ETS| TS 136 213 V15.12.0 (2021-02)

. “E'-“:"::--—

TECHNICAL SPECIEICATION

LTE;
Evolved Universal Terrestrial Radio Access (E-UTRA);
Physical layer procedures
(3GPP TS 36.213 version 15.12.0 Release 15)

X566

A GLOBAL INITIATIVE



3GPP TS 36.213 version 15.12.0 Release 15 1 ETSI TS 136 213 V15.12.0 (2021-02)

Reference
RTS/TSGR-0136213vfcO

Keywords
LTE

ETSI

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

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

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

Important notice

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

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

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

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

Copyright Notification

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

© ETSI 2021.
All rights reserved.

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

ETSI


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

3GPP TS 36.213 version 15.12.0 Release 15 2 ETSI TS 136 213 V15.12.0 (2021-02)

Intellectual Property Rights

Essential patents

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

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

Trademarks

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

Legal notice
This Technical Specification (TS) has been produced by the ETSI 3 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 http://webapp.etsi.org/key/queryform.asp.

Modal verbs terminology

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

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

ETSI


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

3GPP TS 36.213 version 15.12.0 Release 15 3 ETSI TS 136 213 V15.12.0 (2021-02)

Contents

INtellectual Property RIGNES.... ..ot b e e e en e ns 2
LBOA1 NMOTICE ...ttt b et et e e e e st h e Rt e R e R e b e R R e R e e ARt R R R e e e e R n e ns 2
AV TeTo = L= g oY = 01T 070] oo | OSSPSR 2
1= 11 o TSRS 8
1 o0 o< TP P URUP PRSPPSO 9
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 9
3 Symbols and aDDrEVIELIONS..........cceieeii ettt st e per e re e e enes 10
31 Y 2] SRS 10
3.2 ADDIEVIBLIONS ...ttt ettt b et ese e bt sh e b e e he e ae e s e e ne e b e eReeh e e Re et e e e bt bt eheene e e ne e 10
4 SYNCNIroNi ZatiON PrOCEAUIES ........coueiuiitirtitese ettt ettt e et s et sb e bt s e e e e e e e s e b e sn e b e e e nnenne e 12
41 (0= IS o o PSSR 12
4.2 TiMING SYNCHIONIZBLION.........c.eitiieeiiite ettt ettt b e et b e et b e e st b e e b e sb e e eb e s b e neebeereneeneas 12
421 RATI0 1INK MONITOMING ...ttt bttt b et b et b et b e bbb 12
4.2.2 INEEr-Cell SYNCHIONIZALION ...ttt b e bbb 12
4.2.3 TransmissSioN tiMiNG AdJUSHMENES ........eeciieiecece ettt te st sre e sneesseenneeneeenaeereenraennens 12
4.3 Timing for Secondary Cell Activation / DEACHIVALION..........ccccuvieerierieiiee e e e sreesneas 14
5 POWEY CONMEIOL ...ttt ettt et e st e e tesae e eesae e eesteemeeseeeseensesseeneensesseeneeseeeneensennens 15
51 UPHINK POWET CONIOL......cctitieietiitieet ettt bbbt b et b et nb e b 15
511 Physical uplink Shared ChanNEl ........ ..o e 15
5111 UE DBNAVIOUF ...ttt ettt et et e s te et es e et enee e e neesbeseeeneenneneeneens 16
5112 0TV g 170 [ oo o SR 30
512 Physical uplink CONLrol ChaNNEL ..o b e 33
5121 UE DBNAVIOUF ...ttt ettt et et e s te et es e et enee e e neesbeseeeneenneneeneens 34
5.1.3 Sounding Reference SYymBOl (SRS) .......ooiiie i 39
5131 UE DENAVIOUN ...ttt bbbttt 39
5132 Power headroom fOr TYPE3 FEPOIT ........ccuieiieieeie e see sttt se e ste e te e e e s e e sreesseesseeseeneeneesseenseenseans 41
514 Power allocation for EUTRA dual CONNECLIVITY ....c..eeiuieiieie e ee et 42
5141 Dual connectivity power CONtrol MOOE L........ceoiiiiiieieee et nnees 43
5.1.4.2 Dual connectivity power CONrOl MOOE 2.......c..eeiueeiieiece ettt nnees 50
515 Power allocation fOr PUCCH-SCEIL ...ttt s sne e e eneeneens 54
52 DOWNIINK POWES @IIOCALTON ......cueivieeieeteseeeet ettt bbbt bt b sttt eb e e e ens 55
521 eNodeB Relative Narrowband TX Power (RNTP) reStriCtioNnS...........coeeerieeireneeerieeeeseeeeeseeeeie s 58
6 RANAOM GCCESS PrOCEAUIE ......c.eeeeie ittt ettt et e s te st et e s te et et e s e e s beebeebesbeeaaesbesreetesneeseseeeneensenrens 59
6.1 Physical non-synchronized random aCCeSS PrOCEUUNE. .........cuevueieeieeriesteeseeeee et e e ete e eeeaeseesreesreseesneesnes 59
6.1.1 I 111 o USSR 60
6.2 RaNdOM ACCESS RESPONSE GIaNL.........ecueiieieeiieesie et eteetesteestee e e e sstesseesaeesreesseeseansesssesseasseesseessennseesesnensnes 61
7 Physical downlink shared channel related ProCedUIrES.............coiiiiiirine s 66
7.1 UE procedure for receiving the physical downlink shared channel ... 67
711 SiNGIE-BNTENNA PO SCNEITIE. ...ttt ettt b e et b e et b e st be b e e e et e st e e ebesbenneneas 86
712 TransSmMit diVErSItY SCREIMIE......cuiiiie bbbttt b et ee e 86
713 Large delay CDD SCNEIME ... .c.coiiiiiitereeeete ettt ettt b et b e bbb et b et eb e bt 86
7.1.4 Closed-loop spatial MUItipleXing SCNEME .........coiiiie e 86
7.15 MUItT-USEr MIIMO SCREIME ...t st b e bt bt h et e e et sae b e e e enne e 87
7.1.5A T e = o 1= o =T 87
7.1.5B Up to 8 layer transmiSSION SCNEIMIE .......cciuieiieie et ciestte e ee st steeste e e sae et este e te e e e tessaesse e seenseeneesneesnns 87
7.16 RESOUICE @ HOCALTON. ...ttt bbbkt e e bbbt b et e e e seesbenbesneebe e e enneneea 87
7.16.1 (RS olger= [ToTo oo I £/ o= O SR 89
7162 RESOUICE allOCALTION TYPE L ...ttt ettt b e et b e e e b se et ebesa e b e sbennenea 90
7.1.6.3 RESOUICE allOCELION LY 2 ...ttt b bbb et b e se et et sa e b e sbe e enea 91
7164 PDSCH Starting POSILION .......c.ceuirueiiterieieete sttt sttt b et sb e e st bese bt beseebesbese e e et e sbeneebesrenneneas 94
7.1.6.4A PDSCH starting position fOr BL/ICE UES .........ccoiiiiieie ettt 96
7.1.6.5 Physical Resource Block (PRB) BUNGIING........cciiiiiiiiireetcriee et 96

ETSI



3GPP TS 36.213 version 15.12.0 Release 15 4 ETSI TS 136 213 V15.12.0 (2021-02)

7.1.7 Modulation order and transport block Size determination ............ccooeverrerennenee e 98
7171 Modulation order and redundancy version determination.............coeerererierennenenese e 100
7172 Transport blOCK Size deterMiNGLiON ...........coeeiiiieirieet bbb 106
71721 Transport blocks not mapped to two or more layer spatial multiplexing ..........ccccoeveenennicnenen 111
71722 Transport blocks mapped to two-layer spatial MUItiplEXing.........cccovreerireerineereeeseeeeens 119
7.1.7.2.3 Transport blocks mapped for DCI Format 1C and DCI Format 6-2...........cccvecvveevcevieeseeseeseeene 119
71724 Transport blocks mapped to three-layer spatial MUltiplexing.........cccccevieevieeie e veese e 120
7.1.7.25 Transport blocks mapped to four-layer spatial MUItipleXing ........ccooceeveereereer e 120
7.1.7.2.6 Transport blocks mapped for BL/CE UEs configured with CEModeB and PDSCH bandwidth

UP E0 LLAMHZ. ..ttt 121
7.1.7.2.7 Transport blocks mapped for BL/CE UEs Systeml nformationBlockTypel-BR...........ccccccveenueneee 122
71728 Transport blocks mapped for UEs configured with ce-pdsch-maxBandwidth-config value of 5

MHz or with pdsch-MaxBandwidth-SC-MTCH value of 24 PRBS..........cccccveiniinenncneneeeseene 122
7.1.7.3 Redundancy Version determination for FOrmMat 1C ..........cooeiririnieenenene e 122
7.18 StOring SOft ChANNE] DTS ... bbb 123
7.19 PDSCH resource Mapping ParaMELEIS. .........ooueeruirieerierteesiesseessesseessessesesse e sessesbessesessesse e ssessesessesseneens 123
7.1.10 Antenna ports quasi Co-10Cation fOr PDSCH ........ccoo i 125
7.1.11 PDSCH subframe assignment for BL/CE UE...........ccooiir it ae e s sae e enne e 126
7.2 UE procedure for reporting Channel State Information (CS1) .......eecveeeieseesiese e 128
721 Aperiodic CSI Reporting USING PUSCH ..........cociiiiie sttt sneene e ens 138
7.2.2 Periodic CSl Reporting USING PUCKCH ........ccoiiieicece et ets e e e st te e saesaesneesnnenseenneens 163
723 Channel Quality Indicator (CQI) defiNitioN..........ccccvieiiiesiee e 203
724 Precoding Matrix Indicator (PMI) definition............ccoriieiiininee e 217
7.25 Channel-State Information — Reference Signal (CSI-RS) definition ..o 245
7.2.6 Channel-State Information — Interference Measurement (CSI-IM) Resource definition...........cccceeeeeneee. 247
727 Zero Power CSI-RS ReSOUrCE defiNitioN...........coeiiiieiree et 247
728 CSI-RS ACtiVation / DEACIVALION. ........ciueieieieieie ittt e e e seeseesbesaeeseeneeneeneens 247
7.3 UE procedure for reporting HARQ-ACK ... 248
731 FDD HARQ-ACK reporting PrOCEAUNE. ..........eeeeerieeieeiesteseeseeesaeesseeseessesseesseesseesessesssssnssseesssessesnsenns 250
7.3.2 TDD HARQ-ACK reporting PrOCEAUIE. .......cc.eeieeieiee e see st esteesteseeseeasteestee e estessaessaesseesseesseeseenseensenns 255
7321 TDD HARQ-ACK reporting procedure for same UL/DL configuration ...........cccceeveeveevvecesiesennnen, 256
7.3.2.2 TDD HARQ-ACK reporting procedure for different UL/DL configurations............cccceeveevrveseennen. 271
733 FDD-TDD HARQ-ACK reporting procedure for primary cell frame structuretype 1........ccccccevvevvenns 278
734 FDD-TDD HARQ-ACK reporting procedure for primary cell frame structure type 2.........c.cccceevvereenene. 280
8 Physical uplink shared channel related ProCEAUrES............oviieieieirires s 282
8.0 UE procedure for transmitting the physical uplink shared channel ..., 282
8.0.1 SiNGIE-NTENNA PO SCNEIMIE ...ttt bbbt b et b e bbb et b e n et b e b 308
8.0.2 Closed-loop spatial MUItipleXing SCNEME .......c.eoiiieiee e et e e e sneas 308
8.1 Resource alocation for PDCCH/EPDCCH/SPDCCH with uplink DCI format...........ccccoveeevieneeseesesceenen, 309
8.1.1 Uplink resource alloCatioN LYPE O ......cceieeeriieieie e seesteesee e e st ae et e st e e entesnaesneesneesneenseensenns 309
8.1.2 Uplink resource allOCatiON LYPE L ......oceeeieieeeeie e e st te et e st e be e e ensessaesnnesaeesneenseensenns 310
8.1.3 Uplink resource allOCalION LYPE 2 ......ocueieieeieeieeie ettt ee et e st e ba e teentessaesneesneesneenseensenns 310
814 Uplink resource allOCatON LYPE 3 .......c.eiuiieiiriieeerie ettt bbb bbb 311
8.15 Uplink resource allOCEION LYPE 4 .......c.eiuiieiiriieeeerte ettt bbb 312
8151 UL RESOUICE BIOCK GIOUPS .....c.veueeieiteietistereeie sttt sttt st st sb et sb ettt sn et b b 312
8.1.6 Uplink resource allOCatON LYPE D .......c.eiuiieeiriieeeerte ettt bbb 313
8.2 UE SOUNAING PrOCEOUNE........ecueitiieeiietesteieete sttt sttt ss et b e bt se e eb s e s bt s s eb e b e e ebe b e s e b e s b et eseeb e st e s eneneennens 315
8.3 UE HARQ-ACK PIrOCEAUIE.......ctieetirtieetirteeetestee ettt ee ettt s ettt se s ssee s et sese s s e s ese s eaeebeseensesesbe b eseenenneneens 326
8.3A Autonomous uplink feedbaCk PrOCEAUNE............ccveciieeee et se et e eete e sraesreesneenreeneens 328
84 UE PUSCH hOpPiNg PrOCEAUNE. .......ccueeieeieeie e eesteestee st e steesteseessee e asteete e tesssessaesseesseesseenseensesssessenssenssns 328
84.1 QIR A U 1S @ 7T o o T 329
8.4.2 IR ¢S 1S @ 7o o oo 329
8.5 UE Reference Symbol (RS) PrOCEAUIE.........cc.eeciieieeie et ste ettt et e st esste e s e sreesneeteenseenaesneesraesnees 330
8.6 Modulation order, redundancy version and transport block size determination............cccccccvvveneesieeseecennnns 331
8.6.1 Modulation order and redundancy version determination ............cocceererrerennieneee e 331
8.6.2 Transport blOCK Size deterMiNGaLiON..........c.ciiieiiriieer bbb 339
8.6.3 Control information MCS offset determination............cooiiriiiienieee e e 345
8.7 UE transmit @antenna SEIECHTION..........ooi ettt sttt e e e e st seesneenee e eneeee 349
8.8 Transmission tiMing a0jUSIMENTS .......coiieiieie ettt et b et b et b e b 349
9 Physical downlink control channel ProCEAUIES............cceiiiieiiiiee e 349

ETSI



3GPP TS 36.213 version 15.12.0 Release 15 5 ETSI TS 136 213 V15.12.0 (2021-02)

9.1 UE procedure for determining physical downlink control channel assignment ..........cccoeveeveneincnecnienees 350
911 PDCCH aSSIGNMENE PrOCEAUIE .......cuieeeieierteiietesteeeie sttt bbb et b et b et e e b b 350
912 PHICH aSSigNMENt PrOCEOUNE.........couiiieeiiitieeteste ettt b et b s b e 354
9.13 Control Format Indicator (CFl) assignment ProCEAUIE............coeiierieererene et 357
914 EPDCCH aSSIgNMENt PrOCEAUIE. .......cveueiuireeiieeisteeete sttt ettt b et b et n et st ne e 358
9141 EPDCCH Starting POSITION .....ccveiieiieieeesieesteeteeteetestaesteesteesteesaeeaessaesseesse e seesseessesssesseensensessesnsssnes 365
9.1.4.2 Antenna ports quasi co-location for EPDCCH............ccccoveiviiicieceeece e 365
9.1.4.3 Resource mapping parameters for EPDCCH ........ooviiieiicece e 366
9.1.4.4 PRB-pair indication fOr EPDCCH ........ccccoiieiicice ettt ete e sreestesae e 366
9.15 MPDCCH aSSIgNMENt PrOCEAUNE.......cueeeieeeieeeeeteesteeieeteseeseesseesseesseeseaseesssasseesseesesnsessessseesseesseesseensenns 367
9151 MPDCCH Starting POSITION .....ccueiueeiterieiete sttt st st b et b et ss et b b 374
9.152 Antenna ports quasi co-10cation For MPDCCH ........cciiiiiiieireeeie e e 374
9.1.6 SPDCCH aSSIgNMENE PrOCEAUIE....... ettt ittt sttt ettt sttt st se et b e et sb e e st st sn et sbenne e 374
9.16.1 Resource mapping parameters for SPDCCH ... e 376
9.16.2 PRB-pair indication fFOr SPDCCH..........ccoiiiiieee bbb e 376
9.1.6.3 Physical Resource Block (PRB) bundling for DMRS-based SPDCCH .........ccccooiiiininniierscene 377
9.1.6.4 Antenna ports quasi co-location for DMRS-based SPDCCH .........cccoeiieiciecieseeeee e 377
9.2 PDCCH/EPDCCH/MPDCCH/SPDCCH validation for semi-persistent scheduling...........ccccvevveceecesnennen. 378
9.2A PDCCH/EPDCCH validation for autonomous uplink tranSmiSSIONS.........cccceveeeieereerieeseeseeseeseesieeeesaeseees 380
9.3 PDCCH/EPDCCH/MPDCCH/SPDCCH control information proCedure ............cvecveceeeeeseeneeseeseseesae e 381
10  Physical uplink control channel ProCEAUIES.............ooi it 382
10.1 UE procedure for determining physical uplink control channel assignment ..........c.cooevevereienennenieneneneens 383
1011 PUCCH fOrmat infOrMatioN..........coeieeeeerese ettt st be e s e e e e seesaesbesaeene e e eneeses 388
10.1.2 FDD HARQ-ACK feedbaCk ProCRUIES..........coiuiieeeriiieirieseese ettt s 394
10.1.2.1 FDD HARQ-ACK procedure for one configured Serving Cell ..........cooeoiiieinencinenecneeeeee 394
10.1.2.2 FDD HARQ-ACK procedures for more than one configured serving cell ..........ccooevevinvecceceene, 398
10.1.2.2.1 PUCCH format 1b with channel selection HARQ-ACK procedure..........cccoveeveeneeieeciesciesensnn, 398
10.1.2.2.2 PUCCH format 3 HARQ-ACK PrOCEAUNE ........ecceeieeeeeeesieeteeee e etesaeseesreesaeesseeaesnsessaessaesseensens 402
10.1.2.2.3 PUCCH format 4 HARQ-ACK PrOCEAUNE ........occueieeeeeesieesteeiee e siesaeseesreesteesseesesnsessaessaesseensens 404
10.1.2.24 PUCCH format 5 HARQ-ACK PrOCEAUNE ........occveieieeeeeieesteeiee e etesaeseesreesaeesseeaesnsessaessaesseensens 407
10.1.3 TDD HARQ-ACK feedbaCk ProCEAUIES ..........ccviieiee e seesteeste st e et et e e te e e esaessaesseesreesneenneenseenseens 408
10.1.31 TDD HARQ-ACK procedure for one configured serving Cell ..o 410
10.1.3.2 TDD HARQ-ACK procedure for more than one configured serving Cell.........occcovineenineencneenen, 424
10.1.321 PUCCH format 1b with channel selection HARQ-ACK procedure...........cocoveereneeneneieneneens 424
10.1.3.2.2 PUCCH format 3 HARQ-ACK PrOCEAUIE..........eoveuiitireeiirierieiesie ettt er e be s eenens 440
10.1.3.2.3 PUCCH format 4 HARQ-ACK PrOCEAUIE..........eoveueriirieiirie ettt st ebe e re e neene s 447
10.1.3.24 PUCCH format 5 HARQ-ACK PrOCEAUIE..........coueuiriireeierie ettt sttt ere e re s neene s 464
10.1.3A FDD-TDD HARQ-ACK feedback procedures for primary cell frame structuretype 2 .......ccccveevveeveneee. 464
10.1.4 HARQ-ACK REPELItION PrOCEUUNE. .......ccveeeiieeieeieesteeeeesteseeseeste e aeeeeeaaesseasseeteestesssessaesseesseesseenseensenns 466
10.1.5 Scheduling ReqUESE (SR) PrOCEAUIE..........ccueiie e iee st esie e eeeee st e ste e ae e sreesseeteesesnaessaesraesneas 467
10.2 UPliNK HARQ-ACK TIMING .ttt ettt st b et b e e bt nn b nnene s 469
11 Physical Multicast Channel (PMCH) related proCEAUIES...........ccooveveirineneriesie e 474
111 UE procedure for reCeiViNg the PMCH ..ot 474
11.2 UE procedure for receiving MCCH and system information change notification..............cccovveevineenenne, 475
12 Assumptionsindependent of physiCal ChanNEl...........ccocoviiiiirinere e 475
13 Uplink/Downlink configuration determination procedure for Frame Structure Type 2..........cccccveeee. 475
13.1 UE procedure for determining el MTA-uplink/downlink configuration.............ccccvcevieevieeveeseeceeeeseeseeeenn 476
13A  Subframe configuration for Frame Structur@ TYPE 3 .......coviieieieieerene e 477
14  UE procedures related t0 SIAEIINK...........coiiiieie ettt s 480
14.1 Physical Sidelink Shared Channel related proCeAUIES...........c.oeuieiereereee e 481
14.1.1 UE procedure for transmitting the PSSCH ...........ccuo oo 481
14.1.1.1 UE procedure for determining subframes for transmitting PSSCH for sidelink transmission mode

SO S TS SET U SP R PTTRTRP 483
14.1.1.1.1 Determination of subframe indiCator DItMa.............ccoiiririiereer e 483
14112 UE procedure for determining resource blocks for transmitting PSSCH for sidelink transmission

107070 L P 4386
141121 PSSCH resource alocation for sidelink transmissSion mode 1 .........cccovvvivenieeeneie e 486
141122 PSSCH frequency hopping for sidelink transmission mode 1 ...........ccviieininenneneneceee e 487

ETSI



3GPP TS 36.213 version 15.12.0 Release 15 6 ETSI TS 136 213 V15.12.0 (2021-02)

14113 UE procedure for determining subframes for transmitting PSSCH for sidelink transmission mode
TR PERSRTRN 487
14114 UE procedure for determining resource blocks for transmitting PSSCH for sidelink transmission
107070 438
14.1.1.4A UE procedure for determining subframes and resource blocks for transmitting PSSCH for
SIAelink tranSMISSION MOOE 3.........oouiie ittt bbbttt se b bbbt eb e e e 488
14.1.1.4B UE procedure for determining subframes and resource blocks for transmitting PSSCH and
reserving resources for sidelink transmission MOAE 4..........cccuvveeieeieeve e e 489
14.1.1.4C UE procedure for determining subframes and resource blocks for PSSCH transmission
associated With @ SCI FOIMEL L........eoeiiiiiie e e 489
14115 UE procedure for PSSCH POWES CONEIO ........coueiiiiiieieirieeeie ettt s 490
14.1.1.6 UE procedure for determining the subset of resources to be reported to higher layersin PSSCH
resource selection in sidelink transmission mode 4 and in sensing measurement in sidelink
LU= TR Yo g I 00 (S PR 492
14117 Conditions for selecting resources when the number of HARQ transmissionsistwo in sidelink
LU= 0 1 TES S Yo g I 000 L PR 495
14.1.2 UE procedure for receiVing the PSSCH............cooi ittt e eneens 495
14.1.3 UE procedure for determining resource block pool and subframe pool for sidelink transmission
(107070 (ST PUTPP PR URTOSRPT 496
14.1.5 UE procedure for determining resource block pool and subframe pool for sidelink transmission
MOOE 3 BN 4.t bbbttt e e bt s Rt e bt e e et e b e e Rt eb e e a e e Re et e s et e ebeebeebeene e e et nes 497
14.2 Physical Sidelink Control Channel related proCedUIES.............cveieeiieierie e 498
1421 UE procedure for transmitting the PSCCH ..o 498
14211 UE procedure for determining subframes and resource blocks for transmitting PSCCH for
SIAelink tranSMISSION MOUE L ......ccoiiiiieieeeieee ettt see et et e e e eeseesaeseeeneeseeneeneees 501
14212 UE procedure for determining subframes and resource blocks for transmitting PSCCH for
SIAelink tranSMISSION MOUE 2........coiiiieieeeieeee ettt sa et e e e eeseesaesaeeneeneeneeneees 501
14213 UE procedure for PSCCH POWES CONEIO .......coueiiiiiiieinieseeesie ettt 501
14.2.2 UE procedure for receiVing the PSCCH ...........ooviiiiiieece ettt nneeneens 503
14.2.3 UE procedure for determining resource block pool and subframe pool for PSCCH ..........cccoovvieieeienns 503
14.2.4 UE procedure for determining resource block pool for PSCCH in sidelink transmission mode 3 and
SRS PSP 504
T Y o 1 o B 507
16  UE Procedures related to NarroWhand [0T .........cocoeiiiienienieieeeeesese st 507
16.1 SYNCHIroNiZatiON PrOCEAUIES .......ccveeieeieee et se et ee ettt e e e e e sseesaeesreesaeeseeneeenseaneessaesseesseenseeseeneeanns 507
16.1.1 (O = o OSSPSR 507
16.1.2 TIMING SYNCHIONIZBLION .....c.veeieeieeie et ee st e e e e e s e s e s e e s teesteenteesteeseesseesseesseesseesesneesneesnnanseensennsenns 508
16.2 POWEE CONEIO ...ttt e et bbbt e e e b e s bt e bt e bt eh e e e et e sb e ebenbeeaeesee e e b e 508
16.2.1 UPHINK POWEE COMLIOL ........eeiiieieieieie i et eie et e te e e e e e e e ste e e e s e e saeasse e be e seenteensesseesneansesneesnnesaeesaeenseansenns 508
16.2.1.1 Narrowband physical uplink shared Channel.............ccooiieiieieice e 508
16.2.1.1.1 UE DBNAVIOUF ...ttt sttt e e e se et et e seeereeneeneeneeneas 508
16.2.1.1.2 0TV 17 [ oo o PSR 509
16.2.1.2 S TSRS 509
16.2.1.2.1 UE DBNAVIOUF ...ttt sttt e e e e se et e beseeen e e e eneeneeneas 509
16.2.2 DOWNIINK POWES @IIOCELION. .......ceuieieeetirieieiest ettt s b e n et nb e b 510
16.3 RANAOM GCCESS PrOCEAUIE ......cvieeiitereeeiete sttt bttt b et b e bbbt e bt b e e bt s bt eseeb e st e e s e nn e e ens 510
16.3.1 Physical non-synchronized random aCCeSS PrOCEAUNE..........eiueieeieereeteeteeeesteestee e eee s e seeseesaeenseeseens 510
16.3.2 LI 011 TR 511
16.3.3 Narrowband random aCCeSS rESPONSE QAL .........cccveeveriereesieeseeseesseereeaeeeesseesseesteesseessesesseesseenseensenns 512
16.4 Narrowband physical downlink shared channel related procedures............coevvevevce e e s 514
16.4.1 UE procedure for receiving the narrowband physical downlink shared channdl ............ccccoveoviiieenens 514
164.1.1 SiNGIE-aNTENNA POt SCNEITIE ...ttt b et b e st b e et b e e eb e b e e ebesnenneneas 517
164.1.2 TranSMit diVErSItY SCREITIE .....ouiiiiiiiieee ettt bbbt b e ens 517
16.4.1.3 2SS 001 (o [ Tor= o o 517
164.14 NPDSCH Starting POSITION ......ceuiiieeeteiieeete ettt sttt st st sb bbbt b et b b 520
16.4.15 Modulation order and transport block size determination.............cccooeverriienninere e 521
16.4.151 Transport blocks not mapped for SystemlnformationBIOCKTYPEL-NB...........cccccvireierineirenieene 521
16.4.1.5.2 Transport blocks mapped for Systeml nformationBlIockTYpel-NB..........ccccoveierevieiee e 522
16.4.2 UE procedure for reporting ACK/NACK ..o ee st e e ete e sreesreesaeeneseesneenseenneens 522
16.5 Narrowband physical uplink shared channel related proCedUIES..........ccoecvieeiieriere e 523

ETSI



3GPP TS 36.213 version 15.12.0 Release 15 7 ETSI TS 136 213 V15.12.0 (2021-02)

16.5.1 UE procedure for transmitting format 1 narrowband physical uplink shared channel................cccccenne. 523
165.1.1 2SS 001 (e [ Tor= o o 525
16.5.1.2 Modulation order, redundancy version and transport block size determination.............ccccoveeerenienene. 526
16.5.2 UE procedure for NPUSCH FetransmMiSSiON..........ccueeriieerinieesieieesiesie st 528
16.5.3 UE procedure for transmitting SR ........cocoiiiieee e s 528
16.6 Narrowband physical downlink control channel related proCedUresS...........cvevveiercerceevee s 528
16.6.1 NPDCCH Starting POSITION .......ceiieieeieeseeteeeeiesteeseesteestesesseeseesse e seesaeessesseesseesseesseesssssessseesseessennsenns 534
16.6.2 NPDCCH control information PrOCEAUIE...........ceecieeieeieee e seeseeseete e e see e ste e seesaesaesaeesseenseenseens 534
16.6.3 NPDCCH validation for semi-persistent SCheduling ..........ccooveerieriere e 534
16.7 Assumptions independent of physical channel related to narrowband 10T ..o 535
16.8 UE procedure for acquiring cell-specific reference signal sequence and raster offset .........coeeveveincnieene, 535
16.9 UE procedure for receiving narrowband Wake UP SIgNaL ..........coeeeiiiieinineereeeeree s 535
17  Wake-up signal related proceduresfor BL/CE UE ..o 536
Annex A (informative): ChangE NISLONY ..o 537
115 OSSPSR 556

ETSI



3GPP TS 36.213 version 15.12.0 Release 15 8 ETSI TS 136 213 V15.12.0 (2021-02)

Foreword

This Technical Specification (TS) has been produced by the 3" 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 this 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 proceduresin the FDD and
TDD modes of E-UTRA.

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
aGSM 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 36.201: "Evolved Universal Terrestrial Radio Access (E-UTRA); Physical Layer —
Genera Description™.

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

[4] 3GPP TS 36.212: "Evolved Universal Terrestrial Radio Access (E-UTRA); Multiplexing and
channel coding”.

[5] 3GPP TS 36.214: "Evolved Universal Terrestrial Radio Access (E-UTRA); Physical layer —
Measurements".

[6] 3GPP TS 36.101: "Evolved Universal Terrestrial Radio Access (E-UTRA); User Equipment (UE)
radio transmission and reception”.

[7] 3GPP TS 36.104: "Evolved Universal Terrestrial Radio Access (E-UTRA); Base Station (BS)
radio transmission and reception”.

[8] 3GPP TS 36.321, "Evolved Universal Terrestrial Radio Access (E-UTRA); Medium Access
Control (MAC) protocol specification”.

[9] 3GPP TS 36.423, "Evolved Universal Terrestrial Radio Access (E-UTRA); X2 Application
Protocol (X2AP)".

[10] 3GPP TS 36.133, "Evolved Universal Terrestrial Radio Access (E-UTRA); Requirements for
support of radio resource management".

[11] 3GPP TS 36.331, "Evolved Universal Terrestrial Radio Access (E-UTRA); Radio Resource
Control (RRC) protocol specification”.

[12] 3GPP TS 36.306: "Evolved Universal Terrestrial Radio Access (E-UTRA); User Equipment (UE)
radio access capabilities’.

[13] 3GPP TS 37.213: "Physical layer procedures for shared spectrum channel access'.

[14] 3GPP TS 36.304: "Evolved Universal Terrestrial Radio Access (E-UTRA); User Equipment (UE)
proceduresin idle mode".

[15] 3GPP TS 38.321: "NR; Medium Access Control (MAC) protocol specification"

[16] 3GPP TS 38.133: "NR; Requirements for support of radio resource management"
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3 Symbols and abbreviations
3.1 Symbols

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

n¢ System frame number as defined in [3]

N, Slot number within aradio frame as defined in [3]

NC%hS Number of configured cells

NRs Downlink bandwidth configuration, expressed in unitsof NEP as defined in [3]

NRS Uplink bandwidth configuration, expressed in units of NXP as defined in [3]

Ng/mb Number of SC-FDMA symbolsin an uplink slot as defined in [3]

NSFéB Resource block size in the frequency domain, expressed as a number of subcarriers as defined in
(3]

T, Basic time unit as defined in [3]

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].

ACK Acknowledgement

AUL Autonomous Uplink

AUL-DH AUL downlink feedback information

BCH Broadcast Channel

CCE Control Channel Element

CDD Cyclic Delay Diversity

CG Cell Group

CIF Carrier Indicator Field

CQl Channel Quality Indicator

CRC Cyclic Redundancy Check

CRI CSI-RS Resource I ndicator

csl Channel State Information

CSl-IM CSl-interference measurement

DAI Downlink Assignment Index

DC Dual Connectivity

DCI Downlink Control Information

DL Downlink

DL-SCH Downlink Shared Channel

DTX Discontinuous Transmission

EDT Early Data Transmission

EN-DC E-UTRA NR Dual Connectivity with MCG using E-UTRA and SCG using NR
EPDCCH Enhanced Physical Downlink Control Channel
EPRE Energy Per Resource Element

MCG Master Cell Group

MCS Modulation and Coding Scheme

NACK Negative Acknowledgement

NE-DC NR E-UTRA Dua Connectivity with MCG using NR and SCG using E-UTRA
NPBCH Narrowband Physical Broadcast CHannel
NPDCCH Narrowband Physical Downlink Control CHannel
NPDSCH Narrowband Physical Downlink Shared CHannel
NPRACH Narrowband Physical Random Access CHannel
NPUSCH Narrowband Physical Uplink Shared CHannel
NPSS Narrowband Primary Synchronization Signal
NSSS Narrowband Secondary Synchronization Signal
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NRS Narrowband Reference Signal
PBCH Physical Broadcast Channel
PCFICH Physical Control Format Indicator Channel
PDCCH Physical Downlink Control Channel
PDSCH Physical Downlink Shared Channel
PHICH Physical Hybrid ARQ Indicator Channel
PMCH Physical Multicast Channel
PMI Precoding Matrix Indicator
PRACH Physical Random Access Channel
PRS Positioning Reference Signal
PRB Physical Resource Block
PSBCH Physical Sidelink Broadcast Channel
PSCCH Physical Sidelink Control Channel
PSCell Primary Secondary cell
PSDCH Physical Sidelink Discovery Channel
PSSCH Physical Sidelink Shared Channel
PSSS Primary Sidelink Synchronisation Signal
PUCCH Physical Uplink Control Channel
PUCCH-SCell PUCCH SCell
PUSCH Physical Uplink Shared Channel
PTI Precoding Type Indicator
RBG Resource Block Group
RE Resource Element
RI Rank Indication
RS Reference Signal
RSS Resynchronization Signal
SCG Secondary Cell Group
SINR Signal to Interference plus Noise Ratio
SPS C-RNTI Semi-Persistent Scheduling C-RNTI
SR Scheduling Request
SRS Sounding Reference Symbol
SSSS Secondary Sidelink Synchronisation Signal
TAG Timing Advance Group
TBS Transport Block Size
UCl Uplink Control Information
UE User Equipment
UL Uplink
UL-SCH Uplink Shared Channel
VRB Virtual Resource Block
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4 Synchronization procedures
4.1 Cell search

Cell search isthe procedure by which a UE acquires time and frequency synchronization with a cell and detects the
physical layer Cell 1D of that cell. E-UTRA cell search supports a scalable overall transmission bandwidth
corresponding to 6 resource blocks and upwards.

The following signals are transmitted in the downlink to facilitate cell search: the primary and secondary
synchronization signals.

A UE may assume the antenna ports 0 — 3 and the antenna port for the primary/secondary synchronization signals of a
serving cell are quasi co-located (as defined in [3]) with respect to Doppler shift and average delay.

For aBL/CE UE, if the UE is configured with higher layer parameter RSS-Config, the UE can use the resynchronization
signal (as defined in [3]) to re-acquire time and frequency synchronization with the cell.

4.2 Timing synchronization

4.2.1 Radio link monitoring

The downlink radio link quality of the primary cell shall be monitored by the UE for the purpose of indicating out-of -
sync/in-sync status to higher layers.

If the UE is configured with a SCG [11] and the parameter rIf-TimersAndConstantsSCG is provided by the higher layers
and is not set to release, the downlink radio link quality of the PSCell [11] of the SCG shall be monitored by the UE for
the purpose of indicating out-of-sync/in-sync status to higher layers.

In non-DRX mode operation, the physical layer in the UE shall every radio frame assess the radio link quality,
evaluated over the previous time period defined in [10], against thresholds (Qou and Qin) defined by relevant testsin
[10].

In DRX mode operation, the physical layer in the UE shall at least once every DRX period assess the radio link quality,
evaluated over the previous time period defined in [10], against thresholds (Qou and Qin) defined by relevant testsin
[10].

If higher-layer signalling indicates certain subframes for restricted radio link monitoring, the radio link quality shall not
be monitored in any subframe other than those indicated.

The physical layer in the UE shall in radio frames where the radio link quality is assessed indicate out-of-sync to higher
layers when the radio link quality isworse than the threshold Qo When the radio link quality is better than the
threshold Qin, the physical layer in the UE shall in radio frames where the radio link quality is assessed indicate in-sync
to higher layers.

4.2.2 Inter-cell synchronization

No functionality is specified in this subclause in this release.

4.2.3 Transmission timing adjustments

Upon reception of atiming advance command or atiming adjustment indication for a TAG containing the primary cell
or PSCell, the UE shall adjust uplink transmission timing for PUCCH/PUSCH/SRS of the primary cell or PSCell based
on the received timing advance command or a timing adjustment indication.

The UL transmission timing for PUSCH/SRS of a secondary cell isthe same as the primary cell if the secondary cell
and the primary cell belong to the same TAG. If the primary cell in a TAG has aframe structure type 1 and a secondary
cell in the same TAG has a frame structure type 2 or frame structure 3, UE may assume that Nta > 624.

If the UE is configured with a SCG, the UL transmission timing for PUSCH/SRS of a secondary cell other than the
PSCell isthe same as the PSCell if the secondary cell and the PSCell belong to the same TAG.
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Upon reception of atiming advance command or atiming adjustment indication for a TAG not containing the primary
cell or PSCell, if all the serving cellsin the TAG have the same frame structure type, the UE shall adjust uplink
transmission timing for PUSCH/SRS of al the secondary cellsin the TAG based on the received timing advance
command or atiming adjustment indication where the UL transmission timing for PUSCH /SRS is the same for all the
secondary cellsinthe TAG.

Upon reception of atiming advance command or atiming adjustment indication for a TAG not containing the primary
cell or PSCell, if aserving cell in the TAG has a different frame structure type compared to the frame structure type of
another serving cell in the same TAG, the UE shall adjust uplink transmission timing for PUSCH/SRS of all the
secondary cellsin the TAG by using Nraeiiset = 624 regardless of the frame structure type of the serving cells and based
on the received timing advance command or a timing adjustment indication where the UL transmission timing for
PUSCH /SRS isthe same for all the secondary cellsin the TAG. Nryaoiiset 1S described in [3].

The timing adjustment indication specified in [11] indicates the initial Nra used for a TAG.The timing advance
command for a TAG indicates the change of the uplink timing relative to the current uplink timing for the TAG as
multiples of 16 T . The start timing of the random access preamble is specified in [3].

In case of random access response, an 11-bit timing advance command [8], Ta, for a TAG indicates Nta values by index
valuesof TA=0, 1, 2, ..., 256 if the UE is configured with a SCG, and TA =0, 1, 2, ..., 1282 otherwise, where an amount
of the time alignment for the TAG is given by Nya = Ta x16. Nrais defined in [3].

In other cases, a 6-bit timing advance command [8], Ta, for a TAG indicates adjustment of the current Nra value, Nra oid,
to the new Nra value, Nranew, by index valuesof Ta=0, 1, 2,..., 63, where Nranew = Nraod + (Ta —31)x16. Here,
adjustment of Nra value by a positive or a negative amount indicates advancing or delaying the uplink transmission
timing for the TAG by a given amount respectively.

For anon-BL/CE UE, for atiming advance command received on

- subframe n, the corresponding adjustment of the uplink transmission timing shall apply from the beginning of
subframe n+5 if the UE is configured with higher layer parameter shortProcessingTime and the corresponding
PDCCH with CRC scrambled by C-RNTI isin the UE-specific search space, n+6 otherwise.

- dot n, the corresponding adjustment of the uplink transmission timing shall apply from the first subframe
boundary no earlier than slot [n+8].

- subdglot n, the corresponding adjustment of the uplink transmission timing shall apply from the first subframe
boundary no earlier than

- subslot [n+16] if higher layer parameter proc-TimeAdv-r 15='nplusdsetl'.
- subslot [n+18] if higher layer parameter proc-TimeAdv-r 15= 'npluséset1'or 'npluséset?’.
- subdlot [n+20Q] if higher layer parameter proc-TimeAdv-r15= "nplus8set2'.

For serving cellsin the same TAG, when the UE's uplink PUCCH/PUSCH/SRS transmissionsin subframe n and
subframe n+1 are overlapped due to the timing adjustment, the UE shall complete transmission of subframe n and not
transmit the overlapped part of subframe n+1.

For aBL/CE UE, for atiming advance command received on subframe n, the corresponding adjustment of the uplink
transmission timing shall apply for the uplink PUCCH/PUSCH/SRS transmissions in subframe n+6. When the BL/CE
UE's uplink PUCCH/PUSCH/SRS transmissions in subframe n and subframe n+1 are on the same narrowband and are
overlapped due to the timing adjustment, the UE shall complete transmission of subframe n and is not required to
transmit in subframe n+ 1 until the first available symbol that has no overlapping portion with subframe n. When the
BL/CE UE's uplink PUCCH/PUSCH/SRS transmissions in subframe n and subframe n+1 are on different narrowbands,
and the timing adjustment occurs in the guard period for narrowband retuning, the UE is not required to transmit in
subframe n+1 until the first available symbol that has no overlapping portion with subframe n and which does not
reduce the guard period.

If the received downlink timing changes and is not compensated or is only partly compensated by the uplink timing
adjustment without timing advance command as specified in [10], the UE changes Nra accordingly.
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4.3 Timing for Secondary Cell Activation / Deactivation

When a UE receives an activation command [8] for a secondary cell in subframe n, the corresponding actionsin [8]
shall be applied no later than the minimum requirement defined in [10] and no earlier than subframe n+8, except for the
following:

- theactionsrelated to CSI reporting on a serving cell which is active in subframe n+8

- theactionsrelated to the sCellDeactivationTimer associated with the secondary cell [8]
which shall be applied in subframe n+8.

- theactionsrelated to CSI reporting on a serving cell which is not active in subframe n+8
which shall be applied in the earliest subframe after n+8 in which the serving cell is active.

When a UE receives an RRC configuration which configures secondary cell as activated [11] in subframe n, the
corresponding actionsin [8] shall be applied no later than the minimum requirement defined in [10] and no earlier than
subframe n+ 20, except for the following:

- theactions related to CSI reporting on a serving cell which is active in subframe n+20

- theactionsrelated to the sCellDeactivationTimer associated with the secondary cell [8]
which shall be applied in subframe n+ 20.

- theactionsrelated to CSl reporting on a serving cell which is not active in subframe n+20
which shall be applied in the earliest subframe after n+20 in which the serving cell is active.

If a UE has been configured with cqi-ShortPeriodicSCell for a secondary cell, parameters cqi-pmi-Configlndex and ri-
Configlndex in clause 7.2 are given by cqi-ShortPeriodicSCell from subframe n+8 until subframe n+34.

When a UE receives a deactivation command [8] for a secondary cell or the sCellDeactivationTimer associated with the
secondary cell expiresin subframe n, the corresponding actionsin [8] shall apply no later than the minimum
requirement defined in [10], except for the actions related to CSI reporting on a serving cell which is active which shall
be applied in subframe n+8.
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5 Power control

Downlink power control determines the Energy Per Resource Element (EPRE). The term resource element energy
denotes the energy prior to CP insertion. The term resource element energy al so denotes the average energy taken over
all constellation points for the modulation scheme applied. Uplink power control determines the average power over a
SC-FDMA symbol in which the physical channel is transmitted.

5.1 Uplink power control

If the UE is configured with shortTTIl, PUCCH in this clause refers to SPUCCH defined in [3] if the HARQ-ACK is
sent in response to PDSCH scheduled by DCI format 7-1A/1B/1C/1D/1E/1F/1G or if the scheduling request is sent on
resources configured by higher layer parameter sr-SotSPUCCH-IndexFH or sr-SotSPUCCH-IndexNoFH or sr-
subS otSPUCCH-Resour ce for slot/subsl ot-based transmissions, unless otherwise noted.

If the UE is not configured with shortTTI or the UE is configured with shortTTI, and UCI isto be transmitted in a
subframe, the term 'subframe/d ot/subslot’ or ‘subframe/sot’ refers to a subframe in this clause.

If the UE is configured with shortTTl, and UCI isto be transmitted in a slot, the term 'subframe/slot/subslot’ or
'slot/subslot’ or 'subframe/slot’ refersto adlot in this clause.

If the UE is configured with shortTTI, and UCI isto be transmitted in a subslot, the term 'subframe/slot/subslot’ or
'slot/subslot’ refersto a subslot in this clause.

Throughout this subclause,

- if the UE is configured with higher layer parameter shortProcessingTime and the corresponding PDCCH with
CRC scrambled by C-RNTI isin the UE-specific search space, k, =3, otherwise k,=4.

- if the UE is configured with higher layer parameter shortTTI and the corresponding PDCCH/SPDCCH with DCI
format 7-1A/7-1B/7-1C/7-1D/7-1E/7-1F/7-1G is detected in a subdot, if the UE is configured for subslot uplink

transmissions, X, isgiven by higher layer parameter proc-TimeAdv from {4,6,8}, otherwise X ; =4.
Uplink power control controls the transmit power of the different uplink physical channels.

If aUE is configured with a LAA SCell for uplink transmissions, the UE shall apply the procedures described for
PUSCH and SRS in this clause assuming frame structure type 1 for the LAA SCell unless stated otherwise.

For a UE configured with EN-DC/NE-DC and serving cell frame structure type 1, if the UE is configured with
subframeAssignment-r 15 for the serving cell, the UE is not expected to transmit any uplink physical channel or signal in
the serving cell on subframes other than offset-UL subframes, where the offset-UL subframes are determined by
applying an offset value given by harg-Offset-r 15 to the subframes denoted as uplink in the UL/DL configuration
subframeAssignment-r 15.

For PUSCH, the transmit power ISPUSCHC(i) defined in Subclause 5.1.1, isfirst scaled by the ratio of the number of

antennas ports with a non-zero PUSCH transmission to the number of configured antenna ports for the transmission
scheme. The resulting scaled power is then split equally across the antenna ports on which the non-zero PUSCH is
transmitted.

For PUCCH or SRS, the transmit power ISPUCCH (i), defined in Subclause 5.1.1.1, or ISSRS,c(i) issplit equally across
the configured antenna ports for PUCCH or SRS. ﬁSRS,c(i) isthe linear value of Psgs (i) defined in Subclause 5.1.3.

A cell wide overload indicator (Ol) and a High Interference Indicator (HI1) to control UL interference are defined in [9].

For a serving cell with frame structure type 1, a UE is not expected to be configured with
UplinkPower Control Dedicated-v12x0.

51.1 Physical uplink shared channel
If the UE is configured with a SCG, the UE shall apply the procedures described in this clause for both MCG and SCG
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- When the procedures are applied for MCG, the terms 'secondary cell’, 'secondary cells', 'serving cell’, 'serving
cells in this clause refer to secondary cell, secondary cells, serving cell, serving cells belonging to the MCG
respectively.

- When the procedures are applied for SCG, the terms 'secondary cell', 'secondary cells, 'serving cell', 'serving
cells in this clause refer to secondary cell, secondary cells (not including PSCell), serving cell, serving cells
belonging to the SCG respectively. The term 'primary cell' in this clause refers to the PSCell of the SCG.

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

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

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

For PUSCH (re)transmissions corresponding to ul-Configlnfo-r14, the UE shall apply the procedures corresponding to
PUSCH (re)transmission corresponding to the random access response grant.

5111 UE behaviour

The setting of the UE Transmit power for a Physical Uplink Shared Channel (PUSCH) transmission is defined as
follows.

If the UE transmits PUSCH without a simultaneous PUCCH for the serving cell ¢, then the UE transmit power
Prusch,c(i) for PUSCH transmission in subframe/slot/subslot i for the serving cell cis given by

, . | Pemax,c(0),
_ , d
Pruschi.c(i) mm{lOIoglo(M puscH (i) + Po_puschc(i) + & (]) - Ple + Aqpc(i) + fc(i)} e

If the UE transmits PUSCH simultaneous with PUCCH for the serving cell ¢, then the UE transmit power
Prusch,c(i) for the PUSCH transmission in subframe/slot/subdlot i for the serving cell ¢ isgiven by

10|0910(|3CMAX,c(i) — PryccH (i))’ } [dBm]

Pruscrc(i) = min | o o
PSR {mloglo(M pusch.e()) + Po_puscr,c(i) + (1) Pl + Ate (i) + fo(i)

If the UE is not transmitting PUSCH for the serving cell ¢, for the accumulation of TPC command received with DCI
format 3/3A for PUSCH, the UE shall assume that the UE transmit power Ppygcp (i) for the PUSCH transmissioniin

subframei for the serving cell ¢ iscomputed by
Peuscc (1) = min{PCMAX,c (1), Po puscrec O +ac (D) - PL + f.(i) } (dBm]
where,

- Pemax (i) isthe configured UE transmit power defined in [6] in subframe/slot/subslot i for serving cell ¢ and

ﬁCMAX,c(i) isthe linear value of Poyax (i) - If the UE transmits PUCCH without PUSCH in subframe i for

the serving cell ¢, for the accumulation of TPC command received with DCI format 3/3A for PUSCH, the UE
shall assume Peyax (i) asgiven by Subclause 5.1.2.1. If the UE does not transmit PUCCH and PUSCH in

subframe i for the serving cell ¢, for the accumulation of TPC command received with DCI format 3/3A for
PUSCH, the UE shall compute Pryax ¢(i) assuming MPR=0dB, A-MPR=0dB, P-MPR=0dB and ATc =0dB,

where MPR, A-MPR, P-MPR and ATc are defined in [6].

- IspUCCH (i) isthelinear value of Ppyccn (i) defined in Subclause 5.1.2.1
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If the UE isa BL/CE UE configured with higher layer parameter ce-PUSCH-SubPRB-Config-r15, and the
PUSCH resource assignment valid for subframei and serving cell cisusing uplink resource alocation type 5,
M pysch ¢ (1) is the bandwidth of the PUSCH resource assignment expressed in fraction of aresource block and

isgivenby Mpyse, (i) =(ME +Q, —2) /NI where M, Ng® aredefinedin[3] and Q,is defined

in Subclause 8.6.1 for subframei, M pygch ¢ (i) is the bandwidth of the PUSCH resource assignment expressed
in number of resource blocks valid for subframe/slot/subslot i and serving cell ¢ otherwise.

If the UE is configured with higher layer parameter UplinkPower Control Dedicated-v12x0 for serving cell ¢
and if subframe i belongsto uplink power control subframe set 2 as indicated by the higher layer parameter
tpc-SubframeSet-r12,

- whenj=0, R pyscic(0) =R e puscric2(0) + B nowimal_puscrc2(0) » wherej=0 is used for PUSCH

(re)transmissions corresponding to a semi-persistent grant. By e puscic2(0) and Ry yominar puscric2(0)
are the parameters p0-UE-PUSCH-Persi stent- SubframeSet2-r12 and pO-Nominal PUSCH-Persistent -

SubframeSet2-r12 respectively provided by higher layers, for each serving cell c.
- whenj=1, R, piscc (D = By U puscric2 (D + B nowimal_puscrc2(1) - where j=1 s used for PUSCH
(re)transmissions corresponding to a dynamic scheduled grant. F’O_UE_PUS(}LQ2 (D and

Py nominaL_puscrc2 (1) are the parameters p0-UE-PUSCH-SubframeSet2-r12 and p0-Nominal PUSCH-
SubframeSet2-r12 respectively, provided by higher layers for serving cell c.

- when =2, B pysci o(2) = Fo ue puscre(2) + Fo nominar puscrc(2) where By e puscic(2) =0 and
PO_NOMINAL_PUSCH,C(Z) = PO_PRE + APREAMBLE_Msgg , Where the parameter

preambl el nitial Recei vedTargetPower [8] (PO_PRE) and APREAMB,_E_MSQS are signalled from higher layers

for serving cell ¢, where j=2 isused for PUSCH (re)transmissions corresponding to the random access
response grant.

Otherwise

- Po_pusch(]) isaparameter composed of the sum of acomponent Py nominAL_PuscH,c(]) provided
from higher layersfor j=0 and 1 and acomponent Po yg pusch,c(]) Provided by higher layers for j=0 and

1 for serving cell c¢. For PUSCH (re)transmissions corresponding to a semi-persistent grant then j=0, for
PUSCH (re)transmissions corresponding to a dynamic scheduled grant then j=1 and for PUSCH
(re)transmissions corresponding to the random access response grant then j=2. Po ye puscH,c(2) =0 and

Po_NoMINAL_PuscH,c(2) = Po_pre + ApreamBLE _Msg3+ Where the parameter
preambl el nitial ReceivedTar getPower [8] (PO_PRE) and APREAMB,_E_MSQS are signalled from higher layers
for serving cell c.

If the UE is configured with higher layer parameter UplinkPower Control Dedicated-v12x0 for serving cell ¢
and if subframe i belongsto uplink power control subframe set 2 as indicated by the higher layer parameter
tpc-SubframeSet-ri2,

- Forj=0orl, e (])=a,¢< {O, 0.4,0.5,0.6,0.7,0.8, 0.9, 1}. o, , is the parameter alpha-
SubframeSet2-r12 provided by higher layers for each serving cell c.

- Forj=2, o (j)=1.
Elseif the UE is configured with higher layer parameter UplinkPower Control Dedicated-v15x0 for serving cell c,

- Forj=0or1, e(j)=auee{0,04,05060708091}. o, istheparameter alpha-UE-r15
provided by higher layers for each serving cell c.
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- Forj=2, o (jJ)=1.
Otherwise

- Forj=0or1, a.€{0,04,05060.7,08 09,1} isa3-bit parameter provided by higher layers for serving
cell c.Forj=2, a.(j)=1.

- PL. isthedownlink path loss estimate calculated in the UE for serving cell ¢ indB and PL; =

referenceSgnal Power — higher layer filtered RSRP, where referenceSignal Power is provided by higher layers
and RSRP is defined in [5] for the reference serving cell and the higher layer filter configuration is defined in
[11] for the reference serving cell.

- Ifservingcell ¢ belongsto a TAG containing the primary cell then, for the uplink of the primary cell, the
primary cell is used as the reference serving cell for determining referenceSignal Power and higher layer
filtered RSRP. For the uplink of the secondary cell, the serving cell configured by the higher layer parameter
pathl ossReferencelLinking defined in [11] is used as the reference serving cell for determining
referenceS gnal Power and higher layer filtered RSRP.

- If servingcell ¢ belongsto a TAG containing the PSCell then, for the uplink of the PSCell, the PSCell is
used as the reference serving cell for determining referenceSignalPower and higher layer filtered RSRP; for
the uplink of the secondary cell other than PSCell, the serving cell configured by the higher layer parameter
pathlossReferencelinking defined in [11] is used as the reference serving cell for determining
referenceSgnalPower and higher layer filtered RSRP.

- Ifservingcell ¢ belongsto a TAG not containing the primary cell or PSCell then serving cell ¢ isused as
the reference serving cell for determining referenceSignalPower and higher layer filtered RSRP.

- AT,:,C(i):1OIoglo((ZBPRE'KS—1)~ OF;E,SEH) for Kg=1.25and0for Kg=0where Kg isgiven by the

parameter deltaMCS-Enabled provided by higher layers for each serving cell ¢. BPRE and ShiscH | for
each serving cell ¢, are computed asbelow. Kg =0 for transmission mode 2.

- BPRE =Ocq / Ngg for control data sent via subframe-PUSCH without UL-SCH data or slot/sublot-PUSCH
without UL-SCH dataif the UE is configured with a higher layer parameter uplinkPower-CS Payload,
BPRE=0,y / Nge and Ogg = Max{Opy g} WithOpy, g defined asthe number of CQI/PMI bits

including CRC for agiven RI value for dot/subslot-PUSCH without UL-SCH dataif the UE is not
c-1
configured with a higher layer parameter uplinkPower-CS Payload, and BPRE= Z K, /Ngg for other

r=0
cases.

- Wwhere C isthenumber of code blocks, K, isthesizefor codeblock r, Ocq isthenumber of
CQI/PMI bitsincluding CRC bitsand Ng¢ isthe number of resource elements determined as

- it PUSCH-initial initi Lo
Ngg = MEUSCH-Inital \ PUSCH-initidl \where C, K,, Mg "0 and NE2" "™ are definedin
[4].

- B = B2 for control data sent via PUSCH without UL-SCH dataand 1 for other cases.

- OpyscH,c isacorrection value, also referred to asa TPC command and isincluded in PDCCH/EPDCCH with

DCI format 0/0A/0B/0C/4/4A/4B or in PDCCH/SPDCCH with DCI format 7-0A/7-0B or in MPDCCH with
DCI format 6-0A for serving cell cor jointly coded with other TPC commands in PDCCH/MPDCCH with DCI
format 3/3A whose CRC parity bits are scrambled with TPC-PUSCH-RNTI. If the UE is configured with higher
layer parameter UplinkPower Control Dedicated-v12x0 for serving cell ¢ and if subframe i belongs to uplink
power control subframe set 2 asindicated by the higher layer parameter tpc-SubframeSet-r12, the current

PUSCH power control adjustment state for serving cell cisgivenby f_,(i), andthe UE shall use f_, (i)
instead of f(i) to determine Ppyscy (i) . Otherwise, the current PUSCH power control adjustment state for
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serving cell cisgivenby f.(i) . If the UE is configured with multiple UL SPS configurations, 5PUSCH'C,X isa

correction value, aso referred to asa TPC command and is jointly coded with other TPC commandsin PDCCH
with DCI format 3/3A whose CRC parity bits are scrambled with TPC-PUSCH-RNTI, where x is SPS:

Configindex-r14, and f_,(i) and f.(i) arereplacedby f_, (i) and f_, (i), respectively.

fe(i) = foli—1) +Spuscheli — Kpuscr) and fo,(i) = fo,( —1) + Soyscrre(i — Kpuson) if accumulation

is enabled based on the parameter Accumulation-enabled or accumulationEnabledsTTI provided by higher
layers or if the TPC command dpyscH ¢ isincluded ina PDCCH/EPDCCH with DCI format 0 or ina

MPDCCH with DCI format 6-0A for serving cell ¢ wherethe CRC is scrambled by the Temporary C-RNTI

fc,x(i) = fc,x(i - 1) + 5PUSCH,c,x (i - KPUSCH) and fc,2,x(i) = fc,z,x (i _1) + 5puscu,c,x (i - Kpuscu) if

accumulation is enabled based on the parameter Accumulation-enabled or accumulationEnabledsTTI
provided by higher layers and if the TPC command 5PUSCH,C,X isincluded in aPDCCH with DCI format

3/3A whose CRC parity bits are scrambled by TPC-PUSCH-RNTI and if the UE is configured with multiple
UL SPS configurations.

where Opysch ¢ (i — Kpyscn ) was signalled on PDCCH/EPDCCH with DCI format

0/0A/0B/0C/4/4A/4B or PDCCH/SPDCCH with DCI format 7-0A/7-0B or MPDCCH with DCI format 6-
OA or PDCCH/MPDCCH with DCI format 3/3A on subframe/slot/subslot i — Kpygy » @nd where f(0)

isthe first value after reset of accumulation. For a BL/CE UE configured with CEModeA, subframe
i —Kpysey  iSthelast subframe in which the MPDCCH with DCI format 6-0A or MPDCCH with DCI

format 3/3A is transmitted.

Thevalueof Kpygy IS
For FDD or FDD-TDD and serving cell frame structure type 1

- if the UE is configured with higher layer parameter shortTTI and the TPC command 5PUSCH’C is

included in aPDCCH/ SPDCCH with DCI format 7-0A/7-0B and for PUSCH transmissionsin a

subdlot, Kpygy = X,

the UE is configured with higher layer parameters dI-STTI-Length="subslot' and ul-STTI-
Length="dlot' and the TPC command 5PUSK:H,C isincluded in aPDCCH/ SPDCCH with DCI

format 7-0A/7-0B and for PUSCH transmissionsinadot, i — K g correspondsto:

- asubdot among subslot 4 or 5 of subframe N-3 or subslot 0 of subframe N-2 in which the UE
has received the TPC command if the slot PUSCH is to be transmitted in slot O of subframe N. A
UE is not expected to receive TPC command in more than one subslot among subslot 4 or 5 of
subframe N-3 or subdlot 0 of subframe N-2 corresponding to slot-PUSCH transmission in slot O of
subframe N.

- asubdot among subslot 1 or 2 or 3 of subframe N-2 in which the UE has received the TPC
command if the slot-PUSCH isto be transmitted in slot 1 of subframe N. A UE is not expected to
receive TPC command in more than one subslot among subslot 1 or 2 or 3 of subframe N-2
corresponding to slot-PUSCH transmission in slot 1of subframe N.

if the UE is configured with higher layer parameter shortProcessingTime and the corresponding
PDCCH with CRC scrambled by C-RNTI isin the UE-specific search space, Kpjgey =3

otherwise, Kpygy =4 (inunit of dotsfor slot-PUSCH and the TPC command 5PUSCH’C is

included in aPDCCH/ SPDCCH with DCI format 7-0A/7-0B, and in units of subframe for
subframe-PUSCH and for slot/subslot-PUSCH with a TPC command dpysc ¢ provided in the

PDCCH with DCI format 3/3A).
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- For TDD, if the UE is configured with more than one serving cell and the TDD UL/DL configuration
of at least two configured serving cellsis not the same, or if the UE is configured with the parameter
EIMTA-MainConfigServCell-r12 for at least one serving cell, or for FDD-TDD and serving cell frame
structure type 2, the "TDD UL/DL configuration” refers to the UL-reference UL/DL configuration
(defined in Subclause 8.0) for serving cell c.

- For TDD UL/DL configurations 1-6 and UE not configured with higher layer parameter symPUSCH-
UpPts-ri4 for the serving cell c, Keuscn isgiven

- inTable5.1.1.1-1A if the UE is configured with higher layer parameter shortProcessingTime and
the corresponding PDCCH with CRC scrambled by C-RNTI isin the UE-specific search space for
subframe-PUSCH transmissions,

- inTable5.1.1.1-1B for specia subframe configuration 1, 2, 3, 4, 6, 7, 8 and Table 5.1.1.1-1C for
special subframe configuration O, 5, 9 if the UE is configured with higher layer parameter shortTTI

and the TPC command 5PUSK:H,C isincluded in aPDCCH/ SPDCCH with DCI format 7-0A/7-0B,
and for uplink transmissionsin aslot,

- by Kpygey =5 if theslot-PUSCH transmission in slot 15 or 16 is scheduled with a

PDCCH/SPDCCH with DCI format 7-0A/7-0B in which the LSB of the UL index is set to 1 for
TDD UL/DL configuration 6 and special subframe configuration 0, 5, 9,

- inTable5.1.1.1-1 otherwise.

- For TDD UL/DL configuration 0 and UE not configured with higher layer parameter symPUSCH-
UpPts-r14 for the serving cell C.

- If the subframe-PUSCH transmission in subframe 2 or 7 is scheduled with a PDCCH/EPDCCH of
DCI format 0/4 or aMPDCCH of DCI format 6-0A in which the LSB of the UL index is set to 1,

Kpusch =7

- For slot-PUSCH transmissions, Ky isgiven by Table 5.1.1.1-1B for specia subframe
configuration 1, 2, 3,4, 6, 7, 8and Table 5.1.1.1-1C for special subframe configuration 0, 5, 9 if
the TPC command §PUSCH,C isincluded in a PDCCH/ SPDCCH with DCI format 7-0A/7-0B. If

the TPC command SpyscH i provided in the PDCCH with DCI format 3/3A, Kpygey is
giveninTable5.1.1.1-1.

- For all other subframe-PUSCH transmissions, K, s isgivenin Table5.1.1.1-1A if the UE is

configured with shortProcessingTime and the corresponding PDCCH with CRC scrambled by C-
RNTI isin the UE-specific search space, otherwise Table 5.1.1.1-1.

- For TDD UL/DL configurations 0-5 and UE configured with higher layer parameter symPUSCH-
UpPts-r14 for the serving cell ¢, Keuser is givenin

- Table5.1.1.1-4A if the UE is configured with shortProcessingTime and the corresponding
PDCCH with CRC scrambled by C-RNTI isin the UE-specific search space,

- Table5.1.1.1-4B for slot-PUSCH transmissions if the TPC command Opygqyc iSincludedina
PDCCH/ SPDCCH with DCI format 7-0A/7-0B,
- Table5.1.1.1-4 otherwise.

- For TDD UL/DL configuration 6 and UE configured with higher layer parameter symPUSCH-UpPts-
ri4 for the serving cell ¢

- If the subframe-PUSCH transmission in subframe 2 or 7 is scheduled with a PDCCH/EPDCCH
of DCI format 0/4 if the UE is not configured with higher layer parameter shortProcessingTime
or if the UE is configured with higher layer parameter shortProcessingTime and the
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corresponding PDCCH with CRC scrambled by C-RNTI isin the common search space in which
the LSB of the UL index issetto 1, Kpygey =6

- For all other PUSCH transmissions, K sy isgivenin

- Table5.1.1.1-4A if the UE is configured with shortProcessingTime and the corresponding
PDCCH with CRC scrambled by C-RNTI isin the UE-specific search space,

- Table5.1.1.1-4B for slot-PUSCH transmissions if the TPC command §PUSCH,C isincludedin a
PDCCH/ SPDCCH with DCI format 7-0A/7-0B,
- Table5.1.1.1-4 otherwise.

- For aserving cell with frame structure type 3,

For an uplink DCI format 0A/4A carrying AUL-DFI according to subclause 8.3A, Koy =4

- For an uplink DCI format 0A/OB/OC/4A/4B with CRC scrambled by C-RNTI with PUSCH trigger
A setto 0, Kpysy isequal to k+l, where k and | are defined in in Subclause 8.0.

- For an uplink DCI format 0A/OB/OC/4A/4B with CRC scrambled by C-RNTI with PUSCH trigger
A set to 1 and upon the detection of PDCCH with CRC scrambled by CC-RNTI and with "PUSCH
trigger B' field set to '1' described in Subclause 8.0, Kp g isequal to p+k+l, wherep, kand | are

defined in Subclause 8.0.

If a UE detected multiple TPC commands in subframe i — Kp gy , the UE shall use the TPC

command in the PDCCH/EPDCCH with DCI format 0A/0B/0C/4A/4B with CRC scrambled by
C-RNTI which schedules PUSCH transmission in subframei.

- For serving cell ¢ and anon-BL/CE UE, the UE attempts to decode a PDCCH/EPDCCH of DCI format
0/0A/0B/0C/4/4A/4B or aPDCCH/SPDCCH of DCI format 7-0A/7-0B with the UE's C-RNTI or a
PDCCH/EPDCCH of DCI format O for SPS C-RNTI or a PDCCH/SPDCCH of DCI format 7-0A/7-0B
for SPS C-RNTI or aPDCCH/EPDCCH of DCI format 0 for UL-SPS-V-RNTI and a PDCCH of DCI
format 3/3A with this UE's TPC-PUSCH-RNTI in every subframe except when in DRX or where serving
cell ¢ isdeactivated.

- Forserving cell ¢ and aBL/CE UE configured with CEModeA, the UE attempts to decode a MPDCCH
of DCI format 6-0A with the UE's C-RNTI or SPS C-RNTI and aMPDCCH of DCI format 3/3A with
this UE's TPC-PUSCH-RNTI in every BL/CE downlink subframe except when in DRX

- For anon-BL/CE UE and for subframe PUSCH transmissions, if DCI format 0/0A/0B/0C/4/4A/4B for
serving cell cand DCI format 3/3A are both detected in the same subframe, then the UE shall use the
OpyscH, ¢ Provided in DCI format 0/0A/0B/OC/4/4A/4B.

- For dot/subslot-PUSCH transmissions corresponding to a PDCCH/SPDCCH with DCI format 7-0A/7-0B
with the UE's C-RNTI for serving cell ¢, the UE shall usethe dpyscyy ¢ provided in DCI format 7-0A/7-

0B

- For serving cell ¢ and dot/subslot-PUSCH transmissions without a corresponding PDCCH/SPDCCH in
sot/subslot i of subframe |, the UE shall use the TPC command provided in the PDCCH with DCI format

3/3A received in a subframe not later than subframe | — K, o, when configured by higher layer

parameter tpc-PDCCH-ConfigPUSCH-SPSfor the serving cell ¢ and for the corresponding SPS
Configlndex-r14 if the UE is configured with multiple UL SPS configurations.

- For aBL/CE UE configured with CEModeA, if DCI format 6-0A for serving cell cand DCI format 3/3A
are both detected in the same subframe, then the UE shall usethe dpyscH ¢ provided in DCI format 6-

OA.
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- OpuscH,c = 0dB for a subframe/slot/subsiot where no TPC command is decoded for serving cell ¢ or

where DRX occursor i is not an uplink subframe/slot/subslot in TDD or FDD-TDD and serving cell ¢
frame structure type 2.

- OpyuscH,c = 0dB for subframe-PUSCH transmissionsiif the subframe i is not the first subframe scheduled
by a PDCCH/EPDCCH of DCI format 0B/4B.

- The Jdpysch . dB accumulated values signalled on PDCCH/EPDCCH with DCI format

0/0A/0B/0C/4/4A/4B or PDCCH/SPDCCH with DCI format 7-0A/7-0B or MPDCCH with DCI format 6-
OA aregivenin Table 5.1.1.1-2. If the PDCCH/EPDCCH with DCI format 0 or PDCCH/SPDCCH with
DCI format 7-0A/7-0B or MPDCCH with DCI format 6-0A or PDCCH/SPDCCH with DCI format 7-
OA/7-0B isvalidated as a SPS activation or release PDCCH/EPDCCH/MPDCCH/SPDCCH, then
5PUSCH,C is 0dB.

- The dpygey dB accumulated values signalled on PDCCH/MPDCCH with DCI format 3/3A are one of

SET1 givenin Table5.1.1.1-2 or SET2 given in Table 5.1.1.1-3 as determined by the parameter TPC-
Index provided by higher layers.

- If UE hasreached Poyax (i) forservingcell c, positive TPC commands for serving cell ¢ shall not
be accumulated

- If UE has reached minimum power, negative TPC commands shall not be accumulated

- For serving cell €, when the UE is configured with higher layer parameter shortTTl or when thereisa
change in configuration corresponding to the higher layer parameter shortTTl, f_(0) for thefirst

following PUSCH transmission in aslot or subslot in a given subframe is set to the value of  f (*)
associated with PUSCH of the previous uplink subframe.

- If the UE isnot configured with higher layer parameter UplinkPower Control Dedicated-v12x0 for serving
cell C, the UE shall reset accumulation

- Forserving cell ¢, when P ye puscH,c vVaueischanged by higher layers

- For serving cell ¢, when the UE receives random access response message for serving cell ¢

- If the UE is configured with higher layer parameter UplinkPower Control Dedicated-v12x0 for serving cell
C

- the UE shall reset accumulation corresponding to f.(*) for serving cell ¢
- when P ye puscH,c Vaueischanged by higher layers
- when the UE receives random access response message for serving cell ¢

- the UE shall reset accumulation correspondingto f,(*) for servingcell ¢

- when B, e pyscrco Vaueischanged by higher layers

- If the UE is configured with higher layer parameter UplinkPower Control Dedi cated-v15x0 for serving cell
C, the UE shall reset accumulation corresponding to f.(*) for serving cell ¢

- when o e vaueischanged by higher layers

- If the UE is configured with higher layer parameter UplinkPower Control Dedicated-v12x0 for serving cell
C and

- if subframe i belongsto uplink power control subframe set 2 as indicated by the higher layer
parameter tpc-SubframeSet-r12 f (i) = f.(i—1)
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if subframe i does not belong to uplink power control subframe set 2 as indicated by the higher layer
parameter tpc-SubframeSet-r12 f_, (i) = f_,(i—1)

fo(i) = Spuschc (i — KpuscH) and T ,(1) = Opyson (i — Kpysey)  if accumulation is not enabled for

serving cell ¢ based on the parameter Accumulation-enabled or accumulationEnabledsTT! provided by
higher layers

where Opysch,c(i — Kpysch ) was signalled on PDCCH/EPDCCH with DCI format

0/0A/0B/0C/4/4A/4B or PDCCH/SPDCCH with DCI format 7-0A/7-0B or MPDCCH with DCI format 6-
OA for serving cell ¢ onsubframe i —Kpygyy . For aBL/CE UE configured with CEModeA, subframe
i —Kpysey  iSthelast subframe in which the MPDCCH with DCI format 6-0A or MPDCCH with DCI
format 3/3A is transmitted.

Thevaueof Kpygy is

For FDD or FDD-TDD and serving cell frame structure type 1

if the UE is configured with higher layer parameter shortTTI and for PUSCH transmissionsin a
subdlot, Kpygy =X,

the UE is configured with higher layer parameters dI-STTI-Length="subslot' and ul-STTI-
Length="dot' and for PUSCH transmissionsin adot, i — Ky 4y, corresponds to:

- asubslot among subslot 4 or 5 of subframe N-3 or subslot 0 of subframe N-2 in which the UE
has received the TPC command if the slot- PUSCH isto be transmitted in slot O of subframe
N. A UE is not expected to receive TPC command in more than one subslot among subsliot 4
or 5 of subframe N-3 or subslot 0 of subframe N-2 corresponding to slot-PUSCH transmission
in dot 0 of subframe N.

- asubslot among subslot 1 or 2 or 3 of subframe N-2 in which the UE has received the TPC
command if the slot-PUSCH isto be transmitted in slot 1 of subframe N. A UE is not expected
to receive TPC command in more than one subslot among subslot 1 or 2 or 3 of subframe N-2
corresponding to slot-PUSCH transmission in slot 1of subframe N.

if configured with higher layer parameter shortProcessingTime and the corresponding PDCCH
with CRC scrambled by C-RNTI isin the UE-specific search space, Kpygey =3

otherwise, Kpgy =4

For TDD, if the UE is configured with more than one serving cell and the TDD UL/DL configuration
of at least two configured serving cellsis not the same, or if the UE is configured with the parameter
EIMTA-MainConfigServCell-r12 for at least one serving cell, or FDD-TDD and serving cell frame
structure type 2, the"TDD UL/DL configuration” refersto the UL-reference UL/DL configuration
(defined in Subclause 8.0) for serving cell c.

For TDD UL/DL configurations 1-6 and UE not configured with higher layer parameter symPUSCH-
UpPts-r14 for the serving cell ¢, Kpygy isgiven

in Table 5.1.1.1-1A if the UE is configured with shortProcessingTime and the corresponding
PDCCH with CRC scrambled by C-RNTI isin the UE-specific search space for subframe-PUSCH
transmissions,

in Table5.1.1.1-1B for special subframe configuration 1, 2, 3, 4, 6, 7, 8 and Table 5.1.1.1-1C for
special subframe configuration O, 5, 9 if the UE is configured with higher layer parameter sTTI,
and for uplink transmissionsin aslot,

by Kpysen =9 if the Slot-PUSCH transmission in slot 15 or 16 is scheduled with a

PDCCH/SPDCCH with DCI format 7-0A/7-0B in which the LSB of the UL index isset to 1 for
TDD UL/DL configuration 6 and special subframe configuration 0, 5, 9,
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in Table 5.1.1.1-1 otherwise.

- For TDD UL/DL configuration 0 and UE not configured with higher layer parameter symPUSCH-
UpPts-r14 for the serving cell C.

If the subframe-PUSCH transmission in subframe 2 or 7 is scheduled with a PDCCH/EPDCCH of
DCI format 0/4 or aMPDCCH with DCI format 6-0A in which the LSB of the UL index is set to
1, Kpysch =7

For slot-PUSCH transmissions, K.y isgiven by Table 5.1.1.1-1B for specia subframe
configuration 1, 2, 3,4, 6, 7, 8 and Table 5.1.1.1-1C for specia subframe configuration 0, 5, 9.

For all other PUSCH transmissions, Ko isgivenin Table5.1.1.1-1A if the UE is configured

with shortProcessingTime and the corresponding PDCCH with CRC scrambled by C-RNTI isin
the UE-specific search space, Table5.1.1.1-1 otherwise.

- For TDD UL/DL configurations 0-5 and UE configured with higher layer parameter symPUSCH-
UpPts-r14 for the serving cell ¢, Ky oy isgivenin

Table 5.1.1.1-4A if the UE is configured with shortProcessingTime and the corresponding
PDCCH with CRC scrambled by C-RNTI isin the UE-specific search space,

Table5.1.1.1-4B for dot-PUSCH transmissions,

Table5.1.1.1-4 otherwise.

- For TDD UL/DL configuration 6 and UE configured with higher layer parameter symPUSCH-UpPts-
r14 for the serving cell ¢

If the subframe-PUSCH transmission in subframe 2 or 7 is scheduled with a PDCCH/EPDCCH of
DCI format 0/4 if the UE is not configured with higher layer parameter shortProcessingTime or if
the UE is configured with higher layer parameter shortProcessingTime and the corresponding
PDCCH with CRC scrambled by C-RNTI isin the common search space in which the LSB of the
UL indexissettol, Kpygey = 6.

If the subframe-PUSCH transmission in subframe sis scheduled with a PDCCH of DCI format
0/4, if the UE is configured with higher layer parameter shortProcessingTime and the
corresponding PDCCH with CRC scrambled by C-RNTI isin the UE-specific search spacein
which the LSB of the UL index isset to 1,

- Kygnu=6fors=1lor?2

- Kiygy=4 fors=3

If the slot-PUSCH transmission in slot 4, 15 or 16 is scheduled with a PDCCH/SPDCCH with
DCI format 7-0A/7-0B in which the LSB of the UL index issetto 1, Kpyscy =5.

For all other PUSCH transmissions, K, s isgivenin

- Table5.1.1.1-4A if the UE is configured with shortProcessingTime and the corresponding
PDCCH with CRC scrambled by C-RNTI isin the UE-specific search space,

- Tableb5.1.1.1-4B for dot- PUSCH transmissions,

- Table5.1.1.1-4 otherwise.

- For aserving cell with frame structure type 3,

For an uplink DCI format OA/4A carrying AUL-DFI according to subclause 8.3A, Koy =4-
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For an uplink DCI format OA/4A with CRC scrambled by C-RNTI with PUSCH trigger A set to 0,
Kpusen isequal to k+l, where k and | are defined inin Subclause 8.0.

- For an uplink DCI format 0B/4B with CRC scrambled by C-RNTI with PUSCH trigger A setto O,
K pugen s equal to kt+i" with i = MOd(Mmo 16 — Muaro 16 Niro ) Where Muarg o s
HARQ process number in subframei, and k, |, niarg 10 and Nuaro are defined in Subclause 8.0.

- For an uplink DCI format 0A/4A with CRC scrambled by C-RNTI with PUSCH trigger A setto 1

and upon the detection of PDCCH with CRC scrambled by CC-RNTI and with 'PUSCH trigger B’
field set to '1' described in Subclause 8.0, Kpygy isequal to p+k+l, where p, k and | are defined

in Subclause 8.0.

- For an uplink DCI format 0B/4B with CRC scrambled by C-RNTI with PUSCH trigger A setto 1
and upon the detection of PDCCH with CRC scrambled by CC-RNTI and with 'PUSCH trigger B'
field set to '1' described in Subclause 8.0, Kp gy isequa to p+k+l+i' with

i’ = mod(n:4 ARG 1D — Mharg 10+ NHarg ) where N'warg_ip iIsHARQ process number in subframe
i,and p, K, I, Narg 10 @and Nuarg are defined in Subclause 8.0.

If a UE detected multiple TPC commands in subframe i — Kp gy , the UE shall use the TPC

command in the PDCCH/EPDCCH with DCI format 0A/0B/0C/4A/4B with CRC scrambled by
C-RNTI which schedules PUSCH transmission in subframei.

The JpyscHc dB absolute values signalled on PDCCH/EPDCCH with DCI format

0/0A/0B/0C/4/4A/4B or PDCCH/SPDCCH with DCI format 7-0A/7-0B or a MPDCCH with DCI format
6-0A aregivenin Table5.1.1.1-2. If the PDCCH/EPDCCH with DCI format 0 or PDCCH/SPDCCH with
DCI format 7-0A/7-0B or a MPDCCH with DCI format 6-0A is validated as a SPS activation or release
PDCCH/EPDCCH/MPDCCH/SPDCCH, then dpyscp ¢ is0dB.

for anon-BL/CE UE, f¢(i)=fo(i-1) and f_,(i)= f ,(i—1) for asubframewhere no

PDCCH/EPDCCH with DCI format 0/0A/0OB/0C/4/4A/4B is decoded for serving cell ¢ or where DRX
occursor i isnot an uplink subframe in TDD or FDD-TDD and serving cell ¢ frame structure type 2.

for aBL/CE UE configured with CEModeA, f.(i) = f(i-1) and f_,(i)= f ,(i—1) for asubframe
where no MPDCCH with DCI format 6-0A is decoded for serving cell ¢ or where DRX occursori is
not an uplink subframein TDD.

If the UE is configured with higher layer parameter UplinkPower Control Dedicated-v12x0 for serving cell
C and

- if subframe i belongsto uplink power control subframe set 2 as indicated by the higher layer
parameter tpc-SubframeSet-r12 f (i) = f (i —1)

- if subframe i does not belong to uplink power control subframe set 2 asindicated by the higher layer
parameter tpc-SubframeSet-r12 f_, (i) = f_,(i—1)

- For both typesof f.(*) (accumulation or current absolute) the first value is set as follows:

If Po ue puscH,c vaueischanged by higher layers and serving cell C isthe primary cell or, if
Po UE_puscH,c Valueisreceived by higher layersand serving cell ¢ isa Secondary cell,

- f(0)=0

For serving cell ¢, when the UE is configured with higher layer parameter shortTTI or when thereisa
change in configuration corresponding to the higher layer parameter shortTTI, f (0) for thefirst

following PUSCH transmission in aslot or subslot in a given subframe is set to the value of (%)
associated with PUSCH of the previous uplink subframe.
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- Else

- If the UE receives the random access response message for a serving cell ¢

where

f(0)=AP, . +3

ampupc msg2,c !

-9

msg2,c
random access preambl e transmitted in the serving cell ¢, see Subclause 6.2, and

isthe TPC command indicated in the random access response corresponding to the

10109,(M pyscy ,c(o))
APran’pup,c =min s max| 0, PCMAX,(: -t Po_PUSCH ,c(2) + 5mng )
+0,(2)-PL+ A (0)

AP and AP

tampuprequested ¢ 1S Provided by higher layers and

rampuprequested,c

corresponds to the total power ramp-up requested by higher layers from the first to the last
preamble in the serving cell ¢, M pygoy(0)isthe bandwidth of the PUSCH resource
assignment expressed in number of resource blocks valid for the subframe of first PUSCH
transmission in the serving cell ¢, and A7r¢(0) is the power adjustment of first PUSCH
transmission in the serving cell c. If a UE is performing non-contention based random access
procedure and is configured with higher layer parameter pusch-EnhancementsConfig, 8,55, =
0. For aPUSCH transmission corresponding to ul-Configlnfo-r14, the UE shall assume

APrampuprequested,c msg2,c — 0

If PO_UE_PUSCHC,Z valueisreceived by higher layers for a serving cell c.

fc,z(o) =0

Table 5.1.1.1-1: K oy for TDD configuration 0-6

TDD UL/DL subframe number i

Configuration [0 | 1|2 |3|4|5|6|7|8]|9
0 -1 6|74 -1 6|74
1 - -16[4]|-]-]1-161|4
2 - -14l--1-1-141-]-
3 - -14(414]-]-1-1-]1-
4 l-Talal-1-1-1-1-1-
5 - -4l - - -] -1-1-]-
6 - -1717]s5[-1- 7] -

Table 5.1.1.1-1A: K o for TDD configuration 0-6, special subframe configuration 0, 1, 2, 3, 4, 5, 6,
7, 8, 9 and UE configured with shortProcessingTime

TDD UL/DL subframe number i

Configuration [0 |1 |2 |3|4|5|6|7|8]|9
0 -1613]3 -16]13]3
1 -1 -13]3]-]-]1-13]3
2 - -3 -]-1-1-13]-]-
3 - - 13133 -]-|-1-]-
4 -1 -131]3 - - -] - -
5 - -3 - - -] -
6 -|-|1614|4]|-]-]16]3]-
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Table 5.1.1.1-1B: K o for TDD configurations 0-6, special subframe configuration 1, 2, 3,4, 6, 7, 8
and UE configured with ul-STTI-Length

TDD UL/DL slot number i
Configuration |0 | 1|2 |3|4|5|6|7|8|9|10(11|12|13(14|15| 16|17 | 18| 19
0 414|14|5|5|6 4 4 4 5 5 6
1 4141|1414 4 4 4 4
2 4|4 4 4
3 6|6|6|6|6|6
4 4 (4|14 4
5 4 | 4
6 6|6|6|6|6|6 4 | 4 | 4| 4

Table 5.1.1.1-1C: K, for TDD configurations 0-6, special subframe configuration 0, 5, 9 and UE
configured with ul-STTI-Length

TDD UL/DL slot number i
Configuration [0 |1 |2 |34 |5|6|7|8|9|10(11|12|13|14|15|16| 17| 18| 19
0 4|15|5|6|6|7 4 15|65 6 | 6 | 7
1 5(5|5]|5 5 5 5 5
2 4 | 4 4 4
3 777|777
4 5|5|5]|5
5 4 | 4
6 4|15|5(6|6|7 4 4 4 5

Table 5.1.1.1-2: Mapping of TPC Command Field in DCI format 0/0A/0B/0C/3/4/4A/4B/6-0A/3B/7-0A/7-
OB to absolute and accumulated Jpygcy values

TPC Command Field in
DCI format O/0A/OB/OC/3/4/4A/AB/6- (?:J:le“a[tgg] Absolute Spyscrc [dB] only DCI format
OA/3B/7-0A/7-0B c 0/0A/OB/OC/4/4A/4B/6-0AI7-0A/7-0B
0 K} Z
1 0 K}
2 1 1
3 3 2

Table 5.1.1.1-3: Mapping of TPC Command Field in DCI format 3A/3B to accumulated JdpyscH Values

TPC Command Field in
DCI format 3A/3B

0 -1

1 1

Accumulated dpyscH ¢ [dB]

Table 5.1.1.1-4: K oy, for TDD configuration 0-6 and UE configured with symPUSCH-UpPts-r14

TDD UL/DL subframe number i

Configuration [0 | 1|2 |3 |4 |5|6|7|8]|9
0 517|714 517|714
1 -|6|6|4]|-]-]16|6]4
2 -\ 514 |-|-]-15]4]|-]|-
3 -1414(414)-1-1-1-1-
4 -1414|4 S T T I
5 Slalal-T-1-1-1-1-1-
6 -|6|7|7|5]|-]6 7| -
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Table 5.1.1.1-4A: Ko for TDD configuration 0-6 and UE configured with symPUSCH-UpPts-r14
and UE configured with shortProcessingTime

TDD UL/DL subframe number i

Configuration [0 | 1|2 |3|4|5|6|7|8]|9
0 66|33 66|33
1 -1513|3]|-]-15[3]3
2 - 1313 -]-1-13[3]-]-
3 - 1313133 |-|-|-1]-]1-
4 -1313]3 - - -] - -
5 - 1313 -]-1-1-1-1-1-
6 -|1513|3|4|-|5|6]|3]-

Table 5.1.1.1-4B: Ko, for TDD configurations 0-6 and UE configured with symPUSCH-UpPts-r14,
and UE configured with ul-STTI-Length

TDD UL/DL slot number i
Configuration |0 1|2 | 3 |4|5|6|7|8|9|10|11|12|13|14|15|16| 17 |18 | 19
0 11|14 |5|5|6|6|7 11 | 4 5 5 6 6 7
1 5|5|5|5]|5 5 5 5 5 5
2 4 | 4|4 4 4 4
3 7 |\7|7|\7|7|7]|7
4 5|5|5|5|5
5 4 | 4|4
6 4 |4]|5|5|6|6|7 11| 4 4 4 5

For agiven serving cell, if the UE is configured with higher layer parameter shortProcessingTime , the UE shall use the
TPC command received with DCI format 0/4 mapped onto the UE-specific search space for subframei.

For a UE capable of simultaneous transmission of different uplink signal durations to different serving cells asindicated
by UE capability simultaneousTx-differentTx-duration, if PUSCH/PUCCH transmissions of different duration occur in

different serving cells and in the same subframe and if the total transmit power of the UE would exceed Peyax (1) , the
UE shall follow the dropping rules described in Subclause 5.1.5 until the total transmit power of the UE would not

exceed Py (1) or until there are only PUSCH/PUCCH transmissions of the same duration remaining in which case
the following rules apply.

If the UE is not configured with an SCG or a PUCCH-SCell, and if the total transmit power of the UE would exceed
Peyax (i) . the UE scales PPUSCH c(i) for the serving cell ¢ in subframe/slot/subslot i such that the condition

Z w(i)- lSPUSCH,c(i) < (lSCMAx (i)- ISPUCCH ('))

is satisfied where ISPUCCH (i) isthelinear value of Ppyccn (i) . ISPUSCH,C(i) isthe linear value of Poysch c(i)
ISCNIAX (i) isthelinear value of the UE total configured maximum output power Py, defined in [6] in
subframe/dot/subslot i andw(i) isascaling factor of If’pUSCH,C(i)for serving cell ¢ where 0<w(i) <1.In casethere

isno PUCCH transmission in subframe/slot/subslot i ISPUCCH (i)=0.

If the UE is not configured with an SCG or a PUCCH-SCell, and if the UE has PUSCH transmission with UCI on
serving cell j and PUSCH without UCI in any of the remaining serving cells, and the total transmit power of the UE

would exceed PCM ax (1), the UE scales PPUSCH c(i) for the serving cells without UCI in subframe/slot/subslot i such
that the condition

S W) - Prosorso () < (P () = oo, )

c#j
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is satisfied where ISPUSCHJ (i) isthe PUSCH transmit power for the cell with UCI and w(i) is a scaling factor of

ISPUSCH,C(i)for serving cell ¢ without UCI. In this case, no power scaling is applied to I5PUSCH’J- (i) unless

Zw(i) -PeyscH c(i) =0 and the total transmit power of the UE still would exceed FA’CMAX ().
C#]j

For a UE not configured with a SCG or a PUCCH-SCell, note that w(i) values are the same across serving cells when
w(i) > 0 but for certain serving cells w(i) may be zero.

If the UE is not configured with an SCG or a PUCCH-SCell, and if the UE has simultaneous PUCCH and PUSCH
transmission with UCI on serving cell j and PUSCH transmission without UCI in any of the remaining serving cells,

and the total transmit power of the UE would exceed ISC,\,I ax (1) , the UE obtains ISPUSCH,C(i) according to

Brosors; () = Min(Proscrr; (1), (Paax (1) = Poecs ()

and

ZW(i) ’ ISPUSCH,C (') < (ISCMAX (') - ISPUCCH (') - IsPUSCH,j ('))

c#j

If the UE is not configured with a SCG or a PUCCH-SCell, and

- If the UE is configured with multiple TAGs, and if the PUCCH/PUSCH transmission of the UE on
subframe/slot/subslot | for agiven serving cell in a TAG overlaps some portion of the first symbol of the
PUSCH transmission on subframe/slot/subslot i +1 for adifferent serving cell in another TAG the UE shall

adjust itstotal transmission power to not exceed P-4 0N any overlapped portion.

- If the UE is configured with multiple TAGs, and if the PUSCH transmission of the UE on subframe/slot/subsl ot
i for agiven serving cell in a TAG overlaps some portion of the first symbol of the PUCCH transmission on
subframe/slot/subslot | +1 for adifferent serving cell in another TAG the UE shall adjust its total transmission

power to not exceed P, 0N any overlapped portion.

- If the UE is configured with multiple TAGs, and if the SRS transmission of the UE in a symbol on
subframe/slot/subslot | for agiven serving cell in a TAG overlaps with the PUCCH/PUSCH transmission on
subframe/slot/subslot | or subframe/slot/subsiot i +1 for adifferent serving cell in the same or another TAG

the UE shall drop SRSif itstotal transmission power exceeds Py, 0N any overlapped portion of the symbol.

- If the UE is configured with multiple TAGs and more than 2 serving cells, and if the SRS transmission of the UE
in asymbol on subframe/slot/subslot | for a given serving cell overlaps with the SRS transmission on
subframe/slot/subslot | for adifferent serving cell(s) and with PUSCH/PUCCH transmission on
subframe/slot/subslot | or subframe/slot/subsiot i +1 for another serving cell(s) the UE shall drop the SRS

transmissions if the total transmission power exceeds Py, 0N any overlapped portion of the symbol.

- If the UE is configured with multiple TAGs, the UE shall, when requested by higher layers, to transmit PRACH
in asecondary serving cell in paralel with SRS transmission in a symbol on a subframe of a different serving

cell belonging to adifferent TAG, drop SRS if the total transmission power exceeds PCM ax ONn any overlapped
portion in the symbol.
- If the UE is configured with multiple TAGs, the UE shall, when requested by higher layers, to transmit PRACH

in asecondary serving cell in paralel with PUSCH/PUCCH in adifferent serving cell belonging to a different
TAG, adjust the transmission power of PUSCH/PUCCH so that itstotal transmission power does not exceed

P-yiax 0n the overlapped portion.

If the UE is configured with a LAA SCell for uplink transmissions, the UE may compute the scaling factor w(i)
assuming that the UE performs a PUSCH transmission on the LAA SCell in subframei irrespective of whether the UE
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can access the LAA SCell for the PUSCH transmission in subframe i according to the channel access procedures
described in Subclause 4.2.1 of [13].

For a BL/CE UE configured with CEModeA, if the PUSCH is transmitted in more than one subframeio, iy, ..., in1
where ig< i1< ...<in-1, the PUSCH transmit power in subframeix, k=0, 1, ..., N-1, is determined by

PPUSCH,c(ik) = PPUSCH,c(iO)

For aBL/CE UE configured with CEModeB, the PUSCH transmit power in subframe iy is determined by

PPUSCH,c(ik) = PCMAX ,c(iO)

511.2 Power headroom

There are three types of UE power headroom reports defined. A UE power headroom PH isvalid for
subframe/dot/subslot i for serving cell c.

If the UE is configured with a SCG, and if the higher layer parameter phr-ModeOther CG-r12 for a CG indicates
‘virtual', for power headroom reports transmitted on that CG, the UE shall compute PH assuming that it does not
transmit PUSCH/PUCCH on any serving cell of the other CG.

For a UE configured with EN-DC/NE-DC and capable of dynamic power sharing, if aNR Multiple Entry PHR[15, TS
38.321] istriggered and if the NR slot on active UL BWP that carries the Multiple Entry PHR is not aligned with E-
UTRA subframe due to asynchronous EN-DC/NE-DC [16, TS 38.133] or different duration between the NR slot and E-
UTRA subframe, UE provides PH of the first E-UTRA subframe that overlaps with the NR slot.

If the UE is configured with a SCG,

- For computing power headroom for cells belonging to MCG, the term 'serving cell' in this subclause refersto
serving cell belonging to the MCG.

- For computing power headroom for cells belonging to SCG, the term 'serving cell” in this subclause refers to
serving cell belonging to the SCG. The term "primary cell’ in this subclause refers to the PSCell of the SCG.

If the UE is configured with a PUCCH-SCell,

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

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

In this subclause,

- theterm 'scheduled to transmit PUSCH' refersto PUSCH scheduled via an uplink scheduling grant or semi-
persistent scheduling assignment.

- theterms'PUCCH is prepared to be transmitted' or ‘prepared to transmit PUCCH' refer to PUCCH for which the
UE has started generating the UCI.

If the UE is configured with a LAA SCell for uplink transmissions, and the UE receives PDCCH/EPDCCH with DCI
format OA/OB/4A/4B with PUSCH trigger A set to 0 corresponding to a PUSCH transmission on the LAA SCell in
subframe i, power headroom for subframei is computed assuming that the UE performs a PUSCH transmission on the
LAA SCdll in subframei irrespective of whether the UE can access the LAA SCell for the PUSCH transmission in
subframe i according to the channel access procedures described in Subclause 4.2.1 of [13].

If the UE is configured with an LAA SCell for uplink transmissions, and if the UE reports power headroom in subframe
i inserving cell cinaPUSCH transmission scheduled using DCI format 0A/0B/4A/4B with 'PUSCH trigger A' setto O
or in aPUSCH transmission scheduled using DCI format 0/4,

ETSI



3GPP TS 36.213 version 15.12.0 Release 15 31 ETSI TS 136 213 V15.12.0 (2021-02)

- for LAA SCells other than serving cell ¢ on which UE receives a DCI format 0A/OB/4A/4B or PUSCH trigger B
in subframei-4 or earlier indicating a PUSCH transmission in subframe i, power headroom for the serving cell is
computed assuming that the UE performs a PUSCH transmission on that serving cell in subframei.

- for LAA SCdlls other than serving cell ¢ on which UE does not receive a DCI format 0A/0B/4A/4B or PUSCH
trigger B in subframe i-4 or earlier, indicating a PUSCH transmission in subframei, power headroom for the
serving cell is computed assuming that the UE does hot perform a PUSCH transmission on that serving cell in
subframei.

If the UE is configured with a LAA SCell for uplink transmissions, and if the UE receives a DCI format 0A/OB/4A/4B
with PUSCH trigger A set to 1 in subframe n on serving cell ¢, and if the UE reports power headroom on serving cell ¢
using the received DCI,

- for serving cells other than the serving cell ¢, the UE computes power headroom assuming that it performs a
PUSCH transmission in subframe n+ kp , if in subframe n or earlier, the UE receives a DCI format 0/4 or DCI
format 0A/OB/4A/4B with PUSCH trigger A set to 0 or PUSCH trigger B set to 1, indicating PUSCH
transmission in subframe n+ K, .

- for serving cells other than the serving cell ¢, the UE computes power headroom assuming that it does not
perform a PUSCH transmission in subframe n+ kp , if in subframe n or earlier, the UE does not receive a DCI
Format 0/4 or DCI format OA/OB/4A/4B with PUSCH trigger A set to 0 or PUSCH trigger B set to 1, indicating
PUSCH transmission in subframe n+K, .

If serving cell ¢ is configured with higher layer parameter ul-STTI-Length="subdot', and if the UE reports power
headroom on subslot i of serving cell ¢, for serving cells other than serving cell ¢, the UE computes power headroom for

- subdot i, if the serving cells are configured with higher layer parameter ul-STTI-Length="subslot'
- thedot containing subdlot i, if the serving cells are configured with higher layer parameter ul-STTI-Length="dlot'
- the subframe containing subslot i, otherwise.

If serving cell ¢ is configured with higher layer parameter ul-STTI-Length="dot', and if the UE reports power headroom
ondoti of serving cell c using dot-PUSCH, for serving cells other than serving cell ¢, the UE computes power
headroom for

- doti, if the serving cells are configured with higher layer parameter ul-STTI-Length="d ot'
- the subframe containing dot i, otherwise.

If the UE reports power headroom on subframei of serving cell ¢ using subframe-PUSCH, for serving cells other than
serving cell ¢, the UE computes power headroom for subframei.

Type 1:

If the UE is scheduled to transmit PUSCH and is not prepared to transmit PUCCH in subframe/slot/subslot i for
serving cell ¢, then power headroom for a Type 1 report is computed using

PH ype1,¢ (1) = Pomax c (1) {1O|0910(M puscH,c (1)) + Po_pusch,c() + @c(j) - Ple + Atg e (1) + fc (i) } [dB]

where, Poyaxo(i), Mpuschc(® . Po puscrc(i): @(i), Ple, A (i) and fc(i) aredefinedin Subclause
51.1.1.

If the UE is scheduled to transmit PUSCH and is prepared to transmit PUCCH in subframe/dlot/subslot i for serving
cell ¢, then power headroom for a Type 1 report is computed using

PH ypet o (i) = Pomax ()~ {1010g30 (M puiscr, o)) + Po_puscH,c(1) +ac(j)-Ple +Ave (i) + fc (i) } [dB]
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where, Mpyschc(1), Po pusche(), (i), Ple, A (i) and f(i) aredefinedin Subclause5.1.1.1.
ISCM AX,c(i) is computed based on the requirementsin [6] assuming a PUSCH only transmissionin

subframe/dot/subsiot i . For this case, the physical layer delivers 'SCMAx,c(i) instead of Pomax (i) tohigher layers.

If the UE is not scheduled to transmit PUSCH in subframe/slot/subslot i for serving cell c, or if the UE is configured
with an LAA SCell for uplink transmissions and receives DCI Format 0A/0B/4A/4B with PUSCH trigger A setto 1 on
aserving cell ¢ and if the UE reports power headroom in the PUSCH transmission corresponding to the DCI in serving
cell ¢, then the power headroom for a Type 1 report is computed using

PH ypeq (i) = IE;cnv|Ax,c(i)— {PO_PUSCH,c(l) +a(D-PL:+ fo (i) } [dB]

where, ISCM ax c(i) is computed assuming MPR=0dB, A-MPR=0dB, P-MPR=0dB and AT¢ =0dB, where MPR , A-
MPR, P-MPR and ATc are defined in [6]. Po puschc(d), (1), PLc,and fc(i) are defined in Subclause 5.1.1.1.

