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1. Introduction

In WG1#9, introduction of compressed mode by puncturing method has been discussed. A proposal
from Nokia has been presented. This solution consisted in two main ideas. The first idea was to
perform the supplementary puncturing in the normal rate matching block, over the whole
Transmission Time Interval of the Transport Channel considered. The second idea was to modify
Radio Frame Segmentation block to put the right number of bitsin each frame according to the fact
that it is compressed or not.

It seems that performing the supplementary rate matching over the whole TTIl provides bets
performance since it leads to an optimal distance between the bits punctured or repeated, due to the
usage of the currently specified rate matching algorithm.

However, it was felt that the changes of the following blocks of the multiplexing chain, in particular
Radio Frame Segmentation block, was requiring to many modifications.

In this document, a follow up of the ideas in R1-99j04 is presented. The solution is characterised by
the following :

All supplementary puncturing is performed in the rate matching block to obtain best distance.

In addition some bits marked with a fourth value (on top of 0, 1 and DTX indication) are inserted in
positions that will go to the compressed frames. These bits will be removed in the Physical Channel
Mapping step to create the gap needed in the compressed frames.

In order to avoid running a supplementary algorithm, the insertion of these bits marked p is done
during the normal rate matching algorithm, by using information from first channel interleaver to
know in which position bits p are to be inserted.

The calculations of the amount of rate matching needed take into account the number of bits to be
“rate matched” for normal rate matching, plus the number of bits p to insert. More precisely, a
number of bits equal to the number of bits corresponding to the gaps to create in the TTI are
additionally punctured. In this way, the total number of bits after the rate matching block is the same
as it would have been in normal mode but bits marked p have been inserted to represent the gap to
create.

Having the number of bits output from the rate matching block being equal in compressed mode and
normal mode allows to make no additional modification for compressed mode in the other block of the
chain. Only Physical Channel Mapping has to eliminate the bits marked p, when it creates the gap for
compressed mode.



2. Modification of notations

In order to let the introduction of proposed method be clearer, some modifications of the notations
have been made. They aso clarify the case of normal mode, in particular for Turbo Codes. However,
they do not modify the algorithms currently specified, neither of course the results of the output bits
flows. These modifications consist in the following.

Use arrays to identify the parameters for the Y and Y’ streams of Turbo Codes: e ini, e plus, e minus
are arrays of size one for Convolutional Codes, and arrays of size two for Turbo Codes. Thus these
parameters can be directly initialised with the right value instead of using the notation “a”.

The range of the index m in the rate matching loop is modified to show that in the case of
convolutional codes, and Turbo Codes with repetition, the rate matching applies to the flow x lik
(referring to Figure 6, and 8), and that in the case of Turbo Codes, it applies to flox x 2ik, x3ik
(referring to Figures 7 and 9).

3. Introduction of new method
For the introduction of new method, two main changes are done.

The first one deals with calculation of the amount of bits to pucture or repeat in the rate matching, and
the calculation of the number of bits p per frame and per TrCH corresponding to the gap to create in
the compressed frames.

The second one deals with the insertion of the bits p in the right position while performing the rate
matching.

3.1 Calculationsfor rate matching parametersin downlink

First, the number of bits corresponding to the gaps per frame in the TTI considered is calculated:
NreL[K].

Then the number of bits which correspond to the gap for each TrCh in each frame of the TTI is
calculated. In order to respect the balancing obtained by the static rate matching factors, formula (1)
with Z variable is used, replacing Ndata,j by Nt [K].

The number of bits corresponding to the gaps in the TTI is calculated for each TrCh. The sum of this
supplementary bits to be punctured and of the amount of normal rate matching is then used to run the
current rate matching algorithm on the TTI.

It must be noted that for Turbo Codes the amount of bits to be rate matched is equilibrated between
Parity 1 and Parity 2 flows by using aternatively up and down rounding.

