ETSITS 138 321 v18.2.0 2024-08)

TECHNICAL SPECIFICATION

5G;
NR;
Medium Access Control (MAC) protocol specification
(3GPP TS 38.321 version 18.2.0 Release 18)

=~

& ADVANCED

)

A GLOBAL INITIATIVE



3GPP TS 38.321 version 18.2.0 Release 18 1 ETSI TS 138 321 V18.2.0 (2024-08)

Reference
RTS/TSGR-0238321vi20

Keywords
5G

ETSI

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

Tel.: +334 9294 42 00 Fax: +33 4 93 65 47 16

Siret N° 348 623 562 00017 - APE 7112B
Association & but non lucratif enregistrée a la
Sous-Préfecture de Grasse (06) N° w061004871

Important notice

The present document can be downloaded from the
ETSI Search & Browse Standards application.

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 on ETSI deliver.

Users should be aware that the present document may be revised or have its status changed,
this information is available in the Milestones listing.

If you find errors in the present document, please send your comments to
the relevant service listed under Committee Support Staff.

If you find a security vulnerability in the present document, please report it through our
Coordinated Vulnerability Disclosure (CVD) program.

Notice of disclaimer & limitation of liability

The information provided in the present deliverable is directed solely to professionals who have the appropriate degree of
experience to understand and interpret its content in accordance with generally accepted engineering or
other professional standard and applicable regulations.
No recommendation as to products and services or vendors is made or should be implied.

No representation or warranty is made that this deliverable is technically accurate or sufficient or conforms to any law
and/or governmental rule and/or regulation and further, no representation or warranty is made of merchantability or fithess
for any particular purpose or against infringement of intellectual property rights.

In no event shall ETSI be held liable for loss of profits or any other incidental or consequential damages.

Any software contained in this deliverable is provided "AS IS" with no warranties, express or implied, including but not
limited to, the warranties of merchantability, fithess for a particular purpose and non-infringement of intellectual property
rights and ETSI shall not be held liable in any event for any damages whatsoever (including, without limitation, damages

for loss of profits, business interruption, loss of information, or any other pecuniary loss) arising out of or related to the use
of or inability to use the software.

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 2024.
All rights reserved.

ETSI


https://www.etsi.org/standards-search
http://www.etsi.org/deliver
https://portal.etsi.org/Services/editHelp/Standards-development/Tracking-a-draft/Status-codes
https://portal.etsi.org/People/Commitee-Support-Staff
https://www.etsi.org/standards/coordinated-vulnerability-disclosure

3GPP TS 38.321 version 18.2.0 Release 18 2 ETSI TS 138 321 V18.2.0 (2024-08)

Intellectual Property Rights

Essential patents

IPRs essential or potentially essential to normative deliverables may have been declared to ETSI. The declarations
pertaining to these essential IPRs, if any, are publicly available for ETSI members and non-members, 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 Directivesincluding the ETSI IPR Policy, no investigation regarding the essentiality of IPRS,
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 ETS| 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.

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. oneM 2M ™ logo is atrademark 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.

Legal Notice

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

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

The cross reference between 3GPP and ETSI identities can be found under https.//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 allowed in ETSI deliverables except when used in direct citation.

ETSI


https://ipr.etsi.org/
https://webapp.etsi.org/key/queryform.asp
https://portal.etsi.org/Services/editHelp!/Howtostart/ETSIDraftingRules.aspx

3GPP TS 38.321 version 18.2.0 Release 18 3 ETSI TS 138 321 V18.2.0 (2024-08)

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
1= 11 o TSRS 9
1 o0 o< TSP PSP 10
2 REFEIBINCES .....cceeeeee ettt b bbb e b et e e et Re e bt e be e bt st et et et e e e e nenre b ee 10
3 Definitions, symbols and aDbreViations ...........cooeiireieirreee e 11
31 DT 1oL o] TSP 11
3.2 ADBDIEVIBLIONS ...ttt et r e et r e et r e e Rt et R r et r e een e e e ene s 13
4 LT 0T - | S S 15
41 011 0o 1 o | PR 15
4.2 YN O 1] (o (1 = RS 15
42.1 (€71 TSP 15
422 Y O g 1) =PRSS 15
4.3 SEIVICES ..ottt sttt sttt e et R e E et R e R e R AR e R R e R AR R R R e R R et Rt et R et e r et r e r e 17
43.1 Services Provided tO UPPEE [QYEIS.......ooieiiee ettt ste et et et e e teste e reenteeeeeneeenes 17
432 Services expected from PhySICal QYEN ........ccvecvieiiieeiesee e te e e 17
4.4 FUNCLIONS.....c ettt et r e st r s e e e R s e R et e et e st et e e e n e e enennenr e e e 18
4.5 CRENNEL SETUCTUE. ...ttt ettt e et r e et r e ne et e r e se et r e et nrenn s 18
451 (C1c 07 - OSSOSO USSR PP ST PPN 18
4.5.2 TrANSPOIT ChANNEIS......eeieeetiree bbbt b e st b e s et b e et eb bt b b 18
453 LOGICAl CRENMEIS ...ttt bbb et b e et b e st b e bbb 19
454 Mapping of Transport Channelsto Logical ChannElS ..o e 19
4541 LT 07 SRR 19
4542 UPHINK IMBPPDING ¢ttt ettt e b s e e bt b e e b s b e e e bt b e neebesb e e et e sae e ebenbenneneas 19
45.4.3 DOWNIINK MEBPPING . ...+ttt sttt ettt et b et e sa e e b e sbene e bt ebeseebesb e e ebesbe e ebesbenneneas 19
4544 S0 = T 0l 7= o o1 T S 20
5 IMIAC PIOCEAUIES ...ttt sttt ettt bt e e s e bt e bRt R e e et e e et e bt e bt e b e eh e esen e e e e st nb e b s 20
51 [ 10 [0 AN o0y o] o= L1 = 20
511 Random Access procedure iNitialiZatiON............coereiiereieneree bbb 20
5.11a Initialization of variables specific to RANAOM ACCESSTYPE .....c.cvviieiriiirierieeriese e 25
51.1b Selection of the set of Random Access resources for the Random Access procedure...........cocveveeereeneenens 28
51.1c Availability of the set Of RaNdOM ACCESS FESOUITES..........ouruirieeriirieiritsteesie et 32
5.1.1d Selection of the set of Random Access resources based on feature prioritization .............cccveeeereeeerennne 32
511e Selection of MSgL repetition fOr SI FEOUESE ......c.oiiiiiieeceree ettt 33
512 Random ACCESS RESOUICE SEIECHION. ........ceiriiiireeei et 33
5.1.2a Random Access Resource selection for 2-StePp RA LYPE...c.vicieeiere et 37
513 Random Access Preambl e tranSMiSSION .........ccvveiiiieineneese st 38
5.1.3a MSGA TrANSIMISSION.....eeiireieeieere ettt sttt re et r e se et r e se et rene et rene et rene et e e e nn et nresr et er e re s 40
514 Random AcCCeSS RESPONSE FECEPLION. ......ueiiuieieeeeeteestees e e e teste e see e e sre et e e aeeseesreesse e teesbeenseenseensesneennns 41
5.1.4a MSGB reception and contention resolution for 2-step RA TYPE.....cc.viiriierrerereese e 45
515 (@011 10 T =S o] LU L1 o o ISP 48
516 Completion of the Random ACCESS PrOCEAUIE............coueirierieierieeete ettt se e b e sbeseebe b e neenens 51
52 Maintenance of Uplink Time AlIGNIMENL...........coiiieiiiierereer et e e 51
5.2a Maintenance of UL SYNCAMONIZALION. ...........ciiieiiiieeeesee bbb 55
53 DI O o = = 1= RS S 56
531 ] BN o a0 1= 0 = o= o X o o P 56
5.3.2 L TN (@ o o= = (o o 58
5321 HARQ ENELY. ..ttt bbbt e b e bt ne b n s 58
5322 HARQ PIOCESS ...ttt ettt ettt sttt st e e st e s h e e s ate e s a b e e s abe e sa b e e sate e sa b e e e abeesabeesabeesabeeeseeenbeeenaeeees 59
533 Disassembly and demUITIPIEXING .......oiveieiiiesieseeie e see e e e et te e aessaesreenteeeeeneesneennes 60
5.4 UL-SCH daEArANSEN ...t ettt e n et r e n s 61
54.1 UL GFaNt FECEPLION ...ttt sttt sttt sttt et sb e st b e st b e seeae b e h e s b e s e e bt e b e e e bt e b e b e st eb e st et eb e s b et ebe et ne e 61

ETSI



3GPP TS 38.321 version 18.2.0 Release 18 4 ETSI TS 138 321 V18.2.0 (2024-08)

54.2
5421
54.2.2
54.3
5431
54311
54312
54313
5432
544
545
5.4.6
54.7
54.8
54.9
55

5.6

5.7
5.7a
5.7b
5.8
5.8.1
5.8.1a
58.2
5.8.3
5.9
5.10
511
5.12
5.12a
5.13
5.14
5.15
5151
5.15.2
5.16
517
5.18
5.18.1
5.18.2
5.18.3
5.184
5.185
5.18.6
5.18.7
5.188
5.189
5.18.10
5.18.11
5.18.12
5.18.13
5.18.14
5.18.15
5.18.16
5.18.17
5.18.18
5.18.19
5.18.20
5.18.21
5.18.22
5.18.23
5.18.24

HARQ OPIEIELION ...ttt sttt sttt sttt b e et b et b e s h et b e et e bt s e et b e s e et e bt se e st ebene et nbe s b e e eb et ne e 66
HARQ ENEITY ...ttt st b e et b e et b e e et b e et eb e sb et ebesbe e ebenbenneneas 66
HARQ PIOCESS ...ttt sttt st r et e e e s et Rt bt bt e e e as e e saeer e s bt ebe e e e s e nresreab e e e enneneean 70

Multiplexing @nd 8SSEMDIY ........couiiiie bbb bbb 72
Logical Channel PrioritiZation ...........ccoieiiiieinieseeise sttt b e s eb e e snene 72

GBNETEL ...t h e e bRt bR R e e s e et et e be bt e beeheehe e e e e nnen 72
Selection Of 10giCal CHANNES..........ceiiie et e e e nreeneens 73
AlIOCELION OF FESOUICES...... ettt sttt bbbt it se e et seesr e et saeeae e e enne e 73
Multiplexing of MAC Control Elements and MAC SDUS.........ccociieiieeseeie e 75

e g Tc o ol o [ 75

BUFfEr SEAEUS REPOITING .....eveueeteieeeetesteeete ettt sttt bt b e et b et s b e et e b e b et nb b 80

Power HeadrOOM REPOIMING ......cveveiteeeieiteieie ettt sttt b et b e et b e et bbb b 84

Pre-emptive BUFfer StatUS REPOIMING........oiueiririeirie ittt 89

TimiNg AQVANCE REPOIMING ......cueitirieietirieiet sttt e e b e b e bbbt e e bt e b e ens 90

DEl@y SLAIUS FEPOITING ...ttt ettt b e et b e et b et b e et bess et b e ne et e b e s b et b e b 91

PCH FECEPLION ...ttt b b et b et b et h bt e b b e e e bt eb e s e bbbt s e e bt b eneeb e e e e ens 92
=T I 1= o o1 o P 92
DiscontinUOUS RECEPLION (DRX).....eeiiiiiiieieiiie e ste st et e e e e ste e s esae e steesaeesteesaessaesseesse e teeseesseesseeseensennensnes 92
Discontinuous Reception (DRX) for MBS BrOatCast.........ccceiierieiieeiesieseeseesieesie s seeseesseeseeesesssessaesnens 100
Discontinuous Reception (DRX) fOr MBS MUILICESL........cccciiieeieseesece e sttt e s 101
Transmission and reception without dynamic SChedUIING.........cccuviieiierici e 105
DOWNTINK ..t b ettt bt et e b e b e ae e s e e e b e se e e bt e st et e e e eb e e beeheene e e enne e 105
DOWNIINK FOF MUITICESE .....ccveteeeeee ettt ettt sttt e st e seesreeneene e e eneees 105
UPDEINK ottt b ke b ek h e E R R R bR R e Rt b et bbb ne e 106
LS L= 1SS 111
Activation/Deactivation Of SCEIIS.........ooiiiiiiee et 112
Activation/Deactivation of PDCP dUPliCaLION. ..........coiirieiiiieiieieeese et 114
MAC FECONTIGUIBLION ...ttt ettt b bbb bbb bbbt h e bbbt b et et sb et e e nenn e enis 115
N O L= TSP 115
Yoo SRS 117
Handling of unknown, unforeseen and erroneous ProtoCol data............cccveveereerieieeeceeeie s 117
Handling Of MEBSUIEMENT GAPDS ........eeiieiieieiiesiesee st e ste e te et e st e e e e e e tessae s e e sreesseenseeseesseeseenseenseensessaesnens 118
Bandwidth Part (BWP) OPEIELION. ..........eeueiieieeieesieeste et eteeeeeseesteesteesteesseessessesssessesssessseassesssessenssenssasssees 118

DOWNIINK N UPITNK. ¢ttt bbbt 118

S L= 1SS 123
SUL OPEIALION ...ttt ettt b et bbbt £t h e E et h £ e bbb e e Rt b e b e bt e b e e st b bt b b 124
Beam Failure Detection and RECOVENY PrOCEUNE..........coiruiiririeieierieeet sttt 124
HENAITNG Of IMAC CES.....ooiiiiiiitiet sttt bttt h bt et b e et b bt b e b et eb et e e st e e e ens 128

L1 PPN 128

Activation/Deactivation of Semi-persistent CSI-RS/CSI-IM reSOurce Set .......ccovvevveeveereeveesieeseeneeeeens 129

Aperiodic CSl Trigger State SUDSEIECHION.........ccuvceiieicieceee e enae e ens 129

Activation/Deactivation of UE-SpeCific PDSCH TCl Stat@.......c.cccvevieieeieiie e eee s see e 129

Indication of TCI state for UE-SPECIfiC PDCCH ..ottt 130

Activation/Deactivation of Semi-persistent CSl reporting on PUCCH .........cccocvviievce e 130

Activation/Deactivation of Semi-persistent SRS and Indication of spatial relation of SPIAP SRS......... 131

Activation/Desactivation of spatial relation of PUCCH reS0UICE..........coerueeririeerireereseeesieseesie s 131

Activation/Deactivation of semi-persistent ZP CSI-RS reSOUrCE St .......couvrerereeeeieneeriene e eeeeeeneas 132

RECOMMENAEA Bit RELE ... .ceiiiieieieieeeie et ettt ettt e ee st be s aeese e e enseneeseesbesaeeneeeeneeses 132

Yoo ST 133

Yoo ST 133

Yoo ST 133

Update of Pathloss ReferenCce RS Of SRS.........ooiiiiciiie ettt eneens 133

Update of Pathloss Reference RS Of PUSCH ..........cociiiiiie et ene e 133

Indication of spatial relation of SRS resource for a Serving Cell Set........occovveveece e, 133

Activation/Deactivation of Semi-Persistent POSItioNing SRS..........ccceoiieiiiie e 133

Timing offset adjuSIMENES FOr TAB ......cocieeeeee e e sre e sae e aesre e sneesneenaeenseens 134

Guard SYMBOISTOr LAB ... bbbt b et b et e et 134

Positioning Measurement Gap Activation/Deactivation COmMMmMBaNd .............coereerereienennieseneeeseseeees 135

PPW Activation/Deactivation COMMENG ...........coeeieieiirere et see e sie e sseeeeseesees e seesseeeeneeses 135

Update of PUCCH Power Control Set for multiple TRP PUCCH repetition ..........ccoveevineienencicnenens 136

Unified TCI States Activation/Deactivation MAC CE.........coooi i 136

Update of Differential KOFfSEL ..o 136

ETSI



3GPP TS 38.321 version 18.2.0 Release 18 5 ETSI TS 138 321 V18.2.0 (2024-08)

5.18.25 BFD-RS INAICAHON IMAC CE ...ttt sttt st bt se e e e e e seeeaesbesaeene e e eneenes 136
5.18.26 Restricted and recommended beam indication for IAB ..o 136
5.18.27 DL TX power adjustmENt FOr TAB ........c.oiieiiiieieeree et 137
5.18.28 UL PSD range adjustment fOr LAB ... 137
5.18.29 Timing case iNiCaliON FOr TAB ......c.oiiiei et 138
5.18.30 Case-6 TIMING REGUESL........ceicieeesties ettt e te s e st e st este e saeeneeeneeeneaseenseenseeneenneesreesnnas 138
5.18.31 Backhaul Link Beam Indication fOr NCR...........ooiiii e e 138
5.18.32 Access Link Beam INdication fOr NCR ..........ociiiiiiieieesesese e 139
5.18.33 Enhanced Unified TCI States Activation/Deactivation MAC CE .........cccoiiiienerienieesesese e 139
5.18.34 Activation/deactivation of PSI-based SDU diSCard..........cccureririieriiierinesieseeee e 139
5.18.35 LTM Cell SWitCh COMIMEANG........e ittt ettt e eeseesbesaeereene e eeesaesbesaeeneeneeneenes 139
5.18.36 Candidate Cell TCI States Activation/DEACLIVELION .........ccceeeererereieniereeeeeeee e neens 140
5.18.37 Activation/Deactivation of Aggregated Semi-Persistent Positioning SRS...........coveivinenniinennenees 140
5.19 Data iNaCtiVIty MONITOTTIG .. ..veveueiteeetertee ettt b et e ettt b e s bbbt eb e b e e s nn e enis 140
5.20 RV 0o SRS 141
521 [ 0 /< = 1 o] o [T OO PE RSP USURPS 141
5211 (€= 0T o OSSPSR 141
5.21.2 LBT failure detection and reCOVErY PrOCEUUNE .........cc.eeieereeieeeeeseeseesteeteetessaessaesreesseesaeeeesseesaeenseenseens 141
5.22 SL-SCH Datatransfer and SL-PRS tranSmMiSSION. ........ccueierierirerenieeiieeesie st sses e see s siesaesseseeseseens 142
5221 SL-SCH Data and SL-PRS traNSMIiSSION .......cc.oiiiiriereeiereertesie st seese e s b sae s e essessessesbesnessesneensessens 142
522.1.1 SL Grant reception and SCI tranSMIiSSION .......cc.eeceiieiierieeseeseerteee e s e seesee e essesaeseesseesseesseessenns 142
5.22.1.2 TX resource (re-)SEl€Ction CHECK .........cocuv i 163
5.221.2a Re-eval uation and Pre-@mMPLiON ..ot 164
5.22.1.2b Re-selection for using a received resource conflict iNdiCation...........c.ccoeeiereineneicnenec e 166
5.221.2¢c Resource re-selection from SL LBT Faillure indiCation ............coocovvieienineeieeesee e 166
52213 Sidelink HARQ operation and SL-PRStranSmMiSSiON .........c..ceiireereneenieneeeseeseeiesiesesiesee s neenens 167
522131 SIAeliNK HARQ ENEITY ....ceeeeieesee ettt st se et et e sae st sneene e e eneees 167
5.22.1.3.1a Sidelink process not associated with Dedicated SL-PRS resource pool...........cocveeevereieneneneenes 170
522132 S O I o= o[ o F SRS 171
522133 HARQ-based Sidelink RLF dELECHION ........cccoiveiiiirieirie ettt ene s 173
5.22.1.34 Processing of sidelink grant on Dedicated SL-PRS resource POl ..........cccceevvereenieeieeecieseesensnnns 173
5.22.1.35 Sidelink process associated with Dedicated SL-PRS resource pool..........cccvveeveeveeseeseeseeeseeenns 174
5.22.1.4 Multiplexing and @SSEMDIY ........cocieiiiie et esre et e e te e beereereenneenes 175
5.22.1.4.0 LT 1 PR 175
522141 Logical channel priofitiZation...........cccoe ittt 175
5221411 LT 07 SRS 175
5221412 Selection of logical channelsand SL-PRS............ccoiiiirieree e 175
5221413 Allocation Of SIAEliNK FESOUICES........couiiiieeeieiee et e e 178
522142 Multiplexing of MAC Control Elements and MAC SDUS.........cccoiiiininneneneee e 180
52215 SCHEAUIING REGUESL .......cviieiieierieieste ettt sttt sttt sttt ettt sbese b e sbesee s e st et ebesbeneenenteseenens 180
5.22.1.6 T 0 S S UL J (= o 1 oo 181
5.22.1.7 LS = oo 11 o USSR 183
52218 Yoo OSSPSR 184
5.22.1.9 TUC-REQUESE traNSIMISSION ....c.vviieeiteeieeieeesteseeseesaeesteeaeeseesseesseesseeteesesssesneesseesseanseenseansessenssenssnes 184
5.22.1.10 TUC-INfOrmation REPOMTING.......ccueiieiieieeeeieseeseeseeste e eae e e see e e beesteeteseesseesseesseesseensesnenssaessens 184
5.22.1.10.1 LT 01 R 184
5.22.1.10.2 Reception of IUC-INformation REPOIING. .......ccvreiririeirierieieie et eenea 185
522111 TX CATIEN (1) SR ECHION. ...ttt bbb e e eb e 185
522112 SL-PRS RESOUICE REQUESL ......c.eeiuieiiie ittt sttt sr e n e sr e sr e ne s 186
5222 SL-SCH Data and SL-PRS FECEDIION. ......cceiiiiiiereeiesie sttt sttt sttt b e 187
52221 S O I =00 o 1o o IO TSP P TP PRUPTPTSTURPRRON 187
5.22.2.2 Sidelink HARQ operation and SL-PRS reception on Shared SL-PRS resource pool ............cceevevees 188
522221 SidEliNK HARQ ENLILY ...coviitieiiiie ettt st sb e st nse e neens 188
522222 IS0 5 T g o 0= 189
5.22.2.3 Disassembly and demMUITIPIEXING .......oiveiieiieie et e et e e e tesree e e reeneeneeenes 190
5.22.2.4 SL-PRS reception on Dedicated SL-PRS reSOUrCe POO ........ccveivieireieeieseeseesieesieeseeseeseesseesseenseens 190
5.23 S I ST O o = = 1011 O PRRRN 191
5.23.1 SL-BCH dat@atranSmMiSSION ......ccccoueiuieieieeierieriese st stes e eeee e eesteseestesaeeseeseeseeseesaessesneensessessesseseessesnsensessens 191
5.23.2 SL-BCH A FECEPLION. ... cueetiiteeeteiteeete sttt sttt sttt bt b e bt b e bbb et e et st sa et b e b 191
524 Handling of PRS ProCcessing WINOOW ..........cociiiriiinirieinieseeesi s 191
5.25 Positioning Measurement Gap Activation/Deactivation REQUESL............ccuviriererieirineeseeeereeeeeseeeie s 191
5.26 Positioning SRS transmission in RRC_INACTIVE ... 192

ETSI



3GPP TS 38.321 version 18.2.0 Release 18 6 ETSI TS 138 321 V18.2.0 (2024-08)

