BGPP TS 38.211 V15.1.0 (2018-03)

Technical Specification

3rd Generation Partnership Project;

Technical Specification Group Radio Access Network;
NR;

Physical channels and modulation

(Release 15)



56

A GLOBAL INITIATIVE

The present document has been developed within the 3rd Generation Partnership Project (3GPP ™) and may be further elaborated for the purposes of 3GPP..
The present document has not been subject to any approval process by the 3GPP Organizational Partners and shall not be implemented.

This Specification is provided for future development work within 3GPP only. The Organizational Partners accept no liability for any use of this
Specification.

Specifications and Reports for implementation of the 3GPP ™ system should be obtained via the 3GPP Organizational Partners' Publications Offices.



Release 15 3 3GPP TS 38.211 V15.1.0 (2018-03)

Keywords

New Radio, Layer 1

3GPP

Postal address

3GPP support office address
650 Route des Lucioles - Sophia Antipolis

Valbonne - FRANCE
Tel.: +334 92 94 42 00 Fax: +33 4 93 65 47 16

Internet

http://www.3gpp.org

Copyright Notification

No part may be reproduced except as authorized by written permission.
The copyright and the foregoing restriction extend to reproduction in all media.

© 2018, 3GPP Organizational Partners (ARIB, ATIS, CCSA, ETSI, TSDSI, TTA, TTC).
All rights reserved.

UMTS™ js a Trade Mark of ETSI registered for the benefit of its members

3GPP™ s a Trade Mark of ETSI registered for the benefit of its Members and of the 3GPP Organizational Partners
LTE™ is a Trade Mark of ETSI registered for the benefit of its Members and of the 3GPP Organizational Partners
GSM® and the GSM logo are registered and owned by the GSM Association

3GPP



Release 15 4 3GPP TS 38.211 V15.1.0 (2018-03)

Contents

FOTEWOTT. ...ttt ettt ettt e bt e e bt e e bt e e bt e e ab e e saeeesate e ste e bt e e e saaseteeeseamreeeeean 6
1 S0P ettt ettt e et e et e s bt e s et e e e et e s nee e e s beee s reneeeeeeeeaan 7
2 RETEIBIICES. ...ttt s et e bt ettt s e s bt e bt e bt et e st e saeesbeenseeesabeeesabaeenn 7
3 Definitions, symbols and abbreviations..........ccecceeererrerrinienieneeeeeeeeeeee et s 7
3.1 DIBFIIIIONS. ...ttt ettt ettt ettt et et e st ea e et e at e bt e bt e be e bt e b e be s h et et et et et et et et ent e be e be e beenbeenne 7
3.2 SYIMIDOIS. ...ttt sttt ettt ettt e h e s h e bt bbbttt ettt e s e suaesaaesate s 7
3.3 A DDIEVIATIONS. ... ettt ettt ettt ettt et ea et ea e et e s at e s bt et e s bt et e s bt et e s bt et e bt et e e bt et e e bt et e eateteeatenbeenn 9
4 Frame structure and phySiCal T@SOUTICTES........cecueruirieriirieriieieeteete sttt ettt see st e sbeeseabee s eabeeesarees 9
4.1 GBNETAL ..ttt a et s a e bt e bt e bt e a e bt e a b e bt et e bt et e e bt et e s at e beea b e beea b e bt et e bt et e e bt et e eaeebeens 9
4.2 INUITIETOLOZIES. ..ottt ettt sttt s et s et e st et e e st e b e estesseeseesseessesaeensesasessesnsenseensenseensenseensesseensesnsensesnn 9
4.3 FTAIMIE SITUCTUTE. ......eeeeeeiiieeteeieeet ettt ettt st et s bt e bt e st s bt e eae e s bt e sab e e bt e ssseeas e e meesabeeeneesaseesseesnsreeesannnee 10
4.3.1 Frames and SUDFTAIMES. .......c.ccccririririnieeccee ettt et sttt ettt ettt sb e sae e sbe e 10
4.3.2 SLOES. .ttt ettt ettt ettt et e h e e h e bbb bbbt et et et e Rt e a e et e st e st e n e st eb e b e s beseenbe b s 10
4.4 PRYSICAL TESOUITES.....cueeteeiiiieeieeiteteette ettt ettt ettt e e st b et s bt et s bt et e e bt et e eae e bt satenbeemtesbeemtesbeeasenbeensensees 12
4.4.1 ADLEIIINA POTTS.ceeuuutieeitteeeiteeeiteeertteeeitteesatteeesteeeasseeesseeeessseesessteesaseeesssseesanstesssaeesasseesssseeesssseesasseeesessansnnnes 13
4.4.2 RESOUICE GIE... ettt ettt sttt st e be et e s b e et e bt e st e bt et e s bt et e sabaesbteesabeenane 13
4.4.3 RESOUICE lOIMEIILS. .....cveiuietieieetieteet ettt ettt et st e e s bt et e s bt et e ebt et e eae e bt e st e bt eatesbeemaesaeensesbeenbesseensens 13
4.4.4 RESOUICE DIOCKS. ....cviiiiiieiet ettt ettt ettt s bttt et e s smeesanesane s 13
4.4.4.1 GMIETAL ... ettt ettt ettt ettt et et e st et s h et s h e et e e he e beeh e e beeat e be e s abeeebee e areann 13
4.4.4.2 POIINE Attt ettt et b bbb b b e st et e et et e st et e a e bt e bt e a e e bt b e b b et et et et et et et et e b e et e 13
4.4.4.3 ComMON TESOUITE DIOCKS. ...c..eutiieieieteieteteeei ettt ettt et sa e ae et be e e e b e sneesaee e 14
4444 Physical T@SOUICE DIOCKS.....cc.eiriirieiieieieeeeee ettt sttt et s e e e 14
4.4.4.5 Virtual reSOUNCE DIOCKS. ....c.ceuteiieiiriirtietertertetete ettt sttt sttt ettt ettt et ebe s e e e e 14
4.4.5 BandWidth Part.......ccoeeiereiiee ettt sttt et s bttt b et et et e ae e baeeas 14
4.5 CaITIET ABETOGBALION. . euveiuterreerttertterte et et e et e tesbeebt e s bt e bt e st e s bt e sste s bt e sabe s bt e ssbeembeesmeesabeeeneesaseesseesansraeesannnes 15
5 GENETIC FUNCHIOMS. ..e.uvevieiieiiecieeteete et et e e et e e et e st e s te e te e seesseestesstesseeseessesnsesnsesssesnsesseensesseensennsenns 15
5.1 MOQUIALION TNAPPET ... .ccueeveseeereereesteseesteseesseseessessessesssesseessessesssesseessessesssesssessesssessesssessesssessesssessesssessesssensens 15
5.1.1 TU2-BPSK ..ottt ettt ettt e st st st e st e st e st et et et e st en s et en s e st e st e st e bt e Re e b e et e b e b et e tententente st eseenseenaes 15
5.1.2 BPSK ettt sttt et et a e a e st e a e bt e b e e he e b e b e b et et et et enteat et e st en e neeheebeebeebenas 15
5.1.3 QPSK ettt sttt b ettt et et et a e bt b e e bt et bbbt et et et e bt e e aeesaeesatesane s 15
5.1.4 TOQAM...ceeiietet ettt ettt ettt ettt et b et bbbt h bbbt b et bt bt b et et b e e ae et e b saeenee 15
5.1.5 BAQUAM ...ttt b ettt sttt et e et a e bt e bt e h e b b e bt et et et et et et et et e eatesateeabeeabean 15

3GPP



Release 15 5 3GPP TS 38.211 V15.1.0 (2018-03)

5.1.6 256QAM....e ettt ettt ettt e a bbbt bbbt et et et et e e et et et e e aeeeateeabeeanean 16
5.2 SEQUENCE GENETALION. ..c.uveeeueertierieriiente ettt et e et et te s bt e st e st essee e et eabeeembesabeesabeestesateessaesnse e saesnseeneaeesaasrneess 16
5.2.1 Pseudo-random SEQUENCE ZENETAtION. ....c.ceeertereerrereerteeeesseseessesseesseessessesssessesssessesssessesssessesssessesssessssesens 16
5.2.2 LOW-PAPR S@QUENCE GENETALION. ...c...eertirrriieieeririeetertteeteesteesueesreesstesabeesatesbeesaaesseesseesssessseesseesseesseeesaas 16
5221 Base sequences of 1ength 36 OF Jar@eT..........ccceciririiiririiieee ettt st st 16
5.2.2.2 Base sequences of length 1ess than 36...........cceceeieririinieeeeeee ettt e 18
5.3 OFDM baseband signal SeNeTation..........ceceeeeueriiriinierienienteterteteteteteeeee e sressee e sre st et ssesteseenesanesanesseeeeennes 21
5.3.1 OFDM baseband signal generation for all channels except PRACH..........cccccceeerveereeceeseerieeieeeeeeeneeeeees 21
5.3.2 OFDM baseband signal generation for PRACH..........ccccecirirririeriieeereseereseesesee e see e tesseessesssenseeenes 22
5.4 Modulation and UPCOMVETISION. ..c..eeuteruerterierteiteeterteeterteeutesteeutesteetesteeeesueestesseebesstenbesstenbesstenbeesaseesseeenseeens 23
6 1) 5] 51 11U 24
6.1 OVEIVIEW....coiiiiitiitiiiteete ettt ettt ettt et s et s b e st e s bt e st e s st e et e e bt e s bt e beesabeebeesabtessaesabeessaeeesamnaeeesannaeeesannes 24
6.1.1 Overview of pPhysical ChANNEIS...........ccevieiiieieiieieeeeee et a et e s e s e e s nee e nseessnes 24
6.1.2 Overview Of PhySICal SIGNAIS. ......cc.iviirierieieieie ettt ettt ettt be bbb e st et e st e s aeesane s 24
6.2 PRYSICAL TESOUITES.....cueeteeiiiieeieeiteteette ettt ettt ettt e e st b et s bt et s bt et e e bt et e eae e bt satenbeemtesbeemtesbeeasenbeensensees 24
6.3 PhySical ChaMNELS........cooeriiiieieieee ettt ettt et st et st e e e bt et e s st e s e eatessesatesesasesseentesnsees 25
6.3.1 Physical uplink shared Channel.............cocoviiriiriiiiiieeeeee ettt sttt be e sbae e 25
6.3.1.1 SCIAIMDLIIZ. ¢ttt ettt ettt ettt ettt et et e bt e bt sbesb e e sbeesbe e s st e smeeeneeens 25
6.3.1.2 IMOGUIBLION. ....c.ceveiiiieciitcc ettt e ae s e 25
6.3.1.3 LaYer MAPPINE. .. .teeiiiieeeitieetee et ettt ettt e et e e ette s sttt e e s bt e eseateessteeesabteesasaeesasteesabeesanseeesabeeesanteesasseeens 26
6.3.1.4 TranSFOIM PIrECOMINE. .....ccvvrierteeierietereeeste et e e st et e seeestesseesse et e sesssessesssesseessanseensesssensessssesssseesnees 26
6.3.1.5 PIECOAING. ... ettt ettt ettt et b ettt et s bt et e sae e besatesbesatenbeeabe bt eube bt eabesbeeneeenee 27
6.3.1.6 Mapping to virtual resource BIOCKS........c..oouerueriiriiiiieeeeceee ettt 30
6.3.1.7 Mapping from virtual to physical 1esource blocks.........ccccevereriirerenenienenieneeneeeeeeseeeeen 30
6.3.2 Physical uplink control Channel.............ccooioiiiiiiiniieee ettt sttt et 31
6.3.2.1 GIETAL ...ttt ettt ettt a et a st a et n e n e n e ne e en 31
6.3.2.2 Sequence and cyclic Shift hHOPPINE......cceeieriiriiiiriee ettt s s en 31
6.3.2.2.1 Group and SEQUENCE NOPPINE......cccverreerrerierieeierteeeesteeeesestestesssesseessessesssesseessesssessseessssessssesssseesnns 31
6.3.2.2.2 CYCLiC Shift HOPPINE. ....ieeiieiieierieeiereees ettt e e s re et e s e e s e e sa e sesseesseensenseensenseens 32
6.3.2.3 PUCKCH fOITNAL O....euventeeeieieteteteteeet et ete st et s e stesbe st este st et et et eat et e st estesessesaesbebesse st ensensententensesaseenses 32
6.3.2.3.1 SEQUENCE GENETALION. ..cuueieueerrieriertieeieetteete et e eite st esatesb e e st e s bt e bee s bt e seesabeesneesaseesseessseessnranesanns 32
6.3.2.3.2 Mapping to PhSiCal FESOUITES. .....cccrerverrertirtiieietetetetet ettt st sr et se et e s s saae v s 33
6.3.2.4 PUCKCH fOTTNAL L..uitiitiieiirieiesiestetete ettt et et etesaeste st esbe st eseesse st ententenesseeseesessessessesesensensensantesnsesasenn 33
6.3.2.4.1 SeqUENCe MOAUIATION. .......ccceeriiriereeeereetere et e st e et et e et e te st essesseessesssesseessensesnsenseessenseensenanns 33
6.3.2.4.2 Mapping t0 PhySiCal TESOUTITES. ......cccveruerrieriieieriteieetete ettt ste et sae et e saeete st esesseessessasaesnsneennseens 34

3GPP



Release 15 6 3GPP TS 38.211 V15.1.0 (2018-03)

6.3.2.5 PUGCKCH fOITNAE 2.ttt sttt ettt et ettt et et e et sa b e bt sb e b e b e s e et et et e e entenseeaseenees 34
6.3.2.5.1 SCIAMDIINE. ...ttt ettt et et e e b e et e bt e e bt et e st e et e sae et e saeebesatenbesateenane 34
6.3.2.5.2 IMOAUIALION. ...ttt ettt et b bbbt e st et et et et e st et eae e bt e bt sbesbesbesaenne 34
6.3.2.5.3 Mapping t0 PhySiCAl TESOUITES.......covirueriertieieriteieettete ettt ettt ettt ste st e be st esbe e s aeeesbeeenneeens 35
6.3.2.6 PUCCH fOrmats 3 N 4......coeeuiruieuiriietiitesienieiestestetete e eate e et stesbesbestesbesbe st e tentente s ententeneeseesessessessensesn 35
6.3.2.6.1 SCIAMDIINE. ....eeeteeieeeeree ettt ettt et e st et e et e be et e beenseseensesseensesseensesssensesseensesnseennnes 35
6.3.2.6.2 IMOAUIALION. ...ttt ettt sttt sa ettt ettt et sae et s b sa b snesne 35
6.3.2.6.3 BlOCK-WiSE SPIEAGINE. .....c.veereeierieeieeeeiestete et eteetestee et e s tes e e tesseessesseessesseessesssesnsseesssaessesensseens 35
6.3.2.6.4 TTanSfOIM PIrECOMINE. ... .ccveriererrierierieeieree et ete ettt s et e st e te et e se st e seessesseessesseensesseensesnsensesnsenses 36
6.3.2.6.5 Mapping t0 PhySiCal FESOUITES.......cocuiruiriiriieieniteieeiteteetet ettt sttt te st e b st sbe e st e s b e enmeeens 37
6.3.3 Physical random-access ChanmEl............ocuieieiiieieniieieeeeteeeee ettt ettt e et eessesse et e sreensesneenssneens 37
6.3.3.1 S@QUENCE GEMETALION. ... .eeeeureeieeruriertteetteetteeteeetteeseeettesateesutesaeeesstee st eebeesbeeeneesabeesabesaseessseeseeseesseesnn 37
6.3.3.2 Mapping t0 PRYSICAL TESOUITES. .....cocueruieiieiieiieiteie ettt sttt ettt ettt et e e et et saeesabeesaaees 43
6.4 o7 1o S Fd -SSR 55
6.4.1 REfErenCe SIGNALS......coueeuiriiriieiiieeeetcte ettt ettt st sttt et e e s 55
6.4.1.1 Demodulation reference signal for PUSCH.........cccccerieiieierrieseeieseeieseesreeeessessessesssessesssesseesssessnnns 55
6.4.1.1.1 SOQUENCE GENETALION. ....ceeuiieiiieeeieeeette ettt e ettt e et e e eeee e st e e e sneeesearteesaneeesneeesenseeesnnneesaneeeeeessessnnnns 55
6.4.1.1.2 (VORA) ettt sttt ettt et e h bt ehesh e b e b e s b e ket et et ea e et e ateateaeeaeeh e e ehteeateeateeateenteeas 56
6.4.1.1.3 Precoding and mapping to physiCal TESOUICES.........cecvveruirceerreriereeteseeresee e seereeeesseeaesreeseesnenas 56
6.4.1.2 Phase-tracking reference signals for PUSCH.........ccceoiriririnininireeseieie ettt 60
6.4.1.2.1 SEQUENCE GENETALION. ..c.ueeeeueeriieeiteriteeieetteete et e ette s bt esate st e e st e s bt esmee s bt esneesabeesneesaseessbeenseessmnaneeenns 60
6.4.1.2.1.1 Sequence generation and precoding if transform precoding is not enabled..............cccceeveeenneenn. 60
6.4.1.2.1.2 Sequence generation if transform precoding is enabled..........cc.cocceieerininiiininenineeeeee 60
6.4.1.2.2 Mapping t0 PhySiCal TESOUITES.......cccververererieieeieieetesteeeeteetesteeeessesstesseesesseessesseessesssseessseeessseens 61
6.4.1.2.2.1 Mapping to physical resources if transform precoding is not enabled...........ccccccvvevverreeerreennns 61
6.4.1.2.2.2 Mapping to physical resources if transform precoding is enabled.........c..cccceoeriiiriiirienienncnnnen. 62
6.4.1.3 Demodulation reference signal for PUCCH...........cccccvevtieieriieeerieeeesieeeesieesesreessesseessesseessesseessesseessennes 63
6.4.1.3.1 Demodulation reference signal for PUCCH format 1.........ccccoceevtririinereniesenienienesiesieesieesveesneennees 63
6.4.1.3.1.1 SEQUENCE GENETALION. ...uueeeutiiiiieeieetterieertte et erteeete e btesate s bt e sbe e bt e sate e st esneesbeesseeeesemseeeesnnseaeesan 63
6.4.1.3.1.2 Mapping to PhySiCal TESOUTCTES. .......ccverierreeierreeieneeieeteste et esee st e sestesreesesseessesseensesseesseensensesns 64
6.4.1.3.2 Demodulation reference signal for PUCCH format 2.........ccccecceverieenerenenenienienieseneeesreesreesneennees 64
6.4.1.3.2.1 S@QUENCE GENETALION. ....ceeuieeeiieeeeiieeeitee et e eette et e e sttt e sateesateeesabeessaseeesbeeesanseeeeesssssnnnssnneeeens 64
6.4.1.3.2.2 Mapping to PhySiCal TESOUTCTES. .......ccvereerreriereeiereeieeteste et eseeeteseesaesseeaesseessesseessesseessesnsensenns 64
6.4.1.3.3 Demodulation reference signal for PUCCH formats 3 and 4..........cccccevievieiinneenenenenenenieneesieenae 65
6.4.1.3.3.1 S@QUENCE GENETALION. ....ceeuiieiiieeeriieeeitee et e ettt et e e sbte e ettt e sbteeesabeeesasaeesbeeeesnbeeeeessassnnnsseneeeens 65

3GPP



Release 15 7 3GPP TS 38.211 V15.1.0 (2018-03)

6.4.1.3.3.2 Mapping to PhySiCal TESOUTCTES. .......ccervereriereeiereeieeeeteeeestestes e stessesaesseessesseessesseensesnsensenns 65
6.4.14 Sounding reference SIGNAal..........coceiiiiuiriiriree ettt ettt et st et 66
6.4.14.1 SRS TESOULICE.......eeiteeiiiiiteeite ettt ettt ettt st st e s e e s bt e s e e s bt e sse e sabeessaesareesmaesaseenaesaneean 66
6.4.14.2 SEQUENCE GENMETALION. ... .eeeeueerrieetertteeteerteeeteerteeeate s bt esute s bt esatee bt esmeesareesseesabeesstesaseesneesnseessansenesanns 66
6.4.1.4.3 Mapping t0 PhySiCal FESOUITES.......couiruerieriieieriieieeit ettt ettt ettt et st sbe e st esbeeenneeens 67
6.4.1.4.4 Sounding reference signal slot CONfigUIation...........ccecerevereriierirriereetereeeee e s e e 70
7 DIOWIINK. ..ttt ettt e bt e e bt e st e st e et e e s ate e st e e bt e sbeesabeesabeeseanbeeeas 70
7.1 OVEIVIEW. ...ttt ettt st a e sttt bt s b et e bt e aesat e b saeesaesateaesateaesasenesaneesaneesaneesanneesnneens 70
7.1.1 Overview of physical ChannEls.........cccceiriiriiririiieieee ettt sttt sttt be e b e aeesnees 70
7.1.2 Overview Of PhySiCal SIGNALS........cccveirririerierereerte ettt ete st ete st e e st e e et e se st e sesssessesseessesssesnseessnsesnnns 70
7.2 PRYSICAl TESOUICES.....cuveveeeieetieieetteieeite e et et st e ste et e ssestesseebesseessesseentesseensesstensesstensesnsessesnsesesnsesseensenseensensees 70
7.3 PhySical ChANNELS.........ccieiieiieiececteseetee ettt et e et e st este s e e s sessaesseessesseessesseessessaesseessassassaansasssensesssennses 71
7.3.1 Physical downlink shared Channel............ccecerieiiririiieeee et eseeessseesnreeenns 71
7.3.1.1 SCIAMDIITIG. ...ttt ettt et et b et e bt et e e at e st e et e sbeeabesbe e besueesbbeesabeesnbaeenaseenn 71
7.3.1.2 IMIOAUIATION. ...ttt ettt ettt ettt ettt et et be st e s b et e bt e e e b e et e e st et e ebee et smtenbe st e sbeeesbeesabeesanaes 71
7.3.1.3 LaYer MAPPING. ...ccuiioiiriiiiiriiiierteteetereet ettt ettt et st ae st e ae st e sae st e b e e s e bt e s e at e s e satesnesatenesaeenesane 72
7.3.1.4 ADNENNA POt MAPPIIE. ...ceouterurrertenrieeerteeiteeertesiteeetesteesstesteeareeeseeaseesreesstesaseesseessseeastesssesaseesnseessasaeens 73
7.3.1.5 Mapping to virtual reSOUTCe DIOCKS. .......ccuivviririerieeseeeeeee et 73
7.3.1.6 Mapping from virtual to physical Tesource blocks.........ccccevereriirerinieneneneneeeneeeseeeeen 73
7.3.2 Physical downlink control channel (PDCCH)..........ccceecveiieiereeieseereseeteseesseseessesseessesseessessseesssessssseens 74
7.3.2.1 Control-channel element (CCE).......ccccieruererrierierereeieneereseessesseessesssessesssessesssessesssessesssessesssessessssees 74
7.3.2.2 Control-resource set (CORESET).....cuiiciiiiiriiiiieciesitteste et e etessteeseeesaeessaesseesssesseesssesssessssessssssessnns 74
7.3.2.3 SCIAMDIIIIG. ...ttt ettt st et e bt e e bt et e aeesb e satesbeeabesbeeabesseesabaeesabeesaneeenneeens 75
7.3.2.4 PDCCH MOQUIALION. ...ttt sttt v ettt et ettt ettt s be st eaeeane e beeaneen 76
7.3.2.5 Mapping t0 PhYSICAl TESOUICTES. ......cccueruieiirieieeierieete ittt ettt st et st e sbe st e s bt e te s bt e te s bt ebesbeessaeeenaee 76
7.3.3 Physical broadcast Chanmel...........c.cceeieiieciirieeeeeeeee ettt ettt e s e et e e naeessseesnneeenns 76
7.3.3.1 N T 100101112 TSRS 76
7.3.3.2 IMOAUIALION. ¢ttt ettt ettt ettt e st e st e bt e bt e bt s bt b et e st et et e b et e eatesmbesabeeabean 76
7.3.3.3 Mapping t0 PRYSICAl TESOUTITES. ......cccuereeriieierieeieseetesteesteseestesseesseeseessesseessesssessesssessesssessesssenseessssesnnns 77
7.4 PRYSICAL SIGNALS. ... eeueetetieietee ettt ettt b et b et e bt et e bt e bt st e s bt et e s bt et e s bt et e sbeeabenaaes 77
7.4.1 REFEIENCE SIGNALS. ... eiuiitiitiititeet ettt sttt et ettt et e bt e bt s bt b e b e sb et et et et e e beenbeenbeenaean 77
7.4.1.1 Demodulation reference signals for PDSCH.........cccevririirinininenieneieieeeteteeseeiteee e evees 77
74.1.1.1 SEQUENCE GENMETALION. .. .eeeeueerrieeieetteeteeteeete et e et s bt e satesbtesste e bt essee s st eeseesaseesntesaseessbeenseessansaneeanns 77
7.4.1.1.2 Mapping t0 PhySiCal TESOUTITES. ......cccvereriererierieieetesteeteste et e seeetesaesstesreessesseesesseessessnseessseessnseens 77
7.4.1.2 Phase-tracking reference signals for PDSCH........cccccevririininininieectceeeeeeteteeeeee e 80

3GPP



Release 15

7.4.1.2.1
7.4.1.2.2
7.4.1.3
74.1.3.1
7.4.1.3.2
7.4.1.4
74.1.4.1
7.4.1.4.2
7.4.1.5
7.4.1.5.1
7.4.1.5.2
7.4.1.5.3
7.4.2
74.2.1
7.4.2.2
7.4.2.2.1
7.4.2.2.2
7.4.2.3
7.4.2.3.1
7.4.2.3.2
7.4.3
7.4.3.1
74.3.1.1
7.4.3.1.2
7.4.3.1.3
7.4.3.2

Annex A:

8 3GPP TS 38.211 V15.1.0 (2018-03)

