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Foreword

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

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

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

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

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

The present document specifies the coding, multiplexing and mapping to physical channels for 5G NR.

2 Ref

erences

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]
[2]
(3]
[4]
(5]
(6]
[7]
(8]
[9]

3GPP TR 21.905: "Vocabulary for 3GPP Specifications'.

3GPPTS38.201: "
3GPP TS 38.202: "
3GPPTS38.211: "
3GPPTS38.213: "
3GPP TS 38.214:
3GPP TS 38.215: "

3GPPTS38.321
3GPPTS38.331

NR; Physical Layer — General Description”

NR; Services provided.by:the physical layer”

NR; Physical channels and modulation”

NR; Physicaldayer,procedures for control”

"NR; Physical layer proceduresfor data’

NR;-Physical layermeasurements’

:"NR; Medium AccessControl (MAC) protocol specification”

: "NR; Radio.Resaurce Control (RRC) protocol specification”

3 Definitions, symbols and abbreviations

3.1 Defi

nitions

For the purposes of the present document, the terms and definitions given in 3GPP TR 21.905 [1] and the following
apply. A term defined in the present document takes precedence over the definition of the same term, if any, in 3GPP

TR 21.905 [1].

3.2 Symbols

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

3.3 Abb

reviations

For the purposes of the present document, the abbreviations given in 3GPP TR 21.905 [1] and the following apply. An
abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in

3GPP TR 21.905 [1].

BCH
CBG

Broadcast channel
Code block group
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CBGTI Code block group transmission information

CORESET Control resource set

CQl Channel quality indicator

CRC Cyclic redundancy check

CRI CSI-RS resource indicator

Csl Channel state information

CSI-RS CSl reference signal

DAI Downlink assignment index

DCI Downlink control information

DL Downlink

DL-SCH Downlink shared channel

DMRS Dedicated demodulation reference signal

HARQ Hybrid automatic repeat request

HARQ-ACK Hybrid automatic repeat request acknowledgement

LDPC Low density parity check

LI Layer indicator

MCS Modulation and coding scheme

OFDM Orthogonal frequency division multiplex

PBCH Physical broadcast channel

PCH Paging channel

PDCCH Physical downlink control channel

PDSCH Physical downlink shared channel

PMI Precoding matrix indicator

PRB Physical resource block

PRACH Physical random access channel

PTRS Phase-tracking reference signal

PUCCH Physical uplink control channel

PUSCH Physical uplink shared channel

RACH Random access channel

RI Rank indicator

RSRP Reference signal received power

SFN System frame number.

SR Scheduling request

SRS Sounding reference signa

SS Synchronisation signal

SUL Supplementary uplink

TPC Transmit power control

TrCH Transport channel

UcCl Uplink control information

UE User equipment

UL Uplink

UL-SCH Uplink shared channel

VRB Virtual resource block

ZP CSI-RS Zero power CSI-RS
4 Mapping to physical channels
4.1 Uplink

Table 4.1-1 specifies the mapping of the uplink transport channelsto their corresponding physical channels. Table 4.1-2
specifies the mapping of the uplink control channel information to its corresponding physical channel.

Table 4.1-1
TrCH Physical Channel
UL-SCH PUSCH
RACH PRACH
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Table 4.1-2
Control information Physical Channel
ucCl PUCCH, PUSCH

4.2 Downlink

Table 4.2-1 specifies the mapping of the downlink transport channelsto their corresponding physical channels. Table
4.2-2 specifies the mapping of the downlink control channel information to its corresponding physical channel.

Table 4.2-1
TrCH Physical Channel
DL-SCH PDSCH
BCH PBCH
PCH PDSCH
Table 4.2-2
Control information Physical Channel
DCI PDCCH
5 General procedures

Data and control streams from/to MAC layer areencoded /decoded.to offer transport and control services over the radio
transmission link. Channel coding scheme is.a combination.ef error detection, error correcting, rate matching,
interleaving and transport channel or control-informati on:mapping onto/splitting from physical channels.

