ETS| TS 136 211 V15.14.0 (2021-10)

& >3

TECHNICAL SPECIFICATION

LTE;
Evolved Univetsal Terrestrial Radio Access (E-UTRA);
Physicals¢hannels and:modulation

(3GPP TS 36.211 version, 15.14.0 Release 15)

https/standards.iteh.a/catalog/standards/sist/6e5a6437-3826-4397-b279-
7f184d4b171c/etsi-ts-136-211-v15-14-0-2021-10

X566

A GLOBAL INITIATIVE



3GPP TS 36.211 version 15.14.0 Release 15 1 ETSI TS 136 211 V15.14.0 (2021-10)

Reference
RTS/TSGR-0136211vfe0

Keywords
LTE

ETSI

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

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

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

Important notice

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

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

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

If you find errorsiinthe present.document; please send yoUr commentto.one;of the following services:
https://portal.etsi.org/Reople/Commitee SupportStaff.aspx

Notice of disclaimer & limitation of liability

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

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

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

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

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

Copyright Notification

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

© ETSI 2021.
All rights reserved.

ETSI



3GPP TS 36.211 version 15.14.0 Release 15 2 ETSI TS 136 211 V15.14.0 (2021-10)

Intellectual Property Rights

Essential patents

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

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

Trademarks

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

DECT™, PLUGTESTS™, UMTS™ and the ETSI logo are trademarks of ETSI registered for the benefit of its
Members. 3GPP™ and LTE™ are trademarks of ETSI registered for the benefit of its Members and of the 3GPP
Organizational Partners. oneM 2M ™ logo is atrademark of ETSI registered for the benefit of its Members and of the
oneM2M Partners. GSM ® and the GSM doego-are trademarks registeredrand owned by the/GSM Association.

Legal notice

This Technical Specification,(T/S), has been produced by, the ET Sl 3¢ -Generati onPartnership Project (3GPP).

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

The cross reference between 3GPP and ETSI identities can be found under http://webapp.etsi.org/key/queryform.asp.

Modal verbs terminology

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

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

ETSI



3GPP TS 36.211 version 15.14.0 Release 15 3 ETSI TS 136 211 V15.14.0 (2021-10)

Contents

INtellectual Property RIGNES.... ..ot b e e e en e ns 2
LBOA1 NMOTICE ...ttt b et et e e e e st h e Rt e R e R e b e R R e R e e ARt R R R e e e e R n e ns 2
AV TeTo = L= g oY = 01T 070] oo | OSSPSR 2
1= 11 o TSRS 9
1 o0 o< TSP PSP 10
2 REFEIBINCES .....cceeeeee ettt b bbb e b et e e et Re e bt e be e bt st et et et e e e e nenre b ee 10
3 Symbols and aDDrEVIELIONS..........cceieeii ettt st e per e re e e enes 11
31 Y 2] SRS 11
3.2 ADBDIEVIBLIONS ...ttt et r e et r e et r e e Rt et R r et r e een e e e ene s 15
4 FFAIME SITUCLUIE.........ee ettt ettt b e e s b e e sae e e et e e abe e ebe e sae e saeeeaeeemeeenreeteeseee e 16
4.1 Frame SITUCTUNE TYPE L. e e e s s sr e e e sr e e e s e e 16
4.2 Frame SITUCLUME EY[DE 2.ttt ettt e e r e b e s r e bt s e se e n e n e sr e nresaeese e e e re s 18
4.3 Frame SITUCLUME EY[DE 3.ttt et e e r e e r e bt s e e n e n e sr e nr et ese e e re e 19
5 L o) S 21
51 OVEIVIBW ..ottt sttt r e et r e e e et Rt A e e e e Rt AR e e R AR et e R e e e e e e Rt e e e e e R e e e e et e R e e e et er e ne et e e e e et erenr e 21
51.1 L VYA o= e 7= T S 21
5.1.2 L VYA o= S T = 21
52 SOt SIrUCLUre @Nd PRYSICBL FESOUICES, .. ... vssee e sssaspns e et sarateatans st spestagans s eate ssesessensesessensasessestssesseneasesseneans 21
521 Resource grid.. L. Ol i LN A i i i Ve W 21
522 RESOUICE BlEIMENES ...t siete ettt erm et te g et es e eme e e seesag et e eeeeseemeemeeneesaesesaeabesneeneeneeseesesaeesesneensessens 23
523 ReSOUrCe BIOCKS. ... e i e L e e 23
524 Narrowbands and WIdEhaNAS............ooi e e e s e et snesbe e e eneeneen 23
525 Guard period for narrowband and Wideand FEIUNING .61 1ua iy eerereererrermeresesiesese e seere s seereseeneenens 24
5.3 Physical uplink shared ChannEl. ......; e eierssessrrmiuessdenieiassras Comfi A AT ARD (A AT 2 A0 T Qs errerrrssarssaeesessrensrensrensrees 26
531 1o = 11010 1 o P 26
532 Y ToTo L8 =] N USSP PT TSP 27
5.3.2A L= Y 007" ] o S 28
53.2A.1 Layer mapping for transmission on asingle antenNa Port..........cccocvverieereeseeseese e 28
5.3.2A.2 Layer mapping for spatial MUItIPIEXING ......cveieieieeiecee e 28
533 TrANSFOMM PIrECOTING. ...ttt sttt ettt ettt b bbb b ekt b bbbt seese e bt e et b e e s e e bt e e s e ebe e e ens 29
5.3.3A L= @06 ] 0T F ST P TSP URTS TSP 29
533A.1 Precoding for transmission 0N @ Single anteNNa PO ..........coeeeerereeerieeerese et ere e seere e neenens 29
533A.2 Precoding for spatial MUITIPIEXING ......c.eiviiiiiieeee bbb 29
534 MapPINg 0 PRYSICAl FESOUITES.........c.eiueuirierieeete ettt sttt b e et b e bt b e se et b bbb 32
54 Physical uplink CONEIrOl ChANNEL...........ooiiic bbb 37
54.1 PUCCH formatS 1, 188N 1D ....c.coiiriiciieeceeereec ettt 38
54.2 PUCCH fOrmatS 2, 28 8N0 2D ......ccueirireeiiirereeieeseeese sttt n et 41
5.4.2A PUGCKCH FOMMEL 3 ...ttt e b b e et b e nn bt nn b e 42
5.4.2B PUGCKCH FOMMEL 4 ...ttt ettt b bt b et e bt ne b e bt ne b nne 44
5.4.2C PUGCKCH FOMMEL 5 ...ttt b et se bt b et b et e b nna 44
54.3 MapPINg 0 PRYSICAl FESOUITES.........c.eiueueeierieeeie ettt b e bbbt b et be bbb 45
5.4A Short Physical Uplink Control ChaNNE ..o 48
54A.1 (€71 PR 48
5.4A.2 S U 1@ O I ] 41 7= £ 1 = T o RO 48
54A.21 SIOt-SPUCKCH ...ttt ettt st e s ae st et e eese e st e sbesaeeseeneenee s eeeeeseessesneeneeneensensens 48
5.4A.2.2 SUBSIOE-SPUCKCH ...ttt ettt s et b e s e e b e et e st et ebene e b sesnane 49
5.4A.3 SPUGCKCH FOIMEL 3 ...ttt b et b e b et e bt a bt e bt n b nnen s 50
5.4A.3.1 SIOE-SPUGCKCH ..ottt bbbt bbbt b et b et b b et e nn s 50
5.4A.4 SPUGCKCH FOIMEL 4 ...ttt bbbt e bt e bt a b e e bbb nnene s 50
5.4A.4.1 SIOE-SPUGCKCH ..ottt bbbt bbbt b et b et b b et e nn s 50
5.4A.4.2 SUBSIOE-SPUCKCH ...ttt bbbttt 51
5.4A.5 MapPiNg tO PRYSICEl FESOUICTES. ......cc.ueieeieeesieeste et eteetesaeseesteesteesteeaeeseesseesseesseesteenseensesseesseeseeseensesnsennns 51
55 REFEIENCE SIONAIS. ...ttt h bbbt b et b bbb e e e b e b e s h e bt et b e e Rt e ens 55

