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Intellectual Property Rights

IPRs essential or potentially essential to the present document may have been declared to ETSI. The information
pertaining to these essential IPRs, 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 standards', which is available from the ETS| Secretariat. Latest updates are available on the ETSI Web
server (http://webapp.etsi.org/| PR/home.asp).

Pursuant to the ETSI IPR Palicy, no investigation, including I PR searches, has been carried out by ETSI. No guarantee
can be given as to the existence of other IPRs not referenced in ETSI SR 000 314 (or the updates on the 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 ETS| Technical Committee Satellite Earth Stations and
Systems (SES).

The present document is specifying the Satellite Radio Interface referenced as SRI Family A at ITU-R, in the frame of
ITU-R Recommendation M.1457 [7].

The present document is part 2, sub-part 2 of a multi-part deliverable covering Satellite Earth Stations and Systems
(SES); Satellite Component of UMTS/IMT-2000; A-family, asidentified below:

Part 1:  "Physical channels and mapping of transport channelsinto physical channels’;
Part 2. " Multiplexing and channel coding";
Sub-part1:  "G-family (SUMTS-G 25.212)";
Sub-part 2: " A-family (SUMTS-A 25.212)";
Part 3:  "Spreading and modulation”;
Part 4:  "Physical layer procedures’;
Part 5  "UE Radio Transmission and Reception”;

Part 6:  "Ground stations and space segment radio transmission and reception”.

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 1. Theterm T-UMTS will be used in the present document to further differentiate the Terrestrial UMTS
component.

Due to the differences between terrestrial and satellite channel characteristics, some modifications to the terrestrial
UMTS (T-UMTYS) 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 SSUMTS specifications closely follows the original
3rd Generation Partnership Project (3GPP) structure. The SUMTS numbers have been designed to correspond to the
3GPP terrestrial UM TS numbering system. All SSUMTS specifications are alocated a unique SSUMTS 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 SSUMTS specifications.

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

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

NOTE 2: 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.

e |If aS'UMTS specification does not exist, 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 channel coding used for family A of
the satellite component of UMTS (SUMTS-A).

It isbased on the FDD mode of UTRA defined by TS 125 211 [2], TS 125 212 [3], TS 125 213 [4], TS 125 214 [5] and
adapted for operation over satellite transponders.

2 References

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

. For a specific reference, subsequent revisions do not apply.

. Non-specific reference may be made only to a complete document or a part thereof and only in the following
Cases:

- if it isaccepted that it will be possible to use all future changes of the referenced document for the
purposes of the referring document;

- for informative references.

Referenced documents which are not found to be publicly available in the expected location might be found at
http://docbox.etsi.org/Reference.

For online referenced documents, information sufficient to identify and locate the source shall be provided. Preferably,
the primary source of the referenced document should be cited, in order to ensure traceability. Furthermore, the
reference should, as far as possible, remain valid for the expected life of the document. The reference shall include the
method of access to the referenced document and the full network address, with the same punctuation and use of upper
case and lower case |etters.

NOTE: While any hyperlinksincluded in this clause were valid at the time of publication ETSI cannot guarantee
their long term validity.

2.1 Normative references

The following referenced documents are indispensabl e for the application of the present document. For dated
references, only the edition cited applies. For non-specific references, the latest edition of the referenced document
(including any amendments) applies.

[1] ETSI TS 101 851-1-2: "Satellite Earth Stations and Systems (SES); Satellite Component of
UMTS/IMT-2000; Part 1: Physical channels and mapping of transport channels into physical
channels; Sub-part 2: A-family (SUMTS-A 25.211)".

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

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

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

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

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

[6] ETSI TS 125 302: "Universal Mobile Telecommunications System (UMTYS); Services provided by
the Physical Layer (3G TS 25.302 version 3.5.0 Release 1999)".
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2.2 Informative references

[7] ITU-R Recommendation M.1457 (2006): " Detailed specifications of the radio interfaces of
International Mobile Telecommunications-2000 (IMT-2000)".

3 Definitions, symbols and abbreviations

3.1 Definitions

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

Transmission Gap (TG): consecutive empty slots that have been obtained with a transmission time reduction method.
The transmission gap can be contained in one or two consecutive radio frames

Transmission Gap Length (TGL): number of consecutive empty slots that have been obtained with a transmission
time reduction method. 0< TGL < 14

3.2 Symbols

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

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

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

/x/ absolute value of x

Nfirt Thefirst dotinthe TG

N ot Thelast dotinthe TG. N, .4 is either aslot in the same radio frame as Ny, or aslot in the radio

frame immediately following the slot that contains Ny,

Unless otherwise is explicitly stated when the symbol is used, the meaning of the following symbolsis:

TrCH number

TFC number

Bit number

TF number

Transport block number

Radio frame number of TrCH i

PhCH number

Code block number

Number of TrCHsinaCCTrCH

Number of code blocksinone TTI of TrCH i

Number of radio framesinone TTI of TrCH i

Number of transport blocksin one TTI of TrCH i

Number of PhCHs used for one CCTrCH

Puncturing Limit for the uplink. Signalled from higher layers
Rate Matching attribute for TrCH i. Signalled from higher layers

ja_x._._.

gpogmo-"T

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

X, X
y, Y
z,Z

ETSI
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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 Channel

CPCH Common Packet Channel

CRC Cyclic Redundancy Code

DCH Dedicated Channel

DL Downlink (Forward link)

DPCH Dedicated Physical Channel

DPCCH Dedicated Physical Control Channel

DPDCH Dedicated Physical Data Channel

DSCH Downlink Shared Channel

DTX Discontinuous Transmission

FACH Forward Access Channel

FDD Freguency Division Duplex

FER Frame Error Rate

GF GaloisField

MAC Medium Access Control

MS Mobile Station

PCCC Parallel Concatenated Convolutional Code

PCH Paging Channel

PRACH Physical Random Access Channel

PhCH Physical Channel

RACH Random Access 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

UL Uplink (Reverse link)
4 Multiplexing, channel coding and interleaving
4.1 General

Data stream from / to MAC and higher layers (Transport block / Transport block set) is encoded / decoded to offer
transport services over the radio transmission link. Channel coding scheme is a combination of error detection, error
correcting, rate matching, interleaving and transport channels mapping onto / splitting from physical channels.

4.2

Transport-channel coding / multiplexing

Data arrives to the coding / multiplexing unit in form of transport block sets once every transmission timeinterval. The
transmission time interval is transport-channel 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);

- transport block concatenation and code block segmentation (see clause 4.2.2);

- channel coding (see clause 4.2.3);
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- 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 channels (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.

ETSI
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Figure 1: Transport channel multiplexing structure for uplink

ETSI



aiml’aimZ’aimS""’aim/

b|r‘nl’b|m2’b|m3""’b|mE

0irl’O|r2’0|r3""’oirl<

CasCi2s Giare- 1 G

9i1:9i2:9izr---» Yic

(SO

G1:Gi2: Giss-- > Ui

A A

S, S, Sare -1 e

W,

1’W

by Wy, oy Wy

u,,u

p1rUp2, U u

Upg s UposUpgsens Uy

V.,V

p1rVp2: Vv \

p31--+1VpL

12

ETSI TS 101 851-2-2 VV2.1.1 (2008-01)

p31+ -1 4pl

I

TrCH Multiplexing

v

Insertion of DTX indication
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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 bits in downlink, is denoted
Coded Composite Transport Channel (CCTrCH). A CCTrCH can be mapped to one or several physical channels.

421 Error detection

Error detection is provided on transport blocks through a Cyclic Redundancy Check. The CRC is 24 bits, 16 hits,
12 hits, 8 bitsor 0 bit and it is signalled 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:

- Ocreoa(D)=D#+ DX+ D6+ D5+ D +1;
Jcreis (D) =D16+ D2+ D5+ 1;

- Ocrep(D)=D2+D11+D3+D2+D+1;

) gCRC8(D):D8+D7+D4+D3+D+1_

Denote the bits in atransport block delivered to layer 1 by 8, 8z, Qg - - Qima, » @0 the parity bits by
Pimts Pimas Pimas--- » P - A 1S thelength of atransport block of TrCH i, misthe transport block number, and L; is

the length of the CRC which can have 24, 16, 12, 8, or 0 as possible values depending on what is signalled as CRC
length from higher layers.

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

D22

23 22 24 2 1
amD A% + gD A +...+8my DT + Py D %+ PimaD? + ...+ PimaaD" + Pimpa

yields aremainder equal to 0 when divided by g4 (D), polynomial:
aim D T + 3y DA +...tama D' + pipgD™ + D™ +...+ PirgsD” + Pings
yields aremainder equal to 0 when divided by gcgeie (D), polynomial:
DA 48, , DA+ 4 BimA D2 + P DM + PirpD0 +... + Pirga DY + Pipo
yields aremainder equal to 0 when divided by gcgc1o (D) and polynomial:
DN +a, DA O+ + Bjma D8+ piraD’ + PimeD® +...+ Pim7DY + Pims
yields aremainder equal to 0 when divided by gcgcg (D).

If no transport blocks are input to the CRC calculation (M; = 0), no CRC attachment shall be done. If transport blocks
areinput to the CRC calculation (M; # 0) and the size 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 ,,0,,5, 03, Bg » Where B; = A, + L;. The relation between &y

and by is:
Bk =aimk K=1,2,3, ..., A

Bimk = Pim(L+1-(k-4)) KSA+LA+2,A+3, .. A+l
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4.2.2  Transport block concatenation and code block segmentation

All transport blocksinaTTI are serialy concatenated. If the number of bitsinaTTI 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.