SEQUENCE GENETALION. . ccuveeeurerrierieriieeeieerieesteesteesttesrbeesatessseessesseesseessseesseesseesssesseesssessseesssseaessnns 80
Mapping t0 PhySiCal FESOUITES.......cccuiruirieriieieniteieetteteetete et ettt et et te st st sbe e st e s b e e nmeeens 80
Demodulation reference signals for PDCCH...........cocveeeiereecienieeeneesieeeesreseesseseessessessesssesssessssessnnns 82
SEQUENCE GENMETALION. ... .eeeeueerrieetertteeteerteeeteerteeeate s bt esute s bt esatee bt esmeesareesseesabeesstesaseesneesnseessansenesanns 82
Mapping t0 PhySiCal FESOUITES.......couiruerieriieieriieieeit ettt ettt ettt et st sbe e st esbeeenneeens 82
Demodulation reference signals for PBCH..........ccccceciirieririenienieieeeeieseesiestesee e seeaesseeseesseessseeennns 83
SEQUENCE GENMETALION. .. .eeeeueerreeeiterteeeteerteeeteeeteeste e bt esutesteesates bt essee s st esseesaseesstesaseesnsessseessnnseneennns 83
Mapping t0 PhySICal TESOUITES.......cccverveecrerieiereecieetesteetesteeeeseeeeessesssesseesesseessesssessesssseessseeesssenns 83
CSTTeferenCe SIGNAIS......cccvecverieierieieeteeee ettt et ste st e see st e st e aesse e sesseessesseessesssensesssensesnsensesssessenns 83
GEIMETAL ...ttt b et b et e a e bt et e s bt et s bt e be e bt et e bt et e e at et e ent et e et e nbeenn 83
S@QUENCE GENETALION. ....ceeutiiiiiieeeiieeet ettt ee et e e et e e sttt eesateeeeabteesaseeesseeeesaseeessaeesanbeaeeeeesssnnnes 83
Mapping t0 PhySiCal TESOUITES.......couiruiriiriieieniteteeitet ettt ettt st ste st esbe st esbe et e e sbeeenneeans 84
SYNChIONIZAtiON SIGNALS. ... ceitiruiiieeiietieteeet ettt ettt ettt et b et s bt et satesae st e s st e e s beeesaeenares 86
Physical-1ayer Cell ideNtities.........ccververerriererierieieneesteseerte et e rte et e ste et e e et esseeseesseessesseensesssessesseessesnns 86
Primary synchronization Signal............ccoeeevierieiieniriiereeieeteeetee ettt st sttt s e 86
S@QUENCE GENETALION. ....ceeuiieiiieeeiieeeitte ettt e et e et eeett e e sttt eesateeeeusteesaseeesseeessnseeessaeesasteeeeeseassnnnes 86
Mapping t0 PhySiCal TESOUTITES. ......cccvirueriereriereeieetesteeeete et e seeseeseeestesressesseesesseesessnsaesnseesnnsenns 87
Secondary synchronization SiGNal...........ceccereriereriiereiieieeeeet ettt ettt st 87
S@QUENCE GENETALION. ....ceeuiieieeieeeiteeet e ettt ee et e e ettt e sttt e e sabeeesubteesseeesaeeeesaseeessaeesasbeaeeeeesssnnnes 87
Mapping t0 PhySiCal TESOUITES.......cevirueriertieiertteteeitete ettt ettt ettt ste st e be st esbe e st e e sbeeenneeens 87
SS/PBCH DLOCK...c.uteuteitetietieiieieeteete sttt sttt ettt ettt e st et s bt et b e s be st et e s e st ent et et entententententeseenessessesbesanenn 87
Time-frequency structure of an SS/PBCH blOCK.........ccoeieriirirriinieertereeeeseeeseee e 87
Mapping of PSS within an SS/PBCH bIOCK.........cccovetiririiiniirierieieciteesteieeteie et 88
Mapping of SSS within an SS/PBCH bIOCK..........ccieeueriiriierieiirieieseeieseetee et sseesesseessseesnneas 88
Mapping of PBCH and DM-RS within an SS/PBCH blocK.........ccceccvrirrierirriirieeeeereeeeseeeeeeenn 89
Time location of an SS/PBCH BIOCK.......ccccectiiriiiriiriiierieese ettt sttt 89
Change hiStory........ccoeceneicserssnsessarosasese cereessstesntesuanesstesanesstssasaessatesaatesssane 90

3GPP



Release 15 9 3GPP TS 38.211 V15.1.0 (2018-03)

Foreword

This Technical Report 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 the present document, it will be re-released by the TSG with an
identifying change of release date and an increase in version number as follows:

Version x.y.z
where:
x the first 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 is incremented for all changes of substance, i.e. technical enhancements, corrections,
updates, etc.

z the third digit is incremented when editorial only changes have been incorporated in the document.

3GPP



Release 15 10 3GPP TS 38.211 V15.1.0 (2018-03)

1 Scope

The present document describes the physical channels and signals for 5G-NR.

2 References

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

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

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

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

[4] 3GPP TS 38.212: "NR; Multiplexing and channel coding"

[5] 3GPP TS 38.213: "NR; Physical layer procedures for control "

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

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

[8] 3GPP TS 38.104: "NR; Base Station (BS) radio transmission and reception”
3 Definitions, symbols and abbreviations

3.1 Definitions

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

3.2 Symbols

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

k ! lJ p,u Resource element with frequency-domain index k  and time-domain index | for antenna
port P and subcarrier spacing configuration H ; see clause 4.4.3
(p, )
1 Value of resource element (k’l) for antenna port P and subcarrier spacing configuration K
see clause 4.4.3
B Amplitude scaling for a physical channel/signal
C(n) PN sequence; see clause 5.2.1
Af Subcarrier spacing
Af RA Subcarrier spacing for random-access preambles
K The ratio between TS and L ; see clause 4.1
k Subcarrier index relative to a reference
! OFDM symbol index relative to a reference
—nH
H Subcarrier spacing configuration, Af =2 '15[kHZ]
(q)
My Number of coded bits to transmit on a physical channel [for codeword 9 ]
(q)
Msymb Number of modulation symbols to transmit on a physical channel [for codeword 9 ]
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layer
M symb

PUSCH
M sc

PUSCH
M RB

ap
M symb
v

Nsize

BWP,i
start
N BWP,i

Nll

CP,l

Nsize, )

grid,x

N Sar

grid,x

PTRS
N

group
cell
N D

CORESET
NRB

CORESET
N REG

N group

samp
RB
N sC

subframe, 1
N slot

frame, y
N slot

CORESET
N, symb

PUCCH
N symb

subframe,z
N, symb

slot
N symb
NTA
N TA,offset

I
Ncrp
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Number of modulation symbols to transmit per layer for a physical channel
Scheduled bandwidth for uplink transmission, expressed as a number of subcarriers

Scheduled bandwidth for uplink transmission, expressed as a number of resource blocks

Number of modulation symbols to transmit per antenna port for a physical channel
Number of transmission layers

Size of bandwidth part i ; see clause 4.4.4.4

Start of bandwidth part i ; see clause 4.4.4.4

Cyclic prefix length; see clause 5.3.1

The size of the resource grid; see clauses 4.4.2 and 5.3

The start of the resource grid; see clause 4.4.2

The number of PT-RS groups; see clause 6.3.1.4

Physical layer cell identity; see clause 7.4.2.1

Frequency-domain size of a control resource set; see clause 7.3.2.2
Number of resrouce-element groups in a CORESET; see clause 7.3.2.2
Number of samples per PT-RS group; see clause 6.3.1.4

Number of subcarriers per resource block, see clause 4.4.4.1

Number of slots per subframe for subcarrier spacing configuration M see clause 4.3.2

Number of slots per frame for subcarrier spacing configuration H , see clause 4.3.2

Time duration of a control resource set; see clause 7.3.2.2

Length of the PUCCH transmission in OFDM symbols; see clause 6.3.2.1
Number of OFDM symbols per subframe for subcarrier spacing configuration H ; see clause 4.3.1

Number of symbols per slot
Timing advance between downlink and uplink; see clause 4.3.1

A fixed offset used to calculate the timing advance; see clause 4.3.1

Common resource block number for subcarrier spacing configuration H , see clause 4.4.4.3
Physical resource block number; see clause 4.4.4.4

Radio network temporary identifier

Slot number within a subframe for subcarrier spacing configuration H ; see clause 4.3.2

Slot number within a frame for subcarrier spacing configuration H ; see clause 4.3.2
Antenna port number

Modulation order
Number of antenna ports

Low-PAPR base sequence; see clause 5.2.2

Low-PAPR sequence; see clause 5.2.2

The time-continuous signal on antenna port P  and subcarrier spacing configuration H for
OFDM symbol l in a subframe; see clause 5.3.1

Basic time unit for NR; see clause 4.1

Radio frame duration; see clause 4.3.1
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I Basic time unit for LTE

Iy Subframe duration; see clause 4.3.1
Tslot Slot duration; see clause 4.3.2

Tia Timing advance between downlink and uplink; see clause 4.3.1
W Precoding matrix for spatial multiplexing

3.3 Abbreviations

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

BWP Bandwidth part
CCE Control channel element
CORESET Control resource set
CRB Common resource block
CSI Channel-state information
CSI-RS CSI reference signal
DCI Downlink Control Information
DM-RS Demodulation reference signal
FR1 Frequency range 1 as defined in [8, TS 38.104]
FR2 Frequency range 2 as defined in [8, TS 38.104]
PBCH Physical broadcast channel
PDCCH Physical downlink control channel
PDSCH Physical downlink shared channel
PRACH Physical random-access channel
PRB Physical resource block
PSS Primary synchronization sequence
PT-RS Phase-tracking reference signal
PUCCH Physical uplink control channel
PUSCH Physical uplink shared channel
REG Resource-element group
SRS Sounding reference signal
SSS Secondary synchronization sequence
VRB Virtual resource block
4 Frame structure and physical resources

4.1 General

Throughout this specification, unless otherwise noted, the size of various fields in the time domain is expressed in time
— —190.103 — — —
wnits T WA e Nl o A, =480:10° (o N,=4096 k=T /T =64

— 3 —
Ts_ll(Afref‘Nf,ref] , Afref:15‘10 Hz and Nf,ref_2048

max max . The constant where

4.2 Numerologies

Multiple OFDM numerologies are supported as given by Table 4.2-1 where H  and the cyclic prefix for a bandwidth
part are given by the higher-layer parameters DL-BWP-mu and DL-BWP-cp for the downlink and UL-BWP-mu and UL-
BWP-cp for the uplink.
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Table 4.2-1: Supported transmission humerologies.

p Af:2“-15 [kHz | Cyclic prefix
0 15 Normal

1 30 Normal

2 60 Normal, Extended
3 120 Normal

4 240 Normal

4.3 Frame structure

431 Frames and subframes

Downlink and uplink transmissions are organized into frames with Tf :(Af max Nf / 100)‘ T =10 ms

consisting of ten subframes of Tsf:(Af Nf /1000)' T.=1ms
Nsubframe, U Nslot Nsubframe, i

symbols per subframe is symb —Vsymb *slot . Each frame is divided into two equally-sized half-frames of

five subframes each with half-frame 0 consisting of subframes 0 — 4 and half-frame 1 consisting of subframes 5 — 9.

duration, each

max duration. The number of consecutive OFDM

There is one set of frames in the uplink and one set of frames in the downlink on a carrier.

= NTA+N

. ; - T T
Uplink frame number ! for transmission from the UE shall start ~ TA TAoffset] “ ¢ before the start of the

corresponding downlink frame at the UE where NTAyOffset depends on the frequency band according to [38.133].

Downlink frame i

Uplink frame :

- -

Figure 4.3.1-1: Uplink-downlink timing relation.

43.2  Slots
n“E[O Nsubframe,y_ 11
For subcarrier spacing configuration H | slots are numbered s —(~>" "> slot | in increasing order within
nelo,.. Ny . N |
asubframe and sf | slot J" in increasing order within a frame. There are $ymb consecutive OFDM
slot
symbols in a slot where symb depends on the cyclic prefix as given by Tables 4.3.2-1 and 4.3.2-2. The start of slot
U 1 qrslot
n n.N

s in a subframe is aligned in time with the start of OFDM symbol s symb  in the same subframe.

OFDM symbols in a slot can be classified as 'downlink' (denoted 'D' in Table 4.3.2-3), 'flexible' (denoted 'X"), or 'uplink'
(denoted 'U"). Table 4.3.2-3 is used when the SFI-RNTT is used for slot format indication as described in subclause
11.1.1 of [5, TS 38.213].

In a slot in a downlink frame, the UE shall assume that downlink transmissions only occur in 'downlink’ or 'flexible’
symbols.

In a slot in an uplink frame, the UE shall only transmit in 'uplink’ or 'flexible' symbols.

Signaling of slot formats is described in subclause 11.1 of [5, TS 38.213].
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Table 4.3.2-1: Number of OFDM symbols per slot, slots per frame, and slots per subframe for hormal

Table 4.3.2-2: Number of OFDM symbols per slot, slots per frame, and slots per subframe for
extended cyclic prefix.

cyclic prefix.
slot frame, subframe,

H N symb N slot ' N slot '
0 14 10 1

1 14 20 2

2 14 40 4

3 14 80 8

4 14 160 16

slot frame, subframe, y
H N symb N slot N slot
2 12 40 4
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Table 4.3.2-3: Slot formats for normal cyclic prefix.

13

12

11

10

Symbol number in a slot

Reserved

Format

10
11
12
13
14
15
16
17
18
19
20
21

22
23
24
25
26
27
28
29
30
31

32
33
34
35

36
37
38
39
40

41

42

43

44
45

46

47

48

49

50
51

52

53

54

55
56 — 255
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4.4 Physical resources
4.4.1 Antenna ports

An antenna port is defined such that the channel over which a symbol on the antenna port is conveyed can be inferred
from the channel over which another symbol on the same antenna port is conveyed.

Two antenna ports are said to be quasi co-located if the large-scale properties of the channel over which a symbol on
one antenna port is conveyed can be inferred from the channel over which a symbol on the other antenna port is
conveyed. The large-scale properties include one or more of delay spread, Doppler spread, Doppler shift, average gain,
average delay, and spatial Rx parameters.

4.4.2 Resource grid

Nsize, i NRB subframe, y
For each numerology and carrier, a resource grid of gidx""sc  gubcarriers and symb OFDM symbols is
start,

defined, starting at common resource block grid indicated by higher-layer signalling. There is one set of resource
grids per transmission direction (uplink or downlink) with the subscript X set to DL and UL for downlink and uplink,
respectively. When there is no risk for confusion, the subscript X may be dropped. There is one resource grid for a

given antenna port P , subcarrier spacing configuration H , and transmission direction (downlink or uplink).
4.4.3 Resource elements

Each element in the resource grid for antenna port P  and subcarrier spacing configuration H is called a resource

k1l

element and is uniquely identified by ‘p,u where K is the index in the frequency do‘mai\n and | refersto
the symbol position in the time domain relative to some reference point. Resource element k Y p,# corresponds to a
physical resource and the complex value a&pl g . When there is no risk for confusion, or no particular antenna port or
subcarrier spacing is specified, the indices P and H may be dropped, resulting in a(k{)l) or Ikl

444  Resource blocks

4441 General

A resource block is defined as NfCB =12 consecutive subcarriers in the frequency domain.

4.4.4.2 Point A

Point A serves as a common reference point for resource block grids and is obtained from the following higher-layer
parameters:

- PRB-index-DL-common for a PCell downlink represents the frequency offset between point A and the lowest
subcarrier of the lowest resource block of the SS/PBCH block used by the UE for initial cell selection;

- PRB-index-UL-common for a PCell uplink in paired spectrum represents the frequency offset between point A
and the frequency location based on ARFCN of the uplink indicated in SIB1;

- PRB-index-UL-common for a PCell uplink in unpaired spectrum represents the frequency offset between point A
and the lowest subcarrier of the lowest resrouce block of the SS/PBCH block used by the UE for initial cell
selection;

- PRB-index-DL-Dedicated for an SCell downlink represents the frequency offset between point A and the
frequency location based on ARFCN in the higher-layer SCell configuration;

- PRB-index-UL-Dedicated for an SCell uplink represents the frequency offset between point A and the frequency
location based on ARFCN in the higher-layer SCell configuration;
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- PRB-index-SUL-common for a supplementary uplink represents the frequency offset between point A and the
frequency location based on ARFCN in the higher-layer SUL configuration.

All the above parameters are expressed in units of resource blocks assuming 15 kHz subcarrier spacing for FR1 and 60
kHz subcarrier spacing for FR2.

4443 Common resource blocks

Common resource blocks are numbered from 0 and upwards in the frequency domain for subcarrier spacing

configuration H . The center of subcarrier 0 of common resource block 0 for subcarrier spacing configuration H
coincides with 'point A'.

H
The relation between the common resource block number CRB  in the frequency domain and resource elements

(k ) l) for subcarrier spacing configuration H is given by

k

o
Ncrg= NRB
SC

where K s defined relative to point A such that k=0 corresponds to the subcarrier centered around point A.

4.4.4.4 Physical resource blocks

size .
Physical resource blocks are defined within a bandwidth part and numbered from 0 to BWRi where [ isthe
number of the bandwidth part. The relation between the physical resource block "bRB  in bandwidth part i and

n L.
the common resource block "CRB s given by

_ start
Nerg =Nprp+ Npwp i

start
where BWBi  js the common resource block where bandwidth part starts relative to common resource block 0.

4445 Virtual resource blocks

size
Virtual resource blocks are defined within a bandwidth part and numbered from 0 to NBWPJ_ where ! isthe
number of the bandwidth part.

4.4.5 Bandwidth part

A bandwidth part is a subset of contiguous common resource blocks defined in subclause 4.4.4.3 for a given
start

numerology Hi in bandwidth part i ona given carrier. The starting position ~ BWPRi  and the number of
size start size size size
S . . < < . < <IN
resource blocks Ny, in a bandwidth part shall fulfil 0 _NBWPJ Ngﬂd:x and 0 NBWPJ Ngfld, X
respectively.

A UE can be configured with up to four bandwidth parts in the downlink with a single downlink bandwidth part being
active at a given time. The UE is not expected to receive PDSCH, PDCCH, or CSI-RS (except for RRM) outside an
active bandwidth part.

A UE can be configured with up to four bandwidth parts in the uplink with a single uplink bandwidth part being active
at a given time. If a UE is configured with a supplementary uplink, the UE can in addition be configured with up to four
bandwidth parts in the supplementary uplink with a single supplementary uplink bandwidth part being active at a given
time. The UE shall not transmit PUSCH or PUCCH outside an active bandwidth part. For an active cell, the UE shall
not transmit SRS outside an active bandwidth part.

For unpaired spectrum, the UE may assume that two bandwidth parts with the same index ! are paired.

Unless otherwise noted, the description in this specification applies to each of the bandwidth parts.
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4.5 Carrier aggregation

Transmissions in multiple cells can be aggregated . Unless otherwise noted, the description in this specification applies
to each of the serving cells.

5 Generic functions

5.1 Modulation mapper

The modulation mapper takes binary digits, 0 or 1, as input and produces complex-valued modulation symbols as
output.

5.1.1 T/2-BPSK

In case of /2-BPSK modulation, bit b(i) is mapped to complex-valued modulation symbol d(l) according to
jgfimodz

d(ﬁ:——vi——

[1-2b(i)+jl1-2b(i)]

5.1.2 BPSK

In case of BPSK modulation, bit b(i) is mapped to complex-valued modulation symbol d(i) according to

-1

d(i) ﬁl(l—zb(i)jlw[l—zb(i))l

51.3 QPSK

b(2i),b(2i +1)

In case of QPSK modulation, pairs of bits, , are mapped to complex-valued modulation symbols

d(i) according to
d(i) =%@—2b(2i)) +j(1-2bQ2i+1)) §

5.1.4  16QAM

b(4i), b(4i +1),b(4i + 2), b(4i +3)

In case of 16QAM modulation, quadruplets of bits, , are mapped to complex-valued

modulation symbols d(i ) according to
d(i)= %{(1— 2b(4i)) @—(1-2b(4i +2)) § j(1-2b(4i +1)) §—(1-2b(4i +3)) §

515  64QAM

b(6i), b(6i +1), b(6i +2), b(6i + 3), b(6i + 4), b(6i +5)

In case of 64QAM modulation, hextuplets of bits, , are mapped to

l

complex-valued modulation symbols d( ) according to

d(i)= {(1—2b(6i)] 3—(1—2b(6i+ 2)) é—(l—Zb(6i+4))@- j(1-2b(6i+1)) 8—(1—2b(6i +3)) @—(1-2b(6i +5))@

ﬁ|~
N
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51.6  256QAM

In case of 256QAM modulation, octuplets of bits,

b(8i), b(8i +1), b(8i +2),b(Bi + 3), b(8i +4),b(Bi +5), b8 +6),bBI+7) 1 110 complex-valued modulation

symbols d(i> according to
d(i)= ﬂ[(l 2b(81))3—(1—2b(8i+2))3—(1—2b(8i+4))@—(1—2b(81+6))@
+j(1-2b(@Bi+1)) 3—(1—2b(8i+3)) 3—(1—2b(8i+5))@—(1—2b(8i+7))@
5.2 Seqguence generation
5.2.1 Pseudo-random sequence generation

Generic pseudo-random sequences are defined by a length-31 Gold sequence. The output sequence C(”) of length
M n=0,1,...,M —1
vy b PN

PN | where , is defined by
c(n)=(x,(n+N)+x,(n+N) mod2
x,(n+31)=(x,(n+3)+x,(n)|mod 2
X,(n+31)=(x,(n+3)+x,(n+2)+x,(n+1)+x,(n)|mod 2
where N=1600 and the first m-sequence Xl(n) shall be initialized with xl(O):l,xl(n)ZO,n:1,2,...,30 . The

30
Cinitzzizg Xz(

initialization of the second m-sequence, XZ(n) , is denoted by
the application of the sequence.

with the value depending on

5.2.2 Low-PAPR sequence generation

(a,6) _
The low-PAPR sequence Tuy <n) is defined by a cyclic shift @ of a base sequence rW(n) according to

rL‘f;‘s)(n)zej""Fu’v(n), 0<n<M,,

— _ArRB 6
where Mzc=mN 12 is the length of the sequence. Multiple sequences are defined from a single base sequence

through different values of @ and 6

u€/0,1,...,29
sequence number within the group, such that each group contains one base sequence ( v =0 ) of each length

=mNE®/2°  1€m/2° @5 M,. =mNE®/2°

, and two base sequences ( V=01 ) of each length

Base sequences r“,v(n) are divided into groups, where is the group number and Vv is the base

5 r r —
6 %/ 2" The definition of the base sequence rW(O)’ ""ru,v(MZC 1) depends on the sequence length MZC
5.2.2.1 Base sequences of length 36 or larger
RB _ _

For Mzc23N , the base sequence ru,v(o)’---’ru,v(MZC_l) is given by

fu)v(n):xq(nmoszc\'

7jnqm‘:m+1\
[ 10| — /9

X,\m|=e

where

q=(q+1/2]+v(~1)*"
g=N,c(u+1)/31
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The length Nag is given by the largest prime number such that ~ ZC
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5.2.2.2 Base sequences of length less than 36
[ I
For Myc€16,12,18,24] the base sequence is given by
Fqu(n):em(")”M, 0<n<M,.—1

where the value of ¢(n) is given by Tables 5.2.2.2-1 to 5.2.2.2-4,

For M =30 , the base sequence FU’V(O),...,FM(MZC—I) is given by

_jn(u+1)(n+1)(n+2)
F, n=e 3 , 0<n=M,.-1
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Table 5.2.2.2-1: Definition of ¢(”) for M, =6

u @(0),..., @(5)

0 [3]-1]3]3]1]-3
Lisls|1]|1]3]3
2 [3]3|3|3|1]-3
3 111|313
4 0101l1]3]1]3
513/1]|1|3]|-3]|-3
613/1]|3|3]|-3|-3
Tlalal1l3l1]a
8 |3]-1]-3|1]|-3]-3
9 13|3/1|3|3]|-3
10 3/1]3]1]3]|3
11 3]-1|3]1]1]3
20911 (3]1]-3|3
13(1]1]3|3]|1]3
Yiil1]1]3]3]1
519 11]1]1]3]3
161 301]-1]1]3]1
17 [3|3|-1|1]-1]3
18 3| 3|3 1|31
191 301]1]3]-1]-3
20 |3]3]|3|1|1]|-3
2113]1]3|3|-3|1
221]1]|3/3(1]3
231101|3|3|1]-3
24110113133
251131133
261 101]1|1]3]|1
27 (1101|311
28 | 1]1]-1|3 |31
29 [1]1]3| 1|11
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=12

Table 5.2.2.2-2: Definition of ¢(”) for My
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Table 5.2.2.2-3: Definition of ¢(”) for My
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Table 5.2.2.2-4: Definition of ‘l)(”) for M, =24
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5.3 OFDM baseband signal generation
53.1 OFDM baseband signal generation for all channels except PRACH

(pot)(4]
The time-continuous signal Si ( ] on antenna port P and subcarrier spacing configuration H for OFDM

l q 0’1 Nsubframe ,uNslot _ 1}

slot symb

symbol in a subframe for any physical channel or signal except PRACH is defined by

size, jt RB_
Nogd' Neg 1

(p.1)| (p.n), 20Kk Noge N 12| af =Ny T~ |
sPlt= Y dPte
l \- k,1

k=0

H H
l_t<tstartl (N +NCPI)T

t . . .
where start is the time within the subframe,

=2048k-27*
51227 extended cyclic prefix
Ngp =|144k-27#+16x  normal cyclic prefix, =0 or [=7-2*
144 K- 27* normal cyclic prefix, [#0 and 1#7-2"
Af

L for subcarrier spacing configuration H in a subframe is given by

is given by clause 4.2, and H is the subcarrier spacing configuration. The starting position of OFDM symbol

0 1=0
tl"
slan,l tH

HeNE ). .
start, 11T (Nu+NCR1_1 Tc otherwise

k! €% -6,0,+6}

The value of is obtained from the higher-layer parameter kO and is such that the lowest numbered

subcarrier in a common resource block for subcarrier spacing configuration H  coincides with the lowest numbered

subcarrier in a common resource block for any subcarrier spacing configuration less than H

5.3.2 OFDM baseband signal generation for PRACH

The time-continuous signal Si ' onantenna port P for PRACH is defined by

Lpa—1 - -
S(pry)(t)_ Z a(p:RA)_e]2n(k+Kkl+k’AfRA(t NCPIT _tstarlJ
I = k

k=0

K=AflAf g
ky=kb+ NG NP+ NP ng, Nog NOP= NI NP/
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where

The starting position Lt of the PRACH preamble in a subframe (for

kHz slot (for

where

where

RA RA RA
tstartSt<tstart+(Nu+NCP,I)TC and

k

is given by clause 6.3.3;

Af is the subcarrier spacing of the initial active uplink bandwidth part during initial access. Otherwise,

Af is the subcarrier spacing of the active uplink bandwidth part;

.-
K 0[ 6,0,+6] is obtained from the higher-layer parameter k0 and is such that the lowest numbered

subcarrier in a common resource block for subcarrier spacing configuration H coincides with the lowest
numbered subcarrier in a common resource block for any subcarrier spacing configuration less than H ;

Njwp.: - C : .
BWP.i js the lowest numbered resource block of the initial active uplink bandwidth part based on common

resource block indexing and is derived by the higher-layer parameter initial-UL-BWP_during initial access.

start
Otherwise, = BWP is the lowest numbered resource block of the active uplink bandwidth part based on common

resource block indexing and is derived by the higher-layer parameter UL-BWP;

start
MRA " is the frequency offset of lowest PRACH transmission occasion in frequency domain with respect to PRB

0 of the initial active uplink bandwidth part given by the higher-layer parameter prach-frequency-start during
start
initial access associated with the initial active uplink bandwidth part. Otherwise, "RA " s the frequency offset of

lowest PRACH transmission occasion in frequency domain with respect to physical resource block 0 of the
active uplink bandwidth part given by the higher-layer parameter prach-frequency-start associated with the
active uplink bandwidth part;

RA s the PRACH transmission occasion index in frequency domain for a given PRACH transmission occasion
in one time instance as given by clause 6.3.3.2;

RA
RB s the number of resource blocks occupied and is given by the parameter allocation expressed in number of
RBs for PUSCH in Table 6.3.3.2-1.

