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This document contains a revised version of CR 25.212-010 ( Tdoc TSGR1#9(99)i54 ). The following changes have

been made:
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Bit separation and bit collection is currently not sufficiently described in 25.212. Modifications were proposed in
TSGR1#8(99)f28. It is proposed that instead of making the limited changes proposed in f28, the section should be
rewritten with a notation more similar to the rest of 25.212. The changes proposed in this document are listed below.

Entire section 4.2.7

The following notation is currently used for the number
of bits before rate matching:

uL: N=N; =N,
DL: N=E =N;"

It isproposed that N isreplaced by X; so that it is possible
to distinguish between different TrCHSs.

Similarly, it is proposed that DN is replaced by DN;.

Entire section 4.2.7

Index b isintroduced to indicate systematic or parity bits.

Section 4.2.7.1.2/4.2.7.2.1/427.2.2

Divided into subsections to ease understanding. (Note
that current text does not define rate matching for
uncoded TrCHSs.)

Section 4.2.7.1.2/4.27.2.1/427.2.2

Minor correction: N (X;) is known not determined.

Section 4.2.7.1.2.2/ 427212/ 427222

Last row removed. Only puncturing is used in this
section.

Section 4.2.7.21.2/4.7.2.2.2

Removed round down since N:,T ! alwaysisamultiple of
three.

Section 4.2.7.3

Completely rewritten. A new notation is introduced for
the bits. The section is divided into subsections. Clearly
states what happens in UL when N;; is not a multiple of
three (the last 1 or 2 bits can not be punctured).




Section 4.2.7.5/4.2.7.6

Removed since they are now covered in 4.2.7.3
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The input bit sequence is denoted by X;, X5, X3,..., Xx wherei isthe TrCH number and X; is the number bits. The

Fi output bit sequences per TTI aredenoted by Y, 11, Yin2s Yinsr---» Yiny Whereni isthe radio frame number in
current TTI and Y; is the number of bits per radio frame for TrCH i. The output sequences are defined as follows:

yi,nik = Xi,((ni-1)>‘¥i)+k =1 F,j=1.Y
where
Y; = (X / F;) isthe number of bits per segment,

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

- isthe k™ bit of the output bit sequence corresponding to the n" radio frame
yl ik

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.,, di3,...,diTi , wherei isthe TrCH

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

The output bit sequence corresponding radio frame n; isdenoted by &,,6,,€5,...,6y , wherei isthe TrCH number

and N; is the 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 ¢}, 0}, G- .., g , Wherei isthe TrCH number and
Q the number of bits. Hence, Xk = Qik and X = Q.

The output bit sequence corresponding to radio frame n; isdenoted by f,,, i, fi5,..., fi\,i , wherei isthe TrCH

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

4.2.7 Rate matching

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

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

Notation used in section 4.2.7 and subsections;

Nij: 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).

N.;":  Number of bitsin atransmission time interval before rate matching on TrCH i with transport formeat |
Used in downlink only.
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DN”. . 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).

DN,™: If positive - number of bits to 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.
Used in downlink only.
RM;: Semi-static rate matching attribute for transport channel i. Signalled from higher layers.

PL: 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.

Naata,j: Total number of bitsthat are available for the CCTrCH in aradio frame with transport format
combination j.

I: Number of TrCHsin the CCTrCH.

Zi: Intermediate calculation variable.

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

n;: Radio frame number in the transmission timeinterval of TrCH i (O£ n, < F).
g Average puncturing distance. Used in uplink only.

[e(m): 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.

qn): The shift of the puncturing pattern for radio frame n;. Used in uplink only.

TF():  Transport format of TrCH i for the transport format combination j.

TFS(i)  The set of transport format indexes| for TrCH i.

TFCS  The set of transport format combination indexesj.

€ni Initial value of variable e in the rate matching pattern determination algorithm of section 4:.2+44.2.7.5.
€lus Increment of variable e in the rate matching pattern determination algorithm of section 4.2.444.2.7.5.

€minus Decrement of variable e in the rate matching pattern determination algorithm of section 4.2+44.2.7.5.

