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Rate matching

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

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

Notation used in section 4.2.7 and subsections:

Nij:

For uplink: Number of bitsin aradio frame before rate matching on TrCH i with transport format
combinationj .

For downlink : Anintermediate calculation variable (not ainteger but a multiple of 1/8).

Ny

AN, :

ij -

Number of bitsin atransmission time interval before rate matching on TrCH i with transport format 1.
Used in downlink only.

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 : Anintermediate calculation variable (not integer but a multiple of 1/8).

AN, 1f positive - number of bits to be repested in each transmission time interval on TrCH i with transport

format j.

If negative - number of bits to be punctured in each transmission time interval on TrCH i with transport format j.

RM;:
PL:

Ndata,j :

Ie(my):

Sn):

TF,(])

Used in downlink only.
Semi-static rate matching attribute for transport channel i. Signalled from higher layers.

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.

Total number of bits that are available for the CCTrCH in aradio frame with transport format combination
j-

Number of TrCHsin the CCTrCH.

Intermediate calculation variable.

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

Radio frame number in the transmission timeinterval of TrCH i (0 <n; < F).

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.

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.

The shift of the puncturing or repetition pattern for radio frame n;. Used in uplink only.

Transport format of TrCH i for the transport format combination j.

3GPP
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42.7.1.2 Determination of parameters needed for calculating the rate matching pattern

The number of bits to be repeated or punctured, AN;;, within one radio frame for each TrCH i is calculated with equation
1 for @l possible transport format combinations j and selected every radio frame. Nygj iS given from section 4.2.7.1.1.

In compressed mode N, ; isreplaced by NG, ; in Equation 1. Ngii. ; isgiven from the following relation:

Nc?;;a,j = 2Ndata,j - I\ITGL ' where
(
__% 2Ny ;. if Nos + TGL < 15
15-N,
NT@_T““‘ 2N g ; - infirst frameif N + TGL > 15
TGL - (15— Ny,4)
= T 2N 4y, ; » in second frame if Ny« + TGL > 15

Nii;¢ and TGL are defined in section 4.4.

If AN;; = O then the output data of the rate matching is the same as the input data and the rate matching algorithm of
section 4.2.7.4 does not need to be executed.

Otherwise, for determining &, €yius, Eminus @d N the following parameters are needed (regardless if the radio frameis
compressed or not):

For convolutional codes,

R=AN; mod N; -- note: in this context AN; mod N; isin the range of O to N;-1 i.e. -1 mod 10 = 9.
if R# 0and 2R< N
theng=/[N; / R
ese
—9=INy/ (R=Ny) [J

endif

-- note: g isasigned quantity.
=My H-BN )

if giseven

then g' = q +—ged(Ly0) F)/F -- where ged (L0 F;) means greatest common divisor of [¢j[land F;
-- note that g' is not an integer, but amultiple of 1/8
else
a=q
endif
forx=0to F-1
S(Ir (FEI*q'd Emod F)) = (ELDX* 't Odiv F)

end for

3GPP
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1 Introduction

In WG1 #8 in New Y ork, the proposal of changing the current initial offset value of rate matching algorithm for
convolutional code] Tdoc R1-99g85] was approved in the plenary. But it was pointed out that the format of CR was
wrong and was reguested to be revised according to the CR rule with CR number.

The purpose of this document is to provide the revised CR of original Tdoc R1-99g85.

2 Text Proposal
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42.7.1.2 Determination of parameters needed for calculating the rate matching pattern
The number of bits to be repeated or punctured, AN;;, within one radio frame for each TrCH i is calculated with equation

1 for @l possible transport format combinations j and selected every radio frame. Nygj iS given from section 4.2.7.1.1.

In compressed mode N, ; isreplaced by NG, ; in Equation 1. Ngii. ; isgiven from the following relation:

cm _
Ndata,j _2Ndata,j Ny, , where

3GPP 23
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2N 4oia ; - infirst frameif Ng + TGL > 15

TGL (5 Ngy)
15

Nsir¢ and TGL are defined in section 4.4.

2Ndata’j ,in second frame if Ni;¢ + TGL > 15

If AN;; = O then the output data of the rate matching is the same as the input data and the rate matching al gorithm of
section 4.2.7.4 does not need to be executed.

