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Foreword

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

The present document may refer to technical specifications or reports using their 3GPP identities, UMTS identities or
GSM identities. These should be interpreted as being references to the cofresponding ETSI deliverables.

The cross reference between GSM, UMTS, 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" are to be interpreted as described in clause 3.2 of the ETSI Drafting Rules (Verbal forms for the expression of
provisions).

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

ETSI


,�b�9Q��,I���4���d_��[�����������~RGf{A����o��+c?��{*��;@��hkɫ��D���z��a�g�mA<����pXq��{��KCt��/!�P��6�dO�����7}��2�

3GPP TS 38.211 version 15.4.0 Release 15 3 ETSI TS 138 211 V15.4.0 (2019-04)

Contents

Intellectual Property RIGNES.... ..ot e e b e 2
01 Yo (o ST 2
MoOdal VErDS TEMINOIOQY ... .ccveieeiii ettt ettt e e s re s be e b e sbeeaeesbesreensesaeeaseseesneensesreeneensensens 2
1= 11 o TSRS 6
1 o0 o< TSP PP PP PRSI 7
2 REFEIBINCES .....ccee ettt s bt bt s e et e e e e et et e st e be e bt sE e et e b e e et e neenenbenbeneens 7
3 Definitions, symbols and abbreviations.............cceieeieiicecce e e e 7
31 D= T 0T (0] USRS 7
3.2 SYIMDOIS. ..ottt ettt b et b e et b e e e s e e bt sE et b e 4R e s e ek e AR e R e R e eR e e b e eR e e bt nh et eb e e e e b e e rere s 7
33 Y o] 1= V7= 0] PSSR 8
4 Frame structure and phySiCal FTESOUITES............uiiiuirierieieiei sttt n e e enenrea 9
4.1 GBNENEL ...ttt e e E bbb AR e AR e Ee SR e SR e e RE R £ e R e R e eRe R e R e Rt R e e Re e b e b e R e be bt bt e e e e s 9
4.2 N T 0T 0] e =SS 9
43 FFAIME SITUCTUN ...ttt e et h e R e bt e R e e e e e e e s ae e s he e she e sRe e Rt e s e eaneenneennenneenreenean 9
431 Frames and SUDTIAIMES ..o et h et e et e et et b st ene e e eneas 9
432 S o SRS 10
4.4 PhYSICEl TESOUICES .......eiviecieeierieeeterieiererieeste s e (st et e bbb nn e 11
441 ANTENNAPOITS. ... e e e b4 By et sr e s sa e s sae e s s sneas 11
4.4.2 RESOUICE GFid....eeeeiieeeeeee g ot b st st Ee st b et b et b e se et b e et et n e 11
443 RESOUICE Bl EMENES ... e A8 et ev e eee st s« Dafee e e e emeeeeseebesaeetesseeneeneeseeseesaeeseeneenseneens 11
444 RS0 U170 o] (oo (S T o oy P RRRN 11
4441 LCTC o 1c o TR S N oS S s SRS 11
4442 01T | P T S o ST PSRPTOSPRPRRN 11
4443 COMMON FESOUICE DI OCKS G . s et e a5 i e stE e sre st st et e e e se e st s bt sbe s e e e e e e ss e besaeeb e besaeebe e e enneneen 12
4444 Physical resSourCe DIOCKS . ... e e e ittt e et raesneesreennees 12
4445 Virtual reSOUICE DIOCKS ..o Tt ettt et bbbttt s s r bt en e e e 12
445 =00 11T g T 7= e S 12
4.5 L0 T =T o £ o= 0] DOyt ST SRR USSP PR 13
5 LT 0T o 11T o OSSR 13
51 M OAUIELI ON MBIDPEY ...ttt 0T S sttt ettt b et b et h e s bt eb e se s eb b e s bt b e s bt e st bt b e e bt e e e ebenn e s ens 13
511 TU2-BPSK ...t 4ttt etttk ettt b bRt R R b bR b et e R bentene e b e e 13
512 2] S SO STSPS 13
513 (@] = O SPPSPPS 13
514 LOQAM .ottt et ettt AR A et Rt R et Rt R e e Re e Ee e Re e Ee e Ee R e Rt e benee e ebenee e ebe st nene 13
515 G721 N 1 TSP PTSPPSN 13
516 P23 1T AN 1Y TSP PTSPTSTN 13
52 SEOUENCE GENEIGLION. ...ttt ettt ettt ettt ettt sttt e et b e s e et b e e e e bt s e e st e bt s E et e bt e e e e eb e b et e b e s e e st ebene et ebesbe e nb e b e e e 14
521 Pseudo-random SEQUENCE GENEIAHION.........ciuiiririeeete ettt sb ettt b et b et b e et sb e b 14
522 LOW-PAPR SEQUENCE GENEIALTON ....cvieeiiiteieeiete ettt sttt sttt st st sb e st b et b et b e et b et n s 14
5221 Base sequences Of 1ength 36 OF [arger ..ot e 14
5222 Base sequences of 1ength 1€SSThan 36........co.ceeiiiiiii bbb 14
53 OFDM baseband Signal gENEIaLiON ........ccueieeieeiieee ettt et ee st teete e seesreesaeesseenseesseesaesreenseeneesneesseessens 18
531 OFDM baseband signal generation for all channels except PRACH............ccco e 18
5.3.2 OFDM baseband signal generation for PRACH ..ot 19
54 V/KoTo [N [F= 1T =g To U oTee 0 1V/= £ Lo o I 20
6 L SO SPRPTN 21
6.1 OVEIVIBW ..ttt ettt ettt a et et et e eee e eesaeeseemeemeeaeeaEeabeebeeeeemeemeeae e eeeeeeeeebeaneemeeneenseseesaeseeeneeneeennees 21
6.1.1 Overview of PhySiCal ChaNNEIS. ..o 21
6.1.2 Overview Of PRYSICal SIONAIS. .....coiiiiiiiieee ettt et e b e b e b b nnenea 21
6.2 PRYSICEI FESOUICES ...ttt ettt b e b eeh b bbbt e s bt e b bt bt bt s bt bt e bt b e e nb e e e e ens 21
6.3 o NS o= e 7= T 22
6.3.1 Physical uplink shared ChannEl ..ot 22
6.3.1.1 o= 1010 1 o USSR 22