Xb: Indicates systematic and parity bits

b=1: Systematic bit. X(t) in section 4.1.3.2.1.
Y- b=2: 1% parity bit (from the upper Turbo constituent encoder). Y(t) in section 4.1.3.2.1.
¥ b=3: 2™ parity bit (from the lower Turbo constituent encoder). Y'(t) in section 4.1.3.2.1.

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 x do X, =Y ". In the right wing of an
assignment, the meaning isthat "Y = X. " isequivalent to "takeany xand do Y = X, "

The following relations, defined for all TFC j, are used when calculating the rate matching parameters:
Z,, =0
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88 RM,, N, i
Z, :éT—XNdata,j@ forali=1.1 (6h)
ga RM,, >N, u
m=1 H
DNy, =Z; - Z.,; - N; forali=1..1
4.2.7.1 Determination of rate matching parameters in uplink
42.7.1.1 Determination of SF and number of PhCHs needed

In uplink puncturing can be used to avoid multicode or to enable the use of a higher spreading factor when thisis
needed because the UE does not support SF down to 4. 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 Npsg, Nizg, Nea, N3z, Nig, Ng, and N4, where the index refers to
the Spreadl ng factor. The pOSSI ble values of Ndata then arE{ N256, ngg, N64, N32, Nlﬁ, Ng, N4' 2Ny, 3Na, 4Ng4, 5N,

6N} .Depending on the UE capabilities, the supported set of Nyga , denoted SETO, can be a subset of { Nosg, N12g, Nea,
N3z, Nig, Ng, Ng, 2Na, 3N, 4N4, SNa, 6N4}. Nyaa, j fOr the transport format combination j is determined by executing the
following algorithm:

' RM
. o} X . .
SET1={ Ngaa in SETO such that N - —{—} —XN_ . isnon negative }
data data xa—.l intRM , X,)

£ VEI
If SET1 is not empty and the smallest element of SET1 requires just one PhCH then
Ngataj = Min SET1
else
SET2 ={ Ngata in SETO such that N, - PL >§é|. m—lrl]q{'\;ﬁ} XN, ; isnon negative }
y

x=1
1£yEl

Sort SET2 in ascending order

Ngata = Min SET2

While Ngata 1S Not the max of SET2 and the follower of Nyqa requires no additional PhCH do
Ngata = follower of Ngaa in SET2

End while

Noataj = Naata

End if

4.2.7.1.2 Determination of parameters needed for calculating the rate matching pattern

The number of bits to be repeated or punctured, DN;;, within one radio frame for each TrCH i is calculated with
equation 1 for all 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 N . in Equation 1. N5 . isgiven from the

data, j data, j data, j
following relation:

NCm

data, j = 2N

data,j ~ Ny, , where
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(
TGL oN

—_— ., if Njirg + TGL £ 15
15 data, j

15- Ny 2N

NTGL = < 15 data,j *

infirst frameif N, + TGL > 15

TGL- (15- N
( f|rst)2Ndata’j,
\ 15

Nsir« and TGL are defined in section 4.4.

in second frame if Ns,¢ + TGL > 15

If DN;; = 0 then the output data of the rate matching is the same as the input data and the rate matching a gorithm of
section 4.2.744.2.7.5 does not need to be executed.

If DN; * O the parameterslisted in sections 4.2.7.1.2.1 and 4.2.7.1.2.2 shall be used forOtherwisefor determining e;,
€oius,_8Nd Einusmand-N-the-folowing-parameters-are-reeded (regardless if the radio frame is compressed or not).:

For-convolutional-codes;

427121 Uncoded and convolutionally encoded TrCHs

g= éN;;/(6 DN;6)0
if giseven
then q' = g —gcd(q, F)/F -- where ged (g, F;) means greatest common divisor of g and F,

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

else
q=q
endif
forx=0toF-1
S(I¢ (é*q'umod F)) = (é*qudiv F)
end for
DN; = DN;;
a=2

For each radio frame, the rate-matching pattern is calculated with the algorithm in section 4:2.444.2.7.5, where :
NX; = N;;., and
en = (@8(m)1DNi| + N;j) mod (aNy), if e = 0then g, = a@Nj;.
€oius = N
Eminus = DN

puncturing for DN; <0, repetitionating otherwise.