Otherwise, for determining €, €pius, Eninuss aNd N the following parameters are needed (regardlessiif the radio frame is
compressed or not):

For convolutional codes,
g= N;j /(CAN;O)O
if giseven
then g' = q—gcd(q, F)/F -- where ged (g, F) means greatest common divisor of g and F;

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

else
aq=q
endif
forx=0to F-1
e (B*g'Omod F)) = (B*g'Odiv F)
end for
AN = AN
a=2

For each radio frame, the rate-matching pattern is calculated with the algorithm in section 4.2.7.4, where :
N = N;;., and
eni = (a3(n)JAN] + 1) mod al.
€pius =
Eminus = AJDN|
puncturing for AN<O, repeating otherwise.

For turbo codes, if repetition is to be performed, such as AN, ; >0, parameters for turbo codes are the same as parameter
for convolutional codes.

If puncturing is to be performed, parameters are as follows.
a=2 for Y sequence, and

a=1for Y sequence.

3GPP 24
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_ OAN; ; /2[for Y sequence
" 04N, / LFor Y'sequence
N = IN;; /30,
g=IN/AN| O
if(q<2)
for x=0to F;-1
if(Y sequence)
SIH(3x+1) mod F]] = x mod 2;
if(Y’ sequence)
Sk [(3x+2) mod F]] =x mod 2;
end for
else

if giseven

3G TS 25 212 V3.0.0 (1999-10)

then g =q—gcd(q, Fj)/ F; -- whereged (g, F;) means greatest common divisor of g and F;

-- note that g' is not an integer, but amultiple of 1/8
ese g =q
endif
forx=0to F; -1
r = [x*q' Omod F;
if(Y sequence)
I (3r+1) mod F]] = Ox*q' Odiv F;
if(Y’ sequence)
SIe[(3r+2) mod F; ]] = Ox*q' Odiv F;
endfor

endif

For each radio frame, the rate-matching pattern is calculated with the algorithm in section 4.2.7.4, where:

N is as above,

en = (@l(n)JAN| + N) mod al, if e, =0then g, = alN.
€ius = Al

€inus = alANC

puncturing for AN<O, repeating otherwise.

4.2.7.2 Determination of rate matching parameters in downlink

For downlink Ny does not depend on the transport format combination j. Ngas+ IS given by the channelization code(s)

assigned by higher layers.

3GPP

25



3G TS 25.212 version 3.0.0 26 3G TS 25 212 V3.0.0 (1999-10)

42.7.2.1 Determination of rate matching parameters for fixed positions of TrCHs

First an intermediate calculation variable N, » iscalculated for al transport channelsi by the following formula

The computation of the AN:V_,r ! parametersis then performed in for al TrCH i and al TF | by the following formula,

where AN, . isderived from N;. by the formulagiven at section 4.2.7:
AN/ =F [AN,.

If AN;rI =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 4.2.7.4 does not need to be executed.
Otherwise, for determining &y, €yus: Eminus @Nd N the following parameters are needed:

For convolutional codes,

AN = AN/

a=2

N, = max N
IOTFS(i)

For each transmission timeinterval of TrCH i with TF |, the rate-matching pattern is cal culated with the algorithmin
section 4.2.7.4. The following parameters are used as input:

N = NJT'
e|ni = 1ep|us = al:Nmax
eminus = al:lAN|

Puncturing if AN < O, repetition otherwise.
For turbo codes, if repetitionisto be performed, such as AN::rI > 0, parameters for turbo codes are the same as
parameter for convolutional codes. If puncturing is to be performed, parameters are as follows.
a=2 for Y sequence,
a=1for Y sequence.
The X bits shall not be punctured.

_HANT 1 2 For Y sequence

AN =
%ﬂNﬁ” /2 For Y' sequence

N = max [N/ /3]
IOTFS(i)

For each transmission timeinterval of TrCH i with TF |, the rate-matching pattern is cal culated with the algorithm in
section 4.2.7.4. The following parameters are used as input:

N =[N /3]

3GPP 26
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e1ni = I\Imax
plus = al:N
eminus = al:lAN|

Puncturing if AN <O, repetition otherwise.

42.7.2.2 Determination of rate matching parameters for flexible positions of TrCHs

First an intermediate calculation variable Nij is calculated for al transport channelsi and al transport format
combinationsj by the following formula:

— 1 Tl
Nij =2 MNim )

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 - = 'l\ldata,* D?M,
max (RM [N; )

JOTFCS 7

The computation of AN:_,r ! parameters is then performed in two phases. In afirst phase, tentative temporary values of

ANiTlr ' 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 Nga . 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 ANH' is the definitive value.

