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Intellectual Property Rights

IPRs essential or potentially essentia to the present document may have been declared to ETSI. The information
pertaining to these essential 1PRs, if any, is publicly 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 standard ", which isavailable from the ETS| Secretariat. Latest updates are available on the ETSI Web
server (http://www.etsi.org/ipr).

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 Technical Committee Satellite Earth Stations and
Systems (SES).

The contents of the present document are subject to continuing work within TC-SES and may change following formal
TC-SES approval. Should TC-SES modify the contents of the present document it will then be republished by ETS|
with an identifying change of release date and an increase in version number as follows:

Version 1.m.n
Where:
» thethird digit (n) isincremented when editorial only changes have been incorporated in the specification;

» thesecond digit (m) isincremented for all other types of changes, i.e. technical enhancements, corrections,
updates, etc.

The present document is part 2 of a multi-part deliverable covering the Satellite Component of UMTS/IMT 2000;
A-family, asidentified below:

Part 1:  "Physical channelsand mapping of trangport channelsinto physical channels';
Part 2 "Multiplexing and channd coding" ;

Part 3:  "Spreading and modulation™;

Part 4.  "Physical layer procedures’.

Introduction

S-UMTS stands for the Satellite component of the Universal Mobile Telecommunication System. SUMTS systems will
complement the terrestrial UMTS (T-UMTS) and inter-work with other IMT-2000 family members through the UMTS
core network. SSUMTS will be used to deliver 3 generation mobile satellite services (MSS) utilizing either low (LEO)
or medium (MEO) earth orbiting, or geostationary (GEO) satellite(s). SUMTS systems are based on terrestrial 3GPP
specifications and will support accessto GSM / UMTS core networks.

NOTE: Theterm T-UMTSwill be used in the present document to further differentiate the Terrestrial UMTS
component.

Due to the differences between terrestria and satellite channel characteristics, some modificationsto the terrestria
UMTS (T-UMTY) standards are necessary. Some specifications are directly applicable, whereas others are applicable
with modifications. Similarly, some T-UMTS specifications do not apply, whilst some SSUMTS specifications have no
corresponding T-UMTS specification.
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Since SUMTS isderived from T-UMTS, the organization of the SUMTS specifications closely follows the original
3 Generation Partnership Project (3GPP) structure. The S-UMTS numbers have been designed to correspond to the
3GPP terrestriadl UMTS numbering system. All SSUMTS specifications are alocated a unique SUMTS number as
follows:

SUMTSn xx.yyy

Where:

The numbers xx and yyy correspond to the 3GPP numbering scheme.
n(n=A,B,C,...) denotes the family of SUMTS specifications.

An SUMTS system is defined by the combination of afamily of SUMTS specifications and 3GPP specifications, as
follows:

« If an SUMTS specification existsit takes precedence over the corresponding 3GPP specification (if any). This
precedence rule applies to any references in the corresponding 3GPP specifications.

NOTE: Any references to 3GPP specifications within the SUMTS specifications are not subject to this precedence
rule. For example, an SSUMTS specification may contain specific references to the corresponding 3GPP
specification.

* If an SUMTS specification does not exigt, the corresponding 3GPP specification may or may not apply. The exact
applicability of the complete list of 3GPP specifications shall be defined at alater stage.

ETSI
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1 Scope

The present document describes the characteristics of the Layer 1 multiplexing and channd coding used for family A of
the satellite component of UMTS (SUMTS-A).

It is based on the FDD mode of UTRA defined by 3GPP [3], [4], [5], [6] and adapted for operation over satellite
transponders.

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 and / or edition number or version number) or
non-specific.

» For aspecific reference, subsegquent revisions do not apply.

» For anon-specific reference, the latest version applies.

[1] ETSI TS 101 851-1: "Satellite Component of UMTS/IMT 2000; A-family; Part 1: Physical
channdls and mapping of transport channelsinto physical channels (SUMTS-A 25.211)".

[2] ETSI TS 101 851-3: "Satellite Component of UMTS/IMT 2000; A-family; Part 3: Spreading and
modulation (SUMTS-A 25.213)".

[3] ETSI TS 125 211: "Universal Mobile Telecommunication System (UMTS); Physical channels and
mapping of transport channds onto physical channds (FDD) (3G TS 25.211 version 3.3.0
Release 1999)".

[4] ETSI TS 125 212: "Universal Mobile Telecommunication System (UMTS); Multiplexing and

channel coding (FDD) (3G TS 25.212 version 3.3.0 Release 1999)".

[5] ETSI TS 125 213: "Universal Mobile Telecommunication System (UMTS); Spreading and
modulation (FDD) (3G TS 25.213 version 3.3.0 Release 1999)".

[6] ETSI TS 125 214: "Universal Mobile Telecommunication System (UMTS); Physical layer
procedures (FDD) (3G TS 25.214 version 3.3.0 Release 1999)".

[7] ETSI TS 125 302: "Universal Mobile Telecommunication System (UMTS); Services provided by
the physical layer (3G TS 25.302 version 3.5.0 Release 1999)".

3 Definitions, symbols and abbreviations

3.1 Definitions

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

TG: Transmission Gap is consecutive empty dlots that have been obtained with atransmission time reduction method.
The transmission gap can be contained in one or two consecutive radio frames.

TGL: Transmission Gap Length isthe number of consecutive empty dlots that have been obtained with a transmission
timereduction method. 0< TGL < 14.
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3.2 Symbols

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

/x/ round towards e, i.e. integer such that x </x/ < x+ 1

Ix/ round towards - o, i.e. integer such that x-1 < /x/ <x

/x/ absolute value of x

Nfirst Thefirst dot inthe TG

Nast Thelast dot inthe TG. N is either adot in the sameradio frame as N;,¢ Or adot in theradio

frameimmediatdy following the dot that contains Ng, g
Unless otherwiseis explicitly stated when the symbol is used, the meaning of the following symbalsis:

TrCH number

TFC number

Bit number

TF number

Transport block number

Radio framenumber of TrCH i

PhCH number

Code block number

Number of TrCHsin aCCTrCH.

Number of code blocksinoneTTI of TrCH i

Number of radio framesin one TTI of TrCH i
i Number of transport blocksin one TTI of TrCH i

Number of PhCHs used for one CCTrCH
PL Puncturing Limit for the uplink. Signalled from higher layers
RM; Rate Matching attribute for TrCH i. Signalled from higher layers

TEZMOT TS 3 TATT

Temporary variables, i.e. variables used in several (sub)clauses with different meaning.
X, X

Y, Y
2,7

3.3 Abbreviations

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

BCH Broadcast Channel

BER Bit Error Rate

CCPCH Common Control Physical Channel
CCTrCH Coded Composite Transport Channd
CRC Cyclic Redundancy Code

DCH Dedicated Channel

DL Downlink (Forward link)

DPCH Dedicated Physical Channel
DPCCH Dedicated Physical Control Channd
DPDCH Dedicated Physical Data Channel
DSCH Downlink Shared Channel

DTX Discontinuous Transmission

FACH Forward Access Channel

FDD Frequency Division Duplex

FER Frame Error Rate

GF GaloisField

MAC Medium Access Control

MS Mobile Station

PCCC Parallel Concatenated Convolutiona Code
PCH Paging Channel

PRACH Physical Random Access Channd
PhCH Physical Channd

ETSI
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RACH Random Access Channél

SCH Synchronization Channel

SF Spreading Factor

SFN System Frame Number

TF Transport Format

TFC Transport Format Combination
TFCI Transport Format Combination Indicator
TPC Transmit Power Control

TrCH Transport Channel

TTI Transmission Time Interval
TX Transmit

UL Uplink (Reverselink)

4

4.1

Multiplexing, channel coding and interleaving

General

Data stream from / to MAC and higher layers (Transport block / Transport block set) is encoded / decoded to offer
trangport services over theradio transmission link. Channd coding schemeis a combination of error detection, error
correcting, rate matching, interleaving and transport channds mapping onto / splitting from physical channes.

4.2

Transport-channel coding / multiplexing

Data arrives to the coding / multiplexing unit in form of trangport block sets once every transmission timeinterval. The
transmission timeinterval is transport-channd specific from the set {10 ms, 20 ms, 40 ms, 80 ms}.

The following coding / multiplexing steps can be identified:

add CRC to each transport block (see clause 4.2.1);

transgport block concatenation and code block segmentation (see clause 4.2.2);
channel coding (see clause 4.2.3);

rate matching (see clause 4.2.7);

insertion of discontinuous transmission (DTX) indication bits (see clause 4.2.9);
interleaving (two steps, see clauses 4.2.4 and 4.2.11);

radio frame segmentation (see clause 4.2.6);

multiplexing of transport channes (see clause 4.2.8);

physical channel segmentation (see clause 4.2.10);

mapping to physical channels (see clause 4.2.12);

data scrambling (only for downlink, and optional) (see clause 4.2.15).

The coding / multiplexing steps for uplink and downlink are shown in figures 1 and 2 respectively.
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Figure 1: Transport channel multiplexing structure for uplink
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Figure 2: Transport channel multiplexing structure for downlink
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The single output data stream from the TrCH multiplexing, including DTX indication bitsin downlink, is denoted
Coded Composite Transport Channel (CCTrCH). A CCTrCH can be mapped to one or several physical channels.

42.1 Error detection

Error detection is provided on transport blocks through a Cyclic Redundancy Check. The CRC is24, 16, 12, 8 or 0 bits
and it issignalled from higher layers what CRC length that should be used for each TrCH.

4211 CRC Calculation

The entire transport block is used to calculate the CRC parity bits for each transport block. The parity bits are generated
by one of the following cyclic generator polynomials:

- Qoreza (D) =D*+ D2+ D+ D°+ D+ 1;
- Ocrews(D)=D®+ D2+ D+ 1;

- Oerei2(D)=D?+ D" +D*+D*+D +1;
- Qores(D)=D®+D7+D*+D°+ D+ 1.

Denote the bitsin atransport block delivered to layer 1 by &, 87, Qiyg) -+ -1 8y, » @nd the parity bits by
Pimts Pimas Pimas---» P - A 1Sthelength of atransport block of TrCH i, misthe transport block number, and L; is 24,
16, 12, 8, or 0 depending on what is signdled from higher layers.

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

aimgDA " + DA+ + 8y D + pruD? + 2D + .+ PimsD™ + Pimas
yidds aremainder equal to 0 when divided by gcrezs (D), polynomial:

aDN ™ +a,,DN +oot B D + gD + PireD* +...+ PirgsDY + Pings
yidds aremainder equal to 0 when divided by gcreis (D), polynomial:

amg DA™ + 8D A0 + 4y D + iy DM+ pipD ™ + 4 gD+ P
yidds aremainder equal to 0 when divided by gcrei2 (D) and polynomial:

aimD "7 + DAY tot@ma D%+ pingD” + PimaD® +...+ Pim7 D" + Pimg

yidds aremainder equal to 0 when divided by gcres (D).

If no transport blocks are input to the CRC calculation (M; = 0), no CRC attachment shall be done. If transport blocks
are input to the CRC calculation (M; # 0) and the sze of atransport block is zero (A = 0), CRC shall be attached,
i.e. al parity bits equal to zero.

42111 Relation between input and output of the Cyclic Redundancy Check

The bits after CRC attachment are denoted by B;,0,,5, B -+ Bg » where Bi= A+ Li. The relation between aimk

and bk is
Dimk = @imk K=1,2,3, ..., A

Bimk = Pim(L+1-(k-A)) K=A+LA+2,A+3, . A+
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4.2.2 Transport block concatenation and code block segmentation

All trangport blocksin aTTI are seriadly concatenated. If the number of bitsin aTTI islarger than Z, the maximum size
of acode block in question, then code block segmentation is performed after the concatenation of the transport blocks.
The maximum size of the code blocks depends on whether convolutional coding, turbo coding or no coding is used for
the TrCH.

4.2.2.1 Concatenation of transport blocks

The bitsinput to the transport block concatenation are denoted by Bjng,bim2,bimg. ... bimg Wherei is the TrCH number,

misthe transport block number, and B; isthe number of bitsin each block (including CRC). The number of transport
blocks on TrCH i is denoted by M;. The bits after concatenation are denoted by X1, %2, %3, -, Xix, , Wherei isthe

TrCH number and X; = M;B;. They are defined by the following relations:
Xk =bllk k= 12 ..5

Xik :bi,2,(k—Bi) k=B +1B+2...,2B

Xk = Q,a(k_za) k=2B +1,2B + 2, ... 3B

Xik =bim (k-(v;-pB) kK= Mi-1) B+ 1, (M-1) B + 2, .., MiB

4.2.2.2 Code block segmentation

Segmentation of the bit sequence from transport block concatenation is performed if X; > Z. The code blocks after
segmentation are of the same size. The number of code blocks on TrCH i isdenoted by C;. If the number of bits input to
the segmentation, X;, isnot amultiple of C;, filler bits are added to the beginning of the first block. If turbo coding is
sdlected and X < 40, filler bits are added to the beginning of the code block. The filler bits are transmitted and they are
always set to 0. The maximum code block sizes are:

- convolutiona coding: Z = 504;
- turbocoding: Z=5114;
- no channe coding: Z = unlimited.

The bits output from code block segmentation are denoted by 0jr1,0jr2,0jr 3, -, Ok, » Wherei isthe TrCH number, r is
the code bl ock number, and K; is the number of hits.

Number of code blocks: G = /X /Z/
Number of bitsin each code block:
if X; <40 and Turbo coding is used, then
Ki =40
dse
Ki=/%1G/
end if
Number of filler bits: Y; = GK;-X

fork=1toY; -- Insertion of filler bits

Oj1k =0
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end for
fork=Y;+ 1toK;
Oitk = Xi (k-Y)
end for
r=2 -- Segmentation
whiler =C
for k= 1toK;
Oirk = Xi (k+(r-D[K;-Y;) |
end for
r=r+1
end while

endif

4.2.3 Channel coding

Code blocks are delivered to the channel-coding block. They are denoted by 0jr1,0ir2,0i3,- -+, Ok, » Wherei isthe

TrCH number, r isthe code block number, and K; isthe number of bitsin each code block. The number of code blocks
on TrCH i is denoted by C;. After encoding the bits are denoted by Yir1, Yir2, Yir3:- - iry, » Where Y isthe number of

encoded bits. Therelation between Ojrk and Yirk and between K and Y; is dependent on the channel-coding scheme.
The following channd coding schemes can be applied to TrCHs:
- convolutiona coding;
- turbo coding;
- no coding.
Usage of coding scheme and coding rate for the different types of TrCH is shown in table 1.
The values of Y; in connection with each coding scheme:
- convolutiona coding with rate 1/2: Y; = 2 x K; + 16; rate 1/3: Y; = 3x K; + 24;
- turbo codingwithrate /3: Y, = 3x K; + 12;
- nocoding: Y; =K.