Type 2:

If the UE is scheduled to transmit PUSCH and is prepared to transmit PUCCH in subframe/dot/subslot i for the
primary cell, then power headroom for a Type 2 report is computed using

(10109130 (M pyscrc (0)+Po _puscrc (1)+0 (1)-Ple +Are (i)+ £ (1))/10

PH type2 (i) = Pemax ¢ (1) —10l0gsg [dB]

4 10(P0_PUCCH +PLg +h(”co| NHARQ MR )+AF_PUCCH (F)+Anp (F)+g(i ))/10
where, Pomax.c: Mpusch.c() s Po puscHc(i) s @c(i), A (i) and fc(i) arethe primary cell parameters as
defined in Subclause 5.1.1.1 and Py pycch» Plc, h(Ncqi s NHARQ NR) + Ak puccH (F) . Axp (F') and g(i) are
defined in Subclause 5.1.2.1

If the UE is scheduled to transmit PUSCH and is not prepared to transmit PUCCH in subframe/slot/subslot i for the
primary cell, then power headroom for a Type 2 report is computed using

(10|0910(MPUSCH,c(i))+P07PUSCH,c(j)+ac(j)‘PLc+ATF,c(i)+fc(i))/lo (dB]

PH i)=P i)—10l B
type2 (1) = Pomax ¢ (i) 0910 . 10(Po_pucm +PLe+g(1)10

where, Pomax.c(), Mpusch,c() s Po pusche(i) s ac(i), Ay (i) and fc(i) aretheprimary cell parametersas

defined in Subclause 5.1.1.1 and Py pyccq» PLe and g(i) aredefined in Subclause 5.1.2.1.

If the UE is prepared to transmit PUCCH without PUSCH in subframe/dlot/subdlot i for the primary cell, power
headroom for a Type 2 report is computed using

(POJUSCH,C (D+oe (D)-PL + 1 (i))/lO

PH type2 (i) = Pomax, ¢ (1) —10l0gsg [dB]

4 lO(PO_PUCCH +PL; +h(”co| NHARQ vnSR)JrAF_PUCCH (F)+Amp (F)+gli ))/10

where, Po puschc(@), (1) and f(i) aretheprimary cell parameters as defined in Subclause 5.1.1.1, Poyax (i)
v Fo puccr s Ples h(ncgr »NHARQ Y NR) + A pucer (F) . Ao (F') and g(i) are also defined in Subclause 5.1.2.1.

If the UE is not scheduled to transmit PUSCH and is not prepared to transmit PUCCH in subframe/dlot/subslot i for
the primary cell, then power headroom for a Type 2 report is computed using
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(PO_PUSCH,C D+ (D)-PL + e (i))/lO

PH ypez (i) = P i)—10l [dB]
type2 (1) = Pcmax ¢ (i) —1010g39 . 10(P07PUCCH +PLe+g(i))10

where, ISCM ax,c(i) iscomputed assuming MPR=0dB, A-MPR=0dB, P-MPR=0dB and ATc =0dB, where MPR,,

A-MPR, P-MPR and ATc are defined in [6], Po pusch,c(l), ac(l) and f(i) aretheprimary cell parametersas
defined in Subclause 5.1.1.1 and Py pyccq» PLe and g(i) aredefined in Subclause 5.1.2.1.
If the UE is unable to determine whether thereis a PUCCH transmission corresponding to PDSCH transmission(s) or

not, or which PUCCH resource is used, in subframe i for the primary cell, before generating power headroom for a
Type 2 report, upon (E)PDCCH detection, with the following conditions:

- if both PUCCH format 1b with channel selection and simultaneousPUCCH-PUSCH are configured for the UE,
or

- if PUCCH format 1b with channel selection is used for HARQ-ACK feedback for the UE configured with
PUCCH format 3 and simultaneousPUCCH-PUSCH are configured,

then, UE is allowed to compute power headroom for a Type 2 using

(10|0910(MPUSCH,c(i))+P07PUSCH,c(j)+ac(j)‘PLc+ATF,c(i)+fc(i))/lo (dB]

PH i)=P i)—10l B
type2 (1) = Pomax ¢ (i) 0010 . 10(P0_PUCCH +PLy+g(i))10

where, Pomax.c() . Mpusch,c() s Po pusche(1) s ac(i), Ay (i) and fc(i) aretheprimary cell parametersas

defined in Subclause 5.1.1.1 and Py pyccq» PLe and g(i) aredefined in Subclause 5.1.2.1.

Type 3:
Computation of power headroom for Type 3 report is described in Subclause 5.1.3.2.

The power headroom shall be rounded to the closest value in the range [40; -23] dB with steps of 1 dB and is delivered
by the physical layer to higher layers.

If the UE is configured with higher layer parameter UplinkPower Control Dedicated-v12x0 for serving cell ¢ and if
subframe i belongs to uplink power control subframe set 2 as indicated by the higher layer parameter tpc-

SubframeSet-r12, the UE shall use f, (i) instead of fc (i) to compute PH ., (i) and PH ., (i) for

subframei and serving cell ¢, where f_,(i) isdefinedin Subclause 5.1.1.1.

51.2 Physical uplink control channel

If the UE is configured with a SCG, the UE shall apply the procedures described in this subclause for both MCG and
SCG.

- When the procedures are applied for MCG, the term 'serving cell' in this subclause refers to serving cell
belonging to the MCG.

When the procedures are applied for SCG, the term 'serving cell’ in this subclause refers to serving cell belonging to the
SCG. The term 'primary cell' in this subclause refers to the PSCell of the SCG.If the UE is configured with a PUCCH-
SCell, the UE shall apply the procedures described in this subclause for both primary PUCCH group and secondary
PUCCH group.

- When the procedures are applied for the primary PUCCH group, the term 'serving cell’ in this subclause refers to
serving cell belonging to the primary PUCCH group.

- When the procedures are applied for the secondary PUCCH group, the term 'serving cell’ in this subclause refers
to serving cell belonging to the secondary PUCCH group. The term 'primary cell’ in this subclause refers to the
PUCCH-SCell of the secondary PUCCH group.
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51.2.1 UE behaviour

If serving cell cisthe primary cell, for PUCCH format 1/1a/1b/2/2a/2b/3, the setting of the UE Transmit power Poccn
for the physical uplink control channel (PUCCH) transmission in subframe/slot/subslot i for serving cell ¢ isdefined
by

Pemax,c (i),

P (i)=min . ¢ [dBm]
PUCCH {PO_pUCCH +PL, + h(nCQ| ' NHARQ, HSR)+ Ak pucch (F)+ Ao (F) + gl )}

If serving cell cisthe primary cell, for PUCCH format 4/5, the setting of the UE Transmit power Py for the
physical uplink control channel (PUCCH) transmission in subframe/slot/subslot i for serving cell ¢ isdefined by

P (i)=min Powax.c (1); [dBm]
peer P puccr +PLc + 10|0910(M PUCCH,c(i ))"‘ ATF,c(i )+ At pucen (F)+gl(i)

If the UE is not transmitting PUCCH for the primary cell, for the accumulation of TPC command for PUCCH, the UE
shall assume that the UE transmit power Pgyccy for PUCCH in subframe/slot/subslot i is computed by

Pruccr (i )= min{PCMAX,c (1), P pucch +PLc + g(i )} [dBm]
where

- Pomax (i) isthe configured UE transmit power defined in [6] in subframe/slot/subslot i for serving cell c. If

the UE transmits PUSCH without PUCCH in subframe i for the serving cell ¢, for the accumulation of TPC
command for PUCCH, the UE shall assume Poyax (i) asgiven by Subclause 5.1.1.1. If the UE does not

transmit PUCCH and PUSCH in subframe/slot/subslot i for the serving cell ¢, for the accumulation of TPC
command for PUCCH, the UE shall compute Pgyax (i) assuming MPR=0dB, A-MPR=0dB, P-MPR=0dB and

ATc =0dB, where MPR, A-MPR, P-MPR and AT are defined in [6].

- Theparameter Ag pyccy (F) isprovided by higher layers. Each Ag pycon (F) value corresponds to a PUCCH

format (F) relative to subframe-PUCCH format 1a, where each PUCCH format (F ) isdefined in Table 5.4-1 of
[3] for subframe-PUCCH, in Table 5.4A-1 of [3] for dot-PUCCH, and in Table 5.4A-2 of [3] for subslot-
PUCCH.

- If the UE is configured by higher layers to transmit PUCCH on two antenna ports, the value of Arp (F') is

provided by higher layers where each PUCCH format F' is defined in Table 5.4-1 of [3] for subframe-PUCCH,
in Table 5.4A-1 of [3] for dot-PUCCH, and in Table 5.4A-2 of [3] for subslot-PUCCH; otherwise,

ATXD(FI):O'

- h(ncq) s NHARQ: Nsr) isaPUCCH format dependent value, where ngg, corresponds to the number of

information bits for the channel quality information defined in Subclause 5.2.3.3in[4]. ngg =1if

subframe/dlot/subglot i is configured for SR for the UE not having any associated transport block for UL-SCH,
otherwise ngg =0. If the UE is configured with more than one serving cell, or the UE is configured with one

serving cell and transmitting using PUCCH format 3, the value of npyarg isdefined in Subclause 10.1;
otherwise, Nnparg isthe number of HARQ-ACK bits sent in subframe/slot/subslot i.

- For subframe-PUCCH format 1,1aand 1b h(nCQ| s NHARQ > nSR): 0

- For PUCCH format 1b with channel selection, if the UE is configured with more than one serving cell,

(Nyaro 1) .
h(nCQ| ,nHARQ, nSQ) Z—Q , OtherWl%, h(nCQ| ,nHARQ, ngq)z 0

- For PUCCH format 2, 2a, 2b and normal cyclic prefix
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n

cQl | .
if n >4
2 ] cQl

0 otherwise

10lo
h(nCQI 'MHARQ, nSR) = 910(

- For PUCCH format 2 and extended cyclic prefix

Ncql +NHARQ | .
10lo _— if n +Nn >4
h(”cq s NHARQ, nSR): 910( 4 J CQl T THARQ

0 otherwise

- For PUCCH format 3 or for all slot/subslot PUCCH formats except dlot/subslot PUCCH format 4 and when
UE transmits HARQ-ACK/SR without periodic CSl,

- If the UE is configured by higher layersto transmit PUCCH format 3 on two antenna ports, or if the UE
transmits more than 11 bits of HARQ-ACK/SR

NHARQ + Nsr —1

h(ncqi » NHARQ: NsR) = 3

- Otherwise

nHARQ +NgR -1
h(ncqr » NHARQ: NsR) = — 5
- For PUCCH format 3 and when UE transmits HARQ-ACK/SR and periodic CSl,

- If the UE isconfigured by higher layers to transmit PUCCH format 3 on two antenna ports, or if the UE
transmits more than 11 bits of HARQ-ACK/SR and CSl

Nparo T Ner + Neg —1
3

h(Nog + Marg » Nsr) =

- Otherwise

Nyaro T Neg TNy —1

2

HARQ CQl

h(nCQI 1 Nharg: nsa) =

- For PUCCH format 4, M pcqyy . (i ) is the bandwidth of the PUCCH format 4 expressed in number of
resource blocks valid for subframe/slot/subslot i and serving cell ¢ . For PUCCH format 5,

M PUCCH,c(i ) =1
- Ay o() =10l0g,(27%) _1) where BPRE()= Oy, 1)/ Necli), ad
- for subframe-PUCCH

- O,y (i) isthe number of HARQ-ACK/SR/RI/CQI/PMI hitsincluding CRC bits transmitted on
PUCCH format 4/5 in subframei;

" N ()= Mpyogao(i)- N2 - NS for PUCCH format 4and N__(i)=NZ®. NZUCH /2 for PUCCH format 5;

- ONfee Z . (N:/;b _1)_1 if shortened PUCCH format 4 or shortened PUCCH format 5isused in
subframei and NFueeH — 2.(N:/;b 1) otherwise.

- for dot/subdot-PUCCH

O, (i) isthetotal number of HARQ-ACK/SR bitsincluding CRC bits transmitted on PUCCH format
4indot/subsoti;
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= Ng(i) isthenumber of REs used for slot/subslot-PUCCH format 4 transmission in slot/subslot i

Po puccr isaparameter composed of the sum of a parameter P, nominal_puccH Provided by higher layers

and aparameter P, g pycey Provided by higher layers.

Spuccn isaUE specific correction value, also referred to as a TPC command, included in a PDCCH with DCI

format 1A/1B/1D/1/2A/2/2B/2C/2D for the primary cell, or included in aMPDCCH with DCI format 6-1A, or
included in an EPDCCH with DCI format 1A/1B/1D/1/2A/2/2B/2C/2D for the primary cell, or included in a
PDCCH/SPDCCH with DCI format 7-1A/1B/1C/1D/1E/1F/1G if the UE is configured with higher layer
parameter shortTTI for the primary cell, or sent jointly coded with other UE specific PUCCH correction values
on a PDCCH/MPDCCH with DCI format 3/3A whose CRC parity bits are scrambled with TPC-PUCCH-RNTI.

- For anon-BL/CE UE, if the UE is not configured for EPDCCH monitoring, the UE attempts to decode

aPDCCH of DCI format 3/3A with the UE's TPC-PUCCH-RNTI and one or several PDCCHs of DCI
format 1A/1B/1D/1/2A/2/2B/2C/2D with the UE's C-RNTI or SPS C-RNTI on every subframe except
when in DRX.

aPDCCH of DCI format 3/3A with the UE's TPC-PUCCH-RNTI in case of slot/subslot-PUCCH
transmissions associated with PDSCH/PUSCH transmissions without a corresponding PDCCH/SPDCCH,
when configured by higher layer parameter tpc-PDCCH-ConfigPUCCH-SPS

aPDCCH/SPDCCH of DCI format 7-1A/1B/1C/1D/1E/1F/1G if the UE is configured with higher layer
parameter shortTTI in case of dot/subslot-PUCCH transmissions associated with PDSCH/PUSCH
transmissions with corresponding PDCCH/SPDCCH

- If aUEisconfigured for EPDCCH monitoring, the UE attempts to decode

aPDCCH of DCI format 3/3A with the UE's TPC-PUCCH-RNTI and one or several PDCCHs of DCI
format 1A/1B/1D/1/2A/2/2B/2C/2D with the UE's C-RNTI or SPS C-RNTI as described in Subclause
9.1.1, and

one or several EPDCCHs of DCI format 1A/1B/1D/1/2A/2/2B/2C/2D with the UE's C-RNTI or SPS C-
RNTI, as described in Subclause 9.1.4, and

aPDCCH of DCI format 3/3A with the UE's TPC-PUCCH-RNTI in case of dlot/subslot-PUCCH
transmissions associated with PDSCH/PUSCH transmissions without a corresponding PDCCH/SPDCCH,
when configured by higher layer parameter tpc-PDCCH-ConfigPUCCH-SPS

aPDCCH/SPDCCH of DCI format 7-1A/1B/1C/1D/1E/1F/1G with the UE's C-RNTI as described in
Subclause 9.6.1if the UE is configured with higher layer parameter shortTTI in case of slot/subslot-
PUCCH transmissions associated with PDSCH/PUSCH transmissions with corresponding
PDCCH/SPDCCH.

- For aBL/CE UE configured with CEModeA, the UE attempts to decode aMPDCCH of DCI format 3/3A
with the UE's TPC-PUCCH-RNTI and MPDCCH of DCI format 6-1A with the UE's C-RNTI or SPS C-
RNTI on every BL/CE downlink subframe except when in DRX.

- If the UE decodes

aPDCCH with DCI format 1A/1B/1D/1/2A/2/2B/2C/2D/7-1A/1B/1C/1D/1E/1F/1G or
an EPDCCH with DCI format 1A/1B/1D/1/2A/2/2B/2C/2D or

an MPDCCH with DCI format 6-1A or

a SPDCCH with DCI format 7-1A/1B/1C/1D/1E/1F/1G

for the primary cell and the corresponding detected RNTI equalsthe C-RNTI or SPS C-RNTI of the UE
and the TPC field in the DCI format is not used to determine the PUCCH resource as in Subclause 10.1,
the UE shall usethe Jpccy provided in that PDCCH/EPDCCH/MPDCCH/SPDCCH.

Else

ETSI



3GPP TS 36.213 version 15.12.0 Release 15 37 ETSI TS 136 213 V15.12.0 (2021-02)

if the UE decodes a PDCCH/MPDCCH with DCI format 3/3A, the UE shall usethe Jpccy providedin
that PDCCH/MPDCCH

else the UE shall set Spyeey = 00B.

M-1
- gii)=9(0-D+ Z Opucen (i—K,,) where g(i) isthe current PUCCH power control adjustment state and

m=0

where g(0)isthefirst value after reset.

For FDD or FDD-TDD and primary cell frame structure type 1,

- M =1and ky =K, for subframe-PUCCH,

- M =1 and Kk, = 4for slot-PUCCH if the TPC command is received in adot and the TPC

command Jpyccy isincluded inaPDCCH/ SPDCCH with DCI format 7-1A/7-1B/7-1C/7-1D/7-
1E/7-1F/7-1G,

- M =1 and ky =X when the TPC command is received in a subslot and the TPC

command Opyccy isincluded ina PDCCH/ SPDCCH with DCI format 7-1A/7-1B/7-1C/7-1D/7-
1E/7-1F/7-1G,

- M =3for dot-PUCCH if the TPC command is received in a subslot and the TPC command Jpyccyy
isincluded in a PDCCH/ SPDCCH with DCI format 7-1A/7-1B/7-1C/7-1D/7-1E/7-1F/7-1G and
I —K_ corresponds to the index of the three last subslots sent at the latest X p Subslots earlier than

m

the start of the slot-PUCCH.

- For adot/subsot-PUCCH transmission in slot/subslot i of subframe | corresponding to a slot/subslot-
PDSCH transmission without a corresponding PDCCH/SPDCCH, the UE shall usethe dpyccn

provided in the PDCCH with DCI format 3/3A received in a subframe not later than subframe | - 4
when configured by higher layer parameter tpc-PDCCH-ConfigPUCCH-SPS

For TDD, valuesof M and km aregivenin Table 10.1.3.1-1C if the UE is configured with higher

layer parameter shortTTI and the TPC command Jpyccy isincluded in aPDCCH/ SPDCCH with DCI
format 7-1A/1B/1C/1D/1E/1F/1G, in Table 10.1.3.1-1B if the UE is configured with higher layer
parameter shortProcessingTime and the TPC command JSpyccy isincluded inaPDCCH sent in the UE-
specific search space, and in Table 10.1.3.1-1 otherwise, where the "UL/DL configuration™ in Table
10.1.3.1-1 corresponds to the eimta-HARQ-ReferenceConfig-r 12 for the primary cell when the UE is
configured with the parameter EIMTA-MainConfigServCell-r12 for the primary cell, or to harg-
ReferenceConfig-r14 for the primary cell when the UE is configured with the parameter harg-
ReferenceConfig-r14. For adot-PUCCH transmission in slot i of subframe | corresponding to a dlot-
PDSCH transmission without a corresponding PDCCH/SPDCCH, the UE shall usethe Jpyccy provided
in the PDCCH with DCI format 3/3A received in subframes not later than subframe | - kn when
configured by higher layer parameter tpc-PDCCH-ConfigPUCCH-SPS, where M and km aregivenin

Table10.1.3.1-1.

The Opycey OB values signalled on PDCCH with DCI format 1A/1B/1D/1/2A/2/2B/2C/2D or

EPDCCH with DCI format 1A/1B/1D/1/2A/2/2B/2C/2D or MPDCCH with DCI format 6-1A or
PDCCH/SPDCCH with DCI format 7-1A/1B/1C/1D/1E/1F/1G are givenin Table 5.1.2.1-1. If the
PDCCH with DCI format 1/1A/2/2A/2B/2C/2D or EPDCCH with DCI format 1/1A/2A/2/2B/2C/2D or
MPDCCH with DCI format 6-1A or PDCCH/SPDCCH with DCI format 7-1A/7-1B/7-1C/7-1D/7-1E/7-
1F/7-1G isvalidated as an SPS activation PDCCH/EPDCCH/MPDCCH, or the PDCCH/EPDCCH with
DCI format 1A or MPDCCH with DCI format 6-1A or PDCCH/SPDCCH with DCI format 7-1A/7-1B/7-
1C/7-1D/7-1E/7-1F/7-1G is validated as an SPS rel ease PDCCH/EPDCCH/MPDCCH/SPDCCH, then
Spyccy 1s0dB.
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- The Opyccy dB vauessignalled on PDCCH/MPDCCH with DCI format 3/3A are givenin Table
5.1.2.1-1orin Table 5.1.2.1-2 as semi-statically configured by higher layers.

- If Py ue puccn Vaueischanged by higher layers,

- g(0)=0

- If the UE is configured with higher layer parameter shortTTI or if thereis a change in configuration
corresponding to the higher layer parameter shortTTI, g(O) for the first following slot/subslot-PUCCH
transmission in agiven subframeissetto g(*) associated with PUCCH of the previous uplink
subframe.

- Else

- 9(0) = AR arpup + Omeg2 » Where

Ormeg

access preamble transmitted in the primary cell, see Subclause 6.2 and

, isthe TPC command indicated in the random access response corresponding to the random

- if UEistransmitting PUCCH in subframei,

F%)_PUCCH
AP =min| ¢ max| 0, Ryax . —| *+ PL. +h(Negy Nyaro Nsr) :

rampup
+ AF_PUCCH (F) +ATXD(FI)

AI:Tnampuprequested
Otherwise,
AI:)rampup = ml n[{maX(O, PCMAX,C - (PO_ PUCCH + PLC ))}1Aprampuprequeﬂed ]and
APramuprequmd is provided by higher layers and corresponds to the total power ramp-up

requested by higher layers from the first to the last preamble in the primary cell. A UE
configured with ul-Configlnfo-r 14, the UE shall assume APyqmpuprequested = Omsgz = 0

- If UE hasreached Poyax (i) for the primary cell, positive TPC commands for the primary cell shall
not be accumulated.

- If UE has reached minimum power, negative TPC commands shall not be accumul ated.
- UE shall reset accumulation

- when Py yg puccn  Valueischanged by higher layers

- when the UE receives a random access response message for the primary cell

- g@)=g(@-1 if i isnotan uplink subframe/slot in TDD or FDD-TDD and primary cell frame
structure type 2.

For aBL/CE UE configured with CEModeA, if the PUCCH is transmitted in more than one subframe ig, i1, ..., in-1
whereio< i1< ...<in1, the PUCCH transmit power in subframeix , k=0, 1, ..., N-1is determined by

PPUCCH,c(ik) = PPUCCH ,c(iO)
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For a BL/CE UE configured with CEModeB, the PUCCH transmit power in subframe iy is determined by

PPUCCH,c(ik) = PCMAX,c(iO)

Table 5.1.2.1-1: Mapping of TPC Command Field in DCI format 1A/1B/1D/1/2A/2B/2C/2D/2/3/6-1A/7-
1A/1B/1C/1D/1E/1F/1G to 5PUCCH values

TPC Command Field in 5 [dB]
DCI format 1A/1B/1D/1/2A/2B/2C/2D/2/3/6-1A/7-1A/1B/1C/1D/1E/1F/1G PUCCH
0 -1
1 0
2 1
3 3

Table 5.1.2.1-2: Mapping of TPC Command Field in DCI format 3A t0 Opyccy Values

TPC Command Field in

DCI format 3A 5PUCCH [dB]
0 -1
1 1

5.1.3 Sounding Reference Symbol (SRS)
5131 UE behaviour
The setting of the UE Transmit power Pgsfor the SRS transmitted on subframei for serving cell ¢ is defined by:

for serving cell ¢ with frame structure type 2, and not configured for PUSCH/PUCCH transmission

PSRS,C(i ) = mln{ PCMAX,C(i )' 1O|OglO(MSRS,C) + PO_SRS,C(m) + aS?S,C ’ PLC + fS?S,C(i ) } [dBm]

otherwise
Psrs,c(i)= min{ Pemax.¢(1): Psrs oFrseT ¢ (M) +1010010(Msrs,c) + Po puscH,c () + @ (i) - Ple + fe(i) } [dBm]
where

- Pomaxc(i) isthe configured UE transmit power defined in [6] in subframei for serving cell c.

- Psrs oFrseT,c(M) issemi-statically configured by higher layersfor m=0 and m=1 for serving cell c. For SRS
transmission given trigger type 0 then m=0 and for SRS transmission given trigger type 1 then m=1.

- Mgrsc isthe bandwidth of the SRS transmission in subframei for serving cell ¢ expressed in number of
resource blocks.

- fo(i) isthecurrent PUSCH power control adjustment state for serving cell ¢, see Subclause 5.1.1.1.

- PRo puschcl() and a(j) areparametersas defined in Subclause 5.1.1.1 for subframe i, where j =1.
- O isthehigher layer parameter alpha-SRS configured by higher layers for serving cell c.

- Py srsc (M) isaparameter composed of the sum of acomponent R, \ouinar srsc (M) which is p0-Nominal-

PeriodicSRS or pO-Nominal-AperiodicSRS provided from higher layers for m=0 or 1 and a component
Po U srse (M) which is p0-UE-PeriodicSRS or p0-UE-AperiodicSRSwhich is p0-UE-PeriodicSRS or p0-UE-
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AperiodicSRS provided by higher layers for m=0 or 1 for serving cell C. For SRS transmission given trigger
type 0 then m=0 and for SRS transmission given trigger type 1 then m=1.

- For serving cell ¢ with frame structure type 2, and not configured for PUSCH/PUCCH transmission, the

current SRS power control adjustment stateis given by fgg (i) and is defined by:

frsc(l) = faqrg (i =1) + Ogzs (1 — Kgg) if accumulation is enabled, and

frec(i) = Ogrsc (i — Kgrg) if accumulation is not enabled based on higher layer parameter
Accumulation-enabled, where

- Ogrsc (i — Kgrg) isacorrection value, also referred to as a SRS TPC command signalled on PDCCH with

DCI format 3B in the most recent subframe | — K, where Kgrg 2 4.

- The UE isnot expected to receive different SRS TPC command values for serving cell ¢ inthe same
subframe.

- The UE attempts to decode a PDCCH of DCI format 3B with CRC scrambled by higher layer parameter srs-
TPC-RNTI-r14in every subframe except where serving cell C is deactivated.

- Ogsc = 0dB for asubframe where no TPC command in PDCCH with DCI format 3B is decoded for

serving cell ¢ oriisnot an uplink/specia subframein TDD or FDD-TDD and serving cell ¢ frame structure
type 2.

- If higher layer parameter fieldTypeFormat3B indicates 2-bit TPC command, the 55R5 dB values signalled
on PDCCH with DCI format 3B are givenin Table 5.1.1.1-2 by replacing dpysch ¢ With 5SRS’ or if higher
layer parameter fieldTypeFormat3B indicates 1-bit TPC command, the 5SRS dB values signalled on PDCCH
with DCI format 3B are givenin Table 5.1.1.1-3 by replacing dpyscy ¢ With 5SRS.

- If accumulation isenabled, fgg (0) isthefirst value after reset of accumulation. The UE shall reset
accumul ation

- Forservingcell ¢, when B, ¢z s, Valueischanged by higher layers
- For serving cell ¢, when the UE receives random access response message for serving cell c.

- For bothtypesof fgg (*) (accumulation or current absolute) the first value is set as follows:
- If By ye srec VAlUeisreceived by higher layers
B fSRS,c (O) =0

- dse

- if the UE receives the random access response message for a serving cell ¢

- fSRS,c (O) = AF)rarrpup,c + 5msg 2,.c’ where
5msg2£ isthe TPC command indicated in the random access response corresponding to the

random access preambl e transmitted in the serving cell ¢, see Subclause 6.2, and

0,
max )
Aprampum =min { [ PCMAX,c - (10|0910(M SRS,c(O)) + Po_SRs,c(m) + Osc PL, )j}
AP

rampuprequested ,c
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and AP

tampuprequested ¢ 1S Provided by higher |ayers and corresponds to the total power ramp-up

requested by higher layers from the first to the last preamble in the serving cell ¢, Mo (0) is

the bandwidth of the SRS transmission expressed in number of resource blocks valid for the
subframe of first SRS transmission in the serving cell c.

If the UE is not configured with an SCG or a PUCCH-SCell, and if the total transmit power of the UE for the Sounding
Reference Symbol in an SC-FDMA symbol would exceed If’c,\,IAX (i), the UE scales Psrs (i) for the serving cell ¢
and the SC-FDMA symbol in subframei such that the condition

D W) Prs o () < Porax ()

is satisfied where I':’SRSC(i) isthe linear value of Psrs (i), Isc,\,lAX(i) isthelinear value of Pyyax definedin[6] in
subframei andw(i) isascaling factor of If’SRSC(i) for serving cell ¢ where 0< w(i) <1. Note that w(i) values are the
same across serving cells.

If the UE is not configured with an SCG or a PUCCH-SCell, and if the UE is configured with multiple TAGs and the
SRS transmission of the UE in an SC-FDMA symbol for aserving cell in subframe i in a TAG overlaps with the SRS
transmission in another SC-FDMA symbol in subframe 1 for aserving cell in another TAG, and if the total transmit

power of the UE for the Sounding Reference Symbol in the overlapped portion would exceed ISC,\,I ax (1) , the UE scales

ISSRSC(i) for the serving cell ¢ and each of the overlapped SRS SC-FDMA symbolsin subframe | such that the
condition

D Wi} Prs o () < Porax ()

is satisfied where I':’SRSC(i) isthe linear value of Psrs (i), Isc,\,lAX(i) isthelinear value of Pyyax definedin[6] in

subframei andw(i) isascaling factor of If’SRSC(i) for serving cell ¢ where 0< w(i) <1. Note that w(i) values are the
same across serving cells.

If the UE is configured with a LAA SCell for uplink transmissions, the UE may compute the scaling factor w(i)

assuming that the UE performs a SRS transmission on the LAA SCell in subframei irrespective of whether the UE can
access the LAA SCell for the SRS transmission in subframe i according to the channel access procedures described in
Subclause 4.2.1 of [13].

If the UE is configured with higher layer parameter UplinkPower Control Dedicated-v12x0 for serving cell ¢ and if
subframe i belongsto uplink power control subframe set 2 as indicated by the higher layer parameter tpc-

SubframeSet-r12, the UE shall use f_,(i) instead of f (i) to determine Pag(i) for subframei and serving cell ¢
,where f_,(i) isdefinedin Subclause 5.1.1.1.

5.1.3.2 Power headroom for Type3 report
The UE is not expected to compute a Type 3 report on a slot/subslot.
For serving cell ¢ with frame structure type 2, and not configured for PUSCH/PUCCH transmission,

- if the UE transmits SRS in subframe i for serving cell ¢, or if the UE does not transmit SRS in subframe i
due to a collision with a higher priority physical channel or signal (as defined in Subclause 8.2) in subframe i +
1, and the UE would have transmitted the SRS in subframe i had the higher priority physical channel or signal
in subframe i + 1 not occurred, power headroom for a Type 3 report is computed using

PH 0 () = Poax o ()= £210108,0(M g o) + Py spse (M) + e - PLe + Fers o (i) 18]
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where PL, isdefined in Subclause 5.1.1.1. Poyay (i), Marse: Po srsc(M) Ogrser Fans,o(i) are defined
in Subclause 5.1.3.1.

- otherwise, power headroom for a Type 3 report is computed using
PH types,c(i) = PCMAX,c(i )_ { PO_SRS,C (1) + aSRS,c : PLc + fSRSc(I) } [dB]

wherePL. isdefined in Subclause 5.1.1.1., P g (1) , Ops s fars (1) are defined in Subclause 5.1.3.1.

5CM ax (1) is computed based on the requirementsin [6] assuming a SRS transmission in subframe i, and
assuming MPR=0dB, A-MPR=0dB, P-MPR=0dB and AT¢ =0dB. MPR, A-MPR, P-MPR and AT¢ are defined in
[6]. For this case, the physical layer delivers Poyax (i) instead of Poyax (i) to higher layers.

5.1.4 Power allocation for EUTRA dual connectivity
If aUE is configured with multiple cell groups,

- if the UE supports synchronous dual connectivity but does not support asynchronous dual connectivity, or if the
UE supports both synchronous dual connectivity and asynchronous dual connectivity and if the higher layer
parameter power ControlMode indicates dual connectivity power control mode 1

- if the maximum uplink timing difference between transmitted signals to different serving cellsincluding
serving cells belonging to different CGsis equal to or less than the minimum requirement for maximum
transmission timing difference for synchronous dual connectivity defined in [10].

- The UE shall use the procedures described in sub clause 5.1.4.1.

- If aPRACH transmission of the UE on the Pcell starting in subframe i1of MCG overlapsin time domain
with another PRACH transmission of the UE starting in subframe 12 of SCG, and if subframe i1 and
subframe 12 overlap in time with more than one symbol, and if the total power of both the PRACH

transmissions would exceed FA’CMAX (11,i2) , the UE shall transmit the PRACH on the Pcell using the
preamble transmission power P, o, described in Subclause 6.1. The UE may drop or adjust the power
of the PRACH transmission in subframe 12 of SCG such that the total power does not exceed

If’c,\,I ax (1412) , where If’c,\,I ax (11,12) isthe linear value configured transmitted power for Dual

Connectivity for the subframe pair (i Li 2) as described in [6]. If the UE drops the PRACH transmission,

it sends power ramping suspension indicator to the higher layers. If the UE adjusts the power of PRACH
transmission, it may send power ramping suspension indicator to the higher layers.

- if the UE supports both synchronous dual connectivity and asynchronous dual connectivity and if the higher
layer parameter power Control Mode does not indicate dual connectivity power control mode 1

- The UE shall use the procedures described in sub clause 5.1.4.2 .

- If aPRACH transmission on the Pcell in subframe i1of MCG overlaps in time another PRACH transmission
in subframe 12 of SCG, and if the time difference between the start of the two PRACH transmissionsisless
than 30720- T, and if the transmission timing of the PRACH on the Pcell (according to Subclause 6.1.1) is
such that the UE is ready to transmit the PRACH on Pcell at |east one subframe before subframe 11of MCG,
and if the total power of both the PRACH transmissions exceeds FA’C,\,I ax (1112), the UE shall transmit the

PRACH on the Pcell using the preamble transmission power Peracn described in Subclause 6.1. The UE may
drop or adjust the power of the PRACH transmission in subframe 12 of SCG such that the total power does

not exceed Py, (i1,12), where Py, 5, (11,i2) isthe linear value configured transmitted power for Dual

Connectivity for the subframe pair (i Li 2) as described in [6]. If the UE drops the PRACH transmissions, it

sends power ramping suspension indicator to the higher layers. If the UE adjusts the power of PRACH
transmission, it may send power ramping suspension indicator to the higher layers.
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5.14.1 Dual connectivity power control Mode 1

If the UE PUSCH/PUCCH transmission(s) in subframe i1 of CG1 overlap in time with PUSCH/PUCCH
transmission(s) in more than one symbol of subframe 12 of CG2 or if at least the last symbol the UE PUSCH/PUCCH
transmission(s) in subframe i1 of CG1 overlap in time with SRS transmission(s) of subframe 12, and

- if the UE has a PUCCH/PUSCH transmission with UCI including HARQ-ACK/SR in subframe il of CG1: If
the UE has a PUCCH transmission with UCI including HARQ-ACK/SR in subframe i1 of CG1 and if

FA’PUCCH _cca(i1) would exceed SI(i1), the UE scales FA’PUCCH _cc1(11) such that the condition

A1) Pryeen cer(i2) = max{0, SL(i1)} is stisfied where 0< 0A(i1) <1 and

P'rvcon oot (1) = 101 - Pryccr_ce1(11) 1 Pryogy cou(i1) would not exceed SI(i1),

P'rucen _cor (10) = Prcen cea(id) - If the UE has aPUSCH transmission with UCH including HARQ-ACK in
subframe ilof serving cell ¢, € CGL, and if APUSCH ¢ (11) would exceed S1(i1), the UE scales

Poysen o, (1) such thet the condition 0/A(i1) - Paygeyy (1) = max{0, SL(i1)} is satisfied where

0<eA(i1) <1 and P'oygyy o (i0) = A1) - Poygyy o (i) . 1f Prygyy o, (i1) would not exceed SI(i1),

IS'PUSCH C (iD= ISPUSCH C (iD).
SI(i1) isdetermined as follows
0,

~ A ~ maxsy -~ a e - . 1
SUID) = P (1212) ~ B - By(i2) - ming | Praax(112)- 222 B 12) [}
P (i2)
where

: Isul(il) = ISPRACH _CGl(il) ;

- if CGlisMCG and CG2is SCG,

Isql(i 2)= ISPRACH _CG2 (i2);

P (12)=Prcen o202+ T (P, 12+ s, (2)):

¢,eCG2
- ifCG1lisSCG and CG2isMCG

- if the UE has a PUCCH transmission with UCI including HARQ-ACK/SR subframe 12 of CG2,

i I:A)ql(i 2)= lE)PRACH 212+ lsIPUCCH ce2(12);

Pu@2= 3 (P 2+ Pra, 02|

¢,eCG2

- dseif the UE has a PUSCH transmission with UCI including HARQ-ACK in subframe |2 of serving
cel j,e CG2,

Isql(i 2) = ISPRACH 7cez(i 2) + FA)' PUSCH , |, (i 2) ;
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S P Y P (94 Y P, (D)

c,eCG2,co#], c,eCG2

- otherwise,

Isql(i 2)= ISPRACH _CG2 (i2);

ls'ql (i2)= lsPUCCH (i) + Z (lsPUSCH 12+ :-SRS,CZ (i 2))

¢,eCG2

- if the UE has a PUCCH/PUSCH transmission with UCI not including HARQ-ACK/SR in subframe 11 of CG1:
If the UE has a PUCCH transmission with UCI not including HARQ-ACK/SR in subframe 11 of CG1 and if

If’PUCCH _ce1(iD) would exceed S2(i1), the UE scales FA’F,UCCH _ce1(i1) such that the condition

o 2(i1) - Pryeen coa(iD) = max{0, S2(i1) }is setisfied where 0< @r2(i1) <1 and

P puccH _ce1 (1) = 0(2(|l) PPUCCH ca(iD) I PF,UCCH _ce1(iD) would not exceed S2(i1),

I':“'PUCCH o1 (D) = Poycen_cer(id) - I the UE hasa PUSCH transmission with UCI not including HARQ-
ACK in subframe ilof serving cell ¢, € CGL, and if PPUS;CH « (11) would exceed S2(i1), the UE scales
Pougen o, (1) such that the condition 6r2(i1) - Paygey o, (i1) = max{0, S2(i1)} is sctisfied where
0<a2(i) <1 and Poygy g (iD) = @2(1) - Poygy o (1) . 1f Poygey o, (11) would not exceed S2(i1),

IS'PUSCH C (iD= ISPUSCH C (iD).
S2(i1) is determined as follows

0,
. ~ . A A .| Mmax Yeg2 ;
S2(i1) = Py ax (i1,12) — P, (i1) — P,,(i2) — min Poax (iLi2)- 100 q2(I2)
P, (i2)
where

- PL(D) =Poracn _cor(iD+P'rucen cor (i1)if the UE hasa PUCCH transmission with HARQ-ACK/SR
and a PUSCH transmission with UCI not including HARQ-ACK in subframe il of CG1, otherwise,
P (iD= Poract _CGl(il) :

- ifCGlisMCG and CG2is SCG

- if the UE has aPUCCH transmission with UCI including HARQ-ACK/SR in subframe 12 of CG2,

q2 (I 2) PRACH CGZ(I 2) + P'PUCCH _CG2 (I 2)

p,i2)= 3 [f’puxH,cz(iZ)+ 'A“SRS,CZ(iz)j;

c,eCG2

- elseif the UE hasa PUSCH transmission with UCI including HARQ-ACK in subframe 12 of serving
cell j,e CG2,

I:A:‘qz (i 2) = ISPRACH _cez(i 2) + |3' PUSCH, |, (i 2)
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) ISIq2 (i2) = Z lE)PU&?H © (i2)+ Z 58?8,02 (i2);

C,eCG2,Co# ], c,eCG2

- otherwise,

FA)qz(i 2) = lE)PRACH _CG2 (i 2)

FA)qu (i2)= lsPUCCH ce2(12) + Z (ﬁPUSCH L2+ ~SRs,c2 (i 2))

¢,eCG2
- ifCGLlisSCGand CG2isMCG

- if the UE has a PUCCH transmission in subframe |2 of CG2 and/or a PUSCH transmission with UCI in
in subframe 12 of serving cell |, € CG2

P2(12) = P c62(12)+ Poven_co2 12+ P oy, (i2)

If\"qz (i2)= Z lsPU&?H o (2)+ Z 58?8,02 (i2)

C,eCG2,co# ], c,eCG2

PPUCCH _CG2 (i 2) =0

where, if the UE does not have a PUCCH transmission in subframe i 2 of

P  (i2) = .
CG2; PUSCH'JZ( ) Oif the UE does not have a PUSCH transmission with UCI in subframe 12 of
CG2;

- otherwise

FA)qz(i 2) = lE)PRACH _CG2 (i 2)

Pe2)= 3 (P (2+ P, (2)]

¢,cCG2

- If the UE has PUSCH transmission(s) without UCI in subframe i1of CG1, the UE shall determine
0,

: ~ o A A .| MaXy 5 oy Yosz B g
S3(i1) = Pyax (i1,i2) = P (i1) = P5(i2) — min Povax (1ILi2) 100 Ps(i2)
P2 (i2)

where

- if the UE hasa PUCCH transmission in subframe ilof CG1 and/or a PUSCH transmission with UCI inin
subframe ilof servingcell j; € CGLR,5(i1) = Pogacny cor(iD) + P'pyccn cer (D) + Ploysan , (1D,

where FA’PUCCH _cc1(i1) =0 if the UE does not have a PUCCH transmission in subframe ilof CG1,
Pouscr i, (I1) = Oif the UE does not have a PUSCH transmission with UCI in subframe i1of co1;
otherwiselsus(i]_) = ISPRACH ca(iD):

- ifCGlisMCG and CG2isSCG

- if the UE has a PUCCH transmission in subframe |2 of CG2 and/or a PUSCH transmission with UCI in
in subframe i2of serving cell |, € CG2
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Pq3 (' 2) = PPRACH _cez(' 2) +P PUCCH _CG2 (' 2) +P PUSCH , |, (' 2)

C P2 Y P (D + Y P, (i2)

,eCG2,c0#], c,eCG2

P i2) = .
PUCCH —CGZ( ) Oif the UE does not have a PUCCH transmission in subframe i 2 of

where,
cG2: PPUSCH 2 (i 2) =0

CG2,

if the UE does not have a PUSCH transmission with UCI in subframe i 2 of

- otherwise

|5q3 (i 2) = ISPRACH _CG2 (i 2)

Pei2=Y [ﬁPUSCH,CZ(i2)+;s,%(iZ)]:

¢,eCG2

- ifCG1isSCGand CG2isMCG

|3q3(i 2) = ISPRACH _cez(i 2) + IS' PUCCH _CG2 (i 2) + Z ISIPUSCH C (i 2)

¢,eCG2

FoliD= 3 Prs. (i2)

¢€CG2

- If thetotal transmit power of all the PUSCH transmission(s) without UCI in subframe ilof CG1 would exceed
S3(i1) , the UE scales Py o1 (11) for each serving cell ¢, € CG1 with a PUSCH transmission without

UCI in subframe i1 such that the condition Zw(il) . ISPUSCH,q(il) <max{0,S3(i1)} issatisfied, where
¢,eCG1

FA"PUSCHcl (i) =w(il)- FA’PUSCH]cl(il) , and where W(i1) isascaling factor of ISPUSCH]q(il) for serving cell
¢, where 0 < w(il) <1. Notethat W(i1) values are the same across serving cells within a cell group when

w(i1) > Obut for certain serving cells within the cell group W(i1) may be zero. If the total transmit power of
al the PUSCH transmission(s) without UCI in subframe ilof CG1 would not exceed S3(il),

IS'PUSCH,q (iD= ISPUSCH,q (iD).

where

FA’C,\,I ax (1112) isthe linear value of configured transmitted power for Dual Connectivity for the subframe pair
(i1,i2)as described in [6];

- ifCGlisMCG and CG2is SCG

FA’PUCCH_CGl (1) isthelinear value of Ppyccp(11) corresponding to PUCCH transmission on the primary

A

cell ; Poyocr cez(i2) isthelinear value of Phycey(i2) corresponding to PUCCH transmission on the
PSCell.

Yee1 = Ymce

- ifCG1isSCG and CG2isMCG;
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A

Pouccr ce1(i1) isthelinear value of Fyyeey(i1) corresponding to PUCCH transmission on the PSCell;

A

Prucen_cez(12) isthelinear value of Ppyec(i2) corresponding to PUCCH transmission on the primary
cell.

Ve = Vo

A

Pruscri g, (11) isthelinear value of Poygy o, (i2) for subframe i1of serving cell of serving cell ¢, € CGL, and

A

Pruscri ¢, (12) isthelinear value of Py, o (12) for subframe i2of serving cell of serving cell ¢, € CG2.

Yucs and Yo aegiven by Table 5.1.4.2-1 according to higher layer parameters p-MeNB and p-SeNB
respectively;
If the UE has a PRACH transmission for CG1 overlapping with subframe i1 of CG1, Pogacy car(iDisthe

linear value of the transmission power of that PRACH transmission; otherwise, FA’PRACH (i) =0;

If the UE has a PRACH transmission for CG2 overlapping with subframe 12 of CG2, FA’F,RACH ce2(12) isthe
linear value of the transmission power of that PRACH transmission; otherwise, Pagscys e2(12)=0.

A

|55R5,Cz (i2) isdetermined as follows

- if the PUSCH/PUCCH is not transmitted in the last symbol of subframe i1 of CG1, or if the UE does not
have an SRS transmission in subframe 12 of serving cell C, € CG2or if the UE drops SRS transmission

in subframe 12 of servingcell C, € CG2 dueto collision with PUCCH in subframe 12 of serving cell
c,e CG2

; 'F;SRSY%(iZ) -0:

- if the UE has an SRS transmission and does not have a PUCCH/PUSCH transmission in subframe 12 of
serving cell C, e CG2

lSSQS,oQ (i2)= lsSRS,oQ (i2);

- if the UE has an SRS transmission and a has PUCCH transmission, and does not have a PUSCH transmission
in subframe 2 of serving cell C, € CG2

2 0,
Preo (i2)=max{ . . _
e {PSRS,CZ (' 2) - PPUCCH _CGZ(I 2)}

- if the UE has an SRS transmission and a has PUSCH transmission, and does not have a PUCCH transmission
in subframe 2 of serving cell ¢, € CG2

2 0,
Preo (i2)=max{ ~ . _
e {PSRS,CZ (' 2) - PPUSCH C (' 2)}

- if the UE has an SRS transmission and has a PUSCH transmission and a PUCCH transmission in in subframe

i2 of servingcell C,e CG2
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2 0,
Pgse (12) = maxs ~ ) " _ ~ .
o {PSRS’CZ (12) = Pruser 2 (i2) = Foycon _cez(' 2)}

If the total transmit power for the Sounding Reference Symbol in an SC-FDMA symbol across al the serving cells
within a TAG of acell group CG1 would exceed S4(i1) , the UE scales Py (i1) for theserving cell €, € CGland

the SC-FDMA symbol in subframe i1 such that the condition ZV(i1)~ lf)SRS,cl (11 <S4

,cCG1
is satisfied, where IfS'SRS’Cl (iD) =v(il)- ISSRS’q(il) is the transmission power of SRS after scaling and where
FA’SRS]cl (i1) isthelinear value of Pag, (i1) described in Subclause5.1.3.1, and V(i) isascaling factor of

ISSRS,Cl (i1) for servingcell ¢, € CGL where 0< V(i) <1. Notethat V(i) values are the same across serving cells
within the same CG.

If the UE is configured with multiple TAGs within CG1 and the SRS transmission of the UE in an SC-FDMA symbol
for aserving cell in subframe ilina TAG belonging to CG1 overlaps with the SRS transmission in another SC-FDMA
symbol in subframe 11for aserving cell in another TAG belonging to CG1, and if the total transmit power of the UE

for the Sounding Reference Symbol in the overlapped portion would exceed S4(il), the UE scales ISSRS,Cl (i2) for the
serving cell C; € CGL and each of the overlapped SRS SC-FDMA symbolsin subframe i1 such that the condition

D V(i1) - P, (i1) < SA(12) issatisfied, where P'ys, (i1) = V(i1) - Pagg, (i1) isthe transmission power of
c,eCG1

SRS after scaling, and where V(il) isascaling factor of FA’SRS‘C1 (i1 for serving cell ¢, where 0<Vv(il) <1. Note

that v(i1) values are the same across serving cells within a cell group.

SA4(i1) isdetermined as follows
0,
: A o A .| MaXq 5 1:0y. Vo2 _ B
S4(|1) = PCMAX (|l,|2)— F)q4(|2)— min PCMAX (I:LIZ) ﬁ_ Pq4(|2)
P (i2)
where

- ifCG1lisMCG and CG2 is SCG

|3q4(i 2) = ISPRACH _cez(i 2) + 5IPUCCH _CG2 (i 2) + Z ISIPUSEH S (i 2)

¢,cCG2

P(i2)= D Pas,(i2)

¢,eCG2

- ifCG1isSCGand CG2isMCG

Pa(i2) = Poractt 0202+ Ploscen o2 (D + D Plassoine, (204 D P, (i2)

¢,eCG2 ¢,eCG2
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P (i2)=0
if the UE has no PUCCH transmission or has a shortened PUCCH transmission in subframe i2 of CG2,

P’ oucen _CG2 (12) = 0; otherwise P’y _CG2 (12) = P'pycen _CG2 (i2)

if the UE has no PUSCH transmission in the last symbol of subframe 12 of serving cell C, € CG2,

IS PUSCH ¢, (i2)=0; OtherW'SEP PUSCH ,c, (i2)= PIPUSCH ) (i2)

if the UE has PRACH transmission in CG2 that overlaps with the last symbol of subframe |2 of CG2,

PPRACH cez(' 2) = Pogacr cez('z) otherwise PPRACH cez('z) 0

For both cell groups

if the PUCCH/PUSCH transmission of the UE on subframe i1 for agiven serving cell ina TAG of CG1
overlaps some portion of the first symbol of the PUSCH transmission on subframe i1+1 for adifferent serving

cell in another TAG of CG1 and/or overlaps with the PUCCH/PUSCH transmission on subframe 12+1 for a
serving cell in another TAG of CG2, the UE shall adjust its total transmission power of all CGs such that the

total transmission power of the UE across all CGs does not exceed P,y 0N any overlapped portion.

if the PUSCH transmission of the UE on subframe i1 for agiven serving cell ina TAG of CG1 overlaps some
portion of the first symbol of the PUCCH transmission on subframe i1+1 for adifferent serving cell in another

TAG of CG1 and/or overlaps with the PUCCH/PUSCH transmission on subframe 12+ 1 for aserving cell in
another TAG of CG2, the UE shall adjust its total transmission power of all CGs such that the total transmission

power of the UE across all CGs does not exceed P, 0n any overlapped portion.

if the SRS transmission of the UE in a symbol on subframe i1 for agiven serving cell inaTAG of CG1
overlaps with the PUCCH/PUSCH transmission on subframe ilor subframe i1+1 for adifferent serving cell

in the same or another TAG of CG1 and/or overlaps with the PUCCH/PUSCH transmission on subframe 12+ 1
for aserving cell of CG2, the UE shall drop the SRSin CGL1 if itstotal transmission power across al CGs

exceeds P, 0nany overlapped portion of the symbol.

if the SRS transmission of the UE in a symbol on subframe i1 for agiven serving cell in CG1 overlaps with the
SRS transmission on subframe 11 for adifferent serving cell(s) in CG1 or overlaps with SRS transmission on
subframe 12 for aserving cell(s) in CG2, and if the SRS transmissions overlap with PUSCH/PUCCH
transmission on subframe il or subframe i1+1 for another serving cell(s) in CG1, and/or if the SRS
transmissions overlap with PUSCH/PUCCH transmission on subframe 12+ 1 for aserving cell of CG2, the UE
shall drop the SRS transmissionsin CG1 if itstotal transmission power across al CGsexceeds P, onany
overlapped portion of the symbol.

UE shall, when requested by higher layers, to transmit PRACH on subframe ilor subframe i1+1 ina
secondary serving cell in CG1 and/or to transmit PRACH on subframei2+1 in aserving cell in CG2 in parallel
with SRS transmission in asymbol on subframe i1 of adifferent serving cell belonging to a different TAG of
CG1, drop SRSin CG1 if itstotal transmission power across all CGs exceeds P, 0N any overlapped portion
of the symbol.

UE shall, when requested by higher layers, to transmit PRACH on subframe i1+ 1 in asecondary serving cell
in CG1 and/or to transmit PRACH on subframe 12+ 1 inaserving cell in CG2 in parallel with

PUSCH/PUCCH on subframe i1 in adifferent serving cell belonging to a different TAG of CG1, adjust the
transmission power of PUSCH/PUCCH in CG1 so that the total transmission power of the UE across all CGs

does not exceed P, on the overlapped portion.
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5.1.4.2 Dual connectivity power control Mode 2

If subframe i1 of CG1 overlapsin time with subframe 12—1 and subframe 12of CG2, and if the UE has
transmission(s) in subframe i1 of CG1,

- if the UE determines based on higher layer signalling that transmission(s) in subframe i1 of CG1 cannot

overlap in time with transmission(s) in subframe 12 of CG2, the UE shall determine

P.(1),

P (i1) = min - . A . _
Pevax (1512=1) — Beacy 0 (D) — Pog2 (12— 1 — Fgach ce2(i2—1)

- Otherwise, the UE shall determine
P.(1),
Pruax (iLi2-1)- Loz,
100
Pewax (1112=2) = Poacyy (1) — maxq Po, (12— 1) + Py e (12-2),
If\)PRACH_CGZ(i 2)

PL.,(i1) = min

where,

D) = Procen_cos10+ 2. (P (1D + Pl (11

- ceCG1

If’CM ax (1L,12—1) isthelinear value of configured transmitted power for Dual Connectivity for the subframe
pair (i1,i2—1), asdescribed in [6];

~

- Pruson (1) = O, if the UE does not have a PUSCH transmission in serving cell C€ CGl,

A

- Prucen —CGl(I D=0 if the UE does not have a PUCCH transmission in CG1;

A B .
PCGZ(IZ 1) _Oifthe UE has no transmission of PUCCH, PUSCH, or SRS in subframe 12-1 of CG2;

. Year=Vmce | gnd Yee2 = Ve if CG1isMCG and CG2 is SCG:
- Yee1 = Vs and Yee2 = Ywce | if cG1is SCG and CG2 is MCG:

- Ywce and Vco are given by Table 5.1.4.2-1 according to higher layer parameters p-MeNB and p-SeNB
respectively;

- If the UE has a PRACH transmission for CG1 overlapping with subframe i1 of CG1, FA’F,RACH cc(iDisthe

linear value of the transmission power of that PRACH transmission; otherwise, Pagscys (i) =0.

- If the UE has a PRACH transmission for CG2 overlapping with subframe 12 of CG2, and if the transmission
timing of the PRACH transmission (according to Subclause 6.1.1) is such that the UE is ready to transmit the
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PRACH at least one subframe before subframe 12 of CG2, Pogacy _cc2(i2) isthelinear value of the

transmission power of that PRACH transmission; otherwise, Pogacyy a2 (12) =0.

- If the UE has a PRACH transmission for CG2 overlapping with subframe i2-1 of CG2,
rrach_cc2 (12 —1) isthelinear value of the transmission power of that PRACH transmission; otherwise,

PRACH_CG2 (i 2— 1) =0.

>

D

- Pgs,(i1) isdetermined asfollows

- if the UE does not have an SRS transmission in subframe i1 of servingcell CE CGlor if the UE dropsthe
SRS transmission in subframe i1 of serving cell Ce CC':‘:l-due to callision with a PUCCH transmission in
subframe i1 of serving cell €€ CGl

© Pre.(iD)=0;

- if the UE has an SRS transmission and does not have a PUCCH/PUSCH transmission in subframe i1 of
serving cell C€ CG1

- ISSRs,c(il) = lsSRS,c(il);

- if the UE has an SRS transmission and a has PUCCH transmission, and does not have a PUSCH transmission
in subframe i1 of serving cell C€ CGL

2 0,
P c(ll) =Mmax-< - . A .
e {PSRS,C(I:L) - I:)PUCCH _CGl(I 1)}

- if the UE has an SRS transmission and a has PUSCH transmission, and does not have a PUCCH transmission
in subframe i1 of serving cell C€ CGL

sSRsCal) = max{q’ : ~ . }
‘ PSRS,C(Il) - PPUSCH ,c(ll)

- if the UE has an SRS transmission and has a PUSCH transmission and a PUCCH transmission in subframe
i1 of serving cell C€ CGl

2 0,
Psc(iD=maxi ~ = A oA .
e {PSRS,C(I:L) - PPUSCH ,c(ll) - PPUCCH _CGl(Il)}

where FA’SRS’C(il) isthelinear value of Pgg . (i1) described in Subclause 5.1.3.1.

If If’PUCCH e (1) would exceed Ischl(i) , the UE scales FA’F,UCCH cc1 (1) such that the condition

OA() - Pryeen cer(i) < Plsy (i) is satisfied where

- if CG1isMCG, ISPUCCH_CGl(i) isthe linear value of Poyccp (i) corresponding to PUCCH transmission on the

primary cell, in case thereis no PUCCH transmission in subframei on the primary cell FA’F,UCCH (1) =0.

ETSI



3GPP TS 36.213 version 15.12.0 Release 15 52 ETSI TS 136 213 V15.12.0 (2021-02)

- if CGlisSCG, ISPUCCH_CGl(i) isthelinear value of Ppyccp (i) corresponding to PUCCH transmission on

PSCell, in case there is no PUCCH transmission in subframei on the PSCell I3PUCCH_CGl(i) =0. Paysch.c(i)
isthe linear value of Ppysop (i)

- 0<0A(i) <lisascaling factor of FA’PUCCH_CGl(i) .

If the UE has PUSCH transmission with UCI on serving cell j € CG1, and ISPUSCH,; (i) would exceed If’chl(i) the
UE scales ISPUSCH’j(i) such that the condition O(Z(i)'ISPUSCHJ(i)S PL., (i) is satisfied where I3PUSCH1j(i) isthe

linear value of the PUSCH transmit power for the cell with UCI, and O < a2(i) < lisascaling factor of lE)PUSCH,j (i)
for serving cell j e CGL1.

If the total transmit power across al the serving cells of acell group CG1 would exceed IséGl(i ) , the UE scales
Peusc,c(i) for the serving cell e CGL in subframei such that the condition

ZW(i)' |spusc:H,c(i) = (Isclel(i)— |SPUCCH_C61(i)) is satisfied; andw(i) isascaling factor of Ppysch (i) for
eCG1

serving cell ¢ where 0<w(i)<1.

If the UE has PUSCH transmission with UCI on serving cell j € CG1 and PUSCH without UCI in any of the
remaining serving cells belonging to CGL1, and the total transmit power across al the serving cells of CG1 would

exceed If’clel(i) , the UE scales Ppygop (i) for the serving cells belonging to CG1 without UCI in subframe i such
. . 3 . 1 /: 3 . . P
that the condition " W(i) - Py o (i) < (Pcel(l) — Poyscr (I)) is satisfied,
ceCG1, c#]j
where ISPUSCH’j(i) is the PUSCH transmit power for the cell with UCI and w(i) is a scaling factor of Payscy ¢ (i) for

serving cell C without UCI. In this case, no power scaling is applied to FA’pUSCH’J- (i) unless

Z w(i)- FA’PUSCH (i) =0 andthetotal transmit power acrossall of the serving cells of the CG1 still would exceed
ceCGl,c#j

A
PCGl(I) .
If the UE has simultaneous PUCCH and PUSCH transmission with UCI on serving cell j € CG1 and PUSCH

transmission without UCI in any of the remaining serving cells belonging to CGL1, and the total transmit power across

all the serving cells of the CG1 would exceed If’chl(i) the UE obtains " PUscH.c() aooorgi ng to

A

PPUSCH,] (l) = min(ISPUSCH,j (i)’ (Isclel(i) - ISPUCCH_CGl(i))) and
ZW(i) : lE)PUSCH,c(i) < (Isclel(i) - ISPUCCH_cel(i) - ISPUSCH,J' ('))

ceCGL, c#j

where

- ifCGLlisMCG, |SPUCCH cc1(l) isthelinear value of Ppycep (i) corresponding to PUCCH transmission on the
primary cell.

- if CGlisSCG, ISPUCCH_CGl(i) isthelinear value of Ppyccp (i) corresponding to PUCCH transmission on
PSCell.

Note that w(i) values are the same across serving cells within a cell group whenw(i) > 0 but for certain serving cells
within the cell group w(i) may be zero.
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If the total transmit power for the Sounding Reference Symbol in an SC-FDMA symbol across al the serving cells

within a TAG of acell group CG1 would exceed If’(:lGl(i) , the UE scales Pgs ¢ (i) for the serving cell ce CGland
the SC-FDMA symbol in subframei such that the condition

. iy . "l .
ZVO)' PSRSC(I) < PCGl(I)
eCGl
is satisfied where Pgs (i) isthelinear value of Py . (i) described in Subclause 5.1.3.1, and V(i) isascaling factor

of Pasc(i) for servingcell ce CGL where O< V(i) <1. Note that V(i) values are the same across serving cells
within the same CG.

If the UE is configured with multiple TAGs within CG1 and the SRS transmission of the UE in an SC-FDMA symbol
for aserving cell in subframe 1 in a TAG belonging to CG1 overlaps with the SRS transmission in another SC-FDMA
symbol in subframe i for a serving cell in another TAG belonging to CG1, and if the total transmit power of the UE for
the Sounding Reference Symbol in the overlapped portion would exceed Px, (i) , the UE scales P o (i) for the

serving cell ce CGL and each of the overlapped SRS SC-FDMA symbolsin subframe | such that the condition

V(i) - P (i) < Phey i)

c=CGl

is satisfied where Pgs (i) isthelinear value of Py (i) described in Subclause 5.1.3.1, and V(i) isascaling factor

of Pasc(i) for servingcell ce CGL where O< V(i) <1. Notethat V(i) values are the same across serving cells
within the same CG.

For acell group CG1

- if the UE is configured with multiple TAGs within CG1, and if the PUCCH/PUSCH transmission of the UE on
subframe | for agiven serving cell ina TAG of CG1 overlaps some portion of the first symbol of the PUSCH

transmission on subframe 1 +1 for adifferent serving cell in another TAG of CG1, the UE shall adjust its total

transmission power of CG1 to not exceed F’ClGl on any overlapped portion.

~

- if the UE is configured with multiple TAGs within CG1, and if the PUSCH transmission of the UE on subframe
I for agiven serving cell ina TAG of CG1 overlaps some portion of the first symbol of the PUCCH
transmission on subframe 1 +1 for adifferent serving cell in another TAG of CG1 the UE shall adjust its total

transmission power of CG1 to not exceed F’ClGl on any overlapped portion.

- if the UE is configured with multiple TAGs within CG1, and if the SRS transmission of the UE in a symbol on
subframe | for agiven serving cell ina TAG of CG1 overlaps with the PUCCH/PUSCH transmission on

subframe | or subframe i +1 for adifferent serving cell in the same or another TAG of CG1 the UE shall drop

SRSif itstotal transmission power of CG exceeds I:A’ClGl on any overlapped portion of the symbol.

- if the UE is configured with multiple TAGs within CG1 and more than 2 serving cells within CG1, and if the
SRS transmission of the UE in a symbol on subframe | for agiven serving cell in the CG1 overlaps with the
SRS transmission on subframe | for a different serving cell(s) in CG1 and with PUSCH/PUCCH transmission
on subframe | or subframe 1 +1 for another serving cell(s) in CG1, the UE shall drop the SRS transmissionsin

CGL1if thetota transmission power of CG1 exceeds |5C161 on any overlapped portion of the symbol.
- if the UE is configured with multiple TAGs within CG1, the UE shall, when requested by higher layers, to

transmit PRACH in a secondary serving cell in CG1 in parallel with SRS transmission in a symbol on a
subframe of adifferent serving cell belonging to adifferent TAG of CG1, drop SRSin CG1 if the total

transmission power of CG1 exceeds PclGl on any overlapped portion in the symboal.
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if the UE is configured with multiple TAGs within CG1, the UE shall, when requested by higher layers, to
transmit PRACH in a secondary serving cell in CG1 in parallel with PUSCH/PUCCH in a different serving cell
belonging to adifferent TAG in CG1, adjust the transmission power of PUSCH/PUCCH in CGL1 so that its total

transmission power of CG1 does not exceed F’ClG1 on the overlapped portion.

A

Table 5.1.4.2-1: ¥,,cc (Or ¥Y4g) values for determining power allocation for dual connectivity

0 0
1 5
2 10
3 15
4 20
5 30
6 37
7 44
8 50
9 56
10 63
11 70
12 80
13 90
14 95
15 100

5.15 Power allocation for PUCCH-SCell

If aUE is configured with a PUCCH-SCell, power allocation for serving cellsin the primary PUCCH group and
secondary PUCCH group is performed according to Subclause 5.1.4.1, with the following exceptions:

the term 'MCG' is replaced by "primary PUCCH group';
the term 'SCG' is replaced by 'secondary PUCCH group';

i1=i2=i andP,,,, (i1,i2)= P, (i) isthelinear value of the UE total configured maximum output
power Py, defined in [6] in subframe/slot/subslot i; and

Yvce = Ysce =0.

For a UE capable of simultaneous transmission of different uplink signal durations to different serving cells asindicated
by UE capability simultaneousTx-differentTx-duration, if the UE is configured with a PUCCH-SCell and configured
with different values of higher layer parameter ul-STTI-Length for serving cellsin the primary PUCCH group and

secondary PUCCH group, and if the total transmit power of the UE would exceed ISCM x (1), the UE drops the
following channels from the highest serving cell index to the lowest serving cell index in order until the total transmit
power of the UE would not exceed Py, (1) whichin that case, the UE would not drop any more channels or until

there are only PUSCH/PUCCH transmissions of the same duration remaining in which case the corresponding power
scaling rules described in Subclause 5.1.1 apply:

subframe-PUSCH without HARQ-ACK of the secondary PUCCH group
subframe-PUSCH without HARQ-ACK of the primary PUCCH group

dot-PUSCH without HARQ-ACK of the secondary PUCCH group

slot- PUSCH without HARQ-ACK of the primary PUCCH group

subslot-PUSCH without HARQ-ACK and without DMRS of the secondary PUCCH group
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- subslot-PUSCH without HARQ-ACK and without DM RS of the primary PUCCH group

- subslot-PUSCH without HARQ-ACK and with DMRS of the secondary PUCCH group

- subslot-PUSCH without HARQ-ACK and with DMRS of the primary PUCCH group

- subframe-PUSCH with HARQ-ACK or subframe-PUCCH of the secondary PUCCH group
- subframe-PUSCH with HARQ-ACK or subframe-PUCCH of the primary PUCCH group

- dot-PUSCH with HARQ-ACK or slot-PUCCH of the secondary PUCCH group

- dot-PUSCH with HARQ-ACK or slot-PUCCH of the primary PUCCH group

- subslot-PUSCH with HARQ-ACK or subslot-PUCCH of the secondary PUCCH group

- subslot-PUSCH with HARQ-ACK or subslot-PUCCH of the primary PUCCH group

The HARQ-ACK of adropped channel is transmitted on the channel of the same PUCCH group to be transmitted with
highest priority.

If the UE is not configured with a PUCCH-SCell but configured with higher layer parameter ul-STTI-Length, and if the
total transmit power of the UE would exceed P, (i) , the UE above dropping rules would apply by removing the
channels corresponding to the secondary PUCCH group.

5.2 Downlink power allocation

The eNodeB determines the downlink transmit energy per resource element.

For the purpose of RSRP and RSRQ measurements, the UE may assume downlink cell-specific RS EPRE is constant
across the downlink system bandwidth and constant across all subframes with discovery signal transmissions until
different cell-specific RS power information is received.

For acell that isnot a LAA SCell, the UE may assume downlink cell-specific RS EPRE is constant across the downlink
system bandwidth and constant across all subframes until different cell-specific RS power information is received.

The downlink cell-specific reference-signal EPRE can be derived from the downlink reference-signal transmit power
given by the parameter referenceSgnal Power provided by higher layers. The downlink reference-signal transmit power
is defined as the linear average over the power contributions (in [W]) of all resource elements that carry cell-specific
reference signals within the operating system bandwidth.

For aLAA SCell, the UE may assume that the EPRE of downlink cell-specific RS in subframe n is same as the EPRE
of downlink cell-specific RS in subframe n-1, if all OFDM symbols of at least the second slot of subframe n-1, are
occupied.

For aBL/CE UE, if the UE is configured with higher layer parameter RSS-Config, the ratio of resynchronization signal
EPRE to cell-specific RS EPRE is given by higher layer parameter power Boost in RSS-Config +10log,,(p X
min(p4, p2)), where p¢ and pg arethe default valuesfor p, and pp in Table 5.2-1a assuming the same transmitted
power for symbols with or without CRS, and p isthe number of CRS ports.

For a BL/CE UE, if the UE is configured with higher layer parameter WUS-Config, the ratio of MWUS EPRE to cell-
specific RS EPRE is given by higher layer parameter powerBoost in WUS-Config+10log;,(p X min(p4, p2)), where
p% and pg arethe default valuesfor p, and pp in Table 5.2-1aassuming the same transmitted power for symbols
with or without CRS, and p isthe number of CRS ports.

Theratio of PDSCH EPRE to cell-specific RS EPRE among PDSCH REs (not applicable to PDSCH REs with zero
EPRE) for each OFDM symbol is denoted by either p, or pgaccording to the OFDM symbol index as given by

Table5.2-2 and Table 5.2-3. In addition, p, and pg are UE-specific.

For a UE in transmission mode 8 - 10 when UE-specific RSs are not present in the PRBs upon which the corresponding
PDSCH is mapped or in transmission modes 1 — 7, the UE may assume that for 16 QAM, 64 QAM, 256QAM, or
1024QAM spatial multiplexing with more than one layer or for PDSCH transmissions associated with the multi-user
MIMO transmission scheme, or for a UE in transmission modes 2-4 and configured with higher layer parameter must-
Config-r14 the UE may assume that for QPSK,
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- pa i5€qual 100 e i T Pa +10100,0(2) [dB] when the UE receives a PDSCH data transmission using
precoding for transmit diversity with 4 cell-specific antenna ports according to Subclause 6.3.4.3 of [3];

- p, isequa to O,

power-offset + I:)A [dB] otherwise

where 5pw,er_oﬁset is0 dB for all PDSCH transmission schemes except multi-user MIMO as described in Subclause 7.1.5

and where P, is a UE specific parameter provided by higher layers. If the UE is configured with higher layer parameter

must-Config-r14, and if the UE is configured with higher layer parameter p-a-must-r14, and if the PDCCH/EPDCCH
DCI of the corresponding PDSCH transmission indicates MUST interference is present [4], the UE shall use the higher

layer parameter p-a-must-r14 for determining P, .

For a UE configured with higher layers parameter servCellp-a-r12, and the UE in transmission modes 8-10 when UE-
specific RSs are not present in the PRBs upon which the corresponding PDSCH is mapped or in transmission modes 1-
7, the UE may assume that for QPSK and transmission with single-antenna port or transmit diversity transmission
schemes or spatial multiplexing using asingle transmission layer, and the PDSCH transmission is not associated with
the multi-user MIMO transmission scheme, and the PDSCH is scheduled by a PDCCH/EPDCCH with CRC scrambled
by C-RNTI,

- pp isequa to P,: +10- |0910 (2) [dB] when the UE receives a PDSCH data transmission using precoding for
transmit diversity with 4 cell-specific antenna ports according to Subclause 6.3.4.3 of [3];

- pa isequal to P, [dB] otherwise

and where P; is given by the parameter servCellp-a-r12. If the UE is also configured with higher layer parameter must-

Config-r14, and if the UE is configured with higher layer parameter p-a-must-r14, and if the PDCCH/EPDCCH DCI of
the corresponding PDSCH transmission indicates MUST interference is present [4], the UE shall use the higher layer

parameter p-a-must-r14 for determining P;.
For a cell supporting SC-PTM, the UE may assume that for the PDSCH scrambled by G-RNTI,

- pa isequa to Py +10-10g,,(2) [dB] when the UE receives a PDSCH data transmission using precoding for
transmit diversity with 4 cell-specific antenna ports according to Subclause 6.3.4.3 of [3];

- pa isequal to P} [dB] otherwise

where P,: is configured per SC-MTCH and is given by higher layer parameter p-a-r13. If P,: is not configured, the
UE may assumethat Py =0 [dB].

For transmission mode 7, if UE-specific RSs are present in the PRBs upon which the corresponding PDSCH is mapped,
the ratio of PDSCH EPRE to UE-specific RS EPRE within each OFDM symbol containing UE-specific RSs shall be a
constant, and that constant shall be maintained over all the OFDM symbols containing the UE-specific RSsin the
corresponding PRBs. In addition, the UE may assume that for 16QAM, 64QAM, 256QAM, or 1024QAM thisratiois0
dB.

For transmission mode 8, if UE-specific RSs are present in the PRBs upon which the corresponding PDSCH is mapped,
the UE may assume the ratio of PDSCH EPRE to UE-specific RS EPRE within each OFDM symbol containing UE-
specific RSsis 0 dB.

For transmission mode 9 or 10, if UE-specific RSs are present in the PRBs upon which the corresponding PDSCH is
mapped, the UE may assume the ratio of PDSCH EPRE to UE-specific RS EPRE within each OFDM symbol
containing UE-specific RSis 0 dB for number of transmission layers less than or egual to two and -3 dB otherwise.

A UE may assume that downlink positioning reference signal EPRE is constant across the positioning reference signal
bandwidth and across all OFDM symbols that contain positioning reference signals in a given positioning reference
signal occasion [10].
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For the purpose of RSRP and RSRQ measurements on CSI-RS of a discovery signal the UE may assume that the EPRE
of CSI-RS is constant across the downlink system bandwidth and constant across all subframes with discovery signal
transmissions for each CSI-RS resource.

If aserving cell is not configured for aUE asaLAA SCell, and if CSI-RS is configured in the serving cell then the UE
shall assume downlink CSI-RS EPRE is constant across the downlink system bandwidth and constant across all
subframes for each CSI-RS resource.

If aserving cell is configured for aUE asaLAA SCell, the UE may assume that EPRE of CSI-RS in subframen2is
same as EPRE of CSI-RSin earlier subframe nl, if all OFDM symbols of subframe nl and all subframes between
subframe n1 and subframe n2, are occupied.

The cell-specific ratio pg/ p, iSgiven by Table 5.2-1 according to cell-specific parameter Py signalled by higher
layers and the number of configured eNodeB cell specific antennaports. Py isgiven by higher layer parameter p-b-r13
for PDSCH scrambled by G-RNTI and by higher layer parameter p-b otherwise. In case PDSCH is scrambled by G-
RNTI, if Ps isnot configured, the UE may assumethat pg/ p, =1.

Table 5.2-1: The cell-specific ratio pg/p, for 1, 2, or 4 cell specific antenna ports

PB pB /pA
One Antenna Port | Two and Four Antenna Ports
0 1 5/4
1 4/5 1
2 3/5 3/4
3 2/5 1/2

Table 5.2-1a: p4 and p% for 1, 2, or 4 cell specific antenna ports
assuming the same transmitted power for symbols with or without CRS

One Antenna Port | Two and Four Antenna Ports
Ppg d d d d
Pa P P4 P
0 1 1 1 5/4
1 1/2 2/5 1/2 1/2
2 1/3 1/5 1/3 1/4
3 1/4 1/10 1/4 1/8

For PMCH with 16QAM, 64QAM, or 256QAM, the UE may assume that the ratio of PMCH EPRE to MBSFN RS
EPRE isequal to 0 dB.

Table 5.2-2: OFDM symbol indices within a slot of a non-MBSFN subframe where the ratio of the
corresponding PDSCH EPRE to the cell-specific RS EPRE is denoted by p, or pg

OFDM symbol indices within a slot where the | OFDM symbol indices within a slot where the
Number of ratio of the corresponding PDSCH EPRE to ratio of the corresponding PDSCH EPRE to

BB the cell-specific RS EPRE is denoted by pa the cell-specific RS EPRE is denoted by pg

orts
P Normal cyclic prefix | Extended cyclic prefix | Normal cyclic prefix | Extended cyclic prefix
One or two 1,2,356 1,2,4,5 0,4 0,3
Four 2,3,56 2,4,5 0,1,4 0,1,3
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Table 5.2-3: OFDM symbol indices within a slot of an MBSFN subframe where the ratio of the

corresponding PDSCH EPRE to the cell-specific RS EPRE is denoted by p, or pg

OFDM symbol indices within a slot where the OFDM symbol indices within a slot where the
ratio of the corresponding PDSCH EPRE to the | ratio of the corresponding PDSCH EPRE to the
Number of cell-specific RS EPRE is denoted by pp cell-specific RS EPRE is denoted by pg
CHUSIIE Normal cyclic prefix Extendeq Grehc Normal cyclic prefix Extendeq cyclic
ports prefix prefix
ngmod 2 ngmod 2 ngmod 2 | ngmod 2 ngmod 2 ngmod 2 ngmod 2 ngmod 2
=0 =1 =0 =1 =0 =1 =0 =1
1,2,3,4,| 0,14,2,3, | 1,2,3,4,| 0,1,2,3,
One or two 56 4.5 6 5 45 0 - 0 -
2,3,4,5 | 0,1,23, 0,1,23,
Four 6 4.5, 6 2,4,3,5 45 0,1 - 0,1 -

5.2.1 eNodeB Relative Narrowband TX Power (RNTP) restrictions

The determination of reported Relative Narrowband TX Power indication RNTP(Nqs ) is defined as follows:

. E ()
0 if 2-PBL<RNTP, g

E®
RNTP(Npgg) = - E, (Nors,)
1 if nopromiseabouttheupperlimitofﬁismade

where E,(Nogg) isthe maximum intended EPRE of UE-specific PDSCH REsin OFDM symbols not containing RS
in this physical resource block on antenna port p in the considered future time interval; N, isthe physical resource
block number Ngeg =0,...,Nas —1; RNTP,, q takeson one of the following values

RNTP,, oo € {—0,—11,-10,-9,-8~7,-6,-5,—4,-3-2,—1,0,+1,+2,+3}[dB] and

p(p), 1
Er(np) nom =
N N

where Pnggi is the base station maximum output power described in [7], and Af , N% and N§§ are defined in [3].
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6 Random access procedure

If the UE is configured with a SCG, the UE shall apply the procedures described in this clause for both MCG and SCG

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

- When the procedures are applied for SCG, the terms 'secondary cell', 'secondary cells, 'serving cell', 'serving
cells in this clause refer to secondary cell, secondary cells (not including PSCell), serving cell, serving cells
belonging to the SCG respectively. The term 'primary cell' in this clause refers to the PSCell of the SCG

For a UE configured with EN-DC/NE-DC and serving cell frame structure type 1, if the UE is configured with
subframeAssignment-r15 for the serving cell, the UE is not expected to transmit any uplink physical channel or signal in
the serving cell on subframes other than offset-UL subframes, where the offset-UL subframes are determined by
applying an offset value given by harg-Offset-r15 to the subframes denoted as uplink in the UL/DL configuration
subframeAssignment-r 15.

Prior to initiation of the non-synchronized physical random access procedure, Layer 1 shall receive the following
information from the higher layers:

- Random access channel parameters (PRACH configuration and frequency position)

- Parameters for determining the root sequences and their cyclic shiftsin the preamble sequence set for the
primary cell (index to logical root sequence table, cyclic shift ( Ng), and set type (unrestricted or restricted set))

6.1 Physical non-synchronized random access procedure

From the physical layer perspective, the L1 random access procedure encompasses the transmission of random access
preamble and random access response. The remaining messages are scheduled for transmission by the higher layer on
the shared data channel and are not considered part of the L1 random access procedure. A random access channel
occupies 6 resource blocksin a subframe or set of consecutive subframes reserved for random access preamble
transmissions. The eNodeB is not prohibited from scheduling data in the resource blocks reserved for random access
channel preamble transmission.

A UE isnot expected to be configured with PRACH ona LAA SCell.
The following steps are required for the L1 random access procedure:
- Layer 1 procedureistriggered upon request of a preamble transmission by higher layers.

- A preambleindex, atarget preamble received power (PREAMBLE_RECEIVED_TARGET_POWER), a
corresponding RA-RNTI and a PRACH resource are indicated by higher layers as part of the request.

- For aBL/CE UE, anumber of PRACH repetitions for preamble transmission attempt is also indicated by higher
layers as part of the request. For anon-BL/CE UE or for a BL/CE UE with the PRACH coverage enhancement
level 0/1/2, a preamble transmission power PeracH iS determined as
Peracr = Min{ Poyax (i) , PREAMBLE_RECEIVED_TARGET_POWER + PL. }_[dBm], where

Pcmax c(i) isthe configured UE transmit power defined in [6] for subframei of serving cell ¢ and PL. is

the downlink path loss estimate calculated in the UE for serving cell c. For aBL/CE UE, Perach IS Set to
Pcmax c(i) for the highest PRACH coverage enhancement level 3.

- A preamble sequence is selected from the preamble sequence set using the preamble index.

- A single preambleis transmitted using the selected preamble sequence with transmission power Perach ON the
indicated PRACH resource. For a BL/CE UE, the single preamble is transmitted for the number of PRACH
repetitions for the associated PRACH coverage enhancement level as indicated by higher layers.

- For non-BL/CE UEs, detection of a PDCCH with the indicated RA-RNTI is attempted during a window
controlled by higher layers (see [8], Subclause 5.1.4). If detected, the corresponding DL-SCH transport block is
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passed to higher layers. The higher layers parse the transport block and indicate the 20-bit uplink grant to the
physical layer, which is processed according to Subclause 6.2.

For BL/CE UEs, detection of aMPDCCH with DCI scrambled by RA-RNTI is attempted during a window
controlled by higher layers (see [8], Subclause 5.1.4). If detected, the corresponding DL-SCH transport block is
passed to higher layers. The higher layers parse the transport block and indicate the Nr-bit uplink grant to the
physical layer, which is processed according to Subclause 6.2.

6.1.1  Timing

For the L1 random access procedure, a non-BL/CE UE's uplink transmission timing after a random access preamble
transmission is as follows.

a)

b)

©)

If aPDCCH with associated RA-RNTI is detected in subframe n, and the corresponding DL-SCH transport
block contains a response to the transmitted preamble sequence, the UE shall, according to the information in the
response, transmit an UL-SCH transport block in the first subframe n+k; . If the UE supports reduced control

plane latency and reducedControl PlaneLatency is enabled, k1 > 5, otherwise, k1 > 6. If the UL delay field in

Subclause 6.2 is set to zero, n+k; isthefirst available UL subframe for PUSCH transmission, where for TDD
serving cell, the first UL subframe for PUSCH transmission is determined based on the UL/DL configuration (i.e., the
parameter subframeAssignment) indicated by higher layers. The UE shall postpone the PUSCH transmission to the
next available UL subframe after n+k; if thefieldissetto 1.

If arandom access response is received in subframe n, and the corresponding DL-SCH transport block does not
contain aresponse to the transmitted preamble sequence, the UE shall, if requested by higher layers, be ready to
transmit a new preamble sequence no later than in subframe n+5.

If no random access response is received in subframe n, where subframe n is the last subframe of the random
access response window, the UE shall, if requested by higher layers, be ready to transmit a new preamble
sequence no later than in subframe n+4, except if the transmitted preamble sequence ison a TDD serving cell not
configured for PUSCH/PUCCH transmission.

For the L1 random access procedure, a BL/CE UE's uplink transmission after a random access preamble transmission is
asfollows.

a)

b)

c)

If aMPDCCH with associated RA-RNTI is detected and the corresponding DL-SCH transport block reception
ending in subframe n contains a response to the transmitted preambl e sequence, the UE shall, according to the
information in the response, transmit an UL-SCH transport block in the first subframe n+k;, k; 26, if the UL
delay field in Subclause 6.2 is set to zero where the subframe n+k; isthefirst available UL subframe for

PUSCH transmission, where for TDD serving cell, the first UL subframe for PUSCH transmission is determined
based on the UL/DL configuration (i.e., the parameter subframeAssignment) indicated by higher layers.

When the number of Msg3 PUSCH repetitions, A, asindicated in the random access response, is greater than
1, the subframe n+k, isthefirst available UL subframe in the set of BL/CE UL subframes. The UE shall

postpone the PUSCH transmission to the next available UL subframe after n+k; + A , if the UL delay field is
setto 1.

When the number of Msg3 PUSCH repetitions, A , asindicated in the random access response, isequal to 1, the
subframe n+k; isthefirst available UL subframe for PUSCH transmission determined by k;, = 6for FDD
and the parameter subframeAssignment for TDD. The UE shall postpone the PUSCH transmission to the next
available UL subframe after n+k, + A , if the UL delay field isset to 1.

If arandom access response is received and its reception ends in subframe n, and the corresponding DL-SCH
transport block does not contain a response to the transmitted preamble sequence, the UE shall, if requested by
higher layers, be ready to transmit a new preamble sequence no later than in subframe n+5.

If the most recent PRACH coverage enhancement level for the UEisOor 1,

- if no random access response is received in subframe n, where subframe n is the last subframe of the random
access response window, the UE shall, if requested by higher layers, be ready to transmit a new preamble
sequence no later than in subframe n+4.
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If the most recent PRACH coverage enhancement level for the UEis2 or 3,

- if no MPDCCH scheduling random access response is received in subframe n, where subframe n is the last
subframe of the random access response window, the UE shall, if requested by higher layers, be ready to
transmit a new preamble sequence no later than in subframe n+4;

- if an MPDCCH with associated RA-RNTI is detected and the corresponding DL-SCH transport block
reception ending in subframe n cannot be successfully decoded, the UE shall, if requested by higher layers,
be ready to transmit a new preamble sequence no later than in subframe n+4.

In case arandom access procedure isinitiated by a"PDCCH order" in subframe n for non-BL/CE UEs, or "PDCCH
order” reception ending in subframe n for BL/CE UEs, the UE shall, if requested by higher layers, transmit random
access preamble in the first subframe n+k,, k, =6, wherea PRACH resourceis available.

If aUE is configured with multiple TAGs, and if the UE is configured with the carrier indicator field for a given serving
cell, the UE shall use the carrier indicator field value from the detected "PDCCH order” to determine the serving cell for
the corresponding random access preambl e transmission.

6.2 Random Access Response Grant

The higher layersindicate the Nr-bit UL Grant to the physical layer, as defined in 3GPP TS 36.321 [§].
Thisisreferred to the Random Access Response Grant in the physical layer.

If BL/CE UE then

- If the most recent PRACH coverage enhancement level for the UE is O or 1, the contents of the Random Access
Response Grant are interpreted according to CEModeA.

- If the most recent PRACH coverage enhancement level for the UE is 2 or 3, the contents of the Random Access
Response Grant are interpreted according to CEModeB.

- The content of these Nr bits starting with the MSB and ending with the LSB are givenin Table 6-2 for
CEmodeA and CEmodeB if the higher layers do not indicate EDT to the physical layer as defined in [8], and in
Table 6.2-F if the higher layersindicate EDT.:

- where N\g = LN%/6J and N:\’I‘ge’(:"mgz(NNB)—l

Table 6-2: Random Access Response Grant Content field size

DCI contents CEmodeA CEmodeB
Msg3 PUSCH \index >
narrowband index NB
Msg3 PUSCH Resource 4 3
allocation
Number of Repetitions for 5 3
Msg3 PUSCH
MCS 3 0
TBS 0 2
TPC 3 0
CSl request 1 0
UL delay 1 0
Msg3/4 MPDCCH

. 2 2
narrowband index
Zero padding 4- N 0
Total Nr-bits 20 12
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Table 6.2-F: Random Access Response Grant Content field size for EDT

DCI contents CEmodeA CEmodeB
Msg3 PUSCH N index 3
narrowband index NB
Msg3 PUSCH Resource 5 3
allocation
Number of Repetitions for 5 3
Msg3 PUSCH
TPC 3 0
CSl request 1 0
UL delay 1 0
Msg3/4 MPDCCH N index 3
narrowband index NB
Zero padding 8- 2-Njo* 0
Total Nr-bits 20 12

For CEmodeB, the Msg3 PUSCH narrowband index indicates the narrowband to be used for first subframe of
Msg3 PUSCH transmission as given in Table 6.2-A if the higher layers do not indicate EDT to the physical layer
asdefined in [8], Table 6.2-G otherwise.

NBgrar givenin Table 6.2-A, Table 6.2-B and Table 6.2-G is the narrow band used for first subframe of

MPDCCH for Random Access Response and is determined by higher layer parameter mpdech-
NarrowbandsToMonitor-r13 if only one narrowband is configured, otherwise, it is determined by Table 6-2-E.

Table 6.2-A: Msg3 PUSCH Narrowband Value for CEmodeB.

Value of 'Msg3 narrowband index'[Msg3 PUSCH Narrowband
'00' NBgagrmod Ny
01’ (NBgag +1) mod Ny
'10' (NBgag +2) mod Ny
11 (NBgag +3) mod Ny

Table 6.2-G: Msg3 PUSCH Narrowband Value for CEmodeB and EDT.

Value of 'Msg3 narrowband index'[Msg3 PUSCH Narrowband

'000" NBgarmMod Ny

'001' (NBgag+1) mod Nyg
010" (NBgag+2) mod Ny
011" (NBgag +3) mod Nyg
100" (NBgag +4) mod Nyg
101" (NBgag +5) mod Nyg
110 (NBgag +6) mod Nyg
111 (NBgag +7) mod Nyg

The Msg3/4 MPDCCH narrowband index indicates the narrowband used for first subframe of MPDCCH
configured by Temporary C-RNTI and/or C-RNTI during random access procedure as given in Table 6.2-B if

the higher layers do not indicate EDT to the physical layer as defined in [8], value of NL’,‘S’“’" for CEModeA and
Table 6.2-H for CEModeB otherwise. The number of downlink narrowbandsis givenby N, = LNF?EE / 6J :
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Table 6.2-B: Msg3/4 MPDCCH Narrowband Value for CEmodeA and CEmodeB.

\Value of 'Msg3/4 MPDCCH narrowband index'|Msg3/4 MPDCCH Narrowband
'00' NB.smod Nz,
o1’ (NBgag +1) mod N,
10 (NBgag +2) mod Ny,
11 (NBgag +3) mod N,

Table 6.2-H: Msg3/4 MPDCCH Narrowband Value for CEmodeB and EDT.

\Value of 'Msg3/4 MPDCCH narrowband index'|Msg3/4 MPDCCH Narrowband
'000" NB.s mod Nz,

'001" (NBgag +1) mod Ny,
(NBgag +2) mod Ny,
(NBgag +3) mod N,
'100' (NBguz +4) mod N,
(NBgag +5) mod Ny,
( )
( )

‘010

‘011"

101"

'110' NBgar +6) mod Nz,

NBgag +7) mod Nz,

111

The repetition number field in the random access response grant configured by higher layers indicates the
repetition level ( Nyg3) for theinitial transmission of Msg3 PUSCH as given in Table 6.2-C for CEmodeA and

Table 6.2-D for CEmodeB, where

- Ya isdetermined by higher layer parameter pusch-maxNumRepetitionCEmodeA-r13 if it is signaled,
otherwise Ya =8,

- Ys isdetermined by higher layer parameter pusch-maxNumRepetitionCEmodeB-r13 if it is signaled,
otherwise Ys =512,

If the higher layersindicate EDT to the physical layer as defined in [8] and if the UE is configured with higher
layer parameter edt-Small TBS-Enabled-r15, the repetition number for the initial transmission of Msg3 PUSCH is
the smallest integer multipleof M that is equal to or larger than TBS;gy3 /TBS\,Isg&maX ‘Nysgz Where TBSyg3

isthe TBS of Msg3 PUSCH as determined in subclause 8.6.2, and TBSy g3 mac iSthe value of the higher layer
parameter edt-TBS15. M=4if Nygs>4, M = 1 otherwise.

Table 6.2-C: Msg3 PUSCH Repetition Level Value for CEmodeA.

Value of 'Repetition number' | Msg3 PUSCH Repetition level
'00’ Yal8
'01' Yal 4
"10' Yal 2
11 Ya
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Table 6.2-D: Msg3 PUSCH Repetition Level Value for CEmodeB.

Value of 'Repetition number' | Msg3 PUSCH Repetition level

000’ Y, /128]

‘001" Ys / 64

'010' Ys /32

'011' Ys /16

'100° Ys/8

'101' Ys /4

'110° Ye/2

111 Ys

Table 6.2-E: Narrowband ( NBgag ) for MPDCCH RAR.

Mapped Preamble Index NBgrar
First narrowband configured by
mod( Preamble Index, 2 )=0 high layer parameter mpdcch-

NarrowbandsToMonitor-r13
Second narrowband configured by,
mod( Preamble Index, 2 )=1 high layer parameter mpdcch-
NarrowbandsToMonitor-r13

- Theresource alocation field isinterpreted as follows:
- For CEmodeA,
- if the higher layersindicate EDT to the physical layer as defined in [8], then
- interpret the resource allocation using UL resource allocation type 0 within the indicated narrowband
- esg

- insert one most significant bit with value set to '0", and interpret the expanded resource allocation
using UL resource allocation type O within the indicated narrowband.

- For CEmodeB, interpret the resource allocation using UL resource allocation type 2 within the indicated
narrowband.

- Thetruncated modulation and coding scheme field isinterpreted such that the modulation and coding scheme
corresponding to the Random Access Response grant is determined from MCS indices O through 7 for
CEmodeA in Table 8.6.1-1

The truncated TBSfield isinterpreted such that the TBS value corresponding to the Random Access Response grant is
determined from TBS indices 0 through 3 for CEmodeB in Table 7.1.7.2.1-1

else,
- Nr=20, and the content of these 20 bits starting with the MSB and ending with the LSB are asfollows:
- Hopping flag — 1 bit
- Fixed size resource block assignment — 10 hits
- Truncated modulation and coding scheme — 4 bits

If a UE is performing non-contention based random access procedure and is configured with higher layer parameter
pusch-EnhancementsConfig, then

- Repetition number of Msg3 — 3 hits

else
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- TPC command for scheduled PUSCH — 3 hits
- UL delay — 1 bit
- CSl request — 1 bit

- The UE shall use the single-antenna port uplink transmission scheme for the PUSCH transmission corresponding
to the Random Access Response Grant and the PUSCH retransmission for the same transport block.

- The UE shall perform PUSCH frequency hopping if the single bit frequency hopping (FH) fieldina
corresponding Random Access Response Grant is set as 1 and the uplink resource block assignment istype O,
otherwise no PUSCH frequency hopping is performed. When the hopping flag is set, the UE shall perform
PUSCH hopping as indicated via the fixed size resource block assignment detailed below.

- Thefixed size resource block assignment field isinterpreted as follows:
- if Ngg <44

- Truncate the fixed size resource block assignment to its b least significant bits, where

b= ﬁog ) (N R (N oy + 1)/ 2)-‘ , and interpret the truncated resource block assignment according to the rules
for aregular DCI format O

- dse

- Insert b most significant bits with value set to '0" after the Nuc_nop hopping bitsin the fixed size resource block
assignment, where the number of hopping bits Nut nop IS zero when the hopping flag bit isnot set to 1, and is

defined in Table 8.4-1 when the hopping flag bitisset to 1, and b= U_Iogz(N RS -(N RS +1)/ 2)-‘ —10) , and
interpret the expanded resource block assignment according to the rules for aregular DCI format O
- endif

- Thetruncated modulation and coding scheme field is interpreted such that the modulation and coding scheme
corresponding to the Random Access Response grant is determined from MCS indices O through 15 in Table
8.6.1-1.

- TheTPC command &, shall beused for setting the power of the PUSCH, and isinterpreted according to

Table 6.2-1.
end if
Table 6.2-1: TPC Command Ormsg 2 for Scheduled PUSCH
TPC Command | Value (in dB)
0 -6
1 -4
2 -2
3 0
4 2
5 4
6 6
7 8

In non-contention based random access procedure, the CSI request field isinterpreted to determine whether an aperiodic
CQI, PMI, RI, and CRI report isincluded in the corresponding PUSCH transmission according to Subclause 7.2.1. In
contention based random access procedure, the CSI request field is reserved.

The UL delay appliesfor TDD, FDD and FDD-TDD and this field can be set to 0 or 1 to indicate whether the delay of
PUSCH isintroduced as shown in Subclause 6.1.1. A BL/CE UE interpreting the contents of the random access
response according to CEModeB shall follow the description of UL delay field set to 0.
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7 Physical downlink shared channel related procedures

If the UE is configured with a SCG, the UE shall apply the procedures described in this clause for both MCG and SCG
unless stated otherwise

- When the procedures are applied for MCG, the terms 'secondary cell’, 'secondary cells), 'serving cell’, and
'serving cells in this clause refer to secondary cell, secondary cells, serving cell or serving cells belonging to the
MCG respectively unless stated otherwise. The terms 'subframe’ and 'subframes’ refer to subframe or subframes
belonging to MCG.

- When the procedures are applied for SCG, the terms 'secondary cell’, 'secondary cells), 'serving cell' and 'serving
cells in this clause refer to secondary cell, secondary cells (not including the PSCell), serving cell, serving cells
belonging to the SCG respectively unless stated otherwise. The term 'primary cell’ in this clause refers to the
PSCell of the SCG. The terms 'subframe’ and 'subframes' refer to subframe or subframes belonging to SCG

If aUE is configured with dI-TTI-Length, and PDSCH isreceived in aslot, the term 'dot/subslot’' refersto adlot in this
clause.

If the UE is configured with dI-TTI-Length, and PDSCH isreceived in asubslot, the term 'slot/subslot’ refersto a
subglot in this clause.

If aUE is configured with aLAA Scell, the UE shall apply the procedures described in this clause assuming frame
structure type 1 for the LAA Scell unless stated otherwise.

For FDD,

- if the UE supports ce-pdsch-tenProcesses and is configured with CEModeA and higher layer parameter ce-
pdsch-tenProcesses-config set to 'On’ there shall be a maximum of 10 downlink HARQ processes per serving
cell;

- 16 downlink HARQ processes per serving cell configured with higher layer parameter dI-TTI-Length
- otherwise, there shall be a maximum of 8 downlink HARQ processes per serving cell.

For FDD-TDD and primary cell frame structure type 1, there shall be a maximum of
- 16 downlink HARQ processes per serving cell configured with higher layer parameter dI-TTI-Length
- 8downlink HARQ processes per serving cell, otherwise.

For TDD and a UE not configured with the parameter EIMTA-MainConfigServCell-r12 for any serving cell,, if the UE
is configured with one serving cell, or if the UE is configured with more than one serving cell and the TDD UL/DL
configuration of all the configured serving cellsis the same, the maximum number of downlink HARQ processes per
serving cell configured with higher layer parameter dI-TTI-Length shall be 16, otherwise determined by the UL/DL
configuration (Table 4.2-2 of [3]), asindicated in Table 7-1.

For TDD, if a UE is configured with more than one serving cell and if the TDD UL/DL configuration of at least two
configured serving cellsis not the same, or if the UE is configured with the parameter EIMTA-MainConfigServCell-r12
for at least one serving cell, or for FDD-TDD and primary cell frame structure type 2 and serving cell frame structure
type 2, the maximum number of downlink HARQ processes for a serving cell configured with higher layer parameter
dl-TTI-Length shall be 16, otherwise determined asindicated in Table 7-1, wherein the "TDD UL/DL configuration” in
Table 7-1 refersto the DL-reference UL/DL configuration for the serving cell (as defined in Subclause 10.2).

For FDD-TDD and primary cell frame structure type 2 and serving cell frame structure type 1, the maximum number of
downlink HARQ processes for the serving cell configured with higher layer parameter dI-TTI-Length shall be 16,
otherwise determined by the DL -reference UL/DL configuration for the serving cell (as defined in Subclause 10.2), as
indicated in Table 7-2.

A BL/CE UE configured with CEModeB is not expected to support more than 2 downlink HARQ processes.

For TDD and a BL/CE configured with CEModeA, the maximum number of downlink HARQ processes for a serving
cell shall be determined asindicated in Table 7-3.

For a UE configured with EN-DC/NE-DC and serving cell frame structure type 1, if the UE is configured with
subframeAssignment-r 15 for the serving cell, the maximum number of downlink HARQ processes for the serving cell
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shall be determined by DL-reference UL/DL configuration given by subframeAssignment-r15 for the serving cell, as
indicated in Table 7-2.

For a UE configured with EN-DC/NE-DC and more than one serving cells with primary cell frame structure type 1, if
the UE is configured with subframeAssignment-r15 for the primary cell, the maximum number of downlink HARQ
processes for each secondary cell is equal to the maximum number of downlink HARQ processes for the primary cell.

The dedicated broadcast HARQ process defined in [8] is not counted as part of the maximum number of HARQ
processes for FDD, TDD and FDD-TDD.

Table 7-1: Maximum number of DL HARQ processes for TDD

TDD UL/DL configuration | Maximum number of HARQ processes
4
7
10
9
12
15
6

O |W|IN|FL|O

Table 7-2: Maximum number of DL HARQ processes for FDD-TDD, primary cell frame structure type
2, and serving cell frame structure type 1

DL-reference UL/DL Maximum number of HARQ processes
Configuration

10
11
12
15
16
16
12

O WIN|IFL|O

Table 7-3: Maximum number of DL HARQ processes for TDD
(UE configured with CEModeA)

TDD UL/DL configuration | Maximum number of HARQ processes
6
9
12
11
14
16
8

OB |WIN|FL|O

7.1 UE procedure for receiving the physical downlink shared
channel

Except the subframes indicated by the higher layer parameter mbsfn-SubframeConfigList or by mbsfn-
SubframeConfigList-v1250 or by mbsfn-SubframeConfigList-v14xy or by laa-SCellSubframeConfig of serving cell ¢, a
UE shall

- upon detection of a PDCCH of the serving cell with DCI format 1, 1A, 1B, 1C, 1D, 2, 2A, 2B, 2C, or 2D
intended for the UE in a subframe, or

- upon detection of an EPDCCH of the serving cell with DCI format 1, 1A, 1B, 1D, 2, 2A, 2B, 2C, or 2D intended
for the UE in a subframe, or

- upon detection of a PDCCH of the serving cell with DCI format 7-1A, 7-1B, 7-1C, 7-1D, 7-1E, 7-1F, 7-1G
intended for the UE in the first slot/subslot of a subframe
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- upon detection of a SPDCCH of the serving cell with DCI format 7-1A, 7-1B, 7-1C, 7-1D, 7-1E, 7-1F, 7-1G
intended for the UE in a slot/subslot

decode the corresponding PDSCH in the same subframe/sl ot/subslot with the restriction of the number of transport
blocks defined in the higher layers, unless specified otherwise.