RA
Af,, ©1.25,5,15,30} kHz ) orina 60

Af,, ¥ 60,120} kHz

) is given by
RA _ u
tslart - tstan,l

t#

[=0
start, | = .
" bart 11 +( N} +Né‘p,,_1) @ otherwise

C

the subframe or 60 kHz slot is assumed to start at £ =0 ;

a timing advance value Ny =0 shall be assumed;

€[1.25,5 kiz €/15,30,60,120, Ktz

#=0 ghall be assumed for Afra , otherwise it is given by Afra and the

symbol position Iis given by

RA 4 14nRA

dur slot

I=1,+n"*N,

Ly is given by the parameter "starting symbol" in Tables 6.3.3.2-2 to 6.3.3.2-4;
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RA
- ™ s the PRACH transmission occasion within the PRACH slot, numbered in increasing order from 0 to
NRA,slot _ RA,slot
t

within a RACH slot where “'t is given Tables 6.3.3.2-2 to 6.3.3.2-4;

RA

- Naw is given by Tables 6.3.3.2-2 to 6.3.3.2-4;

nRA
- st js given by

RA:0

¢ My €1.25,5,15,60} kHz then ™in

if Afea 0{ 30’120} kHz and either of "Number of PRACH slots within a subframe" in Tables 6.3.3.2-2 to

6.3.3.2-3 or "Number of PRACH slots within a 60 kHz slot" in Table 6.3.3.2-4 is equal to 1, then Mo =

RA q 0’ 1}

.n
- otherwise,

N

RA _ \RA
The quantities Lea and “'u are given by clause 6.3.3 and Nep i =Nep+n-16k

where

 gor Afpa€1.255 KHz . n=0

A RA RA RA
ar[’tslart +(NL1 +NCP )Tcé

, 1 isthe number of times the interval g
[AfmaXNf/ZOOO]-TC:O.S ms

for  Afra€15,30,60,120] kHz

overlaps with either time instance 0 or time instance in a subframe

5.4 Modulation and upconversion
Modulation and upconversion to the carrier frequency f 0 of the complex-valued OFDM baseband signal for antenna
port P, subcarrier spacing configuration H , and OFDM symbol [ in a subframe assumed to startat (=0
is given by
(p.u)(,| jz”fo[[_tfwn,l_Nganc]
Re |s, tle

for all channels and signals except PRACH and by

Re[sﬁp’“)(t}-ejznfol

for PRACH.

6 Uplink
6.1 Overview

6.1.1 Overview of physical channels

An uplink physical channel corresponds to a set of resource elements carrying information originating from higher
layers. The following uplink physical channels are defined:

- Physical Uplink Shared Channel, PUSCH
- Physical Uplink Control Channel, PUCCH

- Physical Random Access Channel, PRACH
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6.1.2 Overview of physical signals

An uplink physical signal is used by the physical layer but does not carry information originating from higher layers.
The following uplink physical signals are defined:

- Demodulation reference signals, DM-RS
- Phase-tracking reference signals, PT-RS

- Sounding reference signal, SRS

6.2 Physical resources

The frame structure and physical resources the UE shall use when transmitting in the uplink transmissions are defined
in Clause 4.

The following antenna ports are defined for the uplink:
- Antenna ports starting with O for PUSCH and associated demodulation reference signals
- Antenna ports starting with 1000 for SRS
- Antenna ports starting with 2000 for PUCCH

- Antenna port 4000 for PRACH
6.3 Physical channels

6.3.1 Physical uplink shared channel
6.3.1.1 Scrambling

_ (q) (a)(pqla)_ (q)
For the single codeword q—O , the block of bits b (0)’ b (Mbit 1) , where M is the number of bits in

codeword {4 transmitted on the physical channel, shall be scrambled prior to modulation, resulting in a block of

7la) Pl (e _
scrambled bits b (0 )’ b (Mbil 1) according to the following pseudo code
Seti=0

. (q)
while 1<Mbi

la) ()=
if b (i)=x // UCI placeholder bits

(@)(:\=
if b (l)_y // UCI placeholder bits

E(q)(i):g(q)(i—l)
else
B (i)=(b9)()+¢'9 (i) mod 2
end if
end if
i=i+1
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end while

(o)
where x and y are tags defined in [4, TS 38.212] and where the scrambling sequence € (1) is given by clause 5.2.1.
The scrambling sequence generator shall be initialized with

_ 15
Cinit =NpNT1'2 *+Npp

init
where

np€0,L,...,1023]
equals the C-RNTI,

equals the higher-layer parameter Data-scrambling-Identity if configured and the RNTI

n _Ncell
IDT-'ID  otherwise

and where "RNTI corresponds to the RNTI associated with the PUSCH transmission as described in clause 6.1 of [6, TS
38.214].

6.3.1.2 Modulation

_ 7la) Pl (e _
For the single codeword 9 =0 , the block of scrambled bits b <0 )’ b (M it 1) shall be modulated as
described in clause 5.1 using one of the modulation schemes in Table 6.3.1.2-1, resulting in a block of complex-valued

d(q)(O),...,d(q)(M(q)b—l)

modulation symbols sym

Table 6.3.1.2-1: Supported modulation schemes.

Transform precoding disabled Transform precoding enabled
Modulation scheme . Q Modulation scheme . Q
Modulation order ~m Modulation order ~m

11/2-BPSK 1
QPSK 2 QPSK 2
16QAM 4 16QAM 4
64QAM 6 64QAM 6
256QAM 8 256QAM 8

6.3.1.3 Layer mapping

For the single codeword q=0 , the complex-valued modulation symbols for the codeword to be transmitted shall be
mapped onto up to four layers according to Table 7.3.1.3-1. Complex-valued modulation symbols

(q) () psla) _ [ (0) (-1) i\ T
d*(0),....d (Msymb 1) for codeword q shall be mapped onto the layers X(l)_{x (i) X (1)]
i=0.1 Mlayer -1 layer
5 symb where U is the number of layers and symb  js the number of modulation symbols per

layer.
6.3.1.4 Transform precoding

(M= (; _
If transform precoding is not enabled, Y (i)=x"(i) for each layer A=0,1,...,0~1

) .
If transform precoding is enabled, v=1 d 28 (i) depends on the configuration of phase-tracking reference

signals.

If the procedure in [6, TS 38.214] indicates that phase-tracking reference signals are not being used, the block of
(0) (0)( 5 slayer
x(0),.. xV (M -1) 1=0

complex-valued symbols symb for the single layer shall be divided into
layer PUSCH ) v (0) s
MSYmb/MSC sets, each corresponding to one OFDM symbol and P =x"D .
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If the procedure in [6, TS 38.214] indicates that phase-tracking reference signals are being used, the block of complex-
(0) (0)( 5 slayer
X <O) ek <M5Ymb 1) shall be divided into sets, each set corresponding to one OFDM symbol,
group 7 PTRS
€ Noamp Ny symbols and is mapped to the complex-valued symbols

i990,1,..., M2 —1)

. group
i9m . The index ™ of PT-RS samples in set I'| the number of samples per PT-RS group Noamp , and the number of

PTRS

PT-RS groups Nooup are defined in clause 6.4.1.2.2.2. The quantity & =1 when OFDM symbol I' contains one or more

valued symbols

PUSCH __
and where set | contains

B (IMPUC 4§

corresponding to OFDM symbol ! prior to transform precoding, with and

PT-RS samples, otherwise =0

Transform precoding shall be applied according to

PUSCH . 2mik
1 Mee a1 . Jrvusen
y(o)(lWPUSCH 1 k)= O %)(IQIPUSCH +ide MEUSCH
s¢ IMPUSCH = s¢
sC

k=0,.., MBS 1

* sc

[=0,. .MM /MM -1

symb

y(O)(O))m’y(O](Mlayer 1)

resulting in a block of complex-valued symbols symb . The variable
PUSCH _  rPUSCH rRB PUSCH
sc —“RB sc , where RB represents the bandwidth of the PUSCH in terms of resource blocks,
and shall fulfil
Mll;]ISJSCH :2a2 .3(13 _5115
where %2905 s g set of non-negative integers.
6.3.1.5 Precoding
(0). (-1 T _ layer _
The block of vectors {y (1) y (1)] , i=0.1,... ’Msymb 1 shall be precoded according to
") | [y
yoLI
: =W
Z(Pp,l)(l.) y(u—l)(l)
. P ap _ jglayer [ |
where i=0,1,.. "Msymb 1 , Msymb_MSYmb . The set of antenna ports \Po....Pp-1] " ghall be determined

according to the procedure in [6, TS 38.214].

For non-codebook-based transmission, the precoding matrix W equals the identity matrix.

For codebook-based transmission, the precoding matrix Woois given by W=1for single-layer transmission on a
single antenna port, otherwise by Tables 6.3.1.5-1 to 6.3.1.5-7 with the TPMI index obtained from the DCI scheduling

the uplink transmission.

Table 6.3.1.5-1: Precoding matrix W for single-layer transmission using two antenna ports.

TPMI index w
(ordered from left to right in increasing order of TPMI index)
0 1 010 10110 1 010 1010

1
— =00 | =00 | =00 | =0 @
V211 | ~20i | v20-10 | V2000 | V200 0

0-5

i
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Table 6.3.1.5-2: Precoding matrix W for single-layer transmission using four antenna ports with
transform precoding enabled.

TPMI W
index (ordered from left to right in increasing order of TPMI index)
1 0 0 0 1 1 1 1
o_r | o[ | L | ol | Lo | Liof | L]l Ljo|| L
210 210 2|1 210 2(1 21-1 2|j 2|—j
0 0 0 1 0 0 0 0
0 0 [0 0 1 1 1 1
615 o | tfu|| gt | Lja|] 1fr|] 11| | 11| 1|1
20 210 (| 2{0 200 || 2( 1| 20j| | 2|-1|] 2|-j
1 -1 j —-j -1 j 1 —-j
1 1 1 1 1 1 1 1
1]j 11j 1 1| j 1-1 -1 1]-1 1{-1
16 - 23 = = = = = = = =
2|1 2|j 2|-1 2|—j 2|1 2] j 21-1 2|—j
J 1 ~J -1 1 —J -1 J
1 1]l |1 1
1-j o e A R
24 -27 = = = =
201 (] 2|l 2[-1]] 2|-j
- -1 j 1

Table 6.3.1.5-3: Precoding matrix W for single-layer transmission using four antenna ports with
transform precoding disabled.

TPMI W
index (ordered from left to right in increasing order of TPMI index)
1 0 0 0 1 1 1 1
o 1o [ 1t | Ljo| | 1fo| | 1jo| | Lol 1fo|| 1|0
210 210 21 210 211 | 21| 2j| | 2|-j
0 0 0 1 0 0 0 0
0] 0 0 o 1 1 1 1]
o1 Lo | || taf | Lfrf] y1 | 11| | 11| 1j1
210 200 (| 20 200 21 2|j 2|-1]| 2[-j
1 -1 j -J 1 j -1 —-j
1 1 1 1 ) (1] T 1
1|j 1| j 1|l 1-1f| 1|-1|| 1|-1|] 1]-1
16 — 23 = = = = = = = =
2(1 2011 2|1l 2|=jl| 2|1l 2[j|| 2|-1| 2|-j
J -1 —J 1 -1 —J 1 J
1 1 1 1
L=jl| L=j —j|| =i
24 - 27 = = -
211 || 21| 2|-1|| 2|-j
—J 1 J -1
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Table 6.3.1.5-4: Precoding matrix W for two-layer transmission using two antenna ports with

transform precoding disabled.

TPMI index w
(ordered from left to right in increasing order of TPMI index)
0_2 L 10 l 11 1 11
V210 1] 211 -1 21j —j

Table 6.3.1.5-5: Precoding matrix " for two-layer transmission using four antenna ports with

transform precoding disabled.

TPMI index W
(ordered from left to right in increasing order of TPMI index
10 10 10 00
03 100 1 1[0 0 10 0 141 0
210 0 210 1 210 0 210 1
00 00 01 00
00 00 1 0 10
"o 11 0 1[0 0 10 1 10 1
210 0 21 0 211 0 211 0
0 1 0 1 0 —j 0 j
1 0 1 0 1 0 1 0
110 1 1o 1 110 1 110 1
8-11 = = = =
21-j 0 2—-j 0 2(-1 0 2-1 0
0 1 0 -1 0 —j 0
10 1 0 1 1 1 1
o 15 1o 1 10 1 RIS R
21j 0 21j 242|1 -1 242|j -]
01 0 -1 1 -1 i o—j
11 11 11 1 1]
L ]j j L]j -1 -1 I1-1 -1
16-19 — —= — —
2y2|1 -1 242 j 22| 1 -1 242 -j
J ] -1 1 -1 1 =] ]
1 1 1 1
1 =) —j 1 =) —j
20-21 = — - -
2v2|1 -1 242 j -j
—j ] 1 -1
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Table 6.3.1.5.4-6: Precoding matrix W for three-layer transmission using four antenna ports with
transform precoding disabled.

TPMI w
index (ordered from left to right in increasing order of TPMI index
100 100 1 00 1 1 1
03 140 1 0 140 1 0 110 10 -1
210 0 1 100 2(-1 0 0 2431 1 -1
000 001 0 01 1 -1 -1
1 1 1 1 11 1 1 1
111 -1 1 -11 -1 -1 1 -1
4—6 - . . -~ N~ . . -
23(j j —jf| 231 1 -1 | 2v3|j j —j
J —J -1 —JJ

Table 6.3.1.5-7: Precoding matrix "W for four-layer transmission using four antenna ports with
transform precoding disabled.

TPMI W
index (ordered from left to right in increasing order of TPMI index)
1000 1 1 0 0 1 1 0 0 11 1 1
110 1. 0 0 110 0 1 1 10 0 1 14 11 -1 1 -1
0-3 = — - z
20 0 1 0 20211 =10 0] 2v2]j —-j 0 0 41 1 -1 -1
0001 0 0 1 -1 0 0 j —j 1 -1 -1 1
11 1 1
. - - -
MU
J ] —] ]
6.3.1.6 Mapping to virtual resource blocks

For each of the antenna ports used for transmission of the PUSCH, the block of complex-valued symbols

27(0),.... 2" (M® 1)

symb ™ shall be multiplied with the amplitude scaling factor Bruscu in order to conform to

(p
the transmit power specified in [5, TS 38.213] and mapped in sequence starting with z (0> to resource elements
Kl

p.¢ in the virtual resource blocks assigned for transmission which meet all of the following criteria:
- they are in the virtual resource blocks assigned for transmission, and

- the corresponding resource elements in the corresponding physical resource blocks are not used for transmission
of the associated DM-RS, PT-RS, or DM-RS intended for other co-scheduled UEs as described in clause
6.4.1.1.3

The mapping to resource elements (k | Jp,u allocated for PUSCH according to [6, TS 38.214] shall be in increasing
order of first the index K  over the assigned virtual resource blocks, where k=0 is the first subcarrier in the

lowest-numbered virtual resource block assigned for transmission, and then the index l , with the starting position
given by [6, TS 38.214].

6.3.1.7 Mapping from virtual to physical resource blocks

Virtual resource blocks shall be mapped to physical resource blocks according to the indicated mapping scheme, non-
interleaved or interleaved mapping.

For non-interleaved VRB-to-PRB mapping, virtual resource block 7 is mapped to physical resource block =
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For interleaved VRB-to-PRB mapping, the mapping process is defined in terms of resource block bundles:

. e - w
- Resource block bundle ! is defined as resource blocks tlL’IL +1,..,IL+L - 1,\ where L is the bundle

size provided by the higher-layer parameter VRB-to-PRB-interleaver

- Virtual resource block bundle J is mapped to physical resource block bundle f (J ] where

f(j)=rC+c
j=CR+r
r=0,1,...,R—
c=01,...,C-
R=2

C=[ Nyp /| LR]]

1
1

size
with “'BWRi  representing the size of the bandwidth part in which the PUSCH is transmitted.

6.3.2 Physical uplink control channel

6.3.2.1 General
The physical uplink control channel supports multiple formats as shown in Table 6.3.2.1-1. In case frequency hopping is
PUCCH
configured for PUCCH format 1, 3, or 4, the number of symbols in the first hop is given by [ symb ‘ where
PUCCH
NSYmb is the length of the PUCCH transmission in OFDM symbols.
Table 6.3.2.1-1: PUCCH formats.
PUCCH format Length in OFDM symbols Number of bits
NPUCCH
symb

0 1-2 <2

1 4-14 <2

2 1-2 >2

3 4-14 >2

4 4-14 >2
6.3.2.2 Sequence and cyclic shift hopping

(a,8)
PUCCH formats 0, 1, 3, and 4 use sequences .V (n) given by clause 5.2.2 with 6=0  where the sequence
group Y and the sequence number Vv depend on the sequence hopping in clause 6.3.2.2.1 and the cyclic shift
a  depends on the cyclic shift hopping in clause 6.3.2.2.2.

6.3.2.2.1 Group and sequence hopping

=[f +
The sequence group u (f gh f ss)rnod 30
layer parameter PUCCH-GroupHopping:

and the sequence number V  within the group depends on the higher-

- if PUCCH-GroupHopping equals 'neither'

fgh:O
f =npmod 30
v=0

where "D s given by the higher-layer parameter hoppingld.

- if PUCCH-GroupHopping equals 'enabled'
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fan =(0m:02"‘c(8( 2n’, +nh0p) +m)) mod 30
f, = n,, mod30
v=0

where the pseudo-random sequence C(i) is defined by clause 5.2.1 and shall be initialized at the beginning of
c —[nID/ BOJ

each radio frame with it where D is given by the higher-layer parameter hoppingld.

- if PUCCH-GroupHopping equals 'disabled'

fgh = 0
f.. = n, mod30

v= c( 2n, + nhop)

where the pseudo-random sequence C(i) is defined by clause 5.2.1 and shall be initialized at the beginning of
c 25[nlD/30J+(nID rnod30)

each radio frame with ~~init™ where ™D s given by the higher-layer parameter

hoppingld.

The frequency hopping index Mhop =0 if frequency hopping is disabled by the higher-layer parameter PUCCH-

frequency-hopping. If frequency hopping is enabled by the higher-layer parameter PUCCH-frequency-hopping, Mhop =

for the first hop and Py =1 for the second hop.
6.3.2.2.2 Cyclic shift hopping
The cyclic shift @ varies as a function of the symbol and slot number according to

a =2" ((m0+mcs+ncs(n“ I+l?modNiB)

1= RB s,f 2
sC

where

n“ . . .
- sf is the slot number in the radio frame

- [ is the OFDM symbol number in the PUCCH transmission where [=0 corresponds to the first OFDM
symbol of the PUCCH transmission,

- [ is the index of the OFDM symbol in the slot that corresponds to the first OFDM symbol of the PUCCH
transmission in the slot given by [5, TS 38.213]

- My s given by [5, TS 38.213] for PUCCH format 0 and 1 while for PUCCH format 3 and 4 is defined in
subclause 6.4.1.3.3.1

m,=0 except for PUCCH format 0 when it depends on the information to be transmitted according to

subclause 9.2 of [5, TS 38.213].
The function ncs(nC’l) is given by

N (ng;, 1) =$m:02”10(140n§ff +8l+m

where the pseudo-random sequence C(') is defined by subclause 5.2.1. The pseudo-random sequence generator shall

be initialized with ~ Cinit~ "D , where "o s given by the higher-layer parameter hoppingld.
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6.3.2.3 PUCCH format O

6.3.2.3.1 Sequence generation

The sequence X(”) shall be generated according to
X(I-NSRCB+n): r(u(f\;a)(n)
n=0,1,...,No>—1

10 for single-symbol PUCCH transmission
0,1 for double-symbol PUCCH transmission

(a,6)
where Tuyv (n) is given by clause 6.3.2.2 with Mes depending on the information to be transmitted according to

subclause 9.2 of [5, TS 38.213].

6.3.2.3.2 Mapping to physical resources

The sequence X(”) shall be multiplied with the amplitude scaling factor P PUCCH,0  in order to conform to the
transmit power specified in [5, TS 38.213] and mapped in sequence starting with X(O) to resource elements
k Y p,# assigned for transmission according to subclause 9.2.1 of [5, TS 38.213] in increasing order of first the

index K over the assigned physical resources, and then the index [ on antenna port P =2000

6.3.24 PUCCH format 1
6.3.2.4.1 Sequence modulation

M. =1

bit =

The block of bits b(O),. ) "b(M bil_l) shall be modulated as described in clause 5.1 using BPSK if
QPSK if My, =2

and

, resulting in a complex-valued symbol d(O)

d(0)

bit —
rlel(n)
shall be multiplied with a sequence v according to

y(n)=d(0)r;" (n)

u,v

n=0,1,...,N-*~1

The complex-valued symbol

re8 () (0),....y(Ng-1)
where "uv is given by clause 6.3.2.2. The block of complex-valued symbols VAROPIED AT shall be

block-wise spread with the orthogonal sequence i (m) according to

: PUCCH, 1
z(m NP N o™ +mN P+ n|=w,(m)-yn]
n=0,1,...,NR®—1 —1
m=0,1,. ..,NSF’ (m
;o]0 no intra-slot frequency hopping ;s
{m = ) . e
0,1 intra-slot frequency hopping enabled

PUCCH,1 +
where %1 " is given by Table 6.3.2.4.1-1.

The orthogonal sequence Wi (m) is given by Table 6.3.2.4.1-2 where i s the index of the orthogonal sequence to
use according to subclause 9.2.1 of [5, TS 38.213]. In case of a PUCCH transmission spanning multiple slots, the
do|

complex-valued symbol is repeated for the subsequent slots.
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CCH,
Table 6.3.2.4.1-1: Number of PUCCH symbols and the corresponding ~Sin
PUCCEL,
PUCCH length, Ng W
NE;H?bCH’l No intra-slot hopping Intra-slot hopping
m =0 m=0 m=1
4 2 1 1
5 2 1 1
6 3 1 2
7 3 1 2
8 4 2 2
9 4 2 2
10 5 2 3
11 5 2 3
12 6 3 3
13 6 3 3
14 7 3 4
w (m)_ej2n¢(m)/NSF
Table 6.3.2.4.1-2: Orthogonal sequences e for PUCCH format 1.
Nsp PUCCH, ] )
m i=0 i=1 i=2 i=3 i=4 i=5 =6
2 [0 0] [0 1] - - - - -
3 [000] [012] [021] - - - -
4 [0000] [0202] [0022] [0220] - - -
5 [00000] [01234] [02413] [03142] [04321] - -
6 [000000] |[[012345] [[024024] |[[030303] [[042042] |[054321] -
7 [0000000] [[0123456]([0246135]|[0362514][[0415263]|[0531642] [1%65432
6.3.2.4.2 Mapping to physical resources

The sequence £ (”) shall be multiplied with the amplitude scaling factor B PUCCH1  in order to conform to the

transmit power specified in [5, TS 38.213] and mapped in sequence starting with Z(n) to resource elements

k1

'p,i which meet all of the following criteria:

- they are in the resource blocks assigned for transmission according to subclause 9.2.1 of [5, TS 38.213],

- they are not used by the associated DM-RS

kI,

The mapping to resource elements not reserved for other purposes shall be in increasing order of first the

index Kk over the assigned physical resource block, and then the index I on antenna port P =2000

6.3.2.5 PUCCH format 2

6.3.2.5.1 Scrambling

The block of bits b(o )" " b (Mbit_l) , where Mbit is the number of bits transmitted on the physical channel, shall

b(0),...,b(M,~1]

be scrambled prior to modulation, resulting in a block of scrambled bits according to

b(i)=b(i }+cli) mod2

(a)(;
where the scrambling sequence € (1 ) is given by clause 5.2.1. The scrambling sequence generator shall be
initialized with
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_ 15
Cinit =NpN1'2  +Nip

where
[ |
p€0.1;..., 1023 equals the higher-layer parameter Data-scrambling-Identity if configured,
_ aqcell
- mp=Nip otherwise
6.3.2.5.2 Modulation

~

b(0),...,b(M,~1)

The block of scrambled bits shall be modulated as described in clause 5.1 using QPSK, resulting

d(0},...,d(M,~1) M, =M,.[2

in a block of complex-valued modulation symbols where symb™

6.3.2.5.3 Mapping to physical resources

d(0),...,d(Myp,~1)

The block of modulation symbols shall be multiplied with the amplitude scaling factor

B PUCCH,2  in order to conform to the transmit power specified in [5, TS 38.213] and mapped in sequence starting with

k1

d(O) to resource elements ¢ which meet all of the following criteria:

- they are in the resource blocks assigned for transmission,

- they are not used by the associated DM-RS.

