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Foreword

This Technical Specification has been produced by the 3GPP.

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

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

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

z thethird digit isincremented when editorial only changes have been incorporated in the specification;
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1 Scope

The present document describes the characteristics of the Layer 1 multiplexing and channel coding in the FDD mode of
UTRA.

2 References

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

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

» For aspecific reference, subsequent revisions do not apply.

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

[1] 3G TS 25.201: "Physical layer — General Description™

2] 3G TS 25.211: "Physical channels and mapping of transport channels onto physical channels
(FDD)"

[3] 3G TS 25.213: " Spreading and modulation (FDD)"

[4] 3G TS 25.214: "Physical layer procedures (FDD)"

[5] 3G TS 25.215: "Measurements (FDD)"

[6] 3G TS 25.221: "Physical channels and mapping of transport channels onto physical channels
(TDD)"

[7] 3G TS 25.222: "Multiplexing and channel coding (TDD)"

[8] 3G TS 25.223: " Spreading and modulation (TDD)"

[9] 3G TS 25.224: "Physical layer procedures (TDD)"

[10] 3G TS 25.225: "Measurements (TDD)"

[171] 3G TS 25.302: "Services Provided by the Physical Layer"

[12] 3G TS 25.402: "Synchronisation in UTRAN, Stage 2"

3 Definitions, symbols and abbreviations

3.1 Definitions

For the purposes of the present document, the [following] terms and definitions [given in ... and the following] apply.

TG: Transmission Gap is 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.

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

TrCH number: Transport channel number representsa TrCH ID assigned to L1 by L2. Transport channels are
multiplexed to the CCTrCH in the ascending order of these IDs.
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3.2 Symbols

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

0
0
0

Nirst
Njast

round towards o, i.e. integer such that x < X[7< x+1
round towards -, i.e. integer such that x-1 < X[7<X
absolute value of x

Thefirst slot inthe TG.
Thelast dot inthe TG. N .4 is either adot in the same radio frame as N;,4 or adot intheradio
frame immediately following the slot that contains Ny «.

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

;3_7\_.__

ZpUENOT T

TrCH number

TFC number

Bit number

TF number

Transport block number

Radio frame number of TrCH i.

PhCH number

Code block number

Number of TrCHsin aCCTrCH.

Number of code blocksinone TTI of TrCH i.

Number of radio framesinone TTI of TrCH i.

Number of transport blocksinone 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.

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

H

3

N < X
N < X

3.3 Abbreviations

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

ARQ
BCH
BER
BLER
BS
CCPCH
CCTrCH
CRC
DCH
DL
DPCH
DPCCH
DPDCH
DS-CDMA
DSCH
DTX
FACH
FDD
FER
GF
MAC
Mcps

Automatic Repeat Request
Broadcast Channel

Bit Error Rate

Block Error Rate

Base Station

Common Control Physical Channel
Coded Composite Transport Channel
Cyclic Redundancy Code
Dedicated Channel

Downlink (Forward link)

Dedicated Physical Channel
Dedicated Physical Control Channel
Dedicated Physical Data Channel
Direct-Sequence Code Division Multiple Access
Downlink Shared Channel
Discontinuous Transmission

Forward Access Channel

Frequency Division Duplex

Frame Error Rate

GaloisField

Medium Access Control

Mega Chip Per Second
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MS Mobile Station
OVSF Orthogonal Variable Spreading Factor (codes)
PCCC Parallel Concatenated Convolutional Code
PCH Paging Channel
PRACH Physical Random Access Channel
PhCH Physical Channel
RACH Random Access Channel
RSC Recursive Systematic Convolutional Coder
RX Receive
SCH Synchronisation Channel
SF Spreading Factor
SFN System Frame Number
SIR Signal-to-Interference Ratio
SNR Signal to Noise Ratio
TF Transport Format
TFC Transport Format Combination
TFCI Transport Format Combination Indicator
TPC Transmit Power Control
TrCH Transport Channel
TTI Transmission Time Interval
X Transmit
UL Uplink (Reverselink)
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 channel's 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 time interval. 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 section 4.2.1)

- Transport block concatenation and code block segmentation (see section 4.2.2)

- Channel coding (see section 4.2.3)

- Rate matching (see section 4.2.7)

- Insertion of discontinuous transmission (DTX) indication bits (see section 4.2.9)

- Interleaving (two steps, see sections 4.2.4 and 4.2.11)

- Radio frame segmentation (see section 4.2.6)

- Multiplexing of transport channels (see section 4.2.8)

- Physical channel segmentation (see section 4.2.10)

- Mapping to physical channels (see section 4.2.12)

The coding/multiplexing steps for uplink and downlink are shown in figure 1 and figure 2 respectively.
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BB B B,
: CRC attachment
blrrﬂ.’hm2’b|m3""’QmB, ¢ E
: TrBk concatenation / :
: Code block segmentation :
C’lrl’(:)er’Olr3""’oHK‘ ¢ E
Channel coding
CiC2CaiCe
Radio frame equalisation
til’tiZ’ti3""’ti'ﬂ ¢
: 1% interleaving
A Oty §
: Radio frame segmentation
6182808y v
: _ - Rate :
: Rate matching 2 i| maching |:
f.., fiz,fi3,...,fi\,i i
TrCH Multiplexing
Physical channel
segmentation
U Uy Unge .y Uy ¢ l
2" interleaving I ces
[ |
Vo Vo Vpsr Voo [ vee
Physical channel mapping oo

THHOUd €]
ZHHOUd 4

Figure 1: Transport channel multiplexing structure for uplink
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AEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE, FESEEEEEEEEEEEEEEEEE.

a1'm1’a1'm2’a1'mf.%""’a1'rnA1

CRC attachment

|m3""’b|mB‘ +

TrBk concatenation /
Code block segmentation

qu'O|r2’0|r3""’oirKi +

oy

B, B

im2?

Channel coding

GasCizsCiar- G v

Rate
matching

Rate matching

Ui1:9i2: Gizs---1 Ui, +

1% insertion of DTX
indication

hohohe o Ren)
1* interleaving

QvQQvQSP“’qQ +

Radio frame segmentation

fil’fiZ’fiB""’fiV‘ ¢
TrCH Multiplexing

8.8, SSs v

2" insertion of DTX
indication

W, Wy, W,y Wy ¢

Physical channel
segmentation

Upp UpzoUpgroUpy L oo

2" interleaving cee

Vo Vo Vear o Vou L ot

Physical channel mapping oo

H--------T----------

T#HOU
ZH#HOU

Figure 2: Transport channel multiplexing structure for downlink

The single output data stream from the TrCH multiplexing is denoted Coded Composite Transport Channel (CCTrCH).
A CCTrCH can be mapped to one or several physical channels.
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42.1 Error detection

Error detection is provided on transport blocks through a Cyclic Redundancy Check. The CRC is 24, 16, 12, 8 or 0 bits
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 cal culate the CRC parity bits for each transport block. The parity bits are generated
by one of the following cyclic generator polynomials:

Ocreaa(D) =D* +D®+D°+D°+D +1
gorers(D) =D+ D+ D°+ 1
Ocrei2(D) =D+ D"+ D*+ D’ +D +1
cres(D) = D!+ D" +D*+D*+D+1
Denote the bits in atransport block delivered to layer 1 by &, ,8;,, Qg+ - -1 8ima » @d the parity bits by

Pimas Pimzs Pimas- - -1 Py, - A isthelength of atransport block of TrCH i, misthe transport block number, and L; is 24,
16, 12, 8, or 0 depending on what is signalled from higher layers.

The encoding is performed in a systematic form, which means that in GF(2), the polynomial
23 22 24 23 22 1

8D +a,,DN* +. . +a,, D* +p D¥+p,,D% +. .+ gD+ P
yields aremainder equal to O when divided by gcreos4(D), polynomial

15 \ +14 16 15 14 1
3D +8,,D" M+, 48, D* + P D + P D+ # DD P
yields aremainder equal to O when divided by gcreis(D), polynomial

+11 +10 12 11 10 1
8D ™ +8,,D "+ 48, D¥ + DT + oD F 4 Py DT Py
yields aremainder equal to 0 when divided by gcre12(D) and polynomial

+7 +6 8 7 6 1
8D +8,DY " +.. 48, D°+ pD’ + pppD° .+ P DY+ P
yields aremainder equal to 0 when divided by gcres(D).
If no transport blocks are input to the CRC calculation (M; = 0), no CRC attachment shall be done.
42111 Relation between input and output of the Cyclic Redundancy Check

The bits after CRC attachment are denoted by b, ,,0.,,B ;... ,hmB‘ , Where B=A+L;. The relation between ajy and
bimkis:
tqu:aimk k=1,2,3, ..., A

B = Pt sieny KEA+LA+2A+3, . A+L

4.2.2  Transport block concatenation and code block segmentation

All transport blocksin aTTI are serially 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.
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4.2.2.1 Concatenation of transport blocks

The bitsinput to the transport block concatenation are denoted by b, ;05,83 --, 0, Wherei 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 X;, X5, X3,. .., Xy, » Wherei

isthe TrCH number and X;=M;B;. They are defined by the following relations;
)<ik=h1k k:1,2,..., Bi

Xk :h,z,(k—B‘) k=B +1B+2..2B

)ﬁk = Q,S,(k—ZB‘) k=2B+1,2B + 2, ..., 3B

Xk =B v k-m-pey K= (Mi-1)Bi+ 1, (Mi-)Bi + 2., MB

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 Ci. If the number of bitsinput to
the segmentation, X;, is not amultiple of C;, filler bits are added to the last block. The filler bits are transmitted and they
are always set to 0. The maximum code block sizes are;

convolutional coding: Z = 504

turbo coding: Z = 5114

no channel coding: Z = unlimited

The bits output from code block segmentation are denoted by O,;,0;5,0,3,-..,0,, , Wherei isthe TrCH number, r is
the code block number, and K; is the number of bits.

