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Intellectual Property Rights

IPRs essential or potentially essential to the present document may have been declared to ETSI. The information
pertaining to these essential |PRs, if any, ispublicly available for ETSI member s and non-member s, and can be found
in ETSI SR 000 314: "Intellectual Property Rights (IPRs); Essential, or potentially Essential, IPRs notified to ETS in
respect of ETS standards', which is available from the ETSI Secretariat. Latest updates are available on the ETSI Web

server (http://ipr.etsi.org).

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

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, UM TS identities or
GSM identities. These should be interpreted as being references to the.corresponding 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", "shetild not';*"'may"”, "may not", "need", "need not", "will",
"will not", "can" and "cannot" areto be.interpreted as described.jtrclause 3.2 of the ETSI 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.
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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 specifies the coding, multiplexing and mapping to physical channels for E-UTRA.

2 References

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

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

o For aspecific reference, subsequent revisions do not apply.

e For anon-specific reference, the latest version applies. In the case of areference to a 3GPP document (including
aGSM document), a non-specific reference implicitly refersto 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 36.211: "Evolved Universal Terrestrial Radio Access(E*UTRA); Physical channels and
modulation”.

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

[4] 3GPP TS 36.306: "Evolved Universal Terrestrial-Radio Access (E-UTRA); User Equipment (UE)

radio access capabilities’.

[5] 3GPP TS36.321;, “Evolved Universal:Terrestrial Radio Access (E-UTRA); Medium Access
Control (MAC) protocol specification?

[6] 3GPP TS36.331, “Evolved Universal Terrestrial Radio Access (E-UTRA); Radio Resource
Control (RRC) protocol specification”

3 Definitions, symbols and abbreviations

3.1 Definitions

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

Definition format

<defined term>: <definition>.

3.2 Symbols

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

N RDg Downlink bandwidth configuration, expressed in number of resource blocks[2]
N }{BL Uplink bandwidth configuration, expressed in number of resource blocks [2]
NSFéB Resource block size in the frequency domain, expressed as a number of subcarriers
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Nomp Number of SC-FDMA symbols carrying PUSCH in a subframe

NspyﬁCH'i”itia' Number of SC-FDMA symbols carrying PUSCH in theinitial PUSCH transmission subframe
Nermo Number of SC-FDMA symbolsin an uplink slot

Ners Number of SC-FDMA symbols used for SRS transmission in a subframe (0 or 1).

3.3 Abbreviations

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

BCH Broadcast channel
CH Control Format Indicator
CP Cyclic Prefix
Csl Channel State Information
DCl Downlink Control Information
DL-SCH Downlink Shared channel
EPDCCH Enhanced Physical Downlink Control channel
FDD Frequency Division Duplexing
HI HARQ indicator
MCH Multicast channel
PBCH Physical Broadcast channel
PCFICH Physical Control Format Indicator channel
PCH Paging channel
PDCCH Physical Downlink Control channel
PDSCH Physical Downlink Shared-Channel
PHICH Physical HARQ indicator.channel
PMCH Physical Multicast channel
PMI Precoding Matrix {ndicator
PRACH Physical Random Access channel
PUCCH Physical Uplink Control channel
PUSCH Physical Uplink Shared channel
RACH Random Access channel
RI Rank Indication
SR Scheduling Request
SRS Sounding ReferenceSignal
TDD Time Division Duplexing
TPMI Transmitted Precoding Matrix Indicator
UCl Uplink Control Information
UL-SCH Uplink Shared channel
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.
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Table 4.1-1
TrCH Physical Channel
UL-SCH PUSCH
RACH PRACH

Table 4.1-2
Control information Physical Channel
UCl PUCCH, PUSCH

4.2 Downlink

Table 4.2-1 specifies the mapping of the downlink transport channels to 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
MCH PMCH
Table 4.2:2
Control information Physical Channel
CFlI PCEICH
HI RPHICH
DCI PDCCH, EPDCCH
5 Channel coding; multiplexing and interleaving

Data and control streams from/to MAC layer are encoded /decoded to offer transport and control services over the radio
transmission link. Channel coding scheme is a combination of error detection, error correcting, rate matching,
interleaving and transport channel or control information mapping onto/splitting from physical channels.

