ETS| TS 138 213 V15.12.0 (2021-01)

<d

TECHNICAL SPECIFICATION

5G;
iTeh STANDARD PREVIEW
Physical layer proceduresifor control
(3GPP TS 38.213 version, 15.12.0 Release 15)

httpsy/standards.iteh.ai/catalog/standards/sist/6e80e747-8464-4¢63-9381 -
8fd3c7d5e816/etsi-ts-138-213-v15-12-0-2021-01

B56

A GLOBAL INITIATIVE



3GPP TS 38.213 version 15.12.0 Release 15 1 ETSI TS 138 213 V15.12.0 (2021-01)

Reference
RTS/TSGR-0138213vfc0O

Keywords
5G

ETSI

650 Route des Lucioles
F-06921 Sophia Antipolis Cedex - FRANCE

Tel.: +334 9294 42 00 Fax: +33 493 65 47 16

Siret N° 348 623 562 00017 - NAF 742 C
Association & but non lucratif enregistrée a la
Sous-Préfecture de Grasse (06) N° 7803/88

Important notice

The. present.document can.be downloaded from:
http://www.etsi.org/standards-search

The present document may be made available in electronic versions and/or in print. The content of any electronic and/or
print versions of the present document shall not be modified without the prior written authorization of ETSI. In case of any
existing or perceived difference in contents between such versions and/or in print, the prevailing version of an ETSI
deliverable is the one made publicly available in PDF format at www.etsi.org/deliver.

Users of the present document should be aware that the document may be subject to revision or change of status.
Information on the current status of this and other ETSI documents is available at
https://portal.etsi.org/TB/ETSIDeliverableStatus.aspx

If you find errors in the present document, please send your comment to one of the following services:
https://portal.etsi.org/People/CommiteeSupportStaff.aspx

Copyright Notification

No part may be reproduced or utilized in any form or by any means, electronic or mechanical, including photocopying
and microfilm except as authorized by written permission of ETSI.
The content of the PDF version shall not be modified without the written authorization of ETSI.
The copyright and the foregoing restriction extend to reproduction in all media.

© ETSI 2021.
All rights reserved.

DECT™, PLUGTESTS™, UMTS™ and the ETSI logo are trademarks of ETSI registered for the benefit of its Members.
3GPP™ and LTE™ are trademarks of ETSI registered for the benefit of its Members and
of the 3GPP Organizational Partners.
oneM2M™ |ogo is a trademark of ETSI registered for the benefit of its Members and
of the oneM2M Partners.
GSM® and the GSM logo are trademarks registered and owned by the GSM Association.

ETSI



3GPP TS 38.213 version 15.12.0 Release 15 2 ETSI TS 138 213 V15.12.0 (2021-01)

Intellectual Property Rights

Essential patents

IPRs essential or potentially essential to normative deliverables may have been declared to ETSI. The information
pertaining to these essential IPRs, if any, is publicly available for ETSI member s and non-member s, and can be found
in ETSI SR 000 314: "Intellectual Property Rights (IPRs); Essential, or potentially Essential, IPRs notified to ETS in
respect of ETS standards’, which is available from the ETS| Secretariat. Latest updates are available on the ETSI Web
server (https://ipr.etsi.org/).

Pursuant to the ETSI IPR Policy, no investigation, including I PR searches, has been carried out by ETSI. No guarantee
can be given as to the existence of other IPRs not referenced in ETSI SR 000 314 (or the updates on the ETSI Web
server) which are, or may be, or may become, essential to the present document.

Trademarks

The present document may include trademarks and/or tradenames which are asserted and/or registered by their owners.
ETSI claims no ownership of these except for any which are indicated as being the property of ETSI, and conveys no
right to use or reproduce any trademark and/or tradename. Mention of those trademarks in the present document does
not constitute an endorsement by ETSI of products, services or organizations associated with those trademarks.

Legal Notice
This Technical Specification (TS) has beenproducediby ETSh3rd GenerationsPartnership Project (3GPP).

The present document may refer to technical specifications or reportsusing their 3GPP identities. These shall be
interpreted as being references to the corresponding ETSI deliverables.

The cross reference between 3GPP and ET Sl identities can befound under hitp://webapp.etsi.org/key/queryform.asp.