3.2 Insertion of the bitsp

While running the rate matching algorithm on the input bit flow, the frame to which each position
will go is calculated using information of the first channel interleaver, and bits marked p are inserted
in the positions corresponding to frames to be compressed.
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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
TrCH multiplexing isidentical to the total channel bit rate of the allocated dedicated physical channels.

If no bits are input to the rate matching for all TrCHs within a CCTrCH, the rate matching shall output no bits for all
TrCHs within the CCTrCH and no uplink DPDCH will be selected in the case of uplink rate matching.

Notation used in section 4.2.7 and subsections;

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.

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.

DN "™ oni:Negative or null: _number of bits to be removed in one Transmission Time Interval, to create the
required gaps in the compressed frames of this TTI, in case of compressed mode for TrCH i with
transport format j.

Used in downlink only.

DNcmji[K]. k=0 to F; -1:Negative or null: number of bits, in each frame of the TTI corresponding to the gap for
compressed mode in this frame, for TrCH i with transport format j. The value will be null for the un-
compressed frames.

Used in downlink only.

Nre.[K], k=0to F; -1 : Positive or null: number of bits in each frame of the TTI of a Transport Channel,
corresponding to the gap for compressed mode in aradio frame for the CCTrCh.

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.

Naatajj: Total number of bitsthat are available for the CCTrCH in aradio frame with transport format
combination j.
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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 time interval of TrCH i (O£ n, < F).

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

[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.

Sn): The shift of the puncturing or repetition 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.

enl[X],x=1t0:2
Initial value of variable e in the rate matching pattern determination algorithm of section 4.2.7.5.
en[ 1]: initial value for convolutional codes and for turbo codes Parity-1 bits
en[ 2]: initial value for turbo codes Parity-2 bits

Eus[X], X=1t0 2:

Increment of variable e in the rate matching pattern determination algorithm of section 4.2.7.5.

ey 1]: Increment of variable e in the rate matching for convolutional codes and for turbo codes Parity-

1 bits

&g 2]: Increment of variable e in the rate matching for turbo codes Parity-2 bits

Eminug X], Xx=110 2:

Decrement of variable e in the rate matching pattern determination algorithm of section 4.2.7.5.

eminud 1]: Decrement of variable e in the rate matching for convolutional codes and for turbo codes

Parity-1 bits

eminud 2]: Decrement of variable e in the rate matching for turbo codes Parity-2 bits

DN j[x], x=1to 2:

Number of bits to initialise parameters for the rate matching pattern determination algorithm of

section 4.2.7.5.

DN ;[ 1]: Parameter for convolutional codes and Turbo Codes Parity-1 bits

DN ;[ 2]: Parameter for convolutional codes and Turbo Codes Parity-2 bits

Indicates systematic and parity bits
b=1: Systematic bit. X(t) in section 4.2.3.2.1.
b=2: 1% parity bit (from the upper Turbo constituent encoder). Y(t) in section 4.2.3.2.1.

b=3: 2" parity bit (from the lower Turbo constituent encoder). Y’ (t) in section 4.2.3.2.1.
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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
Z, ZST—XN""“&JS forali=1.1 (6h)
g8
DN, =2; - Z,_,; - N; forali=1.1
42.7.1 Determination of rate matching parameters in uplink
42.7.1.1 Determination of SF and number of PhCHs needed

In uplink, puncturing can be applied to match the CCTrCH hit rate to the PhCH bit rate. The bit rate of the PhCH(s) is
limited by the UE capability and restrictions imposed by UTRAN, through limitations on the PhCH spreading factor.
The maximum amount of puncturing that can be applied is signalled from higher layers and denoted by PL. The
number of available bitsin the radio frames for al possible spreading factorsis given in [2]. Denote these values by
Noss, N12g, Nes, N3z, Nig, Ng, and N;, where the index refers to the spreading factor. The possible values of Ny, then
are { Nasg, Niog, Nea, N3z, Nig, Ng, Ny 2N4, 3N4, 4Ny, 5Ny, 6N4}.Depending on the UE capability and the restrictions
from UTRAN, the allowed set of Ngaa , denoted SETO, can be a subset of { Nosg, Nizg, Nea, Na2, Nig, Ng, Ny 2Ng, 3Ny,
4Ny, 5Ny, 6N4}. Nyaia j for the transport format combination j is determined by executing the following a gorithm:

! RM
. o X . .
SET1={ Ngaa in SETOsuch that N, - Q — : ><|\|X’j is non negative }
~ mm{ RM, f

£ VEI
If SET1 isnot empty and the smallest element of SET1 requires just one PhCH then
Ngataj = Min SET1
else
SET2 ={ Ngaa in SETO such that N, - PL >9°|. 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 Ngqa requires no additional PhCH do
Ngata = follower of Nyaa in SET2

End while

Noataj = Naaa

End if

3GPP
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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
cm

section 4.2.7.1.1. In compressed mode N, ; isreplaced by Ngi. | in Equation 1. Ngi, ; is given from the
following relation:

Ngata,; = 2Ngata j - 2N1g, , for compressed mode by spreading factor reduction
Ngata,; = Ngataj - Ny, for compressed mode by higher layer scheduling
[ TGL _
1—5 Ndata,j , if Nfirst + TGL £ 15
15- N,
Nre = 4 1—5““ N gaa » in first frameiif Nyo + TGL > 15
TGL - (15' Nfirst) . .
15 data,j 1N second frame if Ns; + TGL > 15
\ :

Nsir and TGL are defined in section 4.4.

If DN;; = 0 then the output data of the rate matching is the same as the input data and the rate matching agorithm of
section 4.2.7.5 does not need to be executed.

If DN;; * 0 the parameters listed in sections 4.2.7.1.2.1 and 4.2.7.1.2.2 shall be used for determining e, €yus, and
eminus (regardless if the radio frame is compressed or not).
42.7.1.2.1 Uncoded and convolutionally encoded TrCHs
R=DN; mod N; -- note: in this context DN; mod N; isin the range of O to Nj-1 i.e. -1 mod 10 = 9.
if R* Oand2RE N;
theng=¢éN;/ Ru
else
q=€éN;/ (R-Npu
endif
-- note: g isasigned quantity.
if giseven
then ' = q + ged(ege, F)/F -- where ged (¢qg, F) means greatest common divisor of gg¢ and F
-- note that ' is not an integer, but a multiple of 1/8

ese

q=q
endif
forx=0toF-1
S (c&*g'd ¢mod F)) = (céx*qa ¢divF)

end for

3GPP
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DN, = DNj;
a=2
For each radio frame, the rate-matching pattern is calculated with the algorithm in section 4.2.7.5, where :
Xi = Nij., and
€ni [1] = (2208(m)%DN;| + 1) mod 2aNj;.
Eiu 1] = 28N;;
Eminud 1] = 234DNj|

puncturing for DN<O, repetition otherwise.

427.1.2.2 Turbo encoded TrCHs

If repetition is to be performed on turbo encoded TrCHs, i.e. DN ; >0, the parameters in section 4.2.7.1.2.1 are used.

If puncturing is to be performed, the parameters below shall be used. Hadexb-is-used-to-indicate systematic(b=1)1%
parity-{b=2);-and-2"parity-bit-(b=3):

a=2whenb=2
a=1-whenb=3

_!@NIJ/ZU, b=2
! :GDNIJ/ZU, b=3

DN ; [1] = &DN;;/20

|
1= a ]

DN [2] = éDN;;/2 0

For Parity-1 flow, calculate S1 as S in the following algorithm by setting DN; to DN ; [1], and b to 2.