5.26.1 LT 1 PPN 192
5.26.2 TA validation for SRS transmission in RRC_INACTIVE.......coioieeere e 192
5.27 SMall DALA TrANSMISSION. .....etiteieeeteeieeieeeree e seeste st saeeseeeeeeseestestesaeesesseeseeneessenseseeasesseeneesensessesaesseeneensessens 193
5.27.1 LT 1 PPN 193
5.27.2 TA Validation fOr CG-SDT ..ottt e ettt e st be st et e et ene e e e nseneeseesaesneenseneenees 195
5.28 Sidelink DiscontinUOUS RECEPLION (DRX) ....cocuieiiieiieiesieseeseesie s see e s ste et e et e e teesaesraesreeseeneesneeenes 196
5.28.1 (=0T o TSRS 196
5.28.2 Behaviour of UE receiVing SL-SCH Dal@........cccceveeiiirieeiesis e seese e e e ete e sae e e e saeenaesnesneenseenseens 196
5.28.3 Behaviour of UE transmitting SL-SCH Dala............ccceiirieiiesee e eesteeeete e see e estesaeseeseesneenseeneens 200
5.29 ACtivation/DeactiVation Of SCG.........ccuiiiiiiiriiieieeee sttt b bt sb e se bbbt b e ae e e e e 200
5.30 HEaNAING Of FRZ2 UL QD ...t ettt ettt ettt b e bbbt eb et nn e ens 201
531 SIAElINK LBT OPEIGLON.......cuieititieetirt ettt sttt b bt b e e et b e st b et et e b bt 202
5311 LT 1 PR 202
5.31.2 Sidelink LBT failure detection and reCoVery ProCRAUIE..........c.oreirerreriereeiesie sttt 202
5.32 SRS for positioning TX frequENCY NOPPING ........ooveeririeiriirerer bbb 203
5.33 RACH-lessinitial UL tranSMIiSSION........cceiiiieeieeeieriesiesie st ste st eeee e e eeesee e seessesaeeneeseeseanseseesseseesneeseensanseses 204
5.34 Cell-LeVEl ENEIQY SAVIMNQ -.ecveeieiiesieeseeseeitesieeseesteesteesteestesseesteesseetesssessessseesseasseanssansessesssenssesssesssesssesnseanes 204
534.1 (=0T o OSSPSR 204
5.34.2 Cell DiscoONtiNUOUS TTaNSIMISSION .....ccuveieieieisterieeteeeeseete et sie s sae e e eseseesbesbesbeese e e esseseesbesbeseesbeeneensensens 204
5.34.3 Cell DisSCONtiNUOUS RECEPLION. .....cuviiieiieieesieesie et te st e e steete e st e te e e e e ssaesseesreesseeseenseenseeneeeneessensnnns 206
6 Protocol Data Units, formatS and ParameLerS..........c.uvererierierierieieeeesese st 206
6.1 o o e o [T = 8 LT RS 206
6.1.1 LT 1 PP RRRN 206
6.1.2 MAC PDU (DL-SCH and UL-SCH except transparent MAC and Random Access Responsg)............... 207
6.1.3 MAC Control EIEMENES (CES) ....uerveueriirieirierieesieste sttt bbb b 209
6.1.3.1 Buffer Status REPOM MAC CES.....ccoeiieie ettt esae e s saeesae et sseessaessaesteesteensesnsesneennns 209
6.1.3.2 L@ AV I Y O O PSPPSR 218
6.1.3.3 UE Contention Resolution 1dentity MAC CE........ccooveieiee e e et ses e e s 218
6.1.34 Timing Advance Command MAC CE........cooioiier et ee e e st steesaeeae e ssaesraesreenneas 218
6.1.3.4a Absolute Timing Advance Command MAC CE.........ccovoiveiieiieieseesee st e et sae e 219
6.1.35 DRX COMMANA MAC CE ..ottt sttt ettt st sttt sttt bt b et e b st sbe st ns 219
6.1.3.6 Long DRX Command MAC CE ........ccoiiiiiieieie ettt sttt sbe et sb e e sbe s 219
6.1.3.7 Configured Grant Confirmation MAC CE .........cciiriiiiieene sttt eene s 219
6.1.3.8 SINGIE ENLIY PHR MAGC CE.....ooiiiiiitiieeierieeeest ettt st sb e et se e b et ebesaennene s 219
6.1.3.9 Multiple ENtry PHR MAGC CE ..ottt st ettt sn et st 221
6.1.3.10 SCell Activation/Deactivation MAC CES.......cooiririeieieiesie ettt st sre e e e e s 224
6.1.3.11 Duplication Activation/Deactivation MAC CE...........cco i 225
6.1.3.12 SP CSI-RS/CSI-IM Resource Set Activation/Deactivation MAC CE ........oooovvvveeneneieeveesie s 225
6.1.3.13 Aperiodic CSI Trigger State SUDSEIECtiON MAC CE .......ccveiiiiececeeseese et 226
6.1.3.14 TCI States Activation/Deactivation for UE-specific PDSCH MAC CE.......ccocoevveievievie e, 227
6.1.3.15 TCI State Indication for UE-specific PDCCH MAC CE .......c.ooov e 228
6.1.3.16 SP CSl reporting on PUCCH Activation/Deactivation MAC CE........coooveie v, 228
6.1.3.17 SP SRS Activation/Deactivation MAC CE.........ooiiiiieeeeerese et 229
6.1.3.18 PUCCH gpatial relation Activation/Deactivation MAC CE..........cccooiiiinineienineeneee e 230
6.1.3.19 SP ZP CSI-RS Resource Set Activation/Deactivation MAC CE ........cooeiiieieieree e 231
6.1.3.20 Recommended Dit rafe MAC CE ...ttt ae e e s saesne e e et ee 231
6.1.3.21 TimMING DEITAMAC CE ...ttt b e b et b bbb ens 232
6.1.3.22 GUAd SYMDOISIMAC CES.....c.viiiiiiteieeieite ettt sttt bbbt b e bt b e se et ebe e e s e ebesreneeneas 233
6.1.3.23 2] A O O =SSOSR 234
6.1.3.24 Enhanced TCI States Activation/Deactivation for UE-specific PDSCH MAC CE ..........cccccevvenene 235
6.1.3.25 Enhanced PUCCH Spatial Relation Activation/Deactivation MAC CE........cccccceveeeveeveecie e 236
6.1.3.26 Enhanced SP/AP SRS Spatial Relation Indication MAC CE..........coooiieinineceseece e 237
6.1.3.27 SRS Pathloss Reference RSUPAate MAC CE.......ooov ittt sae e e sne e e 238
6.1.3.28 PUSCH Pathloss Reference RS UPdate MAC CE ..ot 239
6.1.3.29 Serving Cell Set based SRS Spatial Relation Indication MAC CE........ccoovveiiiniceneneeee s 239
6.1.3.30 I I o LTS O S 241
6.1.3.31 Multiple Entry Configured Grant Confirmation MAC CE ... 242
6.1.3.32 Duplication RLC Activation/Deactivation MAC CE.........ccooeiiiiiiieine e 242
6.1.3.33 Sidelink Buffer Status REPOIM MAC CES.......coiiiiiireeitrie ettt st sr e e srebe e neeneas 242
6.1.3.34 Sidelink Configured Grant Confirmation MAC CE.........ccoiiiiinineene e seenens 243
6.1.3.35 Sidelink CSl ReEPOMING MAC CE ..ottt sttt sttt se s st e etesaeseenens 244

ETSI



3GPP TS 38.321 version 18.2.0 Release 18 7 ETSI TS 138 321 V18.2.0 (2024-08)

6.1.3.36 SP Positioning SRS Activation/Deactivation MAC CE..........ccooo it 244
6.1.3.37 Guard Symbols MAC CEsfor Case-6 and Case-7 timing MOCES..........cccvereerereeeneneeeneseeesie e 247
6.1.3.38 Case-7 Timing advance OffSEt MAC CE........ocoiiiiiiieeie ettt s eene s 248
6.1.3.39 Case-6 TIMiNG REJUESE MAC CE.......oiiiieeiiiieieei ettt ettt s ebesaesneneas 248
6.1.3.40 Positioning Measurement Gap Activation/Deactivation Request MAC CE ........ccccoovvenrinenncnieenn 248
6.1.341 Positioning Measurement Gap Activation/Deactivation Command MAC CE .........ccccccevvevvevvenee 249
6.1.3.42 PPW Activation/Deactivation Command MAC CE.........ccoiiiriiriierenesee e 249
6.1.3.43 ENhanCed BFR MAC CES.......cccoiiiiiieiesiesiee ettt sttt st st sttt st sbesbe e besae e stestenens 250
6.1.3.44 Enhanced TCI States Indication for UE-specific PDCCH MAC CE........cccceveeveeiece e 253
6.1.3.45 PUCCH spatial relation Activation/Deactivation for multiple TRP PUCCH repetition MAC CE.....254
6.1.3.46 PUCCH Power Control Set Update for multiple TRP PUCCH repetition MAC CE........c.cocecenueneee. 255
6.1.3.47 Unified TCI States Activation/Deactivation MAC CE .........coooe e 256
6.1.3.48 Enhanced Single Entry PHR MAC CE ..ottt 257
6.1.3.49 Enhanced Multiple Entry PHR MAC CE.......oooi it 258
6.1.3.50 Enhanced Single Entry PHR for multiple TRP MAC CE ..ot 263
6.1.3.51 Enhanced Multiple Entry PHR for multiple TRPMAC CE ... 263
6.1.3.52 Sidelink DRX CommMand MAC CE .......c.ooooveiiiieisieseeie ettt st e st seesestesaesesteseesesaesessens 266
6.1.3.53 Inter-UE Coordination INformation MAC CE .......c.coiiiiiiiiiieeeee et s 266
6.1.3.54 Inter-UE Coordination REQUESE MAC CE........ooiiiieieeceeeete ettt ste e s e et et enae e ssaesnees 269
6.1.3.55 Enhanced SCell Activation/Deactivation MAC CES.........ccoeriiirieienieiesene e 271
6.1.3.56 Timing Advance REPOIt MAC CE.......oii ettt st snaesraesneas 272
6.1.3.57 Differential KOFfSEL IMAC CE ..ot sttt sttt bbbt 272
6.1.3.58 BFD-RS INAICAION MAGC CE ...ttt sttt se et ene e e et ee 272
6.1.3.59 SP/AP SRS TCI State INdicatioN MAC CE ..ottt 273
6.1.3.60 Serving Cell Set based SRS TCI State Indication MAC CE.........coiiriinineeneneeseneeeseseeie e 274
6.1.3.61 Child IAB-DU Restricted Beam INdication MAC CE .........cooiiieiirene e 275
6.1.3.62 IAB-MT Recommended Beam INdicatioNn MAC CE ..o 279
6.1.3.63 DL TX Power Adjustment and Desired DL TX Power Adjustment MAC CES........ccccovovvennenieen 282
6.1.3.64 Desired IAB-MT PSD rang@ MAC CE.......ooiiiieieie ettt sttt st s 283
6.1.3.65 Timing Case INdiCatiON MAC CE........ooie ettt ee sttt e e e te e teeseesraesraesneas 285
6.1.3.66 NCR Downlink Backhaul Link Beam Indication MAC CE..........cccooiiinininiieee e 286
6.1.3.67 NCR Uplink Backhaul Link Beam Indication MAC CE .........cooceioeiiireereee e 286
6.1.3.68 NCR Access Link Beam INdication MAC CE .......coooiiiiiiieieeieeeene e 287
6.1.3.69 SL LBT fAllUrE IMAC CES ...ttt ettt ettt st ae ettt e se e teseesaesbesneenee e eneees 287
6.1.3.70 Enhanced Unified TCI States Activation/Deactivation MAC CE for Joint TCI States .........ccccoeen..... 287
6.1.3.71 Enhanced Unified TCI States Activation/Deactivation MAC CE for Separate TCI States................. 288
6.1.3.72 Delay StatuS REPOIM MAC CE ...ttt bbbt bbb 289
6.1.3.73 PSI-Based SDU Discard Activation/Deactivation MAC CE ........cccoirieieienerese e 290
6.1.3.74 SL-PRS Resource REQUESE MAC CE ..ot 291
6.1.3.75 LTM Cell Switch Command MAGC CE.......ccccooiiiriiienieisie ettt s 291
6.1.3.76 Candidate Cell TCI States Activation/Deactivation MAC CE.........cccooeiiienine e 293
6.1.3.77 Cross-RRH TCI State Indication for UE-specific PDCCH MAC CE........ccccovevvevce e 294
6.1.3.78 Single Entry PHR with assumed PUSCH MAC CE ..ot seenens 295
6.1.3.79 Multiple Entry PHR with assumed PUSCH MAC CE........cocooiiiiniiienee et 296
6.1.3.80 Enhanced SP CSlI reporting on PUCCH Activation/Deactivation MAC CE .........ccccoeveevceeveesieeceeenn, 299
6.1.3.81 Enhanced Single Entry PHR for multiple TRP STX2P MAC CE ........coiiiiiinineeeeeese e 300
6.1.3.82 Enhanced Multiple Entry PHR for multiple TRP STX2P MAC CE........cccooiiiiinineeec e 301
6.1.3.83 Aggregated SP Positioning SRS Activation/Deactivation MAC CE .........cocooviievineie e 304
6.1.4 MAC PDU (transparent IMAC) ......cceiieereieeeesiesie sttt bbb st st 306
6.1.5 MAC PDU (RandOM ACCESS RESPOMNSE) .......cueeueruiieuertiieiesiesseiessesseessesseesse e se s sbe e ssesbe e sesbenessessesseneens 306
6.1.5a A O o B T I (Y 1S ] = 307
6.1.6 YN O B 1O I S S 1 PSS 308
6.2 O = RS Lo 0= 0 1= (= S 309
6.2.1 MAC subheader for DL-SCH and UL-SCH ........cccceiiiriiinesiseise s 309
6.2.2 MAC subheader for Random ACCESS RESPONSE. .......cuviueiieieeieesieesteeeeeaeseesseesteesteessesseeseesneesseensesnsenns 315
6.2.2a MAC SUDNEBAES TOr IMSGB ...ttt ettt bbbt e e bbbt ene e e 315
6.2.3 MAC payload for RaNAOM ACCESS RESDONSE.......c.ceuiriiiriiriiieiesienie sttt sb bbb sn e 316
6.2.3a MAC PAYI08 FOr IMSGB........ccuiiiiieiitieeet et bbbt b ettt e et b bbb 317
6.24 MAC SUDNEAAEN FOr SL-SCH ..ottt et st se e e e beseesbesbesaeene e e eneenes 319
7 Varial €S @Nd CONSLANTS.........eiuiieieieieieee ettt bbbt e b neene b e nnas 320
7.1 RINTT VAIUBS ...ttt sttt et s e etk s e e st et e se e st et e s e e se e b e saese et e st e e ebesbeneebenbeneeneebeneeneas 320

ETSI



3GPP TS 38.321 version 18.2.0 Release 18 8 ETSI TS 138 321 V18.2.0 (2024-08)

7.2 BaCKOFf ParaMELer VAIUES.........ocueieceeeieeie ettt sttt e et e st be s ae bt et enee e e e e sbeseeeneeneeneeseeneas 323
7.3 DELTA PREAMBLE VAIUES ..ottt ettt te et st ene e e e seesbeseeeteeneeneeneeneas 323
74 PRACH MaSK INAEX VBIUES. ..ottt sttt st teeae s et eneeseessebesneeseeneeneeneeneas 324
Annex A (informative): ChangE NISLONY ..o 325
L 1S 0] Y 333

ETSI



3GPP TS 38.321 version 18.2.0 Release 18 9 ETSI TS 138 321 V18.2.0 (2024-08)

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 the NR MAC protocol.

2 References

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

- References are either specific (identified by date of publication, edition number, version number, etc.) or
non-specific.

- For aspecific reference, subsequent revisions do not apply.

- For anon-specific reference, the latest version applies. In the case of areference to a 3GPP document (including
a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same
Release as the present document.

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

[2] 3GPP TS 38.300: "NR; Overall description; Stage 2"

[3] 3GPP TS 38.322: "NR; Radio Link Control (RLC) protocol specification”.

[4] 3GPP TS 38.323: "NR; Packet Data Convergence Protocol (PDCP) protocol specification".

[5] 3GPP TS 38.331: "NR; Radio Resource Control (RRC); Protocol specification”.

[6] 3GPP TS 38.213: "NR; Physical Layer Procedures for control”.

[7] 3GPP TS 38.214: "NR; Physical Layer Procedures for data'.

[8] 3GPP TS 38.211: "NR; Physical channels and modulation".

[9] 3GPP TS 38.212: "NR; Multiplexing and channel coding".

[10] Void.

[11] 3GPP TS 38.133: "NR; Requirements for support of radio resource management".

[12] 3GPP TS 36.133: "Evolved Universal Terrestrial Radio Access (E-UTRA); Requirements for
support of radio resource management".

[13] 3GPP TS 26.114: "Technical Specification Group Services and System Aspects; |P Multimedia
Subsystem (IMS); Multimedia Telephony; Media handling and interaction".

[14] 3GPP TS 38.101-1: "NR; User Equipment (UE) radio transmission and reception; Part 1: Range 1
Standalone”.

[15] 3GPP TS 38.101-2: "NR; User Equipment (UE) radio transmission and reception; Part 2; Range 2
Standalone”.

[16] 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’.

[17] 3GPP TS 36.213: "Evolved Universal Terrestrial Radio Access (E-UTRA); Physical Layer
Procedures”.

[18] 3GPP TS 37.213: "Physical layer procedures for shared spectrum channel access'.

[19] 3GPP TS 23.287: "Architecture enhancements for 5G System (5GS) to support Vehicle-to-

Everything (V2X) services".

[20] 3GPP TS 23.285: "Architecture enhancements for V2X services'.
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[21] 3GPP TS 36.331: "Evolved Universal Terrestrial Radio Access (E-UTRA); Radio Resource
Control (RRC); Protocol specification”.

[22] 3GPP TS 36.321: "Evolved Universal Terrestrial Radio Access (E-UTRA); Medium Access
Control (MAC); Protocol specification”.

[23] 3GPP TS 37.355: "Evolved Universal Terrestrial Radio Access (E-UTRA); LTE Positioning
Protocol (LPP)".

[24] 3GPP TS 38.215: "NR; Physical layer measurements’.

[25] 3GPP TS 38.306: "NR; User Equipment (UE) radio access capabilities”.

[26] 3GPP TS 23.304: "Proximity based Services (ProSe) in the 5G System (5GS)".

[27] 3GPP TS 38.473: "NG-RAN; F1 Application Protocol (F1AP)".

[28] 3GPP TS 24.587: " Technical Specification Group Core Network and Terminals; Vehicle-to-

Everything (V2X) servicesin 5G System (5GS)".

[29] 3GPP TS 24.554: "Technical Specification Group Core Network and Terminals; Proximity-
services (ProSe) in 5G System (5GS) protocol”.

[30] 3GPP TS 23.586: "Technical Specification Group Services and System Aspects; Architectural
Enhancements to support Ranging based services and Sidelink Positioning”.

[31] 3GPP TS 23.256: " Support of Uncrewed Aerial Systems (UAS) connectivity, identification and
tracking; Stage 2".

3 Definitions, symbols and abbreviations

3.1 Definitions

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

A2X communication: A communication to support A2X services leveraging PC5 reference points, asdefined in TS
23.256 [31]. A2X services are realized by various types of A2X applications, e.g., BRID or DAA.

Air to Ground network: An NG-RAN consisting of ground-based gNBs, which provide cell towers that send signals
up to an aircraft's antenna(s) of onboard ATG terminal, with typical vertical altitude of around 10,000 m and take-
off/landing atitudes down to 3000 m.

BWP for SRSfor positioning Tx frequency hopping: For SRS for positioning Tx frequency hopping, separate BWP
configuration outside BWP configuration for data transmission.

Dedicated SL-PRS resour ce pool: A sidelink resource pool which can be used for the transmission of SL-PRS and
cannot be used for the transmission of PSSCH.

Dor mant BWP: The dormant BWP is one of downlink BWPs configured by the network via dedicated RRC signaling.
In the dormant BWP, the UE stop monitoring PDCCH on/for the SCell, but continues performing CSI measurements,
Automatic Gain Control (AGC) and beam management, if configured.

DRX group: A group of Serving Cellsthat is configured by RRC and that have the sasme DRX Active Time.
eRedCap UE: A UE with enhanced reduced capabilities as specified in clause 4.2.22.1 of TS 38.306 [25].

HARQ information: HARQ information for DL-SCH, for UL-SCH, or for SL-SCH transmissions consists of New
Data Indicator (NDI), Transport Block Size (TBS), Redundancy Version (RV), and HARQ process ID.

| AB-donor: gNB that provides network access to UEs via a network of backhaul and access links.

I AB-node: RAN node that supports NR access linksto UEs and NR backhaul links to parent nodes and child nodes.
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Listen Before Talk: A procedure according to which transmissions are not performed if the channel isidentified as
being occupied, see TS 37.213[18].

LTM candidate cell: A candidate cell configured for LTM asdefined in TS 38.331 [5].

M sg3: Message transmitted on UL-SCH containing a C-RNTI MAC CE or CCCH SDU, submitted from upper layer
and associated with the UE Contention Resolution Identity, as part of a Random Access procedure.

M ulti-path: Mode of operation of a UE in RRC_CONNECTED configured with one direct path on which the UE
connectsto gNB using NR Uu, and one indirect path on which the UE connects to the same gNB via another UE using
PC5 unicast link or non-3GPP connection (N3C).

Multi-PUSCH configured grant: A configured grant configuration that includes multiple consecutive configured
uplink grants within asingle periodicity.

N3C indirect path: In Multi-path, the indirect path using Non-3GPP Connection between remote UE and relay UE.

NCR-Fwd: NCR-node function, which performs amplifying-and-forwarding of UL/DL RF signals between gNB and
UE. The behavior of the NCR-Fwd is controlled according to the side control information received by the NCR-MT
fromagNB.

NCR-M T: NCR-node entity which communicates with agNB via a control link to receive side control information.
The control link is based on NR Uu interface.

NCR-node: RAN node comprising NCR-MT and NCR-Fwd.

Non-terrestrial network: An NG-RAN consisting of gNBs, which provide non-terrestrial NR access to UES by means
of an NTN payload embarked on an airborne or space-borne NTN vehicle and an NTN Gateway.

NR backhaul link: NR link used for backhauling between an 1AB-node and an | AB-donor, and between |AB-nodes in
case of a multi-hop backhauling.

NR sidelink communication: AS functionality enabling at least V2X Communication as defined in TS 23.287 [19] and
ProSe communication (including ProSe non-Relay, UE-to-Network Relay and UE-to-UE Relay communication
(including ProSe UE-to-UE Relay communication with integrated discovery)) as defined in TS 23.304 [26], between
two or more nearby UES, using NR technology but not traversing any network node.

NR sidelink discovery: AS functionality enabling ProSe non-Relay discovery, ProSe UE-to-Network Relay discovery
and ProSe UE-to-UE Relay discovery for Proximity based Services as defined in TS 23.304 [26], between two or more
nearby UEs, using NR technol ogy but not traversing any network node.

NR sidelink transmission: Any NR Sidelink-based transmission, including transmission for NR sidelink discovery,
transmission for NR sidelink communication, transmission for Ranging/Sidelink Positioning, and transmission for A2X
communication.

PDCCH occasion: A time duration (i.e. one or a consecutive number of symbols) during which the MAC entity is
configured to monitor the PDCCH.

Positioning SRS Bandwidth Aggregation: Transmission of positioning SRS on multiple carriersin
RRC_CONNECTED and RRC_INACTIVE where the positioning SRS resources are linked in RRC configuration as
defined in TS 38.331 [5].

PRS Processing Window: A time window during which UE may perform PRS measurement inside the active DL
BWP with the same numerology as the active DL BWP without measurement gap.

Ranging/Sidelink Positioning: AS functionality enabling ranging-based services and sidelink positioning as specified
in TS 23.586 [30].

RB set: A RB set refersto a contiguous set of resource blocks (RBs) on which a channel access procedure is performed
in shared spectrum as defined in TS 37.213 [18].

RedCap UE: A UE with reduced capabilities as specified in clause 4.2.21.1in TS 38.306 [25].
Serving Cell: A PCell, aPSCell, or an SCell in TS 38.331 [5].
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Shared SL-PRS resource pool: A sidelink resource pool which can be used for the transmission of both SL-PRS and
PSSCH.

Sidelink transmission information: Sidelink transmission information included in an SCI for an SL-SCH transmission
or SL-PRS transmission with or without SL-SCH transmission on Shared SL-PRS resource pool as specified in clause
8.3and 8.4 of TS 38.212 [9] consists of Sidelink HARQ information including NDI, RV, Sidelink process ID, HARQ
feedback enabled/disabled indicator, Sidelink identification information including cast type indicator, Source Layer-1
ID and Destination Layer-1 ID, and Sidelink other information including CSI request, SL-PRS request, SL-PRS
resource ID, a priority, acommunication range requirement and Zone ID and COT sharing information.

SL-PRS delay budget: Delay budget before which the SL-PRS is expected to be transmitted by the Tx UE.

SL-PRS transmission information on Dedicated SL-PRS resour ce pool: SL-PRS transmission information on
Dedicated SL-PRS resource pool isincluded in an SCI for an SL-PRS transmission on Dedicated SL-PRS resource
pool, as specified in TS 38.212 [9], consisting of

- SL-PRSidentification information, including cast type indicator, source ID and destination ID;

- SL-PRStransmission other information, including SL-PRS priority, SL-PRS request, SL-PRS resource ID and
resource reservation period.

SRSfor positioning Tx frequency hopping: Transmit frequency hopping of positioning SRSin RRC_INACTIVE and
RRC_CONNECTED.

SRS positioning validity area: An area consisting of alist of cells within which the corresponding positioning SRS
configuration is considered as valid.

Special Cell: For Dual Connectivity operation the term Specia Cell refersto the PCell of the MCG or the PSCell of the
SCG depending on if the MAC entity is associated to the MCG or the SCG, respectively. Otherwise the term Special
Cell refersto the PCell. A Special Cell supports PUCCH transmission and contention-based Random Access, and is
aways activated.

Timing Advance Group: A group of Serving Cellsthat is configured by RRC and that, for the cellswitha UL
configured, using the same timing reference cell and the same Timing Advance value. A Timing Advance Group
containing the SpCell of aMAC entity is referred to as Primary Timing Advance Group (PTAG), whereas the term
Secondary Timing Advance Group (STAG) refersto other TAGs.

UE-gNB RTT: For non-terrestrial networks, the sum of the UE's Timing Advance value (see TS 38.211 [8] clause
4.3.1) and kmac.