4221 Concatenation of transport blocks

The bits input to the transport block concatenation are denoted by bing, Bimz, Bima. ... Bimg, Where i isthe TrCH number,
mis the transport block number, and B; is the 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 Xi1, X2, %3,.--, Xix, , Wherei isthe
TrCH number and X; = M;B;. They are defined by the following relations:

Xk ZQIK k= 1,2, .., Bi
Xik ZQ,Z,(k—Bi) k= Bi + 1, Bi + 2, - ZBI

Xk = bi,3,(k—23) k= 2BI + 1, 2BI + 2, cey BBI

Xik =bi M, (k-(m;-pB) K= (Mj-1) Bj+ 1, (M- 1) B + 2, ..., M;B;

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 is denoted by C;. If the number of bits input to
the segmentation, X;, is not amultiple of C,, filler bits are added to the beginning of the first block. If turbo coding is
selected and X; < 40, filler bits are added to the beginning of the code block. Thefiller bits are transmitted and they are
always set to 0. The maximum code block sizes are:

- convolutional coding: Z = 504;
- turbo coding: Z=5 114;
- no channel coding: Z = unlimited.

The bits output from code block segmentation are denoted by 0jr1,0;r 2,03, -+, Ojrk, » Wherei isthe TrCH number, r is
the code block number, and K; is the number of bits.

Number of code blocks: C; = /X /Z/

Number of bitsin each code block:

if X; <40 and Turbo coding is used, then

K; = 40
else

Ki=/%1C;/
end if

Number of filler bits: Y; = CK;-X
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fork=1toV -- Insertion of filler bits
Ok =0
end for

fork=Y,+ 1toK

Oitk = Xi (k-Y)
end for
r=2 -- Segmentation
whiler <C;

fork=1toK;

Oirk = Xi (k+(r-1)-K;-¥) |
end for
r=r+1
end while

end if

4.2.3 Channel coding

Code blocks are delivered to the channel-coding block. They are denoted by 0jr1,0ir2,0i3,--,Ojrk, , Wherei isthe
TrCH number, r isthe code block number, and K; is the number of bits in each code block. The number of code blocks
on TrCH i is denoted by C;. After encoding the bits are denoted by Vi1, Vir2, Yira--- Yiry, » Where Y; isthe number of

encoded bits. The relation between 0, and Y, and between K; and Y; is dependent on the channel -coding scheme.
The following channel coding schemes can be applied to TrCHs:
- convolutional 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:
- convolutional coding with rate 1/2: Y; = 2 x K; + 16; rate 1/3: Y, = 3x K; + 24;
- turbo coding withrate 1/3: 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 . . 1/2
RACH Convolutional coding
1/3,1/2
CPCH, DCH, DSCH, FACH Turbo coding 1/3

No coding
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4231 Convolutional coding
Convolutional codes with constraint 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 the rate 1/3 convolutional coder shall be done in the order outputO, outputl, output2, outputO, outputl,
output 2, output 0,...,output2. Output from the rate 1/2 convolutional coder shall be done in the order output O, output 1,
output O, output 1, output O, ..., output 1.

8 tail bits with binary value O shall be added to the end of the code block before encoding.

The initial value of the shift register of the coder shall be "all 0" when starting to encode the input bits.

B YR oY RSN oy M ) B o R

I A | Quiput 0

- >~ > U » Gy =561 (octal)
.U S | X Y Y outpul
LN LN V) L N LN LN LN

" Gy = 753 (octal)

"o}l b

ARG Alox x| oupuo
U U U U U U » Go = 557 (octal)
X oy X Y| ouputl
i YTV i i "~ G; = 663 (octal)
33 3 & oupu2
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
4.23.2.1 Turbo coder

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

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

G (D)= {l

01(D)
do(D)

Where:
go(D) =1+ D2+D3

9,(D)=1+D+D3
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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:

X1, 24, 21, X9, 2, Zo, oy Xs Zr Zi

Where x4, X, ..., X¢ arethe bitsinput to the Turbo coder i.e. both first 8-state constituent encoder and Turbo code
internal interleaver, and K is the number of bits, and z;, z,, ..., zc and Z, 7, ..., Zk are the bits output from first and
second 8-state constituent encoders, respectively.

The bits output from Turbo code internal interleaver are denoted by x4, X, ..., Xk, and these bits are to be input to the
second 8-state constituent encoder.

Xk
1st constituent encoder Z
—
Xk
Input — [ D [ D [ D
Input Output

Turbo code
internal interleaver
Output Zk

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

4.2.3.2.2 Trellis termination for Turbo coder

Trellistermination is performed by taking the tail bits from the shift register feedback after all information bits are
encoded. Tail bits are padded after the encoding of information bits.

Thefirst 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. The last three tail bits shall be used to terminate the second
congtituent encoder (lower switch of figure 4 in lower position) while the first constituent encoder is disabled.

The transmitted bits for trellis termination shall then be:

XK+ 10 ZC+ 10 Xk +2 Zk+20 Xk +3 Zk+3 XK+ 1 ZK + 10 XK + 20 Zk+ 20 Xk + 3 ZK + 3

42323 Turbo code internal interleaver

The Turbo code internal interleaver consists of bits-input to arectangular matrix, intra-row and inter-row permutations
of the rectangular matrix, and bits-output from the rectangular matrix with pruning. The bits input to the Turbo code
internal interleaver are denoted by xq,X5,X3,..., Xk , Where K isthe integer number of the bits and takes one value of 40
< K £ 5 114. The relation between the bits input to the Turbo code internal interleaver and the bits input to the
channel coding is defined by x, =0;x and K = K;.

ETSI



18 ETSI TS 101 851-2-2 V2.1.1 (2008-01)

The following clause specific symbols are used from clauses 4.2.3.2.3.1 t0 4.2.3.2.3.3:

K Number of bitsinput to Turbo code internal interleaver
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

a Minimum prime integers

rj Permuted prime integers

T() Inter-row permutation pattern

Uj(i) Intra-row permutation pattern

i Index of matrix
] Index of matrix

k Index of bit sequence

423231 Bits-input to rectangular matrix

The bit 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 are numbered 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.
else
Find minimum prime p such that
(p+1)-K/R20,
and determine C such that
if (p-K/R = 0) then
if (p-1-K/R 2 0)then
C=p-1

else
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else
C=p+1
end if
end if

Where the columns of rectangular matrix are numbered 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:
X1 X2 X3 - Xc
X(Cc+y) X(C+2) Xc+3 - Xoc
X(RDC+) X(R-1DC+2) X(R-)HC+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 intra-row and inter-row permutations for the RX C rectangular
meatrix are performed by using the following algorithm.

1)
2)

3)

4)

Select a primitive root v from table 2.
Construct the base sequence (i) for intra-row permutation as:
s(i)=[vx g(i-)] modp,i=12,...,(p-2).,ands(0)=1

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

gcd{g,p-1} =1,¢>6,andg >0 .
Where g.c.d. is greatest common divisor.

Permute{qj} to make{rj} such that:
I’T(j): qLJ :O, 1, . R-1

WhereT (j) =0, 1, 2, ..., R- 1) isthe inter-row permutation pattern defined as the one of the following four
kinds 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)
{T(0),T®,T(),...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}
Pat,: {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}
Pat,: {4,3,2, 1,0}
Performthej-th(j =0, 1, 2, ..., R- 1) intrarow permutation as:
if (C=p) then
U; i) =s(ix rj] mod (p-1)),i=0,1,2, ...,(p-2).,and U (p-1) =0,
Where U (i) isthe input bit position of i - th output after the permutation of j - th row.
end if
if (C=p+1)then
U; @) =s(ix rj] mod (p-1)),i=0,1,2,...,(p- 2., U, (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 Ug_ 1 (p) withU 54 (0).
end if
end if
if (C=p-1)then
U; i) =s(ix rj] mod (p-1)-1,i=0,1,2,...,(p- 2,
Where U (i) isthe input bit position of i - th output after the permutation of j - th row.
end if
Perform the inter-row permutation based on the pattern T (j) (j =0, 1, 2, ..., R- 1),

Where T (j) isthe original 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 YRy Y@ERr) - Y(C-nRu
Y2 Y(Rre2 Y(@Rr:2) ---Y(CDR2)

YR Y2R YR -~ YcR

The output of the Turbo code internal interleaver is the 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 y -z inrow R - 1 of

column C - 1. The output is pruned by deleting bits that were not present in the input bit sequence, i.e. bitsy', that
corresponds to bits x, with k > K are removed from the output. The bits output from Turbo code internal interleaver are
denoted by x'4, X5, ..., Xk, Where x'; corresponds to the bit y', with smallest index k after pruning, X, to the bit y', with

second smallest index k after pruning, and so on. The number of bits output from Turbo code internal interleaver is K
and the total number of pruned hitsis:

Rx C—-K.

4.2.3.3 Concatenation of encoded blocks

After the channel coding for each code block, if C; is greater than 1, the encoded blocks are serially concatenated so that
the block with lowest index r is output first from the channel coding block, otherwise the encoded block is output from
channel coding block asit is. The bits output are denoted by C,,C,,Cg,...,Cg , Wherei isthe TrCH number and

’ |Ei ’
E; = C,Y;. The output bits are defined by the following relations:
Cik = Yik k=12,..., Yl
1

Cikx = yi’2,(k,yi) k= YI + 1'Yi +2,..,2Y;

Cik = yiygy(k_zyi) k= 2Yi + 1, 2Yi + 2, .., 3Yi

Cik = ¥ig (k—c-¥%) K= (G-D Y+ L(G-D Y + 2., GY

If no code blocks are input to the channel 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 equaization 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;).

The input bit sequence to the radio frame size equalization is denoted by ¢y, Ci2,G3, .-, Cig, , Wherei is TrCH number
and E; the number of bits. The output bit sequence is denoted by tjy, tj2,tj3,....tit, , where T; is the number of bits. The
output bit sequence is derived as follows:

- tix = ¢y fork=1... Ej; and
-t ={0, 1} fork=E+1... T, if E <T;
Where:
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- N =[E /F ] IS the number of bits per segment after size equalization.