Number of code blocks: Ci = X/ Z[J
Number of bitsin each code block: K; = X; / C;[J
Number of filler bits: Y; = CK, - X;
If X; < Z, then Oj1k = Xk, and K; = X;.
If Xi = Z, then
Oy =X, k=12 ..K

O =X sk K=1,2...K

C)I3|( = )g,(k+2Ki) k= 1, 2, . Ki

OiCik = Xi(k+(C‘ -1K;) k: 1! 2! e Ki - Y|

OIC‘k :Ok: (Ki'Yi)+la (Kl -Yi)+2, cey K|
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4.2.3 Channel coding

Code blocks are delivered to the channel coding block. They are denoted by O,;,0,,,0,3,...,0,, , Whereiisthe
TrCH number, r isthe code block number, and K; is the number of bitsin each code block. The number of code blocks
on TrCH i is denoted by C. After encoding the bits are denoted by Y1, Yir51 Yirzs--+» Yiry, - The encoded blocks are
serially multiplexed so that the block with lowest index r is output first from the channel coding block. The bits output
aredenoted by G;,C,,Cg,.. .,C:IEi , wherei isthe TrCH number and E; = C;Y;. The output bits are defined by the
following relations:

Ck =Yk k=12 ..Y
Ck = VYiowy) K=Yit1LYi+2..,2Y

Cu = Viagoy) K= 2Yi+ 1, 2Y+2, .., 3Y,

Ck = Yic (k-c-nv) K=(G-DYi+1(C-DYi+2..,GCY

The relation between Ojri and Yirk 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 channel coding
The values of Y; in connection with each coding scheme:

- Convolutional coding, Yzrate: Y; = 2*K; + 16; 1/3rate: Y; = 3*K; + 24

- Turbo coding, 1/3rate: Y; = 3*K; + 12

- No channd coding, Y; = K;

Table 1: Error Correction Coding Parameters

Transport channel type Coding scheme Coding rate

BCH
PCH 112

Convolutional code
RACH

U3, 12

CPCH, DCH, DSCH, FACH

Turbo Code 1/3

No coding

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.

4.2.3.1 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.

ETSI



(3G TS 25.212 version 3.1.1 Release 1999) 14 ETSI TS 125 212 V3.1.1 (2000-01)

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 0 shall be added to the end of the code block before encoding.

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

Input
—*o}{Df{Dl{D—={Df~[D}—{D}-
RS S | . _ Output 0
Lgi ) > > U » Gy = 561 (octal)
9. . | 9 L oupu
v N - - e - G, = 753 (octal)
(a) Rate 1/2 convolutional coder
nput Yy =1
—‘>|D > D 7™1D =D+—>|D =Df—>|D > D
Y Y Y Y Y Y Output O
> > > > > > > G, = 557 (octal)
. 9. | g X, oupu
N N U \ \ Gl =663 (OCtaI)
9 S | . &, ouput2
G, =711 (octal)
(b) Rate 1/3 convolutional coder
Figure 3: Rate 1/2 and rate 1/3 convolutional coders
4.2.3.2 Turbo coding
42321 Turbo coder

The turbo coding schemeis aparalée concatenated convolutional code (PCCC) with 8-state constituent encoders.

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

()= 4, D) -
OF i)

where,
d(D)=1+D*D?
n(D)=1+D+D?,
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- X(t)

X(t)

y
T

Figure 4: Structure of the 8 state PCCC encoder (dotted lines effective for trellis termination only)

Theinitial value of the shift registers of the PCCC encoder shall be all zeros.

The output of the PCCC encoder is punctured to produce coded bits corresponding to the desired code rate. For rate
1/3, none of the systematic or parity bits are punctured, and the output sequence is X(0), Y (0), Y’(0), X(2), Y (1), Y'(2),
etc.

42322 Trellis termination for Turbo coding

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

X(1) Y (1) X(t+1) Y (t+1) X(t+2) Y (t+2) X' (1) Y’ () X’ (t+1) Y’ (t+1) X' (t+2) Y’ (t+2).

42.3.2.3 Turbo code internal interleaver

Figure 5 depicts the overall 8 state PCCC Turbo coding scheme including Turbo code internal interleaver. The Turbo
code internal interleaver consists of mother interleaver generation and pruning. For arbitrary given block length K, one
mother interleaver is selected from the 134 mother interleavers set. The generation scheme of mother interleaver is
described in section 4.2.3.2.3.1. After the mother interleaver generation, I-bits are pruned in order to adjust the mother
interleaver to the block length K. Tail bits T, and T, are added for constituent encoders RSC1 and RSC2, respectively.
The definition of | is shown in section 4.2.3.2.3.2.

Source Coded sequence
O »O N
K bit

> RSC1 [—»O L (3K+T+T,) hit

(K +1) bit K bit

p

M other » Pruning » RSC2 —»0O ~’
interleaver

Figure 5: Overall 8 State PCCC Turbo Coding
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42.3.23.1 Mother interleaver generation

Theinterleaving consists of three stages. In first stage, the input sequence is written into the rectangular matrix row by
row. The second stage is intra-row permutation. The third stage is inter-row permutation. The three-stage permutations
are described as follows, the input block length is assumed to be K (320 to 5114 bits).

First Stage:
(1) Determine the number of rows R such that
R=10 (K = 481 to 530 bits; Case-1)
R=20 (K = any other block length except 481 to 530 hits; Case-2)
(2) Determine the number of columns C such that
Case-1; C=p=53
Case-2,
(i) find minimum prime p such that,
0 =< (p+1)-K/R,
(i) if (0 =< p-K/R) then go to (iii),
ese C=p+l
(@iii)  if (0=<p-1-K/R) then C=p-1,
ese C=p.
(3) The input sequence of the interleaver is written into the RxC rectangular matrix row by row starting from row 0.
Second Stage:

A IfC=p
(A-1) Select aprimitiveroot g, from table 2.

(A-2) Construct the base sequence c(i) for intra-row permutation as:
c(i) =[ggxc(i-)]mod p, i=1.2,..., (p-2)., ¢(0) = 1.
(A-3) Select the minimum prime integer set {q; } (j=1,2,...R-1) such that
g.c.d{q, p-1} =1
q>6
G > dg-n
where g.c.d. is greatest common divider. And g = 1.
(A-4) Theset{q} ispermuted to make anew set {p;} such that
Pr) =0, J=0,1, ....R-1,
where P(j) isthe inter-row permutation pattern defined in the third stage.
(A-5) Performthej-th(j=0,1, 2, ..., R-1) intra-row permutation as:

cj()=c(lixp;]lmod(p-1), i=0,12,...(p-2). andg(p-1) =0,

where ¢;(i) isthe input bit position of i-th output after the permutation of j-th row.

B.IfC=p+l
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(B-1) Sameascase A-1.
(B-2) Sameascase A-2.
(B-3) Sameascase A-3.
(B-4) Same ascase A-4.
(B-5) Performthej-th(j=0,1, 2, ..., R-1) intra-row permutation as:

¢; (i) =c(fixp;Imod(p-1), i=012,...,(p-2)., ¢(p-1)=0,andc(p) =p,

(B-6) If (K = Cx R) then exchange cg.1(p) with cg.1(0).

where ¢(i) isthe input bit position of i-th output after the permutation of j-th row.
CliC=p1

(C-1) Sameascase A-1.

(C-2) Sameascase A-2.

(C-3) Sameascase A-3.

(C-4) Sameascase A-4.

(C-5) Performthej-th(j=0,1, 2, ..., R-1) intrarow permutation as:

cj(i)=c(lixp;lmod(p-1)-1, i=012,...,(p-2),
where ¢;(i) isthe input bit position of i-th output after the permutation of j-th row.

Third Stage:

(2) Perform the inter-row permutation based on the following P(j) (j=0,1, ..., R-1) patterns, where P(j) is the original
row position of the j-th permuted row.