V2X sidelink communication: AS functionality enabling V2X Communication as defined in TS 23.285 [20], between
nearby UEs, using E-UTRA technology but not traversing any network node.

NOTE 1: A timer isrunning onceit is started, until it is stopped or until it expires; otherwise it is not running. A
timer can be started if it is not running or restarted if it isrunning. A Timer is aways started or restarted
fromitsinitia value. The duration of atimer is not updated until it is stopped or expires (e.g. due to BWP
switching). When the MAC entity applies zero value for atimer, the timer shall be started and
immediately expire unless explicitly stated otherwise.

NOTE 2: Inthisversion of the specification, the SRS in the procedural description includes Positioning SRS except
for the Positioning SRS for transmission in RRC_INACTIVE asin clause 5.26. Positioning SRS except
for the Positioning SRS for transmission in RRC_INACTIVE istreated the same as SRS by the UE
unless explicitly stated otherwise.

3.2 Abbreviations

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

A2X Aircraft-to-Everything

AP Aperiodic

BFR Beam Failure Recovery

BRID Broadcast Remote Identification
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BSR Buffer Status Report
BWP Bandwidth Part
CE Control Element
CG Cell Group
CG-SDT Configured Grant-based SDT
CI-RNTI Cancellation Indication RNTI
csl Channel State Information
CSl-IM CSl Interference M easurement
CSI-RS CSl Reference Signal
CS-RNTI Configured Scheduling RNTI
DAA Detect And Avoid
DAPS Dual Active Protocol Stack
DCP DCI with CRC scrambled by PS-RNTI
DL-PRS DownLink-Positioning Reference Signal
DSR Delay Status Report
DTX Discontinuous Transmission
G-CS-RNTI Group Configured Scheduling RNTI
G-RNTI Group RNTI
IAB Integrated Access and Backhaul
INT-RNTI Interruption RNTI
LBT Listen Before Talk
LCG Logical Channel Group
LCP Logical Channel Prioritization
LTM L1/L2 Triggered Mobility
MBS Multicast/Broadcast Services
MCCH MBS Control Channel
MCCH-RNTI MBS Control Channel RNTI
MCG Master Cell Group
MO-SDT Mobile Originated SDT
MPE Maximum Permissible Exposure
MTCH MBS Traffic Channel
MT-SDT Mobile Terminated SDT
N3C Non-3GPP Connection
NCD-SSB Non Cell Defining SSB
NCR Network-Controlled Repeater
NSAG Network Slice AS Group
NUL Normal Uplink
NZP CSI-RS Non-Zero Power CSI-RS
PDB Packet Delay Budget
PEI-RNTI Paging Early Indication RNTI
PHR Power Headroom Report
PQI PC5 QoS Identifier
PS-RNTI Power Saving RNTI
PSI PDU Set Importance
PTAG Primary Timing Advance Group
PTM Point to Multipoint
PTP Point to Point
QCL Quasi-colocation
PPW PRS Processing Window
PRS Positioning Reference Signal
RA-SDT Random Access-based SDT
RRH Remote Radio Head
RS Reference Signal
SCG Secondary Cell Group
SDT Small Data Transmission
SFI-RNTI Slot Format Indication RNTI
Sl System Information
SL-PRS-CS-RNTI SL-PRS Configured Scheduling RNTI
SL-PRS-RNTI SL-PRS RNTI
SL-CS-RNTI Sidelink Configured Scheduling RNTI
SL-PRS Sidelink PRS
SL-RNTI Sidelink RNTI
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SpCell Special Cell
SP Semi-Persistent
SP-CSI-RNTI Semi-Persistent CSI RNTI
SPS Semi-Persistent Scheduling
SR Scheduling Request
SRI SRS Resource Indicator
SS Synchronization Signals
SSB Synchronization Signal Block
STAG Secondary Timing Advance Group
STx2P Simultaneous Transmission with 2 Panels
SUL Supplementary Uplink
TAG Timing Advance Group
TCl Transmission Configuration Indicator
TPC-SRS-RNTI Transmit Power Control-Sounding Reference Signal-RNTI
TRIV Time Resource Indicator Value
TRP Transmit/Receive Point
TRS CSI-RS for tracking
U2N UE-to-Network
u2u UE-to-UE
UCl Uplink Control Information
UTO-UCI Unused Transmission Occasion - UCI
utw Uplink Time Window
V2X Vehicle-to-Everything
ZP CSI-RS Zero Power CSI-RS
4 General
4.1 Introduction

The objective of this clauseis to describe the MAC architecture and the MAC entity of the UE from afunctional point
of view.

4.2 MAC architecture

421 General

This clause describes amodel of the MAC i.e. it does not specify or restrict implementations.

RRC isin control of the MAC configuration.

4.2.2 MAC Entities
The MAC entity of the UE handles the following transport channels:
- Broadcast Channel (BCH);
- Downlink Shared Channel(s) (DL-SCH);
- Paging Channel (PCH);
- Uplink Shared Channel(s) (UL-SCH);
- Random Access Channel(s) (RACH).

When the UE is configured with SCG, two MAC entities are configured to the UE: one for the MCG and one for the
SCG.
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When the UE is configured with DAPS handover, two MAC entities are used by the UE: one for the source cell (source
MAC entity) and one for the target cell (target MAC entity).

The functions of the different MAC entities in the UE operate independently unless otherwise specified. The timers and
parameters used in each MAC entity are configured independently unless otherwise specified. The Serving Cells, C-
RNTI, radio bearers, logical channels, upper and lower layer entities, LCGs, and HARQ entities considered by each
MAC entity refer to those mapped to that MAC entity unless otherwise specified.

If the MAC entity is configured with one or more SCells, there are multiple DL-SCH and there may be multiple UL-
SCH as well as multiple RACH per MAC entity; one DL-SCH, one UL-SCH, and one RACH on the SpCell, one DL-
SCH, zero or one UL-SCH and zero or one RACH for each SCell.

If the MAC entity is not configured with any SCell, thereis one DL-SCH, one UL-SCH, and one RACH per MAC
entity.

If the UE is configured with LTM candidate cell(s), there may be zero or one RACH for each LTM candidate cell,
which shares the same corresponding MAC entity with Serving Cell.

Figure 4.2.2-1 illustrates one possible structure of the MAC entity when SCG is not configured and for each MAC
entity during DAPS handover.

Upper layers

MCCH MTCH PCCH BCCH CCCH DCCH DTCH MAC-control
%|>—<L:|>—CI>—<L:I>—CI>—<|:J>—<L:I> >
(I'De—). Logical Channel Prioritization (UL only) ~  p===-
Multiplexing
[ N S SO SO SO B O IS U P -
Multiplexing
(De-) Multiplexing ~ pe==aq Control
! J—"
| 1 ]

.
. Random
peet (| T 7T teees
L HARQ Access Control

PCH BCH DL-SCH UL-SCH RACH

Lower layer

Figure 4.2.2-1: MAC structure overview

Figure 4.2.2-2 illustrates one possible structure for the MAC entities when MCG and SCG are configured.
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Upper layers

MCCH MTCH PCCH BCCH CCCH DCCH DTCH

Logical Channel Prioritization (UL only)
(De-) Multiplexing
Random
HARQ Access Control
SR S | N | N

PCH of BCH of DL-SCH UL-SCH RACH of
MCG MCG of MCG of MCG MCG

(De-)
Multiplexing
(De-)
Multiplexing

Lower layer of MCG

MAC-control

Control
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Upper layers

BCCH DCCH DTCH

L

Logical Channel Prioritization (UL only)
(De-) Multiplexing
Random
Access Control

MAC-control

Control

BCHof DL-SCH  UL-SCH
SCG of SCG of SCG SCG

RACH of

Lower layer of SCG

Figure 4.2.2-2: MAC structure overview with two MAC entities

In addition, the MAC entity of the UE handles the following transport channel for sidelink:

- Sidelink Shared Channel (SL-SCH);
- Sidelink Broadcast Channel (SL-BCH).

Figure 4.2.2-3 illustrates one possible structure for the MAC entity when sidelink is configured.

Upper layers

SBCCH SCCH

STCH

MAC-control

Logical Channel Prioritization (TX only)

(De-) Multiplexing
PDU filtering (RX only)

i

SL-BCH

-

SL-SCH

Lower layer

Figure 4.2.2-3: MAC structure overview for sidelink

4.3 Services

4.3.1

The MAC sublayer provides the following services to upper layers:

- datatransfer;

- radio resource allocation.

4.3.2

The MAC sublayer expects the following services from the physical layer:
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- datatransfer services,
- signaling of HARQ feedback;
- signalling of Scheduling Request;

- measurements (e.g. Channel Quality Indication (CQI)).

4.4 Functions

The MAC sublayer supports the following functions:
- mapping between logical channels and transport channels;

- multiplexing of MAC SDUs from one or different logical channels onto transport blocks (TB) to be delivered to
the physical layer on transport channels;

- demultiplexing of MAC SDUsto one or different logical channels from transport blocks (TB) delivered from the
physical layer on transport channels;

- scheduling information reporting;

- error correction through HARQ;

- logica channel prioritization;

- priority handling between overlapping resources of one UE;
- radio resource selection.

The relevance of MAC functions for uplink, downlink, and sidelink isindicated in Table 4.4-1.

Table 4.4-1: The link direction association of MAC functions.

MAC function Downlink Uplink Sidelink Sidelink

X RX

Mapping between logical channels and transport channels X X X X

Multiplexing X X

Demultiplexing X X

Scheduling information reporting X X

Error correction through HARQ X X X X

Logical Channel prioritization X X

Radio resource selection X

4.5 Channel structure

451 General

The MAC sublayer operates on the channels defined bel ow; transport channels are SAPs between MAC and Layer 1,
logical channels are SAPs between MAC and RLC.

4.5.2  Transport Channels

The MAC sublayer uses the transport channels listed in Table 4.5.2-1 below.
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Table 4.5.2-1: Transport channels used by MAC

Transport channel name Acronym Downlink Uplink Sidelink

Broadcast Channel BCH X

Downlink Shared Channel DL-SCH X

Paging Channel PCH X

Uplink Shared Channel UL-SCH X

Random Access Channel RACH X

Sidelink Broadcast Channel SL-BCH X
Sidelink Shared Channel SL-SCH X

4.5.3

The MAC sublayer provides data transfer services on logical channels. To accommodate different kinds of data transfer
services, multiple types of logical channels are defined i.e. each supporting transfer of a particular type of information.

Logical Channels

Each logical channel type is defined by what type of information is transferred.

The MAC sublayer provides the control and traffic channelslisted in Table 4.5.3-1 below.

Table 4.5.3-1: Logical channels provided by MAC.

Logical channel name Acronym Control channel Traffic channel
Broadcast Control Channel BCCH X
Paging Control Channel PCCH X
Common Control Channel CCCH X
Dedicated Control Channel DCCH X
Dedicated Traffic Channel DTCH X
MBS Control Channel MCCH X
MBS Traffic Channel MTCH X
Sidelink Broadcast Control Channel SBCCH X
Sidelink Control Channel SCCH X
Sidelink Traffic Channel STCH X

4.5.4 Mapping of Transport Channels to Logical Channels

4541 General

The MAC entity isresponsible for mapping logical channels onto transport channels. This mapping depends on the
multiplexing that is configured by RRC.

45.4.2 Uplink mapping
The uplink logical channels can be mapped as described in Table 4.5.4.2-1.

Table 4.5.4.2-1: Uplink channel mapping.

Transport channel UL-SCH RACH
Logical channel
CCCH X
DCCH X
DTCH X

45.4.3 Downlink mapping

The downlink logical channels can be mapped as described in Table 4.5.4.3-1.
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Table 4.5.4.3-1: Downlink channel mapping.

Transport channel
Logical channel

BCH

PCH

DL-SCH

BCCH

X

x

PCCH

CCCH

DCCH

DTCH

MCCH

MTCH

XX |[X[X|X

45.4.4 Sidelink mapping

The sidelink logical channels can be mapped as described in Table 4.5.4.4-1.

Table 4.5.4.4-1: Sidelink channel mapping.

Logical channel

Transport channel

SL-BCH

SL-SCH

SBCCH

X

SCCH

STCH

5 MAC procedures

5.1 Random Access procedure

5.1.1 Random Access procedure initialization

The Random Access procedure described in this clause isinitiated by a PDCCH order, by the MAC entity itself, or by
RRC for the events in accordance with TS 38.300 [2]. Thereis only one Random Access procedure ongoing at any
point intimein aMAC entity. The Random Access procedure on an SCell or an LTM candidate cell shall only be
initiated by a PDCCH order with ra-Preamblel ndex different from 0b000000.

NOTE 1: If anew Random Access procedure is triggered while another is aready ongoing in the MAC entity, itis
up to UE implementation whether to continue with the ongoing procedure or start with the new procedure

(e.g. for SI request).

NOTE 2: If there was an ongoing Random Access procedure that istriggered by a PDCCH order while the UE
receives another PDCCH order indicating the same Random Access Preamble, PRACH mask index and
uplink carrier, the Random Access procedure is considered as the same Random Access procedure as the

ongoing one and not initialized again.

When a Random Access procedure isinitiated, UE selects a set of Random Access resources as specified in clause
5.1.1b and initialises the following parameters for the Random Access procedure according to the values configured by

RRC for the selected set of Random Access resources:

- prach-Configurationlndex: the available set of PRACH occasions for the transmission of the Random Access
Preamble for Msgl. These are also applicable to the MSGA PRACH if the PRACH occasions are shared

between 2-step and 4-step RA types;

- prach-ConfigurationPeriodScaling-1AB: the scaling factor defined in TS 38.211 [8] and applicable to IAB-MTs,
extending the periodicity of the PRACH occasions baseline configuration indicated by prach-

Configurationlndex;

- prach-ConfigurationFrameOffset-1AB: the frame offset defined in TS 38.211 [8] and applicableto IAB-MTs,
altering the ROs frame defined in the baseline configuration indicated by prach-Configurationl ndex;
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- prach-ConfigurationSOffset-1AB: the subframe/d ot offset defined in TS 38.211 [8] and applicable to IAB-MTS,
altering the ROs subframe or slot defined in the baseline configuration indicated by prach-Configurationl ndex;

- msgA-PRACH-Configurationlndex: the available set of PRACH occasions for the transmission of the Random
Access Preamble for MSGA in 2-step RA type;

- preambleReceivedTargetPower: initial Random Access Preamble power for 4-step RA type;
- msgA-PreambleReceivedTargetPower: initial Random Access Preamble power for 2-step RA type;

- rsrp-ThresholdSSB: an RSRP threshold for the selection of the SSB for 4-step RA type. If the Random Access
procedure isinitiated for beam failure recovery, rsrp-ThresholdSSB used for the selection of the SSB within
candidateBeamRSList refers to rsrp-ThresholdSSB in BeamFailureRecoveryConfig IE;

- rsrp-ThresholdCS-RS: an RSRP threshold for the selection of CSI-RS for 4-step RA type. If the Random
Access procedure isinitiated for beam failure recovery, rsrp-ThresholdCS-RSis equal to rsrp-ThresholdSB in
BeamFailureRecoveryConfig IE;

- msgA-RSRP-ThresholdSSB: an RSRP threshold for the selection of the SSB for 2-step RA type;
- rsrp-ThresholdSSB-SUL: an RSRP threshold for the selection between the NUL carrier and the SUL carrier;

- msgA-RSRP-Threshold: an RSRP threshold for selection between 2-step RA type and 4-step RA type when both
2-step and 4-step RA type Random Access Resources are configured in the UL BWP;

- rsrp-ThresholdMsgl-RepetitionNum?2: an RSRP threshold for Msgl repetition with repetition number 2 (see
clause 5.1.1b);

- rsrp-ThresholdMsgl-RepetitionNund: an RSRP threshold for Msgl repetition with repetition number 4 (see
clause 5.1.1b);

- rsrp-ThresholdMsgl-RepetitionNum8: an RSRP threshold for Msgl repetition with repetition number 8 (see
clause 5.1.1b);

- rsrp-ThresholdMsg3: an RSRP threshold for Msg3 repetition (see clause 5.1.1b);
- FeatureCombination: feature or a combination of features associated with a set of Random Access resources,
- featurePriorities: priorities for features, such as (e)RedCap, Slicing, etc. (see clause 5.1.1d);

- msgA-TransMax: The maximum number of MSGA transmissions when both 4-step and 2-step RA type Random
Access Resources are configured;

- candidateBeamR3List: alist of reference signals (CSI-RS and/or SSB) identifying the candidate beams for
recovery and the associated Random Access parameters,

- recoverySearchSpaceld: the search space identity for monitoring the response of the beam failure recovery
request;

- power RampingStep: the power-ramping factor;

- msgA-PreamblePower RampingStep: the power ramping factor for MSGA preamble;

- power RampingSepHighPriority: the power-ramping factor in case of prioritized Random Access procedure;
- scalingFactorBI: a scaling factor for prioritized Random Access procedure;

- ra-Preamblelndex: Random Access Preamble;

- ra-ssb-OccasionMasklndex: defines PRACH occasion(s) associated with an SSB in which the MAC entity may
transmit a Random Access Preambl e (see clause 7.4);

- msgA-SSB-SharedRO-Maskindex: Indicates the subset of 4-step RA type PRACH occasions shared with 2-step
RA type PRACH occasions for each SSB. If 2-step RA type PRACH occasions are shared with 4-step RA type
PRACH occasions and msgA-SSB-SharedRO-Masklndex is not configured, then all 4-step RA type PRACH
occasions are available for 2-step RA type (see clause 7.4);
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- ssb-SharedRO-Maskindex: defines PRACH occasions, on which preambles are alocated for afeature or a
combination of features, associated with an SSB in which the MAC entity may transmit a Random Access
Preamble (see clause 7.4);

- ra-OccasionList: defines PRACH occasion(s) associated with a CSI-RS in which the MAC entity may transmit a
Random Access Preambl e

- ra-PreambleStartIndex: the starting index of Random Access Preamble(s) for on-demand S request;

- startPreambleForThisPartition: the first preamble associated with the set of Random Access Resources
applicable to the Random Access procedure;

- preambleTransMax: the maximum number of Random Access Preamble transmission;

- preambleTransMax-Msgl-Repetition: the maximum number of Random Access Preamble transmissions with a
given Msgl repetition number before switching to Msgl repetition with the next available higher Msgl
repetition number;

- ssb-perRACH-OccasionAndCB-PreamblesPer SSB: defines the number of SSBs mapped to each PRACH
occasion for 4-step RA type and the number of contention-based Random Access Preambles mapped to each
SSB;

- msgA-CB-Preambl esPer SSB-Per SharedRO: defines the number of contention-based Random Access Preambles
for 2-step RA type mapped to each SSB when the PRACH occasions are shared between 2-step and 4-step RA

types,

- msgA-SB-PerRACH-Occas onAndCB-PreamblesPer SSB: defines the number of SSBs mapped to each PRACH
occasion for 2-step RA type and the number of contention-based Random Access Preambles mapped to each
SSB;

- number OfPreamblesPer SSB-For ThisPartition: defines the number of consecutive preambles for afeature or a
combination of features mapped to each SSB;

- msgA-PUSCH-ResourceGroupA: defines M SGA PUSCH resources that the UE shall use when performing
MSGA transmission using Random Access Preambles group A;

- msgA-PUSCH-ResourceGroupB: defines M SGA PUSCH resources that the UE shall use when performing
MSGA transmission using Random Access Preambles group B;

- msgA-PUSCH-Resource-Index: identifies the index of the PUSCH resource used for MSGA in case of
contention-free Random Access with 2-step RA type;

- if groupBconfigured is configured, then Random Access Preambles group B is configured for 4-step RA type.

- Amongst the contention-based Random Access Preambl es associated with an SSB (as defined in TS 38.213
[6]), the first number OfRA-PreamblesGroupA included in groupBconfigured Random Access Preambles
belong to Random Access Preambles group A. The remaining Random Access Preambles associated with the
SSB belong to Random Access Preambles group B (if configured).

- if groupB-ConfiguredTwoStepRA is configured, then Random Access Preambles group B is configured for 2-
step RA type.

- Amongst the contention-based Random Access Preambles for 2-step RA type associated with an SSB (as
defined in TS 38.213 [6]), the first number OfRA-PreamblesGroupA included in GroupB-
ConfiguredTwoStepRA Random Access Preambles belong to Random Access Preambles group A. The
remaining Random Access Preambles associated with the SSB belong to Random A ccess Preambles group B
(if configured).

NOTE 3: If Random Access Preambles group B is supported by the cell Random Access Preambles group B is
included for each SSB.

- if Random Access Preambles group B is configured for 4-step RA type:
- ra-Msg3SzeGroupA: the threshold to determine the groups of Random Access Preambles for 4-step RA type;
- msg3-DeItaPreambIe: APREAMBLE_Msg3 inTS 38.213[6];
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messagePower OffsetGroupB: the power offset for preamble selection included in groupBconfigured;

number OfRA-PreamblesGroupA: defines the number of Random Access Preambles in Random Access
Preamble group A for each SSB included in groupBconfigured.

if Random Access Preambles group B is configured for 2-step RA type:

msgA-DeltaPreamble: Ausga puscH in TS 38.213 [6];

messagePower OffsetGroupB: the power offset for preamble selection included in GroupB-
ConfiguredTwoSIepRA,;

number OfRA-Preambl esGroupA: defines the number of Random Access Preamblesin Random Access
Preamble group A for each SSB included in GroupB-ConfiguredTwoStepRA;

ra-MsgA-SzeGroupA: the threshold to determine the groups of Random Access Preambles for 2-step RA
type.

the set of Random Access Preambles and/or PRACH occasions for Sl request, if any;

the set of Random Access Preambles and/or PRACH occasions for beam failure recovery request, if any;

the set of Random Access Preambles and/or PRACH occasions for reconfiguration with sync, if any;

ra-ResponseWindow: the time window to monitor RA response(s) (SpCell only);

ra-ContentionResolutionTimer: the Contention Resolution Timer (SpCell only);

msgB-ResponseWindow: the time window to monitor RA response(s) for 2-step RA type (SpCell only).

In addition, the following information for related Serving Cell is assumed to be available for UEs:

if Random Access Preambles group B is configured:

if the Serving Cell for the Random Access procedure is configured with supplementary uplink as specified in
TS 38.331[5], and SUL carrier is selected for performing Random Access Procedure:

- Pcmaxi,c of the SUL carrier as specified in TS 38.101-1 [14], TS 38.101-2 [15], and TS 38.101-3 [16].
else:

- Powmax.c of the NUL carrier as specified in TS 38.101-1 [14], TS 38.101-2 [15], and TS 38.101-3 [16].

The following UE variables are used for the Random Access procedure:

PREAMBLE_INDEX;

PREAMBLE_TRANSMISSON_COUNTER,

PREAMBLE_POWER_RAMPING_COUNTER;

PREAMBLE_POWER_RAMPING_STEP;

PREAMBLE_RECEIVED_TARGET_POWER,

PREAMBLE_BACKOFF;

PCMAX;

SCALING_FACTOR Bil;

TEMPORARY_C-RNTI;

RA_TYPE;

POWER OFFSET 2STEP_RA:

MSGA_PREAMBLE_POWER _RAMPING_STEP.
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When the Random Access procedure isinitiated on a Serving Cell or for an LTM candidate cell, the MAC entity shall:
1> flush the Msg3 buffer;
1> flush the M SGA buffer;
1> set the PREAMBLE_TRANSMISSION_COUNTER o 1;
1> if the Random Access procedure isinitiated on a Serving Cell; or

1> if the Random Access procedure isinitiated by the PDCCH order for an LTM candidate cell and the PDCCH
order indicates preamble initial transmission; or

1> if the Random Access procedureis initiated by the PDCCH order for an LTM candidate cell, which is different
from the cell to which the UE performed the last Random A ccess Preambl e transmission, and the PDCCH order
indicates preamble re-transmission:

2> set the PREAMBLE_POWER _RAMPING_COUNTERT'to 1;
1> set the PREAMBLE_BACKOFF to 0 ms;
1> set POWER OFFSET_2STEP_RAto 0 dB;
1> if the carrier to use for the Random Access procedure is explicitly signalled:
2> select the signalled carrier for performing Random Access procedure;
2> set the PCMAX to Pemax 1, Of the signalled carrier.
1> elseif the carrier to use for the Random Access procedure is not explicitly signalled; and

1> if the Serving Cell for the Random Access procedure is configured with supplementary uplink as specified in TS
38.331[5]; and

1> if the RSRP of the downlink pathloss reference is less than rsrp-ThresholdSSB-SUL:
2> select the SUL carrier for performing Random Access procedure;
2> set the PCMAX to Pemax f,c Of the SUL carrier.
1> else
2> select the NUL carrier for performing Random Access procedure;
2> set the PCMAX to Pemax f,c Of the NUL carrier.
NOTE 4: Void.