4.25  1%interleaving

In Compressed Mode by puncturing, bits marked with afourth value on top of {0, 1, 8} and noted p, are introduced in
the radio frames to be compressed, in positions corresponding to the first bits of the radio frames. They will be removed
in alater stage of the multiplexing chain to create the actual gap. Additional puncturing has been performed in the rate-
matching step, over the TTI containing the compressed radio frame, to create room for these p-bits. The following
clause describes this feature.

4251 Insertion of marked bits in the sequence to be input in first interleaver

In normal mode, compressed mode by higher layer scheduling, and compressed mode by spreading factor reduction:
Xi,k = Zl,k and XI = ZI

In case of compressed mode by puncturing and fixed positions, sequence X; , which will be input to first interleaver for
TrCH i and TTI mwithinlargest TTI, isbuilt frombits Z . k=1, ..., Z;, plus NpTrl M bits marked p

i, max
and X = Z, + Np ™, asis described thereafter.

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

i,max

P1g; (x) defines the inter column permutation function for aTTI of length F; x 10ms, as defined in table 3 in
clause 4.2.5.2. P1g; (x) isthe Bit Reversal function of x on log, (F;) bits.

NOTE1: C[x],x=0toF;—1 the number of bits p which haveto be inserted in each of the F;segments of the TTI,
where X is the column number before permutation, i.e. in each column of the first interleaver. C [P1 ; (X)]

MxF;+X
,max

initialization step.

MxF; +X

isequal to Np; for x equal 0 to F;—1 for fixed positions. It is noted 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; ssgments of the TT],
i.e. in each column of thefirst interleaver x is the column number before permutation.

col=0
while col <F; do -- here col is the column number after column permutation
C[P1 g (col)] = Np™Fi+e -- initialization of number of bits p to be inserted in each of the F; segments

of the TTI number m

cbi [P1 g (col)] =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 col is the column number before column permutation
col =nmod F;
if cbi [col] < C[col] do
Xn=p -- insert one p bit

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

The 1%t interleaving is a block interleaver with inter-column permutations. The input bit sequence to the 1%t interleaver is
denoted by X;1,% 2,% 3,---. %, x, » Where i is TrCH number and X; the number of bits (at this stage X; is assumed and

guaranteed to be an integer multiple of TTI). The output bit sequenceis derived as follows:
1)  Select the number of columns C1 from table 3.
2)  Determine the number of rows R1 defined as:

R1=X;/C1

3)  Writetheinput bit sequence into the R1x C1 rectangular matrix row by row starting with bit X; ; in thefirst

column of the first row and ending with bit X; g,y in column C1 of row R1:

X1 Xi 2 X3 - Xic1
X (C1+1) X (C1+2) Xj (C1+3) -+« Xj (2xC1)

X (RI-DxC1+D) X (R1=DxC1+2) X (R1=DxC1+3) -+ X (RIXCI)

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

je{o1,...c1-1}
Plc4 (j) isthe original column position of thej - th permuted column. After permutation of the columns, the

bits are denoted by Y.

Yit VYiRrRmy VYi(2xRuD) - Yi(Cl-DxR1+1)
Yi2 VYi(Ri+2) VYi(2xR1+2) - Vi (Cl-)xR1+2)

Yirt Yi>Ry VYi(xRD) -+ Yi(CIxR1)

5)  Readtheoutput bit sequence Y1, iy, Yizs- -1 ¥i (caray OF the 1% interleaving column by column from the
inter-column permuted R1X C1 matrix. Bit Y, , correspondsto the first row of the first column and bit

Yi (rixcyy correspondsto row R1 of column C1.

Table 3: Inter-column permutation patterns for 1st interleaving

TTI Number of columns C1 Inter-column permutation patterns
< P1,(0),...,P1,(C1-1) >

10 ms 1 <0>

20 ms 2 <0,1>

40 ms 4 <0213>

80 ms 8 <0,4,2,6,153,7 >
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4.2.5.3 Relation between input and output of 1*" interleaving in uplink
The bits input to the 1% interleaving are denoted by t; .t 2.t 3,....t; ;T » wherei isthe TrCH number and T; the number

of bits. Hence, Z = t;  and Z = T;.

The bits output from the 1% interleaving are denoted by d; 1,d; »,d; 3. i andd = Y

4254 Relation between input and output of 1*' interleaving in downlink

If fixed positions of the TrCHs in aradio frame is used then the bits input to the 15t interleaving are denoted by
hi, 02, 3,....h (g 1,y » Wherei isthe TrCH number. Hence, Z, = hy and Z; = D;.

If flexible positions of the TrCHs in aradio frame is used then the bitsinput to the 15t interleaving are denoted by
9i1,9i2,9i3.---» Jig, » Wwherei isthe TrCH number. Hence, Zy = g, and Z; = G;.

The bits output from the 1%t interleaving are denoted by 1,2, ;3. - Gigq » Wherei isthe TrCH number and Q; isthe
number of bits. Hence, G, = Y\, Q; = F;H; if fixed positions are used, and Q, = G; if flexible positions are used.

4.2.6 Radio frame segmentation

When the transmission time interval 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 equalization in the UL the input bit

sequence length is guaranteed to be an integer multiple of F;.

The input bit sequence is denoted by Xj1, X2, X3...., Xjx, whereiisthe TrCH number and X; is the number bits. The
F; output bit sequences per TTI are denoted by Yint Yin2:Yin3z:- Yiny where ny; is the radio frame number in
current TTI and Y; is the number of bits per radio frame for TrCH i. The output sequences are defined as follows:

Yink = Xi(n-mypwo =1 F k=1...Y
Where:
Y; = (X; I F;) isthe number of bits per segment.
The n;-th segment is mapped to the n;-th radio frame of the transmission time interval.
42.6.1 Relation between input and output of the radio frame segmentation block in
uplink

The input bit sequence to the radio frame segmentation is denoted by djg, d;2,dj3,...,dit, , wherei isthe TrCH number
and T, the number of bits. Hence, X, = i, and X; = T;.

The output bit sequence corresponding to radio frame n; isdenoted by &1,€2,&3,...,€y, , Wherei isthe TrCH number
and N, isthe number of bits. Hence, g y =Y pxand N, = Y;.
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4.2.6.2 Relation between input and output of the radio frame segmentation block in
downlink

The bits input to the radio frame segmentation are denoted by 1,2, 3.---, 0ig » Wherei isthe TrCH number and Q,

the number of bits. Hence, X, = (), and X, = Q;.

The output bit sequence corresponding to radio framen; isdenoted by fig, fi2, fis,..., fiy, , wherei isthe TrCH number
and V; isthe number of bits. Hence, fj x =y nxandV; =Y;.

4.2.7 Rate matching

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

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

If no bits are 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:

N;j: For uplink: Number of bitsin aradio frame before rate matching on TrCH i with transport format
combination .
For downlink: Anintermediate calculation variable (not an integer but a multiple of 1/8).

NiT "1 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 bitsthat should be repeated in each radio frame on TrCH i with

1]
transport 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: Anintermediate calculation variable (not an integer but a multiple of 1/8).

AN Irlr ':If positive-number of bits to be repeated in each transmission time interval on TrCH i with transport
format I.

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

Used in downlink only.

NpiTlrI M m=0to (Frax / Fi) - 1: Positive or null: number of bits to be removed in TTI number m within the largest
TTI, to create the required gaps in the compressed radio frames of this TT]I, in case of compressed mode

by puncturing, for TrCH i with transport format I. In case of fixed positions and compressed mode by
puncturing, this valueis noted Np ™

i,max

bits; thusit is the same for all TFCs.

sinceit is calculated for al TrCH with their maximum number of

Used in downlink only.
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n= 0to F, - 1: Positive or null: number of bits, in radio frame number n within the largest TTI,

corresponding to the gap for compressed mode in thisradio frame, for TrCH i with transport format I. 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 is noted Np{"max sinceit iscalculated for all TrCHs with
their maximum number of bits; thusit is the same for all TFCs.

Used in downlink only.

k= 0to F 5 - 1: Positive or null: number of bitsin each radio frame corresponding to the gap for
compressed mode for the CCTrCH.

Semi-static rate matching attribute for transport channel i. RM; is provided by higher layers or takes a
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 hits 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 frames in atransmission time interval used in the CCTrCH:

Frax = max F;
I<i<l

Radio frame number in the transmission time interval of TrCH i (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. (x) is the original position of column with
number x after permutation. P1 is defined on table 3 of clause 4.2.5.2 (note that the P1r is self-inverse).
Used for rate matching in uplink only.

The shift of the puncturing or repetition pattern for radio frame n; when n = P1r (n;). Used in uplink
only.

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 .

Initial value of variable e in the rate matching pattern determination a gorithm 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 e in the rate matching pattern determination algorithm of clause 4.2.7.5.
Indicates systematic and parity bits:

b= 1. Systematic bit. 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.
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b = 3: 2nd parity bit (from the lower Turbo constituent encoder). Zinclause 4.2.3.2.1.

The* (star) notation is used to replace an index x when the indexed variable X, does not depend on the index x. In the
left wing of an assignment the meaning isthat "X« = Y" is equivalent to "for all xdo X, =Y ". Inthe right wing of an
assignment, the meaning isthat "Y = X, " isequivalent to "takeany xand do Y = X,".

The following relations, defined for all TFC j, are used when cal culating the rate matching parameters:

ZO’J- =0
i
{Z RM m>< Nm,j}>< Ndata,j .
[ \\m=l forali=1...1 D
Z' ]_ |
Z RM m>< Nm,j
m=1
ANi,j=Zi,j_Zi—l,j_Ni,j forali=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 all possible spreading factorsis given in [1]. Denote these values
by Nogg, Niog, Ngs, Nao, N6, Ng, and N, where the index refers to the spreading factor. The possible number of bits

available to the CCTrCH on all PhCHSs, Ny, then are {Npsg, Njog, Neg, Ngo, Nig, Ng, Ny 2<Ng, 3XNy, 4XNg, 5XNg,
6N} .