ETSI


[[��@��U�����#����
RmB���ܯ��z���j�-,�Ye��|O�����¾�)�Ҥh��ÞMU��q�=J����Q�\���6���/���B~kU��@�/�@(���'Q��"��4�o��L

3GPP TS 38.211 version 15.4.0 Release 15 4 ETSI TS 138 211 V15.4.0 (2019-04)

6.3.1.2 1Y Koo (U1 = 1] o USRS S SO PP URURURRRSTIN 22
6.3.1.3 IS Y= 0" o ] o SR 23
6.3.14 QLIS 1 €=l o 1 o 23
6.3.1.5 L1 0 [ 1o S 24
6.3.1.6 Mapping to Virtual reSOUrCE DIOCKS........c.ui ittt esneesreesneas 27
6.3.1.7 Mapping from virtual to physical resource bIOCKS..........c.ocieiieiiericie e 27
6.3.2 Physical uplink CONLrol ChaNNEL ..o bbb 27
6.3.2.1 LT 07 SRR 27
6.3.2.2 Sequence and Cyclic Shift NOPPING ......c.ciiriiiee s 28
6.3.22.1 Group and SEQUENCE NOPIING ..c.veuveuerriieieriiieeert ettt sb et sb bt b et besr e e 28
6.3.2.2.2 Cyclic STt NOPPING +..eveteeei ettt bttt b e et 28
6.3.2.3 PUGCKCH FOFMEL 0.ttt sttt b et se e bbbt e s e e e e e e et e besaeeb e s e enneneens 29
6.3.2.3.1 SEOUENCE GENEIALION......c.ueeieeeiee et eee e et et et e e e e ste s e seeste e seesteesteessesseesseesseesseesesseesneesseenseensenns 29
6.3.2.3.2 Mapping tO PRYSICEl FESOUITES .......ccuueieeieeiteeieeteeee st e steesteesteeteseesseesaeesse e e enteestesaeesseenseeneesneennns 29
6.3.24 PUGCKCH FOFMEL L.ttt b et se s bbbt e b e e e e e e s e besaeeb e e e enneneen 29
6.3.24.1 SEQUENCE MOUUIBLION. ... .eiueeieeesieeie e ete st e e e e e et e sae e e ste e teeteeseeesaessaesseesseenseensesneesreesseenseenseans 29
6.3.24.2 Mapping tO PRYSICEl FESOUITES .......ccuueieeieeiteeieeteeee st e steesteesteeteseesseesaeesse e e enteestesaeesseenseeneesneennns 31
6.3.25 PUGCKCH FOMMEL 2.ttt ettt a et e e se e e beseeeaeese et e te e e nsesbesaeesesneeneeneens 31
6.3.25.1 SCPAMDIING. ..ttt bbbt bbbt b et b et e b 31
6.3.25.2 Koo 101 =0 o P 31
6.3.25.3 MappiNg t0 PYSICAl FESOUICES ........ceueriiieiiitiietest ettt b e nb e enas 31
6.3.2.6 PUCCH fOrMaS 3 @N0 4 ...ttt sttt eae e e et e besnestesbeseesteeneeneeneans 31
6.3.2.6.1 SCPAMDIING. ..ttt bbbt b et bbb et b et b b 31
6.3.2.6.2 1Y Koo (V1= 1o o F O ST OO P PRSPPSO 32
6.3.2.6.3 (21 LoTe LGNS SR = o |1 o [ T o o 32
6.3.2.6.4 TranSfOrmM PrECOUING .. ..oiveeireeieereee s e srmarseesseeseenseessdedonesabseesseesseessssnsesnssssssssessseensesssessenssenssens 33
6.3.2.6.5 Mapping to PhYSICal FESOUICES ........ Mo e e 1ot te s ee e e et e e teeaeenee s 33
6.3.3 Physical random-access ChanNE ... o il e rte e e st et te e e e teeteenesnnennes 33
6.3.3.1 SEOUENCE GENEIALION.....c.eeeeeeeeesciss Ter et eeneee hineesidesshsanenseessesssessssssesssessssesseessssnsesseesseessesssessssssenssens 33
6.3.3.2 Mapping to PhySICal FESOUNCEST: .. cotbreneer s 8t i e sttt ettt sttt st b e e b e e ebesr e ene 39
6.4 PhYSICEl SINAIS ..ot S e eyt STttt 58