ETSI



3GPP TS 36.211 version 15.14.0 Release 15 4 ETSI TS 136 211 V15.14.0 (2021-10)

551 Generation of the reference SigNal SEOUENCE. ..........i ittt see st eeneas 55
55.11 Base sequences of length 3NSRCB (0T o TS 56
55.12 Base sequences of length less than 3NSRCB ............................................................................................ 57
5513 L€ 1o TN ol ToTe]o 1 oo IR PT PRSP 61
5514 SEOUENCE NOPPING -tttk ettt ettt b et b e b s bt et b e e bt s b e e e bt b e s eb s e se bt e e e e b e nn e e ens 62
5515 Determining virtual cell identity for SEQUENCE GENEIaION .......cccoirieiiirieee e 62
552 Demodul ation FEfEreNCE SIONAL ........c.oiiiierieeee et e et b e et b e 63
5521 Demodulation reference signal for PUSCH ..ottt 63
55211 REFErenCe SIgNal SEOUEINCE. ........ueiieieeiee st et ete e tee st et te e teete e e saeesae e teenteentessaesaaenteenseeneesneennns 63
55.21.2 Mapping tO PRYSICEl FESOUITES .......ccuueieerieeiteeteeteeee st e ste e s e e stesteseeseesseeste e teenteesaesneesreenseeneesneennns 67
55.2.1A Demodulation reference signal for PUSCH with sub-PRB allocations..............cceevvvenienecciesciesee e, 68
55.21A.1 Reference signal sequence using modulation schemes other than n/2-BPSK .........ccccovovevvvcievenee. 68
55.2.1A.2 Reference signal sequence using ni/2-BPSK modulation scheme...........cccceveeciece e e 69
55.2.1A.3 LT (000 1 0] o] o1 oo SR 70
5521A4 Mapping t0 PhYSICAl FESOUICES ........ccueriiiiuireiietest ettt bbb e ens 71
5522 Demodulation reference signal for PUCCH ..ot eene 71
55221 REFErENCE SIGNAl SEQUENCE.......coveeeeieieit ettt ettt b bbbt eb et b b bene e ens 71
55222 Mapping t0 PhYSICAl FESOUICES ........ceuiriieeiiitiietert ettt bbbt eb e e 73
5523 Demodulation reference signal for SPUCCH. ..ottt 73
55231 REFErENCE SIGNAl SEUENCE.......ccveeeiiiteitee ettt b e b et e et eb e bbb b enis 73
55.23.2 Mapping tO PRYSICEl FESOUITES .......ccueeieeieeiteeteeteeee st e steesteesteeteseesseesaeeste e teenteesaesseesreenseeneesneesnes 74
55.3 SOUNAING FEFEIENCE SIGNAL ... ..oceeecieeeceee et ae e s e e saeeaeeaseenaeeseesseesreenteeneenneennes 76
55.3.1 S o (1S alorc o T 0 = 1 o S 76
5,5.3.2 Mapping tO PhYSICal FESOUICES........ccueeieiee e see st et e e e e e sae s e ste e steesteesaeeeeesaeeneesseessenssesnaesseesseessens 76
5.5.3.3 Sounding reference signal subframe Configuration............cccocv e s s 79
5.6 SC-FDMA baseband Signal, géneration .. .. A L b L L L 80
5.6A SC-FDMA baseband signal generation for PUSCH using SUb-PRB all0Cations............ccocevereieeeeeeeeieneene, 81
5.6A.1 Modulation schemes other than T/2«BPSK w4 & 280 3 b 81
5.6A.2 Modulation SChemME /2-BPSK ..ot et st e e eneesnen 81
5.7 Physical random aCCESS ChaNNEL...........c.oveeiieie it ens 82
571 TIME AN FrEUENCY S UG U i i et et e e r e e b etttk b st b e b et e b e b e e e st e b e e st nbe s 82
5.7.2 Preamble sequence generation . e 90
5.7.3 Baseband signal generation .. ./ 95
5.8 (V/KoTo [N F= 0T T aTo U oTee 0 V7= £ Lo o I 96
6 970 11 o] SRS 97
6.1 L0 o= OSSR 97
6.1.1 PhYSICEl CRANNEIS.......ete bbbt bbbt e et b bt b e bt eb b 97
6.1.2 PHYSICEI SIGNAIS. ...ttt bbbt b e h e bbb e b e b e b et b et bbb n e 97
6.2 Slot structure and physiCal FESOUNCE ElEMENES.........coiiiiirie ettt 98
6.2.1 RESDUICE GFT....ee ettt ettt b e et b e et b e e et b e s et b e b e bt e b e st et ebe s b et ebe s eee 98
6.2.2 RESOUICE BlEIMENES ...ttt e bbbt e e e s et bt sb e eb e s ae e s e et e ne e besbeebe e e enneneen 99
6.2.3 RESOUICE BIOCKS. ...ttt bbbttt et e e sb e bt sbeene e e e 100
6.2.3.1 Virtual resource blocks Of 10CaliZEU LYP......ccveie et 101
6.2.3.2 Virtual resource blocks of diStribDULEd tYPE ......ocve e 101
6.2.4 Resource-element groups (REGS)......cc.vecuieiieieiieseeseesiessieseeseese e s e esteesaesseessaessaesseesseessesnsesaeesseensesnsenns 102
6.2.4A Enhanced Resource-Element Groups (EREGS) ........ccveieiieieiiie et sae e s saeenne e ens 103
6.2.4B Short Resource-Element Groups (SREGS) ......c.covieiiirieieiesieeeie ettt 103
6.2.5 Guard period for half-duplex FDD OPEIatioN ..........ccerueirrereeeniereee sttt 103
6.2.6 Guard Period fOr TDD OPEIaIION .......cceerieueeierieeete ettt sttt st sttt se et st se et et e et b e et sa et b sne s 104
6.2.7 Narrowbands and WIdehandS...........ooeieeieee e sttt e e e 104
6.2.8 Guard period for narrowband and wideband retuning ... 105
6.3 General structure for downlink physical ChannElS..........c.cciiiii e 105
6.3.1 S0 = 1010 1 SRS 106
6.3.2 Koo (U= (o] o TSPV PRSPPI 107
6.3.3 LI Y 07T ] o PR 107
6.3.3.1 Layer mapping for transmission on asingle antenNaPort..........ccceeveereereeeceeseeseeseese e e eee e 108
6.3.3.2 Layer mapping for spatial MUItIPIEXING ......cveieeieiee e s 108
6.3.3.3 Layer mapping for transmit iVErSITY ......c.oieiiiieie e 109
6.34 (=00 s ] 0o BT PO TE VPP S TSP SR 110
6.34.1 Precoding for transmission 0N @ Single antenNa PO ..........coveerereererieese s 110

