-200695 |0115 - |F Corrections on Mobility Enhancements 16.2.0

2020-06 |RAN#88-e |RP-201349 |0117 | 1 |A Extending 8 SSB support to the newly introduced 30 kHz Case | 16.2.0
C SSB pattern on band n40

2020-09 |RAN#89-e |RP-201803 |0119 - |A Correction on the definition for timeline condition 16.3.0
2020-09 [RAN#89-e [RP-201803 (0120 | - |F Correction for PUCCH repetition transmission 16.3.0
2020-09 |RAN#89-e |RP-201814 |0121 - |F CR on determination of the number of RS for RLM 16.3.0
2020-09 [RAN#89-e [RP-201803 [0123 | - |A [CR on determining PO for a PUSCH retransmission 16.3.0
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corresponding to a RAR UL grantin TS 38.213

2020-09 |RAN#89-e |RP-201803 |[0125 - |F PRACH power ramping suspension 16.3.0

2020-09 |RAN#89-e |RP-201806 |0126 - |F Clarify starting slot within DCI 2_5 indication 16.3.0

2020-09 |RAN#89-e |RP-201804 |[0127 - |F CR on 2-step RACH for 38.213 16.3.0

2020-09 |RAN#89-e |RP-201813 |0128 - |F CR on Power Control for NR-DC 16.3.0

2020-09 |RAN#89-e |RP-201810 |0129 - |F Type-3 CSS monitoring with PS-RNTI on primary cell 16.3.0

2020-09 |RAN#89-e |RP-201812 |[0131 - |F CR on correction on uplink power sharing for DAPS HO 16.3.0

2020-09 |RAN#89-e |RP-201812 |0132 - |F CR on correction on PDCCH monitoring for DAPS HO 16.3.0

2020-09 |RAN#89-e |RP-201813 |0133 - |F CR to 38.213 on RRC parameter alignment for SCell 16.3.0
dormancy

2020-09 |RAN#89-e |RP-201813 |0134 - |F CR to 38.213 on BWP triggering via SCell dormancy indication | 16.3.0

2020-09 |RAN#89-e |RP-201813 |[0135 - |F CR to 38.213 on HARQ-ACK processing timeline for DCI 16.3.0
format 1_1 with Scell dormancy indication without scheduling
PDSCH

2020-09 [RAN#89-e |RP-201807 |0136 - |F Corrections on Sidelink 16.3.0

2020-09 |RAN#89-e |RP-201809 |0137 - |F Corrections on MIMO enhancements 16.3.0

2020-09 [RAN#89-e |[RP-201805 (0138 | - |F Corrections on shared spectrum channel access 16.3.0

2020-09 |RAN#89-e |RP-201808 |0139 - |F Corrections on Ultra Reliable Low Latency Communications 16.3.0
Enhancements

2020-09 |RAN#89-e |RP-202015 |0141 | 1 |A Extending 8 SSB support to the TDD bands with newly 16.3.0
introduced 30 kHz Case C SSB pattern

2020-09 |RAN#89-e |RP-201847 |0142 - |A Correction on supplementary uplink in Rel-16 TS 38.213 16.3.0

2020-12 |RAN#90-e |RP-202379 (0144 - |A CR on HARQ-ACK Determination for SPS Release 16.4.0

2020-12 |RAN#90-e |RP-202383 |0145 - |F Corrections related to sidelink physical layer procedures 16.4.0

2020-12 |RAN#90-e |RP-202382 |0146 - |F Clarify DCI Format 2_5 search space sets 16.4.0

2020-12 |RAN#90-e |RP-202380 |0147 - |F CR on 2-step RACH for 38.213 16.4.0

2020-12 |RAN#90-e |RP-202385 [0148 - |F Correction on UL power control 16.4.0

2020-12 |RAN#90-e |RP-202388 |0149 | 1 |F Correction on uplink transmission cancellation for DAPS 16.4.0
handover

2020-12 |RAN#90-e |RP-202388 |[0150 1 |F Correction on PUSCH processing capability for DAPS 16.4.0
handover

2020-12 |RAN#90-e |RP-202388 |0151 | 1 |F Correction on intra-frequency DAPS handover 16.4.0

2020-12 [RAN#90-e |RP-202383 (0152 | - |F Corrections on the use of TDRA and FDRA fields SCI for Mode | 16.4.0
1

2020-12 |RAN#90-e |RP-202383 |0153 - |F Corrections for the prioritization between uplink transmission |16.4.0
and sidelink transmission/reception

2020-12 [RAN#90-e |RP-202383 (0154 - |F Corrections related to the sidelink slot index 16.4.0

2020-12 |RAN#90-e |RP-202383 |0155 - |F Correction on sidelink pathloss calculation for S-SSB power 16.4.0
control

2020-12 |RAN#90-e |RP-202383 |[0156 1 |F Correction on sidelink TDD configuration for OoC UEs 16.4.0

2020-12 |RAN#90-e |RP-202379 |0158 - |A Correction on HARQ-ACK generation for DL transmission with |16.4.0

single TB when multi-TB is configured

2020-12 [RAN#90-e |RP-202381 (0159 | - |F Miscellaneous corrections on NR unlicensed configured grant |16.4.0
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2020-12 |RAN#90-e |RP-202383 |[0160 - |F Introduction of the preparation time for SL retransmissions in  |16.4.0
Mode 1

2020-12 |RAN#90-e |RP-202395 |0161 - |F Correction on uplink Tx switching 16.4.0

2020-12 [RAN#90-e |RP-202381 (0163 | - |F Correction of NRU HARQ procedure in the presence of SPS  [16.4.0
PDSCH

2020-12 |RAN#90-e |RP-202381 |0165 - |F CR to 38.213 on NR-U 2-step RACH PO configuration 16.4.0

2020-12 [RAN#90-e |RP-202389 (0166 | - |F 38.213 CR for NR-DC power control 16.4.0

2020-12 [RAN#90-e |RP-202389 (0167 | - |F 38.213 CR Correction on HARQ-ACK codebook for secondary |16.4.0
PUCCH group

2020-12 |RAN#90-e |RP-202384 |0168 - |F Correction on Type2 HARQ-ACK codebook construction 16.4.0

2020-12 |RAN#90-e |RP-202384 |0169 - |F Correction on UL grant Type 2 PUSCH release for search 16.4.0
space sharing

2020-12 |RAN#90-e |RP-202384 |0170 - |F Correction on PDCCH monitoring on cell(s) configured with 16.4.0
Rel-15 PDCCH monitoring capability

2020-12 |RAN#90-e |RP-202383 |0171 - |F Correction on periodicity of resource pool bitmap 16.4.0

2020-12 [RAN#90-e |RP-202383 (0172 | - |F Correction on PSFCH and PSCCH mapping 16.4.0

2020-12 [RAN#90-e |RP-202385 (0173 | - |F CR on CBRA based BFR 16.4.0

2020-12 [RAN#90-e |RP-202381 (0174 | - |F CR to 38.213 to correct references to 38.212 for RACH 16.4.0
procedure

2020-12 [RAN#90-e |RP-202381 (0175 | - |F Correction on remaining channel occupancy assumption 16.4.0

2020-12 [RAN#90-e |RP-202398 (0176 | - |F Alignment CR for TS 38.213 16.4.0

2020-12 [RAN#90-e |RP-202389 (0177 | - |F Corrections for SCell dormancy indication 16.4.0

2020-12 |RAN#90-e |RP-202384 |0178 - |F CR on handling overlapping PUCCH/PUSCH transmissions 16.4.0

with repetitions and with different priorities
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