ETSI TS 138 214 vi16.13.0 2023-04)

& >3

TECHNICAL SPECIFICATION

5G;
NR;
Physical layer procedures for data
(3GPP TS 38.214 version 16.13.0 Release 16)

H°56

A GLOBAL INITIATIVE



3GPP TS 38.214 version 16.13.0 Release 16 1 ETSI TS 138 214 V16.13.0 (2023-04)

Reference
RTS/TSGR-0138214vgd0

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:
https://www.etsi.org/standards-search

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

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

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

If you find a security vulnerability in the present document, please report it through our
Coordinated Vulnerability Disclosure Program:
https://www.etsi.org/standards/coordinated-vulnerability-disclosure

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 fitness
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 2023.
All rights reserved.

ETSI


https://www.etsi.org/standards-search
http://www.etsi.org/deliver
https://portal.etsi.org/TB/ETSIDeliverableStatus.aspx
https://portal.etsi.org/People/CommiteeSupportStaff.aspx
https://www.etsi.org/standards/coordinated-vulnerability-disclosure

3GPP TS 38.214 version 16.13.0 Release 16 2 ETSI TS 138 214 V16.13.0 (2023-04)

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 38.214 version 16.13.0 Release 16 3 ETSI TS 138 214 V16.13.0 (2023-04)