ETSI



3GPP TS 36.211 version 15.14.0 Release 15 5 ETSI TS 136 211 V15.14.0 (2021-10)

6.34.2 Precoding for spatial multiplexing using antenna ports with cell-specific reference signals.............. 110
6.34.2.1 Precoding WIthOUL CDD ..ottt bbb et b e e se e b b neeneas 110
6.3.4.2.2 Precoding for 1arge del@y CDD ........cccoioiiiiieiieneienieeei ettt b e seene s 110
6.34.2.3 Codebook for precoding and CSI FEPOItiNG.........ccuerueerreriereerireeeee st esnes 111
6.3.4.3 Precoding for transSmMit AiVEISITY .......coieeireee et bbb et 112
6.3.4.4 Precoding for spatial multiplexing using antenna ports with UE-specific reference signals............... 113
6.3.5 MapPiNg L0 FESOUICE ElEIMENES .......ccueeiiei e eee et e e e e ae et aa e s reeste et e e e ensessaesanesneesneenseensenns 114
6.4 Physical downlink shared ChanNEl .............ooo it rae e raenneas 115
6.4.1 Physical downlink shared channel for BL/CE UES.........coooiiiciiiicicsee et 117
6.4.2 Slot/subslot-based physical downlink shared Channel ............ccoccveeie e 119
6.5 Physical MUILICASE CRANNEL ...ttt b 121
6.6 Physical broadCast ChaNNEL ..ottt sbe e 121
6.6.1 SCIAMDIING ..ttt b et b e bt b e s b e e bt b e bt b e b et eb e et b e e e b re e 121
6.6.2 1Y/ oo (017 PR 122
6.6.3 Layer mapping @nd PreCOdING ........courveeririeirerteeeie sttt e et b et b bbb st st s e sb e e e 122
6.6.4 MapPING L0 FESOUICE ElEMENES ... .ottt bbbt b et st 122
6.7 Physical control format indiCator ChaNNEL ............oov e 123
6.7.1 o= 11010 1 RS S 124
6.7.2 Y TeTo L8 1K= 1] F PP PSR TRS 124
6.7.3 Layer mapping and PreCOUING .......ociiiriieieeeeesees e e e ee s e seeseesae e e eteesaeestasseessaesseesseesseesessaeessnensennsenns 124
6.7.4 MapPiNg L0 FESOUICE ElEIMENES .......cceeiiee i ee ettt te e e et e esre e te e beenteessesseesnnesaeesaeenseesenns 124
6.8 Physical downlink control ChanNEL ..............ooiieii et e e sneas 124
6.8.1 T O I o] 7 7= 1S 125
6.8.2 PDCCH multiplexing and SCrambling ..........coeceeiiiieiiieesee e e 125
6.8.3 1Y/ oTo (01 7= PR 125
6.8.4 Layer mapping @nd PreCOdING ........coureeririeirierteeeie sttt s et b bbb bbbt st n e sbenne e 125
6.8.5 Mapping to resource elementsi. A ol . A F b D N L T e 126
6.8A Enhanced physical downlink control Channel 2. s 127
6.8A.1 EPDCCH fOIMELS ......cvveefe o dhoem etk crme mronsih e s e mn e 6 Bttt 127
6.8A.2 S0 = 111010 SR 128
6.8A.3 IMEOQUIBLTION. ...ttt bbbt b et h Rt b et bbb b e bt b bt ner et 128
6.8A.4 Layer mapping and precoding .:.....o. 20,2 L L Lo L U UL L L 129
6.8A.5 Mapping to resource elements A1l s analu v sslOea08 0 L 0 0e Al DA i, 129
6.8B MTC physical downlink controlchannel-tsiis:.l 20 2L Lyl el 42020212 L, 130
6.8B.1 Y B L@@ I ] 0 £ 130
6.8B.2 SCPAMDIING ...ttt bbbt b e s b e e b e b e e bt s b e e bt e b e e eb e se e e b e s b e e eb e e bene bt ere e ene s 131
6.8B.3 177 oo (0117 o PSSR 131
6.8B.4 Layer mapping @nd PreCOdING ........c..uoueeririeiriirieieie ettt se st b et sb bbb e b nne e 132
6.8B.5 MapPING tO FESOUICE ElEMENTS ... .eueeeitiieiirt ettt ettt b et ben et b e b 132
6.8C Short physical downlink control channel (SPDCCH) .......ccuoiieiieiierece et 134
6.8C.1 SPDCCH fOFMALS. ...ttt ettt b bt st s b b e st et e b st n bt nnenenennas 134
6.8C.2 S o = 1010 1 o USSR 136
6.8C.3 IMIOQUIBLTION. ...ttt b et bbbt b bt e et b et eer et 136
6.8C.4 (= 1Y/ g g g="o o ] o IRz 0o I o] (=0T [1 oo PR 136
6.8C.5 MapPiNg L0 FESOUICE ElEIMENES .......cceeiieeeeeee et s e ste et e e s e et e e tesseessaesreesreesaesnnesaeesaeenseensenns 136
6.9 Physical hybrid ARQ indiCator ChaNNEL ............ccooiiiiiiie et b e 138
6.9.1 Yoo (01 = TSR 138
6.9.2 Resource group alignment, layer mapping and PreCoding...........oo e 139
6.9.3 MapPING L0 FESOUICE ElEMENES ..ottt bbbt b et b e b 141
6.10 REFEIENCE SIGNAIS. ...ttt b et b bbbt s bt e bbbt bbb n e ens 143
6.10.1 Cell-specific Reference Signal (CRS)......coc ittt 143
6.10.1.1 SEOUENCE GENEIALION.....c.eeeieeeieeeeecee e e ee st e e e e e e s ee s eesaeesaeesseesteeseeessessaesseesseesseeseasensneesneesseensennsenns 143
6.10.1.2 MapPiNg L0 FESOUICE ElEIMENTS........eieeieeieesie e e eee et e e s te e s esae e aeeteeseesseesreesteenseereeseeneeanes 144
6.10.2 MBSFN ref@reNC SIQNAIS. ... .eiieiie e ettt te e s e s e e et et e et essaessaesteesseeneesneesreesaeenseensenns 146
6.10.2.1 SEOUENCE GENEIALION.....c.eeeieeeieeeeecee e e ee st e e e e e e s ee s eesaeesaeesseesteeseeessessaesseesseesseeseasensneesneesseensennsenns 146
6.10.2.1.1 Sequence generation for 15 kHz and 7.5 kHz subcarrier Spacing .......ccccvecvveievevieevceeseesee e 146
6.10.2.1.2 Sequence generation for 1.25 KHz subcarrier Spacing.........cocoevereerinieineneeese e 146
6.10.2.2 M apPING L0 FESOUICE ElEMENES.......cuiiieieeieite ettt ettt st b e st sb e et sb e et sbess et b e b 147
6.10.2.2.1 Mapping to resource elements for 15 kHz and 7.5 kHz subcarrier spacing .........ccocvveveeeeeeeienennnn. 147
6.10.2.2.2 Mapping to resource elements for 1.25 KHZ..........ccooiieiiiriiie et 149
6.10.3 UE-gpecific reference signals associated With PDSCH ........c..oociiiiiinieeee e 149
6.10.3.1 SEOUENCE GENEILION. ...ttt ettt sttt ettt ettt e et b e et eb e s b e e eb e sb e st eb e sbeseeb e sb e e ebesbeneebenbenneneas 149