For agiven serving cell, if the UE is configured with higher layer parameter blindSubframePD SCH-Repetitions, the UE
shall upon detection of a PDCCH/EPDCCH with DCI format 1A with CRC scrambled by C-RNTI in UE-specific
search space of subframe n, intended for the UE, decode, starting from subframe n, the corresponding PDSCH
transmission in k consecutive DL subframe(s) according to the PDCCH information, where the value of k is determined
by the repetition number field in the corresponding DCI. For k>1,

- if the UE is configured with transmission mode 1, 2, 3, 4, 5, 6, 7 or 8 for the serving cell, the k consecutive DL
subframes do not include MBSFN subframe(s).

- the UE shall assume the truncated modulation and coding scheme field isinterpreted such that the modulation
and coding scheme corresponding to DCI format 1A is determined from MCS indices O through 15 if the higher
layer parameter MCS-restrictionSubframePDSCH-Repetitionsis set to '1'.

-  The UE shall assume all the k PDSCH data transmissions are received in the same resource blocks.

- For TDD cell, the k consecutive DL subframes include the k DL subframes or special subframes according to the
UL/DL configuration indicated by higher layer parameter subframeAssignment for the serving cell.

- If the UE is configured with higher layer parameter EIMTA-MainConfigServCell-ri12, the UE shall discard
any PDCCH/EPDCCH for PDSCH data transmission with k>1 in a subframe which has been indicated as an
UL subframe or a specia subframe by higher layer parameter subframeAssignment but indicated asa DL
subframe by a PDCCH with CRC scrambled by el MTA-RNTI containing an UL/DL configuration for the
serving cell.

For agiven serving cell, if the UE is configured with higher layer parameter blindS otSubsl otPD SCH-Repetitions, the
UE shall upon detection of a PDCCH/SPDCCH with DCI format 7-1A/7-1B/7-1C/7-1D/7-1E/7-1F/7-1G with CRC
scrambled by C-RNTI in slot/sublot n, intended for the UE, decode, starting from slot/subslot n, the corresponding
PDSCH transmission in k consecutive DL g ot(s)/subslot(s) according to the PDCCH/SPDCCH information, where the
value of k is determined by the repetition number field in the corresponding DCI. For k>1,

- the UE is not expected to receive the PDSCH data transmissions with more than two transmission layers.

- if the k consecutive DL dots/subslots cross two consecutive subframes with different downlink transmission
modes, the UE is not expected to receive the PDSCH data transmissions after the former subframe.

- for DCI format 7-1F/7-1G, the UE shall assume the value of the DM RS position indicator field (defined in 3GPP
TS36.212[4]) issetto 0.

- the UE shall assume the modulation and coding scheme corresponding to DCI format 7-1A/7-1B/7-1C/7-1D/7-
1E/7-1F/7-1G is determined from M CS indices 0 through 15 if the higher layer parameter MCS-
restrictionS otSubsl otPDSCH-Repetitionsis set to 1.

- the UE shall assume the "PDSCH RE Mapping and Quasi-Co-Location Indicator” field is applied to al the k
PDSCH datatransmissions signaled via PDCCH/SPDCCH with DCI format 7-1G.

- the UE shall assume the “precoding information” field is applied to all the k PDSCH data transmissions signaled
via PDCCH/SPDCCH with DCI format 7-1C.

- the UE shall assume the “TPMI information for precoding” field is applied to al the k PDSCH data
transmissions signaled via PDCCH/SPDCCH with DCI format 7-1D.

- the UE shall assume all the k PDSCH data transmissions are received in the same resource blocks.
- For FDD cdll,
- the UE may assume that the same precoder appliesto all scheduled k PDSCH transmissions.
- subslot O of asubframe is not counted as a DL subslot for k PDSCH transmissions if the CFl valueis 2 or 3.

- For TDD cell,
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- the UE may assume that the same precoder applies to those of the k scheduled PDSCH transmissions occur
between guard periods of two adjacent special subframes._

- the k consecutive DL dotsinclude the k DL slots of DL subframe or DWPT S according to the UL/DL
configuration indicated by higher layer parameter subframeAssignment for the serving cell.

For BL/CE UEs, the higher layersindicate the set of BL/CE DL subframes according to fdd-
DownlinkOr TddSubframeBitmapBR [11].

A BL/CE UE shall upon detection of aMPDCCH with DCI format 6-1A, 6-1B, 6-2 intended for the UE, decode the
corresponding PDSCH in one more BL/CE DL subframes as described in Subclause 7.1.11, with the restriction of the
number of transport blocks defined in the higher layers.

For the purpose of decoding PDSCH containing Systemlnfor mationBlockType2, a BL/CE UE shall assume that
subframes in which Systeml nformationBlockType2 is scheduled are non-MBSFN subframes.

If a UE is configured with more than one serving cell and if the frame structure type of any two configured serving cells
is different, then the UE is considered to be configured for FDD-TDD carrier aggregation.

Except for MBMS reception, the UE is not required to monitor PDCCH with CRC scrambled by the SI-RNTI on the
PSCell.

A UE may assume that positioning reference signals are not present in resource blocks in which it shall decode PDSCH
according to a detected PDCCH with CRC scrambled by the SI-RNTI or P-RNTI with DCI format 1A or 1C intended
for the UE.

A UE configured with the carrier indicator field for agiven serving cell shall assume that the carrier indicator field is
not present in any PDCCH of the serving cell in the common search space that is described in Subclause 9.1. Otherwise,
the configured UE shall assume that for the given serving cell the carrier indicator field is present in PDCCH/EPDCCH
located in the UE specific search space described in Subclause 9.1 when the PDCCH/EPDCCH CRC is scrambled by
C-RNTI or SPS C-RNTI.

If aUE is configured by higher layersto decode PDCCH with CRC scrambled by the SI-RNTI, the UE shall decode the
PDCCH and the corresponding PDSCH according to any of the combinations defined in Table 7.1-1. The scrambling
initialization of PDSCH corresponding to these PDCCHsis by SI-RNTI.

A UE operating in an MBM S-dedicated carrier may be configured with two SI-RNTI values, in which case the UE shall
apply the procedure described in this clause for each of the SI-RNTIs.

Table 7.1-1: PDCCH and PDSCH configured by SI-RNTI

DCI format Search Transmission scheme of PDSCH corresponding to PDCCH
Space

DCI format 1C Common | If the number of PBCH antenna ports is one, Single-antenna port, port 0 is used (see
Subclause 7.1.1), otherwise Transmit diversity (see Subclause 7.1.2).

DCI format 1A Common | If the number of PBCH antenna ports is one, Single-antenna port, port 0 is used (see
Subclause 7.1.1), otherwise Transmit diversity (see Subclause 7.1.2).

For BL/CE UE, for PDSCH carrying Systeml nformationBlockTypel-BR and Sl-messages, the UE shall decode PDSCH
according to Table 7.1-1A. The scrambling initialization of PDSCH is by SI-RNTI.

Table 7.1-1A: PDSCH configured by SI-RNTI

Transmission scheme of PDSCH
If the number of PBCH antenna ports is one, Single-antenna port, port 0 is used (see
Subclause 7.1.1), otherwise Transmit diversity (see Subclause 7.1.2).

If aUE is configured by higher layersto decode PDCCH with CRC scrambled by the P-RNTI, the UE shall decode the
PDCCH and the corresponding PDSCH according to any of the combinations defined in Table 7.1-2.
The scrambling initialization of PDSCH corresponding to these PDCCHsis by P-RNTI.

If aUE is configured by higher layersto decode MPDCCH with CRC scrambled by the P-RNTI, the UE shall decode
the MPDCCH and any corresponding PDSCH according to any of the combinations defined in Table 7.1-2A.
The scrambling initialization of PDSCH corresponding to these MPDCCHSs is by P-RNTI.
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The UE is not required to monitor PDCCH with CRC scrambled by the P-RNTI on the PSCell.

Table 7.1-2: PDCCH and PDSCH configured by P-RNTI

DCI format Search Transmission scheme of PDSCH corresponding to PDCCH
Space

DCI format 1C Common | If the number of PBCH antenna ports is one, Single-antenna port, port 0 is used (see
Subclause 7.1.1), otherwise Transmit diversity (see Subclause 7.1.2)

DCI format 1A Common | If the number of PBCH antenna ports is one, Single-antenna port, port 0 is used (see
Subclause 7.1.1), otherwise Transmit diversity (see Subclause 7.1.2)

Table 7.1-2A: MPDCCH and PDSCH configured by P-RNTI

DCI format Search Transmission scheme of PDSCH corresponding to MPDCCH
Space
6-2 Typel- If the number of PBCH antenna ports is one, Single-antenna port, port 0 is used (see
common Subclause 7.1.1), otherwise Transmit diversity (see Subclause 7.1.2)

If aUE is configured by higher layersto decode PDCCH with CRC scrambled by the RA-RNTI, the UE shall decode
the PDCCH and the corresponding PDSCH according to any of the combinations defined in Table 7.1-3. The
scrambling initialization of PDSCH corresponding to these PDCCHs is by RA-RNTI.

If aUE is configured by higher layers to decode MPDCCH with CRC scrambled by the RA-RNTI, the UE shall decode
the MPDCCH and the corresponding PDSCH according to any of the combinations defined in Table 7.1-3A. The
scrambling initialization of PDSCH corresponding to these MPDCCHsis by RA-RNTI.

When RA-RNTI and either C-RNTI or SPS C-RNTI are assigned in the same subframe, the UE is not required to
decode a PDSCH on the primary cell indicated by a PDCCH/EPDCCH/SPDCCH with a CRC scrambled by C-RNTI or
SPS C-RNTI.

Table 7.1-3: PDCCH and PDSCH configured by RA-RNTI

DCI format Search Transmission scheme of PDSCH corresponding to PDCCH
Space

DCI format 1C Common | If the number of PBCH antenna ports is one, Single-antenna port, port 0 is used (see
Subclause 7.1.1), otherwise Transmit diversity (see Subclause 7.1.2)

DCI format 1A Common | If the number of PBCH antenna ports is one, Single-antenna port, port 0 is used (see
Subclause 7.1.1), otherwise Transmit diversity (see Subclause 7.1.2)

Table 7.1-3A: MPDCCH and PDSCH configured by RA-RNTI

DCI format Search Transmission scheme of PDSCH corresponding to MPDCCH
Space
6-1A or 6-1B Type2- If the number of PBCH antenna ports is one, Single-antenna port, port 0 is used (see
common | Subclause 7.1.1), otherwise Transmit diversity (see Subclause 7.1.2)

If aUE is configured by higher layersto decode PDCCH with CRC scrambled by the G-RNTI or SC-RNTI, the UE
shall decode the PDCCH and the corresponding PDSCH according to any of the combinations defined in Table 7.1-4.
The scrambling initialization of PDSCH corresponding to these PDCCHsisby G-RNTI or SC-RNTI.
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Table 7.1-4: PDCCH and PDSCH configured by G-RNTI or SC-RNTI

DCI format Search Transmission scheme of PDSCH corresponding to PDCCH
Space

DCI format 1C Common | If the number of PBCH antenna ports is one, Single-antenna port, port 0 is used (see
Subclause 7.1.1), otherwise Transmit diversity (see Subclause 7.1.2).

DCI format 1A Common | If the number of PBCH antenna ports is one, Single-antenna port, port 0 is used (see
Subclause 7.1.1), otherwise Transmit diversity (see Subclause 7.1.2).

If aUE is configured by higher layersto decode PDCCH with CRC scrambled by the SC-N-RNTI, the UE shall decode
the PDCCH according to the combination defined in table 7.1-4A.

Table 7.1-4A: PDCCH configured by SC-N-RNTI

DCI format Search
Space
DCI format 1C Common

If aUE is configured by higher layersto decode MPDCCH with CRC scrambled by the SC-RNTI, the UE shall decode
the MPDCCH according to the combination defined in table 7.1-4B.

Table 7.1-4B: MPDCCH and PDSCH configured by SC-RNTI

DCI format Search Transmission scheme of PDSCH corresponding to MPDCCH
Space
6-2 TypelA- | If the number of PBCH antenna ports is one, Single-antenna port, port 0 is used (see
common | Subclause 7.1.1), otherwise Transmit diversity (see Subclause 7.1.2)

If aUE is configured by higher layersto decode MPDCCH with CRC scrambled by the G-RNTI, the UE shall decode
the MPDCCH according to the combination defined in table 7.1-4C.

Table 7.1-4C: MPDCCH and PDSCH configured by G-RNTI

DCI format Search Transmission scheme of PDSCH corresponding to MPDCCH
Space
_ | Ifthe number of PBCH antenna ports is one, Single-antenna port, port 0 is used (see
Type2A : > 15 DTS,
6-1A or 6-1B common | Subclause 7.1.1), otherwise Transmit diversity (see Subclause 7.1.2)

The UE is semi-statically configured via higher layer signalling to receive PDSCH data transmissions signalled via
PDCCH/EPDCCH with DCI formats other than 7-1A/7-1B/7-1C/7-1D/7-1E/7-1F/7-1G according to one of the
transmission modes, denoted mode 1 to mode 10. If the UE is configured with higher layer parameter dI-TTI-Length,
the UE is semi-statically configured via higher layer signalling to receive PDSCH transmissions signalled via
PDCCH/SPDCCH with DCI formats 7-1A/7-1B/7-1C/7-1D/7-1E/7-1F/7-1G according to

- one of the transmission modes, denoted mode 1, 2, 3, 4, 6, 9, 10 for frame structure type 1, and mode
1,2,3,4,6,8,9,10 for frame structure type 2 in non-MBSFN subframes.

- one of the transmission modes, denoted mode 9, 10 for frame structure type 1 and frame structure type 2 in
MBSFN subframes

For aBL/CE UE, the UE is semi-statically configured via higher layer signalling to receive PDSCH data transmissions
signalled viaMPDCCH according to one of the transmission modes. mode 1, mode 2, mode 6, and mode 9.

For LAA Scells, the UE is not expected to receive PDSCH data transmissions signalled via PDCCH/EPDCCH
according to transmission modes 5, 6, 7.

For aserving cell, if the UE is configured with higher layer parameter shortTTl, and if the UE does not support pdsch-
SotSubdg otPDSCH-Decoding (3GPP TS 36.331 [11]), the UE is not expected to receive PDSCH data transmissions
signalled via PDCCH with CRC scrambled by the C-RNTI/SPS C-RNTI and DCI Formats other than DCI Format 7-1
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A/7-1B/7-1C/7-1D/7-1E/7-1F/7-1G in a subframe, if also PDSCHs assigned by PDCCH/SPDCCH associated with DCI
Format 7-1 A/7-1B/7-1C/7-1D/7-1E/7-1F/7-1G is received in the same subframe of the same serving cell. Additionally,
the UE shall transmit HARQ-ACK associated with both the subframe-PDSCH and slot/subslot-PDSCH, regardless of
the support of pdsch-SotSubsiotPDSCH-Decoding.

For a UE configured with higher layer parameter shortTTl, the UE may skip decoding any transport block(s) received in
PDSCH transmissions signalled via PDCCH/EPDCCH with CRC scrambled by the C-RNTI/SPS C-RNTI and DCI
Formats other than DCI Format 7-1 A/7-1B/7-1C/7-1D/7-1E/7-1F/7-1G in the last Wp, subframesif the UE has
detected PDCCH/SPDCCH associated with DCI Format 7-1 A/7-1B/7-1C/7-1D/7-1E/7-1F/7-1G, and if W, >0 is

indicated by skipSubframeProcessing capability [12]. If the UE skips decoding, the physical layer indicates to higher
layer that the transport block(s) are not successfully decoded.

For a UE configured with higher layer parameter shortTTl, and for PDSCH data transmissions in subslot n signalled via
PDCCH/SPDCCH of aserving cell

- with DCI format 7-1F/7-1G, the UE is not expected to receive UE-specific reference signals corresponding to a
transport block mapped to more than two-layer spatial multiplexing in subslot n of subframe N,

- if the UE has received UE-specific reference signals corresponding to a transport block mapped to more than
two-layer spatial multiplexing in subslot n-1 of subframe N or

- if n=0 and if the UE has received UE-specific reference signals corresponding to a transport block mapped to
more than two-layer spatial multiplexing in subslot 5 of subframe N-1, and if the UE does not support dmrs-
RepetitionSubslotPDSCH (3GPP TS 36.331 [11])

- with DCI format 7-1F/7-1G, the UE may assume that UE-specific reference signals were present in those PRGs
of subslot n-1, where PDSCH is mapped to

if the DCI associated with the subslot-PDSCH indicates the absence of the UE-specific reference signal in subslot n
(See DMRS position indicator field in 3GPP TS 36.212 [4]).

For aserving cell, if the UE is configured with higher layer parameter shortTTI, the UE is not expected to receive

- PDSCH datatransmissions signalled via PDCCH/SPDCCH of the serving cell with CRC scrambled by the C-
RNTI/SPS C-RNTI and DCI format 7-1A/7-1B/7-1C/7-1D/7-1E/7-1F/7-1G for atransport block corresponding
to aHARQ process with NDI not toggled if the previous PDSCH transmission of the transport block was
signalled via PDCCH with CRC scrambled by the C-RNTI/SPS C-RNTI with DCI format other than DCI format
7-1A/7-1B/7-1C/7-1D/7-1E/7-1F/7-1G when the number of codewords for the previous PDSCH transmissionsis
two or the transport block size is more than the maximum transport block size supported for slot/subslot-PDSCH
transmission.

- PDSCH datatransmissions signalled via PDCCH/SPDCCH of the serving cell with CRC scrambled by the C-
RNTI/SPS C-RNTI and DCI format 7-1F/7-1G in subslot n, if the PDCCH/SPDCCH indicates the absence of the
UE-specific reference signal in subslot n and

- if n=0 and if the UE does not support dmrs-SharingSubslotPDSCH (3GPP TS 36.331 [11]) or

- if the UE has not received a PDCCH/SPDCCH with CRC scrambled by the C-RNTI/SPS C-RNTI and DCI
format 7-1F/7-1G in one subs ot before subslot n or

- if the UE has received a PDCCH/SPDCCH with CRC scrambled by the C-RNTI/SPS C-RNTI DCI format 7-
1F/7-1G in one subslot before subslot n indicating

- the absence of the UE-specific reference signal in one subslot before subslot n or
- the presence of the UE-specific reference signal in one subslot before subslot n

- if the PDSCH PRGs of one subslot before subslot n do not include all the PDSCH PRGs of subslot n
or

- if the number of antenna ports associated with the PDSCH of one subslot before subslot nislessthan
the number of antenna ports associated with the PDSCH of subslot n or
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- if the number of antenna ports associated with the PDSCH of both subslot n and one subslot before
subslot nis 1 but different antenna port is indicated between subslot n and one subdl ot before the
subslot n

The UE shall provide the HARQ-ACK response associated with the PDCCH/SPDCCH received in subslot n if
the UE has not received a PDCCH/SPDCCH with CRC scrambled by the C-RNTI/SPS C-RNTI and DCI format
7-1F/7-1G in one subslot before the subslot n.

For a UE configured with higher layer parameter shortProcessingTime,

the UE is not expected to receive PDCCH in common search space for which HARQ-ACK response shall be
provided in a subframe n, and PDCCH in UE specific search space for which HARQ-ACK response shall be
provided in the same subframe n.

the UE is not expected to receive PDCCH in common search space in subframe n, and PDCCH in UE specific
search space in the same subframe n.

For frame structure type 1,

the UE is not expected to receive PDSCH resource blocks transmitted on antenna port 5 in any subframein
which the number of OFDM symbols for PDCCH with normal CP isequal to four;

anon-BL/CE UE is not expected to receive PDSCH resource blocks transmitted on antenna port 5, 7, 8, 9, 10,
11, 12, 13 or 14 in the two PRBsto which a pair of VRBsis mapped if either one of the two PRBs overlapsin
frequency with atransmission of either PBCH or primary or secondary synchronization signalsin the same
subframe;

the UE is not expected to receive PDSCH resource blocks transmitted on antenna port 7 for which distributed
VRB resource allocation is assigned.

The UE may skip decoding the transport block(s) if it does not receive all assigned PDSCH resource blocks
except if it is capable of receiving the non-colliding PDSCH resource blocks in an assignment which partly
collides in frequency with a transmission of PBCH or primary synchronization signal or secondary
synchronization signal in the same subframes and that capability isindicated by pdsch-CollisionHandling [12]. If
the UE skips decoding, the physical layer indicates to higher layer that the transport block(s) are not successfully
decoded.

For frame structure type 2,

the UE is not expected to receive PDSCH resource blocks transmitted on antenna port 5 in any subframein
which the number of OFDM symbols for PDCCH with normal CP isequal to four;

the UE is not expected to receive PDSCH resource blocks transmitted on antenna port 5 in the two PRBs to
which apair of VRBsis mapped if either one of the two PRBs overlaps in frequency with a transmission of
PBCH in the same subframe;

anon-BL/CE UE is not expected to receive PDSCH resource blocks transmitted on antenna port 7, 8, 9, 10, 11,
12, 13 or 14 in the two PRBsto which a pair of VRBs is mapped if either one of the two PRBs overlapsin
frequency with atransmission of primary or secondary synchronization signals in the same subframe;

with normal CP configuration, the UE is not expected to receive PDSCH on antenna port 5 for which distributed
VRB resource alocation is assigned in the special subframe with configuration #1 or #6;

the UE is not expected to receive PDSCH on antenna port 7 for which distributed VRB resource allocation is
assigned;

with normal cyclic prefix, the UE is not expected to receive PDSCH resource blocks transmitted on antenna port
5in DWPTS when the UE is configured with special subframe configuration 9 or 10.

The UE may skip decoding the transport block(s) if it does not receive al assigned PDSCH resource blocks
except if it is capable of receiving the non-colliding PDSCH resource blocks in an assignment which partly
collidesin frequency with atransmission of PBCH or primary synchronization signal or secondary
synchronization signal in the same subframe and that capability is indicated by pdsch-CollisonHandling [12]. If
the UE skips decoding, the physical layer indicates to higher layer that the transport block(s) are not successfully
decoded.
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- If the UE isnot configured for PUSCH/PUCCH transmission for at least one TDD serving cell, the UE is not
expected to receive PDSCH on serving cell ¢, if the PDSCH overlapsin time with SRS transmission

(including any interruption due to uplink or downlink RF retuning time [10]) on TDD serving cell ¢, not

configured for PUSCH/PUCCH transmission, and if the UE is not capable of simultaneous reception and
transmission on serving cell ¢, and serving cell ¢,.

- ifaUEisconfigured with higher layer parameter shortTTI for aserving cell, the UE is not expected to

- receive PDSCH data transmissions signalled via PDCCH/SPDCCH with DCI format 7-1A/7-1B/7-1C/7-
1D/7-1E/7-1F/7-1G in

- DwPTS when the UE is configured with specia subframe configuration 0 and 5;
- the second slot of DWPTS when the UE is configured with special subframe configuration 1, 2, 6 and 7.
- be configured with EIMTA-MainConfigServCell-r12 for the serving cell.

For a UE configured with EN-DC/NE-DC and serving cell frame structure type 1, if the UE is configured with
subframeAssignment-r 15 for the serving cell, the UE is not expected to receive PDSCH data transmissions signalled via
PDCCH in common search space for which HARQ-ACK response shall be provided in a subframe n, and PDSCH data
transmissions signalled via PDCCH/EPDCCH in UE specific search space for which HARQ-ACK response shall be
provided in the same subframe n.

If aUE is configured by higher layersto decode PDCCH with CRC scrambled by the C-RNTI, the UE shall decode the
PDCCH and any corresponding PDSCH according to the respective combinations defined in Table 7.1-5. The
scrambling initialization of PDSCH corresponding to these PDCCHsis by C-RNTI. The UE shall decode the PDCCH
DCI Format 7-1A/7-1B/7-1C/7-1D/7-1E/7-1F/7-1G only if the UE is configured with higher layer parameter shortTTI.

If aUE is configured by higher layersto decode EPDCCH with CRC scrambled by the C-RNTI, the UE shall decode
the EPDCCH and any corresponding PDSCH according to the respective combinations defined in Table 7.1-5A. The
scrambling initialization of PDSCH corresponding to these EPDCCHsisby C-RNTI.

If aBL/CE UE is configured by higher layers to decode MPDCCH with CRC scrambled by the C-RNTI except for
random access procedure, the UE shall decode the MPDCCH and any corresponding PDSCH according to the
respective combinations defined in Table 7.1-5B. The scrambling initialization of PDSCH corresponding to these
MPDCCHsisby C-RNTI.

If aUE is configured with CEModeA, the UE shall decode MPDCCH DCI Format 6-1A. If the UE is configured with
CEModeB, the UE shall decode MPDCCH DCI Format 6-1B.

If aUE is configured with higher layer parameter shortTTl and the UE is configured by higher layersto decode
SPDCCH with CRC scrambled by the C-RNTI, the UE shall decode the SPDCCH and any corresponding PDSCH
according to the respective combinations defined in Table 7.1-5C. The scrambling initialization of PDSCH
corresponding to these SPDCCHsisby C-RNTI.

If the UE is configured with the carrier indicator field for a given serving cell and, if the UE is configured by higher
layers to decode PDCCH/EPDCCH with CRC scrambled by the C-RNTI, then the UE shall decode PDSCH of the
serving cell indicated by the carrier indicator field value in the decoded PDCCH/EPDCCH.

When a UE configured in transmission mode 3, 4, 8, 9 or 10 receives aDCI Format 1A assignment, it shall assume that
the PDSCH transmission is associated with transport block 1 and that transport block 2 is disabled.

When a UE is configured in transmission mode 7, scrambling initialization of UE-specific reference signals
corresponding to these PDCCHYEPDCCHSsis by C-RNTI.

The UE does not support transmission mode 8 if extended cyclic prefix is used in the downlink.

When a UE is configured in transmission mode 9 or 10, in the downlink subframes indicated by the higher layer
parameter mbsfn-SubframeConfigList or by mbsfn-SubframeConfigList-v1250 or by mbsfn-SubframeConfigList-v14xy
or by laa-SCell SubframeConfig of serving cell ¢ except in subframes for the serving cell

- indicated by higher layersto decode PMCH or,
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- configured by higher layers to be part of a positioning reference signal occasion and the positioning reference
signal occasion isonly configured within MBSFN subframes and the cyclic prefix length used in subframe #0 is
normal cyclic prefix,

the UE shall upon detection of a PDCCH with CRC scrambled by the C-RNTI with DCI format 1A/2C/2D intended for
the UE or, upon detection of an EPDCCH with CRC scrambled by the C-RNTI with DCI format 1A/2C/2D intended for
the UE, decode the corresponding PDSCH in the same subframe.

A UE configured in transmission mode 10 can be configured with scrambling identities, n2¥RS! i =01 by higher

layers for UE-specific reference signal generation as defined in Subclause 6.10.3.1 of [3] to decode PDSCH according
to adetected PDCCH/EPDCCH with CRC scrambled by the C-RNTI with DCI format 2D intended for the UE.
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Table 7.1-5: PDCCH and PDSCH configured by C-RNTI
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Transmission Transmission scheme of PDSCH
mode el iomie! SEEE SPEEE corresponding to PDCCH
Common and .
Mode 1 DCI format 1A UE specific by C-RNTI Single-antenna port, port O (see Subclause 7.1.1)
2,% ;?rlrzat L UE specific by C-RNTI Single-antenna port, port O (see Subclause 7.1.1)
Common and - .
Mode 2 DCI format 1A UE specific by C-RNTI Transmit diversity (see Subclause 7.1.2)
Er%l ;?rln;at L UE specific by C-RNTI Transmit diversity (see Subclause 7.1.2)
Common and - .
Mode 3 DCI format 1A UE specific by C-RNTI Transmit diversity (see Subclause 7.1.2)
DCI format 2A UE specific by C-RNTI Large delay CDD (see Subclause 7.1.3) or Transmit
and 7-1B P y diversity (see Subclause 7.1.2)
Common and - .
DCI format 1A UE specific by C-RNTI Transmit diversity (see Subclause 7.1.2)
Mode 4 - —
DCI format 2 UE specific by C-RNTI Closed-loop spatial multiplexing (see Subclause
and 7-1C P Y 7.1.4)or Transmit diversity (see Subclause 7.1.2)
Common and - .
Mode 5 DCI format 1A UE specific by C-RNTI Transmit diversity (see Subclause 7.1.2)
DCl format 1D | UE specific by C-RNTI Multi-user MIMO (see Subclause 7.1.5)
Common and - .
DCI format 1A UE specific by C-RNTI Transmit diversity (see Subclause 7.1.2)
DCl format 18 | UE specific by C-RNTI Clqsed-lqop spatial m_ult!plexmg (see Subclause 7.1.4)
Mode 6 using a single transmission layer
DCI format 7- Closed-loop spatial multiplexing (see Subclause 7.1.4)
UE specific by C-RNTI using a single transmission layer or transmit diversity
1D
(see Subclause 7.1.2)
If the number of PBCH antenna ports is one, Single-
Mode 7 DCI format 1A Sggmgcr;ﬁacng C-RNTI antenna port, port 0 is used (see Subclause 7.1.1),
P Y otherwise Transmit diversity (see Subclause 7.1.2)
DCI format 1 UE specific by C-RNTI Single-antenna port, port 5 (see Subclause 7.1.1)
Common and If the number of PBCH antenna ports is one, Single-
DCI format 1A UE specific by C-RNTI antenna port, port 0 is used (see Subclause 7.1.1),
P y otherwise Transmit diversity (See Subclause 7.1.2)
Dual layer transmission, port 7 and 8 (see Subclause
Mode 8 DCI format 2B UE specific by C-RNTI 7.1.5A) or single-antenna port, port 7 or 8 (see
Subclause 7.1.1)
Dual layer transmission, port 7 and 8 (see Subclause
DCI format 7- i ) 7.1.5A) or single-antenna port, port 7 or 8 (see
1E UE specific by C-RNTI Subclause 7.1.1) or Transmit Diversity, port 7 and 8
(see Subclause 7.1.2)
. Non-MBSFN subframe: If the number of PBCH
antenna ports is one, Single-antenna port, port 0 is
Common and UE specific by used (see Subclause 7.1.1), otherwise Transmit
DCl format 1A C-RNTI diversity (see Subclause 7.1.2)
e  MBSFN subframe: Single-antenna port, port 7 (see
Subclause 7.1.1)
Transmit diversity, port 7-8, (see Subclause 7.1.2) or
Mode 9 dual layer transmission port 7-8 (see Subclause
7.1.5A), if UE is configured with higher layer parameter
semiOpenLoop, up to 8 layer transmission, ports 7-14
DCI format 2C | UE specific by C-RNTI (see Subclause 7.1.5B) otherwise; or single-antenna
port, port 7, 8, 11, or 13 (see Subclause 7.1.1) if UE is
configured with higher layer parameter dmrs-tableAlt,
single-antenna port, port 7 or 8 (see Subclause 7.1.1)
otherwise
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DCI format 7-
1F

UE specific by C-RNTI

Transmit diversity, port 7-8, (see Subclause 7.1.2), if
UE is configured with higher layer parameter
semiOpenLoopSTTI

Up to 2 layer transmission, ports 7-8 (see Subclause
7.1.5B) or single-antenna port, port 7 or 8 (see
Subclause 7.1.1) or transmit diversity, port 7-8, (see
Subclause 7.1.2) if the UE is configured with
slotSubslotPDSCH-TXDiv-2layer-TM9/10 (3GPP TS
36.331 [11]).

Up to 4 layer transmission, ports 7-10 (see Subclause
7.1.5B) or single-antenna port, port 7 or 8 (see
Subclause 7.1.1) or transmit diversity, port 7-8, (see
Subclause 7.1.2) if the UE is configured with
slotSubslotPDSCH-TXDiv-4layer-TM9/10 (3GPP TS
36.331 [11]).

Up to 4 layer transmission, ports 7-10 (see Subclause
7.1.5B) otherwise; or single-antenna port, port 7 or 8
(see Subclause 7.1.1).

Mode 10

DCI format 1A

Common and UE specific by
C-RNTI

. Non-MBSFN subframe: If the number of PBCH
antenna ports is one, Single-antenna port, port 0 is
used (see Subclause 7.1.1), otherwise Transmit
diversity (see Subclause 7.1.2)

e  MBSFN subframe: Single-antenna port, port 7
(see Subclause 7.1.1)

DCI format 2D

UE specific by C-RNTI

Transmit diversity, port 7-8, (see Subclause 7.1.2) or
dual layer transmission port 7-8 (see Subclause
7.1.5A), if UE is configured with higher layer parameter
semiOpenLoop, up to 8 layer transmission, ports 7-14
(see Subclause 7.1.5B) otherwise; or single-antenna
port, port 7, 8, 11, or 13 (see Subclause 7.1.1) if UE is
configured with higher layer parameter dmrs-tableAlt,
single-antenna port, port 7 or 8 (see Subclause 7.1.1)
otherwise

DCI format 7-
1G

US specific by C-RNTI

Transmit diversity, port 7-8, (see Subclause 7.1.2), if UE
is configured with higher layer parameter
semiOpenLoopSTTI.

Up to 2 layer transmission, ports 7-8 (see Subclause
7.1.5B) or single-antenna port, port 7 or 8 (see
Subclause 7.1.1) or transmit diversity, port 7-8, (see
Subclause 7.1.2) if the UE is configured with
slotSubslotPDSCH-TXDiv-2layer-TM9/10 (3GPP TS
36.331 [11]).

Up to 4 layer transmission, ports 7-10 (see Subclause
7.1.5B) or single-antenna port, port 7 or 8 (see
Subclause 7.1.1) or transmit diversity, port 7-8 (see
Subclause 7.1.2) if the UE is configured with
slotSubslotPDSCH-TxDiv-4layer-TM9/10 (3GPP TS
36.331

Up to 4 layer transmission, ports 7-10 (see Subclause
7.1.5B) otherwise, or single-antenna port, port 7 or 8
(see Subclause 7.1.1)
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Table 7.1-5A: EPDCCH and PDSCH configured by C-RNTI

Transmission Search . .
mode DCI format Space Transmission scheme of PDSCH corresponding to EPDCCH
DCI format 1A tjEcsﬁ)_\,eﬁ'.lf_'lc Single-antenna port, port O (see Subclause 7.1.1)
Mode 1 UyE S
specific ’ )
DCI format 1 by C-RNTI Single-antenna port, port O (see Subclause 7.1.1)
DCI format 1A UE specific Transmit diversity (see Subclause 7.1.2)
by C-RNTI
Mode 2 UE specific
DCI format 1 by C-RNTI Transmit diversity (see Subclause 7.1.2)
DCI format 1A t’yECSpReﬁ'.lf_'lc Transmit diversity (see Subclause 7.1.2)
Mode 3 DCI format 2A UE specific Large delay CDD (see Subclause 7.1.3) or Transmit diversity (see Subclause
by C-RNTI 7.1.2)
DCI format 1A E}IESH:;:_';: Transmit diversity (see Subclause 7.1.2)
Mode 4 DCI format 2 UE specific Closed-loop spatial multiplexing (see Subclause 7.1.4)or Transmit diversity
by C-RNTI (see Subclause 7.1.2)
DCI format 1A UE specific Transmit diversity (see Subclause 7.1.2)
by C-RNTI
Mode 5 UE specific
DCI format 1D by C-RNTI Multi-user MIMO (see Subclause 7.1.5)
DCI format 1A EESH:;'?;: Transmit diversity (see Subclause 7.1.2)
Mode 6 Y = - — - -
DCI format 1B UE specific Closed_-lopp spatial multiplexing (see Subclause 7.1.4) using a single
by C-RNTI transmission layer
UE specific If the number of PBCH antenna ports is one, Single-antenna port, port 0 is
DCI format 1A b C-pRNTI used (see Subclause 7.1.1), otherwise Transmit diversity (see Subclause
Mode 7 y 7.1.2)
UE specific .
DCI format 1 by C-RNTI Single-antenna port, port 5 (see Subclause 7.1.1)
UE specific If the number of PBCH antenna ports is one, Single-antenna port, port 0 is
DCI format 1A b C-pRNTI used (see Subclause 7.1.1), otherwise Transmit diversity (see Subclause
Mode 8 y 7.1.2)
DCI format 2B UE specific Dual layer transmission, port 7 and 8 (see Subclause 7.1.5A) or single-
by C-RNTI antenna port, port 7 or 8 (see Subclause 7.1.1)
e  Non-MBSFN subframe: If the number of PBCH antenna ports is one,
DCI format 1A UE specific Single-antenna port, port 0 is used (see Subclause 7.1.1), otherwise
by C-RNTI Transmit diversity (see Subclause 7.1.2)
e MBSFN subframe: Single-antenna port, port 7 (see Subclause 7.1.1)
Mode 9 Transmit diversity, port 7-8, (see Subclause 7.1.2) or dual layer transmission
port 7-8 (see Subclause 7.1.5A), if UE is configured with higher layer
DCI format 2C UE specific parameter semiOpenLoop, up to 8 layer transmission, ports 7-14 (see
by C-RNTI Subclause 7.1.5B) otherwise; or single-antenna port, port 7, 8, 11, or 13 (see
Subclause 7.1.1) if UE is configured with higher layer parameter dmrs-tableAlt,
single-antenna port, port 7 or 8 (see Subclause 7.1.1) otherwise
e  Non-MBSFN subframe: If the number of PBCH antenna ports is one,
DCI format 1A UE specific Single-antenna port, port 0 is used (see Subclause 7.1.1), otherwise
by C-RNTI Transmit diversity (see Subclause 7.1.2)
e MBSFN subframe: Single-antenna port, port 7 (see Subclause 7.1.1)
Mode 10 Transmit diversity, port 7-8, (see Subclause 7.1.2) or dual layer transmission
port 7-8 (see Subclause 7.1.5A), if UE is configured with higher layer
DCI format 2D UE specific parameter semiOpenLoop, up to 8 layer transmission, ports 7-14 (see
by C-RNTI Subclause 7.1.5B) otherwise; or single-antenna port, port 7, 8, 11, or 13 (see

Subclause 7.1.1) if UE is configured with higher layer parameter dmrs-tableAl,
single-antenna port, port 7 or 8 (see Subclause 7.1.1) otherwise
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Table 7.1-5B: MPDCCH and PDSCH configured by C-RNTI

Transmission Transmission scheme of PDSCH corresponding to
mode DCI format Search Space MPDCCH
6-1A Type0-Common
Mode 1 Single-antenna port, port 0 (see Subclause 7.1.1)
6-1A or 6-1B | UE specific by C-RNTI
6-1A Type0-Common
Mode 2 Transmit diversity (see Subclause 7.1.2)
6-1A or 6-1B | UE specific by C-RNTI
6-1A TypeO-Common Transmit diversity (see Subclause 7.1.2)
Mode 6 Closed-I ial multiplexi bcl i
6-1A UE specific by C-RNTI losed-loop s_pa_tla multiplexing (see Subclause 7.1.4) using a
single transmission layer
If the number of PBCH antenna ports is one, Single-antenna
6-1A Type0-Common port, port 0 is used (see Subclause 7.1.1), otherwise Transmit
diversity (see Subclause 7.1.2)
6-1A UE specific by C-RNTI Single-antenna port, port 7 or 8 (see Subclause 7.1.1)
Mode 9
6-1B UE specific by C-RNTI Single-antenna port, port 7 (see Subclause 7.1.1)
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Table 7.1-5C: SPDCCH and PDSCH configured by C-RNTI

Transmission
mode

DCI format

Search Space

Transmission scheme of PDSCH
corresponding to SPDCCH

Mode 1

DCI format 7-1A

UE specific by C-RNTI

Single-antenna port, port 0 (see Subclause 7.1.1)

Mode 2

DCI format 7-1A

UE specific by C-RNTI

Transmit diversity (see Subclause 7.1.2)

Mode 3

DCI format 7-1B

UE specific by C-RNTI

Large delay CDD (see Subclause 7.1.3)

Mode 4

DCI format 7-1C

UE specific by C-RNTI

Closed-loop spatial multiplexing (see Subclause 7.1.4) or
Transmit diversity (see Subclause 7.1.2)

Mode 6

DCI format 7-1D

UE specific by C-RNTI

Closed-loop spatial multiplexing (see Subclause 7.1.4)
using a single transmission layer or Transmit diversity
(see Subclause 7.1.2)

Mode 8

DCI format 7-1E

UE specific by C-RNTI

Dual layer transmission, port 7 and 8 (see Subclause
7.1.5A) or single-antenna port, port 7 or 8 (see Subclause
7.1.1) or Transmit Diversity, port 7 and port 8 (see
Subclause 7.1.2)

Mode 9

DCI format 7-1F

UE specific by C-RNTI

Transmit diversity, port 7-8, (see Subclause 7.1.2), if UE
is configured with higher layer parameter
semiOpenLoopSTTI.

Up to 2 layer transmission, ports 7-8 (see Subclause
7.1.5B) or single-antenna port, port 7 or 8 (see Subclause
7.1.1) or transmit diversity, port 7-8, (see Sublause 7.1.2)
if the UE is configured with slotSubslotPDSCH-TXDiv-
2layer-TM9/10 (3GPP TS 36.331 [11]).

Up to 4 layer transmission, ports 7-10 (see Subclause
7.1.5B) or single-antenna port, port 7 or 8 (see Subclause
7.1.1) or transmit diversity, port 7-8 (see Subclause 7.1.2)
if the UE is configured with slotSubslotPDSCH-TXDiv-
4layer-TM9/10 (3GPP TS 36.331 [11]).

Up to 4 layer transmission, ports 7-10 (see Subclause
7.1.5B) otherwise; or single-antenna port, port 7 or 8 (see
Subclause 7.1.1).

Mode 10

DCI format 7-1G

UE specific by C-RNTI

Transmit diversity, port 7-8, (see Subclause 7.1.2), if UE
is configured with higher layer parameter
semiOpenLoopSTTI.

Up to 2 layer transmission, port 7-8 (see Subclause
7.1.5B) or single-antenna port, port 7 or 8 (see Subclause
7.1.1) or transmit diversity, port 7-8 (see Subclause 7.1.2)
if the UE is configured with slotSubslotPDSCH-TXDiv-
2layer-TM9/10 (3GPP TS 36.331 [11]).

Up to 4 layer transmission, ports 7-10 (see Subclause
7.1.5B) or single-antenna port, port 7 or 8 (See
Subclause 7.1.1) or transmit diversity, port 7-8 (see
Subclause 7.1.2) if the UE is configured with slotSubslot
PDSCH-TXDiv-4layer-TM9/10 (3GPP TS 36.331 [11]).

Up to 4 layer transmission, ports 7-10 (see Subclause
7.1.5B) otherwise; or single-antenna port, port 7 or 8 (see
Subclause 7.1.1).

If aUE is configured by higher layersto decode PDCCH with CRC scrambled by the SPS C-RNTI, the UE shall
decode the PDCCH on the primary cell and any corresponding PDSCH on the primary cell according to the respective
combinations defined in Table 7.1-6 unless the UE is configured with higher layer parameter shortProcessingTime and
for DCI formats 1/1A/2/2A/2B/2C/2D mapped onto the UE-specific search space. The same PDSCH related
configuration appliesin the case that a PDSCH is transmitted without a corresponding PDCCH. The scrambling
initialization of PDSCH corresponding to these PDCCHs and PDSCH without a corresponding PDCCH is by SPS C-

RNTI.

If aUE is configured by higher layersto decode EPDCCH with CRC scrambled by the SPS C-RNTI, the UE shall
decode the EPDCCH on the primary cell and any corresponding PDSCH on the primary cell according to the respective
combinations defined in Table 7.1-6A. The same PDSCH related configuration appliesin the case that a PDSCH is
transmitted without a corresponding EPDCCH. The scrambling initialization of PDSCH corresponding to these
EPDCCHs and PDSCH without a corresponding EPDCCH is by SPS C-RNTI.
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If a UE configured with CEModeA is configured by higher layers to decode MPDCCH with CRC scrambled by the SPS
C-RNTI, the UE shall decode the MPDCCH on the primary cell and any corresponding PDSCH on the primary cell
according to the respective combinations defined in Table 7.1-6B. The same PDSCH related configuration appliesin
the case that a PDSCH is transmitted without a corresponding MPDCCH. The scrambling initialization of PDSCH
corresponding to these MPDCCHs and PDSCH without a corresponding MPDCCH is by SPS C-RNTI.

When a UE is configured in transmission mode 7, scrambling initialization of UE-specific reference signals for PDSCH
corresponding to these PDCCHYEPDCCHs and for PDSCH without a corresponding PDCCH/EPDCCH is by SPS C-
RNTI.

When a UE is configured in transmission mode 9 or 10, in the downlink subframes indicated by the higher layer
parameter mbsfn-SubframeConfigList or by mbsfn-SubframeConfigList-v1250 or by mbsfn-SubframeConfigList-v14xy
of serving cell ¢ except in subframes for the serving cell

- indicated by higher layers to decode PMCH or,

- configured by higher layersto be part of a positioning reference signal occasion and the positioning reference
signal occasion is only configured within MBSFN subframes and the cyclic prefix length used in subframe #0 is
normal cyclic prefix,

the UE shall upon detection of a PDCCH with CRC scrambled by the SPS C-RNTI with DCI format 1A/2C/2D/7-1F/7-
1G except when the UE is configured with higher layer parameter shortProcessingTime and with DCI format 1A/2C/2D
mapped onto the UE-specific search space, or upon detection of a EPDCCH with CRC scrambled by the SPS C-RNTI
with DCI format 1A/2C/2D, or upon detection of a SPDCCH with CRC scrambled by the SPS C-RNTI with DCI
format 7-1F/7-1G, or for a configured PDSCH without PDCCH intended for the UE, decode the corresponding PDSCH
in the same subframe/sl ot/subslot.

A UE configured in transmission mode 10 can be configured with scrambling identities, n2¥RS! i =01 by higher

layers for UE-specific reference signal generation as defined in Subclause 6.10.3.1 of [3] to decode PDSCH according
to a detected

- PDCCH/EPDCCH with CRC scrambled by the SPS C-RNTI with DCI format 2D
- PDCCH/SPDCCH with CRC scrambled by the SPS C-RNTI with DCI format 7-1G
intended for the UE.

For PDSCH without a corresponding PDCCH/EPDCCH, the UE shall use the value of Ny, and the scrambling

identity of N\ (as defined in Subclause 6.10.3.1 of [3]) derived from the DCI format 2D/7-1G corresponding to the
associated SPS activation for UE-specific reference signal generation.
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Table 7.1-6: PDCCH and PDSCH configured by SPS C-RNTI

Transmission

Transmission scheme of PDSCH corresponding to

mode DCI format Search Space PDCCH
Common and .
Mode 1 DCI format 1A UE specific by C-RNTI Single-antenna port, port O (see Subclause 7.1.1)
gr(]:dl f;;n;at 1 UE specific by C-RNTI | Single-antenna port, port O (see Subclause 7.1.1)
Common and - .
Mode 2 DCI format 1A UE specific by C-RNTI Transmit diversity (see Subclause 7.1.2)
grijl f;rlrzat L UE specific by C-RNTI | Transmit diversity (see Subclause 7.1.2)
Common and - .
Mode 3 DCI format 1A UE specific by C-RNTI Transmit diversity (see Subclause 7.1.2)
gr(]:dl ;?Téat 2A UE specific by C-RNTI | Transmit diversity (see Subclause 7.1.2)
Common and - .
DCI format 1A UE specific by C-RNTI Transmit diversity (see Subclause 7.1.2)
Mode 4 DCI format 2 Transmit diversity (see Subclause 7.1.2)
UE specific by C-RNTI o
and 7-1C
Common and - .
Mode 5 DCI format 1A UE specific by C-RNTI Transmit diversity (see Subclause 7.1.2)
Common and - .
Mode 6 DCI format 1A UE specific by C-RNTI Transmit diversity (see Subclause 7.1.2)
]I?éll format 7- UE specific by C-RNTI | Transmit diversity (see Subclause 7.1.2)
Common and .
Mode 7 DCI format 1A UE specific by C-RNTI Single-antenna port, port 5 (see Subclause 7.1.1)
DCI format 1 UE specific by C-RNTI | Single-antenna port, port 5 (see Subclause 7.1.1)
Common and .
Mode 8 DCI format 1A UE specific by C-RNTI Single-antenna port, port 7(see Subclause 7.1.1)
gr(]:dl fY?rlnéat 2B UE specific by C-RNTI | Single-antenna port, port 7 or 8 (see Subclause 7.1.1)
Common and h
DCI format 1A UE specific by C-RNTI Single-antenna port, port 7 (see Subclause 7.1.1)
Transmit diversity, port 7-8, (see Subclause 7.1.2) if UE is
configured with higher layer parameter semiOpenLoop, or
- : single-antenna port, port 7, 8, 11, or 13 (see Subclause 7.1.1) if
DCI format 2C UE specific by C-RNTI UE is configured with higher layer parameter dmrs-tableAlt,
Single-antenna port, port 7 or 8, (see Subclause 7.1.1)
otherwise
Mode 9 Transmit diversity, port 7-8, (see Subclause 7.1.2) if UE is
configured with higher layer parameter semiOpenLoopSTTI,
Transmit diversity, port 7-8, (see Subclause 7.1.2) or single
X " . antenna port, port 7 or 8, (see Subclause 7.1.1) if UE is
DCI format 7-1F | UE specific by C-RNTI configured with higher layer parameter slotSubslotPDSCH-
TXDiv-2layer-TM9/10 or subSlotslotPDSCH TS 36.331 [11]).
Single-antenna port, port 7 or 8, (see Subclause 7.1.1)
otherwise.
Common and .
DCI format 1A UE specific by C-RNTI Single-antenna port, port 7 (see Subclause 7.1.1)
Transmit diversity, port 7-8, (see Subclause 7.1.2) if UE is
configured with higher layer parameter semiOpenLoop, or
- : single-antenna port, port 7, 8, 11, or 13 (see Subclause 7.1.1) if
DCI format 2D UE specific by C-RNTI UE is configured with higher layer parameter dmrs-tableAl,
Single-antenna port, port 7 or 8, (see Subclause 7.1.1)
otherwise
Transmit diversity, port 7-8, (see Subclause 7.1.2) if UE is
Mode 10 configured with higher layer parameter semiOpenLoop,

DCI format 7-
1G

UE specific by C-RNTI

Transmit diversity, port 7,8 (see Subclause 7.1.2) or single
antenna port, port 7 or 8, (see Subclause 7.1.1) if UE is
configured with higher layer parameter slotSubslotPDSCH-
TXDiv-2layer-TM9/10 or slotSubslotPDSCH-TXDiv-4layer-
TM9/10 (3GPP TS 36.331[11]).

Single-antenna port, port 7 or 8, (see Subclause 7.1.1)
otherwise.
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Table 7.1-6A: EPDCCH and PDSCH configured by SPS C-RNTI

Transmission Transmission scheme of PDSCH corresponding to
mode DCIl format | Search Space EPDCCH
DCI format 1A gFR?\lp.ﬁc'f'C by Single-antenna port, port O (see Subclause 7.1.1)
Mode 1 —
DCI format 1 (L;EER?\IpTe]uflc by Single-antenna port, port 0 (see Subclause 7.1.1)
DCI format 1A (L;_ER?\lp{eICIflc by Transmit diversity (see Subclause 7.1.2)
Mode 2 —
DCI format 1 g_ER?\lp.ﬁcmc by Transmit diversity (see Subclause 7.1.2)
DCI format 1A gER?\lpﬁmﬁc by Transmit diversity (see Subclause 7.1.2)
Mode 3 . —
DCI format 2A (L;EER?\IpTe]uflc by Transmit diversity (see Subclause 7.1.2)
DCI format 1A (L;_ER?\lp{eICIflc by Transmit diversity (see Subclause 7.1.2)
Mode 4 —
DCI format 2 g_ER?\lp.ﬁcmc by Transmit diversity (see Subclause 7.1.2)
Mode 5 DCI format 1A gFR?\lp.ﬁCIflc by Transmit diversity (see Subclause 7.1.2)
Mode 6 DCI format 1A (L;EER?\IpTe]uflc by Transmit diversity (see Subclause 7.1.2)
DCI format 1A (L;_ER?\lp{eICIflc by Single-antenna port, port 5 (see Subclause 7.1.1)
Mode 7 —
DCI format 1 gFR?\lp.ﬁc'f'C by Single-antenna port, port 5 (see Subclause 7.1.1)
DCI format 1A gER?\lp_ﬁuflc by Single-antenna port, port 7(see Subclause 7.1.1)
Mode 8 . —
DCI format 2B (L;EER?\IpTe]uflc by Single-antenna port, port 7 or 8 (see Subclause 7.1.1)
DCI format 1A gFR?\lp{elc'f'C by Single-antenna port, port 7 (see Subclause 7.1.1)
Transmit diversity, port 7-8, (see Subclause 7.1.2) if UE is configured
Mode 9 UE specific b with higher layer parameter semiOpenLoop, or single-antenna port,
DCI format 2C C-RNpTI Y port 7, 8, 11, or 13 (see Subclause 7.1.1) if UE is configured with
higher layer parameter dmrs-tableAlt, Single-antenna port, port 7 or 8,
(see Subclause 7.1.1) otherwise
DCI format 1A gFR?\lpﬁcmc by Single-antenna port, port 7 (see Subclause 7.1.1)
Transmit diversity, port 7-8, (see Subclause 7.1.2) if UE is configured
Mode 10 UE specific b with higher layer parameter semiOpenLoop, or single-antenna port,
DCI format 2D C-RNpTI y port 7, 8, 11, or 13 (see Subclause 7.1.1) if UE is configured with
higher layer parameter dmrs-tableAlt, Single-antenna port, port 7 or 8,
(see Subclause 7.1.1) otherwise

Table 7.1-6B: MPDCCH and PDSCH configured by SPS C-RNTI

Trannirgésesion fo?r(rilat Search Space Transmission scheml\e/“glfgzléiCH corresponding to
Mode 1 6-1A UE specific by C-RNTI | Single-antenna port, port O (see Subclause 7.1.1)
Mode 2 6-1A UE specific by C-RNTI | Transmit diversity (see Subclause 7.1.2)
Mode 6 6-1A UE specific by C-RNTI | Transmit diversity (see Subclause 7.1.2)
Mode 9 6-1A UE specific by C-RNTI | Single-antenna port, port 7 or 8 (see Subclause 7.1.1)
NOTE: For BL/CE UEs configured with transmission mode 6, and for DCI 6-1A mapped onto the UE specific

search space and with CRC scrambled by the SPS C-RNTI, the bits corresponding to TPMI information
for precoding and PMI information for precoding are set to zero.
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Table 7.1-6C: SPDCCH and PDSCH configured by SPS C-RNTI

mode

Transmission

DCI format

Transmission scheme of PDSCH

SR HPEee corresponding to SPDCCH

Mode 1

DCI format 7-1A

UE specific by C-RNTI Single-antenna port, port 0 (see Subclause 7.1.1)

Mode 2

DCI format 7-1A

UE specific by C-RNTI Transmit diversity (see Subclause 7.1.2)

Mode 3

DCI format 7-1B

UE specific by C-RNTI Transmit diversity (see Subclause 7.1.2)

Mode 4

DCI format 7-1C

UE specific by C-RNTI Transmit diversity (see Subclause 7.1.2)

Mode 6

DCI format 7-1D

UE specific by C-RNTI Transmit diversity (see Subclause 7.1.2)

Mode 8

DCI format 7-1E

UE specific by C-RNTI Single-antenna port, port 7 or 8 (see Subclause 7.1.1)

Mode 9

DCI format 7-1F

Transmit diversity, port 7-8, (see Subclause 7.1.2) if UE is
configured with higher layer parameter
semiOpenLoopSTTI.

Transmit diversity, port 7-8, (see Subclause 7.1.2) or
single antenna port, port 7 or 8, (see Subclause 7.1.1) if
UE is configured with higher layer parameter
slotSubslotPDSCH-TXDiv-2layer-TM9/10 or
slotSubslotPDSCH-TXDiv-4layer-TM9/10 (3GPP TS
36.331 [11]).

UE specific by C-RNTI

Single-antenna port, port 7 or 8, (see Subclause 7.1.1)
otherwise.

Mode 10

DCI format 7-1G

Transmit diversity, port 7-8, (see Subclause 7.1.2) if UE is
configured with higher layer parameter
semiOpenLoopSTTI.

Transmit diversity, port 7-8, (see Subclause 7.1.2) or
single antenna port, port 7 or 8, (see Subclause 7.1.1) if
UE is configured with higher layer parameter
slotSubslotPDSCH-TXDiv-2layer-TM9/10 or
slotSubslotPDSCH-TXDiv-4layer-TM9/10 (3GPP TS
36.331 [11]).

UE specific by C-RNTI

Single-antenna port, port 7 or 8, (see Subclause 7.1.1)
otherwise.

If aUE is configured by higher layersto decode PDCCH with CRC scrambled by the Temporary C-RNTI and is not
configured to decode PDCCH with CRC scrambled by the C-RNTI, the UE shall decode the PDCCH and the
corresponding PDSCH according to the combination defined in Table 7.1-7. The scrambling initialization of PDSCH
corresponding to these PDCCHSs is by Temporary C-RNTI.

If aUE is configured by higher layersto decode MPDCCH with CRC scrambled by the Temporary C-RNTI and is not
configured to decode MPDCCH with CRC scrambled by the C-RNTI during random access procedure, the UE shall
decode the MPDCCH and the corresponding PDSCH according to the combination defined in Table 7.1-8. The
scrambling initialization of PDSCH corresponding to these MPDCCHSs is by Temporary C-RNTI.

If aUE isaso configured by higher layers to decode MPDCCH with CRC scrambled by the C-RNTI during random
access procedure, the UE shall decode the MPDCCH and the corresponding PDSCH according to the combination
defined in Table 7.1-8. The scrambling initialization of PDSCH corresponding to these MPDCCHs is by C-RNTI.

Table 7.1-7: PDCCH and PDSCH configured by Temporary C-RNTI

DCI format Search Space Transmission scheme of PDSCH corresponding to PDCCH

DCI format Commoq _and If the number of PBCH antenna port is one, Single-antenna port, port 0 is used (see
UE specific ] o ;

1A Subclause 7.1.1), otherwise Transmit diversity (see Subclause 7.1.2)
by Temporary C-RNTI

DCI format 1 UE specific If the number of PBCH antenna port is one, Single-antenna port, port 0 is used (see
by Temporary C-RNTI | Subclause 7.1.1), otherwise Transmit diversity (see Subclause 7.1.2)
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Table 7.1-8: MPDCCH and PDSCH configured by Temporary C-RNTI and/or C-RNTI during random
access procedure

DCI format Search Space Transmission scheme of PDSCH corresponding to MPDCCH

If the number of PBCH antenna port is one, Single-antenna port, port 0 is used (see
Subclause 7.1.1), otherwise Transmit diversity (see Subclause 7.1.2)

If the number of PBCH antenna port is one, Single-antenna port, port 0 is used (see
Subclause 7.1.1), otherwise Transmit diversity (see Subclause 7.1.2)

DCI format 6-1A | Type2-Common

DCI format 6-1B | Type2-Common

If the UE is configured with higher layer parameter must-Config-ri4, and if the PDCCH/EPDCCH DCI of the
corresponding PDSCH transmission indicates MUST interference is present [4],

- the UE may assume that the starting OFDM symbol of MUST interference is same as the starting OFDM symbol
of the corresponding PDSCH transmission,

- for transmission modes 8-10, the UE may assume ngqp , n,(BSC'D) of MUST interference are same as that of the
corresponding PDSCH transmission.

A UE isnot required to receive PDSCH assigned by MPDCCH with DCI CRC scrambled by SC-RNTI or G-RNTI if
the set of subframes carrying the PDSCH includes any subframes in which the UE monitors Typel-MPDCCH common
search space or PDSCH assigned by MPDCCH sent in Typel-MPDCCH common search space.

A UE isnot required to receive PDSCH assigned by MPDCCH with DCI CRC scrambled by G-RNTI if the set of
subframes carrying the PDSCH includes any subframes in which the UE monitors TypelA-MPDCCH common search
space, or includes any subframes in which the UE receives PDSCH assigned by MPDCCH with DCI CRC scrambled
by SC-RNTI.

The transmission schemes of the PDSCH are described in the following sub-Subclauses.

7.1.1 Single-antenna port scheme

For the single-antenna port transmission schemes (port 0/5/7/8/11/13) of the PDSCH, the UE may assume that an eNB
transmission on the PDSCH would be performed according to Subclause 6.3.4.1 of [3].

If the UE is not configured with higher layer parameter dmrs-tableAlt and in case an antennaport pe {7,8 isused, or
if the higher layer parameter dmrs-tableAlt isset to 1 and in case an antennaport pe{7,8 corresponding to one

codeword values 0-3 in Table 5.3.3.1.5C-2 [4] is used, the UE cannot assume that the other antenna port in the set
{78t isnot associated with transmission of PDSCH to another UE.

If the UE is configured with higher layer parameter dmrs-tableAlt, and in case of single layer transmission scheme on
antennaport pe{7,81113 corresponding to one codeword values 4-11 in Table 5.3.3.1.5C-2 [4] is used, the UE

cannot assume that the other antenna portsinthe set {7,81113 is not associated with transmission of PDSCH to
another UE.

7.1.2 Transmit diversity scheme

For the transmit diversity transmission scheme of the PDSCH, the UE may assume that an eNB transmission on the
PDSCH would be performed according to Subclause 6.3.4.3 of [3]

7.1.3 Large delay CDD scheme

For the large delay CDD transmission scheme of the PDSCH, the UE may assume that an eNB transmission on the
PDSCH would be performed according to large delay CDD as defined in Subclause 6.3.4.2.2 of [3].

7.1.4  Closed-loop spatial multiplexing scheme
For the closed-loop spatial multiplexing transmission scheme of the PDSCH, the UE may assume that an eNB

transmission on the PDSCH would be performed according to the applicable number of transmission layers as defined
in Subclause 6.3.4.2.1 of [3].
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7.1.5 Multi-user MIMO scheme

For the multi-user MIMO transmission scheme of the PDSCH, the UE may assume that an eNB transmission on the
PDSCH would be performed on one layer and according to Subclause 6.3.4.2.1 of [3]. The 5power_0ffset dB value
signalled on PDCCH/EPDCCH with DCI format 1D using the downlink power offset field isgivenin Table 7.1.5-1.

Table 7.1.5-1: Mapping of downlink power offset field in DCI format 1D to the 5power_offsetvalue.

Downlink power offset field | Oyer ofteet [B]

0 -10l0g10(2)
1 0

7.1.5A Dual layer scheme

For the dual layer transmission scheme of the PDSCH, the UE may assume that an eNB transmission on the PDSCH
would be performed with two transmission layers on antenna ports 7 and 8 as defined in Subclause 6.3.4.4 of [3].

7.1.5B Up to 8 layer transmission scheme

For the up to 8 layer transmission scheme of the PDSCH, the UE may assume that an eNB transmission on the PDSCH
would be performed with up to 8 transmission layers on antenna ports 7 - 14 as defined in Subclause 6.3.4.4 of [3].

If the UE is configured with higher layer parameter dmrs-tableAlt, and in case of dual layer transmission scheme on
antenna ports{7,8} or{1113 corresponding to two codewords values 2-5 in Table 5.3.3.1.5C-2 [4] is used, the UE

cannot assume that the other antenna portsinthe set {7,81113 is not associated with transmission of PDSCH to
another UE.

7.1.6 Resource allocation

The UE shall interpret the resource allocation field depending on the PDCCH/EPDCCH DCI format detected. A
resource alocation field in each PDCCH/EPDCCH includes two parts, a resource allocation header field and
information consisting of the actual resource block assignment.

PDCCH DCI formats 1, 2, 2A, 2B, 2C and 2D with type 0 and PDCCH DCI formats 1, 2, 2A, 2B, 2C and 2D with type
1 resource alocation have the same format and are distinguished from each other via the single bit resource allocation
header field which exists depending on the downlink system bandwidth (Subclause 5.3.3.1 of [4]), wheretypeOis
indicated by O value and type 1 isindicated otherwise. PDCCH with DCI format 1A, 1B, 1C and 1D have atype 2
resource allocation while PDCCH with DCI format 1, 2, 2A, 2B, 2C and 2D have type 0 or type 1 resource allocation.
PDCCH DCI formats with a type 2 resource alocation do not have a resource allocation header field.

EPDCCH DCI formats 1, 2, 2A, 2B, 2C and 2D with type 0 and EPDCCH DCI formats 1, 2, 2A, 2B, 2C and 2D with
type 1 resource allocation have the same format and are distinguished from each other via the single bit resource
allocation header field which exists depending on the downlink system bandwidth (Subclause 5.3.3.1 of [4]), where
type Oisindicated by 0 value and type 1 isindicated otherwise. EPDCCH with DCI format 1A, 1B, and 1D have atype
2 resource allocation while EPDCCH with DCI format 1, 2, 2A, 2B, 2C and 2D have type O or type 1 resource
allocation. EPDCCH DCI formats with atype 2 resource allocation do not have a resource allocation header field.

If the UE is configured with higher layer parameter shortTTl, PDCCH/SPDCCH with DCI format 7-1A/7-1B/7-1C/7-
1D/7-1E/7-1F/7-1G utilizes a higher layer configured resource allocation type O or resource all ocation type 2.

If the UE is configured with higher layer parameter ce-pdsch-maxBandwidth-config with value 20MHz and the resource
block assignment flag is set to O

- MPDCCH with DCI format 6-1A utilizes atype O resource allocation.

else if the UE is configured with higher layer parameter ce-pdsch-maxBandwidth-config with value 20MHz and the
resource block assignment flag is set to 1, or the UE is configured with higher layer parameter ce-pdsch-maxBandwidth-
config with value 5 MHz, or mpdcch-PDSCH-MaxBandwidth-SC-MTCH is set to 24 PRBS,
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For system bandwidth larger than 1.4 MHz,
MPDCCH with DCI format 6-1A utilizes same type 2 resource alocation within each allocated narrowband.

otherwise,

MPDCCH with DCI format 6-1A utilizes atype 2 resource allocation.

otherwise
- MPDCCH with DCI format 6-1A utilizes atype 2 resource allocation.

Resource allocation for MPDCCH with DCI format 6-1B is given by the Resource block assignment field as described
in[4]. For aUE configured with higher layer parameter ce-pdsch-maxBandwidth-config with value 20MHz and
CEModeB, the allocated widebands (WBs) are based on the wideband combination index according to Table 7.1.6-2.

MPDCCH with DCI format 6-2 assigns a set of six contiguously allocated localized virtual resource blocks within a
narrowband. Localized virtual resource blocks are always used in case of MPDCCH with DCI format 6-1A, 6-1B, or 6-

2.

A UE may assume, for any PDSCH transmission scheduled by a cell with physical cell identity givenin NAICS
Assistancel nfo-r12 and the PDSCH transmission mode belonging to transmissionModeList-r12 associated with the cell
except spatia multiplexing using up to 8 transmission layers in transmission mode 10, that the resource allocation
granularity and precoding granularity in terms of PRB pairs in the frequency domain are both given by N, where N is
given by the higher layer parameter resAllocGranularity-r12 associated with the cell. The first set of N consecutive
PRB pairs of the resource allocation starts from the lowest frequency of the system bandwidth and the UE may assume
the same precoding applies to all PRB pairs within a set.

For a BL/CE UE, the resource allocation for PDSCH carrying SystemlnformationBlockTypel-BR and SI messagesis a
set of six contiguously allocated localized virtual resource blocks within a narrowband. The number of repetitions for
the PDSCH carrying SystemlnformationBlockTypel-BR is determined based on the parameter schedulinginfoS B1-BR
configured by higher-layers and according to Table 7.1.6-1. If the value of the parameter schedulinglnfoS B1-BR
configured by higher-layersis set to 0, UE assumes that Systeml nformationBlockTypel-BRis not transmitted.

Table 7.1.6-1: Number of repetitions for PDSCH carrying SysteminformationBlockTypel-BR for

BL/CE UE.
Value of Number of
schedulingInfoSIB1- PDSCH
BR repetitions
0 N/A
1 4
2 8
3 16
4 4
5 8
6 16
7 4
8 8
9 16
10 4
11 8
12 16
13 4
14 8
15 16
16 4
17 8
18 16
19-31 Reserved
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Table 7.1.6-2: Wideband combination index for a UE configured with higher layer parameter ce-
pdsch-maxBandwidth-config with value 20MHz and CEModeB

Indices of allocated WBs
Wideband
combination index DL DL DL
N2 =50 | NX=75 | N2 =100

0 0 0 0

1 1 1 1

2 0,1 2 2

3 Reserved 0,1 3

4 NA 1,2 0,1
5 NA 0,2 2,3
6 NA 0,1,2 0,1,2
7 NA Reserved 0,1,2,3

7.16.1 Resource allocation type 0

In resource alocations of type 0, resource block assignment information includes a bitmap indicating the Resource
Block Groups (RBGs) that are allocated to the scheduled UE where a RBG is a set of consecutive virtual resource
blocks (VRBS) of localized type as defined in Subclause 6.2.3.1 of [3].

For a UE configured with higher layer parameter ce-pdsch-maxBandwidth-config with value 20MHz and the resource
block assignment flag isset to O

- Resource block group size (P) is given by the value S described in sub clause 5.3.3.1.12 of [4].

DL
- N'B=6 L NgB J and N'25 isusedinplaceof N25 for therest of this sub-clause, unless explicitly
mentioned.
otherwise

- Resource block group size (P) is afunction of the system bandwidth as shownin Table 7.1.6.1-1A if aUE is
configured with higher layer parameter shortTTI and for DCI format 7-1A/7-1B/7-1C/7-1D/7-1E/7-1F/7-1G,
Table 7.1.6.1-1 otherwise.

For DCI formats other than DCI format 7-1A/7-1B/7-1C/7-1D/7-1E/7-1F/7-1G, the total number of RBGs ( Ngg ) for
downlink system bandwidth of NS5 isgivenby Nggg = (N Re | P-‘ where LN Re ! PJ of the RBGs are of size P and if
N2 modP >0 then one of the RBGsis of sizeNB; — P-[NBL /P . If aUE is configured with higher layer
parameter shortTTI and for DCI format 7-1A/7-1B/7-1C/7-1D/7-1E/7-1F/7-1G, the total number of RBGs ( Ngg ) for
downlink system bandwidth of NRS isgivenby Npgs = I_N s ! Pthere N gee — [(N ° modP)/ PW of the
RBGsare of sizePandif NSt mod P >0 thenthelast RBGsisof size P+ N& modP . The bitmap is of size

N g bits with one bitmap bit per RBG such that each RBG is addressable.

For a UE configured with higher layer parameter ce-pdsch-maxBandwidth-config with value 20MHz and the resource
block assignment flag is set to O

- The RBGsshall be indexed according to RBG indexing described in Subclause 8.1.5.1 by replacing N g5 With
Nggc » 'Uplink' with ‘downlink', and Ngg with N5 (butnot N'Rg).
otherwise

- For DCI formats other than DCI format 7-1A/7-1B/7-1C/7-1D/7-1E/7-1F/7-1G, the RBGs shall be indexed in
the order of increasing frequency and non-increasing RBG sizes starting at the lowest frequency.

- For DCI formats 7-1A/7-1B/7-1C/7-1D/7-1E/7-1F/7-1G, the RBGs shall be indexed in the order of increasing
frequency and non-decreasing RBG sizes starting at the lowest frequency.
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The order of RBG to bitmap bit mapping is such that RBG 0 to RBG NRBG —1 are mapped to MSB to LSB of the

bitmap. The RBG is allocated to the UE if the corresponding bit value in the bitmap is 1, the RBG is not allocated to the
UE otherwise.

Table 7.1.6.1-1: Type O resource allocation RBG size vs. Downlink System Bandwidth

System Bandwidth | RBG Size
NEL P
<10 1
11-26 2
27 - 63 3
64 — 110 4

Table 7.1.6.1-1A: Type O resource allocation RBG size vs. Downlink System Bandwidth for DCI format
7-1A/7-1B/7-1C/7-1D/7-1E/7-1F/7-1G

System Bandwidth | RBG Size
NGS P)
<10 1
11 -24 2
25 -63 6
64 — 110 12

7.1.6.2 Resource allocation type 1

In resource allocations of type 1, aresource block assignment information of size Nggs indicatesto ascheduled UE

the VRBs from the set of VRBs from one of P RBG subsets. The virtual resource blocks used are of localized type as
defined in Subclause 6.2.3.1 of [3]. Also P isthe RBG size associated with the system bandwidth as shown in Table

7.16.1-1. ARBG subset p,where 0< p< P, consistsof every P th RBG starting from RBG . The resource
block assignment information consists of three fields [4].

Thefirst field with [log,(P) | bitsis used to indicate the selected RBG subset anong P RBG subsets.

The second field with one bit is used to indicate a shift of the resource allocation span within a subset. A bit value of 1
indicates shift istriggered. Shift is not triggered otherwise.

The third field includes a bitmap, where each bit of the bitmap addresses asingle VRB in the selected RBG subset in
such away that MSB to L SB of the bitmap are mapped to the VRBs in the increasing frequency order. The VRB is
allocated to the UE if the corresponding bit value in the bit field is 1, the VRB is not alocated to the UE otherwise. The

portion of the bitmap used to address VRBs in a selected RBG subset has size N&5™' and is defined as
NETE =[Nk 7P ] ~[log (P)] -1

The addressable VRB numbers of a selected RBG subset start from an offset, Ay, (P) to the smallest VRB number

within the selected RBG subset, which is mapped to the MSB of the bitmap. The offset isin terms of the number of
VRBs and is done within the selected RBG subset. If the value of the bit in the second field for shift of the resource

allocation span is set to 0, the offset for RBG subset P isgivenby A, (P) = 0. Otherwise, the offset for RBG

subset P isgivenby Ay (P) = NS () — Nas ", where the LSB of the bitmap isjustified with the

highest VRB number within the selected RBG subset, N 2GS

can be calculated by the following equation,

(p) isthe number of VRBsin RBG subset | and
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DL DL
NLZ:L P+P ,p< M‘ mod P
P P
DL DL
NRBC subst () NR;Z 1 P+(NRs ~)modP+1 ,p= —NRE;D ! modp
R~ |.P ,p>|—F8——|modP
P P

Consequently, when RBG subset p isindicated, bit i for i=0,1,---,Ngs "= -1 inthe bitmap field indicates VRB
number,

RBGsubset( ):r +Agisi (P)

noeo 5 JP2+ p-P+(i +Agir (p))mod P .

7.1.6.3 Resource allocation type 2

For BL/CE UEs with resource allocation type 2 resource assignment, Nt =6 and Nogg =6 isused inthe rest of

this Subclause.

In resource allocations of type 2, the resource block assignment information indicates to a scheduled UE a set of
contiguously allocated localized virtual resource blocks or distributed virtual resource blocks. In case of resource
allocation signalled with PDCCH DCI format 1A, 1B or 1D, or for resource allocation signalled with EPDCCH DCI
format 1A, 1B, or 1D, one bit flag indicates whether localized virtual resource blocks or distributed virtual resource
blocks are assigned (value 0 indicates Localized and value 1 indicates Distributed VRB assignment) while distributed
virtual resource blocks are aways assigned in case of resource allocation signalled with PDCCH DCI format 1C and
localized virtual resource blocks are always assigned in case of resource alocation signalled with PDCCH/SPDCCH
DCI format 7-1A/7-1B/7-1C/7-1D/7-1E/7-1F/7-1G. Localized VRB alocations for aUE vary from asingle VRB up to
a maximum number of VRBs spanning the system bandwidth. For DCI format 1A the distributed VRB alocations for a
UE vary fromasingleVRB upto NP-. VRBs, where NPt isdefinedin[3], if the DCI CRC is scrambled by P-

VRB VRB
RNTI, RA-RNTI, or SI-RNTI. With PDCCH DCI format 1B, 1D with a CRC scrambled by C-RNTI, or with DCI
format 1A with a CRC scrambled with C-RNTI, SPS C-RNTI or Temporary C-RNTI distributed VRB allocations for a
UE vary fromasingleVRB upto NJ:, VRBsif N2 is6-49 and vary fromasingle VRB upto 16if NSt is50-

VRB

110. With EPDCCH DCI format 1B, 1D with a CRC scrambled by C-RNTI, or with DCI format 1A with a CRC
scrambled with C-RNTI, SPS C-RNTI distributed VRB allocations for a UE vary fromasingle VRB upto N2:

VRB

VRBsif N2 is6-49 andvary fromasingle VRB upto 16if N2 is50-110. With PDCCH DCI format 1C and 7-
1A/7-1B/7-1C/7-1D/7-1E/7-1F/7-1G, VRB alocations for aUE vary from N3 VRB(s) up to LN oINS J N3
VRBswith anincrement step of N3%, where N3® valueis determined depending on the downlink system bandwidth

asshownin Table 7.1.6.3-1 for DCI format 1C and Table 7.1.6.3-1A for DCI format 7-1A/7-1B/7-1C/7-1D/7-1E/7-
1F/7-1G.

Table 7.1.6.3-1: N3* values vs. Downlink System Bandwidth

System BW (N5 ) Nzs
DCI format 1C
6-49 2
50-110 4
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Table 7.1.6.3-1A: N&s values vs. Downlink System Bandwidth

System BW ( NRDBL) Nzg
DCI format 7-1A/7-1B/7-1C/7-1D/7-1E/7-1F/7-1G
20— 26 4
27 — 63 6
64 - 110 4

For PDCCH DCI format 1A, 1B, or 1D or for PDCCH DCI format 7-1A/7-1B/7-1C/7-1D/7-1E/7-1F/7-1G and N

<20, or for EPDCCH DCI format 1A, 1B, or 1D, or for MPDCCH DCI format 6-1A, or for SPDCCH DCI format 7-
1A/7-1B/7-1C/7-1D/7-1E/7-1F/7-1G and N 2% <20, atype 2 resource alocation field consists of aresource indication

value (RIV) corresponding to a starting resource block ( RBg,,; ) and alength in terms of virtually contiguously

allocated resource blocks L pgs.

The resource indication value is defined by

it (Loge —1) <[N2 /2] then

RIV=N Fte)é_ (LCRBS - 1) + RBstart

else

RIV = Ngg (Ngg — Leges +1) + (Ngg —1- RBqyp)

where Lopge> 1 and shall not exceed Ny, — RBy, -

For a BL/CE UE configured with CEModeA, and configured with higher layer parameter ce-PDSCH-
FlexibleStartPRB-AllocConfig-r15, and 0< RIV —NRg (Nfs +1)/2<10, the RByyy and L qg, isdetermined
according to Table 7.1.6.3-2 where,

Nngo: Nnes ISthe smallest and the largest physical resource-block number, respectively, of the allocated
narrowband as defined in Subclause 6.2.7 of [3]

NR5  isthe value of the downlink system bandwidith

P isthe RBG size associated with the downlink system bandwidth, NQg , according to Table 7.1.6.1-1

n _
nRBzmin[P{ NI§'5J+P, N%]—nNBY5—1

Physical resource-blocks with indices RBg, +1 <0 or RByy +1 > N5, 1 =01..Lores—1 correspond to

physical resource-blocks outside the allocated narrowband relative to physical resource-block nyg o

Legps shall not exceed (Ngs —Nyg o — RByart )
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Table 7.1.6.3-2: RByy; and Leggfor 0<SRIV —NR5(Ngs +1)/2<10 and CEModeA

RIV — N2 (N2E +1)/2 RBgart Lo

N\B,o
P = |—n,
{ P J NB,O

Nrs
Ngg +1

Ngg +2

Neg +3

© |0 [ N[O |0 |BhWIN|F|O

N| W] & O OO0~ |W|IN

Ngg +4

For PDCCH DCI format 1C or for PDCCH/SPDCCH DCI format 7-1A/7-1B/7-1C/7-1D/7-1E/7-1F/7-1G and
Np2S > 20, atype 2 resource block assignment field consists of aresource indication value (RIV) corresponding to a

virtual starting resource block (RBga =0, N3P, 2N3P,..., (N /NP |-1)N:P) and alength in terms of virtually
contiguously allocated resource blocks ( Leggs = NP, 2NZP ..., [NO% /NS | NS2).

The resource indication value is defined by:
. ’ /DL
it (Lopes =D < LNVRB /ZJ then
RIV = N\,IIEQ)IB: (L(,ZRBS - l) + RB;art
else
RIV = Nigg (NJgs — Lrss +2) + (Nigs —1— RBL,,)
where LéRBs = Leras/ ngp , RB;art =RBg, / NFSetBep and N\,/glé = \_NVDRLB / NFSetBep J and where

L{nee> 1 and shall not exceed N/pg — RBL.; -

For PDCCH DCI format 1C or for PDCCH/SPDCCH DCI format 7-1A/7-1B/7-1C/7-1D/7-1E/7-1F/7-1G and
N&: > 26, the starting resource block index is the same as the virtual starting resource block index ( RBStart ). For
PDCCH/SPDCCH DCI format 7-1A/7-1B/7-1C/7-1D/7-1E/7-1F/7-1G and 20< N2 < 26, the LSB of RIV indicates

RB —

whether the starting resource block index is RBg,,, or RBg,, + 2 (valueOindicates RBg,, and value 1 indicates
RB,,: + 2). In case of resource alocation signalled with

- PDCCH/SPDCCH DCI format 7-1A/7-1B/7-1C/7-1D, and 20< N2 < 26, if the resource allocation indicates

RB —

the corresponding PDSCH is mapped to RB index 23, the UE shall assume the PDSCH is aso mapped to RB
index 24.

- PDCCH/SPDCCH DCI format 7-1A/7-1B/7-1C/7-1D/7-1E/7-1F/7-1G, and 27 < NRDé <63, if the resource
alocation indicates the corresponding PDSCH is mapped to RB index 47, the UE shall assume the PDSCH is
also mapped to RB index 48 and 49.

- PDCCH/SPDCCH DCI format 7-1A/7-1B/7-1C/7-1D, and 64 < N2 < 75, if the resource alocation indicates

the corresponding PDSCH is mapped to RB index 71, the UE shall assume the PDSCH is also mapped to RB
index 72, 73 and 74.
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- PDCCH/SPDCCH DCI format 7-1E/7-1F/7-1G, and 64 < N 2 < 75, if the resource allocation indicates the

corresponding PDSCH is mapped to RB index 71, the UE shall assume the PDSCH is also mapped to RB index
72, and 73.

7.1.6.4 PDSCH starting position
This Subclause describes PDSCH starting position for UEs that are not BL/CE UEs.
PDSCH starting position for BL/CE UEsis described in Subclause 7.1.6.4A.

The starting OFDM symbol for the PDSCH of each activated serving cell is given by index |

DataStart *
For a UE configured in transmission mode 1-9, for a given activated serving cell

- if the PDSCH is assigned by EPDCCH received in the same serving cell, or if the UE is configured to monitor
EPDCCH in the subframe and the PDSCH is not assigned by a PDCCH/EPDCCH, and if the UE is configured
with the higher layer parameter epdcch-StartSymbol-r11

- paesat js given by the higher-layer parameter epdcch-SartSymbol-r11.

- €elseif PDSCH and the corresponding PDCCH/EPDCCH are received on different serving cells

- paesant g given by the higher-layer parameter pdsch-Start-r10 for the serving cell on which PDSCH is

received,

- Otherwise

- lbaasat s gjven by the CFI value in the subframe of the given serving cell when N2% >10, and | patasiart

is given by the CFI value + 1 in the subframe of the given serving cell when NR% <10.

For a UE configured in transmission mode 10, for agiven activated serving cell

- if the PDSCH isassigned by a PDCCH with DCI format 1C or by a PDCCH with DCI format 1A and with CRC
scrambled with P-RNTI/RA-RNTI/SI-RNTI/Temporary C-RNTI

- paesant g given by the span of the DCI given by the CFI value in the subframe of the given serving cell

according to Subclause 5.3.4 of [4].

- if the PDSCH is assigned by a PDCCH/EPDCCH with DCI format 1A and with CRC scrambled with C-RNTI
and if the PDSCH transmission is on antenna ports 0 - 3

- if the PDSCH isassigned by EPDCCH received in the same serving cell

- paasat jg givenby | for the EPDCCH-PRB-set where EPDCCH with the DCI format 1A was

EPDCCHStar t

received (| asdefined in Subclause 9.1.4.1),

EPDCCHStar t

- elseif PDSCH and the corresponding PDCCH/EPDCCH are received on different serving cells

- paasant jg given by the higher-layer parameter pdsch-Start-r10 for the serving cell on which PDSCH is

received.

- otherwise

- lbaasat jsgiven by the CFI value in the subframe of the given serving cell when NZ2% >10, and

lassart s given by the CFI value+1 in the subframe of the given serving cell when NB2% <10

- if the PDSCH isassigned by or semi-statically scheduled by a PDCCH/EPDCCH with DCI format 1A and if the
PDSCH transmission is on antenna port 7
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- if the value of the higher layer parameter pdsch-Start-r11 determined from parameter set 1 intable 7.1.9-1
for the serving cell on which PDSCH isreceived belongsto {1,2,3,4},

- oussan is given by the higher layer parameter pdsch-Sart-r11 determined from parameter set 1 in table

7.1.9-1 for the serving cell on which PDSCH isreceived.
- esg
- if PDSCH and the corresponding PDCCH/EPDCCH are received on different serving cells,

~ oassen is given by the higher-layer parameter pdsch-Start-r10 for the serving cell on which PDSCH

isreceived
- otherwise

- oussan g given by the CFl value in the subframe of the given serving cell when NR% > 10, and

'basart s given by the CFI value + 1 in the subframe of the given serving cell when NB2% <10

- if the subframe on which PDSCH isreceived isindicated by the higher layer parameter mbsfn-
SubframeConfigList-r11 determined from parameter set 1 in table 7.1.9-1 for the serving cell on which
PDSCH isreceived, or if the PDSCH is received on subframe 1 or 6 for the frame structure type 2,

- oaasar = MIN(2, | paagar ) ,

- otherwise

- l DataStart l DataStart |

- if the PDSCH is assigned by or semi-persistently scheduled by a PDCCH/EPDCCH with DCI format 2D,

- if the value of the higher layer parameter pdsch-Start-r11 determined from the DCI (according to Subclause
7.1.9) for the serving cell on which PDSCH isreceived belongsto {1,2,3,4},
| paasar 1S 9ivVEN by parameter pdsch-Start-r11 determined from the DCI (according to Subclause 7.1.9)

for the serving cell on which PDSCH isreceived except if UE is configured with Type C quasi co-
location and when two codewords are transmitted then | is given by the maximum of the pdsch-

Sart-r1land pdsch-Sart2-r15 parameters, -
- €else
- if PDSCH and the corresponding PDCCH/EPDCCH are received on different serving cells,
lpaasar 1S GiVEN by the higher-layer parameter pdsch-Start-r10 for the serving cell on which PDSCH
isreceived
- Otherwise

| s 15 0iVeN by the CFl value in the subframe of the given serving cell when Ng5 >10, and

lbassart s given by the CFI value+1 in the subframe of the given serving cell when NZ2% <10.

- if the subframe on which PDSCH isreceived isindicated by the higher layer parameter mbsfn-
SubframeConfigList-r11 determined from the DCI (according to Subclause 7.1.9) for the serving cell on
which PDSCH isreceived, or if the PDSCH isreceived on subframe 1 or 6 for frame structure type 2,

- I st = MIN2, | paasiar ) ,
- otherwise
- lDalaSlarl = |DataSlan .
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7.1.6.4A PDSCH starting position for BL/CE UEs

The starting OFDM symbol for PDSCH is given by index |pga.qq: i thefirst slot in asubframe K and is determined
asfollows

- for reception of SIB1-BR

| patasiat =31 NRg > 10 for the cell on which PDSCH is received

| paasiart = 41f N5 <10 for the cell on which PDSCH is received
- dse
| 5tasiert 1S GiVeN by the higher layer parameter startSymbol BR

- if subframe K isaspecial subframe or configured asan MBSFN subframe, and if the BL/CE UE is
configured in CEModeA

lDaIaStart = min(z'llljata&art)

- dse

DataStart *

DataStart

7.1.6.5 Physical Resource Block (PRB) bundling

A UE configured for transmission mode 9 for a given serving cell ¢ may assume that precoding granularity is multiple
resource blocks in the frequency domain when PMI/RI reporting is configured.

For agiven serving cell ¢, if aUE is configured for transmission mode 10

- if PMI/RI reporting is configured for all configured CSI processes for the serving cell ¢, the UE may assume that
precoding granularity is multiple resource blocksin the frequency domain,

- otherwise, the UE shall assume the precoding granularity is one resource block in the frequency domain.

If the UE is non-BL/CE UE, fixed system bandwidth dependent Precoding Resource block Groups (PRGs) of size P’
partition the system bandwidth and each PRG consists of consecutive PRBs. The PRG size a UE may assume for a

given system bandwidth is given by Table 7.1.6.5-1. If NE'B‘ modP’>0 then one of the PRGsiis of size

N% - P’\_N % / P’J. The PRG size is non-increasing starting at the lowest frequency. The UE may assume that the
same precoder applies on all scheduled PRBs within a PRG.

If the UE isa BL/CE UE not configured with higher layer parameter ce-PD SCH-FlexibleStartPRB-AllocConfig-r15,
PRGs of size P’ =3 partition a narrowband with RB indices 0-2 in the narrowband in one PRG and RB indices 3-5in
the narrowband in another PRG.

If the UE isaBL/CE UE configured with CEModeA and configured with higher layer parameter ce-PDSCH-
FlexibleStartPRB-AllocConfig-r15,

- if 0 <RIV — NPE(NEE+1)/2 <5 inTable7.1.6.3-2, then the set of two PRGsis starting from RBg.g,¢;
- if 5 <RIV — NRE(NEE + 1)/2 < 10, then the set of two PRGsisending ending at (RBsiart + Lerss — 1)-

If the UE isaBL/CE UE configured with CEModeB and configured with higher layer parameter ce-PDSCH-
FlexibleStartPRB-AllocConfig-r15, the set of PRGs s starting from the lowest RB of the narrowband ny shifted by

nimst according to Table 6.2.7-1 3.
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Table 7.1.6.5-1
System Bandwidth PRG Size (P")
(NSS (PRBs)
<10 1
11 - 26 2
27 — 63 3
64 — 110 2

For a UE configured for transmission mode 9, 10 using frame structure type 1 or transmission modes 8, 9, 10 using
frame structure type 2, for a given serving cell ¢ and for slot/subslot-PDSCH transmissions, precoding granularity is 2
resource blocks in frequency domain. Precoding Resource block Groups (PRGS) of size 2 partition the system
bandwidth and each PRG consists of consecutive PRBs. The UE is expected to receive UE-specific reference signa
corresponding to a PDSCH over both resource blocks of aPRG. If N2 mod2 > 0 then, PDSCH is not mapped to

the last resource block. The UE may assume that the same precoder applies on the two PRBs within a PRG.

ETSI



3GPP TS 36.213 version 15.12.0 Release 15 98 ETSI TS 136 213 V15.12.0 (2021-02)

7.1.7 Modulation order and transport block size determination

To determine the modulation order and transport block size(s) in the physical downlink shared channel, the UE shall
first

- iftheUEisaBL/CE UE
- if PDSCH isassigned by MPDCCH DCI format 6-1A

- if the UE is configured with higher layer parameter ce-PDSCH-64QAM-Config-r15 and the DCI is
mapped onto the UE specific search space and the repetition number field in the DCI indicates PDSCH
repetition level 1
- read the 5-bit extended "modulation and coding scheme ( | ¢ )" field in the DCI

- otherwise

- read the 4-bit "modulation and coding scheme ( | ,%,,CS )" field inthe DCI

- The UE is not expected to receive a DCI format 6-1A indicating |, >15
- €elseif PDSCH isassigned by MPDCCH DCI format 6-2

- read the 3-bit "modulation and coding scheme ( | 1, )" field in the DCI

- The UE isnot expected to receive a DCI format 6-2 indicating | s > 7

- €eseif PDSCH isassigned by MPDCCH DCI format 6-1B

1

- read the 4-bit "modulation and coding scheme ( | s )" field inthe DCI and set 17,c=1

MCS *
- €eseif PDSCH carriers SystemlnformationBlockTypel-BR
- st I tothevalue of the parameter schedulinglnfoS B1-BR configured by higher-layers
- otherwise
- read the 5 or 6-bit "modulation and coding scheme” field (1,,.s) inthe DCI

and second if the PDCCH DCI CRC is scrambled by P-RNTI, RA-RNTI, or SI-RNTI then
- for DCI format 1A:

- setthe Table7.1.7.2.1-1 column indicator N .., t0 NpRg from Subclause 5.3.3.1.3in [4]
- for DCI format 1C:

- useTable7.1.7.2.3-1 for determining its transport block size.

else
- iftheUEisaBL/CE UE

- if MPDCCH DCI CRC is scrambled by RA-RNTI for DCI format 6-1A
- setthe Table 7.1.7.2.1-1 columnindicator N t0 Npgg from Subclause 5.3.3.1.12in [4]

- €elseif PDSCH isassigned by MPDCCH DCI format 6-2
- useTable7.1.7.2.3-1 for determining its transport block size.

- €eseif PDSCH carriers SystemlnformationBlockTypel-BR
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- use Subclause 7.1.7.2.7 for determining its transport block size.
- €eseif PDSCH isassigned by MPDCCH DCI format 6-1B

- use Subclause 7.1.7.2.6 for determining its transport block size if the UE is not configured with higher
layer parameter ce-pdsch-maxBandwidth-config with value >5MHz and not configured with higher layer
parameter mpdcch-PDSCH-MaxBandwidth-SC-MTCH with value 24 PRBs.

- otherwise,

- st N;RB to the total number of allocated PRBs based on the procedure defined in Subclause 7.1.6.

- if PDSCH isassigned by MPDCCH DCI format 6-1A, the repetition number field in the DCI indicates
PDSCH repetition level 1, and the transport block is transmitted in DwWPTS of the special subframein
frame structure type 2, then

- for specia subframe configuration 9 with normal cyclic prefix:

N, =max{| N’ x0.375|, 1l
- setthe Table 7.1.7.2.1-1 column indicator PRE {L PRB J |

- for other specia subframe configurations:

- setthe Table 7.1.7.2.1-1 columnindicator Npgg = max{LN,;RB ><O.75J, 1} :

- elsesetthe Table 7.1.7.2.1-1 columnindicator Npes = Npgg -

- otherwise

- st N;RB to the total number of allocated PRBs based on the procedure defined in Subclause 7.1.6.

- if the higher layer parameter altMCS-Table is not configured, or for PDSCH assigned by DCI other than DCI
format 1/1B/1D/2/2A/2B/2C/2D with CRC scrambled by C-RNTI; if the transport block is transmitted in
DwPTS of the special subframe in frame structure type 2, or is transmitted in the subframes with the same
duration as the DwWPTS duration of a special subframe configuration in frame structure type 3, then

- for specia subframe configuration 9 and 10 with normal cyclic prefix or special subframe configuration 7
with extended cyclic prefix:

N... =max{| N..x0.375(, 1
- setthe Table 7.1.7.2.1-1 column indicator PRE {L P8 J }

- for other specia subframe configurations:
- settheTable7.1.7.2.1-1 columnindicator Npgg = max{L [\, ><O.75J, 1} :

- eseif the higher layer parameter altMCS-Table is configured, and for PDSCH assigned by DCI format
1/1B/1D/2/2A/2B/2C/2D with CRC scrambled by C-RNTI; if the the transport block transmitted in DWPTS
of the specia subframe in frame structure type 2, or is transmitted in the subframes with the same duration as
the DWPTS duration of a specia subframe configuration in frame structure type 3, then

- if 44 < Iyes < 58, st a to higher layer parameter altMCS-Table-scaling, otherwise ¢ = 1

- for special subframe configuration 9 and 10 with normal cyclic prefix or special subframe configuration 7
with extended cyclic prefix:

- settheTable 7.1.7.2.1-1 column indicator Npgrg = max{|Npgrs X 0.375x al,1}
- for other special subframe configurations:

- setthe Table 7.1.7.2.1-1 column indicator Npgp = max{|Npgs X 0.75 X «a/, 1}
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- eseif the higher layer parameter altMCS-Table is configured, and for PDSCH assigned by DCI format
1/1B/1D/2/2A/2B/2C/2D with CRC scrambled by C-RNTI; then
- if 44 < Iycs < 58, st a to higher layer parameter altMCS-Table-scaling, otherwise ¢ = 1

- sattheTable 7.1.7.2.1-1 columnindicator Npgrp = max{|Njpgs X «al, 1}
- else, setthe Table 7.1.7.2.1-1 columnindicator N pgs = Nigg -

- for DCI format 7-1A/7-1B/7-1C/7-1D/7-1E/7-1F/7-1G, the derived transport block size (after TBS
trandation as described in sections 7.1.7.2.2, 7.1.7.2.4, 7.1.7.2.5 when the transport block is mapped to more

1
than one spatial layer) isscaled by o (& = 0.5for dot-PDSCH, and ¢ = E for subslot-PDSCH), then
rounded to the closest (NOTE 1) valid transport block sizein
- Table7.1.7.2.1-1 when the transport block is mapped to one spatial layer,

- Theunion of Table7.1.7.2.1-1 and Table 7.1.7.2.2-1 when the transport block is mapped to two spatial
layers,

- Theunionof Table7.1.7.2.1-1 and Table 7.1.7.2.4-1 when the transport block is mapped to three spatial
layers,

- Theunionof Table 7.1.7.2.1-1 and Table 7.1.7.2.5-1 when the transport block is mapped to four spatial
layers.

If the scaled TBSis closest to two valid transport block sizes, it is rounded to the larger transport block size.
NOTE 1: In the rounding procedure, and for a given serving cell:

- For UEs configured with neither altCQI-Table1024QAM-STTI nor altCQI-TableSTTI, the UE shall only include
in the rounding procedure the TBS entries present in Table 7.1.7.2.1-1 with Iz < 26A4, and the entriesin
7.1.72.2-1,7.1.7.24-1,7.1.7.25-1 for whichthe TBS_L1 ispresent in Table 7.1.7.2.1-1 with I; 55 < 26A.

- For UEs configured with altCQI-TableSTTI, the UE shall only include in the rounding procedure the TBS entries
present in Table 7.1.7.2.1-1 with Iz < 33B, and theentriesin 7.1.7.2.2-1, 7.1.7.2.4-1, 7.1.7.2.5-1 for which
the TBS L1lispresentin Table 7.1.7.2.1-1 with ;55 < 33B.

The UE may skip decoding atransport block in aninitial transmission if the effective channel code rate is higher than
0.932, where the effective channel code rate is defined as the number of downlink information bits (including CRC bits)
divided by the number of physical channel bits on PDSCH. If the UE skips decoding, the physical layer indicates to
higher layer that the transport block is not successfully decoded. For the special subframe configurations 0 and 5 with
normal downlink CP or configurations 0 and 4 with extended downlink CP in frame structure type 2, or for subframes
with the same duration as the DWPT S duration of the special subframe configuration 0 and 5 in frame structure type 3,
with the special subframe configurations shown in Table 4.2-1 of [3], or for the specia subframe configuration 10
configured by the higher layer signalling ssp10-CRS-LessDWPTS, a non-BL/CE UE shall assume thereis no PDSCH
transmission in DWPTS of the specia subframe.

For frame structure type 2, a BL/CE UE shall assume PDSCH is dropped in a specia subframe considered as BL/CE
DL subframe according to Subclause 6.8B.1 of [3] in the following cases

- for PDSCH scheduled from UE-specific search space, TypeO-MPDCCH common search space, Typel-
MPDCCH common search space or Type2-MPDCCH common search space, if an MPDCCH belonging to the
corresponding search space is dropped in the specia subframe according to clause 9.1.5.

- if PDSCH carries SI messages.

7.1.7.1 Modulation order and redundancy version determination

For BL/CE UEs configured with CEModeA, |, .cisused in place of I, intherest of this Subclause.
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The UE shall use Q,,=2if the DCI CRC is scrambled by P-RNTI, RA-RNTI, SI-RNTI, or SC-RNTI, or if PDSCH is

assigned by MPDCCH DCI Format 6-1B, or if PDSCH carriers Systeml nformationBlockTypel-BR, or if PDSCH carries
BL/CE Sl messages, or if the UE is configured with CEModeA and higher layer parameter ce-pdsch-
puschEnhancement-config with value 'On' and repetition number field in the corresponding DCI indicates a value
greater than 1, otherwise,

if the higher layer parameter altMCS Table is configured, and if the PDSCH is assigned by a PDCCH/EPDCCH
with DCI format 1/1B/1D/2/2A/2B/2C/2D with CRC scrambled by C-RNTI,

- if theassigned PDSCH istransmitted only in the second slot of a subframe, the UE shall usel ,,.sand Table
7.1.7.1-1C to determine the modulation order (Q' ). The modulation order (Q,,) used in the physical
downlink shared channel issetto Q_=Q/ ;

- otherwise, the UE shall usel . and Table 7.1.7.1-1C to determine the modulation order (Q,,) used in the
physical downlink shared channel.

elseif the higher layer parameter altCQI-Table-1024QAM-r15 is configured, and if the PDSCH is assigned by a
PDCCH/EPDCCH with DCI format 1/1B/1D/2/2A/2B/2C/2D with CRC scrambled by C-RNTI,

- if theassigned PDSCH is transmitted only in the second dot of a subframe, the UE shall usel ,.sand Table
7.1.7.1-1B to determine the modulation order (Q, ). The modulation order (Q,, ) used in the physical
downlink shared channel issetto Q_=Q, ;

- otherwise, the UE shall usel ,csand Table 7.1.7.1-1B to determine the modulation order (Q,,) used in the
physical downlink shared channel.

elseif the higher layer parameter altCQI-Table-1024QAM-STTI_r15 is configured, and if the PDSCH is assigned
by a PDCCH/SPDCCH with DCI format 7-1A/7-1B/7-1C/7-1D/7-1E/7-1F/7-1G with CRC scrambled by C-
RNTI or SPS-C-RNTI,

- theUEshdl usel,,.gand Table 7.1.7.1-1B to determine the modulation order (Q,, ) used in the physical
downlink shared channel.

elseif the higher layer parameter altCQI-Table-r12 is configured, and if the PDSCH isassigned by a
PDCCH/EPDCCH with DCI format 1/1B/1D/2/2A/2B/2C/2D with CRC scrambled by C-RNTI,

- if the assigned PDSCH istransmitted only in the second slot of a subframe, the UE shall usel ,,.sand Table
7.1.7.1-1A to determine the modulation order (Q, ). The modulation order (Q,, ) used in the physical
downlink shared channel issetto Q_=Q, ;

- otherwise, the UE shall usel . and Table 7.1.7.1-1A to determine the modulation order (Q,, ) used in the
physical downlink shared channel.
else

- if the higher layer parameter altCQI-Table-STTI-r15 is configured, and if the PDSCH is assigned by a
PDCCH/SPDCCH with DCI format 7-1A/7-1B/7-1C/7-1E/7-1F/7-1G with CRC scrambled by C-RNTI,

- theUEshall usel,,.s and Table 7.1.7.1-1A to determine the modulation order (Qm) used in the physical
downlink shared channel.