Table 1: Usage of channel coding scheme and coding rate

Type of TrCH Coding scheme Coding rate
BCH
PCH - : 172
RACH Convolutional coding
1/3, 1/2
CPCH, DCH, DSCH, FACH Turbo coding 1/3

No coding
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4.2.3.1 Convolutional coding
Convolutiond codes with congtraint length 9 and coding rates 1/3 and 1/2 are defined.
The configuration of the convolutional coder is presented in figure 3.

Output from therate 1/3 convolutional coder shall be done in the order outputO, outputl, output2, outputO, outputl,
output 2, output O,...,output2. Output from therate 1/2 convolutiona coder shall be donein the order output O, output 1,
output O, output 1, output O, ..., output 1.

8 tail bitswith binary value 0 shall be added to the end of the code bl ock before encoding.
Theinitial value of the shift register of the coder shall be "all 0" when starting to encode the input bits.

"o}l ol kbbb

\d Y Y Output O
OO0 % > Go = 561 (octal)
P S S { 34 Y Outputl
N g N L N N L N U

"~ Gy = 753 (octal)
(a) Rate 1/2 convolutional coder

B Bl P P R P S P S PSP SR

BN dloox oyl | oupuo
o> OO D1 7> G, = 557 (octa)
B BN L oupun
> VY & d G1 = 663 (octal)
B B 1 oupuz
g g LN v > Ll

G, = 711 (octal)
(b) Rate 1/3 convolutional coder

Figure 3: Rate 1/2 and rate 1/3 convolutional coders

4.2.3.2 Turbo coding

42321 Turbo coder

The scheme of Turbo coder isa Paralel Concatenated Convolutional Code (PCCC) with two 8-state constituent
encoders and one Turbo code interna interleaver. The coding rate of Turbo coder is 1/3. The structure of Turbo coder is
illugrated in figure 4.

Thetransfer function of the 8-state constituent code for PCCC is;

D
G(D)= {1%}
Where
0o (D) =1+ D?*+ D®
o (D)=1+D+D°
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Theinitia value of the shift registers of the 8-state constituent encoders shall be all zeros when starting to encode the
input bits.
Output from the Turbo coder is

X]J Z]J lea X21 221 Zl2, ey XK1 ZK1 ZlKa

Wherexg, %, ..., X¢ arethe bitsinput to the Turbo coder i.e. both first 8-tate constituent encoder and Turbo code
internd interleaver, and K isthe number of bits, and z, 2, ..., Zc and Z, Z, ..., Zx are the bits output from first and
second 8-state congtituent encoders, respectively.

The bits output from Turbo code internal interleaver are denoted by X1, X5, ..., Xk, and these bits areto be input to the
second 8-state congtituent encoder.

Xk

1st constituent encoder Zx
—
Xk
Input —————¢—— D
S B
Y
Input Output
Turbo code
internal interleaver 2nd constituent encoder ,
Output Zk
Lq ¥
D [ D}
X'k I
PR
X'k

Figure 4: Structure of rate 1/3 Turbo coder (dotted lines apply for trellis termination only)

42322 Trellis termination for Turbo coder

Trelistermination is performed by taking thetail bits from the shift register feedback after all information bitsare
encoded. Tail bitsare padded after the encoding of information hits.

Thefirg three tail bits shall be used to terminate the first constituent encoder (upper switch of figure 4 in lower
position) while the second constituent encoder is disabled. Thelast threetail bits shall be used to terminate the second
congtituent encoder (lower switch of figure 4 in lower position) while the first congtituent encoder is disabled.

The transmitted bits for trellis termination shall then be:

X+ 10 Zk+ 15 XK+ 20 Zk+ 20 X430 Zk+3 XK+ 1 ZK+ 1, XK +2 Zk+ 20 Xk +3 ZK+3-

4.2.3.2.3 Turbo code internal interleaver

The Turbo code internal interleaver consists of bits-input to arectangular matrix, intra-row and inter-row permutations
of therectangular matrix, and bits-output from the rectangular matrix with pruning. The bitsinput to the Turbo code
internal interleaver are denoted by X;,Xo, X3,..., Xk , Where K istheinteger number of the bits and takes one value of 40
< K £ 5114. Therelation between the bitsinput to the Turbo code internal interleaver and the bitsinput to the
channel coding is defined by X, =0 and K =K.
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The following clause specific symbols are used from clause 4.2.3.2.3.1t04.2.3.2.3.3:

K Number of bitsinput to Turbo code internal interl eaver
R Number of rows of rectangular matrix
C Number of columns of rectangular matrix
p Prime number
% Primitive root
(i) Base sequence for intra-row permutation
o] Minimum primeintegers
] Permuted prime integers
T() I nter-row permutation pattern
Uj(i) Intra-row permutation pattern
i Index of matrix
j Index of matrix
k Index of bit sequence
423231 Bits-input to rectangular matrix

The hit sequence input to the Turbo code internal interleaver x, iswritten into the rectangular matrix as follows.
1) Determine the number of rows R of the rectangular matrix such that:

5,if (40< K <159)
R=1 10,if (160< K < 200) or (481< K < 530))
20,if (K =any other value)
Where the rows of rectangular matrix arenumbered 0, 1, 2, ..., R- 1 from top to bottom.
2) Determine the number of columns C of rectangular matrix such that:
if (481 < K < 530) then
p=53andC=p.
dse
Find minimum prime p such that
(p+1)-K/R=0,
and determine C such that
if (p-K/R = 0)then
if (p-1-K/R = 0)then
C=p-1L
ese
C=p.

end if
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ese
C=p+1
end if
end if
Where the columns of rectangular matrix arenumbered 0, 1, 2, ..., C - 1 from left to right.

3) Writetheinput bit sequence x, into the RX C rectangular matrix row-by-row starting with bit x; in column 0 of
row O:

Xl X2 X3 vee XC

X(c+1) X(c+2) X(c+3 - Xoc
X(R-pC+) X(R-)C+2) X(R-DC+3) -+-XRC

4.2.3.2.3.2 Intra-row and inter-row permutations

After the bits-input to the RX C rectangular matrix, the intrarow and inter-row permutations for the RX C rectangular
matrix are performed by using the following algorithm.

1) Sdect aprimitiveroot v from table 2.
2) Construct the base sequence (i) for intra-row permutation as
s@i)=[vx g(i-1)]modp,i=1,2,...,(p-2).,ads(0)=1

3) Let oo = 1 bethefirst primeinteger in {q;}, and select the consecutive minimum prime integers
{g} (=12 ...,R- 1) such that:

g.cd{qg,p-1} =1,¢>6,andg>q-y
Where g.c.d. isgreatest common divisor.
4) Permute{q} tomake{r;} such that
rg=¢.i=0171 .., R-1

WhereT () =0, 1, 2, ..., R- 1) istheinter-row permutation pattern defined as the one of the following four kind
of patterns: Pat; Pat, Pat; and Pat, depending on the number of input bits K.

Pat, if(40<K <159)
Pat; if(160< K < 200)
Pat; if(201< K < 480)
Pat; if(481< K <530)
{T0,7T@®,72),...T(R-1} ={Pat; if(531<K < 2280)
Pat, if(2281<K < 2480)
Pat, if(2481<K <3160)
Pat, if(3161<K <3210)
Pat, if(3211<K <5114)
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Where Pat;, Pat, Pat; and Pat, have the following patterns respectively:
Pat;: {19,9,14,4,0,2,5,7,12, 18,10, 8,13, 17, 3, 1, 16, 6, 15, 11}
Paty: {19, 9,14, 4,0,2,5,7, 12, 18, 16, 13, 17, 15, 3, 1, 6, 11, 8, 10}
Pat3: {9,8,7,6,5,4,3,2 1,0}
Pats: {4, 3,2, 1, 0}
5) Performthej-th(j=0, 1, 2, ..., R- 1) intra-row permutation as:
if (C=p)then
U, (i) =s({ixr] mod (p-1)),i=0,1,2, ..., (p- 2).,and U;(p- 1) =0,
Where U (i) istheinput bit position of i - th output after the permutation of j - th row.
end if
if (C=p+1)then
Uj (i) =s(lixr] mod (p-1)),i=0,1,2 ..., (p-2)., Uj(p- 1) = 0, and U; (p) = p,
Where U (i) isthe input bit position of i-th output after the permutation of j-th row, and
if (K=C X R)then
Exchange Ur.1 (p) with U g1 (0).
end if
end if
if C=p-1) then
Uj(i)=s([ixr]mod (p-1)-1,i=0,1,2,....,(p- 2,
Where U (i) istheinput bit position of i - th output after the permutation of j - th row.
end if
6) Perform the inter-row permutation based on thepattern T (j) =0, 1, 2, ..., R- 1),

WhereT (j) istheoriginal row position of thej - th permuted row.

Table 2: Table of prime p and associated primitive root v

p v p v p v p v p v
7 3 47 5 101 2 157 5 223 3
11 2 53 2 103 5 163 2 227 2
13 2 59 2 107 2 167 5 229 6
17 3 61 2 109 6 173 2 233 3
19 2 67 2 113 3 179 2 239 7
23 5 71 7 127 3 181 2 241 7
29 2 73 5 131 2 191 19 251 6
31 3 79 3 137 3 193 5 257 3
37 2 83 2 139 2 197 2
41 6 89 3 149 2 199 3
43 3 97 5 151 6 211 2
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42.3.2.3.3 Bits-output from rectangular matrix with pruning

After intra-row and inter-row permutations, the bits of the permuted rectangular matrix are denoted by y':
Y1 YR Y@erRa - Y(C-)RHY)
Y2 Y(Rr+2 Y@ERr:2) ---Y(C)R+2)
YR Y2Rr YR - YR

The output of the Turbo code internal interleaver isthe bit sequence read out column by column from the intra-row and
inter-row permuted Rx C matrix starting with bit y'; in row 0 of column 0 and ending with bit ycginrow R - 1 of
column C - 1. The output is pruned by deleting hits that were not present in the input bit sequence, i.e. bitsy' that

corresponds to hits x¢ with k > K are removed from the output. The bits output from Turbo code internal interleaver are
denoted by X1, X5, ..., X'k, Wwherex'; corresponds to the bit ', with smalest index k after pruning, X, to the bit v, with
second smallest index k after pruning, and so on. The number of bits output from Turbo code internal interleaver isK
and the total number of pruned bitsis:

RxC—-K.

4.2.3.3 Concatenation of encoded blocks

After the channd coding for each code black, if G isgreater than 1, the encoded bl ocks are serially concatenated so that
the block with lowest index r is output first from the channd coding block, otherwise the encoded block is output from

channel coding block asit is. The bits output are denoted by G, G5, G, .., G , Wherei isthe TrCH number and
E = GY;. Theoutput bits are defined by the following relations:

Cik = Yik k= 1,2 ...,

Cik = Yi2k-v) K= YitLYi+2..,2Y

Cik = Yi3(k-2y,) K=2Yi+1,2Y + 2 ..., 3Y

Cik = Yic (k-(c,-py) kK= (C-1)Yi+1, (G- Y +2..,GCY

If no code blocks areinput to the channd coding (C; = 0), no bits shall be output from the channel coding, i.e. E = 0.

4.2.4 Radio frame size equalization

Radio frame size equalization is padding the input bit sequence in order to ensure that the output can be segmented in F;
data segments of same size as described in clause 4.2.7. Radio frame size equalization is only performed in the UL
(DL rate matching output block length is always an integer multiple of F;).

Theinput bit sequence to the radio frame size equalization is denoted by ¢i1,Ci2,Ciz,- - -,Cj E - wherei is TrCH number
and E; the number of bits. The output bit sequenceis denoted bytiy, ti2, tj3,....tit. , where T; isthe number of bits. The
output bit sequence is derived as follows:

- tx=cykfork=1... E;and

- tw={0, 1} fork=E+ 1. T,ifE<T;
Where

- Ti=Rx N;and

- N =[g/r isthe number of bits per segment after size equalization.
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425 1% interleaving

In Compressed Mode by puncturing, bits marked with a fourth value on top of {0, 1, &} and noted p, areintroduced in
the radio frames to be compressed, in positions corresponding to the firgt bits of the radio frames. They will be removed
in alater stage of the multiplexing chain to create the actual gap. Additiona puncturing has been performed in therate-
matching step, over the TTI containing the compressed radio frame, to create room for these p-hits. The following
clause describes this feature.

4.2.5.1 Insertion of marked bits in the sequence to be input in first interleaver
In norma mode, compressed mode by higher layer scheduling, and compressed mode by spreading factor reduction:
Xik = Zix and Xi = Z;

In case of compressed mode by puncturing and fixed positions, sequence x; x which will be input to first interleaver for
TrCH i and TTI mwithin largest TTI, isbuilt from bits Z x, k= 1, ..., Z, plus Np; T:"™ bits marked p

,max

and X, = Z + Np/ " asisdescribed thereafter.

i,max °

Np, ™ is defined in the Rate Matching clause 4.2.7.

i,max

P1gi (X) defines the inter column permutation function for aTTI of length F; x 10ms, as defined in table 3in
clause 4.2.5.2. P15 (x) isthe Bit Reversal function of x on log, (F;) bits.