The first phase defines the tentative temporary AN:}r ' for all transport channel i and any of its transport format | by use
of the following formula:

NT” = [RF ENlTlr'D

The second phase is defined by the following a gorithm:

foral j inTFCSdo --foral TFC
i=| NTTl +ANT“
D= 1.TF (1) 7R (1) -- CCTrCH bit rate (bits per 10ms) for TFC |
2 F
1=1 i
if D > Ndata*
fori=1tol do -- for al TrCH
AN =F [AN; ; — AN, ; isderived from N, ; by the formulagiven at section 4.2.7.

if ANIT-;:: () > AN then

3GPP 27
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ANIT”E () = AN
end-if
end-for
end-if

end-for

NOTE: Theorder in which the transport format combinations are checked does not change the final result.

If ANJrI =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 4.2.7.4 does not need to be executed.

Otherwise, for determining €, €ius: Eminus, aNd N the following parameters are needed:

For convolutional codes,
AN = ANF'
a=2

For each transmission time interval of TrCH i with TF |, the rate-matching pattern is calculated with the algorithmin
section 4.2.7.4. The following parameters are used as input:

N = NJT'
e|ni =1
€ous = alN

€minus — @ I:IBN|
puncturing for AN <0, repeating otherwise.
For turbo codes, if repetitionisto be performed, such as ANJT' > 0, parameters for turbo codes are the same as
parameter for convolutional codes. If puncturing is to be performed, parameters are as follows.
a=2 for Y sequence,
a=1for Y sequence.
X bits shall not be punctured.

OAN,™ / 2[for Y sequence
AN = TTI
N, ™ / 2 For Y' sequence

For each transmission time interval of TrCH i with TF |, the rate-matching pattern is calculated with the algorithmin
section 4.2.7.4. The following parameters are used as input:

N=[N" /3L,
eni = N il
eplus :aEN

3GPP 28
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eminus =a I:IDN|

puncturing for AN <0, repeating otherwise.

3GPP 29
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Agenda item:

Source: Ericsson
Title: CR 25.212-010r1: Clarification of bit separation and collection
Document for: Decision

This document contains a revised version of CR 25.212-010 ( Tdoc TSGR1#9(99)i54 ). The following changes have
been made:
1) Page27: N, = IDrpFas)((.)(N:,_” /3) N__ = max [N ™" /3[  Not needed since always a multiple of 3.

|

a 107FS(i)

2) Page3L: Z sy 5wk = Yuion sk Eamave — YONTaek 1YPO

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 28, 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,
pL: N=F =N;"

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

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

Entire section 4.2.7 Index b isintroduced to indicate systematic or parity bits.

Section 4.2.7.1.2/4.2.7.21/4.2.7.2.2 Divided into subsections to ease understanding. (Note that
current text does not define rate matching for uncoded
TrCHs.)

Section 4.2.7.1.2/4.2.72.1/4.2.7.2.2 Minor correction: N (X;) is known not determined.

Section 4.2.7.1.2.2/4.2.7.21.2/4.2.7.2.2.2 Last row removed. Only puncturing is used in this section.

Section 4.2.7.2.1.2/4.7.2.2.2 Removed round down since N/ alwaysis amultiple 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 happensin UL when N; is not amultiple 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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Theinput bit sequenceisdenoted by X;;, X5, X3,..., X, Wherei isthe TrCH number and X; is the number bits. The Fi

output bit sequences per TTI aredenoted by Y, 1, ¥ n 21 Yinsr---» Yiny Wheren;istheradio 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_l)wi)Jrk N =1.F,j=1.Y,
where
Y; = (X / F;) isthe number of bits per segment,

X, isthe kK" bit of the input bit sequence and

Yink is the k™ bit of the output bit sequence corresponding to the n radio frame

The n; -th segment is mapped to the n; -th radio frame of the transmission time interval.

4.2.6.1 Relation between input and output of the radio frame segmentation block in
uplink

The input bit sequence to the radio frame segmentation is denoted by d;,d,,,d;s,..., d;; , wherei isthe TrCH

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

The output bit sequence corresponding radio framen; isdenoted by €,,8,,865,...,6y, , wherei isthe TrCH number

and N; isthe number of bits. Hence, § , = Y, ,, and Ni = 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 1,05, 03, -» qu. , wherei isthe TrCH number and Q;
the number of bits. Hence, Xix = Qkand X = Q.
The output bit sequence corresponding to radio frame n; isdenoted by f;,, 5, fi5,..., fiy, , whereiisthe TrCH

number and V; is the number of bits. Hence, fLk = YinandV =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 calculated.