6.4.1 REFEIENCE SIGNAIS ... v thee ot e e ea it e s b a e et ebe st et ekt se et eb e s e et e b e s e et e b e s e et e b e ns e st e b e ne et ebe s b et eb e b e 58
6.4.1.1 Demodulation reference signal for PUSCH (.5 ..ot 58
64111 SEOUENCE GENEIALTON ...ttt skttt ettt sttt sttt bbbt b et e et b n e 58
6.4.1.12 (VOI) 1ttt ettt et bbb e bbb h e h e e e e b eh b e ne e e e e 59
6.4.1.1.3 Precoding and mapping to PhYSICal FESOUICES..........cceiueeicecese et 59
6.4.1.2 Phase-tracking reference SIgnal STOr PUSCH............cooi i 63
6.4.1.2.1 e o[ alerc o e 0 = T B PSR 63
6.4.1.2.1.1 Sequence generation:if transform precoding is not enabled...........coooveieveievcice e 63
6.4.1.2.1.2 Sequence generation if transform precoding isenabled............ccoovveveceeicce e 64
6.4.12.2 Mapping t0 PhYSICAl FESOUICES ........ceueriieeiiitiietertee ettt et b e sb e e enas 64
6.4.1.2.2.1 Precoding and mapping to physical resources if transform precoding is not enabled................ 64
641222 Mapping to physical resources if transform precoding isenabled...........cccoooviieinineinenenen 66
6.4.1.3 Demodulation reference signal for PUCCH ..ot 67
6.4.13.1 Demodulation reference signal for PUCCH fOrmat 1..........ccooeivineinineiniecseeeseeeseeeeeeas 67
641311 SEOUENCE GENEIGLION ...ttt sttt b et s b et b e b et s b e et et st nn et 67
6.4.1.3.1.2 Mapping t0 PRYSICal FESOUICTES........cccueiueeieeieesie et eteeee et e st e teesteestesneesreesseesseenseenseessesseesseessens 68
6.4.1.3.2 Demodulation reference signal for PUCCH fOrmMat 2..........covevceiceieese e 68
6.4.1.3.2.1 SEOUENCE GENEIALION .....eveeeeecieeciee sttt et e st et e s e e e ste e te et e sseesseasse e te e seenseensesnsensennsesnensneennns 68
6.4.1.3.2.2 Mapping t0 PRYSICal FESOUICTES........cccueiieieeieesieesteeteete e e te e teesteesteseesseesseesseenseeseensesseesseessens 68
6.4.1.3.3 Demodulation reference signal for PUCCH formatS3 and 4 .........ccoeceveeeveenieseece e 69
6.4.1.33.1 SEOUENCE GENEIALION ....eeveeeee e cte et ete et eee st et e s e e e steeteeeesseesseesse e se e seenteestesnsenseenseeneesneennns 69
6.4.1.3.3.2 Mapping t0 PhYSICAl FESOUICES..........ceruiieeiriiieierte ettt 69
6.4.14 SoUNAIiNG FEFEIENCE SIGNEL .....ccviivieeeiitieei et bbb e ens 70
6.4.14.1 S R SR === 01U o USSR 70
6.4.14.2 SEOUENCE GENEIALION ...ttt bbbt b et st b et b bt s b e bt b e s st e b b eee 70
6.4.14.3 Mapping t0 PhYSICAl FESOUICES ........ceueriieeiiitiietert ettt ettt a e sbene e enas 71
6.4.1.4.4 Sounding reference signal slot CONfigUIation ...........ceecvieiiiericcee e 75
7 90T/ o] T USSR 75
7.1 OVEBIVIBWW ...ttt bbbkt b e b bt e heeh e s e e s e e e e 4 E e b e eh e e h £ e a e e a e e e e b e Eeeheeb e e Rt eh e e e e b e beeheebeeneenn e e entas 75
711 Overview Of PhySICal ChANNEIS........c.eo et e e reeeeeneeenes 75