Modal verbs terminology

In the present document "shall", "shall not", "should", "should not", "may", "need not", "will", "will not", "can" and
"cannot" areto beinterpreted as described in clause 3.2 of the ETS| Drafting Rules (Verba forms for the expression of
provisions).

"must” and "must not" are NOT alowed in ETSI deliverables except when used in direct citation.

ETSI



3GPP TS 38.213 version 15.12.0 Release 15 3 ETSI TS 138 213 V15.12.0 (2021-01)

Contents

INtellectual Property RIGNES.... ..ot b e e e en e ns 2
LB INOLICE ... bbbt et h bt b b nE e b e b e e et bt e bt Rt e s e e e e e e eb e n e e ns 2
MoOdal VErDS TEMINOIOQY ... .ccteieeiicieee ettt st e e s te s ae e aesbeeaeesbesreentesaeeasessesneensesreeneensessens 2
0= Yo o RS 5
1 o0 o< TP P URUP PRSPPSO 6
2 L= 1= 1= U 6
3 Definitions, symbols and abbreviationS .............cceieeeii e e e 6
31 D= T aT] (0] TP P TR PRTUPTPPURRSI 6
3.2 Y 1210 S 7
3.3 ADDIEVIBLIONS ...ttt bbbt b bt a et ee e e sh e e b e bt e he e s e e e e besh e eb e e Rt e Rt e e e R e bt sheebeeneenrennen 7
4 SYNCNIroNi ZatiON PrOCEAUIES ........coueiuiitiititest ettt ettt b bbb e s e e e e e e e st nb e b e ebenb e nenn e s 9
41 (0= 1= o o FO OSSR SOOS PSR PRR 9
4.2 Transmission tiMinNg A0jUSIMENTS ........oeiiiiiiiet ettt ettt b bbb e b e e ebesb e e ebesreneeneas 10
4.3 Timing for secondary cell activation / EACtIVALION..........co.ceiiriiirerieeee et 11
5 Radio INK MONITOMTNG ....veveceecie ettt sttt st e e e s besre e tesre e e e sbeeneeseesneetesreennens 12
6 LiNK rECOVENY PIrOCEOUIES........ctitetetetee ettt sttt sttt e et se st b bbb s s et e s e e e e ebenb e ne e s e e 13
7 UPIINK POWEY CONEION it e itsriise s e 78 555500 e S50 5500+« 5550 75500 75T « 555567008 76 S50 w1 e e sreennensannssnnansesnnsnns 14
7.1 Physical uplink shared channel ... .4 . o L 14
711 UE DEhAVIOUN ... o sbie st eoaBeennes e s B ong e S e ms B esmae e e eneeeenseseessesaeeseeses e eseeseesnesbesnesseeneenneneens 15
7.2 Physical uplink control channel. . 8 e L L 20
721 UE DBRAVIOUI ...ttt bbbt h et s et h e bt bt e h et e st et e b e besbesbe e e enneneea 20
7.3 Sounding reference signals....... L Ls LIS 1382 LA LS L2, 0202 a0l s 24
731 UE behaviolips:/standards.iteh.ailcatalog/standards/sist/ 6680674 784644663938 Lverueraerrerseereerierseriersersensenas 25
74 Physical random access Chamnel d5e5. 6/atsictse e 382k Btk 5acd 2eddee 202 el v see et e 27
7.5 Prioritizations for transmission POWEN FTEHUCLIONS..........ccureiririeerireeiest et 28
7.6 DU CONMNECTIVITY ...ttt ettt b b btk b e b b e bt bt e bt b s s e bt e et bt b e e bt e nns 28
7.6.1 NI S 28
7.6.1A I LI5S 29
7.6.2 NN 5SS 30
7.7 POWEr NEAAIOOIM FEPOIT .......eeeiiitiieeiiet ettt ettt bbbt b e bbb bbb et b e e s bt s e bt b e e eb e e nnens 30
7.7.1 LY oL R i I (= oo PRSP PP RRPRPRTRR 31
1.7.2 Y LB o I (= oo ] SR P PP RSPRPRTR 32
7.7.3 Y TSRS o I (= oo 1 SRR RRPRPRTRR 32
8 RANAOM BCCESS PIrOCRUUNE. ...ttt b et b et b et e e s et es e enenb e b e s 33
8.1 RaNAOM BCCESS PIrEAMDIE ...ttt bbbt e b bt e e bbbt e ens 33
8.2 REANCOM BCCESS FESPONSE ...ttt sttt ettt s b e bt b e e st eb e e es e e bt se e s e bt ne e s e bt se e e eb e s e eh e e bt s e ne bt b e e eb e s e e e ens 35
8.3 PUSCH scheduled DY RAR UL QraNt........c.coiiiiiiieiieiesieseeesie s e 37
8.4 PDSCH with UE contention reSolUtion IdENEILY ..........ccoiieireeereesee e 38
9 UE procedure for reporting control infOrmation ............cccoeiiieieiecie e 39
9.1 HARQ-ACK codebO0K AELErMINGLION .......coviieieitiitietieie ettt st e e sr b st ene e e e 40
9.11 CBG-based HARQ-ACK codebook deterMminalion ...........coeeeereerereieesieeeeie st s 40
9.12 Type-1 HARQ-ACK codebooK AeterMiNaion ...........ceeeeeerierieriesiesieeeeie sttt ss e e sbe e 41
9121 Type-1 HARQ-ACK codebook in physical uplink control channel ..., 41
9.1.22 Type-1 HARQ-ACK codebook in physical uplink shared channel ..o, 46
9.1.3 Type-2 HARQ-ACK codebook determMination ............ceoceeerererieseeeeceeseesie st se e see e see e eeneas 47
9131 Type-2 HARQ-ACK codebook in physical uplink control channel ..., a7
9.1.3.2 Type-2 HARQ-ACK codebook in physical uplink shared channel ..o, 52
9.2 UCI reporting in physical uplink coOntrol ChannEl ..o 53
921 PUGCKCH RESOUICE SELS.......eeteeteeteiee ettt st sr e s e e sae e s s e e n e e r e e aressnesbe e be e reeneennesanesnes 53
922 PUCCH Formats for UCH tranSMISSION ........couiiiirieriieiieeeieiee sttt sttt see e sre b ese e e et snesbesneenneneens 55
9.2.3 UE procedure for reporting HARQ-ACK ..ottt ste e a st esnaesnensneesnes 56

