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1 Scope

This specification describes the documents being produced by the 3GPP TSG RAN WG1and first complete
versions expected to be available by end of 1999. This specification describes the characteristics of the Layer 1
multiplexing and channel coding in the FDD mode of UTRA.

The 25.2series specifies Um point for the 3G maobile system. This series defines the minimum level of specifications
required for basic connections in terms of mutual connectivity and compatibility.

2 References

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

[1] 3GPPRAN TS 25.201: “Physical layer — General Description”

[2] 3GPPRAN TS 25.211: “Transport channels and physical channels (FDD)”
[3] 3GPPRAN TS 25.213: “Spreading and modulation (FDD)”

[4] 3GPPRAN TS 25.214: “Physical layer procedures (FDD)”

[5] 3GPPRAN TS 25.215; “Measurements (FDD)”

[6] 3GPPRAN TS 25.221: “Transport channels and physical channels (TDD)”
[7] 3GPPRAN TS 25.222: “Multiplexing and channel coding (TDD)”

[8] 3GPPRAN TS 25.223: “Spreading and modulation (TDD)”

[9] 3GPPRAN TS 25.224: “Physical layer procedures (TDD)”

[10] 3GPP RAN TS 25.225; “Measurements (TDD)”

[11] 3GPP RAN TS 25.302; “Services Provided by the Physical Layer”

4 Definitions, symbols and abbreviations

2.1 Definitions

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

<defined term>: <definition>.

TG: Transmission Gap is consecutive empty s ots 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 is the number of consecutive empty dots that have been obtained with a

transmission time reduction method. 0 <TGL< 14
TrCH number:  Transport channel number represents a TrCH ID assigned to L1 by L2. Transport channels are
multiplexed to the CCTrCH in the ascending order of these IDs.




12

FACH Forward Access Channel

FDD Frequency Division Duplex

FER Frame Error Rate

GF Galois Field

MAC Medium Access Control

Mcps Mega Chip Per Second

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

QoS Quiality of Service

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

TX Transmit

UL Uplink (Reverse link)
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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.
42.1.1 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:

Ocrcaa(D) =D* + D+ D°+D°+D +1
gore1s(D) =D+ D+ D°+ 1
Ocre2(D) =D+ D"+ D*+D*+D + 1
eres(D) = D®+D +D*+D°+D+1
Denote the bits in atransport block delivered to layer 1 by &, &5 1 @iz - » 8 » @0d the parity bits by

Bt Pimzs Pimgs-- -1 Pimy, - A isthelength of atransport block of TrCH i, mis the 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

A+23 A+22 24 23 2 1
8D +a;,,,D +"'+aimAD + PP+ P DT ot PirsDT F Pins

im2

yields aremainder equal to O when divided by gcrc24(D), polynomial

\ +15 +14 16 15 14 1
8D ™ +8,,DM ™+ 48, D* 4 p D+ PrD™ + o+ PyeDT P
yields aremainder equal to O when divided by gcreis(D), polynomial

A+ A+10

12 11 10 1
8D +8a,,,D +--~+a1mD + DD+ PreD o+ P D P
yields aremainder equal to O when divided by gcre12(D) and polynomial

\ +7 . +6
8D +8,,D"" +...+8,, D’ + pyD" + p,D° ..+ DY+ P
yields aremainder equal to 0 when divided by gcreg(D).
4.2.1.2 Relation between input and output of the Cyclic Redundancy Check
The bits after CRC attachment are denoted by B, ;,b,,,0,,- .-, bImEsi , where B=A+L;. The relation between a7« and
bimkis:
Bk = 8 k=1,23 ..., A

Bose = Pin s1-a-ny KZA+FLA+2A+3 AL

4.2.2  Transport block concatenation and code block segmentation

All transport blocksin a TTI are serially concatenated. If the number of bitsinaTTI islarger than Z, the maximum size
of acode block in guestion, then code block segmentation is performed after the concatenation of the transport blocks.
The maximum size of the code blocks depends on Hwhether convolutional codinger, turbo coding or no coding is used
for the TrCH.
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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, » Wherei isthe

TrCH number, r is the 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 Y1, ¥ir2, Yirzs---1 Yiry - Theencoded 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,,Cg3,. .., Ceg » wherei isthe TrCH number and E; = G;Y;. The output bits are defined by the

following relations:

Co =V k=12..Y
Ch = Yiogyy K=Y+ LYi+2,..,2Y,

Ci = Yisqeay) K= 2+ 1,2Yi+2,.., 3,

Ck = VYic k-c-ny) K=(G-DYi+1(GC-DYi+2 .., CY,

The relation between Ojrk and Virk and between K; and Y; is dependent on the channel coding scheme.