ETSI


q�/&",M��ִso�lf4~ۉ -�Hp��a��� �Kq){��ɢ�0�`=��TM���k���d���p�A��U8�E5������BoX'����~_���7h|-�5��^ѯo&3GT+
��%n�`+,�

3GPP TS 38.211 version 15.4.0 Release 15 5 ETSI TS 138 211 V15.4.0 (2019-04)

712
7.2

7.3
731
7311
7312
7.3.1.3
7314
7.3.15
7.3.1.6
732
7321
7322
7323
7324
7.3.25
7.3.3
7331
7.3.3.2
7.3.33
7.4
74.1
7411
74111
74112
7412
74121
74122
7413
74131
74132
7414
74141
74142
74.15
74.15.1
74.15.2
7.4.15.3
742
7421
7422
74221
74222
7423
74231
74232
74.3
7431
74311
74312
74313
7432

Annex A:

Overview Of PhYSICAl SIGNAIS. .....cciiiieiee e s e et e e e saeeteeste e reesteeeeeneeenes 75
L N A= == 0T o= 75
L NV o= e 7= T P 76

Physical downlink shared ChannEl .............ooeeiieiieii et snee s 76

o= 1010 1 o T US 76
oo L8/ = 1 o] o PSP P TP PRT PSSP 76
I g 172 o] 11 o OSSP PSSOV PT SRR 76
ANLENNA PON MADPING -+t veeetertereetesreseeie st se st sbe st st sbese e st et e seesesbeseeseebeseesesbesbe st eb e st e st sbesee st ebeseeneebenneneans 77
Mapping to Virtual reSOUrCE DIOCKS. ......c.civiiiiieie ittt e eb e 78
Mapping from virtual to physical resource BIOCKS...........ciriiiiiiieereee e 78
Physical downlink control channel (PDCCH) .........cciiiiiriiinereeee et 80
Control-channel elemMent (CCE)........uoiieiiee ettt sre e sre e enaesnaesreesnees 80
Control-resource Set (CORESET) ......uccieiiiieiie e seesteesteeeessee s e e teeteestessaessaesseesseesseensesnsesnsessenssessses 80
o= 1010 1 o T US 8l
PDCCH MOUUIBLION ...ttt s r e s n e r e sr e e r e e renne e erenrennenen 81
Mapping tO PhYSICal FESOUICES........ccueiieieeieecee st e e ete e e te e este e saeesteesaeenee e e e eneesseestenseeenaesseesseesrens 82
Physical broadCast ChaNNEL ..ottt te e e eneeenes 82
SCPAMDIING -ttt b et b et b e bt b h e bt b et b e h bt e st Rt e b a e ens 82
Koo (U1 1o o P RRRSRSN 82
Mapping t0 PhYSICAl FESOUICES. .......coueitiietirieiete sttt sttt sttt e b e et b e et bbb e e b e srennenea 82
PRYSICEI SIGNAIS ...ttt h bt h bt h b e b bt h R e R bR n R Rt h e n e ens 82
REFEIENCE SIGNAIS ...ttt bbbt b bbbt b et b e et b e et b e b e b b 82
Demodulation reference SignalSfor PDSCH...........tciiiiiiiieeee ettt 82
SEOUENCE GENEIALION......cveeieeieeesieeieeeeeeessoraebeeseseesseesseessessheheeanseessessessseesseesseensessnssseesseenseensenns 82
Mapping tO PhYSICal FESOUICES .......cc.ueiecbubeeeerrereeneeseeesiee s e e s e eesneesseesseesteessesseesnessseenseesesnsssnns 83
Phase-tracking reference SignalS for PDSCHY........cvvouviiee e b esieesiesiessseeseesseesieeseeeessaesseesseeseens 86