For aRACH CCTrCH SETO represents the set of N4, values allowed by the USRAN, as set by the minimum SF
provided by higher layers. SETO may be a sub-set of { Nogg, Nyog, Nga, N3o} . SETO does not take into account the UE's
capability.

For other CCTrCHs, SETO denotes the set of N, values allowed by the USRAN and supported by the UE, as part of
the UE's capability. SETO can be a subset of {Npsg, Njog, Ngg, Ngo, Nyg, Ng, Ny 2<Ng, 3XNg, 4XNg, 5XNg, 6XNg}. Nygqrn.
j for the transport format combination j is determined by executing the following algorithm:

|
SET1 = {Ny, in SETO such that ( anligl {R y}J X Ngata — Z RM X Ny i isnon negative}
B x=1

If SET1 is not empty and the smallest element of SET1 requires just one PhCH then:

Ndata,j =min SET1
else

SET2 = { Ny, in SETO such that (anljgl {RM y}] X Ngata — PL X Z RM X Ny | is non negative}
- x=1

Sort SET2 in ascending order

Ngata = Min SET2
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While Ny, is not the max of SET2 and the follower of Ny, requires no additional PhCH do
Nyata = follower of Ny, in SET2
End while
Ndata,j = Ndata
End if

For aRACH CCTrCH, if Ndata,j isnot part of the UE's capability then the TFC j cannot be used.

42.7.1.2 Determination of parameters needed for calculating the rate-matching pattern

The number of bitsto be repeated or punctured, ANi,j, within one radio frame for each TrCH i is calculated with
equation 1 for al possible transport format combinations j and selected every radio frame. Ndata,j isgiven from
clause 4.2.7.1.1.

In compressed mode N, ; isreplaced by Ngata,j inequation 1. Ngzia j isgiven asfollows:

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

with the number of bitsin one radio frame of one PhCH reduced to % of the value in normal mode.

N, is the number of transmitted slotsin a compressed radio frame and is defined by the following relation:
15-TGL , if N, + TGL<15

N. = N firg » infirst frameif Ng, o + TGL > 15
v =

r

30—-TGL — N ;g , insecond frame if Ng & + TGL > 15
Nf, s @nd TGL are defined in clause 4.4.

15— Ny

In compressed mode by spreading factor reduction, N, j = 2><(Ndata’ j— NTGL), where Nig = G

X Ndata,j
If ANi,j = 0 then the output data of the rate matching is the same as the input data and the rate matching a gorithm of
clause 4.2.7.5 does not need to be executed.
If AN; ; = O the parameterslisted in clauses 4.2.7.1.2.1 and 4.2.7.1.2.2 shall be used for determining €,,;, €y, and €5
(regardlessif the radio frame is compressed or not).
427.1.2.1 Uncoded and convolutionally encoded TrCHs
R=AN;; mod N, ;--note: in this context AN; ; mod N; ; isintherange of Oto N;; - 1i.e. - 1mod 10 =9.

thenq= N;;/R |
ese

q=Nj/ (RN;j) |
end if

-- NOTE: g isasigned quantity.
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if giseven
thenq'=q+ged (d,F;)/F;--whereged (| d , F;) means greatest common divisor of | and F,

-- note that g' is not an integer, but a multiple of 1/8

else
aq=q
end if
forx=0toF;-1
SIl LxxqJl mod F] = (| Lxxqt| div F)
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 = NI,J’ and

6 = (XSIPL(IXAN |+ ) mod @),
€olus = AN
€minus = &<IAN|

puncturing for AN < 0, repetition otherwise.

427122 Turbo encoded TrCHs
If repetition isto be performed on turbo encoded TrCHSs, 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 is used to indicate systematic (b = 1),
18t parity (b = 2), and 2" parity bit (b = 3).

a=2whenb=2

a=1whenb=3

\‘ANH /2*, b=2

AN; /2|, b=3

AN, {

If AN; iscalculated as 0 for b =2 or b = 3, then the following procedure and the rate matching algorithm of
clause 4.2.7.5 do not need to be performed for the corresponding parity bit stream.

X =LN;; /3]
q=LX; 71N
if (<2
forr=0toF;-1
S[(3xr+b-1)modF|] =r mod 2

end for
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else
if giseven
thenq' = q—gcd (g, F;) / F; -- where ged (g, F;) means greatest common divisor of g and F,
-- note that g' is not an integer, but a multiple of 1/8
else d=q
end if
forx=0toF;-1
r=[x<q1mod F;;
S[(3xr +b- 1) mod Fj] =[xxq | div F;;
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 is as above:

& = (S[PL g (n)] x|AN;| + X;) mod (axX), if &,,; = 0 then g, = axX;

€plus = AKX
Cminus = 8% IANi |
4.2.7.2 Determination of rate matching parameters in downlink

For downlink Ny, ; does not depend on the transport format combination j. Ny, « iS given by the channelization
code(s) assigned by higher layers. Denote the number of physical channels used for the CCTrCH by P. Ny, + isthe
number of bits available to the CCTrCH in one radio frame and defined as Nyqi, » = PX15X (Nyata1 + Nyatap), Where
Nyata1 @nd Nyatao @€ 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 TT1 is calculated.

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 TTls where some compressed radio frames occur, the puncturing is increased
or the repetition is decreased compared to what is cal culated according to the rate matching parameters provided by
higher layers. This allows to 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 additional puncturing corresponds to the number of bitsto create the gap 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 is hoted

NP e -
In fixed positions case, to obtain the total rate matching ANméfm'm to be performed on the TTI m, Npmég‘ is

subtracted from AN.TT1.M (calculated based on higher layers RM parameters as for normal rate matching). This allows

I, max
to create room for the Np,1,_rrn".;,>'(n bits p to be inserted later. If the result is null, i.e. the amount of repetition matches

exactly the amount of additional puncturing needed, then no rate matching is necessary.
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In case of compressed mode by puncturing and fixed positions, for some calculations, Ny, « i used for radio frames

with gap instead of N gata , Where Nggea» = PX15% (Ngatar + Ngataz) - Ngaar @1 Negata are the number of bitsin

the data fields of the slot format used for the current compressed mode, i.e. slot format A or B asdefined in [1]
corresponding to the Spreading Factor and the number of transmitted slotsin use.

The number of bits corresponding to the gap for TrCH i, in each radio frame of its TT1 is calculated using the number of
bits to remove on all Physical Channels Nt [K], where k is the radio frame number in the largest TTI.

For each radio frame k of the largest TTI that is overlapping with atransmission gap, Nt [K] is given by the relation:

[ .
-I—G_LX Ndata,* y |f Nflrﬂ + TGL S 15
15
5-Nfirg 0 . .
—————XNggata* , infirst radio frame of the gap if Ng, 4 + TGL > 15
Nro, = < 15 ’

TGL — (15— Nfirg)
15

X N('jata,* , in'second radio frame of the gap if Ngj o + TGL > 15

Nf s and TGL are defined in clause 4.4,

Notethat N 1 [K] = 0if radio framek is not overlapping with atransmission gap.

42721 Determination of rate matching parameters for fixed positions of TrCHs

427211 Calculation of AN; 5, for normal mode and compressed mode by higher layer

scheduling and spreading factor reduction

First an intermediate calculation variable N; « is calculated for all transport channelsi by the following formula:

Ni* ZiX max N|-|—|rI
' F Uetrs(i)

In order to compute the ANﬂ]r ! parameters for all TrCH i and al TF |, we first compute an intermediate parameter

AN; max by the following formula, where AN; « is derived from Ni,* by the formula given at clause 4.2.7:
ANi,max = Fi XANL*

If ANi‘max =0 then, for TrCH i, 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. In this case we have:

Ve TFS(i) AN =0
If AN;j max # O the parameters listed in clauses 4.2.7.2.1.3 and 4.2.7.2.1.4 shall be used for determining €, ;;, &y, and
€minus ad AN
42.7.2.1.2 Calculations for compressed mode by puncturing
Calculations of ANFm'éxm for all TTI mwithinlargest TTI, for al TrCH i

First an intermediate calculation variable N; « is calculated for all transport channelsi by the following formula:

Ni* ZiX max N|-|—|rI
K Uetrs()
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Then an intermediate calculation variable AN{} isderived from N; « by the formulagiven at clause 4.2.7, for al TrCH
i and all framesninthelargest TTI, from the formulagiven at clause 4.2.7 using Ny, » When index n designates a
radio frame of the largest TTI that is not overlapping with atransmission gap, and using N' 4, + instead of Ny, «, When
index n designate a frame that is overlapping with a transmission gap.

In order to compute the AN-TrI ‘M parameters for all TrCH i, all TF 1 and all TTI with number min the largest TTI, we

first compute an intermediate parameter AN, max DY the following formula:

Calculations of Np{"ay and Npmé?

Let Np[‘max 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
maximum.

Np"max is calculated for each radio frame k of the TT1 in the following way.

Intermediate variables Z; for i = 1to | are calculated using the formula (1) in clause 4.2.7, by replacing Niata, by
NygL[Nn].

Then Npnax = (Z—2Z.q) fori=1tol

The total number of bits Np-TrI M corresponding to the gaps for compressed mode for TrCH i in the TTI is calcul ated

1, max

as:

m+1 >< F-1

TTI,m _
NP max = Z Npl max

n=mxF

The amount of rate matching ANma)fm ™ for the highest TrCH bit rate is then computed by the following formula:
ANTTE™M = AN o - N

If AN ma)fm M =0, then, for TrCH i, 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 ANma)fm M 20, then, for TrCH i, the rate matching algorithm of clause 4.2.7.5 needs to be executed, and the

parameters listed in clauses 4.2.7.2.1.3 and 4.2.7.2.1.4 shall be used for determining €, €5 and €, and
TTI,m
AN T

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

AN; = ANj rex

For compressed mode by puncturing, AN; is defined as: AN, = ANmafm M instead of the previous relation.
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Niax = max Nﬂ_”

leTFS(i)

For each transmission time interval of TrCH i with TF |, the rate-matching pattern is calculated with the algorithm in
clause 4.2.7.5. The following parameters are used as i nput:

minus

X =Ni"

€n =1

€us = AX Ny
Einus = AX|AN]

Puncturing if AN; < O, repetition otherwise. The values of ANi1’_|r ' may be computed by counting repetitions or

puncturing when the algorithm of clause 4.2.7.5isrun. The resulting values of AN ,T|r ' canbe represented with
following expression.