1> perform the BWP operation as specified in clause 5.15, except when the Random Access procedure isinitiated
by the PDCCH order for an LTM candidate cell;

1> select the set of Random Access resources applicable to the current Random Access procedure according to
clause 5.1.1b;

1> if the Random Access procedure is initiated by PDCCH order and if the ra-Preamblel ndex explicitly provided
by PDCCH is not 0b0000Q0; or

1> if the Random Access procedure was initiated for Sl request (as specified in TS 38.331 [5]) and the Random
Access Resources for S| request have been explicitly provided by RRC; or

1> if the Random Access procedure was initiated for SpCell beam failure recovery (as specified in clause 5.17) and
if the contention-free Random Access Resources for beam failure recovery request for 4-step RA type have been
explicitly provided by RRC for the BWP selected for Random Access procedure; or

1> if the Random Access procedure was initiated for reconfiguration with sync and if the contention-free Random
Access Resources for 4-step RA type have been explicitly provided in rach-ConfigDedicated for the BWP
selected for Random Access procedure; or
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1> if the Random Access procedure was initiated for LTM cell switch and if the contention-free Random Access
Resources have been explicitly provided in LTM Cell Switch Command MAC CE:
2> set the RA_TYPE to 4-stepRA.

1> elseif the BWP selected for Random Access procedure is configured with both 2-step and 4-step RA type
Random Access Resources within the selected set of Random Access resources (as specified in clause 5.1.1b)
and the RSRP of the downlink pathloss reference is above msgA-RSRP-Threshold; or

1> if the BWP selected for Random Access procedure is only configured with 2-step RA type Random Access
resources within the selected set of Random Access resources according to clause 5.1.1b; or

1> if the Random Access procedure was initiated for reconfiguration with sync and if the contention-free Random
Access Resources for 2-step RA type have been explicitly provided in rach-ConfigDedicated for the BWP
selected for Random Access procedure:

2> set the RA_TYPE to 2-stepRA.
1> else
2> set the RA_TYPE to 4-stepRA.
1> perform initialization of variables specific to Random Access type as specified in clause 5.1.13;
1> if RA_TYPE is set to 2-stepRA:
2> perform the Random Access Resource selection procedure for 2-step RA type (see clause 5.1.23).
1> else

2> perform the Random Access Resource selection procedure (see clause 5.1.2).

5.1.1a Initialization of variables specific to Random Access type
The MAC entity shall:
1> if RA_TYPE is set to 2-stepRA:
2> set PREAMBLE_POWER_RAMPING_STEP to msgA-PreamblePower RampingStep;
2> set SCALING_FACTOR Bl to 1;
2> apply preambleTransMax included in the RACH-ConfigGenericTwoStepRA;
2> if the Random Access procedure was initiated for reconfiguration with sync or for SCG activation; and
2> if cfra-TwoSep is configured for the selected carrier:
3> if msgA-TransMax is configured in the cfra-TwoStep:
4> apply msgA-TransMax configured in the cfra-TwoStep.
2> eseif msgA-TransMax is included in the RACH-ConfigCommonTwoStepRA:
3> apply msgA-TransMax included in the RACH-ConfigCommonTwoStepRA.

2> if the Random Access procedure was initiated for SpCell beam failure recovery (as specified in clause 5.17);
and

2> if beamFailureRecoveryConfig is configured for the active UL BWP of the selected carrier; and
2> if ra-PrioritizationTwoStep is configured in the beamFailureRecoveryConfig:

3> set PREAMBLE_POWER_RAMPING_STEP to the power RampingStepHighPriority included in the ra-
PrioritizationTwoStep in beamFailureRecoveryConfig;

3> if scalingFactorBI is configured in the ra-PrioritizationTwoStep in beamFailureRecoveryConfig:
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4> set SCALING_FACTOR _BI to the scalingFactorBlI.
2> elseif the Random Access procedure was initiated for reconfiguration with sync or for SCG activation; and
2> if rach-ConfigDedicated is configured for the selected carrier; and
2> if ra-PrioritizationTwoStep is configured in the rach-ConfigDedicated:

3> set PREAMBLE_POWER _RAMPING_STEP to the power RampingStepHighPriority included in the ra-
PrioritizationTwoStep in rach-ConfigDedi cated;

3> if scalingFactorBI is configured in ra-PrioritizationTwoStep in the rach-ConfigDedicated:
4> set SCALING_FACTOR Bl to the scalingFactorBI.

2> elseif both ra-PrioritizationFor SicingTwoStep for a NSAG-1D and ra-
PrioritizationFor Accessl dentity TwoStep are configured for the selected carrier; and

2> if the MAC entity is provided by upper layers with both this NSAG-ID and Access Identity 1 or 2; and
2> if for at least one of these Access I dentities the corresponding bit in the ra-PrioritizationForAl is set to one:
3> if enableRA-PrioritizationForSicing is set to true:

4> if power RampingStepHighPriority is configured in the ra-PrioritizationFor SicingTwoXtep for this
NSAG-ID:

5> set PREAMBLE_POWER _RAMPING_STEP to the power RampingStepHighPriority.
4> if scalingFactorBlI is configured in the ra-PrioritizationFor SicingTwoSep for this NSAG-ID:
5> set SCALING_FACTOR Bl to the scalingFactorBI.
3> elseif enableRA-PrioritizationForSicing is set to false:
4> if power RampingStepHighPriority is configured in the ra-PrioritizationFor Accessl dentity TwoStep:
5> set PREAMBLE_POWER _RAMPING_STEP to the power RampingStepHighPriority.
4> if scalingFactorBlI is configured in the ra-Prioriti zationFor Accessl dentity TwoStep:
5> set SCALING_FACTOR Bl to the scalingFactorBl.
2> elseif ra-PrioritizationFor SicingTwoStep for a NSAG-1D is configured for the selected carrier; and
2> if the MAC entity is provided by upper layers with this NSAG-1D:

3> if powerRampingStepHighPriority is configured in the ra-PrioritizationFor SicingTwoStep for this
NSAG-ID:

4> set PREAMBLE_POWER RAMPING_STEP to the power RampingStepHighPriority.
3> if scalingFactorBl is configured in the ra-PrioritizationFor SicingTwoStep for this NSAG-ID:
4> set SCALING_FACTOR Bl to the scalingFactorBl.
2> elseif ra-PrioritizationFor Accessl dentityTwoStep is configured for the selected carrier; and
2> if the MAC entity is provided by upper layers with Access Identity 1 or 2; and
2> if for at least one of these Access I dentities the corresponding bit in the ra-PrioritizationForAl is set to one:
3> if power RampingStepHighPriority is configured in the ra-PrioritizationFor Accessl dentity TwoStep:
4> set PREAMBLE_POWER_RAMPING_STEP to the power RampingStepHighPriority.
3> if scalingFactorBI is configured in the ra-PrioritizationFor Accessl dentity TwoStep:
4> set SCALING_FACTOR_BI to the scalingFactorBI.
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2> set MSGA_PREAMBLE_POWER RAMPING_STEP to PREAMBLE_POWER RAMPING_STEP.
1> else(i.e. RA_TYPE is set to 4-stepRA):

2> set PREAMBLE_POWER_RAMPING_STEP to power RampingStep;

2> set SCALING_FACTOR Bl to 1,

2> set preambleTransMax to preambleTransMax included in the RACH-ConfigGeneric;

2> if the Random Access procedure was initiated for SpCell beam failure recovery (as specified in clause 5.17);
and

2> if beamFailureRecoveryConfig is configured for the active UL BWP of the selected carrier:
3> start the beamFailureRecoveryTimer, if configured;

3> apply the parameters power RampingStep, preambleReceivedTargetPower, and preambleTransMax
configured in the beamFailureRecoveryConfig.

2> if the Random Access procedure was initiated for beam failure recovery (as specified in clause 5.17); and
2> if beamFailureRecoveryConfig is configured for the active UL BWP of the selected carrier; and
2> if ra-Prioritization is configured in the beamFailureRecoveryConfig:

3> set PREAMBLE_POWER _RAMPING_STEP to the power RampingStepHighPriority included in the ra-
Prioritization in beamFailureRecoveryConfig;

3> if scalingFactorBI is configured in ra-Prioritization in the beamFailureRecoveryConfig:
4> set SCALING_FACTOR Bl to the scalingFactorBI.
2> elseif the Random Access procedure was initiated for reconfiguration with sync or for SCG activation; and
2> if rach-ConfigDedicated is configured for the selected carrier; and
2> if ra-Prioritization is configured in the rach-ConfigDedicated:

3> set PREAMBLE_POWER_RAMPING_STEP to the power RampingStepHighPriority included in the ra-
Prioritization in rach-ConfigDedicated;

3> if scalingFactorBI is configured in ra-Prioritization in the rach-ConfigDedicated:
4> set SCALING_FACTOR _BI to the scalingFactorBI.

2> elseif both ra-PrioritizationForSicing for aNSAG-1D and ra-PrioritizationFor Accessl dentity are configured
for the selected carrier; and

2> if the MAC entity is provided by upper layers with both this NSAG-ID and Access Identity 1 or 2; and
2> if for at least one of these Access Identities the corresponding bit in the ra-PrioritizationForAl is set to one:
3> if enableRA-PrioritizationFordicing is set to true;
4> if power RampingStepHighPriority is configured in the ra-PrioritizationForSicing for this NSAG-ID:
5> set PREAMBLE_POWER _RAMPING_STEP to the power RampingStepHighPriority.
4> if scalingFactorBl is configured in the ra-PrioritizationForSicing for this NSAG-1D:
5> set SCALING_FACTOR Bl to the scalingFactorBlI.
3> elseif enableRA-PrioritizationFordicing is set to false:
4> if power RampingStepHighPriority is configured in the ra-PrioritizationFor Access| dentity:
5> set PREAMBLE_POWER_RAMPING_STEP to the power RampingStepHighPriority.
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4> if scalingFactorBl is configured in the ra-PrioritizationFor Accessl dentity:
5> set SCALING_FACTOR_BI to the scalingFactorBl.
2> elseif ra-PrioritizationForSicing for aNSAG-1D is configured for the selected carrier; and
2> if the MAC entity is provided by upper layers with this NSAG-1D:
3> if powerRampingSepHighPriority is configured in the ra-PrioritizationForSicing for this NSAG-1D:
4> set PREAMBLE_POWER RAMPING_STEP to the power RampingStepHighPriority.
3> if scalingFactorBI is configured in the ra-PrioritizationFor Sicing for this NSAG-ID:
4> set SCALING_FACTOR Bl to the scalingFactorBl.
2> elseif ra-PrioritizationFor Accessl dentity is configured for the selected carrier; and
2> if the MAC entity is provided by upper layers with Access Identity 1 or 2; and
2> if for at least one of these Access I dentities the corresponding bit in the ra-PrioritizationForAl is set to one:
3> if powerRampingSepHighPriority is configured in the ra-Prioriti zationFor Accessl dentity:
4> set PREAMBLE_POWER_RAMPING_STEP to the power RampingStepHighPriority.
3> if scalingFactorBI is configured in the ra-PrioritizationFor Accessl dentity:
4> set SCALING_FACTOR_BI to the scalingFactorBI.
2> if RA_TYPE is switched from 2-stepRA to 4-stepRA during this Random Access procedure:

3> set POWER _OFFSET_2STEP_RA to (PREAMBLE_POWER _RAMPING_COUNTER - 1) x
(MSGA_PREAMBLE_POWER RAMPING_STEP — PREAMBLE_POWER RAMPING_STEP).

NOTE: If enableRA-PrioritizationForSicing is not configured in BWP-UplinkCommon and if both the provided
NSAG-ID and the provided Access | dentity whose corresponding bit in the ra-PrioritizationForAl is set
to one are configured with ra-Prioritization either in RACH-ConfigCommon or RACH-
ConfigCommonTwoStepRA, it is up to UE implementation how to determine the values of
PREAMBLE_POWER _RAMPING_STEP and SCALING_FACTOR BI.

5.1.1b Selection of the set of Random Access resources for the Random
Access procedure

The MAC entity shall:

1> if the BWP selected for Random Access procedure is configured with both set(s) of Random Access resources
with msg3-Repetitions set to true and set(s) of Random Access resources without msg3-Repetitions set to true
and the RSRP of the downlink pathloss reference is less than rsrp-ThresholdMsg3; or

1> if the BWP selected for Random Access procedure is only configured with the set(s) of Random Access
resources with msg3-Repetitions set to true:

2> assume Msg3 repetition is applicable for the current Random Access procedure.
1> else
2> assume Msg3 repetition is not applicable for the current Random Access procedure.

1> if contention-free Random Access Resources have been provided for this Random Access procedure in the LTM
Cell Switch Command MAC CE and a non-zero Msgl repetition number isindicated inthe LTM Cell Switch
Command MAC CE:

2> assume that Msgl repetition is applicable and that the Msgl repetition number applicable for the current
Random Access procedure is the Msgl repetition number indicated in the LTM Cell Switch Command MAC
CE.
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1> elseif contention-free Random Access Resources have been provided for this Random Access procedure and a
Msgl repetition number isindicated in rach-ConfigDedicated:

2> assume Msgl repetition is applicable and Msgl repetition number applicable for the current Random Access
procedure is the Msgl repetition number indicated in rach-ConfigDedicated.

1> elseif contention free Random Access Resources have not been provided for this Random Access procedure and
the BWP selected for the Random Access procedure is configured with set(s) of Random Access resources with
msgl-Repetitions set to true and set(s) of Random Access resources without msgl-Repetitions set to true:

2> if the BWP selected for the Random Access procedure is configured with set(s) of Random Access resources
associated with Msgl repetition number 8 and the RSRP of the downlink pathloss referenceis less than rsrp-
Threshol dMsg1-RepetitionNuma:

3> assume Mgl repetition is applicable and Msgl repetition number applicable for the current Random
Access procedure includes 8.

2> if the BWP selected for the Random Access procedure is configured with set(s) of Random Access resources
associated with Msgl repetition number 4 and the RSRP of the downlink pathloss reference is less than rsrp-
ThresholdMsg1-RepetitionNuny:

3> assume Mgl repetition is applicable and Msgl repetition number applicable for the current Random
Access procedure includes 4.

2> if the BWP selected for the Random Access procedure is configured with set(s) of Random Access resources
associated with Msgl repetition number 2 and the RSRP of the downlink pathloss referenceis less than rsrp-
Threshol dMsg1-RepetitionNum2:

3> assume Msgl repetition is applicable and Msgl repetition number applicable for the current Random
Access procedure includes 2.

2> elseif the RSRP of the downlink pathloss reference is not less than any configured rsrp-ThresholdMsgl-
RepetitionNumX:

3> assume Msgl repetition is not applicable for the current Random Access procedure.

1> elseif the BWP selected for Random Access procedure is configured only with Random A ccess resources with
msgl-Repetitions set to true:

2> assume Msgl repetition is applicable for the current Random Access procedure;
2> if at least one of rsrp-ThresholdMsgl-RepetitionNumX is configured:

3> if rsrp-ThresholdMsgl-RepetitionNum8 is configured and the RSRP of the downlink pathloss referenceis
less than rsrp-ThresholdMsgl-RepetitionNums;

4> assume M sgl repetition number applicable for the current Random Access procedure includes 8.

3> if rsrp-ThresholdMsgl-RepetitionNumé is configured and the RSRP of the downlink pathloss referenceis
less than rsrp-ThresholdMsgl-RepetitionNuny:

4> assume Msgl repetition number applicable for the current Random Access procedure includes 4.

3> if rerp-ThresholdMsgl-RepetitionNum2 is configured and the RSRP of the downlink pathloss referenceis
less than rsrp-ThresholdMsg1-RepetitionNum2:

4> assume Msgl repetition number applicable for the current Random Access procedure includes 2.

3> elseif the RSRP of the downlink pathloss referenceis not less than any configured rsrp-ThresholdMsgl1-
RepetitionNumX:

4> assume M sgl repetition number applicable for the current Random Access procedure is the lowest
Msgl repetition number configured for this BWP.

2> else (none of rsrp-ThresholdMsgl-RepetitionNumX is configured):
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3> assume Mgl repetition number applicable for the current Random Access procedure is the Msgl
repetition number that configured for this BWP.

NOTE 1: Void.

1> if neither contention-free Random Access Resources nor Random Access Resources for Sl request have been
provided for this Random Access procedure and one or more of the features including (e)RedCap and/or Slicing
and/or SDT and/or M SG3 repetition and/or MSGL1 repetition is applicable for this Random Access procedure:

NOTE 2: The applicability of SDT is determined by MAC entity according to clause 5.27. The applicability of
NSAG-ID is determined by upper layers when the Random Access procedure is initiated. The
applicahility of (e)RedCap is also determined by upper layers when Random Access procedureis initiated
and it is applicable to the Random Access procedures initiated by PDCCH orders and any Random
Access procedure initiated by the MAC entity.

NOTE 3: SDT isnot applicable for the Random Access procedure initiated by upper layersfor MT-SDT.

2> if none of the sets of Random Access resources are available for any feature applicable to the current
Random Access procedure (as specified in clause 5.1.1c):

3> select the set(s) of Random Access resources that are not associated with any feature indication (as
specified in clause 5.1.1¢) for this Random Access procedure.

2> elseif thereis one set of Random Access resources available which can be used for indicating all features
triggering this Random Access procedure:

3> select this set of Random Access resources for this Random Access procedure.

2> elseif there are more than one set of Random Access resources available which can be used for indicating all
features triggering this Random Access procedure and Msgl repetition is applicable for this Random Access
procedure:

3> select the set of Random Access resources that associated with highest repetition number among the sets
of Random Access resources.

2> else (i.e. there are one or more sets of Random Access resources available that are configured with
indication(s) for a subset of all features triggering this Random Access procedure):

3> select aset of Random Access resources from the available set(s) of Random Access resources based on
the priority order indicated by upper layers as specified in clause 5.1.1d for this Random Access
Procedure.

1> elseif contention-free Random Access Resources have been provided for this Random Access procedure in the
LTM Cell Switch Command MAC CE and anon-zero Msgl repetition number isindicated in the LTM Cell
Switch Command MAC CE, and RedCap is applicable for the current Random Access procedure:

2> select the set of Random Access resources that is only configured with RedCap indication and Msgl
repetition indication and associated with the indicated Msgl repetition number for this Random Access
procedure.

1> elseif contention-free Random Access Resources with Msgl repetition have been provided for this Random
Access procedure and Msgl repetition number isindicated in rach-ConfigDedicated, and RedCap is applicable
for the current Random Access procedure:

2> select the set of Random Access resources that is only configured with RedCap indication and Msgl
repetition indication and associated with the indicated Msgl repetition number for this Random Access
procedure.

1> elseif contention-free Random Access Resources have been provided for this Random Access procedurein
LTM Cell Switch Command MAC CE and anon-zero Msgl repetition number isindicated in LTM Cell Switch
Command MAC CE, and eRedCap is applicable for the current Random Access procedure:

2> select the set of Random Access resources that is only configured with eRedCap indication and Msgl
repetition indication and associated with the indicated Msgl repetition number for this Random Access
procedure.
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1> elseif contention-free Random Access Resources with Msgl repetition have been provided for this Random
Access procedure and Msgl repetition number isindicated in rach-ConfigDedicated, and eRedCap is applicable
for the current Random Access procedure:

2> select the set of Random Access resources that is only configured with eRedCap indication and Msgl
repetition indication and associated with the indicated Msgl repetition number for this Random Access
procedure.

1> elseif contention-free Random Access Resources have been provided for this Random Access procedure and
RedCap is applicable for the current Random Access procedure and there is one set of Random Access resources
available that is only configured with RedCap indication; or

1> if contention-free Random Access Resources have been provided for this Random Access procedure and
eRedCap is applicable for the current Random Access procedure and there is one set of Random Access
resources available that is only configured with eRedCap indication; or

1> if contention-free Random Access Resources have been provided for this Random Access procedure and
eRedCap is applicable for the current Random Access procedure and there is no set of Random Access resources
available that is only configured with eRedCap indication and there is one set of Random Access resources
available that is only configured with RedCap indication:

2> select this set of Random Access resources for this Random Access procedure.
1> else:

2> if the Random Access procedureis initiated by PDCCH order with DCI PRACH association indicator field
set to 1 and SSB-MTC-Additional PCI is configured by upper layers, as specified in clause 7.3.1.2.1 of TS
38.212[9]:

3> select the set of Random Access resources corresponding to the additional PCl associated with active TCI
states.

2> elseif the Random Access procedure is initiated by PDCCH order for an LTM candidate cell:
3> select the set of Random Access resources corresponding to the field Cell indicator in PDCCH order.

2> elseif contention-free Random Access Resources have been provided for this Random Access procedure in
the LTM Cell Switch Command MAC CE, and a non-zero Msgl repetition number isindicated inthe LTM
Cell Switch Command MAC CE:

3> select the set of Random Access resources that is only configured with Msgl repetition indication and
associated with the indicated Msgl repetition number for this Random Access procedure.

2> elseif contention-free Random Access Resources with Msgl repetition have been provided for this Random
Access procedure, and Msgl repetition number is indicated in rach-ConfigDedi cated:

3> select the set of Random Access resources that is only configured with Msgl repetition indication and
associated with the indicated Msgl repetition number for this Random Access procedure.

2> elseif the Random Access procedure was initiated for Sl request and Random A ccess Resources associated
with Msgl repetition for Sl request and Msgl repetition number have been provided for this Random Access
procedure:

3> if the BWP selected for Random Access procedure is indicated by initial UplinkBWP-RedCap:
4> if RedCap is applicable for the current Random Access procedure:

5> select the set of Random Access Resources that is only configured with RedCap indication and
Msgl repetition indication and associated with the indicated Msgl repetition number for this
Random Access procedure.

4> elseif eRedCap is applicable for the current Random Access procedure;

5> if there is one set of Random Access resources available that is only configured with RedCap
indication and Msgl repetition indication and associated with the indicated Msgl repetition
number:
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6> select this set of Random Access resources for this Random Access procedure.
5> else:

6> select the set of Random Access Resources that is only configured with eRedCap indication
and Msg1l repetition indication and associated with the indicated Msgl repetition number.

3> dse

4> select the set of Random Access resources that is only configured with Msgl repetition indication and
associated with the indicated Msgl repetition number for this Random Access procedure.

2> ese
3> select the set of Random Access resources that are not associated with any feature indication (as specified
in clause 5.1.1c) for the current Random Access procedure.
5.1.1c Availability of the set of Random Access resources
The MAC entity shall for each set of configured Random Access resources:
1> if eRedCap is set to true for a set of Random Access resources:

2> consider the set of Random Access resources as not available for a Random Access procedure for which
eRedCap is not applicable.

1> if redCap is set to true for a set of Random A ccess resources:

2> consider the set of Random Access resources as not available for a Random Access procedure for which
RedCap is not applicable.

1> if smallDatais set to true for a set of Random A ccess resources:

2> consider the set of Random Access resources as not available for the Random Access procedure which is not
triggered for RA-SDT by MO-SDT as specified in TS 38.331 [5].

1> if NSAG-List isconfigured for a set of Random Access resources:

2> consider the set of Random A ccess resources as not available for the Random Access procedure unlessit is
triggered for any one of the NSAG-1D(s) in the NSAG-List.

1> if msg3-Repetitionsis set to true for a set of Random Access resources:

2> consider the set of Random Access resources as not available for the Random Access procedure if Msg3
repetition is not applicable.

1> if msgl-Repetitionsis set to true for a set of Random Access resources:
2> if Msgl repetition is not applicable to the current Random Access procedure; or

2> if the set of Random Access resources is not associated with any of the Msgl repetition number that is
applicable to the current Random Access procedure:

3> consider the set of Random Access resources as not available for the Random Access procedure.
1> if aset of Random Access resourcesis not configured with FeatureCombination:

2> consider the set of Random Access resources to not associated with any feature.

5.1.1d Selection of the set of Random Access resources based on feature
prioritization

The MAC entity shall:
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1> among the available sets of Random Access resources for this Random Access procedure (as specified in clause
5.1.1¢), identify those configured with a feature which has the highest priority assigned in featurePriorities
among all the features applicable to this Random Access procedure as specified in TS 38.331 [5].

1> if asingle set of Random Access resources isidentified:
2> select this set of Random Access resources.
1> elseif more than one set of Random Access resources is identified:

2> if al theidentified sets of Random Access resources are configured with Msgl repetition indication and the
same featureCombination:

3> select the set of Random Access resources that associated with highest Msgl repetition number among
the identified sets of Random Access resources.

2> else

3> repeat the procedure taking as an input the identified sets of Random Access resources and the feature
applicable to the current Random Access procedure with the highest priority assigned in featurePriorities
among all the features applicable to this Random Access procedure, except the features considered
aready.