The number of bits on atransport channel can vary between different transmission time intervals. In the downlink the
transmission is interrupted if the number of bitsis lower than maximum. When the number of bits between different
transmission time intervalsin uplink is changed, bits are repeated or punctured to ensure that the total bit rate after

’ secondTrCH multiplexing isidentical to the total channel bit rate of the allocated dedicated physical channels.

Notation used in section 4.2.7 and subsections:

Njj: For uplink: Number of bitsin aradio frame before rate matching on TrCH i with transport format
combinationj .

’ For downlink : Anintermediate calculation variable (not an integer but a multiple of 1/8).

N/™:  Number of bitsin atransmission timeinterval before rate matching on TrCH i with transport format |
Used in downlink only.

3GPP



3G TS 25.212 version 3.0.0 22 3G TS 25 212 V3.0.0 (1999-10)

AN :

1

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 : Anintermediate calculation variable (not an integer but a multiple of 1/8).

AN

If positive - number of bits to be repeated in each transmission time interval on TrCH i with transport
format j.

If negative - number of bits to be punctured in each transmission time interval on TrCH i with transport format j.

RM;:
PL:

Ndata,j .

Sn):

TFi():
TFS(i)
TFCS

epI us
Ehinus

Xb:

Used in downlink only.
Semi-static rate matching attribute for transport channel i. Signalled from higher layers.

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.

Total number of bits that are available for the CCTrCH in aradio frame with transport format combination
j-

Number of TrCHsin the CCTrCH.

Intermediate calculation variable.

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

Radio frame number in the transmission timeinterval of TrCH i (0 <n; < F).
Average puncturing distance. Used in uplink only.

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.

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

Transport format of TrCH i for the transport format combination j.

The set of transport format indexes| for TrCH i.

The set of transport format combination indexes j.

Initial value of variable e in the rate matching pattern determination algorithm of section 4.2.4:44.2.7.5.
Increment of variable e in the rate matching pattern determination algorithm of section 4.2.7.44.2.7.5.
Decrement of variable e in the rate matching pattern determination algorithm of section 4.2744.2.7.5.

I ndi cates systematic and parity bits

b=1: Systematic bit. X(t) in section 4.1.3.2.1.

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 xdo X, =Y". Intheright 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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5 I RM,, [N, B
Z, =Ny | S forali=1..1 @
:1RMm [N, T
AN, =2, =Z,; —N; forali=1..1
4.2.7.1 Determination of rate matching parameters in uplink
427.1.1 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 factors
isgivenin[2]. Denote these values by Nyss, Nisg, Nea, N3z, Nig, Ng, and N4, where the index refers to the spreading factor.
The possible values of Nyaa then are { Nosg, Niog, Naa, N3z, Nig, Ng, Ng 2Ny, 3Ny, 4Ny, 5N,, 6N4}.Depending on the UE
capabilities, the supported set of Nyua , denoted SETO, can be a subset of { Nass, Nizg, Nesa, Naz, Nig, N, Ng 2N, 3Ny, 4Ny,
5Ny, 6N4}. Ngaia, ; for the transport format combination j is determined by executing the following a gorithm:

RM
SET1={ Ngxain SETOsuchthat N — —r——[N_ . isnon negative}
data data ; W X ]

" a<ysl
If SET1isnot empty and the smallest element of SET1 requiresjust one PhCH then
Ngataj = mMin SET1

else
L RM
SET2 ={ Ngaa in SETOsuchthat N, —PL DZ —r—— LN, ; isnon negative}
& ]rsnylsrlﬂ RM y}

Sort SET?2 in ascending order

Ngata= min SET2

While Ngata 1S N0t the max of SET2 and the follower of Ny, requires no additional PhCH do
Nyata = follower of Ny in SET2

End while

Noataj = Noaa

End if

42.7.1.2 Determination of parameters needed for calculating the rate matching pattern

The number of bitsto be repeated or punctured, AN;;, within one radio frame for each TrCH i is calculated with equation
1 for &l possible transport format combinationsj and selected every radio frame. Nyaj iS given from section 4.2.7.1.1.