The following channel coding schemes can be applied to TrCHs:

- Convolutiona coding

- Turbo coding

- No channel coding
The values of Y; in connection with each coding scheme:

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

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

No channel coding, Y; = K|

Table 1: Error Correction Coding Parameters

Fransport-channeltype Coding-scheme Codingrate
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Transport channel type Coding scheme Coding rate

BCH
II:EEH L2

Convolutional code
RACH

13,1/2

CPCH, DCH, DSCH

Turbo Code 1/3

No coding

4.2.3.1 Convolutional coding
4.2.3.1.1 Convolutional coder

e Constraint length K=9. Coding rate 1/3 and %2
« The configuration of the convolutional coder is presented in Figure 3.
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> X(t)

»

Figure 1: 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 hits corresponding to the desired code rate1/3. For
rate 1/3, none of the systematic or parity bits are punctured, and the output sequenceis X(0), Y (0), Y'(0), X (1),
Y (1), Y'(2), etc.

4.2.3.2.2 Trellis termination for Turbo coding

Trellistermination is performed by taking thetail 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 1Figure
1Figure-1 in lower position) while the second constituent encoder is disabled. The last three tail bits shall be used to
terminate the second constituent encoder (lower switch of Figure 1Figure 1Figure-1 in lower position) while the first
constituent encoder is disabled.

The transmitted bits for trellis termination shall then be
X(®) Y() X(t+1) Y(t+1) X(t+2) Y (t+2) X' (t) Y’ (t) X' (t+1) Y’ (t+1) X' (t+2) Y'(t+2).
4.2.3.2.3 Turbo code internal interleaver

Figure 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

M RSC1 20 4 (3K+T +T,) bit

(K 1) bit K bit

p

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

Figure 5: Overall 8 State PCCC Turbo Coding
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4.2.3.2.3.1 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 isinter-row permutation. The three-stage permutations
are described as follows, the input block length is assumed to be K (320 to 5114 hits).

First Stage:
(1) Determine the number of rowsarew-ndmber R such that

R=10 (K =481 to 530 hits; Case-1)
R=20 (K = any other block length except 481 to 530 bits; Case-2)
(2) Determine the number of columnsa-cehumn-number C such that

Case-l, C=p=153
Csase-2;
Q) 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) Theinput sequence of the interleaver iswritten into the RxC rectangular matrix row by row starting from row O.

Second Stage:
A.lfC=p
(A-1) Select aprimitive root go from table 2.
(A-2) Construct the base sequence c(i) for intra-row permutation as:
c(i) =[gg*xc(i—-)]mod p,i=12,..., (p-2)., c(0) = 1.
(A-3) Select the minimum prime integer set {q; } (j=1,2,...R-1) such that
g.c.d{qg, p-1} =1
g>6
G > dg-o)
where g.c.d. is greatest common divider. And g = 1.
(A-4) Theset{q} ispermuted to make anew set {p} such that
Priy =G, 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(i)=c(ixp;lmod(p-1)), i=0,12,...,(p-2). andg(p-1)=0,
where ¢(i) is the input bit position of i-th output after the permutation of j-th row.

B.If C=p+l

17
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(B-1) SameascaseA-1.

(B-2) SameascaseA-2.

(B-3) SameascaseA-3.

(B-4) Sameascase A-4.

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

c;()=c(ixp;]mod(p-1)), i=01.2,...,(p-2)., ¢(p-1) =0, and ¢(p) = p,

(B-6) If (K = Cx R) then exchange cr.1(p) with cr4(0).

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

(C-1) SameascaseA-1.

(C-2) SameascaseA-2.

(C-3) SameascaseA-3.

(C-4) SameascaseA-4.

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

¢;(i)=c(ixp;]mod(p-1))-1, 1=01.2,...,(p-2),
where ¢(i) is the input bit position of i-th output after the permutation of j-th row.