1> else(i.e. no set of Random Access resourcesis identified):

2> repeat the procedure taking as an input the previous identified available sets of Random Access resources and
the feature applicable to the current Random Access procedure with the highest priority assigned in
featurePriorities among all the features applicable to this Random Access procedure, except the features
considered aready.
5.1.1e Selection of Msg1 repetition for SI request
The MAC entity shall:

1> if si-RequestResour cesRepetitionNum8 is configured and the RSRP of the downlink pathloss reference is less
than rsrp-Threshol dMsg1-RepetitionNum8:

2> criteriato apply Msgl repetition for Sl request is considered met and Msgl repetition number applicableis 8.

1> elseif si-RequestResour cesRepetitionNumd is configured and the RSRP of the downlink pathloss referenceis
less than rsrp-ThresholdMsg1-RepetitionNumé:

2> criteriato apply Msgl repetition for Sl request is considered met and Msgl repetition number applicableis 4.

1> else si-RequestResour cesRepetitionNum?2 is configured and the RSRP of the downlink pathloss referenceisless
than rsrp-ThresholdMsgl-RepetitionNum2:

2> criteriato apply Msgl repetition for Sl request is considered met and Msgl repetition number applicableis 2.

51.2 Random Access Resource selection

If the selected RA_TYPE is set to 4-stepRA, the MAC entity shall:
1> if the Random Access procedure was initiated for SpCell beam failure recovery (as specified in clause 5.17); and
1> if the beamFailureRecoveryTimer (in clause 5.17) is either running or not configured; and

1> if the contention-free Random Access Resources for beam failure recovery request associated with any of the
SSBs and/or CSI-RSs have been explicitly provided by RRC; and

1> if at least one of the SSBs with SS-RSRP above rsrp-ThresholdSSB amongst the SSBs in candidateBeamRSList
or the CSI-RSs with CSI-RSRP above rsrp-ThresholdCS -RS amongst the CSI-RSs in candidateBeamRSList is
available:
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1>

1>

1>

1>

1>

1>

1>

2> select an SSB with SS-RSRP above rsrp-ThresholdSSB amongst the SSBs in candidateBeamRSList or a CSl-
RS with CSI-RSRP above rsrp-ThresholdCS -RS amongst the CSI-RSs in candidateBeamRSList;

2> if CSI-RSis selected, and there is no ra-Preambl el ndex associated with the selected CSI-RS:

3> set the PREAMBLE_INDEX to ara-Preamblel ndex corresponding to the SSB in candidateBeamRSList
which is quasi-colocated with the selected CSI-RS as specified in TS 38.214 [7].

2> else

3> set the PREAMBLE_INDEX to ara-Preamblel ndex corresponding to the selected SSB or CSI-RS from
the set of Random Access Preambles for beam failure recovery request.

elseif the ra-Preamblelndex has been explicitly provided by PDCCH; and
if the ra-Preamblelndex is not 0b0000Q0:

2> set the PREAMBLE_INDEX to the signalled ra-Preamblel ndex;

2> select the SSB signalled by PDCCH.

elseif contention-free Random Access Resources have been explicitly provided by an LTM Cell Switch
Command MAC CE and the SS-RSRP of the SSB signalled by the LTM Cell Switch Command MAC CE is
above rsrp-Threshol dSSB:

2> set the PREAMBLE_INDEX to the Random Access Preamble index signalled by the LTM Cell Switch
Command MAC CE;

2> select the SSB signalled by the LTM Cell Switch Command MAC CE.

elseif contention-free Random Access Resources have not been explicitly provided by an LTM Cell Switch
Command MAC CE, the Random Access procedure was not initiated for recovery using an LTM candidate
configuration as specified in TS 38.331 [5] clause 5.3.7.3, contention-free Random A ccess Resources associated
with SSBs have been explicitly provided in rach-ConfigDedicated and at least one SSB with SS-RSRP above
rsrp-ThresholdSSB amongst the associated SSBsis available:

2> select an SSB with SS-RSRP above rsrp-ThresholdSSB amongst the associated SSBs;
2> set the PREAMBLE_INDEX to ara-Preamblel ndex corresponding to the selected SSB.

elseif contention-free Random Access Resources have not been explicitly provided by an LTM Cell Switch
Command MAC CE, the Random Access procedure was not initiated for recovery using an LTM candidate
configuration as specified in TS 38.331 [5] clause 5.3.7.3, contention-free Random A ccess Resources associated
with CSI-RSs have been explicitly provided in rach-ConfigDedicated and at least one CSI-RS with CSI-RSRP
above rsrp-ThresholdCS-RS amongst the associated CSI-RSsis available:

2> select a CSI-RS with CSI-RSRP above rsrp-ThresholdCS -RS amongst the associated CSI-RSs;
2> set the PREAMBLE_INDEX to ara-Preamblel ndex corresponding to the selected CSI-RS.
elseif the Random Access procedure was initiated for Sl request (as specified in TS 38.331 [5]); and
if the Random Access Resources for Sl regquest have been explicitly provided by RRC:
2> if at least one of the SSBs with SS-RSRP above rsrp-ThresholdSSB is available:

3> select an SSB with SS-RSRP above rsrp-Threshol dSSB.
2> else

3> select any SSB.

2> select a Random Access Preambl e corresponding to the selected SSB, from the Random A ccess Preambl e(s)
determined according to ra-PreambleStartindex as specified in TS 38.331 [5];

2> set the PREAMBLE_INDEX to selected Random Access Preamble.
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1> else (i.e. for the contention-based Random Access preamble selection):
2> if at least one of the SSBs with SS-RSRP above rsrp-ThresholdSSB is available:
3> select an SSB with SS-RSRP above rsrp-Threshol dSSB.
2> else
3> select any SSB.
2> if the RA_TYPE is switched from 2-stepRA to 4-stepRA:
3> if aRandom Access Preambles group was selected during the current Random Access procedure:
4> select the same group of Random Access Preambles as was selected for the 2-step RA type.
3> ese
4> if Random Access Preambles group B is configured; and

4> if the transport block size of the MSGA payload configured in the rach-ConfigDedicated corresponds
to the transport block size of the MSGA payload associated with Random Access Preambles group B:

5> select the Random Access Preambles group B.
4> else
5> select the Random Access Preambles group A.
2> elseif Msg3 buffer is empty:
3> if Random Access Preambles group B is configured:

4> if the potential Msg3 size (UL data available for transmission plus MAC subheader(s) and, where
required, MAC CEs) is greater than ra-Msg3S zeGroupA and the pathloss is less than PCMAX (of the
Serving Cell performing the Random Access Procedure) — preambleReceivedTargetPower — msg3-
DeltaPreamble — messagePower OffsetGroupB; or

4> if the Random Access procedure was initiated for the CCCH logical channel and the CCCH SDU size
plus MAC subheader is greater than ra-Msg3SizeGroupA:

5> select the Random Access Preambles group B.
4> else
5> select the Random Access Preambles group A.
3> ese
4> select the Random Access Preambles group A.
2> else (i.e. Msg3 is being retransmitted):

3> select the same group of Random Access Preambles as was used for the Random Access Preamble
transmission attempt corresponding to the first transmission of Msg3.

2> select a Random Access Preamble randomly with equal probability from the Random Access Preambles
associated with the selected SSB and the selected Random Access Preambles group;

2> set the PREAMBLE_INDEX to the selected Random Access Preamble.
1> if the Random Access procedure was initiated for Sl request (as specified in TS 38.331 [5]); and
1> if ra-AssociationPeriodlndex and si-RequestPeriod are configured:

2> determine the next available PRACH occasion from the PRACH occasions corresponding to the selected
SSB in the association period given by ra-AssociationPeriodlndex in the si-RequestPeriod permitted by the
restrictions given by the ra-ssh-OccasionMaskindex if configured (the MAC entity shall select a PRACH
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occasion randomly with equal probability amongst the consecutive PRACH occasions according to clause 8.1
of TS 38.213 [6] corresponding to the selected SSB).

1> elseif an SSB is selected above:

2> if the set of Random Access resources associated with Msgl repetition is selected for this Random Access
procedure:

3> determine the next available set of PRACH occasions (as specified in TS 38.213 [6]) for the Msgl

repetition number applicable for this Random Access procedure corresponding to the selected SSB (the
MAC entity shall select a set of PRACH occasions randomly with equal probability amongst sets of
PRACH occasions according to clause 8.1 of TS 38.213 [6] regardless the FR2 UL gap, corresponding to
the selected SSB and selected M sgl repetition number for this Random Access procedure; the MAC
entity may take into account the possible occurrence of measurement gaps and MUSIM gaps when
determining the next available set of PRACH occasions corresponding to the selected SSB).

2> ese

3> determine the next available PRACH occasion from the PRACH occasions corresponding to the selected

SSB permitted by the restrictions given by the ra-ssb-OccasionMaskindex if configured, or ssb-
SharedRO-Maskindex if configured, or indicated by PDCCH, or indicated by the LTM Cell Switch
Command MAC CE (the MAC entity shall select a PRACH occasion randomly with equal probability
amongst the consecutive PRACH occasions according to clause 8.1 of TS 38.213 [6] regardless the FR2
UL gap, corresponding to the selected SSB; the MAC entity may take into account the possible
occurrence of measurement gaps and MUSIM gaps when determining the next available PRACH
occasion corresponding to the selected SSB).

1> eseif aCSI-RSis selected above:

2> if there is no contention-free Random Access Resource associated with the selected CSI-RS:

3> determine the next available PRACH occasion from the PRACH occasions, permitted by the restrictions

given by the ra-ssh-OccasionMaskindex if configured, corresponding to the SSB in candidateBeamRSList
which is quasi-colocated with the selected CSI-RS as specified in TS 38.214 [ 7] (the MAC entity shall
select a PRACH occasion randomly with equal probability amongst the consecutive PRACH occasions
according to clause 8.1 of TS 38.213 [6] regardless the FR2 UL gap, corresponding to the SSB whichis
quasi-colocated with the selected CSI-RS; the MAC entity may take into account the possible occurrence
of measurement gaps and MUSIM gaps when determining the next available PRACH occasion
corresponding to the SSB which is quasi-colocated with the selected CSI-RS).

2> dse

3> determine the next available PRACH occasion from the PRACH occasions in ra-OccasionList

corresponding to the selected CSI-RS (the MAC entity shall select a PRACH occasion randomly with
equal probability amongst the PRACH occasions occurring simultaneously but on different subcarriers
regardless the FR2 UL gap, corresponding to the selected CSI-RS; the MAC entity may take into account
the possible occurrence of measurement gaps and MUSIM gaps when determining the next available
PRACH occasion corresponding to the selected CSI-RS).

1> perform the Random Access Preambl e transmission procedure (see clause 5.1.3).

NOTE 1.

When the UE determines if thereis an SSB with SS-RSRP above rsrp-ThresholdSSB or a CSI-RS with
CSI-RSRP above rsrp-ThresholdCS-RS, the UE uses the latest unfiltered L 1-RSRP measurement.

NOTE 2: Void.

NOTE 3:

If an (e)RedCap UE in RRC_IDLE or RRC_INACTIVE mode is configured with a BWP indicated by
initial DownlinkBWP-RedCap which is not associated with any SSB, SS-RSRP measurement is performed
based on the SSB associated with the BWP indicated by initialDownlinkBWP. If an (e)RedCap UE in
RRC_INACTIVE modeis configured with SDT and with a BWP indicated by initial DownlinkBWP-
RedCap which is associated with NCD-SSB, SS-RSRP measurement can also be performed based on this
NCD-SSB during SDT.
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NOTE 4: If an (e)RedCap UE in RRC_IDLE or RRC_INACTIVE mode is configured with a BWP indicated by
initial DownlinkBWP-RedCap which is not associated with any SSB for RACH, it is up to the UE
implementation to perform a new RSRP measurements before Msgl/MsgA retransmission.

5.1.2a Random Access Resource selection for 2-step RA type
If the selected RA_TYPE is set to 2-stepRA, the MAC entity shall:

1> if the contention-free 2-step RA type Resources associated with SSBs have been explicitly provided in rach-
ConfigDedicated and at least one SSB with SS-RSRP above msgA-RSRP-ThresholdSSB amongst the associated
SSBsisavailable:

2> select an SSB with SS-RSRP above msgA-RSRP-Threshol dSSB amongst the associated SSBs;
2> set the PREAMBLE_INDEX to ara-Preamblel ndex corresponding to the selected SSB.
1> else (i.e. for the contention-based Random Access Preambl e selection):
2> if at least one of the SSBs with SS-RSRP above msgA-RSRP-ThresholdSSB is available:
3> select an SSB with SS-RSRP above msgA-RSRP-Threshol dSSB.
2> else
3> select any SSB.

2> if contention-free Random Access Resources for 2-step RA type have not been configured and if Random
Access Preambles group has not yet been selected during the current Random Access procedure:

3> if Random Access Preambles group B for 2-step RA type is configured:

4> if the potential MSGA payload size (UL data available for transmission plus MAC subheader and,
where required, MAC CES) is greater than the ra-MsgA-SzeGroupA and the pathloss is less than
PCMAX (of the Serving Cell performing the Random Access Procedure) — msgA-
Preambl eReceivedTargetPower — msgA-DeltaPreamble — messagePower OffsetGroupB; or

4> if the Random Access procedure was initiated for the CCCH logica channel and the CCCH SDU size
plus MAC subheader is greater than ra-MsgA-S zeGroupA:

5> select the Random Access Preambles group B.
4> else
5> select the Random Access Preambles group A.
3> ese
4> select the Random Access Preambles group A.

2> elseif contention-free Random Access Resources for 2-step RA type have been configured and if Random
Access Preambles group has not yet been selected during the current Random Access procedure:

3> if Random Access Preambles group B for 2-step RA type is configured; and

3> if the transport block size of the MSGA payload configured in the rach-ConfigDedicated corresponds to
the transport block size of the MSGA payload associated with Random Access Preambles group B:

4> select the Random Access Preambles group B.
3> dse
4> select the Random Access Preambles group A.
2> else (i.e. Random Access preambles group has been selected during the current Random Access procedure):

3> select the same group of Random Access Preambles as was used for the Random Access Preamble
transmission attempt corresponding to the earlier transmission of MSGA.
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2> select a Random Access Preamble randomly with equal probability from the 2-step RA type Random Access
Preambles associated with the selected SSB and the selected Random Access Preambles group;

2> set the PREAMBLE_INDEX to the selected Random Access Preamble.

1> determine the next available PRACH occasion from the PRACH occasions corresponding to the selected SSB
permitted by the restrictions given by the msgA-SSB-SharedRO-Maskindex if configured, or ra-ssh-
OccasionMaskindex if configured, or ssh-SharedRO-Maskindex if configured (the MAC entity shall select a
PRACH occasion randomly with equal probability among the consecutive PRACH occasions allocated for 2-step
RA type according to clause 8.1 of TS 38.213 [6] regardless the FR2 UL gap, corresponding to the selected SSB;
the MAC entity may take into account the possible occurrence of measurement gaps and MUSIM gaps when
determining the next available PRACH occasion corresponding to the selected SSB);

1> if the Random Access Preamble was not selected by the MAC entity among the contention-based Random
Access Preamble(s):

2> select a PUSCH occasion from the PUSCH occasions configured in msgA-CFRA-PUSCH corresponding to
the PRACH dlot of the selected PRACH occasion, according to msgA-PUSCH-Resource-Index corresponding
to the selected SSB;

2> determine the UL grant and the associated HARQ information for the MSGA payload in the selected PUSCH
occasion;

2> deliver the UL grant and the associated HARQ information to the HARQ entity.
1> else:

2> select a PUSCH occasion corresponding to the selected preamble and PRACH occasion according to clause
8.1A of TS 38.213[6];

2> determine the UL grant for the MSGA payload according to the PUSCH configuration associated with the
selected Random A ccess Preambles group and determine the associated HARQ information;

2> if the selected preamble and PRACH occasion is mapped to avalid PUSCH occasion as specified in clause
8.1A of TS 38.213[6]:

3> deliver the UL grant and the associated HARQ information to the HARQ entity.
1> perform the MSGA transmission procedure (see clause 5.1.33).

NOTE 1. Todetermineif thereisan SSB with SS-RSRP above msgA-RSRP-ThresholdSSB, the UE uses the latest
unfiltered L1-RSRP measurement.

NOTE 2: If an ()RedCap UE in RRC_IDLE or RRC_INACTIVE mode is configured with a BWP indicated by
initial DownlinkBWP-RedCap which is not associated with any SSB, SS-RSRP measurement is performed
based on the SSB associated with the BWP indicated by initial DownlinkBWP. If an (e)RedCap UE in
RRC_INACTIVE modeis configured with SDT and with a BWP indicated by initial DownlinkBWP-
RedCap which is associated with NCD-SSB, SS-RSRP measurement can also be performed based on this
NCD-SSB during SDT.

NOTE 3: If an (e)RedCap UE in RRC_IDLE or RRC_INACTIVE mode is configured with a BWP indicated by
initial DownlinkBWP-RedCap which is not associated with any SSB for RACH, it is up to the UE
implementation to perform a new RSRP measurements before Msgl/MsgA retransmission.

5.1.3 Random Access Preamble transmission
The MAC entity shall, for each Random Access Preamble:
1> if PREAMBLE_TRANSMISSION_COUNTER is greater than one; and
1> if the notification of suspending power ramping counter has not been received from lower layers; and

1> if LBT failure indication was not received from lower layers for the last Random Access Preambl e transmission,;
and
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1> if SSB or CSI-RS selected is not changed from the selection in the last Random Access Preambl e transmission;
and
1> if the Random Access procedure is not initiated by the PDCCH order for an LTM candidate cell:
2> increment PREAMBLE_POWER_RAMPING_COUNTER by 1.

1> if the Random Access procedure is initiated by the PDCCH order for an LTM candidate cell as preamble re-
transmission; and

1> if the PDCCH order indicates the same LTM candidate cell and the same SSB as the last Random Access
Preambl e transmission:

2> increment PREAMBLE_POWER_RAMPING_COUNTER by 1.
1> select the value of DELTA PREAMBLE according to clause 7.3;

1> set PREAMBLE_RECEIVED_TARGET_POWER to preambleReceivedTargetPower + DELTA_PREAMBLE +
(PREAMBLE_POWER_RAMPING_COUNTER — 1) x PREAMBLE_POWER _RAMPING_STEP +
POWER OFFSET_2STEP_RA:

1> except for contention-free Random Access Preamble for beam failure recovery request and contention-free
Random Access Preambl e triggered by a PDCCH order for an LTM candidate cell, compute the RA-RNTI
associated with the PRACH occasion in which the Random Access Preamble is transmitted;

1> instruct the physical layer to transmit the Random Access Preamble using the selected PRACH occasion,
corresponding RA-RNTI (if available), PREAMBLE_INDEX, and PREAMBLE_RECEIVED TARGET_POWER.

1> if the Random Access Procedureis triggered by a PDCCH order for an LTM candidate cell:
2> consider this Random Access procedure completed.
1> if LBT failureindication is received from lower layers for this Random Access Preamble transmission:
2> if Ibt-FailureRecoveryConfig is configured:
3> perform the Random Access Resource selection procedure (see clause 5.1.2).
2> else
3> increment PREAMBLE_TRANSMISSION_COUNTER by 1;
3> if PREAMBLE_TRANSMISSION_COUNTER = preambleTransMax + 1:
4> if the Random Access Preamble is transmitted on the SpCell:
5> indicate a Random Access problem to upper layers;
5> if this Random Access procedure was triggered for S| request:
6> consider the Random Access procedure unsuccessfully compl eted.
4> elseif the Random Access Preamble is transmitted on an SCell:
5> consider the Random Access procedure unsuccessfully compl eted.
3> if the Random Access procedure is not compl eted:
4> perform the Random Access Resource selection procedure (see clause 5.1.2).

The RA-RNTI associated with the PRACH occasion in which the Random Access Preambl e is transmitted or the RA-
RNTI associated with the last valid PRACH occasion in the set of PRACH occasions (as specified in TS 38.213 [6]) for
Msg1l repetition, is computed as:

RA-RNTI=1+sid+14xt id+14x80xf id+ 14 x 80 x 8 x ul_carrier_id

where s _id isthe index of the first OFDM symbol of the PRACH occasion (0 < s id < 14), t_id isthe index of the first
slot of the PRACH occasion in asystem frame (0 < t_id < 80), where the subcarrier spacing to determinet_id is based
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on the value of p specified in clause 5.3.2in TS38.211 [8] for u ={0, 1, 2, 3}, and for u = {5, 6}, t_idistheindex of
the 120 kHz dlot in a system frame that contains the PRACH occasion (0 <t_id < 80), f_id isthe index of the PRACH
occasion in the frequency domain (0 <f_id < 8), and ul_carrier_id isthe UL carrier used for Random Access Preamble
transmission (0 for NUL carrier, and 1 for SUL carrier).
5.1.3a MSGA transmission
The MAC entity shall, for each MSGA:

1> if PREAMBLE_TRANSMISSION_COUNTER s greater than one; and

1> if the notification of suspending power ramping counter has not been received from lower layers; and

1> if LBT failure indication was not received from lower layers for the last MSGA Random Access Preamble
transmission; and

1> if SSB selected is not changed from the selection in the last Random Access Preambl e transmission:
2> increment PREAMBLE_POWER_RAMPING_COUNTER by 1.
1> select the value of DELTA PREAMBLE according to clause 7.3;

1> set PREAMBLE_RECEIVED_TARGET_POWER to msgA-PreambleReceivedTargetPower +
DELTA_PREAMBLE + (PREAMBLE_POWER RAMPING_COUNTER — 1) x
PREAMBLE_POWER _RAMPING_STEP;

1> if thisisthe first MSGA transmission within this Random Access procedure:
2> if the transmission is not being made for the CCCH logical channel:

3> indicate to the Multiplexing and assembly entity to include a C-RNTI MAC CE in the subsequent uplink
transmission.

2> if the Random Access procedure was initiated for SpCell beam failure recovery and spCell-BFR-CBRA with
value trueis configured:

3> if thereis at least one Serving Cell of this MAC entity configured with two BFD-RS sets:

4> indicate to the Multiplexing and assembly entity to include an Enhanced BFR MAC CE or a
Truncated Enhanced BFR MAC CE in the subsequent uplink transmission.

3> dse

4> indicate to the Multiplexing and assembly entity to include aBFR MAC CE or a Truncated BFR
MAC CE in the subsequent uplink transmission.

2> elseif the Random Access procedure was initiated for beam failure recovery of both BFD-RS sets of SpCell:

3> indicate to the Multiplexing and assembly entity to include an Enhanced BFR MAC CE or a Truncated
Enhanced BFR MAC CE in the subsequent uplink transmission.

2> obtain the MAC PDU to transmit from the Multiplexing and assembly entity according to the HARQ
information determined for the MSGA payload (see clause 5.1.2a) and store it in the MSGA buffer.

1> compute the MSGB-RNTI associated with the PRACH occasion in which the Random Access Preambleis
transmitted;

1> instruct the physical layer to transmit the MSGA using the selected PRACH occasion and the associated PUSCH
resource of MSGA (if the selected preamble and PRACH occasion is mapped to avalid PUSCH occasion), using
the corresponding RA-RNTI, MSGB-RNTI, PREAMBLE_INDEX,
PREAMBLE RECEIVED_TARGET POWER, msgA-PreambleReceivedTargetPower, and the amount of power
ramping applied to the latest MSGA preamble transmission (i.e. (PREAMBLE_POWER_RAMPING_COUNTER
—1) x PREAMBLE_POWER_RAMPING_STEP);

1> if LBT failureindication is received from lower layers for the transmission of thisMSGA Random Access
Preamble;
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2> instruct the physical layer to cancel the transmission of the MSGA payload on the associated PUSCH
resource;
2> if Ibt-FailureRecoveryConfig is configured:
3> perform the Random Access Resource selection procedure for 2-step RA type (see clause 5.1.28).
2> else
3> increment PREAMBLE_TRANSMISSION_COUNTER by 1;
3> if PREAMBLE_TRANSMISSION_COUNTER = preambleTransMax + 1:
4> indicate a Random Access problem to upper layers;
4> if this Random Access procedure was triggered for Sl request:
5> consider this Random Access procedure unsuccessfully compl eted.
3> if the Random Access procedure is not compl eted:

4> if msgA-TransMax is applied (see clause 5.1.1a) and PREAMBLE_TRANSMISSION_COUNTER =
msgA-TransMax + 1:

5> set the RA_TYPE to 4-stepRA;
5> perform initialization of variables specific to Random Access type as specified in clause 5.1.1&;
5> if the Msg3 buffer is empty:
6> obtain the MAC PDU to transmit from the MSGA buffer and storeit in the Msg3 buffer;
5> flush HARQ buffer used for the transmission of MAC PDU in the MSGA buffer;
5> discard explicitly signalled contention-free 2-step RA type Random Access Resources, if any;
5> perform the Random Access Resource selection procedure as specified in clause 5.1.2.
4> else:
5> perform the Random Access Resource selection procedure for 2-step RA type (see clause 5.1.24).