In compressed mode Ndata’j isreplaced by Ng;‘;a'j in Equation 1. Ngga’j is given from the following relation:

Ni : =2N

data, | ~ Nyg , where

data, j
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(TGL _
EZNdaIa,j ,1f Niirg + TGL <15

15-N,,
Npe, = < TNZNdaIa,j’

infirst frameif Ng,¢ + TGL > 15
TGL-(15-N.
( flrst) 2Ndata’j ,
\ 15

Nsi;« and TGL are defined in section 4.4.

in second frame if Ny, + TGL > 15

If AN;; = O then the output data of the rate matching is the same as the input data and the rate matching algorithm of
section 4-2-7-44.2.7.5 does not need to be executed.

If AN;; # 0 the parameterslisted in sections 4.2.7.1.2.1 and 4.2.7.1.2.2 shall be used forOtherwise,for determining e,
€olus,_8Nd Erinus-and-N-thefoHllewingparametersare-needed (regardless if the radio frame is compressed or not).:

For-convolutional-codes;

4.2.7.1.2.1 Uncoded and convolutionally encoded TrCHs

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

-- note that g' is not an integer, but amultiple of 1/8

else
a=q
endif
forx=0to FK-1
Sk (B*g'Omod F)) = (B*g'Odiv F)
end for
AN; = AN,
a=2

For each radio frame, the rate-matching pattern is calculated with the algorithm in section 4.2.744.2.7.5, where :
NX; = N;;., and
= (aS$(n) AN;| + N;)) mod (allN;y), if en = 0 then e, = all;;.
€oius = AN
Eminus = AJAN;|

puncturing for AN;<O, repetitionating otherwise.

4.2.7.1.2.2 Turbo encoded TrCHs

#epeenvel-uﬂenal—eedee If repetition isto be performed on turbo encoded TrCHs i.e. AN;; >0, the Darameters in section
4.2.7.1.2.1 are used.
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If puncturing is to be performed, the parameters are-asfolowsbelow 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-and
a=1 when b=3fer-¥—sequence.

_OBN,;/2[] b= 2 CIAN, ; / 2[Tor Y sequence
i Sﬂ N,;/Z] b=3 E@N / 2 For Y'sequence

AN. =

NX; = IN;; /30,
q = [NX; /JAN;| O
if(q<2)
for x=0to F-1
S[I[(3x+b-1) mod F]] = x mod 2;-H{¥-sequence)
—SHel(3x+1)-mod-Fi=xred-2;
—H{Y-—sequence)
—SHeH3x+2)-mod-FH-=x-moed-2;

end for

else
if giseven

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

ese g =q
endif
forx=0to F; -1

r = [x*q Omod F;

SIL[(3r+b-1) mod F]] = [x*q’ Odiv F;H{Y-sequence}

—SHEr+1)-med-Fl=ExgHdiv-F;
—H{Y—seguence)

—SHHEr+2)-med-F =D& gHdiv-F;

endfor

endif

For each radio frame, the rate-matching pattern is calculated with the algorithm in section 4:2-7-44.2.7.5, where:
NX; is as above,

&ni = (@S(n)IAN| + XiN) mod (aXiN), if e, =0 then e, = alXiN.

€olus = AN

€rminus = AlLAN, O
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4.2.7.2 Determination of rate matching parameters in downlink

For downlink Ngaiaj does not depend on the transport format combination j. Ngas+ IS given by the channelization code(s)
assigned by higher layers.

42.7.2.1 Determination of rate matching parameters for fixed positions of TrCHs

First an intermediate calculation variable N, « iscalculated for all transport channelsi by the following formula:

N;. = Fl Omax N,

b 10TFS(i)

The computation of the ANJ’TrI parameters is then performed in for al TrCH i and all TF | by the following formula,

where AN, . isderived from N, . by the formulagiven at section 4.2.7:

AN;’:rI =F [AN;.
If ANJ’:rI = 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 4:2.744.2.7.5 does not need to be executed.

EAN;” # 0 _the parameters listed in sections 4.2.7.2.1.1 and 4.2.7.2.1.2 shall be usedOtherwise; for determining e,
€plus,_aNd Erinys.—aRe-N-the following-parametersare-needed:
Forconvelutional-codes;

4.2.7.2.1.1 Uncoded and convolutionally encoded TrCHs

AN, = AN/
a=2

N _ = max N

™
maX o ores() !