ETSI



3GPP TS 38.213 version 15.12.0 Release 15 4 ETSI TS 138 213 V15.12.0 (2021-01)

9.24 UE procedure for rePOrting SR ..ottt 59
9.25 UE procedure for reporting Multiple UCT TYPES ..ottt 59
9.251 UE procedure for multiplexing HARQ-ACK or CSl and SRinaPUCCH .......ccccooceviiivineninieeene 64
9252 UE procedure for multiplexing HARQ-ACK/SR/CSI in aPUCCH ... 65
9.2.6 PUCCH repetition PrOCEAUIE. .......c.covirieieterieeete sttt sttt sttt sttt sb e st b e bbbt b et et e et b b 68
9.3 UCI reporting in physical uplink shared Channel ..o e 70
10  UE procedure for receiving CONtrol infOrmMation............coeoererieireiieininesese s 74
10.1 UE procedure for determining physical downlink control channel assignment ...........cccccovoveveeievce e seeseene 75
10.2 PDCCH validation for DL SPS and UL grant TYPE 2.....c.ccereirerieieierieesesieese e s 84
11 UE-group COMMON SIONAIIING ...ocviiieiiecie ettt sttt e s enesreeae e besnaesresanenresrean 85
111 SIOt CONFIGUIBLTON ...ttt b et b e et b e et b e s e h e bbbt ebese et e b e bt eb e b 85
11.1.1 UE procedure for determining SIot FOrMEL............cccveiieiiiiiecie et 88
11.2 Interrupted transMiSSION INAICALION .........ccciiii e e st e e e e e tesreesteesteenreeeeeneeenes 94
11.3 Group TPC commands for PUCCH/PUSCH ........ccoo ittt e s nneas 95
114 S RS RSV (o 11 o SRS 96
12 Bandwidth Part OPEIaLiON ..........ccciieeeerie et see e e e ee et e e e stesteeeestesseeseesseesesseeeeseseeeneensensenn 96
13 UE procedure for monitoring TYpe0-PDCCH CSS SELS......cciiiieie ettt s sre e nne s 99
Annex A: ChANGE NISLONY ...t b et b et n e e 109
115 OSSPSR 112