. k.1 - . ,
The mapping to resource elements [ ol p,# not reserved for other purposes shall be in increasing order of first the

index Kk over the assigned physical resource blocks according to subclause 9.2.1 of [5, TS 38.213], and then the

index | on antenna port P =2000
6.3.2.6 PUCCH formats 3 and 4
6.3.2.6.1 Scrambling
The block of bits b(O),. " b (Mbit_l) , where Mbit is the number of bits transmitted on the physical channel, shall
be scrambled prior to modulation, resulting in a block of scrambled bits b (0)"' " b(Mbit_l) according to
b(i)=|b(i)+c(i)/mod2
where the scrambling sequence C(i ) is given by clause 5.2.1. The scrambling sequence generator shall be initialized
with
_ 15
Cinit =Ngn1r'2+Npp
where

[ |
p€0,1,...,1023) equals the higher-layer parameter Data-scrambling-Identity if configured,

n _Ncell
IDT'ID  otherwise
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6.3.2.6.2 Modulation

The block of scrambled bits b (0)"' " b(Mbit_l) shall be modulated as described in clause 5.1 using QPSK unless

d(0),...,d(Myp,~1)

n/2-BPSK is configured, resulting in a block of complex-valued modulation symbols where

MSYmb_Mblt/z for QPSK and MSYmb:Mbit for n/2-BPSK.
6.3.2.6.3 Block-wise spreading
MPUCCH:s _  rPUCCH,s 5 RB JfPUCCH:s
For both PUCCH format 3 and 4, sc TTTRB sc with RB representing the bandwidth of the

PUCCH in terms of resource blocks according to subclause 9.2.1 of [5, TS 38.213] and shall fulfil

yppuccis (237057 for PUCCH format 3
R 1 for PUCCH format 4

a,,un

20 3,0’

( |
where 5 isa set of non-negative integers and SE€134)

For PUCCH format 3, no block-wise spreading is applied and
y(leCUCCH,3+k):d(leCUCCH,S_'_k)
k=01 MPUCCH3 4

sC

— PUCCH,3
1=0,1,...,( M,/ M?, -1
PUCCH,3 NPUCCH3 g
where RB ~~ is given by subclause 9.2.1 of [5, TS 38.213] and SF

For PUCCH format 4, block-wise spreading shall be applied according to
PUCCH, 4 PUCCH, 4
}’(IMchCCHA"'k): Wn(k)’d [ PSICJCCH 5 tkmod PUCCH 4

Ngg Ngp

_ PUCCH, 4
k—(),l,...,MSC -1

l=0,1,...,(NIS°gCCH’4M / MPUCCH4| g

symb

PUCCH, 4 PUCCH, 4
where Mrs =1 Ny < 2 4‘ and "n are given by Tables 6.3.2.6.3-1 and 6.3.2.6.3-2 where " s

the index of the orthogonal sequence to use according to subclause 9.2.1 of [5, TS 38.213].

( ) NPUCCH4 2
Table 6.3.2.6.3-1: Orthogonal sequences "\ for PUCCH format 4 when ‘'SF  ~—

n w

n
0 [ [#1 +#1 41 +1 +1 +1 +1 +1 +1 +1 +1 +1]
+1 +#1 +1 +1 +1 +1 -1 -1 -1 -1 -1 -1

(m) NPUCCHA _ 4
Table 6.3.2.6.3-2: Orthogonal sequences WalM) " for PUCCH format 4 when SE

=1

Wn

[+1 +1 +1 +1 +1 +1 +1 +1 +1 +1 +1 +1J
41 41 41 -j -j -j -1 -1 -1 +j +j +]]
|

|

+1 +1 +1 -1 -1 -1 +1 +1 +1 -1 -1 -1
+1 +1 +#1 +j +j +j -1 -1 -1 -j -j -]

w(lN |+~ | O
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6.3.2.6.4 Transform precoding

Jy(Ng[FJCCH’sMsymb_ 1 )

The block of complex-valued symbols y (0 )’ shall be transform precoded according to

PUCCH,s _; .2mmk
—jeme
PUCCH,s
MSC

M
_1
MPUCCHS Z;) y(lMPUCCHs m)e
k:() MPUCCHS—I
yers M,
1=0,...,| N < g

(l MPUCCH s

PUCCH,s|
symb/M sC ) 1

Z(O)"'"Z(NEIFJCCHysMsymb_l)

resulting in a block of complex-valued symbols

6.3.2.6.5 Mapping to physical resources

Z(O):""Z(N}S)[FJCCH’SMsymb_l)

The block of modulation symbols shall be multiplied with the amplitude scaling

factor P PUCCH,s  in order to conform to the transmit power specified in [5, TS 38.213] and mapped in sequence

k1|

starting with Z(O) to resource elements '’ 'P.# which meet all of the following criteria:
- they are in the resource blocks assigned for transmission,
- they are not used by the associated DM-RS

k1

The mapping to resource elements 'p,i not reserved for other purposes shall be in increasing order of first the

index Kk over the assigned physical resource blocks according to subclause 9.2.1 of [5, TS 38.213], and then the

index | onantenna port p=2000
l [NPUCCH. s /2‘
In case of intra-slot frequency hopping, symb OFDM symbols shall be transmitted in the first hop and
[NPUCCH,s [ NPUCCH.s /9 PUCCH, s
symb symb symbols in the second hop where symb is the total number of OFDM symbols

used in one slot for PUCCH transmission.

6.3.3 Physical random-access channel

6.3.3.1 Sequence generation

The set of random-access preambles Xuv (n) shall be generated according to

Xu,v(n)zxu((n+cv)m0d Lgy)

mui(i+1)
—J

x(i)=e ™ ,i=0,1,...,Le,—1

from which the frequency-domain representation shall be generated according to

2nmn

ZX ' Lpa

where  Lra=839 . Lp =139

6.3.3.1-2.

depending on the PRACH preamble format as given by Tables 6.3.3.1-1 and

There are 64 preambles defined in each time-frequency PRACH occasion, enumerated in increasing order of first

increasing cyclic shift C, of a logical root sequence, and then in increasing order of the logical root sequence index,
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starting with the index obtained from the higher-layer parameter PRACHRootSequencelndex. The sequence number
U js obtained from the logical root sequence index according to Tables 6.3.3.1-3 and 6.3.3.1-4.

The cyclic shift C, is given by

VN v=0,1,...,[LRA/NCS‘fl,NCS;tO for unrestricted sets
0 N=0 for unrestricted sets

o=y v/nshmJ (v mod nsm) N v=0,1,...,w—1 for restricted sets type A and B
dstan+\v w|Ng v=w,.., wihh —1 for restricted sets type B
g Hv—w— ﬁgfl\ﬂ]NCS v= w+n5hf\ﬁ, cowHARA +ARA —1  for restricted sets type B

— ,RA _RA =RA
W =Ngpig ngroup +nshifl

where Nes is given by Tables 6.3.3.1-5 to 6.3.3.1-7, the higher-layer parameter restrictedSetConfig determines the
type of restricted sets (unrestricted, restricted type A, restricted type B), and Tables 6.3.3.1-1 and 6.3.3.1-2 indicate the
type of restricted sets supported for the different preamble formats.

The variable du is given by

g= 4 0=<q<Lg,/2
" |Lga—q otherwise

where { is the smallest non-negative integer that fulfils |qujmod Ly, = . The parameters for restricted sets of
cyclic shifts depend on d,
For restricted set type A, the parameters are given by:
for Nessd,<Lg,/3
shrft CS‘
— RA
dstart 2 d + nshlft NCS
group [LRA/ dstartJ
ARA RA
Mgpife = max(l(LRA_Zdu groupdstan)/NCSJ’O)
- for LRA/35du5(LRA_Ncs )/2
RA _
nshift_[ Lga—2d, /Nch
— RA
dstart L —2d +nsh1ft N
group =|d / dstart
—RA _ . nRA RA
nshift_mln(max(l(d group dstart)/N J ) shrft)

For restricted set type B, the parameters are given by:

— for Nes=d,<Lg,/5
shlft ld /NCSJ
dstart =4 d + nshrfl N
group [L / dstartJ
ﬁshift:InaX“(LRA_4'du group dstart)/NCS )O)
 tor Lra/5=d,=(Lg,—N|/4
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Shlft_l(LRA 4d )/NCSJ
dstan_ Lpy—4 du+nshif1 Ne¢s

=|d /d

start

group

—RA RA
Ngpige = lTlHl(lTlaX“(d ngroup start)lNCSJ ) Mhify

(Lga+Neg)/4<d,<2Lg, 17

- for
MGy = \(4d LRA)/NCS‘
=40, = Ly *ngis Nes
3 RA
(jstart L -3 d + ngroup dstart+ nshlft NCS
5 RA RA
dstan —2d +ngroup dstart shift N Cs
n startJ
—RA _ RA
Ngyif = MAxX ([( -3 d group dstan)/ N j ’0)
RA —RA
shlft lmm u ngroup dstart’4 d LRA shlft )/N J
=RA RA RA —RA
nshlft [(( 1—min ( 1’ nshlft))(du group dstart +min ( 1’ nshlft) (4 d L Shlfl ))/N shrft
for 2Lral7<d,<(Lgy—Ngs)/3
shlft \(LRA 3d /NCS‘
— RA
dstart L 3d + nshrftN
C_jstart_ d +ngroup dstart +nshift NCS
dstart_o
ngroup d /dstart
nshift: rnax(“4 d L group start)/N J )
=RA _| . —RA
Ngpig = [H’lln du_ ngroup dstart’ -3 d shlft )/N
=RA _
Nghig =0
~ gor (Lra*tNcg)/3<d,<2Lg,/5
shlft \(3d —L )/NCSJ
— RA
gstart 3 d L + nshrft N
(:jstart_o
dstart_O
ngroup d / dstart
RA RA
Ny = max([(LRA -2 du Ngroup start)/NCSJ )
=RA _
Ny =0
=RA
nshift:O
for 2Lra/5<d,<(Lgp—N¢s)/2
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”gfi\ft:\(LRA_Zdu)/Ncs‘
d, =2(Ly,—2d, )+ nia N

:start_ shift~ ' CS
gstart:
astart:O
RA _
ngroup_l(LRA_du)/dstart‘
Agos = max(l(Bdu—LRA—ngRrj;updstan)/Nch,0)
=RA —
’zshift_()
s =0

shift —
For all other values of du , there are no cyclic shifts in the restricted set.

— RA_| \
Table 6.3.3.1-1: PRACH preamble formats for L, =839 and Af €/1.25,5 kHz

RA
Format Lea Af RA N, Nep rei?ﬁstzg ];c:e';s
0 839 1.25 kHz 24576k 3168« Type A, Type B
1 839 1.25 kHz 2-24576k 21024k Type A, Type B
2 839 1.25 kHz 4-24576 4688k Type A, Type B
3 839 5 kHz 4-6144k 3168k Type A, Type B

_ RA_ \ |
Table 6.3.3.1-2: Preamble formats for LRA_139 and Af _15,2;1 kHz where /*’6\0’1’2’3}

e Fra 4" X N | roatricied sets
Al 139 152" kHz 2:2048k-2° " | 288k-2""
A2 139 15-2" kHz 4-2048k-2"" | 576k-27"
A3 139 152" kHz 6-2048k-2"" 864K-2"
Bl 139 15-2" kHz 2:2048k-2°" | 216k-27"
B2 139 15-2" kHz 4-2048k-2"" | 360k-2""
B3 139 15-2" kHz 6-2048k-2"" 504K-2°"
B4 139 15-2" kHz 12:2048k-27"|  936k-2""
co 139 152" kHz 2048k-2"" 1240k-2""
C2 139 15-2" kHz 4-2048k-2°" | 2048k-27"
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Table 6.3.3.1-3: Mapping from PRACHRootSequencelndex i to sequence number u for

preamble formats with Ly\=839

! Sequence number U in increasing order of !
0-19] 129] 710] 140] 699 120] 719] 210] 629] 168] 671] 84| 755] 105] 734| 93] 746 70[ 769] 60[ 779

20-39 2| 837 1|838| 56| 783| 112| 727 | 148| 691| 80| 759| 42| 797| 40| 799| 35| 804| 73| 766

40 - 59 1461 693| 31|808| 28| 811| 30| 809| 27| 812| 29| 810 24| 815| 48| 791| 68| 771| 74| 765

60—-79 |178| 661 | 136| 703| 86| 753| 78| 761| 43| 796| 39| 800| 20| 819| 21| 818| 95| 744| 202]| 637

80—-99 | 190| 649| 181 658| 137 | 702| 125| 714| 151 | 688 | 217 | 622| 128 | 711 | 142| 697 | 122| 717| 203 | 636
100-119 | 118| 721 | 110| 729| 89| 750| 103| 736| 61| 778| 55| 784| 15| 824| 14| 825| 12| 827| 23| 816
120-139 | 34| 805| 37| 802| 46| 793| 207 | 632| 179| 660| 145)| 694 | 130| 709 | 223 | 616| 228| 611 | 227 | 612
140-159 | 132| 707 | 133 | 706 | 143| 696 | 135| 704 | 161| 678 | 201 | 638 | 173 | 666 | 106| 733 | 83| 756| 91| 748
160-179 | 66| 773| 53| 786| 10| 829 9] 830 7] 832 8| 831| 16| 823| 47| 792| 64| 775| 57|782
180—-199 | 104 | 735| 101 | 738 | 108| 731| 208 | 631 | 184 | 655| 197| 642| 191 | 648 | 121| 718| 141 | 698 | 149 | 690
200-219 | 216| 623 | 218 | 621 | 152| 687 | 144| 695| 134| 705| 138 | 701 | 199| 640| 162 | 677 | 176| 663| 119| 720
220-239 | 158| 681 | 164 | 675| 174| 665| 171 | 668| 170| 669| 87| 752| 169| 670| 88| 751| 107| 732| 81| 758
240-259 | 82| 757| 100| 739| 98| 741| 71| 768| 59| 780| 65| 774| 50| 789| 49| 790| 26| 813| 17]|822
260 — 279 13| 826 6| 833 5(834| 33| 806| 51| 788| 75| 764| 99| 740| 96| 743| 97| 742| 166|673
280—-299 | 172| 667 | 175| 664 | 187 | 652| 163 | 676| 185| 654| 200| 639 | 114 | 725| 189 | 650 | 115| 724 | 194| 645
300—-319 | 195| 644 | 192| 647 | 182| 657 | 157 | 682 | 156 | 683 | 211| 628 | 154 | 685| 123 | 716| 139| 700| 212]| 627
320-339 | 153 | 686 | 213 | 626 | 215| 624 | 150 | 689 | 225| 614 | 224| 615| 221 | 618 | 220| 619| 127| 712| 147 | 692
340-359 | 124| 715| 193 | 646 | 205| 634 | 206 | 633 | 116| 723 | 160| 679 | 186 | 653 | 167 | 672| 79| 760| 85| 754
360 — 379 771762 92| 747| 58| 781| 62| 777| 69| 770| 54| 785| 36| 803| 32| 807| 25| 814| 18]|821
380-399 | 11| 828 4] 835 3| 836| 19]|820| 22|817| 41| 798| 38| 801| 44| 795| 52| 787| 45|794
400 — 419 63| 776| 67| 772| 72| 767| 76| 763| 94| 745]| 102| 737| 90| 749| 109| 730| 165| 674| 111|728
420-439 | 209| 630 | 204 | 635| 117| 722| 188 | 651 | 159| 680| 198| 641 | 113 | 726| 183 | 656 | 180| 659 | 177 | 662
440-459 | 196 | 643 | 155| 684 | 214 | 625| 126| 713| 131| 708 | 219| 620 | 222 | 617 | 226 | 613 | 230| 609 | 232| 607
460 - 479 | 262 | 577 | 252 | 587 | 418| 421 | 416 | 423 | 413 | 426| 411 | 428 | 376 | 463 | 395| 444 | 283 | 556 | 285| 554
480 —-499 | 379| 460| 390 | 449| 363 | 476| 384 | 455| 388 | 451 | 386 | 453 | 361 | 478 | 387 | 452 | 360| 479| 310| 529
500-519 | 354| 485| 328| 511 | 315| 524 | 337 | 502 | 349| 490| 335| 504 | 324 | 515]| 323 | 516 | 320| 519 334 505
520 -539 | 359| 480 | 295| 544 | 385| 454 | 292 | 547 | 291 | 548 | 381 | 458 | 399 | 440| 380 | 459 | 397 | 442| 369 470
540 —559 | 377 | 462 | 410| 429 | 407 | 432| 281 | 558 | 414 | 425| 247 | 592 | 277 | 562 | 271 | 568 | 272| 567 | 264|575
560 —-579 | 259| 580 | 237 | 602 | 239| 600| 244 | 595| 243 | 596 | 275| 564 | 278 | 561 | 250 | 589 | 246| 593 | 417 | 422
580 -599 | 248| 591 | 394 | 445| 393 | 446 | 370| 469 | 365| 474| 300| 539 | 299 | 540| 364 | 475| 362 | 477| 298| 541
600-619 | 312| 527 | 313 | 526 | 314 | 525| 353 | 486 | 352| 487| 343 | 496 | 327 | 512| 350| 489| 326| 513 | 319| 520
620 - 639 | 332| 507 | 333| 506 | 348| 491 | 347 | 492| 322| 517| 330| 509 | 338 | 501 | 341 | 498 | 340| 499 | 342 497
640 —659 | 301 | 538 | 366 | 473 | 401| 438 | 371| 468 | 408 | 431 | 375| 464 | 249| 590 | 269 | 570 | 238| 601 | 234 | 605
660 —679 | 257 | 582 | 273 | 566 | 255| 584 | 254 | 585| 245| 594 | 251 | 588 | 412 | 427 | 372 | 467 | 282| 557 | 403 | 436
680 —699 | 396 | 443 | 392 | 447 | 391 | 448 | 382 | 457 | 389 | 450| 294 | 545| 297 | 542 | 311 | 528 | 344| 495| 345| 494
700-719 | 318| 521 | 331 | 508 | 325| 514| 321 | 518 | 346| 493| 339| 500| 351 | 488 | 306 | 533 | 289| 550 400 | 439
720—-739 | 378| 461 | 374| 465| 415| 424 | 270| 569 | 241 | 598 | 231 | 608 | 260 | 579 | 268 | 571 | 276| 563 | 409 | 430
740 — 759 | 398| 441 | 290| 549 | 304| 535| 308 | 531 | 358| 481 | 316| 523 | 293 | 546 | 288 | 551 | 284 | 555| 368 | 471
760779 | 253 | 586 | 256 | 583 | 263 | 576 | 242 | 597 | 274| 565| 402 | 437 | 383 | 456 | 357 | 482| 329| 510| 317|522
780 —799 | 307 | 532 | 286| 553 | 287 | 552| 266 | 573 | 261 | 578 | 236 | 603 | 303 | 536 | 356 | 483 | 355| 484 | 405]| 434
800 —-819 | 404 | 435| 406| 433 | 235| 604 | 267 | 572| 302| 537 | 309 | 530 | 265| 574 | 233 | 606 | 367 | 472| 296 | 543
820 —837 | 336 | 503 | 305| 534 | 373 | 466| 280 | 559 | 279| 560 | 419 | 420| 240| 599 | 258 | 581 | 229| 610 - -

Table 6.3.3.1-4: Mapping from PRACHRootSequencelndex [ to sequence number U for

preamble formats with Ly,=139

! Sequence number U in increasing order of !

0-19 1[138 2| 137 3| 136 4] 135 5| 134 6] 133 71132 8]131 91130 10| 129

20-39 11) 128 | 12| 127| 13| 126| 14| 125| 15| 124| 16| 123| 17| 122| 18|121| 19|120 20| 119

40 - 59 21| 118| 22| 117| 23| 116| 24| 115| 25| 114| 26| 113| 27| 112| 28|111| 29|110 30| 109

60-79 31)108| 32| 107| 33| 106] 34| 105| 35| 104| 36| 103| 37| 102| 38]|101| 339|100 40| 99

80 —99 41| 98| 42| 97| 43| 96| 44| 95| 45| 94| 46| 93| 47| 92| 48| 91| 49| 90 50| 89

100 -119 51| 88| 52| 87| 53| 86| 54| 85| 55| 84| 56| 83| 57| 82| 58| 81| 59| 80 60| 79

120 - 137 61| 78| 62| 77| 63| 76| 64| 75| 65| 74| 66| 73| 67| 72| 68| 71| 69| 70 - -

138 — 837 N/A
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RA_
Table 6.3.3.1-5: Nes for preamble formats with Af~=1.25kHz

zeroCorrelationZoneConfi N ¢S  value

9 Unrestricted set Restricted set type A Restricted set type B
0 0 15 15
1 13 18 18
2 15 22 22
3 18 26 26
4 22 32 32
5 26 38 38
6 32 46 46
7 38 55 55
8 46 68 68
9 59 82 82
10 76 100 100
11 93 128 118
12 119 158 137
13 167 202 -
14 279 237 -
15 419 - -

RA_
Table 6.3.3.1-6: Nes for preamble formats with Af =5 kHz

zeroCorrelationZoneConfi N ¢S value

9 Unrestricted set Restricted set type A Restricted set type B
0 0 36 36
1 13 57 57
2 26 72 60
3 33 81 63
4 38 89 65
5 41 94 68
6 49 103 71
7 55 112 77
8 64 121 81
9 76 132 85
10 93 137 97
11 119 152 109
12 139 173 122
13 209 195 137
14 279 216 -
15 419 237 -
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RA_qp ol { |
Table 6.3.3.1-7: Nes for preamble formats with Af =15-2" kHz where H€0,1,2,3

zeroCorrelationZoneConfi N ¢S value
9 for unrestricted set
0 0
1 2
2 4
3 6
4 8
5 10
6 12
7 13
8 15
9 17
10 19
11 23
12 27
13 34
14 46
15 69
6.3.3.2 Mapping to physical resources
The preamble sequence shall be mapped to physical resources according to
a(kp’RA ):BPRACH Yuy (k)
k=0,1,...,Lg,—1

where B PRACH  is an amplitude scaling factor in order to conform to the transmit power specified in [5, TS38.213],

and P= 4000 is the antenna port. Baseband signal generation shall be done according to clause 5.3 using the

parameters in Table 6.3.3.1-1 or Table 6.3.3.1-2 with k given by Table 6.3.3.2-1.

Random access preambles can only be transmitted in the time resources given by the higher-layer parameter
PRACHConfigurationIndex according to Tables 6.3.3.2-2 to 6.3.3.2-4 and depends on FR1 or FR2 and the spectrum
type as defined in [8, TS38.104].

Random access preambles can only be transmitted in the frequency resources given by parameter prach-FDM. The

0,1,....M -1 .
PRACH frequency resources Mra 0{ o ! , where M equals the higher-layer parameter prach-FDM, are
numbered in increasing order within the initial active uplink bandwidth part during initial access, starting from the

lowest frequency. Otherwise, "RA  are numbered in increasing order within the active uplink bandwidth part, starting
from the lowest frequency.

For the purpose of slot numbering in the tables, the following subcarrier spacing shall be assumed:
- I5kHz  for PRACH preamble formats 0 — 3

N
- 152" kHz  for pPRACH preamble formats A1, A2, A3, B1, B2, B3, B4, C0, C2 where H is the configured
PRACH subcarrier spacing.
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RA
Table 6.3.3.2-1: Supported combinations of Af and Af , and the corresponding value of k

RA
Ly AfRA for Af for Np , allocation K
PRACH PUSCH expressed in number of
RBs for PUSCH
839 1.25 15 6 7
839 1.25 30 3 1
839 1.25 60 2 133
839 5 15 24 12
839 5 30 12 10
839 5 60 6 7
139 15 15 12 2
139 15 30 6 2
139 15 60 3 2
139 30 15 24 2
139 30 30 12 2
139 30 60 6 2
139 60 60 12 2
139 60 120 6 2
139 120 60 24 2
139 120 120 12 2
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Table 6.3.3.2-2: Random access configurations for FR1 and paired spectrum/supplementary uplink.

