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Foreword

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

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

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

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

z thethird digit isincremented when editorial only changes have been incorporated in the document.

ETSI



3GPP TS 38.213 version 18.8.0 Release 18 7 ETSI TS 138 213 V18.8.0 (2026-02)

1 Scope

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

2 References

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

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

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

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

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

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

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

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

[8-1] 3GPP TS 38.101-1: "NR; User Equipment (UE) radio transmission and reception; Part 1: Range 1
Standalone”

[8-2] 3GPP TS 38.101-2: "NR; User Equipment (UE) radio transmission and reception; Part 2: Range 2
Standalone”

[8-3] 3GPP TS 38.101-3; "NR; User Equipment (UE) radio transmission and reception; Part 3: Range 1
and Range 2 Interworking operation with other radios'

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

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

[9] 3GPP TS 38.104: "NR; Base Station (BS) radio transmission and reception”

[10] 3GPP TS 38.133: "NR; Requirements for support of radio resource management"

[11] 3GPP TS 38.321: "NR; Medium Access Control (MAC) protocol specification”

[12] 3GPP TS 38.331: "NR; Radio Resource Control (RRC); Protocol specification™

[13] 3GPP TS 36.213: "Evolved Universal Terrestrial Radio Access (E-UTRA); Physical layer
procedures’

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

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

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

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

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

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

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

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

3.2

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

Symbols

3.3

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

Abbreviations

BPRE Bits Per Resource Element

BWP Bandwidth Part

CB Code Block

CBG Code Block Group

CBR Channel Busy Ratio

CCE Control Channel Element

CORESET Control Resource Set

CP Cyclic Prefix

CRC Cyclic Redundancy Check

C-RNTI Cell RNTI

CS-RNTI Configured Scheduling RNTI

csl Channel State Information

CSss Common Search Space

DAI Downlink Assignment | ndex

DAPS Dual Active Protocol Stack

DC Dual Connectivity

DCI Downlink Control Information

DL Downlink

DL-SCH Downlink Shared Channel

EPRE Energy Per Resource Element

EN-DC E-UTRA NR Dual Connectivity with MCG using E-UTRA and SCG using NR
FR1 Frequency Range 1

FR2 Frequency Range 2

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

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

MCG Master Cell Group

MCS Modulation and Coding Scheme

NCR Network-controlled Repeater

NCR-Fwd NCR Forwarding

NCR-MT NCR Mobile Termination

NDI New Data Indicator

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

RE
RLM
RRM
RS
RSRP
SCG
SsCl
scs
SFCI
SFN

SL
SLIV
SL PRS
SPs
SR

SR
SRS
Sss
SSSG
TA
TAG
T8
TBG
TCl

TO

ucl

UE

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

NR NR Dua Connectivity

Physical Broadcast Channel
Primary Cell

Physical Downlink Control Channel
Physical Downlink Shared Channel
Paging Occasion

Physical Random Access Channel
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4 Synchronization procedures

4.1 Cell search

Cell search isthe procedure for a UE to acquire time and frequency synchronization with a cell and to detect the
physical layer Cell ID of the cell.

A UE receives the following synchronization signals (SS) in order to perform cell search: the primary synchronization
signal (PSS) and secondary synchronization signal (SSS) as defined in [4, TS 38.211].

A UE assumes that reception occasions of a physical broadcast channel (PBCH), PSS, and SSS are in consecutive
symbols, as defined in [4, TS 38.211], and form a SS/PBCH block. The UE assumesthat SSS, PBCH DM-RS, and
PBCH data have same EPRE. The UE may assume that the ratio of PSS EPRE to SSS EPRE in a SS/PBCH block is
either 0 dB or 3 dB. If the UE has not been provided dedicated higher layer parameters, the UE may assume that the
ratio of PDCCH DMRS EPRE to SSS EPRE is within -8 dB and 8 dB when the UE monitors PDCCHs for a DCI
format 1_0 with CRC scrambled by SI-RNTI, P-RNTI, or RA-RNTI, or for aDCI format 2_7, or for aDCI format 4 0.

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

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

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

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

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

- For unpaired spectrum operation

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

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

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

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

- Case F—480 kHz SCS: the first symbols of the candidate SS/PBCH blocks have indexes {2,9} + 14 - n. For
carrier frequencies within FR2-2, n =
0,1,2,3,4,56,7,8,9,10,11,12,13,14,15,16,17,18, 19, 20, 21, 22, 23, 24, 25, 26,27, 28, 29, 30, 31.
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- Case G —960 kHz SCS: the first symbols of the candidate SS/PBCH blocks have indexes {2,9} + 14 - n. For
carrier frequencies within FR2-2, n =
0,1,2,3,4,56,7,8,9,10,11,12,13,14,15,16,17,18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31.

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

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

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

Lmax'

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

scs300r120 0 4
scs300r120 1 8

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

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

subCarrierSpacingCommon N?SC;
scs150r60 32
scs300r120 64

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

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

For aserving cell without transmission of SS/PBCH blocks, a UE acquires time and frequency synchronization with the
serving cell based on receptions of SS/PBCH blocks on the PCell, or on the PSCell, or on an SCell if applicable as
described in [10, TS 38.133], of the cell group for the serving cell.
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4.2 Transmission timing adjustments

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

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

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

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

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

For a SCS of 2# - 15 kHz, the timing advance command for a TAG indicates the change of the uplink timing relative to
the current uplink timing for the TAG in multiples of 16 - 64 - T./2#. The start timing of the random access preambleis
described in [4, TS 38.211].