ETSI



3GPP TS 38.213 version 15.12.0 Release 15 5 ETSI TS 138 213 V15.12.0 (2021-01)

Foreword

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

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

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

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

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

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

2 References

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

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

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

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

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

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

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

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

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

[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 |nterworking operation with other radies”

[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”

3 Definitions, symbols and abbreviations

3.1 Definitions

For the purposes of the present document, the terms and definitions givenin [1, TR 21.905] and the following apply. A
term defined in the present document takes precedence over the definition of the same term, if any, in[1, TR 21.905]. A
parameter referenced initalicsis provided by higher layers.
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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
BWP
CB
CBG
CCE
CORESET
cP
CRC
csl
Css
DAI
DC
DCI
DL
DL-SCH
EPRE
EN-DC
FR1
FR2
GSCN
HARQ-ACK
MCG
MCS
NE-DC
NR-DC
PBCH
PCell
PDCCH
PDSCH
PRACH
PRB
PRG
PSCell
PSS
PUCCH
PUCCH-SCell
PUSCH
QCL
RB

RE
RLM
RRM
RS
RSRP
SCG
scs
SFN
SLIV
SPS
SR

SR

Bits per resource element
Bandwidth part

Code block

Code block group

Control channel element

Control resource set

Cyclic prefix

Cyclic redundancy check
Channel state information
Common search space

Downlink assignment index

Dual connectivity

Downlink control information
Downlink

Downlink shared channel

Energy per resourceelément
E-UTRA NRdua connectivity with MCG using E-UTRA and SCG using NR
Frequency range 1

Freguency range 2

Global synchronization channel number
Hybrid automatic repeat’ request-acknowledgement
Mastericell group

M odulation and coding’scheme
E-UTRA NR dual connectivity with MCG using NR and SCG using E-UTRA
NR NR dual connectivity
Physical broadcast channel
Primary cell

Physical downlink control channel
Physical downlink shared channel
Physical random access channel
Physical resource block

Physical resource block group
Primary secondary cell

Primary synchronization signal
Physical uplink control channel
PUCCH SCell

Physical uplink shared channel
Quasi co-location

Resource block

Resource element

Radio link monitoring

Radio resource management
Reference signal

Reference signal received power
Secondary cell group

Subcarrier spacing

System frame number

Start and length indicator value
Semi-persistent scheduling
Scheduling request

SRS resource indicator
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SRS Sounding reference signal

SSS Secondary synchronization signal

TA Timing advance

TAG Timing advance group

TCI Transmission Configuration Indicator
UcCl Uplink control information

UE User equipment

UL Uplink

UL-SCH Uplink shared channel

uUss UE-specific search space

ETSI
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4 Synchronization procedures

4.1 Cell search

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

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

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

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

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

- Case B - 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(egual 16 3/GHz," n=0..[For’carrier frequencies within FR1 larger than 3 GHz,
n=01.

- Case C - 30 kHz SCS; the first symbols of the candidate SS/PBCH blocks haveindexes {2,8}+14-n.

- 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.

- 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, n=0,1, 2, 3,5, 6, 7,8,10,11,12,13,15,16,17,18.

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

From the above cases, if the SCS of SS/PBCH blocksis not provided by ssbSubcarrier Spacing, the applicable cases for
acell depend on a respective frequency band, as provided in [8-1, TS 38.101-1] and [8-2, TS 38.101-2]. A same case
appliesfor all SS/PBCH blocks on the cell. If a 30 kHz SS/PBCH block SCSisindicated by sshSubcarrier Spacing,
Case B appliesfor frequency bands with only 15 kHz SS/PBCH block SCS as specified in [8-1, TS 38.101-1], and the
case specified for 30 kHz SS/PBCH block SCSin [8-1, TS 38.101-1] applies for frequency bands with 30 kHz
SS/PBCH block SCS or both 15 kHz and 30 kHz SS/PBCH block SCS as specified in [8-1, TS 38.101-1]. For aUE
configured to operate with carrier aggregation over a set of cellsin afrequency band of FR2 or with frequency-
contiguous carrier aggregation over a set of cellsin afrequency band of FR1, if the UE is provided SCS values by
sshSubcarrier Spacing for receptions of SS/PBCH blocks on any cells from the set of cells, the UE expects the SCS
valuesto be same.
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The candidate SS/PBCH blocks in a half frame are indexed in an ascending order intimefromOto L, —1.A UE
determinesthe 2 LSB bits, for L, =4, or the3LSB hits, for L, >4, of aSS/PBCH block index per half frame
from a one-to-one mapping with an index of the DM-RS sequence transmitted in the PBCH. For L, =64, the UE

determines the 3 MSB bits of the SYPBCH block index per half frame from PBCH payload bits @z, ,85,4,35,7 S
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 blocksin the serving cell.