NOTE 1: C[x],x = 0to F— 1 thenumber of bits p which have to be inserted in each of the Fjsegments of the TTI,
where x is the column number before permutation, i.e. in each column of the first interleaver. C [P1 g (X)]
mMxF +x mxF +x

isequal to Np; ay
initidization step.

for x equal 0to F—1 for fixed positions. It isnoted Np; in the following

NOTE 2: chi [x], x = 0to F; — 1, the counter of the number of bits p inserted in each of the F; sesgments of the TTI,
i.e. in each column of the first interleaver x isthe column number before permutation.

col =0
whilecol < F, do -- here col isthe column number after column permutation
C [P (col)] = Np™Fi*e -- initialization of number of bits p to be inserted in each of the F; segments
of the TTI number m
chi [P1gi(cal)] =0 -- initialization of counter of
number of bits p inserted in each of the F; segments of the TTI
col =col +1
end do
n=0,m=0
whilen < X; do -- from here cal isthe column number before column permutation
col = nmod F;

if cbi [cal] < C[col] do
Xin=Pp -- insert one p hit

chi [col] = chi [cal] +1 -- update counter of number of bits p inserted
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else -- no more p bit to insert in this segment
Xin=2,m
m=m+1
end if
n=n+1
end do
4.25.2 1% interleaver operation

The 1% interleaving is ablock interleaver with inter-column permutations. Theinput bit sequence to the 1% interleaver is
denoted by X 1,% 2,% 3. X, x, » Wherei is TrCH number and X; the number of bits (at this stage X; is assumed and

guaranteed to be an integer multiple of TTI1). The output bit sequenceis derived as follows:

1
2)

3)

4)

5)

Select the number of columns C1 from table 3.
Determine the number of rows R1 defined as
R1=X/C1
Write the input bit sequence into the R1x C1 rectangular matrix row by row starting with bit X; ; in thefirst

column of thefirst row and ending with bit X; g.c;y in column C1 of row R1:

X1 X 2 X3 -+ Xc1
Xj (Cc1+1) Xj (C1+2) Xj (C1+3) -+ Xj (2xC1)

X (RI-DxC1+1) X (R1I-DxC1+2) Xi ((RI-)xC1+3) - --Xi (RIXCI)

Perform the inter-column permutation based on the pattern <P1c1(J )> shown in table 3, where

jif{o.1,....c1-1
Plc, (j) istheoriginal column position of thej - th permuted column. After permutation of the columns, the bits
are denoted by Vik:

Yiz VYi(Riy) VYi(2xR1+D) .- Yi((C1-D)xR1+1)
Yi2 VYi(rwi2) VYi(@2xR1+2) ---Yi(Cl-)xR1+2)

Yirt VYi(2RrR1)  Yi(3R1) -+ VYi(CIxRL)

Read the output bit sequence Vi1, Yiz, Yiz»-- - i (caxryy Of the 1% interleaving column by column from the
inter-column permuted R1 X C1 matrix. Bit Y, ; corresponds to thefirst row of thefirst column and bit

Yi (rixcyy corresponds torow R1 of column C1.

Table 3 Inter-column permutation patterns for 1st interleaving

TTI Number of columns C1 Inter-column permutation patterns
< P1cy(0), ..., P11 (C1-1) >
10 ms 1 <0>
20 ms 2 <01>
40 ms 4 <021,3>
80 ms 8 <0,4,26,1537 >
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4.25.3 Relation between input and output of 1% interleaving in uplink

The bitsinput to the 1% interleaving are denoted by t; 1,t; 2.t 3,....t; .7 » Wherei isthe TrCH number and T; the number
of bits. Hence, zx = tixand Z = T,.

The bits output from the 1% interleaving are denoted by d; 1,d; 5,d; 3,-..,di 7., and dik = Vik.

4254 Relation between input and output of 1% interleaving in downlink

If fixed positions of the TrCHs in aradio frame s used then the bitsinput to the 1% interleaving are denoted by
hi11hi21hi31"'1hi(FiHi) , wherei isthe TrCH number. Hence, Zk = hik and Z = D,.

If flexible positions of the TrCHs in aradio frame is used then the bitsinput to the 1% interleaving are denoted by
9i1,9i2,9i3--- Yig, » Wherei isthe TrCH number. Hence, Zx = gkand Z = G

The bits output from the 1% interleaving are denoted by Qi1 Gi2: 3o+ i, - wherei isthe TrCH number and Q isthe
number of bits. Hence, Gk = Yik, Qi = FiH; if fixed positionsare used, and Q, = G; if flexible positions are used.

4.2.6 Radio frame segmentation

When the transmission timeinterval islonger than 10 ms, the input bit sequence is segmented and mapped onto
consecutive F; radio frames. Following rate matching in the DL and radio frame size equdization in the UL theinput bit
sequence length is guaranteed to be an integer multiple of F;.

Theinput bit sequence is denoted by Xj1,Xi2,X3,---, Xix, whereiisthe TrCH number and X; isthe number bits. The
Fi output bit sequences per TTI are denoted by i n1, ¥in 2 Yin3:--- Yiny Wheren isthe radio framenumber in
current TT1 and Y; isthe number of bits per radio frame for TrCH i. The output sequences are defined as follows:

yi,nik = Xi,((r\—l)Ni)+k ,n=1...F, k=1..Y,
Where

Y = (X / F) isthe number of bits per segment.

The n;-th segment is mapped to the ni-th radio frame of the transmission time interval.

4.2.6.1 Relation between input and output of the radio frame segmentation block in
uplink

Theinput bit sequence to the radio frame segmentation is denoted by djq,d;>,d;3...., diTi , wherei isthe TrCH number
and T, the number of bits. Hence, Xk = dixand X; = T.

The output bit sequence corresponding to radio framen; isdenoted by €1,€2,€3,....en, , wherei isthe TrCH number
and N, isthe number of bits. Hence, & = Yj nx and N = Yi.
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4.2.6.2 Relation between input and output of the radio frame segmentation block in
downlink

The bitsinput to the radio frame segmentation are denoted by 01,02, 63, -, Gig, » Wherei isthe TrCH number and Q
the number of bits. Hence, Xk = Gk and X = Q.

The output bit sequence corresponding to radio framen; isdenoted by fiy, fi2, fis,..., fiy. , wherei isthe TrCH number
and Vi isthenumber of bits. Hence, fj x =yj nxandVi =Y.

4.2.7 Rate matching

Rate matching means that bits on a transport channel are repeated or punctured. Higher layers assign arate-matching
attribute for each transport channel. This attribute is semi-static and can only be changed through higher layer
signalling. Therate-matching attribute is used when the number of bits to be repeated or punctured is cal culated.

The number of bits on atrangport channel can vary between different transmission time intervals. In the downlink the
tranamission isinterrupted if the number of bitsislower than maximum. When the number of bits between different
transmission timeintervalsin uplink is changed, bits are repeated or punctured to ensure that the total bit rate after
TrCH multiplexing isidentical to the total channdl bit rate of the allocated dedicated physical channéls.

If no bitsare input to the rate matching for all TrCHs within a CCTrCH, the rate matching shall output no bits for all
TrCHs within the CCTrCH and no uplink DPDCH will be selected in the case of uplink rate matching.

Notation used in clause 4.2.7 and its subclauses:

Nij: For uplink: Number of bitsin aradio frame before rate matching on TrCH i with transport format
combination j .

For downlink: An intermediate cal culation variable (not an integer but amultiple of 1/8).

NI,F ' Number of bitsin atransmission timeinterval before rate matching on TrCH i with transport format |.
Used in downlink only.

AN. .. For uplink: If positive-number of bits that should be repeated in each radio frame on TrCH i with
trangport format combination j.

If negative-number of bits that should be punctured in each radio frame on TrCH i with transport format
combination j.

For downlink : An intermediate cal culation variable (not an integer but amultiple of 1/8).

AN, :  If positive-number of bits to be repested in each transmission timeinterval on TrCH i with trangport
format I.

If negative-number of bits to be punctured in each transmission timeinterval on TrCH i with transport
format I.

Used in downlink only.

NpiTIrI M m= 0to (Fmx/ Fi) - 1 :Positive or null: number of bits to be removed in TTI number mwithin the largest

TTI, to creste the required gapsin the compressed radio frames of thisTT]I, in case of compressed mode
by puncturing, for TrCH i with transport format . In case of fixed positions and compressed mode by

puncturing, this valueis noted NpTrI "M sinceit is calculated for al TrCH with their maximum number of

i,max

hits; thusit isthe samefor all TFCs

Used in downlink only.
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Npir,]l :

N = 01to Fnyy - 1:Positive or null: number of bits, in radio frame number n within thelargest TTI,

corresponding to the gap for compressed modein thisradio frame, for TrCH i with transport format |. The
value will be null for the radio frames not overlapping with a transmission gap. In case of fixed positions

and compressed mode by puncturing, this value isnoted Npirfmax sinceit iscalculated for al TrCHs with
their maximum number of bits; thusit isthe same for all TFCs.

Used in downlink only.

NroL[K]: k = 0to Frex- 1: Positive or null: number of bitsin each radio frame corresponding to the gap for

RM;:

PL:

Naata,j:

n;:

P1e(ni):

gnl:

compressed mode for the CCTrCH.

Semi-static rate matching attribute for transport channd i. RM; is provided by higher layers or takesa
value asindicated in clause 4.2.13.

Puncturing limit for uplink. This value limits the amount of puncturing that can be applied in order to
avoid multicode or to enable the use of a higher spreading factor. Signalled from higher layers.

Total number of bits that are available for the CCTrCH in aradio frame with transport format
combination j.

Number of TrCHsin the CCTrCH.

Intermediate calculation variable.

Number of radio framesin the transmission time interval of TrCH i.

Maximum number of radio framesin atransmission timeinterval used in the CCTrCH :

Frax = maxF;
I<i<l

Radio frame number in the transmission timeinterval of TrCHi (0 =n < F).

Average puncturing or repetition distance (normalized to only show the remaining rate matching on top of
an integer number of repetitions). Used in uplink only.

The column permutation function of the 1% interleaver, P1¢ () isthe original position of column with
number x after permutation. P1 isdefined on table 3 of clause 4.2.5.2 (note that the P1¢ is self-inverse).
Used for rate matching in uplink only.

The shift of the puncturing or repetition pattern for radio frame n, when n = Plr (ni ) Used in uplink

only.

TFi ()):
TFES(i):
TFCS
Eini:
Solus
Eminus:

Transport format of TrCH i for the transport format combination j.

The set of transport format indexes | for TrCH i.

The set of transport format combination indexes j.

Initial value of variable e in therate matching pattern determination agorithm of clause 4.2.7.5.
Increment of variable e in the rate matching pattern determination algorithm of clause 4.2.7.5.
Decrement of variable ein the rate matching pattern determination algorithm of clause 4.2.7.5.
Indicates systematic and parity bits

b = 1: Systematic hit. x, in clause 4.2.3.2.1.

b = 2: 1% parity bit (from the upper Turbo constituent encoder). z in clause 4.2.3.2.1.

b = 3: 2™ parity bit (from the lower Turbo constituent encoder). Zy in clause 4.2.3.2.1.
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The* (star) notation is used to replace an index x when the indexed variable X, does not depend on theindex x. In the
left wing of an assignment the meaning isthat "X = Y" is equivalent to "for all xdo X, =Y". In theright wing of an
assignment, themeaning isthat "Y = X« " isequivalent to "takeany xand do Y = X,".

The following relations, defined for dl TFC j, are used when calculating the rate matching parameters:

ZO,j =0
i
[[Z RM mx Nm,j]x Ndata,j] )
—| \\m=L forali=1...1 (@)
Zi,j B I
> RM . *N,,
m=1
ANi,j:Zi,j_Zi—l,j_Ni,j fordli=1...1 (2)
42.7.1 Determination of rate matching parameters in uplink
42711 Determination of SF and number of PhCHs needed

In uplink, puncturing can be applied to match the CCTrCH bit rate to the PhCH bit rate. The bit rate of the PhCH(s) is
limited by the UE capability and restrictions imposed by USRAN, through limitations on the PhCH spreading factor.
The maximum amount of puncturing that can be applied is signalled from higher layers and denoted by PL. The number
of available bitsin the radio frames of one PhCH for al possible spreading factorsis given in [1]. Denote these values
by Nase, N12g, Nes, N3, Nig, Ng, and Ny, where the index refers to the spreading factor. The possible number of bits
available to the CCTrCH on dl PhCHS, Naatas then are{ Nase, N12g, Nsa, Nao, Nig, Nsg, N4Y 2XNy4, 3XNy, 4XN4, 5XN,, 6XN4}.

For aRACH CCTrCH SETO represents the set of Nyqt, Values allowed by the USRAN, as set by the minimum SF
provided by higher layers. SETO may be a sub-set of { Nass, Ni2s, Naa, N3o}. SETO does not take into account the UE's
capability.

For other CCTrCHSs, SETO denotes the set of Nyata Values allowed by the USRAN and supported by the UE, as part of
the UE’s Capablllty SETO can be a subset of {N255, N12s, Nsa, N2, Nig, Ng, N4Y 2XNy, 3XNg4, 4%XNy4, 5%XNg, 6XN4} . Ndata,j for
the transport format combination j is determined by executing the following algorithm:

|
min {RM y}j X Ndata - Z RM y x Nx,j isnon negative}

SET1 = {Ngata in SETO such that (Js y<l L

If SET1isnot empty and the smallest element of SET1 requires just one PhCH then:
Ndala,j =min SET1
ese

|
min {RM y}j>< Ngata = PL XZ RMy XNy j isnon negative}

SET2 = {Ngata in SETO such that (Js y<i L

Sort SET2 in ascending order

Ngata = Min SET2

While Ny 1S not the max of SET2 and the follower of Ngaq requires no additional PhCH do
Ngata = follower of Ngaa in SET2

End while

Naataj = Naata
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End if
For aRACH CCTrCH, if Nyaaj iSnot part of the UE’s capability then the TFC j cannot be used.

4.2.7.1.2 Determination of parameters needed for calculating the rate-matching pattern
The number of bits to be repeated or punctured, AN, ;, within oneradio frame for each TrCH i is calcul ated with

equation 1 for &l possible transport format combinations j and selected every radio frame. Nyxaj 1S given from
clause 4.2.7.1.1.

In compressed mode N, . isreplaced by N§ot, i inequation 1. Ngoi, i isgiven asfollows:
data, j data, j data, j

In compressed mode by higher layer scheduling, N, j is obtained by executing the algorithm in clause 4.2.7.1.1 but

with the number of bitsin oneradio frame of one PhCH reduced to T—g of the valuein norma mode.