NOTE: The MSGA transmission includes the transmission of the PRACH Preamble as well as the contents of the
MSGA buffer in the PUSCH resource corresponding to the selected PRACH occasion and
PREAMBLE_INDEX (see TS 38.213[6])

The MSGB-RNTI associated with the PRACH occasion in which the Random Access Preamble is transmitted, is
computed as:

MSGB-RNTI =1 +s jd+ 14 x t_id + 14 x 80 x f_id + 14 x 80 x 8 x ul_carrier_id+ 14 x 80 x 8 x 2

where s _id isthe index of the first OFDM symbol of the PRACH occasion (0 <s id < 14), t id isthe index of the first
dot of the PRACH occasion in asystem frame (0 <t_id < 80), where the subcarrier spacing to determinet_id is based
on the value of p specified in clause 5.3.2in TS38.211 [8] for u ={0, 1, 2, 3}, and for u = {5, 6}, t_idisthe index of
the 120 kHz dlot in a system frame that contains the PRACH occasion (0 <t_id < 80), f_id isthe index of the PRACH
occasion in the frequency domain (0 <f_id < 8), and ul_carrier_id isthe UL carrier used for Random Access Preamble
transmission (O for NUL carrier, and 1 for SUL carrier). The RA-RNTI is calculated as specified in clause 5.1.3.

5.14 Random Access Response reception

Once the Random Access Preambleis transmitted and regardless of the possible occurrence of a measurement gap, the
MAC entity shall:

1> if the contention-free Random Access Preambl e for beam failure recovery request was transmitted by the MAC
entity:
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2> if the contention-free Random Access Preamble for beam failure recovery request was transmitted on a non-
terrestrial network:

3> dtart the ra-ResponseWindow configured in BeamFailureRecoveryConfig at the PDCCH occasion as
specified in TS 38.213 [6].

2> ese

3> start the ra-ResponseWindow configured in BeamFailureRecoveryConfig at the first PDCCH occasion as
specified in TS 38.213 [6] from the end of the Random Access Preamble transmission.

2> monitor for a PDCCH transmission on the search space indicated by recoverySearchSpaceld of the SpCell
identified by the C-RNTI while ra-ResponseWindow is running.

1> else
2> if the Random Access Preamble was transmitted on a non-terrestrial network:
3> if the Random Access Preamble is transmitted with repetitions:

4> start the ra-ResponseWindow configured in RACH-ConfigCommon at the PDCCH occasion from the
end of all repetitions of the Random Access Preamble transmission as specified in TS 38.213 [6].

3> dse

4> start the ra-ResponseWindow configured in RACH-ConfigCommon at the PDCCH occasion as
specified in TS 38.213 [6].

2> elseif the Random Access Preamble is transmitted with repetitions:

3> dtart the ra-ResponseWindow configured in RACH-ConfigCommon at the first PDCCH occasion from the
end of al repetitions of the Random Access Preamble transmission as specified in TS 38.213 [6].

2> ese

3> start the ra-ResponseWindow configured in RACH-ConfigCommon at the first PDCCH occasion as
specified in TS 38.213 [6] from the end of the Random Access Preamble transmission.

2> monitor the PDCCH of the SpCell for Random Access Response(s) identified by the RA-RNTI while thera-
ResponseWindow is running.

1> if notification of areception of a PDCCH transmission on the search space indicated by recoverySearchSpaceld
isreceived from lower layers on the Serving Cell where the preamble was transmitted; and

1> if PDCCH transmission is addressed to the C-RNTI; and

1> if the contention-free Random Access Preamble for beam failure recovery request was transmitted by the MAC
entity:

2> consider the Random Access procedure successfully completed.

1> elseif avalid (as specified in TS 38.213 [6]) downlink assignment has been received on the PDCCH for the RA-
RNTI and the received TB is successfully decoded:

2> if the Random Access Response contains a MAC subPDU with Backoff Indicator:

3> set the PREAMBLE_BACKOFF to value of the Bl field of the MAC subPDU using Table 7.2-1,
multiplied with SCALING_FACTOR BI.

2> else
3> set the PREAMBLE_BACKOFF to 0 ms.

2> if the Random Access Response contains a MAC subPDU with Random Access Preamble identifier
corresponding to the transmitted PREAMBLE_INDEX (see clause 5.1.3):

3> consider this Random Access Response reception successful.
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2> if the Random Access Response reception is considered successful:
3> if the Random Access Response includes a MAC subPDU with RAPID only:
4> consider this Random Access procedure successfully completed;
4> indicate the reception of an acknowledgement for Sl request to upper layers.
3> dse
4> apply the following actions for the Serving Cell where the Random Access Preamble was transmitted:
5> process the received Timing Advance Command (see clause 5.2);

5> indicate the preambleReceivedTargetPower and the amount of power ramping applied to the latest
Random Access Preamble transmission to lower layers (i.e.
(PREAMBLE_POWER_RAMPING_COUNTER — 1) x PREAMBLE_POWER RAMPING_STEP);

5> if the Random Access procedure for an SCell is performed on uplink carrier where pusch-Config is
not configured:

6> ignore the received UL grant.
5> else:
6> process the received UL grant value and indicate it to the lower layers.

4> if the Random Access Preamble was not selected by the MAC entity among the contention-based
Random Access Preambl e(s):

5> consider the Random Access procedure successfully completed.
4> else:
5> set the TEMPORARY_C-RNTI to the value received in the Random Access Response;

5> if thisisthe first successfully received Random Access Response within this Random Access
procedure;

6> if the transmission is not being made for the CCCH logica channdl:

7> indicate to the Multiplexing and assembly entity to include a C-RNTI MAC CE inthe
subsequent uplink transmission.

6> if the Random Access procedure was initiated for SpCell beam failure recovery and spCell-
BFR-CBRA with value true is configured:

7> if thereis at least one Serving Cell of this MAC entity configured with two BFD-RS sets:

8> indicate to the Multiplexing and assembly entity to include an Enhanced BFR MAC CE
or a Truncated Enhanced BFR MAC CE in the subsequent uplink transmission.

7> else:

8> indicate to the Multiplexing and assembly entity to include aBFR MAC CE or a
Truncated BFR MAC CE in the subsequent uplink transmission.

6> elseif the Random Access procedure was initiated for beam failure recovery of both BFD-RS
sets of SpCell:

7> indicate to the Multiplexing and assembly entity to include an Enhanced BFR MAC CE or
a Truncated Enhanced BFR MAC CE in the subsequent uplink transmission.

6> obtain the MAC PDU to transmit from the Multiplexing and assembly entity and storeit in the
Msg3 buffer.
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NOTE 1: If within a Random Access procedure, an uplink grant provided in the Random Access Response for the
same group of contention-based Random Access Preambles has a different size than the first uplink grant
allocated during that Random Access procedure, the UE behavior is not defined.

1> if ra-ResponseWindow configured in BeamFailureRecoveryConfig expires and if a PDCCH transmission on the
search space indicated by recoverySearchSpaceld addressed to the C-RNTI has not been received on the Serving
Cell where the preamble was transmitted; or

1> if ra-ResponseWindow configured in RACH-ConfigCommon expires, and if the Random Access Response
containing Random Access Preamble identifiers that matches the transmitted PREAMBLE_INDEX has not been
received:

2> consider the Random A ccess Response reception not successful;
2> increment PREAMBLE_TRANSMISSION_COUNTER by 1;
2> if PREAMBLE_TRANSMISSION_COUNTER = preambleTransMax + 1.
3> if the Random Access Preamble is transmitted on the SpCell:
4> indicate a Random Access problem to upper layers;
4> if this Random Access procedure was triggered for Sl request:
5> consider the Random Access procedure unsuccessfully completed.
3> elseif the Random Access Preamble is transmitted on an SCell:
4> consider the Random Access procedure unsuccessfully completed.
2> if the Random Access procedure is not completed:

3> if the Random Access Preamble is transmitted with repetitions and neither contention-free Random
Access Resources nor Random Access resources for Sl request have been provided for this Random
Access procedure:

4> if PREAMBLE_TRANSMISSON_COUNTER = [preambleTransMax-Msgl-Repetition] + 1; or
4> if PREAMBLE_TRANSMISSON_COUNTER = 2 x [preambleTransMax-Msgl-Repetition] + 1:

5> if set of Random Access resources configured with the same prach-Configurationindex and
associated with a higher Msgl repetition number with the same feature or feature combination as
the current set of Random Access resourcesis available:

6> select the set of Random Access resources associated with the next higher Msgl repetition
number with the same feature or feature combination for this Random Access procedure;

6> initialize startPreambleFor ThisPartition, number OfPreamblesPer SSB-For ThisPartition, ssb-
SharedRO-Maskindex and number OfRA-Preambl esGroupA parameters for the Random Access
procedure according to the values configured by RRC for the selected set of Random Access
resources.

3> select arandom backoff time according to a uniform distribution between 0 and the
PREAMBLE_BACKOFF;

3> if the criteria (as defined in clause 5.1.2) to select contention-free Random Access Resources is met
during the backoff time:

4> perform the Random Access Resource selection procedure (see clause 5.1.2).

3> elseif the Random Access procedure for an SCell is performed on uplink carrier where pusch-Config is
not configured:

4> delay the subsequent Random Access transmission until the Random Access Procedure is triggered by
aPDCCH order with the same ra-Preamblel ndex, ra-ssh-OccasionMaskindex, and UL/SUL indicator
TS38.212[9].
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3> ese
4> perform the Random Access Resource selection procedure (see clause 5.1.2) after the backoff time.

The MAC entity may stop ra-ResponseWindow (and hence monitoring for Random Access Response(s)) after
successful reception of a Random Access Response contai ning Random Access Preamble identifiers that matches the
transmitted PREAMBLE_INDEX.

HARQ operation is not applicable to the Random Access Response reception.

NOTE 2: For the case that RAR PDSCH bandwidth is larger than the bandwidth the eRedCap UE can receive or
process per dot, and the UL grant in RAR indicates that the time is not enough for Msg3 transmission, as
specified in TS 38.213[6], it is up to UE implementation, e.g. either to consider the Random Access
Response reception not successful, or transmit Msg3.

5.1.4a MSGB reception and contention resolution for 2-step RA type

Once the M SGA preamble is transmitted, regardless of the possible occurrence of a measurement gap, the MAC entity
shal:

1> start the msgB-ResponseWindow at the PDCCH occasion as specified in TS 38.213 [6], clause 8.2A;

1> monitor the PDCCH of the SpCell for a Random Access Response identified by MSGB-RNTI while the msgB-
ResponseWindow is running;

1> if C-RNTI MAC CE was included in the M SGA:

2> monitor the PDCCH of the SpCell for Random Access Response identified by the C-RNTI while the msgB-
ResponseWindow is running.

1> if notification of areception of a PDCCH transmission of the SpCell isreceived from lower layers:
2> if the C-RNTI MAC CE wasincluded in MSGA:

3> if the Random Access procedure was initiated for SpCell beam failure recovery or for beam failure
recovery of both BFD-RS sets of SpCell (as specified in clause 5.17) and the PDCCH transmission is
addressed to the C-RNTI; or

3> if the Random Access procedure was initiated for SDT beam failure recovery (as specified in clause
5.27.1) and the PDCCH transmission is addressed to the C-RNTI:

4> consider this Random Access Response reception successful;

4> stop the msgB-ResponseWindow,

4> consider this Random Access procedure successfully completed.
3> elseif the timeAlignmentTimer associated with at least one PTAG is running; or
3> if CG-SDT procedure is ongoing and cg-SDT-TimeAlignmentTimer is running:

4> if the PDCCH transmission is addressed to the C-RNTI and contains a UL grant for a new
transmission:

5> consider this Random Access Response reception successful;

5> stop the msgB-ResponseWindow;

5> consider this Random Access procedure successfully completed.
3> dse

4> if adownlink assignment has been received on the PDCCH for the C-RNTI and the received TB is
successfully decoded:

5> if the MAC PDU contains the Absolute Timing Advance Command MAC CE:
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6> process the received Timing Advance Command (see clause 5.2);
6> consider this Random Access Response reception successful;
6> stop the msgB-ResponseWindow;

6> consider this Random Access procedure successfully completed and finish the disassembly and
demultiplexing of the MAC PDU.

2> if avalid (as specified in TS 38.213 [6]) downlink assignment has been received on the PDCCH for the
MSGB-RNTI and the received TB is successfully decoded:

3> if the MSGB contains a MAC subPDU with Backoff Indicator:

4> set the PREAMBLE_BACKOFF to vaue of the BI field of the MAC subPDU using Table 7.2-1,
multiplied with SCALING_FACTOR BI.

3> dse
4> set the PREAMBLE BACKOFF to O ms.
3> if the MSGB contains a fallbackRAR MAC subPDU; and

3> if the Random Access Preamble identifier in the MAC subPDU matches the transmitted
PREAMBLE_INDEX (see clause 5.1.3a):

4> consider this Random Access Response reception successful;
4> apply the following actions for the SpCell:
5> process the received Timing Advance Command (see clause 5.2);

5> indicate the msgA-PreambleReceivedTargetPower and the amount of power ramping applied to
the latest Random Access Preamble transmission to lower layers (i.e.
(PREAMBLE_POWER_RAMPING_COUNTER - 1) x PREAMBLE_POWER _RAMPING_STEP);

5> if the Random Access Preamble was hot selected by the MAC entity among the contention-based
Random Access Preambl e(s):

6> consider the Random Access procedure successfully completed;
6> process the received UL grant value and indicate it to the lower layers.
5> elser
6> set the TEMPORARY_C-RNTI to the value received in the Random Access Responsg;
6> if the Msg3 buffer is empty:
7> obtain the MAC PDU to transmit from the MSGA buffer and store it in the Msg3 buffer;

6> process the received UL grant value and indicate it to the lower layers and proceed with Msg3
transmission.

NOTE: If within a2-step RA type procedure, an uplink grant provided in the fallback RAR has a different size
than the MSGA payload, the UE behavior is not defined.

3> elseif the MSGB contains a successRAR MAC subPDU; and

3> if the CCCH SDU was included in the MSGA and the UE Contention Resolution Identity in the MAC
subPDU matches the CCCH SDU:

4> stop msgB-ResponseWindow,
4> if this Random Access procedure was initiated for Sl request:

5> indicate the reception of an acknowledgement for Sl request to upper layers.
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4> else
5> set the C-RNTI to the value received in the successRAR;
5> apply the following actions for the SpCell:
6> process the received Timing Advance Command (see clause 5.2);

6> indicate the msgA-PreambleReceivedTargetPower and the amount of power ramping applied to
the latest Random Access Preambl e transmission to lower layers (i.e.
(PREAMBLE_POWER_RAMPING_COUNTER - 1) x
PREAMBLE_POWER_RAMPING_STEP).

4> deliver the TPC, PUCCH resource Indicator, Channel Access-CPext (if indicated), and HARQ
feedback Timing Indicator received in successRAR to lower layers.

4> consider this Random Access Response reception successful;
4> consider this Random Access procedure successfully completed;
4> finish the disassembly and demultiplexing of the MAC PDU.

1> if msgB-ResponseWindow expires, and the Random Access Response Reception has not been considered as
successful based on descriptions above:

2> increment PREAMBLE_TRANSMISSION_COUNTER by 1;
2> if PREAMBLE_TRANSMISSION_COUNTER = preambleTransMax + 1.
3> indicate a Random Access problem to upper layers;
3> if this Random Access procedure was triggered for S| request:
4> consider this Random Access procedure unsuccessfully completed.
2> if the Random Access procedure is not compl eted:

3> if msgA-TransMax is applied (see clause 5.1.1a) and PREAMBLE_TRANSMISS ON_COUNTER = msgA-
TransMax + 1.

4> set the RA_TYPE to 4-stepRA;
4> perform initialization of variables specific to Random Access type as specified in clause 5.1.15;
4> if the Msg3 buffer is empty:
5> obtain the MAC PDU to transmit from the MSGA buffer and store it in the Msg3 buffer;
4> flush HARQ buffer used for the transmission of MAC PDU in the MSGA buffer;
4> discard explicitly signalled contention-free 2-step RA type Random Access Resources, if any;
4> perform the Random Access Resource sel ection procedure as specified in clause 5.1.2.
3> else

4> select arandom backoff time according to a uniform distribution between 0 and the
PREAMBLE_BACKOFF;

4> if the criteria (as defined in clause 5.1.2a) to select contention-free Random Access Resourcesis met
during the backoff time:

5> perform the Random Access Resource selection procedure for 2-step RA type Random Access
(seeclause 5.1.2a).

4> else
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5> perform the Random Access Resource selection procedure for 2-step RA type Random Access
(see clause 5.1.2a) after the backoff time.
Upon receiving afallbackRAR, the MAC entity may stop msgB-ResponseWindow once the Random Access Response
reception is considered as successful.
5.1.5 Contention Resolution
Once Msg3 is transmitted the MAC entity shall:

1> if the Msg3 transmission (i.e. initial transmission or HARQ retransmission) is scheduled with PUSCH repetition
Type A:

2> if Msg3 istransmitted on a non-terrestrial network:

3> start or restart the ra-ContentionResolutionTimer in the first symbol after the end of al repetitions of the
Msg3 transmission plus the UE-gNB RTT.

2> ese

3> start or restart the ra-ContentionResolutionTimer in the first symbol after the end of all repetitions of the
Msg3 transmission.

1> elseif Msg3 transmission (i.e. initia transmission or HARQ retransmission) is transmitted on a non-terrestrial
network:

2> start or restart the ra-ContentionResolutionTimer in the first symbol after the end of the Msg3 transmission
plusthe UE-gNB RTT.

1> else:
2> start or restart the ra-ContentionResolutionTimer in the first symbol after the end of the Msg3 transmission.

1> monitor the PDCCH while the ra-ContentionResolutionTimer is running regardless of the possible occurrence of
a measurement gap;

1> if notification of areception of a PDCCH transmission of the SpCell isreceived from lower layers:
2> if the C-RNTI MAC CE wasincluded in M sg3:

3> if the Random Access procedure was initiated for SpCell beam failure recovery or for beam failure
recovery of both BFD-RS sets of SpCell (as specified in clause 5.17) and the PDCCH transmission is
addressed to the C-RNTI; or

3> if the Random Access procedure was initiated by a PDCCH order and the PDCCH transmission is
addressed to the C-RNTI; or

3> if the Random Access procedure was initiated for SDT beam failure recovery (as specified in clause
5.27.1) and the PDCCH transmission is addressed to the C-RNTI; or

3> if the Random Access procedure was initiated by the MAC sublayer itself or by the RRC sublayer and the
PDCCH transmission is addressed to the C-RNTI and contains a UL grant for a new transmission:

4> consider this Contention Resolution successful;

4> stop ra-ContentionResolutionTimer;

4> discard the TEMPORARY_C-RNTI;

4> consider this Random Access procedure successfully completed.

2> elseif the CCCH SDU was included in Msg3 and the PDCCH transmission is addressed to its
TEMPORARY_C-RNTI:

3> if the MAC PDU is successfully decoded:
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4> stop ra-ContentionResolutionTimer;
4> if the MAC PDU contains a UE Contention Resolution Identity MAC CE; and

4> if the UE Contention Resolution Identity in the MAC CE matches the CCCH SDU transmitted in
Msg3:

5> consider this Contention Resolution successful and finish the disassembly and demultiplexing of
the MAC PDU;

5> if this Random Access procedure was initiated for Sl request:
6> indicate the reception of an acknowledgement for Sl request to upper layers.
5> else:
6> set the C-RNTI to the value of the TEMPORARY_C-RNTI;
5> discard the TEMPORARY_C-RNTI;
5> consider this Random Access procedure successfully completed.
4> else
5> discard the TEMPORARY_C-RNTI;

5> consider this Contention Resolution not successful and discard the successfully decoded MAC
PDU.

3> else, for eRedCap UE, if lower layer detects that PDSCH transmission scheduled by PDCCH has alarger
bandwidth than UE can receive or process per sot:

4> stop ra-ContentionResolutionTimer;
4> discard the TEMPORARY_C-RNTI;
4> consider this Contention Resolution not successful.
1> if ra-ContentionResolutionTimer expires:
2> if Msg3 transmission was transmitted on a non-terrestrial network:

3> if no PDCCH addressed to TC-RNTI indicating uplink grant for aMsg3 retransmission is received after
the start of the ra-ContentionResolutionTimer:

4> discard the TEMPORARY_C-RNTI;
4> consider the Contention Resolution not successful.
2> else
3> discard the TEMPORARY_C-RNTI;
3> consider the Contention Resolution not successful.
1> if the Contention Resolution is considered not successful:
2> flush the HARQ buffer used for transmission of the MAC PDU in the Msg3 buffer;
2> increment PREAMBLE_TRANSMISSON_COUNTER by 1;
2> if PREAMBLE_TRANSMISSION_COUNTER = preambleTransMax + 1:
3> indicate a Random Access problem to upper layers.
3> if this Random Access procedure was triggered for Sl request:

4> consider the Random Access procedure unsuccessfully compl eted.
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2> if the Random Access procedure is not compl eted:
3> if the RA_TYPE is set to 4-stepRA:

4> if the Random Access Preamble is transmitted with repetitions and contention-free Random Access
Resources have not been provided for this Random Access procedure:

5> if PREAMBLE_TRANSMISSION_COUNTER = [preambleTransMax-Msgl-Repetition] + 1; or
5> if PREAMBLE_TRANSMISSION_COUNTER = 2 x [preambleTransMax-Msg1-Repetition] + 1:

6> if set of Random Access resources configured with the same prach-Configurationlndex and
associated with a higher Msgl repetition number with the same feature or feature combination
asthe current set of Random Access resourcesis available:

7> select the set of Random Access resources associated with the next higher Msgl repetition
number with the same feature or feature combination for this Random Access procedure;

7> initialize startPreambleFor ThisPartition, number OfPreamblesPer SSB-For ThisPartition,
ssh-SharedRO-Masklndex and number OfRA-PreamblesGroupA parameters for the Random
Access procedure according to the values configured by RRC for the selected set of
Random Access resources.

4> select arandom backoff time according to a uniform distribution between 0 and the
PREAMBLE_BACKOFF;

4> if the criteria (as defined in clause 5.1.2) to select contention-free Random Access Resources is met
during the backoff time:

5> perform the Random Access Resource selection procedure (see clause 5.1.2);
4> else:

5> perform the Random Access Resource selection procedure (see clause 5.1.2) after the backoff
time.

3> else (i.e. the RA_TYPE is set to 2-stepRA):

4> if msgA-TransMax is applied (see clause 5.1.1a) and PREAMBLE_TRANSMISS ON_COUNTER =
msgA-TransMax + 1:

5> set the RA_TYPE to 4-stepRA,;
5> perform initialization of variables specific to Random Access type as specified in clause 5.1.1a;
5> flush HARQ buffer used for the transmission of MAC PDU in the MSGA buffer;
5> discard explicitly signalled contention-free 2-step RA type Random Access Resources, if any;
5> perform the Random Access Resource selection as specified in clause 5.1.2.

4> else:

5> select arandom backoff time according to a uniform distribution between 0 and the
PREAMBLE_BACKOFF;

5> if the criteria (as defined in clause 5.1.28) to select contention-free Random Access Resourcesis
met during the backoff time:

6> perform the Random Access Resource selection procedure for 2-step RA type as specified in
clause5.1.2a

5> dse

6> perform the Random Access Resource selection for 2-step RA type procedure (see clause
5.1.28) after the backoff time.
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5.1.6 Completion of the Random Access procedure
Upon completion of the Random Access procedure, the MAC entity shall:

1> discard any explicitly signalled contention-free Random Access Resources for 2-step RA type and 4-step RA
type except the 4-step RA type contention-free Random Access Resources for beam failure recovery request, if
any;

1> flush the HARQ buffer used for transmission of the MAC PDU in the Msg3 buffer and the MSGA buffer.

Upon successful completion of the Random Access procedure initiated for DAPS handover, the target MAC entity
shall:

1> indicate the successful completion of the Random Access procedure to the upper layers.

5.2 Maintenance of Uplink Time Alignment

RRC configures the following parameters for the maintenance of UL time alignment:

- timeAlignmentTimer (per TAG) which controls how long the MAC entity considers the Serving Cells to the
associated TAG to be uplink time aligned for the TAG;

- inactivePosSRS TimeAlignmentTimer which controls how long the MAC entity considers the Positioning SRS
transmission in RRC_INACTIVE in clause 5.26 to be uplink time aligned;

- cg-SDT-TimeAlignmentTimer which controls how long the MAC entity considers the uplink transmission for
CG-SDT to be uplink time aigned;

- inactivePosSRS-ValidityAreaTAT which controls how long the MAC entity considers Positioning SRS
transmission in RRC_INACTIVE in clause 5.26 to be uplink time aligned when SRS positioning validity areais
configured.

