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4.2.2.2 Code block segmentation

Segmentation of the bit sequence from transport block concatenation is performed if Xi>Z. The code blocks after
segmentation are of the same size. The number of code blocks on TrCH i is denoted by C. If the number of bits input to
the segmentation, X, is not amultiple of C;, filler bits are added to the beginning of the first block. If turbo coding is
selected and X; < 40, filler bits are added to the beginning of the code block. The filler bits are transmitted and they are
aways 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, for C; # 0, are denoted by Q1,0 5,03, ..,0, » Wherei isthe TrCH
number, r isthe code block number, and K; is the number of bits per code block.

Number of code blocks:
[X;/Z] when Z = unlimited
C=/%+2/C =<0 when Z = unlimited and X; =0
1 when Z = unlimited and X, = 0

Number of bits in each code block (applicable for C = 0 only):

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

K; = 40
else

Ki=/X1C/
end if

Number of filler bits: Y; = CK; = X;

fork=1to¥Y)Y; -- Insertion of filler bits
Oy =0
end for

fork=Y+1toK;

O = X (k-y)
end for
r=2 -- Segmentation
whiler < G

for k= 1toK;

Ok = X (ke (r-2-K,-¥)
end for
r=r+l

end while
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4.2.7.1 Determination of rate matching parameters

The following relations, defined for all TFC j, are used when calculating the rate matching pattern:
Z,,=0

[[; RM ,* Nm,jjx N]

Z.. = foralli=1..1(1)

> RM <N,

ANi’j = Zi,j _Zi—l,j — Ni’j foralli=1...1
Puncturing can be used to minimise the required transmission capacity. The maximum amount of puncturing that can be
applied is 1-PI, PL issignalled from higher layers. The possible values for Nyx, depend on the number of physical
channels P, alocated to the respective CCTrCH, and on their characteristics (spreading factor, length of midamble
and TFCI, usage of TPC and multiframe structure), whichisgivenin[7].

Denote the number of data bitsin each physical channel by U, s, , where p refers to the sequence number 1< p< Py, of
this physical channel in the allocation message, and the second index Sp indicates the spreading factor with the possible
values {16, 8, 4, 2, 1}, respectively. For each physical channel an individual minimum spreading factor o, is
transmitted by means of the higher layer. There are two options to determine the number Ny, from the number of
possible physical channels and the minimum spreading factor. The option is signalled by means of the higher layers.

If the UE shall increase the spreading factor autonomously, Fhen,-for Ngas 0ne of the following values in ascending
order can be chosen:

pl,lG""'Ul.Slmin ’Ul.s:lmin +U2,16""’Ul51min +U2,32min ’""U]-Slmin +U2,SZmin +"'+Upmax116’""U1vSlmin +U2,SZmin +'"+Upmaxv(spmax)min}

If the UE shall only use the minimum spreading factor, for Ng.t, One of the following values in ascending order can be
chosen:

pl-Slmin 'Ul-Slmin +U2152min ’Ullsn'min +U2182min + "'+UPmaxr(SDmax)min}
Naata, j fOr the transport format combination j is determined by executing the following algorithm:

|
SET1 = { Ngaa Such that (min{RM y}j X Ngpa — PL X Z RM  x Nx,j is non negative }

I<y<l el

Ndata,j =min SET1

The number of bits to be repeated or punctured, AN;;, within one radio frame for each TrCH i is calculated with the
relations given at the beginning of this subclause for all possible transport format combinations j and selected every
radio frame.

If AN;; = O then the output data of the rate matching is the same as the input data and the rate matching algorithm of
subclause 4.2.7.3 does not need to be executed.

Otherwise, the rate matching pattern is calculated with the algorithm described in subclause 4.2.7.3. For this algorithm
the parameters &, €yus, Eminus, aNd X; are needed, which are calculated according to the equations in subclauses 4.2.7.1.1
and 4.2.7.1.2.
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Primarily, transport channels are multiplexed as described above, i.e. into one data stream mapped on one or several
physical channels. However, an alternative way of multiplexing servicesisto use multiple CCTrCHs (Coded Composite
Transport Channels), which corresponds to having several parallel multiplexing chainsasin figure 1, resulting in

several data streams, each mapped to one or several physical channels.

421 CRC attachmentError-detection

Error detection is provided on transport blocks through a Cyclic Redundancy Check (CRC). The size of the CRC is 24,
16, 12, 8 or 0 bitsand it is signalled from higher layers what CRC lengthsize that should be used for each TrCH.