Third Stage:

(1) 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.

PAa:{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:{9,8,7,6,5,4,3,2, 1,0} for R=10
The usage of these patternsis as follows:

Block length K: P(j)

320 to 480-bit:  Pa

481 to 530-bit:  P.

531 to 2280-bit: Pa

2281 to 2480-bit: Py

2481 to 3160-bit: Py

3161 to 3210-hit: Pg

3211 to 5114-bit: P,

(2) The output of the mother interleaver is the sequence read out column by column from the permuted R X C
meatrix_starting from column 0.

18
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Table 1: Table of prime p and associated primitive root

p % pP %o p %o pP %o p %o
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 is the row number and C is the column number defined in section 4.1.3.2.3.1.

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 Gy, G5, G, ..., G, , wherei is TrCH number

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

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

T,=F*N, and

N = mEi —1)/ED+1 is the number of bits per segment after size equalisation.

4.2.5 1% interleaving

The 1% interleaving is a block interleaver with inter-column permutations. The input bit sequence to the 1% interleaver is
denoted by X1, X5, X3. .1 Xy, , 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|

19
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(3) Write the input bit sequence into the R, X C; rectangular matrix row by row starting with bit X; ; in the first

column of thefirst row and ending with bit X ¢ ) in column G, of row R;:

0 X Xi2 X3 e X, O
U U
D Xi,(C, +1) Xi,(CI +2) Xi,(C| +3) cee Xi,(2C| ) D
0o : : : 0

U g
Hr-c+  KR-ng+2)  K(R-nc+3 - Kwre)d

(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 original column position of the j-th permuted column. After permutation of the columns, the bits are

denoted by VYik:

OV Yir+y Yier+ "'yi,((C,—l)R,+1)B

2 Yir+ Yier+z - Yic-ore2[
0: : : : O

] U]
r  Yier)y Yier) - Yier) O

(5) Read the output bit sequence Vi1, ¥i21 Yizs-- -1 Yi ) Of the 1% interleaving column by column from the inter-

column permuted R, X C; matrix. Bit Y, , correspondsto thefirst row of thefirst columnand bit Y; ¢,
corresponds to row R, of column C;.

Table 3
TTI Number of columns C, I nter-column permutation patterns
10 ms 1 {0}
20 ms 2 {0,1}
40 ms 4 {012!1!3}
80 ms 8 {0,4,2,6,1,53,7}

4.2.5.1 Relation between input and output of 1% interleaving in uplink

The bitsinput to the 1% interleaving are denoted by t;y, 5, ti5, ..., ti; , wherei isthe TrCH number and ET; the

number of bits. Hence, Xix = tikand X; = T;.

The bits output from the 1% interleaving are denoted by d.;, d.,, d 5, ..., diT‘ ,and dik = VYik.

4.2.5.2 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 1% interleaving are denoted by
hi, N2, R, N ) Wherei isthe TrCH number. Hence, Xk = hixand X; = FiH..

If flexible positions of the TrCHs in aradio frame is used then the bits input to the 1% interleaving are denoted by
011921 Yizr- -1 Gig, » Wherei isthe TrCH number. Hence, Xik = hi and X; = G..

The bits output from the 1% interleaving are denoted by G;,0, 05, -, Oiq, » Wherei isthe TrCH number and Q isthe
number of bits. Hence, Qik = Yik, Q; = FiH; if fixed positions are used, and Q; = G; if flexible positions are used.
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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
sequence length is guaranteed to be an integer multiple of F;.

The input bit sequence is denoted by X3, X5, X3s..., Xx wherei isthe TrCH number and X; is the number bits. The Fi

output bit sequences per TTI aredenoted by Y, 1, Yin2s Yinas---» Yiny Whereniistheradio 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:

ymk = Xi,((n‘—l)w‘)+k =10 F ik=1..Y,
where
Y: = (X / F;) isthe number of bits per segment,

X, isthe k™ bit of theinput 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

Theinput bit sequence to the radio frame segmentation is denoted by d;y,d,,, d;, ..., d;; , wherei isthe TrCH

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

The output bit sequence corresponding radio frame n; isdenoted by €,,€,,€3,...,€y , wherei isthe TrCH number

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

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 };,G,5, 03, .., Cq , Wherei isthe TrCH number and Q;
the number of bits. Hence, Xik = Qi and X = Q.