S o [0 calerc o e 0T o= 1o o U o S 86
Mapping t0 PhYSICal FESOUICES il terereere e s i e nEiieesteesteenseseesseesseesseeteeteessesaassseesessesneesnns 86
Demodulation reference SignalSfFOPDEEH ... i it 87
SEQUENCE GENEIALTON ... 855 i 5 bt in ettt sttt b bbbt se et st e et sb b 87
Mapping to PhYSICAl FESOUITES . ....e kil ey e s Tttt sttt se et e et e e bt a e b e sb e enas 88
Demodulation reference SIgnalSfor PBCOH 1.7 s et 88
SEOUENCE GENEIALIOM ..ot et T 1ottt ettt sttt s bbbt b ettt e et nb e bt 88
Mapping t0 PhYSICAl FESOUICES ..., d s ceeeereeeetestere ettt sttt b e e ens 89

(O I = 1 0= T T U 89
LCT 1T - e e o ST TSR TRS 89
SEOUENCE GENEIALION...... i et eueeteeeeetee st e tee e e e steseeseesteesseeteesteesaessaesseesseesseesesneesreesseenseensenns 89

V=10l o R lo U0l o] )V Ko I = o [0 o= 89

Y 0w a0 T4z Ko T Lo o T 92
Physical-layer CEll IHENTIIES........ccueieiice st e st besreere e enaesnens 92
Primary Synchronization SIgNaL ..........cooieiiiieiiee et e b e eb e 92
SEOUENCE GENEIALION ...ttt ettt b bbbt s b e et b e bt e b e st b e e ne b b 92
MappiNg t0 PhYSICAl FESOUICES ........ceueriiieiiitiietert ettt bttt b e 93
Secondary SyNChroniZation SIGNEL ..........c.coereiiirieire bbb 93
SEOUENCE GENEIALION ...ttt ettt ettt bt a e b bbbt e b e st b e s st b b e 93
Mapping t0 PhYSICAl FESOUICES ........ceueriieeiiitiietert ettt ettt a e sbene e enas 93
SSIPBCH DIOCK ...ttt et b e nen et b e nna 93
Time-frequency structure of an SS/IPBCH BIOCK .........ccoiieiieiece e 93
Mapping of PSS within an SS/PBCH DIOCK .........ccccviiiiieiiee e 94
Mapping of SSSwithin an SS/PBCH DIOCK ........cccccviieiieiiee e 94
Mapping of PBCH and DM-RS within an SS/IPBCH blOCK .........cccoviviiieiieece e 94

Time location of an SS/PBCH DIOCK...........cciiiiiniereeese e 95
LO{gFo T o SN o E (0] Y 96
........................................................................................................................................................... 97

ETSI


h�������ג����[�?c���y[�"'b�%^��O����4{�\���z" k�A�JK��zvt�K�h0�!U����g�t������Q����g�6�37������@�o��v�/��{1������N	}

3GPP TS 38.211 version 15.4.0 Release 15 6 ETSI TS 138 211 V15.4.0 (2019-04)