PRACH
Configuratio
n
Index

Preambl
e format

Ngpy Mod X =y

Subframe number

Startin

g
symbol

Number
of
PRACH
slots
within a
subfram
e

N[RA, slot

number
of time-
domain
PRACH
occasion
s within a
RACH
slot

RA
Ndur ,

PRACH
duratio
n

16

16

16

OO |IN|O || |WIN|F|O

MNprlo|N|h|R|lo|N[ A Rlo[N[B|R|lo|N| B -

2,58

3,6,9

0,2,4,6,8

N R R I Y Y N N N EN e

1,3,5,7,9

0,1,2,3,4,5,6,7,8,9

1

EN] ENY N 1703 EN] NS SN P71 BN N P 17 ENE NG TR 1701 BN S

=
o

N
\l

Rt
o]

14,7

2,58

3,6,9

SR Ll Dl Ll Ll [l Ll Ll Ll Ll Ll Ll Ll Ll [l Ll Ll Ll Ll o Ll L Ll [l L [l (el (o) o] (o] o) o] (o] o] (o] o] (o] o] (o] o] o] (o) (o] (o] (o] (o] o] [o] o] o] (o] (e] (e}

= N A E E R P T TN TN S PN N EN PN o oo

~lo|lo|lo|lo|lo|lo|lo|o|o|kr|r|r|k|r|kr|lkr|kr|k|k|R|R[R|k |k |F|lo|lo|lo|lo|o|o|o|o|o|o|o|o|r |k |k |k k| kR [k |k krPr|Fr|IkR PRk |-

(e][o]lo] (o] (o] (o] (o] (o] o] (o] (o] (o] (o] o] (o] o] (o] [o] (o] [o] (o] (o] o] (o] o] (o] (o] o] [o] o] (o] (o] (o] (o] (o] (o] (o] (o] o] (o] o] [o] [o) (o] (o] (o] (o] o] (o] o] (o] [o] (o] (e}
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54 2 8 1 1 0 - - 0
55 2 4 0 1 0 - - 0
56 2 2 0 1 0 - - 0
57 2 2 0 5 0 - - 0
58 2 1 0 1 0 - - 0
59 2 1 0 5 0 - - 0
60 3 16 1 1 0 - - 0
61 3 16 1 4 0 - - 0
62 3 16 1 7 0 - - 0
63 3 16 1 9 0 - - 0
64 3 8 1 1 0 - - 0
65 3 8 1 4 0 - - 0
66 3 8 1 7 0 - - 0
67 3 4 1 1 0 - - 0
68 3 4 1 4 0 - - 0
69 3 4 1 7 0 - - 0
70 3 4 1 9 0 - - 0
71 3 2 1 1 0 - - 0
72 3 2 1 4 0 - - 0
73 3 2 1 7 0 - - 0
74 3 2 1 9 0 - - 0
75 3 1 0 1 0 - - 0
76 3 1 0 4 0 - - 0
[ 3 1 0 7 0 - - 0
78 3 1 0 1,6 0 - - 0
79 3 1 0 2,7 0 - - 0
80 3 1 0 3,8 0 - - 0
81 3 1 0 14,7 0 - - 0
82 3 1 0 2,58 0 - - 0
83 3 1 0 3,6,9 0 - - 0
84 3 1 0 0,2,4,6,8 0 - 0
85 3 1 0 135,79 0 - - 0
86 3 1 0 0,1,2,3,4,5,6,7,8,9 0 - - 0
87 Al 16 0 4,9 0 1 6 2
88 Al 16 1 4 0 2 6 2
89 Al 8 0 4,9 0 1 6 2
90 Al 8 1 4 0 2 6 2
91 Al 4 0 4,9 0 1 6 2
92 Al 4 1 4,9 0 1 6 2
93 Al 4 0 4 0 2 6 2
94 Al 2 0 4,9 0 1 6 2
95 Al 2 0 1 0 2 6 2
96 Al 2 0 4 0 2 6 2
97 Al 2 0 7 0 2 6 2
98 Al 1 0 4 0 1 6 2
99 Al 1 0 1,6 0 1 6 2
100 Al 1 0 4,9 0 1 6 2
101 Al 1 0 1 0 2 6 2
102 Al 1 0 7 0 2 6 2
103 Al 1 0 2,7 0 2 6 2
104 Al 1 0 14,7 0 2 6 2
105 Al 1 0 0,2,4,6,8 0 2 6 2
106 Al 1 0 0,1,2,3,4,5,6,7,8,9 0 2 6 2
107 Al 1 0 1,3,5,7,9 0 2 6 2
108 Al1/B1 2 0 4,9 0 1 7 2
109 Al1/B1 2 0 4 0 2 7 2
110 Al/B1 1 0 4 0 1 7 2
111 Al/B1 1 0 1,6 0 1 7 2
112 Al/B1l 1 0 4,9 0 1 7 2
113 Al/B1l 1 0 1 0 2 7 2
114 Al1/B1 1 0 7 0 2 7 2
115 Al1/B1 1 0 14,7 0 2 7 2
116 Al/B1 1 0 0,2,4,6,8 0 2 7 2
117 A2 16 1 2,6,9 0 1 3 4
118 A2 16 1 4 0 2 3 4
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119 A2 8 1 2,6,9 0 1 3 4
120 A2 8 1 4 0 2 3 4
121 A2 4 0 2,6,9 0 1 3 4
122 A2 4 0 4 0 2 3 4
123 A2 2 1 2,6,9 0 1 3 4
124 A2 2 0 1 0 2 3 4
125 A2 2 0 4 0 2 3 4
126 A2 2 0 7 0 2 3 4
127 A2 1 0 4 0 1 3 4
128 A2 1 0 1,6 0 1 3 4
129 A2 1 0 4,9 0 1 3 4
130 A2 1 0 1 0 2 3 4
131 A2 1 0 7 0 2 3 4
132 A2 1 0 2,7 0 2 3 4
133 A2 1 0 1,4,7 0 2 3 4
134 A2 1 0 0,2,4,6,8 0 2 3 4
135 A2 1 0 0,1,2,3,4,5,6,7,8,9 0 2 3 4
136 A2 1 0 135,79 0 2 3 4
137 A2/B2 2 1 2,6,9 0 1 3 4
138 A2/B2 2 0 4 0 2 3 4
139 A2/B2 1 0 4 0 1 3 4
140 A2/B2 1 0 1,6 0 1 3 4
141 A2/B2 1 0 4,9 0 1 3 4
142 A2/B2 1 0 1 0 2 3 4
143 A2/B2 1 0 7 0 2 3 4
144 A2/B2 1 0 14,7 0 2 3 4
145 A2/B2 1 0 0,2,4,6,8 0 2 3 4
146 A2/B2 1 0 0,1,2,3,4,5,6,7,8,9 0 2 3 4
147 A3 16 1 4,9 0 1 2 6
148 A3 16 1 4 0 2 2 6
149 A3 8 1 4,9 0 1 2 6
150 A3 8 1 4 0 2 2 6
151 A3 4 0 4,9 0 1 2 6
152 A3 4 0 4 0 2 2 6
153 A3 2 1 2,6,9 0 2 2 6
154 A3 2 0 1 0 2 2 6
155 A3 2 0 4 0 2 2 6
156 A3 2 0 7 0 2 2 6
157 A3 1 0 4 0 1 2 6
158 A3 1 0 1,6 0 1 2 6
159 A3 1 0 4,9 0 1 2 6
160 A3 1 0 1 0 2 2 6
161 A3 1 0 7 0 2 2 6
162 A3 1 0 2,7 0 2 2 6
163 A3 1 0 14,7 0 2 2 6
164 A3 1 0 0,2,4,6,8 0 2 2 6
165 A3 1 0 0,1,2,3,4,5,6,7,8,9 0 2 2 6
166 A3 1 0 1,3,5,7,9 0 2 2 6
167 A3/B3 2 1 2,6,9 0 2 2 6
168 A3/B3 2 0 4 0 2 2 6
169 A3/B3 1 0 4 0 1 2 6
170 A3/B3 1 0 1,6 0 1 2 6
171 A3/B3 1 0 4,9 0 1 2 6
172 A3/B3 1 0 1 0 2 2 6
173 A3/B3 1 0 7 0 2 2 6
174 A3/B3 1 0 14,7 0 2 2 6
175 A3/B3 1 0 0,2,4,6,8 0 2 2 6
176 A3/B3 1 0 0,1,2,3,4,5,6,7,8,9 0 2 2 6
177 Bl 16 0 4,9 0 1 7 2
178 Bl 16 1 4 0 2 7 2
179 Bl 8 0 4,9 0 1 7 2
180 Bl 8 1 4 0 2 7 2
181 Bl 4 0 4,9 0 1 7 2
182 Bl 4 1 4,9 0 1 7 2
183 Bl 4 0 4 0 2 7 2
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184 Bl 2 0 4,9 0 1 7 2
185 Bl 2 0 1 0 2 7 2
186 Bl 2 0 4 0 2 7 2
187 Bl 2 0 7 0 2 7 2
188 Bl 1 0 4 0 1 7 2
189 Bl 1 0 1,6 0 1 7 2
190 Bl 1 0 4,9 0 1 7 2
191 Bl 1 0 1 0 2 7 2
192 Bl 1 0 7 0 2 7 2
193 Bl 1 0 2,7 0 2 7 2
194 Bl 1 0 14,7 0 2 7 2
195 Bl 1 0 0,2,4,6,8 0 2 7 2
196 Bl 1 0 0,1,2,3,4,5,6,7,8,9 0 2 7 2
197 Bl 1 0 135,79 0 2 7 2
198 B4 16 0 4,9 0 2 1 12
199 B4 16 1 4 0 2 1 12
200 B4 8 0 4,9 0 2 1 12
201 B4 8 1 4 0 2 1 12
202 B4 4 0 4,9 0 2 1 12
203 B4 4 0 4 0 2 1 12
204 B4 4 1 4,9 0 2 1 12
205 B4 2 0 4,9 0 2 1 12
206 B4 2 0 1 0 2 1 12
207 B4 2 0 4 0 2 1 12
208 B4 2 0 7 0 2 1 12
209 B4 1 0 1 0 2 1 12
210 B4 1 0 4 0 2 1 12
211 B4 1 0 7 0 2 1 12
212 B4 1 0 1,6 0 2 1 12
213 B4 1 0 2,7 0 2 1 12
214 B4 1 0 4,9 0 2 1 12
215 B4 1 0 14,7 0 2 1 12
216 B4 1 0 0,2,4,6,8 0 2 1 12
217 B4 1 0 0,1,2,3,4,5,6,7,8,9 0 2 1 12
218 B4 1 0 1,3,5,7,9 0 2 1 12
219 Co 8 1 4 0 2 7 2
220 Co 4 1 4,9 0 1 7 2
221 Co 4 0 4 0 2 7 2
222 Co 2 0 4,9 0 1 7 2
223 Co 2 0 1 0 2 7 2
224 CO 2 0 4 0 2 7 2
225 COo 2 0 7 0 2 7 2
226 Co 1 0 4 0 1 7 2
227 Co 1 0 1,6 0 1 7 2
228 Cco 1 0 4,9 0 1 7 2
229 Co 1 0 1 0 2 7 2
230 Co 1 0 7 0 2 7 2
231 Co 1 0 2,7 0 2 7 2
232 Co 1 0 14,7 0 2 7 2
233 Co 1 0 0,2,4,6,8 0 2 7 2
234 Co 1 0 0,1,2,3,4,5,6,7,8,9 0 2 7 2
235 Co 1 0 135,79 0 2 7 2
236 c2 16 1 4,9 0 1 2 6
237 c2 16 1 4 0 2 2 6
238 C2 8 1 4,9 0 1 2 6
239 C2 8 1 4 0 2 2 6
240 c2 4 0 4,9 0 1 2 6
241 c2 4 0 4 0 2 2 6
242 c2 2 1 2,6,9 0 2 2 6
243 c2 2 0 1 0 2 2 6
244 C2 2 0 4 0 2 2 6
245 Cc2 2 0 7 0 2 2 6
246 c2 1 0 4 0 1 2 6
247 c2 1 0 1,6 0 1 2 6
248 C2 1 0 4,9 0 1 2 6
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249 c2 1 0 1 0 2 2 6
250 c2 1 0 7 0 2 2 6
251 C2 1 0 2,7 0 2 2 6
252 C2 1 0 14,7 0 2 2 6
253 c2 1 0 0,2,4,6,8 0 2 2 6
254 c2 1 0 0,1,2,3,4,5,6,7,8,9 0 2 2 6
255 C2 1 0 135,79 0 2 2 6
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PRACH Preamble Ngpy Mod x =Yy Subframe Startin Number I Raslot NRA
Configuratio format number g of ' ) dur,
n symbol PRACH number PRACH
Index slots of time- duration
withina | domain
X y subfram | PRACH
e occasion
s within a
RACH
slot

0 0 16 1 9 0 - - 0
1 0 8 1 9 0 - - 0
2 0 4 1 9 0 - - 0
3 0 2 0 9 0 - - 0
4 0 2 1 9 0 - - 0
5 0 2 0 4 0 - - 0
6 0 2 1 4 0 - - 0
7 0 1 0 9 0 - - 0
8 0 1 0 8 0 - - 0
9 0 1 0 7 0 - - 0
10 0 1 0 6 0 - - 0
11 0 1 0 5 0 - - 0
12 0 1 0 4 0 - - 0
13 0 1 0 3 0 - - 0
14 0 1 0 2 0 - - 0
15 0 1 0 1 0 - - 0
16 0 1 0 4.9 0 - - 0
17 0 1 0 3,8 0 - - 0
18 0 1 0 2,7 0 - - 0
19 0 1 0 8,9 0 - - 0
20 0 1 0 4,89 0 - - 0
21 0 1 0 3,4,9 0 - - 0
22 0 1 0 3,4,8 0 - - 0
23 0 1 0 7,8,9 0 - - 0
24 0 1 0 3,4,8,9 0 - - 0
25 0 1 0 6,7,8,9 0 - - 0
26 0 1 0 1,4,6,9 0 - - 0
27 0 1 0 1,6 0 0
28 0 1 0 1,6 7 - - 0
29 0 1 0 1,3,5,7,9 0 - - 0
30 1 16 1 7 0 - - 0
31 1 8 1 7 0 - - 0
32 1 4 1 7 0 - - 0
33 1 2 0 7 0 - - 0
34 1 2 1 7 0 - - 0
35 1 1 0 7 0 - - 0
36 2 16 1 6 0 - - 0
37 2 8 1 6 0 - - 0
38 2 4 1 6 0 - - 0
39 2 2 0 6 7 - - 0
40 2 2 1 6 7 - - 0
41 2 1 0 6 7 - - 0
42 3 16 1 9 0 - - 0
43 3 8 1 9 0 - - 0
44 3 4 1 9 0 - - 0
45 3 2 0 9 0 - - 0
46 3 2 1 9 0 - - 0
47 3 2 0 4 0 - - 0
48 3 2 1 4 0 - - 0
49 3 1 0 9 0 - - 0
50 3 1 0 8 0 - - 0
51 3 1 0 7 0 - - 0
52 3 1 0 6 0 - - 0
53 3 1 0 5 0 - - 0
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54 3 1 0 4 0 - - 0
55 3 1 0 3 0 - - 0
56 3 1 0 2 0 - - 0
57 3 1 0 1 0 - - 0
58 3 1 0 1,6 0 - - 0
59 3 1 0 1,6 7 - - 0
60 3 1 0 49 0 - - 0
61 3 1 0 3,8 0 - - 0
62 3 1 0 2,7 0 - - 0
63 3 1 0 8,9 0 - - 0
64 3 1 0 4,8,9 0 - - 0
65 3 1 0 34,9 0 - - 0
66 3 1 0 7,8,9 0 - - 0
67 3 1 0 3,4,8,9 0 - - 0
68 3 1 0 6,7,8,9 0 - - 0
69 3 1 0 1,4,6,9 0 - - 0
70 3 1 0 13,579 0 - - 0
71 Al 16 1 9 0 2 6 2
72 Al 8 1 9 0 2 6 2
73 Al 4 1 9 0 1 6 2
74 Al 2 1 23,4789 0 1 6 2
75 Al 2 1 8,9 0 2 6 2
76 Al 2 1 7,9 0 1 6 2
77 Al 2 1 7,9 7 1 3 2
78 Al 2 1 4,9 7 1 3 2
79 Al 2 1 4,9 0 2 6 2
80 Al 2 1 9 0 1 6 2
81 Al 1 0 9 0 2 6 2
82 Al 1 0 9 7 1 3 2
83 Al 1 0 9 0 1 6 2
84 Al 1 0 8,9 0 2 6 2
85 Al 1 0 49 0 1 6 2
86 Al 1 0 7,9 7 1 3 2
87 Al 1 0 3,4,8,9 0 1 6 2
88 Al 1 0 34,89 0 2 6 2
89 Al 1 0 0,1,2,3,455,6,7,8, 7 1 3 2
90 Al 1 0 13,579 0 1 6 2
91 A2 16 1 9 0 2 3 4
92 A2 16 1 4,9 0 2 3 4
93 A2 8 1 9 0 2 3 4
94 A2 8 1 49 0 2 3 4
95 A2 4 1 9 0 1 3 4
96 A2 2 1 8,9 0 2 3 4
97 A2 2 1 7,9 9 1 1 4
98 A2 2 1 4,9 9 1 1 4
99 A2 2 1 4,9 0 2 3 4
100 A2 2 1 9 0 1 3 4
101 A2 1 0 9 0 2 3 4
102 A2 1 0 9 9 1 1 4
103 A2 1 0 9 0 1 3 4
104 A2 1 0 8,9 0 2 3 4
105 A2 1 0 4,9 0 1 3 4
106 A2 1 0 7,9 9 1 1 4
107 A2 1 0 34,89 0 1 3 4
108 A2 1 0 34,89 0 2 3 4
109 A2 1 0 0,1,2,3,%5,6,7,8, 9 1 1 4
110 A2 1 0 1,357,9 0 1 3 4
111 A3 16 1 9 0 2 2 6
112 A3 8 1 9 0 2 2 6
113 A3 4 1 9 0 1 2 6
114 A3 2 1 2,3,4,7,8,9 0 1 2 6
115 A3 2 1 8.9 0 2 2 6
116 A3 2 1 7,9 0 1 2 6
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117 A3 2 1 7,9 7 1 1 6
118 A3 2 1 4,9 7 1 1 6
119 A3 2 1 4,9 0 2 2 6
120 A3 2 1 9 0 1 2 6
121 A3 1 0 9 0 2 2 6
122 A3 1 0 9 7 1 1 6
123 A3 1 0 9 0 1 2 6
124 A3 1 0 8,9 0 2 2 6
125 A3 1 0 4,9 0 1 2 6
126 A3 1 0 7,9 7 1 1 6
127 A3 1 0 3,4,8,9 0 1 2 6
128 A3 1 0 3,4,8,9 0 2 2 6
129 A3 1 0 0,1,2,3,45‘;,5,6,7,8, 7 1 1 6
130 A3 1 0 1,3,57,9 0 1 2 6
131 Bl 16 1 9 2 2 6 2
132 Bl 8 1 9 2 2 6 2
133 Bl 4 1 9 2 1 6 2
134 Bl 2 1 2,3,4,7,8,9 2 1 6 2
135 Bl 2 1 8,9 2 2 6 2
136 Bl 2 1 7,9 2 1 6 2
137 Bl 2 1 7,9 8 1 3 2
138 Bl 2 1 4,9 8 1 3 2
139 Bl 2 1 4,9 2 2 6 2
140 Bl 2 1 9 2 1 6 2
141 Bl 1 0 9 2 2 6 2
142 Bl 1 0 9 8 1 3 2
143 Bl 1 0 9 2 1 6 2
144 Bl 1 0 8.9 2 2 6 2
145 Bl 1 0 4,9 2 1 6 2
146 Bl 1 0 7,9 8 1 3 2
147 Bl 1 0 3,4,8,9 2 1 6 2
148 Bl 1 0 3,4,8,9 2 2 6 2
149 Bl 1 0 0,1,2,3,1;,5,6,7,8, 8 1 3 2
150 Bl 1 0 1,357,9 2 1 6 2
151 B4 16 1 9 0 2 1 12
152 B4 8 1 9 0 2 1 12
153 B4 4 1 9 2 1 1 12
154 B4 2 1 2,3,4,7,8,9 0 1 1 12
155 B4 2 1 8,9 0 2 1 12
156 B4 2 1 7,9 2 1 1 12
157 B4 2 1 4,9 2 1 1 12
158 B4 2 1 4,9 0 2 1 12
159 B4 2 1 9 2 1 1 12
160 B4 1 0 9 0 2 1 12
161 B4 1 0 9 2 1 1 12
162 B4 1 0 8,9 0 2 1 12
163 B4 1 0 4,9 2 1 1 12
164 B4 1 0 7,9 2 1 1 12
165 B4 1 0 3,4,8,9 2 1 1 12
166 B4 1 0 3,4,8,9 0 2 1 12
167 B4 1 0 0,1,2,3,21),5,6,7,8, > 1 1 12
168 B4 1 0 135,79 2 1 1 12
169 Al/B1 2 1 8,9 2 2 6 2
170 Al/B1 2 1 7,9 2 1 6 2
171 Al/B1 2 1 7,9 8 1 3 2
172 Al/Bl1 2 1 4,9 8 1 3 2
173 Al/Bl1 2 1 4,9 2 2 6 2
174 Al/B1 2 1 9 2 1 6 2
175 Al/B1 1 0 9 2 2 6 2
176 Al/Bl1 1 0 9 8 1 3 2
177 Al/Bl1 1 0 9 2 1 6 2
178 Al/B1 1 0 8,9 2 2 6 2
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179 Al/B1 1 0 4,9 2 1 6 2
180 Al/B1 1 0 7,9 8 1 3 2
181 Al/B1 1 0 3,4,8,9 2 2 6 2
182 Al1/B1 1 0 0,1,2,3,4:;,5,6,7,8, 8 1 3 2
183 Al/Bl1 1 0 1,3,5,7,9 2 1 6 2
184 A2/B2 2 1 8,9 0 2 3 4
185 A2/B2 2 1 7,9 6 1 2 4
186 A2/B2 2 1 4,9 6 1 2 4
187 A2/B2 2 1 4,9 0 2 3 4
188 A2/B2 2 1 9 0 1 3 4
189 A2/B2 1 0 9 0 2 3 4
190 A2/B2 1 0 9 6 1 2 4
191 A2/B2 1 0 9 0 1 3 4
192 A2/B2 1 0 8.9 0 2 3 4
193 A2/B2 1 0 4,9 0 1 3 4
194 A2/B2 1 0 7,9 6 1 2 4
195 A2/B2 1 0 3,4,8,9 0 1 3 4
196 A2/B2 1 0 3,4,8,9 0 2 3 4
197 A2/B2 1 0 0,1,2,3,4;,5,6,7,8, 6 1 2 4
198 A2/B2 1 0 135,79 0 1 3 4
199 A3/B3 2 1 8,9 0 2 2 6
200 A3/B3 2 1 7,9 0 1 2 6
201 A3/B3 2 1 7,9 2 1 2 6
202 A3/B3 2 1 4,9 2 1 2 6
203 A3/B3 2 1 49 0 2 2 6
204 A3/B3 2 1 9 0 1 2 6
205 A3/B3 1 0 9 0 2 2 6
206 A3/B3 1 0 9 2 1 2 6
207 A3/B3 1 0 9 0 1 2 6
208 A3/B3 1 0 8,9 0 2 2 6
209 A3/B3 1 0 4,9 0 1 2 6
210 A3/B3 1 0 7,9 2 1 2 6
211 A3/B3 1 0 3,4,8,9 0 2 2 6
212 A3/B3 1 0 0,1,2,3,4;,5,6,7,8, 2 1 2 6
213 A3/B3 1 0 1,3,5,7,9 0 1 2 6
214 Cco 16 1 9 2 2 6 2
215 Cco 8 1 9 2 2 6 2
216 Co 4 1 9 2 1 6 2
217 Co 2 1 234,789 2 1 6 2
218 COo 2 1 8,9 2 2 6 2
219 COo 2 1 7,9 2 1 6 2
220 Cco 2 1 7,9 8 1 3 2
221 Cco 2 1 4,9 8 1 3 2
222 CO 2 1 4,9 2 2 6 2
223 CO 2 1 9 2 1 6 2
224 Cco 1 0 9 2 2 6 2
225 Cco 1 0 9 8 1 3 2
226 Cco 1 0 9 2 1 6 2
227 Cco 1 0 8,9 2 2 6 2
228 Cco 1 0 4,9 2 1 6 2
229 CO 1 0 7,9 8 1 3 2
230 Co 1 0 3,4,8,9 2 1 6 2
231 Co 1 0 3,4,8,9 2 2 6 2
232 Co 1 0 0,1,2,3,4;,5,6,7,8, 8 1 3 2
233 Cco 1 0 1,3,57,9 2 1 6 2
234 Cc2 16 1 9 2 2 2 6
235 Cc2 8 1 9 2 2 2 6
236 Cc2 4 1 9 2 1 2 6
237 C2 2 1 2,3,4,7,8,9 2 1 2 6
238 c2 2 1 8.9 2 2 2 6
239 Cc2 2 1 7,9 2 1 2 6

3GPP




Release 15 58 3GPP TS 38.211 V15.1.0 (2018-03)
240 c2 2 1 7.9 8 1 1 6
241 c2 2 1 4,9 8 1 1 6
242 C2 2 1 4,9 2 2 2 6
243 C2 2 1 9 2 1 2 6
244 C2 1 0 9 2 2 2 6
245 C2 1 0 9 8 1 1 6
246 C2 1 0 9 2 1 2 6
247 C2 1 0 8,9 2 2 2 6
248 C2 1 0 4,9 2 1 2 6
249 C2 1 0 7,9 8 1 1 6
250 c2 1 0 34,89 2 1 2 6
251 c2 1 0 34,89 2 2 2 6
252 Cc2 1 0 0,1,2,3,455,6,7,8, 8 1 1 6
253 C2 1 0 1,3,5,7,9 2 1 2 6
254 C2 8 1 9 8 2 1 6
255 C2 4 1 9 8 1 1 6
Table 6.3.3.2-4: Random access configurations for FR2 and unpaired spectrum.
PRACH | Preamble | n.. modx =y Slot number Starting | Number IV RAslot NRA
Config. format symbol of i ) dor
Index PRACH number of PRACH
slots time- duration
within a domain
X Y 60 kHz PRACH
slot occasions
within a
RACH slot
0 Al 1 0 4,9,14,19,24,29,34,39 0 [2 0r1] 6 2
1 Al 1 0 4,9,14,19,24,29,34,39 7 1 3 2
2 Al 1 0 24,29,34,39 0 [2 or 1] 6 2
3 Al 1 0 24,29,34,39 7 1 3 2
4 Al 1 0 18,19,38,39 0 [2 or1] 6 2
5 Al 1 0 18,19,38,39 7 1 3 2
6 Al 1 0 0,12,...,.39 0 [2 0r1] 6 2
7 Al 1 0 0,1,2,...,.39 7 1 3 2
8 Al 1 0 23,27,31,35,39 0 [2 or 1] 6 2
9 Al 1 0 23,27,31,35,39 7 1 3 2
10 Al 1 0 3,7,11,15,19,23,27,31,3 0 [20r1] 6 2
5,39
11 Al 1 0 3,7,11,15,19,23,27,31,3 7 1 3 2
5,39
12 Al 1 0 1,3,5,7,...,37,39 0 [2 or 1] 6 2
13 Al 1 0 7,15,23,31,39 0 [2 or 1] 6 2
14 Al 1 0 7,15,23,31,39 7 1 3 2
15 Al 16 [0] 4,9,14,19,24,29,34,39 0 [20r1] 6 2
16 Al 16 [1] [3],7,[11],15,[19],23, [0or7] 1 [6 or 3] 2
[27],31,[35],39
17 Al 8 [1] 4,9,14,19,24,29,34,39 0 [20r1] 6 2
18 Al 8 [1] [3],7.[11],15,[19],23, [0or7] 1 [6 or 3] 2
[27],31,[35],39
19 Al 4 [1] 4,9,14,19,24,29,34,39 0 [2 or 1] 6 2
20 Al 4 [1] [3],7,[11],15,[19],23, [0or 7] 1 [6 or 3] 2
[27],31,[35],39
21 Al 2 [1] 4,9,14,19,24,29,34,39 0 [20r1] 6 2
22 Al 2 [1] [3],7.[11],15,[19],23, [0or7] 1 [6 or 3] 2
[27],31,[35],39
23 Al [1] [0] 23,31,39 0 1 6 2
24 Al [1] [0] 1,35,7,...,37,39 7 1 3 2
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6.4 Physical signals

6.4.1 Reference signals

6.4.1.1 Demodulation reference signal for PUSCH
6.4.1.1.1 Sequence generation
6.41.1.11 Sequence generation when transform precoding is disabled

If transform precoding for PUSCH is not enabled, the sequence r(m shall be generated according to

1

1
r(n) =$(1—2®(2n)) + 15(1—20@1 +1))

where the pseudo-random sequence C(i ) is defined in clause 5.2.1. The pseudo-random sequence generator shall be
initialized with

G =( 27 ( Nmnlt +1+1) (2Nfse® +1) + 2N + e, | mod 27

[
where l is the OFDM symbol number within the slot, Nt is the slot number within a frame, and

In1l Nscip | |
Nsep€ 0,1] and Nip ™ €l0,1,....,65535) is given by the higher-layer parameter UL-DMRS-Scrambling-ID
if provided and the PUSCH is not a msg3 PUSCH according to clause 8.3 in [5, TS 38.213].