For Parity-2 flow, calculate S2 as Sin following algorithm by setting DN; to DN ; [2], and bto 3

Xi = &N;;/30,
q=&X;/[DNj| 0
if(q£2)
for x=0to F-1
S (3x+b-1) mod F]] = x mod 2;
end for
else
if giseven

then g =qg-—gcd(q, 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=éx*qumodF;

3GPP
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I (3r+b-1) mod F]] = éx*q'udiv F;

endfor
endif
For each radio frame, the rate-matching pattern is calculated with the algorithm in section 4.2.7.5, where:
X is as above,
&ni [1]= (@2°8L(n)ADNI[1] + X;) mod (82%), if &n[1] =0then en[1] = a2%X.
Siu[ 1] = a2
Eminus[ 1] =a2XDN;u
eni[2]= (C82(n)ADNi[2]| + X) mod X)), if &,[2] =0then e,[2] = X.
S 2] =X
Eminus 2] = DN U

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.

When compressed mode by puncturing is used, the number of bits corresponding to the gap for TrChi, in each frame
of its TTI is noted DN ¢, i [K] is calculated as follows.

For each frame k of the TTI, Ntg [K] is given by the relation:

([ TGL _
7_1—5 Ndm’j if Niirg + TGL £ 15
N = 15- Nfirst L .
TGL _1—5 N gta ; Linfirst frame if Nirs + TGL > 15
TGL - (15' Nfirst) . .
in second frame if Ngrg + TGL > 15

_ data, j +
o 15 .

Niirs. and TGL are defined in section 4.4.

Notethat N yg [k] = 0if frame Kk is not compressed.

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.. =ixnmax N
' F iTes(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:

3GPP
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DN, = F, XON, .

In normal mode, +if DN, = O then, for TrCH i, the output data of the rate matching is the same as the input data
and the rate matching algorithm of section 4.2.7.5 does not need to be executed. In this case we have :

"1T TFS(i)DNT' =0

If DN, * O the parameters listed in sections 4.2.7.2.1.1 and 4.2.7.2.1.2 shall be used for determining €, €yus, and
Eminus-

For compressed mode:

Let DN on max [K] be the number of bitsto eliminate on TrCH i to create the gap for compressed mode, in each frame k
of the TTI, caculated for the TFC where the number of bits of the TrCh is maximum.

DN om max [K] is calculated for TrCh i, for TFC max, for each frame k of the TTI using the formula (1) in 4.2.7, and
replacing N gaaj BY Nrai[K].

The total number of bits DN ™" ., max COrresponding to the gaps for compressed mode for TrChi in the TTI is
calculated as:

DN ™ cm mwﬂﬂﬂcm max [K]

In compressed mode, if DNya = 0 and DN™ . ma =0, then, for TrCH i, the output data of the rate matching is the
same as the input data and the rate matching algorithm of section 4.2.7.5 does not need to be executed. If DNmax = 0
and DN ™" . mex<> 0, then, for TrCH i, the rate matching algorithm of section 4.2.7.5 needs to be executed.

427211 Uncoded and convolutionally encoded TrCHs

For normal mode: DN, = DN,

For compressed mode: DN; = DNpex- DN ™ o1 e

.CM, Max.

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 4.2.7.5. The following parameters are used as input:

X = Ni1|_rI
e;—1e,[l]=1

——aN_— e, 1] = 2N mu

plus max

Crms =N min 11 = 2|DN |

In normal mode, Puncturing if DN, < O, repetition otherwise. The values of DN,T,r " may be computed by counting

repetitions or puncturing when the algorithm of section 4.2.7.5 is run.

In compressed mode, puncturing is performed if DN; < 0, or if DN;=0 and DN“",,,.<>0. Repetition is performed if
DN;>0.

3GPP
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427212 Turbo encoded TrCHs

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

If puncturing is to be performed, the parameters below shall be used. Hdex-b-is-used-to-indicate systematic-(b=1)1%
parity (b=2),-and 2" parity bit (h=3).

a=2 when b=2
a=1 whenb=3
The systematic hits indicated-by-b=1-shall not be punctured.
In Normal Mode
DN, [1]= EDNmad2 G
DN, [2] = é@DNyad2 U
O\ _}@NW/ZO, b=2
I \ —
TN, /20, b=3

In Compressed Mode

DN, [1]= 6DN a2 0- €DN" /2 U

DN, [2] = éDNpad2 U- 8DN™/2 O

N _ = = max (N,TrI /3)

max i TRs(i

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

X, =N;"/3

=N €ini [1] = N e s €ini [2] = N ey

=a N e [1] = 2N €pus[2] =N

plus

€= N rine [11 =2 | DN |; € ins [2] = [ DN |

The values of DN,T,r ' may be computed by counting repetitions or puncturing when the algorithm of section 4.2.7.5 is

run.