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
AV TeTo = L= g oY = 01T 070] oo | OSSPSR 2
1= 11 o TSRS 6
1 o0 o< TP P URUP PRSPPSO 7
2 REFEIBINCES ...ttt a b b e sttt e £ e e et e e st e be e b e sE e benb et et e neenenneebeneen 7
3 Definitions, symbols and abbreviationS .............cceieeeii e e e 8
31 D= T aT] (0] TP P TR PRTUPTPPURRSI 8
3.2 Y 1210 S 8
3.3 ADDIEVIBLIONS ...ttt bbbt b bt a et ee e e sh e e b e bt e he e s e e e e besh e eb e e Rt e Rt e e e R e bt sheebeeneenrennen 8
4 01T o] 11 (o S 9
41 Power alocation fOr AOWNIINK ...........ooiiiie et et e e st ese e eese e besaeseenneeneeneens 9
5 Physical downlink shared channel related proCeAUIES.........c.oov et 10
51 UE procedure for receiving the physical downlink shared channel .............ccooovveiieiccnce s 10
511 TraNSMISSION SCNEIMIES ...ttt ettt st b e bt b ae s e e e e e e beseeeb e e bt eb e e e e s et e sb e ebesaeene e e ennenes 13
5111 TranSMISSION SCNEIME L ...ttt bbbt b e bt s a e e bt e ae et e se e b et sr e et e sneene e e ennes 13
512 RESOUICE @ HOCALTON. ...ttt bbbkt e e bbbt bt et e se e e e sb e besbesbe e e ennenrea 13
5121 Resource allocation in time dOMEIN ..........ooiiiiieeeee e et e e e e see e e eneeseen 13
51211 Determination of the resource allocation table to be used for PDSCH..........ccoocovoiiiiinieieiee 16
5122 Resource allocation in freqUENCY dOMEIN ..........coiriiiiireine e eb e e eene 19
51221 Downlink resource allOCatiON LYPE O.....c..cuervirieieriirieiisiesieirie st 20
51222 Downlink resource allOCaLION LYPE L ........ceiuirieiiriirieiisierieert ettt 20
5123 Physical resource block (PRB) BUNAIING........coiiiiiiiicireeeseeereee et 21
5.1.3 Modulation order, target code rate, redundancy version and transport block size determination............... 23
5131 Modulation order and target code rate determMiNalion ...........ccccevceiieeieeseese e 25
5.1.3.2 Transport block Size deterMiNGLiON..........cccveiieiie e e st re e e e teeneeneeenes 29
514 PDSCH reSOUICE MaPPING ....veeuveieeieeieesieesteesteeeeesaesseesseesseessessessesssesseesseesseenseassessssssesssesssesssesssesssssnsesses 32
5141 PDSCH resource mapping with RB symbol level granularity ...........cccccceveeevieerieecieecieeieseeseee e 32
5.1.4.2 PDSCH resource mapping with RE leVel granuUlarity .........ccoeveeieeiecie e 33
515 ANLENNA POIS QUESH CO-IOCELION. ....c.ecvieiaieiirtiiei sttt bbbt s b et b e 35
516 UE procedure for receiving reference SIgNalS.........cov it 38
5161 CSI-RS reCeptioN PrOCEAUNE........c.citireeiietereeeete sttt e bt re bt e et a e eb e b s b b s e b sneneenes 38
51611 CSI-RS TOF rBCKING ...ttt bttt b bt e et b st sb e b 39
516.1.2 CSI-RSfor L1-RSRP and L1-SINR COMPULBLION .......oveueriiieiirierieesiesieesie e 40
516.1.3 CSI-RS TOF MODINTILY ...ttt 40
5.1.6.2 DM-RS reCEeption PrOCEAUIE ......ccvieieeie e see st e st eteeteette et e st e e e te e e eeessaesseesaeesseeseenseansessaesseesseessens 41
5.1.6.3 PT-RS reCeption PrOCEAUIE.........ecvieie et se et ee ettt et e e e e tessaessaesreesreenseeaeeneesnneessesnaesseesseeseens 43
5.1.6.4 SRS reception ProCeAUIrE FOr CLI.......uiii ittt seesnae e enaesnaesnees 45
5.1.6.5 PRS reCEptioN PrOCEUUIE. .......ecieeiecesesee st ste e ste et e st e st e e e e e e estesseesaeesseesaeenseenseenseensesneesneesseesnnns 45
5.1.7 Code block group based PDSCH tranSmiSSION.........cccueieerieneesieeieeeeseeseeseesseesseeseessessesssesssesssesssssnsssnes 49
5171 UE procedure for grouping of code blocksto code block groups..........ooeeevereneeceienine e 49
5172 UE procedure for receiving code block group based transmiSSions...........c.coevevereeneneeeneneese e 49
52 UE procedure for reporting channel state information (CSI) .........ooeeriinineneeeeee e 50
521 Channel state information framMEWOTK............cooii it e e 50
5211 REPOMING SELLINGS ...ttt b bbbt b b e bt s b e ne e bt sbeseebesbe e ebesbe e ebesbenneneas 50
5212 RESOUICE SEHIINGS. ..ttt sttt ettt ettt st b e et b e e b b e bt b e e st bt se e e eb e seeb e s b e e ebesbeneebenbenneneas 51
5213 Yoo ) ISP 52
5214 REPOrtiNG CONFIQUIALIONS. .....c..eiiieieeie e see st sttt e e st e e e e teenteeaesseesseesseesseenseenseenaesneesseesnnns 52
52141 Resource Setting CONfIQUIALION ..........cccueiieieeiiee ettt e st te e s e aeeeeeneeenes 54
52142 Report Quantity CoNfigUIELIONS .........cicueiieiierieeeeeieseese e e ste e sre e sae e e e e sraesre e e eteeaesneesnes 55
52143 I S o L 7o g 1] o TSR 57
52144 IS N = o] 1] o TSR 58
5215 Triggering/activation of CSI Reportsand CSI-RS..........ccoiiiiieee e 58

ETSI



3GPP TS 38.214 version 16.13.0 Release 16 4 ETSI TS 138 214 V16.13.0 (2023-04)