N isthe number of tranamitted dots in a compressed radio frame and is defined by the following relation:
15-TGL , if Nj¢ + TGL <15

N firgt in first frameif Ng, + TGL > 15

tr

30—-TGL — Ny » in second frameif Ng¢ + TGL > 15

Nii ¢« and TGL are defined in clause 4.4.

B Ntr

. . 1
In compressed mode by spreading factor reduction, Ngata, j = 2% (N data, | ~ NTGL), where Nyg = S G

xN data, j

If AN;; = 0 then the output data of the rate matching is the same as the input data and the rate matching algorithm of
clause 4.2.7.5 does not need to be executed.

If AN;; # 0 the parameterslisted in clauses 4.2.7.1.2.1 and 4.2.7.1.2.2 shall be used for determining &, yius, N Erinus
(regardlessif theradio frameis compressed or not).

427121 Uncoded and convolutionally encoded TrCHs
R=AN;; mod N;;--note: in this context AN;; mod N;; isin therange of O to Njj-1i.e. -1 mod 10 = 9.
ifRZ0and2xR< N

thenq=[ N/ R
ese

q=IN;/ (RN |
end if
-- NOTE: gisasigned quantity.
if giseven

thenq =q+ged (d, F)/F - whereged (| ol , Fi) means greatest common divisor of | g and F;

-- note that g’ isnot an integer, but amultiple of 1/8

dse

g=q
endif
forx=0to F-1
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S|l LxxqJl mod F] = (| Lxxql| divF)
end for
AN, = AN,
a=2
For each radio frame, the rate-matching pattern is calculated with the algorithm in clause 4.2.7.5, where :
Xi =Nj., and
&n = (@<SP1e(M)]xJAN; | + 1) mod (alV;).
€pius = aXN;
Eminus = aX|AN|

puncturing for AN < 0, repetition otherwise.

427122 Turbo encoded TrCHs
If repetition isto be performed on turbo encoded TrCHs, i.e. AN;; >0, the parametersin clause 4.2.7.1.2.1 are used.

If puncturing isto be performed, the parameters below shall be used. Index b isused to indicate systematic (b = 1),
1% parity (b = 2), and 2™ parity bit (b = 3).

a=2whenb=2
a=1lwhenb=3

‘(AN” /2*, b=2

ANI,]/Z , b=3

o

If AN; iscalculated asOfor b =2 or b = 3, then the following procedure and the rate matching algorithm of
clause 4.2.7.5 don't need to be performed for the corresponding parity bit stream.

Xi=LNi; /3]
q=Lxi/|aNj| |
if (q<2)
foorr=0toF-1
S[(3%r + b-1) mod F] =r mod 2;
end for
ese
if giseven

theng =q—gcd (q, F)/F -- whereged ( g, Fi) means greatest common divisor of g and F;
-- note that g’ isnot an integer, but amultiple of 1/8

dse q=q
end if
forx=0toF -1
r=[xxq | mod F;;
S[(3xr + b-1) mod F] ='xxq | div F;
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end for
end if
For each radio frame, the rate-matching pattern is calculated with the algorithm in clause 4.2.7.5, where:
X; isas above:
en = (axS[P1 5 (n)] xJAN;| + X;) mod (axX;), if @, =0 then g, = axX;
€ius = AXX;
Eminus = @ |AN; |

4.2.7.2 Determination of rate matching parameters in downlink

For downlink Ny does not depend on the transport format combination j. Nyaax iS given by the channelization code(s)
assigned by higher layers. Denote the number of physical channels used for the CCTrCH by P. Nyata» 1S the number of
bits available to the CCTrCH in oneradio frame and defined as Nyatax = PX15% (Ngata1 + Nataz), Where Naatar and Naataz
are defined in [1]. Note that contrary to the uplink, the same rate matching patterns are used in normal and compressed
mode by spreading factor reduction or higher layer scheduling.

In the following, the total amount of puncturing or repetition for the TTI is cal culated.

Additional calculations for compressed mode by puncturing in case of fixed positions are performed to determine this
total amount of rate matching needed.

For compressed mode by puncturing, in TT1s where some compressed radio frames occur, the puncturing isincreased
or therepetition is decreased compared to what is cal culated according to the rate matching parameters provided by
higher layers. Thisallowsto create room for later insertion of marked bits, noted p-bits, which will identify the
positions of the gaps in the compressed radio frames.

The amount of additiona puncturing corresponds to the number of bitsto create thegap inthe TTI for TrCH i. In case
of fixed positions, it is calculated in addition to the amount of rate matching indicated by higher layers. It isnoted

NP/ -
In fixed positions case, to obtain the total rate matching AN[' ™™ to be performed on the TTI m, Np/ ™ is

subtracted from AN maxm (calculated based on higher layers RM parameters as for normal rate matching). This alows

to createroom for the Npméxm bits p to beinserted later. If theresult isnull, i.e. the amount of repetition matches

exactly the amount of additiona puncturing needed, then no rate matching is necessary.

In case of compressed mode by puncturing and fixed positions, for some calculations, N'gaa+ iS used for radio frames
with gap instead of Ngaea + , Where N;iata,* =Px15x (Naatal + Naataz) . N ('jatal and N;,ataz are the number of bitsin
the data fields of the dot format used for the current compressed mode, i.e. dot format A or B asdefined in [1]
corresponding to the Spreading Factor and the number of transmitted dotsin use.

The number of bits corresponding to the gap for TrCH i, in each radio frame of its TTI is cal culated using the number of
bits to remove on all Physical Channds Nrg_[K], where k is the radio frame number in the largest TTI.

For each radio framek of the largest TTI that is overlapping with a transmission gap, Nt [K] is given by therelation:

[ TGL
15

x N£1ata,* ,if Nirg + TGL <15

15- Ny

_ X N;,ata* , in first radio frame of the gap if Ng;¢ + TGL > 15
NrgL = < 15 '

TGL - (15— Nirg)

G x N;,ata,* , in second radio frame of the gap if Ny, + TGL > 15
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Nii ¢ and TGL are defined in clause 4.4.

Note that N g [K] = 0if radio frame k isnot overlapping with atransmission gap.
42.7.2.1 Determination of rate matching parameters for fixed positions of TrCHs

42.7.21.1 Calculation of AN max for normal mode and compressed mode by higher layer
scheduling and spreading factor reduction

Firgt an intermediate calculation variable N; « is calculated for all transport channesi by the following formula

In order to computethe AN, parametersfor all TrCH i and dl TF 1, we first compute an intermediate parameter

AN e by the following formula, where AN; « is derived from N, . by the formulagiven at clause 4.2.7:
ANi,max = Fi XANi,*

If AN, ., =0 then, for TrCH i, the output data of the rate matching is the same as theinput data and the rate
matching algorithm of clause 4.2.7.5 does not need to be executed. In this case we have :

01 oTFS(i) aN! =0

If AN; max # O the parameterslisted in clauses 4.2.7.2.1.3 and 4.2.7.2.1.4 shall be used for determining €, €yus, and
Eminus and AN

4.2.7.21.2 Calculations for compressed mode by puncturing

Calculations of ANJTT™ for all TTI mwithin largest TTI, for all TrCH i

I,max

Firgt an intermediate calculation variable N; « is calculated for all transport channesi by the following formula

Then an intermediate calculation variable AN{} isderived from N; « by the formula given at clause 4.2.7, for all TrCH

i and all framesninthelargest TTI, from the formula given at clause 4.2.7 using Ngaa », When index n designates aradio
frame of the largest TTI that is not overlapping with atransmission gap, and using N'gata» iNstead of Ngatax , When index
n designate a framethat is overlapping with a transmission gap.

In order to compute the ANF' ‘M parametersfor all TrCH i, al TF 1 and al TTI with number min the largest TTI, we

first compute an intermediate parameter ANiTmax by thefollowing formula.:

n=(m+1)xF, -1
ANoa = D ONf

n=mxF;

TT,m
1,max

Calculations of Np" e and Np

Let Np{jmax be the number of bitsto eliminate on TrCH i to create the gap for compressed mode, in each radio frame k

of the TTI, calculated for the Transport Format Combination of TrCH i, in which the number of bitsof TrCH i isat its
maxi mum.
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Np{fmax is calculated for each radio framek of the TTI in the following way.
Intermediate variables Z for i = 1 to | are calculated using the formula (1) in 4.2.7, by replacing Nyataj by Nre [ N].

Then Np ey = (Z—Z.) fori=1tol

The total number of bits Np-TrI ™ corresponding to the gaps for compressed mode for TrCH i inthe TT1 is calculated

1, max
as:
=(m+1)xF; -1
TTI,m _
ND; max = Z Np, max ~
=mx F

The amount of rate matching AN mafm ™ for the highest TrCH bit rate is then computed by the following formula:

AN Ianﬁlafm "= ANir,nmax ) Npméxm
If AN ™™ =0, then, for TrCH i, the output data of the rate matching is the same as the input data and therate

matching algorithm of clause 4.2.7.5 does not need to be executed.

If AN TLCM™M £ 0 - then, for TrCH i, the rate matching algorithm of clause 4.2.7.5 needs to be executed, and the

I, max

parameters|listed in clauses 4.2.7.2.1.3 and 4.2.7.2.1.4 shall be used for determining €, €yue, nd €ninus, and AN

4.2.7.2.1.3 Determination of rate matching parameters for uncoded and convolutionally encoded
TrCHs
ANi = ANi,max
For compressed mode by puncturing, AN, is defined as; AN; = ANmafm M instead of the previous relation.
a=2
Niax = max Nﬂ_r !
IoTFs(i)

For each transmission timeinterval of TrCH i with TF |, the rate-matching pattern is cal culated with the algorithm in
clause 4.2.7.5. The following parameters are used as input:

X; =N

€ =1

€ous = AX N
Einus = AX|AN;|

minus

Puncturing if AN; <0, repetition otherwise. The values of ANR]r ! may be computed by counting repetitions or

puncturing when the algorithm of clause 4.2.7.5 isrun. The resulting values of ANI,r ' canbe represented with
following expression.

Nmax

s
AN = | = [ xsgn(aN;)
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For compressed mode by puncturing, the above formula produces ANIr 1M instead of ANﬂ]r "

427214 Determination of rate matching parameters for Turbo encoded TrCHs

If repetition isto be performed on turbo encoded TrCHSs, i.e. AN; 1y >0, the parametersin clause 4.2.7.2.1.3 are used.

If puncturing isto be performed, the parameters below shall be used. Index b isused to indicate systematic (b = 1),
1% parity (b = 2), and 2" parity bit (b = 3).

a=2whenb=2
a=1lwhenb=3

The bitsindicated by b = 1 shall not be punctured.
AP = {}AANLM/Z*, forb=2

AN; max /2], forb=3
In Compressed Mode by puncturingthe following relations are used instead of the previous ones:

ANP = \_ANT“’Cm’m/zj forb=2

I, max

ANP; = ’-AN-T”’Cm’m/Z-‘ forb=3

I, max

N = max (N1" /3
max IDTFS(i)( 73

For each transmission timeinterval of TrCH i with TF |, the rate-matching pattern is cal culated with the algorithm in
clause 4.2.7.5. The following parameters are used as input:

X; =N /3
€ni = Nmax
€plus = 8% Ny

— b
€minus = ax‘ANi ‘

The values of ANI'r ! may be computed by counting puncturing when the algorithm of clause 4.2.7.5isrun. The

resulting val ues of ANIlr ' can be represented with following expression.

‘ANiZ x X,

X X, ‘ ANZ
+05|-

max Nmax

AN =

In the above equation, the first term of the right hand side represents the amount of puncturing for b = 2 and the second
term represents the amount of puncturing for b= 3.

For compressed mode by puncturing, the above formula produces ANJ,I_r LM instead of ANﬂIr .
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42722 Determination of rate matching parameters for flexible positions of TrCHs

42.7.2.2.1 Calculations for normal mode, compressed mode by higher layer scheduling, and
compressed mode by spreading factor reduction

Firg an intermediate calculation variable Nij is calculated for all transport channdsi and all transport format
combinationsj by the following formula:

_ 1 m
Ni,j ‘EIDNi,TFi(j)

Then rate matching ratios RF; are calculated for each the transport channd i in order to minimize the number of
DTX bits when the bit rate of the CCTrCH is maximum. The RF; ratios are defined by the following formula

Ndata,*
i=l
jaOTFCS — '

RFi = RM i

The computation of AN?]r ! parametersisthen performed in two phases. In afirst phase, tentative temporary val ues of

AN are computed, and in the second phase they are checked and corrected. Thefirst phase, by use of the RF; ratios,

ensures that the number of DTX indication bitsinserted is minimum when the CCTrCH hit rate is maximum, but it does
not ensure that the maximum CCTrCH bit rateis not greater than Ngyaa». per 10ms. The latter condition is ensured
through the checking and possible corrections carried out in the second phase.

At the end of the second phase, the latest value of AN isthe definitive value.

The firgt phase defines the tentative temporary ANﬂ]r ' for all transport channd i and any of its trangport format | by use

of thefollowing formula

™ ™
™ RFiEI\Ii ™ N a*ERMi[Ni ™
ANi,I :Fi% F'D : W_Nil :Fi = | ! _Ni‘|
| Fom X RM N,
The second phase is defined by the following a gorithm:
foral j in TFCSin ascending order of TFCI do --for al TFC
i=l NTTL AN
D= TR (1) LR () . CCTrCH bit rate (bits per 10ms) for TFC
i=1 R
if D>N data* then
fori=1tol do -- for all TrCH
AN =F, [DN; | -- AN, ; isderived from N; ; by theformulagiven at clause 4.2.7.
; T
if ANi,TF,(j) > AN then
m
ANi,TFi(J') =4N
end-if
end-for
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end-if
end-for

If AN ,T,r ' =0 then, for TrCH i at TF |, the output data of the rate matching is the same as the input data and the rate
matching algorithm of clause 4.2.7.5 does not need to be executed.