427122 Turbo encoded TrCHs

section 4.2.7.1.2.1 are used.
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If puncturing is to be performed, the parameters are-asfelewsbelow 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=2fer-¥-sequenceand

a=1 when b=3fer-¥—sequence:
_1N; /2, b=2
16N, /20 b=3

1 @N, ; / 2(ffor Y sequence
$@N, . /2(for Y'sequence

BN=

NX; = &N;; /30,
0 = &NX;/[DN;| O
if(q£ 2)
for x=0to F-1
e[ (3x+b-1) mod F]] = x mod 2;-H{Y-sequenee}
—SHeH(3Sx+h)-med-FH-=xred-2;
—+H{¥—sequence)
—SHeH3x+2)-edFH=x-med-2;

end for

else
if giseven

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

dse g =q

endif

forx=0toF; -1
r=eéx*qumodF;
S[I[(3r+b-1) mod F]] = éx*q udiv F;#{¥-sequence)
—SHRr+1-mod-FH-=6xtgtreiv-Fip

—H{Y—sequence)
—SHHB+ 2 -medHF =&t gherdiv-F:
endfor

endif

For each radio frame, the rate-matching pattern is calculated with the algorithm in section 4.2.444.2.7.5, where:
NX; is as above,

eni = (@8Nn){DNi| + X;N) mod (aXiN), if e, =0then e, = aXiN.

€olus = KN

Cminus= awNil:I
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. , . o
4.2.7.2 Determination of rate matching parameters in downlink

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

4.2.7.2.1 Determination of rate matching parameters for fixed positions of TrCHs

First an intermediate calculation variable Ni’* is calculated for all transport channelsi by the following formula:

N. = i><”max N
' F irTrs(i)

The computation of the DN:’_,rI parameters is then performed in for all TrCH i and all TF | by the following formula,

where DN . isderived from N, . by theformulagiven at section 4.2.7:

DN,Tr ' = F >DN;.
If DN:;r ' =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-#-44.2.7.5 does not need to be executed.

If DN,TrI 1 0 _the parameters listed in sections 4.2.7.2.1.1 and 4.2.7.2.1.2 shall be usedOtherwise; for determining
i, Eplus,_ANd Einus.—ane-N-the-followingparametersare-needed:
For-convolutional-codes;

427211 Uncoded and convolutionally encoded TrCHs

DN. = DN.™
a=2

N __ = max N

™
maX i res(i) !

For each transmission time interval of TrCH i with TF I, the rate-matching pattern is calculated with the algorithm in
section 4:2.744.2.7.5. The following parameters are used as input:

X, = NI N=NT

Qni = Nmax

e,.=axN

plus

eminus = a%DN||ﬁW=_a_>+DN'|‘

Puncturing if DN, < O-BN-<-0-, repetition otherwise.

max
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4.2.7.2.1.2 Turbo encoded TrCHs

. e . DP I'I'I'I S 9
parameter-for-convolutional-codes-|f repetition is to be performed on turbo encoded TrCHs, i.e. DN:;r '>0, the

parametersin section 4.2.7.2.1.1 are used.

If puncturing is to be performed, the parameters are-asfoHowsbelow 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=2fer-¥-sequence;
a=1 when b=3fer-¥—sequence:
The X-hits indicated by b=1 shall not be punctured.