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

X, = N -N=NT

Qni = Nmax

eplus =a |:Nmax

€minus — aqu||erW=_a_qA-N-|>

Puncturing if AN, < 0-AN-<©, repetition otherwise.

4.2.7.21.2 Turbo encoded TrCHs

. .. . TT1
parameter-for-convolutional-codes-If repetition is to be performed on turbo encoded TrCHs, i.e. AN:;r >0, the

parametersin section 4.2.7.2.1.1 are used.
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If puncturing is to be performed, the parameters are-asfelowsbelow 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;
a=1 when b=3fer-¥sequence:
The X-hits indicated by b=1 shall not be punctured.

AN, = CANT /2] b= ZAN__E@NF' /2 For Y sequence
' S}N;” /20 b=3"" HANT' /2For Y'sequence

N —max(N IS)Nm_maxE\Um/’%l'

M \oTFs ICITFS(|

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

X, =N /3N-=[R3E

Qni = Nmax

=alN,,,

pI us

€minus — aqu |9M*&EIAN+
Puncturing- - AN-<0-repetition-otherwise:

42.7.2.2 Determination of rate matching parameters for flexible positions of TrCHs

First an intermediate calculation variable N, J- is calculated for al transport channelsi and all transport format
combinationsj by the following formula:

1
Nivj = E EN'T';::.(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:

RF - N data,*

[RM,

(RMEN)

j DTFCS

The computation of ANiT' parameters is then performed in two phases. In afirst phase, tentative temporary values of

ANJ’TrI 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 Ngae+. 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 AN'[" isthe definitive value.

The first phase defines the tentative temporary ANJ’TrI for al transport channel i and any of its transport format | by use
of the following formula:
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m [RF, ENT,” O
ANi,l =F @7

The second phase is defined by the following algorithm:

foral j inTFCSdo --foral TFC
i=1 NTl'l +ANT“
D= Z LT ( LTF (1) -- CCTrCH bit rate (bits per 10ms) for TFC |
if D > Ndata*
fori=1tol do -- for al TrCH
AN = F [AN; -~ AN; ; isderivedfrom N, ; by the formulagiven at section 4.2.7.

if ANIT-H: ( ) > AN then

AN'T ;) =AN
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 AN:_,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 4-2:7-44.2.7.5 does not need to be executed.

If AN s—,” # 0 _the parameters listed in sections 4.2.7.2.2.1 and 4.2.7.2.2.2 shall be usedOtherwise; for determining g,
Eolus, AN Eyinys. —aRE-N-the following-parameters-are-Reeded:
Forconvolutional-codes;

4.2.7.2.2.1 Uncoded and convolutionally encoded TrCHs

AN, = AN[" -AN=ANT-
a=2

For each transmission time interval of TrCH i with TF |, 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%NF—'
€y = Ny er=N-

€ous = AN, ez =abN-
Crminus = aqui|erW=_a‘EFéfN+
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puncturing for AN; < 0-AN-<8, repetitionating otherwise.

4.2.7.2.2.2 Turbo encoded TrCHs

. .. . TTI
parameter-for-convolutional-codes-If repetition is to be performed on turbo encoded TrCHs, i.e. AN“TrI >0, the
parametersin section 4.2.7.2.2.1 are used.

If puncturing is to be performed, the parameters are-asfeHowsbel ow 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;
a=1 when b=3fer-Y—sequence:
The bitsindicated by b=1 shall not be punctured.X-bitsshal-not-be-punctured:

AN, = Ny /200 b=2  OAN]" / 2[Jor Y sequence
' N /2] b=3" AN / 2LFor Y’ sequence

For each transmission time interval of TrCH i with TF |, the rate-matching pattern is calculated with the algorithmin
section 4:2-7-44.2.7.5. The following parameters are used as input:

X, =N /3N="8"+3F,
€, = X ea=N-,

plus

€y = AKX, ey =akN

€minus — aqu||elW=_a_qB-N+
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 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 TrCHs, 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| | |Bit separation Bit | TrcH
mentation g ! Xoi ik. | collection fik 1 |Multiplexin
—p Py oy, Py fic ) VULPIEANG]_y,
! Rate matching !
| algorithm :
: e i i
: 3|kI y3|kl :
AAAAAAAAAA »
Figure 6: Puncturing of turbo encoded TrCHs
Rate matching
Radio frame i Bit separation Bit E TrCH
segmentation (B ! Xlik> _ Vik_ | collection [fik | | 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 (b{ 2, 3}) arelisted in table 4.