If AN/ #0 the parameters listed in dlauses 4.2.7.2.2.2 and 4.2.7.2.2.3 shall be used for determining &, €yus and
em'nus-

42.7.22.2 Determination of rate matching parameters for uncoded and convolutionally encoded
TrCHs

AN; =AN]T
a=2

For each transmission timeinterval of TrCH i with TF |, the rate-matching pattern is cal culated with the algorithm in
clause 4.2.7.5. The following parameters are used as input:

X; =N

€ni =1

€plus :aDNiTn
€minus :anNi|

puncturing for AN; <0, repetition otherwise.

4.2.7.2.2.3 Determination of rate matching parameters for Turbo encoded TrCHs
If repetition isto be performed on turbo encoded TrCHSs, i.e. AN ™' >0, the parametersin clause 4.2.7.2.2.2 are used.

If puncturing isto be performed, the parameters below shall be used. Index b isused to indicate systematic (b = 1),
1% parity (b = 2), and 2™ parity bit (b = 3).

a=2whenb=2
a=1lwhenb=3

The bitsindicated by b = 1 shall not be punctured.

_|laNg™ /2] b=2
AN; = "
ANJT /2|, b=3
For each transmission timeinterval of TrCH i with TF |, the rate-matching pattern is cal culated with the algorithm in
clause 4.2.7.5. The following parameters are used as input:

X; =N /3
€ni = X

plus = alX;

€minus = al:IANi|
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4.2.7.3 Bit separation and collection in uplink

The systematic bits of turbo encoded TrCHs shall not be punctured, however, systematic bits for trellis termination may
be punctured. The systematic bits, first parity bits, and second parity bits in the bit sequence input to the rate matching
block are therefore separated into three sequences, one sequence containing all of the systematic bits and some
systematic, first and second parity trellis termination bits; the second sequence containing all of thefirst parity bits and
some systematic, first and second parity trellis termination bits and the third sequence containing al of the second parity
bits and some systematic, first and second parity trellis termination bits. Puncturing is only applied to second and third
sequences.

The bit separation function is trangparent for uncoded TrCHs, convolutionally encoded TrCHSs, and for turbo encoded
TrCHs with repetition. The bit separation and hit collection areillustrated in figures 5 and 6.

Rate matching
E Xaik Yaik E
Radio frame | 1 |Bit separation Bit | TrCH
segmentation | S Xzih Rete matching yzih collection | fix | Multiplexing
| algorithm ,
| X. _ :
i %] Rate matching _>y3'k |
! algorithm i
......... >
Figure 5: Puncturing of turbo encoded TrCHs in uplink
Rate matching
Radio frame| 1 [Bit separation Bit ! TrCH
segmentation (g ! X1ik | Viik. | collection [fik | |Multiplexing
! Rate matching :
i algorithm :

____________________________________________________

Figure 6: Rate matching for uncoded TrCHs, convolutionally encoded TrCHs,
and for turbo encoded TrCHs with repetition in uplink
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The bit separation is dependent on the 1% interleaving and offsets are used to define the separation for different TTls.
The sequence denoted as b = 1 contains dl of the systematic bits and some systematic, first and second parity trellis
termination bits; the sequence denoted asb = 2 contains al of the first parity bits and some systematic, first and second
parity trellis termination bits; the sequence denoted asb = 3 contains all of the second parity bits and some systematic,
first and second parity trellis termination bits. The offsets ay, for these sequences arelisted in table 4.

Table 4: TTI dependent offset needed for bit separation

TTI (ms) m az as
10, 40 0 1 2
20, 80 0 2 1

The bit separation is different for different radio framesin the TTI. A second offset is therefore needed. Theradio frame
number for TrCH i is denoted by ni. and the offset by /3, .

Table 5: Radio frame dependent offset needed for bit separation

TTI (ms) B B B B B 3 B B
10 0 NA NA NA NA NA NA NA
20 0 1 NA NA NA NA NA NA
40 0 1 2 0 NA NA NA NA
80 0 1 2 0 1 2 0 1
4.2.7.3.1 Bit separation

The bitsinput to the rate matching are denoted byql,qz,qg,...,qu , wherei isthe TrCH number and N; is the number

of bits input to the rate-matching block. Note that the transport format combination number j for smplicity has been |eft
out in the bit numbering, i.e. N; = N;;. The bits after separation are denoted by X1, Xpi2, Xpiz:- - - Xpix, - For turbo
encoded TrCHs with puncturing, b indicates the three sequences defined in clause 4.2.7.3 .The sequence denoted asb =
1 contains all of the systematic bits and some systematic, first and second parity trellis termination bits; the sequence
denoted as b = 2 contains all of thefirst parity bits and some systematic, first and second parity trellis termination bits;
the sequence denoted as b = 3 contains all of the second parity bits and some systematic, first and second parity trellis
termination bits. For all other cases b isdefined to be 1. X; isthe number of bitsin each separated bit sequence. The

relation between € and Xpik is given below.

For turbo encoded TrCHs with puncturing:

ik = € ak-D1+(a+fy)mods  K=L12,3 ., % X =LNi/3]

XLi| N, /3 = & 3N, /3}+k k=1,...,Nymod 3 NOTE: When (N; mod 3) = O thisrow is not needed.
X2k = 8 3(k-1)+1+(a,+4, )mod3 k=123 ..,X% X =N /3]

Xsik = & akyrir(astp, ymoas K=L2,3, 0% X =[N /3]

For uncoded TrCHSs, convolutionally encoded TrCHs, and turbo encoded TrCHs with repetition:

Xik=6x k=123 ..% X = N;
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42.7.3.2 Bit collection

The bits Xpik are input to the rate-matching algorithm described in clause 4.2.7.5. The bits output from the rate-matching
algorithm are denoted Yoi1: Ybi2: Ybizse-«s ybiYi .

Bit collection istheinverse function of the separation. The bits after collection are denoted by 71, 2, Zyi3,- - -+ Zpiy; -
After bit collection, the bitsindicated as punctured are removed and the bits are then denoted by fjy, fi2, fiz,..., fiv.
wherei isthe TrCH number and V; = N;; + 4AN;;. The relations between Yiik, Zsik, and fik are given below.

For turbo encoded TrCHs with puncturing (Y; = X):

Z 3(k-1)+1+(ay+ /5, ) mod3 = Y1ik k=123 ...,
Z 3 N3k = Yai| N 73)+k k=1,...,Nymod 3 NOTE: When (N; mod 3) = 0 thisrow is not needed.
Z sk ri+(ay+ i ymod3 — Yaik  K=L2,3,.Y
Z sk +1(ay+ By )mods — Yaik  K=L2,3.Y

After the bit collection, bits Z k with value & where {0, 1}, are removed from the bit sequence. Bit f; 1 corresponds

to the bit Z x with smallest index k after puncturing, bit f; 2 corresponds to the bit Z  with second smallest index k after
puncturing, and so on.

For uncoded TrCHSs, convolutionally encoded TrCHSs, and turbo encoded TrCHs with repetition:
Zk = Yiik k=123 ....Y,

When repetition isused, fi k= Z kand Y; = V.

When puncturing is used, Y; = X; and bits Z x with value &, where 0/7{0, 1}, areremoved from the bit sequence. Bit f; 1

corresponds to the bit Z x with smallest index k after puncturing, bit f; 2 corresponds to the bit z x with second smallest
index k after puncturing, and so on.

4.2.7.4 Bit separation and collection in downlink

The systematic bits of turbo encoded TrCHs shall not be punctured, however, systematic bits for trellis termination may
be punctured. The systematic bits, first parity bits and second parity bits in the bit sequence input to the rate matching
block are therefore separated into three sequences, one sequence containing all of the systematic bits and some
systematic, first and second parity trellis termination bits; the second sequence containing all of thefirst parity bits and
some systematic, first and second parity trellis termination bits and the third sequence containing al of the second parity
bits and some systematic, first and second parity trellis termination bits. Puncturing is only applied to the second and
third sequences.

The bit separation function is transparent for uncoded TrCHs, convolutionally encoded TrCHs, and for turbo encoded
TrCHs with repetition. The bit separation and hit collection areillustrated in figures 7 and 8.
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Rate matching
i Xaik yn-‘ :
Channel 1 |Bit separation Bit | [1% insertion of
coding Cilq Xy Rate matchin Yaix | collection | Gix DTX
— _.P — algorithm B _l.} indication [ %
| ﬁ‘ Rate matching ﬁ‘ |
i agorithm i
Figure 7: Puncturing of turbo encoded TrCHs in downlink
Rate matching
Channel i Bit separation Bit ' 1% ingertion of
coding [Cik: Xiik Viik_ | collection ik DTX
: Rate matching : indication
i algorithm :
Figure 8: Rate matching for uncoded TrCHSs, convolutionally encoded TrCHSs,
and for turbo encoded TrCHs with repetition in downlink
42741 Bit separation

The bitsinput to the rate matching are denoted by ¢j1,Gi,Ci3;,- - -, Cj E - wherei isthe TrCH number and E; is the number
of bitsinput to the rate matching block. Note that E; isamultiple of 3 for turbo encoded TrCHs and that the transport
format | for simplicity has been left out in the bit numbering, i.e. E = Ni| "' . The hits after separation are denoted

BY Xpi1: Xpi 2+ Xpi3:- -+ Xpix, - FOr turbo encoded TrCHs with puncturing, b indicates the three sequences defined in clause
4.2.7.4. For al other cases b isdefined to be 1. X isthe number of bitsin each separated bit sequence. Therdation
between Cix and Xpik is given below.

For turbo encoded TrCHs with puncturing:

X1ik = Ci3(k-1)+1 k=123 ..., % Xi=E/3
X2k = Ci 3(k-1)+2 k=123 ..., X X =E/3
X3ik = Ci3(k-1)+3 k=123 ..., X% Xi=E/3

For uncoded TrCHSs, convolutionally encoded TrCHSs, and turbo encoded TrCHs with repetition:

Xk =Gk k=123 ..., % X = E
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427.4.2 Bit collection

The bits Xpik are input to the rate-matching algorithm described in clause 4.2.7.5. The bits output from the rate-matching
algorithm are denoted Yoi1: Ybi2: Ybizse-«s ybiYi .

Bit collection istheinverse function of the separation. The bits after collection are denoted by 71, 2, Zyi3,- - -+ Zpiy; -
After bit collection, the bitsindicated as punctured are removed and the bits are then denoted by gi1, iz, 9i3.- -+, 9ig, »

wherei isthe TrCH number and Gi= NiI"' + ANJ™ . Therelations between Yhik, Zik, and Gik are given below.

For turbo encoded TrCHs with puncturing (Y; = X):

Z 3(k-1)+1 = Y1k k=123 .Y
Z 3(k-1)+2 = Y2,ik k=123 ...Y
Z 3k-1+3 = Y3ik k=123 ...

After the bit collection, bits z x with value &, where 0/7{0, 1}, areremoved from the bit sequence. Bit gj 1 corresponds

to the bit Z i with smallest index k after puncturing, bit g > corresponds to the bit Z x with second smallest index k after
puncturing, and so on.

For uncoded TrCHSs, convolutionally encoded TrCHSs, and turbo encoded TrCHs with repetition:
Zk = Yiik k=123 ....Y,

When repetitionisused, ik = Zxand Y; = G.

When puncturing isused, Y; = X; and bits Z x with value o, where 77{0, 1}, areremoved from the bit sequence. Bit g; 1
corresponds to the bit 7z x with smallest index k after puncturing, bit g 2 correspondsto the bit z k with second smallest

index k after puncturing, and so on.
4.2.7.5 Rate matching pattern determination

Denote the bits before rate matching by:

X1, %2, %3,- -+, Xix, » Wherei isthe TrCH number and the sequence is defined in clause 4.2.7.3 for uplink or in

clause 4.2.7.4 for downlink. Parameters X, €yi, €us, and &minus are given in clause 4.2.7.1 for uplink or in clause 4.2.7.2
for downlink.

Therate-matching rule isasfollows:
if puncturing is to be performed
e=en -- initial error between current and desired puncturing ratio
m=1 -- index of current bit
dowhilem<=X;
e=e—Ennus -- update error
if e<=0then -- check if bit number m should be punctured
st bit X m to Owhere /{0, 1}
e=e+eys --updateeror
end if

m=m+1 -- next bit
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end do

ese
e=en -- initial error between current and desired puncturing ratio
m=1 -- index of current bit

dowhilem<=X;
€= e—Eemnus -- update error
dowhilee<=0 -- check if bit number m should be repeated
repeat bit X m
e=e+ ey --updateerror
end do
m=m+1 -- next bit
end do
end if

A repesated bit is placed directly after the original one.

4.2.8 TrCH multiplexing

Every 10 ms, one radio frame from each TrCH isdelivered to the TrCH multiplexing. These radio frames are serialy
multiplexed into a coded composite transport channel (CCTrCH).

The bitsinput to the TrCH multiplexing are denoted by fiy, fio, fiz,--., fiVi , wherei isthe TrCH number and V; isthe
number of bitsin theradio frame of TrCH i. The number of TrCHsis denoted by |I. The bits output from TrCH
multiplexing are denoted by s;,S,,S3,...,Sg , Where Sisthe number of bits, i.e. S= Z\/i . The TrCH multiplexing is

defined by the following relations:
Sk = flk k=12 ...\,

Sk = f2,(k_\/l) k=Vi+ 1, Vi+2 ... Vi + Vs,

Sk = f3’(k_(vl+\/2)) k=(Vi+Vo)+ 1, (Vi+Vo)+ 2, .., (Vi+ Vo) + Vs

S( = fl,(k—(Vl+V2+...+V|_1)) k= (V1+ V2+ Lt V|_1) + 1, (Vl+ V2+ .t V|_l) + 2, vey (Vl+ V2+ R V|_l) + V|

4.2.9 Insertion of discontinuous transmission (DTX) indication bits

In the downlink, DTX is used to fill up the radio frame with bits. The insertion point of DTX indication bits depends on
whether fixed or flexible positions of the TrCHs in the radio frame are used. It is up to the USRAN to decide for each
CCTrCH whether fixed or flexible positions are used during the connection. DTX indication bits only indicate when the
transmission should be turned off, they are not transmitted.
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4.29.1 1%t insertion of DTX indication bits

Thisstep of inserting DTX indication bitsisused only if the positions of the TrCHsin theradio frame are fixed. With
fixed position scheme afixed number of bitsisreserved for each TrCH in theradio frame.