Pa:{19,9,14,4,0,2,5,7, 12, 18, 10, 8, 13, 17, 3, 1, 16, 6, 15, 11} for R=20
Ps:{19,9,14,4,0,2,5,7,12,18, 16, 13,17, 15, 3, 1, 6, 11, 8, 10} for R=20
Pc:{9,8,7,6,54,3, 21,0} for R=10
The usage of these patternsis as follows:

Block length K: P(j)

320t0 480-hit:  Pa

481 to 530-bit: P

531 to 2280-hit: Pa

2281 to 2480-hit: Pg

2481 to 3160-hit: P

3161 to 3210-hit: Pg

3211 to 5114-bit: Py

(2) The output of the mother interleaver is the sequence read out column by column from the permuted R X C
matrix starting from column O.
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Table 2: Table of prime p and associated primitive root

p 9o p 9o p 9o p 9o p 9o
17 3 59 2 103 5 157 5 211 2
19 2 61 2 107 2 163 2 223 3
23 5 67 2 109 6 167 5 227 2
29 2 71 7 113 3 173 2 229 6
31 3 73 5 127 3 179 2 233 3
37 2 79 3 131 2 181 2 239 7
41 6 83 2 137 3 191 19 241 7
43 3 89 3 139 2 193 5 251 6
47 5 97 5 149 2 197 2 257 3
53 2 101 2 151 6 199 3
4.2.3.2.3.2 Definition of number of pruning bits

The output of the mother interleaver is pruned by deleting the I-bitsin order to adjust the mother interleaver to the block
length K, where the deleted bits are non-existent bits in the input sequence. The pruning bits number | is defined as:

| =RXC-K,

where R isthe row number and C is the column number defined in section 4.2.3.2.3.1.

4.2.4 Radio frame size equalisation

Radio frame size equalisation 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 section 4.1.6. Radio frame size equalisation 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 equalisation is denoted by C;;, G5, G5, ..., G, , wherei is TrCH number

and E; the number of bits. The output bit sequence is denoted by t,,1;,, 5, ... ,tiT‘ , where T, is the number of bits. The
output bit sequence is derived as follows:

tx=cy fork=1... E and
tk={0]1} fork=E +1... T}, if E<T,
where

Ti=F* N, and

N, = EGE —1)/ F[1+1 isthe number of bits per segment after size equalisation.

4.25 1% interleaving

The 1% interleaving is a block interleaver with inter-column permutations. The input bit sequence to the 1% interleaver is
denoted by X, X, X3,..., Xix, wherei 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 sequence is derived as follows:
(1) Select the number of columns C, from table 3.
(2) Determine the number of rows R, defined as
R, = Xi/C,
(3) Write the input bit sequence into the R, X C; rectangular matrix row by row starting with bit X; ; inthefirst

column of the first row and ending with bit X ¢ ) in column C, of row R;:
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O X1 X2 X3 e K, 0
U U
D Xi,(C| +1) Xi,(C, +2) X| (C, +3) s Xi,(ZC| ) D
o : : ..

] U]
Hr-nc+  XR-nc+2  XK(R-0c+3) - XKRe) O

(4) Perform the inter-column permutation based on the pattern { P; (j)} (j=0,1, ..., C-1) shown in table 3, where P,(j)
isthe origina column position of the j-th permuted column. After permutation of the columns, the bits are

denoted by Vi
Y Yirey Yier«y - Yige -nreyU
O
iz Yir+2 Yier+2 - Yiqc or +2)[]
0 : : : O
] O
Bir  Yier) Yiery - Yicr) O

(5) Read the output bit sequence Y, Y5, ¥izs---» ¥i (c,r ) Of the 1% interleaving column by column from the inter-

column permuted R X C, matrix. Bit Y; ; correspondsto the first row of thefirst column and bit Y; ¢ ¢ )
corresponds to row R, of column C;.

Table 3
TTI Number of columns C, Inter-column permutation patterns
10 ms 1 {0}
20 ms 2 {0,1}
40 ms 4 {0,2,1,3}
80 ms 8 {0,4,2,6,1,5,3,7}
4.25.1 Relation between input and output of 1% interleaving in uplink

The bits input to the 1 interleaving are denoted by t;;, t;,, t;3,..., t;r , wherei is the TrCH number and T; the number

of bits. Hence, Xk = tikand X, = T;.

The bits output from the 1% interleaving are denoted by d;;, d;5, d;5, ..., dir , and dic = Yik.

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

If fixed positions of the TrCHsin aradio frame is used then the bitsinput to the 1% interleaving are denoted by
hl,hz,hs,...,h(F‘Hi) , wherei isthe TrCH number. Hence, Xk = hic and X; = FH;.

If flexible positions of the TrCHs in aradio frame is used then the bits input to the 1% interleaving are denoted by
gil,giz,gis,...,gie‘ , wherei isthe TrCH number. Hence, Xk = hy and X, = G..

The bits output from the 1% interleaving are denoted by ;, G, 05, - -, Oiq, » Wherei isthe TrCH number and Q; isthe
number of bits. Hence, ik = Yik, Qi = FH; 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 radio frames. Following rate matching in the DL and radio frame size equalisation in the UL the input bit
seguence length is guaranteed to be an integer multiple of F;.
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Theinput bit sequence is denoted by X, X5, Xi3,. . ., Xix‘ wherei isthe TrCH number and X; is the number bits. The Fi

output bit sequences per TTI aredenoted by Y, 11 Yi 21 Yinar---» Yiny Wheren;isthe radio frame number in current
TTI and; isthe number of bits per radio frame for TrCH i. The output sequences are defined as follows:

Yink = X ((n-0w ek M = 1...F, k=1..;

where

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

X, isthe k™ bit of the input bit sequence and

Yink isthe k™ bit of the output bit sequence corresponding to the n radio frame

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

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

The input bit sequence to the radio frame segmentation is denoted by d;,d,,,d;s,..., d;; , wherei isthe TrCH

number and T; the number of bits. Hence, X, = dxand X, = T,.

The output bit sequence corresponding radio frame n; is denoted by €,,6,,83,...,8y, , wherei isthe TrCH number

and N; isthe number of bits. Hence, € , =Y, ,, and N, = Y.

4.2.6.2 Relation between input and output of the radio frame segmentation block in
downlink

The bitsinput to the radio frame segmentation are denoted by Q;,0;5,0;5,- .-, qu , Where i isthe TrCH number and Q,
the number of bits. Hence, Xix = Qi and X; = Q..
The output bit sequence corresponding to radio frame n; isdenoted by f,;, f;,, fi5,..., f;,, , wherei isthe TrCH

number and V; is the number of bits. Hence, f,, = YinkandVi =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 cal culated.

The number of bits on atransport channel can vary between different transmission time intervals. In the downlink the
transmission isinterrupted 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 section 4.2.7 and subsections:

N For uplink: Number of bitsin aradio frame before rate matching on TrCH i with transport format
combinationj .

For downlink : An intermediate calculation variable (not an integer but a multiple of 1/8).
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N

AN :

1)

Number of bitsin atransmission time interval before rate matching on TrCH i with transport format .
Used in downlink only.

For uplink: If positive - number of bits that should be repeated in each radio frame on TrCH i with
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 : An intermediate calculation variable (not an integer but a multiple of 1/8).

AN

If positive - number of bitsto be repeated in each transmission time interval on TrCH i with transport
format j.

If negative - number of bitsto be punctured in each transmission time interval on TrCH i with transport format j.

RM;:

PL:

Ndata,j :

[e(M):

S(n):

TFi():
TFS(i)
TFCS

epl us
€hinus

Used in downlink only.
Semi-static rate matching attribute for transport channel i. Signalled from higher layers.

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

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

Number of TrCHsin the CCTrCH.

Intermediate calculation variable.

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

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

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

The inverse interleaving function of the 1% interleaver (note that the inverse interleaving function is
identical to the interleaving function itself for the 1% interleaver). Used in uplink only.

The shift of the puncturing or repetition pattern for radio frame 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 algorithm of section 4.2.7.5.
Increment of variable e in the rate matching pattern determination algorithm of section 4.2.7.5.
Decrement of variable e in the rate matching pattern determination algorithm of section 4.2.7.5.
Indicates systematic and parity bits

b=1: Systematic hit. X(t) in section 4.2.3.2.1.

b=2: 1% parity bit (from the upper Turbo constituent encoder). Y(t) in section 4.2.3.2.1.

b=3: 2™ parity bit (from the lower Turbo constituent encoder). Y’ (t) in section 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" isequivalent to "for all xdo X, =Y". Inthe right wing of an
assignment, the meaning isthat "Y = X. " isequivalent to "takeany xand do Y = X, "
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The following relations, defined for all TFC |, are used when calculating the rate matching parameters:

Z,;=0
i
SZRMm [N, B
j =0 ———— [Ny, Oforali=1.1 @)
RM , [N,, E
AN” =Z; _Zi—l,j —Nij forali=1..1
4.2.7.1 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 UTRAN, 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 for all possible spreading factorsis given in [2]. Denote these values by Nosg, Niog,
Nss, N2, Nig, Ng, and N4, where the index refers to the spreading factor. The possible values of Ny, then are { Nosg, Nis,
Nes, Na2, Nig, Ng, Ny 2Ny, 3N, 4N4, 5N4, 6N,4}.Depending on the UE capability and the restrictions from UTRAN, the
allowed set of Ngata » denoted SETO, can be a subset of { Nass, N12g, Nea, Nao, Nig, Ns, N4Y 2N4, 3Ny, 4N,, BNy, 6N4} Ndala,j
for the transport format combination j is determined by executing the following a gorithm:

! RM
SET1={ Ny in SETOsuchthat N, — ——>~[N_ . isnon negative}
ot data ;W X ]

I<y<l
If SET1 is not empty and the smallest element of SET1 requiresjust one PhCH then
Ndata,j =min SET1

else

SET2 ={ Ngaa in SETO such that N PL I X [N, i ative }
= n SUC! - - . IS hon negative
data data I:XZ In{ RP 1 y: X

I<ysl

Sort SET2 in ascending order

Ngata= Min SET2

While Ngaia 1S ot the max of SET2 and the follower of Nga, requires no additional PhCH do
Nyaia = follower of Ngaa in SET2

End while

Nazaaj = Noaa

End if

42.7.1.2 Determination of parameters needed for calculating the rate matching pattern

The number of bits to be repeated or punctured, AN;;, within one radio frame for each TrCH i is calculated with equation
1for al possible transport format combinations j and selected every radio frame. Ny iS given from section 4.2.7.1.1.