52151 Aperiodic CSl Reporting/Aperiodic CSI-RS when the triggering PDCCH and the CSI-RS
have the SAME NUMETOIOQY ........ervereririeiririeeet ettt sb e b ebenn e 58
5.2.15.1a Aperiodic CSl Reporting/Aperiodic CSI-RS when the triggering PDCCH and the CSI-RS
have different NUMEIOIOGIES ..........ceiiri ittt 61
52152 Semi-persistent CSI/Semi-persistent CSI-RS.........coiiee e 63
5.2.1.6 (GRS I o]0 Tor= S S T T ot g1 (= - S 65
522 Channel State INFOMMELION ..ot b et e bbbt b e e e et b e ebesneene e e ennas 66
5221 Channel quality iNAICALOr (CQI)...iuiieeieeiieriesieerteerte s e se e eetesae e sreesreesaeeaeeseesseesseenseeneesseesseessens 66
52211 Y0 ) ISR 68
5.2.2.2 Precoding matriX indiCator (PMI) ......coceeee ittt e esnaesnaennees 68
52221 Type | Single-Panel CoUEDOOK ..........ccoiiriiie e 68
52222 Type | Multi-Panel COBDOOK ..........coiriiriieieie et 75
52223 TYPE I COUBDOOK. ..ottt bbb et b e et b e e 79
52224 Type |1 Port SElection COUENOOK .........ccoiiiiiiieiee e 86
52225 Enhanced Type [1 COOBDOO0K ..........coiiiiiiieiie et b e 88
52226 Enhanced Type |1 Port Selection CodebooK............ccviiriiiiiinreeereee et 95
5.2.2.3 Reference Signal (CSI-RS) .....uciieiieie ettt te e s sre e saeesaeeaeeneeensesnaesneesraesnnes 97
52231 N D S I S TR 97
5224 Channel State Information — Interference Measurement (CSI-IM).......ccoeveeiiecr s 98
5225 CSl reference resource defiNITION...........oo et sb e e e 99
523 CSI reporting USING PUSCH ...ttt st e e ene e be et e eneeenaesnaesneas 100
524 CSI reporting USING PUCKCH .......oece ettt ettt et te e s se e saeesseenteenseenneenaesnaesneas 104
525 Priority rUIESTOr CSI FEPOIS......couiieiirtieeiirt ettt b bt b e 104
53 UE PDSCH processing ProCEAUINE tIME........ceruiruierierieeeterteesie et seesesse s sse s s s s ssese s sneneenes 105
531 Application delay of the minimum scheduling offSet restriction ... 107
54 UE CS| COMPULBLION TIME ...ttt sttt ettt ettt et se e b et b et s bbb e s e bt et se st nn e ens 108
55 UE PDSCH reception preparation time with cross carrier scheduling with different subcarrier spacings
L0 T = DO ® = g o I = D 1S 1 P 109
6 Physical uplink shared channel related ProCEAUrE............coeieieieeieireres s 110
6.1 UE procedure for transmitting the physical uplink shared channel .............ccooe i, 110
6.1.1 TranNSMISSION SCNEITIES ...ttt ettt eb ettt e bbbt e st e s e e e e se e b e see ek e e bt ehe e e e s e besreebeeneenneneenres 111
6.1.1.1 Codebook based UL tranSMiSSION. .......coiiiiiiieieieesiese sttt see e e see e e eeseesresseeneeseeneeneeses 111
6.1.1.2 Non-Codebook based UL tranSmMiSSION.........c.oieieeeeieree e see et seesee e e s eneeneeneas 113
6.1.2 (RS0 U 1T e o o= 1 o o PSR 114
6.1.2.1 Resource allocation in time OMEIN ...........ooiiiiieieee et e e e 114
6.1.2.1.1 Determination of the resource allocation table to be used for PUSCH...........cocoviiiiiiiieiciennee, 118
6.1.2.2 Resource allocation in freqUENCY dOMEIN ..........ccooveiierieineee e 121
6.1.2.2.1 Uplink resource alloCation tYPE O.......eecveeeiieiciesteesie ettt et et snaeenaesraenneas 121
6.1.2.2.2 Uplink resource alloCatioN tYPE L.......ccvveiieeeceesieesie e ste et ettt et snaesnaesraennees 122
6.1.2.2.3 Uplink resource allOCatioN tYPE 2.......eevuveei ettt ettt et esnaesraenneas 123
6.1.2.3 Resource allocation for uplink transmission with configured grant............cccceevveveeriescescee e 124
6.1.3 UE procedure for applying transform precoding 0N PUSCH ..........ccoooviiiiinieree e 127
6.1.4 Modulation order, redundancy version and transport block size determination ...........c.ccoeeveneinicnenn 128
6.1.4.1 Modulation order and target code rate determination ...........c.covvereierereieneree e e 129
6.1.4.2 Transport blOCK Size deterMiNGLiON ...........ooeeiriieerieet e 133
6.1.5 Code block group based PUSCH tranSmMiSSION.........ccceiierirererieinieneee sttt 134
6.1.5.1 UE procedure for grouping of code blocksto code block groups........ccooeoeiveeneeieiencnececeeeee 134
6.1.5.2 UE procedure for transmitting code block group based transmissions........c.cccvereeneneeseneeesenene 135
6.1.6 L0 o QT (o o o PR 135
6.1.6.1 Uplink SWitChing fOr EN-DC .....c..ooiiiiie ettt et ae e sne e te e eeeneeneeenes 135
6.1.6.2 Uplink switching for carrier aggregation ... et ae e 136
6.1.6.3 Uplink switching for supplementary UPIINK ..........cocvieieiee e 137
6.2 UE reference Signal (RS) PrOCEUUIE..........ccuiiie e ettt et srae st e e e teete e e sseesreesteeneeentesnaennaesanas 137
6.2.1 UE SOUNCING PrOCEAUIE ......eeeeeeieee ettt etee st et e e e e s te e s e saeesseenteeseeeneassaessaesseesseenaesnnesneesseansennsenns 137
6.21.1 UE SRS frequency hopping PrOCEAUNE ..........oieiierieeeiesie ettt st be e 142
6.2.1.2 UE sounding procedure for DL CSl @aCqUISITION ........eeiiriiieinierieese et 143
6.2.1.3 UE sounding procedure between COMPONENT CAITIENS. ..ottt 144
6.2.14 UE sounding procedure for poSitioniNg PUIMPOSES .........eeeerieirieriereeie ettt sre e e s 145
6.2.2 UE DM-RS tranSmiSSiON PrOCEOUNE ........c.ciuiieueriiieieriiieiesies ettt sb et sb b e b 146
6.2.3 UE PT-RS transmiSSiON PrOCEAUIE ..........eutiuiieiertirteiestetee sttt sbe bbb e e sbesne e 148
6.2.3.1 UE PT-RS transmission procedure when transform precoding is not enabled..............ccccovevvvcenennee. 148