The bits from rate matching are denoted by gj1, gi2, 9i3,---, Jig, » Where G isthe number of bitsin one TTI of TrCH i.

Denote the number of bitsin oneradio frame of TrCH i by H;. Denote D; the number of bits output of the first DTX
insertion block.

In normal or compressed mode by spreading factor reduction, H; is constant and corresponds to the maximum number
of bitsfrom TrCH i in oneradio frame for any transport format of TrCH i. and D; = F; x H;.

In compressed mode by puncturing, additional puncturing is performed in the rate-matching block. The empty positions
resulting from the additional puncturing are used to insert p-bitsin the first interleaving block, the DTX insertion is
therefore limited to allow for later insertion of p-bits. Thus DTX bits areinserted until the total number of bitsis Di
where D= F X Hi+ -Np ™™™}, and Hi = Ni» + AN ».

The bits output from the DTX insertion are denoted by h 1, hip, his, ..., hipi Note that these bits are three valued. They
are defined by the following relations:

he =0k k=123, ....G
hy=0 k=G+1,G+2G+3..,D

where DTX indication bits are denoted by 4 Here gix 0 {0, 1} and o0 {0, 1}.

4292 2" insertion of DTX indication bits

The DTX indication bitsinserted in this step shall be placed at the end of the radio frame. Note that the DTX will be
distributed over all slots after 2™ interleaving.

The bitsinput to the DTX insertion block are denoted by s;,s;,S3....,Sg ,where Sis the number of bits from TrCH

multiplexing. The number of PhCHs is denoted by P and the number of bitsin oneradio frame, including DTX
indication hits, for each PhCH by R..

N data,*

In normal mode R = =15%(Ngata + Nataz ) » Where Nzan and Nz are defined in [1].

For compressed mode, N'gga - iS defined & Ny = P*15% (Ngatar + Ngata2) - Nejatar @d Nyarao are thenumber of
bitsin the data fields of the slot format used for the current compressed mode, i.e. ot format A or B asdefined in [1]
corresponding to the Spreading Factor and the number of transmitted dotsin use.

In case of compressed mode by puncturing and fixed positions, DTX shall be inserted until N'gx,+, bits, Since the exact
room for the gap is aready reserved thanksto the earlier insertion of the p-bits. Therefore R is defined as

R= Ngas / P.

In compressed mode by higher layer scheduling, additional DTX with respect to normal mode shall be inserted if the
transmission time reduction by higher layer scheduling does not exactly create a transmission gap of the desired TGL.
The number of bits available to the CCTrCH in oneradio frame in compressed mode by SF reduction and by higher

cm
N data,*

layer scheduling is denoted by Na « and R =

N 'data,*
2

For the transmission time reduction by SF/2 method in compressed mode Nt « =

For compressed mode by higher layer scheduling the exact val ue of Ngﬁﬂa,* is dependent on the TGL which issignalled

from higher layers. It can be calculated asNya » = Natax — Nrar -

NreL isthe number of bits that are located within the transmission gap and defined as:
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( - .
TGSL X Ndata,* ,1f Nsirg + TGL <15

15— N §rgt . o )
N _ ————— X Nyga », in first frameif Ny« + TGL > 15

TGL — < 15 '
TGL — (15— N )

= x Ngata + » in second frame if Ny + TGL > 15

\
Nii ¢ and TGL are defined in clause 4.4.

The bits output from the DTX insertion block are denoted by W;, W, , W, ..., Wpg, . Note that these bits are four

valued in case of compressed mode by puncturing, and three valued otherwise. They are defined by the following
relations:

W, =S k=123, ..,S
W, =0 k=S+1,S+2S+3 .., PR

where DTX indication bits are denoted by & Here S, 0 {0,1, ptand 51 {0,1}.

4.2.10 Physical channel segmentation

When more than one PhCH is used, physical channd segmentation divides the bits among the different PhCHs. The bits
input to the physical channel segmentation are denoted by x;,X5,X3,...,Xx , where X isthe number of bits input to the
physical channd segmentation block. The number of PhCHs is denoted by P.

The bits after physical channel segmentation are denoted U1, Up,Up3,. .-, Upy , Where pis PhCH number and U isthe
number of bitsin oneradio frame for each PhCH, i.e. U = (X—Nrg.) / P for compressed mode by puncturing, and

= % otherwise. The relation between Xk and Upk is given below.

For al modes, some bits of the input flow are mapped to each code until the number of bits on the codeis U. For modes
other than compressed mode by puncturing, all bits of the input flow are taken to be mapped to the codes. For
compressed mode by puncturing, only the bits of the input flow not corresponding to bits p are taken to be mapped to
the codes, each bit p isremoved to ensure creation the gap required by the compressed mode, as described bel ow.

Bits on first PhCH after physical channel segmentation:
Uy k= ijf(k) k= 1, 2, . U
Bits on second PhCH after physical channel segmentation:

W= X e+ uk=1,2,...,U

Bits on the P" PhCH after physical channel segmentation:
Up k= Xi, f(k+ (P-1)xU) k=12,...,U
Wheref issuch that :
- for modes other than compressed mode by puncturing, X 19 = X,k , i.€. f(K) = k, for al k.

- for compressed mode by puncturing, bit u; ; corresponds to the bit x;  with smallest index k when the bitsp are
not counted, bit u; », correspondsto the bit x; x with second smallest index k when the bits p are not counted, and
soon for bitsuys, ... U,y Uy 1, Uy 2 Upu, Up1 Upo  Upy ,
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4.2.10.1 Relation between input and output of the physical segmentation block in
uplink

The bitsinput to the physical segmentation are denoted by s;,s,,S3,...,Sg. Hence, Xk = Sand Y= S

4.2.10.2 Relation between input and output of the physical segmentation block in
downlink

The bitsinput to the physical segmentation are denoted by wy, Wy, Ws,...,Wpy) . Hence, Xk = Wk and Y = PU.

4211 2" interleaving

The 2™ interleaving isablock interleaver with inter-column permutations. The bitsinput to the 2™ interleaver are
denoted U q,Up 2,Up3,..-,Upy , Where pis PACH number and U is the number of bitsin oneradio frame for one

PhCH.
1) Set the number of columns C2 = 30. The columnsarenumbered 0, 1, 2, ..., C2-1 from l&ft to right.
2) Determine the number of rows R2 by finding minimum integer R2 such that:
U <R2 x C2

3) Thehitsinput to the 2" interleaving are written into the R2 X C2 rectangular matrix row by row.
up,l Up,z Up,g Up,go
Up,31 Up,32 Up,33 -+ Upeo
Up (R2-D)x30+1) Up,((R2-1)x30+2) Up,((R2-1)x30+3) ---Up (R2x30)

4) Perform theinter-column permutation based on the pattern P2 (j) (j = 0, 1, ..., C2-1) that isshown in table 6,
where P2 (j) isthe original column position of the j-th permuted column. After permutation of the columns, the

bits are denoted by Ypk.
Ypli  Yp(R2tD) Yp,(2xR2+1) - Yp,(29xR2+1)
Yp2  Yp(R2+2) Yp,(2xr2+2) - Yp,(29%xR2+2)
YpR2 Yp(@2xR2)  Yp(3*xR2) -+ Yp,30xR2)

5) The output of the 2™ interleaving is the bit sequence read out column by column from the inter-column permuted
R2 X C2 matrix. The output is pruned by deleting bits that were not present in the input bit sequence, i.e. bits Ypk
that corresponds to bits upk with k> U areremoved from the output. The bits after 2" interleaving are denoted
by V1,V 25--, Yy » Where Vp 1 corresponds to the bit Yp k with smallest index k after pruning, Vp,2 to the bit

Yp .k with second smallest index k after pruning, and so on.

Table 6 Inter-column permutation pattern for 2nd interleaving

Number of column C2 Inter-column permutation pattern

< P2(0), P2(1), ...,P2(29) >
<0, 20, 10, 5, 15, 25, 3, 13, 23, 8, 18, 28, 1, 11, 21,
6, 16, 26, 4, 14,24, 19,9, 29, 12, 2, 7, 22, 27,17 >

30
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4.2.12 Physical channel mapping

The PhCH for both uplink and downlink is defined in [1]. The bits input to the physical channd mapping are denoted
bY Vp1,Vp2,---,Vpy » Where pisthe PhCH number and U is the number of bitsin oneradio frame for one PhCH. The

bits Vpk are mapped to the PhCHs so that the bits for each PhCH are transmitted over the air in ascending order with
respect to k.

In compressed mode, no bits are mapped to certain ots of the PhCH(s). If Ng,« + TGL < 15, no bits are mapped to dots
Niirg 0 Niagt- If Niirgt + TGL > 15, i.e the transmission gap spans two consecutive radio frames, the mapping isas
follows:

- Inthefirst radio frame, no bits are mapped to 9 ots Nirg, Nirst+ 1, Neirgt+ 2, +.., 14.
- Inthesecond radio frame, no bitsare mapped to the dots 0, 1, 2, ..., Nias-

TGL, Nj,«, and N o are defined in clause 4.4.

42.12.1 Uplink

In uplink, the PhCHs used during aradio frame are either completely filled with bitsthat are transmitted over theair or
not used at al. The only exception is when the UE isin compressed mode. The transmission can then be turned off
during consecutive dots of theradio frame.

4.2.12.2 Downlink

In downlink, the PhCHs do not need to be completely filled with bits that are transmitted over theair. Bits Vpk {0, 1}
arenot trangmitted.

During compressed mode by reducing the spreading factor by 2, no bits are mapped to the DPDCH field as follows:
If Nsirg¢ + TGL < 15, i.e the transmission gap spans oneradio frame,
if Njrg +7<14
no bits are mapped to s ots Ni¢,Niirg + 1, Niirst + 2,..., Niagt + (7-TGL)
no hits are mapped to the first (Npaa+ Npas2) / 2 bit positions of dot Njo¢ + (8-TGL)
ese
no bits are mapped to s ots Nirg, Nirst + 1, Niirgt + 2,..., 14
no hits are mapped to Jots Ny - 1, Niirg - 2, Niirst = 3, -+, Niirst- (7 - TGL - (14 - Niog))
no bits are mapped to thelast (Npaa+ Npazz) / 2 bit positions of Slot N~ (8 - TG - (14 - Niag))
end if
If Nsirg¢ + TGL > 15, i.e. thetransmission gap spans two consecutive radio frames,

In thefirst radio frame, no bits are mapped to last (Npaa+ Npaaz) / 2 bit positionsin slot 7 aswell asto slots
8,910, .., 14

In the second radio frame, no bits are mapped to dots 0, 1, 2, ..., 6 aswell asto first (Npga+ Npaap) / 2 bit positions
indot 7.

Npaaand Npaop are defined in [1].

4.2.13 Restrictions on different types of CCTrCHs

Restrictions on the different types of CCTrCHs are described in general termsin TS 125 302 [7]. In this clause those
restrictions are given with layer 1 notation.
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4.2.13.1 Uplink Dedicated channel (DCH)

The maximum value of the number of TrCHs | in a CCTrCH, the maximum value of the number of transport blocks M
on each transport channel, and the maximum value of the number of DPDCHSs P are given from the UE capability class.

4.2.13.2 Random Access Channel (RACH)

- Therecan only be one TrCH in each RACH CCTrCH, i.e. | = 1, & = fixand S= V..

- The maximum vaue of the number of transport blocks M; on the transport channel is given from the UE
capability class.

- Thetransmission timeinterval is either 10 ms or 20 ms.
- OnlyonePRACH isused, i.e. P=1, Uijx=S,andU =S

- The Static rate matching parameter RM; isnot provided by higher layer signalling on the System information as
the other transport channd parameters. Any value may be used asthereis one transport channd in the CCTrCH,
hence one transport channel per Transport Format Combination and no need to do any balancing between
multiple transport channdls.

4.2.13.3 Downlink Dedicated Channel (DCH)

The maximum value of the number of TrCHs | in a CCTrCH, the maximum value of the number of transport blocks M
on each transport channel, and the maximum val ue of the number of DPDCHSs P are given from the UE capability class.

4.2.13.4 Downlink Shared Channel (DSCH) associated with a DCH
- The spreading factor isindicated with the TFCI or with higher layer signalling on DCH.

- The maximum value of the number of TrCHs | in a CCTrCH, the maximum value of the number of transport
blocks M, on the transport channel and the maximum val ue of the number of PDSCHs P are given from the UE
capability class.

4.2.135 Broadcast channel (BCH)

- Therecan only beone TrCH inthe BCH CCTrCH, i.e. | = 1, § = f1x, and S= V..
- There can only be one transport block in each transmission timeinterval, i.e. My = 1.

- All transport format attributes have predefined values which are provided in [7] apart from the rate matching
RM;.

- The Static rate matching parameter RM; isnot provided by higher layer signalling neither fixed. Any value may
be used as thereis one transport channel in the CCTrCH, hence one transport channel per Transport Format
Combination and no need to do any balancing between multiple transport channds.

- Only oneprimary CCPCH isused, i.e. P=1.
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4.2.13.6 Forward access and paging channels (FACH and PCH)

- The maximum vaue of the number of TrCHs| in a CCTrCH and the maximum value of the number of transport
blocks M; on each trangport channd are given from the UE capability class.

- Thetransmission timeinterval for TrCHs of PCH typeisalways 10 ms.
- Only one secondary CCPCH is used per CCTrCH, i.e. P=1.

4.2.14 Multiplexing of different transport channels into one CCTrCH, and
mapping of one CCTrCH onto physical channels

The following rules shal apply to the different transport channel s which are part of the same CCTrCH:

1) Transport channels multiplexed into one CCTrCh shall have co-ordinated timings. When the TFCS of a
CCTrCH ischanged because one or more transport channels are added to the CCTrCH or reconfigured within
the CCTrCH, or removed from the CCTrCH, the change may only be made at the start of aradio frame with
CFN fulfilling therelation

CFN mod Fra = 0,

Where F. denotes the maximum number of radio frames within the transmission time intervals of all transport
channel s which are multiplexed into the sasme CCTrCH, including any transport channelsi which are added,
reconfigured or have been removed, and CFN denotes the connection frame number of the first radio frame of
the changed CCTrCH.