AN: |x X;
AN =PN'lesgn(ANi)

max

For compressed mode by puncturing, the above formula produces AN."™ "™ instead of AN/ .

42.7.2.1.4 Determination of rate matching parameters for Turbo encoded TrCHs

If repetition is to be performed on turbo encoded TrCHs, i.e. AN; ax > 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 is used to indicate systematic (b = 1),
1% parity (b = 2), and 2N parity bit (b = 3).

a=2whenb=2
a=1lwhenb=3
The bitsindicated by b = 1 shall not be punctured.

AND = %ANL,TBX/Z“, forb=2

AN; yax /2|, forb=3
In Compressed Mode by puncturing the following relations are used instead of the previous ones:

ANP = [ANTTLEm™ /5| for b= 2

I, max

ANP ;= (ANT“'C’“"“/J forb=3

1, max

N = max (NJ"/3
mex IeTFS(i)( i3

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

X; =N /3

€ni = Npmax
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€plus = @X Nimax
- — ax|ANP
€minus = aXx|AN;

The values of ANJ” may be computed by counting puncturing when the algorithm of clause 4.2.7.5 isrun. The
resulting val ues of ANJ” can be represented with following expression.
‘ANF ‘x X;

AN =+ 05 N
max max

‘AN?‘x X;

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 AN IT 1M i nstead of ANi1’_|r .

42.7.2.2 Determination of rate matching parameters for flexible positions of TrCHs

427221 Calculations for normal mode, compressed mode by higher layer scheduling, and
compressed mode by spreading factor reduction

First an intermediate calculation variable Nij is calculated for al transport channelsi and all transport format
combinationsj by the following formula:

.1
Ni,j _Fi.Ni,TFa(J')

Then rate matching ratios RF; are calculated for each the transport channel 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:

N *
RF, = izldata, -RM;
max (RMi . Ni J)
jeTFCS = '

The computation of AN ,T|r ! parameters is then performed in two phases. In afirst phase, tentative temporary values of

ANi1’_|r I are computed, and in the second phase they are checked and corrected. The first phase, by use of the RF; ratios,

ensures that the number of DTX indication bitsinserted is minimum when the CCTrCH bit rate is maximum, but it does
not ensure that the maximum CCTrCH bit rate is not greater than N, «. 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 ANi1’_|r ' is the definitive value.

Thefirst phase defines the tentative temporary ANﬂ]r ' for all transport channel i and any of its transport format | by use
of the following formula:

N”F{RFFWN”F Neww: RMU R\
| FromX(RMN,)

The second phase is defined by the following algorithm:
foral | in TFCSin ascending order of TFCI do --foral TFC
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i— TTI TTI
< NiTr ()t AN ()

F

D=

-- CCTrCH hit rate (bits per 10ms) for TFC |
i=1

if D> Nggtas then

fori=1tol do -- for all TrCH
AN =F; - AN; -- ANi,j isderived from N; ; by the formulagiven at clause 4.2.7.
; TTI
if ANI,TF,(J) > AN then
™
AN () =AM
end-if
end-for
end-if

end-for

If ANiTlrI =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 ANH' #0 the parameters listed in clauses 4.2.7.2.2.2 and 4.2.7.2.2.3 shall be used for determining i, €y,5, and
eminus:

427222 Determination of rate matching parameters for uncoded and convolutionally encoded
TrCHs

AN; =AN;]T
a=2

For each transmission time interval of TrCH i with TF I, the rate-matching pattern is calculated with the algorithm in
clause 4.2.7.5. The following parameters are used as inpult:

Xi =Nji"
en =1
€plus = & Nﬂ_”
€minus = a'|ANi|
puncturing for AN; < O, repetition otherwise.
4.2.7.2.2.3 Determination of rate matching parameters for Turbo encoded TrCHs

If repetition is to be performed on turbo encoded TrCHSs, i.e. ANﬂ_r ' > 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 is used to indicate systematic (b = 1),
1% parity (b = 2), and 2" parity bit (b = 3).

a=2whenb=2

a=1lwhenb=3
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The bitsindicated by b = 1 shall not be punctured.

m _
AN = N,lm/z , b=2
ANJT /2| b=3
For each transmission time interval 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

eni = X

€plus = a Xj
€minus = a'|ANi|

4.2.7.3 Bit separation and collection in uplink

The systematic bits of turbo encoded TrCHSs shall not be punctured, however, systematic bits for trellis termination may
be punctured. The systematic bits, first parity bits, and second parity bitsin 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 the first parity bits and
some systematic, first and second parity trellis termination bits and the third sequence containing all 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 transparent for uncoded TrCHs, convolutionally encoded TrCHs, and for turbo encoded
TrCHs with repetition. The bit separation and bit collection are illustrated in figures 5 and 6.

Rate matching

E Xaik Yaik E
Radio frame | 1 |Bit separation Bit | TrCH
segmentation | S Xzih Rate matching yzih collection | fik | Multiplexing

i algorithm X

| ‘ | |

: _’3"( Rate matching _’ys'k |

i algorithm i

......... »

Figure 5: Puncturing of turbo encoded TrCHs in uplink
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Rate matching
Radio frame| 1 |Bit separation Bit i TrCH
mentation |8 ! X1i ik_ | collection ffik 1 | Multiplexin
seg Sk ik _ Yaik i ik p J >
! Rate matching :
| algorithm :

____________________________________________________

Figure 6: Rate matching for uncoded TrCHSs, convolutionally encoded TrCHSs,
and for turbo encoded TrCHs with repetition in uplink

The bit separation is dependent on the 15t interleaving and offsets are used to define the separation for different TTls.
The sequence denoted asb = 1 contains al of the systematic bits and some systematic, first and second parity trellis
termination bits; the sequence denoted asb = 2 contains all of the first parity bits and some systematic, first and second
parity trellis termination bits; the sequence denoted as b = 3 contains al of the second parity bits and some systematic,
first and second parity trellis termination bits. The offsets ¢4, for these sequences are listed in table 4.

Table 4: TTI dependent offset needed for bit separation

TTI (ms) o A A
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. The radio frame
number for TrCH i is denoted by n;. and the offset by ﬂq .

Table 5: Radio frame dependent offset needed for bit separation

TTI (ms) 5 B b Bs B, Bs Bs 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
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42.7.3.1 Bit separation

The bits input to the rate matching are denoted by €1,€2,€3,...,€, , Wherei isthe TrCH number and N; is the number

of bitsinput to the rate-matching block. Note that the transport format combination number j for simplicity has been left
out in the bit numbering, i.e. N; = N;;. The bits after separation are denoted by X1, Xpi2, Xpi3---» Xpix; - FOr turbo

encoded TrCHs with puncturing, b indicates the three sequences defined in clause 4.2.7.3 .The sequence denoted as

b =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 the first 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 is defined to be 1. X; is the number of bits in each separated

bit sequence. The relation between € and X;;, is given below.
For turbo encoded TrCHs with puncturing:
X1k = € 3k-D+1r(ag+ By )mods  K=L2,3,.0% X =N /3]
Xai| N /3 Jrk = & 3N, 73k k=1,...,N;mod3
NOTE:  When (N; mod 3) = O this row is not needed.

X2k = & 3(k-1)+1+(c+ B, )mod3 k=1,23 ..., % X =LN; /3]

Xk = Q,s(k—1)+1+(a3+ﬂni ymod3 k=1,23 ..., % X = LNi /3]
For uncoded TrCHs, convolutionally encoded TrCHs, and turbo encoded TrCHs with repetition:

Xic=6, k=1,23..X X = N

42.7.3.2 Bit collection

The bits X;;,c are input to the rate-matching algorithm described in clause 4.2.7.5. The bits output from the rate-matching
algorithm are denoted yyi1, Yhi2, Yhi3:---» Yoiy, -

Bit collection is the inverse function of the separation. The bits after collection are denoted by 2y, 2, Zyi3, - - -, Zhiy; -
After bit collection, the bits indicated as punctured are removed and the bits are then denoted by iy, fi2, fis,..., fiy,
wherei isthe TrCH number and V; = N;; + AN;;. The relations between Yy, Zy., and f. are given below.

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

Z 3(k-D+ir(op+ By )mods = Yiik  K=L23..Y

Z g N 13lik = Yoi| N i3k k=1,...,N;mod3
NOTE:  When (N; mod 3) = O thisrow is not needed.

Zi,3(k—1)+l+(a2+ﬂni ymod3 = Y2ii k k=1,23 ....Y

4,3(k—1)+1+(a3+ﬁw ymod3 = Y3, k k=1,23 ....Y,

After the bit collection, bits Z | with value 6, where ¢ {0, 1}, are removed from the bit sequence. Bit le corresponds

to the bit Z , with smallest index k after puncturing, bit f; , corresponds to the bit Z , with second smallest index k after
puncturing, and so on.
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For uncoded TrCHSs, convolutionally encoded TrCHSs, and turbo encoded TrCHs with repetition:

Z k = Y1ik k=123, ...,Y
When repetitionisused, f;, =z , and Y, = V;.

When puncturing is used, Y; = X; and bits Z , with value 6, where ¢ {0, 1}, are removed from the bit sequence. Bit fi,l

corresponds to the bit Z  with smallest index k after puncturing, bit fi72 corresponds to the bit Z | 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 TrCHSs shall not be punctured, however, systematic bits for trellis termination may
be punctured. The systematic hits, 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 the first parity bits and
some systematic, first and second parity trellis termination bits and the third sequence containing all 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 TrCHSs, and for turbo encoded
TrCHs with repetition. The bit separation and bit collection are illustrated in figures 7 and 8.