42.1.1 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:

- Ocreas(BD) = BD* + DD + BD® + BD® + BD + 1;
- Qoree(PD) = DD + BD™ + BD° + 1;
- Ocre2(BD) = BD¥ + DD + BD*+ BD* +BD + 1;
- Gores(BD) =BD® + DD’ + BD*+ BD® + BD + 1.
Denote the bitsin atransport block delivered to layer 1by @y, @iz s Qimgs- - -1 8ia, » @d the parity bits by

Pimts Pimzs Pimgsr- -1 Py, - A isthetengthsize of atransport block of TrCH i, misthe transport block number, and kL
is the number of parity bits. L; can take the values 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 polynomia:

+23 +22 24 23 22 1
a'imlD/-\‘ +a'im2DA +"'+aimA,D +pimlD +pim2D +"'+pim23D +pim24
yields aremainder equal to O when divided by gcre4(BD), polynomial:

\ +15 14 16 15 14 1
a D" +a DA +... 48, D+ D" + D .+ PrgsD + Pige
yields aremainder equal to 0 when divided by gcre1s(BPD), polynomial:

11 10 12 11 10 1

a D" +a DA +.. 48, D¥ + p D™ + Py D 4.+ Py DY + P
yields aremainder equal to 0 when divided by gcre12(BD) and polynomial:

+7 +6 8 7 6 1
aimlDA _{_aimZDA1 ++a1mAD + p|mlD + pimZD +...t pim?D + pim8
yields aremainder equal to 0 when divided by gcres(BPD).

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

4.2.1.2 Relation between input and output of the CRC attachment blockCyelie
Redundancy-Check

The bits after CRC attachment are denoted by B,0,,,, 03,0, » Where Bi= A+ L;. The relation between jmk

and bk is:

Bk = &k k=1,2,3, ..., A

3GPP
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Bk = P2k ay KEATLA+2A+3 . AL
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4.2.3.3 Concatenation of encoded blocks

After the channel coding for each code block, if C; is greater than 1, the encoded blocks are serially concatenated so that
the block with lowest index r is output first from the channel coding block, otherwise the encoded block is output from

channel coding block asitis. The bits output are denoted by G, G5, G, ..., Cg, , Wherei isthe TrCH number and E; =
CiY;. The output bits are defined by the following relations:

Ck =Y k=12..Y
C, = yiyzy(kai) k=Y,+1Y+ 2 ..,2Y,

Cik = Yismk-2v) k=2Y,+1,2Y;+ 2, ..., 3Y

Ck =VYic.k-c-ny) K=@G-DYi+1,(C-1)Yi+2 .., GY,

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

4.2.4 Radio frame size 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 the subclause 4.2.6.

The input bit sequence to the radio frame size equalisation is denoted by C;, G, G5, . . ., G, , wherei is TrCH number

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

tx=cy fork=1... E and
tix = {O , 1} fork=E +1... T;,if E <T;
where

Ti:Fi*Ni and

N, = |_Ei /F, -| is the number of bits per segment after size equalisation.

4.2.5 1st interleaving

The 1% interleaving is a block interleaver with inter-column permutations. The input bit sequence to the 2%-block
interleaver isdenoted by X 1,X 5, X 3,..., X x ,» Whereiis TrCH number and X; the number of bits. {at-this-stage-Here

X is assumed-and-guaranteed to be an integer multiple of the number of radio framesin the TTI). The output bit
sequence from the block interleaver is derived as follows:

1) select the number of columns C1 from table 4; depending on the TTI. The columns are numbered 0, 1, ..., C1-1
from left to right.

2) determine the number of rows of the matrix, R1 defined as

~R1=%-X/Cl:

The rows of the matrix are numbered 0, 1, ..., R1 - 1 from top to bottom.

3) write theinput bit sequence into the R1 x C1 rectangutar-matrix row by row starting with bit X; ; inthefirst
column O of the-first-row 0 and ending with bit X—zrcny X (rixcyy 1N cOlumn €2C1 - 1 of row RER1 — 1

3GPP
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Xi,l Xi,2 Xi,3 Xi,Cl
Xi,(Cl+1) Xi,(Cl+2) Xi,(Cl+3) Xi,(2><Cl)
X ((R1-1)xC1+1) X; ((R1-1)xC1+2) X J(RI-1)xC1+3)  *** X L(RIxC1)
4) Perform the inter-column permutation for the matrix based on the pattern <P101(j )> icfo1, .ci-1) shown in table

4, where P1c4(j) isthe original column position of the j-th permuted column. After permutation of the columns,
the bits are denoted by Vi k:

Yii, Yirey VYiewrwy - Yicryri
Yie VYiwruz Yierez - Yigcroruo)
Yire Yiry Yiary -+ Yicwry