The MAC entity shall:

1> when a Timing Advance Command MAC CE isreceived, and if an Nta (asdefined in TS 38.211 [8]) has been
maintained with the indicated TAG:

2> apply the Timing Advance Command for the indicated TAG;
2> if there is ongoing Positioning SRS Transmission in RRC_INACTIVE asin clause 5.26:
3> if SRS positioning validity areais configured:
4> start or restart the inactivePosSRS-ValidityAreaTAT associated with the indicated TAG.
3> dse
4> start or restart the inactivePosSRS-TimeAlignmentTimer associated with the indicated TAG.
2> if CG-SDT procedure triggered as in clause 5.27 is ongoing:
3> start or restart the cg-SDT-TimeAlignmentTimer associated with the indicated TAG.
2> else
3> start or restart the timeAlignmentTimer associated with the indicated TAG.

1> when a Timing Advance Command is received in a Random Access Response message for a Serving Cell
configured with two TAGs or in aMSGB for an SpCell configured with two TAGs:

2> if the Random Access Preamble was not selected by the MAC entity among the contention-based Random
Access Preamble:

3> apply the Timing Advance Command for the TAG indicated in the received Random Access Response
message or MSGB;
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3> start or restart the timeAlignmentTimer associated with TAG indicated in the received Random Access
Response message or M SGB.

2> elseif the timeAlignmentTimer associated with the TAG indicated in the received Random Access Response
message or MSGB is not running:

3> apply the Timing Advance Command for this TAG;
3> start the timeAlignmentTimer associated with thisTAG;
3> when the Contention Resol ution is considered not successful as described in clause 5.1.5:
4> stop the timeAlignmentTimer associated with this TAG.
2> else
3> ignore the received Timing Advance Command.

1> when a Timing Advance Command is received in a Random Access Response message for a Serving Cell not
configured with two TAGs or in aMSGB for an SpCell not configured with two TAGs:

2> if the Random Access Preamble was not selected by the MAC entity among the contention-based Random
Access Preamble:

3> apply the Timing Advance Command for this TAG;
3> start or restart the timeAlignmentTimer associated with this TAG.
2> elseif the timeAlignmentTimer associated with this TAG is not running:
3> apply the Timing Advance Command for this TAG;
3> start the timeAlignmentTimer associated with this TAG;
3> when the Contention Resolution is considered not successful as described in clause 5.1.5; or

3> when the Contention Resolution is considered successful for Sl request as described in clause 5.1.5, after
transmitting HARQ feedback for MAC PDU including UE Contention Resolution Identity MAC CE:

4> stop timeAlignmentTimer associated with this TAG.
3> when the Contention Resolution is considered not successful as described in clause 5.1.5:
4> if CG-SDT procedure triggered asin clause 5.27 is ongoing:

5> set the Nta value to the value before applying the received Timing Advance Command asin TS
38.211[8].

3> when the Contention Resolution is considered successful for Random Access procedure while the CG-
SDT procedure is ongoing:

4> stop timeAlignmentTimer associated with this TAG;
4> start or restart the cg-SDT-TimeAlignmentTimer associated with this TAG.

3> when the Contention Resolution is considered successful for Random Access procedure while SRS
transmission in RRC_INACTIVE is ongoing:

4> if SRS positioning validity areais configured:

5> start or restart the inactivePosSRS-ValidityAreaTAT associated with the indicated TAG.
4> else:

5> start or restart the inactivePosSRS- TimeAlignmentTimer associated with this TAG.

2> else
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3> ignore the received Timing Advance Command.

1> when an Absolute Timing Advance Command is received in response to a MSGA transmission including C-
RNTI MAC CE, as specified in clause 5.1.4a, for an SpCell configured with two TAGs:

2> apply the Timing Advance Command for the PTAG indicated in the Absolute Timing Advance Command
MAC CE;

2> start or restart the timeAlignmentTimer associated with this PTAG.

1> when an Absolute Timing Advance Command is received in response to a MSGA transmission including C-
RNTI MAC CE, as specified in clause 5.1.4a, for an SpCell not configured with two TAGs:

2> apply the Timing Advance Command for PTAG;
2> if there is ongoing Positioning SRS Transmission in RRC_INACTIVE asin clause 5.26:
3> if SRS positioning validity areais configured:
4> start or restart the inactivePosSRS-ValidityAreaTAT associated with the indicated TAG.
3> dse
4> start or restart the inactivePosSRS- TimeAlignmentTimer associated with the indicated TAG.
2> if CG-SDT procedure is ongoing:
3> start or restart the cg-SDT-TimeAlignmentTimer associated with PTAG.
2> else
3> start or restart the timeAlignmentTimer associated with PTAG.
1> when the MAC entity is configured with rach-LessHO:

2> set the Nta value (as defined in TS 38.211 [8]) to the value indicated by targetNTA in rach-LessHO for
PTAG;

2> start the timeAlignmentTimer associated with PTAG.

1> when theindication is received from upper layer for stopping the inactivePosSRS-TimeAlignmentTimer:
2> stop the inactivePosSRS-TimeAlignmentTimer .

1> when the indication is received from upper layer for starting the inactivePosSRS-TimeAlignmentTimer:
2> start or restart the inactivePosSRS - TimeAlignmentTimer.

1> when instruction from the upper layer has been received for starting the cg-SDT-TimeAlignmentTimer:
2> start the cg-SDT-TimeAlignmentTimer.

1> when instruction from the upper layer has been received for stopping the cg-SDT-TimeAlignmentTimer:
2> consider the cg-SDT-TimeAlignmentTimer as expired.

1> when the indication is received from upper layer for starting the inactivePosSRS-ValidityAreaTAT:
2> start or restart the inactivePosSRS-ValidityAreaTAT.

1> when the indication is received from upper layer for stopping the inactivePosSRS-ValidityAreaTAT:
2> stop the inactivePosSRS-ValidityAreaTAT.

1> when instruction from the upper layer has been received for starting the TimeAlignmentTimer associated with
PTAG:

2> start the TimeAlignmentTimer associated with the indicated PTAG.
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1> whenan LTM Cell Switch Command MAC CE isreceived and the Timing Advance Command is not set as
FFF:
2> apply the Timing Advance Command for the PTAG indicated by the LTM Cell Switch Command MAC CE;

2> start or restart the timeAlignmentTimer associated with the PTAG indicated by LTM Cell Switch Command
MAC CE.

1> whenan LTM Cell Switch Command MAC CE isreceived, and the Timing Advance Command is set as FFF,
and the UE has successfully measured the Timing Advance asin clause 5.18.35:

2> apply the measured Timing Advance for the PTAG;
2> dtart or restart the timeAlignmentTimer associated with the PTAG.
1> when atimeAlignmentTimer expires:
2> if the timeAlignmentTimer is associated with a PTAG and the SpCell is not configured with two PTAGS; or

2> if the timeAlignmentTimer is associated with a PTAG, the SpCell is configured with two PTAGs, and the
timeAlignmentTimer associated with the other PTAG is not running:

3> flush all HARQ buffersfor all Serving Cells;
3> notify RRC to release PUCCH for al Serving Cells, if configured;
3> notify RRC to release SRS for all Serving Célls, if configured;
3> clear any configured downlink assignments and configured uplink grants;
3> clear any PUSCH resource for semi-persistent CSl reporting;
3> consider al running timeAlignmentTimers as expired;
3> maintain Nta (defined in TS 38.211[8]) of all TAGs.
2> else
3> if the timeAlignmentTimer is associated with a TAG for an SCell configured with only this TAG; or

3> if the timeAlignmentTimer is associated with a TAG for an SCell, and if the SCell is configured with two
TAGs and the timeAlignmentTimer associated with the other TAG is not running:

4> flush al HARQ buffersfor al such SCells;

4> notify RRC to release PUCCH, if configured for all such SCells;

4> notify RRC to release SRS, if configured for all such SCdlls;

4> clear any configured downlink assignments and configured uplink grants for all such SCells;
4> clear any PUSCH resource for semi-persistent CSI reporting for all such SCells;

4> maintain Nta (defined in TS 38.211 [8]) of thisTAG.

3> elseif the timeAlignmentTimer is associated with a TAG for a Serving Cell configured with two TAGs,
and if the timeAlignmentTimer associated with the other TAG isrunning, for all such Serving Cells:

4> clear any configured downlink assignment, if the activated TCI state(s) for all PUCCH resources
configured for the configured downlink assignment is associated with the TAG of the expired
timeAlignmentTimer;

4> clear any configured uplink grant, if the activated TCI state(s) for the configured uplink grant is
associated with the TAG of the expired timeAlignmentTimer;

4> clear any PUSCH resource for semi-persistent CSI reporting, if the activated TCI state(s) for the
PUSCH resource is associated with the TAG of the expired timeAlignmentTimer;
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4> maintain Nta (defined in TS 38.211 [8]) of thisTAG.
1> when the inactivePosSRS-TimeAlignmentTimer expires.
2> notify RRC to release Positioning SRS for RRC_INACTIVE configuration(s).
1> when the cg-SDT-TimeAlignmentTimer expires.
2> clear any configured uplink grants;

2> if aPDCCH addressed to the MAC entity's C-RNTI after initial transmission for the CG-SDT with CCCH
message has not been received:

3> consider ongoing CG-SDT procedure as terminated;

3> indicate the expiry of cg-SDT-TimeAlignmentTimer to the upper layer.
2> flush all HARQ buffers;
2> maintain Nta (defined in TS 38.211 [8]) of thisTAG.

When the MAC entity stops uplink transmissions for an SCell not configured with two TAGs due to the fact that the
maximum uplink transmission timing difference between TAGs of the MAC entity or the maximum uplink transmission
timing difference between TAGs of any MAC entity of the UE is exceeded, the MAC entity considers the
timeAlignmentTimer associated with the SCell as expired.

When the MAC entity stops uplink transmissions associated to a STAG for an SCell configured with two TAGs due to
the fact that the maximum uplink transmission timing difference between TAGs of the MAC entity or the maximum
uplink transmission timing difference between TAGs of any MAC entity of the UE is exceeded, the MAC entity
considers the timeAlignmentTimer associated with the STAG as expired.

The MAC entity shall not perform any uplink transmission on a Serving Cell except the Random Access Preamble and
MSGA transmission when the timeAlignmentTimer (s) associated with all TAG(s) to which this Serving Cell belongsis
not running, CG-SDT procedure is not ongoing and SRS transmission in RRC_INACTIVE asin clause 5.26 is hot
ongoing. Furthermore, when the timeAlignmentTimer(s) associated with all PTAG(s) is not running, CG-SDT procedure
is not ongoing and SRS transmission in RRC_INACTIVE asin clause 5.26 is not ongoing, the MAC entity shall not
perform any uplink transmission on any Serving Cell except the Random Access Preamble and M SGA transmission on
the SpCell. The MAC entity shall not perform any uplink transmission except the Random Access Preamble and MSGA
transmission when the cg-SDT-TimeAlignmentTimer is not running during the ongoing CG-SDT procedure as triggered
in clause 5.27 and the inactivePosSRS-TimeAlignmentTimer or inactivePosSRS-ValidityAreaTAT is not running. The
MAC entity shall not perform any uplink transmission except the Random Access Preamble and M SGA transmission
on a Serving Cell using TCI state(s) associated with a TAG for which the timeAlignmentTimer is not running.

5.2a  Maintenance of UL Synchronization
The MAC entity shall for each Serving Cell:

1> if anindication of uplink synchronization has been received from upper layers (see clauses 5.2.2.6 and 5.7.19 of
TS38.331[5)):

2> if indication of uplink synchronization is received after indication of uplink synchronization loss due to
satellite switch with re-synchronization (see clause 5.7.19 of TS 38.331 [5]):

3> set Nta value (asdefined in TS 38.211 [8]) to zero for PTAG;
3> indicate to lower layers a Differential Koffset with value zero.
2> dlow uplink transmission on the Serving Cell.

1> if anindication of uplink synchronization lossis received from upper layers (see clause 5.2.2.6 and 5.7.19 of TS
38.331[5]):

2> if uplink synchronization loss is due to satellite switch with re-synchronization (see clause 5.7.19 of
TS38.331[5]):
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3> not perform any uplink transmission on the Serving Cell.
2> else
3> flush all HARQ buffers;

3> not perform any uplink transmission on the Serving Cell.

NOTE: The MAC entity suspends all UL operations (e.g. stop RACH, SR, and UL HARQ operation) after

5.3

receiving the indication of an uplink synchronization loss and resumes the operation when receiving an
indication of uplink synchronization.

DL-SCH data transfer

5.3.1 DL Assignment reception

Downlink assignments received on the PDCCH both indicate that there is a transmission on a DL-SCH for a particular
MAC entity and provide the relevant HARQ information.

When the MAC entity hasa C-RNTI, Temporary C-RNTI, CS-RNTI, G-RNTI or G-CS-RNTI, the MAC entity shall for
each PDCCH occasion during which it monitors PDCCH and for each Serving Cell:

1> if adownlink assignment for this PDCCH occasion and this Serving Cell has been received on the PDCCH for

the MAC entity's C-RNTI, or Temporary C-RNTI, or G-RNTI configured for multicast MTCH:
2> if thisisthe first downlink assignment for this Temporary C-RNTI:
3> consider the NDI to have been toggled.

2> if the downlink assignment is for the MAC entity's C-RNTI, and if the previous downlink assignment
indicated to the HARQ entity of the same HARQ process was either a downlink assignment received for the
MAC entity's CS-RNTI or G-CS-RNTI, or a configured downlink assignment for unicast or MBS multicast;
or

2> if the downlink assignment is for the MAC entity's G-RNTI configured for multicast MTCH, and if the
previous downlink assignment indicated to the HARQ entity of the same HARQ process was either a
downlink assignment received for the MAC entity's CS-RNTI or G-CS-RNTI, or other G-RNTI, or C-RNTI,
or aconfigured downlink assignment for unicast or MBS multicast:

3> consider the NDI to have been toggled regardless of the value of the NDI.

2> stop the cg-SDT-RetransmissionTimer, if it is running, for the corresponding HARQ process for initial
transmission with CCCH message;

2> stop the cg-RRC-RetransmissionTimer, if it is running, for the corresponding HARQ process for initial
transmission of RACH-less handover or for the first PUSCH transmission at RACH-less LTM cell switch;

2> stop the configuredGrantTimer, if it is running, for the corresponding HARQ process for initial transmission
with CCCH message;

2> if the downlink assignment has been received on the PDCCH for the MAC entity's C-RNTI after the first
PUSCH transmission to the Serving Cedll; and

2> if the downlink assignment is for a new transmission:
3> if there is an ongoing RACH-less handover procedure:
4> consider the RACH-less handover to be successfully completed and indicate it to upper layers.
3> elseif thereisan ongoing RACH-less LTM cell switch:
4> consider the LTM cell switch to be successfully completed and indicate it to upper layers.

2> indicate the presence of a downlink assignment and deliver the associated HARQ information to the HARQ
entity.
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1> elseif adownlink assignment for this PDCCH occasion has been received for this Serving Cell on the PDCCH
for the MAC entity's CS-RNTI or G-CS-RNTI:
2> if the NDI in the received HARQ information is 1:
3> consider the NDI for the corresponding HARQ process not to have been toggled;

3> indicate the presence of a downlink assignment for this Serving Cell and deliver the associated HARQ
information to the HARQ entity.

2> if the NDI in the received HARQ information is O:
3> if PDCCH contents indicate SPS deactivation:
4> clear the configured downlink assignment for this Serving Cell (if any);

4> if the timeAlignmentTimer, associated with the TAG containing the Serving Cell on which the HARQ
feedback is to be transmitted, is running, and the Serving Cell is not configured with two TAGs; or

4> if the Serving Cell on which the HARQ feedback is to be transmitted is configured with two TAGs
and if the timeAlignmentTimer of the TAG, associated with the TCI state(s) used for transmitting the
HARQ feedback, is running:

5> indicate a positive acknowledgement for the SPS deactivation to the physical layer.
3> elseif PDCCH content indicates SPS activation:

4> store the downlink assignment for this Serving Cell and the associated HARQ information as
configured downlink assignment;

4> initialise or re-initialise the configured downlink assignment for this Serving Cell to start in the
associated PDSCH duration and to recur according to rulesin clause 5.8.1 or in clause 5.8.1g;

For each Serving Cell and each configured downlink assignment, if configured and activated, the MAC entity shall:

1> if the PDSCH duration of the configured downlink assignment does not overlap with the PDSCH duration of a
downlink assignment received on the PDCCH for this Serving Cell:

2> instruct the physical layer to receive, in this PDSCH duration, transport block on the DL-SCH according to
the configured downlink assignment and to deliver it to the HARQ entity;

2> set the HARQ Process ID to the HARQ Process ID associated with this PDSCH duration;
2> consider the NDI hit for the corresponding HARQ process to have been toggled,;

2> indicate the presence of a configured downlink assignment and deliver the stored HARQ information to the
HARQ entity.

For configured downlink assignments without harg-Procl D-Offset, the HARQ Process | D associated with the slot
where the DL transmission starts is derived from the following equation:

HARQ Process ID = [floor (CURRENT _dlot x 10/ (numberOfSotsPerFrame x periodicity))]
modulo nrofHARQ-Processes

where CURRENT _glot = [(SFN x number OfS otsPer Frame) + slot number in the frame] and number OfS otsPer Frame
refers to the number of consecutive slots per frame as specified in TS 38.211 [8].

For configured downlink assignments with harg-Procl D-Offset, the HARQ Process | D associated with the slot where
the DL transmission starts is derived from the following equation:

HARQ Process ID = [floor (CURRENT _dlot x 10/ (numberOfSotsPerFrame x periodicity))]
modulo nrofHARQ-Processes + harg-Procl D-Offset

where CURRENT _dlot = [(SFN x number OfS otsPer Frame) + slot number in the frame] and number OfS otsPer Frame
refers to the number of consecutive slots per frame as specified in TS 38.211 [8].

ETSI



3GPP TS 38.321 version 18.2.0 Release 18 58 ETSI TS 138 321 V18.2.0 (2024-08)
NOTE 1: In case of unaligned SFN across carriersin acell group, the SFN of the concerned Serving Cell isused to
calculate the HARQ Process ID used for configured downlink assignments.

NOTE 2: CURRENT _dlot refersto the slot index of the first transmission occasion of a bundle of configured
downlink assignment.

When the MAC entity needs to read BCCH, the MAC entity may, based on the scheduling information from RRC:
1> if adownlink assignment for this PDCCH occasion has been received on the PDCCH for the SI-RNTI;

2> indicate a downlink assignment and redundancy version for the dedicated broadcast HARQ process to the
HARQ entity.

When the MAC entity needs to reead MCCH, the MAC entity may, based on the scheduling information from RRC:

1> if adownlink assignment for this PDCCH occasion has been received on the PDCCH for the MCCH-RNTI or
Multicast MCCH-RNTI:

2> indicate adownlink assignment and redundancy version for the selected HARQ process to the HARQ entity.

When the MAC entity needs to read broadcast MTCH, the MAC entity may, based on the scheduling information from
RRC and DCl:

1> if adownlink assignment for this PDCCH occasion has been received on the PDCCH for the G-RNTI configured
for broadcast MTCH:

2> indicate the presence of a downlink assignment and deliver the associated HARQ information for the selected
HARQ process to the HARQ entity.

5.3.2 HARQ operation

5.3.2.1 HARQ Entity

The MAC entity includes aHARQ entity for each Serving Cell, which maintains a number of parallel HARQ processes.
Each HARQ process is associated with a HARQ process identifier. The HARQ entity directs HARQ information and
associated TBs received on the DL-SCH to the corresponding HARQ processes (see clause 5.3.2.2).

The number of parallel DL HARQ processes per HARQ entity is specified in TS 38.214 [7]. The dedicated broadcast
HARQ processis used for BCCH.

The HARQ process supports one TB when the physical layer is not configured for downlink spatial multiplexing. The
HARQ process supports one or two TBs when the physical layer is configured for downlink spatial multiplexing.

When the MAC entity is configured with pdsch-AggregationFactor > 1, the parameter pdsch-AggregationFactor
provides the number of transmissions of a TB within a bundle of the downlink assignment. Bundling operation relies on
the HARQ entity for invoking the same HARQ process for each transmission that is part of the same bundle. After the
initial transmission, pdsch-AggregationFactor — 1 HARQ retransmissions follow within abundle.

The MAC entity shall:
1> if adownlink assignment has been indicated:

2> dlocate the TB(s) received from the physical layer and the associated HARQ information to the HARQ
process indicated by the associated HARQ information.

1> if adownlink assignment has been indicated for the broadcast HARQ process:
2> dlocate the received TB to the broadcast HARQ process.

NOTE: Itisup to UE implementation to alocate the received TB for multicast MCCH or broadcast MCCH or
broadcast MTCH to one HARQ process.
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5.3.2.2 HARQ process

When a transmission takes place for the HARQ process, one or two (in case of downlink spatial multiplexing) TBs and
the associated HARQ information are received from the HARQ entity.

For each received TB and associated HARQ information, the HARQ process shall:

1> if the NDI, when provided, has been toggled compared to the value of the previous received transmission
corresponding to this TB; or

1> if the HARQ processis equal to the broadcast process, and thisis the first received transmission for the TB
according to the system information schedule indicated by RRC; or

1> if the HARQ process is associated with a transmission indicated with aMCCH-RNTI for MBS broadcast, and
thisisthe first received transmission for the TB according to the broadcast MCCH schedule indicated by RRC;
or

1> if the HARQ processis associated with atransmission indicated with a Multicast MCCH-RNTI for MBS
multicast in RRC_INACTIVE, and thisisthe first received transmission for the TB according to the multicast
MCCH schedule indicated by RRC; or

1> if the HARQ processis associated with a transmission indicated with a G-RNTI for MBS broadcast, and thisis
the first received transmission for the TB according to the MTCH schedule indicated by RRC or according to the
scheduling indicated by DCI as specified in TS 38.214 [7]; or

1> if thisisthe very first received transmission for this TB (i.e. there is no previous NDI for this TB):
2> consider this transmission to be a new transmission.

1> else
2> consider this transmission to be a retransmission.

The MAC entity then shall:

1> if thisisanew transmission:
2> attempt to decode the received data.

1> elseif thisisaretransmission:
2> if the data for this TB has not yet been successfully decoded:

3> ingtruct the physical layer to combine the received data with the data currently in the soft buffer for this
TB and attempt to decode the combined data.

1> if the data which the MAC entity attempted to decode was successfully decoded for this TB; or
1> if the data for this TB was successfully decoded before:
2> if the HARQ processis equal to the broadcast process:
3> deliver the decoded MAC PDU to upper layers.
2> elseif thisisthefirst successful decoding of the data for this TB:
3> deliver the decoded MAC PDU to the disassembly and demultiplexing entity.
1> else

2> instruct the physical layer to replace the datain the soft buffer for this TB with the data which the MAC
entity attempted to decode.

1> if the HARQ process is associated with atransmission indicated with a Temporary C-RNTI and the Contention
Resolution is not yet successful (see clause 5.1.5); or
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1>

1>

1>

1>

1>

1>

1>

1>

1>

1>

if the HARQ process is associated with a transmission indicated with a MSGB-RNTI and the Random Access
procedure is not yet successfully completed (see clause 5.1.44); or

if the HARQ processis equal to the broadcast process; or

if the HARQ process is associated with a transmission indicated with aMCCH-RNTI or aG-RNTI for MBS
broadcast; or

if the HARQ process is associated with a transmission indicated with a Multicast MCCH-RNTI for MBS
multicast; or

if the HARQ process is associated with atransmission indicated with a G-RNTI or a G-CS-RNTI or a configured
downlink assignment for MBS multicast and HARQ feedback is disabled for this G-RNTI or G-CS-RNTI or the
corresponding G-CS-RNTI, as specified in clause 18 of TS 38.213 [6]; or

if the HARQ process is associated with atransmission indicated with a G-RNTI or a G-CS-RNTI or a configured
downlink assignment for MBS multicast and NACK only HARQ feedback is used for this G-RNTI or G-CS-
RNTI or the corresponding G-CS-RNTI and the data for this TB is successfully decoded and the transmission is
not the first transmission of PDSCH where the configured downlink assignment was (re-)initialised; or

if the timeAlignmentTimer, associated with the TAG containing the Serving Cell on which the HARQ feedback
isto be transmitted, is stopped or expired, and the Serving Cell is not configured with two TAGs, and if the cg-
SDT-TimeAlignmentTimer, if configured, is not running; or

if the Serving Cell on which the HARQ feedback is to be transmitted is configured with two TAGs and if the
timeAlignmentTimer of the TAG, associated with the TCI state(s) used for transmitting the HARQ feedback, is
stopped or expired:

2> not instruct the physical layer to generate acknowledgement(s) of the datain this TB.
elseif the HARQ processis configured with disabled HARQ feedback:

2> if harg-FeedbackEnablingfor SPSactive is configured with value true and the transmission is the first
transmission on the configured downlink assignment after activation of the configured downlink assignment:

3> instruct the physical layer to generate acknowledgement(s) of the datain this TB.
2> else

3> not instruct the physical layer to generate acknowledgement(s) of the datain this TB.
else:

2> instruct the physical layer to generate acknowledgement(s) of the datain this TB.