ETSI



3GPP TS 38.214 version 16.13.0 Release 16 5 ETSI TS 138 214 V16.13.0 (2023-04)

6.2.32 UE PT-RS transmission procedure when transform precoding isenabled............cccooveiienennenienenn 150
6.3 UE PUSCH frequency hopping PrOCEAUNE............ceiirieiriirieieie ettt ettt 151
6.3.1 Frequency hopping for PUSCH repetition TYPE A ..ottt 151
6.3.2 Frequency hopping for PUSCH repetition TYPE B .......oovciiiieiriieeee et e 152
6.4 UE PUSCH preparation ProCEAUINE TIME..........cuiirieiriereeeirieeeiesseseete st sse s sse s sse s s sneneenes 153
7 UE procedures for transmitting and receiving on a carrier with intra-cell guard bands....................... 154
8 Physical sidelink shared channel related ProCeAUIES...........ccoievrieerinese s 155
8.1 UE procedure for transmitting the physical sidelink shared channdl ..., 156
811 TraNSMISSION SCREIMIES ...ttt sttt et e e s e e tesaeete e st ene e eese e besaeebeeneeneeneensenseseeeaeeneenseneents 156
8.1.2 (R SS U1 E e Lo o= 1 o o SR 157
8121 Resource allocation in time OMEIN ...........ooiiiiieeeee e s ae e e 157
8.1.2.2 Resource allocation in frequenCy dOMaIN ..........ccuveiiiieiie st 157
8.1.3 Modulation order, target code rate, redundancy version and transport block size determination............. 158
8.1.3.1 Modulation order and target code rate determMiNation ...........c.ccovcverrececcesees e e 158
8.1.3.2 Transport block Size deterMiNGLiON ..........cccceieeiiere e s te e e e e eraesraesreesneas 158
8.1.4 UE procedure for determining the subset of resources to be reported to higher layersin PSSCH

resource selection in sidelink resource allocation MOUE 2.........ccoviiiiiierenieee e 159
8.15 UE procedure for determining slots and resource blocks for PSSCH transmission associated with an