— Nscip __ pyeell
- Asep =0 and Nioo =N gtherwise
6.4.1.1.1.2 Sequence generation when transform precoding is enabled

If transform precoding for PUSCH is enabled, the reference-signal sequence r(m) shall be generated according to

r(n) =" (n)

n=0,1,.., M """ -1

(o, 8)( )
where v m is given by clause 5.2.2 with 6=1 and a=0 fora PUSCH transmission dynamically

scheduled by DCI.

u :( fan + nIRDS)mod 30 RS

The sequence group , where "D js given by

RS PUSCH PUSCH
- ' ID if 'ID is configured by the higher-layer parameter nPUSCH-Identity-Transform-precoding

and the PUSCH is not a msg3 PUSCH according to clause 8.3 in [5, TS 38.213].

RS cell
Ny =n .
D D otherwise

where fgh and the sequence number Vv are given by:

- if neither group, nor sequence hopping shall be used

fgh =0
v =0

- if group hopping but not sequence hopping shall be used
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o =| @ 27 c[8[ N2, +1) +m)| mod30

symb " s,f
0

1%

where the pseudo-random sequence C(i) is defined by clause 5.2.1 and shall be initialized with
_[,,RS
Cinit _[HID / 30] at the beginning of each radio frame

- if sequence hopping but not group hopping shall be used
fgh = 0
e (Noon +1) if M, G6NL®
otherwise

. _ RS
where the pseudo-random sequence C(l) is defined by clause 5.2.1 and shall be initialized with Cinit =MD 4¢

the beginning of each radio frame

6.4.1.1.2 (void)
6.4.1.1.3 Precoding and mapping to physical resources
r(m) o

The sequence shall be mapped to the intermediate quantity according to

- if transform precoding is not enabled,
G = we [k, (19K (20 -+ k@

_ @+ 2k@A Configuration type 1
@pn+k@A Configuration type 2

k€ 0,1

=1 +19
n=0,1,...
j=01..v-1

- if transform precoding is enabled

8 v (o (198209

k=4n+2k@A
k€ 0,1
1=1+19
n=0,1,...

where Wf(«k | Wt[l J ,and 4 are given by Tables 6.4.1.1.3-1 and 6.4.1.1.3-2 and the configuration type is
given by the higher-layer parameter UL-DMRS-config-type.

9,14) DMRS
The intermediate quantity ~*! shall be precoded, multiplied with the amplitude scaling factor Beusca in order to

conform to the transmit power specified in [5, TS 38.213], and mapped to physical resources according to
e (m)
M BriscuW

(Pp-1,40)
i (m)

where

- the precoding matrix Wois given by clause 6.3.1.5,
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- the set of antenna ports (0., Ppj is given by clause 6.3.1.5, and

=
S
TR

- the set of antenna ports ' % v-1) g given by [6, TS 38.214];
and the following conditions are fulfilled:

(pj.1)
- the resource elements %! are within the common resource blocks allocated for PUSCH transmission.

The reference point for ks
- subcarrier 0 in common resource block 0 if transform precoding is not enabled, and

- subcarrier 0 of the lowest-numbered resource block of the scheduled PUSCH allocation if transform precoding is
enabled.

The reference point for I and the position l of the first DM-RS symbol depends on the mapping type:

- for PUSCH mapping type A:

- I is defined relative to the start of the slot if frequency hopping is disabled and relative to the start of each
hop in case frequency hopping is enabled

- l is given by the higher-layer parameter DL-DMRS-typeA-pos
- for PUSCH mapping type B:

- I is defined relative to the start of the scheduled PUSCH resources if frequency hopping is disabled and
relative to the start of each hop in case frequency hopping is enabled

,=0

The position(s) of the DM-RS symbols is given by l and

- the signalled duration between the first OFDM symbol of the slot and the last OFDM symbol of the scheduled
PUSCH resources in the slot for PUSCH mapping type A according to Tables 6.4.1.1.3-3 and 6.4.1.1.3-4 if
frequency hopping is not used, or

- the signalled duration of scheduled PUSCH resources for PUSCH mapping type B according to Tables 6.4.1.1.3-
3 and 6.4.1.1.3-4 if frequency hopping is not used, or

- the signalled duration per hop according to Table 6.4.1.1.3-6 if frequency hopping is used.
For PUSCH mapping type A, the case UL-DMRS-add-pos equal to 3 is only supported when DL-DMRS-typeA-pos is
equal to 2.
The time-domain index | and the supported antenna ports }%) are given by Tables 6.4.1.1.3-3 through 6.4.1.1.3-6:

- if the higher-layer parameter UL-DMRS-max-Ien is equal to 1 and frequency hopping is disabled, the tables shall
be used according to single-symbol DM-RS

- if the higher-layer parameter UL-DMRS-max-len is equal to 2 and frequency hopping is disabled, the associated
DCI determines whether single-symbol or double-symbol DM-RS shall be used

- if frequency hopping is enabled according to clause 7.3.1.1.2 in [5, TS 38.212], Table 6.4.1.1.3-6 shall be used. If

L= 3, only UL-DMRS-add-pos equal to 0 is supported.
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Table 6.4.1.1.3-1: Parameters for PUSCH DM-RS configuration type 1.

T) CDM group A we (k) w, (1D
k’=0 k'= 10=0 1'=1

0 0 0 +1 +1 +1 +1
1 0 0 +1 -1 +1 +1
2 1 1 +1 +1 +1 +1
3 1 1 +1 -1 +1 +1
4 0 0 +1 +1 +1 -1
5 0 0 +1 -1 +1 -1
6 1 1 +1 +1 +1 -1
7 1 1 +1 -1 +1 -1
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Table 6.4.1.1.3-2: Parameters for PUSCH DM-RS configuration type 2.

ﬁ CDM group A we (k) w, (1)
kl=0 kl=1 10=0 =1

0 0 0 +1 +1 +1 +1
1 0 0 +1 -1 +1 +1
2 1 2 +1 +1 +1 +1
3 1 2 +1 -1 +1 +1
4 2 4 +1 +1 +1 +1
5 2 4 +1 -1 +1 +1
6 0 0 +1 +1 +1 -1
7 0 0 +1 -1 +1 -1
8 1 2 +1 +1 +1 -1
9 1 2 +1 -1 +1 -1
10 2 4 +1 +1 +1 -1
11 2 4 +1 -1 +1 -1
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Table 6.4.1.1.3-3: PUSCH DM-RS positions l for single-symbol DM-RS and frequency hopping

disabled.

D:ri?]tlo DM-RS positions ’
symbols PUSCH mapping type A PUSCH mapping type B
UL-DMRS-add-pos UL-DMRS-add-pos
0 1 2 3 0 1 2 3
<4 i} ) ) ) ly ly ly ly
4 Iy I I Iy I Iy I I
5 Iy Iy Iy Iy Iy IO' [4] IO' [4] IO, [4]
6 IN N N N N 10’4 10’4 10'4
7 I I I Iy Iy 10’4 10’4 1014
8 lo 10, [7] Io, [7] loy [7] ly ly .6 ly 3,6 ly .3,
6
9 Iy 10‘7 10’7 1077 Iy 10,6 10,3,6 10‘3'
6
10 lo 10,9 10,6,9 10,6,9 lo 10,8 10,4,8 10,3,
6,9
1 lo 10,9 10,6,9 1,6,9 lo 10,8 10,4,8 10,3,
6,9
12 lo lo .9 IO, 6,9 IO, 58,11 lo IO, 10 lo , 5,10 lo .3,
6,9
13 lo 10, 11 10, 7,11 IO, 5,8,11 lo IO, 10 lo , 5,10 lo , 3,
6,9
14
lo 10, 11 10, 7,11 IO, 5,8,11 lo IO, 10 lo , 5,10 lo .3,
6,9
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Table 6.4.1.1.3-4: PUSCH DM-RS positions I for double-symbol DM-RS and frequency hopping

disabled.
Duration in . I
symbols DM-RS positions
PUSCH mapping type A PUSCH mapping type B
UL-DMRS-add-pos UL-DMRS-add-pos
0 1 2 3 0 1 2 3

<4 - -

4 N N - -

5 N N Ly I

6 ly ly ly ly

7 ly ly ly ly

8 ly ly ly ly 5

9 ly ly ly ly 5

10 lo L g Iy b 7

11 N ’o 8 Iy Iy 7

12 N Io 8 N N 9

13 Iy lo I I 9

10
14 Iy l0 Iy I 9
10
Table 6.4.1.1.3-5: PUSCH DM-RS time index |
DM-RS duration [ Supported antenna ports P
Configuration type 1 Configuration type
2

single-symbol DM-RS 0 0-3 0-5
double-symbol DM-RS 0,1 0-7 0-11

Table 6.4.1.1.3-6: PUSCH DM-RS positions l for single-symbol DM-RS and frequency hopping

enabled.
Duration in N |
symbols DM-RS positions
PUSCH mapping type A PUSCH mapping type B
UL-DMRS-add-pos UL-DMRS-add-pos
0 1 0 1
First Secon First Second First | Second First Second
hop d hop hop hop hop hop hop
hop
<3 - - - - lo 0 - -
4 lo 0 - - lo 0 - ;
5,6 lo 0 - - lo o | h+dl g4
7 Ly 0 Iy I,+4 0,4 Iy 0 Iy I,+4 0.4
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6.4.1.2 Phase-tracking reference signals for PUSCH
6.4.1.2.1 Sequence generation

6.4.1.2.1.1Sequence generation and precoding if transform precoding is not enabled

If transform precoding is not enabled, the precoded phase-tracking reference signal for subcarrier k' on layer I ois
given by

k(Pu)(m) (B6) ( m)
M w M
pﬂﬂ)(m) %") ( m)
r(%)(m) _ (m) 1f]:]@l‘]:]<
otherwise

where

~ | ~ ~
\ DBl

- antenna ports Pitor ! associated with PT-RS transmission are given by clause 6.2.3 of [6, TS 38.214]

- the precoding matrix Wois given by clause 6.3.1.5.

r(m)

- is given by clause 6.4.1.1.1.1
- at the position of the first DM-RS symbol in absence of PUSCH intra-slot frequency hopping
. . . h€0,1} :
- at the position of the first DM-RS symbol in hop in presence of PUSCH intra-slot frequency
hopping
- ks defined in clause 6.4.1.1.3.

6.4.1.2.1.2Sequence generation if transform precoding is enabled

If transform precoding is enabled, the phase-tracking reference signal " n(m) to be mapped in position ™  before

transform precoding, where ™ depends on the number of PT-RS groups IE)FT)EIS) , the number of samples per PT-
RS group gOmUIF , and M ECU . according to Table 6.4.1.2.2.2-1, shall be generated according to
JZ{mehod2)
r (m®=w( k?ezT@— 2e(mp+ j(1- ZC(mﬁi
m@ NEws@ k@

samp

s€0,1,., N™ 1

group

k€ 0,1, N —1

samp

where the pseudo-random sequence C(i ) is defined in clause 5.2.1 and W(i) is given by Table 6.4.1.2.1.2-1. The
pseudo-random sequence generator shall be initialized with

=[27[ 140" #1412, +1]+2 N, | mod 27

init

where | is the lowest OFDM symbol number in the PUSCH allocation in slot s that contains PT-RS according

to clause 6.4.1.2.2.2 and NID is given by the higher-layer parameter nPUSCH-Identity-Transform-precoding.
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Table 6.4.1.2.1.2-1: The orthogonal sequence W(i)

Ny mod NETP NERP =2 NEOWP =4
[w(0) w(D) (W0) w) w2 we)
0 +1 +1] +1 +1 +1 +1
! #1 1] f1 -1 41 -1
2 ) #1 +1 -1 -1
3 - ¥l -1 -1 +1
6.4.1.2.2 Mapping to physical resources

6.4.1.2.2.1Mapping to physical resources if transform precoding is not enabled
The UE shall transmit phase-tracking reference signals only in the resource blocks used for the PUSCH, and only if the
procedure in [6, TS 38.214] indicates that phase-tracking reference signals are being used.

The PUSCH PT-RS shall be mapped to resource elements according to
a}({ﬁ:#) = :BPTRSrk(p) ( m)
when all the following conditions are fulfilled

- I is within the OFDM symbols allocated for the PUSCH transmission

(k,1)

- resource element is not used for DM-RS

The quantity P PIRS  is an amplitude scaling factor to conform with the transmit power specified in clause 6.2.2 of [6,
TS 38.214].

The set of time indices | defined relative to the start of the PUSCH allocation is defined by

1.set =0 and Iref:o

+1,1 | +iL

InaX(lref-'-(l_l)LPTRS dtref)2 2 ref

2. if any symbol in the interval PIRS  gverlaps with a symbol used for

DM-RS according to clause 6.4.1.1.3
- set l:].

set Lt to the symbol index of the DM-RS symbol in case of a single-symbol DM-RS or to the symbol index
of the second DM-RS symbol in case of a double-symbol DM-RS
[ +iL

- repeat from step 2 as long as PTRS  is inside the PUSCH allocation

3. add lref +1LPTR5 to the set of time indices for PT-RS

4. increment ! by one

s +iL

5. repeat from step 2 above as long as PIRS is inside the PUSCH allocation

| |
where Lprrs €124

For the purpose of PT-RS mapping, the resource blocks allocated for PUSCH transmission are numbered from 0 to

Npp=1 from the lowest scheduled resource block to the highest. The corresponding subcarriers in this set of

RB
resource blocks are numbered in increasing order starting from the lowest frequency from 0 to Ny Neg—1 . The

subcarriers to which the PT-RS shall be mapped are given by
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PTRS ref
rB_ | MRNTI mod Kpe if NppmodK

ref ™ .
Ngnmod (N rpmod K prrg| otherwise

k=KRE+(iK s+ kB2 N

0

PTRS—

where
i =01,2,..

RE
L is given by Table 6.4.1.2.2.1-1 for the DM-RS port associated with the PT-RS port according to clause 6.2.3

in [6, TS 38.214]. If the higher-layer parameter UL-PTRS-RE-offset is not configured, the column corresponding
to '00" shall be used.

- TRNTI  is the RNTI associated with the DCI scheduling the transmission

N

- RB  is the number of resource blocks scheduled

I 4
Kyrs €124 i given by [6, TS 38.214].

RE
Table 6.4.1.2.2.1-1: The parameter Kret .

DM-RS antenna krlzf
port DM-RS Configuration type 1 DM-RS Configuration type 2

~ UL-PTRS-RE-offset UL-PTRS-RE-offset

p 00 01 10 11 00 01 10 11
0 0 2 6 8 0 1 6 7
1 2 4 8 10 1 6 7 0
2 1 3 7 9 2 3 8 9
3 3 5 9 11 3 8 9 2
4 - - - - 4 5 10 11
5 - - - - 5 10 11 4

6.4.1.2.2.2Mapping to physical resources if transform precoding is enabled
The UE shall transmit phase-tracking reference signals only in the resource blocks used for the PUSCH, and only if the
procedure in [6, TS 38.214] indicates that phase-tracking reference signals are being used.

. . group NPTRS
The sequence n(m) shall be multiplied by B and mapped to samp =" group  complex valued symbols in
)
28 (m) where
2 (m) : I . .
are the complex-valued symbols in OFDM symbol before transform precoding according to
Subclause 6.3.1.4
PTRS group
- m  depends on the number of PT-RS groups group | the number of samples per PT-RS group samp |
PUSCH
and My, according to Table 6.4.1.2.2.2-1

- B is the ratio between amplitude of one of the outermost constellation points for the modulation scheme
used for PUSCH and one of the outermost constellation points for n/2-BPSK as defined in clause 6.2.3 of [TS
38.214]

The set of time indices ! for which PT-RS shall be transmitted is defined relative to the start of the PUSCH allocation
and is defined by

lref =0

1.set L =0 and
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2. if any symbol in the interval max (Iref+(l_ UL prps* Lol ieg]s s Lies+iL prps overlaps with a symbol used for

DM-RS according to clause 6.4.1.1.3
- Set i:1

set lret to the symbol index of the DM-RS symbol in case of a single-symbol DM-RS and to the symbol
index of the second DM-RS symbol in case of a double-symbol DM-RS

- repeat from step 2 as long as Lieg*iL prs is inside the PUSCH allocation

3. add et +iLprs to the set of time indices for PT-RS
4. increment by one
5. repeat from step 2 above as long as lret *iLprrs is inside the PUSCH allocation

10l 1,2]
where Lpr_ps€1,2] LPTRSE“ 1,2] is given by the higher-layer parameter UL-PTRS-time-density-transform-

precoding.
Table 6.4.1.2.2.2-1: PT-RS symbol mapping.
Number of Number of : |
Index ™M of PT-RS samples in OFDM symbol
PT-RS samples per PT- prior to transform precoding
groups RS group
PTRS group
Ngroup Nsamp
2 2 S|MPSHalek—1 =13 and k=0,1
2 4 s [s=0 and  k=0,123
SMy "4k pere [s=1 and k=—4,-3,-2,-1
4 2 PUSCH _
B
s=1,3,5,7 and k=0,1
4 4 PUSCH
sMy " ld+n+k
s=0 and k=0,1,2,3 n=0
s=12 and  k=-2,-101  n=|ML/g|
s=4 and k=-4,-3,-2,-1 n=0
8 4 SMPUSCH/8 +I1+k
sc where
s=0 and k=0,1,2,3 n=0
5=123456 and  k=-2,-10,1 n= ML /16|
s=8 and k=-4,-3,—-2,—1 n=0
6.4.1.3 Demodulation reference signal for PUCCH
6.4.1.3.1 Demodulation reference signal for PUCCH format 1

6.4.1.3.1.1Sequence generation
The reference signal sequence is defined by
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m N PN,
z(&épuccH,1+ mN RP + n):wl.(m)-ri‘f"}“;)(n)PUCCH’l
n=0,1,...,NRP_1 —1
m=0,1,...,NSF’ (m
om 0] no intra-slot frequency hopping Ll

- 0,1 instra-slot frequency hopping enabled

N ( (a,8)
where " is given by Table 6.4.1.3.1.1-1. The sequence Fuv (n) is given by clause 5.2.2.

The orthogonal sequence i (m) is given by Table 6.3.2.4.1.-2 with the same index ! as used in clause 6.3.2.4.1.
PUCCHL
Table 6.4.1.3.1.1-1: Number of DM-RS symbols and the corresponding ~Sin ’
PUCCH,
PUCCH length, NSE W
ny[beH’l No hopping Hopping
m =0 m=0 m=1
4 2 1 1
5 3 1 2
6 3 2 1
7 4 2 2
8 4 2 2
9 5 2 3
10 5 3 2
11 6 3 3
12 6 3 3
13 7 3 4
14 7 4 3

6.4.1.3.1.2Mapping to physical resources

The sequence shall be multiplied with the amplitude scaling factor P PUCCH,1  in order to conform to the transmit

power specified in [5, 38.213] and mapped in sequence starting with Z(O) to resource elements (k’ I)P,H in a slot

on antenna port p=2000 according to

(p.p)_
ay | _BPUCCH,lz(m)
[=0,2/4,...

where =0 corresponds to the first OFDM symbol of the PUCCH transmission and [‘k’ ”P,N shall be within the
resource blocks assigned for PUCCH transmission according to [5, TS 38.213].
6.4.1.3.2 Demodulation reference signal for PUCCH format 2

6.4.1.3.2.1Sequence generation

The reference-signal sequence ' (m) shall be generated according to

1

1
r(m)=—(1-292m)) + j—(1-2€92m+1)
ﬁ( ) ﬁ( )
m= 0,1,...,Msymb/3—1
where the pseudo-random sequence C(i ) is defined in clause 5.2 and Mo, is given by clause 6.3.2.5.2. The

pseudo-random sequence generator shall be initialized with

init

Co=(27 (140 +1+1][2N G+ 1} +2 NG | mod 2
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[
where l is the OFDM symbol number within the slot, My is the slot number within the radio frame, and

0 | cell
Np€0.,...,65535] given by the higher-layer parameter UL-DMRS-Scrambling-ID if provided and by Nip

otherwise.

6.4.1.3.2.2Mapping to physical resources

The sequence shall be multiplied with the amplitude scaling factor ﬁ PUCCH2  in order to conform to the transmit

k1

power specified in [5, 38.213] and mapped in sequence starting with | (0) to resource elements p,u in aslot

on antenna port  P=2000  4ccording to

agfl’“):BPUCCH,Zr(m)
k=3m+1

e . ) k1 -
where k is defined relative to subcarrier 0 of common resource block 0 and [ >"Ip,i shall be within the resource

blocks assigned for PUCCH transmission according to [5, TS 38.213].
6.4.1.3.3 Demodulation reference signal for PUCCH formats 3 and 4
6.4.1.3.3.1Sequence generation
The reference-signal sequence ' (m) shall be generated according to
r(m) =% (m)

PUCCH,
m=0,1,..,.M_ " -1

PUCCH,s (@,0) ( )
where sc is given by clause 6.3.2.6.3 and ¥ is given by clause 6.3.2.2.
The cyclic shift &  varies with the symbol number and slot number according to clause 6.3.2.2.2 with my =0 for

PUCCH format 3 and obtained from Table 6.4.1.3.3.1-1 with the orthogonal sequence index ™ given by clause
6.3.2.6.3 for PUCCH format 4.

Table 6.4.1.3.3.1-1: Cyclic shift index for PUCCH format 4.

Orthogonal ] __ m
sequence index PUccggc"c shift mdexPUCOCH )
n NSF =2 NSF =4
0 0 0
1 6 5
2 - 3
3 - 9

6.4.1.3.3.2Mapping to physical resources

, in order to conform to the

k|,

The sequence shall be multiplied with the amplitude scaling factor P PUCCH, s

transmit power specified in [5, 38.213] and mapped in sequence starting with n(0) to resource elements

on antenna port  P=2000  4ccording to

ali,[;’ﬂ) = ﬂPUCCH,s Q(m)
m=0,1,.., M [3-1

sc

where

- k' is defined relative to subcarrier 0 of the lowest-numbered resource block assigned for PUCCH
transmission,
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- [ s given by Table 6.4.1.3.3.2-1 for the case with and without frequency hopping and with and without

additional DM-RS as described in clause 9.2.1 of [TS 38.213], where =0 corresponds to the first OFDM
symbol of the PUCCH transmission.

Il

The resource elements [‘k’ ', shall be within the resource blocks assigned for PUCCH transmission according to
[5, TS 38.213].

Table 6.4.1.3.3.2-1: DM-RS positions for PUCCH format 3 and 4.

PUCCH length DM-RS position l within PUCCH span
No additional DM-RS Additional DM-RS
No hopping Hopping No hopping Hopping
4 1 0,2 1 0,2
5 0,3 0,3
6 1,4 1,4
7 1,4 1,4
38 1,5 1,5
9 1,6 1,6
10 2,7 1,3,6,8
11 2,7 1,369
12 2,8 1,4,7,10
13 2,9 1,4,7,11
14 3,10 1,5,8,12
6.4.1.4 Sounding reference signal
6.4.1.4.1 SRS resource
An SRS resource consists of
SRS _[1 n 4 (N -1 v “
- Nap €124 antenna ports Piji=o , b€ 1000,1001,... , given by the higher layer parameter
NrofSRS-Ports
N €1,04
- symb =7 consecutive OFDM symbols contained in the higher layer parameter SRS-ResourceMapping
z =N —1-
- 0 , the starting position in the time domain given by 0~ ~"symb offset  where the offset

\ |
lofise €10,1,..,5] counts symbols backwards from the end of the slot and is contained in the higher layer
parameter SRS-ResourceMapping

- kO , the frequency-domain starting position of the sounding reference signal
6.4.1.4.2 Sequence generation

The sounding reference signal sequence for an SRS resource shall be generated according to

n|

(a,.6)
u,

r(pi)(’n,l"]:r
0<nsM™ -1

sc,b

v

' SRS _ 1]
[€01,..., N -1

RS r(a.,é)(n\‘] 6:10g2(KTC)

where sob is given by clause 6.4.1.4.3, uy is given by clause 5.2.2 with and the

transmission comb number Kre is contained in the higher-layer parameter SRS-TransmissionComb. The cyclic shift

% for antenna port P s given as
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cs,i
SRS
o, =2r———
1 €S, max
SRS

cs,max
cs,i o __ cs nSRS (px _1000) d cs,max
Nepgs =@Psrs +———— 0d Ngps
N,

is given by the higher layer parameter SRS-CyclicShiftConfig. The maximum number of

_ cs,max __ _
Kyc=4 .4 Msks =8 Kpo=2

>

where s € 05 1 ongg™ =1
nCS,max — 12
cyclic shiftsis  "'SRS if )
' SRS
u:( (n“ ,l)+n )m0d30 |
f gh|'ls,f D and the sequence number V in clause 5.2.2 depends on the
SRS

higher-layer parameter SRS-GroupSequenceHopping. The SRS sequence identity Mp s given by the higher layer

| SRS _ 1]
1610’1s---’N5ymb_1j

The sequence group

parameter SRS-Sequenceld and is the OFDM symbol number within the SRS resource.

- if SRS-GroupSequenceHopping equals 'neither', neither group, nor sequence hopping shall be used and

fgh(ngf,l'):o

v=0
- if SRS-GroupSequenceHopping equals 'groupHopping', group hopping but not sequence hopping shall be used
and
: 7 ,
u — i arslot .om
fgh(ns,f’ l )—(Zmzo C(S(ns,stymb+lo+l )+m 2" |mod 30

v=0

where the pseudo-random sequence C(i) is defined by clause 5.2.1 and shall be initialized with
_[ SRS
c ny/ 30J

init — at the beginning of each radio frame.

- if SRS-GroupSequenceHopping equals 'sequenceHopping', sequence hopping but not group hopping shall be
used and

Fanlntes1]=0

H slot ' SRS RB
C(ns,stymb+IO+l Msc,bZGNsc

0 otherwise

. _ SRS
where the pseudo-random sequence C(l) is defined by clause 5.2.1 and shall be initialized with Cinit =MD
at the beginning of each radio frame.