_TONT /20, b=2_ 3N /2{for Y sequence
i %GDNIT”/ZU, b=3" 'Tl'é)N;“/Zl\JforY'sequmce

= max(N,‘,'rI /3)Jxlm_max_éxg_L3u

Il TFS Il TFS

For each transmission time interval of TrCH i with TF I, the rate-matching pattern is calculated with the algorithm in
section 4:2.744.2.7.5. The following parameters are used as input:

X, =N /1 3N=8NTH3]
Qni:Nmax
e, .=axN

plus

mlnus = a%DN |ﬁ7m__a_>+DN+

PuneturingH--DN-<-0-repetition-otherwise.

max

4.2.7.2.2 Determination of rate matching parameters for flexible positions of TrCHs

First an intermediate calculation variable Nij iscalculated for all transport channelsi and al transport format
combinations j by the following formula:

N. _1 XN

i F i, TF (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 bit rate of the CCTrCH is maximum. The RF; ratios are defined by the following formula

RFi - III\IdaIa* XRMI
max a ( RM, XNi'j)

jTTRCS

The computation of DN:’_,rI parameters is then performed in two phases. In afirst phase, tentative temporary values of

DN:’_,rI 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 rate is not greater than Ngaa <. per 10ms. The latter condition is
ensured through the checking and possible corrections carried out in the second phase.
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At the end of the second phase, the latest value of DN'[" is the definitive value.

The first phase defines the tentative temporary DN:’_,rI for all transport channel i and any of its transport format | by
use of the following formula

éRF XN U
DN/" =F, @7 N

>

D

The second phase is defined by the following agorithm:

for all J in TFCSdo --fordl TFC
i=1 N'l_l'l + DI\I'l_l'I
D=3 _.T) 1.7F (1) -- CCTYCH bit rate (bits per 10ms) for TFC |
a F
i=1 i

fori=1tol do --for al TrCH

DN =F, >DN, -- DN; ; isderived from N, ; by the formulagiven at section 4.2.7.

if DN/t (;) > DN then
DN/ (j) = DN
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 DN:_,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-#-44.2.7.5 does not need to be executed.

If DN:TrI 1 0 _the parameters listed in sections 4.2.7.2.2.1 and 4.2.7.2.2.2 shall be usedOtherwise; for determining
i, Eplus,_ANd Einus.—ane-N-the-followingparametersare-needed:
For-convolutional-codes;

427221 Uncoded and convolutionally encoded TrCHs

DN, = DN™ -DiN-=BNT-

a=2

For each transmission time interval of TrCH i with TF I, the rate-matching pattern is calculated with the algorithm in
section 4:2.744.2.7.5. The following parameters are used as input:

X, = NI N=NT
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—_ TTI —
e|ni - I\Iil ni
—_ TTI e =3 ::PI
epIus - a><|\Iil plus

eminus = a%DN||ﬁW=_a_>+DN+

puncturing for DN, < 0-BIN-<-0, repetitionating otherwise.

4.2.7.2.2.2 Turbo encoded TrCHs

parameter-for-convolutional-codes-If repetition is to be performed on turbo encoded TrCHs, i.e. DNi]_r '>0 the
parameters in section 4.2.7.2.2.1 are used.

If puncturing is to be performed, the parameters are-asfeHowsbelow 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=2fer-¥-sequence;
a=1 when b=3fer-¥—sequence:
The bitsindicated by b=1 shall not be punctured.X-bits-shaH-ret-be-punctured:

1N /2, b=2_ 1N /2(for Y sequence

i _%éDNiT” /20, b=3  @N™ / 2(for Y'sequence

For each transmission time interval of TrCH i with TF I, the rate-matching pattern is calculated with the algorithm in
section 4:2.744.2.7.5. The following parameters are used as input:

X; =Ny /3n=-4T13f,
€, = X eni=N,

=axX, e =axN

epI us plus

eminus = a%DN||ﬁW=_a_>+DN+

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 hit, 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 TrCHSs, convolutionally encoded TrCHs, and for turbo encoded
TrCHs with repetition. The bit separation and bit collection areillustrated in figures 6 and 7.
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Rate matching
i Xaik ylik» E
Radio frame | 1 |Bit separation Bit i TrCH
mentation [ ! Xoi ik | collection ffix L |Multiplexin
—p By oty S i | MUTpiedng |y,
! Rate matching :
| algorithm :
i X3ikl Y3ik| i
,,,,,,,,,, >
Figure 6: Puncturing of turbo encoded TrCHs
Rate matching
r--'--'----'-------'----'--'----'-------'----'--'---I
Radio frame : Bit separation Bit i TrCH
segmentation|g ! X1ik _ Wik | collection ffix | [ Multiplexing
! Rate matching :
| agorithm !
,,,,,,,,,, »

Figure 7: Rate matching for uncoded TrCHs, 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 a;, for the systematic (b=1) and parity bits (bl {2, 3}) are listed in table 4.