Rate matching
: Xjik yl% |
Channel i |Bit separation Bit i 1% insertion of
coding |G Xzih Rate matchin yzih collection giql DTX
agorithm J indication

algorithm

i é‘ Rate matching ﬁ‘ i

Figure 7: Puncturing of turbo encoded TrCHs in downlink
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Rate matching
Channel  |Bit separation Bit | [1¥ insertion of
coding [Cik! Xaik Viik_ | collection [Jik | DTX
—> i PO S
: Rate matching : indication
| algorithm :
Figure 8: Rate matching for uncoded TrCHSs, convolutionally encoded TrCHSs,
and for turbo encoded TrCHs with repetition in downlink
42.7.4.1 Bit separation

The bits input to the rate matching are denoted by Cj3,¢i2,Gi3,..., Cig, , Wherei isthe TrCH number and E; is the number
of bitsinput to the rate matching block. Note that E; is a multiple of 3 for turbo encoded TrCHs and that the transport
format | for simplicity has been left out in the bit numbering, i.e. E; = Nﬂ_” . The bits after separation are denoted

by Xpi1, Xpi2, 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 is defined to be 1. X; is the number of bitsin each separated bit sequence. The
relation between C; and Xy;;, is given below.

For turbo encoded TrCHs with puncturing:

Xl,i,k = Ci,3(k71)+l k= 1,23, ..., Xi Xi = Ei /3
X2,i,k = Ci,3(k71)+2 k= 1,23, ..., Xi Xi = Ei /3
X3,i,k = Ci,3(k—1)+3 k= 1, 2, 3, ceey Xi Xi = Ei /3

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

X1ik =Cik k=123, ..., % X = E

42.7.4.2 Bit collection

The bits X;, are input to the rate-matching al gorithm described in clause 4.2.7.5. The bits output from the rate-matching
algorithm are denoted yyi1, Ypi2, Yhi3:---» Yoiy, -

Bit collection is the inverse function of the separation. The bits after collection are denoted by 2y, zyi2, Zyi3, - - -, Zhiy; -
After bit collection, the bits indicated as punctured are removed and the bits are then denoted by gj1, 92, 9i3.---, 9ig, »

wherei isthe TrCH number and G; = NJ T + AN{| . The relations between Yoie Zoike @d G;, are given below.

For turbo encoded TrCHs with puncturing (Y; = X;):
Zj 3(k-1)+1 = Y1i k k=123 ..,

Z 3(k-1)+2 = Y2, k k=123, ...)Y
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Z 3k-1+3 = Yaik k=1,23 ....Y,

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

to the bit Z | with smallest index k after puncturing, bit g; , 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:

Zi k= Y1ik k=123, ...,
When repetitionisused, g , =7 ,and Y, = G;.

When puncturing is used, Y; = X; and bits Z , with value 6, where ¢ {0, 1}, are removed from the bit sequence. Bit g ;
corresponds to the bit Z , with smallest index k after puncturing, bit g; , corresponds to the bit Z  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:

Xi1,%2:%3,- -2 Xx, » 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;, €, &y and &g e givenin clause 4.2.7.1 for uplink or in
clause 4.2.7.2 for downlink.

Therate-matching ruleis as follows:
if puncturing isto be performed

e=e, -- initial error between current and desired puncturing ratio

m=1 -- index of current bit

do whilem < = X;
€= €—€minus -- update error
if e<=0then -- check if bit number m should be punctured

set bit x; ., to S where oz {0, 1}

e=etey,s --updateerror

end if
m=m+1 -- next bit
end do
else
e=e, -- initial error between current and desired puncturing ratio
m=1 -- index of current bit

do whilem < = X;

€= €—€minus -- update error
dowhilee<=0 -- check if bit number m should be repeated
repeat bit X; o,
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e=e+ gy, --Updateerror
end do
m=m+1 -- next bit
end do
end if

A repeated bit is placed directly after the original one.

4.2.8  TrCH multiplexing

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

The bits input to the TrCH multiplexing are denoted by iy, fi2, fis,..., fiy, , wherei isthe TrCH number and V; is the
number of bitsin the radio frame of TrCH i. The number of TrCHs s 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:
s="fw k=1,2,...V;

Sk = f2,(k,\/l) k= Vl + 1, Vl +2, ..., Vl + V2

Sk = faoqvayy)) K= (Vi + V) + L (Vi + Vo) + 2, (Vi + V) + Vg

S = fl,(k—(V1+V2+...+V,,1)) k= (Vi+ Vot 4V D+ L (Vi+ Vot L+ VD42 ., (Vi+ Vot L +V )+ Y,

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. DT X indication bits only indicate when the
transmission should be turned off, they are not transmitted.

4.2.9.1 1% insertion of DTX indication bits

This step of inserting DTX indication bits is used only if the positions of the TrCHs in the radio frame are fixed. With
fixed position scheme a fixed number of bitsisreserved for each TrCH in the radio frame.

The bits from rate matching are denoted by gj1, 92, 9i3.- -, Jig, » Where G; is the number of bitsinone TTI of TrCH i.

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

Innormal or compressed mode by spreading factor reduction, H; is constant and corresponds to the maximum number
of bitsfrom TrCH i in one radio 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 are inserted until the total number of bitsis Di
WhereDi: FiXHi,* 'Np-rn’m' and H|: Ni,*+ANi,*'

1,max?
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The bits output from the DTX insertion is denoted by h;4, h 5, h 3, ..., h;p; Note that these bits are three valued. They
are defined by the following relations:

hik =gk k=123, ..., G
hy=6 k=G +1G+2G+3 ...,D

where DTX indication bits are denoted by 6. Here g, € {0, 1} and 6¢ {0, 1}.

42972 2" insertion of DTX indication bits

The DTX indication hits inserted 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 one radio frame, including DTX
indication bits, for each PhCH by R..

N *
In normal mode R= % =15% (Ngata1 + Nata2) » Where Nygiaq @nd Noyp are defined in [1].

For compressed mode, Ny » is defined as Natax = Px15% (N gata + Nataz) - Natan@d Neaap are the number of
bitsin the data fields of the dot format used for the current compressed mode, i.e. slot format A or B asdefined in [1]
corresponding to the Spreading Factor and the number of transmitted slotsin use.

In case of compressed mode by puncturing and fixed positions, DTX shall be inserted until N'y,, « bits, since the exact
room for the gap is already reserved thanks to the earlier insertion of the p-bits. Therefore R is defined as

R= N gaiar / 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 one radio frame in compressed mode by SF reduction and by higher

cm
N data,*

layer scheduling is denoted by N g, < and R=

N' *
For the transmission time reduction by SF/2 method in compressed mode N§q, « = d;ta’

For compressed mode by higher layer scheduling the exact value of Nggga,* is dependent on the TGL which is signalled

from higher layers. It can be calculated as Ny » = Ngatax — N7oL -
Ny isthe number of bits that are located within the transmission gap and defined as:

[ .
-I—:I.G_SLX Ndata,* y |f Nflrﬂ + TGL S 15

15— N firg

Neata,* » in first frame if Ny ¢ + TGL > 1
Ny, = < T X Nyata + » Infirst frameif Ng o + TG 5

TGL — (15— N firg)
15

X N('jata,* , insecond frame if Ng . + TGL > 15

\

Nfi, @d TGL are defined in clause 4.4.
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The bits output from the DTX insertion block are denoted by W, , W, ,W,,..., WipR) - 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=1,23,..,S
W, =0 k=S+1,S+2S+3, ..,PR

where DTX indication bits are denoted by 6. Here S, € {0,1, pfand 6¢ {0,1}.

4.2.10 Physical channel segmentation

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

physical channel segmentation block. The number of PhCHs is denoted by P.

The bits after physical channel segmentation are denoted Uy, Upp,Upg,...,Upy , Where p is PhACH number and U isthe
number of bitsin one radio frame for each PhCH, i.e. U = (X — Ny ) / P for compressed mode by puncturing, and

U= % otherwise. The relation between X, and Uy, 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, al bits of the input flow are taken to be mapped to the codes. For
compressed mode by puncturing, only the hits of the input flow not corresponding to bits p are taken to be mapped to
the codes, each it p is removed to ensure creation the gap required by the compressed mode, as described bel ow.

Bitson first PhCH after physical channel segmentation:
ul,k: Xl,f(k) k= 1,2 ..,U
Bits on second PhCH after physical channel segmentation:

Up k= X fk+uy K=1.2,...,U

Bits on the Pth PhCH after physical channel segmentation:
Up, k= X, f(k+ (P - 1)xU) k=1,2,..,U
Wheref is such that:

- for modes other than compressed mode by puncturing, X o = %, ko i.e f(k) = k, for al k.

- for compressed mode by puncturing, bit u; ; corresponds to the bit x; , with smallest index k when the bits p
are not counted, bit u, , corresponds to the bit X;  with second smallest index k when the bits p are not
counted, and so on for bitsuy 3 ...U; y Up 1 Up o Uy y  Upg Upo  Upy,

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, X, = S and 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, W, Ws,..., Wpy) - Hence, X, = Wy and Y = PU.
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4211 2" interleaving

The 2d interleaving is a block interleaver with inter-column permutations. The bitsinput to the 2" interleaver are
denoted Up1,Up 2,Up3,...,Upu » Where pis PACH number and U is the number of bitsin one radio frame for one

PhCH.
1)  Setthe number of columns C2 = 30. The columns are numbered O, 1, 2, ..., C2 - 1 from left to right.
2)  Determine the number of rows R2 by finding minimum integer R2 such that:

U R2x C2

3) Thebitsinput to the 2" interleaving are written into the R2 X C2 rectangular matrix row by row.