5.1 CRC calculation

Denote the input bits to the CRC computation by &g, a,,a,,as,...,a,_1, and the parity bitsby pg, p1, P2, P3yees Pro1s

where A isthe size of the input sequence and L is the number of parity bits. The parity bits are generated by one of
the following cyclic generator polynomials;

- Ocrean(D)=[D*+D®+D®+ D" + D"+ D"+ D+ D’ +D®+D*+D* + D*+ D +1] for aCRC length
L=24;

- Oepens(D)=[D** + D% +D® +D*+ D +1] foraCRClength L =24;

- Oereac(D)=[D*+D®+D*+D* + D" +D*+D*+D*+D°+D*+D*+D+1] foraCRClength L=24;
- Qeres(D)=[D*+D* + D® +1] foraCRC length L =16;

- Oeren(D)=[D"+ D™ +D?+D®+1] foraCRClength L =11,

- Oures(D)=[D®+D°+1] foraCRClength L =6.

The encoding is performed in a systematic form, which means that in GF(2), the polynomial:

D A+L-1 D A+L-2

+..+a,, D"+ p,D"+pD"?+.. .+ p D"+ p,

8 +8

yields aremainder equal to O when divided by the corresponding CRC generator polynomial.

The bits after CRC attachment are denoted by by, by, b,,b;,...,b5_;, where B= A+ L. Therelation between a_and b,
is:
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b, =a, fork=012..,A-1

by =Pupn  fOr k=AA+LA+2,. . A+L-1.

5.2 Code block segmentation and code block CRC attachment

5.2.1 Polar coding

The input bit sequence to the code block segmentation is denoted by ay,a,,a,,83,...,a53, Where A> 0.

Number of code blocks: C=2;
else

Number of code blocks: C=1
end if
A=[A/C]-C;
fori=0to A-A-1

a, =0;
end for

fori=A-Ato A-1

a = &_(n-n)
end for
s=0;
forr=0to C-1

fork=0to A/C-1
Cy, =2,
S=s+1;

end for

.....

The sequence C,,C,,C,5,Ci3,-+,C(ayc-q) 1S USed to calculate the CRC parity bits pyq, pyy, Pra.-., Pr(Lg) @ccording to

Subclause 5.1 with a generator polynomial of length L.
for k=A/C to A/C+L-1

Cik = Brik-avc)>
end for

end for

Thevalueof A isno larger than 1706.
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5.2.2 Low density parity check coding

The input bit sequence to the code block segmentation is denoted by by, b;,b,,bs,...,bg 1, where B> 0. If B islarger
than the maximum code block size K, , segmentation of the input bit sequence is performed and an additional CRC
sequence of L =24 hitsis attached to each code block.

For LDPC base graph 1, the maximum code block sizeis:
- K, =8448.

For LDPC base graph 2, the maximum code block sizeis:
- K, =3840.

Total number of code blocks C is determined by:

if B<K,,
L=0
Number of code blocks: C =1
B'=B

else
L=24
Number of code blocks: C =[B/(K,, —L)]-
B'=B+C-L

end if

The bits output from code block segmentation are denoted:by C;q,Cy1,C;2:Cr3y--:Cr(k, -1) » Where 0<r < C isthe code
block number, and K, = K isthe number of bits for thie code block number I .

The number of bits K in each code block iscalctlated as:
K'=B'/C,;
For LDPC base graph 1,
K, =22.
For LDPC base graph 2,
if B>640
K, =10;
elseif B > 560
K, =9;
eseif B>192
K,=8;
else

K, =6;
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end if

find the minimum value of Z inall setsof lifting sizesin Table 5.3.2-1, denoted as Z _, suchthat K, -Z_>K', and
set K =227, for LDPC base graph 1 and K =10z, for LDPC base graph 2;

The bit sequence c,, is calculated as:
SZO;
for =0t C-1
for K=0to K-L-1
Crk =bs-
s=s+1;
end for
if C>1

The sequence C,;,Cy,C, 5, Cg,-r, G (kg 1S Used to caleulate the CRC parity bits p.o, pyy, Proyees Pr(Lg)
according to Subclause 5.1 with the generator polynomial g ..,.s (D)
for K=K'-L to K'-1

Co = pr(k+L—K').

end for
end if
for K=K' to K =1 -- Insertion of filler bits

C, =<NULL >,

end for

end for

5.3 Channel coding

Usage of coding scheme for the different types of TrCH is shown in table 5.3-1. Usage of coding scheme for the
different control information typesis shown in table 5.3-2.

Table 5.3-1: Usage of channel coding scheme for TrCHs

TrCH Coding scheme
UL-SCH
DL-SCH LDPC

PCH

BCH Polar code
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