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 N'l_l'l

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

3GPP
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RF = Mo XRM,

| maxg(RMiXNi'j) |

jlTres 7,

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.

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

6RF XN U
DNi-T—I = Fi )%T’ll;l_ N{T’I
i u

>

D

The second phase is defined by the following agorithm:

for al J in TFCSdo --for all TFC

-- CCTrCH hit rate (bits per 10ms) for TFC |

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.

For normal mode, }if DN:_,r ' =0 then, for TrCH i at TF |, the output data of the rate matching is the same as the
input data and the rate matching algorithm of section 4.2.7.5 does not need to be executed.

If DN:TrI 1 0 the parameters listed in sections 4.2.7.2.2.1 and 4.2.7.2.2.2 shall be used for determining &, €us, and
Eminus-

‘ For compressed mode:

3GPP
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The number of bitsfor TrCh i corresponding to the gap for compressed mode in frame k of the TTI, noted DN ¢, it
[K]. is calculated for each frame k of the TTI using the formula (1) in 4.2.7, and replacing N gaaj Y Nt [K].

The total number of bits DN ™" ., i corresponding to the gaps for compressed mode for TrChi in the whole TT1 is
calculated as.

DN‘I‘I’I em.il. S Fll DNCm||[_l

If DN:_,rI =0_and DN ™, i1 =0, then, for TrCH i at TF |, the output data of the rate matching is the same as the
input data and the rate matching algorithm of section 4.2.7.5 does not need to be executed.

Else the parameterslisted in sections 4.2.7.2.2.1 and 4.2.7.2.2.2 shall be used for determining € i, €pius, 8d Eminys:

427221 Uncoded and convolutionally encoded TrCHs
In Normal Mode: DN, = DN,["

In Compressed Mode: DN, = DN™;; - DN ™,

a=2

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

Xi - Ni-ll_rI
W] = le—=1

eMMIIﬁI pIus i-ll_rI
€mns1] = 2|DN | € =a4DN |

In Normal Mode : puncturing for DN, <O, repetition otherwise.

In Compressed Mode: puncturing is performed if DN; < 0, or if DN;=0 and DN ™™ ., ;; <>0. Repetition is performed if
DN;>0.

427222 Turbo encoded TrCHs

I repetition is to be performed on turbo encoded TrCHSs, i.e. DN™' > 0, the parametersin section 4.2.7.2.2.1 are

used.

If puncturing is to be performed, the parameters below shall be used. Hdex-b-is-used-to-indicate systematic-(b=1)1%
parity (b=2),-and 2" parity bit (h=3).

2=2 when b=2
a=1 whenb=3
The bits indicated by b=1 shall not be punctured.

In Normal Mode:
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o= LN /20, b=2
TTIONTT /20 b=3

DN, [1] = €DN;'"/2 0

DN, [2] = éDN;'"/2 0

In Compressed Mode:

DN, [1] =&DN ™ /2 0- éDN™ o, i /2 U

DN; [2] =éDN ™/20-&DN™ ;i /20

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

X, = NT" /3n=,
e[l = Xi;en[2] = X; €5=X5
QM[II =2 Xi ; enlu';[zl = Xi_‘e—:-a-xxT

plus
€ rinue [11 =2 DN |; € pinys [2] = | DN |[-€rrs =2 4BONG|
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 TrCHSs, and for turbo encoded
TrCHs with repetition. The bit separation and bit collection are illustrated in figures 6 and 7.

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 :
i agorithm !
i X3ikl Y3ik| i
,,,,,,,,,, >

Figure 6: 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 7: Rate matching for uncoded TrCHs, convolutionally encoded TrCHSs, 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 TTIs.
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

TTI (ms) a a as
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 b, .