The MAC entity shall ignore NDI received in all downlink assignments on PDCCH for its Temporary C-RNTI when
determining if NDI on PDCCH for its C-RNTI has been toggled compared to the value in the previous transmission.

NOTE: If the MAC entity receives aretransmission with a TB size different from the last TB size signalled for

this TB, the UE behavior is left up to UE implementation.

5.3.3 Disassembly and demultiplexing

The MAC entity shall disassemble and demultiplex aMAC PDU as defined in clauses 6.1.2 and 6.1.5a.

When aMAC entity receivesa MAC PDU for MAC entity's G-RNTI or G-CS-RNTI, or by the configured downlink
assignment for MBS multicast containing an LCID or eL CID which is not configured, the MAC entity shall at least:

1>

discard the received subPDU.
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5.4 UL-SCH data transfer

54.1 UL Grant reception

Uplink grant is either received dynamically on the PDCCH, in a Random Access Response, configured semi-
persistently by RRC or determined to be associated with the PUSCH resource of MSGA as specified in clause 5.1.2a.
The MAC entity shall have an uplink grant to transmit on the UL-SCH. To perform the requested transmissions, the
MAC layer receives HARQ information from lower layers. An uplink grant addressed to CS-RNTI withNDI =0 is
considered as a configured uplink grant. An uplink grant addressed to CS-RNTI with NDI = 1 isconsidered asa
dynamic uplink grant.

For aBWP configured with sTx-2Panel, the MAC entity considers the PUSCH duration of one uplink grant overlaps
with the PUSCH duration of another uplink grant if they are overlapping in time and associated with an srs-
ResourceSetld corresponding to the same coresetPool I ndex.

If the MAC entity hasa C-RNTI, aTemporary C-RNTI, or CS-RNTI, the MAC entity shall for each PDCCH occasion
and for each Serving Cell belonging to a TAG that has a running timeAlignmentTimer or arunning cg-SDT-
TimeAlignmentTimer and for each grant received for this PDCCH occasion:

1> if an uplink grant for this Serving Cell has been received on the PDCCH for the MAC entity's C-RNTI or
Temporary C-RNTI; or

1> if an uplink grant has been received in a Random Access Response:

2> if the uplink grant isfor MAC entity's C-RNTI and if the previous uplink grant delivered to the HARQ entity
for the same HARQ process was either an uplink grant received for the MAC entity's CS-RNTI or a
configured uplink grant:

3> consider the NDI to have been toggled for the corresponding HARQ process regardless of the value of the
NDI.

2> if the uplink grant isfor MAC entity's C-RNTI, and the identified HARQ processis configured for a
configured uplink grant:

3> start or restart the configuredGrantTimer for the corresponding HARQ process, if configured;
3> stop the cg-RetransmissionTimer for the corresponding HARQ process, if running.

2> stop the cg-SDT-RetransmissionTimer for the corresponding HARQ process, if running.

2> stop the cg-RRC-RetransmissionTimer for the corresponding HARQ process, if running.

2> if the uplink grant has been received on the PDCCH for the MAC entity's C-RNTI after the first PUSCH
transmission to the Serving Cell; and

2> if the uplink grant is for anew transmission on the same HARQ process used for the first PUSCH
transmission to the Serving Cell:

3> if there is an ongoing RACH-less handover procedure:
4> consider the RACH-less handover to be successfully completed and indicate to upper layers.
3> elseif thereisan ongoing RACH-less LTM cell switch:
4> consider the LTM cell switch to be successfully completed and indicate it to upper layers.
2> deliver the uplink grant and the associated HARQ information to the HARQ entity.

1> elseif an uplink grant for this PDCCH occasion has been received for this Serving Cell on the PDCCH for the
MAC entity's CS-RNTI:

2> if the NDI in the received HARQ information is 1:

3> consider the NDI for the corresponding HARQ process not to have been toggled;
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3> start or restart the configuredGrantTimer for the corresponding HARQ process, if configured;
3> stop the cg-RetransmissionTimer for the corresponding HARQ process, if running;

3> stop the cg-SDT-RetransmissionTimer for the corresponding HARQ process, if running;

3> stop the cg-RRC-RetransmissionTimer for the corresponding HARQ process, if running;

3> deliver the uplink grant and the associated HARQ information to the HARQ entity;

3> if alogical channel associated with a DRB configured with survival TimeStateSupport is multiplexed in
the MAC PDU stored in the HARQ buffer for the corresponding HARQ process:

4> trigger activation of PDCP duplication for all configured RLC entities of the DRB.
2> elseif the NDI in the received HARQ information is O:
3> if PDCCH contentsindicate configured grant Type 2 deactivation:;
4> trigger configured uplink grant confirmation.
3> elseif PDCCH contents indicate configured grant Type 2 activation:
4> trigger configured uplink grant confirmation;

4> store the uplink grant for this Serving Cell and the associated HARQ information as configured uplink
grant;

4> initialise or re-initialise the configured uplink grant for this Serving Cell to start in the associated
PUSCH duration and to recur according to rulesin clause 5.8.2;

4> stop the configuredGrantTimer for the corresponding HARQ process, if running;
4> stop the cg-RetransmissionTimer for the corresponding HARQ process, if running.

For each Serving Cell and each configured uplink grant, if configured and activated and available for use as specified in
clause 5.8.2, the MAC entity shall:

1> if the MAC entity is configured with Ich-basedPrioritization, and the PUSCH duration of the configured uplink
grant does not overlap with the PUSCH duration of an uplink grant received in a Random Access Response or
with the PUSCH duration of an uplink grant addressed to Temporary C-RNTI or the PUSCH duration of a
MSGA payload for this Serving Cell; or

1> if the MAC entity is not configured with Ich-basedPrioritization, and the PUSCH duration of the configured
uplink grant does not overlap with the PUSCH duration of an uplink grant received on the PDCCH or in a
Random Access Response or the PUSCH duration of a MSGA payload for this Serving Cell:

2> set the HARQ Process I D to the HARQ Process ID associated with this PUSCH duration;

2> if, for the corresponding HARQ process, the configuredGrantTimer is not running and cg-
RetransmissionTimer is not configured and cg-SDT-RetransmissionTimer is not configured, and cg-RRC-
RetransmissionTimer is not configured (i.e. new transmission):

3> if the configured uplink grant isfor theinitial transmission for the CG-SDT with CCCH message; or

3> if thereisan ongoing CG-SDT procedure and PDCCH addressed to the MAC entity's C-RNTI has been
received; or

3> if the configured uplink grant isfor the first PUSCH transmission during an on-going LTM cell switch; or

3> if the configured uplink grant isfor the first PUSCH transmission during an ongoing RACH-less
handover procedure; or

3> if thereisno ongoing CG-SDT nor ongoing RACH-less LTM cell switch nor ongoing RACH-less
handover procedure;

4> consider the NDI bit for the corresponding HARQ process to have been toggled;
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4> deliver the configured uplink grant and the associated HARQ information to the HARQ entity.

2> elseif the cg-RetransmissionTimer for the corresponding HARQ process is configured and not running, then
for the corresponding HARQ process:

3> if the configuredGrantTimer is not running, and the HARQ processis not pending (i.e. new
transmission):

4> consider the NDI bit to have been toggled;
4> deliver the configured uplink grant and the associated HARQ information to the HARQ entity.

3> elseif the previous uplink grant delivered to the HARQ entity for the same HARQ process was a
configured uplink grant (i.e. retransmission on configured grant):

4> deliver the configured uplink grant and the associated HARQ information to the HARQ entity.

2> elseif the cg-SDT-RetransmissionTimer is configured and not running for the corresponding HARQ process,
or

2> if the cg-RRC-RetransmissionTimer is configured and not running for the corresponding HARQ process:

3> if the configured uplink grant is for the first PUSCH transmission at RACH-less LTM cell switch (i.e.,
initial new transmission); or

3> if the configured uplink grant is for theinitial transmission of RACH-less handover (i.e., initial new
transmission); or

3> if the configured uplink grant is for theinitial transmission for the CG-SDT with CCCH message (i.e.,
initial new transmission); or

3> if the configuredGrantTimer is not running or not configured, and PDCCH addressed to the MAC entity's
C-RNTI has been received after the initial transmission of the CG-SDT with CCCH message (i.e.,
subsequent new transmission):

4> consider the NDI bit to have been toggled;
4> deliver the configured uplink grant and the associated HARQ information to the HARQ entity.

3> if PDCCH addressed to the MAC entity's C-RNTI has not been received and if the previous uplink grant
delivered to the HARQ entity for the same HARQ process was a configured uplink grant for initial
transmission of CG-SDT with CCCH message or for its retransmission (i.e., retransmission for initial
CG-SDT transmission); or

3> if RACH-less handover is not successfully completed and if the previous uplink grant delivered to the
HARQ entity for the same HARQ process was a configured uplink grant for initial transmission of
RACH-less handover or for its retransmission (i.e., retransmission for initial RACH-less handover
transmission); or

3> if RACH-less LTM cell switch is not successfully completed and if the previous uplink grant delivered to
the HARQ entity for the same HARQ process was a configured uplink grant for first PUSCH
transmission at RACH-less LTM cell switch or for its retransmission (i.e., retransmission for initial
transmission at RACH-less LTM cell switch):

4> consider the NDI bit to have not been toggled,;
4> deliver the configured uplink grant and the associated HARQ information to the HARQ entity.

For configured uplink grantsthat are not part of a multi-PUSCH configured grant and neither configured with harg-
Procl D-Offset2 nor with cg-RetransmissionTimer, the HARQ Process | D associated with the first symbol of aUL
transmission is derived from the following equation:

HARQ Process ID = [floor(CURRENT _symbol/periodicity)] modulo nrofHARQ-Processes
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For configured uplink grantsthat are not part of a multi-PUSCH configured grant and configured with harg-Procl D-
Offset2, the HARQ Process I D associated with the first symbol of a UL transmission is derived from the following
equation:

HARQ Process ID = [floor(CURRENT _symbol / periodicity)] modulo nrofHARQ-Processes + harg-Procl D-Offset2

For amulti-PUSCH configured grant (as specified in clause 5.8.2) configured with neither harg-Procl D-Offset2 nor cg-
RetransmissionTimer, the HARQ Process I D associated with the first symbol of a UL transmission is derived from the
following equation:

HARQ Process ID = [nrofSotsinCG-Periodx floor (CURRENT _symbol / periodicity) + ID_OFFSET] modulo
nrofHARQ-Processes

For amulti-PUSCH configured grant configured with harg-Procl D-Offset2, the HARQ Process ID associated with the
first symbol of a UL transmission is derived from the following equation:

HARQ Process ID = [nrofSotsinCG-Period x floor (CURRENT _symbol / periodicity) + ID_OFFSET] modulo
nrofHARQ-Processes + harg-Procl D-Offset2

where, if cg-SDT-PeriodicityExt (as defined in TS 38.331 [5]) is not configured, CURRENT _symbol = (SFN x

number OfS otsPer Frame x number OfSymbolsPerSot + slot number in the frame x number OfSymbol sPer Sot + symbol
number in the slot), and number OfS otsPer Frame and number OfSymbol sPerSot refer to the number of consecutive
dots per frame and the number of consecutive symbols per slot, respectively as specified in TS 38.211 [8]; aternatively,
if cg-SDT-PeriodicityExt (asdefined in TS 38.331 [5]) is configured, CURRENT _symbol = ((H-SFN x

number OfSFNperH-SFN + SFN) x number OfSotsPerFrame x number OfSymbolsPerSot + slot number in the frame x
number OfSymbolsPerS ot + symbol number in the slot), and number OfSFNperH-SFN, number OfS otsPerFrame and
number OfSymbol sPer Sot refer to the number of consecutive frames per H-SFN, the number of consecutive slots per
frame and the number of consecutive symbols per slot, respectively as specified in TS 38.211 [8]. For a multi-PUSCH
configured grant, ID_OFFSET equals O for the first configured uplink grant within a periodicity of the configuration
and K for the K" (1 < K < nrofSotsinCG-Period) valid configured uplink grant after the first configured uplink grant
within the same periodicity. A configured uplink grant in a multi-PUSCH configured grant is considered valid if it
satisfies the conditions specified in clause 6.1 in TS 38.214 [7].

For configured uplink grants configured with cg-RetransmissionTimer, the UE implementation selects an HARQ
Process ID among the HARQ process | Ds available for the configured grant configuration. If the MAC entity is
configured with intraCG-Prioritization, for HARQ Process ID selection, the UE shall prioritize the HARQ Process D
with the highest priority, where the priority of HARQ process is determined by the highest priority among priorities of
the logical channels that are multiplexed (i.e. the MAC PDU to transmit is already stored in the HARQ buffer) or have
data available that can be multiplexed (i.e. the MAC PDU to transmit is not stored in the HARQ buffer) in the MAC
PDU, according to the mapping restrictions as described in clause 5.4.3.1.2. If the MAC entity is configured with
intraCG-Prioritization, for HARQ Process |D selection among initial transmission and retransmission with equal
priority, the UE shall prioritize retransmissions before initial transmissions. The priority of aHARQ Process for which
no data for logical channelsis multiplexed or can be multiplexed in the MAC PDU is lower than the priority of a
HARQ Process for which data for any logical channelsis multiplexed or can be multiplexed in the MAC PDU. If the
MAC entity is not configured with intraCG-Prioritization, for HARQ Process ID selection, the UE shall prioritize
retransmissions before initial transmissions. The UE shall toggle the NDI in the CG-UCI for new transmissions and not
toggle the NDI in the CG-UCI in retransmissions.

NOTE 1: If aconfigured uplink grant is associated with a multi-PUSCH configured grant, CURRENT _symbol
refersto the symbol index of the first transmission occasion in the first configured uplink grant within the
same periodicity. Otherwise, CURRENT _symbol refersto the symbol index of the first transmission
occasion of abundle of configured uplink grant.

NOTE 2: A HARQ processis configured for a configured uplink grant where neither harg-Procl D-Offset nor harg-
Procl D-Offset2 is configured, if the configured uplink grant is activated and the associated HARQ
process ID isless than nrofHARQ-Processes. A HARQ processis configured for a configured uplink
grant where harg-Procl D-Offset2 is configured, if the configured uplink grant is activated and the
associated HARQ process ID is greater than or equal to harg-Procl D-Offset2 and less than sum of harg-
Procl D-Offset2 and nrofHARQ-Processes for the configured grant configuration.
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NOTE 3: If the MAC entity receives agrant in a Random Access Response (i.e. MAC RAR or fallbackRAR), or
addressed to Temporary C-RNTI or determines a grant as specified in clause 5.1.2a for MSGA payload
and if the MAC entity also receives an overlapping grant for its C-RNTI or CS-RNTI, requiring
concurrent transmissions on the SpCell, the MAC entity may choose to continue with either the grant for
its RA-RNTIl/Temporary C-RNTI/MSGB-RNTI/the MSGA payload transmission or the grant for its C-
RNTI or CS-RNTI.

NOTE 4: In case of unaligned SFN across carriersin acell group, the SFN of the concerned Serving Cell isused to
calculate the HARQ Process ID used for configured uplink grants.

NOTE 5: If cg-RetransmissionTimer is not configured, aHARQ process is not shared between different configured
grant configurationsin the same BWP.

For the MAC entity configured with Ich-basedPrioritization, priority of an uplink grant is determined by the highest
priority among priorities of the logical channels that are multiplexed (i.e. the MAC PDU to transmit is already stored in
the HARQ buffer) or have data available that can be multiplexed (i.e. the MAC PDU to transmit is not stored in the
HARQ buffer) in the MAC PDU, according to the mapping restrictions as described in clause 5.4.3.1.2. The priority of
an uplink grant for which no data for logical channelsis multiplexed or can be multiplexed in the MAC PDU islower
than either the priority of an uplink grant for which data for any logical channelsis multiplexed or can be multiplexed in
the MAC PDU or the priority of thelogical channel triggering an SR.

For the MAC entity configured with Ich-basedPrioritization, if the corresponding PUSCH transmission of a configured
uplink grant is cancelled by CI-RNTI as specified in clause 11.2A of TS 38.213 [6] or cancelled by a high PHY -priority
PUCCH transmission as specified in clause 9 of TS 38.213 [6], this configured uplink grant is considered as a de-
prioritized uplink grant. If this de-prioritized uplink grant is configured with autonomousTx, the configuredGrantTimer
for the corresponding HARQ process of this de-prioritized uplink grant shall be stopped if it is running. If this de-
prioritized uplink grant is configured with autonomousTx, the cg-RetransmissionTimer for the corresponding HARQ
process of this de-prioritized uplink grant shall be stopped if it isrunning.

When the MAC entity is configured with Ich-basedPrioritization, for each uplink grant delivered to the HARQ entity
and whose associated PUSCH can be transmitted by lower layers, the MAC entity shall:

1> if this uplink grant is received in a Random Access Response (i.e. inaMAC RAR or fallback RAR), or
addressed to Temporary C-RNTI, or is determined as specified in clause 5.1.2a for the transmission of the
MSGA payload:

2> consider this uplink grant as a prioritized uplink grant.
1> elseif thisuplink grant is addressed to CS-RNTI with NDI = 1 or C-RNTI:

2> if thereis no overlapping PUSCH duration of a configured uplink grant which was not already de-prioritized,
in the same BWP, whose priority is higher than the priority of the uplink grant; and

2> if there is no overlapping PUCCH resource with an SR transmission which was not aready de-prioritized and
the simultaneous transmission of the SR and the uplink grant is not allowed by configuration of
simultaneousPUCCH-PUSCH or simultaneousPUCCH-PUSCH-SecondaryPUCCHgroup or
simultaneousSR-PUSCH-diffPUCCH-Groups or simultaneousPUCCH-PUSCH-SamePriority or
simultaneousPUCCH-PUSCH-SamePriority-SecondaryPUCCHgroup, and the priority of the logical channel
that triggered the SR is higher than the priority of the uplink grant:

3> consider thisuplink grant as a prioritized uplink grant;
3> consider the other overlapping uplink grant(s), if any, as a de-prioritized uplink grant(s);

3> consider the other overlapping SR transmission(s), if any, as a de-prioritized SR transmission(s), except
for the SR transmission(s) whose simultaneous transmission is allowed by configuration of
simultaneousPUCCH-PUSCH or simultaneousPUCCH-PUSCH-SecondaryPUCCHgroup or
simultaneousSR-PUSCH-diffPUCCH-Groups or simultaneousPUCCH-PUSCH-SamePriority or
simultaneousPUCCH-PUSCH-SamePriority-SecondaryPUCCHgroup;

3> if the de-prioritized uplink grant(s) is a configured uplink grant configured with autonomousTx whose
PUSCH has already started:

4> stop the configuredGrantTimer for the corresponding HARQ process of the de-prioritized uplink
grant(s);
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4> stop the cg-RetransmissionTimer for the corresponding HARQ process of the de-prioritized uplink
grant(s).

1> elseif thisuplink grant is a configured uplink grant:

2> if thereis no overlapping PUSCH duration of another configured uplink grant which was not already de-
prioritized, in the same BWP, whose priority is higher than the priority of the uplink grant; and

2> if thereis no overlapping PUSCH duration of an uplink grant addressed to CS-RNTI with NDI =1 or C-
RNTI which was not aready de-prioritized, in the same BWP, whose priority is higher than or equal to the
priority of the uplink grant; and

2> if there is no overlapping PUCCH resource with an SR transmission which was not aready de-prioritized and
the simultaneous transmission of the SR and the uplink grant is not allowed by configuration of
simultaneousPUCCH-PUSCH or simultaneousPUCCH-PUSCH-SecondaryPUCCHgroup or
simultaneousSR-PUSCH-diffPUCCH-Groups or simultaneousPUCCH-PUSCH-SamePriority or
simultaneousPUCCH-PUSCH-SamePriority-SecondaryPUCCHgroup, and the priority of the logical channel
that triggered the SR is higher than the priority of the uplink grant:

3> consider this uplink grant as a prioritized uplink grant;
3> consider the other overlapping uplink grant(s), if any, as a de-prioritized uplink grant(s);

3> if the de-prioritized uplink grant(s) is a configured uplink grant configured with autonomousTx whose
PUSCH has already started:

4> stop the configuredGrantTimer for the corresponding HARQ process of the de-prioritized uplink
grant(s);

4> stop the cg-RetransmissionTimer for the corresponding HARQ process of the de-prioritized uplink
grant(s).

3> consider the other overlapping SR transmission(s), if any, as a de-prioritized SR transmission(s), except
for the SR transmission(s) whose simultaneous transmission is allowed by configuration of
simultaneousPUCCH-PUSCH or simultaneousPUCCH-PUSCH-SecondaryPUCCHgroup or
simultaneousSR-PUSCH-diffPUCCH-Groups or simultaneousPUCCH-PUSCH-SamePriority or
simultaneousPUCCH-PUSCH-SamePriority-SecondaryPUCCHgroup.

NOTE 6: If the MAC entity is configured with Ich-basedPrioritization and if there is overlapping PUSCH duration
of at least two configured uplink grants whose priorities are equal, the prioritized uplink grant is
determined by UE implementation.

NOTE 7: If the MAC entity is not configured with Ich-basedPrioritization and if there is overlapping PUSCH
duration of at least two configured uplink grants, it is up to UE implementation to choose one of the
configured uplink grants.

NOTE 8: If the MAC entity is configured with |ch-basedPrioritization, the MAC entity does not take UCI
multiplexing according to the procedure specified in TS 38.213 [6] into account when determining
whether the PUSCH duration of an uplink grant overlaps with the PUCCH resource for an SR
transmission.

54.2 HARQ operation

5421 HARQ Entity

The MAC entity includes aHARQ entity for each Serving Cell with configured uplink (including the case when it is
configured with supplementaryUplink), which maintains a number of parallel HARQ processes.

The number of parallel UL HARQ processes per HARQ entity is specified in TS 38.214 [7].
Each HARQ process supports one or two TBs.

Each HARQ processis associated with a HARQ process identifier. For UL transmission with UL grant in RA Response
or for UL transmission for MSGA payload, HARQ process identifier O is used.
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NOTE: Whenasingle DCI is used to schedule multiple PUSCH, the UE is allowed to map generated TB(S)
internally to different HARQ processes in case of LBT failure(s), i.e. UE may transmit anew TB on any
HARQ processin the grants that have the same TBS, the same RV and the NDIs indicate new
transmission.

The maximum number of transmissions of a TB within a bundle of the dynamic grant or configured grant or the uplink
grant received inaMAC RAR isgiven by REPETITION_NUMBER asfollows:

- For adynamic grant, REPETITION_NUMBER is set to a value provided by lower layers, as specified in clause
6.1.2.1 0f TS38.214[7];

- For aconfigured grant, REPETITION_NUMBER is set to a value provided by lower layers, as specified in clause
6.1.2.3 0f TS38.214[7];

- For anuplink grant received inaMAC RAR, REPETITION_NUMBER is set to avalue provided by lower
layers, as specified in clause 6.1.2.1 of TS 38.214[7].

If REPETITION_NUMBER > 1, after the first transmission within a bundle, at most REPETITION_NUMBER -1
HARQ retransmissions follow within the bundle. For both dynamic grant and configured uplink grant, and uplink grant
received in aMAC RAR bundling operation relies on the HARQ entity for invoking the same HARQ process for each
transmission that is part of the same bundle. Within abundle, HARQ retransmissions are triggered without waiting for
feedback from previous transmission according to REPETITION_NUMBER for a dynamic grant or configured uplink
grant or uplink grant received in aMAC RAR unless they are terminated as specified in clause 6.1 of TS 38.214 [7].
Each transmission within abundle is a separate uplink grant delivered to the HARQ entity.

For each transmission within a bundle of the dynamic grant or uplink grant received in aMAC RAR, the sequence of
redundancy versions is determined according to clause 6.1.2.1 of TS 38.214 [7]. For each transmission within a bundle
of the configured uplink grant, the sequence of redundancy versions is determined according to clause 6.1.2.3 of TS
38.214[7].

For each uplink grant, the HARQ entity shall:
1> identify the HARQ process associated with this grant, and for each identified HARQ process:

2> if the received grant was not addressed to a Temporary C-RNTI on PDCCH, and the NDI provided in the
associated HARQ info