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

Upon detection of a SS/PBCH block, the UE determines from MIB that a CORESET for Type0-PDCCH CSS set, as
described in Clause 13, is present if ke, <23 [4, TS38.211] for FR1 or if k, <11 for FR2. The UE determines from

MIB that a CORESET for Type0-PDCCH CSS set is not present if ke, >23 for FR1 or if kg, >11 for FR2; the
CORESET for Type0-PDCCH CSS set may be provided by PDCCH-ConfigCommon.

For a serving cell without transmission of SSYPBCH 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, of the cell group for the serving
cell.

4.2 Transmission timing adjustments

A UE can be provided avalue N;, 4 Of atiming advance offset for a serving cell by n-TimingAdvanceOffset for the

serving cell. If the UE is not provided n-TimingAdvancéOffset:for aserving €ell, the UE determines a default value
Nya gt 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 a senving cell, a same timing advance offset value Ny, 4. aopliesto
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 cellsin the TAG based on avalue N;, . that the UE expectsto be same for al the

serving cellsin the TAG and based on the received timing advance command where the uplink timing for
PUSCH/SRS/PUCCH transmissions is the same for all the serving cellsin the TAG.

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

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

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

In case of random access response, a timing advance command [11, TS 38.321], T, , for aTAG indicates N, values
by index valuesof T, =0, 1, 2, ..., 3846, where an amount of the time alignment for the TAG with SCS of 2# .15 kHz

iS Ny, =T, -16-64/2 . N,, isdefinedin[4, TS 38.211] and isrelative to the SCS of the first uplink transmission
from the UE after the reception of the random access response.
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In other cases, atiming advance command [11, TS 38.321], T, , for a TAG indicates adjustment of acurrent N,
vaue, Ny, 44, tothenew N;, value, N, ., , by indexvaluesof T, =0, 1, 2,..., 63, wherefor aSCSof 2“-15 kHz,

Nra new = Nra ot (TA - 31) -16- 64/21 .

If a UE has multiple active UL BWPs, as described in Clause 12, in asame 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 N 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 reguirementsin
[10, TS38.133].

TA_new

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

For atiming advance command received on uplink slot N and for a transmission other than a PUSCH scheduled by a
RAR UL grant as described in Clause 8.3, the corresponding adjustment of the uplink transmission timing applies from
the beginning of uplink slot N+k+1 where k = ’—Nj‘gﬁ’”m’“ (N3 + Ny p + N +0.5)/ Ty -‘ , N1, isatimedurationin
msec of N, symbols corresponding to a PDSCH processing time for UE processing capability 1 when additional
PDSCH DM-RS s configured, N, isatimedurationin msec of N, symbols corresponding to a PUSCH preparation

time for UE processing capability 1 [6, TS 38.214], N is the maximum timing advance value in msec that can be

TA, max

provided by a TA command field of 12 bits, N3®™" jsthe number of slots per subframe, and T, isthe subframe
duration of 1 msec. N, and N, are determined with respect to the minimum SCS among the SCSs of all configured UL
BWHPsfor all uplink carriersin the 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,N3y 1% rare determined with respect to the minimum
SCS among the SCSs of al configured UL BWPsfor al uplink carriersinthe TAG. N, ., isdetermined with respect

to the minimum SCS among the SCSs of abconfigured UL BWPs forall uplink carriersin the TAG and for all
configured initiad UL BWPs provided by initial UplinkBWP. The uplink dot N isthe last slot among uplink slot(s)
overlapping with the slot(s) of PDSCH receptionassuming 775 = 0, wherethe PDSCH provides the timing advance
command and Ty, is defined,in [4,1S38:211];

If a UE changes an active UL BWP between atime 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 absol ute timing advance command value before and after the
active UL BWP change.