5) Read the output bit sequence Y+ Yoy Yigv— Yrcoryy Yiar Yizr Yizr -0 Yicary OF the 2% block

interleavering column by column from the inter-column permuted R1 x C1 matrix. Bit Y, ; correspondsto the

firstrow 0 of thefirst-column 0 and bit Y; gy,cq) COrrespondsto row R1 -1 of column C1 - 1.

of-bits-Henee % =t -and-X-=T-

Ihebﬂseu%pu#mmthefmteﬂeawngareﬁmete&bydﬁdwdw—,dﬁn&dm;ym

Table 4 Inter-column permutation patterns for 1st interleaving

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

The bitsinput to the 1 interleaving are denoted by t;;,t; 5,1, 5,...,t; 1 . wherei isthe TrCH number and T, the number

of bits. Hence, X, = tixand X = T,.

The bits output from the 1% interleaving are denoted by d; ;,d; ,,d, 5,...,d; ; .and dix = yix.

3GPP
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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 bitsinput to the TrCH multiplexing are denoted by f,,, f; ,, f; 5,..., f;\, , wherei isthe TrCH number and V; is

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

multiplexing aredenoted by S, S,,S;,..., Sy, where Sisthe number of bits, i.e. S= Z:VI . The TrCH multiplexing is
i

defined by the following relations:

s;=f, k=12..Vv
S = fz,(k_vl) k= Vi+1, Vi+2, ..., Vi+V,

S = fsy(kf(\,ﬁvz)) k= (Vi+Vo)+1, (Vi+tVo)+2, ..., (Vi+Vo)+ Vs,

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

4.2.9 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 aredenoted by S, S,,S;,. .., Sg, where Sis the number of bitsinput to the
physical channel segmentation block. The number of PhCHs is denoted by P.

The bits after physical channel segmentation are denoted Uy Upo,Upgse.s, Up,u,, » where p is PhCH number and U, is

the in general variable number of bitsin the respective radio frame for each PhCH. The relation between S¢ and Upk is
given below.

Bits on first PhCH after physical channel segmentation:
Ul’kZS( k:1,2,...,U1

Bits on second PhCH after physical channel segmentation:
u2,k =S(k+U1) k= 1,2,...,U2

Bits on the P" PhCH after physical channel segmentation:

Upk = Skstyestpy) K=12,.,Up

4.2.10 2nd interleaving

The 2™ interleaving is a block interleaver and consists of bits input to a matrix with padding, the inter-column
permutation for the matrix and bits output from the matrix with pruning. The 2nd interleaving can be applied jointly to
al data bits transmitted during one frame, or separately within each timeslot, on which the CCTrCH is mapped. The
selection of the 2nd interleaving scheme is controlled by higher layer.

3GPP
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4.2.10.1 Frame related 2nd interleaving

In case of frame related 2™ interleavi ng, the bits input to the 2" plock interleaver are denoted by X, %, X5, %,
where U is the total number of bits after TrCH multiplexing transmitted during the respective radio frame with

S=U=>U,.
p

The relation between X and the bits Up k in the respective physical channels is given below:

Xk:Ul’k k:].,z,...,Ul

Xouy =Up  KK=1,2,.., 80U,

Xiksups.atpy) =Upk KK=1,2, ..., Bplp

The following steps have to be performed once for each CCTrCH:

(1) Set—the-number-of-eelumnsAssign C2 = 30 to be the number of columns of the matrix. The columns of the
matrix are numbered 0, 1, 2, ..., C2 - 1 from left to right.

(2) Determine the number of rows of the matrix, R2, by finding minimum integer R2 such that:

UU<R2XC2

The rows of rectangular matrix are numbered 0, 1, 2, ..., R2 - 1 from top to bottom.

(3) Write Fthe bitsinput bit sequence X, X,, X3,..., X, te%hezndmmﬂee&/ingarewﬁﬁen intothe R2 x C2

rectangukar-matrix row by rows starting with bit 'y, in column O of row O:

% X X3 e Xy Y1 Y2 Ys o Yeo
Xy X3 X33 -+ X0 Yicany Yica+2) Yicorg) -+ Y
L((Rz—l)xsou XRro-pxaor2  X(Ro-1pa0:3 -+ Xraao J Yiro-mxcorny  Yire-mxcarz)  Y(Ro-nxcar) -+ Yirec2)

where Y, =X, fork=1,2, ..., Uandif R2 x C2> U, the dummy bits are padded such that Y, =0or 1 fork=

U+1, U+2 ...,R2 x C2. Thesedummy bits are pruned away from the output of the matrixger the inter-
column permutation.

(4) Perform the inter-column permutation for the matrix based on the pattern {P2-{}-{—=06,14—+—+C2-1)
<P2(j )> <fod,..co-1) that is shown in table 7, where Pa(}]) is the original column position of the jj-th permuted

column. After permutation of the columns, the bits are denoted by ¥k Y', .