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

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

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

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

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

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

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

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

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

If the received downlink timing changes and is not compensated or is only partly compensated by the uplink timing
adjustment without timing advance command as described in [10, TS 38.133], the UE changes N, accordingly. If aUE
operates with two TAGs on an active UL BWP of a serving cell, the UE expects that a difference between afirst
downlink timing associated with afirst TAG and a second downlink timing associated with a second TAG is not larger
than the CP length for the active UL BWP unless the UE indicates rxTimingDiff. If a UE indicates posUE-TA-
AutoAdjustment, and transmits SRS based on a configuration by SRS-PosResourceSet in SRS-PosRRC-
InactiveValidityAreaConfig in RRC_INACTIVE state,

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

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

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

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

Cozmmon + ComrznonDrlft % (t _ tepoch) + CommonzDrlftVarlant % (t _ tepoch)

DelaYCommon (t) =

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

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

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

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

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

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

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

slot

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

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

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

which the UE appliesin slot n+K.

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

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

5 Radio link monitoring

The downlink radio link quality of the primary cell is monitored by a UE for the purpose of indicating out-of-sync/in-
sync status to higher layers. The UE is not required to monitor the downlink radio link quality in DL BWPs other than
the active DL BWP, as described in clause 12, on the primary cell unless the UE indicates a capability
bwpOperationMeasWithoutlnterrupt [18, TS 38.306]. If the active DL BWP isthe initiad DL BWP and for SS/PBCH
block and CORESET multiplexing pattern 2 or 3, as described in clause 13, the UE is expected to perform RLM using
the associated SS/PBCH block when the associated SS/PBCH block index is provided by RadioLinkMonitoringRS.

If the UE is configured with a SCG, as described in [12, TS 38.331], and the parameter rIf-TimersAndConstants is
provided by higher layers and is not set to release, the downlink radio link quality of the PSCell of the SCG is
monitored by the UE for the purpose of indicating out-of-sync/in-sync status to higher layers. The UE is not required to
monitor the downlink radio link quality in DL BWPs other than the active DL BWP on the PSCell unlessthe UE
indicates a capability bwpOperationMeasWithoutInterrupt [18, TS 38.306].

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

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

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

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

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

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

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

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

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

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

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

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

In non-DRX mode operation, the physical layer in the UE assesses once per indication period the radio link quality,
evaluated over the previous time period defined in [10, TS 38.133] against thresholds (Qou: and Qin) configured by
riminSyncOutOfSyncThreshold. The UE determines the indication period as the maximum between the shortest
periodicity for radio link monitoring resources and 10 msec.

In DRX mode operation, the physical layer in the UE assesses once per indication period the radio link quality,
evaluated over the previous time period defined in [10, TS 38.133], against thresholds (Qou: and Qin) provided by
riminSyncOutOfSyncThreshold. The UE determines the indication period as the maximum between the shortest
periodicity for radio link monitoring resources and the DRX period.

The physical layer in the UE indicates, in frames where the radio link quality is assessed, out-of-sync to higher layers
when the radio link quality is worse than the threshold Qo for al resourcesin the set of resources for radio link
monitoring. When the radio link quality is better than the threshold Qi for any resource in the set of resources for radio
link monitoring, the physical layer in the UE indicates, in frames where the radio link quality is assessed, in-sync to
higher layers.

6 Link recovery procedures

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

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

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

If aUE

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

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

- isprovided SSB-MTCAdditional PCI

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

- asame spatid filter as for the last PRACH transmission

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

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

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

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

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

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

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

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

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

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

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

- transmits PUCCH on a PUCCH-SCell using a same spatial domain filter as the one corresponding to gy, if

any, for periodic CSI-RS or SS/PBCH block reception, as described in clause 9.2.2, and using a power
determined as described in clause 7.2.1 with g, = 0, g4 = Quew, and [ = 0, if

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

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

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

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

- transmits PUSCH, PUCCH and SRS that uses a same spatial domain filter with same indicated TCl state as for
the PUSCH and PUCCH, using a same spatial domain filter as the one corresponding to q,..,, if any, and using
the following parameters for determination of a corresponding power as described in clauses 7.1.1, 7.2.1, and
731

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

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

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

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

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

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

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

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

For aserving cell associated with sets g, , and g, 4, and with sets g, , and g, ;, and having radio link quality worse than
QoutLr, and if aUE is provided dI-OrJointTCl-StatelList or TCI-UL-State and isindicated a first TCI-State or TCI-UL-
Sate and a second TCI-State or TCI-UL-State, after 28 symbols from alast symbol of afirst PDCCH reception with a
DCI format scheduling a PUSCH transmission with a same HARQ process number as for the transmission of the
second PUSCH and having atoggled NDI field value, the UE
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monitors PDCCH that applies the first TCI-State state, and receives PDSCH and aperiodic CSI-RS resource that
apply the first TCI-State, using same antenna port quasi co-location parameters as the ones associated with a
corresponding index gy, from g, o, if any, on the serving cell

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

7 Uplink Power control

Uplink power control determines a po