S O I (0] 0 SRR 162
8.1.6 Sidelink congestion control in sidelink resource allocation MOde 2..........ccvvieeeeeieeienese e 163
8.1.7 UE procedure for determining the number of logical slotsfor areservation period...........cccooeveeerenienne 164
8.2 UE procedure for transmitting sidelink reference SIgNals ..o 164
821 CSI-RS transmMiSSION PrOCEUUNE.........ccutiuereeuertereete st sttt sttt sb e e st s b e et s be e bt se bt sbese et st na e sbenne e ees 164
8.2.2 PSSCH DM-RS transmiSSiON PrOCEAUNE...........ceueireerieerieesieeeeseeseesseeseeaesssesseesseesesssessassseessesssesssesnsenns 164
8.2.3 PT-RS tranSmMiSSiON PrOCEAUIE .........coiuieruieiietieeieesteeteetesaeseesseesseesseesesseesseasseesseessesssnsseessnssseesseensesnsenns 164
8.3 UE procedure for receiving the physical sidelink shared channél ..o, 165
84 UE procedure for receiving referenCe SIgNaIS ........eoiiiie ettt e e snees 165
84.1 CSI-RS reCeptioN PrOCEAUIE ........c.eeeieeteeieeeeiesee st e st esteeteeseeeseessaeste e teetessaesseesseesseesseenseenseensessenssensans 165
8.4.2 DM-RS reception procedure for RSRP COMPULBLION...........cccuiiieieeri e seeseee e ens 165
843 PT-RS reCeption PrOCEOUNE. .......couiiieiirtiieiertert ettt b et b bbb n et sb e b 165
85 UE procedure for reporting channel state information (CSI) ..o 165
851 Channel state information framMEWOTK..............oiiii e neens 165
8511 REPOItiNG CONFIGUIBLIONS.......cueiveeeiiitereee ettt sttt sttt et st b bt eb e se et b e bbb 166
8512 Triggering Of SIAEliNK CSI FEPOMS ......coveiviietireieeterieeet ettt 166
852 Channel State INFOMMELION ........cceiuiieieieeee ettt et b bbb e e e b e sbe e e enne e 166
85.21 LGRS I = oo (] g0 0 8 =T gL =SS 166
85211 Channel quality iNdiCator (CQI) ...ciieuieiieieieeie et esraesre e e eneesneeeneeenes 166
8.5.2.2 Reference SigNal (CSI-RS) .....coiiiiie ettt ae et e e s e sre e te e te e teereeneeneeanes 167
85.23 CSl reference resource defiNITION...........oo e e 167
8.5.3 L@ I = oo 11 oo S 168
8.6 UE PSSCH preparation ProCeAUIE LTI ..........ceiirieirierieiieteseeesiese ettt ese s nneneens 168
Annex A (informative): ChangE NISLONY ..o 169
[ 11 0] Y PP 177

ETSI



3GPP TS 38.214 version 16.13.0 Release 16 6 ETSI TS 138 214 V16.13.0 (2023-04)

Foreword

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

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

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

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

z thethird digit isincremented when editorial only changes have been incorporated in the document.
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1 Scope
The present document specifies and establishes the characteristics of the physicals layer procedures of data channels for
5G-NR.
2 References
The following documents contain provisions which, through reference in this text, constitute provisions of the present
document.

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

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

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

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

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

[6] 3GPP TS 38.213: "NR; Physical layer procedures for control”

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

(8] 3GPP TS 38.101: "NR; User Equipment (UE) radio transmission and reception”

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

[10] 3GPP TS 38.321: "NR; Medium Access Control (MAC) protocol specification”

[171] 3GPP TS 38.133: "NR; Requirements for support of radio resource management"

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

[13] 3GPP TS 38.306: "NR; User Equipment (UE) radio access capabilities'

[14] 3GPP TS 38.423: "NG-RAN; Xn Application Protocol (XnAP)"

[15] 3GPP TS 36.211: "Evolved Universal Terrestrial Radio Access (E-UTRA); Physical channels and

modulation”
[16] 3GPP TS 37.213: "Physical layer procedures for shared spectrum channel access'
[17] 3GPP TS 37.355: "L TE Positioning Protocol (LPP)"
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3 Definitions, symbols and abbreviations

3.1 Definitions

For the purposes of the present document, the terms and definitions givenin 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].