Table 4: TTI dependent offset needed for bit separation

TTI (ms) o4} az as
10, 40 0 1 2
I 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 Bn‘ .
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Table 5: Radio frame dependent offset needed for bit separation

TTI (ms) B B B B B B Bs B
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
42731 Bit separation

The bitsinput to the rate matching are denoted by €,,6,,,€3.. .., 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 Ieft out in the bit numbering, i.e. Ni=N;. The bits after separation are denoted by X1, X2 Xgizs- - -» Xgix, - 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 bitsin each separated bit sequence. The relation between € and Xy is given below.

For turbo encoded TrCHs with puncturing:

Xiik = € 3(k-1+1+(a+ B, ) mod3 k=123 ... % X,_= [N, /30

Xpim i3k — & a3k k=1, ... N.mod3 Note: When (N, mod 3) = 0 this row is not needed.
Xoik = € ak-1+1e(ap+p, ymods — K=1 2.3, ... X X;_=[N; /30

Xaik = & (k1) +1+(as+p, ymod3 — K=1. 2.3, ... X X, = N; /30

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

Xiik =6« k=1,2,3, ... % X, = N

4.2.7.3.2 Bit collection

The bits Xk are input to the rate matching algorithm described in section 4.2.7.5. The bits output from the rate matching
agorithm are denoted Vi1, Y21 Yiizr-- - Yoy, =

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

After bit collection, the bits indicated as punctured are removed and the bits are then denoted by f.;, f.,, f.5,.

o fs

where i isthe TrCH number and V;= N;;+AN;;. The relations between Yk, Zyik. and fix are given below.

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

2 3(k-0+1+(ay+ By Jmod3 — Y1ik k=1,23, ... Y

Z o 13k = YLioN, 814k k=1,..,N; mod3 Note: When (N, mod 3) = 0 this row is not needed.

Z (k1) +1+(a,+ B, ymod3 — Yzik— K=L2.3,.. ¥

4 (k-1 +1+(az+ B, )mod3 — Y3k k=1,23, ... Y
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After the bit collection, bits Z y with value 8, where 5[40, 1}, are removed from the bit sequence. Bit f; 1 corresponds to

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

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

Zi,k :y]_'iyk k:1,2,3,...,Y1

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

When puncturing is used, Y;=X; and bits Z x with value &, where /£ 0, 1}, are removed from the bit sequence. Bit fi 1
corresponds to the bit z , with smallest index k after puncturing, bit fi » corresponds to the bit z , 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 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 TrCHs, 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'___________________________________________________I
i Kiik ylik> ;
Channel | |Bit separation Bit ! [1% insertion of
coding Cik ! Doik Voik. | collection gik' DTX
: Rate matching : indication
: algorithm !
| X i i
: 3|kI y3|kI :
" Figure 6: Puncturing of turbo encoded TrCHs
Rate matching
Channel  [Bit separation Bit | 1% insertion of
coding Gk ! Xiik Vaik_ | collection Qi DTX
| Rate matching : indication
| agorithm !

____________________________________________________

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

The bitsinput to the rate matching are denoted by Gy, C;, G35 . ., G, . Where i isthe TrCH number and E; is the

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 simplicity has been l€ft out in the bit numbering, i.e. E;=N;. The bits after

separation are denoted by X, , X5+ Xpiz1- - -1 Xpyix, - 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 Cjy and Xy iS given below.

For turbo encoded TrCHs with puncturing:

Xk = Gigk-1a k=123 ... % X =E/3
X2,i,k = Ci,3(k—1)+2 k = 1, 2, 3, faey Xi Xi, = Ei, /3
Yok = G ayes k=123, ....% X, =E /3

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

Xiik = Cik k=123, ...% X, = E

4.2.7.4.2 Bit collection

The bits Xy 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, Yyiz 1 Yiizs- -+ Yoivy, =

Bit collection is the inverse function of the separation. The bits after collection are denoted by 71,75, Zy35- - s Zyy, -

After bit collection, the bits indicated as punctured are removed and the bits are then denoted by g, ;51 9i3»- -1 Jig, »

wherei isthe TrCH number and G;= N;+AN;. The relations between Vhik, Zpik, and Qik are given below.