- if the assigned PDSCH istransmitted only in the second slot of a subframe, the UE shall usel ,,.sand Table
7.1.7.1-1 to determine the modulation order (Q, ). The modulation order (Q,,) used in the physical downlink
shared channel issetto Q_=Q,,;

- otherwise, the UE shall usel . and Table 7.1.7.1-1 to determine the modulation order (Q,,) used in the
physical downlink shared channel.
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Table 7.1.7.1-1: Modulation and TBS index table for PDSCH

MCS Index | Modulation Order | Modulation Order | TBS Index
I MCS Qm Qm I TBS
0 2 2 0
1 2 2 1
2 2 2 2
3 2 2 3
4 2 2 4
5 2 4 5
6 2 4 6
7 2 4 7
8 2 4 8
9 2 4 9
10 4 6 9
11 4 6 10
12 4 6 11
13 4 6 12
14 4 6 13
15 4 6 14
16 4 6 15
17 6 6 15
18 6 6 16
19 6 6 17
20 6 6 18
21 6 6 19
22 6 6 20
23 6 6 21
24 6 6 22
25 6 6 23
26 6 6 24
27 6 6 25
28 6 6 26/26A

29 2 2
30 4 4 reserved
31 6 6

Table 7.1.7.1-1A. Modulation and TBS index table 2 for PDSCH

MCS Index | Modulation Order | Modulation Order | TBS Index
I ves Qn Qn | res
0 2 2 0
1 2 2 2
2 2 2 4
3 2 4 6
4 2 4 8
5 4 6 10
6 4 6 11
7 4 6 12
8 4 6 13
9 4 6 14
10 4 8 15
11 6 8 16
12 6 8 17
13 6 8 18
14 6 8 19
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MCS Index | Modulation Order | Modulation Order | TBS Index
I ves Qn Qn | res
15 6 8 20
16 6 8 21
17 6 8 22
18 6 8 23
19 6 8 24
20 8 8 25
21 8 8 27
22 8 8 28
23 8 8 29
24 8 8 30
25 8 8 31
26 8 8 32
27 8 8 33/33A/33B
28 2 2
29 4 4
30 6 6 reserved
31 8 8

Table 7.1.7.1-1B. Modulation and TBS index table 3 for PDSCH

MCS Index | Modulation Order | Modulation Order | TBS Index
J s Qn Qn | 1es
0 2 2 0
1 2 2 2
2 2 2 4
3 2 4 6
4 2 4 8
5 4 6 11
6 4 6 13
7 4 8 15
8 6 8 16
9 6 8 18
10 6 8 20
11 6 8 21
12 6 8 22
13 6 8 23
14 6 8 24
15 8 8 25
16 8 8 27
17 8 8 28
18 8 8 29
19 8 8 30
20 8 8 31
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MCS Index | Modulation Order | Modulation Order | TBS Index

| es Qum Q. I s

21 8 8 32

22 8 8 33/33A/33B

23 10 10 34A

24 10 10 35

25 10 10 36

26 10 10 37A/37

27 2 2

28

29 6 6 reserved

30 8

31 10 10

Table 7.1.7.1-1C. Modulation and TBS index table 4 for PDSCH

MCS Index | Modulation Order | Modulation Order | TBS Index
I MCS Qm Qm I TBS
0 2 2 0
1 2 2 1
2 2 2 2
3 2 2 3
4 2 2 4
5 2 4 5
6 2 4 6
7 2 4 7
8 2 4 8
9 2 4 9
10 4 6 9
11 4 6 10
12 4 6 11
13 4 6 12
14 4 6 13
15 4 6 14
16 4 6 15
17 6 6 15
18 6 6 16
19 6 6 17
20 6 6 18
21 6 6 19
22 6 6 20
23 6 6 21
24 6 6 22
25 6 6 23
26 6 6 24
27 6 6 25
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MCS Index | Modulation Order | Modulation Order | TBS Index
Jes Qm Qn I tes
28 6 6 27
29 6 6 28
30 8 8 25
31 8 8 27
32 8 8 28
33 8 8 29
34 8 8 30
35 8 8 31
36 8 8 32
37 8 8 33A
38 8 8 33/33B
39 10 10 34A
40 10 10 35
41 10 10 36
42 10 10 37A
43 10 10 37

44 2 2

45 2 2

46 4 6

47 4 6 11
48 4 6 13
49 6 6 15
50 6 6 17
51 6 6 19
52 6 6 21
53 8 8 25
54 8 8 28
55 8 8 30
56 8 8 32
57 10 10 34A
58 10 10 36
59 2 2

60

61 6 6 Reserved
62

63 10 10

For agiven serving cell, if the UE is configured with higher layer parameter blindSubframePDSCH-Repetitions, for
PDSCH transmitted in a given block of k subframes corresponding to DCI format 1A with CRC scrambled by C-RNTI

in UE-specific search space, the redundancy version (rvig) for the | ™ subframe is determined accordi ng to

- Table7.1.7.1-2using V=] +rVvyy)Mmod4,where j=0,1,...,k—1 if the configured higher layer
parameter RV-cyclingSequenceSubframePD SCH-Repetitions parameter is set to {0,2,3,1}

- Otherwise, rv = Ofor al of thek PDSCH transmissions.
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wherethe value of 'V, and k are determined by the 'Redundancy version' and 'Repetition number' fields in the
corresponding DCI, respectively.

For agiven serving cell, if the UE is configured with higher layer parameter blindS otSubsl otPD SCH-Repetitions, for
PDSCH transmitted in a given block of k slots/subslots corresponding to DCI format 7-1A/7-1B/7-1C/7-1D/7-1E/7-
1F/7-1G, the redundancy version (rvig) for the | " yot/subslot is determined accord ng to

- Table7.1.7.1-2using V=] +rVyy)mod4,where j=0,1...,k—1 if the configured higher layer
parameter RV-cyclingSequenceS otsublotPD SCH-Repetitions parameter is set to {0,2,3,1} ;

- Otherwise, rv = Ofor al of thek PDSCH transmissions.

wherethe value of 'V, and k are determined by the 'Redundancy version' and 'Repetition number' fieldsin the
corresponding DCI, respectively.
For a UE configured with altMCS-Table, the UE is not expected to receive a PDSCH with a modulation order of

1024QAM unless configured with altCQI-Table-1024QAM-r 15, and the UE is not expected to receive a PDSCH with a
modulation order of 256QAM unless configured with altCQI-Table-r12 or altCQI-Table-1024QAM-r 15.

For BL/CE UEs, the same redundancy version is applied to PDSCH transmitted in agiven block of N_.. consecutive
subframes, if the PDSCH is not carrying Systeml nfor mationBlockTypel-BR or SI message. The subframe number of the
first subframein each block of N, consecutive subframes, denoted as N, , satisfies (nab&1 -0 )mod N, =0,

where =0 for FDDand & =2 for TDD. Denote Ig as the subframe number of the first downlink subframe

intended for PDSCH, given by n+x as defined in Subclause 7.1.11. The PDSCH transmission spans N;’szCH
consecutive subframes including subframes that are not BL/CE DL subframes where the PDSCH transmission is

postponed. For the j ™ block of N . consecutive subframes within the set of N;@SCH subframes, the redundancy

version (rvi) is determined according to Table 7.1.7.1-2 using IV = (] + vy )mod4, where

=04, 375 1, gng 975 = | Na” + (o = ) mod N,
1., , N

—‘ .The J™P=" plocks of subframes are
acc

sequential in time, startingwith ] =0 towhich subframeio belongs. For a BL/CE UE configured in CEModeA,

Noc =1 and I'Vp, isdetermined by the 'Redundancy version' field in DCI format 6-1A. For a BL/CE UE
configured with CEModeB, or a BL/CE UE receiving PDSCH associated with P-RNTI, N, =4 for FDD and
Nae =10 for TDD, and I'Vp =0.

Table 7.1.7.1-2: Redundancy version

Redundancy version Index
rv 'Vidx
0 0
1 2
2 3
3 1
7.1.7.2 Transport block size determination

For BL/CE UEs configured with CEModeA, |, isusedinplaceof 1, intherest of this Subclause

If the DCI CRC isscrambled by P-RNTI, RA-RNTI, or SI-RNTI then

- for DCI format 1A or DCI format 6-1A:
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- the UE shall setthe TBSindex (1,4 ) equal to 1, and determineits TBS by the procedure in Subclause
7.1.7.21f0or 0<1,55<26.

- for DCI format 1C and DCI format 6-2:
- the UE shall setthe TBSindex (I,4) equal to 1,,. and determineits TBS from Table 7.1.7.2.3-1.
elseif the DCI CRC is scrambled by SC-RNTI then
- the UE shall setthe TBSindex (I,4) equal to 1,,. and determineits TBS from Table 7.1.7.2.3-1.

else if the higher layer parameter altMCS Table is configured, and for DCI format 1/1B/1D/2/2A/2B/2C/2D with CRC
scrambled by C-RNTI

- for 0 < Iycs £ 58, the UE shall first determinethe TBSindex (1,55) Using I, and Table 7.1.7.1-1C except
if the transport block is disabled in DCI formats 2, 2A, 2B, 2C and 2D as specified below. When I, = 38, if
the UE is scheduled by DCI formats 1/1B/2/2A and is configured with b33 in tbsindexAlt2, |.,5 is33B;

otherwise 1.5 is33. For atransport block that is not mapped to more than single-layer spatial multiplexing, the
TBSis determined by the procedure in Subclause 7.1.7.2.1. For atransport block that is mapped to two-layer

spatial multiplexing, the TBSis determined by the procedure in Subclause 7.1.7.2.2. For atransport block that is
mapped to three-layer spatial multiplexing, the TBS is determined by the procedure in Subclause 7.1.7.2.4. For a

transport block that is mapped to four-layer spatial multiplexing, the TBS is determined by the procedurein
Subclause 7.1.7.2.5.

- for 59 < Iy < 63, the TBSisassumed to be as determined from DCI transported in the latest
PDCCH/EPDCCH for the same transport block using 0 < I < 58.

- InDCI formats 2, 2A, 2B, 2C and 2D atransport block is disabled if |
transport block is enabled.

wes =0 and if rvie = 1 otherwise the

elseif the higher layer parameter altCQI-Table-r12 is configured, then

- for DCI format 1A with CRC scrambled by C-RNTI and for DCI format 1/1A/2/2A/2B/2C/2D with CRC
scrambled by SPS C-RNTI:

- for 0<1,, <28, the UE shall first determine the TBSindex (1,55 ) Using I, and Table 7.1.7.1-1 except if

the trangport block is disabled in DCI formats 2, 2A, 2B, 2C and 2D as specified below. For atransport block
that is not mapped to more than single-layer spatial multiplexing, the TBS is determined by the procedure in
Subclause 7.1.7.2.1.

- for29<1,,. <31, the TBSisassumed to be as determined from DCI transported in the | atest
PDCCH/EPDCCH for the same transport block using 0< |, < 33. If thereisno PDCCH/EPDCCH for the
same transport block using0 < I, < 26, and if theinitial PDSCH for the same transport block is semi-

persistently scheduled, the TBS shall be determined from the most recent semi-persistent scheduling
assignment PDCCH/EPDCCH.

- InDCI formats 2, 2A, 2B, 2C and 2D atransport block is disabled if |
transport block is enabled.

wes =0 and if rvig = 1 otherwise the

- for DCI format 1/1B/1D/2/2A/2B/2C/2D with CRC scrambled by C-RNTI

- for 0<|1,,., <27, the UE shall first determine the TBSindex (1,5 ) using s and Table 7.1.7.1-1A except
if the transport block is disabled in DCI formats 2, 2A, 2B, 2C and 2D as specified below. When |, . = 27,
if the UE is scheduled by DCI formats 2C/2D and is configured with a33 in tbsindexAlt, |.,s iS33A, or if
the UE is scheduled by DCI formats 1/1B/2/2A and is configured with b33 in tbsindexAlt2, |, is33B;

otherwise 1., is33. For atransport block that is not mapped to more than single-layer spatial multiplexing,

the TBS is determined by the procedure in Subclause 7.1.7.2.1. For atransport block that is mapped to two-
layer spatial multiplexing, the TBSis determined by the procedure in Subclause 7.1.7.2.2. For atransport
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block that is mapped to three-layer spatial multiplexing, the TBS is determined by the procedure in Subclause
7.1.7.2.4. For atransport block that is mapped to four-layer spatial multiplexing, the TBSis determined by
the procedure in Subclause 7.1.7.2.5.

for 28< 1 31, the TBSis assumed to be as determined from DCI transported in the latest
PDCCH/EPDCCH for the same transport block using 0< 1, < 27.

MCs <

In DCI formats 2, 2A, 2B, 2C and 2D atransport block isdisabled if |
transport block is enabled.

wes =0 and if rvie = 1 otherwise the

elseif the higher layer parameter altCQI-Table-STTI-r15 is configured, then

- for DCI format 7-1A/7-1B/7-1C/7-1D/7-1E/7-1F/7-1G with CRC scrambled by SPS C-RNTI:

for 0<1,,cs < 28, the UE shall determine the TBS index (g5) using | s by the procedure in Subclause
7.1.7.

for29<1,,cs< 31, the TBS is assumed to be as determined from DCI transported in the latest
PDCCH/SPDCCH for the same transport block using 0<|,;4<33. If thereis no PDCCH/SPDCCH for the

same transport block using0<1,5<26, and if the initial PDSCH for the same transport block is semi-

persistently scheduled, the TBS shall be determined from the most recent semi-persistent scheduling
assignment PDCCH/SPDCCH.

- for DCI format 7-1A/7-1B/7-1C/7-1D/7-1E/7-1F/7-1G with CRC scrambled by C-RNTI

for 0<1,,cs< 27, the UE shall first determinethe TBSindex ( I,55) using | ,cs and Table 7.1.7.1-1A.
When |, =27, if the UE is scheduled by DCI formats 7-1F/7-1G and is configured with a33 in
tbsindexAlt-STTI, 1., is33A, or if the UE is scheduled by DCI formats 7-1D/7-1C/7-1B and is configured

with b33 in tbsindexAlt2-STTI, |,,s is33B; otherwise 1,55 is33.When |,,.s=27, |z is33. TheTBSis
determined by the procedure in Subclause 7.1.7.

for 28<1,,.s<31, the TBSis assumed to be as determined from DCI transported in the latest
PDCCH/SPDCCH for the same transport block using 0<1,,.s<27.

else if the higher layer parameter altCQI-Table-1024QAM-r15 is configured, then

- for DCI format 1A with CRC scrambled by C-RNTI and for DCI format 1/1A/2/2A/2B/2C/2D with CRC
scrambled by SPS C-RNTI:

for 0<1,,.5< 28, the UE shall first determine the TBSindex ( | 1gs) using | ,cs and Table 7.1.7.1-1. For a
transport block, the TBSis determined by the procedure in Subclause 7.1.7.2.1.

for 29<I,,.s<31, the TBS s assumed to be as determined from DCI transported in the latest
PDCCH/EPDCCH for the same transport block using 0< |, <37 . If thereis no PDCCH/EPDCCH for the

same transport block using 0<1,54<26, and if the initial PDSCH for the same transport block is semi-

persistently scheduled, the TBS shall be determined from the most recent semi-persistent scheduling
assignment PDCCH/EPDCCH.

- for DCI format 1/1B/1D/2/2A/2B/2C/2D with CRC scrambled by C-RNTI;

for 0<l,,s<26, the UE shall first determine the TBSindex ( | 1g5) using | ,c and Table 7.1.7.1-1B except
if the transport block is disabled in DCI formats 2, 2A, 2B, 2C and 2D as specified below. When |,, =22,
if the UE is scheduled by DCI formats 2C/2D and is configured with a33 in tbsindexAlt, 1,55 is33A, or if
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the UE is scheduled by DCI formats 1/1B/2/2A and is configured with b33 in thsIndexAlt2, |55 is33B;
otherwise l;gg is33. When |,,=26, if the UE is configured with a37 in thsindexAlt3, |55 is37A,

otherwise |55 is37. For atransport block that is not mapped to more than single-layer spatial multiplexing,

the TBS is determined by the procedure in Subclause 7.1.7.2.1. For atransport block that is mapped to two-
layer spatial multiplexing, the TBSis determined by the procedure in Subclause 7.1.7.2.2. For atransport
block that is mapped to three-layer spatial multiplexing, the TBS is determined by the procedure in Subclause
7.1.7.2.4. For atransport block that is mapped to four-layer spatial multiplexing, the TBSis determined by
the procedure in Subclause 7.1.7.2.5.

for 27<I,,s <31, the TBS s assumed to be as determined from DCI transported in the latest
PDCCH/EPDCCH for the same transport block using 0< 1.5 <37. If thereis no PDCCH/EPDCCH for the

same transport block using 0< |, <37, and if theinitial PDSCH for the same transport block is semi-

persistently scheduled, the TBS shall be determined from the most recent semi-persistent scheduling
assignment PDCCH/EPDCCH.

In DCI formats 2, 2A, 2B, 2C and 2D atransport block is disabled if |,,.s=0 and if rvie = 1 otherwise the
transport block is enabled.

elseif the higher layer parameter altCQI-Table-1024QAM-STTI_r15 is configured, then

for DCI format 7-1A/7-1B/7-1C/7-1D/7-1E/7-1F/7-1G with CRC scrambled by C-RNTI or SPS C-RNTI;

for 0<l,,s<26, the UE shall first determine the TBSindex ( | 1gs) using | ,cs and Table 7.1.7.1-1B. When
| yes =22, if the UE is scheduled by DCI formats 7-1F/7-1G and is configured with a33 in thsindexAlt-STTI,
l1gs iS33A, or if the UE is scheduled by DCI formats 7-1B/7-1C/7-1D and is configured with b33 in

thsindexAlt2-STTI, |;gg is33B; otherwise |gg is33. When |, =26, if the UE is scheduled by DCI

formats 7-1F/7-1G and is configured with a37 in tbsindexAlt3-STTI, |55 is37A, otherwise |55 is37. For

atransport block that is not mapped to more than single-layer spatial multiplexing, the TBSis determined by
the procedure in Subclause 7.1.7 and 7.1.7.2.1. For atransport block that is mapped to two-layer spatial
multiplexing, the TBSis determined by the procedure in Subclause 7.1.7 and 7.1.7.2.2. For atransport block
that is mapped to three-layer spatial multiplexing, the TBSis determined by the procedure in Subclause 7.1.7
and 7.1.7.2.4. For atransport block that is mapped to four-layer spatial multiplexing, the TBSis determined
by the procedure in Subclause 7.1.7 and 7.1.7.2.5.

for 27<l,,s <31, the TBSis assumed to be as determined from DCI transported in the latest
PDCCH/SPDCCH for the same transport block using 0< |, <37. If thereis no PDCCH/SPDCCH for the

same transport block using 0< |, <37, and if theinitial PDSCH for the same transport block is semi-

persistently scheduled, the TBS shall be determined from the most recent semi-persistent scheduling
assignment PDCCH/SPDCCH.

else if the UE supports ce-pdsch-pusch-maxBandwidth with value >5MHz, or if the UE is configured with higher layer
parameter ce-PDSCH-64QAM-Config-r15 and the MPDCCH DCI format 6-1A is mapped onto the UE specific search
space and the repetition number field in the DCI indicates PDSCH repetition level 1,

for29 < 1,,.s <31, the TBSisassumed to be as determined from DCI transported in the latest MPDCCH for the
same transport block using 0< 1,5 < 28. If thereisno MPDCCH for the same transport block using

0< 1 yes £28, and if theinitial PDSCH for the same transport block is semi-persistently scheduled, the TBS
shall be determined from the most recent semi-persistent scheduling assignment MPDCCH.

for0< |, < 28the UE shall first determinethe TBSindex (I55) Using |, and Table 7.1.7.1-1

if the UE is configured with higher layer parameter ce-pdsch-maxBandwidth-config with value SMHz or if
the UE is configured with higher layer parameter pdsch-MaxBandwidth-SC-MTCH with value 24 PRBs
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else

- For CEModeA,

- if the UE is configured with higher layer parameter ce-PDSCH-64QAM-Config-r15 and the MPDCCH
DCI format 6-1A is mapped onto the UE specific search space and the repetition number field in the
DCI indicates PDSCH repetition level 1,

- sat TBS' tothe TBS determined by the procedurein Subclause 7.1.7.2.1,

- TBS=min{TBS’, 4008}
- otherwise, TBSis determined by the procedurein Subclause 7.1.7.2.8 for 0< | ;5 <14

- For CEModeB, TBSis determined by the procedure in Subclause 7.1.7.2.8 for 0< | ;5 <9

- if the UE is configured with higher layer parameter ce-pdsch-maxBandwidth-config with value > 5SMHz
- For CEModeA,

- if the UE is configured with higher layer parameter ce-PDSCH-64QAM-Config-r15 and the MPDCCH
DCI format 6-1A is mapped onto the UE specific search space and the repetition number field in the
DCI indicates PDSCH repetition level 1,

- sat TBS' tothe TBS determined by the procedurein Subclause 7.1.7.2.1,

- TBS=min{TBS’, 27376}
- otherwise, TBSis determined by the procedurein Subclause 7.1.7.2.1 for 0< |55 <14

- For CEModeB, TBSis determined by the procedure in Subclause 7.1.7.2.1for 0< |5 <9

- otherwise,

- if the UE is configured with higher layer parameter ce-PDSCH-64QAM-Config-r15 and the MPDCCH
DCI format 6-1A is mapped onto the UE specific search space and the repetition number field in the DCI
indicates PDSCH repetition level 1,

- sat TBS' tothe TBS determined by the procedure in Subclause 7.1.7.2.1,
- TBS =min{TBS’, 1000}
- otherwise

- TBSisdetermined by the procedurein Subclause 7.1.7.2.1

foro< 1, <28, the UE shall first determine the TBSindex (1,55) using | ,,.s and Table 7.1.7.1-1 except if the
transport block is disabled in DCI formats 2, 2A, 2B, 2C and 2D as specified below. When |, . = 28, if the UE

is scheduled by DCI formats 2C/2D and is configured with a26 in tbsindexAlt, |,,s iS26A; otherwise |5 iS

26. For atransport block that is not mapped to more than single-layer spatial multiplexing, the TBSis
determined by the procedure in Subclause 7.1.7.2.1. For atransport block that is mapped to two-layer spatial
multiplexing, the TBSis determined by the procedure in Subclause 7.1.7.2.2. For atransport block that is
mapped to three-layer spatial multiplexing, the TBS is determined by the procedure in Subclause 7.1.7.2.4. For a
transport block that is mapped to four-layer spatial multiplexing, the TBS is determined by the procedure in
Subclause 7.1.7.2.5.

for29 < I, <31, the TBSisassumed to be as determined from DCI transported in the latest
PDCCH/EPDCCH for the same transport block using 0< I, <28 . If thereisno PDCCH/EPDCCH for the

same transport block using0< I, < 28, and if the initial PDSCH for the same transport block is semi-
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persistently scheduled, the TBS shall be determined from the most recent semi-persistent scheduling assignment
PDCCH/EPDCCH.

- InDCI formats 2, 2A, 2B, 2C and 2D atransport block isdisabled if I, =0 andif rvi = 1 otherwise the
transport block is enabled.

The NDI and HARQ process ID, as signalled on PDCCH/EPDCCH/MPDCCH/SPDCCH, and the TBS, as determined
above, shall be delivered to higher layers.

7.1.7.2.1 Transport blocks not mapped to two or more layer spatial multiplexing

For1< Npg <110, the TBSisgiven by the (1,55, N g ) €ntry of Table 7.1.7.2.1-1.

Table 7.1.7.2.1-1: Transport block size table (dimension 44x110)

N
I TBS PRE
1 2 3 4 5 6 7 8 9 10
0 16 32 56 88 120 152 176 208 224 256
1 24 56 88 144 176 208 224 256 328 344
2 32 72 144 176 208 256 296 328 376 424
3 40 104 176 208 256 328 392 440 504 568
4 56 120 208 256 328 408 488 552 632 696
5 72 144 224 328 424 504 600 680 776 872
6 328 176 256 392 504 600 712 808 936 1032
7 104 224 328 472 584 712 840 968 1096 1224
8 120 256 392 536 680 808 068 1096 1256 1384
9 136 296 456 616 776 936 1096 1256 1416 1544
10 144 328 504 680 872 1032 1224 1384 1544 1736
11 176 376 584 776 1000 1192 1384 1608 1800 2024
12 208 440 680 904 1128 1352 1608 1800 2024 | 2280
13 224 488 744 1000 1256 1544 1800 | 2024 2280 2536
14 256 552 840 1128 1416 1736 1992 2280 2600 2856
15 280 600 904 1224 1544 1800 2152 2472 2728 3112
16 328 632 068 1288 1608 1928 2280 | 2600 2984 | 3240
17 336 696 1064 1416 1800 2152 2536 | 2856 3240 3624
18 376 776 1160 1544 1092 2344 | 2792 3112 3624 | 4008
19 408 840 1288 1736 2152 2600 2084 | 3496 3880 | 4264
20 440 904 1384 1864 2344 2792 3240 3752 4136 4584
21 488 1000 1480 1992 2472 2084 | 3496 | 4008 | 4584 | 4968
22 520 1064 1608 2152 2664 3240 3752 4264 4776 5352
23 552 1128 1736 | 2280 2856 3496 4008 | 4584 5160 5736
24 584 1192 1800 | 2408 2084 | 3624 | 4264 | 4968 5544 | 5992
25 616 1256 1864 | 2536 3112 3752 4392 5160 5736 6200
26 712 1480 2216 | 2984 3752 | 4392 5160 | 5992 6712 7480
26A 632 1288 1928 | 2600 3240 3880 4584 | 5160 5992 6456
I N PRB
es 11 12 13 14 15 16 17 18 19 20
288 328 344 376 392 424 456 488 504 536
376 424 456 488 520 568 600 632 680 712
472 520 568 616 648 696 744 776 840 872
616 680 744 808 872 904 068 1032 1096 1160
776 840 904 1000 1064 1128 1192 1288 1352 1416

968 1032 1128 1224 1320 1384 1480 1544 1672 1736
1128 1224 1352 1480 1544 1672 1736 1864 1992 2088
1320 1480 1608 1672 1800 1928 2088 2216 2344 2472
1544 1672 1800 1928 2088 2216 2344 2536 2664 2792
1736 1864 2024 2216 2344 2536 2664 2856 2984 3112
10 1928 2088 2280 2472 2664 2792 2984 3112 3368 3496
11 2216 2408 2600 2792 2984 3240 3496 3624 3880 4008
12 2472 2728 2984 3240 3368 3624 3880 4136 4392 4584
13 2856 3112 3368 3624 3880 4136 4392 4584 4968 5160
14 3112 3496 3752 4008 4264 4584 4968 5160 5544 5736
15 3368 3624 4008 4264 4584 4968 5160 5544 5736 6200
16 3624 3880 4264 4584 4968 5160 5544 5992 6200 6456
17 4008 4392 4776 5160 5352 5736 6200 6456 6712 7224
18 4392 4776 5160 5544 5992 6200 6712 7224 7480 7992
19 4776 5160 5544 5992 6456 6968 7224 7736 8248 8504

OO |N|oO|g~(w|N|FR|O
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20 5160 5544 5992 6456 6968 7480 7992 8248 8760 9144
21 5544 5992 6456 6968 7480 7992 8504 9144 9528 9912
22 5992 6456 6968 7480 7992 8504 9144 9528 10296 10680
23 6200 6968 7480 7992 8504 9144 9912 10296 11064 11448
24 6712 7224 7992 8504 9144 9912 10296 11064 11448 12216
25 6968 7480 8248 8760 9528 10296 10680 11448 12216 12576
26 8248 8760 9528 10296 11064 11832 12576 13536 14112 14688
26A 7224 7736 8504 9144 9912 10296 11064 11832 12576 12960

I rps N
21 22 23 24 25 26 27 28 29 30
568 600 616 648 680 712 744 776 776 808
744 776 808 872 904 936 968 1000 1032 1064
936 968 1000 1064 1096 1160 1192 1256 1288 1320

1224 1256 1320 1384 1416 1480 1544 1608 1672 1736
1480 1544 1608 1736 1800 1864 1928 1992 2088 2152
1864 1928 2024 2088 2216 2280 2344 2472 2536 2664
2216 2280 2408 2472 2600 2728 2792 2984 2984 3112
2536 2664 2792 2984 3112 3240 3368 3368 3496 3624
2984 3112 3240 3368 3496 3624 3752 3880 4008 4264
3368 3496 3624 3752 4008 4136 4264 4392 4584 4776
10 3752 3880 4008 4264 4392 4584 4776 4968 5160 5352
11 4264 4392 4584 4776 4968 5352 5544 5736 5992 5992
12 4776 4968 5352 5544 5736 5992 6200 6456 6712 6712
13 5352 5736 5992 6200 6456 6712 6968 7224 7480 7736
14 5992 6200 6456 6968 7224 7480 7736 7992 8248 8504
15 6456 6712 6968 7224 7736 7992 8248 8504 8760 9144
16 6712 7224 7480 7736 7992 8504 8760 9144 9528 9912
17 7480 7992 8248 8760 9144 9528 9912 10296 10296 10680
18 8248 8760 9144 9528 9912 10296 10680 11064 11448 11832
19 9144 9528 9912 10296 10680 11064 11448 12216 12576 12960
20 9912 10296 10680 11064 11448 12216 12576 12960 13536 14112
21 10680 11064 11448 12216 12576 12960 13536 14112 14688 15264
22 11448 11832 12576 12960 13536 14112 14688 15264 15840 16416
23 12216 12576 12960 13536 14112 14688 15264 15840 16416 16992
24 12960 13536 14112 14688 15264 15840 16416 16992 17568 18336
25 13536 14112 14688 15264 15840 16416 16992 17568 18336 19080
26 15264 16416 16992 17568 18336 19080 19848 20616 21384 22152
26A 13536 14112 15264 15840 16416 16992 17568 18336 19080 19848

YN0~ [WIN(F|O

0 840 872 904 936 968 1000 1032 1032 1064 1096
1 1128 1160 1192 1224 1256 1288 1352 1384 1416 1416
2 1384 1416 1480 1544 1544 1608 1672 1672 1736 1800
3 1800 1864 1928 1992 2024 2088 2152 2216 2280 2344
4 2216 2280 2344 2408 2472 2600 2664 2728 2792 2856
5
6
7
8
9

2728 2792 2856 2984 3112 3112 3240 3368 3496 3496
3240 3368 3496 3496 3624 3752 3880 4008 4136 4136
3752 3880 4008 4136 4264 4392 4584 4584 4776 4968
4392 4584 4584 4776 4968 4968 5160 5352 5544 5544
4968 5160 5160 5352 5544 5736 5736 5992 6200 6200
10 5544 5736 5736 5992 6200 6200 6456 6712 6712 6968
11 6200 6456 6712 6968 6968 7224 7480 7736 7736 7992
12 6968 7224 7480 7736 7992 8248 8504 8760 8760 9144
13 7992 8248 8504 8760 9144 9144 9528 9912 9912 10296
14 8760 9144 9528 9912 9912 10296 10680 11064 11064 11448
15 9528 9912 10296 10296 10680 11064 11448 11832 11832 12216
16 9912 10296 10680 11064 11448 11832 12216 12216 12576 12960
17 11064 11448 11832 12216 12576 12960 13536 13536 14112 14688
18 12216 12576 12960 13536 14112 14112 14688 15264 15264 15840
19 13536 13536 14112 14688 15264 15264 15840 16416 16992 16992
20 14688 14688 15264 15840 16416 16992 16992 17568 18336 18336
21 15840 15840 16416 16992 17568 18336 18336 19080 19848 19848
22 16992 16992 17568 18336 19080 19080 19848 20616 21384 21384
23 17568 18336 19080 19848 19848 20616 21384 22152 22152 22920
24 19080 19848 19848 20616 21384 22152 22920 22920 23688 24496
25 19848 20616 20616 21384 22152 22920 23688 24496 24496 25456
26 22920 23688 24496 25456 25456 26416 27376 28336 29296 29296
26A 20616 20616 21384 22152 22920 23688 24496 24496 25456 26416
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I TBS

41 42 43 44 45 46 47 48 49 50

1128 1160 1192 1224 1256 1256 1288 1320 1352 1384
1480 1544 1544 1608 1608 1672 1736 1736 1800 1800
1800 1864 1928 1992 2024 2088 2088 2152 2216 2216
2408 2472 2536 2536 2600 2664 2728 2792 2856 2856
2984 2984 3112 3112 3240 3240 3368 3496 3496 3624
3624 3752 3752 3880 4008 4008 4136 4264 4392 4392
4264 4392 4584 4584 4776 4776 4968 4968 5160 5160
4968 5160 5352 5352 5544 5736 5736 5992 5992 6200
5736 5992 5992 6200 6200 6456 6456 6712 6968 6968
6456 6712 6712 6968 6968 7224 7480 7480 7736 7992
10 7224 7480 7480 7736 7992 7992 8248 8504 8504 8760
11 8248 8504 8760 8760 9144 9144 9528 9528 9912 9912
12 9528 9528 9912 9912 10296 10680 10680 11064 11064 11448
13 10680 10680 11064 11448 11448 11832 12216 12216 12576 12960
14 11832 12216 12216 12576 12960 12960 13536 13536 14112 14112
15 12576 12960 12960 13536 13536 14112 14688 14688 15264 15264
16 13536 13536 14112 14112 14688 14688 15264 15840 15840 16416
17 14688 15264 15264 15840 16416 16416 16992 17568 17568 18336
18 16416 16416 16992 17568 17568 18336 18336 19080 19080 19848
19 17568 18336 18336 19080 19080 19848 20616 20616 21384 21384
20 19080 19848 19848 20616 20616 21384 22152 22152 22920 22920
21 20616 21384 21384 22152 22920 22920 23688 24496 24496 25456
22 22152 22920 22920 23688 24496 24496 25456 25456 26416 27376
23 23688 24496 24496 25456 25456 26416 27376 27376 28336 28336
24 25456 25456 26416 26416 27376 28336 28336 29296 29296 30576
25 26416 26416 27376 28336 28336 29296 29296 30576 31704 31704
26 30576 30576 31704 32856 32856 34008 35160 35160 36696 36696
26A 26416 27376 27376 29296 29296 29296 30576 30576 31704 32856

O |N|oO|g|_[WN|FR|O

| N PRB
88 51 52 53 54 55 56 57 58 59 60
0 1416 1416 1480 1480 1544 1544 1608 1608 1608 1672
1 1864 1864 1928 1992 1992 2024 2088 2088 2152 2152
2 2280 2344 2344 2408 2472 2536 2536 2600 2664 2664
3 2984 2984 3112 3112 3240 3240 3368 3368 3496 3496
4 3624 3752 3752 3880 4008 4008 4136 4136 4264 4264
5 4584 4584 4776 4776 4776 4968 4968 5160 5160 5352
6 5352 5352 5544 5736 5736 5992 5992 5992 6200 6200
7 6200 6456 6456 6712 6712 6712 6968 6968 7224 7224
8 7224 7224 7480 7480 7736 7736 7992 7992 8248 8504
9 7992 8248 8248 8504 8760 8760 9144 9144 9144 9528
10 9144 9144 9144 9528 9528 9912 9912 | 10296 | 10296 | 10680
11 10296 10680 10680 11064 11064 11448 11448 11832 11832 12216
12 11832 11832 12216 12216 12576 12576 12960 12960 13536 13536
13 12960 13536 13536 14112 14112 14688 14688 14688 15264 15264
14 14688 14688 15264 15264 15840 15840 16416 16416 16992 16992
15 15840 15840 16416 16416 16992 16992 17568 17568 18336 18336
16 16416 16992 16992 17568 17568 18336 18336 19080 19080 19848
17 18336 19080 19080 19848 19848 20616 20616 20616 21384 21384
18 19848 20616 21384 21384 22152 22152 22920 22920 23688 23688
19 22152 22152 22920 22920 23688 24496 24496 25456 25456 25456
20 23688 24496 24496 25456 25456 26416 26416 27376 27376 28336
21 25456 26416 26416 27376 27376 28336 28336 29296 29296 30576
22 27376 28336 28336 29296 29296 30576 30576 31704 31704 32856
23 29296 29296 30576 30576 31704 31704 32856 32856 34008 34008
24 31704 31704 32856 32856 34008 34008 35160 35160 36696 36696
25 32856 32856 34008 34008 35160 35160 36696 36696 37888 37888
26 37888 37888 39232 40576 40576 40576 42368 42368 43816 43816
26A 32856 34008 34008 35160 36696 36696 36696 37888 37888 39232
I N PRB
88 61 62 63 64 65 66 67 68 69 70

1672 1736 1736 1800 1800 1800 1864 1864 1928 1928
2216 2280 2280 2344 2344 2408 2472 2472 2536 2536
2728 2792 2856 2856 2856 2984 2984 3112 3112 3112
3624 3624 3624 3752 3752 3880 3880 4008 4008 4136
4392 4392 4584 4584 4584 4776 4776 4968 4968 4968
5352 5544 5544 5736 5736 5736 5992 5992 5992 6200
6456 6456 6456 6712 6712 6968 6968 6968 7224 7224

OO~ |W|IN|F|O
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7 7480 7480 7736 7736 7992 7992 8248 8248 8504 8504
8 8504 8760 8760 9144 9144 9144 9528 9528 9528 9912
9 9528 9912 9912 10296 10296 10296 10680 10680 11064 11064

10 10680 11064 11064 11448 11448 11448 11832 11832 12216 12216
11 12216 12576 12576 12960 12960 13536 13536 13536 14112 14112
12 14112 14112 14112 14688 14688 15264 15264 15264 15840 15840
13 15840 15840 16416 16416 16992 16992 16992 17568 17568 18336
14 17568 17568 18336 18336 18336 19080 19080 19848 19848 19848
15 18336 19080 19080 19848 19848 20616 20616 20616 21384 21384
16 19848 19848 20616 20616 21384 21384 22152 22152 22152 22920
17 22152 22152 22920 22920 23688 23688 24496 24496 24496 25456
18 24496 24496 24496 25456 25456 26416 26416 27376 27376 27376
19 26416 26416 27376 27376 28336 28336 29296 29296 29296 30576
20 28336 29296 29296 29296 30576 30576 31704 31704 31704 32856
21 30576 31704 31704 31704 32856 32856 34008 34008 35160 35160
22 32856 34008 34008 34008 35160 35160 36696 36696 36696 37888
23 35160 35160 36696 36696 37888 37888 37888 39232 39232 40576
24 36696 37888 37888 39232 39232 40576 40576 42368 42368 42368
25 39232 39232 40576 40576 40576 42368 42368 43816 43816 43816
26 45352 45352 46888 46888 48936 48936 48936 51024 51024 52752
26A 40576 40576 40576 40576 42368 42368 43816 43816 45352 45352

! res 71 72 73 74 75 76 77 78 79 80

1992 1992 2024 2088 2088 2088 2152 2152 2216 2216
2600 2600 2664 2728 2728 2792 2792 2856 2856 2856
3240 3240 3240 3368 3368 3368 3496 3496 3496 3624
4136 4264 4264 4392 4392 4392 4584 4584 4584 4776
5160 5160 5160 5352 5352 5544 5544 5544 5736 5736
6200 6200 6456 6456 6712 6712 6712 6968 6968 6968
7480 7480 7736 7736 7736 7992 7992 8248 8248 8248
8760 8760 8760 9144 9144 9144 9528 9528 9528 9912
9912 9912 10296 10296 10680 10680 10680 11064 11064 11064
11064 11448 11448 11832 11832 11832 12216 12216 12576 12576
10 12576 12576 12960 12960 12960 13536 13536 13536 14112 14112
11 14112 14688 14688 14688 15264 15264 15840 15840 15840 16416
12 16416 16416 16416 16992 16992 17568 17568 17568 18336 18336
13 18336 18336 19080 19080 19080 19848 19848 19848 20616 20616
14 20616 20616 20616 21384 21384 22152 22152 22152 22920 22920
15 22152 22152 22152 22920 22920 23688 23688 23688 24496 24496
16 22920 23688 23688 24496 24496 24496 25456 25456 25456 26416
17 25456 26416 26416 26416 27376 27376 27376 28336 28336 29296
18 28336 28336 29296 29296 29296 30576 30576 30576 31704 31704
19 30576 30576 31704 31704 32856 32856 32856 34008 34008 34008
20 32856 34008 34008 34008 35160 35160 35160 36696 36696 36696
21 35160 36696 36696 36696 37888 37888 39232 39232 39232 40576
22 37888 39232 39232 40576 40576 40576 42368 42368 42368 43816
23 40576 40576 42368 42368 43816 43816 43816 45352 45352 45352
24 43816 43816 45352 45352 45352 46888 46888 46888 48936 48936
25 45352 45352 46888 46888 46888 48936 48936 48936 51024 51024
26 52752 52752 55056 55056 55056 55056 57336 57336 57336 59256
26A 45352 46888 46888 48936 48936 48936 51024 51024 51024 52752

OO |N|oO|gO(~(w|N|FP|O

81 82 83 84 85 86 87 88 89 90
0 2280 2280 2280 2344 2344 2408 2408 2472 2472 2536
1 2984 2984 2984 3112 3112 3112 3240 3240 3240 3240
2 3624 3624 3752 3752 3880 3880 3880 4008 4008 4008
3 4776 4776 4776 4968 4968 4968 5160 5160 5160 5352
4 5736 5992 5992 5992 5992 6200 6200 6200 6456 6456
5
6
7
8
9

7224 7224 7224 7480 7480 7480 7736 7736 7736 7992
8504 8504 8760 8760 8760 9144 9144 9144 9144 9528
9912 9912 10296 10296 10296 10680 10680 10680 11064 11064
11448 11448 11448 11832 11832 12216 12216 12216 12576 12576
12960 12960 12960 13536 13536 13536 13536 14112 14112 14112
10 14112 14688 14688 14688 14688 15264 15264 15264 15840 15840
11 16416 16416 16992 16992 16992 17568 17568 17568 18336 18336
12 18336 19080 19080 19080 19080 19848 19848 19848 20616 20616
13 20616 21384 21384 21384 22152 22152 22152 22920 22920 22920
14 22920 23688 23688 24496 24496 24496 25456 25456 25456 25456
15 24496 25456 25456 25456 26416 26416 26416 27376 27376 27376
16 26416 26416 27376 27376 27376 28336 28336 28336 29296 29296
17 29296 29296 30576 30576 30576 30576 31704 31704 31704 32856
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18 31704 32856 32856 32856 34008 34008 34008 35160 35160 35160
19 35160 35160 35160 36696 36696 36696 37888 37888 37888 39232
20 37888 37888 39232 39232 39232 40576 40576 40576 42368 42368
21 40576 40576 42368 42368 42368 43816 43816 43816 45352 45352
22 43816 43816 45352 45352 45352 46888 46888 46888 48936 48936
23 46888 46888 46888 48936 48936 48936 51024 51024 51024 51024
24 48936 51024 51024 51024 52752 52752 52752 52752 55056 55056
25 51024 52752 52752 52752 55056 55056 55056 55056 57336 57336
26 59256 59256 61664 61664 61664 63776 63776 63776 66592 66592
26A 52752 52752 55056 55056 55056 55056 57336 57336 57336 59256

I TBS

91 92 93 94 95 96 97 98 99 100
2536 2536 2600 2600 2664 2664 2728 2728 2728 2792
3368 3368 3368 3496 3496 3496 3496 3624 3624 3624
4136 4136 4136 4264 4264 4264 4392 4392 4392 4584
5352 5352 5352 5544 5544 5544 5736 5736 5736 5736
6456 6456 6712 6712 6712 6968 6968 6968 6968 7224
7992 7992 8248 8248 8248 8504 8504 8760 8760 8760
9528 9528 9528 9912 9912 9912 10296 10296 10296 10296
11064 11448 11448 11448 11448 11832 11832 11832 12216 12216
12576 12960 12960 12960 13536 13536 13536 13536 14112 14112
14112 14688 14688 14688 15264 15264 15264 15264 15840 15840
10 15840 16416 16416 16416 16992 16992 16992 16992 17568 17568
11 18336 18336 19080 19080 19080 19080 19848 19848 19848 19848
12 20616 21384 21384 21384 21384 22152 22152 22152 22920 22920
13 23688 23688 23688 24496 24496 24496 25456 25456 25456 25456
14 26416 26416 26416 27376 27376 27376 28336 28336 28336 28336
15 28336 28336 28336 29296 29296 29296 29296 30576 30576 30576
16 29296 30576 30576 30576 30576 31704 31704 31704 31704 32856
17 32856 32856 34008 34008 34008 35160 35160 35160 35160 36696
18 36696 36696 36696 37888 37888 37888 37888 39232 39232 39232
19 39232 39232 40576 40576 40576 40576 42368 42368 42368 43816
20 42368 42368 43816 43816 43816 45352 45352 45352 46888 46888
21 45352 46888 46888 46888 46888 48936 48936 48936 48936 51024
22 48936 48936 51024 51024 51024 51024 52752 52752 52752 55056
23 52752 52752 52752 55056 55056 55056 55056 57336 57336 57336
24 55056 57336 57336 57336 57336 59256 59256 59256 61664 61664
25 57336 59256 59256 59256 61664 61664 61664 61664 63776 63776
26 66592 68808 68808 68808 71112 71112 71112 73712 73712 75376
26A 59256 59256 59256 61664 61664 61664 63776 63776 63776 66592

Ol |N|oO|O|~[WN|FR|O

! res 101 102 103 104 105 106 107 108 109 110
0 2792 2856 2856 2856 2984 2984 2984 2984 2984 3112
1 3752 3752 3752 3752 3880 3880 3880 4008 4008 4008
2 4584 4584 4584 4584 4776 4776 4776 4776 4968 4968
3 5992 5992 5992 5992 6200 6200 6200 6200 6456 6456
4 7224 7224 7480 7480 7480 7480 7736 7736 7736 7992
5 8760 9144 9144 9144 9144 9528 9528 9528 9528 9528
6
7
8
9

10680 10680 10680 10680 11064 11064 11064 11448 11448 11448
12216 12576 12576 12576 12960 12960 12960 12960 13536 13536
14112 14112 14688 14688 14688 14688 15264 15264 15264 15264
15840 16416 16416 16416 16416 16992 16992 16992 16992 17568
10 17568 18336 18336 18336 18336 18336 19080 19080 19080 19080
11 20616 20616 20616 21384 21384 21384 21384 22152 22152 22152
12 22920 23688 23688 23688 23688 24496 24496 24496 24496 25456
13 26416 26416 26416 26416 27376 27376 27376 27376 28336 28336
14 29296 29296 29296 29296 30576 30576 30576 30576 31704 31704
15 30576 31704 31704 31704 31704 32856 32856 32856 34008 34008
16 32856 32856 34008 34008 34008 34008 35160 35160 35160 35160
17 36696 36696 36696 37888 37888 37888 39232 39232 39232 39232
18 40576 40576 40576 40576 42368 42368 42368 42368 43816 43816
19 43816 43816 43816 45352 45352 45352 46888 46888 46888 46888
20 46888 46888 48936 48936 48936 48936 48936 51024 51024 51024
21 51024 51024 51024 52752 52752 52752 52752 55056 55056 55056
22 55056 55056 55056 57336 57336 57336 57336 59256 59256 59256
23 57336 59256 59256 59256 59256 61664 61664 61664 61664 63776
24 61664 61664 63776 63776 63776 63776 66592 66592 66592 66592
25 63776 63776 66592 66592 66592 66592 68808 68808 68808 71112
26 75376 75376 75376 75376 75376 75376 75376 75376 75376 75376
26A 66592 66592 66592 68808 68808 68808 71112 71112 71112 71112
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| N PRB
88 1 2 3 4 5 6 7 8 9 10
27 648 1320 1992 2664 3368 4008 4584 5352 5992 6712
28 680 1384 2088 2792 3496 4264 4968 5544 6200 6968
29 712 1480 2216 2984 3752 4392 5160 5992 6712 7480
30 776 1544 2344 3112 3880 4776 5544 6200 6968 7736
31 808 1608 2472 3240 4136 4968 5736 6456 7480 8248
32 840 1672 2536 3368 4264 5160 5992 6712 7736 8504

32A 904 1864 2792 3752 4584 5544 6456 7480 8248 9144
33 968 1992 2984 4008 4968 5992 6968 7992 8760 9912

33A 840 1736 2600 3496 4392 5160 5992 6968 7736 8760
33B 968 1992 2984 4008 4968 5992 6968 7992 8760 9912
34 1032 2088 3112 4264 5160 6200 7224 8504 9528 10296
34A 1064 2088 3112 4264 5352 6456 7480 8504 9528 10680
35 1096 2216 3240 4392 5544 6712 7736 8760 9912 11064
36 1160 2280 3496 4584 5736 6968 7992 9144 10296 11448
37A 1192 2408 3624 4776 5992 7224 8504 9528 10680 11832
37 1224 2472 3752 4968 6200 7480 8760 9912 11064 12384

[
es 11 12 13 14 15 16 17 18 19 20

27 7224 7992 8504 9144 9912 10680 11448 11832 12576 12960
28 7736 8504 9144 9912 10680 11064 11832 12576 13536 14112
29 8248 8760 9528 10296 11064 11832 12576 13536 14112 14688
30 8504 9528 10296 11064 11832 12576 13536 14112 14688 15840
31 9144 9912 10680 11448 12216 12960 14112 14688 15840 16416
32 9528 10296 11064 11832 12960 13536 14688 15264 16416 16992
32A 10296 11064 12216 12960 14112 14688 15840 16416 17568 18336
33 10680 11832 12960 13536 14688 15840 16992 17568 19080 19848
33A 9528 10296 11448 12216 12960 14112 14688 15840 16416 17568
33B 10680 11832 12960 13536 14688 15840 16992 17568 19080 19848
34 11448 12576 13536 14688 15840 16992 17568 19080 19848 20616
34A 11448 12576 13536 14688 15840 16992 17568 19080 19848 21384
35 12216 12960 14112 15264 16416 17568 18336 19848 20616 22152
36 12576 13536 14688 15840 16992 18336 19848 20616 22152 22920
37A 12960 14112 15840 16992 18336 19080 20616 21384 22920 23688
37 13536 14688 15840 17568 18336 19848 21384 22152 23688 24496

|
88 21 22 23 24 25 26 27 28 29 30

27 14112 14688 15264 15840 16416 16992 17568 18336 19080 19848
28 14688 15264 16416 16992 17568 18336 19080 19848 20616 21384
29 15840 16416 16992 17568 18336 19080 19848 20616 21384 22152
30 16416 16992 18336 19080 19848 20616 21384 22152 22920 23688
31 17568 18336 19080 19848 20616 21384 22152 22920 23688 24496
32 17568 19080 19848 20616 21384 22152 22920 23688 24496 25456
32A 19848 20616 21384 22152 22920 24496 25456 26416 27376 27376
33 20616 21384 22920 23688 24496 25456 26416 27376 28336 29296
33A 18336 19080 19848 20616 22152 22920 23688 24496 25456 26416
33B 20616 21384 22920 23688 24496 25456 26416 27376 28336 29296
34 22152 22920 24496 25456 26416 27376 28336 29296 30576 31704
34A 22152 22920 24496 25456 26416 27376 28336 29296 30576 31704
35 22920 24496 25456 26416 27376 28336 29296 30576 31704 32856
36 24496 25456 26416 27376 28336 29296 30576 31704 32856 34008
37A 25456 26416 27376 28336 30576 31704 32856 34008 35160 36696
37 26416 27376 28336 29296 30576 31704 32856 35160 35160 36696

|
88 31 32 33 34 35 36 37 38 39 40

27 20616 21384 22152 22920 22920 23688 24496 25456 25456 26416
28 22152 22152 22920 23688 24496 25456 26416 26416 27376 28336
29 22920 23688 24496 25456 26416 26416 27376 28336 29296 29296
30 24496 25456 25456 26416 27376 28336 29296 29296 30576 31704
31 25456 26416 27376 28336 29296 29296 30576 31704 31704 | 32856
32 26416 27376 28336 29296 29296 30576 31704 32856 32856 34008
32A 28336 29296 30576 31704 32856 32856 34008 35160 36696 36696
33 30576 31704 32856 34008 35160 35160 36696 37888 39232 39232
33A 27376 27376 29296 29296 30576 30576 31704 32856 34008 35160
33B 30576 31704 32856 34008 35160 35160 36696 37888 39232 39232
34 32856 34008 35160 35160 36696 37888 39232 39232 40576 42368
34A 32856 34008 35160 35160 36696 37888 39232 40576 40576 42368
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35 34008 35160 36696 37888 37888 39232 40576 42368 42368 43816
36 35160 36696 37888 39232 40576 40576 42368 | 43816 45352 45352
37A 36696 37888 39232 40576 42368 43816 43816 45352 46888 48936
37 37888 39232 40576 | 42368 43816 43816 45352 46888 48936 48936

| TBS

41 42 43 44 45 46 47 48 49 50

27 27376 27376 28336 29296 29296 30576 31704 31704 32856 32856
28 29296 29296 30576 30576 31704 | 32856 32856 34008 34008 35160
29 30576 31704 31704 32856 34008 34008 35160 35160 36696 36696
30 31704 | 32856 34008 34008 35160 36696 36696 37888 37888 39232
31 34008 35160 35160 36696 36696 37888 39232 39232 40576 40576
32 35160 35160 36696 37888 37888 39232 40576 40576 42368 42368
32A 37888 39232 40576 | 40576 42368 42368 43816 43816 45352 46888
33 40576 40576 42368 | 43816 43816 45352 46888 | 46888 48936 48936
33A 35160 36696 36696 37888 39232 40576 40576 40576 42368 43816
33B 40576 40576 42368 | 43816 43816 45352 46888 | 46888 48936 48936
34 42368 43816 45352 46888 46888 48936 48936 51024 51024 52752
34A 43816 43816 45352 46888 46888 48936 48936 51024 51024 52752
35 45352 46888 46888 | 48936 48936 51024 51024 52752 52752 55056
36 46888 48936 48936 51024 51024 | 52752 55056 55056 57336 57336
37A 48936 51024 51024 52752 55056 55056 57336 57336 59256 59256
37 51024 | 52752 52752 55056 55056 57336 57336 59256 61664 61664

I TBS

51 52 53 54 55 56 57 58 59 60

27 34008 34008 35160 35160 36696 36696 37888 37888 39232 39232
28 35160 36696 36696 37888 39232 39232 40576 40576 42368 42368
29 37888 39232 39232 40576 40576 42368 42368 | 43816 43816 45352
30 40576 40576 42368 | 42368 43816 43816 45352 45352 46888 46888
31 42368 42368 43816 | 45352 45352 46888 46888 | 46888 48936 48936
32 43816 43816 45352 46888 46888 46888 48936 48936 51024 51024
32A 46888 48936 48936 51024 51024 | 52752 52752 52752 55056 55056
33 51024 | 51024 52752 52752 55056 55056 57336 57336 59256 59256
33A 43816 45352 45352 46888 48936 48936 48936 51024 51024 52752
33B 51024 | 51024 52752 52752 55056 55056 57336 57336 59256 59256
34 52752 55056 55056 57336 57336 59256 59256 61664 61664 63776
34A 52752 55056 55056 57336 57336 59256 59256 61664 61664 63776
35 55056 57336 57336 59256 59256 61664 61664 63776 63776 66592
36 59256 59256 61664 61664 63776 63776 66592 66592 68808 68808
37A 61664 61664 63776 63776 66592 66592 68808 68808 71112 71112
37 63776 63776 66592 66592 68808 68808 71112 71112 73712 75376

I TBS

61 62 63 64 65 66 67 68 69 70

27 40576 40576 42368 42368 43816 43816 43816 45352 45352 46888
28 42368 43816 43816 45352 45352 46888 46888 46888 48936 48936
29 45352 45352 46888 46888 48936 48936 48936 51024 51024 52752
30 46888 48936 48936 51024 51024 51024 52752 52752 55056 55056
31 51024 51024 52752 52752 52752 55056 55056 55056 57336 57336
32 52752 52752 52752 55056 55056 57336 57336 57336 59256 59256
32A 57336 57336 59256 59256 59256 61664 61664 63776 63776 63776
33 59256 61664 61664 63776 63776 63776 66592 66592 68808 68808
33A 52752 55056 55056 55056 57336 57336 57336 59256 59256 61664
33B 59256 61664 61664 63776 63776 63776 66592 66592 68808 68808
34 63776 63776 66592 66592 68808 68808 71112 71112 71112 73712
34A 63776 66592 66592 66592 68808 68808 71112 71112 73712 73712
35 66592 68808 68808 71112 71112 73712 73712 75376 76208 76208
36 71112 71112 73712 73712 75376 76208 76208 78704 78704 81176
37A 73712 73712 75376 76208 78704 78704 81176 81176 81176 84760
37 76208 76208 78704 78704 81176 81176 81176 84760 84760 87936

| TBS

71 72 73 74 75 76 77 78 79 80

27 46888 46888 48936 48936 48936 51024 51024 51024 52752 52752
28 48936 51024 51024 52752 52752 52752 55056 55056 55056 57336
29 52752 52752 55056 55056 55056 57336 57336 57336 59256 59256
30 55056 57336 57336 57336 59256 59256 59256 61664 61664 63776
31 59256 59256 59256 61664 61664 63776 63776 63776 66592 66592
32 61664 61664 61664 63776 63776 63776 66592 66592 66592 68808
32A 66592 66592 68808 68808 68808 71112 71112 73712 73712 73712
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33 71112 71112 71112 73712 75376 76208 76208 76208 78704 78704
33A 61664 61664 63776 63776 66592 66592 66592 68808 68808 68808
33B 71112 71112 71112 73712 75376 76208 76208 76208 78704 78704
34 75376 76208 76208 78704 78704 78704 81176 81176 81176 84760
34A 75376 76208 76208 78704 78704 81176 81176 81176 84760 84760
35 78704 78704 81176 81176 81176 84760 84760 84760 87936 87936
36 81176 81176 84760 84760 84760 87936 87936 90816 90816 90816
37A 84760 84760 87936 87936 90816 90816 90816 93800 93800 97896
37 87936 87936 90816 90816 93800 93800 93800 97896 97896 97896

| N PRB
Tes 81 82 83 84 85 86 87 88 89 90

27 52752 55056 55056 55056 57336 57336 57336 59256 59256 59256
28 57336 57336 59256 59256 59256 61664 61664 61664 61664 63776
29 59256 61664 61664 61664 63776 63776 63776 66592 66592 66592
30 63776 63776 63776 66592 66592 66592 68808 68808 68808 71112
31 66592 68808 68808 68808 71112 71112 71112 73712 73712 73712
32 68808 71112 71112 71112 73712 73712 73712 75376 76208 76208
32A 75376 76208 76208 78704 78704 78704 81176 81176 81176 84760
33 81176 81176 81176 81176 84760 84760 84760 87936 87936 87936
33A 71112 71112 71112 73712 75376 75376 76208 76208 78704 78704
33B 81176 81176 81176 81176 84760 84760 84760 87936 87936 87936
34 84760 84760 87936 87936 87936 90816 90816 93800 93800 93800
34A 84760 87936 87936 87936 90816 90816 90816 93800 93800 93800
35 87936 90816 90816 93800 93800 93800 93800 97896 97896 97896
36 93800 93800 93800 97896 97896 97896 | 101840 | 101840 | 101840 | 101840
37A 97896 97896 97896 | 101840 | 101840 | 101840 | 105528 | 105528 | 105528 | 107832
37 101840 | 101840 | 101840 | 105528 | 105528 | 107832 | 107832 | 110136 | 110136 | 112608

N PRB
91 92 93 94 95 96 97 98 99 100

27 59256 61664 61664 61664 63776 63776 63776 63776 66592 66592
28 63776 63776 66592 66592 66592 66592 68808 68808 68808 71112
29 66592 68808 68808 68808 71112 71112 71112 73712 73712 73712
30 71112 71112 73712 73712 75376 75376 76208 76208 78704 78704
31 75376 76208 76208 78704 78704 78704 81176 81176 81176 81176
32 78704 78704 78704 81176 81176 81176 84760 84760 84760 84760
32A 84760 84760 87936 87936 87936 87936 90816 90816 90816 93800
33 90816 90816 90816 93800 93800 93800 93800 97896 97896 97896
33A 78704 81176 81176 81176 81176 84760 84760 84760 84760 87936
33B 90816 90816 90816 93800 93800 93800 93800 97896 97896 | 100752
34 93800 97896 97896 97896 97896 | 101840 | 101840 | 101840 | 105528 | 105528
34A 93800 97896 97896 97896 | 101840 | 101840 | 101840 | 101840 | 105528 | 105528
35 97896 | 101840 | 101840 | 101840 | 105528 | 105528 | 105528 | 107832 | 110136 | 110136
36 105528 | 105528 | 107832 | 107832 | 110136 | 110136 | 112608 | 112608 | 115040 | 115040
37A | 110136 | 110136 | 112608 | 112608 | 115040 | 115040 | 117256 | 117256 | 119816 | 119816
37 112608 | 115040 | 115040 | 115040 | 117256 | 119816 | 119816 | 119816 | 124464 | 125808

I TBS

N PRB
! res 101 102 103 104 105 106 107 108 109 110

27 66592 66592 68808 68808 68808 71112 71112 71112 71112 73712
28 71112 71112 73712 73712 73712 75376 75376 76208 76208 76208
29 75376 76208 76208 76208 78704 78704 78704 81176 81176 81176
30 78704 81176 81176 81176 81176 84760 84760 84760 84760 87936
31 84760 84760 84760 84760 87936 87936 87936 87936 90816 90816
32 87936 87936 87936 87936 90816 90816 90816 93800 93800 93800
32A 93800 93800 93800 97896 97896 97896 97896 101840 | 101840 | 101840
33 97896 97896 97896 97896 97896 97896 97896 97896 97896 97896
33A 87936 87936 87936 90816 90816 90816 93800 93800 93800 97896
33B 100752 | 100752 | 100752 | 100752 | 100752 | 100752 | 100752 | 100752 | 100752 | 100752
34 105528 | 105528 | 105528 | 105528 | 105528 | 105528 | 105528 | 105528 | 105528 | 105528
34A 105528 | 107832 | 107832 | 110136 | 110136 | 112608 | 112608 | 115040 | 115040 | 115040
35 110136 | 110136 | 112608 | 115040 | 115040 | 115040 | 117256 | 119816 | 119816 | 119816
36 117256 | 117256 | 117256 | 119816 | 119816 | 119816 | 124464 | 124464 | 125808 | 125808
37A 119816 | 124464 | 124464 | 124464 | 125808 | 125808 | 128496 | 128496 | 130392 | 130392
37 125808 | 125808 | 128496 | 128496 | 128496 | 133208 | 133208 | 133208 | 133208 | 137792
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7.1.7.2.2

Fori< N

PRB

Forse < N

PRBS
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Transport blocks mapped to two-layer spatial multiplexing

110 , abaseline TBS_L1 istaken fromthe (|
trandated into TBS_L 2 using the mapping rule shown in Table 7.1.7.2.2-1. The TBSisgiven by TBS_L2.

BS N PRB

<55, the TBSisgivenby the (1,5 ,2- N, ) entry of Table 7.1.7.2.1-1.

Table 7.1.7.2.2-1: One-layer to two-layer TBS translation table

) entry of Table7.1.7.2.1-1, which is then

TBS_L1 TBS_L2 TBS L1 TBS_L2 TBS L1 TBS_L2 TBS L1 TBS_L2
1544 3112 3752 7480 10296 20616 28336 57336
1608 3240 3880 7736 10680 21384 29296 59256
1672 3368 4008 7992 11064 22152 30576 61664
1736 3496 4136 8248 11448 22920 31704 63776
1800 3624 4264 8504 11832 23688 32856 66592
1864 3752 4392 8760 12216 24496 34008 68808
1928 3880 4584 9144 12576 25456 35160 71112
1992 4008 4776 9528 12960 25456 36696 73712
2024 4008 4968 9912 13536 27376 37888 76208
2088 4136 5160 10296 14112 28336 39232 78704
2152 4264 5352 10680 14688 29296 40576 81176
2216 4392 5544 11064 15264 30576 42368 84760
2280 4584 5736 11448 15840 31704 43816 87936
2344 4776 5992 11832 16416 32856 45352 90816
2408 4776 6200 12576 16992 34008 46888 93800
2472 4968 6456 12960 17568 35160 48936 97896
2536 5160 6712 13536 18336 36696 51024 101840
2600 5160 6968 14112 19080 37888 52752 105528
2664 5352 7224 14688 19848 39232 55056 110136
2728 5544 7480 14688 20616 40576 57336 115040
2792 5544 7736 15264 21384 42368 59256 119816
2856 5736 7992 15840 22152 43816 61664 124464
2984 5992 8248 16416 22920 45352 63776 128496
3112 6200 8504 16992 23688 46888 66592 133208
3240 6456 8760 17568 24496 48936 68808 137792
3368 6712 9144 18336 25456 51024 71112 142248
3496 6968 9528 19080 26416 52752 73712 146856
3624 7224 9912 19848 27376 55056 75376 149776
76208 152976 81176 161760 87936 175600 93800 187712
78704 157432 84760 169544 90816 181656 97896 195816
100752 201936 101840 203704 105528 211936
107832 214176 110136 220296 112608 226416 115040 230104
117256 236160 119816 239656 124464 248272 125808 251640

7.1.7.2.3 Transport blocks mapped for DCI Format 1C and DCI Format 6-2

The TBSisgiven by the|

TBS

TBS —

entry of Table7.1.7.2.3-1. For DCI Format 6-2, o< |.._<7.

Table 7.1.7.2.3-1: Transport Block Size (TBS) table for DCI format 1C and DCI Format 6-2

lms | O | 2|2 |3 | 4|56 7 8 9 10 | 11 | 12 | 13 | 14 | 15
TBS | 40 | 56 | 72 [120 | 136 | 144 | 176 | 208 | 224 | 256 | 280 | 296 | 328 | 336 | 392 | 488
les | 16 | 17 | 18 |19 |20 |21 |22 | 23 | 24 | 25 | 26 | 27 | 28 | 29 | 30 | 31
TBS | 552 | 600 | 632 | 696 | 776 | 840 | 904 | 1000 | 1064 | 1128 | 1224 | 1288 | 1384 | 1480 | 1608 | 1736
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7.1.7.2.4

For 1< Nprg <36, the TBSisgiven by the (|

For 37< Npgg<11C, abasdine TBS L1 istaken fromthe (|
trandated into TBS_L 3 using the mapping rule shown in Table 7.1.7.2.4-1. The TBSisgiven by TBS_L3.
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Transport blocks mapped to three-layer spatial multiplexing

8BS !

TBS ! N PRB

3-Npgpg) entry of Table 7.1.7.2.1-1.

Table 7.1.7.2.4-1: One-layer to three-layer TBS translation table

) entry of Table 7.1.7.2.1-1, which isthen

TBS_L1 TBS_L3 TBS_ L1 TBS_L3 TBS_ L1 TBS_L3 TBS_ L1 TBS_L3
1032 3112 2664 7992 8248 24496 26416 78704
1064 3240 2728 8248 8504 25456 27376 81176
1096 3240 2792 8248 8760 26416 28336 84760
1128 3368 2856 8504 9144 27376 29296 87936
1160 3496 2984 8760 9528 28336 30576 90816
1192 3624 3112 9144 9912 29296 31704 93800
1224 3624 3240 9528 10296 30576 32856 97896
1256 3752 3368 9912 10680 31704 34008 101840
1288 3880 3496 10296 11064 32856 35160 105528
1320 4008 3624 10680 11448 34008 36696 110136
1352 4008 3752 11064 11832 35160 37888 115040
1384 4136 3880 11448 12216 36696 39232 119816
1416 4264 4008 11832 12576 37888 40576 119816
1480 4392 4136 12576 12960 39232 42368 128496
1544 4584 4264 12960 13536 40576 43816 133208
1608 4776 4392 12960 14112 42368 45352 137792
1672 4968 4584 13536 14688 43816 46888 142248
1736 5160 4776 14112 15264 45352 48936 146856
1800 5352 4968 14688 15840 46888 51024 152976
1864 5544 5160 15264 16416 48936 52752 157432
1928 5736 5352 15840 16992 51024 55056 165216
1992 5992 5544 16416 17568 52752 57336 171888
2024 5992 5736 16992 18336 55056 59256 177816
2088 6200 5992 18336 19080 57336 61664 185728
2152 6456 6200 18336 19848 59256 63776 191720
2216 6712 6456 19080 20616 61664 66592 199824
2280 6712 6712 19848 21384 63776 68808 205880
2344 6968 6968 20616 22152 66592 71112 214176
2408 7224 7224 21384 22920 68808 73712 221680
2472 7480 7480 22152 23688 71112 75376 226416
2536 7480 7736 22920 24496 73712
2600 7736 7992 23688 25456 76208
76208 230104 81176 245648 87936 266440 93800 284608
78704 236160 84760 254328 90816 275376 97896 293736

105528 314888 107832 324336 110136 324336 112608 336576

115040 339112 117256 351224 119816 363336 124464 373296

125808 375448

7.1.7.2.5 Transport blocks mapped to four-layer spatial multiplexing

For 1<Nppg<27,the TBSisgivenbythe (i, ,4 Nprp) entry of Table7.1.7.2.1-1.

8BS !
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For 28<Nprg<110, abasdine TBS L1istaken fromthe (I .. , N, ) entry of Table 7.1.7.2.1-1, which is then

trandated into TBS_L4 using the mapping rule shown in Table 7.1.7.2.5-1. The TBSisgiven by TBS L4.

Table 7.1.7.2.5-1: One-layer to four-layer TBS translation table

TBS_L1 TBS_L4 TBS L1 TBS_L4 TBS L1 TBS_L4 TBS L1 TBS_L4
776 3112 2280 9144 7224 29296 24496 97896
808 3240 2344 9528 7480 29296 25456 101840
840 3368 2408 9528 7736 30576 26416 105528
872 3496 2472 9912 7992 31704 27376 110136
904 3624 2536 10296 8248 32856 28336 115040
936 3752 2600 10296 8504 34008 29296 115040
968 3880 2664 10680 8760 35160 30576 124464
1000 4008 2728 11064 9144 36696 31704 128496
1032 4136 2792 11064 9528 37888 32856 133208
1064 4264 2856 11448 9912 39232 34008 137792
1096 4392 2984 11832 10296 40576 35160 142248
1128 4584 3112 12576 10680 42368 36696 146856
1160 4584 3240 12960 11064 43816 37888 151376
1192 4776 3368 13536 11448 45352 39232 157432
1224 4968 3496 14112 11832 46888 40576 161760
1256 4968 3624 14688 12216 48936 42368 169544
1288 5160 3752 15264 12576 51024 43816 175600
1320 5352 3880 15264 12960 51024 45352 181656
1352 5352 4008 15840 13536 55056 46888 187712
1384 5544 4136 16416 14112 57336 48936 195816
1416 5736 4264 16992 14688 59256 51024 203704
1480 5992 4392 17568 15264 61664 52752 211936
1544 6200 4584 18336 15840 63776 55056 220296
1608 6456 4776 19080 16416 66592 57336 230104
1672 6712 4968 19848 16992 68808 59256 236160
1736 6968 5160 20616 17568 71112 61664 245648
1800 7224 5352 21384 18336 73712 63776 254328
1864 7480 5544 22152 19080 76208 66592 266440
1928 7736 5736 22920 19848 78704 68808 275376
1992 7992 5992 23688 20616 81176 71112 284608
2024 7992 6200 24496 21384 84760 73712 293736
2088 8248 6456 25456 22152 87936 75376 299856
2152 8504 6712 26416 22920 90816
2216 8760 6968 28336 23688 93800
76208 305976 81176 324336 87936 351224 93800 375448
78704 314888 84760 339112 90816 363336 97896 391656

105528 422232 107832 422232 110136 440616 112608 452832

115040 460232 117256 471192 119816 478400 124464 501792

125808 502624

7.1.7.2.6 Transport blocks mapped for BL/CE UEs configured with CEModeB and PDSCH

bandwidth up to 1.4MHz

BL/CE UEs configured with CEModeB and not configured with higher layer parameter ce-pdsch-maxBandwidth-config
with value >5MHz and not configured with higher layer parameter mpdcch-PD SCH-MaxBandwidth-SC-MTCH with
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value 24 PRBs shall set | and determine its TBS by the procedure in Subclause 7.1.7.2.1for o< |.._<9,

_ 1
m8s = l78s TS ©

and Npg =40r Nppg =6.

7.1.7.2.7 Transport blocks mapped for BL/CE UEs SystemInformationBlockTypel-BR

The TBSisgivenby the|__ entry of Table7.1.7.2.7-1.

TBS

Table 7.1.7.2.7-1: Transport block size (TBS) table for PDSCH carrying
SystemInformationBlockTypel-BR

ltes | O 1 2 3 4 5 6 7 8 9 | 10 | 11 | 12 | 13 | 14 | 15
TBS| N/A | 208 | 208 | 208 | 256 | 256 | 256 | 328 | 328 | 328 | 504 | 504 | 504 | 712 | 712 | 712
les | 16 | 17 | 18 19 20 | 21 | 22 | 23 | 24 | 25 | 26 | 27 | 28 | 29 | 30 | 31
TBS| 936 | 936 | 936 Reserved

7.1.7.2.8 Transport blocks mapped for UEs configured with ce-pdsch-maxBandwidth-
config value of 5 MHz or with pdsch-MaxBandwidth-SC-MTCH value of 24 PRBs

For 1S Nopg<14 and 0= 1;5<14the TBSisgiven by the (| ) entry of Table 7.1.7.2.1-1.

BS N PRB

For 15< Negp<24, and 0< |;55<14the TBSis given by the (| ) entry of Teble7.1.7.2.8-1.

8BS ! N PRB

Table 7.1.7.2.8-1: Transport block size (TBS) table for UEs configured with ce-pdsch-maxBandwidth-
config value of 5 MHz or with pdsch-MaxBandwidth-SC-MTCH value of 24 PRBs

N prg
15 16 17 18 19 20 21 22 23 24
392 424 456 488 504 536 568 600 616 648
520 568 600 632 680 712 744 776 808 872
648 696 744 776 840 872 936 968 | 1000 | 1064
872 904 968 | 1032 | 1096 | 1160 | 1224 | 1256 | 1320 | 1384
1064 | 1128 | 1192 | 1288 | 1352 | 1416 | 1480 | 1544 | 1608 | 1736
1320 | 1384 | 1480 | 1544 | 1672 | 1736 | 1864 | 1928 | 2024 | 2088
1544 | 1672 | 1736 | 1864 | 1992 | 2088 | 2216 | 2280 | 2408 | 2472
1800 | 1928 | 2088 | 2216 | 2344 | 2472 | 2536 | 2664 | 2792 | 2984
2088 | 2216 | 2344 | 2536 | 2664 | 2792 | 2984 | 3112 | 3240 | 3368
2344 | 2536 | 2664 | 2856 | 2984 | 3112 | 3368 | 3496 | 3624 | 3752
10 2664 | 2792 | 2984 | 3112 | 3368 | 3496 | 3752 | 3880 | 4008 | 4008
11 2984 | 3240 | 3496 | 3624 | 3880 | 4008 | 4008 | 4008
12 3368 | 3624 | 3880 | 4008 | 4008
13 3880 | 4008 | 4008
14 4008

I TBS

OO |N|O(OA~(WIN|F|O

7.1.7.3 Redundancy Version determination for Format 1C
If the DCI Format 1C CRC is scrambled by P-RNTI or RA-RNTI, then

- the UE shall set the Redundancy Versionto 0
Elseif the DCI Format 1C CRC is scrambled by SI-RNTI, then

- the UE shall set the Redundancy Version as defined in [8].
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7.1.8  Storing soft channel bits

For FDD, TDD and FDD-TDD, if the UE is configured with more than one serving cell or if the UE is configured with

a SCG, then for each serving cell, for at least . - min(M oL are + M it ) transport blocks, upon decoding failure of a

code block of atransport block, the UE shall store received soft channel bits corresponding to arange of at least W,

\I\((+1,. . WnOd((+nSB—l N,p) * where:

N N o
Ng =Min b - '
® o8 Niﬁs : KMIMO : mm(M DL_HARQ ! M limit )

W, C . Ny Ko @ My, are defined in Subclause 5.1.4.1.2 of [4].

MbL_Harg IS the maximum number of DL HARQ processes.
If the UE is configured with a SCG

- N2 isthe number of configured serving cells across both MCG and SCG.

else

- N2 isthe number of configured serving cells.

NZ, isthe maximum "Total number of soft channel bits" [12] among all the indicated UE categories[11] of this UE.

In determining k, the UE should give priority to storing soft channel bits corresponding to lower values of k. W, shall

correspond to areceived soft channel bit. Therange W, W 4,..., V\{nod((+r,58_l N,,) May include subsets not containing
received soft channel bits.

7.1.9 PDSCH resource mapping parameters

A UE configured in transmission mode 10 for a given serving cell can be configured with up to 8 parameter sets by
higher layer signaling to decode PDSCH according to a detected PDCCH/EPDCCH with DCI format 2D intended for
the UE and the given serving cell. The UE shall use the parameter set according to the value of the 'PDSCH RE
Mapping and Quasi-Co-Location indicator' field (mapping defined in Table 7.1.9-1 for Type B and defined in Table
7.9.1-1A for Type C quasi co-location) in the detected PDCCH/EPDCCH with DCI format 2D for determining the RE
mapping (defined in Subclause 6.4 of [3]), and for determining antenna port quasi co-location (defined in Subclause
7.1.10) for PDSCH if the UE is configured with Type B quasi co-location type (defined in Subclause 7.1.10) or for each
PDSCH codeword if the UE is configured with Type C quasi co-location (defined in Subclause 7.1.10). If the UE is
configured with Type C quasi co-location and not configured with parameter set for codeword 1, the UE shall assume
the parameter set for codeword 1 is the same as the parameter set for codeword 0.

For PDSCH without a corresponding PDCCH/EPDCCH, the UE shall use the parameter set indicated in the
PDCCH/EPDCCH with DCI format 2D corresponding to the associated SPS activation for determining the RE mapping
(defined in Subclause 6.4 of [3]) and antenna port quasi co-location (defined in Subclause 7.1.10) for PDSCH if the UE
is configured with Type B quasi co-location and for each PDSCH codeword if the UE is configured with Type C quasi
co-location.

Table 7.1.9-1: PDSCH RE Mapping and Quasi-Co-Location Indicator field in DCI format 2D for Type B
guasi co-location

\Value of 'PDSCH RE Mapping and Quasi-Co-Location Indicator' field Description
‘00’ Parameter set 1 configured by higher layers
'01' Parameter set 2 configured by higher layers|
'10' Parameter set 3 configured by higher layers
'11' Parameter set 4 configured by higher layers|
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Table 7.1.9-1A: PDSCH RE Mapping and Quasi-Co-Location Indicator field in DCI format 2D for Type
C quasi co-location

Value of 'PDSCH RE Mapping and Quasi- L
Co-Location Indicr:);torq field 0 e

00" Parameter set 1 configured by higher layers for codeword 0 and
Parameter set 2 configured by higher layers for codeword 1 (if any)

01" Parameter set 3 configured by higher layers for codeword 0 and
Parameter set 4 configured by higher layers for codeword 1 (if any)

10" Parameter set 5 configured by higher layers for codeword 0 and
Parameter set 6 configured by higher layers for codeword 1 (if any)

11 Parameter set 7 configured by higher layers for codeword 0 and
Parameter set 8 configured by higher layers for codeword 1 (if any)

The following parameters for determining PDSCH RE mapping and PDSCH antenna port quasi co-location are
configured via higher layer signaling for each parameter set for Type B quasi co-location and parameter set 1,3,5,7 for
Type C quasi co-location:

- crs-PortsCount-r11.

- crsFregShift-ril.

- mbsfn-SubframeConfigList-r11.
- csi-RSConfigZPld-r11.

- pdsch-Sart-r11.

- qcl-C3-RS-ConfigNZPId-r11.

The following parameters for determining PDSCH RE mapping and PDSCH antenna port quasi co-location are
configured via higher layer signaling for parameter set 2,4,6,8 for Type C quasi co-location

- crs-PortsCount-v15xy.

- crs-FregShift-vi5xy.

- mbsfn-SubframeConfigList-v15xy.
- csi-RS-ConfigZPId-v15xy.

- pdsch-Sart-v15xy.

- qcl-CS-RS-ConfigNZP1d-v15xy.

To decode PDSCH according to a detected PDCCH/EPDCCH with DCI format 1A with CRC scrambled with C-RNTI
intended for the UE and the given serving cell and for PDSCH transmission on antenna port 7, a UE configured in
transmission mode 10 for a given serving cell shall use the parameter set 1 in table 7.1.9-1 or table 7.1.9-1A for
determining the PDSCH RE mapping (defined in Subclause 6.4 of [3]), and for determining PDSCH antenna port quasi
co-location (defined in Subclause 7.1.10) if the UE is configured with Type B or Type C quasi co-location type (defined
in Subclause 7.1.10).

To decode PDSCH corresponding to detected PDCCH/EPDCCH with DCI format 1A with CRC scrambled with SPS
C-RNTI and PDSCH without a corresponding PDCCH/EPDCCH associated with SPS activation indicated in
PDCCH/EPDCCH with DCI format 1A, a UE configured in transmission mode 10 for a given serving cell shall use the
parameter set 1 in table 7.1.9-1 or table 7.1.9-1A for determining the PDSCH RE mapping (defined in Subclause 6.4 of
[3]), and for determining PDSCH antenna port quasi co-location (defined in Subclause 7.1.10) if the UE is configured
with Type B or Type C quasi co-location type (defined in Subclause 7.1.10).

If the UE is configured in transmission mode 10 and configured with Type B or Type C quasi co-location and
configured with higher layer parameter csi-RS-NZP-mode set to 'multiShot' for a CSI process, the UE is not expected to
receive a'PDSCH RE Mapping and Quasi-Co-L ocation indicator' selecting a parameter set with CSI-RS resource
configuration for the CSI process identified by the higher layer parameter qcl-CS-RS-ConfigNZPId-r11 corresponding
to adeactivated CSI-RS resource (defined in Subclause 7.2.8) or an activated CSI-RS resource (defined in Subclause
7.2.8) with no CSI-RS transmission since the activation of the CSI-RS resource.
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If the UE is configured in transmission mode 10 and configured with Type B or Type C quasi co-location and
configured with higher layer parameter csi-RS-ConfigNZP-ApList and configured with higher layer parameter csi-RS
NZP-mode set to ‘aperiodic’ for a CSl process, the UE is not expected to receive a'PDSCH RE Mapping and Quasi-Co-
Location indicator' selecting a parameter set with CSI-RS resource configuration for the CSI process identified by the
higher layer parameter qcl-CS-RS-ConfigNZPId-r11.

To decode PDSCH according to a detected PDCCH/EPDCCH with DCI format 1A intended for the UE on a given
serving cell and for PDSCH transmission on antenna port 0 — 3, a UE configured in transmission mode 10 for the given
serving cell shall determine the PDSCH RE mapping (as described in Subclause 6.4 of [3]) using the lowest indexed
zero-power CSI-RS resource.

To decode PDSCH according to a detected SPDCCH with DCI format 7-1 A, 7-1B, 7-1C, 7-1D, 7-1E, 7-1F, 7-1G with
CRC scrambled with C-RNTI or retransmission of PDSCH according to a detected SPDCCH with DCI format 7-1 A, 7-
1B, 7-1C, 7-1D, 7-1E, 7-1F, 7-1G with CRC scrambled with SPS C-RNTI intended for the UE and the given serving
cell, aUE shall use the value of the higher layer parameter rateMatchingMode (for each SPDCCH-PRB set), and the
'Used/Unused SPDCCH resource indication’ field (if present) in the SPDCCH for determining the PDSCH RE mapping
(defined in Subclause 6.4 of [3]).

A UE configured with higher layer parameter csi-RS-ConfigZP-ApList for a given serving cell is configured with 4
aperiodic zero-power CSI-RS resources by higher layer signaling to decode PDSCH according to a detected
PDCCH/EPDCCH with DCI format 1/1B/1D//2/2A/2B/2C/2D intended for the UE and the given serving cell. The UE
shall use the aperiodic zero-power CSI-RS resource according to the value of the ' Aperiodic zero-power CSI-RS
resource indicator for PDSCH RE Mapping' field (mapping defined in Table 7.1.9-2) in the detected PDCCH/EPDCCH
with DCI format 1/1B/1D/2/2A/2B/2C/2D for determining the PDSCH RE mapping (defined in Subclause 6.4 of [3]).

Table 7.1.9-2: Aperiodic zero-power CSI-RS resource indicator for PDSCH RE Mapping field in DCI
format 1/1B/1D/2/2A/2B/2C/2D

\Value of Aperiodic zero-power CSI-RS resource A
indica?or for PDSCHpRE Mapping ' field Description
'00’ IAperiodic zero-power CSI-RS resources 1 configured by higher layers|
'01' IAperiodic zero-power CSI-RS resources 2 configured by higher layers|
'10' lAperiodic zero-power CSI-RS resources 3 configured by higher layers
'11' lAperiodic zero-power CSI-RS resources 4 configured by higher layers

7.1.10 Antenna ports quasi co-location for PDSCH

A UE configured in transmission mode 8-10 for a serving cell may assume the antenna ports 7 — 14 of the serving cell
are quasi co-located (as defined in [3]) for a given subframe with respect to delay spread, Doppler spread, Doppler shift,
average gain, and average delay.

A UE configured in transmission mode 1-9 for a serving cell may assume the antenna ports 0 — 3, 5, 7 — 46 of the
serving cell are quasi co-located (as defined in [3]) with respect to Doppler shift, Doppler spread, average delay, and
delay spread.

A UE configured in transmission mode 10 for a serving cell is configured with one of three quasi co-location types for
the serving cell by higher layer parameter qcl-Operation to decode PDSCH according to transmission scheme
associated with antenna ports 7-14:

- TypeA: The UE may assume the antenna ports 0 — 3, 7 — 46 of aserving cell are quasi co-located (as defined in
[3]) with respect to delay spread, Doppler spread, Doppler shift, and average delay.

- Type B: The UE may assume the antenna ports 15 — 46 corresponding to the CSI-RS resource configuration
identified by the higher layer parameter qcl-CS-RS-ConfigNZPId-r11 (defined in Subclause 7.1.9) and the
antenna ports 7 — 14 associated with the PDSCH are quasi co-located (as defined in [3]) with respect to Doppler
shift, Doppler spread, average delay, and delay spread.

- Type C: The UE may assume the antenna ports 15 — 46 corresponding to the CSI-RS resource configuration
identified by the higher layer parameter qcl-CS-RS-ConfigNZP1d-r11 or qcl-CS-RS-ConfigNZPld2-r15
(defined in Subclause 7.1.9) and the antenna ports 7 — 14 associated with each PDSCH codeword are quasi co-
located (as defined in [3]) with respect to Doppler shift, Doppler spread, average delay, and delay spread.
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For aLAA Scell, the UE is not expected to be configured with quasi co-location type B or type C.

7.1.11 PDSCH subframe assignment for BL/CE UE

A BL/CE UE shall upon detection of aMPDCCH with DCI format 6-1A/6-1B/6-2 intended for the UE, decode the
corresponding PDSCH in subframe(s) n+k; withi = 0, 1, ..., N-1 according to the MPDCCH, where

- subframe n isthe last subframe in which the MPDCCH is transmitted and is determined from the starting
subframe of MPDCCH transmission and the DCI subframe repetition number field in the corresponding DCI;
and

- subframe(s) n+k; withi=0,1,...,N-1 are N consecutive BL/CE DL subframe(s) where, x=ko<ki<...,kn.1 and the
vadueof N e {n1,n2,...n_, } isdetermined by the repetition number field in the corresponding DCI, where

nLn2,.. N, aegivenin Table 7.1.11-1, Table 7.1.11-2 and Table 7.1.11-3, respectively and subframe n+x is
the second BL/CE DL subframe after subframe n.

For BL/CE UEs, and for a PDSCH transmission starting in subframe n+ko without a corresponding MPDCCH, the UE
shall decode the PDSCH transmission in subframe(s) n+k; withi = 0, 1, ..., N-1, where

- subframe(s) n+k; withi=0,1,...,N-1 are N consecutive BL/CE DL subframe(s), where O<ko<ki<...,kn-1 and the
vadueof N e {n1,n2,...n_, } isdetermined by the repetition number field in the activation DCI, where

nl, n2, . .nmaxare givenin Table 7.1.11-1, Table 7.1.11-2 and Table 7.1.11-3, respectively.

If PDSCH carrying SystemlnformationBlockTypel-BR is transmitted in one narrowband in subframe n+k;, a BL/CE UE
shall assume any other PDSCH in the same narrowband in the subframe n+k; is dropped. If PDSCH carrying Sl
message is transmitted in one narrowband in subframe n+k;, a BL/CE UE shall assume any other PDSCH not carrying
Systeml nformationBlockTypel-BR in the same narrowband in the subframe n+k; is dropped.

For single antenna port (port 0), transmit diversity and closed-loop spatial multiplexing transmission schemes, if a
PDSCH istransmitted in BL/CE DL subframe n+k; and BL/CE DL subframe n+k; is configured as an MBSFN
subframe, a BL/CE UE shall assume that the PDSCH in subframe n+k; is dropped.

For PDSCH assigned by MPDCCH with DCI CRC scrambled by G-RNTI and DCI Format 6-1A, the UE shall use the
higher layer parameter pdsch-maxNumRepetitionCEmodeA-SC-MTCH instead of pdsch-maxNumRepetitionCEmodeA in
Table7.1.11-1.

For PDSCH assigned by MPDCCH with DCI CRC scrambled by G-RNTI and DCI Format 6-1B, the UE shall use the
higher layer parameter pdsch-maxNumRepetitionCEmodeB-SC-MTCH instead of pdsch-maxNumRepetitionCEmodeB in
Table7.1.11-2.

For aBL/CE UE in half-duplex FDD operation, if the UE is configured with CEModeA, and configured with higher
layer parameter ce-HARQ-AckBundling, and 'HARQ-ACK bundling flag' in the corresponding DCI is set to 1, the UE

shall assume N =nl=1.

Table 7.1.11-1: PDSCH repetition levels (DCI Format 6-1A)

Higher layer parameter
'pdsch- {n1,n2,n3,n4}
maxNumRepetitionCEmodeA'
Not configured {1,2,4,8}
16 {1,4,8,16}
32 {1,4,16,32}
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Table 7.1.11-2: PDSCH repetition levels (DCI Format 6-1B)

Higher layer parameter
'pdsch-mngum)(?ep%titionCEmodeB' {nl, 1o ,n8}

Not configured {4,8,16,32,64,128,256,512}
192 {1,4,8,16,32,64,128,192}
256 {4,8,16,32,64,128,192,256}
384 {4,16,32,64,128,192,256,384}
512 {4,16,64,128,192,256,384,512}
768 {8,32,128,192,256,384,512,768}
1024 {4,8,16,64,128,256,512,1024}
1536 {4,16,64,256,512,768,1024,1536}
2048 {4,16,64,128,256,512,1024,2048}

Table 7.1.11-3: PDSCH repetition levels (DCI Format 6-2)

2-bit "DCI subframe repetition number"
field in DCI Format 6-2

{n1,n2,...,n8}

00 {1,2,4,8,16,32,64,128}

01 {4.,8,16,32,64,128,192,256}

10 {32,64,128,192,256,384,512,768}
11 {192,256,384,512,768,1024,1536,2048}
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7.2 UE procedure for reporting Channel State Information (CSI)

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

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

- When the procedures are applied for secondary PUCCH group, the terms 'secondary cell’, ‘'secondary cells,
'serving cell' and 'serving cells' in this clause refer to secondary cell, secondary cells (not including the PUCCH-
SCell), serving cell, serving cells belonging to the secondary PUCCH group respectively unless stated otherwise.
The term "primary cell’ in this clause refers to the PUCCH-SCell of the secondary PUCCH group.

If aUE is configured withaLAA SCell for UL transmissions, the UE shall apply the procedures described in this
clause assuming frame structure type 1 for the LAA SCell unless stated otherwise.

The time and frequency resources that can be used by the UE to report CSI which consists of Channel Quality Indicator
(CQl), precoding matrix indicator (PMI), precoding type indicator (PT1), CSI-RS resource indicator (CRI), and/or rank
indication (RI) are controlled by the eNB. For spatial multiplexing, as given in [3], the UE shall determine aRI
corresponding to the number of useful transmission layers. For transmit diversity as givenin [3], Rl isequal to one.

A non-BL/CE UE in transmission mode 8 or 9 is configured with or without PMI/RI reporting by the higher layer
parameter pmi-RI-Report.

A UE in transmission mode 10 can be configured with one or more CSI processes per serving cell by higher layers.
For a UE in transmission mode 10,

- If aUEisnot configured with higher layer parameter eMIMO-Type, each CSl processis associated with a CSl-
RS resource (defined in Subclause 7.2.5) and a CSl-interference measurement (CSI-IM) resource (defined in
Subclause 7.2.6). A UE can be configured with up to two CSI-IM resources for a CS| processif the UE is
configured with CSl subframe sets C.g o and Ccg; by the higher layer parameter csi-

SubFramePatternConfig-r12 for the CSI process.

- If the UE is configured with higher layer parameter eMIMO-Type and not configured with higher layer
parameter eMIMO-Type2, and eMIMO-Typeis set to 'CLASS A', each CSl processis associated with a CSI-RS
resource (defined in Subclause 7.2.5) and a CSl-interference measurement (CSI-IM) resource (defined in
Subclause 7.2.6). A UE can be configured with up to two CSI-IM resources for a CSl processif the UE is
configured with CSI subframe sets C.g o and Ccgq by the higher layer parameter csi-

SubFramePatternConfig-r12 for the CSI process.

- If the UE is configured with higher layer parameter eMIMO-Type and not configured with higher layer
parameter eMIMO-Type2, and eMIMO-Type is set to 'CLASS B', each CSl processis associated with one or
more CSI-RS resource (defined in Subclause 7.2.5) and one or more CSl-interference measurement (CSI-IM)
resource (defined in Subclause 7.2.6). Each CSI-RS resource is associated with a CSI-IM resource by higher
layers. For a CSl process with one CSI-RS resource, a UE can be configured with CSI-IM resource for each CSl
subframe sets if the UE is configured with CSl subframe sets C.q o and Ccg; by the higher layer parameter

csi-SubFramePatternConfig-r12 for the CSI process. If a UE is configured with higher layer parameter
FeCoMPCS Enabled for a CSl process, the CSl processis associated with two CSI-RS resource and one CSI-IM
resource.

- If the UE is configured with higher layer parameter eMIMO-Type and eMIMO-Type2, and eMIMO-Typeis set to
'CLASS A', and eMIMO-Type2 is set to 'CLASS B', each CSI processis associated with a CSI-RS resource
(defined in Subclause 7.2.5) and a CSl-interference measurement (CSI-1M) resource (defined in Subclause 7.2.6)
for eMIMO-Type, and one CSI-RS resource (defined in Subclause 7.2.5) and one CSl-interference measurement
(CSlI-IM) resource (defined in Subclause 7.2.6) for eMIMO-Type2. A UE can be configured with up to two CSI-
IM resources for each eMIMO-Type and eMIMO-Type2 of a CSl process if the UE is configured with CSI
subframe sets Ccg o and Ccg 1 by the higher layer parameter csi-SubFramePatternConfig-r12 for the CSI

process.

- If the UE is configured with higher layer parameter eMIMO-Type and eMIMO-Type2, and eMIMO-Typeis set to
'CLASS B', and eMIMO-Type2 is set to 'CLASS B', each CSl| process is associated with more than one CSI-RS
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resource (defined in Subclause 7.2.5) and more than one CSl-interference measurement (CSI-IM) resource
(defined in Subclause 7.2.6) with association of each CSI-RS resource with a CSI-IM resource by higher layers
for eMIMO-Type, and one CSI-RS resource (defined in Subclause 7.2.5) and one CSl-interference measurement
(CSI-IM) resource (defined in Subclause 7.2.6) for eMIMO-Type2.

For a UE in transmission mode 10, a CSl reported by the UE corresponds to a CSI process configured by higher layers.
Each CSl process can be configured with or without PMI/RI reporting by higher layer signalling.

If aUE is configured with a serving cell with frame structure 3, the UE is not required to update measurements for more
than 5 CSI processes in a subframe, in case the total number of serving cellsis no more than 5. If aUE is configured

with more than 5 serving cells, the UE is not required to update measurements for more than N y CSl processesina

subframe, where the value of N y isgivenby

- maxNumberUpdatedCS-Proc-r 13 if the UE is configured with a serving cell with frame structure 3
- maxNumberUpdatedCS -Proc-SPT-r 15if the UE is configured with higher layer parameter shortProcessingTime

If a UE is configured with the higher layer parameter shortTTI, the UE is not required to update measurements for more
than N, CSl processesinaDL

- dlot, wherethevalueof N isgiven by maxNumberUpdatedCS -Proc-STTI-Comb77-r15 if the higher layer
parameter di-TTI-Length is set to 'dot' and if the higher layer parameter ul-TTI-Length is set to 'dot".

- subslot, wherethevalueof N y is given by maxNumberUpdatedCSl-Proc-STTI-Comb27-r15 if the higher layer
parameter dI-TTl-Length is set to 'subglot’ and if the higher layer parameter ul-TTI-Length is set to 'slot’.

- subslot, wherethevalueof N y is given by maxNumberUpdatedCSl-Proc-STTI-Comb22-Set1-r15 if the higher

layer parameter dI-TTI-Length is set to 'subslot’ and if the higher layer parameter ul-TTl-Length is set to 'subsot'
and if proc-Timeline-r15 is set to 'nplusdsetl’ or 'nplustseatl’.

- subdlot, wherethe valueof N y is given by maxNumberUpdatedCSl -Proc-STTI-Comb22-Set2-r15 if the higher

layer parameter dI-TTI-Length is set to 'subslot’ and if the higher layer parameter ul-TTI-Length is set to 'subslot’
and if proc-Timeline-rl5 is set to 'nplustset2’ or 'nplus8set2'.

For UE in transmission mode 9 and the UE configured with higher layer parameter eMIMO-Type, the term 'CSI process
in this Subclause refersto the CSI configured for the UE.

For a UE in transmission mode 9, and if the UE is configured with higher layer parameter eMIMO-Type, and,

- UE isnot configured with higher layer parameter eMIMO-Type2 and eMIMO-Type is set to 'CLASS A', each
CSl processis associated with a CSI-RS resource (defined in Subclause 7.2.5).

- UE isnot configured with higher layer parameter eMIMO-Type2 and eMIMO-Typeis set to 'CLASS B', each CSI
process is associated with one or more CSI-RS resource (defined in Subclause 7.2.5).

- UEisconfigured with higher layer parameter eMIMO-Type2 and eMIMO-Typeis set to 'CLASS A' and eMIMO-
Type2 isset to 'CLASS B', each CSl| processis associated with a CSI-RS resource (defined in Subclause 7.2.5)
for eMIMO-Type, and a CSI-RS resource (defined in Subclause 7.2.5) for eMIMO-Type2.

- UEisconfigured with higher layer parameter eMIMO-Type2 and eMIMO-Typeis set to 'CLASS B' and eMIMO-
Type2 is set to 'CLASS B', each CSl processis associated with more than one CSI-RS resource (defined in
Subclause 7.2.5) for eMIMO-Type, and a CSI-RS resource (defined in Subclause 7.2.5) for eMIMO-Type2.

For a CSl process, and if a UE is configured in transmission mode 9 or 10, and UE is not configured with higher layer
parameter pmi-RI-Report, and UE is configured with higher layer parameter eMIMO-Type, and eMIMO-Type is set to
'CLASS B', and the number of CSI-RS antenna portsin at least one of the one or more configured CSI-RS resource is
more than one, the UE is considered to be configured without PMI reporting.

For a UE configured in transmission mode 9 or 10, UE is not expected to be configured with higher layer parameter
eMIMO-Type, and eMIMO-Typeis set to 'CLASS B', and more than one CSI-RS resource configured, and the number
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of CSI-RS resource configured with one antenna port is not equal to total number number of CSI-RS resources
associated with the CSI process.

A UE is configured with resource-restricted CSl measurementsiif the subframe sets C.g o, and Ccg ; areconfigured

by higher layers. A UE can also be configured with resource restricted CSI measurements for dormant serving cells
with subframe sets Ccsi,0-dormant @d Ccs 1-dgormant. |T the UE is configured with resource restricted CSl measurements for
dormant serving cells, Cego and Ccgy inthisclausereferto Cc.g, and Ccg, for activated serving cells, and to

Ccsi,0-dormant @nd Ccsi,1-dormant fOr dormant serving cells.

For a serving cell with frame structure type 1, a UE is not expected to be configured with csi-SubframePatternConfig-
riz.

CSl reporting is periodic or aperiodic.

A BL/CE UE configured with CEModeB is not expected to be configured with either aperiodic CSl or periodic CSI
reporting.

If the UE is configured with more than one serving cell, it transmits aperiodic CSl for activated serving cell(s) only, and
periodic CSI for activated and/or dormant serving cell(s) only.

If aUE is not configured for simultaneous PUSCH and PUCCH transmission, it shall transmit periodic CSI reporting on
PUCCH as defined hereafter in subframes with no PUSCH allocation.

