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1 Introduction

Bit separation and bit collection are currently not sufficiently described in 25.222. We proposed the modificationsin
TSGR1#8(99)f28, which were agreed in the WG1 meeting in NY . But, it is proposed that instead of making the
limited changes proposed in 28, the section should be rewritten with notations more similar to the rest of 25.222. 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:

N=N; =N,

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

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 4.2.7.1.1/ 4.2.7.1.2 Divided into subsections to ease understanding. (Note
that current text does not define rate matching for
uncoded TrCHSs.)

Section 4.2.7.2 Completely rewritten. A new notation is introduced for

the bits. The section is divided into subsections. Clearly
states what happens when N;; is not a multiple of three
(thelast 1 or 2 bits can not be punctured).

2 Text Proposal
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4.2.7 Rate matching

Rate matching means that bits on a TrCH are repeated or punctured. Higher layers assign a rate-matching attribute for
each TrCH. 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 calculated.

The number of bits on a TrCH can vary between different transmission time intervals. When the number of bits
between different transmission time intervals is changed, bits are repeated 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: Number of bitsin aradio frame before rate matching on TrCH i with transport format combination j .
DN”. . If positive — number of bits to be repeated in each radio frame on TrCH i with transport format
combination j.

If negative — number of bits to be punctured in each radio frame on TrCH i with transport format combination j.
RM;: Semi-static rate matching attribute for TrCH i. Signalled from higher layers.

PL: Puncturing limit for uplink. This value limits the amount of puncturing that can be applied in order to
minimise the number of dedicated physical channels. Signalled from higher layers.

Naata,j: Total number of bits that are available for a CCTrCH in aradio frame with transport format
combination j.

I: Number of TrCHsin a CCTrCH.

Zyi: Intermediate calculation variable.

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

n;: Radio frame number in the transmission time interval of TrCH i (O£ n; < F).
Q: Average puncturing distance.

[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).

qn): The shift of the puncturing pattern for radio frame n;.

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

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

€ini Initial value of variable e in the rate matching pattern determination algorithm of section 4.2.7.3.
€lus Increment of variable e in the rate matching pattern determination algorithm of section 4.2.7.3.
€minus Decrement of variable e in the rate matching pattern determination algorithm of section 4.2.7.3.

Xb: Indicates systematic and parity bits

b=1: Systematic bit. X(t) in section 4.2.3.2.1.
Y b=2: 1% parity bit (from the upper Turbo constituent encoder). Y(t) in section 4.2.3.2.1.
Y: b=3: 2™ parity bit (from the lower Turbo constituent encoder). Y'(t) in section 4.2.3.2.1.

4.2.7.1 Determination of rate matching parameters

The following relations are used when calculating the rate matching pattern:
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Z,, =0
A .
Z, :g”:fl—deata,j@ forali=1.1
5l RM , xN,, q
m=1

DN, =Z;-Z,_,;- N; fordli=1.1

Puncturing can be used to minimise the required transmission capacity. The maximum amount of puncturing that can
be applied is signalled from higher layers and denoted by PL. The possible values for Ngx4 in depend on the number of
dedicated physical channels and on their characteristics (spreading factor, length of midamble and TFCI, usage of
TPC and multiframe structure), respectively. The supported set of Nyga , denoted SETO, depends on the UE
capabilities.

Naaa j fOr the transport format combination j is determined by executing the following a gorithm:

SET1={ Nuxain SETOsuch that N PL >gé|‘ —{—}X xN i ative }
= n SUC! - - . 1shon negative
data data vt in{RM , X, )

1£yE|
Ndataj =min SET1

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

If DN;; = 0 then the output data of the rate matching is the same as the input data and the rate matching algorithm of
section 4.2.7.3 does not need to be executed.

Otherwise, the rate matching pattern is calculated with the algorithm described in section 4.2.7.3. For this algorithm
the parameters €, €yus, Eminus: aNd XN are needed, which are calculated according to the fellewing-equations in
section 4.2.7.1.1 and 4.2.7.1.2.:

For-convelutional-codes;
42711 Uncoded and convolutionally encoded TrCHs
a=2
DN; = DN
XiN = N;;

g=&X;N/(6DN;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 amultiple of 1/8

else
q=q
endif
forx=0toF-1

S(IF (é*q'umod F)) = (éx*qudiv F)-
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End for

= (28(n)1DNj| + X;N) mod (axXiN), if e, =0 then g, = aX;N.
Epius = KN
Eminus = DN

puncturing for DN;<0, repetitionating otherwise.

4.2.7.1.2 Turbo encoded TrCHs

fer—eenvetuﬂenal—eedeerlf repetltlon isto be performed on turbo encoded TrCHs i.e. DN;; >0, the parameters in
section 4.2.7.1.1 are used.