Table 4: TTl dependent offset needed for bit separation

TITI (ms) a a; asz
10, 40 0 1 2
20, 80 0 2 1

The bit separation is different for different radio framesin the TTI. A second offset is therefore needed. The radio
frame number for TrCH i is denoted by n;. and the offset by bni .
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Table 5: Radio frame dependent offset needed for bit separation

TTI (ms) bo by b bs b4 bs bs bs
10 0 NA NA NA NA NA NA NA
20 0 1 NA NA NA NA NA NA
40 0 1 2 0 NA NA NA NA
80 0 1 2 0 1 2 0 1
4.2.7.3.1 Bit separation

The bitsinput to the rate matching are denoted by €,,€,,€5,..., €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+ Xpigs- - - Xpix, - FOr

turbo encoded TrCHs with puncturing, b indicates systematic, first parity, or second parity bit. For all other casesb is

defined to be 1. X is the number of bits in each separated bit sequence. The relation between €y and Xpik iS given
below.

For turbo encoded TrCHs with puncturing:

Xiik = € 3(k-1)+1+(a;+b,, ) mod3 k=1,23, ... % Xi_= &N, /30

X an 13k — 6 aan 13gvk k=1,....,N.mod3 Note: When (N;_ mod 3) = 0 this row is not needed.
Xaik = € a(k-11+a+b, ymods — K=12,3, ., X X;_= &N, /30

X3ik = € ak-1+1+@g b, ymods — K=12.3, ... X X = &N /30

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

Xl,i,k ZQ,k k:]., 2, 3,...,X1 Xi,:Ni,

4.2.7.3.2 Bit collection

The bits Xyik 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, Yyizs Yoizs- -5 Yoy, -

Bit collection is the inverse function of the separation. The bits after collection are denoted by 7,1, Z;5, Z3,- - - Zyy, -

After bit collection, the bits indicated as punctured are removed and the bits are then denoted by f;y, f;,, f5,..., fiy .

wherei isthe TrCH number and V= N;;+DN;;. The relations between Vpik, Zyik, and fm are given below.

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

Zi 3(k-1)+1+(a, +b, Jmod3 — Y1ik k=123, ..Y

1,...Nimod3 Note: When (N;_ mod 3) = 0 thisrow is not needed.

Z 3 3k — YN, 130vk K

Z 3k-1)+1+(a+b, ymod3 — Yoik — K=ZL 2.3, ... Y

Zi,3(k-1)+1+(a3+bni ymod3 — Y3 k k=123, ..Y
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After the bit collection, bits Z \ with value d, where di {0, 1}, are removed from the bit sequence. Bit fj ; corresponds
to the bit Z , with smallest index k after puncturing, bit f; , corresponds to the bit Z  with second smallest index k after
puncturing, and so on.

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

Z, =Y k=1,23..Y

When repetition is used, f =7 x and Y;=V..

When puncturing is used, Y;=X; and bits Z \ with value d, where di {0, 1}, are removed from the bit sequence. Bit f; ;
corresponds to the bit Z , with smallest index k after puncturing, bit fj ; corresponds to the bit 7 y 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 hit, 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 TrCHSs, convolutionally encoded TrCHs, and for turbo encoded
TrCHs with repetition. The bit separation and bit collection areillustrated in figures 6 and 7.