Up’l Up’2 Up’3 Up’30
Up31 Up32 Up,33 -+ Upgo

Up (R2-1)x30+1) Up,((R2-1)x30+2) Up,((R2-1)x30+3) ---Up,(R2x30)

4)  Perform the inter-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 Y.

Ypi  Yp(R2+)) Yp,(2xR2+1) -+ Yp,(29xR2+1)
Yp2 Yp(R2+2) Yp(xR2+2) - Yp,(29xR2+2)

YpR2 Yp(xR2) Yp(3xR2) -+ Yp,(30xR2)

5)  The output of the 2"d interleaving is the bit sequence read out column by column from the inter-column
permuted R2X C2 matrix. The output is pruned by deleting bits that were not present in the input bit sequence,

i.e. bits Yy that corresponds to bits uy, with k> U are removed from the output. The bits after 2 interleaving
aredenoted by V,,V,,,...,V,, , whereV,, , corresponds to the bit y, , with smallest index k after pruning,

V,

b2 to the bit Y, 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

4.2.12 Physical channel mapping

The PhCH for both uplink and downlink is defined in [1]. The bitsinput to the physical channel mapping are denoted
by Vp1,Vp2,...,Vpu » Where pisthe PACH number and U is the number of bitsin one radio frame for one PhCH. The

bits Vo are mapped to the PhCHs so that the bits for each PhCH are transmitted over the air in ascending order with
respect to k.
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In compressed mode, no bits are mapped to certain slots of the PhCH(s). If Ng;, o + TGL < 15, no bits are mapped to
Slots Nf g 10 N5 If Ngi o + TGL > 15, i.e. the transmission gap spans two consecutive radio frames, the mapping is as
follows:

- Inthefirst radio frame, no bits are mapped to ots N¢; ¢, Nfirg + 1o Nijrgt + 21 -, 14.
- Inthe second radio frame, no bits are mapped to the slots 0, 1, 2, ..., N5«

TGL, Njj, 4 and N, 4 are defined in clause 4.4.

42121 Uplink

In uplink, the PhCHs used during aradio frame are either completely filled with bits that are transmitted over the air or
not used at all. The only exception is when the UE isin compressed mode. The transmission can then be turned off
during consecutive slots of the radio frame.

42122 Downlink

In downlink, the PhCHs do not need to be completely filled with bits that are transmitted over the air. Bits v, ¢{0, 1}
are not transmitted.

During compressed mode by reducing the spreading factor by 2, no bits are mapped to the DPDCH field as follows:
If Ngi;« + TGL < 15, i.e. the transmission gap spans one radio frame,
if N +7< 14
no bits are mapped to Sots Ng ¢, Nri; ¢ + 1, N g + 2,..., Njgg + (7-TGL)
no bits are mapped to the first (Np41+ Npaap) / 2 bit positions of slot N, + (8-TGL)
else
no bits are mapped to Slots Ny, Nfirgt + 1, Nijpg +2,..., 14
no bits are mapped to SIots Ny o - 1, Niirg = 2, Nijrgt = 3, -1 Niips ¢ (7- TGL - (14 - Nj59))
no bits are mapped to the last (Np a1+ Npaap) / 2 bit positions of slot Nf;, - (8 - TG - (14 - N, 4))
end if
If Ngj, & + TGL > 15, i.e. the transmission gap spans two consecutive radio frames,

In the first radio frame, no bits are mapped to last (Npg.+ Npaap) / 2 bit positionsin slot 7 as well asto slots
8,910,.., 14

In the second radio frame, no bits are mapped to slots 0, 1, 2, ..., 6 aswell asto first (Npga1+ Npaap) / 2 bit
positionsin dot 7.

Npazr@nd Np 4o 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 [6]. In this clause those
restrictions are given with layer 1 notation.

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 val ue of the number of DPDCHs P are given from the UE capability class.
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4.2.13.2 Random Access Channel (RACH)
- Therecanonly be one TrCH in each RACH CCTrCH, i.e.1 =1, = f;; and S=V;.

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

- The transmission time interval is either 10 ms or 20 ms.
- OnlyonePRACH isused,i.e. P=1, U =S,andU=S

- The Static rate matching parameter RM; is not provided by higher layer signalling on the System information

as the other transport channel parameters. Any value may be used as there is one transport channel in the
CCTrCH, hence one transport channel per Transport Format Combination and no need to do any balancing
between multiple transport channels.

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 DPDCHs 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 val ue of the number of transport
blocks M, on the transport channel and the maximum value of the number of PDSCHSs P are given from the

UE capability class.

4.2.13.5 Broadcast channel (BCH)
- Therecanonly beone TrCH inthe BCH CCTrCH, i.e. 1 =1, S, = fy, and S=V,.
- There can only be one transport block in each transmission time interval, i.e. My = 1.

- All transport format attributes have predefined values which are provided in [6] apart from the rate matching
RM;.

- The Static rate matching parameter RM; is not provided by higher layer signalling neither fixed. Any value

may be used as there is one transport channel in the CCTrCH, hence one transport channel per Transport
Format Combination and no need to do any balancing between multiple transport channels.

- Only one primary CCPCH isused, i.e. P=1.

4.2.13.6 Forward access and paging channels (FACH and PCH)

- The maximum value of the number of TrCHs | ina CCTrCH and the maximum value of the number of
transport blocks M; on each transport channel are given from the UE capability class.

- The transmission time interval for TrCHs of PCH typeis always 10 ms.

- Only one secondary CCPCH isused per CCTrCH, i.e. P=1.
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4.2.14 Multiplexing of different transport channels into one CCTrCH, and
mapping of one CCTrCH onto physical channels

The following rules shall apply to the different transport channels which are part of the sasme CCTrCH:

1) Transport channels multiplexed into one CCTrCh shall have co-ordinated timings. When the TFCS of a
CCTrCH is changed 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 the relation:

CFN mod F,, =0,

Where F,,,,, denotes the maximum number of radio frames within the transmission time intervals of all

transport channels which are multiplexed into the same 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 channel i may
only start in radio frames with CFN fulfilling the relation:

CFN; mod F; = 0.
2)  Only transport channels with the same active set can be mapped onto the same CCTrCH.
3) Different CCTrCHSs cannot be mapped onto the same PhCH.
4)  One CCTrCH shall be mapped onto one or several PhCHs. These physical channels shall all have the same SF.
5) Dedicated Transport channels and common transport 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 the result 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 channel,
RACH in the uplink, DSCH, BCH, or FACH / PCH for the downlink.

42141 Allowed CCTrCH combinations for one UE

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

2) one CCTrCH of common type.

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 type. The allowed combination of CCTrCHs of
dedicated and common type is 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 CCTrCHs.
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NOTE 2: Thereisonly one DPCCH in the downlink, even with multiple CCTrCHs. With multiple CCTrCHs, the
DPCCH istransmitted on one of the physical channels 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 2nd 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®+D9+ D>+ D3+ 1.
The shift register generating the sequence is loaded with the sequence 00000100101010000000 every 720 ms, that is,
every 72 radio frames. Thefirst 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.

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

Initialisation Sequence:00000100101010000000

0]0|0O
\u‘é‘ o
Output Data

S, e >

Enable T Input Data

'OO

Figure 9: Scrambler operation

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 field;

- 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 there is at |east one other TrCH i', hereafter called guiding
TrCH, such that:

- theguiding TrCH hasthe same TTI duration as the TrCH under consideration, i.e. F. = F;;

- different TFs of the TrCH under consideration correspond to different TFs of the guiding TrCH;
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- explicit blind detection is used on the guiding TrCH.

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

For uplink, blind transport format detection is a network 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 is available 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 bits received per radio frameis 600 or |ess;

3)  The number of transport format combinations of the CCTrCH is 64 or less;

4)  Fixed positions of the transport channels are used on the CCTrCH to be detected;

5)  Convolutional coding is used on all explicitly detected TrCHSs;

6) CRCisappended to all transport blocks on all explicitly detected TrCHSs;

7)  The number of explicitly detected TrCHsis 3 or less;

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

9) The sum of the transport format set sizes of all explicitly detected TrCHSs, is 16 or less. The transport format
set size is defined 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.

4.3.2  Transport format detection based on TFCI

If aTFCI isavailable, then TFCI based detection shall be applicable to all TrCHs within the CCTrCH. The TFCI
informs the receiver about the transport format combination of the CCTrCHs. As soon asthe TFCI is detected, the
transport format combination, and hence the transport formats of the individual transport channels 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
procedure is as shown in figure 10.
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TFCI/TPC code

(10 bits) ———m second order —> word

a,...a, Reed-Muller code

by,

Figure 10: Channel coding of TFCI/ TPC information bits

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

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 as in the following table 7.

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

! Mi,O Mi,1 Mi,2 Mi,3 Mi,4 Mi,5 Mi,G Mi,7 Mi,8 Mi,9
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

Let'sdefine the TFCI / TPC information bitsasay & & 8 3y a5 85 & 3g (8 iSLSB 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 b; are given by:

bI =Zg:(an>< M i’n)modz

Wherei =0, ..., 31.
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The output bits are denoted by b,, k=0, 1, 2, ..., 31.

In downlink, when the SF < 128 the encoded TFCI code words are repeated yielding 8 encoded TFCI / TPC bits per slot
in normal mode and 16 encoded TFCI / TPC bits per slot in compressed mode. Mapping of repeated hitsto dlotsis
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 away that the code word
relevant for TFCI / TPC activity indication is not transmitted from every cell. The use of such functionality shall be
indicated by higher layer signalling.