ETSI



3GPP TS 36.211 version 15.14.0 Release 15 6 ETSI TS 136 211 V15.14.0 (2021-10)

6.10.3.2 M apPING L0 FESOUICE ElEMENES.......cuiiteieeieete ettt sttt ettt st b e st sb e bt sb e e et b e et b b 151
6.10.3A Demodulation reference signal s associated with EPDCCH, MPDCCH, or SPDCCH ........ccccccceievnnnne. 158
6.10.3A.1 SEOUENCE GENEIGLION. ...ttt ettt ettt et et b e s e e et ese et ek e sb e e ebese e e ebesbeneebeebeneeneas 159
6.10.3A.2 M apPING L0 FESOUICE ElEMENES.......cueiierieeeie ettt sttt st e bt b et b et b e et be b 160
6.10.4 POSItiONING FEFErENCE SIONAIS .....ecuiiiieiitie bbbt 162
6.10.4.1 SEOUENCE GENEIALION.....c.eeeiieeieeee e et e etee st e e e e e e e te s e e saeesaeesseesseenseessesseesseesaeesseeseesensneesneesseensennsenns 162
6.10.4.2 MapPiNg L0 FESOUICE ElEIMENES........eieeieeceesie et ee et e e s e e e e e sae e aeeteeseeeseesreesteenseeseenseeneeanes 162
6.10.4.3 Positioning reference signal subframe configuration ..o cescesece e 164
6.10.5 (GRS I (= 1= aTo S o = USSR 165
6.10.5.1 SEOUENCE GENEIALION.....c.eeeiieeeeeieeee et e e tees e e e e e e e e ee s e e saeeseeesaeenseeseeessessaesseesseesseeseasensneesneesseansennsenns 166
6.10.5.2 M apPING L0 FESOUICE ElEMENES.......cueitiieeeete ettt sttt et b e st eb e et b et b e et et be e 166
6.10.5.3 CSl reference signal subframe CONfigUIation..........coeeiiierieeieneereee e 175
6.11 SYNCHIONIZELION SIGNEIS. ... ..ttt bbbt b bbb 175
6.11.1 Primary synchronization SIgNal (PSS) ........ccciereiiirieiiiieesese st 175
6.11.1.1 SEOUENCE GENEILION. ...ttt ettt ettt re ettt se et b e et eb e s b e e eb e s b e seeb e s b e se e b e et e e eb e s b e neenesbeneeneas 175
6.11.1.2 M apPING L0 FESOUICE ElEMENES.......cueitiieeiete ettt sttt st b e et sb e et sb et b e e et be b 176
6.11.2 Secondary synchronization SIgNal (SSS) ....ccveieerierieeiieiesees e e et eesteeaesreeesaesraesneas 176
6.11.2.1 SEOUENCE GENEIALION.....c.eeeiieeieeee et eetee st e e e e e e s e s e e saeesaeesaeesseenseessessaesseesseesseeseasensneesseesseensennsenns 177
6.11.2.2 MapPiNg L0 FESOUICE ElEIMENTS........eiee e ieeesie e ee et e e e s e e s e sae e seeteeseesseesseesteenseereeseeneeenes 178
6.11.3 Resynchronization SIgNal (RSS) .......eeieeiieiieecie e ste st e s te e ssaesaeesaeesaesneesneesaeenseensenns 179
6.11.3.1 SEOUENCE GENEIALION.....c.eeeiieeieeee et eetee st e e e e e e s e s e e saeesaeesaeesseenseessessaesseesseesseeseasensneesseesseensennsenns 179
6.11.3.2 MapPiNg L0 FESOUICE ElEIMENTS........eieeieeceesie et ee et e e e e s esaeesaeeteeseesreesreesteenseeseesesneeenes 179
6.11A DISCOVENY SIONAI ...ttt b e b e bttt b e et b et e b s bt bbb et bt e et e bt et et eb et e e eaenn e e enis 180
6.11B MTC Wake-UpP SIgNA (MWWUS) ..ottt b et b et ens 181
6.11B.1 SEOUENCE GENEIGLION ...ttt sttt sttt sttt et b e et b e bbb et bt s b et e bt b st b e e et eb e st et e b b 181
6.11B.2 MapPING L0 FESOUICE ElEMENTS ... .eeeeitieeiirtee ettt bt bbbt bbbt b b 181
6.12 OFDM baseband signal generation. A . I 8. A b 0 H 0 L T e 181
6.13 [\LeTo (WIF= Lolglr=Talo MU e eielg\V/= oS o o Dottt st e s rs e s errrr N rorsrrs RO USSP 182
7 Generic fFUNCLIONS .......oveveven b o Ll e 184
7.1 YKo [N 1= (T 1 7= o< USSR 184
711 BPSK .o BT TR 136 D0 1 Ao 5 b b o) €D s ]} voeeverensssnesansenersissenessessensesessessenesssssenens 184
7.1.2 QPSK ....oiyimnesthetmmmniorrrds it pabr s hmrsnhagsdeder rpos sasns b et oo o AR T2 ARD (1 AAGT 23 G T Grreserersanerersenersnsassrensesrens 184
7.13 LOQAM ..ot 5 i 475 s e oh 3 £8 263 eb s 10 a2 36455 e Fh e sensesessensenenseneeneesesenenrenaenenrenreneens 184
7.14 S71@ N | SRS 185
7.15 256QAM ..ttt b h e e R e bRt e A e Rt e£ SR e Rt A £ e Rt eSS R e Re AR e Rt e eE e Rt eEAe Rt eeeEeReeeebeneeeenene e 187
7.1.6 0122 @ T Y TSRS 188
7.2 Pseudo-random SEQUENCE GENEIHION. ........ceiiieterieietestere ettt ettt bbbt b e bt b e b e b e e ebesae e ebesbeseeneas 188
8 121 PRSI 189
8.1 Uplink-downlink frame timMiNg.........ooeeiee et e et e sae e sreeteeneeenteeneesnaenneas 189
9 S0 (= TP 191
9.1 L0 V= USRS 191
911 PhYSICEl CRANNEIS.......eieeee bbbt b et b e et b et b b 191
912 PHYSICEl SIGNAIS. ... ettt bbbt bbbt b et bt b et b e 191
9.1.3 Handling of simultaneous sidelink and uplink/downlink tranSmiSSIONS...........ccveeveeveereece e 191
9.2 Slot structure and PhYSICal FESOUICES.........cciieiieeieeesteeseeteee e e seesreesae e e sseesseesteesteensessaesseesseesseesesnenanes 192
921 LSS 01U o= o o PR 192
922 RESOUICE BIEIMENES ...ttt e bt b et e e b et b e s bt e bt e it e e e e e sb et e sbeene e e enne e 192
9.23 RESOUICE BIOCKS. ...ttt bbbttt et e e sb e bt sbeene e e e 193
9.24 LSS 01U o oo PR 193
9.25 (CTT = 1o o7 (oo H OO SO U USRS P TSR PPT ST UTP 193
9.3 Physical Sidelink Shared Channel ..o 193
931 SCIAMDIING ..ttt bbbt b e bt b e b e bt b e bt b e b et eb e et b e e b n e 193
9.3.2 1Y/ oo (017 R 194
9.33 Y= g 107 0] o] 0o PO TSPV PT SRR 194
9.34 TraANSFOIM PIrECOTING. ... ettt sttt sttt ettt sttt b e et b e e b e s b e et e s b et eb e sbeseebesb e e ebesbeneenenbenneneas 194
9.35 1= oo o o OSSPSR 194
9.3.6 MappPiNg tO PRYSICEl FESOUICES..........ceieeeeeiieieeeesees e steesteseeseesseesse e teesaeestasseesseesseenseesesneesaeesseenseensenns 194
94 Physical Sidelink Control ChanNEL .............oo it e e e e s raesraesneas 195
94.1 S0 = 1010 1 SRS 195
94.2 Koo (U1 (o] o TSP UR PRSPPI 195