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 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”
[9] void
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,| )p, u Resource element with frequency-domain index k and time-domainindex | for antenna port p
and subcarrier spacing configuration u; see clause 4.4.3

aﬁﬁ’”) Value of resource element (k,1) for antenna port p and subcarrier spacing configuration u; 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

Afga Subcarrier spacing for random-access preambles

K Theratio between T, and T_; see clause 4.1

k Subcarrier index relative to a reference

I OFDM symbol index relative to areference

u Subcarrier spacing configuration, Af = 2# - 15 [kHz]

Méi‘? Number of coded bitsto transmit on a physical channel [for codeword q]

Mg;’glb Number of modulation symbolsto transmit on a physical channel [for codeword q]

i?,ﬁ’,ﬁ Number of modulation symbols to transmit per layer for a physical channel
MPUscH Scheduled bandwidth for uplink transmission, expressed as a number of subcarriers
MEYSCH Scheduled bandwidth for uplink transmission, expressed as a number of resource blocks
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M:;’mb Number of modulation symbols to transmit per antenna port for a physical channel

v Number of transmission layers

N i Size of bandwidth part i ; see clause 4.4.4.4

N§p Start of bandwidth part i ; see clause 4.4.4.4

Nép, Cyclic prefix length; see clause 5.3.1

Ngsr‘lzsjj The size of the resource grid; see clauses 4.4.2 and 5.3
i The start of the resource grid; see clause 4.4.2

Ngroup The number of PT-RS groups; see clause 6.3.1.4

NE! Physical layer cell identity; see clause 7.4.2.1

NIRESET Frequency-domain size of a control resource set; see clause 7.3.2.2

NSGORESET Number of resource-element groupsin a CORESET; see clause 7.3.2.2

N&ow Number of samples per PT-RS group; see clause 6.3.1.4

NRB Number of subcarriers per resource block, see clause 4.4.4.1

NSSI‘;Ef“m""‘ Number of slots per subframe for subcarrier spacing configuration u, see clause 4.3.2
Irame Number of slots per frame for subcarrier spacing configuration u, see clause 4.3.2

NSO SET Time duration of acontrol resource set; see clause 7.3.2.2

Nt Length of the PUCCH transmission in OFDM symbols; see clause 6.3.2.1

N:y“,g,f;a‘“e'# Number of OFDM symbols per subframe for subcarrier spacing configuration u; see clause 4.3.1

Nget, Number of symbols per slot

Nrp Timing advance between downlink and uplink; see clause 4.3.1

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

Npy-Tx Minimum time from reception to transmission for a half-duplex UE; see clause 4.3.2

ng System frame number (SFN)

Negp Common resource block numberfor subcarrier spacthg-configuration u, see clause 4.4.4.3

NpRB Physical resource block number; seeclause:4.4.4:4

NRNTI Radio network temporary identifier

n¥ Slot number within a subframefor subcarrier spacing configuration u; see clause 4.3.2

n;‘_f Slot number within aframe-for subcarrier spacing configuration u; see clause 4.3.2

D Antenna port number

Q. Modulation order

P Number of antenna ports

Ty (M) Low-PAPR base sequence; see clause 5.2.2

(%% () Low-PAPR sequence; seeiclause 5.2.2

sl(”‘“) ® The time-continueus signal on antenna port p and subcarrier spacing configuration u for OFDM

symbol | inasubframe; see clause 5.3.1

T, Basic time unit for NR; seeclause 4.1

T Radio frame duration; see clause 4.3.1

T Basic time unit for LTE

Ty Subframe duration; see clause 4.3.1

Tyot 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
Csl Channel-state information
CSI-RS CSl reference signal
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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]

IE Information element

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 signal

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 signal

VRB Virtual resource block
4 Frame structure and physical resources
4.1 General

Throughout this specification, unless otherwise noted, the size of various fields irnrthe time domain is expressed in time
units T, =:I/(AfmaX -N; ) where Af,, = 480 - 103 Hz:and Np=4096. The constant x =T,/T, = 64 where

To=1/(Af g -Ni g ), Afrg =15-10° Hz and N 52048

4.2 Numerologies

Multiple OFDM numerologies are supported as given by.Table 4.2-1 where u and the cyclic prefix for a bandwidth part
are obtained from the higher-layer parameter subcarrierpacing and cyclicPrefix, respectively.