The output bit sequence corresponding to radio frame ny isdenoted by f;,, f,,, fi5,..., fi, , whereiisthe TrCH

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

4.2.7 Rate matching

Rate matching means that bits on atransport 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 a transport 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
second multiplexing isidentical to the total channel bit rate of the allocated dedicated physical channels.

Notation used in section 4.2.7 and subsections:

21
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multiplexing are denoted by S;,S,,S;,.. ., S, where Sisthe number of bits, i.e. S= ZV' . The TrCH multiplexing is
I
defined by the following relations:

s=f k=12..V
S( = f2,(k—V1) k= V1+ 1, V1+2, ey V1+V2

S = Fopequav,) K= Vit Vo) + L (Vi Vo) +2, L, (VikVo)+Vg

S = fl,(k—(V1+V2+...+V,_1)) k= (Vi+Vot .. Vi )+1, (Vi Vot +V i )+2, ., (Vi Vot 4V )+,

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 UTRAN to decide for each
CCTrCH whether fixed or flexible positions are used during the connection. DTX indication bits only indicate when the
transmission should be turned off, they are not transmitted.

4.2.9.1 Insertion of DTX indication bits with fixed positions

This step of inserting DTX indication bitsis 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 Gy, 9i2: 9izs- - .1 Oig, » Where G; isthe number of bitsin one TTI of TrCH i.

Denote the number of bits reserved for one radio frame of TrCH i by H;, i.e. the maximum number of bitsin aradio
frame for any transport format of TrCH i. The number of radio framesinaTTI of TrCH i is denoted by F;. The bits

output from the DTX insertion are denoted by i;, 1\, R5,..., ¢y ) - Note that these bits are three valued. They are
defined by the following relations:

he =04 k=123 ..,G
he =0 k=G+1 G+2, G+3, ... FH;

where DTX indication bits are denoted by d. Here gix [{ 0, 1} and 3 {0, 1}.

4.2.9.2 Insertion of DTX indication bits with flexible positions

This step of inserting DTX indication bitsis used only if the positions of the TrCHs in the radio frame are flexible. The
DTX indication bits 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,,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 bits, for each PhCH by U.

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

where DTX indication bits are denoted by o.. Here S, (0{ 0,1} and & (0{ 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 X, X,,X;,..., X, , where Y 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 UgpsUposUpgse Uy where p is PhCH number and U isthe

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

Bitson first PhCH after physical channel segmentation:
u, =% k=132,..,U
Bits on second PhCH after physical channel segmentation:

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

Bits on the P" PhCH after physical channel segmentation:

Upe = Xyepnuy 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 = Scand Y= S

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

If fixed positions of the TrCHs in aradio frame are used then the bits input to the physical segmentation are denoted by
S,S$:S;;...,Sg. Hence, Xk = Scand Y= S

If flexible positions of the TrCHs in aradio frame are used then the bits input to the physical segmentation are denoted
by W, W, W,y Wiy - Hence, Xx = Wy and Y = PU.
4.2.11 2" interleaving

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

denoted UgpsUpoyUpgsey Uy s where p is PhCH number and U is the number of bitsin one radio frame for one PhCH.

(2) Set the number of columns C, = 30. The columns are numbered 0O, 1, 2, ..., C,-1 from left to right.
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3.3 Abbreviations

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

Ale——— Add Copmsome Solost
ARQ Automatic Repeat Request
BCH Broadcast Channel
BER Bit Error Rate
BLER Block Error Rate
BS Base Station
CCPCH Common Control Physical Channel
CCTrCH Coded Composite Transport 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
DS-CDMA Direct-Seguence Code Division Multiple Access
DSCH Downlink Shared Channel
DTX Discontinuous Transmission
FACH Forward Access Channel
FDD Frequency Division Duplex
FER Frame Error Rate
GF GaloisField
MAC Medium Access Control
Mcps Mega Chip Per Second
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
it of )
RACH Random Access Channel
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
TX Transmit
UL Uplink (Reverse link)

3GPP
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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, » Wherei isthe

TrCH number, r is the 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 Y1, ¥ir2, Yirzs---1 Yiry, - Theencoded 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,,Cg3,..., c:IE , wherei isthe TrCH number and E; = C;Y;. The output bits are defined by the

following relations:

Ck = Vi k=1,2, ...,
Cik = VYiow-y) K=Yit1LYi+2..,2Y

Ci = Yiaqeay) K= 2%+ 1, 2Y+2,..,3Y,

Ck = VYic k-c-ny) K=(G-DYi+1(GC-DYi+2 .., CY,

The relation between Ojrk and Virk and between K; and Y; is dependent on the channel coding scheme.