ETSI



3GPP TS 36.211 version 15.14.0 Release 15 7 ETSI TS 136 211 V15.14.0 (2021-10)

9.4.3 Y= g 107 0] o] 0o F TSPV PE TSP 195
944 TraANSFOrM PIrECOTING. ... eeevertereeteete sttt ettt sttt b e e e b e e b s bt eb e s b e e eb e sbeseebesb e e ebesbeneebeebenneneas 195
945 (=006 ] 0o BT TPV PSSP ST TTP 195
9.4.6 MapPiNg t0 PhYSICAl FESOUITES.........c.ciuiieiirtiieiirierte ettt b et b et n e b b 196
9.5 Physical Sidelink DiSCOVErY ChannEl...........coiiiiiiiieieeee ettt e b e e eb e sae e 196
951 o = 1010 1 SRS 196
9.5.2 Y TeTo L8 1K= 1] F PP PSR TRS 196
9.5.3 LI Y 07T ] o PR 196
954 L= 0 (0T L 0] =0T (1 0 196
955 1= oo [ o USSR 196
9.5.6 MapPiNg tO PhYSICAl FESOUICTES.........c.eitiieuirtiieiirieste ettt bbbt b et sb e b b 196
9.6 Physical Sidelink BroadCast Channel ............ccoceiiiiiiinee et ebesae e 197
9.6.1 SCIAMDIING ..ttt b et b e bt b e s b e e bt b e bt b e b et eb e et b e e e b re e 197
9.6.2 1Y/ oo (017 PR 197
9.6.3 Y= g 107 0] o] 0o PO TSPV PT SRR 197
9.6.4 TraANSFOIM PIrECOTING. ... ettt sttt sttt sttt ettt b e et b e et b s bt b e s b e e e b e sbeseebesb e e ebesbeneeneebenneneas 197
9.6.5 1= oo o o USSR 197
9.6.6 MapPiNg tO PRYSICEl FESOUICES..........eeiueereeetieieeees e ee e esteseeseesaeesseeteesaesstasseesseesseenseesesseesaeesseenseensenns 197
9.7 Sidelink SynchroniZation SIGNEIS.........c.cieeiieii ettt esra e re e re e teeneenneenes 198
9.7.1 Primary sidelink synchronization SIgN@ ...........cccueiieiieieeie e se e e e nreeneens 198
9.7.1.1 SEOUENCE GENEIALION.....c.eeeieeeieeeteeteete et e st es e e e e eesteseesaeesseesse e teenseestesseesseesaeesaeesseeaesneessnesseanseensenns 198
9.7.1.2 MapPiNg tO FESOUICE ElEMENTS........eiii e ceecie et te st rte e s e e st e e teesteestesraesreesteenreenseeneennes 198
9.7.2 Secondary sidelink Synchronization SIgNAL .........c.cceieiiiieiene e e 198
9721 SEOUENCE GENEIALION. ...ttt sttt sttt se et bt bt eb s b e b e s b e seeb e e b e se e bt sb e seebesbeseeseebe e et e sbe e ebenbenneneas 198
9722 MapPING O FESOUICE ElEMENES.......eiieiieeeete sttt sttt sttt bbb bbbt se et b b 198
9.8 Demodulation FEfErenNCe SIONAIS ........ciiiriiieieee ettt ettt b e et b e s r e b b ne b b neeneas 199
9.9 SC-FDMA baseband signal, generati onm, I 5. A b R 0 L T /et 201
9.10 B T 011 2 P e e s e o rree s st s oerrrs P R erorror s SO TSSO 201
10 Narrowband 10T ..o bt L e L L L L a e 202
10.0 GENETAL ...ttt R R R R R R R e R R R R R Rt R bR Rt n R e ren s 202
10.0.1 Frame StrUCLUe. ..o G 1 1 b 20 e ool b e b o2 T e st s 202
10.0.1.1 Frame StruCtUre LYPE L. i .utrws i tues tarhunsfaserrmebnsdesbeies s S (AR T2ARD (ARG T eIy T Qe e eessrsesasensaerererersrsnsasns 202
10.0.1.2 Frame SETUCKUNE LY 2.t,41t1 455 sratasiesneeeh 2 32 Beb ek s b e s 151 FY G0 e feemneneesrennesneeseennensensesnesresnesseennensenes 202
10.1 UPHINK ettt bt bbb e e b E e R R £ bR R R R R R R R e Rt e e Rt b e n R nens 202
1011 OVEIVIBW ...ttt ettt et e et e te ettt s aeeae e e e eeseeeEeeReeaeeseemeeneeseebesaeeeeeneeneeneeneensenseseeseesneeneeneanseseens 202
10.111 PhYSICEl CRANNEIS ...ttt b et b et b e bbb 202
10.1.1.2 PHYSICEl SIGNAIS ...ttt et b et b e et b e bbbt bbb bbb 203
10.1.2 Slot structure and PhYSICal FESOUICES..........ciiiieeie e cee et et e e e e e sre e saeeste e ae e e e sreesteenseeneesnaessaesneas 203
10.1.2.1 LS o 11 o= o o 203
10.1.2.2 RESOUICE BlEIMENLS........eceeriieceete et ettt et r et r e et nr e nr e r e re e 204
10.1.2.3 RESOUICE UNIT......eeceiireieciiere ettt ettt et r e et r e r et r et r e n e r e ne s 204
10.1.3 Narrowband physical uplink shared ChannEl ............ccooieieii e e 204
10.1.3.1 SCPAMDIING ..ttt b et b e et b e et eb e s e et eb e se et eb e sb et ek e sb e e eb e beneebeeneneeneas 204
10.1.3.2 Koo (U1 =1 o P 205
10.1.3.3 I g 172 o] 1] o OSSPSR PRSP TROR 205
10.1.34 TraNSFOrM PrECOTING ... . eueeverteietert ettt ettt b et b et b e s bt e e bt b et e b e st b b e seeb s e e ens 205
10.1.35 =00 o ] 0o OO S PTP TSP PPT SR PR 205
10.1.3.6 Mapping t0 PhYSICAl FESOUICES. .......cceiueuietirietete sttt sttt b e et b e 205
10.1.4 Demodul ation FEfEreNCE SIONAL ........cceiieeieiee et e e e e st e st e e beeteseesanesaeesaeenseensenns 207
10.1.4.1 REfErenCe SIgNal SEOUEINCE ........eeiueeiiee e steeste et etee st et te s te s ae s e e saeesse e teenteestesseesreeseeseenseeneennes 207
10.1.4.1.1 Reference signal sequence for NJY =1 ..........oooorovvooeeceeeeeeeeeeee e 207
10.1.4.1.2 Reference signal sequence for NY ST ..o 208
10.1.4.1.3 [T (0N o1 0] o] o1 oo 209
10.14.2 Mapping t0 PhYSICAl FESOUICES. .......cceiueuiiterieeete sttt sttt st b et st b e et b e 209
10.1.5 SC-FDMA baseband Signal GENEFatioN. ..........oiveiiirieiie sttt 210
10.1.6 Narrowband physical random-access ChannEl ... e 211
10.16.1 Time and freQUENCY SITUCIUNE.........oou ittt ettt b e b e 211
10.1.6.2 Basehand Signal gENEIELION. ..........ceiirieieie ettt bbb et b e et 214
10.1.7 MOdulatiON AN UPCONVEISION. ......cueititiaieiirteietesteee ettt b et e st st s et b e bt sb b st sb e s b ne e ees 214
10.2 DOWINTITIK ...t r e et e R e s Rt e e Rt e e e e st e e e s e e r e e e e e r e r e nennen e 214