5.1 Generic procedures

This section contains coding procedures which are used for more than one transport channel or control information
type.

51.1 CRC calculation

Denote the input bits to the CRC computation by ay, a4, a5, 8s,..., aa_3 , and the parity bitsby pg, p1, P2, Pgye-s Prog- 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:

- Oereaan(D) = [D*+DZ+D®¥ + DY+ D¥+ D"+ D+ D'+ D°+ D°+ D*+ D+ D + 1] and;
- Oercaus(D) = [D* + D? + D® + D° + D + 1] for aCRC length L = 24 and;
- Oerews(D) =[D*® + D¥ + D° + 1] for aCRC length L = 16.

- Qoreg(D) =[D®+ D’ + D*+ D3+ D + 1] for aCRC length of L = 8.
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The encoding is performed in a systematic form, which means that in GF(2), the polynomial:
a,DM2 +a D2+ +a, D%+ pyDZ +p, D% +..4 pypyD' + pyg

yields aremainder equal to 0 when divided by the corresponding length-24 CRC generator polynomial, gcreoaa(D) OF
Ocre24s(D), the polynomial:

a,DA™® +a, DA 1 . +a, D™ + poD® +p,D¥ +..+ D+ pis

yields aremainder equal to O when divided by gcrci6(D), and the polynomial:

agD" " + DA+ +a, DB+ poD’ + pD® +...+ pgDL + p;

yields aremainder equal to O when divided by gcres(D).

The bits after CRC attachment are denoted by by, by, by, bs,...,bg_;, where B = A+ L. The relation between a and by is:
b, =a, fork=0,1,2,..., A1

bk = Py_a fork=A, A+1, A+2,..., A+L-1,

5.1.2 Code block segmentation and code block. CRC attachment

The input bit sequence to the code block segmentation'is denoted by by, by, b, b;,...,bg_;, where B> 0. If Bislarger

than the maximum code block size Z, segmentation of the input bit seguence is performed and an additional CRC
sequence of L = 24 bitsis attached to each code blogkl> The maximum:code block sizeis:

- Z=6144.
If the number of filler bits F calculated below is not O, filler hitsare added to the beginning of the first block.
Note that if B < 40, filler bits are added to the beginning of the code block.
Thefiller bits shall be set to <NULL> at the input.to’the encoder.
Total number of code blocks C is determineéd by:
if BLZ
L=0
Number of code blocks: C =1
B'=B
else
L=24
Number of code blocks: C=[B/(z-L)].
B'=B+C-L
end if

The bits output from code block segmentation, for C # 0, are denoted by ¢, ¢, €1, C;2,C3,.-, C;(k,-1) » Wherer isthe
code block number, and K, isthe number of bits for the code block number r.

Number of bitsin each code block (applicable for C # 0 only):

First segmentation size: K, = minimumK intable5.1.3-3 suchthat C-K > B’
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if C=1
the number of code blocks with length K, is C, =1, K_=0, C_=0

elseif C>1
Second segmentation size: K_= maximum K intable 5.1.3-3 such that K < K,
A =K, -K_

. C-K,-B’
Number of segmentsof sizeK_: C_ = {;J )

AK
Number of segmentsof sizeK_: C, =C-C_.
end if

Number of filler bits; F=C, -K, +C_-K_-B’

fork=0toF-1 -- Insertion of filler bits
Cox =< NULL >
end for
k=F
s=0
forr=0to C-1
if r<C_
K, =K_
else
K, =K,
end if

while k< K, —L
Crk = by
k=k+1
s=s+1

end while

if C>1

The sequence c,, ¢y, ¢z, Cra..w-, Cr(, - g) 1S Used to calculate the CRC parity bits p,q, pyy, Proyeess Prii-a)

according to section 5.1.1 with the generator polynomial gcreo4s(D). For CRC calculation it is
assumed that filler bits, if present, have the value 0.