After addition or reconfiguration of atransport channel i within a CCTrCH, the TTI of transport channd i may
only start in radio frames with CFN fulfilling the relation:

CFN; mod F; = 0.
2) Only trangport channels with the same active set can be mapped onto the same CCTrCH.
3) Different CCTrCHs cannot be mapped onto the same PhCH.
4) One CCTrCH shal be mapped onto one or several PhCHs. These physical channels shall al have the same SF.
5) Dedicated Transport channels and common trangport channels cannot be multiplexed into the same CCTrCH.
6) For the common transport channels, only the FACH and PCH may belong to the same CCTrCH.
There are hence two types of CCTrCH:
1) CCTrCH of dedicated type, corresponding to theresult of coding and multiplexing of one or several DCHSs,

2) CCTrCH of common type, corresponding to the result of the coding and multiplexing of a common channd,
RACH in the uplink, DSCH, BCH, or FACH / PCH for the downlink.

42.14.1 Allowed CCTrCH combinations for one UE

421411 Allowed CCTrCH combinations on the uplink
A maximum of one CCTrCH isallowed for one UE on the uplink. It can be either:
1) one CCTrCH of dedicated type;

2) one CCTrCH of common type.
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4.2.14.1.2 Allowed CCTrCH combinations on the downlink
The following CCTrCH combinations for one UE are allowed:

- X CCTrCH of dedicated type + y CCTrCH of common typeT he allowed combination of CCTrCHs of dedicated
and common type are given from UE radio access capabilities. There can be a maximum on one CCTrCH of
common type for DSCH and a maximum of one CCTrCH of common type for FACH. With one CCTrCH of
common type for DSCH, there shall be at least one CCTrCH of dedicated type.

NOTE 1: Thereisonly one DPCCH in the uplink, hence one TPC bits flow on the uplink to control possibly the
different DPDCHs on the downlink, part of the same or several CCTrCHSs.

NOTE 2: Thereisonly one DPCCH in the downlink, even with multiple CCTrCHs. With multiple CCTrCHSs, the
DPCCH is transmitted on one of the physical channds of that CCTrCH which has the smallest SF among
the multiple CCTrCHs. Thusthereis only one TPC command flow and only one TFCI word in downlink
even with multiple CCTrCHs.

4.2.15 Downlink data randomization

For adownlink transport DCH, the bits output by the 2™ interleaver can be randomized, prior to mapping to the
corresponding physical channel(s). This option is enabled by higher layers.

The scrambling sequence is a segment of a Maximum Length (ML) sequence. The polynomial for the pseudo-random
binary sequence generator is:

G([D)=D®+D°+D°+D? + 1.
The shift register generating the sequence isloaded with the sequence 00000100101010000000 every 720 ms, that is,
every 72 radio frames. Thefirg bit at the output of the generator is applied to the first bit of the radio frame for which
(SFN modulo 72) = 0 in the corresponding BCH.

Therandomizer / de-randomizer operation is shown in figure 9, where Input Data can stand both for clear and
randomized data, yiel ding respectively randomized and de-randomized data at the outpuit.

Initialisation Sequence:00000100101010000000

(O O 0
\u‘g‘ ¢
Output Data

S 1 >

Enable T Input Data

Figure 9: Scrambler operation

ETSI



S-UMTS-A 25.212 48 ETSI TS 101 851-2 V1.1.1 (2000-12)

4.3 Transport format detection

If the transport format set of a TrCH i contains more than one transport format, the transport format can be detected
according to one of the following methods:

- TFCI based detection: This method is applicable when the transport format combination is signalled using the
TFCI fidd;

- explicit blind detection: This method typically consists of detecting the TF of TrCH i by use of channel decoding
and CRC check;

- guided detection: This method is applicable when thereis at least one other TrCH i', hereafter called guiding
TrCH, such that:

- theguiding TrCH hasthe same TTI duration asthe TrCH under consideration, i.e. F = F;
- different TFs of the TrCH under consideration correspond to different TFs of the guiding TrCH;
- explicit blind detection is used on the guiding TrCH.

If thetransport format set for aTrCH i contains one transport format only, no transport format detection needs to be
performed for this TrCH.

For uplink, blind trangport format detection isanetwork controlled option. For downlink, the UE shall be capable of
performing blind transport format detection, if certain restrictions on the configured transport channels are fulfilled.

For a DPCH associated with a PDSCH, the DPCCH shall include TFCI.

Power control commands are sent both in the up-and the down-link. There are atotal of four different commands,
namely increase large power step, increase normal power step, decrease normal power step and decrease large power
step. They are issued and processed once every frame.

Power control commands (and TFCI, if transmitted) are coded and sent following the procedure described in
clause 4.3.3.
4.3.1 Blind transport format detection

When no TFCI isavailable then explicit blind detection or guided detection shall be performed on all TrCHs within the
CCTrCH that have more than one transport format. The UE shall only be required to support blind transport format
detection if all of the following restrictions are fulfilled:

1) Only one CCTrCH isreceived by the UE;

2) Thenumber of CCTrCH bitsreceived per radio frameis 600 or less;

3) Thenumber of transport format combinations of the CCTrCH is 64 or less,

4) Fixed positions of the trangport channelsis used on the CCTrCH to be detected;

5) Convolutional codingis used on all explicitly detected TrCHs;

6) CRC isappended to all transport blocks on all explicitly detected TrCHSs;

7) Thenumber of explicitly detected TrCHsis 3 or less;

8) For all explicitly detected TrCHs i, the number of code blocksin one TTI (C;) shall not exceed 1;

9) The sum of thetransport format set sizes of all explicitly detected TrCHSs, is 16 or less. The transport format set
sizeisdefined as the number of transport formats within the transport format set;

10)Thereisat least one TrCH that can be used as the guiding transport channel for all transport channels using
guided detection.

Examples of blind transport format detection methods are given in annex A.
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4.3.2 Transport format detection based on TFCI

If aTFCI isavailable, then TFCI based detection shall be applicable to al TrCHs within the CCTrCH. The TFCI
informs the receiver about the trangport format combination of the CCTrCHs. As soon asthe TFCI is detected, the
transport format combination, and hence the transport formats of the individual transport channds are known.

4.3.3 Coding of Transport-Format-Combination Indicator and Power
Control Commands (TFCI/ TPC)

The TFCI / TPC grouping is encoded using a (32, 10) sub-code of the second order Reed-Muller code. The coding
procedureis as shown in figure 10.

TFCI/TPC (32,10) sub-code of TFCI/TPC code
(10 bits) —————» second order — word
ay..-8g Reed-Muller code by---bay

Figure 10: Channel coding of TFCI/ TPC information bits

If the TFCI / TPC grouping consists of less than 10 bits, it ispadded with zeros to 10 bits, by setting the most
significant bitsto zero. The length of the TFCI / TPC code word is 32 bits.

The code words of the (32,10) sub-code of second order Reed-Muller code are linear combination of 10 basis
sequences. The basis sequences are asin thefollowing table 7.

Table 7: Basis sequences for (32,10) TFCI/ TPC code

i Mio | Mia [ Mi2 | Miz | Miga | Mis | Mis | Miz | Mig | Mig
0 1 0 0 0 0 1 0 0 0 0
1 0 1 0 0 0 1 1 0 0 0
2 1 1 0 0 0 1 0 0 0 1
3 0 0 1 0 0 1 1 0 1 1
4 1 0 1 0 0 1 0 0 0 1
5 0 1 1 0 0 1 0 0 1 0
6 1 1 1 0 0 1 0 1 0 0
7 0 0 0 1 0 1 0 1 1 0
8 1 0 0 1 0 1 1 1 1 0
9 0 1 0 1 0 1 1 0 1 1
10 1 1 0 1 0 1 0 0 1 1
11 0 0 1 1 0 1 0 1 1 0
12 1 0 1 1 0 1 0 1 0 1
13 0 1 1 1 0 1 1 0 0 1
14 1 1 1 1 0 1 1 1 1 1
15 1 0 0 0 1 1 1 1 0 0
16 0 1 0 0 1 1 1 1 0 1
17 1 1 0 0 1 1 1 0 1 0
18 0 0 1 0 1 1 0 1 1 1
19 1 0 1 0 1 1 0 1 0 1
20 0 1 1 0 1 1 0 0 1 1
21 1 1 1 0 1 1 0 1 1 1
22 0 0 0 1 1 1 0 1 0 0
23 1 0 0 1 1 1 1 1 0 1
24 0 1 0 1 1 1 1 0 1 0
25 1 1 0 1 1 1 1 0 0 1
26 0 0 1 1 1 1 0 0 1 0
27 1 0 1 1 1 1 1 1 0 0
28 0 1 1 1 1 1 1 1 1 0
29 1 1 1 1 1 1 1 1 1 1
30 0 0 0 0 0 1 0 0 0 0
31 0 0 0 0 1 1 1 0 0 0
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Let'sdefinethe TFCI / TPC information bitsas &y, & , &, 8, &4, &, 8, &, 88, 8 (8 iISLSB and agisMSB). TPC
occupies the LSB, and the MSB go for TFCI. The TFCI information bits shall correspond to the TFC index (expressed
in unsigned binary form) defined by the RRC layer to reference the TFC of the CCTrCH in the associated DPCH radio
frame.

The output code word bits by are given by:

b= @M, e

Wherei =0, ..., 31.
The output bitsare denoted by by, k=0, 1, 2, ..., 31

In downlink, when the SF < 128 the encoded TFCI code words are repeated yielding 8 encoded TFCI / TPC hits per dot
in normal mode and 16 encoded TFCI / TPC bits per dot in compressed mode. Mapping of repeated bitsto dotsis
explained in clause 4.3.5.

4.3.4 Operation of Transport-Format-Combination Indicator and Power
Control Command (TFCI / TPC) in Split Mode
If one of the DCH is associated with a DSCH, the TFCI / TPC code word may be split in such a way that the code word

relevant for TFCI / TPC activity indication is not transmitted from every cell. The use of such functionality shal be
indicated by higher layer signaling.

The TFCI / TPC is encoded using a (16, 5) bi-orthogonal (or first order Reed-Muller) code. The coding procedureisas
shown in figure 11.

TFCI_FI'PC (16,5) TFCI/TPC code
(5 bits) bi-orthgonal code | word
&8y 4 Bg,b,...054
TECI/TPC (16,5) TFCI/TPC code
(5 bits) bi-orthgonal code | word
A0y, by,bg...05;

Figure 11: Channel coding of split mode TFCI/ TPC information bits
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The code words of the (16,5) bi-orthogonal code arelinear combinations of 5 basis sequences as defined in table 8.

Table 8: Basis sequences for (16,5) TFCI/ TPC code

=

OFR|OFR|IOFR| O O|IFRIO|IFR|IO|FR| Ok
=<

ORI OO FPIOIO|IFRIF OOk Ik O]
=<

ORI PP OIO|I0OIO|IFRIFIFIFIOIC|O]|:
=<

OFR|FRIFPIFPIRFP PP PIOIOIOIO|IOIOC|O|:
=<

N R

i,0 1 2 3 4

OO (N[O~ WINFP|IOf—

Let'sdefine afirst set of TFCI information bitsasay g, @11, &2, @3, &4(800iSLSB and & 4 iSMSB). This set of TFCI
information bits shall correspond to the TFC index (expressed in unsigned binary form) defined by the RRC layer to
reference the TFC of the DCH CCTrCH in the associated DPCH radio frame.

Let's define a second set of TFCI information bitsasapo, .1, 82, 823, 824 (8,01SLSB and a4 isMSB). This set of
TFCI information bits shall correspond to the TFC index (expressed in unsigned binary form) defined by the RRC layer
to reference the TFC of the associated DSCH CCTrCH in the corresponding PDSCH radio frame.

The output code word bits by are given by:

4 4
b2i :Z(a],nx M i,n) mod2, bZi+1:Z:(a2,n>< M i,n)modz
n=0 n=0

Wherei =0, ..., 15.
The output bitsare denoted by by, k=0, 1, 2, ..., 31

4.3.5 Mapping of TFCI / TPC words

4.35.1 Mapping of TFCI / TPC word in normal mode

The bits of the code word are directly mapped to the dots of the radio frame. Within a dot the bit with lower index is
transmitted before the bit with higher index. The coded bits by, are mapped to the transmitted TFCI / TPC bits dy,
according to the following formula:

Ok = B mod 32

For uplink physical channelsregardless of the SF and downlink physical channels, if SF> 128, k=0, 1, 2, ..., 29. Note
that this means that bits bz, and bs; arenot tranamitted.

For downlink physical channelswhose SF <128, k=0, 1, 2, ..., 119. Note that this means that bits by to b,z are
transmitted four times and bits by, to ba; are transmitted three times.

4.35.2 Mapping of TFCI / TPC word in compressed mode

The mapping of the TFCI / TPC hitsin compressed mode is different for uplink, downlink with SF = 128 and downlink
with SF < 128,
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43521 Uplink compressed mode

For uplink compressed mode, the slot format is changed so that no TFCI / TPC coded bits arelost. The different dot
formats in compressed mode do not match the exact number of TFCI / TPC coded bits for all possible TGLs. Repetition
of the TFCI / TPC hitsistherefore used.

Denote the number of bits availablein the TFCI / TPC fields of one compressed radio frame by D and the number of
bitsin the TFCI / TPC fidd in adot by Nrec ; trc. The parameter E is used to determine the number of the first
TFCI / TPC bit to be repeated.

E = Nfirg Ntrci/ 7rc, I the start of the transmission gap is allocated to the current frame.
E =0, if the gart of the transmission gap is allocated to the previous frame and the end of the transmission gap is
allocated to the current frame.

The TFCI , TPC coded bits by are mapped to the bitsin the TFCI , TPC fields di. The following relations define the
mapping for each compressed frame.

dk= bk
Wherek=0, 1,2, ..., min (31, D - 1).
If D > 32, theremaining positions are filled by repetition (in reversed order):

U1 = BE + 1y mod 32

Wherek=0, ..., D - 33.