Table 4.2-1: Supparted transmission numerologies.

Hu 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

43.1 Frames and subframes

Downlink and uplink transmissions are organized into frameswith T; = (Af 5 N / 100)-T, =10ms duration, each
consisting of ten subframes of Ty = (Af,, N /1000)-TC =1ms duration. The number of consecutive OFDM symbols

per subframe is Nomp ™ # = N3Iot N3.2™"H | Each frameis 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 subframes5 —9.

Thereis one set of framesin the uplink and one set of framesin the downlink on a carrier.

Uplink frame number i for transmission from the UE shall start T, 5 = (NTA + NTA’OﬁSﬁ)’I'C before the start of the
corresponding downlink frame at the UE where Nqp s IS given by [5, TS 38.213].
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Downlink framei

Uplink framei

Figure 4.3.1-1: Uplink-downlink timing relation.

4.3.2 Slots

For subcarrier spacing configuration 4 , slots are numbered nf' € {0, ..., N:l‘;'sfmme"‘ — 1} inincreasing order within a

subframe and n; € {0, ..., N2™* — 1} inincreasing order within aframe. There are N§oy, consecutive OFDM

» “Vslot

symbolsin aslot where Ng,‘,’;b depends on the cyclic prefix as given by Tables 4.3.2-1 and 4.3.2-2. The start of slot n

in a subframe is aligned in time with the start of OFDM symbol n&’ N:'y?f]b in the same subframe.

OFDM symbolsin adot can be classified as ‘downlink’, 'flexible, or 'uplink’. Signaling of slot formatsis described in
subclause 11.1 of [5, TS 38.213].

Inadotin adownlink frame, the UE shall assume that downlink<ransmissions only-occur in ‘downlink’ or ‘flexible'
symbols.

Inadotinan uplink frame, the UE shall only transmit in“uplink®or 'flexible~symbols.

A UE not capable of full-duplex communication ameng a group of cellsisnot expected to transmit in the uplink in one
cell within the group of cells earlier than Ny, 1, T after the end of thelastreceived downlink symbol in the same or
different cell within the group of cells where Ny, iSgiven by Table4.3.2-3.

A UE not capable of full-duplex communicationramong a group:of cellsis not expected to receive in the downlink in
one cell within the group of cells earlier than Ny, g, T, after the end of the last transmitted uplink symbol in the same or
different cell within the group of cells where N, g, iSGiven by Table 4.3.2-3.

Table 4.3.2-1: Number of OFDM symbols:pef;slot, slots per frame, and slots per subframe for normal

cyclic prefix.
u e [
0 14 10 1
1 14 20 2
2 14 40 4
3 14 80 8
4 14 160 16

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

lot frame,u subframe,p
(d N:y(:nb N slot N slot
2 12 40 4

Table 4.3.2-3: Transition time Ngy1x and Nyypy

Transition time FR1 FR2
N1y.Ry 25600 13792
Nry-Tx 25600 13792
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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.

For DM-RS associated with a PDSCH, the channel over which a PDSCH symbol on one antenna port is conveyed can
be inferred from the channel over which a DM-RS symbol on the same antenna port is conveyed only if the two
symbols are within the same resource as the scheduled PDSCH, in the same slot, and in the same PRG as described in
clause 5.1.2.3 of [6, TS 38.214].

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

For each numerology and carrier, aresource grid of NS4 NE® subcarriers and N3,y ™ OFDM symbols is defined,

start, i
grid
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 agiven
antenna port p, subcarrier spacing configuration u, and transmission direction (downlink or uplink).

starting at common resource block N indicated by higher-layer signalling. Thereis one set of resource grids per

The carrier bandwidth Ngsriizj“ for subcarrier spacing configuration u is given by the higher-layer parameter

carrierBandwidth in the SCS-SpecificCarrier |1E. Thestarting position Ngsrtfd”"‘ for subcarrier spacing configuration u is
given by the higher-layer parameter offsetToCarrier inthe SCS:SpecificCarrier |E.

The frequency location of a subcarrier refersto thecenter.frequency of that subcarrier.

For the downlink, the higher-layer parameter txDirectCurrentlocation in the SCS SpecificCarrier |E indicates the
location of the transmitter DC subcarrier in the downlink-for each of the numerologies configured in the downlink.
Valuesin the range 0 — 3299 represent the number.ef the DC subcarrier and the value 3300 indicates that the DC
subcarrier islocated outside the resource grid.