In compressed mode N, ; isreplaced by NG, ; in Equation 1. NG ; is given from the following relation:
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Nta; = 2Ngaa ; —2Nqg, , for compressed mode by spreading factor reduction
Neata; = Ngaa; — Ny, . for compressed mode by higher layer scheduling
[ TGL .
1—5 Ndata,j ,if Njrg + TGL < 15
15-N;
Nig. = < Tf"s‘ N ; , infirst frameif Nyq + TGL > 15
TGL-(15-Ng,y)
N gaa i - in second frame if Ni¢ + TGL > 15
\ 15 !

Nsi;« and TGL are defined in section 4.4.

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

If AN;; # 0 the parameters listed in sections 4.2.7.1.2.1 and 4.2.7.1.2.2 shall be used for determining &, €qiys, 8Nd Erinys
(regardless if the radio frame is compressed or not).

427121 Uncoded and convolutionally encoded TrCHs
R=AN; mod N; -- note: in this context AN; mod N; isin the range of 0 to Nj-1 i.e. -1 mod 10 = 9.
if R# 0and 2R< N;

theng=0N; / RO
else

q=0ON;/ (R-N;y) O
endif
-- note: g is asigned quantity.
if giseven

then ' = q + ged([q0) F)/F -- where ged ([0 F) means greatest common divisor of [gJand F;

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

else
q=q
endif
forx=0to F-1
Sl (OB*q'U Omod F)) = (O0O*q'O Odiv F)
end for
AN; = ANj;
a=2

For each radio frame, the rate-matching pattern is cal culated with the algorithm in section 4.2.7.5, where :
X = Ni,j-a and

&ni = (alS(m)[AN;| + 1) mod (alliy).
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€oius = alNjj
eminus:al:lANil

puncturing for AN<O, repetition otherwise.

427.1.2.2 Turbo encoded TrCHs

If repetition is to be performed on turbo encoded TrCHSs, i.e. AN;; >0, the parametersin section 4.2.7.1.2.1 are used.

If puncturing is to 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=2 when b=2
a=1when b=3
o = s
i
X; = IN;; /300,
q=X/|]aAN;| O
if(q<2)
for x=0to F;-1
I (3x+b-1) mod F]] = x mod 2;
end for
else
if giseven

then g =q—gcd(q, F))/ F; -- whereged (g, F;) means greatest common divisor of g and F;
-- note that q' is not an integer, but a multiple of 1/8

ese g =q
endif
forx=0to F; -1
r = [x*g' Omod F;
I (3r+b-1) mod F]] = Ox*q' Odiv F;
endfor
endif
For each radio frame, the rate-matching pattern is calculated with the algorithm in section 4.2.7.5, where:
X; is as above,
€ni = (al3(m)JAN;| + X;) mod (alX), if gy =0 then ey = alX;.
€oius = aX;

€minus = A N; [
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4.2.7.2 Determination of rate matching parameters in downlink

For downlink Nga; does not depend on the transport format combination j. Nyaa+ iS given by the channelization code(s)
assigned by higher layers.

42721 Determination of rate matching parameters for fixed positions of TrCHs

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

N;. = Fl Omax N,

b 10TFS(i)

The computation of the ANI,rI parameters isthen performed in for all TrCH i and al TF I by the following formula,
where AN, . isderived from N;. by theformulagiven at section 4.2.7:

AN, = F DN,.

If AN, =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 section 4.2.7.5 does not need to be executed. In this case we have :
Ol OTFS()ANT =0

If ANmaX # 0O the parameters listed in sections 4.2.7.2.1.1 and 4.2.7.2.1.2 shall be used for determining e, €plus, and
Erinus:

42.7.2.1.1 Uncoded and convolutionally encoded TrCHs
AN, =AN,
a=2
N = max N/"
X rres()

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

X, =N]"
Qni =1

epIus =a |:l\lmax

eminus = a'I:lei|

Puncturing if AN, <O, repetition otherwise. The values of ANI,r ! may be computed by counting repetitions or
puncturing when the algorithm of section 4.2.7.5 isrun.

427.21.2 Turbo encoded TrCHs

If repetition is to be performed on turbo encoded TrCHs, i.e. AN, , >0, the parametersin section 4.2.7.2.1.1 are
used.

If puncturing is to 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).
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a=2 when b=2
a=1when b=3

The bitsindicated by b=1 shall not be punctured.

BN, /20 b=2
AN =EaN,, /2] b=3

N max(N 13)

X oTRs(i

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

X, =N /3

Qni = Nmax

=alN,,

plus
eminus =a I:IANI |

The values of AN;IrI may be computed by counting repetitions or puncturing when the algorithm of section4.2.7.5 is
run.

42722 Determination of rate matching parameters for flexible positions of TrCHs

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

1
N;,; = E EN:,_T”H(J')

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

Neas
RF = s RV,

(RMEN)

j DTFCS

The computation of ANiT' parameters is then performed in two phases. In afirst phase, tentative temporary values of

ANJ’TrI 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 bits inserted is minimum when the CCTrCH bit rate is maximum, but it does
not ensure that the maximum CCTrCH bit rateis not greater than Ngqa +. per 10ms. The latter condition is ensured
through the checking and possible corrections carried out in the second phase.

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

The first phase defines the tentative temporary ANI,r ' for all transport channel i and any of its transport format | by use
of the following formula:

TTI ERF |:Nl-l_ll—I D TTI
ANi,l =F Eﬂﬂ* Ni,l
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The second phase is defined by the following algorithm:

foral | inTFCSdo -- for al TFC
i=| + ANT“
D= Z N T': LTF (1) -- CCTrCH bit rate (bits per 10ms) for TFC |
1=1
if D > Ndata*
fori=1tol do -- for al TrCH
AN = F [AN; - AN, ; isderived from N, ; by the formulagiven at section 4.2.7.

it AN/7¢ () > AN then
AN;;'Fi ()= AN
end-if
end-for
end-if
end-for
NOTE: The order in which the transport format combinations are checked does not change the final result.

If ANiT,rI =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 section 4.2.7.5 does not need to be executed.

If AN I,” # 0 the parameters listed in sections 4.2.7.2.2.1 and 4.2.7.2.2.2 shall be used for determining €, €yus, and
€hinus:

427221 Uncoded and convolutionally encoded TrCHs
AN, = ANJ_rI
a=2

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

X, =N,

€y =1

ni

€, =allN;"

plus

eminus = aI:lei|

puncturing for AN, <O, repetition otherwise.

4.27.22.2 Turbo encoded TrCHs

If repetition is to be performed on turbo encoded TrCHSs, i.e. AN > 0, the parametersin section 4.2.7.2.2.1 are

used.
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If puncturing is to 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=2 when b=2
a=1whenb=3
The bitsindicated by b=1 shall not be punctured.
AN, = %MF‘ /2[] b=2
NT" /2] b=3

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

X, = Nr' /3N,
e, =X,

eplus = a'l:xi
eminus = a'I:IBNi|

4.2.7.3 Bit separation and collection in uplink

The systematic bits (excluding bits for trellis termination) of turbo encoded TrCHs shall not be punctured. The
systematic bit, first parity bit, and second parity bit in the bit sequence input to the rate matching block are therefore
separated from each other. Puncturing is only applied to the parity bits and systematic bits used for trellis termination.

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 6 and 7.

Rate matching
i Xaik Yii Y E
Radio frame i Bit separation Bit i TrCH
I segmentation B ll Xoi 4 | Vaik | collection [fik L | Multiplexing
! Rate matching !
| algorithm :
i Xsi 4 Yai 4 i
AAAAAAAAAA »

Figure 6: Puncturing of turbo encoded TrCHs
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Rate matching
I""""""""""'"""""""""""""""'I
Radio frame | 1 |Bit separation Bit i TrCH
segmentation | ! Xaik | Vaik_ | collection ffik | Multiplexing
! Rate matching :
| agorithm !

____________________________________________________

Figure 7: Rate matching for uncoded TrCHSs, convolutionally encoded TrCHs, and for turbo encoded
TrCHs with repetition.

The bit separation is dependent on the 1% interleaving and offsets are used to define the separation for different TTls.
The offsets ay, for the systematic (b=1) and parity bits (b(0{ 2, 3}) are listed in table 4.