If the received downlink timing changes and is not compensated or is only partly compensated by the uplink timing
adjustment without timing advance command as described in [10, TS 38.133], the UE changes N, accordingly.

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

4.3 Timing for secondary cell activation / deactivation

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

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

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

- theactions related to the sCell DeactivationTimer associated with the secondary cell [11, TS 38.321] that the UE
appliesindot n+k

- theactions related to CSI reporting on a serving cell which is not activein slot n+Kkthat the UE appliesin the
earliest ot after n+k in which the serving cell is active.

Thevalueof K is k +3- N3 11 where k, isanumber of slots for aPUCCH transmission with HARQ-ACK
information for the PDSCH reception and is indicated by the PDSCH-to-HARQ_feedback timing indicator field in the
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DCI format scheduling the PDSCH reception as described in Clause 9.2.3 and NS js a number of slots per
subframe for the SCS configuration  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 N, the UE applies the corresponding actionsin [11, TS 38.321] no later than the minimum
requirement defined in [10, TS 38.133], except for the actions related to CSI reporting on an activated serving cell
which the UE appliesinslot n+K.

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

n+3- N3wrame« where g isthe SCS configuration for PDSCH reception on the secondary cell.

5 Radio link monitoring

The downlink radio link quality of the primary cell is monitored by a UE for the purpose of indicating out-of-sync/in-
sync status to higher layers. The UE is not required to monitor the downlink radio link quality in DL BWPs other than
the active DL BWP, as described in Clause 12, on the primary cell. If the active DL BWP istheinitial DL BWP and for
SS/PBCH block and CORESET multiplexing pattern 2 or 3, as described in Clause 13, the UE is expected to perform
RLM using the associated SSYPBCH 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.isnot set to,release,the downlink radio link guality,of-the PSCell of the SCGis
monitored by the UE for the purpose of indicating out-of<synclin-sync statusto'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-hy failureDetectionResources. The UE is
provided either a CSI-RS resource configuration index, by csi-RS:Index, or-aSS/PBCH block index, by ssb-Index. The
UE can be configured with up to N, - RadioLinkMonitoringRS for link recovery procedures, as decribed in Clause

6, and for radio link monitoring. Fromthe N . _,, RadioLinkMonitoringRS, up to N, ,, RadioLinkMonitoringRS can
be used for radio link monitoring depending on a maximum number L of candidate SS/PBCH blocks per half frame
as described in Clause 4.1, and up to two RadioLinkMonitoringRS can be used for link recovery procedures.

If the UE is not provided RadioLinkMonitoringRS and the UE is provided for PDCCH receptions TCI states that include
one or more of a CSI-RS

- the UE usesfor radio link monitoring the RS provided for the active TCI state for PDCCH reception if the active
TCI state for PDCCH reception includes only one RS

- if theactive TCI state for PDCCH reception includes two RS, the UE expects that one RS has QCL-TypeD [6,
TS 38.214] and the UE uses the RS with QCL-TypeD for radio link monitoring; the UE does not expect both RS
to have QCL-TypeD

- the UE is not required to use for radio link monitoring an aperiodic or semi-persistent RS

- For L, =4, the UE selectsthe N, ,, RS provided for active TCI states for PDCCH receptionsin CORESETs

associated with the search space setsin an order from the shortest monitoring periodicity. If more than one
CORESET s are associated with search space sets having same monitoring periodicity, the UE determines the
order of the CORESET from the highest CORESET index as described in Clause 10.1.

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

Vauesof Nz pyu @d Ng,, for different valuesof L aregiveninTable5-1.
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Table 5-1: N ; v a@nd Ng,, as afunction of maximum number L of SS/PBCH blocks per half

frame
Lmax NLR—RLM NRLM
2 2
6 4
64 8 8

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

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

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

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

The physical layer in the UE indicates, in frames where the radio link quality is assessed, out-of-sync to higher layers
when the radio link quality is worse than the threshal d:Qs«forall resourcesin the set of resources for radio link
monitoring. When the radio link quality is better than the threshold Qinfor any resource in the set of resources for radio
link monitoring, the physical layer in the UE.indicates, in frames where the radio link quality is assessed, in-sync to
higher layers.