ETSI



3GPP TS 36.211 version 15.14.0 Release 15 8 ETSI TS 136 211 V15.14.0 (2021-10)

10.2.1 OVEIVIBW ...ttt ettt e et e te et e bt e aeeae e e e eeseeebesReeseeseemeemeesee b e seeeeeeseeneeneeneenseseseeseesneeneeneensesenns 214
10211 PhYSICEl CRANNEIS ...ttt b bbb bbb 214
10.2.1.2 PHYSICEl SIGNAIS ..ottt et b et b e et b e st b et b et b e bbb 215
10.2.2 Slot structure and physical reSOUrCE BIEMENES .......c.coi i 215
10221 RESOUICE QI ...ttt bbbt b e bbbt e bbb e et eb e s b et et b 215
10.2.2.2 RESOUICE BIEIMENLS........eceireieciete ettt ettt r e r et e et r e n e r e ne e 215
10.2.2.3 Guard period for half-duplex FDD OPEralioN............ccecieiieiieeiesieseeseesesaeseesreesreesaeeeeseesseenseeeeens 215
10.2.2.4 Guard period fOr TDD OPEIaLiON.........cccueeeereeieesesieesieeseeseeesteesteeseesessaesseesseesseesseassssssseesseensesssenns 215
10.2.3 Narrowband physical downlink shared channel .............cccce e 216
10.2.3.1 o= 1010] 1 o S PS 216
10.2.3.2 Koo (U1 =1 o P 216
10.2.3.3 Layer mapping and PreCOdiNG. ........coue ettt et b e et sb bbbt e b b 216
10.2.34 M apPING L0 FESOUICE ElEMENES. ... ..ttt sttt sttt sttt b et sb e et sb et sb e et b e b 216
10.24 Narrowband physical broadcast Channel...............ooeiii e 218
10.24.1 SCPAMDIING ..ttt et et b e et b e et eb e s e et eb e se et eb e s b et eb e sb et eb e b e neene b neeneas 218
10.2.4.2 Koo 101 =1 o 218
10.2.4.3 (= \Y7= g g g "o o gTo =T I o] (=TT [1 oo USSR 218
10.2.4.4 MapPiNg L0 FESOUICE ElEIMENTS........oieeieeceesie e e eee st e e e se e sae e aeeteeseeesaesseesteenseenseeseeneeanes 218
10.25 Narrowband physical downlink control Channel............ccooe e 219
10.25.1 NPDCCH FOMMELS ...ttt b et se bt a b e bt e b 219
10.25.2 o= 1010 1 SRS 219
10.25.3 IMIOTUIBLTION ...ttt b et b et b Rt e b e bt n b e n e 219
10.254 Layer mapping and PreCOdiNG. ........coue ettt et b e et sb bbbt e b b 219
10.2.55 M apPING L0 FESOUICE ElEMENES. ...ttt ettt sttt st b e et sb e et sb e et bess et e b b 219
10.2.6 Narrowband reference Signal (NRS)........cciieiiiee et 220
10.26.1 SEOUENCE GENEILION. ...ttt sttt sttt sttt ettt et b e et eb e s b e e eb e sbeseeb e sb e st eb e st e e ebesbeneenenbeneeneas 223
10.2.6.2 Mapping to resource elements.. . L m A b 0 H N L T e 223
10.2.6A Narrowband positioning reference signal (NPRS) ... e 224
10.2.6A.1 SEQUENCE GENEIati ON..... 4 e dhesmmememe sl crmespomsdlasseeon s ron b e es e eseensesssesssnssnnssenssenssesnsessssssssssessenssenssenns 225
10.2.6A.2 MapPiNg L0 FESOUICE ElEIMENTS. ... oo ieesie st e e e eeeeesaessee s o nteeateanseansesseasse e seenteenseensesseentensesnseeneennes 225
10.2.6A.3 NPRS subframe CONfIQUIAiON ...........oieeiieie et e e e e e neenneenes 226
10.2.6B Narrowband wake up signall(NWUS)-0. 2L L L UL L U 227
10.2.6B.1 Sequence generationds. G arcald s ANy SIsH a2 08 L A0 0e A3 DA i, 227
10.2.6B.2 Mapping to resourcelelements!.c/atsi/s L 20 2L vl 2al4a 02202 L L 227
10.2.7 SYNCHIONIZBLION SIGNEIS ... .eeeete ettt ettt b e e bt bbbt b e bbb 228
10.2.7.1 Narrowband primary synchronization signal (NPSS) ........cccocriiiiiieie e 228
10.2.7.11 SEOUENCE GENEILION ...ttt ettt b e bt eb et b e bbbt e e b e b es e b b se e b e e e enis 228
10.2.7.1.2 MapPINgG L0 FESOUICE ElEMENES. ......eueiteieeieterieiet ettt b et et b e et b e et e b b neeneas 228
10.2.7.2 Narrowband secondary synchronization Signal (NSSS)........cccciiirriinernineneese e 229
10.2.7.2.1 SEOUENCE GENEIALION .....eveeiiecieesiee e ete e et et e st e e e teeste e teseeaseesseesseesseeteenteenteensesreenseensenneesneennes 229
10.2.7.2.2 MappiNg L0 FESOUICE ElEIMENES........eiieiee e cee st te e e s ee e s te et e et e esseesreente e seesaeeraesraesneas 229
10.2.8 OFDM baseband Signal geNEration..........cccveeieiieeiiei e see e ste et e e re et este e snaessaeteeeeeeeeneeenes 230
10.2.9 [V KoTo [N [F= 1T =g To [T oTee 0 1V/= £ Ko o PR 231
Annex A (informative): ChangE hiStOrY .....ccui i et 232
L TS 0 YT PO TSSO 243