Rate matching
i Xaik ylik» E
Channel i Bit separation Bit i 1% insertion of]
coding  [Cik! ik Voik | collection Qi | DTX
: Rate matching : indication
| algorithm :
i X3ikl Y3ik| i
* Figure 6: Puncturing of turbo encoded TrCHs
Rate matching
r--'--'----'-------'----'--'----'-------'----'--'---I
Channel : Bit separation Bit i 1% insertion off
codin Ci ! Xai ik | collection ik DTX
N g ik llk’ - Yiik | Qik ndicetion N
! Rate matching :
| agorithm :

____________________________________________________

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

3GPP




3G TS 25.212 version 3.0.0 33 3G TS 25 212 Vv3.0.0 (1999-10)

4274.1 Bit separation

The bitsinput to the rate matching are denoted by G, G;,, Ci3,. .., Cjg, . wherei isthe TrCH number and E; isthe

number of bits input 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 smplicity has been left out in the bit numbering, i.e. Ei=N;;. The bits after

separation are denoted by X1, X5+ Xpizs- - -1 Xgix, - 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; is the number of bits in each separated bit
sequence. The relation between Cix and Xpik iS given below.

For turbo encoded TrCHs with puncturing:

Xk = Giak-1y+1 k=123 ... % X =E/3
X2ik = Cisk-+2 k=123 ..X% X =E /3
X3ik = Cisk-1)+3 k=123 ... % X =E I3

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

Xl,i,k :Ci,k k:]., 2, 3,...,X1 Xi:Ei

427.4.2 Bit collection

The hits Xpik 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, Yyizs Yoizs- -5 Yoy, -

Bit collection is the inverse function of the separation. The bits after collection are denoted by 7,1, Z;,, Z3,. - -, Zyy, -

After bit collection, the bits indicated as punctured are removed and the bits are then denoted
by 9i1,9i2,9izs- -1 Oig L Wherei isthe TrCH number and G;= N;j+DNj;. The relations between Yy, Zpik, and Qi are

diven below.

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

Z 3k-n4 — Yiik k=123, .Y
Zi 3k-n+2 = Yaik k=1,23..Y
Zi,3(k-1)+3 = y3,i,k k= 1, 2, 3, ceey Yi

After the bit collection, bits 7 x with value d, where di {0, 1}, are removed from the bit sequence. Bit gj 1 corresponds

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

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

Z, =Y k=1,23..Y

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

When puncturing is used, Y;=X; and bits Z \ with value d, where di {0, 1}, are removed from the bit sequence. Bit g 1

corresponds to the bit Z , with smallest index k after puncturing, bit g; » corresponds to the bit Z x with second smallest
index k after puncturing, and so on.
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4.2.7.54 Rate matching pattern determination

Denote the hits before rate matching by:

Xits X2 Xigs- - Xix, KKz Xgr Xy , Where i isthe TrCH number and NX; is the -parameter given in

sections4.2.7.1 and 4.2.7.2.

The rate matching rule is as follows:
if puncturing is to be performed
e=gy -- initial error between current and desired puncturing ratio
m=1 -- index of current bit
do whilem <= X;N
€=€e—Eninus -- update error
if e<=0then -- check if bit number m should be punctured

punetdresat bit x;m to d wheredi {0, 1}

e=e+eys --updateerror

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

do whilem <= X;N

€=€— Einus -- update error
dowhilee<=0 -- check if bit number m should be repeated
repeat bit X; m

e= e+ ey -- update error

end do
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m=m+ 1 -- next bit
end do

end if

A repeated hit 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,y, f,,, fis,..., fy, , wherei isthe TrCH number and Vi is
the 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;,. .., Sg, Where Sis the number of bits, i.e. S= é \/I . The TrCH multiplexing

is defined by the following relations:

s, =f, k=12 ..,V
S( = fZ,(k-Vl) k= V1+ 1, V1+2, . V1+V2

S = f3,(k-(\/1+V2)) k= (Vi+Vo)+1, (Vi+Vo)+2, ..., (Vi+Vo)+Vs

Se = Flgequov, ey, K= (VirVot #VIDFL, (Vb Vb o+ V)42, o (Vi Vot L 4 Vi)V

4.2.9 Insertion of discontinuous transmission (DTX) indication bits
In the downlink, DTX is used to fill up the radio frame with bits. The insertion point of DTX indication bits depends

on whether fixed or flexible positions of the TrCHs in the radio frame are used. It is up to the UTRAN to decide for
each
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