4.35.2.2 Downlink compressed mode

For downlink compressed mode, the slot format is changed so that no TFCI , TPC coded bits are lost. The different dot
formats in compressed mode do not match the exact number of TFCI, TPC bitsfor all possible TGLs. DTX istherefore
used if the number of bits available in the TFCI, TPC fields in one compressed frame exceeds the number of TFCI, TPC
bits given from the slot format. The block of bitsin the TFCI / TPC fidlds where DTX is used starts on the first

TFCI / TPC fidd after the transmission gap. If there are more bits available in the TFCI / TPC fields before the
transmission gap than TFCI / TPC hits, DTX isalso used on the bitsin thelast TFCI / TPC fields before the
transmission gap.

Denote the number of bits availablein the TFCI / TPC fields of one compressed radio frame by D and the number of
bitsin the TFCI / TPC field in a dot by Ntec;; tpc. The parameter E is used to determine the position of the first bit in
the TFCI / TPC field on which DTX is used.

E = Nfirg Ntrci/ 7rc, If the start of the transmission gap is allocated to the current frame.
E =0, if the gart of the transmission gap is allocated to the previous frame and the end of the transmission gap is
allocated to the current frame.

Denote the total number of TFCI / TPC bitsto be transmitted by F. F = 32 for dot formats nA or nB,
wheren=0, 1, ..., 11 (seetable 7in [1]). Otherwise, F = 128. The TFCI / TPC coded bits by are mapped to the bitsin
the TFCI / TPC fields di. The following relations define the mapping for each compressed frame.

IfE>0,

Ok = bk mod 32
Wherek=0,1,2,...,min(E, F) - 1
IfE<F,

Ok + p-F = Bk mod 22
Wherek=E, ..., F- 1

DTX isused on dg wherek =min (E, F), ..., min(E, F) +D - F - 1.
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4.4 Compressed mode

In compressed mode, TGL dlots from Nyi¢ t0 Njog are not used for transmission of data. Asillustrated in figure 12, the
instantaneous transmit power isincreased in the compressed frame in order to keep the quality (BER, FER, etc.)
unaffected by the reduced processing gain. The amount of power increase depends on the transmission time reduction
method (see clause 4.4.3). What frames are compressed, are decided by the network. When in compressed mode,
compressed frames can occur periodically, asillustrated in figure 12, or requested on demand. The rate and type of
compressed framesis variable and depends on the environment and the measurement requirements.

) ———

\
“ Oneframe \
(10 ms) Transmission gap available for

inter-frequency measurements

Figure 12: Compressed mode transmission

4.4.1 Frame structure in the uplink

The frame structure for uplink compressed mode isillustrated in figure 13.

< Slot # (Nirg — 1) > < transmission gap Slot # (N« + 1) >
Data [ ] [ ] [ ] [ [ ] [ ] Data
Pilot TrCyTPC|® ¢ ¢ ¢ ° Pilot TFCI/TPC

Figure 13: Frame structure in uplink compressed transmission

4.4.2 Frame structure types in the downlink

There are two different types of frame structures defined for downlink compressed mode. Type A maximizesthe
transmission gap length and type B is optimized for power contral.

- With frame structure of type A, the pilot field of thelast slot in the transmission gap is transmitted. Transmission
is turned off during therest of the transmission gap (figure 14(a)).

- With frame structure of type B, the TPC field of the first dot in the transmission gap and the pilot field of the last
dot in the transmission gap istransmitted. Transmission isturned off during therest of the transmission gap

(figure 14(b)).
slot # (Nyirg - 1 dot#(Njg + 1
< (Nfirg - 1) > < (Njag + 1) >
TRCl Data PL e & o o o oo P TrCl Data PL
TPC TPC

(a) Frame structure type A
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< slot # (Ngirg - 1) > < slot # (N + 1) >

TFCI TFCI TFCI/
< Data PL cl ¢ ¢ ¢ P Data PL

TPC TPC TPC

(b) Frame structure type B

Figure 14: Frame structure types in downlink compressed transmission

4.4.3 Transmission time reduction method

When in compressed mode, the information normally transmitted during a 10 ms frame is compressed in time. The
mechanisms provided for achieving this are puncturing, reduction of the spreading factor by a factor of two , and higher
layer scheduling. In the downlink, all methods are supported while compressed mode by puncturing isnot used in the
uplink. The maximum idle length is defined to be 7 dots per one 10 ms frame. The dot formats that are used in
compressed mode are listed in [1].

44.3.1 Compressed mode by puncturing

During compressed mode, rate matching (puncturing) is applied for creating transmission gap in one frame. The
algorithm for rate matching (puncturing) as described in clause 4.2.7 is used.

4.4.3.2 Compressed mode by reducing the spreading factor by 2

During compressed mode, the spreading factor (SF) can be reduced by 2 during oneradio frame to enable the
transmission of theinformation bitsin theremaining time g ots of a compressed frame.

On the downlink, USRAN can also order the UE to use a different scrambling code in compressed mode than in normal
mode. If the UE is ordered to use a different scrambling code in compressed mode, then thereis a one-to-one mapping
between the scrambling code used in normal mode and the one used in compressed mode, as described in

TS125211 [3] clause 5.2.1.

4.4.3.3 Compressed mode by higher layer scheduling

Compressed mode can be obtained by higher layer scheduling. Higher layers then set restrictions so that only a subset
of the allowed TFCs are used in compressed mode. The maximum number of bits that will be delivered to the physical
layer during the compressed radio frame is then known and a transmission gap can be generated. Note that in the
downlink, the TFCI / TPC field is expanded on the expense of the data fields and this shall be taken into account by
higher layers when setting the restrictions on the TFCs. Compressed mode by higher layer scheduling shall not be used
with fixed starting positions of the TrCHs in the radio frame.

4.4.4  Transmission gap position

Transmission gaps can be placed at different positions as shown in figures 15 and 16 for each purpose such as
interfrequency power measurement, acquisition of control channd of other system / carrier, and actual handover
operation.

When using single frame method, the transmission gap is located within the compressed frame depending on the
transmission gap length (TGL) as shown in figure 15 (1). When using double frame method, the transmission gap is
located on the center of two connected frames as shown in figure 15 (2).
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Transmission gap Radio frame
—> < >
. <
#0 #Ngirg-1 #N|ag+1 #14
(1) Single-frame method
Transmission gap,
First radio frame < | > Second radio frame
— | i I
i
i
—
#0 #Nfirg-1 #Nagt1 #14

(2) Double-frame method

Figure 15: Transmission gap position

Parameters of the transmission gap positions are cal culated as follows.
TGL isthe number of consecutive idle dots during the compressed mode transmission gap:
TGL =3,4,5,7,10, 14
Nsirg SPeCifies the starting slot of the consecutive idle dlats,
Nfirg = 0,1,2,3,...,14.
Nia Shows the number of thefinal idle dot and is calculated as follows;
If Nfirg + TGL < 15, then Njog = Nfirg + TGL — 1 (in the same frame),
If Nfirg + TGL > 15, then Njog = (Nfirg + TGL — 1) mod 15 ( in the next frame).

When the transmission gap spans two consecutive radio frames, Ny, and TGL must be chosen so that at least 8 dotsin
each radio frame are transmitted.
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Transmission gap
—>
Transmission gap
Transmission gap
Prd N
N~ ~

Radio frame

(1) Single-frame method

First radio frame <Transm|sson gallp> Second radio frame

_Transmission gap,_
N | 7

_Tfansmission gap_
N 7

!
AN
7

(2) Double-frame method

N

Radio frame

Figure 16: Transmission gap positions with different N
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Annex A (informative):
Blind transport format detection

A.1  Blind transport format detection using fixed positions

A.1.1 Blind transport format detection using received power ratio

For the dual transport format case (the possible datarates are 0 and full rate, and CRC is only tranamitted for full rate),
blind transport format detection using received power ratio can be used.

The transport format detection isthen done using average received power ratio of DPDCH to DPCCH. Define the
following:

- Pc: Received power per bit of DPCCH calculated from al pilot and TPC bits per slot over aradio frame;

Pd: Received power per bit of DPDCH calculated from X bits per slot over aradio frame;

X: the number of DPDCH bits per dot when transport format corresponds to full rate;
- T: Threshold of average received power ratio of DPDCH to DPCCH for transport format detection.
The decision rule can then be formulated as:
If Pd/ Pc> T then:
- full rate transport format detected;
ese

- zerorate transport format detected.

A.1.2 Blind transport format detection using CRC

For the multiple transport format case (the possible datarates are 0, ..., (full rate) / r, ..., full rate, and CRC is
tranamitted for all transport formats), blind transport format detection using CRC can be used.

At the transmitter, the data stream with variable number of bits from higher layersis block-encoded using a cyclic
redundancy check (CRC) and then convolutionally encoded. CRC parity bits are attached just after the data stream with
variable number of bits as shown in figure A.1.

Thereceiver knows only the possible trangport formats (or the possible end bit position {neg}) by Layer-3 negotiation.
Thereceiver performs Viterbi-decoding on the soft decision sample sequence. The correct trellis path of the
Viterbi-decoder ends at the zero state at the correct end bit position.

The blind transport format detection method usng CRC traces back the surviving trellis path ending at the zero state
(hypothetical trellis path) at each possible end bit position to recover the data sequence. For each recovered data
sequence error-detection is performed by checking the CRC, and if there isno error, the recovered sequence is declared
to be correct.

The following variable is defined:
S (Nena) = - 10109 ( (B0 (Nend) —&min (Nena) ) / (Bmax (Nena) - @min (Nena) ) ) [dB] )

where amax (Nend) @Nd agin (Neng) are the maximum and minimum path-metric values among all survivors at end bit
position Ng,g, and &g (Neng) iS the path-metric value at zero state.
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In order to reduce the probability of false detection (this happens if the selected path is wrong but the CRC misses the
error detection), a path selection threshold D isintroduced. Thethreshold D determines whether the hypothetical trellis
path connected to the zero state should be traced back or not at each end bit position neq. If the hypothetical trellis path
connected to the zero state that satisfies:

S (New) <D )

isfound, the path istraced back to recover the frame data, where D isthe path selection threshold and a design
parameter.

If more than one end bit positions satisfying equation 2 isfound, the end bit position which has minimum value of
s (neng) IS declared to be correct. If no path satisfying equation 2 is found even after all possible end bit positions have
been exhausted, the received frame datais declared to bein error.

Figure A-2 shows the procedure of blind transport format detection using CRC.

Possible end bit

. nd:l nd:2 nd:3 nd:4
POSItioNs Ngng e en en en

v v R

Data with variable number of bits CRC Empty

Figure A.1: An example of data with variable number of bits.
Four possible transport formats, and transmitted end bit position Ngyg = 3
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Viterbi decoding (ACS operation) Mena =

to end bit position nyq

v

Calculation of S(N,) |

IS Ngg the
maximum value?

Path selection

S(nend) =<D

- Output detected
Tracing back end bit position N,y *
from end bit position Ny ¢
Cdculation of CRC parity END
for recovered data

NG
A
* |f the value of detected ny4' is
“0", the received frame data is
declared to bein error.
Comparison Shin =< (Nera)
Of S(nend) A
Smin > S(nend)
Smin = S(nend)
nend7 = nend

Figure A.2: Basic processing flow of blind transport format detection
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Annex B (informative):
Compressed mode idle lengths

Thetables 9 to 11 show the resulting idle lengths for different transmission gap lengths, UL / DL modes and DL frame
types. Theidlelengths given are calculated purdly from the dot and frame structures and the UL / DL offset. They do
not contain marginsfor e.g. synthesizer switching.

B.1 Idle lengths for DL, UL and DL + UL compressed mode

Table B.1: Parameters for DL compressed mode

TGL DL Spreading Idle length | Transmission time Idle frame
Frame Factor [ms] Reduction method Combining
Type
3 A 1,73-1,99 (S)
B 512 -4 1,60 - 1,86 Puncturing, (D)=(1,2) or (2,1)
4 A 2,40 - 2,66 Spreading factor (S)
B 2,27 — 2,53 division by 2 or (D) = (1,3), (2,2) or (3,1)
5 A 3,07 - 3,33 Higher layer (S)
B 2,93 - 3,19 scheduling (D) = (14), (2,3), (3, 2) or
(4.1)
7 A 4,40 — 4,66 (S)
B 4,27 — 4,53 (D) = (1.6), (2.,5), (3,4), (4.3),
(5,2) or (6,1)
10 A 6,40 — 6,66 (D) = (3,7), (4,6), (5,5), (6,4)
B 6,27 — 6,53 or (7,3)
14 A 9,07 -9,33 (D) =(7,7)
B 8,93-19,19

Table B.2: Parameters for UL compressed mode

TGL Spreading Idle length | Transmission time Idle frame
Factor [ms] Reduction method Combining
3 2,00 (S)
256 — 4 Spreading factor (D) =(1,2) or (2,1)
4 2,67 division by 2 or (S)
Higher layer (D) =(1,3), (2,2) or (3,1)
5 3,33 scheduling S

(D) = (1,4), (2,3), (3, 2) or
4.1

7 4,67 (S)
(D)= (1,6), (2,5), (3,4), (4,3),
(5,2) or (6,1)

10 6,67 (D)= (3,7), (4,6), (5,5), (6,4)
or (7,3)
14 9,33 O)=@7n
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Table B.3: Parameters for combined UL / DL compressed mode

TGL DL Spreading Idle length | Transmission time Idle frame
Frame Factor [ms] Reduction method Combining
Type
3 1,47 -1,73 (S)
AorB DL: DL: (D)=(1,2) or (2,1)
4 512 -4 2,13-2,39 Puncturing, (S)
Spreading factor (D) = (1,3), (2,2) or (3,1)
5 UL: 2,80 — 3,06 division by 2 or (S)
256 -4 Higher layer (D) = (1,4), (2,3), (3, 2) or
scheduling (4,1)
7 4,13 - 4,39 (S)
UL: (D) = (1,6), (2.5), (3.4), (4.3),
Sprga_lding factor (5,2) or (6,1)
10 6,13— 6,39 divisionby 2 or  (5y'=(3,7),(4,6), (5.5), (6.4)
Higher layer or (7,3)
14 8,80 — 9,06 scheduling D) = (7.7)

(S): Single-frame method as shown in figure 14 (1).

(D):  Double-frame method as shown in figure 14 (2). (x,y) indicates x: the number of idle dlotsin the first frame,
y: the number of idle otsin the second frame.

NOTE: Compressed mode by spreading factor reduction isnot supported when SF = 4 is used in normal mode.
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