If aUE is not configured for simultaneous PUSCH and PUCCH transmission, it shall transmit periodic CSl reporting on
PUSCH of the serving cell with smallest ServCellIndex as defined hereafter in subframes with a PUSCH allocation,
where the UE shall use the same PUCCH-based periodic CSI reporting format on PUSCH.

A UE shall transmit aperiodic CSl reporting on PUSCH if the conditions specified hereafter are met. For aperiodic
CQI/PMI reporting, RI reporting is transmitted only if the configured CSI feedback type supports RI reporting.

Table 7.2-1: Void

In case both periodic and aperiodic CSI reporting would occur in the same subframe, the UE shall only transmit the
aperiodic CSI report in that subframe. If the aperiodic CSI reporting occurs on an LAA SCell, the UE shall assume that
the UL channel access procedure, as described in subclause 4.2 of [13], is successful to determine whether periodic and
aperiodic CSl reporting would occur in the same subframe.

If the higher layer parameter altCQI-TableSTTI-r15 is configured and is set to allSubframes and aperiodic CSl is
triggered through DCI format 7-0A or 7-0B,

- the UE shall report CQI according to Table 7.2.3-2.

Else if the higher layer parameter altCQI-Table1024QAM-STTI-r15 is configured and is set to all Subframes and
aperiodic CSl istriggered through DCI format 7-0A or 7-0B,

- the UE shall report CQI according to Table 7.2.3-4.

Else if the higher layer parameter altCQI-TableSTTI-r15 is configured and is set to csi-SubframeSetl or csi-
SubframeSet2 and aperiodic CSl is triggered through DCI format 7-0A or 7-0B,

- the UE shall report CQI according to Table 7.2.3-2 for the corresponding CSl subframe set configured by
altCQI-TableSTTI-r15

- the UE shall report CQI for the other CSI subframe set according to Table 7.2.3-1.

Else if the higher layer parameter altCQI-Table1024QAM-STTI-r15 is configured and is set to csi-SubframeSetl or csi-
SubframeSet2 and aperiodic CSl is triggered through DCI format 7-0A or 7-0B,

- the UE shall report CQI according to Table 7.2.3-4 for the corresponding CSl subframe set configured by
altCQI-Tablel024QAM-STTI-r15

- the UE shall report CQI for the other CSI subframe set according to Table 7.2.3-1.
Elseif aperiodic CSl istriggered through DCI format 7-OA or 7-0B,
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- the UE shall report CQI according to Table 7.2.3-1.

Elseif the higher layer parameter altCQI-Table-r12 is configured and is set to all Subframes,
- the UE shall report CQI according to Table 7.2.3-2.
Elseif the higher layer parameter altCQI-Table-1024QAM-r15 is configured and is set to all Subframes
- the UE shall report CQI according to Table 7.2.3-4.
Elseif the higher layer parameter altCQI-Table-r12 is configured and is set to csi-SubframeSet1 or csi-SubframeSet2,

- the UE shall report CQI according to Table 7.2.3-2 for the corresponding CSI subframe set configured by
altCQI-Table-r12

- the UE shall report CQI for the other CSI subframe set according to Table 7.2.3-1.

Elseif the higher layer parameter altCQI-Table-1024QAM-r15 is configured and is set to csi-SubframeSetl or csi-
SubframeSet2,

- the UE shall report CQI according to Table 7.2.3-4 for the corresponding CSl subframe set configured by
altCQI-Table-1024QAM-r15

- the UE shall report CQI for the other CSI subframe set according to Table 7.2.3-1.
Else
- the UE shall report CQI according to Table 7.2.3-1.

For a BL/CE UE, if the UE is configured with higher layer parameter ce-PDSCH-64QAM-Config-r15 and the higher
layer parameter csi-NumRepetitionCE-r13 indicates more than one subframe, or if the UE is configured with higher
layer parameter ce-CQI-AlternativeTableConfig-ri15,

- the UE shall report CQI according to Table 7.2.3-6.

- if the UE is not capable of supporting 64QAM in PDSCH, or the UE is configured with higher layer parameter
mpdcch-pdsch-HoppingConfig-r13 set to ‘on’ and the UE is calculating CQI for awideband CSl report, the
reported CQI < 13.

Elseif the higher layer parameter ce-PDSCH-64QAM-Config-ri5 is configured,
- the UE shall report CQI according to Table 7.2.3-5.

- if the UE is configured with higher layer parameter mpdcch-pdsch-HoppingConfig-r13 set to ‘on’ and the UE is
calculating CQI for awideband CSl report, the reported CQI < 11.

Else
- the UE shall report CQI according to Table 7.2.3-3 with CQI index between 1 and 10.

For a non-BL/CE UE, when reporting RI the UE reports a single instance of the number of useful transmission layers.
For each RI reporting interval when the UE is configured in transmission modes 4 or when the UE is configured in
transmission mode 8, 9 or 10 with PMI/RI reporting, a UE shall determine a Rl from the supported set of RI values as
defined in Subclause 5.2.2.6 of [4] and report the number in each RI report. For each RI reporting interval when the UE
is configured in transmission mode 3, a UE shall determine RI as defined in Subclause 5.2.2.6 of [4] in each reporting
interval and report the detected number in each RI report to support selection between transmit diversity and large delay
CDD.

For a UE configured in transmission mode 9 or 10, when reporting CRI the UE reports a single instance of one or more
selected CSI-RS resource(s). For each CRI reporting interval, when a UE is configured in transmission mode 10 with
higher layer parameter FeCoMPCS Enabled and determines CRI=2 from the supported set of CRI values as defined in
Subclause 5.2.2.6 of [4], the UE reports the CRI=2 in each CRI report, where CRI value 2 corresponds to the configured
two CSI-RS resources and one CSI-IM resource. Otherwise, when a UE is configured with higher layer parameter
eMIMO-Type, except with higher layer parameter csi-RS-NZP-mode configured, and eMIMO-Typeis set to 'CLASS B',
and the number of configured CSI-RS resources is more than one for a CSl process, the UE shall determine a CRI from
the supported set of CRI values as defined in Subclause 5.2.2.6 of [4] and report the number in each CRI report, where
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CRI value 0 corresponds to the configured csi-RS-ConfigNZPId, first entry of csi-IM-ConfigldList, first entry of p-C-
AndCBSR-PerResourceConfigList, and alter nativeCodebookEnabledFor4TXProc, and CRI value k (k>0) corresponds
to the configured k-th entry of csi-RS-ConfigNZPIdListExt, (k+1)-th entry of csi-IM-ConfigldList, (k+1)-th entry of p-C-
AndCBSR-PerResourceConfigList, and k-th entry of ace-For4Tx-PerResourceConfigList.

For a UE configured in transmission mode 9 or 10, when reporting CRI the UE reports a single instance of one or more
selected CSI-RS resource(s). For each CRI reporting interval, when a UE is configured in transmission mode 10 with
higher layer parameter FeCoMPCS Enabled and determines CRI=2 from the supported set of CRI values as defined in
Subclause 5.2.2.6 of [4], the UE reports the CRI=2 in each CRI report, where CRI value 2 corresponds to the configured
two CSI-RS resources and one CSI-IM resource. Otherwise, when a UE is configured with higher layer parameter
eMIMO-Type set to 'CLASS B' and high layer parameter csi-RS-NZP-mode set to 'multiShot', and the number of
activated CSI-RS resources is more than one for a CSl process, the UE shall determine a CRI from the supported set of
CRI values as defined in subclause 5.2.2.6 of [4] and report the number in each CRI report, where, if csi-RS
ConfigNZPId is activated, CRI value O corresponds to the activated csi-RS-ConfigNZPId, first entry of csi-1M-
ConfigldList, p-C-AndCBSR-Per ResourceConfigList, and alternativeCodebookEnabledFor4TXProc, and CRI value k
(k>0) corresponds to the (k+1)-th activated CSI-RS resource, which is associated with I-th entry of csi-RS-
ConfigNZPIdListExt, (1+1)-th entry of csi-IM-ConfigldList, (I+1)-th entry of p-C-AndCBSR-PerResourceConfigList,
and |-th entry of ace-For4Tx-PerResourceConfigList; If csi-RS-ConfigNZPId is not activated, CRI value k corresponds
to the (k+ 1)-th activated CSI-RS resource, which is associated with I-th entry of csi-RS-ConfigNZPIdListExt, (1+1)-th
entry of csi-IM-ConfigldList, (I1+1)-th entry of p-C-AndCBSR-PerResourceConfigList, and I-th entry of ace-For4Tx-
PerResourceConfigList.

For anon-BL/CE UE, when reporting PMI the UE reports either asingle or amultiple PMI report. The number of RBs
represented by asingle UE PMI report canbe NR. or asmaller subset of RBs. The number of RBs represented by a

single PMI report is semi-statically configured by higher layer signalling. A UE isrestricted to report PMI, Rl and PTI
on a subframe-PUCCH/PUSCH within a precoder codebook subset specified by one or more bitmap parameter(s)
codebookSubsetRestriction, codebookSubsetRestriction-1, codebookSubsetRestriction-2, codebookSubsetRestriction-3,
codebookSubsetRestriction-4 configured by higher layer signalling. If a UE is configured by higher-layer parameter
shortTTI, the UE isrestricted to report PMI, Rl and PTI on subslot/slot-based PUSCH within a precoder codebook
subset specified by a bitmap parameter codebookSubsetRestriction, configured by higher layer signalling for the
subslot/dlot-based transmission.

For a UE configured in transmission mode 10 and the UE not configured with higher layer parameter eMIMO-Type for
aCSl process, or for a UE configured in transmission mode 9 or 10 and the UE configured with higher layer parameter
eMIMO-Type, and eMIMO-Typeis set to 'CLASS B', and one CSI-RS resource configured and except with higher layer
parameter alternativeCodebookEnabledCLASSB_K1=TRUE configured for a CSl process, the bitmap parameter
codebookSubsetRestriction is configured for each CSI process and each subframe sets (if subframe sets C.g o, and

Ccs1 aeconfigured by higher layers) by higher layer signaling.

For a UE configured in transmission mode 9 or 10 and for a CSl process and the UE configured with higher layer
parameter eMIMO-Type2, and eMIMO-Type2 is set to 'CLASS B', and one CSI-RS resource configured and except with
higher layer parameter alternativeCodebookEnabledCLASSB_K1=TRUE configured for eMIMO-Type2 of the CSI
process, the bitmap parameter codebookSubsetRestriction is configured for eMIMO-Type2 of each CSI process and each
subframe sets (if subframe sets C.q o and Ccg ; areconfigured by higher layers) by higher layer signaling.

For a UE configured in transmission mode 9 or 10, and for a CSI process and UE configured with higher layer
parameter eMIMO-Type, and eMIMO-Typeis set to 'CLASS A’, except when the UE is configured with higher layer
parameter advancedCodebookEnabled and advancedCodebookEnabled is set to TRUE', the bitmap parameters
codebookSubsetRestriction-1, codebookSubsetRestriction-2 is configured for the CSI process and each subframe sets (if
subframe sets Ccg o and Ccg ; areconfigured by higher layers) by higher layer signaling.

For a UE configured in transmission mode 9 or 10, and for a CSI process and UE configured with higher layer
parameter advancedCodebookEnabled and advancedCodebookEnabled is set to 'TRUE', and the UE is configured
with higher layer parameter eMIMO-Type, and eMIMO-Typeis set to 'CLASS A', and the UE is configured with 8, 12,
16, 20, 24, 28, and 32 antenna ports, the UE is either configured with bitmap parameter codebookSubsetRestriction-1,
or, the UE is configured with bitmap parameter codebookSubsetRestriction-4 for the CSI process and each subframe
sets (if subframe sets Cqg o and Ccg;, areconfigured by higher layers) by higher layer signaling.

For a UE configured in transmission mode 9 or 10, and for a CSI process and UE configured with higher layer

parameter eMIMO-Type, and eMIMO-Typeis set to 'CLASS B', and one CSI-RS resource configured, and higher layer
parameter alternativeCodebookEnabledCLASSB_K1=TRUE, the bitmap parameter codebookSubsetRestriction-3 is
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configured for the CSl process and each subframe sets (if subframe sets C.q o and Ccg; areconfigured by higher
layers) by higher layer signaling.

For a UE configured in transmission mode 9 or 10, and for a CSl process and the UE configured with higher layer
parameter eMIMO-Type2, and eMIMO-Type2 is set to 'CLASS B', and one CSI-RS resource configured, and higher
layer parameter alternativeCodebookEnabledCLASSB_K1=TRUE for eMIMO-Type2 of the CS| process, the bitmap

parameter codebookSubsetRestriction-3 is configured for eMIMO-Type2 of the CSI process and each subframe sets (if
subframe sets Cqg o and Ccg; areconfigured by higher layers) by higher layer signaling.

For a UE configured in transmission mode 9 or 10, and for a CSI process and UE configured with higher layer
parameter eMIMO-Type, and eMIMO-Typeis set to 'CLASS B', and more than one CSI-RS resource configured, the
bitmap parameter codebookSubsetRestriction is configured for each CSI-RS resource of the CSl| process and each
subframe sets (if subframe sets C.g o and Ccg, areconfigured by higher layers) by higher layer signaling.

For a specific precoder codebook and associated transmission mode, the bitmap can specify all possible precoder
codebook subsets from which the UE can assume the eNB may be using when the UE is configured in the relevant
transmission mode. Codebook subset restriction is supported for transmission modes 3, 4, 5, 6 and for transmission
modes 8, 9 and 10 with PMI/RI reporting, and transmission mode 9 and 10 without PMI reporting. The resulting
number of bits for each transmission mode are given in Table 7.2-1b, Table 7.2-1d, Table 7.2-1e, and Table 7.2-1f. The
bitmap parameter codebookSubsetRestriction, codebookSubsetRestriction-1 or codebookSubsetRestriction-3 forms the

bit sequence &y, 4;-++,85, 8, &, Gywhere & istheLSB and a, ,isthe MSB and where a bit value of zero indicates

that the PMI and RI reporting is not allowed to correspond to precoder(s) associated with the bit. The bitmap parameter
codebookSubsetRestriction-2 forms the bit sequence b, ..., by, b,, b, b, Where b, istheLSB and p, ,isthe MSB

and where a bit value of zero indicates that the PMI and RI reporting is not allowed to correspond to precoder(s)
associated with the bit. The association of bits to precoders for the relevant transmission modes are given as follows:

1. Transmission mode 3

a 2 antennaports: bit @, 1, V= 2is associated with the precoder in Table 6.3.4.2.3-1 of [3] corresponding to
v layers and codebook index O while bit &, is associated with the precoder for 2 antenna portsin
Subclause 6.3.4.3 of [3].

b. 4 antennaports: bit &, 1, V= 2,34is associated with the precodersin Table 6.3.4.2.3-2 of [3]

corresponding to » layers and codebook indices 12, 13, 14, and 15 while bit & is associated with the
precoder for 4 antenna ports in Subclause 6.3.4.3 of [3].

2. Transmission mode 4
a. 2 antennaports: see Table 7.2-1c
b. 4 antennaports: bit a, (0-1)+i, is associated with the precoder for , layers and with codebook index icin
Table 6.3.4.2.3-2 of [3].
3. Transmission modes5 and 6

a. 2antennaports: bit 8  isassociated with the precoder for V=1 layer with codebook index icin Table
6.3.4.2.3-1 of [3].

b. 4 antennaports: bit &_ isassociated with the precoder for v=1 layer with codebook index icin Table
6.3.4.2.3-2 of [3].

4, Transmission mode 8

a. 2 antennaports: see Table 7.2-1c
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b.

C.

4 antenna ports except with alternativeCodeBookEnabledFor4TX-r12=TRUE configured: bit a, (o-1)+i, is

associated with the precoder for , layers and with codebook index icin Table 6.3.4.2.3-2 of [3], v=12.

4 antenna ports with alter nativeCodeBookEnabledFor4TX-r 12=TRUE configured: bit ais(v_l)ﬂl is

associated with the precoder for » layers (v e {1,2} ) and codebook index i, and bit 33316(H)HZ is

associated with the precoder for » layers (ve{123) and codebook indexi,. Codebook indices i, and i, are
givenin Table 7.2.4-0A or 7.2.4-0B, for =1 or 2 respectively.

5. Transmission modes 9 and 10

a

2 antenna ports except when a UE configured with higher layer parameter eMIMO-Type, and eMIMO-Typeis
set to 'CLASS B', and one CSI-RS resource configured, and higher layer parameter

alter nativeCodebookEnabledCLASSB_K1=TRUE for a CSl process, or when a UE configured with higher
layer parameter eMIMO-Type2, and eMIMO-Type2 is set to 'CLASS B', and one CSI-RS resource
configured, and higher layer parameter alter nativeCodebookEnabledCLASSB_K1=TRUE for eMIMO-Type2
of aCSl process: see Table 7.2-1c

4 antenna ports except with alter nativeCodeBookEnabledFor4TX-r12=TRUE configured or for a CSI

process the UE is configured with higher layer parameter eMIMO-Type, and eMIMO-Typeis set to 'CLASS
B', and one CSI-RS resource configured, and higher layer parameter
alternativeCodebookEnabledCLASSB_K1=TRUE or for a CSl process the UE is configured with higher layer
parameter eMIMO-Type2, and eMIMO-Type2 is set to 'CLASS B', and one CSI-RS resource configured, and
higher layer parameter alternativeCodebookEnabledCLASSB_K1=TRUE for eMIMO-Type2 of a CSl

process: bit a,q (-1 is associated with the precoder for , layersand with codebook index i;in Table

6.3.4.2.3-2 of [3].

J+ic

4 antenna ports with alter nativeCodeBookEnabledFor4TX-r12=TRUE configured except when aUE
configured with higher layer parameter eMIMO-Type, and eMIMO-Type is set to 'CLASS B', and one CSI-RS
resource configured, and higher layer parameter alter nativeCodebookEnabledCLASSB_K1=TRUE for aCSl
process, or when a UE configured with higher layer parameter eMIMO-Type2, and eMIMO-Type2 is set to
'CLASS B', and one CSI-RS resource configured, and higher layer parameter

alter nativeCodebookEnabledCLASSB_K1=TRUE for eMIMO-Type2 of a CSl process: bit 816(1,_1)”1 is

associated with the precoder for » layers (ve {1,2} ) and codebook index i, and bit 33316(H)HZ is
associated with the precoder for + layers (ve{1,234) and codebook indexi,. Codebook indices i, and i,
aregivenin Table 7.2.4-0A, 7.2.4-0B, 7.2.4-0C or 7.2.4-0D, for =1,2,3 or 4 respectively.

8 antenna ports except when a UE configured with higher layer parameter eMIMO-Type, and eMIMO-Typeis
set to '"CLASS A', or for when a UE configured with higher layer parameter eMIMO-Type, and eMIMO-Type
isset to 'CLASS B', and one CSI-RS resource configured, and higher layer parameter
alternativeCodebookEnabledCLASSB_K1=TRUE for a CSI process, or for when a UE configured with
higher layer parameter eMIMO-Type2, and eMIMO-Type2 is set to 'CLASS B', and one CSI-RS resource
configured, and higher layer parameter alter nativeCodebookEnabledCLASSB_K1=TRUE for eMIMO-Type2

of aCSl process: bit afj(v_l)ﬂl is associated with the precoder for » layers (ve{1,23456,78 ) and

codebook index i, where f1()) = {0,16,32,36,40,44,48,52 } and bit 35&91(1)_1)“2 is associated with the
precoder for » layers (ve {1234} ) and codebook index i, where gi(-) = {0,16,32,48 }. Codebook indices
i, and i, aregiveninTable7.2.4-1,7.2.4-2,7.2.4-3,7.2.4-4,7.2.4-5,7.2.4-6,7.2.4-7, or 7.2.4-8, for o
=1,2,3,4,5,6,7, or 8 respectively.

8, 12, 16, 20, 24, 28, and 32 antenna ports and for a CSl process the UE is configured with higher layer
parameter eMIMO-Type, and eMIMO-Type is set to 'CLASS A" bit a ., isassociated with the precoder
based on the quantity v, ., 1=01..,N,O;~-1, m=01..,N;0, -1 andbit a, . , ., , isassociated with the
precoder for o layers (ve{123456,7,8). The quantity v, , isdefined in Subclause 7.2.4. Bit Bo(o_1)+1,
is associated with the precoder for , layers (v e {12,3,4}) and codebook index i, where g() isgivenin
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Table 7.2-1g. Codebook index i, isgivenin Table 7.2.4-10, 7.2.4-11, 7.2.4-12, 7.2.4-13, 7.2.4-14, 7.2.4-15,
7.2.4-16, or 7.2.4-17, for »=1,2,3,4,5,6,7, or 8 respectively.

f. 2,4, or 8 antenna ports and for a CSl process the UE is configured with higher layer parameter eMIMO-Type,
and eMIMO-Typeis set to 'CLASS B', and one CSI-RS resource configured, and higher layer parameter
alternativeCodebookEnabledCLASSB_K1=TRUE, or the UE is configured with higher layer parameter
eMIMO-Type2, and eMIMO-Type2 is set to 'CLASS B', and one CSI-RS resource configured, and higher
layer parameter alternativeCodebookEnabledCLASSB_K1=TRUE for eMIMO-Type2 of the CSI process: hit

Ay 1)+, iSassociated with the precoder for » layers and codebook index i.where ve{1,2} and

f()={04} for 2 antennaports, ve{1,234 and f()={081620} for 4 antenna ports, and
ve{1,2345678 and f()={01632485657,5859} for 8 antenna ports. Codebook index i, isgivenin
Table7.2.4-18, 7.2.4-19, or 7.2.4-20, for 2, 4, or 8 antenna ports respectively.

g. 8,12, 16, 20, 24, 28, and 32 antenna ports and for a CSl process the UE is configured with higher layer
parameter advancedCodebookEnabled and advancedCodebookEnabled is set to TRUE', and the UE is
configured with higher layer parameter eMIMO-Type, and eMIMO-Typeis set to 'CLASS A', and the UE is
configured with bitmap parameter codebookSubsetRestriction-1: bit a . . isassociated with the precoder

based on the quantity v, . 1=01..,.N,O, -1, m=01...,N,0, -1 and bit AN,0,N,0, +v-1 is associated with the
precoder for o layers (ve{123456,7,8). The quantity v, , isdefined in Subclause 7.2.4.

h. 8, 12, 16, 20, 24, 28, and 32 antenna ports and for a CSI process the UE is configured with higher layer
parameter advancedCodebookEnabled and advancedCodebookEnabled is set to TRUE', and the UE is

configured with higher layer parameter eMIMO-Type, and eMIMO-Typeis set to 'CLASS A', and the UE is
configured with bitmap parameter codebookSubsetRestriction-4:  The bitmap parameter

codebookSubsetRestriction-4 forms the bit sequence Sy, 4g-11++ 85, &1 &, &, consisting of 2n,n, + 8
bits, where &, isthe LSB and az,\llNzﬂL&listheMSB.Thebitpair{az(quHb),az(Nﬂﬂb)H} is associated
with the group of quantities G(In;,1,) :{anl*'qpoznz*'% 1=01230,=0123 for
n=0.,N-1n=0.,N,-1it N,>1 and G(n,n,)={Vy,.q0:%=0L23 for
N=0..,N-1n=0 it N, =1 andthebit Qopn,+-1 1S @ssOciated with the precoder for o layers
(ve{123456,78). The quantity v, . isdefinedin Subclause7.2.4.

i For »=1,2layer reporting, PMI reporting is not allowed to correspond to a precoder where any quantity
v, ,» fromthe group of quantities (1}, 1,) is selected by the codebook indices {lii,]) . unless

the corresponding bit pair {25\2(,\‘2”l iny)? a2(N2nl+nz)+1} ="11'

ii  For »=1,2layer reporting, PMI reporting is not allowed to correspond to a precoder where any quantity

vV, m from the group of quantities G(nl, nz) is selected by the codebook index il3 ,if therelative
power indicator (RPI), | o islarger than the maxmimum allowed value according to Table 7.2-1h.

iii For 1=3,4,5,6,7,8 layer reporting, PMI reporting is not allowed to correspond to a precoder where any
quantity v, . from the group of quantities G(I’l, nz) is associated with the precoder, unless the

corresponding bit pair {az(quHb),az(quﬂb)ﬂ} ="11".

For aBL/CE UE, when reporting PMI the UE reports asingle PMI report. A UE isrestricted to report PMI within a
precoder codebook subset specified by a bitmap parameter codebookSubsetRestriction configured by higher layer
signalling. For a specific precoder codebook and associated transmission mode, the bitmap can specify al possible
precoder codebook subsets from which the UE can assume the eNB may be using when the UE is configured in the
relevant transmission mode. Codebook subset restriction is supported for transmission modes 6 and 9. The resulting
number of bits for each transmission modeis given in Table 7.2-1b. The bitmap forms the bit sequence
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Ay 101888, 8, & where d, isthe LSB and a,_, istheMSB and where abit value of zero indicates that the

PMI reporting is not allowed to correspond to precoder(s) associated with the bit. The association of bitsto precoders
for the relevant transmission modes are given as follows:

- Transmission mode 6

- 2antennaports: bit 8  isassociated with the precoder for V=1 layer with codebook index icin Table
6.3.4.2.3-1 0f [3].

- 4 antennaports: bit 3,c is associated with the precoder for =1 layer with codebook index icin Table
6.3.4.2.3-2 of [3].
- Transmission mode 9

- 2antennaports: bit 8 isassociated with the precoder for V=1 layer with codebook index icin Table
6.3.4.2.3-10f [3].

- 4 antennaports: bit 3,C is associated with the precoder for V=1 layer and with codebook index i;in Table
6.3.4.2.3-2 of [3].

Table 7.2-1b: Number of bits in codebook subset restriction codebookSubsetRestriction bitmap for
applicable transmission modes

Number of bits Ag
2 antenna 4 antenna ports 8 antenna
ports ports
Transmission mode 3 2 4
Transmission mode 4 6 64
Transmission mode 5 4 16
Transmission mode 6 4 16
64 with
Transmission mode 8 6 alternativeCodeBookEnabledFor4TX-
r12=TRUE configured, otherwise 32
L 96 with
;r%ni(r)n ission modes 9 6 aIternativeCodeE_BookEnabIeder4TX- 109
r12=TRUE configured, otherwise 64

Table 7.2-1c: Association of bits in codebookSubSetRestriction bitmap to precoders in the 2 antenna
port codebook of Table 6.3.4.2.3-1in [3]

Codebook index I, | Number of layers o
1 2
0 ao -
1 ai a4
2 az as
3 as -
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Table 7.2-1d: Number of bits in codebook subset restriction codebookSubsetRestriction1 bitmap for
applicable transmission modes

Number of bits A@

Transmission modes 9
and 10 N,O;N,O, +8

Table 7.2-1e: Number of bits in codebook subset restriction codebookSubsetRestriction2 bitmap for
applicable transmission modes

Value of codebookConfig Number of bits A&

1 12
Transmission modes 9 2 56
and 10 3 56
4 56

Table 7.2-1f: Number of bits in codebook subset restriction codebookSubsetRestriction3 bitmap for
applicable transmission modes

Number of bits A&

2 antenna
ports 4 antenna ports 8 antenna ports
Transmission modes 9
and 10 6 22 60

Table 7.2-1g: g(-) for a CSl process with eMIMO-Type set to 'CLASS A’

Value of codebookConfig 9()
1 {0,4810}
2 {016,32,48}
3 {016,32,48}
4 {016,32,48}

Table 7.2-1h: Maximum value of relative power indicator for restricted v, , quantities

Maximum
Value of bit pair value of
Relative
{a2( N,n+1,) ? a2( N2nl+nz)+;|} Power
Indicator | >
00 0
or 1
'10' 2
11 3

For anon-BL/CE UE, the set of subbands (S) a UE shall evaluate for CQI reporting spans the entire downlink system
bandwidth. A subband is a set of k contiguous PRBs where k is a function of system bandwidth. Note the last subband
in set Smay have fewer than k contiguous PRBs depending onn 3t . The number of subbands for system bandwidth

givenby N2t isdefined by N = (N RE /k-‘ . The subbands shall be indexed in the order of increasing frequency and
non-increasing sizes starting at the lowest frequency.
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- For transmission modes 1, 2, 3 and 5, as well as transmission modes 8, 9 and 10 without PMI/RI reporting,
transmission mode 4 with RI=1, transmission modes 8, 9 and 10 with PMI/RI reporting and RI=1, and
transmission modes 9 and 10 without PMI reporting and RI=1, a single 4-bit wideband CQI is reported.

- For transmission modes 3 and 4, as well as transmission modes 8, 9 and 10 with PMI/RI reporting, and
transmission modes 9 and 10 without PMI reporting, CQI is calculated assuming transmission of

- one codeword for slot/subslot-PUSCH based triggered reporting,
- one codeword for RI=1 and two codewords for RI > 1.

- For RI > 1 with transmission mode 4, as well as transmission modes 8, 9 and 10 with PMI/RI reporting, and
transmission modes 9 and 10 without PMI reporting, PUSCH based triggered reporting includes reporting a
wideband CQI which comprises:

- A 4-hit wideband CQI for codeword O
- A 4-bit wideband CQI for codeword 1 for subframe-PUSCH based triggered reporting

- For RI > 1 with transmission mode 4, as well as transmission modes 8, 9 and 10 with PMI/RI reporting, and
transmission modes 9 and 10 without PMI reporting, PUCCH based reporting includes reporting a 4-bit
wideband CQI for codeword 0 and a wideband spatial differential CQI. The wideband spatial differential CQI
value comprises:

- A 3-hit wideband spatial differential CQI value for codeword 1 offset level
- Codeword 1 offset level = wideband CQI index for codeword 0 — wideband CQI index for codeword 1.

- The mapping from the 3-bit wideband spatial differential CQI value to the offset level is shown in Table 7.2-
2.

Table 7.2-2 Mapping spatial differential CQI value to offset level

Spatial differential CQI value | Offset level
0
1
2
>3
<-4
-3
-2
-1

N[O~ WIN|IF|O

7.2.1 Aperiodic CSI Reporting using PUSCH

Theterm "UL/DL configuration” in this Subclause refers to the higher layer parameter subframeAssignment unless
specified otherwise.

A non-BL/CE UE shall perform aperiodic CSl reporting using the PUSCH in subframe/d ot/subslot n+k on serving cell
¢ , upon decoding in subframe/slot/subslot n either:

- anuplink DCI format [4], or
- aRandom Access Response Grant,

for serving cell ¢ if the respective CSl request field is set to trigger areport and is not reserved. If the CSI request field
from an uplink DCI format 7-0A/7-0B is set to trigger areport, the reported CSl shall be according to the transmission
mode configured by higher layers for the subframe where the trigger was received. The UE is not expected to receive a
CSl request field set to trigger areport in a DCI indicating a PUSCH transmission in UpPTS.

For aserving cell ¢thatisalLAA SCell, aperiodic CSl reporting using the PUSCH in subframe n+k is conditioned on if
the UE is alowed to transmit in the subframe according to the channel access procedures described in subclause 4.2.1
of [13].
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For aserving cell C thatisalLAA SCell, a UE configured with Partial PUSCH mode 1 is not expected to receive an
aperiodic CSI report request triggering a CSl report without UL-SCH.

A BL/CE UE shall perform aperiodic CSI reporting using the PUSCH upon decoding either:
- anuplink DCI format [4], or
- aRandom Access Response Grant,

for serving cell ¢ if the respective CSl request field is set to trigger areport and is not reserved. The subframe(s) in
which the PUSCH carrying the corresponding aperiodic CSI reporting triggered by an UL DCI format is transmitted is
determined according to Subclause 8.0.

If the CSI request field is 1 bit and the UE is configured in transmission mode 1-9 and the UE is not configured with
csi-SubframePatternConfig-r12 for any serving cell, areport istriggered for serving cell ¢, if the CSI request field is
set to '1'. If the UE is configured with higher layer parameter eMIMO-Type2 for the aperiodic CSI on the serving cell ¢,
the report isfor a higher layer configured eMIMO type of the aperiodic CSI configured for the UE on the serving cell ¢
. If the UE is configured with higher layer parameter csi-RS-ConfigNZP-ApList and the number of activated CSI-RS
resources given by the higher layer parameter number ActivatedAperiodicCS-RS-Resourcesis set to '1' for the serving
cell ¢,thereport isfor the activated CSI-RS resource for the serving cell .

If the CSI request field is 1 bit and the UE is configured in transmission mode 10 and the UE is not configured with csi-
SubframePatternConfig-r12 for any serving cell, areport istriggered for a set of CSl process(es) for serving cell ¢
corresponding to the higher layer configured set of CSI process(es) associated with the value of CSI request field of '01'
in Table 7.2.1-1B, if the CSI request field isset to '1". If the UE is configured with higher layer parameter eMIMO-
Type2 for a CSl process of the triggered set of CSI process(es), the report isfor a higher layer configured eMIMO type
associated with the value of CSI request field of ‘01" for the CSI process. If the UE is configured with higher layer
parameter csi-RS-ConfigNZP-ApList and the number of activated CSI-RS resources given by the higher layer parameter
number ActivatedAperiodicCS-RS-Resourcesis set to '1' for a CSl process of the triggered set of CSI process(es), the
report is for the activated CSI-RS resource for the CSI process.

If the CSI request field sizeis 2 bits and the UE is configured in transmission mode 1-9 for al serving cells and the UE
is not configured with csi-SubframePatternConfig-r12 for any serving cell, areport is triggered according to the value
in Table 7.2.1-1A corresponding to aperiodic CSl reporting. If the UE is configured with higher layer parameter
eMIMO-Type2 for the aperiodic CSl on a serving cell of the triggered set of serving cells, the report isfor a higher layer
configured eMIMO type associated with the value of CSl request field of the aperiodic CSI configured for the UE on
the serving cell. If the UE is configured with higher layer parameter csi-RS-ConfigNZP-ApList and the number of
activated CSI-RS resources given by the higher layer parameter number ActivatedAperiodicCS-RS-Resourcesis set to
'1' for aserving cell of the triggered set of serving cells, the report isfor the activated CSI-RS resource for the serving
cell.

If the CSl request field sizeis 2 bits and the UE is configured in transmission mode 10 for at least one serving cell and
the UE is not configured with csi-SubframePatternConfig-ri2 for any serving cell, areport is triggered according to the
valuein Table 7.2.1-1B corresponding to aperiodic CSl reporting. If the UE is configured with higher layer parameter
eMIMO-Type2 a CSl process of the triggered set of CS| process(es), the report isfor a higher layer configured eMIMO
type associated with the value of CSl request field for the CSI process. If the UE is configured with higher layer
parameter csi-RS-ConfigNZP-ApList and the number of activated CSI-RS resources given by the higher layer parameter
number ActivatedAperiodicCS-RS-Resourcesis set to '1' for aserving cell of the triggered set of serving cells, the report
isfor the activated CSI-RS resource for the serving cell.

If the CSI request field is 1 bit and the UE is configured with the higher layer parameter csi-SubframePatternConfig-ri2
for at least one serving cell, areport istriggered for a set of CSl process(es) and/or { CS| process, CSI subframe set} -
pair(s) for serving cell ¢ corresponding to the higher layer configured set of CSI process(es) and/or { CSl process, CSI
subframe set} -pair(s) associated with the value of CSl request field of ‘01" in Table 7.2.1-1C, if the CSl request field is
set to '1'. If the UE is configured with higher layer parameter eMIMO-Type2 for a CSI process of the triggered set of

CSl process(es) for serving cell ¢, thereport isfor a higher layer configured eMIMO type associated with the value of
CSl request field of '01' for the CSI process for serving cell ¢ . If the UE is configured with higher layer parameter csi-
RS-ConfigNZP-ApList and the number of activated CSI-RS resources given by the higher layer parameter

number ActivatedAperiodicCS-RS-Resourcesis set to '1' for a CSl process of the triggered set of CS| process(es), the
report is for the activated CSI-RS resource for the CSI process for the serving cell ¢.

If the CSI request field sizeis 2 bits and the UE is configured with the higher layer parameter csi-
SubframePatternConfig-r12 for at least one serving cell, areport istriggered according to the value in Table 7.2.1-1C
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corresponding to aperiodic CSI reporting. If the UE is configured with higher layer parameter eMIMO-Type2 for aCSl
process of the triggered set of CSI process(es), the report is for a higher layer configured eMIMO type associated with
the value of CSI request field for the CSI process. If the UE is configured with higher layer parameter csi-RS-
ConfigNZP-ApList and the number of activated CSI-RS resources given by the higher layer parameter

number ActivatedAperiodicCS-RS-Resourcesis set to '1' for a CSl process of the triggered set of CSI process(es), the
report is for the activated CSI-RS resource for the CSl process.

If the CSI request field sizeis 3 bits and the UE is not configured with the higher layer parameter csi-
SubframePatternConfig-r12 for any serving cell, and UE is not configured with higher layer parameter csi-RS
ConfigNZP-ApList or UE is configured with higher layer parameter csi-RS-ConfigNZP-ApList and the number of
activated CSI-RS resources given by the higher layer parameter number ActivatedAperiodicCS-RS-Resourcesis set to
'1' for each CSl process, areport istriggered according to the value in Table 7.2.1-1D corresponding to aperiodic CSI
reporting. If the UE is configured with higher layer parameter eMIMO-Type2 for a CSI process of the triggered set of
CSl process(es), the report isfor a higher layer configured eMIMO type associated with the value of CSI request field
for the CSl process. If the UE is configured with higher layer parameter csi-RS-ConfigNZP-ApList and the number of
activated CSI-RS resources given by the higher layer parameter number ActivatedAperiodicCS-RS-Resourcesis set to
'1' for a CSl process of the triggered set of CSl process(es), the report is for the activated CSI-RS resource for the CSI
process.

If the CSl request field size is 3 bits and the UE is configured with the higher layer parameter csi-
SubframePatternConfig-r12 for at least one serving cell, and UE is not configured with higher layer parameter csi-RS
ConfigNZP-ApList or UE is configured with higher layer parameter csi-RS-ConfigNZP-ApList and the number of
activated CSI-RS resources given by the higher layer parameter number ActivatedAperiodicCS-RS-Resourcesis set to
'1' for each CSI process, areport istriggered according to the value in Table 7.2.1-1E corresponding to aperiodic CSl
reporting. If the UE is configured with higher layer parameter eMIMO-Type2 for a CSl process of the triggered set of
CSl process(es), the report is for a higher layer configured eMIMO type associated with the value of CSI request field
for the CSl process. If the UE is configured with higher layer parameter csi-RS-ConfigNZP-ApList and the number of
activated CSI-RS resources given by the higher layer parameter number ActivatedAperiodicCS -RS-Resourcesis set to
'1' for a CSl process of the triggered set of CS| process(es), the report is for the activated CSI-RS resource for the CSI
process.

If the CSI request field size is 3 bits and the UE is not configured with the higher layer parameter csi-
SubframePatternConfig-r12 for any serving cell, and UE is configured with higher layer parameter csi-RS-ConfigNZP-
ApList and the number of activated CSI-RS resources given by the higher layer parameter

number ActivatedAperiodicCS -RS-Resourcesis set to more than '1' for at least one CS| process, areport is triggered for
serving cell ¢ according to the value in Table 7.2.1-1F corresponding to aperiodic CSl reporting. If the UE is
configured with higher layer parameter eMIMO-Type2 for a CSl process of the triggered set of CSI process(es), the
report isfor a higher layer configured eMIMO type associated with the value of CSI request field for the CSI process
for serving cell ¢.

If the CSI request field sizeis 3 bits and the UE is configured with the higher layer parameter csi-
SubframePatternConfig-r12 for at least one serving cell, and UE is configured with csi-RS-ConfigNZP-ApList and the
number of activated CSI-RS resources given by the higher layer parameter number ActivatedAperiodicCS-RS
Resourcesis set to more than '1' for at least one CSI process, areport istriggered for serving cell ¢ according to the
valuein Table 7.2.1-1G corresponding to aperiodic CSl reporting. If the UE is configured with higher layer parameter
eMIMO-Type2 for a CSl process of the triggered set of CS| process(es), the report is for a higher layer configured
eMIMO type associated with the value of CSl request field for the CSI process for serving cell ¢.

If the CSI request field sizeis 4 bits and the UE is not configured with the higher layer parameter csi-
SubframePatternConfig-r12 for any serving cell, areport is triggered according to the value in Table 7.2.1-1H
corresponding to aperiodic CSI reporting. If the UE is configured with higher layer parameter eMIMO-Type2 for a CSl
process of the triggered set of CSI process(es), the report isfor a higher layer configured eMIMO type associated with
the value of CSI request field for the CSI process.

If the CSI request field sizeis 4 bits and the UE is configured with the higher layer parameter csi-
SubframePatternConfig-r12 for at least one serving cell, areport istriggered according to the value in Table 7.2.1-11
corresponding to aperiodic CSI reporting. If the UE is configured with higher layer parameter eMIMO-Type2 for a CSl
process of the triggered set of CSI process(es), the report isfor a higher layer configured eMIMO type associated with
the value of CSI request field for the CSI process.

If the CSI request field sizeis 5 bits and the UE is not configured with the higher layer parameter csi-
SubframePatternConfig-r12 for any serving cell, areport istriggered according to the value in Table 7.2.1-1J
corresponding to aperiodic CSI reporting. If the UE is configured with higher layer parameter eMIMO-Type2 for aCSl
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process of the triggered set of CSI process(es), the report is for a higher layer configured eMIMO type associated with
the value of CSl request field for the CSl process.

If the CSl request field sizeis 5 bits and the UE is configured with the higher layer parameter csi-
SubframePatternConfig-r12 for at least one serving cell, areport is triggered according to the value in Table 7.2.1-1K
corresponding to aperiodic CSl reporting. If the UE is configured with higher layer parameter eMIMO-Type2 for aCSl
process of the triggered set of CSI process(es), the report is for a higher layer configured eMIMO type associated with
the value of CSl request field for the CSl process.

If the UE is configured with higher layer parameter csi-RS-ConfigNZP-ApList for a CSI process of the triggered set of
CSl process(es), the UE shall assume the CSI-RS resource associated with the value of CSI request field for the CSI
process is present in subframe n.

For agiven serving cell, if the UE is configured in transmission modes 1-9, the "CSl process' in Table 7.2.1-1B, Table
7.2.1-1C, Table 7.2.1-1D, and Table 7.2.1-1E refers to the aperiodic CSlI configured for the UE on the given serving
cell. A UE is not expected to be configured by higher layers with more than 5 CSI processesin each of the 1% and 2™
set of CSl process(es) in Table 7.2.1-1B. A UE is not expected to be configured by higher layers with more than 5 CS|
processes and/or { CSI process, CS| subframe set} -pair(s) in each of the 1% and 2" set of CSI process(es) and/or { CSI
process, CSl subframe set} -pair(s) in Table 7.2.1-1C. A UE is not expected to be configured by higher layers with more
than one instance of the same CSI processin each of the higher layer configured sets associated with the value of CSI
request field of '01', '10', and '11'in Table 7.2.1-1B and Table 7.2.1-1C respectively. A UE is not expected to be
configured by higher layers with more than 32 CSI processes in each of the 1% to 6™ set of CSI process(es) in Table
7.2.1-1D. A UE is not expected to be configured by higher layers with more than 32 CSI processes and/or { CS| process,
CSl subframe set} -pair(s) in each of the 1% to 6" set of CSI process(es) and/or { CS| process, CS| subframe set} -pair(s)
in Table 7.2.1-1E. A UE is not expected to be configured by higher layers with more than one instance of the same CSl
process in each of the higher layer configured sets associated with the value of CSI request field of '001', ‘010", '011',
'100', '101','110'and '111' in Table 7.2.1-1D, Table 7.2.1-1E, Table 7.2.1-1F, and Table 7.2.1-1G respectively. A UE is
not expected to be configured by higher layers with more than 32 of { CSI process, CSI-RS resource} in each of the 1%
to 7" set of { CSl process, CSI-RS resource} in Table 7.2.1-1F. A UE is not expected to be configured by higher layers
with more than 32 { CSI process, CSI-RS resource} and/or { CSI process, CSl subframe set, CSI-RS resource} in each
of the 1% to 7" set of { CSI process, CSI-RS resource} and/or { CSI process, CSl subframe set, CSI-RS resource} in
Table 7.2.1-1G. A UE is not expected to be configured by higher layers with more than 32 of { CSl process, CSI-RS
resource} in each of the 1% to 14™ set of { CSI process, CSI-RS resource} in Table 7.2.1-1H. A UE is not expected to be
configured by higher layers with more than 32 { CSl process, CSI-RS resource} and/or { CSI process, CSl subframe set,
CSI-RS resource} in each of the 1% to 14" set of { CSI process, CSI-RS resource} and/or { CSl process, CSl subframe
set, CSI-RSresource} in Table 7.2.1-11. A UE is not expected to be configured by higher layers with more than one
instance of the same CSl process in each of the higher layer configured sets associated with the value of CSI request
field of '0001', '0010', '0011, '0100', '0101', '0110', '0111', '1000, '1001', '1010', '1011', '1100, '1101', '1110', '1111" in
Table 7.2.1-1H, and Table 7.2.1-1I respectively. A UE is not expected to be configured by higher layers with more than
32 of { CSl process, CSI-RS resource} in each of the 1% to 30" set of { CSI process, CSI-RS resource} in Table 7.2.1-1J.
A UE is not expected to be configured by higher layers with more than 32 { CS| process, CSI-RS resource} and/or { CSI
process, CSI subframe set, CSI-RS resource} in each of the 1% to 30" set of { CSI process, CSI-RS resource} and/or
{CSl process, CSl subframe set, CSI-RS resource} in Table 7.2.1-1K. A UE is not expected to be configured by higher
layers with more than one instance of the same CS| process in each of the higher layer configured sets associated with
the value of CSl reguest field of ‘00001, ‘00010, ‘00011, ‘00100, ‘00101, '00110', '00111', '01000', '01001", ‘01010,
‘01011, ‘01100, ‘01101, '01110, '01111", '10000', '10001", '10010', '10011", '10100', '10101", '10110', '10111", 11000,
'11001', '11010, '11011, '11100, '11101, '11110, '11111" in Table 7.2.1-1J, and Table 7.2.1-1K respectively.

A UE isnot expected to receive more than one aperiodic CS| report request for a given subframe triggered by uplink
DCI formats other than 7-0A/7-0B.

A UE is not expected to update CSI corresponding to the CSI reference resource (defined in Subclause 7.2.3) for all CSl
report requests triggered by uplink DCI format 7-0A/7-0B except mii\X(Ny - Nu, 0 cs report requests when the

UE has NJ unreported aperiodic CSl requests, where a CSl request shall only be counted as unreported in a

dot/subdlot before the dot/subslot where the PUSCH carrying the corresponding CSl is transmitted, and N, isthe
maximum number of CS| requests triggered by uplink DCI format 7-0A/7-0B supported by the UE.

If aUE is configured with higher layer parameter eMIMO-Type for a CSl process, the UE is not expected to receive an
aperiodic CSI report request for a given slot/subslot triggering a CSl report for the CSI process.
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If aUE is configured with higher layer parameter eMIMO-Type and eMIMO-Type2 for a CSl process, and eMIMO-Type
issetto 'CLASS A', and eMIMO-Type2 is set to 'CLASS B' with one CSI-RS resource configured, the UE on reception
of an aperiodic CSl report request triggering a CSl report for eMIMO-Type2 of the CSI processis not expected to
update CSI for eMIMO-Type2 (ncqi_ref -1) (defined in Subclause 7.2.3) subframes before or (Ncqi ref -1) Subframes after
the subframe comprising the non-zero power CSI-RS (defined in [3]) within the CSI-RS resource associated with
eMIMO-Type of the CSI process.

If aUE is configured with more than one CS| process for a serving cell, the UE on reception of an aperiodic CSI report
request triggering a CSl report according to Table 7.2.1-1B is not expected to update CSl corresponding to the CSI

reference resource (defined in Subclause 7.2.3) for all CSI processes except the maXNX - Nu, O) lowest-indexed

CSl processes for the serving cell associated with the request when the UE has N, unreported CSI processes

associated with other aperiodic CSI requests for the serving cell, where a CSl process associated with a CSl request
shall only be counted as unreported in a subframe/slot/subsl ot before the subframe/slot/subslot where the PUSCH

carrying the corresponding CSl is transmitted, and Ncs_p is the maximum number of CSI processes supported by
the UE for the serving cell corresponding to subframe/slot/subslot-PUSCH, and:

- for FDD serving cell NX = Ncs_p;

- for TDD serving cell

- if the UE is configured with four CSI processes for the serving cell , Nx = I\lcs_p
- if the UE is configured with two or three CSI processes for the serving cell, NX =3,

If more than one value of Ncs_p isincluded in the UE-EUTRA-Capability, the UE assumes a val ue of Ncs_p that

is consistent with its CSI process configuration. If more than one consistent val ue of Ncg_p exists, the UE may
assume any one of the consistent values.

If aUE is configured with multiple cell groups, and if the UE receives multiple aperiodic CS| report requestsin a
subframe for different cell groups triggering more than one CSI report, the UE is not required to update CSl for more
than 5 CSl processes from the CS| processes corresponding to all the triggered CSl reports.

If aUE is configured with a PUCCH-SCell, and if the UE receives multiple aperiodic CSI report requests in a subframe
for both the primary PUCCH group and the secondary PUCCH group triggering more than one CSl report, the UE is
not required to update CSI for more than 5 CSI processes from the CS| processes corresponding to al the triggered CS
reports, in case the total number of serving cellsin the primary and secondary PUCCH group is no more than 5. If aUE
is configured with more than 5 serving cells, and if the UE receives aperiodic CSI report request in a subframe

triggering more than N y CSl reports, the UE is not required to update CSI for more than N y CSl processes from

the CSl processes corresponding to al the triggered CSI reports, where the value of N y isgiven by nMaxProc-r14 if

csi-RS-ConfigNZP-ApList is configured for at least one CS| process for which aperiodic CSI report is requested,
otherwise, by maxNumberUpdatedCSl-Proc-r13.

Table 7.2.1-1A: CSI Request field for PDCCH/EPDCCH/SPDCCH with uplink DCI format in UE specific
search space

Value of CSl request field Description
'00’ No aperiodic CSl report is triggered
‘01 Aperiodic CSl report is triggered for serving cell ¢
'10' Aperiodic CSlI report is triggered for a 1% set of serving cells configured by higher layers
11 Aperiodic CSI report is triggered for a 2™ set of serving cells configured by higher layers

ETSI



3GPP TS 36.213 version 15.12.0 Release 15 143 ETSI TS 136 213 V15.12.0 (2021-02)

Table 7.2.1-1B: CSI Request field for PDCCH/EPDCCH/SPDCCH with uplink DCI format in UE specific
search space

Value ofﬁ(;lsdl request Description
'00' No aperiodic CSlI report is triggered
01" Aperiodic CSl report is triggered for a set of CSI process(es) configured by higher layers for
serving cell ¢
'10' Aperiodic CSlI report is triggered for a 1% set of CSI process(es) configured by higher layers
'11' Aperiodic CSI report is triggered for a 2" set of CSI process(es) configured by higher layers

Table 7.2.1-1C: CSI Request field for PDCCH/EPDCCH/MPDCCH/SPDCCH with uplink DCI format in
UE specific search space

Vel ai C2 Description
request field
'00' No aperiodic CSlI report is triggered
01" Aperiodic CSl report is triggered for a set of CSI process(es) and/or {CSI process, CSI subframe
set}-pair(s) configured by higher layers for serving cell ¢
10 Aperiodic CSlI report is triggered for a 15 set of CSI process(es) and/or {CSI process, CSI subframe
set}-pair(s) configured by higher layers
11 Aperiodic CSl report is triggered for a 2" set of CSI process(es) and/or {CSI process, CSI
subframe set}-pair(s) configured by higher layers

Table 7.2.1-1D: CSI Request field for PDCCH/EPDCCH/SPDCCH with uplink DCI format in UE specific
search space

VElluz o) Cicl Description

request field
'000' No aperiodic CSlI report is triggered
001" Aperiodic CSl report is triggered for a set of CSI process(es) configured by higher layers for

serving cell ¢

'010' Aperiodic CSlI report is triggered for a 1% set of CSI process(es) configured by higher layers
'011' Aperiodic CSI report is triggered for a 2" set of CSI process(es) configured by higher layers
'100' Aperiodic CSlI report is triggered for a 3" set of CSI process(es) configured by higher layers
'101' Aperiodic CSlI report is triggered for a 4" set of CSI process(es) configured by higher layers
'110' Aperiodic CSlI report is triggered for a 5" set of CSI process(es) configured by higher layers
'111' Aperiodic CSI report is triggered for a 6! set of CSI process(es) configured by higher layers

Table 7.2.1-1E: CSI Request field for PDCCH/EPDCCH/SPDCCH with uplink DCI format in UE specific
search space

VEIE @17 Gt Description
request field P

'000' No aperiodic CSl report is triggered

001" Aperiodic CSl report is triggered for a set of CSI process(es) and/or {CSI process, CSI subframe
set}-pair(s) configured by higher layers for serving cell ¢

010" Aperiodic CSl report is triggered for a 15t set of CSI process(es) and/or {CSI process, CSI subframe
set}-pair(s) configured by higher layers

011" Aperiodic CSl report is triggered for a 2" set of CSI process(es) and/or {CSI process, CSI
subframe set}-pair(s) configured by higher layers

" An Aperiodic CSI report is triggered for a 3™ set of CSI process(es) and/or {CSI process, CSI

100 . ) h
subframe set}-pair(s) configured by higher layers

. Aperiodic CSI report is triggered for a 4" set of CSI process(es) and/or {CSI process, CSI

101 - ) .
subframe set}-pair(s) configured by higher layers

. Aperiodic CSI report is triggered for a 51" set of CSI process(es) and/or {CSI process, CSI

110 - ) .
subframe set}-pair(s) configured by higher layers

111" Aperiodic CSI report is triggered for a 6™ set of CSI process(es) and/or {CSI process, CSI
subframe set}-pair(s) configured by higher layers
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Table 7.2.1-1F: CSI Request field for PDCCH/EPDCCH/SPDCCH with uplink DCI format in UE specific
search space

Value of
reé:usést Description
field
'000' No aperiodic CSlI report is triggered
001" Aperiogiic CSl report is triggered for a 15 set of {CSI process, CSI-RS resource} configured by higher layers
for serving cell ¢
010" Aperiodic CSl report is triggered for a 2" set of {CSI process, CSI-RS resource} configured by higher layers
for serving cell ¢
011" Aperio_dic CSl report is triggered for a 3" set of {CSI process, CSI-RS resource} configured by higher layers
for serving cell ¢
100" Aperio_dic CSl report is triggered for a 4" set of {CSI process, CSI-RS resource} configured by higher layers
for serving cell ¢
101" Aperio_dic CSl report is triggered for a 5" set of {CSI process, CSI-RS resource} configured by higher layers
for serving cell ¢
110 Aperio_dic CSl report is triggered for a 6™ set of {CSI process, CSI-RS resource} configured by higher layers
for serving cell ¢
111" Aperiogiic CSl report is triggered for a 7" set of {CSI process, CSI-RS resource} configured by higher layers
for serving cell ¢

Table 7.2.1-1G: CSI Request field for PDCCH/EPDCCH/SPDCCH with uplink DCI format in UE specific
search space

vee ai el Description
request field
'000' No aperiodic CSlI report is triggered
001" Aperiodic CSlI report is triggered for a 15t set of {CSI process, CSI-RS resource} and/or {CSI
process, CSI subframe set, CSI-RS resource} configured by higher layers for serving cell ¢
010" Aperiodic CSI report is triggered for a 2" set of {CSI process, CSI-RS resource} and/or {CSI
process, CSI subframe set, CSI-RS resource} configured by higher layers for serving cell ¢
011" Aperiodic CSlI report is triggered for a 3™ set of {C_SI process, CSI-RS resource} and/or {CslI
process, CSI subframe set, CSI-RS resource} configured by higher layers for serving cell ¢
100 Aperiodic CSlI report is triggered for a 4" set of {CSI process, CSI-RS resource} and/or {CSI
process, CSI subframe set, CSI-RS resource} configured by higher layers for serving cell ¢
101" Aperiodic CSlI report is triggered for a 5" set of {CSI process, CSI-RS resource} and/or {CSI
process, CSI subframe set, CSI-RS resource} configured by higher layers for serving cell ¢
110 Aperiodic CSI report is triggered for a 6" set of {CSI process, CSI-RS resource} and/or {CSI
process, CSI subframe set, CSI-RS resource} configured by higher layers for serving cell ¢
111" Aperiodic CSlI report is triggered for a 7" set of {CSI process, CSI-RS resource} and/or {CSI
process, CSI subframe set, CSI-RS resource} configured by higher layers for serving cell ¢
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Table 7.2.1-1H: CSI Request field for PDCCH/EPDCCH with uplink DCI format in UE specific search

space
Value of
Csl o
request Description
field

‘0000 No aperiodic CSlI report is triggered

. . | Aperiodic CSI report is triggered for a set of {CSI process, CSI-RS resource} configured by higher layers for
0001 serving cell ¢

'0010' [ Aperiodic CSl report is triggered for a 15 set of {CSI process, CSI-RS resource} configured by higher layers

'0011' | Aperiodic CSI report is triggered for a 2" set of {CSI process, CSI-RS resource} configured by higher layers

‘0100 Aperiodic CSI report is triggered for a 3™ set of {CSI process, CSI-RS resource} configured by higher layers

‘0101 Aperiodic CSlI report is triggered for a 4" set of {CSI process, CSI-RS resource} configured by higher layers

'0110' Aperiodic CSI report is triggered for a 5" set of {CSI process, CSI-RS resource} configured by higher layers

'0111' | Aperiodic CSI report is triggered for a 6™ set of {CSI process, CSI-RS resource} configured by higher layers

'1000' | Aperiodic CSlI report is triggered for a 7" set of {CSI process, CSI-RS resource} configured by higher layers

'1001' | Aperiodic CSlI report is triggered for a 8 set of {CSI process, CSI-RS resource} configured by higher layers

'1010' | Aperiodic CSI report is triggered for a 9™ set of {CSI process, CSI-RS resource} configured by higher layers

'1011' | Aperiodic CSI report is triggered for a 10™ set of {CSI process, CSI-RS resource} configured by higher layers

'1100' | Aperiodic CSI report is triggered for a 11% set of {CSI process, CSI-RS resource} configured by higher layers

'1101' Aperiodic CSI report is triggered for a 12" set of {CSI process, CSI-RS resource} configured by higher layers

'1110' Aperiodic CSI report is triggered for a 13" set of {CSI process, CSI-RS resource} configured by higher layers

'1111' | Aperiodic CSI report is triggered for a 14™ set of {CSI process, CSI-RS resource} configured by higher layers

Table 7.2.1-1I: CSI Request field for PDCCH/EPDCCH with uplink DCI format in UE specific search

space
VEE Gif E5] Description
request field

'‘0000' No aperiodic CSl report is triggered

001" Aperiodic CSI report is triggered for a set of {CSI process, CSI-RS resource} and/or {CSI process,
CSI subframe set, CSI-RS resource} configured by higher layers for serving cell ¢

0010’ Aperiodic CSlI report is triggered for a 1% set of {C_SI process,_CSI-RS resource} and/or {CSI
process, CSI subframe set, CSI-RS resource} configured by higher layers

0011" Aperiodic CSI report is triggered for a 2" set of {CSI process, CSI-RS resource} and/or {CSI
process, CSI subframe set, CSI-RS resource} configured by higher layers

0100" Aperiodic CSlI report is triggered for a 3" set of {CSI process, CSI-RS resource} and/or {CSI
process, CSI subframe set, CSI-RS resource} configured by higher layers

0101 Aperiodic CSI report is triggered for a 4" set of {C_SI process, CSI-RS resource} and/or {CSI
process, CSI subframe set, CSI-RS resource} configured by higher layers

0110" Aperiodic CSI report is triggered for a 5" set of {CSI process, CSI-RS resource} and/or {CSI
process, CSI subframe set, CSI-RS resource} configured by higher layers

0111" Aperiodic CSI report is triggered for a 6" set of {CSI process, CSI-RS resource} and/or {CSI
process, CSI subframe set, CSI-RS resource} configured by higher layers

1000’ Aperiodic CSI report is triggered for a 7" set of {C_SI process,_CSI-RS resource} and/or {CSI
process, CSI subframe set, CSI-RS resource} configured by higher layers

1001" Aperiodic CSI report is triggered for a 8" set of {CSI process, CSI-RS resource} and/or {CSI
process, CSI subframe set, CSI-RS resource} configured by higher layers

1010’ Aperiodic CSI report is triggered for a 9" set of {C_SI process,_CSI-RS resource} and/or {CSI
process, CSI subframe set, CSI-RS resource} configured by higher layers

1011" Aperiodic CSlI report is triggered for a 10" set of {CSI process, CSI-RS resource} and/or {CSI
process, CSl subframe set, CSI-RS resource} configured by higher layers

1100" Aperiodic CSlI report is triggered for a 11" set of {CSI process, CSI-RS resource} and/or {CSI
process, CSI subframe set, CSI-RS resource} configured by higher layers

1101 Aperiodic CSlI report is triggered for a 12" set of {_CSI process, CSI-RS resource} and/or {CSI
process, CSI subframe set, CSI-RS resource} configured by higher layers

1110" Aperiodic CSlI report is triggered for a 13" set of {CSI process, CSI-RS resource} and/or {CSI
process, CSI subframe set, CSI-RS resource} configured by higher layers

1111 Aperiodic CSlI report is triggered for a 14" set of {_CSI process, CSI-RS resource} and/or {CSI
process, CSI subframe set, CSI-RS resource} configured by higher layers
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Table 7.2.1-1J: CSI Request field for PDCCH/EPDCCH with uplink DCI format in UE specific search

space
Value of
Csl L
request Description
field

'‘00000' | No aperiodic CSl report is triggered

. . | Aperiodic CSl report is triggered for a set of {CSI process, CSI-RS resource} configured by higher layers for

00001 :
serving cell ¢

'00010' | Aperiodic CSlI report is triggered for a 15 set of {CSI process, CSI-RS resource} configured by higher layers

'00011' | Aperiodic CSI report is triggered for a 2™ set of {CSI process, CSI-RS resource} configured by higher layers

'00100" | Aperiodic CSl report is triggered for a 3" set of {CSI process, CSI-RS resource} configured by higher layers

'00101' | Aperiodic CSI report is triggered for a 4™ set of {CSI process, CSI-RS resource} configured by higher layers

'00110' | Aperiodic CSl report is triggered for a 5% set of {CSI process, CSI-RS resource} configured by higher layers

'00111' | Aperiodic CSI report is triggered for a 6™ set of {CSI process, CSI-RS resource} configured by higher layers

'01000" | Aperiodic CSI report is triggered for a 7" set of {CSI process, CSI-RS resource} configured by higher layers

'01001' | Aperiodic CSI report is triggered for a 8" set of {CSI process, CSI-RS resource} configured by higher layers

'01010' | Aperiodic CSI report is triggered for a 9" set of {CSI process, CSI-RS resource} configured by higher layers

'01011" Aperiodic CSI report is triggered for a 10" set of {CSI process, CSI-RS resource} configured by higher
layers

01100" Aperiodic CSI report is triggered for a 11™ set of {CSI process, CSI-RS resource} configured by higher
layers

'01101" Aperiodic CSI report is triggered for a 121 set of {CSI process, CSI-RS resource} configured by higher
layers

01110" Aperiodic CSI report is triggered for a 13" set of {CSI process, CSI-RS resource} configured by higher
layers

01111" Aperiodic CSI report is triggered for a 14" set of {CSI process, CSI-RS resource} configured by higher
layers

10000" Aperiodic CSl report is triggered for a 15" set of {CSI process, CSI-RS resource} configured by higher
layers

10001" Aperiodic CSI report is triggered for a 16™ set of {CSI process, CSI-RS resource} configured by higher
layers

10010' Aperiodic CSI report is triggered for a 171 set of {CSI process, CSI-RS resource} configured by higher
layers

10011" Aperiodic CSI report is triggered for a 18™ set of {CSI process, CSI-RS resource} configured by higher
layers

10100' Aperiodic CSI report is triggered for a 19" set of {CSI process, CSI-RS resource} configured by higher
layers

10101" Aperiodic CSI report is triggered for a 20" set of {CSI process, CSI-RS resource} configured by higher
layers

'10110" | Aperiodic CSlI report is triggered for a 215t set of {CSI process, CSI-RS resource} configured by higher layers

10111" Aperiodic CSl report is triggered for a 22" set of {CSI process, CSI-RS resource} configured by higher
layers

11000" Aperiodic CSI report is triggered for a 23 set of {CSI process, CSI-RS resource} configured by higher
layers

11001" Aperiodic CSI report is triggered for a 24" set of {CSI process, CSI-RS resource} configured by higher
layers

11010' Aperiodic CSI report is triggered for a 25" set of {CSI process, CSI-RS resource} configured by higher
layers

11011" Aperiodic CSI report is triggered for a 26™ set of {CSI process, CSI-RS resource} configured by higher
layers

11100" Aperiodic CSl report is triggered for a 27" set of {CSI process, CSI-RS resource} configured by higher
layers

11101" Aperiodic CSI report is triggered for a 28" set of {CSI process, CSI-RS resource} configured by higher
layers

11110' Aperiodic CSl report is triggered for a 29" set of {CSI process, CSI-RS resource} configured by higher
layers

11111° Aperiodic CSI report is triggered for a 30" set of {CSI process, CSI-RS resource} configured by higher
layers

ETSI



3GPP TS 36.213 version 15.12.0 Release 15 147 ETSI TS 136 213 V15.12.0 (2021-02)

Table 7.2.1-1K: CSI Request field for PDCCH/EPDCCH with uplink DCI format in UE specific search
space

ETSI
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Value of
Csl .
request Description
field
'‘00000' | No aperiodic CSlI report is triggered
00001 Aperiodic CSlI report is triggered for a set of {CSI process, CSI-RS resource} and/or {CSI process, CSI
subframe set, CSI-RS resource} configured by higher layers for serving cell ¢
. . | Aperiodic CSl report is triggered for a 1% set of {CSI process, CSI-RS resource} and/or {CSI process, CSI
00010 ; \
subframe set, CSI-RS resource} configured by higher layers
00011" Aperiodic CSI report is triggered for a 2" set of {CSI process, CSI-RS resource} and/or {CSI process, CSI
subframe set, CSI-RS resource} configured by higher layers
'00100" Aperiodic CSI report is triggered for a 3™ set of {CSI process, CSI-RS resource} and/or {CSI process, CSI
subframe set, CSI-RS resource} configured by higher layers
. . | Aperiodic CSI report is triggered for a 4™ set of {CSI process, CSI-RS resource} and/or {CSI process, CSI
00101 ; A
subframe set, CSI-RS resource} configured by higher layers
00110" Aperiodic CSI report is triggered for a 51 set of {CSI process, CSI-RS resource} and/or {CSI process, CSI
subframe set, CSI-RS resource} configured by higher layers
'00111" Aperiodic CSI report is triggered for a 6™ set of {CSI process, CSI-RS resource} and/or {CSI process, CSI
subframe set, CSI-RS resource} configured by higher layers
. .| Aperiodic CSlI report is triggered for a 7" set of {CSI process, CSI-RS resource} and/or {CSI process, CSI
01000 ; )
subframe set, CSI-RS resource} configured by higher layers
'01001" Aperiodic CSI report is triggered for a 8" set of {CSI process, CSI-RS resource} and/or {CSI process, CSI
subframe set, CSI-RS resource} configured by higher layers
. . | Aperiodic CSl report is triggered for a 9™ set of {CSI process, CSI-RS resource} and/or {CSI process, CSI
01010 : )
subframe set, CSI-RS resource} configured by higher layers
. . | Aperiodic CSI report is triggered for a 10™ set of {CSI process, CSI-RS resource} and/or {CSI process, CSI
01011 ) ;
subframe set, CSI-RS resource} configured by higher layers
'01100" Aperiodic CSI report is triggered for a 11™ set of {CSI process, CSI-RS resource} and/or {CSI process, CSI
subframe set, CSI-RS resource} configured by higher layers
. . | Aperiodic CSI report is triggered for a 12™ set of {CSI process, CSI-RS resource} and/or {CSI process, CSI
01101 ) ;
subframe set, CSI-RS resource} configured by higher layers
01110" Aperiodic CSI report is triggered for a 13™ set of {CSI process, CSI-RS resource} and/or {CSI process, CSI
subframe set, CSI-RS resource} configured by higher layers
. . | Aperiodic CSI report is triggered for a 14™ set of {CSI process, CSI-RS resource} and/or {CSI process, CSI
01111 ) )
subframe set, CSI-RS resource} configured by higher layers
. . | Aperiodic CSl report is triggered for a 15" set of {CSI process, CSI-RS resource} and/or {CSI process, CSI
10000 ; .
subframe set, CSI-RS resource} configured by higher layers
10001" Aperiodic CSl report is triggered for a 16™ set of {CSI process, CSI-RS resource} and/or {CSI process, CSI
subframe set, CSI-RS resource} configured by higher layers
. . | Aperiodic CSl report is triggered for a 17t set of {CSI process, CSI-RS resource} and/or {CSI process, CSI
10010 ; .
subframe set, CSI-RS resource} configured by higher layers
10011" Aperiodic CSl report is triggered for a 18" set of {CSI process, CSI-RS resource} and/or {CSI process, CSI
subframe set, CSI-RS resource} configured by higher layers
10100" Aperiodic CSI report is triggered for a 19™ set of {CSI process, CSI-RS resource} and/or {CSI process, CSI
subframe set, CSI-RS resource} configured by higher layers
. . | Aperiodic CSI report is triggered for a 20" set of {CSI process, CSI-RS resource} and/or {CSI process, CSI
10101 ) ;
subframe set, CSI-RS resource} configured by higher layers
10110" Aperiodic CSl report is triggered for a 215! set of {CSI process, CSI-RS resource} and/or {CSI process, CSI
subframe set, CSI-RS resource} configured by higher layers
. . | Aperiodic CSl report is triggered for a 22" set of {CSI process, CSI-RS resource} and/or {CSI process, CSI
10111 ) .
subframe set, CSI-RS resource} configured by higher layers
11000" Aperiodic CSI report is triggered for a 23 set of {CSI process, CSI-RS resource} and/or {CSI process, CSI
subframe set, CSI-RS resource} configured by higher layers
. . | Aperiodic CSI report is triggered for a 24™ set of {CSI process, CSI-RS resource} and/or {CSI process, CSI
11001 ) )
subframe set, CSI-RS resource} configured by higher layers
. . | Aperiodic CSI report is triggered for a 25™ set of {CSI process, CSI-RS resource} and/or {CSI process, CSI
11010 ) ;
subframe set, CSI-RS resource} configured by higher layers
11011" Aperiodic CSI report is triggered for a 26™ set of {CSI process, CSI-RS resource} and/or {CSI process, CSI
subframe set, CSI-RS resource} configured by higher layers
. . | Aperiodic CSl report is triggered for a 27t set of {CSI process, CSI-RS resource} and/or {CSI process, CSI
11100 ) .
subframe set, CSI-RS resource} configured by higher layers
11101" Aperiodic CSI report is triggered for a 28™ set of {CSI process, CSI-RS resource} and/or {CSI process, CSI
subframe set, CSI-RS resource} configured by higher layers
. . | Aperiodic CSl report is triggered for a 29" set of {CSI process, CSI-RS resource} and/or {CSI process, CSI
11110 ) .
subframe set, CSI-RS resource} configured by higher layers
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Aperiodic CSI report is triggered for a 30" set of {CSI process, CSI-RS resource} and/or {CSI process, CSI

i subframe set, CSI-RS resource} configured by higher layers

NOTE: PDCCH/EPDCCH/MPDCCH/SPDCCH with DCI formats used to grant PUSCH transmissions as given
by DCI format 0, DCI format 4, DCI format 6-0A and DCI format 7-0A/7-0B are herein referred to as
uplink DCI format when common behaviour is addressed.

For aserving cell cthatisnotalLAA SCell, and anon-BL/CE UE, when the CS| request field from an uplink DCI
format other than 7-0A/7-0B is set to trigger areport,

- for FDD k=3 if the UE is configured with higher layer parameter shortProcessingTime, and the corresponding
DCI format is mapped onto the UE-specific search space and k=4 otherwise,

- for TDD UL/DL configuration 1-6, kisgiven in Table 8-2,
- for TDD UL/DL configuration O,

- ifthe MSB of the UL index isset to 1 and LSB of the UL index isset to O, kisgiven in Table 8-2i if the UE
is configured with higher layer parameter shortProcessingTime, and the corresponding DCI format is mapped
onto the UE-specific search space, in Table 8-2 otherwise; or

- if MSB of the UL index is set to 0 and LSB of the UL index isset to 1, kisequal to 6 if the UE is configured
with higher layer parameter shortProcessingTime, and the corresponding DCI format is mapped onto the UE-
specific search, 7 otherwise; or

- if bothMSB and LSB of the UL index isset to 1, kisgiven in Table 8-2i if the UE is configured with higher
layer parameter shortProcessingTime, and the corresponding DCI format is mapped onto the UE-specific
search space, in Table 8-2 otherwise.

For aserving cell ¢, when the CSI request field from an uplink DCI format 7-0A/7-0B is set to trigger areport, for

- FDD, if the UE is configured for subslot uplink transmissions, k is determined based on higher layer
configuration from {4,6,8 }, otherwise k=4.

- TDD, kisgiven by table 8-2m, 8-2n, 8-2p according to the corresponding specia subframe configuration.

For TDD, if a UE is configured with more than one serving cell and if the UL/DL configurations of at least two serving
cellsare different, or if the UE is configured with the parameter EIMTA-MainConfigServCell-r12 for at least one
serving cell, or for FDD-TDD and serving cell frame structure type 2, the "TDD UL/DL Configuration" givenin Table
8-2 refersto the UL -reference UL/DL configuration (defined in Subclause 8.0).

For aserving cell cthatisaLAA SCell, when the CSI request field from an uplink DCI format is set to trigger a report,

-k corresponds to the scheduled PUSCH subframe determined in Subclause 8.0 if the uplink DCI format is
0A/4A,

-k corresponds to the N-th scheduled PUSCH subframe determined in Subclause 8.0 if the uplink DCI format is
0B/4Band N<2,

- K corresponds to the (N-1)-th scheduled PUSCH subframe determined in Subclause 8.0 if the uplink DCI
format isOB/4B and N> 2,

- vaueof Nisdetermined by the number of scheduled subframes field in the corresponding DCI format 0B/4B

For anon-BL/CE UE, when the CSl request field from a Random Access Response Grant is set to trigger areport and is
not reserved, kisequal to k, if the UL delay field in Subclause 6.2 is set to zero, where k, isgivenin Subclause

6.1.1. The UE shall postpone aperiodic CSI reporting to the next available UL subframeif the UL delay field isset to 1.

For aBL/CE UE, when the CSI request field from a Random Access Response Grant is set to trigger areport and is not
reserved, the subframe(s) in which the corresponding aperiodic CSI reporting is transmitted is determined according to
Subclause 6.1.1.
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The minimum reporting interval for aperiodic reporting of CQI and PMI and RI and CRI is 1 subframe. The subband
size for CQI shall be the same for transmitter-receiver configurations with and without precoding.

If aUE is not configured for simultaneous PUSCH and PUCCH transmission, when aperiodic CS| report with no
transport block associated as defined in Subclause 8.6.2 and positive SR is transmitted in the same
subframe/dot/subslot, the UE shall transmit SR, and, if applicable, HARQ-ACK, on PUCCH resources as described in
Subclause 10.1

A UE is semi-statically configured by higher layers to feed back CQI and PMI and corresponding Rl and CRI on the
same PUSCH using one of the following CSI reporting modes given in Table 7.2.1-1 and described below. For a BL/CE
UE the UE shall not transmit the RI for any CSI reporting mode in Table 7.2.1-1.

If aUE is configured with higher layer parameter FeCoMPCS Enabled for a CSI process the reported CRI value can
take on values 0, 1, 2. For CRI value of 2, then 2 sets of PMI/CQI/RI are reported, one set for each of the configured
CSI-RSresources.  The combinations of the reported RIs are restricted to the following sets{ 1,1}, {1,2}, {2,1}, {2,2},
{2,3},{3.2},{3,3}, {3,4},{4,3}, {4,4} where{x,y} indicates Rl value of x corresponding to the first CSI-RS resource
and RI value of y corresponding to the second CSI-RS resource.

If aUE is configured with higher layer parameter eMIMO-Type and eMIMO-Type2, and eMIMO-Typeis set to 'CLASS
A', and eMIMO-Type2 is set to 'CLASS B' with one CSI-RS resource configured, one of the following CSI reporting
modes given in Table 7.2.1-1 is configured only for eMIMO-Type2 and for any CSI reporting mode in Table 7.2.1-1,

- the UE shall not transmit CQI and second precoding matrix indicator i, for eMIMO-Type;

- the UE shall not transmit RI for eMIMO-Type except if the maximum number of supported layers for spatial
multiplexing in DL by the UE is more than 2, then UE feeds back a 1-bit RI according to Table 7.2.1-1L ;

- the UE shall transmit wideband first PMI for eMIMO-Type.

If aUE is configured with higher layer parameter eMIMO-Type and eMIMO-Type2, and eMIMO-Type is set to 'CLASS
B' with more than one CSI-RS resource configured, and eMIMO-Type2 is set to 'CLASS B' with one CSI-RS resource
configured, one of the following CSI reporting modes given in Table 7.2.1-1 is configured only for eMIMO-Type2 and
the UE shall not transmit CQI, PMI, RI for eMIMO-Type and the UE shall transmit CRI for eMIMO-Type for any CSI
reporting mode in Table 7.2.1-1.

Table 7.2.1-1: CQIl and PMI Feedback Types for PUSCH CSI reporting Modes

PMI Feedback Type
No PMI | Single PMI | Multiple PMI

Wideband
(wideband CQI) Mode 1-0 | Mode 1-1 Mode 1-2
PUSCH CQl UE Selected
Feedback Type (subband CQI) Mode 2-0 Mode 2-2
Higher Layer-configured
(subband CQI) Mode 3-0 | Mode 3-1 Mode 3-2

Table 7.2.1-1L: Mapping of Rl field to RI

Value of Rl field | RI
0 1
1 3

For non-BL/CE UE and for each of the transmission modes defined in Subclause 7.1, the following reporting modes are
supported on PUSCH:

Transmissson mode 1 : Modes2-0, 3-0, 1-0
Transmission mode 2 : Modes 2-0, 3-0, 1-0
Transmission mode 3 : Modes 2-0, 3-0, 1-0
Transmisson mode4 : Modes 1-2, 2-2, 3-1, 3-2, 1-1
Transmisson mode5 : Mode 3-1, 1-1

Transmisson mode 6 : Modes 1-2, 2-2, 3-1, 3-2, 1-1
Transmission mode 7 : Modes 2-0, 3-0, 1-0
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Transmisson mode 8 : Modes 1-2, 2-2, 3-1, 3-2, 1-1 if the UE is configured with PMI/RI reporting; modes 2-0,
3-0, 1-0if the UE is configured without PMI/RI reporting

Transmisson mode 9 : Modes1-2, 2-2, 3-1, 3-2, 1-1if the UE is configured with PMI/RI reporting and number
of CSI-RS ports > 1 and the UE is not configured with higher layer parameter
advancedCodebookEnabled; modes 1-2, 2-2, 3-1, 3-2 if the UE is configured with PMI/RI
reporting and number of CSI-RS ports > 1 and the UE is configured with higher layer
parameter advancedCodebookEnabled; modes 2-0, 3-0, 1-0 if the UE is configured without
PMI/RI reporting or without PMI reporting or number of CSI-RS ports=1 or the number of
CSI-RS portsin each of one or more CSI-RS resourcesin a CSl processis one when
eMIMO-Type or eMIMO-Type2 is set to 'CLASS B'; modes 1-1, 3-1 if the UE is configured
with higher layer parameter semiOpenLoop.

Transmission mode 10 : Modes 1-2, 2-2, 3-1, 3-2, 1-1 if the UE is configured with PMI/RI reporting and number
of CSI-RS ports > 1 and the UE is not configured with higher layer parameter
advancedCodebookEnabled; modes 1-2, 2-2, 3-1, 3-2 if the UE is configured with PMI/RI
reporting and number of CSI-RS ports> 1 and the UE is configured with higher layer
parameter advancedCodebookEnabled; modes 2-0, 3-0, 1-0 if the UE is configured without
PMI/RI reporting or without PMI reporting or number of CSI-RS ports=1 or the number of
CSI-RS portsin each of one or more CSI-RS resourcesin a CSl| process is one when
eMIMO-Type or eMIMO-Type?2 is set to 'CLASS B'; modes 1-1, 3-1 if the UE configured
with higher layer parameter semi OpenLoop.

For a BL/CE UE configured with CEModeA, the following reporting modes are supported on PUSCH:

Transmission mode 1 : Mode 2-0
Transmission mode 2 : Mode 2-0
Transmission mode 6 : Mode 2-0
Transmission mode 9 : Mode 2-0

For Transmission mode 6 and a BL/CE UE configured with a C-RNTI, the BL/CE UE reports CQI for the closed-loop
with spatial multiplexing PDSCH transmission scheme.

The aperiodic CSI reporting mode is given by the parameter cqi-ReportModeAperiodic which is configured by higher-
layer signalling.

DL
For anon-BL/CE UE, a serving cell with NRB < 7, PUSCH reporting modes are not supported for that serving cell.

For anon-BL/CE UE, RI isonly reported for transmission modes 3 and 4, as well as transmission modes 8, 9 and 10 with
PMI/RI reporting, and transmission modes 9 and 10 without PMI reporting.
For aBL/CE UE, RI is not reported.

If the UE is configured with higher layer parameter eMIMO-Type2 for a CSl process, the higher layer parameter
eMIMO-Type in the rest of this Subclause refersto higher layer configured eMIMO type associated with the value of
CSl request field triggering aperiodic CSI reporting for the CSl process.

For serving cell ¢, aUE configured in transmission mode 10 with PMI/RI reporting or without PMI reporting for a CSl
process can be configured with a'RI-reference CSl process for the CSl process. If the UE is configured with a'RI-
reference CSl process for the CSl process, the reported RI for the CSI process shall be the same as the reported RI for
the configured 'RI-reference CSl process. The RI for the 'RI-reference CSl process is not based on any other
configured CSI process other than the 'RI-reference CSI process. The UE is not expected to receive an aperiodic CS
report request for a given subframe/slot/subslot triggering a CSl report including CSI associated with the CSI process
and not including CSl associated with the configured 'Rl-reference CSI process. If the UE is configured with a'RI-
reference CSI process for a CS| process and if subframe sets Cg o and Ccg ; areconfigured by higher layers for

only one of the CSI processes then the UE is not expected to receive configuration for the CSI process configured with
the subframe subsets that have a different set of restricted RIs with precoder codebook subset restriction between the
two subframe sets. The UE is not expected to receive configurations for the CSI process and the 'RI-reference CSI
process that have a different:

- Aperiodic CSl reporting mode, and/or

- number of CSI-RS antenna ports, and/or
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- set of restricted RIs with precoder codebook subset restriction if subframe sets Ceg o and Ccg; arenot
configured by higher layers for both CSI processes, and/or

- set of restricted RIs with precoder codebook subset restriction for each subframe set if subframe sets cg, and
Ccg1 areconfigured by higher layersfor both CSI processes, and/or

- set of restricted RIs with precoder codebook subset restriction if subframesets C.g o, and Ceg, ae

configured by higher layers for only one of the CSI processes, and the set of restricted RIs for the two subframe
sets are the same, and/or

- number of CSI-RS antenna ports for any two CSI-RS resources for the two CSI processes, if a UE is configured
with higher layer parameter eMIMO-Type, and eMIMO-Typeis set to 'CLASS B', and the number of configured
CSI-RS resources is more than one for at least one of the two CSI processes, and/or

- set of restricted RIs with precoder codebook subset restriction for any two CSI-RS resources for the two CSI
processes, if a UE is configured with higher layer parameter eMIMO-Type, and eMIMO-Type is set to 'CLASS
B', and the number of configured CSI-RS resources is more than one for at least one of the two CSl processes
and if subframe sets C.q o and Ccg, arenot configured by higher layers for both CSI processes, and/or

- set of restricted RIs with precoder codebook subset restriction for each subframe set and for any two CSI-RS
resources for the two CSI processes, if a UE is configured with higher layer parameter eMIMO-Type, and
eMIMO-Typeis set to 'CLASS B', and the number of configured CSI-RS resources is more than one for at least
one of the two CSI processes and if subframe sets Cqq o and Ccg, areconfigured by higher layers for both

CSl processes, and/or

- set of restricted RIs with precoder codebook subset restriction for any two CSI-RS resources for the two CS|
processes, if a UE is configured with higher layer parameter eMIMO-Type, and eMIMO-Type is set to 'CLASS
B', and the number of configured CSI-RS resources is more than one for at least one of the two CSI processes
and if subframe sets C.q and Ccg, areconfigured by higher layers for only one of the CSI processes, and

the set of restricted RIs for the two subframe sets are the same.

For anon-BL/CE UE, aRI report for a serving cell on an aperiodic reporting mode is valid only for CQI/PMI report or
CQI report without PMI reporting for that serving cell on that aperiodic reporting mode.

For a UE configured in transmission mode 9 or 10, and for a CSl process, if a UE is configured with parameter eMIMO-
Type configured by higher layers, except with higher layer parameter csi-RS-NZP-mode configured, and eMIMO-Type
is set to 'CLASS B' and the number of configured CSI-RS resources is more than one, and for a UE configured in
transmission mode 9 or 10, and for a CSl process, if aUE is configured with higher layer parameter eMIMO-Type set to
'CLASS B' and higher layer parameter csi-RS-NZP-mode set to 'multiShot', and the number of activated CSI-RS
resources is more than one, and the total number of antenna ports across all configured CSI-RS resources is more than
15, the UE on reception of an aperiodic CSl report request triggering a CSl report in uplink subframe n isnot expected
to update CRI corresponding to the CSI processif CRI for the CSl process has been reported and updated on or after

subframe N-—5.

e  Wideband feedback
0 Mode 1-2 description:

0 For aUE configured in transmission mode 9 or 10, and for a CSl process, if a UE is configured
with higher layer parameter eMIMO-Type, except with higher layer parameter csi-RS-NZP-mode.
configured, and eMIMO-Typeis set to 'CLASS B', and the number of configured CSI-RS
resources is more than one, and for a UE configured in transmission mode 9 or 10, and for aCSl
process, if a UE is configured with higher layer parameter eMIMO-Type set to 'CLASS B' and
higher layer parameter csi-RS-NZP-mode set to 'multiShot’, and the number of activated CSI-RS
resources is more than one, the UE shall report one wideband CRI which is calculated assuming
transmission on set S subbands.

0 For each subband a preferred precoding matrix is selected from the codebook subset assuming
transmission only in the subband

0 A UE shall report one wideband CQI value per codeword which is calculated assuming the use
of the corresponding selected precoding matrix in each subband and transmission on set S
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subbands. The UE shall report the selected precoding matrix indicator for each set S subband
except with

8 CSI-RS ports configured for transmission modes 9 and 10 or with
alternativeCodeBookEnabledFor4TX-r12=TRUE configured for transmission modes 8,
9 and 10, in which case afirst precoding matrix indicator i, is reported for the set S
subbands and a second precoding matrix indicator i, isreported for each set Ssubband,
if the UE is not configured with higher layer parameter eMIMO-Type or
advancedCodebookEnabled, or UE is configured in transmission mode 9 or 10 and

advancedCodebookEnabled=TRUE, and reported RI>2, or UE reports CRI, or UE is
configured in transmission mode 9 or 10, and with higher layer parameter eMIMO-
Type, and eMIMO-Type is set to 'CLASS B', and one CSI-RS resource configured, and
except with higher layer parameter alternativeCodebookEnabledCLASSB_K1=TRUE
configured.

UE is configured in transmission mode 9 or 10, and with higher layer parameter
eMIMO-Type, and eMIMO-Typeis set to 'CLASS A’, in which case afirst precoding
matrix indicator i, isreported for the set S subbands and a second precoding matrix

indicator i, isreported for each set S subband, if the UE is not configured with higher
layer parameter advancedCodebookEnabled, or UE is configured with higher layer
parameter advancedCodebookEnabled=TRUE, and reported RI>2.

UE is configured in transmission mode 9 or 10, and with higher layer parameter

advancedCodebookEnabled=TRUE, and reported RI<2, in which case afirst
precoding matrix indicator i, isreported for the set S subbands, a relative power

indicator | o isreported for the set S subbands and a second precoding matrix indicator
i, isreported for each set Ssubband.

0 Subband sizeisgiven by Table 7.2.1-3A when the CS| request field from an uplink DCI format
7-0A/7-0B is set to trigger areport, Table 7.2.1-3 otherwise.

0 For transmission modes 4, 8, 9 and 10, the reported PMI and CQI values and RPI value (if
reported) are calculated conditioned on the reported RI. For other transmission modes they are
reported conditioned on rank 1. If CRI is reported, the reported PMI, CQI, and RI values are
calculated conditioned on the reported CRI.

0 Mode 1-1 description:

For a UE configured in transmission mode 9 or 10, and for a CSl process, if aUE is
configured with higher layer parameter eMIMO-Type, except with higher layer
parameter csi-RS-NZP-mode configured, and eMIMO-Typeis set to 'CLASS B', and the
number of configured CSI-RS resources is more than one, and for a UE configured in
transmission mode 9 or 10, and for a CSl process, if aUE is configured with higher
layer parameter eMIMO-Type set to 'CLASS B' and higher layer parameter csi-RS-NZP-
mode set to 'multi Shot', and the number of activated CSI-RS resources is more than one,
the UE shall report one wideband CRI which is calcul ated assuming transmission on set
S subbands.

A single precoding matrix is selected from the codebook subset assuming transmission
on set S subbands

A UE shall report a wideband CQI value per codeword which is calculated assuming
the use of the single precoding matrix in all subbands and transmission on set S
subbands

The UE shall report the selected single precoding matrix indicator except with

e 8 CSI-RS ports configured for transmission modes 9 and 10 or with
alternativeCodeBookEnabledFor4TX-r12=TRUE configured for transmission
modes 8, 9 and 10, in which case afirst and second precoding matrix indicator
are reported corresponding to the selected single precoding matrix, if the UE is
not configured with higher layer parameter eMIMO-Type, or UE reports CRI,
or UE is configured in transmission mode 9 or 10, and with higher layer
parameter eMIMO-Type, and eMIMO-Typeis set to 'CLASS B', and one CSI-
RS resource configured, and except with higher layer parameter
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alter nativeCodebookEnabledCLASSB_K1=TRUE configured or when higher
layer parameter semiOpenLoop is configured and RI<3, in which case afirst
precoding matrix indicator is reported corresponding to the selected single
precoding matrix.

e UEisconfigured in transmission mode 9 or 10, and with higher layer
parameter eMIMO-Type, and eMIMO-Typeis set to 'CLASS A', in which case
afirst and second precoding matrix indicator are reported corresponding to the
selected single precoding matrix, except when higher layer parameter
semiOpenLoop is configured and RI<3, in which case afirst precoding matrix
indicator is reported corresponding to the selected single precoding matrix.

= For transmission modes 4, 8, 9 and 10, the reported PMI and CQI values are calculated
conditioned on the reported RI. For other transmission modes they are reported
conditioned on rank 1. If CRI isreported, the reported PMI, CQI, and RI values are
calculated conditioned on the reported CRI.

0 Mode 1-0 description:

o IfaUEisconfigured in transmission mode 9 or 10, and UE is configured with higher layer
parameter eMIMO-Type for a CSl process, and eMIMO-Typeis set to 'CLASS B', and the
number of CSI-RS antenna portsin at least one of the one or more configured CSI-RS resource
is more than one,

= |f the UE isnot configured with higher layer parameter csi-RS-NZP-mode, and the
number of configured CSI-RS resources is more than one, or the UE is configured with
higher layer parameter csi-RS-NZP-mode set to 'multiShot’, and the number of activated
CSI-RS resources is more than one, the UE shall report one wideband CRI whichis
calculated assuming transmission on set S subbands.

= A single precoding matrix is selected from the codebook subset assuming transmission
on set S subbands

= A UE shal report awideband CQI value per codeword which is calculated assuming
the use of the single precoding matrix in all subbands and transmission on set S
subbands

=  The selected precoding matrix, and reported CQI values are calculated conditioned on
the reported RI. If CRI isreported, the selected precoding matrix, reported CQI, and RI
values are calculated conditioned on the reported CRI

otherwise,

= For aUE configured in transmission mode 9 or 10, and for aCSl process, if aUE is
configured with higher layer parameter eMIMO-Type, except with higher layer
parameter csi-RS-NZP-mode configured, and eMIMO-Typeis set to 'CLASS B', and the
number of configured CSI-RS resources is more than one, and for a UE configured in
transmission mode 9 or 10, and for a CSl process, if aUE is configured with higher
layer parameter eMIMO-Type set to 'CLASS B' and higher layer parameter csi-RS-NZP-
mode set to 'multi Shot', and the number of activated CSI-RS resources is more than one,
the UE shall report one wideband CRI which is calcul ated assuming transmission on set
Ssubbands.

= A UE shal report awideband CQI value which is calculated assuming transmission on
set S subbands

=  Thewideband CQI represents channel quality for the first codeword, even when RI>1.

= For transmission mode 3 the reported CQI valueis calculated conditioned on the
reported RI. For other transmission modes they are reported conditioned on rank 1. If
CRI isreported, the reported CQI values are calculated conditioned on the reported
CRI.

Higher Layer-configured subband feedback
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Mode 3-0 description:

o IfaUEisconfigured in transmission mode 9 or 10, and UE is configured with higher layer
parameter eMIMO-Type for a CSl process, and eMIMO-Typeis set to 'CLASS B', and the
number of CSI-RS antenna portsin at least one of the one or more configured CSI-RS resource
is more than one,

otherwise,

If the UE is not configured with higher layer parameter csi-RS-NZP-mode, and the
number of configured CSI-RS resources is more than one, or the UE is configured with
higher layer parameter csi-RS-NZP-mode set to 'multiShot’, and the number of activated
CSI-RS resources is more than one, the UE shall report one wideband CRI whichis
calculated assuming transmission on set S subbands.

A single precoding matrix is selected from the codebook subset assuming transmission
on set S subbands

A UE shall report one subband CQI value per codeword for each set S subband which
are calculated assuming the use of the single precoding matrix in al subbands and
assuming transmission in the corresponding subband.

A UE shall report a wideband CQI value per codeword which is calculated assuming
the use of the single precoding matrix in all subbands and transmission on set S
subbands

The selected precoding matrix, and reported CQI values are calculated conditioned on
the reported RI. If CRI isreported, the selected precoding matrix, reported CQI, and RI
values are calculated conditioned on the reported CRI

For a UE configured in transmission mode 9 or 10, and for a CSl process, if aUE is
configured with higher layer parameter eMIMO-Type, except with higher layer
parameter csi-RS-NZP-mode configured, and eMIMO-Typeis set to 'CLASS B', and the
number of configured CSI-RS resources is more than one, and for a UE configured in
transmission mode 9 or 10, and for a CSl process, if aUE is configured with higher
layer parameter eMIMO-Type set to 'CLASS B' and higher layer parameter csi-RS-NZP-
mode set to 'multi Shot', and the number of activated CSI-RS resources is more than one,
the UE shall report one wideband CRI which is calcul ated assuming transmission on set
S subbands.

A UE shall report a wideband CQI value which is cal culated assuming transmission on
set Ssubbands

The UE shall also report one subband CQI value for each set S subband. The subband
CQI vaueis calculated assuming transmission only in the subband

Both the wideband and subband CQI represent channel quality for the first codeword,
even when RI>1.

For transmission mode 3 the reported CQI values are calculated conditioned on the
reported RI. For other transmission modes they are reported conditioned on rank 1. If
CRI isreported, the reported CQI values are calculated conditioned on the reported
CRI.

Mode 3-1 description:

For a UE configured in transmission mode 9 or 10, and for a CSl process, if aUE is
configured with higher layer parameter eMIMO-Type, except with higher layer
parameter csi-RS-NZP-mode configured, and eMIMO-Typeis set to 'CLASS B', and the
number of configured CSI-RS resources is more than one, and for a UE configured in
transmission mode 9 or 10, and for a CSl process, if a UE is configured with higher
layer parameter eMIMO-Type set to 'CLASS B' and higher layer parameter csi-RS-NZP-
mode set to 'multi Shot', and the number of activated CSI-RS resources is more than one,
the UE shall report one wideband CRI which is calcul ated assuming transmission on set
Ssubbands.
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A single precoding matrix is selected from the codebook subset assuming transmission
on set S subbands

A UE shall report one subband CQI value per codeword for each set S subband which
are calculated assuming the use of the single precoding matrix in al subbands and
assuming transmission in the corresponding subband.

A UE shall report a wideband CQI value per codeword which is calculated assuming
the use of the single precoding matrix in al subbands and transmission on set S
subbands

The UE shall report the selected single precoding matrix indicator except with,

e 8 CSI-RS ports configured for transmission modes 9 and 10 or with
alter nativeCodeBookEnabledFor4TX-r12=TRUE configured for transmission
modes 8, 9 and 10, in which case afirst and second precoding matrix indicator
are reported corresponding to the selected single precoding matrix, if the UE is
not configured with higher layer parameter eMIMO-Type or
advancedCodebookEnabled, or UE is configured in transmission mode 9 or 10

and advancedCodebookEnabled=TRUE, and reported RI>2, or UE reports
CRI, or UE is configured in transmission mode 9 or 10, and with higher layer
parameter eMIMO-Type, and eMIMO-Typeis set to 'CLASS B', and one CSl-
RS resource configured, and except with higher layer parameter
alternativeCodebookEnabledCLASSB_K1=TRUE configured, or when higher
layer parameter semiOpenLoop is configured and RI<3, in which case afirst
precoding matrix indicator is reported corresponding to the selected single
precoding matrix.

e UE isconfigured in transmission mode 9 or 10, and with higher layer
parameter eMIMO-Type, and eMIMO-Typeis set to 'CLASS A', in which case
afirst and second precoding matrix indicator are reported corresponding to the
selected single precoding matrix if the UE is not configured with higher layer
parameter advancedCodebookEnabled, or UE is configured with higher layer

parameter advancedCodebookEnabled=TRUE, and reported RI>2, except
when higher layer parameter semiOpenLoop is configured and RI<3, in which
case afirst precoding matrix indicator is reported corresponding to the selected
single precoding matrix.

e UE isconfigured in transmission mode 9 or 10, and with higher layer

parameter advancedCodebookEnabled=TRUE, and reported RI<2, in which
case afirst and second precoding matrix indicator and relative power indicator
are reported corresponding to the selected single precoding matrix.

For transmission modes 4, 8, 9 and 10, the reported PMI and CQI values and RPI value
(if reported) are calculated conditioned on the reported RI. For other transmission
modes they are reported conditioned on rank 1. If CRI isreported, the reported PMI,
CQI, and RI values are calculated conditioned on the reported CRI.

0 Mode 3-2 description:

For a UE configured in transmission mode 9 or 10, and for a CSl process, if aUE is
configured with higher layer parameter eMIMO-Type, except with higher layer
parameter csi-RS-NZP-mode configured, and eMIMO-Typeis set to 'CLASS B', and the
number of configured CSI-RS resources is more than one, and for a UE configured in
transmission mode 9 or 10, and for a CSl process, if a UE is configured with higher
layer parameter eMIMO-Type set to 'CLASS B' and higher layer parameter csi-RS-NZP-
mode set to 'multi Shot', and the number of activated CSI-RS resources is more than one,
the UE shall report one wideband CRI which is calcul ated assuming transmission on set
Ssubbands.

For each subband a preferred precoding matrix is selected from the codebook subset
assuming transmission only in the subband
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= A UE shal report one wideband CQI value per codeword which is calculated assuming
the use of the corresponding selected precoding matrix in each subband and
transmission on set S subbands.

= A UE shall report the selected single precoding matrix indicator for each set S subband
except with,

e 8 CSI-RS ports configured for transmission mode 9 and 10, or with
alternativeCodeBookEnabledFor4TX-r12=TRUE configured for transmission
modes 8, 9 and 10, in which case the UE shall report afirst precoding matrix
indicator for al set S subbands and also report a second precoding matrix
indicator for each set S subband, if the UE is not configured with higher layer
parameter eMIMO-Type or advancedCodebookEnabled, or UE is configured in
transmission mode 9 or 10 and advancedCodebookEnabled=TRUE, and
reported RI>2, or UE reports CRI, or UE is configured in transmission mode
9 or 10, and with higher layer parameter eMIMO-Type, and eMIMO-Typeiis set
to 'CLASS B', and one CSI-RS resource configured, and except with higher
layer parameter alternativeCodebookEnabledCLASSB_K1=TRUE configured.

e UEisconfigured in transmission mode 9 or 10, and with higher layer
parameter eMIMO-Type, and eMIMO-Typeis set to 'CLASS A', in which case
afirst precoding matrix indicator i, isreported for the set S subbands and a
second precoding matrix indicator i, isreported for each set Ssubband if the
UE is not configured with higher layer parameter advancedCodebookEnabled,
or UE is configured with higher layer parameter
advancedCodebookEnabled=TRUE, and reported RI>2.

e UE isconfigured in transmission mode 9 or 10, and with higher layer
parameter advancedCodebookEnabled=TRUE, and reported RI<2, in which
case afirst precoding matrix indicator i, isreported for the set Ssubbands, a
relative power indicator | o is reported for the set S subbands, and a second

precoding matrix indicator i, isreported for each set S subband.

= A UE shal report one subband CQI value per codeword for each set S subband
reflecting transmission over the single subband and using the selected precoding matrix
in the corresponding subband.

= For transmission modes 4, 8, 9 and 10, the reported PMI and CQI values and RPI value
(if reported) are calculated conditioned on the reported RI. For transmission mode 6
they are reported conditioned on rank 1. If CRI is reported, the reported PMI, CQI, and
RI values are calculated conditioned on the reported CRI.