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

TECI/TPC TFCI/TPC code

] (16,5) ‘ >
(5 bits)  ———» bi-orthgonal code word
a8y 4 Poba-Dan
TFCITPC (16.5) TFCITPC code
(5 bits) ———» ' r > word

bi-orthgonal code

a2,0"'&12,4 bl’b3"'b3l

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

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

=
=
=

<

<

0 1 2 i,3 4

OO |INO|O|R|W|IN|FP|O| —

o|lr|o|lr|o|r|or|o|k|o|r|lo|r|o|r
o|lr |k |o|o|kr|r|o|o|k|r|lo|lo|k|r|o
o|lR |k |k|r|lo|lolo|lo|k|k|k|r|lolo|lo
ok |k|kr|k|k|k|kiklo|lo|lo|lojo|o|o
RlRRRr(RRrRrRPr|R kR R PRk~

Let's define afirst set of TFCI information bitsasay o; & 1; & »; @ 35 & 4 (849 ISLSB 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 bitsas & o; & 1; & 2; & 3; & 4 (8o iSLSB and &, , 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.
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The output code word bits b, are given by:

4 4
b2i :Zo(al,an i Mod2: b2i+1:Z(;(a2,nXM i mod2

Wherei =0, ..., 15.

The output bits are denoted by b,, 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 sots of the radio frame. Within aslot the bit with lower index is
transmitted before the bit with higher index. The coded bits b, are mapped to the transmitted TFCI / TPC bitsd,,

according to the following formula:
Ay = By mod 32

For uplink physical channels regardless of the SF and downlink physical channels, if SF> 128, k=0, 1, 2, ..., 29. Note
that this means that bits by, and by are not transmitted.

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

4.35.2 Mapping of TFCI / TPC word in compressed mode

The mapping of the TFCI / TPC bits in compressed mode is different for uplink, downlink with SF > 128 and downlink
with SF < 128.

43521 Uplink compressed mode

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

Denote the number of bits available in the TFCI / TPC fields of one compressed radio frame by D and the number of
bitsinthe TFCI / TPC field in aslot by Ntrc) ; 1pe. The parameter E is used to determine the number of the first

TFCI / TPC hit to be repeated.

E = Nfj;¢ Ntrc) ) TRe: if the Start of the transmission gap is allocated to the current frame.

E =0, if the start 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 d,.. The following relations define the
mapping for each compressed frame.

dy = by

Wherek=0,1,2,...,mn(31,D-1).

If D > 32, the remaining positions are filled by repetition (in reversed order):
dpk- 1= PE + k) mod 32

Wherek=0, ..., D - 33.
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43522 Downlink compressed mode

For downlink compressed mode, the slot format is changed so that no TFCI / TPC coded bits are lost. The different slot
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 hits given from the slot format. The block of bitsin the TFCI / TPC fields where DTX is used starts on the
first TFCI / TPC field after the transmission gap. If there are more bits available in the TFCI / TPC fields before the
transmission gap than TFCI / TPC bits, DTX isaso used on the bitsin the last TFCI / TPC fields before the
transmission gap.

Denote the number of bits available in the TFCI / TPC fields of one compressed radio frame by D and the number of
bitsinthe TFCI / TPC field in aslot by Ny, , tpe- The parameter E is used to determine the position of the first bit in

the TFCI / TPC field on which DTX is used.

E = Nfi;g Ntrcy ) TR i the start of the transmission gap is allocated to the current frame.

E =0, if the start 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 bits to be transmitted by F. F = 32 for slot formats nA or nB,
wheren=0, 1, ..., 11 (see table 7 in [1]). Otherwise, F = 128. The TFCI / TPC coded bits b, are mapped to the bitsin

the TFCI / TPC fields d,. The following relations define the mapping for each compressed frame.
If E>O0,
Ay = B mod 32
Wherek=0,1,2, ..., min(E, F) - 1.
If E<F,

A + p-F = B mod 32
Wherek=E, ..., F - 1.

DTX isused on d, wherek=min (E, F), ..., min(E, F) +D - F - 1.

4.4 Compressed mode

In compressed mode, TGL slots from Ng;, to N, are not used for transmission of data. Asillustrated in figure 12, the

instantaneous transmit power is increased 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 frames is variable and depends on the environment and the measurement requirements.

o I —‘( I A N —‘(I

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

inter-frequency measurements

Figure 12: Compressed mode transmission
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4.4.1 Frame structure in the uplink

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

Slot # (N, — 1 transmission Slot # (Njg + 1
( ( first ) )( gap } { ( last ) )
Da[a [ ) [ ] [ ] [ ] [ ) [ ) Da[a
Pilot TrciTc|® ¢ 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 maximizes the
transmission gap length and type B is optimized for power control.

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

- With frame structure of type B, the TPC field of the first slot in the transmission gap and the pilot field of the
last dot in the transmission gap is transmitted. Transmission is turned off during the rest of the transmission

gap (figure 14(b)).
slot # (Nfirg - 1 sot # (Njag + 1
< (Nfirst - 1) > < (Nig + 1) >
TFCI
v Data PL e ¢ o o o oo P TRCl Data PL
TPC TPC
(a) Frame structure type A
slot # (Nfirg - 1 slot # (Njag + 1
< (Nfirst - 1) > < (Njgg +1) >
TFCI/ Deta. " TRCU |e o o o pL TFCI/ 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 afactor of two, and higher
layer scheduling. In the downlink, all methods are supported while compressed mode by puncturing is not used in the
uplink. The maximum idle length is defined to be 7 dots per one 10 ms frame. The slot formats that are used in
compressed mode are listed in [1].

4431 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.
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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 one radio frame to enable the
transmission of the information bits in the remaining time slots of a compressed frame.

On the downlink, USRAN can also order the UE to use a different scrambling code in compressed mode than in hormal
mode. If the UE is ordered to use a different scrambling code in compressed mode, then there is a one-to-one mapping
between the scrambling code used in norma mode and the one used in compressed mode, as described in
TS125211[2], clause5.2.1.

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 TFCsis 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 channel 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).

Transmission gap P Radio frame ~
o~ -~
7 =
#0 #Nfirg-1 #N ot #14
(1) Single-frame method
Transmission gap
First radio frame < | > Second radio frame
S i I
[
i
\—T—l
#0 #Nfirg-1 #Ng+1 #14

(2) Double-frame method

Figure 15: Transmission gap position

Parameters of the transmission gap positions are calculated as follows.
TGL isthe number of consecutive idle slots during the compressed mode transmission gap:
TGL =3,4,5,7,10,14

Nsi o SPecifies the starting slot of the consecutive idle slots,

N = 0,1,2,3,...,14.
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N4 Shows the number of the final idle slot and is calculated as follows:
If Nfjyg + TGL < 15, then N = Ny, + TGL — 1 (in the same frame),
If Nfjrg + TGL > 15, then N4 = (Nfjr¢ + 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.

Transmission gap

Transmission gap
 S—

Transmission gap

prd >
= Radio frame -
(1) Single-frame method
First radio frame <Transm|55|on SaiN Second radio frame

I

_Transmission gap,_
N ] 7

_Transmission gap,_
N ] 7

N
7

(2) Double-frame method

N

Radio frame

Figure 16: Transmission gap positions with different Ng;.q;
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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 data rates are 0 and full rate, and CRC is only transmitted for full rate),
blind transport format detection using received power ratio can be used.

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

- Pc: Received power per bit of DPCCH calculated from all pilot and TPC hits per dot 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 slot 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;
else

- zero rate transport format detected.

A.1.2 Blind transport format detection using CRC

For the multiple transport format case (the possible datarates are O, ..., (full rate) / r, ..., full rate, and CRC is
transmitted 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.

The receiver knows only the possible transport formats (or the possible end bit position { ny,4}) by Layer-3 negotiation.

The receiver 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 using 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 is no error, the recovered sequence is declared
to be correct.

Thefollowing variable is defined:
S (Neng) = - 101109 (8 (Neng) — Bmin (Nend)) / (Bmax (Nend) = @miin (Neng))) [dB] (A.1)

where 8,5, (Neng) @Nd ayip, (Neng) @re the maximum and minimum path-metric values among all survivors at end bit
position Ng,q, and &y (Ng,g) 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. The threshold D determines whether the hypothetical trellis
path connected to the zero state should be traced back or not at each end bit position ny . If the hypothetical trellis path

connected to the zero state that satisfies:
S(Ngng) <D (A.2)

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

If more than one end bit positions satisfying equation A.2 is found, the end bit position which has minimum value of
S (Ngng) IS declared to be correct. If no path satisfying equation A.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

o Neng = 1 Nend = 2 Nena = 3 Neng = 4
POSitions Neng

v v R

Data with variable number of bits CRC Empty

NOTE: Four possible transport formats, and transmitted end bit position ng,q = 3.

Figure A.1: An example of data with variable number of bits
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]

3
a

>
o0Or

Viterbi decoding (ACS operation)
to end bit position n

v

Calculation of S(ng,) |

IS Ngq the
maximum value?

Tracing back end%lijiplé)ts('jtiegictned’ *
from end bit position n, P ¢ end
Cadculation of CRC parity END
for recovered data
NG
A
* |If the value of detected n,,4 is
“0", the received frame data is
declared to bein error.
Comparison Shin =< Neng)
Of S(Nera) A
Smin > S(nend)
Smin = S(nend)
l’]end, = I’]end

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

Tables B.1 to B.3 show the resulting idle lengths for different transmission gap lengths, UL / DL modes and DL frame
types. Theidle lengths given are calculated purely from the slot and frame structures and the UL / DL offset. They do
not contain margins for 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 )
B 2,93-3,19 scheduling (D) = (1,4), (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 -9,19
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 ()
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 (D) =(7,7)
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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),
Sprge}ding factor (5,2) or (6,1)
10 6,13 — 6,39 division by 2 or - [(By=1(3,7), (4,6), (5,5), (6.4)
Higher Iallyer or (7,3)
14 8,80 — 9,06 scheduling (D) =(7.7)

(9): Single-frame method as shown in figure 15 (1).

(D): Double-frame method as shown in figure 15 (2). (x,y) indicates x: the number of idle slotsin the first frame,
y: the number of idle slotsin the second frame.

NOTE: Compressed mode by spreading factor reduction is not supported when SF = 4 is used in norma mode.
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