Table 4: TTI dependent offset needed for bit separation

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

The bit separation is different for different radio framesinthe TTI. A second offset is therefore needed. The radio frame
number for TrCH i is denoted by n;. and the offset by Bn‘ .

Table 5: Radio frame dependent offset needed for bit separation

TTI (ms) Bo B B B Bs B 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
42.7.3.1 Bit separation

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

number of bits input to the rate matching block. Note that the transport format combination number j for simplicity has
been left out in the bit numbering, i.e. Ni=N;;. The bits after separation are denoted by X1, X5, Xgizs-- -1 Xyix, - FOr

turbo encoded TrCHs with puncturing, b indicates systematic, first parity, or second parity bit. For all other casesbis
defined to be 1. X; is the number of bitsin each separated bit sequence. The relation between € and Xpk is given below.

For turbo encoded TrCHs with puncturing:

Xiik = € ak-psae(a gy ymoas  K=123.,% X = N /30

Xiim vk = € g sk k=1,...,Nymod 3 Note: When (N; mod 3) = 0 thisrow is not needed.
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Xoik = € ak-trae(ayepyymods  K=123,..,% X =[N /30

X3,i,k = Q,3(k—1)+1+(a3+/3n‘ ymod3 k= 1, 2, 3, ey Xi Xi = [Ni /30

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

Xl,i,k:Q'k k=1,2,3,...., % X =N

42.7.3.2 Bit collection

The bits Xk are input to the rate matching algorithm described in section 4.2.7.5. The bits output from the rate
matching algorithm are denoted Y1, Yiiz s Yoizs- -+ Yoiv -

Bit collection is the inverse function of the separation. The bits after collection are denoted by 7,1, 2,5, Zy3,- - -, Zy -
After bit collection, the bitsindicated as punctured are removed and the bits are then denoted by f,;, f;,, fis,..., Ty,
wherei isthe TrCH number and Vi= N;+AN;. The relations between Yhik, Zyik, and fix are given below.

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

Z 3k-n1+(ay+p, mod3 — Yiik KL 23,0V
Z 33k = Yuion sk k=1,...,Nymod 3 Note: When (N; mod 3) = 0 this row is not needed.
2 3(k-1)+1+(ay+ B, )mod3 — Y2,ik k=1,23, .Y

4 3(k-1)+1+(az+ B, )mod3 — Y3k k=1,23, .Y

After the bit collection, bits Z k with value 6, where 3Lf 0, 1}, are removed from the bit sequence. Bit fi .1 corresponds to

the bit Z \ with smallest index k after puncturing, bit f; » corresponds to the bit Z i with second smallest index k after
puncturing, and so on.

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

;,k :y1,i,|< k=123, ...,V

When repetition is used, fi k= x and Y;=V..

When puncturing is used, Y;=X; and bits Z x with value 8, where 5[0, 1}, are removed from the bit sequence. Bit f; 1
corresponds to the bit 7 i with smallest index k after puncturing, bit fi .2 corresponds to the bit Z k with second smallest

index k after puncturing, and so on.
4.2.7.4 Bit separation and collection in downlink

The systematic bits (excluding bits for trellis termination) of turbo encoded TrCHs shall not be punctured. The
systematic bit, first parity bit, and second parity bit in the bit sequence input to the rate matching block are therefore
separated from each other. Puncturing is only applied to the parity bits and systematic bits used for trellis termination.

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 areillustrated in figures 8 and 9.
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Rate matching
r"""""""""""""'""""""""""""I
i Xiik ylik» E
Channel ! Bit separation Bit ' 1% insertion of
coding Ci:! Xoik Vaik_ | collection Qi | DTX
: Rate matching : indication
| algorithm :
: X i i
: 3|kI y3|k :
" Figure 8: Puncturing of turbo encoded TrCHs
Rate matching
I'----'--'----'----'--'----'--'----'-------'----'--'-I
Channel | |Bit separation Bit ! [1% insertion of
coding Cik! Xaik Wik | collection ik} DTX
! Rate matching : indication
| agorithm :

____________________________________________________

Figure 9: Rate matching for uncoded TrCHSs, convolutionally encoded TrCHs, and for turbo encoded
TrCHs with repetition.

42.7.4.1 Bit separation

The bits input to the rate matching are denoted by C;;, G5, G5, .., Cie, , wherei isthe TrCH number and E; isthe

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 combination number j for simplicity has been left out in the bit numbering, i.e. E=N;. The bits after

separation are denoted by X;, X2, X35+ - -1 X, - FOr turbo encoded TrCHs with puncturing, b indicates systematic,

first parity, or second parity bit. For all other cases b is defined to be 1. X; isthe number of bitsin each separated bit
seguence. The relation between Cii and Xpik is given below.

For turbo encoded TrCHs with puncturing:

X1’in = Ci,3(k—1)+1 k=1,2,3,....% X = E/3
X2,i,k = Ci,3(k—1)+2 k= 1, 2, 3, fiey Xi Xi = Ei /3
X3,i,k = Ci,3(k—1)+3 k=1,23, ..., % Xi=E /3

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

Xiik =Gk k=123, ..., % X = E;
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42.7.4.2 Bit collection

The bits Xk are input to the rate matching algorithm described in section 4.2.7.5. The bits output from the rate
matching algorithm are denoted Y1, Vi1 Ypizs- -+ Yoiv -

Bit collection is the inverse function of the separation. The bits after collection are denoted by 7,1, 7, Z3,. .., Zyy, -
After bit collection, the bitsindicated as punctured are removed and the bits are then denoted by 0, 95, Ji5- - Gig,
wherei isthe TrCH number and G;= N;+AN;;. The relations between Yyik, Zoik, and Gik are given below.

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

Z 3k-1+1 = Yiik k=123, ....Y
Zi 3k-1p+2 = Yoik k=123 ....Y;
Ziv3(k_1)+3 = y3,i,k k= 11 2! 31 veny Y|

After the bit collection, bits z x with value 6, where 80, 1}, are removed from the bit sequence. Bit g; 1 corresponds

to the bit Z \ with smallest index k after puncturing, bit g; 2 corresponds to the bit Z i with second smallest index k after
puncturing, and so on.

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

Z = Vi k=123 ..., Y

When repetition is used, g k=7 x and Y;=G;.

When puncturing is used, Y;=X; and bits z x with value 6, where 60, 1}, are removed from the bit sequence. Bit g; 1

corresponds to the bit z; i with smallest index k after puncturing, bit g » corresponds to the bit Z; i 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:
Xi1s Xi21 Xigs- -+ Xix, » Wherei isthe TrCH number and X; is the parameter given in sections4.2.7.1 and 4.2.7.2.

The rate matching ruleis asfollows:
if puncturing isto be performed
e=ey -- initial error between current and desired puncturing ratio
m=1 -- index of current bit
do while m <= X;
€= €e—Eninus -- update error
if e<=0then -- check if bit number m should be punctured
set bit x; m to dwhere 610, 1}
e=e+ey, --updateerror
end if
m=m+1 -- next bit

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

do while m <= X;

€= €e—Eninus -- update error
dowhilee<=0 -- check if bit number m should be repeated
repeat bit x; m

e=e+ ey -- updateerror
end do
m=m+1 -- next bit
end do
end if

A 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 f,,, f,,, f.5,..., fi\,i , Wherei isthe TrCH number and V; isthe

number of bitsin the radio frame of TrCH i. The number of TrCHsis denoted by I. The bits output from TrCH

multiplexing are denoted by S, S, S;,. .., Ss, Where Sis the number of bits, i.e. S= ZV, . The TrCH multiplexing is
1

defined by the following relations:

s =f, k=12..,Vv
S = f2,(k—vl) k=Vi+1, Vi+2, ..., Vi+V,

S = Facavy) K= (ViHVo)+1, (Vi Vo)+2, ., Vit Vo)+ Vs

S = f,’(k_(vﬁvﬁ_ﬁvl_l» k= (Vi+Vot ..+ Vi )+ 1 (Vi Vot . AV )+2, .., (Vi Vot 4V )+,

4.2.9 Insertion of discontinuous transmission (DTX) indication bits

In the downlink, DTX isused 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 UTRAN 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.

429.1 1% insertion of DTX indication bits

This step of inserting DTX indication bitsis used only if the positions of the TrCHsin the radio frame are fixed. With
fixed position scheme a fixed number of bitsisreserved for each TrCH in the radio frame.
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The bits from rate matching are denoted by gy, G5, Gi3:-- -1 Oig, » Where G; isthe number of bitsin one TTI of TrCH i.