Table 5: Radio frame dependent offset needed for bit separation

TTI (ms) bo b, b, bs; b4 bs be b7
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,...,€) , wherei isthe TrCH number and N; is the

number of bitsinput 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+ Xgigs- - Xgix, - FOr

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

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

For turbo encoded TrCHs with puncturing:

Xiik = € 3(k-1)+1+(a;+b,, ) mod3 k=1,2,3,...,X Xi = &N, /30
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X en i3k — € aan, 13grk k=1,...,Nymod 3 Note: When (N; mod 3) = 0 this row is not needed.
Xoik = € sk naar@+h, ymas K=L 230X X = &N /30
Xsik = e|,3(k-1)+1+(a3+bni )ymod3 k=1,2,3,...,X Xi = &N, /30

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

Xl,i,k ZQ,k k= 1, 2, 3, ceey Xi Xi = Ni

42.7.3.2 Bit collection

The bits 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 ~ ,Y ,,Y 3,...,

Bit collection is the inverse function of the separation. The bits after collection are denoted by 7, Z,,,Z3,.. ., Zy -
After bit collection, the bitsindicated as punctured are removed and the bits are then denoted by f;,, f,,, fi5,..., fiy,

wherei is the TrCH number and Vi= N;+DN;;. The relations between Vhik, Zyik, and fix are given below.

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

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

Z aen 13k — Yiian, 30k k=1,...,N;mod 3 Note: When (N; mod 3) = 0 this row is not needed.
Zi 3141+, b, Jmod3 — Yzik  K=L123,..Y

Z ak-1+1+(ag by )mods — Yaik  K=L12.3,..Y

After the bit collection, bits Z \ with value d, where di {0, 1}, are removed from the bit sequence. Bit f; ; corresponds

to the bit Z x 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 TrCHSs, and turbo encoded TrCHs with repetition:

Z = Yiik k=123 ..Y

When repetition is used, fi k=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 f; ;
corresponds to the bit Z x with smallest index k after puncturing, bit f; » corresponds to the bit Z x 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 TrCHSs 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 TrCHSs, and for turbo encoded
TrCHs with repetition. The bit separation and bit collection are illustrated in figures 8 and 9.
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Rate matching
i Xaik ylik» i
Channel i Bit separation Bit i 1% insertion of]
coding [Ci! Xaik Voiky | collection (Gi | DTX
: Rate matching : indication
| algorithm :
! e . i
: 3iky Y3|k| :
h _IEi_g_l]r_é _8_ _I5l_1_n_cturing of turbo encoded TrCHs
Rate matching
r--'--'----'-------'----'--'----'-------'----'--'---I
Channel : Bit separation Bit i 1% insertion off
codin Cik ! Xy ik | collection ik | DTX
) g ik llk’ - yllk glk indlication )
! Rate matching :
| agorithm :

____________________________________________________

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

4.2.7.4.1 Bit separation

The bitsinput to the rate matching are denoted by C,;, G5, G5, .., G, , wherei isthe TrCH number and E; isthe

number of bitsinput to the rate matching block. Note that E; is a multiple of 3 for turbo encoded TrCHs and that the
transport format combination number j for simplicity has been left out in the bit numbering, i.e. Ei=N;. The bits after

separation are denoted by X1, X5, X3, - -5 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
seguence. The relation between Cix and Xpik is given below.

For turbo encoded TrCHs with puncturing:

Xl,i,k :C|,3(k-1)+1 k:]., 2, 3, ...,Xi Xi = Ei /3
XZ,i,k = Ci,3(k-1)+2 k= 1, 2, 3, ey Xi Xi = Ei /3
X3,i,k :Ci,3(k-l)+3 k:]., 2, 3, ...,Xi Xi:Ei /3

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

Xk =Cix

k=123 ..., %

Xi: Ei
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427.4.2 Bit collection

The bits 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, Yiizs Yoizs- -+ Yoy, -

Bit collection is the inverse function of the separation. The bits after collection are denoted by 7, Z,,,Z;3,.. ., Zyy -

After bit collection, the bits indicated as punctured are removed and the bits are then denoted
by 9i1,9i2:Jiss- -+ Gig » Wherei isthe TrCH number and Gi= N;;+DN;. The relations between Yuik, Zvik, and Jix are

given below.