0 Subband CQI value for each codeword are encoded differentially with respect to their respective
wideband CQI using 2-bits as defined by

= Subband differential CQI offset level = subband CQI index —wideband CQI index. The
mapping from the 2-bit subband differential CQI value to the offset level is shown in
Table7.2.1-2.

Table 7.2.1-2: Mapping subband differential CQI value to offset level

Subband differential CQI value | Offset level
0 0
1 1
2 >2
3 <-1

0 Supported subband size (k) isgiven in Table 7.2.1-3A when the CS| request field from an uplink DCI
format 7-0A/7-0B is set to trigger areport, in Table 7.2.1-3 otherwise.
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Table 7.2.1-3: Subband Size (k) vs. System Bandwidth

System Bandwidth | Subband Size
N R (k)
6-7 NA
8-10 4
11-26 4
27 - 63 6
64 - 110 8

Table 7.2.1-3A: Subband Size (k) vs. System Bandwidth when the CSl request field from an uplink
DCI format 7-0A/7-0B is set to trigger a report

System Bandwidth | Subband Size
N Re (k)
6-7 NA
8-10 4
11-26 12
27 - 63 12
64 -110 12

e  UE-selected subband feedback
0 Mode 2-0 description:

o IfaUEisconfigured in transmission mode 9 or 10, and UE is configured with higher layer
parameter eMIMO-Type for a CSl process, and eMIMO-Typeis set to 'CLASS B', and the
number of CSI-RS antenna portsin at least one of the one or more configured CSI-RS resource
is more than one,

= |f the UE is not configured with higher layer parameter csi-RS-NZP-mode, and the
number of configured CSI-RS resources is more than one, or the UE is configured with
higher layer parameter csi-RS-NZP-mode set to 'multiShot’, and the number of activated
CSI-RS resources is more than one, the UE shall report one wideband CRI whichis
calculated assuming transmission on set S subbands.

=  The UE shall performjoint selection of the set of M preferred subbands of size k within
the set of subbands Sand a preferred single precoding matrix selected from the
codebook subset that is preferred to be used for transmission over the M selected
subbands.

=  The UE shal report one CQI value per codeword reflecting transmission only over the
selected M preferred subbands and using the same selected single precoding matrix in
each of the M subbands.

= A single precoding matrix is selected from the codebook subset assuming transmission
on set S subbands

= A UE shall report awideband CQI value per codeword which is calculated assuming
the use of the single precoding matrix in al subbands and transmission on set S
subbands

= The selected precoding matrix, and reported CQI values are calculated conditioned on
the reported RI. If CRI isreported, the selected precoding matrix, reported CQI, and RI
values are calculated conditioned on the reported CRI.

0 otherwise,

= For aUE configured in transmission mode 9 or 10, and for aCSl process, if aUE is
configured with higher layer parameter eMIMO-Type, except with higher layer
parameter csi-RS-NZP-mode configured, and eMIMO-Type is set to 'CLASS B', and the
number of configured CSI-RS resources is more than one, and for a UE configured in
transmission mode 9 or 10, and for a CSl process, if a UE is configured with higher
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layer parameter eMIMO-Type set to 'CLASS B' and higher layer parameter csi-RS-NZP-
mode set to 'multi Shot', and the number of activated CSI-RS resources is more than one,
the UE shall report one wideband CRI which is calculated assuming transmission on set
Ssubbands.

The UE shall select a set of M preferred subbands of size k (where k and M are given in
Table 7.2.1-5 for each system bandwidth range) within the set of subbands S.

The UE shall aso report one CQI value reflecting transmission only over the M selected
subbands determined in the previous step. The CQI represents channel quality for the
first codeword, even when RI>1.

Additionally, the UE shall aso report one wideband CQI value which is calculated
assuming transmission on set S subbands. The wideband CQI represents channel quality
for the first codeword, even when RI>1.

For transmission mode 3 the reported CQI values are cal culated conditioned on the
reported RI. For other transmission modes they are reported conditioned on rank 1. If
CRI isreported, the reported CQI values are calculated conditioned on the reported
CRI.

0 Mode 2-2 description:

For a UE configured in transmission mode 9 or 10, and for a CSI process, if aUE is
configured with higher layer parameter eMIMO-Type, except with higher layer
parameter csi-RS-NZP-mode configured, and eMIMO-Type is set to 'CLASS B', and the
number of configured CSI-RS resources is more than one, and for a UE configured in
transmission mode 9 or 10, and for a CSl process, if a UE is configured with higher
layer parameter eMIMO-Type set to 'CLASS B' and higher layer parameter csi-RS-NZP-
mode set to 'multi Shot', and the number of activated CSI-RS resources is more than one,
the UE shall report one wideband CRI which is calculated assuming transmission on set
Ssubbands.

The UE shall perform joint selection of the set of M preferred subbands of size k within
the set of subbands Sand a preferred single precoding matrix selected from the
codebook subset that is preferred to be used for transmission over the M selected
subbands.

The UE shall report one CQI value per codeword reflecting transmission only over the
selected M preferred subbands and using the same selected single precoding matrix in
each of the M subbands.

A single precoding matrix is selected from the codebook subset assuming transmission
on set S subbands

A UE shall report a wideband CQI value per codeword which is calculated assuming
the use of the single precoding matrix in all subbands and transmission on set S
subbands

The UE shall report the selected single precoding matrix indicator preferred for the M
selected subbands and the selected single precoding matrix indicator for al set S
subbands except with,

e 8 CSI-RS ports configured for transmission modes 9 and 10 or with
alter nativeCodeBookEnabledFor4TX-r12=TRUE configured for transmission
modes 8, 9 and 10, in which case the UE shall report afirst precoding matrix
indicator for al set Ssubbands, a second precoding matrix indicator for all set
S subbands and another second precoding matrix indicator for the M selected
subbands, if the UE is not configured with higher layer parameter eMIMO-
Type or advancedCodebookEnabled, or UE is configured in transmission mode
9 or 10 and advancedCodebookEnabled=TRUE, and reported RI>2, or UE
reports CRI, or UE is configured in transmission mode 9 or 10, and with higher
layer parameter eMIMO-Type, and eMIMO-Typeis set to 'CLASS B', and one
CSI-RS resource configured, and except with higher layer parameter
alternativeCodebookEnabledCLASSB_K1=TRUE configured.
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e UEisconfigured in transmission mode 9 or 10, and with higher layer
parameter eMIMO-Type, and eMIMO-Typeis set to 'CLASS A, in which case
the UE shall report afirst precoding matrix indicator i, for all set Ssubbands,

asecond precoding matrix indicator i, for all set S subbands and another
second precoding matrix indicator i, for or the M selected subbandsiif the UE

is not configured with higher layer parameter advancedCodebookEnabled, or
UE is configured with higher layer parameter

advancedCodebookEnabled=TRUE, and reported RI>2.

e UEisconfigured in transmission mode 9 or 10, and with higher layer

parameter advancedCodebookEnabled=TRUE, and reported RI<2, in which
case the UE shall report afirst precoding matrix indicator i, for all set S

subbands, arelative power indicator | o isreported for all set Ssubbands, a

second precoding matrix indicator i, for all set S subbands and another second
precoding matrix indicator i, for or the M selected subbands.

= For transmission modes 4, 8, 9 and 10, the reported PMI and CQI values and RPI value
(if reported) are calculated conditioned on the reported RI. For other transmission
modes they are reported conditioned on rank 1. If CRI is reported, the reported PMI,
CQI, and RI values are calculated conditioned on the reported CRI.

0 For al UE-selected subband feedback modes the UE shall report the positions of the M selected
subbands using a combinatorial index r defined as

. _M,l N_S
200
- wheretheset {5}, (1<5 <N, s <s,,) containsthe M sorted subband indices and

X
<X>= (y] x=y is the extended binomial coefficient, resulting in unique label
Y 0 x<y

o The CQI value for the M selected subbands for each codeword is encoded differentially using 2-bits
relative to its respective wideband CQI as defined by
= Differential CQI offset level = M selected subbands CQI index — wideband CQI index

= The mapping from the 2-bit differential CQI value to the offset level is shown in Table
7.2.1-4.

Table 7.2.1-4: Mapping differential CQI value to offset level

Differential CQIl value | Offset level
0 <1
1 2
2 3
3 >4

0 Supported subband size k and M values include those shown in Table 7.2.1-5A when the CSI request
field from an uplink DCI format 7-0A/7-0B is set to trigger areport, in Table 7.2.1-5 otherwise. In
Table 7.2.1-5 the k and M values are afunction of system bandwidth.
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0 The number of bits to denote the position of the M selected subbandsis L = ’7|og 2@: ﬂ :

For aBL/CE UE, the reported CQI values are calculated conditioned on rank 1.
- UE-selected subband feedback
- Mode 2-0 description:

- The UE shall report one wideband CQI value which is calculated assuming transmission on all
narrowband(s) in the CSI reference resource.

- If frequency hopping is configured for MPDCCH,

- the UE shall select M=1 preferred narrowband defined in Subclause 6.2.7 of [3] within the set of
narrowband(s) in which MPDCCH is monitored.

- the UE shall also report one CQI value reflecting transmission only over the selected narrowband
determined in the previous step.

- The CQI vaue for the M=1 selected narrowband is encoded differentially using 2-bitsrelative to its
respective wideband CQI as defined by

- Differential CQI offset level = selected narrowband CQI index — wideband CQI index
- The mapping from the 2-bit differential CQI value to the offset level is shown in Table 7.2.1-4.
- the UE shall report the positions of the M=1 selected narrowband according to Table 7.2.1-6.
- otherwise,

- the UE shall report a Differential CQI value = 0 and a position of the M=1 selected narrowband
according to Table 7.2.1-6.

Table 7.2.1-5: Subband Size (k) and Number of Subbands (M) in S vs. Downlink System Bandwidth

System Bandwidth .
DL Subband Size k (RBs) M
N RB

6-7 NA NA

8-10 2 1
11-26 2 3

27 - 63 3 5

64 — 110 4 6

Table 7.2.1-5A: Subband Size (k) and Number of Subbands (M) in S vs. Downlink System Bandwidth
when the CSl request field from an uplink DCI format 7-0A/7-0B is set to trigger a report

System Bandwidth .
oL Subband Size k (RBs) M
N RB

6-7 NA NA

8-11 4 1

12 -26 12 1

27 - 63 12 2

64 —110 12 4
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Table 7.2.1-6: Reporting UE selected narrowband position for BL/CE UEs

narl;ls\/\r?bbaird%ffor UE reported bit(s) for
narrowband position MPDCCH Narrowband Reported
MPDCCH
=~ (MSB, LSB)
monitoring
1 0 The narrowband used for MPDCCH monitoring
5 0 Narrowband with lowest narrowband index
1 Narrowband with highest narrowband index
00 Narrowband with lowest narrowband index
4 01 Narrowband with second lowest narrowband index
10 Narrowband with third lowest narrowband index
11 Narrowband with highest narrowband index
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7.2.2 Periodic CSI Reporting using PUCCH

A UE is semi-statically configured by higher layersto periodically feed back different CSI components (CQI, PMI, PTI,
CRI, and/or RI) on the PUCCH using the reporting modes given in Table 7.2.2-1 and described below. A UE in
transmission mode 10 can be configured by higher layers for multiple periodic CSl reports corresponding to one or
more CSI processes per serving cell on PUCCH.

A BL/CE UE configured with CEModeB is not expected to be configured with periodic CSI report.

If aUE is configured with higher layer parameter eMIMO-Type and eMIMO-Type2, and eMIMO-Type is set to 'CLASS
A', and eMIMO-Type2 is set to 'CLASS B' with one CSI-RS resource configured,

- oneof the following CSI reporting modes given in Table 7.2.2-1 is configured only for eMIMO-Type2

- the UE shall not transmit CQI, PTI, and second precoding matrix indicator i, for eMIMO-Type for any CSI
reporting mode in Table 7.2.2-1

- the UE shal not transmit RI for eMIMO-Type and for any CSI reporting mode in Table 7.2.2-1 except if the
maximum number of supported layers for spatial multiplexing in DL supported by the UE is more than 2, then
UE feeds back a 1-bit RI according to Table 7.2.1-1L

- the UE shall report atype 2areport consisting of wideband first PMI if RI is not transmitted, otherwise type 5
report consisting of jointly coded RI and a wideband first PMI for eMIMO-Type for any CSI reporting mode in
Table 7.2.2-1, as described below.

If aUE is configured with higher layer parameter eMIMO-Type and eMIMO-Type2, and eMIMO-Typeis set to 'CLASS
B' with more than one CSI-RS resource configured, and eMIMO-Type2 is set to 'CLASS B' with one CSI-RS resource
configured, one of the following CSl reporting modes given in Table 7.2.2-1 is configured only for eMIMO-Type2 and
the UE shall not transmit CQI, PMI, PTI, RI for eMIMO-Type for any CSl reporting mode in Table 7.2.2-1 and the UE
shall report atypelO report consisting of CRI as described below.

If a UE is configured with higher layer configured parameter semiOpenLoop, except with 2 CSI-RS ports or with 4 CSI-
RS ports and alter nativeCodeBookEnabledFor4TX-r12=FALSE, the UE shall report atype 2areport consisting of
wideband first PMI for CSI reporting modes 1-1 and 2-1 in Table 7.2.2-1, as described below.

Table 7.2.2-1: CQIl and PMI Feedback Types for PUCCH CSlI reporting Modes

PMI Feedback Type
No PMI Single PMI
Wideband
PUCCH CQI (wideband CQI) Mode 1-0 | Mode 1-1
Feedback Type | UE Selected
(subband cqp | Mede 2-0 | Mode 2-1

For anon-BL/CE UE and for each of the transmission modes defined in Subclause 7.1, the following periodic CS|
reporting modes are supported on PUCCH:

Transmisson mode 1 : Modes 1-0, 2-0
Transmission mode 2 : Modes 1-0, 2-0
Transmission mode 3 : Modes 1-0, 2-0
Transmission mode4 : Modes 1-1, 2-1
Transmission mode5 : Modes1-1, 2-1
Transmission mode 6 : Modes 1-1, 2-1
Transmission mode 7 : Modes 1-0, 2-0

Transmisson mode 8 : Modes 1-1, 2-1if the UE is configured with PMI/RI reporting; modes 1-0, 2-0 if the UE is
configured without PMI/RI reporting

: Modes 1-1, 2-1 if the UE is configured with PMI/RI reporting and number of CSI-RS
ports>1 and the UE is not configured with higher layer parameter
advancedCodebookEnabled, or the UE is configured with higher layer parameter

semiOpenLoop; mode 1-1 if the UE is configured with PMI/RI reporting and number of

Transmission mode 9
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CSI-RS ports>1 and the UE is configured with higher layer parameter
advancedCodebookEnabled; modes 1-0, 2-0 if the UE is configured without PMI/RI
reporting or without PMI reporting or number of CSI-RS ports=1 or the number of CSI-RS
ports in each of one or more CSI-RS resourcesin a CSl process is one when eMIMO-Type
or eMIMO-Type2 is set to be 'CLASS B'.

Transmission mode 10 : Modes 1-1, 2-1 if the UE is configured with PMI/RI reporting and number of CSI-RS
ports>1 and the UE is not configured with higher layer parameter
advancedCodebookEnabled, or the UE is configured with higher layer parameter
semiOpenLoop; mode 1-1 if the UE is configured with PMI/RI reporting and number of
CSI-RS ports>1 and the UE is configured with higher layer parameter
advancedCodebookEnabled; modes 1-0, 2-0 if the UE is configured without PMI/RI
reporting or without PMI reporting or number of CSI-RS ports=1 or the number of CSI-RS
ports in each of one or more CSI-RS resourcesin a CS| processis one when eMIMO-Type
or eMIMO-Type2 is set to be 'CLASSB'.

For a BL/CE UE configured with CEModeA, the following periodic CSI reporting modes are supported on PUCCH:

Transmission mode 1 : Mode 1-0
Transmission mode 2 : Mode 1-0
Transmission mode 6 : Mode 1-1
Transmission mode9 : Modes 1-1, 1-0.

For a UE configured in transmission mode 1-9, one periodic CSI reporting mode for each activated serving cell is
configured by higher-layer signalling. Additionally, one periodic CSI reporting mode can be configured by higher-layer
signalling for each dormant serving cell.

For a UE configured in transmission mode 10, one or more periodic CSI reporting modes for each serving cell are
configured by higher-layer signalling. Additionally, one periodic CSI reporting mode can be configured by higher-layer
signalling for each dormant serving cell.

For UE in transmission mode 9 and the UE configured with higher layer parameter eMIMO-Type, the term 'CSl process
in this Subclause refers to the CSI configured for the UE.

For a UE configured with transmission mode 9 or 10, and with 8 CSI-RS ports, if the UE is not configured with
parameter eMIMO-Type by higher layers, or the UE is configured with parameter eMIMO-Type by higher layers, and
eMIMO-Typeis set to 'CLASS B', and one CSI-RS resource configured, and except with higher layer parameter
alternativeCodebookEnabledCLASSB_K1=TRUE configured, or the UE is configured with parameter eMIMO-Type2 by
higher layers, and eMIMO-Type2 is set to 'CLASS B', and one CSI-RS resource configured, and except with higher
layer parameter alter nativeCodebookEnabledCLASSB_K1=TRUE configured,or the UE is configured with parameter
eMIMO-Type by higher layers, and eMIMO-Typeis set to 'CLASS B', and more than one CSI-RS resource configured,
and at least one CSI-RS resource with 8 CSI-RS ports, mode 1-1 is configured to be either submode 1 or submode 2 via
higher-layer signaling using the parameter PUCCH_format1-1_CS_reporting_mode.

For a UE configured with transmission mode 8, 9 or 10, and with alter nativeCodeBookEnabledFor4TX-r12=TRUE
configured, if the UE is not configured with higher layer parameter eMIMO-Type, or the UE is configured with
parameter eMIMO-Type by higher layers, and eMIMO-Typeis set to 'CLASS B, and one CSI-RS resource configured,
and except with higher layer parameter alter nativeCodebookEnabledCLASSB _K1=TRUE configured, or the UE is
configured with parameter eMIMO-Type2 by higher layers, and eMIMO-Type2 is set to 'CLASS B', and one CSI-RS
resource configured, and except with higher layer parameter alter nativeCodebookEnabledCLASSB K1=TRUE
configured, or the UE is configured with parameter eMIMO-Type by higher layers, and eMIMO-Typeis set to 'CLASS
B', and more than one CSI-RS resource configured, and at least one CSI-RS resource with 4 CSI-RS ports, mode 1-1 is
configured to be either submode 1 or submode 2 via higher-layer signaling using the parameter PUCCH_format1-

1 CY_reporting_mode.

For the UE-selected subband CQI, a CQI report in a certain subframe of a certain serving cell describes the channel
quality in a particular part or in particular parts of the bandwidth of that serving cell described subsequently as
bandwidth part (BP) or parts. The bandwidth parts shall be indexed in the order of increasing frequency and non-
increasing sizes starting at the lowest frequency.

For each serving cell
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- Thereareatotal of N subbands for aserving cell system bandwidth given by N 2% whereLN FE’; / kJ subbands are

of sizek. If (N%/k-‘ —LN%IKFO then one of the subbandsis of sizeNB —k-[N2S /k .

- A bandwidth part j is frequency-consecutive and consistsof N j subbands where J bandwidth parts span Sor
N asgiveninTable7.2.2-2.1f J=1then N, is(NF?BL /k/ﬂ [AfJ>1then N, iseither (Ngg /k/ﬂ

or (N%/k/\]-‘ —1, dependingonn g , kand J.

RB !

- Each bandwidth part j, where 0 < j < J-1, is scanned in sequential order according to increasing frequency.
- For UE selected subband feedback a single subband out of N j subbands of a bandwidth part is selected along

with a corresponding L-bit label indexed in the order of increasing frequency, where L = {Iog2 (N% Ikl —H .

The CQI and PMI payload sizes of each PUCCH CSl reporting mode are givenin Table 7.2.2-3.

The following CQI/PMI and RI reporting types with distinct periods and offsets are supported for the PUCCH CSI
reporting modes given in Table 7.2.2-3:

- Type 1 report supports CQI feedback for the UE selected sub-bands
- Type lareport supports subband CQI and second PMI feedback

- Type2, Type 2b, and Type 2c report supports wideband CQI and PMI feedback
- Type 2areport supports wideband PMI feedback

- Type 3 report supports RI feedback

- Type 4 report supports wideband CQI

- Type 5 report supports RI and wideband PMI feedback

- Type 6 report supports Rl and PTI feedback

- Type 7 report support CRI and RI feedback

- Type 8 report supports CRI, RI and wideband PMI feedback

- Type 9 report supports CRI, RI and PTI feedback

- Type 10 report supports CRI feedback

- Type 11 report supports Rl and RPI feedback

For a UE configured in transmission mode 1-9 and for each serving cell, or for a UE configured in transmission mode
10 and for each CSI process in each serving cell, the periodicity N od (in subframes) and offset Norrser col (in

subframes) for CQI/PMI reporting are determined based on the parameter cqi-pmi-Configlndex ( lcor/pmi ) for the

activated serving cells, given in Table 7.2.2-1A for FDD or for FDD-TDD with primary cell frame structure 1 and
Table7.2.2-1C for TDD or for FDD-TDD and primary cell frame structure type 2. For the dormant serving cells,
is given by the parameter cgi-pmi-ConfiglndexDormant. The periodicity M g, and relative offset

I CQI/PMI
Noreser ri TOr RI reporting are determined based on the parameter ri-Configindex (1 ) for the activated serving
cells, given in Table 7.2.2-1B. For the serving cellsin the dormant state, 1 isgiven by the parameter ri-
ConfiglndexDormant. For a UE configured in transmission mode 9 and for each serving cell, or for a UE configured in
transmission mode 10 and for each CS| process in each serving cell, if the UE is configured with parameter eMIMO-
Type by higher layers, except with higher layer parameter csi-RS-NZP-mode configured, and eMIMO-Typeis set to
'CLASS B', and the number of configured CSI-RS resources is more than one, or the UE is configured with higher layer
parameter eMIMO-Type set to 'CLASS B' and higher layer parameter csi-RS-NZP-mode set to 'multiShot', and the
number of activated CSI-RS resources is more than one, when RI reporting is configured, the periodicity m, for CRI
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reporting is determined based on the parameter cri-Configindex (| _ ) givenin Table 7.2.2-1J. When the number of

CRI
R and relative offset NOFFSE'ICR|f0r CRI

reporting are determined based on the parameter cri-Configindex (| ., ) givenin Table 7.2.2-1K. If aUE is configured

with parameter eMIMO-Type and eMIMO-Type2, the parameters cgi-pmi-Configlndex, ri-Configlndex are for eMIMO-
Type2. If aUE is configured with higher layer parameter eMIMO-Type and eMIMO-Type2, and eMIMO-Type is set to

'‘CLASS B’ with more than one CSI-RS resource configured, and eMIMO-Type2 is set to 'CLASS B' with one CSI-RS

resource configured, the parameter cri-Configindex is for eMIMO-Type. If a UE is configured with parameter eMIMO-
Type and eMIMO-Type2, and eMIMO-Typeis set to 'CLASS A, and eMIMO-Type2 is set to 'CLASS B’ with one CSI-
RS resource configured, the periodicity Mpy, ,, and relative offset Noeer oy ;r  fOr wideband first PMI/RI

reporting for eMIMO-Type are determined based on the parameter periodicityOffsetindex (I py, ;5 ) givenin Table

7.2.2-1L. The parameters cqi-pmi-Configlndex, cqi-pmi-ConfiglndexDormant, ri-Configindex, ri-ConfiglndexDormant,
periodicityOffsetindex, and cri-Configlndex are configured by higher layer signalling. The relative reporting offset for
Rl Noppser p tkesvaluesfromtheset {0,-1,.,-(N 4 - 1)} - If @UEisconfigured to report for more than one CSI

antenna ports in each configured CSI-RS resource is one, the periodicity m

subframe set then parameter cgi-pmi-Configlndex, ri-Configlndex, periodicityOffsetlndex, and cri-Configlndex
respectively correspond to the CQI/PMI, RI, PMI/RI, and CRI periodicity and relative reporting offset for subframe set
1 and cqi-pmi-Configlndex2, cqi-pmi-Configlndex2Dormant, ri-Configlndex2, ri-Configlndex2Dormant,
periodicityOffsetlndex2, and cri-Configlndex2 respectively correspond to the CQI/PMI, RI, PMI/RI, and CRI
periodicity and relative reporting offset for subframe set 2. For a UE configured with transmission mode 10, the
parameters cqi-pmi-Configlndex , ri-Configindex, periodicityOffsetindex, cri-Configlndex, cqi-pmi-Configindex2, ri-
Configlndex2, periodicityOffsetlndex2, and cri-Configlndex2 can be configured for each CSI process. A BL/CE UE is
not expected to be configured with the parameter ri-Configlndex.

In the case where wideband CQI/PMI reporting is configured:

- Thereporting instances for wideband CQI/PMI are subframes satisfying
@0 xn¢ +[ng/2 |- Noprser cqi Jmod (N g )=0-

- For aUE configured in transmission mode 9 or 10, and UE configured with the parameter eMIMO-Type by
higher layers, and eMIMO-Type set to '"CLASS A', and UE not configured with the parameter eMIMO-Type2, the

reporting interval of wideband first PMI reporting is an integer multiple H of period N od (in subframes).

- Thereporting instances for wideband first PMI are subframes satisfying
Q0 xn; +[ng/2 ]~ Nogrser oo Jmod (H”-N g )=0-

- For aUE configured in transmission mode 9 or 10, if UE is configured with parameter eMIMO-Type and
eMIMO-Type2, and eMIMO-Typeisset to 'CLASS A', and eMIMO-Type2 is set to 'CLASS B' with one CSI-RS
resource configured, and RI reporting for eMIMO-Type2 is not configured, the reporting interval of wideband
first PMI and RI reporting for eMIMO-Typeis an integer multiple Mg, ;5 Of period N o (in subframes).

- Thereporting instances for wideband first PMI and RI for eMIMO-Type are subframes satisfying
(1 0 x Ny + LHS/ZJ - /VHFFSH, cor /VHFFSEI, PRI )mOd (M PRI /Vpd ) =0-

- For aUE configured in transmission mode 9 or 10, if UE is configured with parameter eMIMO-Type and
eMIMO-Type2, and eMIMO-Type is set to 'CLASS B' with more than one CSI-RS resource configured, and
eMIMO-Type2 is set to 'CLASS B' with one CSI-RS resource configured, and RI reporting for eMIMO-Type2 is
not configured, the reporting interval of CRI reporting for eMIMO-Type is an integer multiple m,, of period

N pa (in subframes)

- Thereporting instances for CRI are subframes satisfying
(lOX ne + Lns/ZJ_ NOFFS:‘I’,CQI - NOFFS:‘I’,CRI )mOd(di “Megq ): 0-
- IncaseRI reporting is configured, the reporting interval of the RI reporting, or Rl and RPI reporting if UE is
configured in transmission mode 9 or 10, and with higher layer parameter advancedCodebookEnabled=TRUE, is
an integer multiple M, of period N od (in subframes).

- Thereporting instances for Rl or Rl and RPI are subframes satisfying
0 xn¢ +[ns/2]- Noprser .coi — Norrser mi Jmod (N pd MR )=0.
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For a UE configured in transmission mode 9 or 10, and UE configured with parameter eMIMO-Type and
eMIMO-Type2, and eMIMO-Type isset to 'CLASS A, and eMIMO-Type2 is set to 'CLASS B' with one CSI-
RS resource configured, the reporting interval of wideband first PMI and RI reporting for eMIMO-Typeisan
integer multiple Mpy, 5 Of period N - Mg (insubframes).

- Thereporting instances for wideband first PMI and RI for eMIMO-Type are subframes satisfying

(10><nf +|_ns/2J_ Norrser co =~ Norrser r = Norrser pwi /R )mod (N pd Mg Mpy /g ): 0-

- Incase CRI reporting is configured,

if the number of antenna ports in each configured CSI-RS resource is one,

- thereporting interval of the CRI reporting is an integer multiple M, of period N od (in subframes)

- Thereporting instances for CRI are subframes satisfying
(10X ne + LHS/ZJ— NOFFSET.CQI - NOFFSET.CRI )mOd(N pd * MCRI )= 0-

otherwise

- thereporting interval of the CRI reporting is an integer multiple Mcg, of period N, -M g (iN
subframes).

- Thereporting instances for CRI are subframes satisfying
(10>< ng + |_n5/2j— Norrser co = Norrser m )mod (N pd " Mgr -Mcg ): 0-

In the case where both wideband CQI/PMI and subband CQI (or subband CQI/second PMI for transmission modes 9
and 10) reporting are configured:

- Thereporting instances for wideband CQI/PMI and subband CQI (or subband CQI/second PMI for transmission
modes 9 and 10) are subframes satisfying (10 x n; +[ng/2 ]~ Noppser coi Jmod N pd =0-

For a UE configured in transmission mode 9 or 10, if UE is configured with parameter eMIMO-Type and
eMIMO-Type2, and eMIMO-Typeisset to 'CLASS A, and eMIMO-Type2 is set to 'CLASS B with one CSI-
RS resource configured, and RI reporting for eMIMO-Type2 is not configured, the reporting interval of
wideband first PMI and RI reporting for eMIMO-Type is an integer multiple Mg, ;5 Of period N o (in

subframes).

- Thereporting instances for wideband first PMI and RI for eMIMO-Type are subframes satisfying
(10 X nf + Lns /ZJ_ NOFFSET .cer _NHFFSET PHI //?I)mOd (MFWI /Rl /Vpd )= 0 .

For a UE configured in transmission mode 9 or 10, if UE is configured with parameter eMIMO-Type and
eMIMO-Type2, and eMIMO-Type is set to 'CLASS B' with more than one CSI-RS resource configured, and
eMIMO-Type2 is set to 'CLASS B' with one CSI-RS resource configured, and RI reporting for eMIMO-Type2
is not configured, the reporting interval of CRI reporting for eMIMO-Type is an integer multiple m_,, of

RI
period N od (in subframes)

- Thereporting instances for CRI are subframes satisfying
(loxnf +Lns/2J_ NOFFS:‘I’,CQI - NOFFS:‘I’,CRI )mOd(di 'MCRI ): 0-

When PT]1 is not transmitted (due to not being configured) or the most recently transmitted PT1 is equal to 1
for a UE configured in transmission modes 8 and 9, or for a UE configured in transmission mode 10 without
a'Rl-reference CSl process for a CSl process, or the transmitted PTI is equal to 1 reported in the most recent
RI reporting instance for a CSI process when a UE is configured in transmission mode 10 with a'RI-
reference CSl process for the CSI process, or the transmitted PTI is equal to 1 for a'Rl-reference CSI
process reported in the most recent RI reporting instance for a CSl process when a UE is configured in
transmission mode 10 with the 'RI-reference CSl process for the CSI process, and the most recent type 6
report for the CSl process is dropped:

- Thewideband CQI/ wideband PMI (or wideband CQI/wideband second PMI for transmission modes 8, 9
and 10) report hasperiod H - N od and is reported on the subframes satisfying
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(0 xns +|ng/2]- Noprser .cqr Jmod (H - N oy )= 0. Theinteger H isdefinedas H=J-K+1,
where J isthe number of bandwidth parts.

- Between every two consecutive wideband CQI/ wideband PMI (or wideband CQI/wideband second PMI
for transmission modes 8, 9 and 10) reports, the remaining J-K reporting instances are used in sequence
for subband CQI (or subband CQI/second PMI for transmission modes 9 and 10) reportson K full
cycles of bandwidth parts except when the gap between two consecutive wideband CQI/PMI reports
containslessthan J-K' reporting instances due to a system frame number transition to 0, in which case
the UE shall not transmit the remainder of the subband CQI (or subband CQIl/second PMI for
transmission modes 9 and 10) reports which have not been transmitted before the second of the two
wideband CQI/ wideband PMI (or wideband CQI/wideband second PMI for transmission modes 8, 9 and
10) reports. Each full cycle of bandwidth parts shall be in increasing order starting from bandwidth part O

to bandwidth part J—1. The parameter K is configured by higher-layer signalling.

- When the most recently transmitted PTI is 0 for a UE configured in transmission modes 8 and 9 or for a UE
configured in transmission mode 10 without a 'RI-reference CSI process for a CSl process, or the transmitted
PTI is O reported in the most recent RI reporting instance for a CSl process when a UE is configured in
transmission mode 10 with a'RI-reference CSI process for the CSI process, or the transmitted PTI isO for a
'RI-reference CSl process reported in the most recent RI reporting instance for a CS| processwhen aUE is
configured in transmission mode 10 with the 'RI-reference CSl process for the CSl process, and the most
recent type 6 report for the CSI process is dropped:

- Thewideband first precoding matrix indicator report has period H’. N ., , and isreported on the

pd *
subframes satisfying (10 xny +[ng /2~ Nopreer o Jmod (H- N g )= 0, Where H'issignalled by
higher layers.

- Between every two consecutive wideband first precoding matrix indicator reports, the remaining

reporting instances are used for a wideband second precoding matrix indicator with wideband CQI as
described below

- IncaseRI reporting is configured, the reporting interval of Rl is M, times the wideband CQI/PMI period
H N s and RI is reported on the same PUCCH cyclic shift resource as both the wideband CQI/PMI and

subband CQI reports.

- Thereporting instances for RI are subframes satisfying
(O xn¢ +[ng/2]- Norrser ,cor — Norrser ,ri Jmod (H -Npg -M g )=0.

- For aUE configured in transmission mode 9 or 10, and UE configured with parameter eMIMO-Type and
eMIMO-Type2, and eMIMO-Typeisset to 'CLASS A', and eMIMO-Type2 is set to 'CLASS B' with one CSI-
RS resource configured, the reporting interval of wideband first PMI and RI reporting for eMIMO-Typeisan
integer multiple Mpy, 5 Of period H.N ;Mg (insubframes).

- Thereporting instances for wideband first PMI and RI for eMIMO-Type are subframes satisfying
(10 XNg + |_nS/2J— Norrser .ca — Norrser m = Norrser pmi /r )mod (H ‘Npg Mg -Mpy g ): 0-
- Incase CRI reporting is configured,
- if the number of antenna ports in each configured CSI-RS resource is one,

- thereporting interval of the CRI reportingis M, timesthe wideband CQI/PMI period H . N od

- Thereporting instances for CRI are subframes satisfying
(10X ng + LHS/ZJ— NOFFS:‘I’ Koo/ NOFFS:_F ,CRI )mOd (H : di M CRI ): 0-

- otherwise

- thereporting interval of the CRI reportingis M, timesthe Rl period H N Mg (in subframes).

CRI
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- Thereporting instances for CRI are subframes satisfying
(10><nf +|_ns/2J_ Norrser co = Norrser m )mod (H ‘Npg Mg -Mcgy ): 0-

If the UE is configured with higher layer parameter eMIMO-Type2 for a CSl process, at the CQI, PMI, RI, PTI
reporting instances for eMIMO-Type2 of the CSI process, the parameter eMIMO-Type in the rest of this Subclause
refers to the parameter eMIMO-Type2 for the CSI process.

If aUE is not configured with higher layer parameter eMIMO-Type, or for a CSI process a UE is configured with higher
layer parameter eMIMO-Type and not configured with higher layer parameter eMIMO-Type2 and eMIMO-Typeis set to
'CLASS A, or for a CSl process a UE is configured with higher layer parameter eMIMO-Type and eMIMO-Type is set
to 'CLASS B', except with higher layer parameter csi-RS-NZP-mode configured, and one configured CSI-RS resource,
or for aCSl process a UE is configured with higher layer parameter eMIMO-Type set to 'CLASS B' and higher layer
parameter csi-RS-NZP-mode set to 'multiShot', and one activated CSI-RS resource, in case of collision of a CS| report
with PUCCH reporting type 3, 5, 6 or 11 of one serving cell with a CSl report with PUCCH reporting type 1, 1a, 2, 23,
2b, 2c, or 4 of the same serving cell the latter CSI report with PUCCH reporting type (1, 1a, 2, 2a, 2b, 2c, or 4), except a
CSl report with PUCCH reporting type 2afor eMIMO-Type of a CSl process of the same serving cell with configured
higher layer parameter eMIMO-Type and eMIMO-Type2, and eMIMO-Typeis set to 'CLASS A', and eMIMO-Type2 is
set to 'CLASS B' with one CSI-RS resource configured, has lower priority and is dropped.

If aUE is configured with higher layer parameter eMIMO-Type and not configured with higher layer parameter
eMIMO-Type2 and eMIMO-Typeisset to 'CLASS A' for a CSl process, in case of collision of aCSl report with
PUCCH reporting type 2a of one serving cell with a CSl report with PUCCH reporting type 1, 1a, 2, 2b, 2c, or 4 of the
same serving cell, the latter CSI report with PUCCH reporting type (1, 1a, 2, 2b, 2c, or 4) has lower priority and is
dropped.

If aUE is not configured with higher layer parameter format4-MultiCS -resourceConfiguration or format5-MultiCSl -
resourceConfiguration, for a CSl process, if a UE is configured with higher layer parameter eMIMO-Type except with
higher layer parameter csi-RS-NZP-mode configured, and eMIMO-Typeis set to 'CLASS B', and more than one
configured CSI-RS resources, or a UE is configured with higher layer parameter eMIMO-Type set to 'CLASS B' and
higher layer parameter csi-RS-NZP-mode set to ‘'multi Shot', and more than one activated CSI-RS resources, in case of
collision of a CSl report with PUCCH reporting type 7, 8, 9, or 10 of one serving cell with a CSI report with PUCCH
reporting type 1, 1a, 2, 2a, 2b, 2c, 3, 4, 5, 6, or 11 of the same serving cell the latter CSI report with PUCCH reporting
type (1, 1a, 2, 23, 2b, 2¢, 3, 4,5, 6, or 11), except CSl report with PUCCH reporting type 2a or 5 for eMIMO-Type of a
CSl process of the same serving cell with configured higher layer parameter eMIMO-Type and eMIMO-Type2, and
eMIMO-Typeissetto 'CLASS A', and eMIMO-Type2 is set to 'CLASS B' with one CSI-RS resource configured, has
lower priority and is dropped.

For a CSl process, if a UE is configured with higher layer parameter eMIMO-Type and eMIMO-Type2, and eMIMO-
Typeissetto 'CLASS A', and eMIMO-Type2 is set to 'CLASS B' with one CSI-RS resource configured, PUCCH
reporting type 2a, or 5 for eMIMO-Type of the CSI process of one serving cell has the same priority with PUCCH
reporting type (7, 8, 9, or 10) of the same serving cell.

For aserving cell and UE configured in transmission mode 10, in case of collision between CS| reports of same serving
cell with PUCCH reporting type of the same priority, and the CSI reports corresponding to different CSI processes, the
CSl reports corresponding to all CSI processes except the CSI process with the lowest csi-Processld-r11 are dropped.

For aserving cell and UE configured in transmission mode 1-9 and configured with CS| subframe sets Cg , and
Ccs1 Dy the higher layer parameter csi-SubframePatternConfig-r12 for the serving cell, in case of collision between

CSl reports of same serving cell with PUCCH reporting type of the same priority, the CSI report corresponding to CSI
subframe set Ccg ; isdropped.

For a serving cell and UE configured in transmission mode 10 and configured with CSl subframe sets C.g, and
Ccs1 by the higher layer parameter csi-SubframePatternConfig-r12 for the serving cell, in case of collision between

CSl reports of same serving cell with PUCCH reporting type of the same priority and the CSI reports corresponding to
CSl processes with same csi-Processld-r11, the CSI report corresponding to CS| subframe set C.g ; isdropped.

If a UE is not configured with higher layer parameter format4-MultiCS -resourceConfiguration or format5-MultiCSl -
resourceConfiguration, and if aPUCCH format 4 or format 5 resource for HARQ-ACK according to Table 10.1.2.2.3-1
cannot be determined, and if the UE is configured with more than one serving cell, the UE transmits a CSl report of
only one serving cell in any given subframe. For a given subframe, in case of collision of a CSl report with PUCCH
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reporting type 7, 8, 9, or 10 of one serving cell with a CSl report with PUCCH reporting type 1, 1a, 2, 2a, 2b, 2c, 3, 4, 5,
6, or 11 of another serving cell, the latter CSl with PUCCH reporting type (1, 1a, 2, 2a, 2b, 2c, 3, 4, 5, 6, or 11), except
CSl report with PUCCH reporting type 2a or 5 for eMIMO-Type of a CSl process of the another serving cell with
configured higher layer parameter eMIMO-Type and eMIMO-Type2, and eMIMO-Typeisset to 'CLASS A', and
eMIMO-Type2 is set to 'CLASS B' with one CSI-RS resource configured, has lower priority and is dropped. For a given
subframe, in case of collision of a CSl report with PUCCH reporting type 3, 5, 6, 11, or 2a of one serving cell witha
CSl report with PUCCH reporting type 1, 1a, 2, 2b, 2¢, or 4 of another serving cell, the latter CSI with PUCCH
reporting type (1, 1a, 2, 2b, 2c, or 4) has lower priority and is dropped. For a given subframe, in case of collision of CSI
report with PUCCH reporting type 2, 2b, 2c, or 4 of one serving cell with CSI report with PUCCH reporting type 1 or
1a of another serving cell, the latter CSI report with PUCCH reporting type 1, or 1a has lower priority and is dropped.
For a given subframe, if a UE is configured with higher layer parameter eMIMO-Type and eMIMO-Type2, and eMIMO-
Typeissetto 'CLASS A', and eMIMO-Type2 is set to 'CLASS B' with one CSI-RS resource configured, PUCCH
reporting type 2a, or 5 for eMIMO-Type of the CS| process of one serving cell has the same priority with PUCCH
reporting type (7, 8, 9, or 10) of the same serving cell in case of collision of type 2a, or 5 for eMIMO-Type of the CSI
process of the serving cell with PUCCH reporting types of another serving cell.

For a given subframe and serving cells with UE configured in transmission mode 1-9, in case of collision between CSI
reports of these different serving cells with PUCCH reporting type of the same priority, the CSI reports for all these
serving cells except the serving cell with lowest ServCelllndex are dropped.

If aUE is not configured with higher layer parameter format4-MultiCS -resourceConfiguration or format5-MultiCSl -
resourceConfiguration, and if aPUCCH format 4 or format 5 resource for HARQ-ACK according to Table 10.1.2.2.3-1
cannot be determined, for a given subframe and serving cells with UE configured in transmission mode 10, in case of
collision between CSI reports of different serving cells with PUCCH reporting type of the same priority and the CSl
reports corresponding to CSI processes with same csi-Processid-r11, the CSI reports of al serving cells except the
serving cell with lowest ServCelllndex are dropped.

If aUE is not configured with higher layer parameter format4-MultiCS -resourceConfiguration or format5-MultiCSl -
resourceConfiguration, and if aPUCCH format 4 or format 5 resource for HARQ-ACK according to Table 10.1.2.2.3-1
cannot be determined, for a given subframe and serving cells with UE configured in transmission mode 10, in case of
collision between CSlI reports of different serving cells with PUCCH reporting type of the same priority and the CSl
reports corresponding to CSI processes with different csi-Processld-r11, the CSl reports of all serving cells except the
serving cell with CSI reports corresponding to CSI process with the lowest csi-Processlid-r11 are dropped.

If aUE is not configured with higher layer parameter format4-MultiCSl -resourceConfiguration or format5-MultiCS -
resourceConfiguration, and if aPUCCH format 4 or format 5 resource for HARQ-ACK according to Table 10.1.2.2.3-1
cannot be determined, for a given subframe, in case of collision between CSI report of a given serving cell with UE
configured in transmission mode 1-9, and CSl report(s) corresponding to CSI process(es) of a different serving cell with
the UE configured in transmission mode 10, and the CSI reports of the serving cells with PUCCH reporting type of the
same priority, the CSI report(s) corresponding to CSI process(es) with csi-Processld-r11 > 1 of the different serving
cell are dropped.

If aUE is not configured with higher layer parameter format4-MultiCSl -resourceConfiguration or format5-MultiCSl -
resourceConfiguration, and if aPUCCH format 4 or format 5 resource for HARQ-ACK according to Table 10.1.2.2.3-1
cannot be determined, for a given subframe, in case of collision between CSI report of a given serving cell with UE
configured in transmission mode 1-9, and CSI report corresponding to CS| process with csi-Processld-r1l =1 of a
different serving cell with the UE configured in transmission mode 10, and the CSl reports of the serving cells with
PUCCH reporting type of the same priority, the CSl report of the serving cell with highest ServCelllndex is dropped.

See Subclause 10.1 for UE behaviour regarding collision between CSI and HARQ-ACK and the corresponding PUCCH
format assignment.

If a UE is not configured with higher layer parameter format4-MultiCS -resourceConfiguration or format5-MultiCSl -
resourceConfiguration, and if aPUCCH format 4 or format 5 resource for HARQ-ACK according to Table 10.1.2.2.3-1
cannot be determined, the CSl report of a given PUCCH reporting type shall be transmitted on the PUCCH resource

néij)CH as defined in [3], where néij)CH is UE specific and configured by higher layers for each serving cell.

If a UE is not configured with higher layer parameter format4-MultiCSl-resourceConfiguration or format5-MultiCSl-

resourceConfiguration, and
- if the UE isnot configured for simultaneous PUSCH and PUCCH transmission or,
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- if the UE is configured for simultaneous PUSCH and PUCCH transmission and not transmitting PUSCH,

in case of collision between CSI and positive SR in a same subframe, CSl is dropped.

If a UE is configured with format4-MultiCSl-resourceConfiguration or format5-MultiCS-resourceConfiguration, for a
subframe in which only periodic CSI and SR (if any) is transmitted,
— if thereisonly one CSI report in the subframe,

o theCSl report of agiven PUCCH reporting type shall be transmitted on the PUCCH resource
né,f;?CH as defined in [3], where né,f;?CH is UE specific and configured by higher layers for each
serving cell;

0 Incaseof collision between CSI and positive SR in a same subframe, if the UE is not configured

for simultaneous PUSCH and PUCCH transmission, or if the UE is configured for simultaneous
PUSCH and PUCCH transmission and not transmitting PUSCH, CSl is dropped.

— if there are more than one CSI reportsin the subframe,

0 if the parameter simultaneousAckNackAndCQI-Format4-Format5-r13 provided by higher layersis
set TRUE, when a PUCCH format 4/5 transmission of CSI reports coincides with a sub-frame
configured to the UE by higher layers for transmission of a scheduling request, the UE shall
transmit the CSl and SR on the PUCCH; Otherwise, CSl is dropped,;

o ifthe UEisconfigured with asingle PUCCH format 4 resource n() .~ according to higher layer
parameter format4-Multi CS -resourceConfiguration, the PUCCH format 4 resource n(® . isused
for transmission of the CSI reports and SR (if any);

o if the UEisconfigured withaPUCCH format 5 resource n¢)_, according to higher layer
parameter format5-Multi CS -resourceConfiguration, the PUCCH format 5 resource n® . isused
for transmission of the CSI reports and SR (if any);

o if the UEisconfigured with two PUCCH format 4 resources N s
higher layer parameter format4-MultiCS -resourceConfiguration, if
(O +0, cg +Ogrc ) < Min(M S\ PuceHe ). NP . NPUCeH 2. the PUCCH format 4 resource with the
smaller puccHa between N s and NP ez isused for transmission of the CSI reports;
otherwise, the PUCCH format 4 resource with the larger v Pucc+ between n@)

PUCCH .1
isused for transmission of the CSI reports, where

. '
and NP ecia according to

and @

4)
PUCCH,2

* Q.. Isthetotal number of CSI report bitsin the subframe;

" Og Isthenumber of CRC bits;

= O =0if thereis no scheduling request bit in the subframeand O =1 otherwise;

" Mfueen =12, isthenumber of PRBsfor n® =~ and n¢_ ., respectively, according

to higher layer parameter number OfPRB-format4-r 13 according to Table 10.1.1-2;

= NPuce o (N _1)—1 if shortened PUCCH format 4 is used in the subframe and
symb symb
N;Lrﬁcm _ 2.(N;VI;]|J _1) otherwise; and

» | isthe code rate given by higher layer parameter maximumPayloadCoderate-r13
according to Table 10.1.1-1.
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If aUE transmits only periodic CSI and SR (if any) using either aPUCCH format 4 n( ~ or PUCCH format5 n®_,

in a subframe and if (OSR +Oh g +OCRC) >2:Nge T, the UE shall select the SR (if any) and Negjjeported CSI

report(s) for transmission in ascending order of Pricg(yy SC,t), where:
- Q. Isthetotal number of CSl report bitsin the subframe;

= Ogn Isthe number of CRC bits

- O% =0 if thereis no scheduling request bit in the subframeand O =1 otherwise;

T N = MY N8 L N uecH for PUCCH format 4and N__=nN7®. NZUeeH /2 for PUCCH format 5, where
NFUCH = 2. (N!#nb ~1)-1 if shortened PUCCH format 4 or shortened PUCCH format 5 is used in the subframe and
NEFuceH — 2-(N§nﬁb ~1) otherwise;

- I isthecoderate given by higher layer parameter maximumPayloadCoderate-r 13 according to Table 10.1.1-1;

- foraCSl report of aserving cell, Pri g (y,s,c,t) forthe CSl report is defined as
Prieg (v,s,C,t)=y-4-32-2+5.32-2+c-2+t, Where

- y=0 for CSl report type 7/8/9/10, y =1 for CSl report type 3/5/6/2a/11, y = 2 for CSl report type
2/2b/2c/4, and 'y = 3 for CSl report type 1/14;

- Sisthe CSI process ID according to csi-Processld-r11 if the serving cell is configured with transmission
mode 10, and S=1 if the serving cell configured with transmission mode 1-9;

- Cisthe serving cell index;

- 1=0 and t=1 for CSl subframesets C.q, and Ccg; respectively if CSI subframe setsare configured
for the serving cell, and t=0 otherwise.
Nes, reported

- Thevaue of NCSI,reported satisfies (OSR + ZQP_CS o+ Ocre ] <2 -Ng -r ad

n=1

Ncsi, reported +1
(OSR + i Op_cg n + Ocre ] >2-Nge -1, Where O =0 if there no scheduling request bit in the
n=1

subframeand O =1 otherwise. q:_cg’n is the number of CSI report bits for the nth CSI report in ascending

order of Pricg(y, S,C,t).

If aUE is configured with format4-Multi CSl -resourceConfiguration or format5-MultiCS -resourceConfiguratio and if
the UE is configured with more than N y periodic CSl reportsin asubframe, the UE is not required to update CSl for

morethan N y CSI processes from the CSI processes corresponding to all the configured CSI reports, where the value

of N y isgiven by maxNumber UpdatedCSl-Proc-r13.

If a UE configured with PUCCH format 4 or PUCCH format 5 transmits UCI over PUSCH, that would have been
transmitted over PUCCH format 4 or PUCCH format 5 if the UE did not have a PUSCH grant, then the UE shall select
the CSI report(s) (if any) for transmission following the same procedure as for transmission over PUCCH.
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Table 7.2.2-1A: Mapping of leorpmi tO Npg and Norrser col for FDD or for FDD-TDD and primary

cell frame structure type 1

leot /pmi Value of N 4 Value of Ngcrger o

0< Lcor/pmi <1 2 Icairpmi

2< Lcor/pmi <6 5 lcoi/pmi -2
7< lcor/pwmi <16 10 lcoi/pmi =7
17< Jegpm <36 20 lequem — 17
37< lequpm S76 40 lequem — 37
77 < Lol /pmi <156 80 lcorremi =17
157< 1o om <316] 160 lequpm ~ 157

lcorem =317 Reserved
318< Icg py <349 32 lcoiem — 318
350 < g pm S413 64 leqipmi 350
414 < lcol/pmi <541 128 lcarrpmi -414
542< g py <601 60 lcqiipmi — 242
602< |copy <1023 Reserved

Table 7.2.2-1B: Mapping of I to Mg and Ngerger i -

I Value of Mg, |Value of Ngppger gy

0< Iy <160 1 -y

161< 15 <321 2 - (lg —161)
322< |y <482 4 -(lg —322)
483< I <643 8 - (lg —483)
644< |5 <804 16 - (lg —644)
805< |y <965 32 - (lg —805)
966 < | <1023 Reserved

Table 7.2.2-1C: Mapping of leorpmi tO Npg and Norrser col for TDD or for FDD-TDD and primary

cell frame structure type 2

lcor/pmi Value of N, [Value of Ngpcqr oo
leot/pm =0 1 Icoirpmi
1< lcqipm S5 5 leqrem —1
6< lcopm <15 10 leqipmi —6
16< 1cqpw <35 20 lcqipm —16
36< Ieopm S75 40 leqipmi — 36
76 < lcol/pmi <155 80 lcoi/pmi - 76
156 < lcol/pmi <315 160 lcai/pmi - 156
316 < lcorpmi <375 60 lcai/pmi - 316
376 < lcor/pmi <1023 Reserved
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Table 7.2.2-1J: Mapping of |CR| to NER when Rl reporting is configured

O
P

Value of NER
1

2
4
8
16
32
64
128

7<] .. <1023 Reserved

CRI

N[O |WIN|F]|O

Table 7.2.2-1K: Mapping of |CR| to NLR and NOFFS;,CR| when the number of antenna ports in each
configured CSI-RS resource is one

|- value of Mg| Value of NOFFSE'ICRI

0< ler <160 1 ~ler
161< log <321 2 - (lcp - 160)
322< log <482 4 - (lep=322)
a83< log <643 8 ~ (g - 283)
644< lcg <804 16 ~ (I —644)
805< lom <965 32 - (I cgi— 805)
966 < |CRI <1023 Reserved

Table 7.2.2-1L: Mapping of |p|v|yR| to MPMVRI and NOFFSEH’M!RI

Value of
lemrr |\/||:,MVRI Value of NDFFSEFPM!RI

0< |p|\/|yR| <160 1 —IPMVRI

161< |pmrRl <321 2 -(IPMVRI - 161)
322< lpwyR <482 4 - (Ipmiri-322)
483< lpmyR <643 8 - (Ipmiri - 483)
644< lpmyR <804 16 —(IPMVRI - 644)
805< Ipmyr <965 32 —(IPMYRI—805)
966 < |pmyRl <1023 Reserved

For TDD or FDD-TDD and primary cell frame structure type 2 periodic CQI/PMI reporting, the following periodicity
values apply for aserving cell ¢ depending on the TDD UL/DL configuration of the primary cell [3], where the UL/DL
configuration corresponds to the eimta-HARQ-ReferenceConfig-r12 for the primary cell if the UE is configured with the
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parameter EIMTA-MainConfigServCell-r12 for the primary cell, or to the harg-ReferenceConfig-r14 for the primary
cell when the UE is configured with the parameter harg-ReferenceConfig-ri4:

- Thereporting period of N pd =1 is applicable for the serving cell c only if TDD UL/DL configuration of the
primary cell belongsto {0, 1, 3, 4, 6}, and where all UL subframes of the primary cell in aradio frame are used
for CQI/PMI reporting.

- Thereporting period of N od =5 is applicable for the serving cell c only if TDD UL/DL configuration of the
primary cell belongsto {0, 1, 2, 6}.

- Thereporting periodsof N pd ={10,20,40,80 160} are applicable for the serving cell ¢ for any TDD UL/DL
configuration of the primary cell.

DL
For aserving cell with NRB < 7, Mode 2-0 and Mode 2-1 are not supported for that serving cell.

The sub-sampled codebook for PUCCH mode 1-1 submode 2 for 8 CSI-RS portsis defined in Table 7.2.2-1D for first
and second precoding matrix indicator i, and i,. Joint encoding of rank and first precoding matrix indicator i, for

PUCCH mode 1-1 submode 1 for 8 CSI-RS portsis defined in Table 7.2.2-1E. The sub-sampled codebook for PUCCH
mode 2-1 for 8 CSI-RS portsis defined in Table 7.2.2-1F for PUCCH Reporting Type l1a.

For a UE configured with transmission mode 9 or 10, and the UE configured with parameter eMIMO-Type by higher
layers, and eMIMO-Typeisset to 'CLASS A', and PUCCH Reporting Type 1a, the sub-sampled codebook for PUCCH
mode 2-1 for value of parameter codebookConfig set to 2, 3, or 4 isdefined in Table 7.2.2-1F, for value of parameter

codebookConfig set to 1, the value of the second PMI, lown2 ,issetto i.

Table 7.2.2-1D: PUCCH mode 1-1 submode 2 codebook subsampling

Relationship between the Relationship between the

RI first PMI value and codebook index iy second PMI value and codebook index i, total

Value of the first PMI |,y | codebook index iy | Value of the second PMI ., | Codebookindex i, | #bits
1 0-7 2 PMI1 0-1 2|PMI2 4
> 0-7 2l s 0-1 Lo 2 4
3 0-1 2l iy 0-7 4 Vouo /4] + Vo | 4
4 0-1 2l s 0-7 Lo 2 4
5 0-3 SV 0 0 2
6 0-3 I w1 0 0 2
7 0-3 lomis 0 0 2
8 0 0 0 0 0

Table 7.2.2-1E: Joint encoding of Rl and i, for PUCCH mode 1-1 submode 1

Value of joint encodling of Rl and the first PMI - Codebook index i,

RI/PMI1

0-7 1 2l i 1pwin
8-15 2 2( I RI /PM|1'8)
16-17 3 2( 1 jpwi1-16)
18-19 4 2(1 g pwi1-18)
20-21 5 2( I RI /PM|1'20)
22-23 6 2(1 g jpmi1-22)
24-25 7 2(1 g pwin-24)

26 8 0
27-31 reserved NA
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Table 7.2.2-1F: PUCCH mode 2-1 codebook subsampling

Relationship between the second PMI value and codebook index i,
RI | - :
Value of the second PMI_'Pmi2 CoRlEE LT T
1 0-15 w2
2 0-3 2|PMI2
3 0-3 8| lomz/ 2]+ (Ipy, mod2)+2
4 0-3 2l oy,
5 0 0
6 0 0
7 0 0
8 0 0

The sub-sampled codebook for PUCCH mode 1-1 submode 2 for transmission modes 8, 9 and 10 configured with
alternativeCodeBookEnabledFor4TX-r12=TRUE is defined in Table 7.2.2-1G for first and second precoding matrix
indicator i, andi,. Joint encoding of rank and first precoding matrix indicator i, for PUCCH mode 1-1 submode 1 for
transmission modes 8, 9 and 10 configured with alternativeCodeBookEnabledFor4TX-r12=TRUE is defined in Table

7.2.2-1H. The sub-sampled codebook for PUCCH mode 2-1 for transmission modes 8, 9 and 10 configured with
alternativeCodeBookEnabledFor4TX-r12=TRUE is defined in Table 7.2.2-11 for PUCCH Reporting Type la.

Table 7.2.2-1G: PUCCH mode 1-1 submode 2 codebook subsampling with 4 antenna ports

Relationship between the first PMI Relationship between the second PMI
value and codebook index i, value and codebook index i, total
Value
of
the Value of
first the
PMI ) second
RI Fomig Codebook index "t PMI Iy, , Codebook index i, #bits
1 0-3 Al oy 0-3 2l oy 2 +4'|J PMI 2/2J 4
2 0-3 Aoy 0-3 Low o+ 2 LI owi 2/ ZJ 4
3 0 0 0-15 L own2 4
4 0 0 0-15 | oni 2 4

Table 7.2.2-1 H: Joint encoding of Rl and for PUCCH mode 1-1 submode 1 with 4 antenna ports

Value of joint Codebook index i;
encoding of
Rl and the
first PMI R
IFEI/PMIl
0-7 1 lrrpm 1
8-15 2 lmom1—8
16 3 0
17 0
18-31 reserved NA
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Table 7.2.2-1 I: PUCCH mode 2-1 codebook subsampling with 4 antenna ports

Relationship between the second PMI
value and codebook index i,
Value
RI of the
second
PMI
- Codebook index i,
1 0-15 I omi 2
2 0-3 IPMI2+2'LIPMI2/2J
3 0-3 2|PM|2+4'LIPM|2/2J
4 0-3 2|PMI2+4'LIPMI2/2J

For a UE configured with transmission mode 9 or 10, and the UE configured with parameter
advancedCodebookEnabled=TRUE and RI<2and PUCCH Reporting Type 2b, the sub-sampled codebook for

PUCCH mode 1-1 for value of RI=2 isdefined in Table 7.2.2-1H, and for value of RI=1, the value of the second
PMI, | issetto i,.

PMI 2

Table 7.2.2-1H: PUCCH mode 1-1 codebook subsampling, with parameter
advancedCodebookEnabled=TRUE, RI=2

Relationship between the second PMI value and codebook index i,
Value of the second PMI |

Codebook index i,

2048
2113
2178
2243
2568
2633
2698
2763
3348
3413
3478
3543
3868
3933
3998
4063

PMI 2

=
Rl8|lo|o|(Njo|u|sw|N|-|o

[EnY
N

[EnY
w

[EnY
I

[EnY
a1

An CRI or RI or PTI or any precoding matrix indicator reported for a serving cell in a periodic reporting mode isvalid
only for CSI reports for that serving cell on that periodic CSI reporting mode.

For serving cell ¢, aUE configured in transmission mode 10 with PMI/RI reporting or without PMI reporting for a CSl
process can be configured with a'RI-reference CSl process. The RI for the 'RI-reference CSl process is not based on

any other configured CS| process other than the 'Rl-reference CSI process. If the UE is configured with a 'Rl-reference
CSl process for a CSlI process and if subframe sets Ccg o and Ccg ; areconfigured by higher layers for only one of

the CSI processes then the UE is not expected to receive configuration for the CSI process configured with the subframe
subsets that have a different set of restricted RIs with precoder codebook subset restriction between the two subframe
sets.The UE is not expected to receive configurations for the CSI process and the 'RI-reference CSl process' that have a
different:

- periodic CSI reporting mode (including sub-mode if configured), and/or

- number of CSI-RS antenna ports, and/or
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set of restricted RIs with precoder codebook subset restriction if subframe sets Ceq g and Ccg; arenot
configured by higher layers for both CSI processes, and/or

set of restricted RIs with precoder codebook subset restriction for each subframe set if subframe sets c, and
Ccg1 areconfigured by higher layersfor both CSI processes, and/or

set of restricted RIs with precoder codebook subset restriction if subframe sets Ceg o and Ccg; ae

configured by higher layers for only one of the CSI processes, and the set of restricted RIs for the two subframe
sets are the same, and/or

number of CSI-RS antenna ports for any two CSI-RS resources for the two CSI processes, if a UE is configured
with higher layer parameter eMIMO-Type, and eMIMO-Typeis set to 'CLASS B', and the number of configured
CSI-RS resources is more than one for at least one of the two CSI processes, and/or

set of restricted RIs with precoder codebook subset restriction for any two CSI-RS resources for the two CSI
processes, if a UE is configured with higher layer parameter eMIMO-Type, and eMIMO-Type is set to 'CLASS
B', and the number of configured CSI-RS resources is more than one for at least one of the two CSl processes
and if subframe sets C.q o and Ccg, arenot configured by higher layers for both CSI processes, and/or

set of restricted RIs with precoder codebook subset restriction for each subframe set and for any two CSI-RS
resources for the two CS| processes, if a UE is configured with higher layer parameter eMIMO-Type, and
eMIMO-Typeis set to 'CLASS B', and the number of configured CSI-RS resources is more than one for at least
one of the two CSI processes and if subframe sets Cqq o and Ccg, areconfigured by higher layers for both

CSl processes, and/or

set of restricted RIs with precoder codebook subset restriction for any two CSI-RS resources for the two CSI
processes, if a UE is configured with higher layer parameter eMIMO-Type, and eMIMO-Type is set to 'CLASS
B', and the number of configured CSI-RS resources is more than one for at least one of the two CSI processes
and if subframe sets C.q and Ccg, areconfigured by higher layers for only one of the CSI processes, and

the set of restricted RIs for the two subframe sets are the same.

If aUE is configured for CRI reporting,

For the calculation of CQI/PMI/RI conditioned on the last reported CRI, in the absence of alast reported CRI the
UE shall conduct the CQI/PMI/RI calculation conditioned on the lowest possible CRI. If reporting for more than
one CSI subframe set is configured, CQI/PMI/RI is conditioned on the last reported CRI linked to the same
subframe set as the CSl report.

For the calculation of CQI/PMI conditioned on the last reported Rl and CRI, in the absence of alast reported RI
and CRI, the UE shall conduct the CQI/PMI calculation conditioned on the lowest possible RI associated with
the lowest possible CRI and as given by the bitmap parameter codebookSubsetRestriction and the parameter
alternativeCodeBookEnabledFor4TX-r12 if configured. If reporting for more than one CSI subframe set is
configured, CQI/PMI is conditioned on the last reported RI associated with the last reported CRI and linked to
the same subframe set as the CSI report

otherwise,

For the calculation of CQI/PMI conditioned on the last reported RI, in the absence of alast reported RI the UE
shall conduct the CQI/PMI calculation conditioned on the lowest possible RI as given by the bitmap parameter
codebookSubsetRestriction and the parameter alternativeCodeBookEnabledFor4TX-r12 if configured. If
reporting for more than one CS| subframe set is configured, CQI/PMI is conditioned on the last reported RI
linked to the same subframe set as the CSl report.

For anon-BL/CE UE, the periodic CSI reporting modes are described as following:
e Wideband feedback
0 Mode 1-0 description:

= |nthe subframe where RI isreported (only for transmission mode 3, and transmission
mode 9 or 10 without PMI reporting with one configured CSI-RS resource or with more
than one configured CSI-RS resource and the number of CSI-RS ports of the selected
CSI-RS resource is more than one):
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e If aUEisconfigured in transmission mode 10 with a'RI-reference CS|
process for a CS| process, the RI for the CS| process shall be the same as the
RI in the most recent CSI report comprising RI for the configured 'RI-reference
CSl process irrespective of subframe setsif configured; otherwise, for
transmission mode 3 the UE shall determine a RI assuming transmission on set
Ssubbands, and for transmission mode 9 or 10 without PMI reporting, the UE
shall determine a Rl assuming transmission on set S subbands, and conditioned
on the last reported periodic CRI if the UE is configured with CRI reporting.

e The UE shall report atype 3 report consisting of one RI.

= Inthe subframe where Rl and CRI isreported (for transmission mode 9 or 10 without
PMI reporting and without higher layer parameter csi-RS-NZP-mode configured, and
number of configured CSI-RS resources more than one, and for transmission mode 9 or
10 without PMI reporting and with higher layer parameter csi-RS-NZP-mode set to
'multiShot', and number of activated CSI-RS resources more than one):

e A UE shall determine a CRI assuming transmission on set S subbands.

o If aUEisconfigured in transmission mode 10 with a'RI-reference CSI
process for a CSl process, the RI for the CSI process shall be the same as the
RI in the most recent CSI report comprising RI for the configured 'RI-reference
CSl process irrespective of subframe setsif configured; otherwise, the UE
shall determine a RI assuming transmission on set S subbands conditioned on
the reported CRI.

e The UE shall report atype 7 report consisting of one Rl and one CRI.

= Inthe subframe where CRI isreported (only for transmission mode 9 or 10 with CRI
reporting and the number of antenna portsin each of configured CSI-RS resourcesis
one):

e A UE shall determine a CRI assuming transmission on set S subbands.
e The UE shall report atypelO report consisting of one CRI.
= Inthe subframe where CQI is reported:

o If the UE is configured without PMI reporting (only for transmission mode 9
or 10):

0 A single precoding matrix is selected from the codebook subset
assuming transmission on set S subbands.

0 A UE shal report atype 4 report consisting of

= A single wideband CQI vaue which is calculated assuming
the use of a single precoding matrix in all subbands and
transmission on set S subbands.

=  When RI>1, an additional 3-bit wideband spatial differential
CQI, whichisshown in Table 7.2-2.

o If the UE isconfigured with CRI reporting,

= |f aUE isconfigured in transmission mode 10 with a"RI-
reference CSl process’ for a CSl process, and the most recent
type 3 report for the CSI processis dropped, and atype 3
report for the "RI-reference CSl process' is reported in the
most recent RI reporting instance for the CS| process, the
selected precoding matrix and CQI for the CSl process are
calculated conditioned on the reported periodic RI for the
configured "RI-reference CSI process” in the most recent RI
reporting instance for the CSI process and last reported
periodic CRI for the CSI process; otherwise the selected
precoding matrix and CQI are calculated conditioned on the
last reported periodic RI and the last reported periodic CRI.
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0 otherwise,

= |f aUE isconfigured in transmission mode 10 with a"RI-
reference CS| process' for a CSl process, and the most recent
type 3 report for the CS| processis dropped, and atype 3
report for the "RI-reference CSl process' is reported in the
most recent RI reporting instance for the CS| process, the
selected precoding matrix and CQI for the CSl process are
calculated conditioned on the reported periodic RI for the
configured "RI-reference CSI process' in the most recent RI
reporting instance for the CSl process; otherwise the selected
precoding matrix and CQI are calculated conditioned on the
last reported periodic RI.

e otherwise,

0 A UE shall report atype 4 report consisting of one wideband CQI
value which is calculated assuming transmission on set S subbands.
The wideband CQI represents channel quality for the first codeword,
even when RI>1.

0 For transmission mode 3 the CQI is calculated conditioned on the last
reported periodic RI. For other transmission modesiit is calcul ated
conditioned on transmission rank 1. If the UE is configured with CRI
reporting, the CQI is calculated conditioned on the last reported
periodic CRI.

0 Mode 1-1 description:
= Inthe subframe where RI is reported (only for transmission modes 4, 8, 9 and 10):
o If the UEisconfigured with CRI reporting,

o If aUEisconfigured in transmission mode 10 with a'RI-reference
CSl process for a CSl process, the RI for the CSI process shall be the
same as the RI in the most recent CSl report comprising RI for the
configured 'Rl-reference CSI process' irrespective of subframe setsif
configured; otherwise, the UE shall determine a Rl assuming
transmission on set S subbands conditioned on the last reported
periodic CRI.

o otherwise,

o If aUEisconfigured in transmission mode 10 with a'RI-reference
CSl process for aCSl process, the RI for the CS| process shall be the
same as the RI in the most recent CSI report comprising RI for the
configured 'RI-reference CSI process' irrespective of subframe setsif
configured; otherwise, the UE shall determine a Rl assuming
transmission on set S subbands.

e The UE shal report atype 3 report consisting of one RI.
= |nthe subframe where RI and CRI is reported for transmission modes 9 and 10:
e A UE shall determine a CRI assuming transmission on set S subbands.

e If aUE isconfigured in transmission mode 10 with a'RI-reference CS|
process for a CSl process, the RI for the CS| process shall be the same asthe
RI in the most recent CSl report comprising RI for the configured 'RI-reference
CSl process irrespective of subframe setsif configured; otherwise, the UE
shall determine a RI assuming transmission on set S subbands conditioned on
the reported CRI for the CSI process.

e TheUE shall report atype 7 report consisting of one RI and one CRI.

= |nthe subframe where RI and RPI is reported for transmission modes 9 and 10:

e If aUE isconfigured in transmission mode 10 with a'RI-reference CS|
process for a CS| process, the RI for the CS| process shall be the same as the
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RI in the most recent CSl report comprising RI for the configured 'RI-reference
CSl process irrespective of subframe setsif configured; otherwise, the UE
shall determine a RI assuming transmission on set S subbands.

e Ifthedetermined RI>2, RPI isset to 0; otherwise UE shall determine a RPI
assuming transmission on set S subbands.

e TheUE shal report atype 11 report consisting of one Rl and one RPI.

= Inthe subframe where Rl and afirst PMI are reported for transmission modes 9 and 10
configured with submode 1 and 8 CSI-RS ports without CRI reporting and not
configured with advancedCodebookEnabled or 8 CSI-RS ports or 4 CSI-RS ports with
alternativeCodeBookEnabledFor4TX-r12=TRUE in the selected CSI-RS resource and
UE is configured with CRI reporting, and for transmission modes 8, 9 and 10
configured with submode 1 and alter nativeCodeBookEnabledFor4TX-r12=TRUE
without CRI reporting and not configured with advancedCodebookEnabled:

e If the UEis configured with CRI reporting,

(o]

If aUE is configured in transmission mode 10 with a'RI-reference
CSl process for aCSl process, the RI for the CS| process shall be the
same as the RI in the most recent CSI report comprising RI for the
configured 'RI-reference CS| process irrespective of subframe setsif
configured; otherwise, the UE shall determine a Rl assuming
transmission on set S subbands conditioned on the last reported
periodic CRI.

e otherwise,

(o]

If aUE is configured in transmission mode 10 with a'RI-reference
CSl process for aCSl process, the RI for the CS| process shall be the
same as the Rl in the most recent CSI report comprising RI for the
configured 'RI-reference CS| process irrespective of subframe setsif
configured; otherwise, the UE shall determine a Rl assuming
transmission on set S subbands.

e The UE shall report atype 5 report consisting of jointly coded RI and afirst
PMI corresponding to a set of precoding matrices selected from the codebook
subset assuming transmission on set S subbands.

o |f the UE isconfigured with CRI reporting,

(0]

If the UE is configured in transmission mode 10 with a 'RI-reference
CSl process for a CSl process and in case of collision of type 5 report
for the CSl process with type 5 report for the 'Rl-reference CSI
process, the wideband first PMI for the CSI process shall be the same
as the wideband first PMI in the most recent type 5 report for the
configured 'RI-reference CSl process; otherwise, the wideband first
PMI valueis calculated conditioned on the reported periodic Rl and
last reported periodic CRI.

e otherwise,

(]

If the UE is configured in transmission mode 10 with a'RI-reference
CSl process for a CSl process and in case of collision of type 5 report
for the CSl process with type 5 report for the 'Rl-reference CSI
process, the wideband first PMI for the CSI process shall be the same
as the wideband first PMI in the most recent type 5 report for the
configured 'RI-reference CSI process’; otherwise, the wideband first
PMI valueis calculated conditioned on the reported periodic RI.

= |nthe subframe where CRI, Rl and afirst PMI are reported for transmission modes 9,
and 10 configured with submode 1 and 8 CSI-RS portsin at least one of the configured
CSI-RSresources, or for transmission modes 8, 9 and 10 configured with submode 1
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and alternativeCodeBookEnabledFor4TX-r12=TRUE and 4 CSI-RS portsin at least
one of configured CSI-RS resources:

A UE shall determine a CRI assuming transmission on set S subbands.

If aUE is configured in transmission mode 10 with a'RI-reference CSI

process for a CSl process, the RI for the CSI process shall be the same as the
RI in the most recent CSI report comprising RI for the configured 'RI-reference
CSl process irrespective of subframe setsif configured; otherwise, the UE
shall determine a Rl assuming transmission on set S subbands conditioned on
the reported CRI.

If the configured CSI-RS resource corresponding to the determined CRI
comprises 8 CSI-RS ports or 4 CSI-RS ports with
alternativeCodeBookEnabledFor4TX-r12=TRUE, the UE shall report atype 8
report consisting of jointly coded CRI, RI and afirst PMI corresponding to a
set of precoding matrices selected from the codebook subset assuming
transmission on set S subbands. Otherwise, the UE shall report a type 8 report
consisting of jointly coded CRI, RI and afirst PMI fixed to zero.

If the UE is configured in transmission mode 10 with a'RI-reference CSI
process for a CSl process and in case of collision of type 5 report for the CSI
process with type 5 report for the 'RI-reference CSl process, the wideband first
PMI for the CSI process shall be the same as the wideband first PMI in the
most recent type 5 report for the configured 'RI-reference CS| process;
otherwise, the wideband first PMI value is calculated conditioned on the
reported periodic RI and last reported periodic CRI conditioned on the reported
CRI.

= |n the subframe where the wideband first PMI is reported, for transmission modes 9 and
10 with higher layer parameter eMIMO-Type configured, and eMIMO-Type set to
'CLASS A, or for transmission modes 9 and 10 with higher layer parameter

advancedCodebookEnabled = TRUE configured, and |ast reported periodic RI<2,

A set of precoding matrices corresponding to the wideband first PMI is
selected from the codebook assuming transmission on set S subbands.

A UE shall report atype 2areport consisting of the wideband first PMI
corresponding to the selected set of precoding matrices.

If aUE is configured in transmission mode 10 with a'RI-reference CS|
process for a CSl process, and the most recent type 3 report for the CSI
processis dropped, and atype 3 report for the 'Rl -reference CSI process is
reported in the most recent RI reporting instance for the CSI process, the
wideband first PMI value for the CSl processis calculated conditioned on the
reported periodic RI for the configured 'Rl-reference CSI process' in the most
recent RI reporting instance for the CSl process; otherwise the wideband first
PMI valueis calculated conditioned on the last reported periodic RI.

= Inthe subframe where CQI/PMI isreported for all transmission modes except with,

UE is configured with higher layer parameter eMIMO-Type, and eMIMO-Type
issetto 'CLASSA', or

UE configured with higher layer parameter
advancedCodebookEnabled=TRUE, and last reported periodic RI<2, or

8 CSI-RS ports configured for transmission modes 9 and 10, or with

alter nativeCodeBookEnabledFor4TX-r12=TRUE configured for transmission
modes 8, 9 and 10, if the UE is not configured with higher layer parameter
eMIMO-Type, or UE configured with CRI reporting, or UE is configured with
higher layer parameter eMIMO-Type, and eMIMO-Typeis set to 'CLASS B',
and one CSI-RS resource configured, and except with higher layer parameter
alternativeCodebookEnabledCLASSB_K1=TRUE configured:
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A single precoding matrix is selected from the codebook subset
assuming transmission on set S subbands.

A UE shall report atype 2 report consisting of

A single wideband CQI value which is calculated assuming
the use of asingle precoding matrix in all subbands and
transmission on set S subbands.

The selected single PMI (wideband PMI).

When RI>1, an additional 3-bit wideband spatial differential
CQI, whichisshownin Table 7.2-2.

If the UE is configured with CRI reporting,

If aUE is configured in transmission mode 10 with a"RI-
reference CS| process' for a CSl process, and the most recent
type 3 report for the CS| processis dropped, and atype 3
report for the "RI-reference CSl process' is reported in the
most recent RI reporting instance for the CSl process, the
PMI and CQI for the CSl process are calculated conditioned
on the reported periodic RI for the configured "RI-reference
CSl process' in the most recent RI reporting instance for the
CSl process; otherwise the PMI and CQI are calculated
conditioned on the last reported periodic RI and the last
reported periodic CRI.

otherwise,

For transmission modes 4, 8, 9 and 10,

e If aUEisconfigured in transmission mode 10 with
a"RI-reference CSI process' for a CSl process, and
the most recent type 3 report for the CSI processis
dropped, and atype 3 report for the "RI-reference
CSl process' isreported in the most recent RI
reporting instance for the CS| process, the PMI and
CQI for the CSI process are calculated conditioned
on the reported periodic RI for the configured "RI-
reference CSl process' in the most recent RI
reporting instance for the CSl process; otherwise
the PMI and CQI are calculated conditioned on the
last reported periodic RI.

For other transmission modes the PMI and CQI are
calculated conditioned on transmission rank 1.

=  Inthe subframe where wideband CQI/second PMI is reported for transmission modes 9
and 10 with 8 CSI-RS ports and submode 1 without CRI reporting, or for 8 CSI-RS
ports or 4 CSI-RS ports with alter nativeCodeBookEnabledFor4TX-r12=TRUE in the
selected CSI-RS resource and UE is configured with CRI reporting, or for transmission
modes 8, 9 and 10 with submode 1 and alter nativeCodeBookEnabledFor4TX-
r12=TRUE without CRI reporting, or for transmission modes 9 and 10 with higher layer
parameter eMIMO-Type configured, and eMIMO-Type set to 'CLASS A', or for
transmission modes 9 and 10 with higher layer parameter advancedCodebookEnabled

=TRUE configured, and last reported periodic RI<2:

e A single precoding matrix is selected from the codebook subset assuming
transmission on set S subbands.

e A UE shall report atype 2b report consisting of

o

A single wideband CQI value which is calculated assuming the use of
the single precoding matrix in al subbands and transmission on set S
subbands.

The wideband second PMI corresponding to the selected single
precoding matrix.
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When RI>1, an additional 3-bit wideband spatial differential CQl,
which isshown in Table 7.2-2.

If the UE is configured with CRI reporting,

If aUE is configured in transmission mode 10 with a'RI-reference
CSl process for a CSl process, and the most recent type 5 report for
the CSI processis dropped, and atype 5 report for the 'Rl-reference
CSl process isreported in the most recent RI reporting instance for
the CSI process,

The wideband second PMI value for the CSI processis
calculated conditioned on the reported periodic Rl and the
wideband first PMI for the configured 'Rl-reference CSI
process in the most recent RI reporting instance for the CSI
process and the last reported periodic CRI for the CSI
process.

The wideband CQI valueis calculated conditioned on the
selected precoding matrix for the CSI process and the
reported periodic RI for the configured 'Rl-reference CSI
process in the most recent RI reporting instance for the CSI
process and the last reported periodic CRI for the CSI
process.

Otherwise,

otherwise,

If aUE is configured in transmission mode 10 with a'RI-reference
CSl process for a CS| process, and the most recent type 5 report for
the CSl processis dropped, and atype 5 report for the 'RI-reference
CSl process isreported in the most recent RI reporting instance for
the CSI process,

(o]

(o]

The wideband second PMI valueis calculated conditioned on
the last reported periodic Rl and the wideband first PMI and
the last reported periodic CRI.

The wideband CQI valueis calculated conditioned on the
selected precoding matrix and the last reported periodic RI
and the last reported periodic CRI.

The wideband second PMI value for the CSI processis
calculated conditioned on the reported periodic Rl and the
wideband first PMI for the configured 'Rl-reference CSI
process in the most recent RI reporting instance for the CSI
process.

The wideband CQI valueis calculated conditioned on the
selected precoding matrix for the CS| process and the
reported periodic RI for the configured 'RI-reference CSI
process in the most recent RI reporting instance for the CSl
process.

Otherwise,

The wideband second PM1 value is calculated conditioned on
the last reported periodic Rl and the wideband first PMI.

The wideband CQI valueis calculated conditioned on the
selected precoding matrix and the last reported periodic RI.

= Inthe subframe where wideband CQI/first PMI/second PMI is reported for transmission
modes 9 and 10 with submode 2 and 8 CSI-RS ports configured without CRI reporting
and not configured with advancedCodebookEnabled, or 8 CSI-RS ports or 4 CSI-RS
ports with alternativeCodeBookEnabledFor4TX-r12=TRUE in the selected CSI-RS
resource and UE is configured with CRI reporting, and for transmission modes 8, 9 and
10 with submode 2 and alter nativeCodeBookEnabledFor4TX-r12=TRUE configured
without CRI reporting and not configured with advancedCodebookEnabled:

A single precoding matrix is selected from the codebook subset assuming
transmission on set S subbands.
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A UE shall report atype 2c report consisting of

o

A single wideband CQI value which is calculated assuming the use of
asingle precoding matrix in all subbands and transmission on set S
subbands.

The wideband first PMI and the wideband second PMI corresponding
to the selected single precoding matrix as defined in Subclause 7.2.4.

When RI>1, an additional 3-bit wideband spatial differential CQl,
which is shown in Table 7.2-2.

If the UE is configured with CRI reporting,

(0]

If aUE is configured in transmission mode 10 with a'RI-reference
CSl process for a CSl process, and the most recent type 3 report for
the CSI processis dropped, and atype 3 report for the 'Rl-reference
CSl process isreported in the most recent RI reporting instance for
the CSI process, the wideband first PMI, the wideband second PMI
and the wideband CQI for the CSI process are cal culated conditioned
on the reported periodic RI for the configured 'Rl-reference CS|
process in the most recent RI reporting instance for the CSl process
and the last reported periodic CRI for the CSI process; otherwise the
wideband first PMI, the wideband second PMI and the wideband CQI
are calculated conditioned on the last reported periodic RI and the last
reported periodic CRI.

otherwise

(o]

UE Selected subband feedback

0 Mode 2-0 description:

If aUE is configured in transmission mode 10 with a'RI-reference
CSl process for a CSl process, and the most recent type 3 report for
the CSl processis dropped, and atype 3 report for the 'RI-reference
CSl process is reported in the most recent RI reporting instance for
the CSl process, the wideband first PMI, the wideband second PM|
and the wideband CQI for the CSI process are cal culated conditioned
on the reported periodic RI for the configured 'Rl-reference CSI
process in the most recent RI reporting instance for the CSl process;
otherwise the wideband first PMI, the wideband second PMI and the
wideband CQI are calculated conditioned on the last reported periodic
RI.

In the subframe where RI is reported (only for transmission mode 3, and transmission
mode 9 or 10 without PMI reporting with one configured CSI-RS resource or with more
than one configured CSI-RS resource and the number of CSI-RS ports of the selected
CSI-RSis more than one):

If aUE is configured in transmission mode 10 with a'RI-reference CSI

process for a CSl process, the RI for the CSI process shall be the same as the
RI in the most recent CSl report comprising RI for the configured 'RI-reference
CSl process irrespective of subframe setsif configured; otherwise, for
transmission mode 3 the UE shall determine a RI assuming transmission on set
Ssubbands, and for transmission mode 9 or 10 without PMI reporting, the UE
shall determine a Rl assuming transmission on set S subbands, and conditioned
on the last reported periodic CRI if the UE is configured with CRI reporting.

The UE shall report atype 3 report consisting of one RI.

In the subframe where Rl and CRI is reported (for transmission mode 9 or 10 without
PMI reporting and without higher layer parameter csi-RS-NZP-mode configured, and
number of configured CSI-RS resources more than one and the number of antenna ports
in at least one of the configured CSI-RS resources is more than one, and for
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transmission mode 9 or 10 without PMI reporting and with higher layer parameter csi-
RS- NZP-mode set to 'multi Shot', and the number of activated CSI-RS resources more
than one and the number of antenna portsin at least one of the activated CSI-RS
resources is more than one):

e A UE shall determine a CRI assuming transmission on set S subbands.

o If aUEisconfigured in transmission mode 10 with a'RI-reference CSI
process for a CSl process, the RI for the CSI process shall be the same as the
RI in the most recent CSI report comprising RI for the configured 'RI-reference
CSl process irrespective of subframe setsif configured; otherwise, the UE
shall determine a RI assuming transmission on set S subbands conditioned on
the reported CRI.

e TheUE shall report atype 7 report consisting of one RI and one CRI.

= Inthe subframe where CRI isreported (only for transmission mode 9 or 10 with CRI
reporting and the number of antenna portsin each of configured CSI-RS resourcesis
one):

e A UE shall determine a CRI assuming transmission on set S subbands.
e The UE shall report atypelO report consisting of one CRI.
=  Inthe subframe where wideband CQI is reported:

o If the UE is configured without PMI reporting (only for transmission mode 9
or 10):

0 A single precoding matrix is selected from the codebook subset
assuming transmission on set S subbands.

0 A UE shal report atype 4 report on each respective successive
reporting opportunity consisting of

= A single wideband CQI vaue which is calculated assuming
the use of asingle precoding matrix in al subbands and
transmission on set S subbands.

=  When RI>1, an additional 3-bit wideband spatial differential
CQI, whichisshownin Table 7.2-2.

o If the UE isconfigured with CRI reporting,

= [f aUEisconfigured in transmission mode 10 with a"RI-
reference CS| process' for a CSl process, and the most recent
type 3 report for the CS| processis dropped, and atype 3
report for the "RI-reference CSl process' is reported in the
most recent RI reporting instance for the CS| process, the
subband selection, selected precoding matrix and CQI for the
CSl process are calculated conditioned on the reported
periodic RI for the configured "RI-reference CSI process' in
the most recent RI reporting instance for the CSI process and
the last reported periodic CRI for the CSI process; otherwise
the subband selection, selected precoding matrix and CQI are
calculated conditioned on the last reported periodic Rl and
the last reported periodic CRI.

o otherwise

= [f aUEisconfigured in transmission mode 10 with a"RI-
reference CS| process' for a CSl process, and the most recent
type 3 report for the CS| processis dropped, and atype 3
report for the "RI-reference CSI process” is reported in the
most recent RI reporting instance for the CSI process, the
subband sel ection, selected precoding matrix and CQI for the
CSl process are calculated conditioned on the reported
periodic RI for the configured "RI-reference CSl process' in
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the most recent RI reporting instance for the CSl process;
otherwise the subband selection, selected precoding matrix
and CQI are calculated conditioned on the last reported
periodic RI.

e otherwise,

(o]

The UE shall report atype 4 report on each respective successive
reporting opportunity consisting of one wideband CQI value whichis
calculated assuming transmission on set S subbands. The wideband
CQI represents channel quality for the first codeword, even when
RI>1.

For transmission mode 3 the CQI is calculated conditioned on the last
reported periodic RI. For other transmission modesiit is calculated
conditioned on transmission rank 1. If the UE is configured with CRI
reporting, the CQI is calculated conditioned on the last reported
periodic CRI.

= |n the subframe where CQI for the selected subbands is reported:

e |f the UE is configured without PMI reporting (only for transmission mode 9

or 10):

(o]

(o]

(o]

The UE shall select the preferred subband within the set of N;
subbands in each of the J bandwidth parts where Jis givenin Table
7.2.2-2.

A single precoding matrix is selected from the codebook subset
assuming transmission on on the selected subband within the
applicable bandwidth part.

The UE shall report atype 1 report per bandwidth part on each
respective successive reporting opportunity consisting of:

= CQI valuefor codeword O reflecting transmission only over
the selected subband of a bandwidth part determined in the
previous step along with the corresponding preferred
subband L-bit label.

=  When RI>1, an additional 3-bit subband spatia differential
CQI value for codeword 1 offset level

e Codeword 1 offset level = subband CQI index for
codeword 0 — subband CQI index for codeword 1.

= The mapping from the 3-bit subband spatial differential CQI
value to the offset level is shown in Table 7.2-2.

If the UE is configured with CRI reporting,

= |f aUE isconfigured in transmission mode 10 with a"RI-
reference CSl process’ for a CSl process, and the most recent
type 3 report for the CSI processis dropped, and atype 3
report for the "RI-reference CSI process” is reported in the
most recent RI reporting instance for the CSl process, the
selected precoding matrix and CQI for the CSl process are
calculated conditioned on the reported periodic RI for the
configured "RI-reference CSI process” in the most recent RI
reporting instance for the CS| process and the last reported
periodic CRI for the CSl process; otherwise the selected
precoding matrix and CQI are calculated conditioned on the
last reported periodic RI and the last reported periodic CRI.

otherwise,

= |f aUE isconfigured in transmission mode 10 with a"RI-
reference CSl process’ for a CSl process, and the most recent
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(o]

type 3 report for the CS| processis dropped, and atype 3
report for the "RI-reference CSl process' is reported in the
most recent RI reporting instance for the CSI process, the
selected precoding matrix and CQI for the CSI process are
calculated conditioned on the reported periodic RI for the
configured "RI-reference CSI process’ in the most recent RI
reporting instance for the CSl process; otherwise the selected
precoding matrix and CQI are calculated conditioned on the
last reported periodic RI.

o otherwise,

0 TheUE shal select the preferred subband within the set of N j

subbands in each of the J bandwidth parts where Jis givenin Table
7.2.2-2.

0 The UE shal report atype 1 report consisting of one CQI value
reflecting transmission only over the selected subband of a bandwidth
part determined in the previous step along with the corresponding
preferred subband L-bit label. A type 1 report for each bandwidth part
will in turn be reported in respective successive reporting
opportunities. The CQI represents channel quality for the first
codeword, even when RI>1.

0 For transmission mode 3 the preferred subband selection and CQI
values are calculated conditioned on the last reported periodic RI. For
other transmission modes they are calculated conditioned on
transmission rank 1. If the UE is configured with CRI reporting, the
preferred subband selection and CQI values are cal cul ated
conditioned on the last reported periodic CRI.

Mode 2-1 description:

In the subframe where RI is reported for transmission mode 4, transmission mode 8
except with alter nativeCodeBookEnabledFor4TX-r12=TRUE configured, transmission
modes 9 and 10 with 2 CSI-RS ports, and transmission modes 9 and 10 with 4 CSI-RS
ports except with alter nativeCodeBookEnabledFor4TX-r12=TRUE configured, and for
transmission modes 9 and 10 with higher layer parameter eMIMO-Type configured,
eMIMO-Type set to 'CLASS B', one CSI-RS resource configured, with higher layer
parameter alternativeCodebookEnabledCLASSB_K1=TRUE:

e If aUEisconfigured with CRI reporting,

o If aUEisconfigured in transmission mode 10 with a'RI-reference
CSl process for a CSl process, the RI for the CSI process shall be the
same asthe RI in the most recent CSl report comprising RI for the
configured 'RI-reference CS| process irrespective of subframe setsif
configured; otherwise, the UE shall determine a Rl assuming
transmission on set S subbands conditioned on the last reported
periodic CRI.

o otherwise,

o If aUEisconfigured in transmission mode 10 with a'RI-reference
CSl process for a CSl process, the RI for the CS| process shall be the
same as the Rl in the most recent CSI report comprising RI for the
configured 'RI-reference CS| process irrespective of subframe setsif
configured; otherwise, the UE shall determine a Rl assuming
transmission on set S subbands.

e The UE shall report atype 3 report consisting of one RI.

In the subframe where RI and PTI are reported, for transmission modes 9 and 10 with 8
CSI-RS ports configured and higher layer parameter eMIMO-Type not configured, or
for transmission modes 9 and 10 with 8 CSI-RS ports or 4 CSI-RS ports with

alter nativeCodeBookEnabledFor4TX-r12=TRUE in the selected CSI-RS resource and
UE is configured with CRI reporting, or for transmission modes 9 and 10 with 8 CS|-
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RS ports configured and UE is configured with higher layer parameter eMIMO-Type,
and eMIMO-Typeis set to 'CLASS B', and one CSI-RS resource configured, and except
with higher layer parameter alternativeCodebookEnabledCLASSB_K1=TRUE
configured, or for transmission modes 9 and 10 with higher layer parameter eMIMO-
Type configured, and eMIMO-Type set to 'CLASS A',or for transmission modes 8, 9 and
10 with alternativeCodeBookEnabledFor4TX-r12=TRUE configured without CRI
reporting then:

e If aUEisconfigured with CRI reporting,

o If aUEisconfigured in transmission mode 10 with a'RI-reference
CSl process for aCSl process, the RI for the CS| process shall be the
same as the RI in the most recent CSI report comprising RI for the
configured 'RI-reference CS| process irrespective of subframe setsif
configured; otherwise, the UE shall determine a Rl assuming
transmission on set S subbands conditioned on the last reported
periodic CRI.

o If aUEisconfigured in transmission mode 10 with a'RI-reference
CSl process for a CSl process, the PTI for the CSI process shall be
the same as the PTI in the most recent type 6 report for the configured
'Rl-reference CSl process; otherwise, the UE shall determine a
precoder type indication (PT1) conditioned on the last reported
periodic CRI.

e otherwise,

o If aUEisconfigured in transmission mode 10 with a'RI-reference
CSl process for aCSl process, the Rl for the CS| process shall be the
same as the RI in the most recent CSI report comprising RI for the
configured 'RI-reference CSl process irrespective of subframe setsif
configured; otherwise, the UE shall determine a Rl assuming
transmission on set S subbands.

o If aUEisconfigured in transmission mode 10 with a'Rl-reference
CSl process for a CSl process, the PTI for the CS| process shall be
the same as the PTI in the most recent type 6 report for the configured
'Rl-reference CSl process; otherwise, the UE shall determine a
precoder type indication (PTI).

e ThePTI for the CSI process shall be equal to 1 if the RI reported jointly with
the PTI is greater than 2 for transmission modes 8, 9, 10 with
alter nativeCodeBookEnabledFor4TX-r12=TRUE configured.

e TheUE shall report atype 6 report consisting of one Rl and the PTI.

= Inthe subframe where Rl and CRI are reported for transmission modes 9 and 10 with
parameter eMIMO-Type configured by higher layers, except with higher layer parameter
¢si-RS-NZP-mode configured, and eMIMO-Typeis set to 'CLASS B', and the number of
configured CSI-RS resources is more than one and RI and CRI is reported for
transmission modes 9 and 10 with higher layer parameter eMIMO-Type set to 'CLASS
B' and higher layer parameter csi-RS-NZP-mode set to 'multi Shot', and the number of
activated CSI-RS resources is more than one:

e A UE shall determine a CRI assuming transmission on set S subbands.

o If aUEisconfigured in transmission mode 10 with a'RI-reference CSI
process for a CSl process, the RI for the CSI process shall be the same as the
RI in the most recent CSl report comprising RI for the configured 'RI-reference
CSl process' irrespective of subframe setsif configured; otherwise, the UE
shall determine a RI assuming transmission on set S subbands conditioned on
the reported CRI for the CSI process.

e If each of the maximum number of portsin the configured CSI-RS resourcesis
2, or 4 except with alternativeCodeBookEnabledFor4TX-r12=TRUE
configured,

0 The UE shall report atype 7 report consisting of one Rl and one CRI.

e otherwise,
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If aUE is configured in transmission mode 10 with a'RI-reference
CSl process for a CSl process, the PTI for the CSI process shall be
the same as the PTI in the most recent type 6 report for the configured
'RlI-reference CSl process’; otherwise, the UE shall determine a
precoder type indication (PTI) conditioned on the reported CRI for
the CSI process.

If the configured CSI-RS resource corresponding to the determined
CRI comprises 2 CSI-RS ports or 4 CSI-RS ports except with
aternativeCodeBookEnabledFor4TX-r12=TRUE configured, PTI is
fixed to zero.

The PTI for the CSI process shall be equal to 1 if the RI reported
jointly with the PT1 is greater than 2 for transmission modes 9, 10
with alter nativeCodeBookEnabledFor4TX-r12=TRUE configured.

The UE shall report atype 9 report consisting of one CRI, RI, and the
PTI.

= |n the subframe where wideband CQI/PMI is reported for al transmission modes except

with

o UEisconfigured with higher layer parameter eMIMO-Type, and eMIMO-Type
issetto 'CLASSA', or

e 8 CSI-RS ports configured for transmission modes 9 and 10, or with
alter nativeCodeBookEnabledFor4TX-r12=TRUE configured for transmission
modes 8, 9 and 10, if the UE is not configured with higher layer parameter
eMIMO-Type, or UE is configured with CRI reporting, or UE is configured
with higher layer parameter eMIMO-Type, and eMIMO-Typeis set to 'CLASS
B', and one CSI-RS resource configured, and except with higher layer
parameter alternativeCodebookEnabledCLASSB_K1=TRUE configured:

(o]

A single precoding matrix is selected from the codebook subset
assuming transmission on set S subbands.

A UE shall report atype 2 report on each respective successive
reporting opportunity consisting of:

= A wideband CQI value which is calculated assuming the use
of asingle precoding matrix in all subbands and transmission
on set S subbands.

= Theselected single PMI (wideband PMI).

=  When RI>1, an additional 3-bit wideband spatial differential
CQI, whichisshownin Table 7.2-2.

e |If the UEisconfigured with CRI reporting,

(o]

If aUE is configured in transmission mode 10 with a'RI-reference
CSl process for a CS| process, and the most recent type 3 report for
the CSl processis dropped, and atype 3 report for the 'RI-reference
CSl process is reported in the most recent RI reporting instance for
the CSl process, the PMI and CQI values for the CSI process are
calculated conditioned on the reported periodic RI for the configured
'Rl-reference CSI process in the most recent RI reporting instance for
the CSI process and the last reported periodic CRI for the CS|

process; otherwise the PMI and CQI values are calculated conditioned
on the last reported periodic Rl and the last reported periodic CRI.

e otherwise,

(o]

For transmission modes 4, 8, 9 and 10,

= |f aUE isconfigured in transmission mode 10 with a'RI-
reference CSl process for a CSl process, and the most recent
type 3 report for the CSI processis dropped, and atype 3
report for the 'Rl-reference CSI process is reported in the
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most recent RI reporting instance for the CS| process, the
PMI and CQI values for the CSI process are calculated
conditioned on the reported periodic RI for the configured
'RlI-reference CSI process in the most recent RI reporting
instance for the CSI process; otherwise the PMI and CQI
values are calculated conditioned on the last reported
periodic RI.

0 For other transmission modes the PMI and CQI values are calculated
conditioned on transmission rank 1.

= Inthe subframe where the wideband first PMI isreported for transmission modes 9 and
10 with 8 CSI-RS ports configured and higher layer parameter eMIMO-Type not
configured, or for transmission modes 9 and 10 with 8 CSI-RS ports or 4 CSI-RS ports
with alter nativeCodeBookEnabledFor4TX-r12=TRUE in the selected CSI-RS resource
and UE is configured with CRI reporting, or for transmission modes 9 and 10 with 8
CSI-RS ports configured and UE is configured with higher layer parameter eMIMO-
Type, and eMIMO-Type is set to 'CLASS B', and one CSI-RS resource configured, and
except with higher layer parameter alter nativeCodebookEnabledCLASSB_K1=TRUE
configured, or for transmission modes 9 and 10 with higher layer parameter eMIMO-
Type configured, and eMIMO-Type set to 'CLASS A', or for transmission modes 8, 9
and 10 with alternativeCodeBookEnabledFor4TX-r12=TRUE configured without CRI
reporting:
e A setof precoding matrices corresponding to the wideband first PMI is
selected from the codebook subset assuming transmission on set S subbands.

e A UE shal report atype 2areport on each respective successive reporting
opportunity consisting of the wideband first PMI corresponding to the selected
set of precoding matrices.

o If the UE isconfigured with CRI reporting,

o If aUEisconfigured in transmission mode 10 with a'RI-reference
CSl process for a CSl process, and the most recent type 6 report for
the CSl processis dropped, and atype 6 report for the 'RI-reference
CSl process with PTI=0is reported in the most recent RI reporting
instance for the CSl process, the wideband first PM1 value for the CSI
processis calculated conditioned on the reported periodic RI for the
configured 'RI-reference CSl process in the most recent RI reporting
instance for the CSl process and the last reported periodic CRI for the
CSl process; otherwise with the last reported PT1=0, the wideband
first PMI valueis calculated conditioned on the last reported periodic
RI and the last reported periodic CRI.

e otherwise,

o If aUEisconfigured in transmission mode 10 with a'Rl-reference
CSl process for a CSl process, and the most recent type 6 report for
the CSl processis dropped, and atype 6 report for the 'Rl -reference
CSl process with PTI=0is reported in the most recent RI reporting
instance for the CSI process, the wideband first PMI value for the CSI
processis calculated conditioned on the reported periodic RI for the
configured 'RI-reference CSl process in the most recent RI reporting
instance for the CSI process; otherwise with the last reported PTI=0,
the wideband first PMI value is calculated conditioned on the last
reported periodic RI.