Denote the number of bitsin one radio frame of TrCH i by H;. In normal or compressed mode by spreading factor
reduction, H; is constant and corresponds to the maximum number of bits from TrCH i in one radio frame for any
transport format of TrCH i. In compressed mode by higher layer scheduling, only a subset of the TFC Set is allowed.
From this subset it is possible to derive which TFs on each TrCH that are allowed. The maximum number of bits
X O
belonging to one TTI of TrCH i for the allowed TFsis denoted by X;. H; is then calculated as Hi = [-]—'D, whereF; is
a5 O
the number of radio framesinaTTI of TrCH i. The bits output from the DTX insertion are denoted
by Ry, R0 Nase - R,y - Note that these bits are three valued. They are defined by the following relations:

he =0, k=123 ..G
h, =0 k=G+1,G+2,G+3,...,FH,

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

4292 2" insertion of DTX indication bits

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

The bitsinput to the DTX insertion block aredenoted by S, S,,S;,.. ., 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 hits, for each PhCH by U. The number of available bits on the PhCH is denoted by Ny.., and
Ngata=15Ngata1+15Ngata2, Where Nyaar and Nyao are defined in [25.211]. In normal mode U=Ngy,. In compressed mode
Ngata IS changed from the value in normal node. The exact value of Ny, iS dependent on the TGL and the transmission
time reduction method, which are signalled from higher layers. The number of bits that are located within the
transmission gap is denoted Nrg. and defined as:

(
TGL N

e ,if Njrg + TGL < 15
15 data

15- Nfirs N

NTGL = < T data *

in first frame if Ng,¢ + TGL > 15

TGL-(15-N first)
Ndata ’
\ 15

Nii;¢ and TGL are defined in Section 4.4.

in second frameif Ny, + TGL > 15

In compressed mode U=Nggaa-Nrar..

The bits output from the DTX insertion block are denoted by W,, W, , W, ..., Wpy) - Note that these bits are
threevalued. They are defined by the following relations:

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

where DTX indication bits are denoted by 4. Here S, [0{ 0,1} and 4 [0{ 0,1} .
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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 X, X,, X;,..., X, , where Y is the number of bitsinput to the
physical channel segmentation block. The number of PhCHsis denoted by P.

The bits after physical channel segmentation are denoted U Up,, U Uy » where p is PhCH number and U isthe

pl’ p31ec:

Y
number of bitsin one radio frame for each PhCH, i.e. U = — . The relation between Xk and Upk is given below.
P

Bits on first PhCH after physical channel segmentation:
U, =X k=12,..,U
Bits on second PhCH after physical channel segmentation:

Uy = Xgouy k=1,2,..,U

Bits on the P" PhCH after physical channel segmentation:

qu:X(k+(P—1)U) k: 1,2,...,U
4.2.10.1 Relation between input and output of the physical segmentation block in
uplink
The bitsinput to the physical segmentation aredenoted by S, S,,S;,...,Sg. Hence, Xk = Sxand 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 W, W,, W, ..., Wpy . Hence, X = Wiand Y = PU.

4211 2" interleaving

The 2" interleaving is a block interleaver with inter-column permutations. The bitsinput to the 2™ interleaver are

denoted upl,upz,up3,. o upU , where p is PhCH number and U is the number of bitsin one radio frame for one PhCH.

(1) Set the number of columns C, = 30. The columns are numbered O, 1, 2, ..., C,-1 from left to right.

(2) Determine the number of rows R, by finding minimum integer R, such that
U = RC..

(3) The bits input to the 2™ interleaving are written into the R, X C, rectangular matrix row by row.

0 uy U, U, o Uy O
O U
|:| upSl up32 up33 o up60 D
g : i .
] 0J
. (r,-n30+)  Up(r,-n30+2)  Up(r,-n30+3  ---Up(r,300

(4) Perform the inter-column permutation based on the pattern { P,(j)} (j = 0, 1, ..., C,-1) that is shown in table 6,
where P,(j) isthe original column position of the j-th permuted column. After permutation of the columns, the

bits are denoted by Ypk.
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|:|ypl yp,(R2 +1) yp,(ZR2 +1) tee yp,(ZQR2 +1) B

DypZ yp,(R2+2) yp,(2R2+2) "'yp,(29R2+2)|:|
0 : : D0

L] Ll
or,  Yoerny  Yoery o Yeoor) O

(5) The output of the 2™ interleaving is the bit sequence read out column by column from the inter-column permuted
R, X C, matrix. The output is pruned by deleting bits that were not present in the input bit sequence, i.e. bits Ypk
that corresponds to bits upk with k>U are removed from the output. The bits after 2" interleaving are denoted by
Vo1:Vp2s- -1 Vpy » Where Vg corresponds to the bit Ypk with smallest index K after pruning, Vp2 to the bit Ypk
with second smallest index k after pruning, and so on.

Table 6

Number of column C, Inter-column permutation pattern

30 {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}

4.2.12 Physical channel mapping

The PhCH for both uplink and downlink is defined in [2]. The bitsinput to the physical channel mapping are denoted

by Vpl,V,32 yeoo ’VpU , Where p isthe PhCH number and U is the number of bitsin one radio frame for one PhCH. The

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

In compressed mode, no bits are mapped to certain sots of the PhCH(s). If N4 + TGL < 15, no bits are mapped to sots
Niirst t0 Niag. If Nsirg¢ + 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 slots N¢rg, Niirgt+1, Nirgt2, ..., 14.
- Inthe second radio frame, no bits are mapped to the dlots 0, 1, 2, ..., Niag.

TGL, Niir«, and N ¢ are defined in section 4.4.

42.12.1 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 dots of the radio frame.

421272 Downlink

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

The following rules should be used for the selection of fixed or flexible positions of the TrCHs in the radio frame:

- For TrCHsnot relying on TFCI for transport format detection (blind transport format detection), the positions of
the transport channels within the radio frame should be fixed. In alimited number of cases, where there are a
small number of transport format combinations, it is possible to alow flexible positions.

- For TrCHsrelying on TFCI for transport format detection, higher layer signal whether the positions of the
transport channels should be fixed or flexible.
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4.2.13 Restrictions on different types of CCTrCHs

Restrictions on the different types of CCTrCHs are described in general termsin TS 25.302[11]. In this section 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 value of the number of DPDCHs P are given from the UE capability class.

4.2.13.2 Random Access Channel (RACH)
- Therecan only be one TrCH in each RACH CCTrCH, i.e. I=1, § = fikand S= V.

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

- Thetransmission time interval is either 10 ms or 20 ms.

- Atinitial RACH transmission the rate matching attribute has a predefined value.

- OnlyonePRACH isused, i.e. P=1, Uk =S, and U =S

4.2.13.3 Common Packet Channel (CPCH)

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

NOTE: Only the data part of the CPCH can be mapped on multiple physical channels (this note istaken from TS
25.302).

4.2.13.4 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.

4.2.13.5 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 transport blocks M; on the transport channel and the maximum value of
the number of PDSCHs P are given from the UE capability class.

4.2.13.6 Broadcast channel (BCH)

- Therecan only be one TrCH inthe BCH CCTrCH, i.e. I=1, § = fik, and S= V.

There can only be one transport block in each transmission time interval, i.e. M, = 1.
- All transport format attributes have predefined val ues.
- Only one primary CCPCH isused, i.e. P=1.

4.2.13.7 Forward access and paging channels (FACH and PCH)

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

- Thetransmission timeinterval for TrCHs of PCH typeis always 10 ms.

ETSI



(3G TS 25.212 version 3.1.1 Release 1999) 38 ETSI TS 125 212 V3.1.1 (2000-01)
- Only one secondary CCPCH is used per CCTrCH, i.e. P=1.

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

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

1) Transport channels multiplexed into one CCTrCh shall have co-ordinated timings. When the TFCS of a
CCTrCH is changed because a transport channel i is added to the CCTrCH or reconfigured within the CCTrCH, the
TTI of transport channel i may only start in radio frames with CFN fulfilling the relation

CFN; mod Fr = 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 transport channel i which is added or
reconfigured, and CFN; denotes the connection frame number of the first radio frame within the transmission time
interval of transport channel i.

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 CCTrCHs 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 acommon 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 allowed for one UE on the uplink. It can be either
1) one CCTrCH of dedicated type

2) one CCTrCH of common type

42.14.1.2 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 alowed combination of CCTrCHs of dedicated and common type are FFS.

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

4.3 Transport format detection

Transport format detection can be performed both with and without Transport Format Combination Indicator (TFCI). If
aTFCI istransmitted, the receiver detects the transport format combination from the TFCI. When no TFCl is
transmitted, so called blind transport format detection may be used, i.e. the receiver side detects the transport format
combination using some information, e.g. received power ratio of DPDCH to DPCCH, CRC check resullts.

For uplink, the blind transport format detection is an operator option. For downlink, the blind transport format detection
can be applied with convolutional coding, the maximum number of different transport formats and maximum data rates
allowed shall be specified.

4.3.1 Blind transport format detection

Examples of blind transport format detection methods are given in Annex A.

4.3.2 Explicit transport format detection based on TFCI

The Transport Format Combination Indicator (TFCI) informs the receiver of the transport format combination of the
CCTrCHs. As soon asthe TFCI is detected, the transport format combination, and hence the individual transport
channels' transport formats are known, and decoding of the transport channels can be performed.

4.3.3 Coding of Transport-Format-Combination Indicator (TFCI)

The TFCI bits are encoded using a (32, 10) sub-code of the second order Reed-Muller code. The coding procedure is as
shown in figure 10.