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

Zixs(k'1)+1 = yl,i,k k= 11 21 31 reey Y|
Zixs(k'1)+2 = yZ,i,k k= 11 21 31 reey Y|
Z 3k-1+3 — Yaik k=1,2,3, ...,Y,

After the bit collection, 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 \ with second smallest index k
after puncturing, and so on.

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

Zy = Yiik k=123 ..Y

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

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

4.2.7.5 Rate matching pattern determination

Referring to Figures 6,7,8 and 9, rate matching algorithm applies to flow of bitsx ;;for Convolutional Codes and

A S10A 211,24

puncturing.
Denote the hits before rate matching by:

AN NI AN VA ANICHLLLELIEASY

XK X XL X2, X i3, - X iaxi Where i isthe TrCH number and X; is the parameter given in

sections 4.2.7.1 and 4.2.7.2, and a = 1 for Convolutional Codes and Turbo Codes with repetition, a = 2 for Turbo
codes with puncturing.

The rate matching rule is as follows:

If Convolutional Codes then

e[l] =e,[1]  --initial error between current and desired puncturing ratio
a=1 -- parameter for the range of index m

endif

if Turbo Codes then
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e[l] =e,[1]  --initia error between current and desired puncturing ratio for Parity 1 bits

e[2] =e;n[2] --initial error between current and desired puncturing ratio for Parity 2 bits

if puncturing is needed thena = 2 elsea = 1 endelse

endif

m =1 index of current bit in the information bit flow (input flow)

n=1 -- index of bit in the output flow before first interleaver

fori=0toF-1dochi[i]=0 -- initiate counter of number of bits inserted in each frame of the TTI

if puncturing is to be performed

do whilem <= a X;

if Turbo Codes then
c=mmod 2 -c=1if Parity-1 bit, ¢ =2 if Parity-2 bit
if (c==1) then n = n+1 endif - in output flow increment output index to take into account bit X
dse
c=1
endelse
e[c]= €[] — emins [C] -- update error
if glc] <= 0then -- check if bit number m should be punctured

set bit x;m to d where di {0, 1} €[c] = €]c] + eyus—[C]-- update error

endif-else
col = BR[ (n-1) mod F] -- calculate index of column where this bit will
go

while chi[col] < |DN “" [col]| do

insert one bit marked « p » in output position n_-- insert bit marqued to be removed in

compressed frame when creating the gap

n=n+1 -- update output index since 1 bit is inserted
chi[col] = chi[col] +1 -- update counter of bits p inserted in this
column
col = BR[ (n-1) mod F] -- update column value of next position
enddo
n=n+1 -- update output index, since bit xwas not
punctured
endelse
m=m+1 -- next bit
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end do

ese

do whilem <= a X;

€=€e— Eninus -- update error

col = BR[(n-1) mod F)]

do while chi[col] <DN“"[cal]

insert one bit marked p in position n

n=n+1 -- update output index
chi[col] = chi[col] +1 -- update counter of bits p inserted in this column
col = BR[ (n-1) mod F] -- update column value of next position

enddo

dowhilee<=0 -- check if bit number m should be repeated
col = BR[ (n-1) mod F] -- calculate column where the current position
willgo

do while chi[col] <DN“"[cal]

insert one bit marked p

n=n+1 -- update output index since 1 bit has been inserted
chi[col] = chi[col] +1 -- update counter of bits p inserted in this column
col = BR[ (n-1) mod F] -- update column value of next position

enddo

repeat bit X; m

n=n+1 -- update output index since bit has been repeated

e= e+ ey -- update error
end do
m=m+ 1 -- next bit
end do
end if
A repeated hit is placed directly after the original one.

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