6 Link recovery procedures

A UE can be provided, for each BWP of aserving cell, aset g, of periodic CSI-RS resource configuration indexes by
failureDetectionResourcesand aset g, of periodic CSI-RS resource configuration indexes and/or SS/PBCH block

indexes by candidateBeamRSList for radio link quality measurements on the BWP of the serving cell. If the UE is not
provided failureDetectionResour ces, the UE determines the set @, to include periodic CSI-RS resource configuration

indexes with same values as the RS indexes in the RS setsindicated by TCI-State for respective CORESET s that the UE
uses for monitoring PDCCH and, if there are two RS indexesin a TCI state, the set @, includes RS indexes with QCL-

TypeD configuration for the corresponding TCI states. The UE expectsthe set @, to include up to two RSindexes. The
UE expects single port RSinthe set g, .

The thresholds Qou,L.r @and Qin,Lr correspond to the default value of rimlnSyncOutOfSyncThreshold, as described in [10,
TS 38.133] for Qout, and to the value provided by rsrp-ThresholdSSB, respectively.

The physical layer in the UE assesses the radio link quality according to the set @, of resource configurations against
the threshold Qou,Lr. For the set @, , the UE assesses the radio link quality only according to periodic CSI-RS resource

configurations or SS/PBCH blocks 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 Qin,Lr threshold to the L1-RSRP measurement obtained for a CSI-RS
resource after scaling a respective CSI-RS reception power with avalue provided by power Control OffsetSS,

In non-DRX mode operation, the physical layer in the UE provides an indication to higher layers when the radio link
quality for all corresponding resource configurationsin the set @, that the UE uses to assess the radio link quality is

worse than the threshold Qo Lr. The physical layer informs the higher layers when the radio link quality isworse than
the threshold Qout,Lr With a periodicity determined by the maximum between the shortest periodicity among the periodic
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CSI-RS configurations and/or SS/PBCH blocksin the set @, 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 Qou,Lr With a periodicity determined as described in [10, TS 38.133].

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 QinLr threshold.

A UE can be provided a CORESET through alink 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 recoverySearchSpacel d.

The UE may receive 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 U, provided by higher
layers[11, TS 38.321], the UE monitors PDCCH in a search space set provided by recoverySearchSpaceld for detection
of aDCI format with CRC scrambled by C-RNTI or MCS-C-RNTI starting from slot n+ 4 within awindow
configured by BeamFailureRecoveryConfig. For PDCCH monitoring in a search space set provided by
recoverySearchSpaceld and for corresponding PDSCH reception, the UE assumes the same antenna port quasi-

collocation parameters as the ones associated with index G, until the UE receives by higher layers an activation for a

TCI state or any of the parameters tci-SatesPDCCH-ToAddList and/or tci-StatesPDCCH-ToReleaselist. After the UE
detects a DCI format with CRC scrambled by C-RNTI or MCS-C-RNTI in the search space set provided by
recoverySearchSpacel d, the UE continues to monitor PDCCH candidates in the search space set provided by
recoverySearchSpaceld until the UE receives a MAC CE activation command for a TCI state or tci-StatesPDCCH-
ToAddList and/or tci-SatesPDCCH-ToRel easeList:

After 28 symbols from alast symbol of afirst PDCCH.reception;in a search:space set provided by
recoverySearchSpaceld for which the UE'detects a DCI format With-CRC scrambled by C-RNTI or MCS-C-RNTI and
until the UE receives an activation command for PUCCH-SpatialRelationinfo [11, TS 38.321] or is provided PUCCH-
SoatialRelationlnfo for PUCCH resource(s), the UE transmitsa PUCCH on'asame cell as the PRACH transmission
using

- asame gpatid filter as for the last PRACH transmission

- apower determined as described in Clause 7.2.1 with ¢, =0, 04 =, ,ad | =0

After 28 symbols from alast symbol of afirst 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 (., for PDCCH
monitoring in a CORESET with index O.

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.

A PUSCH/PUCCH/SRS/PRACH transmission occasion | is defined by adlot index rﬁf within aframe with system
frame number SAN, afirst symbol S within the dot, and a number of consecutive symbols L.

7.1 Physical uplink shared channel

For a PUSCH transmission on active UL BWP b, as described in Clause 12, of carrier f of servingcell C, aUE first

calculates alinear value ﬁPUSCH,byf'C(i, j,0q,1) of the transmit power Poysey b 1 (05 J,0g.1) , With parameters as defined
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