6.4.1.4.3 Mapping to physical resources

(P | .
When SRS is transmitted on a given SRS resource, the sequence (n’l ) for each OFDM symbol [ and for

each of the antenna ports of the SRS resource shall be multiplied with the amplitude scaling factor Psrs in order to
(P,-) !
conform to the transmit power specified in [5, 38.213] and mapped in sequence starting with r (O’I ) to resource

elements (k | ) in a slot for each of the antenna ports bi according to

1
a® N

Kk +k$P0, 190, ap

st " (k19 k'=0,LK , M5, -1 1901, N3 —1

otherwise

The length of the sounding reference signal sequence is given by
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RS _ RB
Msc,b_mSRS,szc /KTC

— [ |
where SRSb s given by a selected row of Table 6.4.1.4.3-1 with b_BSRS where Bgs€10,1,2,3] is given by
the higher-layer parameter SRS-FreqHopping. The row of the table is selected according to the index

{ i
Cors€10.1,...,63] contained in the higher-layer parameter SRS-FreqHopping.
k(l’i)
The frequency-domain starting position 0 is defined by
_ By
kém = ko(pi) + &TCMsScl?bSnb
b=0

where

l?o(p‘) = Ny N, iB + k;l(j:i)

L koe + Ko [2) mod Ko if ngs @ nGe™ /2,..,n52™ 1) and N,, =4 and p, 91001,1003}

h c otherwise

The frequency domain shift value My adjusts the SRS allocation to align with the common resource block grid in
multiples of four and is contained in the higher layer parameter SRS-FreqDomainPosition. The transmission comb

k, Lo K -1 . o . . .
offset € O{ 0.1,.... Ky 1) is contained in the higher layer parameter SRS-TransmissionComb and M isa
frequency position index.

b

Frequency hopping of the sounding reference signal is configured by the parameter ~ hop
higher layer parameter SRS-FreqHopping.

b

>
If hOP_BSRS , frequency hopping is disabled and the frequency position index My remains constant (unless re-
configured) and is defined by

€/0,1,2,3]

, contained in the

n =4n,,-/m

b RRC mod N,

SRS,bJ

SRS
for all symb  OFDM symbols of the SRS resource. The quantity "Rec  js contained in the higher-layer parameters

b=Bggs

SRS-FreqDomainPosition and the values of Mspsh  and N for are given by the selected row of Table

6.4.1.4.3-1 corresponding to the configured value of Cors

<B L Co .
If bhOD SRS | frequency hopping is enabled and the frequency position indices My are defined by
- [4nRRC/mSRS,meod N, bsbhop
b {Fb ( nSRS)+l 4 nRRC/mSRS’b” modN, otherwise
where
NepemodIT%,_. N, nggsmodIT._, N,.
(Nb/Z) SRS — b'=b, *'b 4| Jsrs - b'=by, 1V b if N, even
F,(nggs )= My 2, Ny 205 Ny
N2 [nSRSzJ H‘;;lbhnpr,J if N, odd
N, =1 N . n .
and where hop regardless of the value of "'b .The quantity SRS counts the number of SRS transmissions.
For the case of an SRS resource configured as aperiodic by the higher layer parameter SRS-ResourceConfigType, it is
, SRS
given by Ngps= “ / RJ within the slot in which the symb  symbol SRS resource is transmitted. The quantity
SRS
<
R< NSYm is the repetition factor and is contained in the higher layer parameter SRS-ResourceMapping.
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For the case of an SRS resource configured as periodic or semi-persistent by the higher layer parameter SRS-
ResourceConfigType, the SRS counter is given by

frame, i Ho_ SRS
Nslot nf+ns,f Toffset . Nsymb + _'
Ngps= Tgrs R R
frame, p U —
) n.+n' —T mod T,.=0 o .
for slots that satisfy slot f st T offset SRS . The periodicity Tegs in slots and slot offset

T

offset  are given in clause 6.4.1.4.4.
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Table 6.4.1.4.3-1: SRS bandwidth configuration.
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Cors Bgps=0 Bgs=1 Bgps=2 Bgrs=3

mSRS,U NO mSRS,l Nl mSRS,Z N2 mSRS,3 N3
0 4 1 4 1 4 1 4 1
1 8 1 4 2 4 1 4 1
2 12 1 4 3 4 1 4 1
3 16 1 4 4 4 1 4 1
4 16 1 8 2 4 2 4 1
5 20 1 4 5 4 1 4 1
6 24 1 4 6 4 1 4 1
7 24 1 12 2 4 3 4 1
8 28 1 4 7 4 1 4 1
9 32 1 16 2 8 2 4 2
10 36 1 12 3 4 3 4 1
11 40 1 20 2 4 5 4 1
12 48 1 16 3 8 2 4 2
13 48 1 24 2 12 2 4 3
14 52 1 4 13 4 1 4 1
15 56 1 28 2 4 7 4 1
16 60 1 20 3 4 5 4 1
17 64 1 32 2 16 2 4 4
18 72 1 24 3 12 2 4 3
19 72 1 36 2 12 3 4 3
20 76 1 4 19 4 1 4 1
21 80 1 40 2 20 2 4 5
22 88 1 44 2 4 11 4 1
23 96 1 32 3 16 2 4 4
24 96 1 48 2 24 2 4 6
25 104 1 52 2 4 13 4 1
26 112 1 56 2 28 2 4 7
27 120 1 60 2 20 3 4 5
28 120 1 40 3 8 5 4 2
29 120 1 24 5 12 2 4 3
30 128 1 64 2 32 2 4 8
31 128 1 64 2 16 4 4 4
32 128 1 16 8 8 2 4 2
33 132 1 44 3 4 11 4 1
34 136 1 68 2 4 17 4 1
35 144 1 72 2 36 2 4 9
36 144 1 48 3 24 2 12 2
37 144 1 48 3 16 3 4 4
38 144 1 16 9 8 2 4 2
39 152 1 76 2 4 19 4 1
40 160 1 80 2 40 2 4 10
41 160 1 80 2 20 4 4 5
42 160 1 32 5 16 2 4 4
43 168 1 84 2 28 3 4 7
44 176 1 88 2 44 2 4 11
45 184 1 92 2 4 23 4 1
46 192 1 96 2 48 2 4 12
47 192 1 96 2 24 4 4 6
48 192 1 64 3 16 4 4 4
49 192 1 24 8 8 3 4 2
50 208 1 104 2 52 2 4 13
51 216 1 108 2 36 3 4 9
52 224 1 112 2 56 2 4 14
53 240 1 120 2 60 2 4 15
54 240 1 80 3 20 4 4 5
55 240 1 48 5 16 3 8 2
56 240 1 24 10 12 2 4 3
57 256 1 128 2 64 2 4 16
58 256 1 128 2 32 4 4 8
59 256 1 16 16 8 2 4 2
60 264 1 132 2 44 3 4 11
61 272 1 136 2 68 2 4 17
62 272 1 68 4 4 17 4 1
63 272 1 16 17 8 2 4 2

3GPP



Release 15 78 3GPP TS 38.211 V15.1.0 (2018-03)

6.4.1.4.4 Sounding reference signal slot configuration

For an SRS resource configured as periodic or semi-persistent by the higher layer parameter SRS-ResourceConfigType,

a periodicity Togs (in slots) and slot offset T e are configured according to the higher layer parameter SRS-
SlotConfig. Candidate slots in which the configured SRS resource may be used for SRS transmission are the slots
satisfying

frame, p
N slot n f

" —
+ns,f Toffset mod TSRS_O

SRS may be transmitted only if all OFDM symbols corresponding to the configured SRS resource are semi-statically
configured as 'uplink' or 'flexible’ in the candidate slot and SRS transmission is allowed by the procedure in clause 11.1
of [5, TS 38.213].

7 Downlink

7.1 Overview

7.1.1 Overview of physical channels

A downlink physical channel corresponds to a set of resource elements carrying information originating from higher
layers. The following downlink physical channels are defined:

- Physical Downlink Shared Channel, PDSCH
- Physical Broadcast Channel, PBCH

- Physical Downlink Control Channel, PDCCH.

7.1.2 Overview of physical signals

A downlink physical signal corresponds to a set of resource elements used by the physical layer but does not carry
information originating from higher layers.

The following downlink physical signals are defined:
- Demodulation reference signals, DM-RS, for PDSCH and PBCH
- Phase-tracking reference signals, PT-RS
- Channel-state information reference signal, CSI-RS
- Primary synchronization signal, PSS

- Secondary synchronization signal, SSS

7.2 Physical resources

The frame structure and physical resources the UE shall assume when receiving downlink transmissions are defined in
Clause 4.

The following antenna ports are defined for the downlink:
- Antenna ports starting with 1000 for PDSCH
- Antenna ports starting with 2000 for PDCCH
- Antenna ports starting with 3000 for channel-state information reference signals

- Antenna ports starting with 4000 for SS/PBCH block transmission
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7.3 Physical channels

7.3.1 Physical downlink shared channel

7.3.1.1 Scrambling
n1! —
Up to two codewords q€0,1 can be transmitted. In case of single-codeword transmission, q-O
(q) (@) pqla)_ (q)
For each codeword 4 , the UE shall assume the block of bits b (0) ensb (Mbit 1) , where My is the

number of bits in codeword ¢  transmitted on the physical channel, are scrambled prior to modulation, resulting in a

() Tla)prla_
block of scrambled bits b (0)""’b (Mbit 1> according to

519 (i)=[6'(i)+¢'(i)mod 2

()
where the scrambling sequence € (l) is given by clause 5.2.1. The scrambling sequence generator shall be
initialized with
_ 15 14
Cinit =Ngni'2 +q-2 +nyp
where

np€0,,...,1023]
equals the C-RNTI,

equals the higher-layer parameter Data-scrambling-Identity if configured and the RNTI

o= Ncell
D ID  otherwise

and where 'RNTI corresponds to the RNTT associated with the PDSCH transmission as described in clause 5.1 of [6, TS
38.214].

7.3.1.2 Modulation

For each codeword { , the UE shall assume the block of scrambled bits e bit are modulated
as described in clause 5.1 using one of the modulation schemes in Table 7.3.1.2-1, resulting in a block of complex-

(q) (a)( psla)
valued modulation symbols d*(0),....d <M5ymb_1)

Table 7.3.1.2-1: Supported modulation schemes.

Modulation Modulation order
scheme Q
m
QPSK 2
16QAM 4
64QAM 6
256QAM 8

7.3.1.3 Layer mapping

The UE shall assume that complex-valued modulation symbols for each of the codewords to be transmitted are mapped
onto one or several layers according to Table 7.3.1.3-1. Complex-valued modulation symbols

(q) () prla) _ A_|,(0) (-1 [F
d (O)""’d (Msymb 1) for codeword 9 shall be mapped onto the layers X(l)_{x (1) e X (1)] ,

i:(),l, -~ ’Mlayer -1 Mlayer

symb where U is the number of layers and symb  js the number of modulation symbols per
layer.
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Table 7.3.1.3-1: Codeword-to-layer mapping for spatial multiplexing.
Nl:mber of Number of Codeword-to- Ia%?yrermapping
ayers codewords i=01,.. M 1
: : T Mpen
X(i)=d"" (2i
? ! x(1>(1()):d(°)(2(1+)1) M= M2
X9(i)=d"(3i)
3 1 X(1)=d)(3i41)  MEG=MOL I3
X(Z)(l):d(O)(31+2)
xmKIdeW4U
((i)=g0) (44
4 1 i(Z)E:izj(O)Ej;_;; M]s;}rlzlr) Msymb/4
x®)(i)=d " (4i+3)
x(o)(l):d(o)(2i)
x(l)(l):d(o)(2i+1)
5 2 i=d(3i)  Mgm=Mn2=M /3
X3 (i)=d")(3i+1)
XW(i)=d"(3i+2)
X(1)=d"(31)
x(l)(l):d(o)(31+1)
X(i)=d" (3i+2
6 2 x(s()()l):d“()(?)i)) Mlsifﬁlra_Msymb/?’ Msymb/3
X4(i)=dV(3i+1)
Xi)=d"(3i+2)
x(i)=d""(3i)
XV(i)=d")(3i+1)
X(i)=d""(3i+2)
7 2 Ci)=d(ai)  MES=MU) B3=M\) 4
X(i)=dV(4i+1)
X¥(i)=d"V(4i+2)
X%(i)=d"(4i+3)
X(i)=d""(4i)
XV(i)=d")(4i+1)
X(i)=d")(4i+2)
B)(1)= g0 (474
8 2 XX(4()I()I-):dd(l()?;i)3) Mlsay}rlreli)_Msymb/4 Msymb/4
X(i)=d"(4i+1)
x(i)=d"(4i+2)
X7(i)=d" (4i+3)
7.3.1.4 Antenna port mapping
T .
The block of vectors lX(O)(i) X(Uil)(i)] , i=0.1, "’Mlsayyfs{)_l shall be mapped to antenna ports according to
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i=01,... M -1 M® =M> Py, Dyt

where symb , symb™ ““symb  The set of antenna ports 0.,
to the procedure in [6, TS 38.214].

shall be determined according

7.3.15 Mapping to virtual resource blocks

The UE shall, for each of the antenna ports used for transmission of the physical channel, assume the block of complex-

y(‘p')(O),...,y(p)(Map _1)

valued symbols symb conform to the downlink power allocation specified in [6, TS 38.214]

(p) "
and are mapped in sequence starting with Y (0) to resource elements (k ’I)P,# in the virtual resource blocks

assigned for transmission which meet all of the following criteria:
- they are in the virtual resource blocks assigned for transmission.
- they are declared as available for PDSCH according to clause 5.1.2.2.3 of [6, TS 38.214]
- the corresponding resource elements in the corresponding physical resource blocks are

- not used for transmission of the associated DM-RS or DM-RS intended for other co-scheduled UEs as
described in clause 7.4.1.1.2

- not used for zero-power or non-zero-power CSI-RS according to clause 7.4.1.5, except for non-zero-power
CSI-RSs configured by the higher-layer parameter CSI-RS-Resource-Mobility.

- not used for PT-RS according to clause 7.4.1.2
- not declared as 'not available for PDSCH according to clause 5.1.4 of [6, TS 38.214]

Any common resource block partially or fully overlapping with an SS/PBCH block shall be viewed as occupied and
assumed not used for transmission of PDSCH in the OFDM symbols where SS/PBCH block is transmitted.

The mapping to resource elements (k ’I]P,# allocated for PDSCH according to [6, TS 38.214] and not reserved for
other purposes shall be in increasing order of first the index K  over the assigned virtual resource blocks, where

k=0 s the first subcarrier in the lowest-numbered virtual resource block assigned for transmission, and then the
index !

7.3.1.6 Mapping from virtual to physical resource blocks

The UE shall assume the virtual resource blocks are mapped to physical resource blocks according to the indicated
mapping scheme, non-interleaved or interleaved mapping. If no mapping scheme is indicated, the UE shall assume non-
interleaved mapping.

For non-interleaved VRB-to-PRB mapping, virtual resource block " is mapped to physical resource block 7

For interleaved VRB-to-PRB mapping, the mapping process is defined in terms of resource block bundles:

size start
- The set of BWPi  resource blocks in bandwidth part ! with starting position BWPi  are divided into

N - (Nsize .+(Nstart HlOdL))/L
bundle [ BWP,i " " BWP.I ’1 resource-block bundles in increasing order of the resource-block

number and bundle number where L is the bundle size for bandwidth part i provided by the higher-layer
parameter VRB-to-PRB-interleaver and

. L - (NS“’” ‘ L-)
- resource block bundle 0 consists of ! sw, Mod L, resource blocks,
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start size
N, -1 . N + N -)rnod L.
- resource block bundle “'bundle” * consists of ~ BWPi T T BWP. i

start size
Npwp,i + Ngwp,;/mod L; >0

resource blocks if

L. .
and ! resource blocks otherwise,

- all other resource block bundles consists of L resource blocks.

I

. 1l
1 JEI0Les Nyypare™ mapped to physical resource blocks according

- Virtual resource blocks in the interva
to

1 1

- virtual resource block bundle Mbundie™ 1 i mapped to physical resource block bundle Nbundre~

J€01, N ye—2]

- virtual resource block bundle | is mapped to physical resource block bundle f (] ]

where
f(j)=rC+c
j=CR+r
r=01,...,R-1
c=01,...,C-1
R=2
C:\Nbundle/R‘

- The UE is not expected to be configured with Ly =2 simultaneosuly with a PRG size of 4 as defined in [6, TS
38.214]

- If no bundle size is configured, the UE shall assume L =2 .

The UE may assume that the same precoding in the frequency domain is used within a PRB bundle and the bundle size
is determined by clause 5.1.2.3 in [6, TS 38.214]. The UE shall not make any assumption that the same precoding is
used for different bundles of common resource blocks.

7.3.2 Physical downlink control channel (PDCCH)
7.3.2.1 Control-channel element (CCE)

A physical downlink control channel consists of one or more control-channel elements (CCEs) as indicated in Table
7.3.2.1-1.

Table 7.3.2.1-1: Supported PDCCH aggregation levels.

Aggregation level Number of CCEs

1 1

2 2

4 4

8 8

16 16
7.3.2.2 Control-resource set (CORESET)

CORESET

A control-resource set consists of RB resource blocks in the frequency domain, given by the higher-layer

CORESET _ | |
parameter CORESET-freq-dom, and N smb € 12,3

CORESET _
parameter CORESET-time-dur, where Nsymb =3 is supported only if higher-layer parameter DL-DMRS-typeA-
pos equals 3.

symbols in the time domain, given by the higher-layer

A control-channel element consists of 6 resource-element groups (REGs) where a resource-element group equals one
resource block during one OFDM symbol. Resource-element groups within a control-resource set are numbered in

3GPP



Release 15 83 3GPP TS 38.211 V15.1.0 (2018-03)

increasing order in a time-first manner, starting with 0 for the first OFDM symbol and the lowest-numbered resource
block in the control resource set.

A UE can be configured with multiple control-resource sets. Each control-resource set is associated with one CCE-to-
REG mapping only.

The CCE-to-REG mapping for a control-resource set can be interleaved or non-interleaved, configured by the higher-
layer parameter CORESET-CCE-REG-mapping-type, and is described by REG bundles:

) L s , |
- REGbundle [ isdefinedas REGs IL»iL+L..,iIL+L=1" yhere L  isthe REG bundle size,
CORESET _ NCORESET NCORESET

—<'RB

. CORESET ; ;
i=0,1,...,Ngge~ [L=1 4 Nreg symb is the number of REGs in the CORESET

. ' . . . I
- CCE J consists of REG bundles }‘f<61/L)’f(61/L+1)""’f<61/L+6/L_1)J where f<) is an

interleaver

For non-interleaved CCE-to-REG mapping, L=6 and f (J ):J

(n ol CORESET: I, @) [VCORESET ¢
For interleaved CCE-to-REG mapping, Le2,6] for Nsymb 1 and 0{ smb } for
NCORESETE ’2 3'\
symb =21 where L is configured by the higher-layer parameter CORESET-REG-bundle-size. The

interleaver is defined by

f(j)=(rC +c+nshift]mod(NCORESET/L)

REG

J=CR+r

r=01,...,R—-1

c=0,1,...,C-1

_ 7yCORESET \

C=N REG /ILR|

Re€ 236/ .. . . : .
where (»5V] s given by the higher-layer parameter CORESET-interleaver-size and where

Ny = Nipy'

for a PDCCH transmitted in a CORESET configured by the PBCH or SIB1, and

€0,1,...,274

- otherwise shi is given by the higher-layer parameter CORESET-shift-index.

The UE is not expected to handle configurations resulting in the quantity C ot being an integer.
For both interleaved and non-interleaved mapping, the UE may assume

- the same precoding being used within a REG bundle if the higher-layer parameter CORESET-precoder-
granularity equals L

- the same precoding being used across the all resource-element groups within the set of contiguous resource
blocks in the CORESET if the higher-layer parameter CORESET-precoder-granularity equals the size of the
CORESET in the frequency domain

For a CORESET configured by PBCH the UE may assume, L=6 | R=2  and the same precoding being used
within a REG bundle.

7.3.2.3 Scrambling

b{0).....b(My~1]

The UE shall assume the block of bits , where Mbﬂ is the number of bits transmitted on the

b(0),...,b(M,-1)

physical channel, is scrambled prior to modulation, resulting in a block of scrambled bits
according to

E(i):(b(i)+c(i))mod2
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where the scrambling sequence C(i ) is given by clause 5.2.1. The scrambling sequence generator shall be initialized
with
:(nRN"H 2% +n Jmod 23!

Cinit

where

[ |
- for a UE-specific search space as defined in clause 10 of [5, TS 38.213], np €0,1,...,65535]

layer parameter PDCCH-DMRS-Scrambling-ID if configured,

equals the higher-

N = Ncell
IDT D otherwise

and where

- RN jg given by the C-RNTI for a PDCCH in a UE-specific search space if the higher-layer parameter
PDCCH-DMRS-Scrambling-ID is configured, and

n =0 .
RNTI otherwise.

7.3.2.4 PDCCH modulation

~

b(0),...,b(M,~1)

The UE shall assume the block of bits to be QPSK modulated as described in clause 5.1.3,

d(0),...,d(Mp,~1]

resulting in a block of complex-valued modulation symbols

7.3.2.5 Mapping to physical resources
The UE shall assume the block of complex-valued symbols d(O), ""d(MSYmb_l) to be scaled by a factor P PDCCH
and mapped to resource elements [k’l) p,# used for the monitored PDCCH and not used for the associated PDCCH

DMRS in increasing order of first k , then [ . The antenna port p=2000
7.3.3 Physical broadcast channel
7.3.3.1 Scrambling

b(o)’---’b(Mbit_l) M

The UE shall assume the block of bits , where bit  is the number of bits transmitted on the
physical broadcast channel, are scrambled prior to modulation, resulting in a block of scrambled bits

b(0),...,b(M,~1)

according to

F(i):(b(i)+c(i+vMbit)]m0d2

where the scrambling sequence C(i ) is given by clause 5.2. The scrambling sequence shall be initialized with
_ agcell
Cini=N1p at the start of each SS/PBCH block where
- for Lyp=4 , vV isthe two least significant bits of the SS/PBCH block index
L_ =8 L =64 . N . .
- for “max or ~max , vV is the three least significant bits of the SS/PBCH block index

with L e being the maximum number of SS/PBCH blocks in an SS/PBCH period for a particular band as given by
[38.104].
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7.3.3.2 Modulation

The UE shall assume the block of bits b(O), o b(Mbit_l) are QPSK modulated as described in clause 5.1.3,

resulting in a block of complex-valued modulation symbols dPBCH(O ) " "’dPBCH( Msymb a 1)

7.3.3.3 Mapping to physical resources

Mapping to physical resources is described in clause 7.4.3.
7.4 Physical signals

7.4.1 Reference signals
7.4.1.1 Demodulation reference signals for PDSCH

74111 Sequence generation

The UE shall assume the sequence r(m is defined by

(1-249(2n)) +j%(1—20(2n+1))

1

r(n)= Ne]

where the pseudo-random sequence C(i ) is defined in clause 5.2.1. The pseudo-random sequence generator shall be
initialized with

G =( 27 (140, +1+1)(2Nj5™ +1) + 2N 75 | mod 2™

H
where l is the OFDM symbol number within the slot, Nt is the slot number within a frame, and

01! Nsep | \
Nsep€ 0L ang Nip €0.1,...,65535] 4 given by the higher-layer parameter DL-DMRS-Scrambling-ID
if provided and the PDSCH is scheduled by PDCCH with CRC scrambled by C-RNTT or CS-RNTI

— n __ qycell
- Nserp =0 and NV n =N otherwise
7.4.1.1.2 Mapping to physical resources

The UE shall assume the PDSCH DM-RS being mapped to physical resources according to configuration type 1 or
configuration type 2 as given by the higher-layer parameter DL-DMRS-config-type.

DMRS
The UE shall assume the sequence r(m) is scaled by a factor /PPscH  to conform with the transmission power

k1]

specified in [5, TS 38.213] and mapped to resource elements 'p,i according to

a" = Boacawe [ kw, (19F(2n+ k9
n+2keA Configuration type 1
- %n + k€A Configuration type 2
k€ 0,1
1=1+19

n=0,1,...

where  Wrlk ) , wll , 4 ,and A are given by Tables 7.4.1.1.2-1 and 7.4.1.1.2-2 and the following
conditions are fulfilled:

- the resource elements are within the common resource blocks allocated for PDSCH transmission
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The reference point for ks

- for PDSCH transmission carrying SIB1, subcarrier 0 of the lowest-numbered common resource block in the
CORESET configured by the PBCH

- otherwise, subcarrier 0 in common resource block 0

The reference point for I and the position l of the first DM-RS symbol depends on the mapping type:

- for PDSCH mapping type A:

- l is defined relative to the start of the slot

10:3 if the higher-layer parameter DL-DMRS-typeA-pos equals 3 and 10 =2 otherwise

- for PDSCH mapping type B:

- l is defined relative to the start of the scheduled PDSCH resources

,=0

The position(s) of the DM-RS symbols is given by l and

- for PDSCH mapping type A, the duration is between the first OFDM symbol of the slot and the last OFDM
symbol of the scheduled PDSCH resources in the slot

- for PDSCH mapping type B, the duration is the number of OFDM symbols of the scheduled PDSCH resources
as signalled

and according to Tables 7.4.1.1.2-3 and 7.4.1.1.2-4. The case DL-DMRS-add-pos equal to 3 is only supported when DL-
DMRS-typeA-pos is equal to 2.

For PDSCH mapping type B

- if the PDSCH durat_ion is 2, 4, or 7 OFDM symbols, and the PDSCH allocation collides with resources reserved

for a CORESET, l shall be incremented such that the first DM-RS symbol occurs immediately after the
CORESETand

- if the PDSCH duration is 4 symbols, the UE is not expected to receive a DM-RS symbol beyond the third
symbol,

- if the PDSCH duration is 7 symbols,
- the UE is not expected to receive the first DM-RS beyond the fourth symbol, and

- if one additional single-symbol DM-RS is configured, the UE only expects the additional DM-RS to be
transmitted on the 5th or 6th symbol when the front-loaded DM-RS symbol is in the 1st or 2nd symbol,
respectively, of the PDSCH duration, otherwise the UE should expect that the additional DM-RS is not
transmitted.

- if the PDSCH duration is 2 or 4 OFDM symbols, only single-symbol DM-RS is supported.

The time-domain index | and the supported antenna ports P are given by Table 7.4.1.1.2-5 where
- single-symbol DM-RS is used if the higher-layer parameter DL-DMRS-max-len is equal to 1

- single-symbol or double-symbol DM-RS is determined by the associated DCI if the higher-layer parameter DL-
DMRS-max-len is equal to 2.