For the uplink, the higher-layer parameter txDirectCurrentLocation in the UplinkTxDirectCurrentBWP |E indicates the

location of the transmitter DC subcarrier:in.the uplink for each of the configured bandwidth parts, including whether the
DC subcarrier location is offset by 7.5 kHz relative to the center of the indicated subcarrier or not. Valuesin the range O
— 3299 represent the number of the DC subcarrier, the value 3300 indicates that the DC subcarrier is located outside the
resource grid, and the value 3301 indicates that the position of the DC subcarrier in the uplink is undetermined.

4.4.3 Resource elements

Each element in the resource grid for antenna port p and subcarrier spacing configuration u is called a resource element
and is uniquely identified by (k, 1),, , where k istheindex in the frequency domainand | refersto the symbol position
in the time domain relative to some reference point. Resource element (k, 1),,,, corresponds to a physical resource and

the complex value a,(f_’,‘”). When thereis no risk for confusion, or no particular antenna port or subcarrier spacing is

specified, the indices p and ¢ may be dropped, resulting in a,(c"’l) or ay .

4.4.4 Resource blocks
4441 General

A resource block is defined as NXB = 12 consecutive subcarriers in the frequency domain.
4,442 Point A

Point A serves as a common reference point for resource block grids and is obtained from:
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- offsetToPointA for a PCell downlink where offsetToPointA represents the frequency offset between point A and
the lowest subcarrier of the lowest resource block, which has the subcarrier spacing provided by the higher-layer
parameter subCarrier SpacingCommon and overlaps with the SS/PBCH block used by the UE for initial cell
selection, expressed in units of resource blocks assuming 15 kHz subcarrier spacing for FR1 and 60 kHz
subcarrier spacing for FR2;

- absoluteFrequencyPointA for all other cases where absol uteFrequencyPointA represents the frequency-location
of point A expressed asin ARFCN.

4443 Common resource blocks

Common resource blocks are numbered from 0 and upwards in the frequency domain for subcarrier spacing
configuration u. The center of subcarrier 0 of common resource block O for subcarrier spacing configuration u coincides
with 'point A".

The relation between the common resource block number nk.. in the frequency domain and resource elements (k, 1)
for subcarrier spacing configuration u is given by

k
Nrg = {TE:BJ

where Kk isdefined relative to point A such that k = 0 corresponds to the subcarrier centered around point A.

4444 Physical resource blocks

Physical resource blocks for subcarrier configuration y aredefined within a bandwidth part and numbered from 0 to
Ngwe: — 1 where i isthe number of the bandwidth part.The relation between the physical resource block npgy in
bandwidth part i and the common resource block nf.,'iS given by

Negas= Nppg+ N}S\t;;t,'ip

where Nyyp#* isthe common resource block where bandwigith part starts relative to common resource block 0. When

thereis no risk for confusion the index'w may be dropped.
4.44.5 Virtual resource blocks

Virtual resource blocks are defined within a bandwidth part and numbered from O to N5 ; — 1 where i is the 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 agiven
numerology 4; in bandwidth part i on agiven carrier. The starting position Ng‘t,?,g_'{‘ and the number of resource blocks

size,u . . start,u start,u start,u size,u start,u start,u size,u start,u
Npyp,; in abandwidth part shall fulfil Ngrid_x < Ngwpi < Ngrid‘x + Ngrid‘x and Ngrid‘x < Ngwpi + Npwp; < Ngrid‘x +

N3ve, respectively. Configuration of a bandwidith part is described in clause 12 of [5, TS 38.213].
A UE can be configured with up to four bandwidth partsin the downlink with a single downlink bandwidth part being
active at agiven 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 partsin the uplink with a single uplink bandwidth part being active
at agiventime. If aUE is configured with a supplementary uplink, the UE can in addition be configured with up to four
bandwidth partsin the supplementary uplink with a single supplementary uplink bandwidth part being active at agiven
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.

Unless otherwise noted, the description in this specification applies to each of the bandwidth parts. When thereis no

. : . start,u size,u start,u size,u
risk of confusion, the index u may be dropped from Ngyp'; Ngwp,; Ngriax » and Noriax -
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