TFCI (32,10) sub-code of TFCI code
(10 bits) ———m» second order —> word
a...a Reed-Muller code b...b

0'**™9 0'++¥31

Figure 10: Channel coding of TFCI bits

If the TFCI consist 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 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
seguences. The basis sequences are asin the following table 7.
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Table 7: Basis sequences for (32,10) TFCI code

I Mi,o Mi,1 Mi,2 Mi,s Mi,4 Mi,s Mi,e Mi,z Mi,s Mi,o
0 1 1 0 0 0 0 0 0 0 0
1 1 0 1 0 0 0 1 0 0 0
2 1 1 1 0 0 0 0 0 0 1
3 1 0 0 1 0 0 1 0 1 1
4 1 1 0 1 0 0 0 0 0 1
5 1 0 1 1 0 0 0 0 1 0
6 1 1 1 1 0 0 0 1 0 0
7 1 0 0 0 1 0 0 1 1 0
8 1 1 0 0 1 0 1 1 1 0
9 1 0 1 0 1 0 1 0 1 1
10 1 1 1 0 1 0 0 0 1 1
11 1 0 0 1 1 0 0 1 1 0
12 1 1 0 1 1 0 0 1 0 1
13 1 0 1 1 1 0 1 0 0 1
14 1 1 1 1 1 0 1 1 1 1
15 1 1 0 0 0 1 1 1 0 0
16 1 0 1 0 0 1 1 1 0 1
17 1 1 1 0 0 1 1 0 1 0
18 1 0 0 1 0 1 0 1 1 1
19 1 1 0 1 0 1 0 1 0 1
20 1 0 1 1 0 1 0 0 1 1
21 1 1 1 1 0 1 0 1 1 1
22 1 0 0 0 1 1 0 1 0 0
23 1 1 0 0 1 1 1 1 0 1
24 1 0 1 0 1 1 1 0 1 0
25 1 1 1 0 1 1 1 0 0 1
26 1 0 0 1 1 1 0 0 1 0
27 1 1 0 1 1 1 1 1 0 0
28 1 0 1 1 1 1 1 1 1 0
29 1 1 1 1 1 1 1 1 1 1
30 1 0 0 0 0 0 0 0 0 0
31 1 0 0 0 0 1 1 0 0 0

For TFCI information bits &y, a, &, &, &4, 8, 3, &, 8, (8 1SLSB and a is MSB), the output code word bits b; are
given by:

03 (0 M roc

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

In downlink, when the SF <128 the encoded TFCI code words are repeated yielding 8 encoded TFCI bits per slot in
normal mode and 16 encoded TFCI bits per slot in compressed mode. Mapping of repeated bitsto slotsis explained in
section 4.3.5.
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4.3.4 Operation of Transport-Format-Combination Indicator (TFCI) in Split
Mode

In the case of DCH in Split Mode, the UTRAN shall operate with as follows:

- If oneof the linksis associated with a DSCH, the TFCI code word may be split in such a way that the code word
relevant for TFCI activity indication is not transmitted from every cell. The use of such afunctionality shall be
indicated by higher layer signalling.

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

TFCI (16.5) TFCI code
(5 bits) » bi-orthgoﬁal code | » word
8y 00814 bg.0,.. by

TFCI (16.5) TFCI code
(5 bits) ’ bi-orthgonal code | ’ word
8y0-8y4 by.bs...bgy

Figure 11: Channel coding of split mode TFCI bits

The code words of the (16,5) bi-orthogonal code are linear combinations of 5 basis sequences as defined in table 8
below.

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

[ Mio Mi1 Mi.2 Miz3 Mi,a
0 1 1 0 0 0
1 1 0 1 0 0
2 1 1 1 0 0
3 1 0 0 1 0
4 1 1 0 1 0
5 1 0 1 1 0
6 1 1 1 1 0
7 1 0 0 0 1
8 1 1 0 0 1
9 1 0 1 0 1

10 1 1 1 0 1
11 1 0 0 1 1
12 1 1 0 1 1
13 1 0 1 1 1
14 1 1 1 1 1
15 1 0 0 0 0

For TFCI information bitsfor DCH &0, &1, &2, 813, &14(24,01SLSB and a4, isMSB) and for DSCH &, &1, &2,
&3, &4(30isLSB and &4 isMSB), the output code word bits b, by, ..., b, are given by:

b2i = ;(a-l,n>< M i,n) m0d2; b2i+1: ;(az,nx M i,n) m0d2

wherei=0...15, j=0,1.
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The output bits are denoted by by, k=10, 1, 2, ..., 3L

4.3.5 Mapping of TFCI words

4.35.1 Mapping of TFCI word in non compressed mode

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

O = 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 bs; are not transmitted.

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

4.35.2 Mapping of TFCI in compressed mode

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

43.5.2.1 Uplink compressed mode

For uplink compressed mode, the slot format is changed so that no TFCI bits are lost. The different dot formatsin
compressed mode do not match the exact number of TFCI bits for all possible TGLs. Repetition of the TFCI bitsis
therefore used.

Denote the number of bits availablein the TFCI fields of one compressed radio frame by D and the number of bitsin
the TFCI field in adlot by Ntg¢,. Denote by E the first bit to be repeated, E=Ns;¢Ntrc- If Niag%14, then E corresponds to
the number of the first TFCI bit in the slot directly after the TG. The following relations then define the mapping.

Ok = bk mod 22
wherek=0, 1, 2, ..., min (31, D-1).
If D > 32, the remaining positions are filled by repetition (in reversed order):

Opy1 = b(E+k) mod 32

wherek =0, ..., D-33.

43522 Downlink compressed mode

For downlink compressed mode, the slot format is changed so that no TFCI hits are lost. The different dot formatsin
compressed mode do not match the exact number of TFCI bits for all possible TGLs. DTX istherefore used if the
number of TFCI fields exceeds the number of TFCI bits. The block of fields, where DTX is used, starts on the first field
after the gap. If there are fewer TFCI fields after the gap than DTX bits, the last fields before of the gap are also filled
with DTX.

Denote the number of bits availablein the TFCI fields of one compressed radio frame by D and the number of bitsin
the TFCI field in adlot by Nyec,. Denote by E the first bit to be repeated, E=Nj;,¢Nrrc- If Njag#14, then E corresponds to
the number of the first TFCI bit in the slot directly after the TG. Denote the total number of TFCI bits to be transmitted
by N If SF = 128 then Ny, = 32, else N = 128. The following relations then define the mapping:

di = b(k mod 32)

wherek=0, 1, 2, ..., min (E, Ni)-1 and, if E< Ny,
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Ok+p-Nitot = b(k mod 32)
wherek = E, ..., Nyt -1.

DTX bits are sent on d where k = min (E, N), ..., min (E, Nyp) +D - Nyt -1.

4.4 Compressed mode

In compressed mode, slots N« t0 Ny are not used for transmission of data. Asillustrated in figure 12, which shows
the example of fixed transmission gap position with single frame method, 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 section 4.4.3). What frames are
compressed, are decided by the network. When in compressed mode, compressed frames can occur periodically, as
illustrated 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 e e s e s e s s A |

\
< Oneframe * \
(10 ms) Transmission gap available for

inter-frequency measurements

Figure 12: Compressed mode transmission

4.4.1 Frame structure in the uplink

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

slot # (Nfirg - 1) > < transmission gap dot # (Njsg - 1) >
Data [ ] [ ] [ ] [ ] [ ] [ ] Data
Pilot TFCI| FBI [TPC|® © © © o o Pilot TFCI | FBI | 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 maximises the
transmission gap length and type B is optimised for power control.

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

- With frame structure of type B, the TPC field of the first ot in the transmission gap and the pilot field of the last
dlot in the transmission gap is transmitted. Transmission is turned off during the rest of the transmission gap
(figure 14(b)).

ETSI



(3G TS 25.212 version 3.1.1 Release 1999) 44 ETSI TS 125 212 V3.1.1 (2000-01)

< Slot # (Nirst - 1) > < transmission gap > Slot # (Njag + 1) >
e Tle
Datal Eg Data? PL e o e o o o p |Daal EC' Data2 PL
(a) Frame structure type A
< Slot # (Nfirg - 1) > < transmission gap > < Slot # (Njag + 1) >
Thr T The
Datal EQ Data2 PL E e o o ¢ | p |Daal EC' Data2 PL

(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 slots per one 10 ms frame. The dot formats that are used in
compressed mode are listed in [2].

4.43.1 Compressed mode by puncturing

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

4.4.3.2 Compressed mode by reducing the spreading factor by 2

During compressed mode, the spreading factor (SF) can be reduced by 2 during one radio frame to enable the
transmission of the information bits in the remaining time slots of a compressed frame.

On the downlink, UTRAN can aso order the UE to use a different scrambling code in compressed mode than in normal
mode. If the UE is ordered to use a different scrambling code in compressed mode, then there is a one-to-one mapping
between the scrambling code used in normal mode and the one used in compressed mode, as described in TS 25.213[3]
section 5.2.1.

4.4.3.3 Compressed mode by higher layer scheduling

Compressed mode can be obtained by higher layer scheduling. Higher layers then set restrictions so that only a subset
of the allowed TFCs are used in compressed mode. The maximum number of bits that will be delivered to the physical
layer during the compressed radio frame is then known and a transmission gap can be generated.

4.4.4  Transmission gap position

Transmission gaps can be placed at both fixed position and adjustable position for each purpose such as interfrequency
power measurement, acquisition of control channel of other system/carrier, and actual handover operation.