In absence of CSI-RS configuration, and unless otherwise configured, the UE may assume PDSCH DM-RS and
SS/PBCH block to be quasi co-located with respect to Doppler shift, Doppler spread, average delay, delay spread, and
spatial Rx. The UE may assume that the PDSCH DM-RS within the same CDM group are quasi co-located with respect
to Doppler shift, Doppler spread, average delay, delay spread, and spatial Rx.
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The UE may assume that no DM-RS collides with the SS/PBCH block.
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Table 7.4.1.1.2-1: Parameters for PDSCH DM-RS configuration type 1.

p CDM group A we (k) w, (1D
A k’=0 k'= 10=0 1'=1
1000 0 0 +1 +1 +1 +1
1001 0 0 +1 -1 +1 +1
1002 1 1 +1 +1 +1 +1
1003 1 1 +1 -1 +1 +1
1004 0 0 +1 +1 +1 -1
1005 0 0 +1 -1 +1 -1
1006 1 1 +1 +1 +1 -1
1007 1 1 +1 -1 +1 -1
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Table 7.4.1.1.2-2: Parameters for PDSCH DM-RS configuration type 2.

p CDM group A w; (kD) w, (1D
A k=0 k=1 10=0 =1
1000 0 0 +1 +1 +1 +1
1001 0 0 +1 -1 +1 +1
1002 1 2 +1 +1 +1 +1
1003 1 2 +1 -1 +1 +1
1004 2 4 +1 +1 +1 +1
1005 2 4 +1 -1 +1 +1
1006 0 0 +1 +1 +1 -1
1007 0 0 +1 -1 +1 -1
1008 1 2 +1 +1 +1 -1
1009 1 2 +1 -1 +1 -1
1010 2 4 +1 +1 +1 -1
1011 2 4 +1 -1 +1 -1
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Table 7.4.1.1.2-3: PDSCH DM-RS positions l for single-symbol DM-RS.

Duration in symbols DM-RS positions I
PDSCH mapping type A PDSCH mapping type B
DL-DMRS-add-pos DL-DMRS-add-pos
0 1 2 3 0 1 2 3
2 ) ) i i Iy Iy
3 ly Iy ly ly - -
4 lo Io Io lo lo Io
5 ly l ly l i i
6 I I l L - -
7 Iy Iy I, I, L, ly,4
8 ly ly Iy ly 7] - -
[7] [7]
9 I h 7| b 5 b - :
10 b ol b h 69 ) )
6,9
11 ly Iy 9 Iy , L, 6.9 - -
6,9
12 I, I, 9 Iy , I, 58, - -
6,9 11
13 Iy L, 1 Ly ' Iy 58 - -
1 7,11 11
“ b hoaf b | b ss ) ]
1 7,11 11
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Table 7.4.1.1.2-4: PDSCH DM-RS positions l for double-symbol DM-RS.

Duration in symbols " |
DM-RS positions
PDSCH mapping type A PDSCH mapping type B
DL-DMRS-add-pos DL-DMRS-add-pos
0 1 2 0 1 2

<4 -
4 I I - -
S l l - .
6 I I - -
7 I I I, L
8 l l i i
9 I l - -
10 10 IO 8 - -
11 10 IO 8 - -
12 ly Iy 8 i i
13 10 lo - -

10
14 l l i i

10

Table 7.4.1.1.2-5: PDSCH DM-RS time index | and antenna ports P

Single or double symbol I Supported antenna ports P
DM-RS Configuration type 1 Configuration type 2
single 0 1000 — 1003 1000 — 1005
double 0,1 1000 — 1007 1000 — 1011
7.4.1.2 Phase-tracking reference signals for PDSCH
74.1.2.1 Sequence generation

The phase-tracking reference signal for subcarrier ks given by

re=r(2m+k)

where T (2m+k) is the demodulation reference signal given by clause 7.4.1.1.2 at position l and subcarrier

k
7.4.1.2.2 Mapping to physical resources

The UE shall assume phase-tracking reference signals being present only in the resource blocks used for the PDSCH,
and only if the procedure in [6, TS 38.214] indicates phase-tracking reference signals being used.

If present, the UE shall assume the PDSCH PT-RS is scaled by a factor P PIRS.i to conform with the transmission

k1|

power specified in clause 4.1 of [6, TS 38.214] and mapped to resource elements '’ 'P.# according to

(p.u)_
ag _ﬁPTRS,irk

when all the following conditions are fulfilled
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- I is within the OFDM symbols allocated for the PDSCH transmission

- resource element [k’ l‘]w is not used for DM-RS, CSI-RS, SS/PBCH block, a detected PDCCH, or is
declared as 'not available' by clause 5.1.4.1 of [6, TS 38.214]

The set of time indices | defined relative to the start of the PDSCH allocation is defined by

1. set =0 and lref:o

+Hi—1|L,ne+1,l [ +il

max(l /"ZPTRS d>fref)2 2 ref

ref

2. if any symbol in the interval
DM-RS according to clause 7.4.1.1.2

PIRS  gverlaps with a symbol used for

- set l:1

- set Iref to the symbol index of the DM-RS symbol in case of a single-symbol DM-RS and to the symbol
index of the second DM-RS symbol in case of a double-symbol DM-RS

- repeat from step 2 as long as lrefHLPTRS is inside the PDSCH allocation

3. add IrefHLPTRS to the set of time indices for PT-RS

4. increment ! by one

5. repeat from step 2 above as long as lref+lLPTRS is inside the PDSCH allocation

[ |
where Lprrs €124

For the purpose of PT-RS mapping, the resource blocks allocated for PDSCH transmission are numbered from 0 to

Nyp—1 from the lowest scheduled resource block to the highest. The corresponding subcarriers in this set of

RB
resource blocks are numbered in increasing order starting from the lowest frequency from 0 to Ny Neg—1 . The

subcarriers to which the UE shall assume the PT-RS is mapped are given by

—1,RE . RB RB
k= kref +(1K PTRS+ kref ) Nsc
k RB__ nRNTI mOd KPTRS lf NRB mOd K PTRS = O

ref = .
Ngnmod (N rpMOod K prrg| otherwise

where

i=0,1,2,...

RE

Kret is given by Table 7.4.1.2.2-1 for the DM-RS port associated with the PT-RS port according to clause 5.1.6.2
in [6, TS 38.214]. If the higher-layer parameter DL-PTRS-RE-offset is not configured, the column corresponding
to '00' shall be used.

- MRNTI s the RNTI associated with the DCI scheduling the transmission

[ |
Kprrs© 241 s given by [6, TS 38.214].
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RE
Table 7.4.1.2.2-1: The parameter Krei .

RE
DM-RS antenna Keef
port DM-RS Configuration type 1 DM-RS Configuration type 2
p UL-PTRS-RE-offset UL-PTRS-RE-offset
00 01 10 11 00 01 10 11
1000 0 2 6 8 0 1 6 7
1001 2 4 8 10 1 6 7 0
1002 1 3 7 9 2 3 8 9
1003 3 5 9 11 3 8 9 2
1004 - - - - 4 5 10 11
1005 - - - - 5 10 11 4
7.4.1.3 Demodulation reference signals for PDCCH
7.4.1.3.1 Sequence generation
The UE shall assume the reference-signal sequence " (m) for OFDM symbol I is defined by
r(m)=-21-2c(2m)+j = 1-2¢(2m+1)|
V2 V2

where the pseudo-random sequence C(') is defined in clause 5.2.1. The pseudo-random sequence generator shall be
initialized with

Core =( 27 (140, +1+1) (2N, +1) + 2N, | mod 2™

init

H
where | is the OFDM symbol number within the slot, Mt is the slot number within a frame, and

Nip 0{ 0.1,...,65535) is given by the higher-layer parameter PDCCH-DMRS-Scrambling-ID if provided

N — Ncell .
D D otherwise.

7.4.1.3.2 Mapping to physical resources
[

The UE shall assume the sequence d (m) is mapped to resource elements k, 'p,i according to

ah = B @(3n+ k9
k =nN2® + 4k €1

k€ 0,12

n=0,1,...

where the following conditions are fulfilled

- they are within the resource element groups constituting the PDCCH the UE attempts to decode if the higher-
layer parameter CORESET-precoder-granularity equals CORESET-REG-bundle-size,

- all resource-element groups within the set of contiguous resource blocks in the CORESET where the UE
attempts to decode the PDCCH if the higher-layer parameter CORESET-precoder-granularity equals the size of
the CORESET in the frequency domain.

The reference point for ks

3GPP



Release 15 94 3GPP TS 38.211 V15.1.0 (2018-03)

- subcarrier 0 of the lowest-numbered common resource block in the CORESET if the CORESET is configured by
the PBCH or SIB1,

- subcarrier 0 in common resource block 0 otherwise
The quantity [ is the OFDM symbol number within the slot.

The antenna port p=2000

A UE not attempting to detect a PDCCH in a CORESET shall not make any assumptions on the presence or absence of
DM-RS in the CORESET.

In absence of CSI-RS configuration, and unless otherwise configured, the UE may assume PDCCH DM-RS and
SS/PBCH block to be quasi co-located with respect to Doppler shift, Doppler spread, average delay, delay spread, and
spatial Rx.

7.4.1.4 Demodulation reference signals for PBCH

74.1.4.1 Sequence generation

The UE shall assume the reference-signal sequence r (m) for an SS/PBCH block is defined by
—L ]+Ji
V2 2

where C(n) is given by clause 5.2. The scrambling sequence generator shall be initialized at the start of each
SS/PBCH block occasion with

r(m)=—=1-2-c(2m) [1-2-c(2m+1))|

Cinitzznﬁssa”’l)( Nf511/4‘+1)+26(75ss+1)+(N§§1 mod 4
Issp=lsspt4 My
where
- for L..=4 . ™ is the number of the half-frame in which the PBCH is transmitted in a frame with

n =1

ht = 0 for the first half-frame in the frame and 't for the second half-frame in the frame, and

Iss8 s the two least significant bits of the SS/PBCH block index as defined in [5, TS 38.213]
L =8 LmaX=64 nhfZO

- for max or

, and 'ssB s the three least significant bits of the SS/PBCH block
index as defined in [5, TS 38.213]

with Lo being the maximum number of SS/PBCH beams in an SS/PBCH period for a particular band as given by
[38.104].

7.4.1.4.2 Mapping to physical resources
Mapping to physical resources is described in clause 7.4.3.
7.4.1.5 CSl reference signals

74.15.1 General

Zero-power and non-zero-power CSI-RS are defined

- for a non-zero-power CSI-RS, the sequence shall be generated according to clause 7.4.1.5.2 and mapped to
resource elements according to clause 7.4.1.5.3

- for a zero-power CSI-RS, the UE shall assume that the resource elements defined in clause 7.4.1.5.3 are not used
for PDSCH transmission and shall make no assumption on downlink transmission in those resource elements
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7.4.1.5.2 Sequence generation

The UE shall assume the reference-signal sequence (m) is defined by

1 \ 1
r(im)=—=1-2-c(2m)+ j—=[1-2-c(2m+1)|
V2 2
where the pseudo-random sequence C(i ) is defined in clause 5.2.1. The pseudo-random sequence generator shall be

initialised with

init

c —(21°~(14 n§f+l+1)(2 ”1D+1)+”1D)m°d 23!

at the start of each OFDM symbol where it is the slot number within a radio frame, [ is the OFDM symbol

number within a slot, and M equals the higher-layer parameter ScramblingID.

7.4.1.53 Mapping to physical resources

For each CSI-RS configured, the UE shall assume the sequence r (m) being mapped to resources elements

k1

p,i according to
a,((f’,"“) = Besrs Wi (kD) -w, (10 Tin, (mi)

0 ko O
ml=]na] +k0+[ kRpBD

AN 0
k =nN2B +k + kI

I=I+1"

0p forX =1
a =[

2p forX >1
n =0,.,...

when the following conditions are fulfilled:

k1

- the resource element
UE is configured

p.i is within the resource blocks occupied by the CSI-RS resource for which the

The reference point for k =0 is subcarrier 0 in common resource block 0.

The value of © is given by the higher-layer parameter CSI-RS-Density.

The UE is not expected to receive CSI-RS and DM-RS on the same resource elements.

The UE shall assume B csirs>0 for a non-zero-power CSI-RS where B CSIRS  is selected such that the power
offset specified by the higher-layer parameter Pc_SS, if provided, is fulfilled.

The quantities k , | | Wf(k | ,and wll are given by Tables 7.4.1.5.3-1 to 7.4.1.5.3-6 where each k1]
in a given row of Table 7.4.1.5.3-1 corresponds to a CDM group of size 1 (no CDM) or size 2, 4, or 8. The indices

kK and | index resource elements within a CDM group.

The time-domain locations lU and l are defined relative to the start of a slot with the starting positions of a CSI-

l€nd,...,13

RS in a slot configured by the higher-layer parameter CSI-RS-ResourceMapping.
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The frequency-domain location is given by a bitmap provided by the higher-layer parameter CSI-RS-ResourceMapping
th
where k, in Table 7.4.1.5.3-1 corresponds to the ! bit in the bitmap set to one, starting from by , with the

bitmap and value of ki in Table 7.4.1.5.3-1 given by

o babe] RSPl g row 1 of Table 7.41.5.3-1

wobo]  K=FlL o ow 2 of Table 7.4.1.5.3-1

- [bZ'“bO} , ki:4f(‘i'] for row 4 of Table 7.4.1.5.3-1

- [bs"'bO} , ki=2f 1 for all other cases

.| .th
where f (IJ is the bit number of the ! bit in the bitmap set to one, repeated across every 1l P of the resource

blocks configured for CSI-RS reception by the UE when p<1 . The starting position and number of the resource
blocks in which the UE shall assume that CSI-RS is transmitted are given by the higher-layer parameter CSI-RS-
FregBand and CSI-RS-Density for the bandwidth part given by the higher-layer parameter BWP-Info.

The UE shall assume that a CSI-RS is transmitted using antenna ports P numbered according to

p=3000+s+jL;
j=01,...,N/L-1
s=0,1,...,L-1;

[ |
where S is the sequence index provided by Tables 7.4.1.5.3-2 to 7.4.1.5.3-5, Lel,2,48) is the CDM group size,
and N is the number of CSI-RS ports. The CDM group index J given in Table 7.4.1.5.3-1 corresponds to the

time/frequency locations (k’ l | fora given row of the table. The CDM groups are numbered in order of increasing
frequency domain allocation first and then increasing time domain allocation.For a CSI-RS resource configured as
periodic or semi-persistent by the higher layer parameter ResourceConfigType,the UE shall assume that the CSI-RS is
transmitted in slots satisfying

( | frame. n, + ns‘ff -T

slot offset

) mod T s =0

where the periodicity Tesixs (in slots) and slot offset T e are given by the higher layer parameter CSI-RS-
timeConfig. The UE shall assume that CSI-RS is transmitted in a candidate slot only if all OFDM symbols of that slot
corresponding to the configured CSI-RS resource are classified as 'downlink'.
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Table 7.4.1.5.3-1: CSI-RS locations within a slot.
Row | Port | Densit | CDMtype (ic 7) CDMgroup | k~ | 1D
s y Y index J
1|1 3 NoCDM | (ky, L) (ko +4,1) (ky +8,1,) 0,0,0 o |o
2 1 1,0.5 [ NoCDM (ko’lo) 0 0 0
3 2 1,05 FD-CDM2 | (k,,1,) 0 0,1]0
4 4 1 FD-CDM2 | (k,,1,),(k, +2,1,) 0,1 0,1]0
5 4 1 FD-CDM2 | (k,,1,) (k0,10+1 0,1 0,1]0
6 8 1 FD-CDM2 (ko’lo),(kplo)(kz’lo)(ke.slo) 0,1,2,3 0,110
7 8 1 FD-CDM2 | (k,,1,),(k;, 1,), (kg 1y +1),(ky, 1, +1) 01,23 01]0
8 8 1 CDM4 (kg 1), (K, 1) 0,1 0,1]01
(FD2,TD2
)
9 12 |1 FD-CDM2 | (k,, 1), (k;,1y),(ky, 1), ks, 1), (ke 1), (ks 1) 01,2345 01]0
10 12 1 CDM4 (ko,lo),(kl,lo),(kz,lo) 01,2 0,1]01
(FD2,TD2
)
11 16 1,05 FD-CDM2 (ko,lo),(kplo),(kz,lo),(ka,lo), 0,1,2,3, 0,110
(ko 1y +1),(ky, 1y +1),(ky, Iy +1), (ky, 1y +1) 4267
12 16 1,05 CDM4 (ko 1), (ki 1), (ko 1), (Ko 1) 01,23 0,101
(FDZ,TDZ 0-°0 1>%0 2550 3250
)
13 |24 1,05 | FD-COM2 | (k,,1o),(k;,1o), (ky, 1), (Ko, I + 1), Ky, 1 +1), (K, I +1), 2.1,2,3.4.05, 0,10
(ko 1), (kg 1), (ko 1), (g 1y +), (K, 1y +), (K, 1y +1) 7:89.10.11
14 |24 |1,05 |[CDM4 (ko 1), (kg 1), (e 1), (g, 1), (ke 1), Ky 1) 01,2345 0,101
(FDZ,TDZ 0°°0 1°%0 2550 0>°1 1" 250
)
15 |24 1,05 | CDM™m8 (ko 1), (K, 1), (ks 1) 01,2 0,1 |0,
(FD2,TD4 1,
) 2,3
16 | 32 1,05 | FD-CDM2 | (ky,1,),(k;, 1o), Ky, 1), (ks, 1), 0,1,2,3, 0,110
456,7,
(ko 1y +1),(k;, 1 +1), (ky, 1y +1), (s, 1y +1), 8910 11,
(ko,ll) (ky, 1), (e, 1), (s, 1), 12,13,14,15
(ko 1y +1), (ky, 1 +1), (ky, 1, +1), (kg 1, +1)
17 [32 [1,05 |CDM4 (ko 1), (ky, 1), (ki 1), (ks 1), (ko 1), (ke 1), (K, 1), (s, 1) | 0.1,2,3,45,6, [ 0,1 [0, 1
(FDZ,TDZ 0°707 M0 2500 32°0 0-°1 11 255 3% 7
)
18 32 1,05 CDM8 (ko 10),(k; 1), (ks 1), (Ko 1)) 0,1.2,3 01 |01,
(FD2,TD4 | 07 D 0nTRi0n o 2.3
)

Table 7.4.1.5.3-2: The sequences wilk } and wll| for CDMType equal to 'no CDM'.

Index

w,lk| w, ]

0

1 1

Table 7.4.1.5.3-3: The sequences Wf(k ] and wll| for CDMType equal to 'FD-CDM2'.

Index wlk ) w1
0 +1 +1] 1
1 s 1] L
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Table 7.4.1.5.3-4: The sequences Wf(k) and
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wlll for CDMType equal to 'CDM4".

Index wf(k') wt(l’]
0 +1 +1] +1 +1
1 +1 -1 +1 +1
2 +1 +1 +1 -1
3 +1 -1 +1 -1
Table 7.4.1.5.3-5: The sequences Wf(k') and wl| for CDMType equal to 'CDMS".
Index w,l k| w,l
0 #1 +1) +1 +1 +1 +1
1 +1 -1 +1 +1 +1 +1
2 +1 +1 +1 -1 +1 -1
3 +1 -1 +1 -1 +1 -1
4 +1 +1 +1 +1 -1 -1
S +1 -1 +1 +1 -1 -1
6 +1 +1 +1 -1 -1 +1
7 +1 -1 +1 -1 -1 +1
7.4.2 Synchronization signals
7421 Physical-layer cell identities

There are 1008 unique physical-layer cell identities given by

Nip' =3 Nip+Nyp

where NDE0L..335 . Npleo12
7.4.2.2 Primary synchronization signal
74221 Sequence generation

The sequence dPSS(n) for the primary synchronization signal is defined by

dpss(n)=1—2x(m|

m=(n+43 N\?)|mod 127

0<n<127
where
x|i+7|=(x|i+4|+x(i||jmod 2
and
xl6] xI5| x4l x[3] xl2] x[1] xlo]=[1 1 101 10
7.4.2.2.2 Mapping to physical resources

Mapping to physical resources is described in clause 7.4.3.
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7.4.2.3 Secondary synchronization signal

7.4.2.3.1 Sequence generation

The sequence dSSS(n) for the secondary synchronization signal is defined by

| |=[1=2x,| [+ my | mod 127][1-2.x,(n+m, jmod 127 |
(1) )
1D 2
mO:15E+5N1D
m,=N'\"mod 112
0<n<127
where
xo(i+7):(x0[i+4)+x0(i))mod2
xl(i+7)=(x1(i+1)+x1[(i])m0d2
and
%061 x,/5) xo[4] x,(3] x,2] x,(1) x,00/]=[0 0 0 0 0 0 1]
[x,l6] x,[5] x,[4] x[3 x,02) x,[1] xf0l]=fo 0 0 0 0 0 1]
7.4.2.3.2 Mapping to physical resources

Mapping to physical resources is described in clause 7.4.3.

7.4.3 SS/PBCH block
7.43.1 Time-frequency structure of an SS/PBCH block

In the time domain, an SS/PBCH block consists of 4 OFDM symbols, numbered in increasing order from 0 to 3 within
the SS/PBCH block, where PSS, SSS, and PBCH with associated DM-RS are mapped to symbols as given by Table
7.4.3.1-1.

In the frequency domain, an SS/PBCH block consists of 240 contiguous subcarriers with the subcarriers numbered in

increasing order from 0 to 239 within the SS/PBCH block. The quantities k' ana | represent the frequency and
time indices, respectively, within one SS/PBCH block. The UE may assume that the complex-valued symbols
corresponding to resource elements denoted as 'Set to 0' in Table 7.4.3.1-1 are set to zero. The quantity vV in Table

_ agcell
7.4.3.1-1is given by v=Nyp mod4 . The quantity Kssp is the subcarrier offset from subcarrier 0 in common
SSB SSB

resource block Nerg to subcarrier 0 of the SS/PBCH block, where Ners is obtained from the higher-layer

parameter offset-ref-low-scs-ref-PRB and where the 4 least significant bits of kSSB are given by the higher-layer

parameter ssb-subcarrierOffset and for SS/PBCH block type A the most significant bits of Ksss are given by
345 in the PBCH payload as defined in subclause 7.1.1 of [4, TS 38.212].

The UE may assume that the complex-valued symbols corresponding to resource elements that are part of a common
resource block partially or fully overlapping with an SS/PBCH block and not used for SS/PBCH transmission are set set
to zero in the OFDM symbols where SS/PBCH block is transmitted.

For an SS/PBCH block, the UE shall assume

- antenna port p= 4000 is used for transmission of PSS, SSS and PBCH,

- the same cyclic prefix length and subcarrier spacing for the PSS, SSS, and PBCH,

SSB
k

(o 1) ( |
- for SS/PBCH block type A, ”E\O’ lJ and kSSBE‘O’ L,2,...,23] with the quantities "SSB | and NCRB

expressed in terms of 15 kHz subcarrier spacing, and
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[7 4] [ \
- for SS/PBCH block type B, HE34 and kesp€10,1, 2, 1] with the quantity kSSB expressed in

terms of the subcarrier spacing provided by the higher-layer parameter subCarrierSpacingCommon and
SSB

Ners is expressed in terms of 60 kHz subcarrier spacing.

The UE may assume that SS/PBCH blocks transmitted with the same block index on the same center frequency location
are quasi co-located with respect to Doppler spread, Doppler shift, average gain, average delay, delay spread, and
spatial Rx parameters. The UE shall not assume quasi co-location for any other SS/PBCH block transmissions.

Table 7.4.3.1-1: Resources within an SS/PBCH block for PSS, SSS, PBCH, and DM-RS for PBCH.

Cha_nnel OFDM symbol number I Subcarrier number k
or signal relative to the start of an SS/IPBCH relative to the start of an SS/IPBCH block
block
PSS 0 56, 57, ..., 182
SSS 2 56, 57, ..., 182
Setto 0 0 0,1,...,55 183,184, ...,239
2 48,49, ..., 55,183, 184, ..., 191
1,3 0,1,...,239
PBCH 2 0,1, ...,47,
192,193, ..., 239
1,3 0+v,4+v,8+v,...,236+V
DM-RS for
PBCH ) 0+v,4+v,8+v,...,4d+v
192+v,196+v,...,236+v
74311 Mapping of PSS within an SS/PBCH block

dPSS(0)3""dPSS<126)

The UE shall assume the sequence of symbols constituting the primary synchronization signal

to be scaled by a factpr B PSS to conform to the PSS power allocation specified in [5, TS 38.213] and mapped to

resource elements [k’ ” p,u in increasing order of k' where k and | are given by Table 7.4.3.1-1 and
represent the frequency and time indices, respectively, within one SS/PBCH block.
7.4.3.1.2 Mapping of SSS within an SS/PBCH block

dSSS(O)""JdSSS(126)

The UE shall assume the sequence of symbols constituting the secondary synchronization

k1

signal to be scaled by a factor B 'SSS and mapped to resource elements p,# in increasing order of k' where

k and | are given by Table 7.4.3.1-1 and represent the frequency and time indices, respectively, within one
SS/PBCH block.
7.4.3.1.3 Mapping of PBCH and DM-RS within an SS/PBCH block

The UE shall assume the sequence of complex-valued symbols dPBCH(O)" “’dPBCH(MSYmb_ 1) constituting the

physical broadcast channel to be scaled by a factor B 'PBCH  to conform to the PBCH power allocation specified in [5,

k.l

TS 38.213] and mapped in sequence starting with dPBCH(O) to resource elements p,u which meet all the

following criteria:

- they are not used for PBCH demodulation reference signals
[k’ ”D,u not reserved for PBCH DM-RS shall be in increasing order of first the

index K and then the index ! , where k and ! represent the frequency and time indices, respectively, within
one SS/PBCH block and are given by Table 7.4.3.1-1.

The mapping to resource elements

The UE shall assume the sequence of complex-valued symbols r (O)) vl ( 143 ) constituting the demodulation
DM-RS
reference signals for the SS/PBCH block to be scaled by a factor of Bescr to conform to the PBCH power
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allocation specified in [5, TS 38.213] and to be mapped to resource elements [k’ lJP,u in increasing order of first
k andthen | where K and | are given by Table 7.4.3.1-1 and represent the frequency and time indices,

respectively, within one SS/PBCH block.

7.4.3.2 Time location of an SS/PBCH block

The locations in the time domain where a UE shall monitor for a possible SS/PBCH block are described in clause 4.1 of
[5, TS 38.213].
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