ETSI



3GPP TS 36.211 version 15.14.0 Release 15 9 ETSI TS 136 211 V15.14.0 (2021-10)

Foreword

This Technical Specification 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 thefirst digit:
1 presented to TSG for information;
2 presented to TSG for approval;
3 or greater indicates TSG approved document under change control.

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

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

The present document describes the physical channels for evolved UTRA.

2 References

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

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

- For aspecific reference, subsequent revisions do not apply.

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

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

[2] 3GPP TS 36.201: "Evolved Universal Terrestrial Radio Access (E-UTRA); LTE physical layer;
General description”.

[3] 3GPP TS$36.212; "Evolved Universal Terrestrigl’ Radio Access (E-UTRA); Multiplexing and
channel coding”.

[4] 3GPP TS 36.213: "Evolved Universal Terrestrial Radio Access (E-UTRA); Physical layer
procedures’.

[5] 3GPR 1:S/36:214:'Evalved Universal: Terrestrial Radio Access (E-UTRA); Physical layer;
M easurements*;

[6] 3GPP TS 36.104: "Evolved Universal Terrestrial Radio Access (E-UTRA); Base Station (BS)
radio transmission and reception”.

[7] 3GPP TS 36.101: "Evolved Universal Terrestrial Radio Access (E-UTRA); User Equipment (UE)
radio transmission and reception”.

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

[9] 3GPP TS 36.331, "Evolved Universal Terrestrial Radio Access (E-UTRA); Radio Resource
Control (RRC) Protocol specification™

[10] 3GPP TS 36.304, "Evolved Universal Terrestrial Radio Access (E-UTRA); User Equipment (UE)
procedures in idle mode"

[11] 3GPP TS 37.213: "Physical layer procedures for shared spectrum channel access'

[12] 3GPP TS 36.300: "Evolved Universal Terrestrial Radio Access (E-UTRA) and Evolved Universa

Terrestrial Radio Access Network (E-UTRAN); Overall description; Stage 2"
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3 Symbols and abbreviations

3.1 Symbols

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

(k1 Resource element with frequency-domainindex k and time-domain index |
alh Value of resource element (k,1) [for antennaport p]

D Matrix for supporting cyclic delay diversity

Dga Density of random access opportunities per radio frame

fo Carrier frequency

fra PRACH resource frequency index within the considered time-domain location
Tt e PRACH frequency hopping offset, expressed as a number of resource blocks

InPOCCHS Start symbol in slot 0 for NPDCCH
| nPOSCHSE Start symbol in slot 0 for NPDSCH

M ;SBCH Bandwidth for PSBCH transmission, expressed as a number of subcarriers
M ESBCH Bandwidth for PSBCH transmission, expressed as a number of resource blocks
M ;SCCH Bandwidth for PSCCH transmission, expressed as a number of subcarriers
M EECCH Bandwidth for PSCCH, transmission, expressed.as.a number, of resource blocks
M SF;SDCH Bandwidth for PSDCH transmission, expressed as a number of subcarriers
M FF;SDCH Bandwidth for PSDCH transmission, expressed as a number of resource blocks
M;SSCH Scheduled bandwidth for, RSSCH transmission, expressed as a number of subcarriers
M RPSSCH Scheduled baridwidth for' PSSCH transmission-expressed as a number of resource blocks
M;USCH Scheduled bandwidth for uplink transmission, expressed as a number of subcarriers
M SESCH Scheduled bandwidth for uplink transmission, expressed as a number of resource blocks
Mg s Scheduled number of repetitions of a NPUSCH transmission
M 25 Scheduled number of repetitions of a NPDSCH transmission
M S'EPUSCH Scheduled bandwidth for uplink NPUSCH transmission, expressed as a number of subcarriers
Mﬂ;ﬁ{ﬁH Number of repetitions of identical slots for NPUSCH
Mé?t) Number of coded bitsto transmit on a physical channel [for codeword q ]
M g},)nb Number of modulation symbolsto transmit on a physical channel [for codeword q ]
M ';{neg Number of modulation symbols to transmit per layer for aphysical channel
M ;pmb Number of modulation symbols to transmit per antenna port for a physical channel
M2 Number of consecutive subcarriersin an UL resource unit for PUSCH sub-PRB allocation
Mg Number of dotsin an UL resource unit for PUSCH sub-PRB allocation
M;,Lm Number of SC-FDMA symbolsin an uplink slot for PUSCH sub-PRB allocation
Number of subcarriersin the frequency domain for PUSCH sub-PRB allocation
M §;{1 Number of reference signal sequences available for the UL resource unit size for PUSCH sub-PRB
allocation
Mgy Number of scheduled UL resource units for PUSCH sub-PRB allocation
N A constant equal to 2048 for Af =15kHz, 4096 for Af =7.5kHz and 8192 for Af =3.75kHz
Nep, Downlink cyclic prefix length for OFDM symbol | inaslot
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NCS
N

min, UL
NRB

Nmax,UL

PUSCH
Nabs

PUSCH
N

ch,UL
NNB

f PUSCH
NB,hop

PUCCH
Nabs

PUCCH
N rep

PRACH
N o

RA
NSf

Cyclic shift value used for random access preambl e generation

Number of cyclic shifts used for PUCCH formats 1/1a/1b in a resource block with a mix of
formats 1/1a/1b and 2/2a/2b

Bandwidth available for use by PUCCH formats 2/2a/2b, expressed in multiples of N©
The offset used for PUSCH frequency hopping, expressed in number of resource blocks (set by
higher layers)