If puncturing is to be performed, the parameters are-asfolewsbelow 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-Y-sequence-and
a =1 when b=3fer-¥—sequence:

I@Nll/zu’ b=2 DN-= i"EDNi,j/ZlflforYsequence
! T GDN| J/2Ua b 3 ':\é:)Ni,j /zufor YI%quence

N.X; = &Ny /30,
= &NX;/|IDN| G
if(q£ 2)
for x=0to F-1
SlIE[(3x+b-1) mod F]] = x mod 2;if(Y-seguence)
SteH3x+1)-moaFH=x-mod-2;
H(¥-—sequence)
SteH3x+2)-red-Fi-=x-rred-2;

end for

else
if giseven
then g =qg-gcd(qg, F)/ F -- whereged (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=0to F; -1

r=eéx*qumodF;
SIe[(3r+b-1) mod F]] = éx*q udiv F;H{¥-sequence}
SHEr+1)-med -l =exxg-adiv-F;
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Y sequence)
SHHBr+2) - mod F ) =éxtgrudivF:
endfor
endif

For each radio frame, the rate-matching pattern is calculated with the algorithm in section 4.2.7.3, where:
NX; is as above,
eni = (@8(n)4DN;| + X;N) mod (a¥iN), if e, = 0 then gy = axX(N.
€pius = KN
Eminus= @XDN;U

4272 Bit separation and collection for rate matching

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 TrCHSs, convolutionally encoded TrCHs, and for turbo encoded
TrCHs with repetition. The bit separation and bit collection areillustrated in figures 4-5 and 4-6.

Rate matching
i Xiik ylik» E
Radio frame | 1 |Bit separation Bit i TrCH
mentation B ! Xoi i llection [fik | | Multiplexin
N seg le 2iky _ y2|k| collection .kl p g
! Rate matching :
| agorithm !
i X3ikl Y3ik| i
,,,,,,,,,, >

Figure 4-5: Puncturing of turbo encoded TrCHs
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Rate matching
r--'--'----'-------'----'--'----'-------'----'--'---I
Radio frame : Bit separation Bit i TrCH
mentation g ! Xy ik | collection fik | |Multiplexin
| Seg Ek ik _ Y1ik ik p g N
! Rate matching :
| agorithm !

____________________________________________________

Figure 4-6: 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}) arelisted in table 4.2.7-1.

Table 4.2.7-1: 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 framesinthe TTI. A second offset is therefore needed. The radio
frame number for TrCH i is denoted by n;. and the offset by b -

Table 4.2.7-2: 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
4.2.7.2.1 Bit separation

The bitsinput to the rate matching are denoted by €,,€,,,€5,...,6y . 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 Xy, 1, Xpj5 5 Xgigs - - -1 Xpix, -

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 bitsin each separated bit sequence. The relation between € and Xpik iS given
below.

For turbo encoded TrCHs with puncturing:

Xk = Q,s(k-1)+1+(a1+bni )ymod3 k=1,23 ... % Xi_= &N, /30
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X en i3k — € aan, 13grk k=1,..,N;,mod3 Note: When (N; mod 3) = 0 this row is not needed.
Xoik = e|,3(k-1)+1+(a2+bni ymod 3 k=1,23, ... % Xi_= €N, /30
Xsik = € ak-1+1+(agrb, mods— K=ZL 2.3 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,

42722 Bit collection

The bits Xyik are input to the rate matching algorithm described in section 4.2.7.3. The bits output from the rate
matching algorithm are denoted Y1, Yyizs Yoizs- -+ Yoy, -

Bit collection is the inverse function of the separation. The bits &fter 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 f,;, f.,, fi5,..

3 fi\/iz

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 this row is not needed.

Z 3 3k — YieN, 130vk K

Zi 3(k-1)+1+(a,+b, )mod3 — Y2,i k k=123, ...Y

Zi,3(k-1)+1+(a3+bni ymod3 — Y3 k k=123, ..Y

After the bit collection, bits Z x 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 TrCHs, 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 x 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 fj ; corresponds to the bit 7 y with second smallest
index k after puncturing, and so on.
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X .. 111101011. ..
-
Radio Bit Y .. 11x11010x. . .
flClIIIC n
. Seperation
segmentation
Rate matching
algorithm
Y .. 11x11010x. . .
. .

>

FH

{msee) 9 1 2 3 4 5 6 +
10 * NA NA NA NA NA NA NA
20 x ¥ NA NA NA NA NA NA
40 * ¥ ¥ X NA NA NA NA
80 x ¥ ¥ x ¥ ¥ x ¥

4.2.7.3

The bitsinput to the rate matching are denoted by_X;;, X5, Xizs- .., Xix. 817&z7€z7+8x Wherei isthe TrCH
with-X—=N;—=N,—Here-N-and X; is the parameter given in sections 4.2.7.1.1 and 4.2.7.1.2. The bits output from the

Rate matching pattern determination

rate matching are denoted by f,y, f5, f.5,..., fiy, , wherei isthe TrCH number and Vi=N+DN .
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Note that the transport format combination number j for simplicity has been left out in the bit numbering.
The rate matching rule is as follows:
if puncturing is to be performed
e=g, --initial error between current and desired puncturing ratio
m=1 -- index of current bit

do whilem <= XN

€=€e—Eninus -- update error
if e<=0then -- check if bit number m should be punctured
set bit x; to d where di {0, 1} puncturebite
e=e+ ey -- update error
end if
m=m+1 -- next bit
end do
else
e=g, --initial error between current and desired puncturing ratio
m=1 -- index of current bit

do while m <= XN

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

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

A repeated hit is placed directly after the original one.
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