3.2 Symbols

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

3.3 Abbreviations

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

BWP Bandwidth part

CBG Code block group

CLI Cross Link Interference
CP Cyclic prefix

CQl Channel quality indicator
CPU CSl processing unit

CRB Common resource block
CRC Cyclic redundancy check
CRI CSI-RS Resource | ndicator
csl Channel state information
CSI-RS Channel state information reference signal

CSI-RSRP CSl reference signal received power
CSI-RSRQ CSl reference signal received quality

CSI-SINR CSl signal-to-noise and interference ratio
Cw Codeword

DCI Downlink control information

DL Downlink

DM-RS Demodulation reference signals

DRX Discontinuous Reception

EPRE Energy per resource element

IAB-MT Integrated Access and Backhaul — Mobile Terminal
L1-RSRP Layer 1 reference signal received power
LI Layer Indicator

MCS Modulation and coding scheme
PDCCH Physical downlink control channel
PDSCH Physical downlink shared channel

PSS Primary Synchronisation signal

PUCCH Physical uplink control channel

QCL Quasi co-location

PMI Precoding Matrix Indicator

PRB Physical resource block

PRG Precoding resource block group

PRS Positioning reference signal

PT-RS Phase-tracking reference signal

RB Resource block

RBG Resource block group

RI Rank Indicator

RIV Resource indicator value

RS Reference signal

SCl Sidelink control information

SLIV Start and length indicator value
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SR Scheduling Request
SRS Sounding reference signal
SS Synchronisation signal
SSS Secondary Synchronisation signal
SS-RSRP SS reference signal received power
SS-RSRQ SSreference signal received quality
SS-SINR SS signal-to-noise and interference ratio
TB Transport Block
TCl Transmission Configuration Indicator
TDM Time division multiplexing
UE User equipment
UL Uplink

4 Power control

Throughout this specification, unless otherwise noted, statements using the term "UE" in clauses 4, 5, or 6 are equally
applicable to the IAB-MT part of an |AB node.

4.1 Power allocation for downlink

The gNB determines the downlink transmit EPRE.

For the purpose of SS-RSRP, SS-RSRQ and SS-SINR measurements, the UE may assume downlink EPRE is constant
across the bandwidth. For the purpose of SS-RSRP, SS-RSRQ and SS-SINR measurements, the UE may assume
downlink EPRE is constant over SSS carried in different SS/PBCH blocks. For the purpose of SS-RSRP, SS-RSRQ and
SS-SINR measurements, the UE may assume that the ratio of SSS EPRE to PBCH DM-RS EPRE is 0 dB.

For the purpose of CSI-RSRP, CSI-RSRQ and CSI-SINR measurements, the UE may assume downlink EPRE of a port
of CSI-RS resource configuration is constant across the configured downlink bandwidth and constant across all
configured OFDM symbols.

The downlink SS/PBCH SSS EPRE can be derived from the SSYPBCH downlink transmit power given by the parameter
ss-PBCH-BlockPower provided by higher layers. The downlink SSS transmit power is defined as the linear average
over the power contributions (in [W]) of al resource elements that carry the SSS within the operating system
bandwidth.

The downlink CSI-RS EPRE can be derived from the SS/PBCH block downlink transmit power given by the parameter
ss-PBCH-BlockPower and CSI-RS power offset given by the parameter power Control OffsetSS provided by higher
layers. The downlink reference-signal transmit power is defined as the linear average over the power contributions (in
[W]) of the resource elements that carry the configured CSI-RS within the operating system bandwidth.

For downlink DM-RS associated with PDSCH, the UE may assume the ratio of PDSCH EPRE to DM-RS EPRE (
Bomrs [0B]) is given by Table 4.1-1 according to the number of DM-RS CDM groups without data as described in

Clause 5.1.6.2. The DM-RS scaling factor ,ng, specified in Clause 7.4.1.1.2 of [4, TS 38.211] isgiven by

_:HDMRS
DMRS __ 20
PDSCH =10 .

Table 4.1-1: The ratio of PDSCH EPRE to DM-RS EPRE

Number of DM-RS CDM DM-RS configuration type 1 DM-RS configuration type 2
groups without data
1 0dB 0dB
2 -3dB -3dB
3 - -4.77 dB

When the UE is scheduled with one or two PT-RS ports associated with the PDSCH,
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- if the UE is configured with the higher layer parameter epre-Ratio, the ratio of PT-RS EPRE to PDSCH EPRE
per layer per RE for each PT-RS port ( o, ) is given by Table 4.1-2 according to the epre-Ratio, the PT-RS

PPTRS

scaling factor £, specified in clause 7.4.1.2.2 of [4, TS 38.211] isgiven by S, =10 2 .