Physical layer cell identity

Narrowband physical layer cell identity

MBSFN area identity

Physical layer sidelink synchronization identity

Positioning reference signal identity

Downlink bandwidth configuration, expressed in multiples of NSFéB

Smallest downlink bandwidth configuration, expressed in multiples of NSRCB

Largest downlink bandwidth configuration, expressed in multiples of NSRCB

Uplink bandwidth configuration, expressed in multiples of NSFf;B

Smallest uplink bandwidth configuration, expressed in multiples of NSF;B

Largest uplink bandwidth configuration, expressed in multiples of NSF;B

Sidelink bandwidth-configuration, expressed)in multi ples of NSFEB
Duration of RSS measured in subframes
Number of scheduled subframes for NPDSCH ' transmission

Number of symbolsfor NPSS in a subframe

Number-of .symbolsifor NSSSinasubframe

Number of consecutive subcarriersin an UL resource unit for NB-10T

Number of reference signal sequences available for the UL resource unit size

Number of scheduled UL resource units for NB-10T

Total number of uplink narrowbands

Total number of uplink widebands

Number of subcarriersin the frequency domain for NB-10T

Number of consecutive absolute subframes over which the scrambling sequence stays the same

Total number of absolute subframes a PUSCH with repetition spans expressed as a number of
absol ute subframes
Number of repetitions of a PUSCH transmission

Number of consecutive absolute subframes over which PUCCH or PUSCH stays at the same
narrowband before hopping to another narrowband, expressed as a number of absolute subframes
Narrowband offset between one narrowband and the next narrowband a PUSCH hops to,

expressed as a number of uplink narrowbands

Total number of absolute subframes a PUCCH with repetition spans, expressed as a number of
absol ute subframes
Number of repetitions of a PUCCH transmission

Number of PRACH repetitions per preamble transmission attempt

Number of subframes allowed for preamble transmission within a 1024-frame interval
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PRACH
Nstart

NPRACH
Nrep
NPRACH
N period
N NPRACH
'scoffset
NSI(\I:PRACH

NPRACH
N sc_cont

NPRACH
Nstart

N NPRACH
MSG3

N
N

gapperiod
gapduration
Ngap,threshol d
NNg

Nuws

PDSCH
Nabs

PDSCH
N e

chDL
NNB

ch,DL
NNB,hop

f DL
NB, hop

NSIB}BR
PDSCH

MPDCCH
Nabs

MPDCCH
Nrep

MPDCCH
N abs,ss

N MPDCCH
rep,ss

N MPDCCH
ECCE

DL
Nwmb

UL
Nwmb

retune
N symb

PRACH starting subframe periodicity
Number of NPRACH repetitions per preamble transmission attempt

NPRACH resource periodicity

Frequency location of the first sub-carrier allocated to NPRACH

Number of sub-carriers allocated to NPRACH

Number of starting sub-carriers allocated for UE initiated random access

NPRACH starting subframe

Fraction for starting subcarrier index for UE support for multi-tone msg3 transmission
Periodicity for NPDSCH/NPDCCH gaps

Duration for NPDSCH/NPDCCH gaps

Threshold for applying NPDDCH/NPDCCH gaps

Total number of downlink narrowbands
Total number of downlink widebands
Total number of absolute subframes a PDSCH with repetition spans, expressed as a number of

absol ute subframes
Number of repetitions of a PDSCH transmission

Number of consecutive absolute subframes over which MPDCCH or PDSCH stays at the same
narrowband beforehopping to‘another narrowband, expressed as @ number of absolute subframes
Number of narrowbands.over, which MPDCCH, ar, PDSCH frequency hops

Narrowband offset between one narrowband and the next narrowband an MPDCCH or PDSCH
hops to, expressed asa humber:of ‘downlink“narrowbands

Number of times a PDSCH carrying SIB1-BR is transmitted over' 8 radio frames

Total number of absolute subframes a MPDCCH with repetition spans, expressed as a number of
absol ute subframes

Number of repetitions of a MPDCCH transmission

Total number of absolute subframes a MPDCCH search space with maximum repetition level

spans, expressed as a number of absolute subframes
Maximum repetition level of a MPDCCH search space

Number of ECCEsin a subframe for one MPDCCH

Number of OFDM symbolsin a downlink slot

Number of SC-FDMA symbolsin an uplink slot

Number of symbolsin aguard period for narrowband or wideband retuning

Number of consecutive slotsin an UL resource unit for NB-1oT
Number of SC-FDMA symbolsin asidelink slot

Resource block size in the frequency domain, expressed as a number of subcarriers
Number of sub-bands for PUSCH fregquency-hopping with predefined hopping pattern

Size of each sub-band for PUSCH fregquency-hopping with predefined hopping pattern, expressed
as anumber of resource blocks

Size of narrow-band random-access resource in number of subcarriers
Number of downlink to uplink switch points within the radio frame

Number of reference symbols per slot for PUCCH
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NS eeH Number of reference symbols per subslot or per slot for SPUCCH

Npa Timing offset between uplink and downlink radio frames at the UE, expressed in units of Tg
Nt offset Fixed timing advance offset, expressed in units of Tg

Nras Timing offset between sidelink and timing reference frames at the UE, expressed in units of Tg
n&fgCH Resource index for PUCCH formats 1/1a/1b

n%@CH Resource index for PUCCH formats 2/2a/2b

n%@CH Resource index for PUCCH format 3

NepccH Number of PDCCHs present in a subframe

Nere Physical resource block number

npRQB First physical resource block occupied by PRACH resource considered
nE,QBoﬁset First physical resource block available for PRACH
NpRB RSS Lowest PRB number of RSS

nSRCA Subcarrier occupied by NPRACH resource considered

Nyre Virtual resource block number

NeNTI Radio network temporary identifier

nf’DA Sidelink group destination identity

N System frame number

Ng Slot number within aradio frame

nge Absol ute subframe number

ni* Index for subframes(alldwed for preamble transmission
Ogss Starting frame offset of RSS in each RSS period

P Number of antenna ports used for transmission of a channel

p Antenna.port, number,
Pgrss Period of RSS measurediin frames

q Codeword number

M'rA Index for PRACH versions with same preamble format and PRACH density
Qm Modulation order: 1 for n/2-BPSK, 2 for QPSK, 4 for 16QAM, 6 for 64QAM and 8 for 256QAM

transmissions

a( P) (t) Time-continuous baseband signal for antennaport p and OFDM symbol | inaslot
t}(& Radio frame indicator index of PRACH opportunity

t}% Half frame index of PRACH opportunity within the radio frame

t}(qu) Uplink subframe number for start of PRACH opportunity within the half frame
T Radio frame duration

T, Basic time unit

Tyot Slot duration

W Precoding matrix for downlink spatial multiplexing

BrracH Amplitude scaling for PRACH

BNPrACH Amplitude scaling for NPRACH

Bruceh Amplitude scaling for PUCCH

Brusch Amplitude scaling for PUSCH

BnpuscH Amplitude scaling for NPUSCH

Bspucen Amplitude scaling for SPUCCH

Bsrs Amplitude scaling for sounding reference symbols

Af Subcarrier spacing
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