=  Inthe subframe where wideband CQI/second PMI isreported, for transmission modes 9
and 10 with 8 CSI-RS ports configured and higher layer parameter eMIMO-Type not
configured, or for transmission modes 9 and 10 with 8 CSI-RS ports or 4 CSI-RS ports
with alter nativeCodeBookEnabledFor4TX-r12=TRUE in the selected CSI-RS resource
and UE is configured with CRI reporting, or for transmission modes 9 and 10 with 8
CSI-RS ports configured and UE is configured with higher layer parameter eMIMO-
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Type, and eMIMO-Typeis set to 'CLASS B', and one CSI-RS resource configured, and
except with higher layer parameter alternativeCodebookEnabledCLASSB_K1=TRUE
configured, or for transmission modes 9 and 10 with higher layer parameter eMIMO-
Type configured, and eMIMO-Type set to 'CLASS A',or for transmission modes 8,9, and
10 with alternativeCodeBookEnabledFor4TX-r12=TRUE configured without CRI
reporting:
A single precoding matrix is selected from the codebook subset assuming
transmission on set S subbands.

A UE shall report atype 2b report on each respective successive reporting
opportunity consisting of:

o

A wideband CQI value which is calculated assuming the use of the
selected single precoding matrix in all subbands and transmission on
set Ssubbands.

The wideband second PMI corresponding to the selected single
precoding matrix.

When RI>1, an additional 3-bit wideband spatial differential CQl,
which is shown in Table 7.2-2.

If the UE is configured with CRI reporting,

(o]

(o]

If aUE is configured in transmission mode 10 with a'RI-reference
CSl process for a CSl process, and the most recent type 6 report for
the CSl processis dropped, and atype 6 report for the 'RI-reference
CSl process with PTI=1 is reported in the most recent RI reporting
instance for the CS| process,

=  The wideband second PMI value for the CSl processis
calculated conditioned on the reported periodic RI for the
configured 'Rl-reference CSI process in the most recent RI
reporting instance for the CSI process and the last reported
wideband first PMI for the CSI process and the last reported
periodic CRI for the CSI process,

=  Thewideband CQI valueis calculated conditioned on the
selected precoding matrix for the CSI process and the
reported periodic RI for the configured 'Rl-reference CSI
process in the most recent RI reporting instance for the CSI
process and the last reported periodic CRI for the CSI
process.

Otherwise, with the last reported PTI=1,

=  Thewideband second PMI valueis calculated conditioned on
the last reported periodic Rl and the wideband first PMI and
the last reported periodic CRI.

=  Thewideband CQI vaueis calculated conditioned on the
selected precoding matrix and the last reported periodic RI
and the last reported periodic CRI.

otherwise,

(o]

If aUE is configured in transmission mode 10 with a'RI-reference
CSl process for a CSl process, and the most recent type 6 report for
the CSl processis dropped, and atype 6 report for the 'RI-reference
CSl process with PTI=1 isreported in the most recent RI reporting
instance for the CS| process,

=  Thewideband second PMI value for the CSI processis
calculated conditioned on the reported periodic RI for the
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configured 'RI-reference CS| process in the most recent RI
reporting instance for the CSl process and the last reported
wideband first PMI for the CSI process,

= Thewideband CQI valueis calculated conditioned on the
selected precoding matrix for the CS| process and the
reported periodic RI for the configured 'RI-reference CSI
process in the most recent RI reporting instance for the CSl
process.

0 Otherwise, with the last reported PTI=1,

=  The wideband second PMI valueis calculated conditioned on
the last reported periodic Rl and the wideband first PMI.

=  Thewideband CQI valueis calculated conditioned on the
selected precoding matrix and the last reported periodic RI.

If the last reported first PMI was computed under an RI assumption that differs
from the last reported periodic RI, or in the absence of alast reported first PMI,
the conditioning of the second PMI value is not specified.

= |nthe subframe where CQI for the selected subband is reported for al transmission
modes except with

UE is configured with higher layer parameter eMIMO-Type, and eMIMO-Type
issetto 'CLASSA', or

8 CSI-RS ports configured for transmission modes 9 and 10, or with

alter nativeCodeBookEnabledFor4TX-r12=TRUE configured for transmission
modes 8, 9 and 10, if the UE is not configured with higher layer parameter
eMIMO-Type, or UE is configured with CRI reporting, or UE is configured
with higher layer parameter eMIMO-Type, and eMIMO-Typeis set to 'CLASS
B', and one CSI-RS resource configured, and except with higher layer
parameter alternativeCodebookEnabledCLASSB K1=TRUE configured:

0 The UE shall select the preferred subband within the set of N;
subbands in each of the J bandwidth parts where Jis given in Table
7.2.2-2.

0 TheUE shal report atype 1 report per bandwidth part on each
respective successive reporting opportunity consisting of:

= CQI vaue for codeword O reflecting transmission only over
the selected subband of a bandwidth part determined in the
previous step along with the corresponding preferred
subband L-bit label.

=  When RI>1, an additional 3-bit subband spatia differential
CQI value for codeword 1 offset level

e Codeword 1 offset level = subband CQI index for
codeword 0 — subband CQI index for codeword 1.

¢ Assuming the use of the most recently reported
single precoding matrix in al subbands and
transmission on the selected subband within the
applicable bandwidth part.

= The mapping from the 3-bit subband spatial differential CQI
value to the offset level isshown in Table 7.2-2.

If the UE is configured with CRI reporting,

o FIfaUEisconfigured in transmission mode 10 with a'RI-reference
CSl process for a CSl process, and the most recent type 3 report for
the CSl processis dropped, and atype 3 report for the 'RI-reference
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CSl process is reported in the most recent RI reporting instance for
the CSl process, the subband selection and CQI values for the CS
process are calculated conditioned on the last reported periodic
wideband PMI for the CSl process and the reported periodic RI for
the configured 'RI-reference CSl process in the most recent RI
reporting instance for the CSI process and the last reported periodic
CRI for the CSI process; otherwise the subband selection and CQI
values are calculated conditioned on the last reported periodic
wideband PMI, RI and CRI.

e otherwise,
o0 For transmission modes 4, 8, 9 and 10,

= |f aUE isconfigured in transmission mode 10 with a'RI-
reference CSl process for a CSl process, and the most recent
type 3 report for the CSI processis dropped, and atype 3
report for the 'RI-reference CSI process is reported in the
most recent RI reporting instance for the CS| process, the
subband selection and CQI values for the CS| process are
calculated conditioned on the last reported periodic
wideband PMI for the CSI process and the reported periodic
RI for the configured 'RI-reference CSl process in the most
recent RI reporting instance for the CSl process; otherwise
the subband selection and CQI values are calculated
conditioned on the last reported periodic wideband PMI and
RI.

0 For other transmission modes the subband selection and CQI values
are calculated conditioned on the last reported PMI and transmission
rank 1.

=  Inthe subframe where wideband CQI/second PMI isreported, for transmission modes 9
and 10 with 8 CSI-RS ports configured and higher layer parameter eMIMO-Type not
configured, or for transmission modes 9 and 10 with 8 CSI-RS ports or 4 CSI-RS ports
with alternativeCodeBookEnabledFor4TX-r12=TRUE in the selected CSI-RS resource
and UE is configured with CRI reporting, or for transmission modes 9 and 10 with 8
CSI-RS ports configured and UE is configured with higher layer parameter eMIMO-
Type, and eMIMO-Type is set to 'CLASS B', and one CSI-RS resource configured, and
except with higher layer parameter alternativeCodebookEnabledCLASSB_K1=TRUE
configured, or for transmission modes 9 and 10 with higher layer parameter eMIMO-
Type configured, and eMIMO-Type set to 'CLASS A',or for transmission modes 8, 9 and
10 with alter nativeCodeBookEnabledFor4TX-r12=TRUE configured without CRI

reporting:
e A single precoding matrix is selected from the codebook subset assuming
transmission on set S subbands.

e TheUE shall report atype 2b report on each respective successive reporting
opportunity consisting of:

0 A wideband CQI value which is calculated assuming the use of the
selected single precoding matrix in al subbands and transmission on
set Ssubbands.

o Thewideband second PMI corresponding to the selected single
precoding matrix.

0 When RI>1, an additional 3-bit wideband spatial differential CQI,
which isshown in Table 7.2-2.

o |f the UE isconfigured with CRI reporting,

o If aUEisconfigured in transmission mode 10 with a'RI-reference
CSl process for a CSl process, and the most recent type 6 report for
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the CSl processis dropped, and atype 6 report for the 'RI-reference
CSl process with PT1=0 is reported in the most recent RI reporting
instance for the CS| process,

The wideband second PMI value for the CSI processis
calculated conditioned on the reported periodic RI for the
configured 'RI-reference CS| process in the most recent RI
reporting instance for the CS| process and the last reported
wideband first PMI for the CSI process and the last reported
periodic CRI for the CSI process.

The wideband CQI valueis calculated conditioned on the
selected precoding matrix for the CS| process and the
reported periodic RI for the configured 'RI-reference CSI
process in the most recent RI reporting instance for the CSl
process and the last reported periodic CRI for the CS
process.

0 otherwise, with the last reported PT1=0,

otherwise,

The wideband second PMI value is calculated conditioned on
the last reported periodic Rl and the wideband first PMI and
the last reported periodic CRI.

The wideband CQI valueis calculated conditioned on the
selected precoding matrix and the last reported periodic RI
process and the last reported periodic CRI.

o If aUEisconfigured in transmission mode 10 with a'RI-reference
CSl process for a CSl process, and the most recent type 6 report for
the CSl processis dropped, and atype 6 report for the 'RI-reference
CSl process with PT1=0 is reported in the most recent RI reporting
instance for the CS| process,

The wideband second PMI value for the CSI processis
calculated conditioned on the reported periodic RI for the
configured 'Rl-reference CSI process in the most recent RI
reporting instance for the CSl process and the last reported
wideband first PMI for the CSI process.

The wideband CQI valueis calculated conditioned on the
selected precoding matrix for the CSI process and the
reported periodic RI for the configured 'Rl-reference CSI
process in the most recent RI reporting instance for the CSI
process.

0 Otherwise, with the last reported PTI=0,

The wideband second PMI valueis calculated conditioned on
the last reported periodic RI and the wideband first PMI.

The wideband CQI valueis calculated conditioned on the
selected precoding matrix and the last reported periodic RI.

If the last reported first PMI was computed under an RI assumption that differs
from the last reported periodic RI, or in the absence of alast reported first PMI,
the conditioning of the second PMI value is not specified.

=  Inthe subframe where subband CQI/second PMI for the selected subband is reported,
for transmission modes 9 and 10 with 8 CSI-RS ports configured and higher layer
parameter eMIMO-Type not configured, or for transmission modes 9 and 10 with 8 CSI-
RS ports or 4 CSI-RS ports with alternativeCodeBookEnabledFordTX-r12=TRUE in
the selected CSI-RS resource and UE is configured with CRI reporting, or for
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transmission modes 9 and 10 with 8 CSI-RS ports configured and UE is configured with
higher layer parameter eMIMO-Type, and eMIMO-Typeis set to 'CLASS B', and one
CSI-RS resource configured, and except with higher layer parameter
alternativeCodebookEnabledCLASSB_K1=TRUE configured, or for transmission
modes 9 and 10 with higher layer parameter eMIMO-Type configured, and eMIMO-
Type set to 'CLASS A',or for transmission modes 8, 9 and 10 with
alternativeCodeBookEnabledFor4TX-r12=TRUE configured without CRI reporting:

e TheUE shal select the preferred subband within the set of N; subbandsin each
of the J bandwidth parts where Jisgivenin Table 7.2.2-2.

e The UE shall report atype lareport per bandwidth part on each respective
successive reporting opportunity consisting of:

o CQI vauefor codeword O reflecting transmission only over the
selected subband of a bandwidth part determined in the previous step
aong with the corresponding preferred subband L-bit 1abel.

0 When RI>1, an additional 3-bit subband spatial differential CQI value
for codeword 1 offset level

=  Codeword 1 offset level = subband CQI index for codeword O
— subband CQI index for codeword 1.

= Assuming the use of the precoding matrix corresponding to the
selected second PMI and the most recently reported first PMI
and transmission on the selected subband within the applicable
bandwidth part.

0 The mapping from the 3-bit subband spatial differential CQI value to
the offset level isshown in Table 7.2-2.

0 A second PMI of the preferred precoding matrix selected from the
codebook subset assuming transmission only over the selected
subband within the applicable bandwidth part determined in the
previous step.

e If the UEis configured with CRI reporting,

o If aUEisconfigured in transmission mode 10 with a'RI-reference
CSl process for a CSl process, and the most recent type 6 report for
the CSl processis dropped, and atype 6 report for the 'RI-reference
CSl process with PTI=1 isreported in the most recent RI reporting
instance for the CSl process,

= The subband second PMI values for the CSI process are
calculated conditioned on the reported periodic RI for the
configured 'RI-reference CSl process in the most recent RI
reporting instance for the CS| process and the last reported
wideband first PMI for the CSI process and the last reported
periodic CRI for the CS| process.

= The subband selection and CQI values are calculated
conditioned on the selected precoding matrix for the CSI
process and the reported periodic RI for the configured 'RI-
reference CSl process in the most recent RI reporting
instance for the CSl process and the last reported periodic
CRI for the CSl process.

0 Otherwise, with the last reported PTI=1

=  The subband second PMI values are calculated conditioned
on the last reported periodic Rl and the wideband first PMI
and the last reported periodic CRI.
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=  The subband selection and CQI values are calculated
conditioned on the selected precoding matrix and the last
reported periodic Rl and the last reported periodic CRI.

e otherwise,

o If aUEisconfigured in transmission mode 10 with a'Rl-reference
CSl process for a CSl process, and the most recent type 6 report for
the CSI processis dropped, and atype 6 report for the 'Rl-reference
CSl process with PTI=1 is reported in the most recent RI reporting
instance for the CSI process,

= The subband second PMI values for the CSI process are
calculated conditioned on the reported periodic RI for the
configured 'Rl-reference CSI process in the most recent RI
reporting instance for the CSI process and the last reported
wideband first PMI for the CSI process.

= The subband selection and CQI values are calculated
conditioned on the selected precoding matrix for the CSI
process and the reported periodic RI for the configured 'RI-
reference CSl process in the most recent RI reporting
instance for the CSI process.

0 Otherwise, with the last reported PT1=1

=  The subband second PMI values are calculated conditioned
on the last reported periodic Rl and the wideband first PMI.

= The subband selection and CQI values are calculated
conditioned on the selected precoding matrix and the last
reported periodic RI.

o If thelast reported first PMI was computed under an RI assumption that differs
from the last reported periodic RI, or in the absence of alast reported first PMI,
the conditioning of the second PMI value is not specified.

Table 7.2.2-2: Subband Size (k) and Bandwidth Parts (J) vs. Downlink System Bandwidth

System Bandwidth Ng; | Subband Size k (RBs) | Bandwidth Parts (J)
6-7 NA NA
8-10 4 1
11-26 4 2
27 - 63 6 3
64 — 110 8 4

For aBL/CE UE, the periodic CSl reporting modes are described as following:

- Wideband feedback
0 Mode 1-0 description:

=  |nthe subframe where CQI is reported:

e A UE shall report atype 4 report consisting of one wideband CQI value which is
calculated assuming transmission on all narrowband(s) in the CSI reference
resource. The wideband CQI is calculated conditioned on transmission rank 1.

0 Mode 1-1 description:

= |nthe subframe where CQI/PMI is reported:
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e A single precoding matrix is selected from the codebook subset assuming
transmission on all narrowband(s) in the CSI reference resource. The PMI is
calculated conditioned on transmission rank 1.

e A UE shal report atype 2 report consisting of

0 A singlewideband CQI value which is calculated assuming the use of a
single precoding matrix in al narrowband(s) in the CSI reference resource
and transmission on all narrowband(s) in the CSI reference resource. The
wideband CQI is calculated conditioned on transmission rank 1.

0 Thesdected single PMI (wideband PMI).

If parameter ttiBundling provided by higher layersis set to TRUE and if an UL-SCH in subframe bundling operation
collides with a periodic CSI reporting instance, then the UE shall drop the periodic CSI report of a given PUCCH
reporting type in that subframe and shall not multiplex the periodic CSI report payload in the PUSCH transmission in
that subframe. A UE is not expected to be configured with simultaneous PUCCH and PUSCH transmission when UL-
SCH subframe bundling is configured.

If the UE is configured with higher layer paramter pusch-EnhancementsConfig, and if a PUSCH transmission spans
more than one subframe as indicated by the repetition number field in DCI 0C, the UE shall drop the periodic CSI
report of agiven PUCCH reporting type in that subframe and shall not multiplex the periodic CSI report payload in the
PUSCH transmission in that subframe. A UE is not expected to be configured with simultaneous PUCCH and PUSCH
transmission when pusch-EnhancementsConfig is configured.
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Table 7.2.2-3: PUCCH Reporting Type Payload size per PUCCH Reporting Mode and Mode State

ETSI



3GPP TS 36.213 version 15.12.0 Release 15 200 ETSI TS 136 213 V15.12.0 (2021-02)
PUCCH Reporting Modes
PUICEEH Mode 1-1 | Mode 2-1 | Mode 1-0 | Mode 2-0
Reporting Reported Mode State ] R _ . ] X _ N
Type (bits/BP (bits/BP (bits/BP (bits/BP
) ) ) )
1 Sub-band RI=1 NA AL NA j:ll:l
CQl RI>1 NA 7+L NA 7412
8 antenna ports or 8/12/16/20/24/28/32
antenna ports with codebookConfig={2,3,4}, RI NA 8+L NA NA
8 antenna ports or 8/12/16/20/24/28/32
antenna ports with codebookConfig={2,3,4}, 1 NA 9+L NA NA
<RI<5
8 antenna ports or 8/12/16/20/24/28/32
. s +
Sub-band COQI antenna ports with codebookConfig={1,2,3,4} NA 7+L NA NA
la / d PMI Ri>4
secon 8/12/16/20/24/28/32 antenna ports with NA 64L NA NA
codebookConfig=1, Rl =1
8/12/16/20/24/28/32 antenna ports with
codebookConfig=1, Rl =2 NA 9+l NA NA
8/12/16/20/24/28/32 antenna ports with
codebookConfig=1, 2<RI<5 NA 8+L NA NA
4 antenna ports RI=1 NA 8+L NA NA
4 antenna ports 1<RI<4 NA 9+L NA NA
2 antenna ports Rl = 1 6 6 NA NA
4 antenna ports RI = 1, Note® 8 8 NA NA
2 antenna ports Rl > 1 8 8 NA NA
4 antenna ports Rl > 1, Note® 11 11 NA NA
4 antenna ports RI = 1, Note® 7 7 NA NA
2 Wideband 4 antenna ports Rl = 2, Note® 10 10 NA NA
CQIl/PMI 4 antenna ports RI = 3, Note® 9 9 NA NA
4 antenna ports RI = 4, Note® 8 8 NA NA
8 antenna ports Rl = 1 8 8 NA NA
8 antenna ports 1<RI<4 11 11 NA NA
8 antenna ports Rl = 4 10 10 NA NA
8 antenna ports Rl > 4 7 7 NA NA
8 antenna ports Rl <3 NA 4 NA NA
8 antenna ports 2 <RI < 8 NA 2 NA NA
8 antenna ports RI =8 NA 0 NA NA
4 antenna ports 1<RI<2 NA 4 NA NA
4 antenna ports 2<RI<4 NA NA NA NA
8/12/16/20/24/28/32 antenna ports with 3 3
codebookConfig=1, 1<RI<8 Note Note NA NA
8/12/16/20/24/28/32 antenna ports with 4 4
codebookConfig={2,3,4} Note Note NA NA
4 antenna ports with
advancedCodebookEnabled =True, 1<RI<2 8 NA NA NA
4 antenna ports with
deband advancedCodebookEnabled =True, 3<RI<4 0 NA NA NA
Wideban 8 ant ts with
2a I antenna ports wi
first PMI advancedCodebookEnabled =True, 1<RI<2 6 NA NA NA
8 antenna ports with
advancedCodebookEnabled =True, 3<RI<7 2 NA NA NA
8 antenna ports with
advancedCodebookEnabled =True, RI=8 0 NA NA NA
8/12/16/20/24/28/32 antenna ports with
advancedCodebookEnabled =True and Note” NA NA NA
eMIMO-Type is set to 'CLASS A', 1<RI<8
8/12/16/20/24/28/32 antenna ports, eMIMO-
Type and eMIMO-Type2 configured by higher
layers, eMIMO-Type is set to 'CLASS A, 3 3 3 3
eMIMO-Type2 is set to 'CLASS B', and Note Note Note Note
maximum 1 or 2 layers are supported by the
UE
8 antenna ports or 8/12/16/20/24/28/32
antenna ports with codebookConfig = {2,3,4}, 8 8 NA NA
RI=1
. 8 antenna ports or 8/12/16/20/24/28/32
2b Wideband CQI antenna ports with codebookConfig = {2,3,4}, 1 11 11 NA NA
/ second PMI <Rl <4
8 antenna ports or 8/12/16/20/24/28/32
antenna ports with codebookConfig = {2,3,4}, 10 10 NA NA
RI =4
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8 antenna ports or 8/12/16/20/24/28/32
antenna ports with codebookConfig = {1,2,3,4}, 7 7 NA NA
RI>4
4 antenna ports RI=1 8 8 NA NA
4 antenna port 1<RI<4 11 11 NA NA
8/12/16/20/24/28/32 antenna ports with
codebookConfig=1, Rl =1 6 6 NA NA
8/12/16/20/24/28/32 antenna ports with
codebookConfig=1, Rl =2 9 9 NA NA
8/12/16/20/24/28/32 antenna ports with
codebookConfig=1, 2<RI<5 8 8 NA NA
4/8 antenna ports with
advancedCodebookEnabled =True or
8/12/16/20/24/28/32 antenna ports with 10 NA NA NA
advancedCodebookEnabled =True and
eMIMO-Type is setto 'CLASS A, RI=1
4/8 antenna ports with
advancedCodebookEnabled =True or
8/12/16/20/24/28/32 antenna ports with 11 NA NA NA
advancedCodebookEnabled =True and
eMIMO-Type is setto 'CLASS A, RI = 2
8 antenna ports Rl = 1 8 NA NA NA
. 8 antenna ports 1 <RI<4 11 NA NA NA
Wideband CQI 8 antenna ports 4 < RI< 7 9 NA NA NA
2c [ first PMI
/ second PMI 8 antenna ports RI = 8 7 NA NA NA
4 antenna ports RI=1 8 NA NA NA
4 antenna port 1<RI<4 11 NA NA NA
2/4 antenna ports, 2-layer spatial multiplexing 1 1 1 1
. . - NA! NA?
8 antenna ports, 2-layer spatial multiplexing 1 NA 12 12
4 antenna ports, 4-layer spatial multiplexing 2 2 2 2
. . . NA! NA?
8 antenna ports, 4-layer spatial multiplexing 2 NA 22 22
1 1
3 RI 8-layer spatial multiplexing 3 NA ngz‘ N??
12/16/20/24/28{32 ant(_enna_ ports, 2-layer 1 NA NA NA
spatial multiplexing
12/16/20/24/28(32 ant(_enna_ ports, 4-layer 5 NA NA NA
spatial multiplexing
12/16/20/24/28{32 antenna ports, 8-layer 3 NA NA NA
spatial multiplexing
Rl =1 or RI>1, without PMI/RI reporting NA NA 4 4
4 Wideband CQI RI = 1 without PMI reporting NA NA 4 4
RI>1 without PMI reporting NA NA 7 7
8 antenna ports, 2-layer spatial multiplexing 4
8 antenna ports, 4 and 8-layer spatial 5
multiplexing NA NA NA
4 antenna ports, 2-layer spatial multiplexing 4
4 antenna ports, 4-layer spatial multiplexing 5
5 RI/ first PMI 8/12/16/20/24/28/32 antenna ports, eMIMO-
Type and eMIMO-Type2 configured by higher
layers, eMIMO-Type is set to 'CLASS A',
e)I/VIIMO-TypeZ isy Zet to 'CLASS B', and Note® Note? Note® Note?
maximum 4 or 8 layers are supported by the
UE
8 antenna ports, 2-layer spatial multiplexing NA 2 NA NA
8 antenna ports, 4-layer spatial multiplexing NA 3 NA NA
8 antenna ports, 8-layer spatial multiplexing NA 4 NA NA
4 antenna ports, 2-layer spatial multiplexing NA 2 NA NA
4 antenna ports, 4-layer spatial multiplexing NA 3 NA NA
6 RI/PTI 12/16/20/24/28/32 antenna ports, 2-layer NA 2 NA NA
spatial multiplexing
12/16/20/24/28/32 antenna ports, 4-layer NA 3 NA NA
spatial multiplexing
12/16/20/24/28/32 antenna ports, 8-layer NA 4 NA NA
spatial multiplexing
2-layer spatial multiplexing k+1 k+1 k+1 k+1
7 CRI/RI 4-layer spatial multiplexing k+2 k+2 k+2 k+2
8-layer spatial multiplexing k+3 k+3 k+3 k+3
. 2-layer spatial multiplexing k+4 NA NA NA
8 CRI/RIffirst PMI 4 and 8-layer spatial multiplexing k+5 NA NA NA
2-layer spatial multiplexing NA k+2 NA NA
9 CRI/RI/PTI 4-layer spatial multiplexing NA k+3 NA NA
8-layer spatial multiplexing NA k+4 NA NA
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10 CRI Without PMI/RI reporting NA NA k k
2-layer spatial multiplexing 3 NA NA NA

11 RI/RPI 4-layer spatial multiplexing 4 NA NA NA
8-layer spatial multiplexing 5 NA NA NA

NOTE ":  For wideband CQI reporting types, the stated payload size applies to the full bandwidth.
NOTE 1: Without PMI/RI reporting

NOTE 2: Without PMI reporting and without csi-RS-NZP-mode, k = ﬂogz(K)—| where K is the number of configured

CSI-RS resources or without PMI reporting and with higher layer parameter csi-RS-NZP-mode set to 'multiShot' and
activatedResources>1, k:ﬂogz(Nﬂ where N is the number of activated CSI-RS resources.

NOTE 3: Sum of Wideband first PMI i1,1 bit width and Wideband first PMI i1,2 bit width in Table 5.2.3.3.2-3B-1 of [4]
with PTI=0

NOTE 4: Sum of Wideband first PMI i1,1 bit width and Wideband first PMI i1,2 bit width in Table 5.2.3.3.2-3B-2 of [4]
with PTI=0

NOTE 5: Not configured with parameter eMIMO-Type by higher-layers

NOTE 6: Configured with parameter eMIMO-Type by higher-layers

Note 7:  Sum of Wideband first PMI i1,1 bit width, Wideband first PMI i1,2 bit width, Wideband first PMI i1,3 bit width in
Table 5.2.3.3.1-4C of [4]

NOTE 8: Sum of Wideband first PMI i1,1 bit width and Wideband first PMI i1,2 bit width in Table 5.2.3.3.1-4D of [4] with
Max 1 or 2 layers.

NOTE 9: Sum of Wideband first PMI i1,1 bit width, Wideband first PMI i1,2 bit width and RI bit width in Table 5.2.3.3.1-
4D of [4] with Max 4 or 8 layers.
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7.2.3 Channel Quality Indicator (CQI) definition

The CQI indices and their interpretations are given in Table 7.2.3-1, Table 7.2.3-5, Table 7.2.3-6 for reporting CQI
based on QPSK, 16QAM and 64QAM. The CQI indices and their interpretations are given in Table 7.2.3-2 for
reporting CQI based on QPSK, 16QAM, 64QAM and 256QAM. The CQI indices and their interpretations are given in
Table 7.2.3-3 for reporting CQI based on QPSK and 16QAM. The CQI indices and their interpretations are givenin
Table 7.2.3-4 for reporting CQI based on QPSK, 16QAM, 64QAM, 256QAM, and 1024QAM.

For anon-BL/CE UE, based on an unrestricted observation interval in time unless specified otherwise in this Subclause,
and an unrestricted observation interval in frequency, the UE shall derive for each CQI value reported in uplink
subframe/dot/subslot n the highest CQI index between 1 and 15 in Table 7.2.3-1, Table 7.2.3-2 or Table 7.2.3-4 which
satisfies the following condition, or CQI index O if CQI index 1 does not satisfy the condition:

- A single PDSCH transport block with a combination of modulation scheme and transport block size
corresponding to the CQI index, and occupying a group of downlink physical resource blocks termed the CSI
reference resource, could be received with atransport block error probability not exceeding 0.1.

For aBL/CE UE, based on an unrestricted observation interval in time and frequency, the UE shall derive for each CQI
value the highest CQI index in Table 7.2.3-3, Table 7.2.3-5 or Table 7.2.3-6 which satisfies the following condition, or
CQI index 0 if CQI index 1 does not satisfy the condition:

- A single PDSCH transport block with a combination of modulation scheme and transport block size
corresponding to the CQI index, and occupying a group of downlink physical resource blocks termed the CSI
reference resource, could be received with a transport block error probability not exceeding 0.1.

If CSl subframe sets C.q o and Ccg, aeconfigured by higher layers, each CSl reference resource belongs to either
Ccsio O Ccgq butnottoboth. When CSl subframe sets C.q o and Ccg, areconfigured by higher layersa UE

is not expected to receive atrigger for which the CSl reference resourceis in subframe that does not belong to either
subframe set. For a UE in transmission mode 10 and periodic CSI reporting, the CSI subframe set for the CSI reference
resource is configured by higher layers for each CSI process.

If the UE is configured with parameter eMIMO-Type2 by higher layers for a CSl process, for computing the CQI value
for eMIMO-Type2 of the CSl process, the parameter eMIMO-Type in the rest of this Subclause refers to the parameter
eMIMO-Type2 for the CSI process.

For a UE in transmission mode 9 when parameter pmi-RI-Report is configured by higher layers and parameter eMIMO-
Typeis not configured by higher layers, the UE shall derive the channel measurements for computing the CQI value
reported in uplink subframe/sot/subslot n based on only the Channel-State Information (CSl) reference signals (CSI-
RS) defined in [3] for which the UE is configured to assume non-zero power for the CSI-RS. For anon-BL/CE UE in
transmission mode 9 when the parameter pmi-RI-Report is not configured by higher layers or in transmission modes 1-8
the UE shall derive the channel measurements for computing CQI based on CRS. For a BL/CE UE the UE shall derive
the channel measurements for computing CQI based on CRS.

For a UE in transmission mode 10, when parameter eMIMO-Type is not configured by higher layers, the UE shall
derive the channel measurements for computing the CQI value reported in uplink subframe/slot/subsiot n and
corresponding to a CSl process, based on only the non-zero power CSI-RS (defined in [3]) within a configured CSI-RS
resource associated with the CSI process.

For a UE in transmission mode 9 and the UE configured with parameter eMIMO-Type by higher layers, the term 'CSl
process in this clause refers to the CSl configured for the UE.

For a UE in transmission mode 9 or 10 and for a CSl process, if the UE is configured with parameter eMIMO-Type by
higher layers, and eMIMO-Typeis set to 'CLASS A', and one CSI-RS resource configured, or the UE is configured with
parameter eMIMO-Type by higher layers, and eMIMO-Type is set to 'CLASS B', and parameter channel MeasRestriction
is not configured by higher layers, the UE shall derive the channel measurements for computing the CQI value reported
in uplink subframe n and corresponding to the CSI process, based on only the non-zero power CSI-RS (defined in [3])
within a configured CSI-RS resource associated with the CSI process. If the UE is configured with parameter eMIMO-
Type by higher layers, except with higher layer parameter csi-RS-NZP-mode configured, and eMIMO-Typeis set to
'CLASS B' and the number of configured CSI-RS resourcesis K>1, and parameter channelMeasRestriction is not
configured by higher layers, the UE shall derive the channel measurements for computing the CQI value using only the
configured CSI-RS resource indicated by the CRI. If the UE is configured with higher layer parameter eMIMO-Type set
to 'CLASS B' and higher layer parameter csi-RS-NZP-mode set to 'multi Shot', and the number of activated CSI-RS
resources is more than one, and parameter channelMeasRestriction is not configured by higher layers, the UE shall
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derive the channel measurements for computing the CQI value using only the activated CSI-RS resource indicated by
CRI.

For a UE in transmission mode 9 or 10 and for a CSl process, if the UE is configured with parameter eMIMO-Type by
higher layers, and eMIMO-Type is set to 'CLASS B', and parameter channelMeasRestriction is configured by higher
layers, the UE shall derive the channel measurements for computing the CQI value reported in uplink subframe n and
corresponding to the CSl process, based on only the most recent, no later than the CSl reference resource, non-zero
power CSI-RS (defined in [3]) within a configured CSI-RS resource associated with the CSI process. If the UE is
configured with parameter eMIMO-Type by higher layers, except with higher layer parameter csi-RS-NZP-mode
configured, and eMIMO-Typeis set to 'CLASS B' and the number of configured CSI-RS resourcesis K>1, and
parameter channelMeasRestriction is configured by higher layers, the UE shall derive the channel measurements for
computing the CQI value using only the most recent, no later than the CSI reference resource, non-zero power CSI-RS
within the configured CSI-RS resource indicated by the CRI. If the UE is configured with higher layer parameter
eMIMO-Type set to 'CLASS B' and higher layer parameter csi-RS-NZP-mode set to 'multi Shot', and the number of
activated CSI-RS resources is more than one, and parameter channelMeasRestriction is configured by higher layers, the
UE shall derive the channel measurements for computing the CQI value using only the most recent, no later than the
CSl reference resource, non-zero power CSI-RS within the activated CSI-RS resource indicated by the CRI.

For a UE in transmission mode 10, when parameter eMIMO-Type is not configured by higher layers, the UE shall
derive the interference measurements for computing the CQI value reported in uplink subframe/slot/subslot n and
corresponding to a CSl process, based on only the configured CSI-IM resource associated with the CSI| process.

For a UE in transmission mode 10 and for a CSl process, when parameters eMIMO-Type and
interferenceMeasRestriction is configured by higher layers, the UE shall derive the interference measurements for
computing the CQI value reported in uplink subframe n and corresponding to the CSI process, based on only the most
recent, no later than the CSI reference resource, configured CSI-IM resource associated with the CSI process. If the UE
is configured with parameter eMIMO-Type by higher layers, except with higher layer parameter csi-RS-NZP-mode
configured, and eMIMO-Type is set to 'CLASS B' and the number of configured CSI-RS resourcesis K>1, and
interferenceMeasRestriction is configured, the UE shall derive interference measurement for computing the CQI value
based on only the most recent, no later than the CSl reference resource, the configured CSI-IM resource associated with
the CSI-RS resource indicated by the CRI. If the UE is configured with higher layer parameter eMIMO-Type set to
'CLASS B' and higher layer parameter csi-RS-NZP-mode set to 'multiShot', and the number of activated CSI-RS
resourcesis K>1, and interferenceMeasRestriction is configured, the UE shall derive interference measurement for
computing the CQI value based on only the most recent, no later than the CSI reference resource, the configured CSl-
IM resource associated with the activated CSI-RS resource indicated by the CRI. If interferenceMeasRestriction is not
configured, the UE shall derive the interference measurement for computing the CQI value based on the CSI-IM
associated with the CSI-RS resource indicated by the CRI.

If the UE in transmission mode 10 is configured by higher layers for CSI subframe sets Cg, and Ccg, fortheCSl

process, the configured CSI-IM resource within the subframe subset belonging to the CSI reference resource is used to
derive the interference measurement.

For a UE configured with the parameter EIMTA-MainConfigServCell-r12 for aserving cell, configured CSI-IM
resource(s) within only downlink subframe(s) of aradio frame that are indicated by UL/DL configuration of the serving
cell can be used to derive the interference measurement for the serving cell.

For aLAA Scell,
- for channel measurements, if the UE averages CRS/CSI-RS measurements from multiple subframes

- the UE should not average CSI-RS measurement in subframe n1 with CSI-RS measurement in a later
subframe n2, if any OFDM symbol of subframe n1 or any subframe from subframe n1+1 to subframe n2, is
not occupied.

- the UE should not average CRS measurement in subframe nl with CRS measurement in alater subframe n2,
if any OFDM symbol of the second slot of subframe nl or any OFDM symbol of any subframe from
subframe n1+1 to subframe n2-1, or any of the first 3 OFDM symbolsin subframe n2, is not occupied.

- for interference measurements, the UE shall derive the interference measurements for computing the CQI value
based on only measurements in subframes with occupied OFDM symbols.

A combination of modulation scheme and transport block size corresponds to a CQI index if:
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- the combination could be signalled for transmission on the PDSCH in the CSI reference resource according to
the relevant Transport Block Size table, and

- the modulation scheme isindicated by the CQI index, and

- the combination of transport block size and modulation scheme when applied to the reference resource resultsin
the effective channel code rate which is the closest possible to the code rate indicated by the CQI index. If more
than one combination of transport block size and modulation scheme results in an effective channel code rate
equally close to the code rate indicated by the CQI index, only the combination with the smallest of such
transport block sizesisrelevant.

The CSl reference resource for a serving cell is defined as follows:

- For anon-BL/CE UE, in the frequency domain, the CSl reference resource is defined by the group of downlink
physical resource blocks corresponding to the band to which the derived CQI value relates. For aBL/CE UE, in
the frequency domain, the CSl reference resource includes all downlink physical resource blocks for any of the
narrowband to which the derived CQI value relates.

- Inthetime domain and for anon-BL/CE UE,

- for aUE configured in transmission mode 1-9 or transmission mode 10 with a single configured CSI process
for the serving cell, the CSI reference resource is defined by a single downlink subframe/sl ot/subslot or
special subframe or aslot in a special subframe n-ncq_ref,

- wherefor periodic CSl reporting ncoi rer iS the smallest value greater than or equal to kp, such that it
corresponds to a valid downlink or valid special subframe,

- wherefor aperiodic CSI reporting, if the UE is not configured with the higher layer parameter csi-
SubframePatternConfig-r12, and

- wherefor LAA serving cell,

- if aperiodic CSl reporting is triggered by DCI format 0A/OB/4A/4B with 'PUSCH trigger A' set to
11

- Nco_rer 1S the smallest value greater than or equal to kp , such that subframe n-ncg_rer

corresponds to avalid downlink subframe no later than the subframe in which DCI format
OA/OB/4A/4B with 'PUSCH trigger A’ set to 1 isreceived.

- if aperiodic CSl reporting istriggered by DCI format 0A/0B/4A/4B with 'PUSCH trigger A’ set to
0!

- Nca_ref iSthe smallest value greater than or equal to kp, such that subframe n-ncg ret
corresponds to a valid downlink subframe.
- otherwise,
- Nco_re iSthe smallest value greater than or equal to kp, such that subframe n-ncqi ret
corresponds to a valid downlink subframe.
- wherefor FDD serving cell or TDD serving cell,

- Ncol_ref 1S SUCh that the reference resource is in the same valid downlink subframe/slot/subslot or
valid specia subframe or avalid ot in a specia subframe as the corresponding CSI request in an
uplink DCI format.

- nNca_ret isequal to 4 and subframe n-ncqi rer COrresponds to avalid downlink or valid special
subframe, where subframe n-ncqi ref is received after the subframe with the corresponding CSI
request in a Random Access Response Grant.

- where for aperiodic CSl reporting, and the UE configured with the higher layer parameter csi-
SubframePatternConfig-ri2,
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- for the UE configured in transmission mode 1-9,

- Ncol_ref ISthe smallest value greater than or equal to
- kp for aperiodic CSl reporting on subframe-PUSCH

- 4for aperiodic CSl reporting on slot-PUSCH if the higher layer parameter dI-TTI-Length is set
to dlot

- X b for aperiodic CSl reporting on subslot-PUSCH

- Subslot ncg rer is N0t later than
- subdot 0 of subframe n-2 for aperiodic CSI reporting on slot 0 of subframe n
- subslot 3 of subframe n-2 for aperiodic CSl reporting on slot 1 of subframen

if the higher layer parameter dI-TTI-Length is set to 'subslot’, and the higher layer parameter
ul-TTI-Length is set to 'dot’

and subframe/slot/subslot n-ncq rer correspondsto avalid downlink subframe/slot/subslot or valid
special subframe or avalid slot in aspecial subframe, where subframe/slot/subslot n-ncgi ref IS
received on or after the subframe/slot/subsl ot with the corresponding CSI request in an uplink DCI
format;

- Nco_ref iSthe smallest value greater than or equal to 4, and subframe n-ncqi et COrrespondsto a
valid downlink or valid special subframe, where subframe n-ncqi_ref i received after the subframe
with the corresponding CSI request in a Random Access Response Grant;

- if thereisno valid value for ncqi et based on the above conditions, then ncqi ref IS the smallest
value such that the reference resourceisin avalid downlink subframe/slot/subslot or valid special
subframe or avalid slot in aspecial subframe n-ncqi_ref prior to the subframe/slot/subslot with the
corresponding CSI reguest, where subframe/slot/subslot n-ncg rer IS the lowest indexed valid
downlink subframe/slot/subsiot or valid special subframe or avalid ot in a special subframe
within aradio frame;

- for the UE configured in transmission mode 10,

- Ncol_ref ISthe smallest value greater than or equal to
- kp for aperiodic CSl reporting on subframe-PUSCH,

- 4 for aperiodic CSI reporting on slot-PUSCH if the higher layer parameter dI-TTI-Length is set
todlot

- X b for aperiodic CSl reporting on subslot-PUSCH

- Subslot ncgi_rer iSOt later than
- subdot 0 of subframe n-2 for aperiodic CSI reporting on slot 0 of subframe n
- subslot 3 of subframe n-2 for aperiodic CSl reporting on slot 1 of subframen

if the higher layer parameter dI-TTI-Length is set to 'subslot’, and the higher layer parameter ul-
TTI-Length is set to 'slot'such that it corresponds to a valid downlink subframe/slot/subslot or valid
special subframe or avalid dot in a special subframe, and the corresponding CSI request isin an
uplink DCI format;

- Ncal_ref ISthe smallest value greater than or equal to 4, and subframe n-ncq_ref COrrespondsto a
valid downlink or valid special subframe, where subframe n-ncq ref i received after the subframe
with the corresponding CSI request in a Random Access Response Grant;
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- for aUE configured in transmission mode 10 with multiple configured CSI processes for the serving cell, the
CSl reference resource for agiven CSl process is defined by a single downlink subframe/sl ot/subslot or
special subframe or avalid dot in a special subframe n-ncgi rer,

- wherefor FDD serving cellsubsiot ncqi_ref iS NOt later than
- subdlot 5 of subframe n-3 for aperiodic CSI reporting on slot 0 of subframe n
- subslot 2 of subframe n-2 for aperiodic CSI reporting on slot 1 of subframen

if the higher layer parameter dI-TTI-Length is set to subslot, and the higher layer parameter ul-TTI-Length
isset to slot

- Nco_re iSthe smallest value greater than or equal to

- 5for aperiodic CSI reporting on slot-PUSCH if the higher layer parameter dI-TTI-Length is set to 'dot'

- X p for aperiodic CSI reporting on subslot-PUSCH,

- kp +1, otherwise

such that it correspondsto a valid downlink subframe/slot/subsiot or valid special subframe or avalid slot
in a specia subframe, and for aperiodic CSI reporting the corresponding CSI request isin an uplink DCI
format;

- wherefor FDD serving cell and aperiodic CSl reporting Ncai_ref iS €qual to 5 and subframe n-ncgy res
corresponds to avalid downlink or valid special subframe, where subframe n-ncq ref is received after the
subframe with the corresponding CSl request in a Random A ccess Response Grant.

- wherefor TDD serving cell, and 2 or 3 configured CSI processes, and periodic or aperiodic CSl
reporting, Ncai_ref is the smallest value greater than or equal to 4 for aperiodic CSI reporting on slot-based
PUSCH, and kp otherwise, such that it correspondsto a valid downlink or valid special subframe or a
valid slot in a specia subframe, and for aperiodic CSI reporting the corresponding CSI request isin an
uplink DCI format;

- wherefor TDD serving cell, and 2 or 3 configured CS| processes, and aperiodic CSl reporting, Ncoi_ref IS
equal to 4 and subframe n-nco_rer correspondsto a valid downlink or valid special subframe, where
subframe n-ncoi rer IS received after the subframe with the corresponding CSI request in a Random Access
Response Grant;

- wherefor TDD serving cell, and 4 configured CSI processes, and periodic or aperiodic CSl reporting,
Ncor_ref 1S the smallest value greater than or equal to 5 for aperiodic CSl reporting on slot-based PUSCH,

and kp +1 otherwise, such that it corresponds to avalid downlink or valid special subframe or avalid
slot in a special subframe, and for aperiodic CSI reporting the corresponding CSI request isin an uplink
DCI format;

- wherefor TDD serving cell, and 4 configured CSI processes, and aperiodic CSI reporting, Ncqi ref iS equal
to 5 and subframe n-ncq_rer COrresponds to a valid downlink or valid special subframe, where subframe n-
Nca_ref 1S received after the subframe with the corresponding CSI request in a Random Access Response
Grant.

- wherefor LAA serving cell and periodic CSl reporting, ncoi_rer i the smallest value greater than or equal
to kID +1, such that it corresponds to a valid downlink subframe.

- wherefor LAA serving cell and aperiodic CSI reporting, and
- if aperiodic CSl reporting is triggered by DCI format 0A/OB/4A/4B with 'PUSCH trigger A’ setto 1,
- Nco_re iSthe smallest value greater than or equal to kp +1, such that subframe n-ncq_ref

corresponds to a valid downlink subframe no later than the subframe in which DCI format
0A/0B/4A/4B with 'PUSCH trigger A' set to 1 isreceived.
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- if aperiodic CSl reporting is triggered by DCI format 0A/OB/4A/4B with 'PUSCH trigger A" set to O,
- Ncol_ref ISthe smallest value greater than or equal to kp +1, such that subframe n-ncg_rer
corresponds to avalid downlink subframe.
- otherwise,

- Ncal_rer iSthe smallest value greater than or equal to 5, such that subframe n-ncqi_rer COrresponds to
avalid downlink subframe.

- Inthetime domain and for a BL/CE UE, the CSI reference resource is defined by a set of BL/CE downlink or
special subframes where the last subframe is subframe n-ncq_rer,

where for periodic CSI reporting Ncqi_ref iS> 4;

where for aperiodic CSI reporting ncai ref iS> 4;

where each subframe in the CSl reference resource isavalid downlink or valid special subframe;
where for wideband CS| reports:

- The set of BL/CE downlink or special subframesis the set of the last CEl (RCS' / N,f,hé%p) subframes

before n-ncq_rer used for MPDCCH monitoring by the BL/CE UE in each of the narrowbands where
the BL/CE UE monitors MPDCCH, where N,ﬂg%tp is the number of narrowbands where the BL/CE
UE monitors MPDCCH.

where for subband CS| reports:

- The set of BL/CE downlink or specia subframesisthe set of the last RCS'subfram% used for
MPDCCH monitoring by the BL/CE UE in the corresponding narrowband before n-ncqi_ref ;

where R is given by the "repetition” column when UE is configured to report the CQI according to
Table 7.2.3-6, otherwise by the higher layer parameter csi-NumRepetitionCE.

A subframe/dlot/subslot in a serving cell shal be considered to be avalid downlink subframe/slot/subslot or a
valid special subframe or avalid slot in a special subframe if:

it is configured as a downlink subframe/slot/subslot or a special subframe or aslot in aspecia subframe
for that UE, and

in case multiple cells with different uplink-downlink configurations are aggregated and the UE is not
capable of simultaneous reception and transmission in the aggregated cells, the subframe/slot/subslot in
the primary cell is a downlink subframe or a special subframe with the length of DwWPTS more than
7680 - T, for subframe-based transmissions, or the slot is afirst slot of DWPTS for special subframe

configurations 1,2,3,4,6,7,8,9,10, or the second slot of DWPTS for specia subframe configurations 3,4,8
for dot-based transmissions, and

except for anon-BL/CE UE in transmission mode 9 or 10, the subframe/slot/subslot is not in an MBSFN
subframe, and

incase of TDD

- and subframe-based transmissions, the subframe does not contain a DWPT S field in case the length of
DwWPTSis 7680 - T, and less,

- and slot-based transmission,
- thedotisnot adot of DWPTS for special subframe configurations 0, 5,

- thedot isnot the second slot of DWPTS for special subframe configurations 1, 2, 6, 7.
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- itisnot aspecia subframe with special subframe configuration 10 configured by ssp10-CRS
LessDWPTS, and

it does not fall within a configured measurement gap for that UE, and

for periodic CSI reporting, it isan element of the CSI subframe set linked to the periodic CSI report when
that UE is configured with CSI subframe sets, and

for a UE configured in transmission mode 10 with multiple configured CSI processes, and aperiodic CSI
reporting for a CSl process, it is an element of the CS| subframe set linked to the downlink or special
subframe containing the subframe/sl ot/subsl ot with the corresponding CSl request in an uplink DCI
format, when that UE is configured with CSI subframe sets for the CSI process and UE is not configured
with the higher layer parameter csi-SubframePatternConfig-r12, and

for a UE configured in transmission mode 1-9, and aperiodic CSl reporting, it isan element of the CSl
subframe set associated with the corresponding CSI request in an uplink DCI format, when that UE is
configured with CSl subframe sets by the higher layer parameter csi-SubframePatternConfig-r12, and

for a UE configured in transmission mode 10, and aperiodic CSl reporting for a CSl process, it isan
element of the CSI subframe set associated with the corresponding CSI request in an uplink DCI format,
when that UE is configured with CSI subframe sets by the higher layer parameter csi-
SubframePatternConfig-r12 for the CSl process.

except if the serving cell isaLAA Scell, and at least one OFDM symbol in the subframe is not occupied.

except if the serving cell isaLAA Scell, and n; # N, as described in sub clause 6.10.1.1in [3].

except if the serving cell isaLAA Scell, and for a UE configured in transmission mode 9 or 10, the
configured CSI-RS resource associated with the CSI processis not in the subframe.

For anon-BL/CE UE, if there is no valid downlink subframe/slot/subslot or no valid special subframe or no valid

dlot in aspecia subframe for the CSI reference resource in a serving cell, CSI reporting is omitted for the
serving cell in uplink subframe/slot/subslot n.

In the layer domain, the CSI reference resourceis defined by any RI and PMI on which the CQI is conditioned.

In the CSI reference resource, the UE shall assume the following for the purpose of deriving the CQI index, and if also
configured, PMI and RI except when the CSlI request field from an uplink DCI format 7-0A/7-0B is set to trigger a

report:

Thefirst 3 OFDM symbols are occupied by control signalling

No resource elements used by primary or secondary synchronization signals or PBCH or EPDCCH

CP length of the non-MBSFN subframes

Redundancy Version 0

If CSI-RSisused for channel measurements, the ratio of PDSCH EPRE to CSI-RS EPRE isasgivenin
Subclause 7.2.5

For transmission mode 9 CSl reporting of a non-BL/CE UE:

CRS REs are asin non-MBSFN subframes;

If the UE is configured for PMI/RI reporting or without PMI reporting, the UE-specific reference signal
overhead is consistent with the most recent reported rank if more than one CSI-RS port is configured, and is
consistent with rank 1 transmission if only one CSI-RS port is configured; and PDSCH signals on antenna

ports {7... 6 + v} for Llayerswould result in signals equivalent to corresponding symbols transmitted on
antennaports {15...14 + P} , asgiven by,

if the UE is configured with higher layer parameter semiOpenLoop,
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where X(i) = [x(o) @ .. x® D (i)]r isavector of symbols from the layer mapping in subclause 6.3.3.2 of
[3], Pe{2,4,8,12,16,20,24,28,32} isthe number of CSI-RS ports configured, and if UE reportsa PMI,

. 1w O :
W(i)= ﬁ 0 where W=V, associated with PM| codebook Table 7.2.4-0A and Table 7.2.4-0B
\W
for 4 antenna ports when alter nativeCodeBookEnabledFor4TX-r12=TRUE is configured, W=V,

associated with PMI codebook Table 7.2.4-1 and Table 7.2.4-2 for 8 antenna ports when higher layer
parameter eMIMO-Type is not configured, W=V, ., associated with PMI codebook Table 7.2.4-10 and

Table 7.2.4-11 for 8/12/16/20/24/28/32 antenna ports when higher layer parameter eMIMO-Typeis
configured, and where W is the column vector associated with the reported first PM1 i1 and the second PMI
i2 configured according to codebook subset restriction, and otherwise W(i) isthe selected precoding matrix

corresponding to the reported CQI applicableto x(i) . The corresponding PDSCH signals transmitted on
antennaports {15...14 + P} would have aratio of EPRE to CSI-RS EPRE equal to theratio given in
subclause 7.2.5,

otherwise,
v ) x® ()
L =W()
y(l4+P) (|) X(Ufl) (|)

where X(i) = [x(o) i .. x@? (i)]r isavector of symbols from the layer mapping in Subclause 6.3.3.2 of
[3], Pe{1,2,4,81216,20,24,28,32} isthe number of CSI-RS ports configured, and if only one CSI-RS port
isconfigured, W (i) is 1, otherwise for UE configured for PMI/RI reporting W (i) isthe precoding matrix
corresponding to the reported PMI applicableto x(i) and for UE configured without PMI reporting W (i)
is the selected precoding matrix corresponding to the reported CQI applicableto x(i) . The corresponding
PDSCH signals transmitted on antenna ports {15...14 + P} would have aratio of EPRE to CSI-RS EPRE
equal to theratio given in Subclause 7.2.5.

- For transmission mode 10 CSlI reporting, if a CSI processis configured without PMI/RI reporting:

- If the number of antenna ports of the associated CSI-RS resource is one, a PDSCH transmission is on single-
antenna port, port 7. The channel on antenna port { 7} isinferred from the channel on antenna port {15} of
the associated CSI-RS resource.

- CRSREsareasin non-MBSFN subframes. The CRS overhead is assumed to be the same as the CRS
overhead corresponding to the number of CRS antenna ports of the serving cell;

- The UE-specific reference signal overhead is 12 REs per PRB pair.
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Otherwise,

- If the number of antenna ports of the associated CSI-RS resource is 2, the PDSCH transmission scheme
assumes the transmit diversity scheme defined in Subclause 7.1.2 on antenna ports { 0,1} except that the
channels on antenna ports { 0,1} areinferred from the channels on antenna port { 15, 16} of the associated
CSl resource respectively.

- If the number of antenna ports of the associated CSI-RS resource is 4, the PDSCH transmission scheme
assumes the transmit diversity scheme defined in Subclause 7.1.2 on antenna ports {0,1,2,3} except that
the channels on antenna ports {0,1,2,3} are inferred from the channels on antenna ports { 15, 16, 17, 18}
of the associated CSI-RS resource respectively.

- TheUE isnot expected to be configured with more than 4 antenna ports for the CSI-RS resource
associated with the CSI process configured without PMI/RI reporting.

- The overhead of CRS REsis assuming the same number of antenna ports as that of the associated CSI-RS
resource.

- UE-specific reference signal overhead is zero.

- For transmission mode 10 CSlI reporting, if a CSI process is configured with PMI/RI reporting or without PMI
reporting:

CRS REsare asin non-MBSFN subframes. The CRS overhead is assumed to be the same as the CRS
overhead corresponding to the number of CRS antenna ports of the serving cell;

The UE-specific reference signal overhead is consistent with the most recent reported rank for the CSI
process if more than one CSI-RS port is configured, and is consistent with rank 1 transmission if only one

CSI-RS port is configured; and PDSCH signals on antennaports {7... 6 + v} for Uayerswould result in
signal's equivalent to corresponding symbols transmitted on antennaports {15...14 + P}, asgiven by,

if the UE is configured with higher layer parameter semiOpenLoop and not configured with higher layer
parameter FeCoMPCS Enabled,
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where X(i) = [x(o) i .. x@? (i)]r isavector of symbols from the layer mapping in subclause 6.3.3.2 of
[3, Pe{2,4,8,12,16,20,24,28,32} isthe number of CSI-RS ports configured, and if UE reports a PMI,

. 1|w O '
W(i)= —{ } where W=V, associated with PM| codebook Table 7.2.4-0A and Table 7.2.4-0B
W

JP| 0O

for 4 antenna ports when alter nativeCodeBookEnabledFor4TX-r12=TRUE is configured, W= Vm
associated with PMI codebook Table 7.2.4-1 and Table 7.2.4-2 for 8 antenna ports when higher layer
parameter eMIMO-Type is not configured, W=V, ., associated with PMI codebook Table 7.2.4-10 and

Table 7.2.4-11 for 8/12/16/20/24/28/32 antenna ports when higher layer parameter eMIMO-Typeis
configured, and where W is the column vector associated with the reported first PM1 i; and the second PMI
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i2 configured according to codebook subset restriction, and otherwise W(i) is the selected precoding matrix
corresponding to the reported CQI applicableto x(i) . The corresponding PDSCH signals transmitted on
antennaports {15...14 + P} would have aratio of EPRE to CSI-RS EPRE equal to the ratio given in
subclause 7.2.5,

otherwise if the UE is not configured with higher layer parameter FeCoMPCS Enabled or the UE is
configured with higher layer parameter FeCoMPCS Enabled and UE reports CRI with value of O or 1,

l0 X i)
y(14+P) (|) X(v—l) (|)

where X(i) = [x(o) @ .. x® D (i)]r isavector of symbols from the layer mapping in Subclause 6.3.3.2 of
[3], Pe{1,2,4,81216,20,24,28,32} isthe number of antenna ports of the associated CSI-RS resource, and
if P=1,W (i) is 1, otherwise for UE configured for PMI/RI reporting W (i) isthe precoding matrix
corresponding to the reported PMI applicableto x(i) and for UE configured without PMI reporting W (i)
is the selected precoding matrix corresponding to the reported CQI applicableto x(i) . The corresponding
PDSCH signals transmitted on antenna ports {15...14 + P} would have aratio of EPRE to CSI-RS EPRE
equal to theratio given in Subclause 7.2.5,

otherwise if the UE is configured with higher layer parameter FeCoMPCS Enabled and UE reports CRI=2

then the PDSCH signals on antenna ports corresponding to Y, layers of codeword k would result in signals
equivalent to corresponding symbols transmitted on antenna ports {15 .14+ F|)(} corresponding to the

(k+1)th CSI-RS resource, where R( € {1. 2, 4,& are the number of antenna ports for the (k+1)th CSI-RS
resource, as given by

(15)(1) (0) 0)
Wk(l) : ,k = 0,1
(14+Pk)( ) xl({vk—l)(i)
where x, (i) = [x(o)(i) x“’k‘”(i)}T is avector of symbols from the layer mapping in Subclause

6.3.3.2 of [3] for codeword k=0, 1 and where the CSI corresponding to a codeword is calculated based on the
assumption that inter-codeword interference is derived from channel measurement obtained from the NZP
CSI-RS resource and the precoding matrix corresponding to the other codeword. The corresponding PDSCH

signals transmitted on antenna ports {15 .14+ Ff(} would have aratio of EPRE to CSI-RS EPRE equal
to theratio given in Subclause 7.2.5 for the (k+1)th CSI-RS resource.  If F|>( =1, then V\m) is 1 otherwise
for UE configured for PMI/RI reporting V\m) is the precoding matrix corresponding to the reported PMI
applicableto )&G) and for UE configured without PMI reporting W(l) isthe selected precoding matrix

corresponding to the reported CQI applicable to )&G)

- Assume no REs alocated for CSI-RS and zero-power CSI-RS

- Assume no REs allocated for PRS

The PDSCH transmission scheme given by Table 7.2.3-0 depending on the transmission mode currently
configured for the UE (which may be the default mode).

If CRSisused for channel measurements, the ratio of PDSCH EPRE to cell-specific RS EPRE isasgivenin
Subclause 5.2 with the exception of p , which shall be assumed to be
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- Pa =Py + A +1010g,,(2) [dB] for any modulation scheme, if the UE is configured with

transmission mode 2 with 4 cell-specific antenna ports, or transmission mode 3 with 4 cell-specific
antenna ports and the associated Rl is equal to one;

- Pa= PA +A0ﬁ5et[dB] for any modulation scheme and any number of layers, otherwise.

The shift Aof-fset is given by the parameter nomPD SCH-RS-EPRE-Offset which is configured by higher-layer
signaling.

When the CSl request field from an uplink DCI format 7-0A/7-0B is set to trigger a report, the UE shall assume the
number of available REs assumed for the reference resource for the purpose of deriving the CQI index, and if also
configured, PMI and Rl is:

- half of the number of available REs assumed for the reference resource when the CSl request field from an
uplink DCI format other than 7-0A/7-0B is set to trigger areport if the UE is configured for slot-based uplink
transmissions,

- one sixth of the number of available REs assumed for the reference resource when the CSI request field from an
uplink DCI format other than 7-0A/7-0B is set to trigger areport if the UE is configured for subslot-based uplink
transmissions
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Table 7.2.3-0: PDSCH transmission scheme assumed for CSl reference resource

Tranﬂi?&‘?'on Transmission scheme of PDSCH

1 Single-antenna port, port 0

2 Transmit diversity

3 Transmit diversity if the associated rank indicator is 1, otherwise large delay CDD

4 Closed-loop spatial multiplexing

5 Multi-user MIMO

6 Closed-loop spatial multiplexing with a single transmission layer

7 If the number of PBCH antenna ports is one, Single-antenna port, port 0; otherwise Transmit
diversity
If the UE is configured without PMI/RI reporting: if the number of PBCH antenna ports is one, single-

8 antenna port, port 0; otherwise transmit diversity.
If the UE is configured with PMI/RI reporting: closed-loop spatial multiplexing.
For activated serving cells, and a non-BL/CE UE, if the UE is configured without PMI/RI reporting: if
the number of PBCH antenna ports is one, single-antenna port, port 0; otherwise transmit diversity.
For activated serving cells, and a non-BL/CE UE, if the UE is configured with PMI/RI reporting or
without PMI reporting: if the number of CSI-RS ports is one, single-antenna port, port 7; otherwise up
to 8 layer transmission, ports 7-14 (see Subclause 7.1.5B).
For activated serving cells, and a BL/CE UE, if the UE is not configured with periodic CSI reporting

9 mode 1-1: if the number of PBCH antenna ports is one, single-antenna port, port O; otherwise
transmit diversity.
For activated serving cells, and a BL/CE UE, if the UE is configured with periodic CSI reporting
mode 1-1: if the number of PBCH antenna ports is one, single-antenna port, port 0; otherwise
closed-loop spatial multiplexing with a single transmission layer.
For dormant serving cells: if the number of PBCH antenna ports is one, single-antenna port, port O;
otherwise transmit diversity.
For activated serving cells, if a CSI process of the UE is configured without PMI/RI reporting: if the
number of CSI-RS ports is one, single-antenna port, port7; otherwise transmit diversity.
For activated serving cells, and if a CSI process of the UE is configured with PMI/RI reporting or

10 without PMI reporting: if the number of CSI-RS ports is one, single-antenna port, port 7; otherwise up
to 8 layer transmission, ports 7-14 (see Subclause 7.1.5B).
For dormant serving cells: if the number of PBCH antenna ports is one, single-antenna port, port O;
otherwise transmit diversity.

Table 7.2.3-1: 4-bit CQI Table

CQlindex | modulation | code rate x 1024 | efficiency

0 out of range

1 QPSK 78 0.1523
2 QPSK 120 0.2344
3 QPSK 193 0.3770
4 QPSK 308 0.6016
5 QPSK 449 0.8770
6 QPSK 602 1.1758
7 16QAM 378 1.4766
8 16QAM 490 1.9141
9 16QAM 616 2.4063
10 640QAM 466 2.7305
11 640QAM 567 3.3223
12 640QAM 666 3.9023
13 640QAM 772 4.5234
14 640QAM 873 5.1152
15 640QAM 948 5.5547
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Table 7.2.3-2: 4-bit CQI Table 2

CQlindex | modulation | code rate x 1024 | efficiency
0 out of range
1 QPSK 78 0.1523
2 QPSK 193 0.3770
3 QPSK 449 0.8770
4 16QAM 378 1.4766
5 16QAM 490 1.9141
6 16QAM 616 2.4063
7 640QAM 466 2.7305
8 64QAM 567 3.3223
9 64QAM 666 3.9023
10 640QAM 772 4.5234
11 640QAM 873 5.1152
12 256QAM 711 5.5547
13 256QAM 797 6.2266
14 256QAM 885 6.9141
15 256QAM 948 7.4063
Table 7.2.3-3: 4-bit CQI Table 3
CQlindex | modulation | code rate x 1024 | efficiency
« RS | (RS
0 out of range
1 QPSK 40 0.0781
2 QPSK 78 0.1523
3 QPSK 120 0.2344
4 QPSK 193 0.3770
5 QPSK 308 0.6016
6 QPSK 449 0.8770
7 QPSK 602 1.1758
8 16QAM 378 1.4766
9 16QAM 490 1.9141
10 16QAM 616 2.4063
11 Reserved Reserved Reserved
12 Reserved Reserved Reserved
13 Reserved Reserved Reserved
14 Reserved Reserved Reserved
15 Reserved Reserved Reserved
Table 7.2.3-4: 4-bit CQIl Table 4
CQIl index modulation | code rate x 1024 | Efficiency
0 out of range
1 QPSK 78 0.1523
2 QPSK 193 0.3770
3 QPSK 449 0.8770
4 16QAM 378 1.4766
5 16QAM 616 2.4063
6 640QAM 567 3.3223
7 64QAM 666 3.9023
8 640QAM 772 4,5234
9 640QAM 873 5.1152
10 256QAM 711 5.5547
11 256QAM 797 6.2266
12 256QAM 885 6.9141
13 256QAM 948 7.4063
14 1024QAM 853 8.3321
15 1024QAM 948 9.2578
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CQlindex | modulation | code rate x 1024 | efficiency

0 out of range

1 QPSK 40 0.0781
2 QPSK 78 0.1523
3 QPSK 120 0.2344
4 QPSK 193 0.3770
5 QPSK 308 0.6016
6 QPSK 449 0.8770
7 QPSK 602 1.1758
8 16QAM 378 1.4766
9 16QAM 490 1.9141
10 16QAM 616 2.4063
11 640QAM 466 2.7305
12 640QAM 567 3.3223
13 640QAM 666 3.9023
14 64QAM 772 4.5234
15 640QAM 873 5.1152

Table 7.2.3-6: 4-bit CQI Table 6
CQlindex | modulation | code rate x 1024 | repetition

0 out of range

1 QPSK 56 32

2 OPSK 207 16

3 QPSK 266 4

4 QPSK 195 2

5 QPSK 142 1

6 QPSK 266 1

7 QPSK 453 1

8 OPSK 637 1

9 16QAM 423 1
10 16QAM 557 1
11 160AM 696 1
12 16QAM 845 1
13 640QAM 651 1
14 640QAM 780 1
15 64QAM 888 1
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7.2.4 Precoding Matrix Indicator (PMI) definition

For transmission modes 4, 5 and 6, precoding feedback is used for channel dependent codebook based precoding and
relies on UEs reporting precoding matrix indicator (PM1). For transmission mode 8, the UE shall report PMI if
configured with PMI/RI reporting. For transmission modes 9 and 10, the non-BL/CE UE shall report PMI if configured
with PMI/RI reporting and the number of CSI-RS portsislarger than 1. For transmission modes 9, the BL/CE UE shall
report PMI based on CRS. A UE shall report PMI based on the feedback modes described in 7.2.1 and 7.2.2. For other
transmission modes, PMI reporting is not supported.

For 2 antenna ports, except with,

- UE configured with higher layer parameter eMIMO-Type, and eMIMO-Type is set to 'CLASS B', and one CSl-
RS resource configured, and higher layer parameter alternativeCodebookEnabledCLASSB K1=TRUE, or

- UE configured with higher layer parameter eMIMO-Type2, and eMIMO-Type2 is set to 'CLASS B', and one CSI-
RS resource configured, and higher layer parameter alternativeCodebookEnabledCLASSB K1=TRUE,

each PMI value corresponds to a codebook index givenin Table 6.3.4.2.3-1 of [3] asfollows:

- For 2 antennaports {0,1} or {15,16} and an associated RI value of 1, aPMI value of ne {0,1,2,3} corresponds
to the codebook index I givenin Table 6.3.4.2.3-1 of [3] with v =1.

- For 2 antennaports {0,1} or {15,16} and an associated RI value of 2, aPMI valueof ne {0,1} correspondsto
the codebook index N+1givenin Table 6.3.4.2.3-1 of [3] with v = 2.

- For 2 antenna ports{ 15,16}, UE shall only use the precoding matrix corresponding to codebook index 0 in Table
6.3.4.2.3-1 of [3] with =2 and shall not report a PM| value if the UE is configured with higher layer
parameter semiOpenLoop=TRUE.

For 4 antennaports {0,1,2,3} or {15,16,17,18}, except with,

- UE configured with higher layer parameter eMIMO-Type, and eMIMO-Typeis set to 'CLASS B', and one CSI -
RS resource configured, and higher layer parameter alter nativeCodebookEnabledCLASSB K1=TRUE
configured, or

- UE configured with higher layer parameter eMIMO-Type2, and eMIMO-Type2 is set to 'CLASS B', and one
CSI-RS resource configured, and higher layer parameter alter nativeCodebookEnabledCLASSB_K1=TRUE, or

- UE configured with higher layer parameter advancedCodebookEnabled=TRUE, and v<2 with L equal to the
associated RI value,

each PMI value corresponds to a codebook index given in Table 6.3.4.2.3-2 of [3] or apair of codebook indices givenin
Table 7.2.4-0A, 7.2.4-0B, 7.2.4-0C, or 7.2.4-0D asfollows:

- APMlvalueof ne {0115} correspondsto the codebook index I givenin Table 6.3.4.2.3-2 of [3] with L
equal to the associated RI value except with alter nativeCodeBookEnabledFor4TX-r12=TRUE configured.

- If higher layer parameter semiOpenLoop=TRUE configured except with alternativeCodeBookEnabledFor4TX-
r12=TRUE configured, UE shall not report a PMI value and shall use the precoding matrix for REs of j" PRB-

pair accordingto W (j) = C, , where K isthe precoder index givenby k = (jmod 4)+1¢ {1,2,3,4} and
C,,C,,C;,C, denote precoder matrices corresponding to precoder indices 12,13,14 and 15, respectively, in
Table 6.3.4.2.3-2 of [3] with v=2.

- If alternativeCodeBookEnabledFor4TX-r12=TRUE is configured, each PMI value corresponds to a pair of
codebook indices givenin Table 7.2.4-0A, 7.2.4-0B, 7.2.4-0C, or 7.2.4-0D, where the quantities ¢, ¢’ and

v’ inTable7.2.4-0A and Table 7.2.4-0B are given by
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Q. = gim?2
n
@'y
Vo= [1 ej2;zm/32]T
- Afirss PMIvalueof i, e {01, , f (v) -1} andasecond PMI valueof i, e {0,,---,g(v) -1}
correspond to the codebook indices i, and i, respectively givenin Table 7.2.4-0j with » equal to the
associated Rl value and where j ={ A,B,C,D} respectively when v = {1,234}, f(v)={16,16,11} and
g(v) ={16,16,16,16 }.

— el 2m/32

- Thequantity w($ inTable7.2.4-0C and Table 7.2.4-0D denotes the matrix defined by the columns
given by the set {g fromthe expression w, = 1 - 2u,uf /uf'u, where | isthe 4x4 identity matrix
and the vector u, isgivenby Table6.3.4.2.3-2in[3]and n =1, .

- In some cases codebook subsampling is supported. The sub-sampled codebook for PUCCH mode 1-1
submode 2 is defined in Table 7.2.2-1G for first and second precoding matrix indicators i; and i,. Joint

encoding of rank and first precoding matrix indicator i, for PUCCH mode 1-1 submode 1 is defined in
Table 7.2.2-1H. The sub-sampled codebook for PUCCH mode 2-1 is defined in Table 7.2.2-11 for
PUCCH Reporting Type la.

- UE shall only usethe value of i, according to the configured codebook subset restriction, where the UE
is expected to be configured with asingle value of i, in{0,1,2,...,15} for 1 layer andin {0,1,2...,7} for
2 layers, and shall not report i, if the UE is configured with higher layer parameter
semiOpenLoop=TRUE.

Table 7.2.4-0A: Codebook for 1-layer CSl reporting using antenna ports Oto 3 or 15to 18

iy i
0 1 2 3 4 5 6 7
i) i) 4] (€] i) ) (6] (]
0-15 V\(l(,o V\(l(,s 16 \Nil,24 48,2 Vvi1+8,10 Vvi1+8,18 Vvi1+8,26
i in
8 9 10 11 12 13 14 15
@ (€] (€N} (€] (€N} (€Y} (h) (€N}
0-15 Vvi1+16,4 VVi1+16,12 VVi1+16,20 VVi1+16,28 Vvi1+24,6 VVi1+24,14 Vvi1+24,22 Vvi1+24,30
1[ v
where Wrﬁl% == | m'
2|9V

Table 7.2.4-0B: Codebook for 2-layer CSl reporting using antenna ports 0to 3 or 15to 18

Iy I

0 1 2 3
(2 (@3] (2 (2)
0-15 Vvil,il,O Vvil,il,l Vv|1+8,i1+8,0 Vvi1+8,i1+8,1
il i2
4 5 6 7
(2 (2) (2) (2)
0-15 1,+16,i,+16,0 Vvi1+16,i1+16,1 VVi1+24,i1+24,0 Vv|1+24,i1+24,1
Iy iy
8 9 10 11
(2) (2) (2) 2
0-15 Vvil,i1+8,0 Vvil,i1+8,1 Vvi1+8,i1+16,0 Vvi1+8,i1+16,1
Iy iy
12 | 13 | 14 | 15
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3] (2 (2) (@)
0-15 Vvil,i1+24,0 Vvi1,i1+24,1 \Ni1+8,i1+24,0 Vvi1+8,i1+24,1

where W2, =i Vin Vi
e \/é (onvlm _¢nvlm'

Table 7.2.4-0C: Codebook for 3-layer CSl reporting using antenna ports 15 to 18

Iy i

0 1 2 3 4 5 6 7
o | g™t 115 | Wi 15 | Wi [ | Wi [ [ w5 | ™ s | Wi [ [ wi [
[

2

10 12 13 14 15

8 9 11
o [ w5 | i /5 | i 5 | Wi [ | w5 | i 35 | v [ | wi

Table 7.2.4-0D: Codebook for 4-layer CSl reporting using antenna ports 15 to 18

Iy iz

0 1 2 3 4 5 6 7

0 W(§1234} /2 W1{1234} /2 W2{3214} /2 W§3214} /2 Wi1234} /2 W5{1234} /2 Wé1324} /2 W7{1324} /2
ip
8 9 10 11 12 13 14 15

0 W8{1234} /2 W9{1234} /2 W1{01324} /2 W1{11324} /2 W1{21234} /2 W1{31324} /2 W1{43214} /2 Vvl{51234} /2

For anon-BL/CE UE, the UE is not expected to receive the configuration of alter nativeCodeBookEnabledFor4TX-r12
except for transmission mode 8 configured with 4 CRS ports, and transmission modes 9 and 10 configured with 4 CSl-
RS ports. For a UE configured in transmission mode 10, the parameter alter nativeCodeBookEnabledFor4TX-r12 may
be configured for each CSI process.

For aBL/CE UE, the UE is not expected to receive the configuration of alternativeCodeBookEnabledFor4TX-r12.

For 8 antenna ports, except with,
- UE isconfigured with higher layer parameter eMIMO-Type, and eMIMO-Typeis set to 'CLASS A', or

- UEisconfigured with higher layer parameter eMIMO-Type, and eMIMO-Typeis set to 'CLASS B', and one CSI-
RS resource configured, and higher layer parameter alternativeCodebookEnabledCLASSB_ K1=TRUE
configured, or

- UE isconfigured with higher layer parameter eMIMO-Type2, and eMIMO-Type2 is set to 'CLASS B', and one
CSI-RSresource configured, and higher layer parameter alternativeCodebookEnabledCLASSB_K1=TRUE
configured, or

- UE configured with higher layer parameter advancedCodebookEnabled=TRUE, and v<2 with L equal to the
associated RI value,

each PMI value corresponds to a pair of codebook indicesgivenin Table 7.2.4-1, 7.2.4-2, 7.2.4-3, 7.2.4-4, 7.2.4-5,
7.2.4-6,7.2.4-7, or 7.2.4-8, where the quantities ¢, and v, aregiven by

_ alm/2
o =™
Vm:b pi2m32  oj4mya2 eijzm/SZ]T

- asfollows:For 8 antenna ports {1516,17,1819,20,21,22 }, afirst PMI valueof i, e {01+, f (v)—1} and

asecond PMI valueof i, e {0,1,--+,g(v)—1} correspondsto the codebook indices i, and i, givenin
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Table7.2.4 with v equal to the associated Rl value and wherej = v, f(v)={1616,4,4,44,41} and

g(v)={16161681111}.

In some cases codebook subsampling is supported. The sub-sampled codebook for PUCCH mode 1-1
submode 2 is defined in Table 7.2.2-1D for first and second precoding matrix indicator i; and i,. Joint

encoding of rank and first precoding matrix indicator i; for PUCCH mode 1-1 submode 1 is defined in
Table 7.2.2-1E. The sub-sampled codebook for PUCCH mode 2-1 is defined in Table 7.2.2-1F for PUCCH

Reporting Type la.

UE shall only use the value of i, according to the configured codebook subset restriction, where the UE is
expected to be configured with asinglevalue of i, in{0,1,2,...,15} for 1 layer andin {0,1,2...,7} for 2
layers, and shall not report i, if the UE is configured with higher layer parameter semi OpenLoop=TRUE.

Table 7.2.4-1: Codebook for 1-layer CSI reporting using antenna ports 15 to 22

. P
[
! 0 1 2 3 Z 5 6 7
@ @ @ @ @ @ @ @
0-15 2i,,0 20,1 20,2 Wais 2i,+1,0 2i,+11 2i,+1,2 2i,+1,3
i P
! 8 9 10 11 12 13 14 15
@ @ @ @ @ @ @D @
0-15 Wi 20 W, 21 Wi a2 Waii23 W, ia0 W, a1 Wi a2 W, a3
Vv
where Wéll)n _ 1| Vm
NEIA

Table 7.2.4-2: Codebook for 2-layer CSI reporting using antenna ports 15 to 22

i 2
' 0 1 2 3
(2) (2) (2) (2)
0-15| W5 %o Wai 21, 1 Waisiziso | Waiia2i+11
i 2
! 4 5 6 7
(2) (2) (2) (2)
0-15 | Wo o000 | Waitooi2a 2i,+3,2i;+3,0 20,+3,2i;+3]1
. i
Iy
8 9 10 11
(2) (2) (2) (2)
0-15 | W5 .10 Wi aisn | Waiaoiezo | Waiiioi+21
. i
Iy
12 13 14 15
(2) (2) (2) (2)
0-15 W2i1,2i1+3,0 W2i1,2i1+3,1 Woi a2 43,0 2i,+1,2i,+3.1
1| V. V.
where W, =_{ no }
4 PnVm  — PV
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Table 7.2.4-3: Codebook for 3-layer CSI reporting using antenna ports 15 to 22

P

i
! 0 1 2 3
(3 (3 A (3 ~(3)
0-3 Wai s, 61,8 Wai s i, 81, +8 Wai s, 18,81, +8 e e s, 8,
i Iy
! 4 5 6 7

(3 (3 A3 Y1)
0-3 W8i1+2,8i1+2,8i1+10 W8i1+10,8i1+2,8i1+10 W8i1+2,8i1+10,8i1+10 W8i1+10,8i1+2,8i1+2

Iy
8 9 10 11
(3) (3) A3 YiC)
0-3 8i,+4,8i, +4,8i; +12 W8i1+12,8i1+4,8i1+12 W8i1+4,8i1+12,8i1+12 W8i1+12,8i1+4,8i1+4
. i2
Iy
12 13 14 15

(3 © VIE) YIE)
0-3 W8i1+6,8i1+6,8i1+14 W8i1+14,8i1+6,8i1+14 W8i1+6,8i1+14,8i1+14 W8i1+14,8i1+6,8i1+6

1 [V Vi Vi ~ 1 |V Ve Vi
where W® = _["m ™ moow® o m VYm Vm
m,m’,m /—24 Vg —Viy =V m,m',m' \/ﬂ Vo vV

m m Vi

Table 7.2.4-4: Codebook for 4-layer CSI reporting using antenna ports 15 to 22

| 12
! 0 1 2 3
(4) (4) (4) (4)
0-3| W5 g0 Wsi give1 | Wi r28,+100 | Wai,+28,+101
i [
! 4 5 6 7
(4) (4) (4) (4)
0-3 | Wolag, 4120 | Waras121 | Waisesi+140 | Woir684141
1|V Viy \ \/
where Wr’E:lr)n',n =—{ m m m m
V32| PVm PV —PnVm  — PV

Table 7.2.4-5: Codebook for 5-layer CSI reporting using antenna ports 15 to 22.

ip
0

0.3 | WO = 1 |Va, Vo, Vavs  Voi+s Vo +e

I
! VA0 | Vo, —Vai  Vaiss ~Vaiss Va6

Table 7.2.4-6: Codebook for 6-layer CSI reporting using antenna ports 15 to 22.

ip
0

6 1 Vi Vi Vi 48 Vi 48 Vi 416 Vi +16
0-3 w® 1 1 1 1 1 1
i =
' 148 V2i1 V2i1 V2i1+8 V2i1+8 V2i1+16 V2i1+16
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Table 7.2.4-7: Codebook for 7-layer CSI reporting using antenna ports 15 to 22.

P
0
7 1 |Va, Vo, Voisg Voiis Vo6 Vot Vois2a
0-3 W( ) _ 1 1 1 1 1 1 1
. = —
! N56 |V, —Vai, Vaiss ~Va+s Voi+6 ~Vai+16  Voi+24

Table 7.2.4-8: Codebook for 8-layer CSl reporting using antenna ports 15 to 22.

ip
0

@ _1|Va, Va, Vas  Vaes  Vaiue Ve Vairs Vair24

i
' 8| Vo, —Va, Vaiys —Vaigs Vaine Ve Voiroa Vo4

For 8 antennaports {151617,1819,20,21,22 }, 12 antenna ports {151617,1819,202122,2324,2526 }, 16 antenna
ports { 15,16,17,18,19, 20, 21, 22, 23, 24, 25, 26, 27,28, 29,30 } , 20 antenna ports {151617,...34 }, 24 antenna

ports {151617,...38 }, 28 antennaports {151617,...42 }, 32 antennaports {151617,...46 }, and UE configured with

higher layer parameter eMIMO-Type, and eMIMO-Typeis set to 'CLASS A', except with UE configured with higher
layer parameter advancedCodebookEnabled=TRUE, and v<2 with L equal to the associated RI value, each PMI
value corresponds to three codebook indices givenin Table 7.2.4-10, 7.2.4-11, 7.2.4-12, 7.2.4-13, 7.2.4-14, 7.2.4-15,

7.2.4-16, or 7.2.4-17, where the quantities ¢,, U,and v, , aregivenby

— pim2
=€
i 2zm J.2/zm(N2—l)
Up=|1 e N e O
2t LIS T
Vim=|Un eMu, .. e M oy

- Thevaluesof N;, N,, O;,and O, areconfigured with the higher-layer parameter codebookConfig-N1,

codebookConfig-N2, codebook-Over-Sampling-RateConfig-O1, and codebook-Over-Sampling-RateConfig-O2,
respectively. The supported configurationsof (0,,0,)and (N,,N,) for agiven number of CSI-RS ports are

givenin Table 7.2.4-9. The number of CSI-RS ports, P, is 2N;N,.

- UEisnot expected to be configured with value of codebookConfig set to 2 or 3, if the value of
codebookConfigN2 is set to 1.

- UEshall only use i, , = 0and shall not report i, , if the value of codebookConfig-N2 is set to 1.

- Afirst PMI value i, corresponds to the codebook indices pair {iy, i , }, ad asecond PMI value i,
corresponds to the codebook index i,givenin Table 7.2.4-j with v equal to the associated RI value and where |
= V+9.

- In some cases codebook subsampling is supported. The sub-sampled codebook for PUCCH mode 2-1 for value
of parameter codebookConfig set to 2, 3, or 4 isdefined in Table 7.2.2-1F for PUCCH Reporting Type la.
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- UE shdll only use thevalue of i, according to the configured codebook subset restriction, where the UE is

expected to be configured with asinglevalue of i, in{0,1,2,...,15} for 1 layer andin {0,1,2...,7} for 2 layers,
and shall not report i,if the UE is configured with higher layer parameter semiOpenLoop=TRUE

Table 7.2.4-9: Supported configurations of (0;,0,)and (N;,N,)

Number of
CSI-RS antenna ports, P (N1, N,) 6..0,)
8 (2,2) (4,4), (8,8)
15 (2,3) (8.4), (8,8)
(3,2 (8,4), (4,4)
(2,4 (8,4), (8,8)
16 (4,2) (8,4), (4,4)
(811) (47_)r (87_)
(2,5) (8,4)
20 (5,2) (4,4)
(10,1) (4,-)
(2,6) (8,4)
(3,4) (8,4)
24 (4,3) (4,4)
(6,2) (4,4)
(12,1) (4,-)
(2,7 (8,4)
28 (7,2) (4,4
(14,1) (4,-)
(2,8) (8,4)
(4,4 (8,4)
32 (8,2 (4,4
(16,1) (4,9
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Table 7.2.4-10: Codebook for 1-layer CSI reporting using antenna ports 15 to 14+P

Value of ) ) iy
Codebook- l11 I1,2
Config 0 1 2 3
1 @ (€N @ ()
01, ’OlNl -1]0L- ’OZNZ -1 VVil,lvil,ZvO Vvillvil,zvl VVil,lvil,sz V\/il,lvil,2v3
\Y/
1 1| Yim
where W( n="T—
meJp |:¢nvl,m:|
Value of ) ) P
Codebook- l11 1,2
Config 0 1 2 3
2 N,O N,O D) (1) (1) D
01, -1 | 0L, =221 | Wol 5 g i1 251 Dir1,2i15.2 Dir 120153
Value of ) ) i
Codebook- l11 1,2
Config 4 > 6 7
2 N,O N,O (1) D) (1) (D)
08, —2=-1 | 0d, =221 | Wo i 0 Wo azi,a | Wapaz,e | W,
Value of ) _ iy
Codebook- l11 l1,2
Config 8 9 10 11
2 N,O N,O (1) (D) ) (D)
0L, —=-1 | 0L.,—2-*%-1 W5, 20,410 Diry 2y 5+11 iz | Vo, 20,413
Value of ) _ iy
Codebook- l11 l1,2
Config 12 13 14 15
2 01 NO1_4 | g1 N2O2 4 @ @ CE @
e 2 e 2 2i1,+1,2i; ,+1,0 2i1,+1,2i1 ,+11 2i1,+12i1 412 2i11+1,2i; ,+13
V
) _ 1 I,m
where W(mn ==
' x/I_D PVim
Value of ) _ iy
Codebook- l11 l1,2
Config 0 1 2 3
3 N,O N,O D [6h) (1) (1)
0L, —+-1 | 0., —22-1 Woay.0 Woioya W oy 2 Wolay.3
Value of ) _ iy
Codebook- l11 1,2
Config 4 5 6 7
3 N,O N,O (1) 1) (1) (1)
0.1,..., % -1 0L.. % -1 W2x+2,2y,0 V\éx+22y,1 V\éx+2,2y,2 W2x+2,2y,3
Value of ) _ iy
Codebook- l11 1,2
Config 8 9 10 11
3 N,O N,O (1) D (1) (1)
0L, — -1 | 0., —2-2-1 Woi12y+10 Woii1.2y411 Woii2y+12 Woi2y+13
Value of ) _ iy
Codebook- l11 1,2
Config 12 13 14 15
3 N,O N,O 1) D 1) (1)
0L, — -1 | 0., —2-2-1 ¥+3.2y+10 Woyia2y+11 ¥+3.2y+1,2 Woiia2y+13
here X=ijj, Y=i 3= hm e e N
where =11 =112y ) = , | >
™ JP | #Vim te o
V,
. . ) _ 1 ml .
X=lyo, Y=lq1, =— if N;<N
12 11 mn )
JP |:¢nvnﬂ:| e
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Value of ) _ ip
Codebook- l11 l1,2
Config 0 1 2 -
4 N,O N,O (1) @ (1) (1)
0L, —=-1 | 0L..,—2*%-1 Wolay,0 Wolaya W, oy 2 Wolay.3
Value of ) _ ip
Codebook- l11 1,2
Config 4 5 6 v
4 N,O N,O ) () ¢ D
01.,— -1 OL.. % -1 V\éx+12y,0 V\éx+12y,1 V\éx+12y,2 V\éx+12y,3
Value of ' _ iy
Codebook- l11 1,2
Config 8 9 10 11
4 N,O N,O (1) 1 D (1)
0L, —-1 1 01,2221 | Wairop0 V\éx+2,2y,1 Woiio.2y,2 W22y,
Value of _ _ iy
Codebook- I11 1,2
Config 12 13 14 15
4 N,O N,O (1) 1 ] (1)
0L, —-1 1 01, =221 | Woiasy0 V\éx+32y,1 Woiiazy,2 Woii32y.3
. . y _ 1| VYim |
where X_Il,l’ y_I:LZI Yn"l’n_ﬁ ¢V ’ if Nl > N2
nVl,m
\Y/
. . 1) 1 ml .
X=i1o, Y=iiq, =— if
1,2 y 11 mn x/B|:¢an|:| if N;<N,

Table 7.2.4-11: Codebook for 2-layer CSI reporting using antenna ports 15 to 14+P

2 Layers, Codebook-Config =1
i,,=0,--,N,0,-1

[ 12
11

0 1 2 3
0,--,N,0, -1 ©) © ©) (2

i1,1'i1,1'i1,2 vi1,2 0 i1,1'i1,1vi1,2 'i1,2 1 i1,11i1,11i1,2 'i1,2 2 i1,1'i1,1'i1,2 vi1,2 3

1| Vim Vi’ nd
where W® == ™ Yt
L'mmn "~ [op {(pn\ﬁ m (onvl’,nff}

2 Layers, Codebook-Config = 2

If N;>N,,p =1lothewise p =0,
i, =0, N,0,/2-1

. 1
' 0 1 : 2 3
0. NG 4 2 2) ©) We
LA 2 2i11,2i11,2i4 2,2i1 2,0 2i14,2i11,2i1 5,211 5,1 2i11+P,2i11+ P, 20y 2,21 2,0 2i11+ P, 2111+ P2 2,211 5,1
. 12
|1,1
4 5 6 7
0. NG 4 W2 We 2 2
LA 2 11+ P, 201 1+ P,2i p+1,2i1 ,+1,0 11+ 0,211+ P, 201 5+1,2i7 ,+1,1 2i 1,211,211 51,211 ,+1,0 2i11,2i11,2i1 5+1,2i1 ,+1,1
. 12
|1,1
8 9 10 11
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0... NG 4 €) @) ©) €
LA 2 - 2iy1,2i11+ 0,211 5,20 5,0 21,2111+ P,2i1 5,201 5,1 214,211 1+ P, 211 ,+1,2i1 ,+1,0 211,211+ P,2i1 41,211 ,+11
i2
l1a
12 13 14
NG 2 2 2 @
1
0, Ty 1 2011211211 5,201 ,+10 20y1,2i11,20; 5,21y 411 iy P2+ p 2y 2,10 | o3P P22 Zag
1|V Vit
2) _ m )
where W2 . =—— .
Il ,mm, / —
mmn 2P ¢nvl m ¢nvl',m'
2 Layers, Codebook-Config =3
i, =0,,N,0,/2-1
iy
l1a
0 1 2 3
N
O,' ° '11701_1 W2(><2,)2x,2y,2y,0 W2(><2,)2x.2y.2y,1 W2(><2+)1.2x+1.2 y+1,2y+1,0 W2(><2+)1,2 x+1,2y+1,2y+1,1
iy
l1a
4 5 6 7
N
O,' ° '11701_1 Wz(x2+)2.2x+2,2y.2y.0 W2(><2+)2.2x+2,2 y.2yl W2(><2+)3,2 X+3,2y+1,2y+1,0 W2(><2+)3.2x+3.2 y+1,2y+1,1
i2
l1a
8 9 10 11
N
O,' ° ',lTOl _1 Wz(xz.)2x+1,2 y,2y+1,0 Wz(xz,)z x+1,2y,2y+11 W2(><2+)1,2 x+2,2y+1,2y,0 W2(><2+)1.2 X+2,2y+1,2y,1
i2
l1a
12 13 14 15
N
O,' ° '11701_1 W2(><2.)2><+3.2y.2 y+1,0 W2(><2,)2><+3,2 y.2y+11 W2(><2+)1.2x+3.2 y+1,2y+1,0 W2(><2+)1.2x+3.2 y+1,2y+1,1
here X=i,, y=i 2 L | Y \/'"m_'fN N d
where A=liq, =l Cmmn o e | > an
mmn V2P ¢nvl,m _¢nvl',m'_ ! z
X=i,,, y=i R L L N, < N
Shoy Y=l Wiimn = T3 AT Np <N,
mnn 2P| @V —(Pan,r_
2 Layers, Codebook-Config = 4
i, =0,-,N,0,/2-1
i1.1 '2
0 1 2 3
NG, (2) (2) (2) (2)
1
0, 2 -1 Vv2x,2x,2y,2y,0 Vv2x,2x,2y,2y,1 VV2x+1,2x+1,2y,2y,0 Vv2x+1,2x+1,2y,2y,1
i 2
4 | 5 | 6 | 7
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NG, 2) ) ) )
0, 2 -1 X+2,2%+2,2y,2y,0 VV2x+2,2x+2,2y,2y,1 VV2x+3,2x+3,2y,2y,O Vv2x+3,2x+3,2y,2y,1
il.l I2
8 9 10 11
NG, ) ) ) )
0, 2 -1 Vv2x,2x+l2y,2y,0 Vv2x,2x+l,2y,2y,1 VV2x+1,2x+2,2y,2y,0 VV2x+l,2x+2,2y,2y,l
s 2
12 13 14 15
N,O (2) (2) (2) (2)
0, 2 -1 Vv2x,2x+3,2y,2y,0 Vv2x,2x+3,2y,2y,1 Vv2x+1,2x+3,2y,2y,0 VV2x+1,2x+3,2y,2y,1
where X=lyy, Y=iy,, rz)mm'n:—/l— A M if N, > N, and
T 2P ¢nvl,m _¢nvl',m'_
. . 1|V Voo |
— _ 2) _ ml ufl i
X=I l y_l ’ . e |f N; <N
12 11 — ,
Aommn 2P |:¢nvm,l _¢nvm’,l’_ ! 2

Table 7.2.4-12: Codebook for 3-layer CSI reporting using antenna ports 15 to 14+P

3 Layers, Codebook-Config =1, N;>1, N,>1
i, =01--,N,0,-1
. i
l11 2
0 1
(3) A7(3)
0+, ON; -1 12 +0i1 20012 i12:011+01 1 20012
(3) A7(3)
O.Ny, 20N, -1 11.1:012012,11,2+0 l11:012:01,2111,2+0;
V, V, Vv, . V, Vv, . VvV, .
where WP = = e WP = =
R R
3 Layers, Codebook-Config =1, N,=1
i,=0
. i
l12 2
0 1
(3) A3
0.0, -1 V\{mim‘*'olxovo V\{mim‘*'olxovo
(3) A/(3)
O;Ny,-,20,N, -1 Vvilyl,ilyl+201,0,0 Vvilyl,ilyl+201,0,0
(3 A/(3)
20,N,,++,30,N, —1 Vvilyl,ilv1+301,0,0 i11.01,+30,,0,0
VIRRY v, . VRRY v, .
where W = = WP i = N
TRV N | TR Vi Vo Yy

3 Layers, Codebook-Config = 2
i, =01-,2N, -1

I

ill
' |
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(3) V\é(s) \Ké(s) A3
0, ’ZNl_l V\éilvl,ZinJrA,Zilvz,2i112 i11+4,2i1 1,201 2,205 i11,2111+4,2i1 5,201 5 i11+4,2i1 1,21 5,21 5
(3) V\é(s) \Ké(s) A3
2N1* "4N1_l V\éilvl,Zin,Zilvz,2i1¥2+4 11,211,211 214,201 5 11,211,217 2,211 +4 i11,2i11,211 24,2l 5
. i
l11 2
4 B) 6 7
0,--,2N, -1 (3) (3) A3 ~13)
ey 2iy 1+1,2113+5,2i; 5,2i; 2i11+5,2i 141,21 5,2i; 2i11+1,2114+5,2i 5,2i; 2ig 1+5,211+1,.2i; 5,2i;
ON. o AN. -1 | W® 3 VE) VE
FER 1 2i11+1,2i11+1,2i; 5,201 , +4 2i1 111,211 141,211 ,+4,2i; 5 2i1 111,211 1+1,2i; 5,201 ,+4 2i11+1,2i1 1 +1,2i 5 +4,2i; 5
. i
l11 2
8 9 10 11
O 2N -1 3 3 Ve Ve
L | 211,211 +4,2i1 ,+1,2i1 ,+1 2i1 144,211,211 541,21 5 +1 211,21 1+4,211 ,+1,2i; 5 +1 201 1+4,2i1 1,211 ,+1,2i1 ,+1
ON. o AN. -1 3 3 VE VE)
CERRRE R 2iy 1,211,211 51,21 545 2i11,2i1,2i1 5+5,2i; p+1 2i11,2i1 1,201 5+1,2i; 5 +5 2y 1,211,211 5+5,2i; 5 +1
i '2
12 13 14 15
O 2N -1 3 3 VE) VE)
L | 2i11+1,2i11+5,2; 5 +1,2i1 ,+1 2i1 145,211 1+1,2i1 5 +1,2i ,+1 2i1 141,211 1+5,2i; 5 +1,2i ,+1 2i1 145,211 1+1,2i1 5 +1,2i ,+1
ON. o AN. -1 | W@ 3 VE) VE)
1 1 2i11+1,2i1 1+1,2i; 541,211 ,+5 2i1 111,211 1+1,2i1 5+5,2i 5 +1 2i11+1,2i1 1+1,2i1 5+1,2i ,+5 2i1 111,211 1+1,2i1 5+5,2i ,+1
V, V, V, V, V, V,
1 g| ,%m g| ,%m gy &m' . 1 g| ,%m Q ',%ni gl',%ni
here (3) _ 474 474 44 (3) _ 44 44 4 4
Il mm o _ ! Il ,mm _
V3P| Vo, 0, Vo0, Vo0, V3P|Vg o, V.0, Vo0
474 44 44 44 44 44
3 Layers, Codebook-Config =3
i1.2 =0,1---,2N,-1
. i
l11 2
0 1 2 3
0 N.—1 (3 (3 Ve Ve
LA £ 4iy1+2,4i; 1+6,2i; ,,2i; , 4iy1+6,4i; 1+2,2i) 5,2i; , 4iy1+2,4i; 1+6,2i; 5,2i; , 4iy1+6,4i;1+2,2i; ,,2i; 5
N 2N -1 3 (3 Ve Ve
1 1 4ip1+2,4i11+2,2i) 5,211 ,+4 4ip,+2,411,+2,2i; ,+4,2i; 5 4i11+2,4111+2,2i; 5,211 ,+4 4ip,+2,411,+2,2i; ,+4,2i; 5
. i
l11 2
4 5 6 7
0. N -1 (3) €) Ve Ve
N iy 1+3,4i1,+7,2i1 5,2i; 4iy 147,411 143,21 5,211 iy 1 +3,4i1,+7,2i 5,211 4y 1+7,4i; 1+3,2i 5,2i;
N 2N -1 (3 3 Ve Ve
1 1 4i11+3,4i1,+3,2i1 5,20y ,+4 4iy1+3,4i1,+3,2i1 ,+4,2i; , 4iy1+3,4i1,+3,2i1 5,2i; ,+4 4iy1+3,4i1,+3,2i1 ,+4,2i; ,
. i
l11 2
8 9 10 11
0,--,N, -1 (3) (3) V) ~13)
[ ¢ 4y 1,401 14,21 5 +1,2i; 5 +1 4y 1+4,4i; 1,207 o +1,2i ,+1 4y 1,4i11+4,2i; 5 +1,2i o +1 4ig1+4,4i; 1,211 5 +1,2i; ,+1
N 2N -1 3 3 VE Ve
v eT 411,401,201 ,+1,211 ,+5 411,411,201 +5,2i1 ,+1 4i11,4i11,2i) ,+1,2i1 ,+5 4i11,4011,2i1 ,+5,2i1 ,+1
. i
l11 2
12 | 13 | 14 15
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0. N -1 (3) E) NG NG
L | 4y +1,4i; 145,201 +1,2i1 ,+1 4i11+5,4i1,+1,2i) +1,2i; ,+1 41 1+1,4i1 145,20 ,+1,2i1 ,+1 4i11+5,4i1+1,2i) ,+1,2i; ,+1
N o 2N -1 3 3 NG NG
1 1 4y +1,4i;1+1,2i1 ,+1,2i1 ,+5 41 1+1,4i11+1,2i 5 +5,2i1 ,+1 41 1+1,4i11+1,2i) +1,2i1 ,+5 41 1+1,4i11+1,2i 5 +5,2i; ,+1
Vosom Vorom  Voyom Vorom Vorom  Vor om
where W@ = 1 44 4" 4 44 WO = 1 4" 4 44 47 4
Il ,mm _ _ Il ,mm —
V3P | Voiom Voiom Voo V3P Vorom Vorom Vo o
4 4 4 4 T‘T 4 4 4" 4 T‘T
3 Layers, Codebook-Config =4, N,>1, N,>1
ilv2 =0,1---,4N,-1
. [
l11 2
0 1 2 3
(3) (3) A7(3) A7(3)
0,---,N; -1 4iy1,4i11+40150010 Ay +4,401 1,012,012 4y 4,401 1+401 5001 5 W4i1v1+4,4i111,i1v2,i112
3 (3) IYE) A3
N, 2N, -1 wd o wd o we we
1 1 Big1,4i11)i10,01 014 Big1,4i11)i1014i1 Big1,4i11)i10,01 014 Big 1,411,010t
i1,1 2
4 5 6 7
0. N.—1 @ @ NO y©
[ ¢ 4ig1+14i1, 451 5,015 4ig1+54i11+1i1 5,00 4ig1+1411, 451 5,015 Ady +5,40) ) +1,1) 5,71 5
N - 2N, -1 O ® NO NO
1 1 Big1+L4i1 141 ,0p o +4 Biq+L4i1 1410 o+ 5 Big+L4i1 141 5,0 o4 Biq1+L4i1 1410 o+ 5
. i
l11 2
8 9 10 11
0. N.—1 9 9 NS NS
LA £ 4y 1+2,411 14611 2,01 5 4y 146,41 1+21 5,012 4i11+2,4i1 1+6i1 5,01 » 4y 146,41 1+21 5,012
N, 2N, -1 ) ®) Ve ~3
FEE 1 4i11+2,4i11+2,i1 501 o +4 4i11+2,4i11+2,i1 o+ o 4i11+2,4i11+2,i1 501 o +4 4i11+2,4i11+2,i1 o+ o
. i
l11 2
12 13 14 15
0. N.—1 9 e NO N
oot 41 +34i11+ 71 501 Ay +7,4i11+31 2101 2 Ay 43411 1 +70 210 Ay +7,4i11+301 2101 2
N, 2N, -1 3 3 VS e
FERR 1 4i11+34i11+3)1 2401 o +4 411 +3 4111431 401 5 4i11+34i11+3)1 2401 o +4 411 +34i11+3i1 41 5
Vorom  Vorom  Vor om Vorom Vo om  Vor om
where w@ —_1 | ¢°¢ ad R Y VI R I 4
Il ,mm _ _ 1l mm —
V3P| Voiom Vojom Voo V3P Vorom  Vorom Vo o
4 4 4 4 2 44 4" 4 44
3 Layers, Codebook-Config =4, N,=1
l,=0
: i
I11 2
0 1 2 3
0,--,N, -1 (3) (3 A3 ~1(3)
st Ny 4i , ,4iy,+4,0,0 4iy,+4,4i1,,0,0 4i11 4i1+4,0,0 iy 1 +4,4i1,,0,0
N 2N. -1 3 3 V&) YE)
1 eNy 4iy ,,4i;,+8,0,0 4i,,+8,4i1,,0,0 4iy ,,4i;,+8,0,0 4i,,+8,4i1,,0,0
(3) (3) A/(3) )
2Ny, 3N, -1 %iy1,41,+12,0,0 4iy1+12,4i1,,0,0 4iy1,41,+12,0,0 4i;1+12,4i1,,0,0
. [
I11 2
4 | 5 | 6 7
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0. N. -1 (3) (3) VE) W
R 4iy,+1,4i,+5,0,0 4iy,+5,4i1,+1,0,0 4iy,+1,4i,+5,0,0 4iy,+5,4i;;+1,0,0
N o 2N -1 (3 (3) Ve Ve
1 1 4ip,+1,4i1,+9,0,0 4i1,+9,4i1,+1,0,0 4ip,+1,4i1,+9,0,0 4i1,+9,4i1,+10,0
IN. - 3N. -1 @ @ e NG
L 4i11+1,4i1,+13,0,0 4i11+13,4i;,+1,0,0 4i11+1,4i1,+13,0,0 4i,+13,4i1,+10,0
11
8 9 10 11
0. N. -1 3 3 VE) VE)
R 4i1,+2,4i1,+6,0,0 4i1,+6,4i1,+2,0,0 4i1,+2,4i1,+6,0,0 4i1,+6,4i1,+2,0,0
N 2N, -1 3 3 YIE) YIE)
o= 4iy,+2,4i1,+10,0,0 4iy,+10,4i1,+2,0,0 4iy,+2,4i1,+10,0,0 4iy,+10,4i1,+2,0,0
(3) (3) A/(3) A/ (3)
2N1’ "’3N1_1 W4i1v1+2,4i111+14,0,0 4iy 1+14,4i, 1+2,0,0 W4i1v1+2,4i111+14,0,0 W4i1v1+l4,4i1v1+2,0,0
11
12 13 14 15
0 N.—1 3 3 VE) VE)
L | 4i1,+3,4i1,+7,0,0 4i1,+7,4i1,+3,0,0 4i1,+3,4i1,+7,0,0 4i1,+7,4i1,+3,0,0
N 2N, -1 3 3 YE) YE)
o= 4i11+3,4i1,+11,0,0 4i1,+11,4i;,+3,0,0 4i11+3,4i1,+11,0,0 4i1,+11,4i;,+3,0,0
ON. - 3N. -1 (3 (3 VIE) VIE)
179Ny 4iy 1+3,4i,+15,0,0 4iy ,+15,4i1,+3,0,0 4iy 1+3,4i,+15,0,0 4iy ,+15,4i1,+3,0,0
Vou opm o' om Vorom Vo om  Vor om
where W P S We T 4
1 mm / — I / —
3P Vgﬂ’% Vﬂozim 3P Voiﬂ'% Voll‘Ozm"
44 44 474 4