4.4.4.1 Fixed transmission gap position

The transmission gaps can be placed onto fixed positions. When using single frame method, the fixed transmission gap
islocated within the compressed frame depending on the transmission gap length (TGL) as shown in figure 15 (1).
When using double frame method, the fixed transmission gap is located on the center of two connected frames as shown
infigure 15 (2). Table 9 shows the parameters for the fixed transmission gap position case.
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Transmission 1
gap P Radio frame -
N~ ~
\1_4
#0 #Nsirg-1 #Njogt1 #14
(1) Single-frame method
Transmission gap,
First radio frame < , > Second radio frame
N i .
i
i
\—Y—J
#0 #Nfirg-1 #Nj+1 #14
(2) Double-frame method
Figure 15: Fixed transmission gap position
Table 9: Parameters for fixed transmission gap position
Single-frame method Double-frame method
TGL (slot) Nrirst Niast Nrirst Niast
3 7 9 14 in first frame 1 in second frame
4 6 9 13 in first frame 1 in second frame
7 6 12 12 in first frame 3 in second frame
10 N.A. N.A. 10 in first frame 4 in second frame
14 N.A. N.A. 8 in first frame 6 in second frame

4.4.4.2 Adjustable transmission gap position

Position of transmission gaps can be adjustabl e/rel ocatable for some purpose e.g. data acquisition on certain position as
shown in figure 16. Parameters of the adjustable transmission gap positions are cal culated as follows:

TGL isthe number of consecutive idle slots during compressed mode,
TGL =3,4,7,10, 14
Nirg SPecifies the starting ot of the consecutive idle slots,
Nfirg = 0,1,2,3,...,14.
N, shows the number of the final idle slot and is calculated as follows;
If Nfirg + TGL < 15, then Njo« = Nfirg + TGL =1 (in the same frame),
If Nfirg + TGL > 15, then Njay = (Nfirg + TGL — 1) mod 15 ( in the next frame).

When the transmission gap spans two consecutive radio frames, N, and TGL must be chosen so that at least 8 dlotsin
each radio frame are transmitted.
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Transmission gap

Transmission gap

Transmission gap

< N
~ Radio frame -
(1) Single-frame method
First radio frame <Transm|s'5|on ga|1p> Second radio frame
i
_Transmission gap,
N | 7
i
_Ttransmission gap,
N | 7
|
& N
S Radio frame 7
(2) Double-frame method
Figure 16: Adjustable transmission gap lengths position
4.4.4.3 Parameters for downlink compressed mode

Table 10 shows the detailed parameters for each transmission gap length for the different transmission time reduction
methods.
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Table 10: Parameters for compressed mode

TGL Type |Adjustable| Spreading Idle Transmission time Idle frame
[fixed gap Factor length[ms] Reduction method Combining
position
3 A Adjustable 512-4 1.73-1.99 Puncturing (S)
B Or 256- 4 1.60-1.86 Spreading factor (D) =(1,2),(2,2)
4 A Fixed 512- 4 2.40-2.66 reduction by 2 )
Higher layer _
B 256- 4 2.27-2.53 schedu]ing (D) _(1x3)x(212)1(3x1)
7 A 512 -4 4.40-4.66 (S)
B 256- 4 4.27-453 (D)=(1,6),(2),5(),(354).(4.3),(5,2
(6,1
10 A 512 -4 6.40-6.66 (D)=(3,7),(4,6),(5,5),(6,4),(7,3
B 256- 4 6.27-6.53 )
14 A Fixed 512 - 4 9.07-9.33 (D) =(7,7)
B 256- 4 8.93-9.19
(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 normal mode.
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Annex A (informative):
Blind transport format detection

Al

Blind transport format detection using fixed positions

A.1.1  Blind transport format detection using received power ratio

This method is used for dual transport format case (the possible data rates, 0 and full rate, and only transmitting
CRC for full rate).

The rate detection is done using average received power ratio of DPDCH to DPCCH.

Pc: Received Power per bit of DPCCH calculated from all pilot and TPC bits per slot over 10ms frame.
Pd: Received Power per bit of DPDCH calculated from X bits per sot over 10ms frame.

X: the number of DPDCH bits per dot when transport format corresponds to full rate.

T: Threshold of average received power ratio of DPDCH to DPCCH for rate detection.

If Pd/Pc >T then

"TX_ON"

else

"TX_OFF"

A.1.2  Blind transport format detection using CRC

This method is used for multiple transport format case (the possible datarates: O, ..., (full rate)/r, ..., full rate,
and always transmitting CRC for all transport formats). When this method is used, no one transport format
should have the same number of bits as any other transport format does within a TrCH.

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 { N} by Layer-3
negotiation (see figure A-1). Thereceiver performs Viterbi-decoding on the soft decision sample sequence.
The correct trellis path of the Viterbi-decoder ends at the zero state at the correct end bit position.

Blind rate detection method by 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. Each recovered data
sequence is then error-detected by CRC and if there is no error, the recovered sequence is declared to be correct.

The following variable is defined:
S(nend) =-10 IOQ ( (aO(nend) - amin(ne'nd) ) / (amax(nend)'amin(nend) ) ) [dB] (Eq 1)

where ae(Neng) @Nd ayin(Neng) are, respectively, the maximum and minimum path-metric values among all
survivors at end bit position Ne,g, and ay(Neng) is the path-metric value at zero state.

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. D determines whether the hypothetical
trellis path connected to the zero state should be traced back or not at each end bit position ne,q. If the
hypothetical trellis path connected to the zero state that satisfies

S(Nend) =< D (Eq. 2)
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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 Eq. 2 are found, the end bit position which has minimum val ue of
S(Neng) 1S declared to be correct.

- If no path satisfying Eqg. 2 is found even after all possible end bit positions have been exhausted, the received
frame data is declared to bein error.

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

Possible end bit positions {1}

N,y= 2 3 4
Datawith varialbe number of bits CRC Empty
N TTI g

Figure A-1: An example of the data format with variable number of bits

(Number of possible transport formats = 4, transmitted end bit position Ng,q = 3)

A.2 Blind transport format detection with flexible positions

In certain cases where the CCtrCH consists of multiple transport channels and a small number of transport format
combinations are allowed, it is possible to allow blind transport format detection with flexible positions.

Several examples for how the blind transport format detection with flexible positions might be performed are:

- Theblind transport format detection starts at afixed position and identifies the transport format of the first
present transport channel and stops. The position of the other transport channels and their transport formatbeing
derived on the basis of the allowed transport format combinations, assuming that there is a one to one
relationship between the transport format combination and the transport format of the first present transport
channel.

- Theblind rate detection evaluates all transport format combinations and picks the most reliable one.
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START
r]end =1
Smin, =D
r]end =0
Viterbi decoding (ACS operation) Neng = Nega + 1
to end bit position n,
¢ No
Calculation of (N, | IS Ny the

maximum vaue?

>D
Path selection )
S(Ner) =< D
- Output detected
Tracing back . - -
from end bit position n, end bit poitlon Mend
Calculation 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 =< S(Neng)
Of S(Nera) A
Smin > S(nend)
Srnin = S(nend)
r]end' = nend

Figure A-2: Basic processing flow of blind transport format detection
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Annex B (informative):
Change history

Change history

TSG RAN# | Version | CR Tdoc RAN [ New Version Subject/Comment

RAN 05 - - RP-99588 3.0.0 Approved at TSG RAN #5 and placed under Change Control

RAN_06 3.0.0 001 | RP-99680 3.1.0 Correction of rate matching parameters for repetition after 1st
unterleaving in 25.212

RAN_06 3.0.0 004 | RP-99680 3.1.0 Changing the initial offset value for convolutional code rate
matching

RAN 06 3.0.0 005 | RP-99681 3.1.0 Introduction of compressed mode by higher layer scheduling

RAN 06 3.0.0 008 | RP-99679 3.1.0 Editorial corrections to TS 25.212

RAN_06 3.0.0 009 | RP-99680 3.1.0 Removal of SEN multiplexing

RAN_06 3.0.0 010 | RP-99680 3.1.0 Clarification of bit separation and collection

RAN 06 3.0.0 011 | RP-99680 3.1.0 Connection between TTl and CFN

RAN_06 3.0.0 012 RP-99680 3.1.0 Zero length transport blocks

RAN_06 3.0.0 014 | RP-99679 3.1.0 Update of channel coding sections

RAN_06 3.0.0 016 RP-99680 3.1.0 Removal of TrCH restriction in DSCH CCTrCH

RAN_06 3.0.0 017 | RP-99681 3.1.0 20 ms RACH message length

RAN_06 3.0.0 018 RP-99680 3.1.0 Minimum SF in UL

RAN_06 3.0.0 024 | RP-99680 3.1.0 Rate matching parameter determination in DL and fixed positions

RAN_06 3.0.0 026 | RP-99680 3.1.0 Corrections to TS 25.212

RAN_06 3.0.0 027 | RP-99679 3.1.0 Modification of BTFD description in 25.212 Annex

RAN 06 3.0.0 028 [ RP-99681 3.1.0 TFCI coding and mapping including compressed mode

- 3.1.0 - - 3.1.1 Change history was added by the editor
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