The following channel coding schemes can be applied to TrCHs:

- Convolutiona coding

- Turbo coding

- No channel coding
The values of Y; in connection with each coding scheme:

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

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

- No channel coding, Y; = K;

Table 1: Error Correction Coding Parameters

Transport channel type Coding scheme Coding rate

BCH

PCH

FACH 12

RACH Convolutional code

CPCH

DCH 1/3, 1/2 or no coding

CPCH

DCH Turbo Code 1/3 or no coding

4.21.3.1 Convolutional coding

-—Convolutional codes with Econstraint length k=9 and —Ecoding rates 1/3 and 1/2% are defined.

—The configuration of the convolutional coder is presented in figure 3.

3GPP
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~—TheeOutput from the rate 1/3 convolutional coder shall be donein the order outputO, outputl, output2, outputO,
outputl, output 2, output O, ...,output2. Output from the rate 1/2
convolutional coder shall be donelnthe order output O, output 1, output 0, output 1, output O, ..., output 1.

~—K-18 tail bits with binary {value 0} shall be added to the end of the code block before encoding.

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

Input
|- |-
~D}-[Df{DiD ~D—{D
Yooy X Output 0
(D D > % » Gy =561 (octal)
9 A S | L S X oupul
- T T g % % NV

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

"ol oie~olo~bi+o]

¥ Y Y Y Y Y Output 0
> »D a »D > > » G, = 557 (octal)

3 B! SIS NNV
D T % 4 v G, = 663 (octal)

Lo 1 L oupuz
> > TN T

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

output O
G0=561 OCT

v

input

output 1
»G1=753 OCT

»

" output O

T

input

output 1
» G1=663 OCT

output 2
»G2=711 OCT

(b) Coding rate =1/3 constraint length=9

Figure 3: Rate 1/2 and rate 1/3 Sconvolutional cSoders.

3GPP
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4.21.3.2 Turbo coding

421321 Turbo coder

, i W 0*-and- 10 BER inelusivepThe turbo coding schemeisa
parallel concatenated convol utlonal code (PCCC) with 8-state constituent encodersis-used.

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

n(D)
G(D)= %d(D)

where,

d(D)=1+D*+D?

n(D)=1+D+D?>,

> X()

X(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 1/3. 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(1), Y (1), Y' (D),
etc.

4.24.3.2.2 Trellis termination for Turbo coding

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

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 constituent
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(0) Y (1) X(A+1) Y (t+1) X(t+2) Y (t+2) X’ (1) Y’ (1) X’ (t+1) Y’ (t+1) X (t+2) Y’ (t+2).

421323 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

3GPP
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described in section 4.21.3.2.3.1. After the mother interleaver generation, I-bits are pruned in order to adjust the mother
interleaver to the block length K. The definition of | is shown in section 4.21.3.2.3.2.

Source Coded sequence
O »0O
K bit

> RSC1 [—»O0 1} (3K+T+T,) hit

(K 1) bit K bit
N N
M other »  Pruning » RSC2 —»0 ~
inter leaver
Figure 5: Overall 8 State PCCC Turbo Coding
4.21.3.2.3.1 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 isinter-row permutation. The three-stage permutations
are described as follows, the input block length is assumed to be K (320 to 5114 hits).