- otherwise, the UE shall assume epre-Ratio is set to state '0" in Table 4.1-2 if not configured.

Table 4.1-2: PT-RS EPRE to PDSCH EPRE per layer per RE ( o)

The number of PDSCH layers with DM-RS associated to the PT-RS port
epre-Ratio
1 2 3 4 5 6
0 0 3 4.77 6 7 7.78
1 0 0 0 0 0 0
2 reserved
3 reserved

For link recovery, as described in clause 6 of [6, TS 38.213] the ratio of the PDCCH EPRE to NZP CSI-RSEPRE is
assumed as 0 dB.

5 Physical downlink shared channel related procedures
5.1 UE procedure for receiving the physical downlink shared
channel

For downlink, a maximum of 16 HARQ processes per cell is supported by the UE. The number of processes the UE
may assume will at most be used for the downlink is configured to the UE for each cell separately by higher layer
parameter nrofHARQ-ProcessesForPDSCH, and when no configuration is provided the UE may assume a default
number of 8 processes.

A UE shall upon detection of a PDCCH with a configured DCI format 1_0, 1_1 or 1_2 decode the corresponding
PDSCHs as indicated by that DCI. For any HARQ process | D(s) in a given scheduled cell, the UE is not expected to
receive a PDSCH that overlapsin time with another PDSCH. The UE is not expected to receive another PDSCH for a
given HARQ process until after the end of the expected transmission of HARQ-ACK for that HARQ process, where the
timing is given by Clause 9.2.3 of [6]. Except for the case when a UE is configured by higher layer parameter PDCCH-
Config that contains two different values of coresetPoollndex in Control ResourceSet and PDCCHs that schedule two
PDSCHs are associated to different Control ResourceSets having different values of coresetPoollndex, in agiven
scheduled cell, the UE is not expected to receive afirst PDSCH and a second PDSCH, starting later than the first
PDSCH, with its corresponding HARQ-ACK assigned to be transmitted on a resource ending before the start of a
different resource for the HARQ-ACK assigned to be transmitted for the first PDSCH, where the two resourcesarein

different slots for the associated HARQ-ACK transmissions, each slot is composed of N;‘,ﬁﬁ symbols[4] or a number of

symbols indicated by subslotLengthForPUCCH if provided, and the HARQ-ACK for the two PDSCHs are associated
with the HARQ-ACK codebook of the same priority. Except for the case when a UE is configured by higher layer
parameter PDCCH-Config that contains two different values of coresetPoollndex in Control ResourceSet and PDCCHs
that schedule two PDSCHSs are associated to different Control Resour ceSets having different values of coresetPool Index,
in agiven scheduled cell, the UE is not expected to receive afirst PDSCH, and a second PDSCH, starting later than the
first PDSCH, with its corresponding HARQ-ACK assigned to be transmitted on aresource ending before the start of a
different resource for the HARQ-ACK assigned to be transmitted for the first PDSCH if the HARQ-ACK for the two
PDSCHs are associated with HARQ-ACK codebooks of different priorities. For any two HARQ process IDsin agiven
scheduled cell, if the UE is scheduled to start receiving afirst PDSCH starting in symbol j by aPDCCH ending in
symbol i, the UE is not expected to be scheduled to receive a PDSCH starting earlier than the end of the first PDSCH
with a PDCCH that ends later than symbol i. In a given scheduled cell, for any PDSCH corresponding to SI-RNTI, the
UE is not expected to decode a re-transmission of an earlier PDSCH with a starting symbol less than N symbols after
the last symbol of that PDSCH, where the value of N depends on the PDSCH subcarrier spacing configuration , with
N=13 for 4#=0, N=13 for £=1, N=20 for =2, and N=24 for x=3.
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When receiving PDSCH scheduled with SI-RNTI or P-RNTI, the UE may assume that the DM-RS port of PDSCH is
quasi co-located with the associated SS/PBCH block with respect to Doppler shift, Doppler spread, average delay, delay
spread, spatial RX parameters when applicable.

When receiving PDSCH scheduled with RA-RNTI, or MSGB-RNTI, the UE may assume that the DM-RS port of
PDSCH is quasi co-located with the SS/PBCH block or the CSI-RS resource the UE used for RACH association as
applicable, and 