Table 7.2.4-13: Codebook for 4-layer CSl reporting using antenna ports 15 to 14+P

4 Layers, Codebook-Config =1, N, >1 N,>1

i, =01-,N,0,-1

0 1
. _ (4) (4)
0+, NO, -1 12,1240l 211 2.0 11212 +00l 2.0 2.1
(4) (4)
ON,,---, 20N, -1 Wmvinril,z i12+0,,0 110011012/ 2+0, 1
where \W® Y Y Yim Y

L mmi ﬁ¢nvl,m ¢nvl',m' ~PVim _¢nvlv'mv

I"m
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4 Layers, Codebook-Config=1, N,=1
i1,2 =0
. i2
l11
0 1
(4) (4)
0,-,ON; -1 lel,imol,o,o,o lel,ilyl+01,0,0,1
(4) (4)
ON,,---,20N, -1 lel,i111+201,0,0,0 lel,ilyl-%—ZOl,0,0,l
(4) (4)
20,N,,---,30,N, -1 lel,ilyl+3ol,o,o,o lel,i111+3ol,o,o,1
(4) — 1 Vl,m V|’m Vl,m V|"m'
L mm.n V4P (Dnvl,m ¢nV|"m‘ _q)nvl,m _(Dnvr,m‘
4 Layers, Codebook-Config = 2
i, =01-,2N, -1
. i
l11 2
0 1 2 3
0. 2N. -1 (4) (4) (4) (4)
ey 2i1 1,21y 1+4,2i; 5,21 5,0 2i11,2iy 144,21 5,21 5,1 2iy 1+1,2i 145,211 5,2i; 5,0 2iy 1+1,2i1 1 +5,2i; 5,21 5,1
(4) (4) (4) (4)
2Ny, 4N, -1 VV2i1v1,2i111,2i1v2,2i1v2+4,0 VVziLl,zim,zim,2i1,2+4,1 V\/2i1,1+1,2i1,1+1,2i1,2,2i1,2+4,0 \A/2i1v1+1,2i1v1+1,2i112,2i1v2+4,1
P
I11
4 5 6 7
(4) (4) (4) (4)
0,-+,2N, -1 \Nzin,2i1,1+4,2i1,2+1,2i1,2+1,0 \Nzim,2i1,1+4,2i1,2+1,2i1,2+1,1 VV2i14+1,2i1¥1+5,2i1¥2+1,2i112+1,0 VV2i111+1,2i111+5,2i1¥2+1,2i112+1,1
4) (4) (4) (4)
2Ny, 4N, -1 V\éilyl,Zilyl,Zi]_z+l2i12+5,0 WG 2 20,4120, 451 \A/2i1‘1+1,2i1|1+1,2i1|2+l,2i1l2+5,0 iy 11,20 11,20 51,20 5451
V V V V
1 9 ,%m %I',%m' O ,%m Oll',%m'
@ = 44 4 4 44 4 4
Il ,mm,n _ _
V4P q)nvgl o qonvgl,%m. gDanl [ ¢nvgl,%m,
44 4 4 44 4 4
4 Layers, Codebook-Config =3
i, =01-,2N, -1
. i
l11 2
0 1 2 3
0-- N -1 W@ — @ . S S S S
v 4i11+2,4i1,+6,2; 5,211 5,0 4i11+2,4i11+6,2i1 5,211 5,1 4i11+34i11+7,21 5,21 5,0 4ig1+34i11+7,211 5,211 5,1
(4) (4) (4) (4)
Ny,---,2N; -1 \Mi1|1+2,4i1|1+2,2i1|2,2i1l2+4,0 Ay +2,411 1 +2,2i1 5,20 ,+4,1 iy 1 +3,4iy 1 +3,2i 5,2i; ,+4,0 iy 1+3,4i 1+3,2i; 5,20 ,+4,1
ip
l11
4 5 6 7
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0. N. -1 @ @ @ @
’ L 414,41 1+4,2i) ,+1,2i; ,+1,0 4iyq,411+4,211 5+1,2i1 ,+11 4y 1+1,4i1 1+5,2i; ,+1,2i; ,+1,0 4iy1+1,4i1 145,211 5 +1,2i ,+11
N. - 2N, -1 @ @ @ @
v 1 414,414,211 p+1,2i; ;45,0 4iy 1,411,201 541,21 ;451 4y 1+1,40; 1+1,2i; 5+1,2i; ,+5,0 4iy1+1,4i11+1,2i; 5+1,2i3 ,+5,1
1| Veon Voon Voo Vo, o,
(GO R 44 44 44 44
Il,mm,
AP PVo, o, - PVo, o, TPiVo 0 T %Vo, 0
44 44 44 44
4 Layers, Codebook-Config =4, N; >1, N, >1
i1,2 =0,1---,4N,-1
. i
l11 s
0 1 2 3
(4) (4) (4) 4)
0,---,N, -1 iy Ay 1 +4 5001 5,0 iy 1, 4iy 1 +4ig 51 5.1 \Nzum+1,4i1,1+5,i1,2 i12.0 iy 141,41 145, 5.y 5.1
N - 9N, -1 (4) @) (4) @)
(LR 1 411,401 1,11 5.11 14,0 419,811,051 54,1 4111 +14i1 1410 5,11 ,+4,0 4ip4+1,401 1+ 5,0 ,+4,1
i2
l11
4 5 6 7
0. N.-1 (4) @ (4) “
v 4y 1+2,4i 1+6,i1 2,1 2,0 4ig 142,401 146, 2,01 2,1 4ig 1+3,8i1 147, 2,1 2,0 4ig 1+3,4i1 14700 2001 2,1
(4) (4) (4) (4)
Nl’ '2N1 -1 Vv4i1|1+2,4i1v1+2,i1‘2,i1‘2+4,0 W4i1‘1+2,4i1v1+2,i1|2,i1‘2+4,1 W4i1v1+3,4i1‘1+3,i1‘2,i1‘2+4,0 W4i1‘1+3,4i1|1+3,i1|2,i1|2+4,1
V V V V
1 9 O 9y O 9 %, 9y O
@ = 4 4 "4 44 44
11 ,mm, _
AP | PVo o, - PVoy o, TPV 0, TPVo, 0,
44 44 44 4 4
4 Layers, Codebook-Config =4, N,=1
i,,=0
. i
l11 z
0 1 2 3
4) 4) (4) 4)
0,-+,N; -1 2, ,,4i1,+4,00,0 4iy4,4i;,+4,001 W4i1,1+l4i1,1+5,0,0,0 4i11+14i1,+50,0,1
N, 2N, -1 4) 4) @ 4
177 1 i, 1,4i1,+8,0,0,0 4i,,4i1,+8,00.1 4i;,+14i,,+9,0,0,0 4ip1+14i,+9,001
(4) (4) (4) (4)
2Ny,-++,3N; -1 4y 1,411,+12,0,00 4iy 1 ,4i,+12,0,0,1 W4il,1+l4il,1+130,0,0 W4i1,1+l44'1,1+130v0v1
: [
l11 .
4 5 6 7
0. N.-1 (4) (4) (4) (4)
! L § 4i,,+2,4i,,+6,0,0,0 4i,,+2,4i,,+6,0,0,1 4i,,+3,4i,,+7,0,0,0 4i,,+3,4i,,+7,0,0,1
ll,l ‘1‘1 ll,l ll,l ll,l ll,l ll,l ll‘l
N - 9N, -1 (@) (4) (4) (4)
1 1 4i;,+2,4i1,+10,0,0,0 4i1,+2,4i1,+10,0,0,1 4i1,+3,4i1,+11,0,0,0 4i1,+3,4i1,+11,0,0,1
(4) (4) (4) (4)
2N;,--+,3N, -1 Vv4ilyl+2,4i1,1+14,o,o,o VV4i1,1+2,4i1,1+14,0,0,1 4iy,+3,411,+15,0,0,0 VV4i1,1+3,4i1,1+15,o,o,1
V V V V
1 9 O 9y O 9 %, 9y O
@ = 4 4 "4 44 44
11 ,mm, _ _
AP | PVo o, - PVo, o, TPiVo 0, TPVo, 0,
44 44 44 4 4
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Table 7.2.4-14: Codebook for 5-layer CSI reporting using antenna ports 15 to 14+P

5 Layers, P=8, Ni=N2
Value of Codebook-Config sz iy,
(5
1 0L+, 01Ny =1 | 0L:+,0,N, =1 | W™ 6 i 401 piis i1 2405
_ _ 5
2-4 O 4N, —1 014N, -1 \/\{J(.lvlll+4v|ll+4v|l.2v'].2v|1.2+4
N A CLE EAR ELR L
S == for Codebook-Config = 2-4
LI ,mmm _ )
VOPIVo, 0, Vo0, Vo0 Vo,0u Voro
4 4 4 4 4 4 4 4 4 4
v v oV Ve
I e Codebook-Config = 1
5 Layers, P=12
Value of Codebook-Config | Configuration a s
(5
1 Nl >1 N2 21 0L 'OlNl -1 0,l.~~~,02N2 -1 11141117011 11001 2401 2.1 210,
(5
2 N,>LN,>1 | 0L--4N, -1 | 01--4N,~-1 Y ARVERNVTIN e v
(5
N, 2N, 0L---4N;-1 | 0L--4N,-1 iz 1+ i+ 81 o 511y +4
3
(5
N; <N, 014N, -1 014N, -1 Ty 1 H i i o+ iy 2 +8
(5
N, =N, 014N, -1 0L--4N; -1 11101t +81 201 200 2
4
(5
Nl < N2 014N, -1 0L--4N; -1 l1d110012012,h 040 o8
where
1 [Yaowm Voo, Voo Voo Voyo
we. =] 4 A A * * | for Codebook-Config = 2-4
TR NBPIVG o, Vo 0, Vo0, Voo, Voo
L 4" "4 4 4 44 4 "4
v v . V.
— I Codebook-Config = 1
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5 Layers, Pe {16,20,24,28,32}

Value of Codebook- 7 : i i
Config Configuration I 12
(5)
N,>1LN,>1 01---,O0,N;-1]| 01---,O,N, -1 12,01 1+01 114001 .01 241 205
1
N, =1 040N, ~1 0 ® o ao i
2 = L A | 11,1,11,1+00i1,1+200i1 2,401 2401 2
(5)
2 N1 >1, N2 >1 01,--,4N; -1 01---,4N,-1 vy 1t is 1 i o4
(5
N, 2N, 0L---4N,;-1 | 0L---4N,-1 by i1 4811 5.1y 5111 o+
3
(5
N, <N, 0L---4N;-1 | 0L---4N,-1 byt 1+ s o+ iy o8
N, >N,
1="N2 014N, -1 | 01--4N,-1 (&
Lo ’ ' 11141 1+4,i1 148,11 5,01 5,0
N ) > 1 11211 11 1,2:'1,21'1,2
4 N, =1 014N, -1 0 (&
2 L 11+ 414801000 2001 o
(5
N, <N, 0L---4N;-1 | 0L---4N,-1 st 1 s o4 548
where
I<I5)I,, = for Codebook-Config = 2-4
T @ V01| S _Vol| o) V01|'02 . _Volroz ] VolI" Oz
i L A L
v, v, V.. V.. V..
we. B Codebook-Config = 1

Table 7.2.4-15: Codebook for 6-layer CSI reporting using antenna ports 15 to 14+P

6 Layers, P=8, Ni=N2
Value of Codebook-Config i ;
11 12
1 (6)
0L 'OlNl -1 0L .’02 N 2~ 1 112,111+ 00i1 1101 211 2,11 210,
2-4 (6)
01,-,4N,; -1 014N, -1 i iz 1+ i1 210154
where
V. V. v, V, V. V,
o _ 1[0 a2 Yoo od Yeow Yoo
S mmm \/* for Codebook-Config = 2-4
Va0, Vo0, Vo0, Vo0, Yoo, Voo,
4 4 4 4 4 4 4 4 4 4 4 4
v, v, V. . V. RV
we. I R Codebook-Config = 1
. 6P V| m _Vlvm Vlm - I'm 1" m _VI",m”
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6 Layers, P=12

Value of Codebook-Config | Configuration [ iy5
(6)
1 Ny>1 Ny =1 01--.0;N; =1} 0--,0;N; -1 \A/i1‘1:i1.1+01:i1.1+01:i1.2ri1‘2xi1.2+02
(6)
2 N,>LN,>1 | 0L+ ANi=1 | 0L AN,=1 | WA e
(6)
N, 2N, 0L---4N;-1 | 0L--4N,-1 \A/il‘l,il‘1+4,i1‘1+8,i1|2,il‘z,i1‘2+4
3
(6)
N, <N, 0L---4N;-1 | 0L--4N,-1 \A/il‘l,il‘l,il‘1+4,i1‘2,i1|2+4,i1|2+8
(6)
N, 2N, 0L---4N;-1 | 0L--4N,-1 \A/il‘l,i11+4,i1‘1+8,i1‘2,i1‘2,i1|2
4
(6)
N, <N, 0L---4N;-1 | 01---4N,-1 V\/ilvl,ill,ilyl,ilvz,i112+4,i1v2+8
where
1 [Yom Yoo, Voo, Voo Yoron Voo
6) _ 474 474 44 474 4 "4 —
S mmm JeP| v v v iy v B for Codebook-Config = 2-4
g| %m g| %m g|' %m g|' %m glﬂ %m g|" %m
44 44 44 44 4 "4 4 4
Y/ Y/ V.. V.. V.. V..
— I R Codebook-Config = 1
T V6P| Vi Vim Vim "Vim (I )
6 Layers, Pe {16,20,24,28,32}
Value of Codebook- Configuration i i
Config 9 u 12
(6)
Nl >1,N 2> 1 01 ’OlNl -1 0L ’OZNZ -1 V\/i1,1vi1,1+01vi1,1+01vi1,2vi1,2vi1,2+02
1 (6)
N 2 = 1 0L ’OlNl -1 0 11,15i1,1+O0i1,1+20 i1 2,11 2411 2
(6)
2 N,>1L N,>1 0L-,4N; -1 0L---,4N, -1 W1,1,i1,1+4,i1,1+4,i1,2,il,z,i1,2+4
(6)
N, 2N, 01--4N;-1 | 01.-4N,-1 Vvllyl,i11+4,i111+8,i1v2,ilyz,i112+4
3
(6)
N, <N, 01---,4N; -1 014N, -1 \Alllll,illl,i1|1+4,i1|2,i1‘2+4,i1‘2+8
N, >N,> 6)
1 2 014N, -1 01---,4N, -1 we
Lo R ’ ’ 111,01 1+4,i11+8,i1 5,01 5,0
N ) > 1 11011 11 1,2:'1,24'1,2
(6)
4 N, =1 014N, -1 0 Vviu,i1,1+4,im+8,i12,im,il,2
(6)
N, <N, 0L-,4N; -1 0L---,4N, -1 W1,1,i1,1,i1,1,i1,2,im 4iyp+8
where
i 1 1'% Yaon Yoom Yaon Yoron VYoro
,|‘,)|“,m,m‘,m‘ :T for Codebook-Config = 2-4
6P1Vo 0, Vo0, Vo,0. Va0, Voo, Voo,
474 44 44 44 4 4 4 4
Vim M Vi Vi '
we. S L e e T T B T for Codebook-Config = 1
o 6P V|,m V' m VI m _VI',rr{ VI m _VI m
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Table 7.2.4-16: Codebook for 7-layer CSl reporting using antenna ports 15 to 14+P

7 Layers P=8, Ni=N2

Value of Codebook-Config i i
1,1 1,2
1 (7)
01---,0,N,; -1 0L1---,0,N, -1 11112 +00i1 14001111 2.1 211 20211 240,
2-4 O]
01---4N; -1 01---,4N, -1 1Aty i 201 21 o+ o +4
where
V, V V V, V, V, V
) G L A U U R
R—— =ﬁ v v v v v v v for Codebook-Config
g| %m g| %m gl‘ %m g| %m g| %m gr' %m g| %m
44 44 44 44 4 4 4 4 4 4
=24
@ 1 Vim VYim Vi Vi v Ve I"m
L mmm mt T /7P v v V. . =V, . V. . —V. . V..
mo e e Arm e S for Codebook-Config = 1
7 Layers, P=12
Value of
Co:lf_bo Configuration iy i,
Config
(7)
1 Ny>1 Ny =21 01, ’OlNl -1] 01 'OZNZ -1 112111701110 11101 2,112,112 405,i 510,
(7
2 N;>1 N,>1 014N, -1 014N, -1 Ty i1+ i H i 2 o+ o+
(7)
N, =N, 0L--4N; -1 | 0L--4N,-1 by a1+ + 8+ iy o+ 5 +4
3
(7)
N, <N, 014N, -1 014N, -1 i1 1 a i H iy o o+ o +8; o +4
(7
N, 2N, 01--4N;-1 | 01--4N;-1 PN IERRT: VI W S N e
4
(7
N, <N, 01--4N;-1 | OL--,4N,-1 b1 iy i +is o o+ 5481015
where
Vo, o, 0,, 0, 0,,. 0, Vo, . o, Vo, . o, 0,,. 0, Vo, . 0, .
1 =L 2Zm I, I =L =L 1", =1 m
W(7.)‘.‘.. = 44 44 4 "4 4 4 4 4 4 4 4 4
TP Vo, 0, Vo 00, Vo0 Vo 00 Voo TVoy 0 Voo,
4 4 4 4 4 4 4 4 4 4 4 4 4 4
for Codebook-Config = 2-4
Vim Vo P VA VA V. . _
W L Codebook-Config = 1
P TP Vi Vi Vim Viw VYrw TV Vi
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7 Layers, Pe {16,20,24,28,32}
Value of . . . .
. i i
Codebook-Config COMEEOn o o
(7
N 1> LN 2 1 01, ’OlNl -1 0,l,~~~,02N2 -1 11101170011 1+0 1 11 2411 2,112 105,510,
1
_ _ O
N 2 = 1 0.1 ’OlNl 1 0 11,1+11,1+01,i1,1 120 i1 1 #3004, 2,411,211, 20112
(7
2 N,>L N,>1 01---,4N; -1 014N, -1 Vvin,i1‘1+4,i1‘1+4,i1‘1,i1‘2,ilvz,i1‘2+4,i1v2+4
(7)
N, 2N, 01---,4N; -1 014N, -1 WM,i1v1+4,i1‘1+8,i1‘1+12,ilvz,il‘z,i1‘2+4,i1‘2+4
3
(7)
N, <N, 01---,4N; -1 014N, -1 WM,ilvl,i1‘1+4,i11+4,i1‘2,i1v2+4,i1v2+8,i1‘2+12
N, >N,
12N2 _ _ O
N , > 1 01, '4N1 1 01, ’4N2 1 111+ 1480111201 500 501 20 5
(7)
4 N, =1 01--4N; -1 0 g+ 148111201 dy 2111 2115
(7)
N, <N, 0L---4N,;-1 | 0L--4N,-1 NP SR NV I VT
where
Y/ \Y \Y Y/ Y/ \Y \Y
1 9%, 9%, X%y YOy %Sy YOy Oy O
7)“ " s . = — 4 4 4 4 4 4 4 4 4 4 4 4 4 for Codmook_
J I mmm,m o _ —
VIPIVo 0, Vo0, Voo, Voo, Yoo, Voo, Voro,
4 4 4 4 4 4 4 4 4 4 4 4 4 4
Config=2-4
o L [Vin Ve Vi Vi w Viw Ve |
WL e and for Codebook-Config = 1
P TP Vi N Vi Ve Ve Ve Ve

Table 7.2.4-17: Codebook for 8-layer CSl reporting using antenna ports 15 to 14+P

8 Layers, P=8, Ni=Nz
Value of Codebook- i i
Config & 12
1 (8)
010Ny -1 010N, -1 122+ Opi1 14001 1.1 2.1 2,411 20, i 210,
2-4 ®)
014N, -1 014N, -1 Iy 1y 1+ 1+ iy 10y 0 g oy oAy o4
Y/ Y/ Y/ Y/ Y/ Y/ Y/
: 1 |29 Y20 Yagn a9 g g Yagw Yargw
WNETE Wk = J8P| v, -V v -V v -V, v -V,
0,0, Vo0, Yoo TVo,o. Voo, Voo Voo Voo
474 44 4 "4 4 "4 4 "4 4 "4 4 "4 4 "4
for Codebook-Config = 2-4
W(g) _ 1 V| m V| ,m Vll,m' Vll,rn' VI“,rn” VI” m Vlm,rnm VI'” m
LU mm,m,m’ =y
mmT 8P Vi Vim Vin Viw Vew Vew Vew Ve
for Codebook-Config = 1
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8 Layers, P=12

Value of . . .
Codebook-Config CoilgLiEie 11 12
(8)
1 Ny >1L N, =21 0L--ON; —1 0L+ 0,N;, -1 111412+ 001 1401 1 1.1 2,11 2.1 2+05.0y 50,
(8)
2 N;>L N, >1 0L~ 4N, -1 0L~ 4N, -1 gt Ayt Aoy p o +4y o +4
(8)
N, >N, 01---4N; -1 0L---4N,-1 it 1+ 81+ i o+ 41 5 +4
3
(8)
N, <N, 014N, -1 0L---4N,-1 1 dn 1+ s oy 54811 44
(8)
N, >N, 01---4N; -1 01---4N, -1 NSV Y N N
4
(8)
N, <N, 014N, -1 014N, -1 Ty i1+ 2 i 2+ 2481
T VBPIVe o, Vo0, Voo Voo Voro, Voron Voron Voo
474 474 44 4 "4 4 "4 4 "4 4 "4 4 4
for Codebook-Config = 2-4
1 [Vim W : V. . RV _
A mme m e e Tem - Em e e Codebook-Config = 1
T V8P| Vi m Vim Vl',m' _Vl',m' Im _Vl",m" " m’ _Vl'",m'"
8 Layers, Pe {16,20,24,2832}
Value of . .
Codebook- Configuration Iy Py
Config
(8)
Nl > 1’ N2 >1 01 ’OlNl -1 01, "OZNZ -1 112,113+O0p1 1401 1111 2001 2,01 24021 .10,
1
(8)
NZ = 1 01 ’OlNl -1 0 11,111,1+01,i1 142011 1+30 iy 2,i1,2,11, 24012
(8)
2 N;>1N,>1 0L---4N, -1 0L---4N, -1 it 1 g+ 1 dn o o+ o+
(8)
N, >N, 01---4N; -1 014N, -1 i1 1+ i 481112015 s iy 5+ by o+
3
(8)
N, <N, 014N, -1 01---,4N; -1 Tty H iy A o iy o+ 5811 512
N, >N,
1=72 _ _ (®)
N2 >1 01, '4Nl 1 01, '4N2 1 h1.1 i1 4811 +12005 5.0 5.0 5001
4 N. =1 01---4N, -1 0 ®
2= ’ g 1 1114011+ 148011121 501 2401 2401 2
(8)
N, <N, 014N, -1 014N, -1 Ty it 1101 2y 2+ i o481y o412
T N8P Vo, 0, Vo0, Voo Voyon Voron Voron Yoron TVoro
L 2472 42 44 474 4 4 74 4 "4 4 "4
for Codebook-Config = 2-4
1 [Vim VYim V.. V.. oV V. V. . _
L M m T e TEm s Em e codehook-Config = 1
R VBP [Vim Vim Vi Viw Viw Ve Vew Ve

ETSI



3GPP TS 36.213 version 15.12.0 Release 15 239 ETSI TS 136 213 V15.12.0 (2021-02)

For 4 antennaports  {15,16,17,18 }, 8 antennaports  {15,16,17,18,19,20,21,22 }, 12 antenna ports
{1516,17,18,19,20,21,22,23,24,25,26 }, 16 antenna ports
{15,16,17,18,19, 20, 21,22, 23,24, 25,26, 27,28,29,30 }, 20 antenna ports {15,16,17....,34 }, 24 antenna ports
{1516,17,...,38 }, 28 antennaports  {1516,17,...,42 }, 32 antenna ports  {15,16,17,...,46 }, and UE configured with
higher layer parameter advancedCodebookEnabled=TRUE, and v <2 with © equal to the associated RI value, each

PMI value corresponds to four codebook indices given in Table 7.2.4-17C, where the quantities ¢,,, U,and v, ., are
given by

_ alm/2
oy =™
i 27am . 2rim(N,-1)
Up=1 e%N2 g O:N
2 2Ny T
Vim=|Un e°Mu, .. e %M u,

- Thevauesof N;, N, areconfigured with the higher-layer parameter codebookConfig-N1, and
codebookConfig-N2 respectively. The supported configurations of (Nl, N2) for agiven number of CSI-RS
ports are given in Table 7.2.4-9. In addition, (N;,N,)=(21) and (N;,N,)=(41) are also supported
configurations. The number of CSI-RS ports, P, is 2N;N,. O, =4; O,=1 if N, =1, O, =4otherwise.

- UEshall only use i; , = 0and shall not report iy ,if the value of codebookConfigN2 is set to 1.

- Afirst PMI value i; corresponds to the codebook indices combination {iLl,iLZ,im}, and a second PMI value
i, corresponds to the codebook index i, givenin Table 7.2.4-17C for 1-layer and 2-layers. i, =i,, for 1-

layer, and i, =64-i,,+i,, for2-layerswhere i,, istheindex for the i layer. The mapping of i;; to d;
and d, isgiveninTable7.2.4-17A and relative power indicator (RPI), | p,t0 p isgiveninTable7.2.4-17B.

- In some cases codebook subsampling is supported. The sub-sampled codebook for PUCCH mode 1-1 for value
of RI =2 isdefinedinTable7.2.2-1H for PUCCH Reporting Type 2b.

Table 7.2.4-17A: Mapping of i, fieldto d, and d,

N, > N,, N, >N,
TN, =3 | N =2, 27T IN,=3 | N;28 | Ny=2, | N,=4,
Value of | N, =24, N, >4,
i N,=2 | N,=2 N, = N,=1 | N, = ,=1
13 N, =1 N, =1
d | d|d|d|d|d|d | d|d|d|d|d]|d d d]|d
0 1 0 110 1 0 0 1 0 1 110 1 0 1 0
1 2 0 210 0 1 0 2 0 2 210 2 0
2 3 0 0 1 1 1 0 3 1 0 310 3 0
3 0 1 1 1 1 0 1 1 4 10
4 1 1 2 1 1 1 1 2 510
5 2 1 1 2 6 | 0
6 3 1 1 3 710
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Table 7.2.1-17B: Mapping of |, fieldto p

Value of |p field
0

I—‘*QE‘O'O
NS

Table 7.2.4-17C: Codebook for 1-layer and 2-layer CSl reporting using antenna ports 15 to 14+P

1 and 2 Layers

i, /4]

0 1 2 3
N, >1LN, >1
v v v v
11,11 ,4d;,4d,,p,00,i, ,, 111,11 ,401,4d,,p,0,Li, ,, 1 1.1 ,4d;,4d,,p,0,2,i5 , 111,11 2,4d1,4d,,p,0,3, ,
0<i, <4N,-1 4 > 6 7
11 1
v v v v
0< I, < 4N2 1, 101 2,401,405, 0,10,i5 , Iy.1401,2,40;,4d,,p 1L, , l1101,2,401,4d5,p,1,2,05 , 112,401,405, p,1,3i5
8 9 10 11
0<i,, <63
v v v v
I1.1401,2,4d1,4d5,p,2,0,i5 ,, 11,1,0,2,401,4d5,p,2. L5 ,, Ih.100,2,401,405,p,2,2,i5 ,, 11151,2,40,40d,,P,2,3,i5 ,,
12 13 14 15
v v v v
W i 044,300, | Wi addiadpatin, | Woiisadiddy pazin,| Vi sddyadyp33is,
iy, /4]
N. =1 0 1 2 3
2
v v v v
I1,151,2,40;,d5,p,0,0,i ,, 1111,2,401,05,p,0Li5 ,, I1,151,2,40,05,0,0,2i5 ,, 111:11,2,401,d,,P,0,3,i
0<i;,;<4N,-1 4 5 6 7
i =0 v v v v
12 = ¥ 11,1,01,2,40;,d2, 01,05, 111 2,4d1,02,p.L105 11,1,01,2,401,d2,0.1,2,i , I1.1401,2,401,d2,P. 1,32,
0< I, <63 8 9 10 11

v
Iy .141,2,401,d5,P,2,0,i5 ,

v
h1id12,401,05, 0,210,

v
lp1i12,P,401,05,2,25

v
l1i1,2,P401,05,2,3i5 ,

12

13

14

15

v
11.1,01,2,40;,d2,P,30iz,,

v
11.1,01,2,401,d5, 0,315,

v
111 2,401,d2,P,3,2iiz,,

v
I1.1401,2,401,d2,0.33,i2,
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1 Vklvkz + p¢q3Vk1+ml,k2+mz

- ,0=12
P(1+ pz) Pq, (Vkl,kz + p(quVkﬁmlvkz*mz)

v j—
Vvkl,kzmnb,pvoaqu,qs -

For one layer:

@ — Wt

Kiko My My, 0,0, 0,0~ KKy My My, 0,040 05
and for two layers:

e

k1,kz,m1,mz2,0,41,1,92,1,93,1,91,2:92,2/93,2

1 2
\/i [Wk1vkz;m1vmz,p.41,1v42,1v43,1 kakz.mpmz.P,Q1,2;QZ,2;‘13,2]

For a UE configured with higher layer parameter eMIMO-Type, and eMIMO-Typeis set to 'CLASS B', and one CSI-RS
resource configured, and higher layer parameter alter nativeCodebookEnabledCLASSB_K1=TRUE configured, or a UE
configured with higher layer parameter eMIMO-Type2, and eMIMO-Type2 is set to 'CLASS B', and one CSI-RS
resource configured, and higher layer parameter alter nativeCodebookEnabledCLASSB _K1=TRUE configured,

- For 2 antennaports {1516 }, aPMI vaue corresponds to the codebook index N given in Table 7.2.4-18 with
v equal to the associated RI value.

- For 2 antenna ports{ 15,16}, UE shall only use the precoding matrix corresponding to codebook index O in Table
6.3.4.2.3-1 of [3] with v =2 and shall not report PMI value if the UE is configured with higher layer parameter
semiOpenLoop=TRUE.

- For 4 antennaports {1516,17,18 }, aPMI corresponds to the codebook index N givenin Table 7.2.4-19 with
v equal to the associated RI value.

- For 4 antennaports {1516,17,18 }, UE shall not report PMI value and shall use the precoding matrix for RES
of j'" PRB-pair accordingto W(j) = C, , where k isthe precoder index given by k = (j mod 4)+1¢ {1,2,3,4}
and C;,C,,C;,C, denote precoder matrices corresponding to precoder indices 12,13,14 and 15, respectively, in
Table 6.3.4.2.3-2 of [3] with v =2 if the UE is configured with higher layer parameter semiOpenLoop=TRUE.

- For 8 antennaports {15,16,17,18,19,20,21,22 }, aPMI value corresponds to the codebook index N givenin
Table7.2.4-20 with v equal to the associated RI value.

where qﬁN) isalength-N column-vector where its I-th element is 1 for k=I (k,| € {O,l~ -+.N —1}), and 0 otherwise.

Table 7.2.4-18: Codebook for v -layer CSl reporting using antenna ports {15,16}

Codebook Number of layers v
index, n 1 2
111 111 1
° \/Em EL —1}
111 111 1
' ﬁu EL —J
111
’ EM '
aHl
’ V2| '
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Table 7.2.4-19: Codebook for v -layer CSI reporting using antenna ports {1516,17,18 }

Codeboo Number of layers v
k index, n 1 2 3 4
. iﬁ”} ;{e@ esﬂ i{eg@ ) ef)} i{eéz) 4 o e@}
ﬁ e(()z) 2 e(()2) _ e((Jz) JE ec(>2) _ ec(>2) _efz) 2 ﬁ e(()z) eiz) _ e(()Z) _ eEz)
C | af @] [ D[ [ @ P L[ A a
V2] | 2] || Vole? e || 22| i i e e
2 i{ eéz)} ;Pm %m} i{e@ 42 e@}
i) | 2le? 42| | Voo o -
; i{ esﬂ g{e@ e@} i{e@ & ega}
2|-i-d? ]| 2lie? i) | Vo[ef o -
BEIEE
ﬁ eiz) 2 e(()2) _eiz)
RECIEEA
Va|-¢?] | 2|jef - ief?
6 i{ & 1{#) e‘(’ﬂ
i) | 2o o
RERIEFEA
2|-i ]| 2[ie? e
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Table 7.2.4-20: Codebook for v -layer CSI reporting using antenna ports {1516,17,18,19,20,21,22 }

Codeboo Number of layers v
k index, 1 2 3 4
n
o [ [ afe ] e W @] Lfa 4 &
72| & 2| el | | Volel —ed —d¥| 20z & e —e¥
T B A A
V2| -d9] | 2l i) Vold0 -t o] 2/2|id et - - e
A T a[e ]| [ e ]| 1A & ¢
2 id| | 2[e ¥ | J6|d e g 22| Y g _gd
ol Jlafd? e | ale? e )] 1 e d dY e
V2[-jd’ ]| 2)je? —je? | Jelel ) -] | 2/2|jd? & -je? -je
. 1 e}4) 1 e54) eé“) 1 e£4) e£4) (4) 1 e(24) eg4) E,/(24) %(4)
72| &9 2| el | | Volel e —d| 20z & el —elf
] 1] [ afel) ] 1 0 ] 1 [e ) e el
V2| -dY| | 2] -] Vol —dY -] 2v2|je e - i) —jel?
A 1 e£4) 1 e3(4) eg4> 1 'e£4) eg4) eé“)} 1 %(4) et()4) %(4) e(()“)
2| - e£4) 2 %(4) _%(4) \/E_ef“) E,/(24) _6(24) —2 \/5 %(4) 934) ) —934)
L[ o o
O I A I = L GG (4) (4)
! ELEY‘) 2| jel - je Vole? d? 4| 2 [.93(4) N (@ %-(zu e-0(4
/2] je j&Y -jd" —je
1 eg4 1 eé4) e}4) 1 'eé4) eg‘) (4)
8 V2| e 20 —e®| | Joled —od _d
1 {egu)} 1{&)4) o } 1) &9 &4
9 - =P : —
ﬁ _(_3(24) 2 je(()4) —je£4) \/6_%(4) —6(24) %(4)
y 1 e§4) 1 SO 1 e & e
\/E j- e§4) 2 e£4) _ eg“) \/6_6(24) %(4) _ a4
R AR
V2l-i-¢)| 2lid? i) VBl o o
1 eg4) 1 e(()4) %(4) 1 "%(4) %(4) e(()4) ]
12 Tole®| | 2le® _o@| | Tole® _o@ _o@
V2| € e -&V| | Vol - -
1 [ & e o ] 1[dd o o]
13 Tl_d®| | 2] i@ i@ Tole® _od _ o
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Codebook Number of layers v
index, n 5 6
0 i e‘(()4) e(()4) e£4) e£4) 6(24) i e(()4) e‘(()4) e£4) e£4) 6(24) 6(24)
m e(()4) _ e((f) e£4) _ e£4) e,g“) 2 @ e(()“) _ e(()4) e£4) _ e£4) E,/g4) _ eg4)
1-15 - -
Codebook Number of layers v
index, n 7 8
0 i e(()4) e‘(()4) e£4) e£4) 6(24) 6(24) %(4) l e‘(()4) e‘(()4) e£4) e£4) 6(24) 6(24) e\()’4) Q(,,4)
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7.2.5 Channel-State Information — Reference Signal (CSI-RS) definition

For aserving cell and UE configured in transmission mode 9 and not configured with higher layer parameter eMIMO-
Type and eMIMO-Type2, the UE can be configured with one CSI-RS resource configuration.

For aserving cell and UE configured in transmission mode 9 and configured with higher layer parameter eMIMO-Type,
and eMIMO-Typeisset to 'CLASS A', the UE can be configured with one CSI-RS resource configuration.

For a serving cell and UE configured in transmission mode 9 and configured with higher layer parameter eMIMO-Type,
and eMIMO-Typeis set to 'CLASS B', the UE can be configured with one or more CSI-RS resource configuration(s).

For aserving cell and UE configured in transmission mode 9 and configured with higher layer parameter eMIMO-
Type2, and eMIMO-Type2 is set to 'CLASS B', the UE can be configured with one CSI-RS resource configuration.

For aserving cell and UE configured in transmission mode 10, the UE can be configured with one or more CSI-RS
resource configuration(s).

The following parameters for which the UE shall assume non-zero transmission power for CSI-RS are configured via
higher layer signaling for each CSI-RS resource configuration:

- CSI-RS resource configuration identity, if the UE is configured in transmission mode 9 and configured with
higher layer parameter eMIMO-Type, and eMIMO-Typeis set to 'CLASS B', and the UE is configured with more
than one CSI-RS resource configurations, or if the UE is configured in transmission mode 10,

- Number of CSI-RS ports. The alowable values and port mapping are given in Subclause 6.10.5 of [3].
- CSl RS Configuration (see Table 6.10.5.2-1 and Table 6.10.5.2-2 in [3])

- CSl RS subframe configuration |~g_gs except for aperiodic CSI-RS resource configuration. The allowable
values are given in Subclause 6.10.5.3 of [3].

- UE assumption on reference PDSCH transmitted power for CSI feedback P, , if the UE is configured in
transmission mode 9.

- UE assumption on reference PDSCH transmitted power for CSl feedback P. for each CSI process, if the UE is
configured in transmission mode 10. If CSI subframe sets Ccg g and Ccg 1 are configured by higher layers
for a CSl process, P, isconfigured for each CSI subframe set of the CSI process.

- Pseudo-random sequence generator parameter, n. The allowable values are given in [11].

- CDM type parameter, if the UE is configured with higher layer parameter eMIMO-Type, and eMIMO-Typeis set
to 'CLASS A' for a CSl process. The allowable vaues are given in Subclause 6.10.5.2 of [3].

- frequencyDensity, if the UE is configured with higher layer parameter eMIMO-Type or eMIMO-Type2 for aCSl
process. The allowable values are given in Subclause 6.10.5.2 of [3].

- transmissionComb, if the UE is configured with higher layer parameter eMIMO-Type or eMIMO-Type2 for a
CSl process. The alowable values are given in Subclause 6.10.5.2 of [3].

- Higher layer parameter gcl-CRS-Info-r11 for quasi co-location type B or type C UE assumption of CRS antenna
ports and CSI-RS antenna ports with the following parameters, if the UE is configured in transmission mode 10:

- gcl-Scramblingldentity-r11.
- crs-PortsCount-r11.
- mbsfn-SubframeConfigList-r11.

P. isthe assumed ratio of PDSCH EPRE to CSI-RS EPRE when UE derives CSI feedback and takes valuesin the
range of [-8, 15] dB with 1 dB step size, where the PDSCH EPRE corresponds to the symbols for which the ratio of the
PDSCH EPRE to the cell-specific RS EPRE isdenoted by p,, as specified in Table 5.2-2 and Table 5.2-3.

A UE should not expect the configuration of CSI-RS and PMCH in the same subframe of a serving cell.
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For frame structure type 2 serving cell and 4 CRS ports, the UE is not expected to receive a CSlI RS Configuration index
(see Table 6.10.5.2-1 and Table 6.10.5.2-2 in [3]) belonging to the set [20-31] for the normal CP case or the set [16-27]
for the extended CP case.

A UE may assume the CSI-RS antenna ports of a CSI-RS resource configuration are quasi co-located (as defined in [3])
with respect to delay spread, Doppler spread, Doppler shift, average gain, and average delay.

A UE configured in transmission mode 10 and with quasi co-location type B or type C, may assume the antenna ports 0
— 3 associated with gcl-CRS Info-r11 corresponding to a CSI-RS resource configuration and antenna ports 15 — 46
corresponding to the CSI-RS resource configuration are quasi co-located (as defined in [3]) with respect to Doppler
shift, and Doppler spread.

A UE configured in transmission mode 10, and configured with higher layer parameter eMIMO-Type, and eMIMO-Type
isset to 'CLASS B', and the number of configured CSI-RS resources is more than one for a CSl process, and with quasi
co-location type B, is not expected to receive CSI-RS resource configurations for the CSl process that have different
values of the higher layer parameter qcl-CRS-Info-r11.

A UE configured in transmission mode 10, and configured with higher layer parameter eMIMO-Type and eMIMO-
Type2, and with quasi co-location type B, is not expected to receive CSI-RS resource configurations for eMIMO-Type
and eMIMO-Type2 of the CSI process that have different values of the higher layer parameter qcl-CRS-Info-r11.

A BL/CE UE configured with CEModeA or CEModeB is not expected to be configured with non-zero transmission
power CSI-RS.

A UE configured in transmission mode 9 or 10, and configured with higher layer parameter eMIMO-Type, and eMIMO-
Typeissetto 'CLASS A, and more than one CSI-RS configurations for a CSI-RS resource, is not expected to receive
CSI-RS configurations for the CSI-RS resource that have different values of frequencyDensity.
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7.2.6 Channel-State Information — Interference Measurement (CSI-1M)
Resource definition

For a serving cell and UE configured in transmission mode 10, the UE can be configured with one or more CSI-IM
resource configuration(s). The following parameters are configured via higher layer signaling for each CSI-IM resource
configuration:

- Zero-power CSl RS Configuration (see Table 6.10.5.2-1 and Table 6.10.5.2-2 in [3])

- Zero-power CSI RS subframe configuration |g_grs. The alowable values are given in Subclause 6.10.5.3 of
(3].

For aserving cell, if aUE is not configured with the higher layer parameter csi-SubframePatternConfig-ri2, the UE is
not expected to receive CSI-IM resource configuration(s) that are not all completely overlapping with one zero-power
CSI-RS resource configuration which can be configured for the UE.

A UE is not expected to receive a CSI-IM resource configuration that is not completely overlapping with one of the
zero-power CSI-RS resource configurations defined in Subclause 7.2.7.

For aserving cell, if aUE is not configured with CSI subframe sets Ccg o and CCSLl for any CSI process, and the

UE is configured with four CSI-IM resources, then the UE is not expected to be configured with CS| processesthat are
associated with all of the four CSI-IM resources.

A UE should not expect the configuration of CSI-IM resource and PMCH in the same subframe of a serving cell.

7.2.7 Zero Power CSI-RS Resource definition

For aserving cell and UE configured in transmission mode 1-9 and UE not configured with csi-
SubframePatternConfig-r12 for the serving cell, the UE can be configured with one zero-power CSI-RS resource
configuration. For a serving cell and UE configured in transmission mode 1-9 and UE configured with csi-
SubframePatternConfig-r12 for the serving cell, the UE can be configured with up to two zero-power CSI-RS resource
configurations. For a serving cell and UE configured in transmission mode 10, the UE can be configured with one or
more zero-power CSI-RS resource configuration(s).

For a serving cell, the UE can be configured with up to 5 additional zero-power CSI-RS resource configurations
according to the higher layer parameter ds-ZeroTxPower CS-RSr12.

The following parameters are configured via higher layer signaling for each zero-power CSI-RS resource configuration:
- Zero-power CSI RS Configuration list (16-bit bitmap ZeroPowerCS-RSin [3])

- Zero-power CSI RS subframe configuration |~g_gs except for aperiodic zero-power CSI-RS resource
configuration. The allowable values are given in Subclause 6.10.5.3 of [3].

A UE should not expect the configuration of zero-power CSI-RS and PMCH in the same subframe of a serving cell.

For frame structure type 1 serving cell, the UE is not expected to receive the 16-bit bitmap ZeroPower CSl-RS with any
one of the 6 LSB bits set to 1 for the normal CP case, or with any one of the 8 LSB bits set to 1 for the extended CP
case.

For frame structure type 2 serving cell and 4 CRS ports, the UE is not expected to receive the 16-bit bitmap
ZeroPower CS-RSwith any one of the 6 LSB bits set to 1 for the normal CP case, or with any one of the 8 LSB bits set
to 1 for the extended CP case.

A BL/CE UE configured with CEModeA or CEModeB is not expected to be configured with zero-power CSI-RS.

7.2.8 CSI-RS Activation / Deactivation

For aserving cell and UE configured in transmission mode 9 or 10 and for a CSl process the UE configured with higher
layer parameter eMIMO-Type and eMIMO-Typeis set to 'CLASS B',

- if the UE is configured with higher layer parameter csi-RS-ConfigNZP-ApList, the higher layer parameter csi-RS
NZP-modeis set to aperiodic, and number of configured CSI-RS resourcesin csi-RS ConfigNZP-ApList is more
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than 2 and more than the number of activated CSI-RS resources N given by the higher layer parameter
activatedResources for the CSI process, or

- if the higher layer parameter csi-RS-NZP-mode is set to multi Shot,

- when aUE receives an activation command [8] for CSI-RS resource(s) associated with the CS| processin
subframe n, the corresponding actionsin [8] and UE assumption on CSI-RS transmission corresponding to the
min(4,N,Nqg _g) activated CSI-RS resource(s) shall be applied no later than the minimum reguirement
defined in [10] and no earlier than subframe n+8, where N isthe number of activated CSI-RS resources for the
CSl process, and Nig _gis the maximum number of CSI-RS resources supported by the UE for a CSI process

of the serving cell given by the higher layer parameter nMaxResource-r14 included in the MIMO-UE-
ParametersPer TM-r 14xy,

- when a UE receives a deactivation command [8] for activated CSI-RS resource(s) associated with the CSI
process in subframe n, the corresponding actionsin [8] and UE assumption on cessation of CSI-RS transmission
corresponding to the deactivated CSI-RS resource(s) shall apply no later than the minimum requirement defined
in [10] and no later than subframe n+8.

7.3 UE procedure for reporting HARQ-ACK

If the UE is not configured with shortTTI, the term 'subframe/dlot’ refers to a subframe in this subclause.

If the UE is configured with shortTTl, and UCI isto be transmitted in a dlot, the term 'subframe/slot’ refersto a slot,
subframe otherwise, in this subclause.

If the UE is configured with shortTTl, and UCI isto be transmitted in a subdlot, the term 'slot/subslot’ refers to a subdlot,
slot otherwise, in this subclause.

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

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

- When the procedures are applied for secondary PUCCH group, the terms 'secondary cell’, 'secondary cells,
'serving cell' and 'serving cells in this clause refer to secondary cell, secondary cells (not including the PUCCH-
SCell), serving cell, serving cells belonging to the secondary PUCCH group respectively unless stated otherwise.
The term ‘primary cell' in this clause refers to the PUCCH-SCell of the secondary PUCCH group.

If each of the serving cell(s) configured for the UE has frame structure type 1, the UE procedure for HARQ-ACK
reporting for frame structure type 1 is given in Subclause 7.3.1.

If each of the serving cell(s) configured for the UE has frame structure type 2, the UE procedure for HARQ-ACK
reporting for frame structure type 2 is given in Subclause 7.3.2.

If the UE is configured with more than one serving cell, and if the frame structure type of any two configured serving
cellsisdifferent, and if the primary cell is frame structure type 1, UE procedure for HARQ-ACK reporting is given in
Subclause 7.3.3.

If the UE is configured for more than one serving cell, and if the frame structure type of any two configured serving
cellsisdifferent, and if the primary cell isframe structure type 2, UE procedure for HARQ-ACK reporting is given in
Subclause 7.3.4.

For a UE configured with EN-DC/NE-DC and serving cell frame structure type 1, if the UE is configured with
subframeAssignment-r 15 for the serving cell, UE procedure for HARQ-ACK reporting for the serving cell isgivenin
Subclause 7.3.4 assuming primary cell frame structure type 2 with "UL/DL configuration" given by
subframeAssignment-r15. The UE shall apply an offset value given by harg-Offset-r15 to the subframe index in the
UL/DL configuration for determining the HARQ-ACK reporting for the serving cell. The UE is not expected to
transmit any uplink physical channel or signal in the serving cell on subframes other than the offset-UL subframes,
where the offset-UL subframes are determined by applying the offset value to the subframes denoted as uplink in the
UL/DL configuration. For a PDSCH data transmissions signalled via PDCCH in common search space for which
HARQ-ACK response shall be provided, the UE shall assume the value of the DAI field in the corresponding DCI
format isequal to '1'. If the UE transmits HARQ-ACK on PUSCH scheduled via PDCCH in common search space, the
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UE shall assume the value of the DAI field in the DCI format for scheduling the PUSCH is equal to '1' and the UE is
not expected to receive PDSCH scheduled via PDCCH/EPDDCH in UE-specific search space for which the HARQ-
ACK response is multiplexed onto the PUSCH.

For a UE configured with EN-DC/NE-DC and more than one serving cells with primary cell frame structure type 1, if
the UE is configured with subframeAssignment-r15 for the primary cell, UE procedure for HARQ-ACK reporting of
each secondary cell follows the procedure of the primary cell.

Throughout this section,

- if the UE is configured with higher layer parameter shortProcessingTime and the corresponding PDCCH with
CRC scrambled by C-RNTI isin the UE-specific search space, K, = 3 and Kk, = 4 otherwise.

- if the UE is configured with higher layer parameter shortTTI and for PDSCH transmissionsin asubslot, X p is
determined based on higher layer parameter proc-Timeline-r15, where

- X, =4if proc-Timeline-r15 is set to 'nplusdsetl’
- X b= 6 if proc-Timeline-r15 is set to 'nplustsetl’ or 'nplus6set2’
- X, =8if proc-Timeline-r15 is set to 'nplusBset2’

If the UE is configured with higher layer parameter shortTTI, and the UE has received dot/subslot-PDSCH without an
associated PDCCH/SPDCCH or with an associated PDCCH/SPDCCH with DCI format 7-1A/7-1B/7-1C/7-1D/7-1E/7-
1F/7-1G for which slot/subslot-PUCCH including HARQ-ACK and SR (if any) isto be transmitted on slot/subslot s of
subframe n,

- If the UE is configured with higher layer parameter codebooksizeDetermination-r13 = dai, the UE shall transmit
the HARQ-ACK corresponding to subframe-PDSCH on the slot/subslot-PUCCH if the UE has received
subframe-PDSCH without an associated PDCCH/SPDCCH or with an associated PDCCH/EPDCCH with DCI
format 1/1A/1B/1D/2/2A/2B/2C/2D on subframe n — k of aserving cell and if the slot/subslot-PUCCH isthe
first occurrence of the slot/subsot-PUCCH/PUSCH in the subframe;

- If the UE is configured with no more than five serving cells or if the UE is configured with higher layer
parameter codebooksizeDetermination-r13 = cc, the UE shall transmit the HARQ-ACK corresponding to
subframe-PDSCH for all serving cells on the dot/subslot-PUCCH regardless whether the UE has received
subframe-PDSCH without an associated PDCCH/SPDCCH or with an associated PDCCH/EPDCCH with DCI
format 1/1A/1B/1D/2/2A/2B/2C/2D associated with subframe-PDSCH for any of the serving cell(s) on subframe

n — k . If the UE has not received subframe-PDSCH for a serving cell on subframen — k , the corresponding
HARQ-ACK bit(s) is NACK;

and

- k=k, forFDD,and ke K for TDD where K isdefined in Table 10.1.3.1-1B if the UE is configured with

higher layer parameter shortProcessingTime and the corresponding PDCCH with CRC scrambled by C-RNTI is
in the UE-specific search space for subframe-PDSCH, and in Table 10.1.3.1-1 otherwise.

- gpatia bundling of the HARQ-ACK corresponding to subframe-PDSCH is applied if the HARQ-ACK isto be
transmitted on

- subdot sor

- dot sand spatialBundlingPUCCH is set TRUE.

~ LACK =~ LACK ~ LACK

- the sequence of HARQ-ACK bit(s) corresponding to subframe-PDSCH o,™" 0, ,..., Ogucx 4 is determined
in Subclause 5.2.3.1A of [4]
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If the UE is configured with higher layer parameter shortTTl, and the UE transmits slot/subslot-PUSCH on slot/subsl ot
s of subframe n without associated PDCCH/SPDCCH or with associated PDCCH/SPDCCH with DCI format 7-0A/7-
0B and if the UE is not configured with simultaneous PUSCH and PUCCH transmission,

- the UE shall transmit the HARQ-ACK corresponding to subframe-PDSCH on the slot/subslot-PUSCH if the UE
has received subframe-PDSCH on subframe n — k of aserving cell and if the slot/subslot-PUSCH isthe first
occurrence of the slot/subslot-PUCCH/PUSCH in the subframe;

- if the UE is configured with no more than five serving cells or if the UE is configured with higher layer
parameter codebooksizeDeter mination-r13 = cc, the UE shall transmit the HARQ-ACK corresponding to
subframe-PDSCH for all serving cells on the slot/subslot-PUSCH if the UE has received sl ot/subsl ot-PDSCH
without an associated PDCCH/SPDCCH or with an associated PDCCH/SPDCCH with DCI format 7-1A/7-
1B/7-1C/7-1D/7-1E/7-1F/7-1G for which HARQ-ACK response shall be provided on slot/subsot s of subframe
n, and

- if the UE hasreceived subframe-PDSCH without an associated PDCCH/EPDCCH or with an associated
PDCCH/EPDCCH with DCI format 1/1A/1B/1D/2/2A/2B/2C/2D for at least one of the serving cell(s) on
subframe n — k , or

- if the UE has not received subframe-PDSCH without an associated PDCCH/EPDCCH or with an associated
PDCCH/EPDCCH with DCI format 1/1A/1B/1D/2/2A/2B/2C/2D for any of the serving cell(s) on subframe
n — k , and if the slot/subslot-PUSCH is the first occurrence of the slot/subslot-PUCCH/PUSCH in the
subframe;

- the corresponding HARQ-ACK bit(s) is NACK, if the UE has not received subframe-PDSCH without an
associated PDCCH/SPDCCH or with an associated PDCCH/EPDCCH with DCI format
1/1A/1B/1D/2/2A/2B/2CI2D for a serving cell(s) on subframe n — k ;

and

- k=k, forFDD,and ke K for TDD where K isdefined in Table 10.1.3.1-1B if the UE is configured with

higher layer parameter shortProcessingTime and the corresponding PDCCH with CRC scrambled by C-RNTI is
in the UE-specific search space for subframe-PDSCH, and in Table 10.1.3.1-1 otherwise.

- gpatia bundling of the HARQ-ACK corresponding to subframe-PDSCH is applied if the HARQ-ACK isto be
transmitted on

- subdot sor

- dot sand spatialBundlingPUCCH is set TRUE

- the sequence of HARQ-ACK bit(s) corresponding to subframe-PDSCH 5 6,4 ..., 6505k | isdetermined
in Subclause 5.2.2.6 of [4].

If the UE is configured with higher layer parameter blindSubframePD SCH-Repetitions for a given serving cell, UE
procedure for HARQ-ACK reporting for the serving cell corresponding to a PDCCH/EPDCCH with DCI format 1A
with CRC scrambled by C-RNTI in UE-specific search space is given in this clause assuming the subframe-PDSCH is
received in the last subframe of the set of received k DL subframes according to the PDCCH/EPDCCH information as
described in subclause 7.1.

If the UE is configured with higher layer parameter blindS otSubs otPDSCH-Repetitions for a given serving cell, UE
procedure for HARQ-ACK reporting for the serving cell corresponding to a PDCCH/SPDCCH with DCI format 7-
1A/7-1B/7-1C/7-1D/7-1E/7-1F/7-1G with CRC scrambled by C-RNTI is given in this clause assuming the slot/subslot-
PDSCH isreceived in the last slot/subslot of the set of received k DL dlots/subslots according to the PDCCH/SPDCCH
information as described in subclause 7.1.

7.3.1 FDD HARQ-ACK reporting procedure

For FDD with PUCCH format 1a/1b transmission, when both HARQ-ACK and SR are transmitted in the same sub-
frame/dot, a UE shall transmit the HARQ-ACK on its assigned HARQ-ACK PUCCH format 1&/1b resource for a
negative SR transmission and transmit the HARQ-ACK on its assigned SR PUCCH resource for a positive SR
transmission.
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For FDD with PUCCH format 1atransmission, when both HARQ-ACK and SR are transmitted in the same subslot, a
UE shall transmit the HARQ-ACK hit according to Table 7.3.1-0A;

Table 7.3.1-0A: PUCCH format 1laresource for transmission of HARQ-ACK bit and SR

HARQ-ACK SR transmission Resource for HARQ-ACK bits transmission

ACK/NACK negative HARQ-ACK PUCCH format la resource
NACK positive The first SR PUCCH resource value configured by the higher layers
ACK positive The second SR PUCCH resource value configured by the higher layers

for FDD with PUCCH format 1b transmission, when both HARQ-ACK and SR are transmitted in the same subslot, a
UE shall transmit the HARQ-ACK bits according to Table 7.3.1-0B;

Table 7.3.1-0B: PUCCH format 1b resource for transmission of HARQ-ACK bits

HARQ-ACK(0)

HARQ-ACK(1)

SR transmission

Resource for HARQ-ACK bits transmission

ACK/NACK ACK/NACK negative HARQ-ACK PUCCH format 1b resource

NACK NACK positive The first SR PUCCH resource value configured by the higher
layers

ACK NACK positive The second SR PUCCH resource value configured by the higher
layers

NACK ACK positive The third SR PUCCH resource value configured by the higher
layers

ACK ACK positive The fourth SR PUCCH resource value configured by the higher
layers

where SR PUCCH resources are configured by higher layer parameter sr-SubslotSPUCCH-Resource, and HARQ-
ACK(j), j=0, 1 denotes the ACK/NACK response for atransport block or SPS release PDCCH/EPDCCH/SPDCCH
associated with serving cell c.

For FDD with PUCCH format 1b with channel selection, when both HARQ-ACK and SR are transmitted in the same
sub-frame a UE shall transmit the HARQ-ACK on its assigned HARQ-ACK PUCCH resource with channel selection as
defined in Subclause 10.1.2.2.1 for a negative SR transmission and transmit one HARQ-ACK bit per serving cell onits
assigned SR PUCCH resource for a positive SR transmission according to the following:

— if only onetransport block or a PDCCH/EPDCCH indicating downlink SPS release is detected on a serving
cell, the HARQ-ACK hit for the serving cell isthe HARQ-ACK hit corresponding to the transport block or the
PDCCH/EPDCCH indicating downlink SPS release;

— if two transport blocks are received on a serving cell, the HARQ-ACK hbit for the serving cell is generated by
spatially bundling the HARQ-ACK bits corresponding to the transport blocks;

— if neither PDSCH transmission for which HARQ-ACK response shall be provided nor PDCCH/EPDCCH
indicating downlink SPS release is detected for a serving cell, the HARQ-ACK bit for the serving cell is set to

NACK;

and the HARQ-ACK bits for the primary cell and the secondary cell are mapped to p(0) and (1) , respectively, where

b(0) and p(1) arespecifiedin Subclause5.4.1in[3].

For FDD, when a PUCCH format 3/4/5 transmission of HARQ-ACK coincides with a subframe/slot/subgl ot configured
to the UE by higher layers for transmission of a scheduling request, the UE shall multiplex HARQ-ACK and SR bitson
HARQ-ACK PUCCH resource as defined in Subclause 5.2.3.1 in [4], unless the HARQ-ACK correspondsto a
subframe-PDSCH transmission on the primary cell only or a PDCCH/EPDCCH indicating downlink SPS release on the
primary cell only, in which case the SR shall be transmitted as for FDD with PUCCH format 1a/1b.

For anon-BL/CE UE for FDD and for a PUSCH transmission, a UE shall not transmit HARQ-ACK on PUSCH in
subframe/dot/subslot n if the UE does not receive PDSCH or PDCCH/SPDCCH indicating downlink SPS release in

- subframe n- kp for subframe-PDSCH or in subframe n — 4 for PDCCH indicating downlink SPS release

- dot n-4 for dot-PDSCH
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- subslot n— X b for subslot-SPDSCH if the higher layer parameter ul-TTI-Length is set to 'subslot’

- any of the subslot numberslisted in Table 10.1-1 if the higher layer parameter ul-TTI-Length is set to 'slot’ and
slot-PUSCH is transmitted in subframe M

For aBL/CE UE, for FDD and for a PUSCH transmission scheduled by an MPDCCH where the last transmission of the
MPDCCH isin subframe n-4, a UE shall not transmit HARQ-ACK on PUSCH in subframe n if there is no PDSCH or
MPDCCH indicating downlink SPS release transmitted to the UE in subframe n-4 where the last transmission of the
PDSCH or MPDCCH indicating downlink SPS release isin subframe n-4.

When only apositive SR is transmitted using subframe-PUCCH, a UE shall use PUCCH Format 1 for the SR resource
asdefined in Subclause 5.4.1in[3].

When only a positive SR is transmitted using slot/subslot-PUCCH, a UE shall use PUCCH Format 1 for the first SR
resource configured by higher layers as defined in Subclause 5.4A.2in [3].

If aUE is configured with higher layer parameter codebooksizeDetermination-r13 = dai and PDSCH is associated with
DCI format 1/1A/1B/1D/2/2A/2B/2C/2D, the following HARQ-ACK reporting procedure applies to subframe-PDSCH
operation. If aUE is configured with higher layer parameter codebooksizeDeterminationsSTTI-r15 = dai and PDSCH is
associated with DCI format 7-1A/7-1B/7-1C/7-1D/7-1F/7-1G, the following HARQ-ACK reporting procedure applies
to slot/subslot-PDSCH operation.

If aUE is configured with higher layer parameter codebooksizeDetermination-r13 = dai or with higher layer parameter
codebooksizeDeterminationsSTTI-r15 = dai, for FDD and a subframe/subslot n, the value of the counter Downlink
Assignment Indicator (DAI) in DCI format 1/1A/1B/1D/2/2A/2B/2C/2D/7-1A/7-1B/7-1C/7-1D/7-1F/7-1G denotes the
accumulative number of {serving cell, subframe/d ot/subd ot} -pair(s) with PDSCH transmission(s) associated with
PDCCH/EPDCCH/SPDCCH and serving cell with PDCCH/EPDCCH/SPDCCH indicating downlink SPS release, up to
the present serving cell and present subframe/d ot/subslot, first in increasing order of serving cell index and then in
increasing order of subframe/slot/subglot index; the value of the total DAI in DCI format
V/1A/1B/1D/2/2A12B/2C/I2D/7-1A/7-1B/7-1C/7-1D/7-1E/7-1F/7-1G denotes the total number of {serving cell,
subframe/d ot/subsl ot} -pair(s) with PDSCH transmission(s) associated with PDCCH/EPDCCH/SPDCCH (s) and

serving cell with PDCCH/EPDCCH/SPDCCH indicating downlink SPS release. Denote V2, .. asthevalue of the

counter DAI in DCI format 1/1A/1B/1D/2/2A/2B/2C/2D/7-1A/7-1B/7-1C/7-1D/7-1F/7-1G scheduling PDSCH
transmission or indicating downlink SPS release for serving cell ¢ in subframe/sot/subslot s within the set of
subframe(s)/slot(s)/subslot(s) for which HARQ-ACK response shall be provided in subframe/slot/subslot n, according

to table 7.3.1-1. Denote \/.°- asthe value of the total DAI, according to Table 7.3.1-1. The UE shall assume a

T-DAIl,s
same value of total DAI in all PDCCH/EPDCCH/SPDCCH scheduling PDSCH transmission(s) and
PDCCH/EPDCCH/SPDCCH indicating downlink SPS release in a subframe/slot/subslot.

If aUE is configured with higher layer parameter codebooksizeDetermination-r13 = dai or with higher layer parameter

codebooksizeDeterminationsSTTI-r15 = dai and if the UE transmits HARQ-ACK using PUCCH format 3 or PUCCH
~ACK =~ ACK ~ ACK

format 4 or PUCCH format 5 in subframe/slot/subslot n, the UE shall determinethe O, , O, reey OJack 4
according to the following pseudo-code:

Set ¢ = 0—cell index: lower indices correspond to lower RRC indices of corresponding cell

Sets=0

Setj=0

Set Vg, =0

Set V=

Set NC%']S to the number of cells configured by higher layers for the UE

Set S= 3 for subslot PDSCH operation with higher layer parameter dI-TTI-Length="subslot' and ul-TTI-Length="dlot’; S
= 2 for subframe-PDSCH operation with the higher layer parameter shortProcessingTime configured; 1 otherwise

whiles< S
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whilec< N2

if thereisaPDSCH on serving cell ¢ associated with PDCCH/EPDCCH/SPDCCH or thereisa
PDCCH/EPDCCH/SPDCCH indicating downlink SPS release on serving cell ¢ for which HARQ-ACK is
transmitted in subframe/slot/subgl ot n, or

ifVDL :®

C-DAIl ,c,s
Vo es = mod(Vterm , 4) +1
end if

H DL
If VC—DAI ,C,S S Vtemp

j=j+1
end if

V

_ V DL
temp — YC-DAIl,c,s

if the higher layer parameter spatial BundlingPUCCH is set FALSE and the UE is configured with a
transmission mode supporting two transport blocksin at least one configured serving cell and HARQ-
ACK is not to be transmitted on subslot-PUCCH,

58/??;(\/ - = HARQ-ACK hit corresponding to the first codeword of this cell
C-DAl c
0/ , =HARQ-ACK bit corresponding to the second codeword of this cell

8j +2(VCD—LDAI < —1)+
Vs :Vs U {81 + 2(\/CD—LDAI . _1)'8j + 2(\/CD—LDAI C _1)+1}

elseif the higher layer parameter spatialBundlingPUCCH is set TRUE and the UE is configured with a
transmission mode supporting two transport blocksin at least one configured serving cell or HARQ-ACK
isto be transmitted on subslot-PUCCH,

~ ACK
4j+V % o1

codewords of this cell

= hinary AND operation of the HARQ-ACK hits corresponding to the first and second

V,=V,U {41 +Ve oar ¢ _1}

else

~ ACK
4j+V % o1

=HARQ-ACK hit for subframe/slot/subslot s of this cell.

Vi =V,U {41 +VCD—LDAI c _1}
end if
end if
c=c+1
end while
s=s+1

end while
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If VTD—LDAI .S < Vtemp
j=j+l
end if

if the higher layer parameter spatial BundlingPUCCH is set FALSE and the UE is configured with a transmission mode
supporting two transport blocksin at least one configured serving cell and HARQ-ACK is not to be transmitted on
subslot-PUCCH,

O =2.(4- J+V&, )
else
0" =4 j+V%h,
end if
5% = NACK forany ie {01,..,0"* —1hVv,
if SPS PDSCH transmission is activated for a UE and the UE is configured to receive SPS PDSCH in subframe/sot
n—4 orinsubsot n— X,
OACK :OACK +1

ogfc'i _, = HARQ-ACK bit associated with the SPS PDSCH transmission

end if

For a UE configured with higher layer parameter codebooksi zeDetermination-r13 = dai or with higher layer parameter
codebooksizeDeterminationsSTTI-r15 = dai, if the UE transmits HARQ-ACK on PUSCH in a subframe/slot/subslot,

the UE shall determinethe 0, 0" ,..., Ggfcﬁ _, according to the above procedure as if the UE transmits HARQ-

ACK using PUCCH format 3 or PUCCH format 4 or PUCCH format 5, except that the higher layer parameter
spatialBundlingPUCCH is replaced by spatialBundlingPUSCH.

Table 7.3.1-1: Value of counter DAI and total DAI

DAI VCD}DAl cs OF Number of serving cells with PDSCH transmission associated with
MSB, DL’ ’ PDCCH/EPDCCH/SPDCCH and serving cell with PDCCH/EPDCCH/SPDCCH
LSB Vi oa indicating DL SPS release

0,0 1 lor5o0r9orl13orl17or2l1or25or29

0,1 2 2or6o0r10or14or18or22or?26or30

1,0 3 3or7orllorl5o0r19or23or27 or 31

1,1 4 Oor4or8or12or 16 or 20 or 24 or 28 or 32

If aUE is configured with higher layer parameter codebooksizeDeter mination-r13 = cc or with higher layer parameter

codebooksizeDeterminationsSTTI-r15 = cc and if the UE transmits HARQ-ACK using PUCCH format 4 or PUCCH

format 5 in subframe/siot/subslot n, the UE shall determinethe '™, 6, ,..., ngcﬁ _, @ccording to the pseudo-

code in Subclause 5.2.3.1 for subframe-PUCCH transmission and Subclause 5.2.3.1A for s ot/subslot-PUCCH
transmission in [4].

For a UE configured with higher layer parameter codebooksi zeDeter mination-r13 = cc or with higher layer parameter
codebooksizeDeterminationsSTTI-r15 = cc, if the UE transmits HARQ-ACK on PUSCH in a subframe/slot/subslot, the

UE shall determinethe 0,0, ..., Ggfcﬁ _, according to the pseudo-code in Subclause 5.2.2.6 in [4].
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For a BL/CE UE, for PDSCH transmission in subframe n-k, if the UE isin half-duplex FDD operation and is configured
with CEModeA and higher layer parameter ce-HARQ-AckBundling and the 'HARQ-ACK bundling flag' in the
corresponding DCI isset to 1, or if the UE is configured with higher layer parameter ce-SchedulingEnhancement,

- if the'HARQ-ACK delay' field in the corresponding DCI indicates value k, the UE shall determine the subframe
n asthe HARQ-ACK transmission subframe.

- the HARQ-ACK delay value k is determined from the corresponding DCI based on the higher layer parameters
according to Table 7.3.1-2.

For aBL/CE UE in half-duplex FDD operation, if the UE is configured with CEModeA, and if the UE is configured
with higher layer parameter ce-HARQ-AckBundling and the 'HARQ-ACK bundling flag' in the corresponding DCI is set
to1l,

- for HARQ-ACK transmission in subframe n, the UE shall generate one HARQ-ACK bit by performing alogical
AND operation of HARQ-ACKsacrossall 1< M <4 BL/CE DL subframes for which subframe nisthe
'HARQ-ACK transmission subframe'.

- if subframe n-k; isthe most recent subframe for which subframe nisthe 'HARQ-ACK transmission subframe’,
and if the "Transport blocks in abundl€' field in the corresponding DCI for PDSCH transmission in subframe n-
ki indicates a number of transport blocksin abundle other than M , the UE shall generate aNACK for HARQ-

ACK transmission in subframe n.

- if the UE hasreceived W PDSCH transmissions before subframe n, and if the UE is expected to transmit HARQ-
ACK for the WPDSCH transmissions in subframes {N,...n },n =N, the UE is not expected to receive a new

PDSCH transmission in subframe n, where W=10 if higher layer parameter ce-pdsch-tenProcesses-config is set
to 'On’, and W=8 otherwise.

- if the UE is expected to transmit HARQ-ACK for the PDSCH transmissions received before subframenin
subframes {Nn;,N,,N;}, N >n, the UE is not expected to receive anew PDSCH transmission in subframe n for

which the HARQ-ACK isto be transmitted in subframe n, & {n,,n,,n,}.

Table 7.3.1-2: HARQ-ACK delay for BL/CE UE in CEModeA

HARQ-ACK delay value
when ‘ce-
HARQ-ACK delay value | SchedulingEnhancement'
'HARQ-ACK delay' when 'ce- set to 'range2’, or 'ce-
field in DCI SchedulingEnhancement' | SchedulingEnhancement'
set to ‘rangel’ is not configured and 'ce-
HARQ-AckBundling’ is
set
000 4 4
001 5 5
010 7 6
011 9 7
100 11 8
101 13 9
110 15 10
111 17 11

7.3.2 TDD HARQ-ACK reporting procedure

For TDD and a UE not configured with the parameter EIMTA-MainConfigServCell-r12 for any serving cell, if the UE is
configured with one serving cell, or if the UE is configured with more than one serving cell and the TDD UL/DL
configuration of all the configured serving cellsis the same, UE procedure for reporting HARQ-ACK isgivenin
Subclause 7.3.2.1.
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For TDD, if a UE is configured with more than one serving cell and the TDD UL/DL configuration of at least two
configured serving cellsis not the same, or if the UE is configured with the parameter EIMTA-MainConfigServCell-r12
for at least one serving cell, UE procedure for reporting HARQ-ACK isgiven in Subclause 7.3.2.2.

When only a positive SR is transmitted, a UE shall use subframe-PUCCH Format 1 for the SR resource as defined in
Subclause 5.4.1in [3].

When only a positive SR is transmitted using slot-PUCCH, a UE shall use PUCCH Format 1 for the first SR resource
configured by higher layers as defined in Subclause 5.4A.2 in [3].

7.3.2.1 TDD HARQ-ACK reporting procedure for same UL/DL configuration
Unless otherwise stated, the procedure in this subclause applies to non-BL/CE UEs.

For TDD, the UE shall upon detection of a PDSCH transmission or a PDCCH/EPDCCH/SPDCCH indicating downlink
SPS release (defined in Subclause 9.2) within subframe/slot(s) n—k, where ke K, intended for the UE and for which

HARQ-ACK response shall be provided, transmit the HARQ-ACK response in UL subframe/slot nand K isdefined
in
- Table10.1.3.1-1E if the UE is configured with higher layer parameter shortTTI for slot-PDSCH and special
subframe configuration 0, 5, 9, and 10,

- Table10.1.3.1-1D if the UE is configured with higher layer parameter shortTTI for special subframe
configuration 3, 4, and 8,

- Table10.1.3.1-1C if the UE is configured with higher layer parameter shortTTI for slot-PDSCH and special
subframe configuration 1, 2, 6, 7,

- Table10.1.3.1-1B if the UE is configured with higher layer parameter shortProcessingTime and the
corresponding PDCCH with CRC scrambled by C-RNTI isin the UE-specific search space for subframe-based
PDSCH and

- Table10.1.3.1-1 otherwise.
For TDD, when PUCCH format 3/4/5 is configured for transmission of HARQ-ACK,

- for specia subframe configurations 0, 5 and 10 if configured by ssp10-CRS-LessDWPTS with normal downlink
CP or configurations 0 and 4 with extended downlink CP in a serving cell, shown in table 4.2-1 [3], the specia
subframe of the serving cell is excluded from the HARQ-ACK codebook size determination. In this case, if the
serving cell isthe primary cell, there is no PDCCH/EPDCCH indicating downlink SPS release in the special
subframe.

- for special subframe configurations 1, 2, 6, and 7 and slot-PDSCH, the second slot of DwPTS of the serving cell
is excluded from the HARQ-ACK codebook size determination. In this case, if the serving cell isthe primary
cell, thereis no PDCCH/SPDCCH indicating downlink SPS release in the second slot of DwWPTS.

For TDD UL/DL configurations 1-6 and one configured serving cell, if the UE is not configured with PUCCH format 3,
the value of the Downlink Assignment Index (DAI) in DCI format 0/4/7-0A/7-0B, VEL,J ,k, , detected by the UE according
to Table 7.3-X in subframe/slot N—K', where K' isdefinedin

- Table7.3-Y4if the UE is configured with higher layer parameter shortTTI and for special subframe
configuration 3, 4, 8 for dot-PDSCH,

- Table7.3-Y3if the UE is configured with higher layer parameter shortTTI and for special subframe
configuration 0, 5, 9, 10 for slot-PDSCH,

- Table7.3-Y2if the UE is configured with higher layer parameter shortTTI and for special subframe
configuration 1,2,6,7 for dot-PDSCH,

- Table7.3-Y1if the UE is configured with higher layer parameter shortProcessingTime and the corresponding
PDCCH with CRC scrambled by C-RNTI isin the UE-specific search space for subframe-PDSCH,

- Table7.3-Y otherwise,
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represents the total number of subframes/slots with PDSCH transmissions and with PDCCH/EPDCCH/SPDCCH
indicating downlink SPS release to the corresponding UE within all the subframe(s) /slot(s) n—k, whereke K. The
value VEL,J,; includes all PDSCH transmission with and without corresponding PDCCH/EPDCCH/SPDCCH within all

the subframe(s) /slot(s) n—Kk. In case neither PDSCH transmission, nor PDCCH/EPDCCH/SPDCCH indicating the
downlink SPS resource release is intended to the UE, the UE can expect that the value of the DAI in DCI format 0/4/7-

0A/7-0B, 5y, if transmitted, is set to 4.

For TDD UL/DL configuration 1-6 and a UE configured with more than one serving cell, or for TDD UL/DL
configuration 1-6 and a UE configured with one serving cell and PUCCH format 3, avalue W,;Jkl is determined by the
Downlink Assignment Index (DAI) in DCI format 0/4/7-0A/7-0B according to Table 7.3-Z in subframe/slot N—K',
where K' isdefinedin

- Table7.3-Y4if the UE is configured with higher layer parameter shortTTI and for special subframe
configuration 3, 4, 8 for dot-PDSCH,

- Table7.3-Y3if the UE is configured with higher layer parameter shortTTI and for special subframe
configuration 0, 5, 9, 10 for slot-PDSCH,

- Table7.3-Y2if the UE is configured with higher layer parameter shortTTI and for special subframe
configuration 1, 2, 6, 7 for sot-PDSCH,

- Table7.3-Y1if the UE is configured with higher layer parameter shortProcessingTime and the corresponding
PDCCH with CRC scrambled by C-RNTI isin the UE-specific search space for subframe-PDSCH,

- Table7.3-Y otherwise.

In case neither PDSCH transmission, nor PDCCH/EPDCCH/SPDCCH indicating the downlink SPS resource release is
intended to the UE, the UE can expect that the value of Wy, isset to 4 by the DAI in DCI format 0/4/7-0A/7-0B if
transmitted.

If aUE is not configured with higher layer parameter shortTTIl and not configured with higher layer parameter
codebooksizeDetermination-r13 = dai or is configured with higher layer parameter shortTTI and not configured with
higher layer parameter codebooksizeDeterminationsSTTI-r15 = dai, for TDD UL/DL configurations 1-6, the value of
the DAI in DCI format 1/1A/1B/1D/2/2A/2B/2C/2D/7-1A/7-1B/7-1C/7-1D/7-1E/7-1F/7-1G denotes the accumulative
number of PDCCH/EPDCCH/SPDCCH (s) with assigned PDSCH transmission(s) and PDCCH/EPDCCH/SPDCCH

indicating downlink SPS release up to the present subframe/sot within subframe(s)/dot(s) n—k of each configured
serving cell, where ke K, and shall be updated from subframe/slot to subframe/slot. Denote VDD,L] ¢ asthevalue of
the DAI in PDCCH/EPDCCH/SPDCCH with DCI format 1/1A/1B/1D/2/2A/2B/2C/2D/7-1A/7-1B/7-1C/7-1D/7-1E/7-
1F/7-1G detected by the UE according to Table 7.3-X in subframe/siot N—K_ inserving cell ¢, where K. isthe

smallest valueintheset K (defined in Table10.1.3.1-1D if the UE is configured with higher layer parameter shortTTI
and special subframe configuration 3, 4, 8 for dot-PDSCH, in Table 10.1.3.1-1C if the UE is configured with higher
layer parameter shortTTI and special subframe configuration 0, 1, 2,5, 6, 7, 9, 10 for slot-PDSCH, in Table 10.1.3.1-1B
if the UE is configured with higher layer parameter shortProcessingTime and the corresponding PDCCH with CRC
scrambled by C-RNTI isin the UE-specific search space for subframe-PDSCH and in Table 10.1.3.1-1 otherwise) such
that the UE detects a DCI format 1/1A/1B/1D/2/2A/2B/2C/2D/7-1A/7-1B/7-1C/7-1D/7-1E/7-1F/7-1G. When

configured with one serving cell, the subscript of ¢ in vg,h ¢ canbe omitted.

For all TDD UL/DL configurations, denote Uppa ¢ asthe total number of PDCCH/EPDCCH/SPDCCH (s) with

assigned PDSCH transmission(s) and PDCCH/EPDCCH/SPDCCH indicating downlink SPS release detected by the UE
within the subframe(s)/dot(s) n—k inservingcell ¢, where ke K. When configured with one serving cell, the

subscript of ¢ in Upy ¢ can be omitted. Denote Ngg, which can be zero or one, as the number of PDSCH
transmissions without a corresponding PDCCH/EPDCCH/SPDCCH within the subframe(s)/dot(s) n—k, where ke K

For TDD HARQ-ACK bundling or HARQ-ACK multiplexing and a subframe/dot n with M =1, the UE shall
generate one or two HARQ-ACK bits by performing alogical AND operation per codeword across M
subframe(s)/slot(s) downlink and special subframes associated with asingle UL subframe/slot, of all the corresponding
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Upa + Ngg individual PDSCH transmission HARQ-ACKs and individual ACK in response to received

PDCCH/EPDCCH/SPDCCH indicating downlink SPS release, where M isthe number of elementsintheset K
defined in Tablel0.1.3.1-1D if the UE is configured with higher layer parameter shortTTI and special subframe
configuration 3, 4, 8 for slot-PDSCH, in Table 10.1.3.1-1C if the UE is configured with higher layer parameter shortTTI
and special subframe configuration 0, 1, 2,5, 6, 7, 9, 10 for slot-PDSCH, in Table 10.1.3.1-1B if the UE is configured
with higher layer parameter shortProcessingTime and the corresponding PDCCH with CRC scrambled by C-RNTI isin
the UE-specific search space for subframe-PDSCH and in Table 10.1.3.1-1 otherwise. The UE shall detect if at least
one downlink assignment has been missed, and for the case that the UE is transmitting on PUSCH the UE shall also

determine the parameter N qeq -

- For TDD UL/DL configuration 0, N, 4es Shall be 1if the UE detects the PDSCH transmission with or

without corresponding PDCCH/EPDCCH/SPDCCH, or detects PDCCH/SPDCCH indicating downlink SPS
release within the subframe/slot n—k, where ke K. The UE shall not transmit HARQ-ACK on PUSCH if the
UE does not receive PDSCH or PDCCH/SPDCCH indicating downlink SPS rel ease within the subframe(s)/dl ot

(s n—k,where ke K.

- For the case that the UE is not transmitting on PUSCH in subframe/slot n and TDD UL/DL configurations 1-6,
it Upy >0 and Vor # (U, —1)Mod4+1, the UE detects that at least one downlink assignment has
been missed.

- For the case that the UE is transmitting on PUSCH and the PUSCH transmission is performed based on a
detected PDCCH/EPDCCH/SPDCCH with DCI format 0/4/7-0A/7-0B intended for the UE and TDD UL/DL
configurations 1-6, if Viox # (U s + Nepg —1)M0d4+1 the UE detects that at least one downlink

assignment has been missed and the UE shall generate NACK for all codewords where N, g iS determined
by theUE as N, geq = Vo + 2. If the UE does not detect any downlink assignment missing, N, geq 1S
determined by the UE as N, g = Vo - UE shall not transmit HARQ-ACK if U, + Ngog = Oand
VU = 4,

- For the case that the UE is transmitting on PUSCH, and the PUSCH transmission is not based on a detected
PDCCH/EPDCCH/SPDCCH with DCI format 0/4/7-0A/7-0B intended for the UE and TDD UL/DL
configurations 1-6, if U, >0 and Viou # (U, —1)Mod4+1, the UE detects that at least one downlink

assignment has been missed and the UE shall generate NACK for all codewords. The UE determines
Npuded = Upa + Ngog) asthe number of assigned subframes/dots. The UE shall not transmit HARQ-

ACK if Uy + Ngs =0.

For TDD, when PUCCH format 3 is configured for transmission of HARQ-ACK without PUCCH format 4 or PUCCH
ACK _ACK ACK for

format 5 configured for transmission of HARQ-ACK, the HARQ-ACK feedback bits o¢ 5™ 0c1" .-, 0L QACK 4

the c-th serving cell configured by RRC are constructed as follows, where c>0, OCA X = BCD L if transmission mode
configured in the c-th serving cell supports one transport block or spatial HARQ-ACK bundling is applied and

OCA K = ZBJ:3 " otherwise, where BCD " isthe number of subframes/slotsin downlink and special subframes for which
the UE needs to feedback HARQ-ACK bits for the c-th serving cell.

- For subframe-PDSCH and the case that the UE istransmitting on PUCCH, B>" =M where M isthe

number of elementsintheset K defined in Table 10.1.3.1-1B if the UE is configured with higher layer
parameter shortProcessingTime and the corresponding PDCCH with CRC scrambled by C-RNTI isin the UE-
specific search space for subframe-PDSCH and in Table 10.1.3.1-1 otherwise; associated with subframe/slot n
andtheset K does not include a specia subframe of configurations 0,5 and 10 if configured by ssp10-CRS
LessDWPTS with normal downlink CP or of configurations 0 and 4 with extended downlink CP; otherwise

B =M -1.
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- For dot-PDSCH, special subframe configuration 0, 1, 2,5, 6, 7, 9, 10, and the case that the UE is transmitting on
PUCCH, B?* =M where M isthe number of dlementsinthe set K defined in Table 10.1.3.1-1C;
associated with slot nand the set K does not include a dot in a special subframe of configurations 0 and 5 with
normal downlink CP or of configurations 0 and 4 with extended downlink CP; otherwise BY" =M —1.

- For dot-PDSCH, specia subframe configuration 3, 4, 8, and the case that the UE is transmitting on PUCCH,
BCD" =M where M isthe number of elementsintheset K defined in Table 10.1.3.1-1D; associated with
dot nandtheset K does not include aslot in a special subframe of configurations 0 and 5 with normal
downlink CP or of configurations 0 and 4 with extended downlink CP; otherwise B =M —1.

- For subframe-PDSCH, and TDD UL/DL configuration O or for a PUSCH transmission not performed based on a
detected PDCCH/EPDCCH with DCI format 0/4, the UE shall assume B =M where M isthe number of

elementsintheset K defined in Table 10.1.3.1-1B if the UE is configured with higher layer parameter
shortProcessingTime and the corresponding PDCCH with CRC scrambled by C-RNTI isin the UE-specific
search space for subframe-PDSCH and in Table 10.1.3.1-1 otherwise; associated with subframe n and the set K
does not include a special subframe of configurations 0, 5 and 10 if configured by ssp10-CRS LessDWPTS with

normal downlink CP or of configurations 0 and 4 with extended downlink CP; otherwise BP" =M —1. The

UE shall not transmit HARQ-ACK on PUSCH if the UE does not receive PDSCH or PDCCH/EPDCCH
indicating downlink SPS release in subframe(s) n—k, where ke K .

- For dot-PDSCH, specia subframe configuration 0, 1, 2, 5, 6, 7, 9, 10, and TDD UL/DL configuration O or for a
PUSCH transmission not performed based on a detected PDCCH/SPDCCH with DCI format 7-0A/7-0B, the UE

shall assume B”- =M where M isthe number of elementsintheset K defined in Table 10.1.3.1-1C
associated with Slot nand the set K does not include aslot in a special subframe of configurations 0 and 5 with
normal downlink CP; otherwise BP" = M —1. The UE shall not transmit HARQ-ACK on PUSCH if the UE
does not receive PDSCH or PDCCH /SPDSCH indicating downlink SPSrelease in dlot(s) n—k , where ke K.

- For dot-PDSCH, special subframe configuration 3, 4, 8, and TDD UL/DL configuration O or for a PUSCH
transmission not performed based on a detected PDCCH/SPDCCH with DCI format 7-0A/7-0B, the UE shall

assume BP" =M where M isthe number of elementsinthe set K defined in Table 10.1.3.1-1D associated

with slot n. The UE shall not transmit HARQ-ACK on PUSCH if the UE does not receive PDSCH or PDCCH/
SPDSCH indicating downlink SPSreleasein dot(s) n—k , where ke K .

- For TDD UL/DL configurations{1, 2, 3, 4, 6} and a PUSCH transmission performed based on a detected
PDCCH/EPDCCH with DCI format 0/4/7-0A/7-0B, the UE shall assume BP" =W, . The UE shall not
transmit HARQ-ACK on PUSCH if the UE does not receive PDSCH or PDCCH/EPDCCH/SPDCCH indicating
downlink SPS release in subframe(s)/dlot(s) n—k where ke K and WSy = 4.

- For TDD UL/DL configurations 5 and a PUSCH transmission performed based on a detected
PDCCH/EPDCCH/SPDCCH with DCI format 0/4/7-0A/7-0B, the UE shall assume
B> =W + 4“U ~Wys )/4—| , where U denotes the maximum value of U, among all the configured

serving cells, UC isthe total number of received PDSCHs and PDCCH/EPDCCH/SPDCCH indicating downlink

SPS release in subframe(s)/dot(s) n—k on the c-th serving cell, ke K . The UE shall not transmit HARQ-
ACK on PUSCH if the UE does not receive PDSCH or PDCCH/EPDCCH/SPDCCH indicating downlink SPS

release in subframe(s)/slot(s) n—k where ke K and Wy = 4.

For TDD, when PUCCH format 4/5 is configured for transmission of HARQ-ACK and if the UE is configured with
higher layer parameter codebooksizeDetermination-ri13 = cc or codebooksizeDeterminationsSTTI-r15 = cc, the HARQ-

ACK feedback bits oégK oCAJCK ,...,oCAg*f\CK 1 for the c-th serving cell configured by RRC are constructed as follows,
~c -

where c>0, OCA K = Bf " if transmission mode configured in the c-th serving cell supports one transport block or
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spatiadl HARQ-ACK bundling is applied or for slot-PDSCH and OCA X = ZB? " otherwise, where BCD L isthe number

of subframs/slots in downlink and specia subframes for which the UE needs to feedback HARQ-ACK bits for the c-th
serving cell.

For subframe-PDSCH and the case that the UE is transmitting on PUCCH, B?" =M where M isthe

number of elementsintheset K defined in Table 10.1.3.1-1B if the UE is configured with higher layer
parameter shortProcessingTime and the corresponding PDCCH with CRC scrambled by C-RNTI isin the UE-
specific search space for subframe-PDSCH and in Table 10.1.3.1-1 otherwise; associated with subframe n and
theset K does not include a special subframe of configurations 0, 5 and 10 if configured by ssp10-CRS
LessDWPTS with normal downlink CP or of configurations 0 and 4 with extended downlink CP; otherwise

B* =M -1.

For slot-PDSCH, special subframe configuration 0, 1, 2, 5, 6, 7, 9, 10 and the case that the UE is transmitting on
PUCCH, B?" =M where M isthe number of elementsintheset K defined in Table 10.1.3.1-1C
associated with ot nand the set K does not include aslot in a special subframe of configurations 0 and 5 with
normal downlink CP; otherwise B2 =M —1.

For slot-PDSCH, specia subframe configuration 3, 4, 8, and the case that the UE is transmitting on PUCCH,
B>" =M where M isthe number of elementsinthe set K defined in Table 10.1.3.1-1D associated with
dot n.

For subframe-PDSCH and the case that UE is transmitting on PUSCH not performed based on a detected
PDCCH/EPDCCH with DCI format 0/4 or on PUSCH adjusted based on an associated detected DCI format 0/4,
the UE shall assume B =M where M isthe number of elementsintheset K defined in Table 10.1.3.1-1

associated with subframe n and the set K does not include a special subframe of configurations 0, 5 and 10 if
configured by ssp10-CRS-LessDWPTS with normal downlink CP or of configurations 0 and 4 with extended

downlink CP; otherwise BP" =M —1. The UE shall not transmit HARQ-ACK on PUSCH if the UE does not
receive PDSCH or PDCCH/EPDCCH indicating downlink SPS release in subframe(s) n—k , where ke K .

For slot-PDSCH, special subframe configuration 0, 1, 2, 5, 6, 7, 9, 10, and the case that UE is transmitting on
PUSCH not performed based on a detected PDCCH/SPDCCH with DCI format 7-0A/7-0B, the UE shall assume
B =M where M isthe number of lementsinthe set K defined in Table 10.1.3.1-1C associated with slot
nandtheset K doesnot include adlotin aspecial subframe of configurations 0 and 5 with normal downlink
CP; otherwise BCD" =M —1. The UE shall not transmit HARQ-ACK on PUSCH if the UE does not receive
PDSCH or PDCCH/ SPDCCH indicating downlink SPSreleasein dot(s) n—k , where ke K .

For dlot-PDSCH, specia subframe configuration 3, 4, 8, and the case that UE is transmitting on PUSCH not
performed based on a detected PDCCH/SPDCCH with DCI format 7-0A/7-0B, the UE shall assume B> = M

where M isthe number of elementsintheset K defined in Table 10.1.3.1-1D associated with slot n. The UE
shall not transmit HARQ-ACK on PUSCH if the UE does not receive PDSCH or PDCCH/ /SPDCCH indicating

downlink SPSreleasein slot(s) n—k , where ke K.

For TDD, when PUCCH format 3/4/5 is configured for transmission of HARQ-ACK and if the UE is not configured
with higher layer parameter codebooksizeDetermination-r13 = dai for subframe-PDSCH or
codebooksizeDeterminationsSTTI-r15 = dai for slot-PDSCH,

for TDD UL/DL configurations 1-6, the HARQ-ACK for aPDSCH transmission with a corresponding
PDCCH/EPDCCH/SPDCCH or for a PDCCH/EPDCCH/SPDCCH indicating downlink SPSreleasein

subframe/dot n—k isassociated with oé%'f\, (k)-1 if transmission mode configured in the c-th serving cell
supports one transport block or spatial HARQ-ACK bundling is applied or for slot-PDSCH, or associated with
O?,%N (k)—2 and oé‘%N(k)_l otherwise, where DAI(K) is the value of DAI in DCI format
1A/1B/1D/1/2/2AI2B/2C/2D/7-1A/7-1B/7-1C/7-1D/7-1E/7-1F/7-1G detected in subframe/dot n—k,

oCA,%Al (k)—2 and OQ%N (k-1 arethe HARQ-ACK feedback for codeword 0 and codeword 1, respectively.
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For the case with Ngpg > 0, the HARQ-ACK associated with a PDSCH transmission without a corresponding
PDCCH/EPDCCH/SPDCCH is mapped to ofg*f\CK , The HARQ-ACK feedback bits without any detected
" -

PDSCH transmission or without detected PDCCH/EPDCCH/SPDCCH indicating downlink SPS release are set
to NACK;

for TDD UL/DL configuration 0, the HARQ-ACK for a PDSCH transmission or for a
ACK

PDCCH/EPDCCH/SPDCCH indicating downlink SPSrelease in subframe/slot n—k isassociated with O,

if transmission mode configured in the c-th serving cell supports one transport block or associated with Ofg K

and Oé f “ otherwise, where Oé gK and Oé 1C ¥ arethe HARQ-ACK feedback for codeword 0 and codeword 1,

respectively. The HARQ-ACK feedback bits without any detected PDSCH transmission or without detected
PDCCH/EPDCCH/SPDCCH indicating downlink SPS release are set to NACK.

For TDD when format 1b with channel selection is configured for transmission of HARQ-ACK and for 2 configured

ACK ACK

serving cells, the HARQ-ACK feedback bits 0, 0™ ,...,00%  on PUSCH are constructed as fol lows.

For TDD UL/DL configuration 0, 0] = HARQ-ACK(j), 0< j < A-1 asdefined in Subclause 10.1.3.2.1.

The UE shall not transmit HARQ-ACK on PUSCH if the UE does not receive PDSCH or PDCCH/EPDCCH
indicating downlink SPS release in subframe(s) n—k where ke K.

For TDD UL/DL configurations {1, 2, 3, 4, 6} and a PUSCH transmission performed based on a detected
PDCCH/EPDCCH with DCI format 0/4 with Ws =1or 2, 0 isdetermined asif PUCCH format 3 is

DAl

configured for transmission of HARQ-ACK, except that spatial HARQ-ACK bundling across multiple
codewords within adownlink or special subframeis performed for all serving cells configured with a downlink

transmission mode that supports up to two transport blocksin case W[‘,’ALI =2.

For TDD UL/DL configurations {1, 2, 3, 4, 6} and a PUSCH transmission performed based on a detected
PDCCH/EPDCCH with DCI format 0/4 with WS =3or 4, 07 =0(j), 0< j <3asdefined in Table
10.1.3.2-5 or in Table 10.1.3.2-6 respectively, where the value of M isreplaced by Wk, . The UE shall not
transmit HARQ-ACK on PUSCH if the UE does not receive PDSCH or PDCCH/EPDCCH indicating downlink
SPSrelease in subframe(s) n—k where ke K and WSy = 4.

For TDD UL/DL configurations {1, 2, 3, 4, 6} and aPUSCH transmission not performed based on a detected
PDCCH/EPDCCH with DCI format 0/4 and a subframe n with M =1 or 2, OjACK = HARQ-ACK()),
0< j < A-1 asdefined in Subclause 10.1.3.2.1. The UE shall not transmit HARQ-ACK on PUSCH if the UE

does not receive PDSCH or PDCCH/EPDCCH indicating downlink SPS release in subframe(s) n—k where
ke K.

For TDD UL/DL configurations {1, 2, 3, 4, 6} and aPUSCH transmission not performed based on a detected
PDCCH/EPDCCH with DCI format 0/4 and asubframe n with M =3or4, 0/ =0(j), 0< j<3as

defined in Table 10.1.3.2-5 or in Table 10.1.3.2-6 respectively. The UE shall not transmit HARQ-ACK on
PUSCH if the UE does not receive PDSCH or PDCCH/EPDCCH indicating downlink SPSreleasein

subframe(s) n—k where ke K.

For TDD HARQ-ACK bundling, when the UE is configured by transmission mode 3, 4, 8, 9 or 10 defined in Subclause
7.1 and HARQ-ACK bits corresponding to a subframe-PDSCH are transmitted on PUSCH, the