First Stage:
(1) Determine arow number R such that
R=10 (K =481 to 530 hits; Case-1)
R=20 (K = any other block length except 481 to 530 bits; Case-2)
(2) Determine a column number C such that
Case-l, C=p=053
Csae-2;
Q) 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) Theinput sequence of the interleaver iswritten into the RxC rectangular matrix row by row.
Second Stage:
A.lfC=p
(A-1) Select aprimitive root gy from table 2.
(A-2) Construct the base sequence c(i) for intra-row permutation as:
c(i) =[ggxc(i—-)]mod p,i=12,..., (p-2)., c(0) = 1.
(A-3) Select the minimum prime integer set {q; } (j=1,2,...R-1) such that
ged{g, p-1} =1

3GPP
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q>6

G > Gg-n)

where g.c.d. is greatest common divider. And go = 1.
(A-4) Theset {q} ispermuted to make anew set { p;} such that

Pry=Gi, j=0,1, ... R-1,

where P(j) is the inter-row permutation pattern defined in the third stage.
(A-5) Performthej-th(j=0,1, 2, ..., R-1) intrarow permutation as:

cj(i)=c([ixp;lmod(p-1), i=0,1.2,...,(p-2). adc(p-1)=0,

where ¢(i) is the input bit position of i-th output after the permutation of j-th row.
B.If C=p+l

(B-1) SameascaseA-1.

(B-2) SameascaseA-2.

(B-3) SameascaseA-3.

(B-4) Sameascase A-4.

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

c;(i)=c(ixp;]mod(p-1)), =012,...,(p-2)., ¢(p-1) =0, and ¢(p) = p,

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

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

(C-1) SameascaseA-1.

(C-2) SameascaseA-2.

(C-3) SameascaseA-3.

(C-4) SameascaseA-4.

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

¢;(i)=c(ixp;]mod(p-1))-1, =01.2,...,(p-2),
where ¢(i) is the input bit position of i-th output after the permutation of j-th row.

Third Stage:

(1) 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.

PAa:{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:{9,8,7,6,5,4,3,2, 1,0} for R=10

The usage of these patternsis as follows:

Block length K: P(j)

3GPP
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320 to 480-hit:  Pa

481 to 530-bit:  P¢

531 to 2280-bit: Pa

2281 to 2480-hit: P

2481 to 3160-bit: Py

3161 to 3210-hit: P

3211 to 5114-bit: P,

(2) The output of the mother interleaver is the sequence read out column by column from the permuted R X C
meatrix.
Table 2: Table of prime p and associated primitive root
p 9o P Jo p Jo P Jdo 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
Definition of number of pruning bits

‘ 4.21.3.2.3.2

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 is the row number and C is the column number defined in section 4.22.3.2.3.1.

3GPP
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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

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 dot over 10ms frame.
Pd: Received Power per bit of DPDCH calculated from X bits per slot over 10ms 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 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-rate number of bits -BCH-data-from higher layerste-be transmitted is
block-encoded using a cyclic redundancy check (CRC) and then convoI ut|onally encoded Htishecessary-that the
CRC parity bits are attached just after ma ! e 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 { neq} by Layer-3 negotiation
(seefigure A-1). 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.

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 sequenceisthen
error-detected by CRC and if there is no error, the recovered sequence is declared to be correct.

Thefollowing variable is defined:
S(nend) =-10 |Og ( (ai)(nend) - amin(nend) ) / (amax(nend)'amin(nend) ) ) [dB] (Eq 1)

where 8mac(Neng) aNd ayin(Neng) are, respectively, the maximum and minimum path-metric valuse values among all
survivors at end bit position ne,g, and ag(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 neg. 1f the hypothetical trellis path
connected to the zero state that satisfies

(Nens) =<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 Eg. 2 are found, the end bit position which has minimum value of S(Neng)
is declared to be correct.

- If no path satisfying Eq. 2 isfound 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 positions {n, .}

n,,=1 2 3 4

v v v v
Coded variable-rate DCH data CRC Empty

< Frame >
Possible end bit positions { 1}

Ngg=1 2 3 4

v v v v
Data with varialbe number of bits CRC Empty

TTI

Figure A-1: An example of the data format with variable_number of bitsrate-dataformat

(Number of possible transport formats = 4, transmitted end bit position neng = 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 alow 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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Viterbi decoding (ACS operation)
to end bit position n,

Neng = Neng +1

Calculation of S(ng.y)

No
| IS Ny, the
maximum vaue?

Path selection

S(nend) > D
S(N) =< D
Tracing back Output detected
from end bit position n end bit poitlon Ml
Calculation of CRC parity END
for recovered data

NG

* |If the value of detected n,,4' is
Comparison

“0", the received frame data is
declared to bein error.
Smin =< S(nend)
of S(Nga) 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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