whilek < K,
Gk = Prk+L—K;)
k=k+1
end while
end if
k=0
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end for
5.1.3 Channel coding

The bit sequence input for a given code block to channel coding is denoted by ¢y, ¢, C,, C3,...,Cx_1, Where K isthe
number of bits to encode. After encoding the bits are denoted by d{?, d,d$’,d{?,...,d (). , where D isthe number of

encoded bits per output stream and i indexes the encoder output stream. The relation between ¢, and dS) and between
K and D is dependent on the channel coding scheme.

The following channel coding schemes can be applied to TrCHs:
- tail biting convolutional coding;
- turbo coding.

Usage of coding scheme and coding rate for the different types of TrCH is shown in table 5.1.3-1. Usage of coding
scheme and coding rate for the different control information typesis shown in table 5.1.3-2.

The values of D in connection with each coding scheme:
- tail biting convolutional coding with rate 1/3: D = K;
- turbo coding withrate 1/3: D = K + 4.

The range for the output stream index i is0, 1 and 2 for, both®©oding schemes.

Table 5.1.3-1: Usage of channekcoding scheme’and’'coding rate for TrCHSs.

TrCH €oding scheme [ Coding rate
UL:SCH
DI;CS:SH Turbo coding 1/3
MCH
Tail biting
BCH convolutional 1/3
coding

Table 5.1.3-2: Usage of channel coding scheme and coding rate for control information.

Control Information Coding scheme | Coding rate
Tail biting
DCI convolutional 1/3
coding
CFI Block code 1/16
HI Repetition code 1/3
Block code variable
Tail bitin
uci convolutiogal 1/3
coding

5.1.3.1 Tail biting convolutional coding
A tail biting convolutional code with constraint length 7 and coding rate 1/3 is defined.
The configuration of the convolutional encoder is presented in figure 5.1.3-1.

The initial value of the shift register of the encoder shall be set to the values corresponding to the last 6 information bits
in the input stream so that the initial and final states of the shift register are the same. Therefore, denoting the shift
register of the encoder by s, S;, S, ..., S5, then theinitial value of the shift register shall be set to
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Figure 5.1.3-1: Rate 1/3 tail biting convolutional encoder.

The encoder output streamsd” , d® and d(® correspond to the first, second and third parity streams, respectively as
shown in Figure 5.1.3-1.

5.1.3.2 Turbo coding

5.1.3.2.1 Turbo encoder

The scheme of turbo encoder is a Parallel Concatenated Convolutional Code (PCCC).with two 8-state constituent
encoders and one turbo code internal interleaver. The coding rate.of turbo encoder.is1/3. The structure of turbo
encoder isillustrated in figure 5.1.3-2.

The transfer function of the 8-state constituent code for the’PCCC.is:

s {lw ,
go(D)

where
0u(D)=1+D*+ D?,
0i{D) =1+ D + D,

Theinitia value of the shift registers of the-8-state constituent encoders shall be al zeros when starting to encode the
input bits.

The output from the turbo encoder is

dIEO) = Xk
d =2,
d =z

for k=012,..,K-1.

If the code block to be encoded is the 0-th code block and the number of filler bits is greater than zero, i.e., F > 0, then
the encoder shall set ¢, = 0, k=0,...,(F-1) at itsinput and shall set d(® =< NULL >,k=0,...,(F-1) and

d® =< NULL >, k=0,...,(F-1) at its output.

The bitsinput to the turbo encoder are denoted by ¢, ¢, C,, C5,...,Ck_1, and the bits output from the first and second 8-
state constituent encoders are denoted by z,, z,, Z,, Z3,..., Zx_;and 2y, 21, 25, Z5,..., Zx _; , Fespectively. The bits output

from the turbo code internal interleaver are denoted by cj, c},...,Ck _; , and these bits are to be the input to the second 8-
state constituent encoder.
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