’7 Yi Yrea Yor2a - y29xR2+1—‘ Yi Ywrey Yersy - Y(c2ywren

Y, y'(R2+2) y'(sz2+2) "'y’((CZ—l)xR2+2)

Yo Yra2 Yarziz --Yooroi2

\‘sz Yorz  Yamrz - y30><R2J Yre Yery Yery - Yewr

(5) The output of the 2™block interleavering is the bit sequence read out column by column from the inter-column
permuted R2 x C2 matrix. The output is pruned by deleting dummy bits that were ret-presentpadded Hto the
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input bit-sequenceof the matrix before the inter-column permutation, i.e. bits Yk ', that corresponds to bits

Xk Y, withkk >UJU are removed from the output. The bits after frame related 2" interleavi ng are denoted by

Vi, V,,..., VY, , Where ¥V; corresponds to the bit ¥ y’k with smallest index kk after pruning, V> to the bit

Yk Y’ with second smallest index kk after pruning, and so on.

4.2.10.2 Timeslot related 2" interleaving

| In case of timeslot related 2™ interleaving, the bits input to the 2*block interleaver are denoted by
Xi19X 21X 35-- -2 Xy, » Wheret refersto acertain timeslot, and U, is the number of bits transmitted in this timeslot

during the respective radio frame.

‘ In each timeslot t the relation between X; x and Ut p k is given below with RP; refering to the number of physical
channels within the respective timeslot:

Xk = Uk k=1,2,...,Uy

Xt,(k+U,1) =U ok

Xt,(k+U,1+...+U[(H,1)) = uI,R,k

The following steps have to be performed for each timeslot t, on which the respective CCTrCH is mapped:

(1) Set—the-number-of-eelumnsAssign C2 = 30 to be the number of columns of the matrix. The columns of the
matrix are numbered 0, 1, 2, ..., C2 - 1 from left to right.

(2) Determine the number of rows of the matrix, R2, by finding minimum integer R2 such that:

YU, <R2x C2.

The rows of rectangular matrix are numbered 0, 1, 2, ..., R2 - 1 from top to bottom.

(3) Writhe Fthe bits-input bit sequence , , yeens teiehez‘“‘d-mterleaviﬂgta;ewm{eninto theR2 x C2
DIt sequence X, 15X 21 X 3541 Xy,

rectangukar-matrix row by row: starting with bit Y, ; in column O of row 0:

X1 X2 X3 e X3
Xt,31 X’(,32 X’(,33 te X’(,GO

\‘Xt,((RZ—l)x30+1) X (R2-1x30+2) X4, (R2-1)x30+3) "'Xt,(R2><30)J

Yia Vi Yis oo Yie
Yi.(co) Yi(c22) Yi(c2+3) < Y
Yire-pxczry  Yire-necz:2)  Yi(Ro-xc2id) -+ Yi(rcc2)

where Y, =X, fork=12, ..., U andif R2 x C2 > U,, the dummy bits are padded such that Y, , =0 or 1 for

k=U+1 U +2, ...,R2 x C2. Thesedummy bits are pruned away from the output of the matrix after the inter-
column permutation.
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(4) Perform the inter-column permutation for the matrix based on the pattern P2(H)-{=61—--C2-1)
<P2(j )> jefod,..c2.1) that is shown in table 7, where P2(}]) is the original column position of the j-th permuted

column. After permutation of the columns, the bits are denoted by Yk Y’y . -

Yii  Yirey  Yiewreny oo Yieeroe y’t,l y’t,(R2+l) Yi@rey - Yi(coaxres
Yo Yire2) Yiererz -0 Yieoroe2) y’t,z y’t,(R2+2) Yiera2 - Yi(coxres2)
Yire  Yiero Yiary o0 Yi@or2) Yire Yire Yigry - Yicxr

(5) The output of the 2™block interleavering is the bit sequence read out column by column from the inter-column
permuted R2 x C2 matrix. The output is pruned by deleting dummy bits that were net-presentpadded into the

input bit-sequenceof the matrix before the inter-column permutation, i.e. bits Yk Y’ that corresponds to bits

Xik Yy With k> U, are removed from the output. The bits after time slot 2" interleaving are denoted by

Vi1sVi25e- 5 Ve, » Where Vi 1 correspondsto the bit ¥ Y, with smallest index k after pruning, Vi 2 to the bit

Yek 't With second smallest index k after pruning, and so on.

Table 7 Inter-column permutation pattern for 2nd interleaving

Number of Columns Inter-column permutation pattern
number C2 < P2(0), P2(1), ..., P2(29C2-1) >

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>
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