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

Z 3k-n+ = Yiik k=123 .Y
Z 3k-n+2 = Yaik k=123, .Y
Z 3k-1)+3 — Yaik k=1,23, ... Y

After the bit collection, bits 7  with value 4, where 6[{ 0, 1}, are removed from the bit sequence. Bit gj 1 corresponds

to the bit 7 , 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:

Zi’k :y]_‘i’k k:1,2,3,...,Yi_

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

When puncturing is used, Y;=X; and bits 7; \ with value , where 61 0, 1}, are removed from the bit sequence. Bit g 1

corresponds to the bit 7 \ with smallest index k after puncturing, bit g » corresponds to the bit 7 , with second smallest
index k after puncturing, and so on.
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4.2.7.54 Rate matching pattern determination

Denote the bits before rate matching by:

Xigs Xi21 Xigr- - Xix, KXo Xgr—=%x Wherei isthe TrCH number and NX; is the -parameter given in

sections 4.2.7.1 and 4.2.7.2.

The rate matching rule is as follows:
if puncturing isto be performed
e=ey -- initia 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

punetdreset bit x; , to dwhere 6{0, 1}

e=e+eys --updateerror

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

do whilem <= X;N

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

e=e+ gy --updateerror

end do
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m=m+1 -- next bit
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 bits input to the TrCH multiplexing are denoted by, f.,, fi5,..., fi\,i , Wherei isthe TrCH number and V, is the

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

multiplexing are denoted by S;,S,,S;,.. ., S, where Sisthe number of bits, i.e. S= ZV, . The TrCH multiplexing is
|

defined by the following relations:

S( = flk k= 1, 2, ...,Vl
S = f2,(k—vl) k=Vi+1, Vi+2, ..., Vi+V,

S = Facrvy) K= (ViHVo)+ L, (Vi Vo)+2, o, (Vi+ Vo) +Vs

S = fl,(k—(V1+V2+..4+V|_1)) k= (Vi+ Vot AV )+L, (Vi+ Vot 4V )+2, .., (Vit Vot +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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Agenda item:
Source: Ericsson
Title: CR 25.212-011r2: Connection between TTI and CFN

Document for: Decision

Transport channels within one CCTrCH shall have aligned transmission time instants asillustrated in figure8in TS
25.212. Figure 8 is equivalent with the following equation, using the connection frame number CFN (defined in TS
25.402) as reference:

CFN; mod F =0.

CFN; denotes the connection frame number of the first radio frame within transmission time interval TTI; of transport
channel i. Thisrelation gives afirst requirement on the start timing of transport channels that are multiplexed into one
CCTrCH.

Due to downlink rate matching rules, the rate matching calculations per TrCH are performed once per transmission time
interval for the downlink. This resultsin the limitation that the transport format combination of one CCTrCH can be
changed only each TTI in the downlink. Hence, new TrCHs can only be added into one CCTrCH or reconfigured within
the CCTrCH at these time instants.

This can be expressed as:

CFN; mod Fo =0, where F,5 denotes the maximum number of radio frames within the transmission time intervals of
all transport channels which are multiplexed into the same CCTrCH, including the new transport channel i.

By defining when transport channels may be started, the alignment of the transport channel's TTI timing follows
directly.

It is proposed to replace figure 8 with the equation CFN; mod Fox =0 and to add a reference to TS 25.402 where CFN is
defined.

Changes from CR25.212-11 (R1-99i55):

1. The description of the situation when alignment between TT1 and CFN is needed has been corrected from “adding a
new TrCH into a CCTrCH” to “changing the TFCS of a CCTrCH because a TrCH i is added to the CCTrCH or
reconfigured within the CCTrCH”

2. TT1;/10ms can be expressed by F;.

3. The possible start timing for the TTIs of transport channels after they have been added or reconfigured is added by
including the equation CFN; mod (F;) = 0.
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1

Scope

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

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

2

References

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

(1]
(2]
(3]
(4]
(5]
(6]
(7]
(8]
)

[10] 3GPP RAN TS 25.225:
[11] 3GPP RAN TS 25.302:

References are either specific (identified by date of publication, edition number, version number, etc.) or

non-specific.

For a specific reference, subsequent revisions do not apply.

For a non-specific reference,

3GPP RAN TS 25.201

3GPP RAN TS25.211

3GPP RAN TS 25.213:
3GPP RAN TS 25.214:
3GPP RAN TS 25.215:
3GPP RAN TS 25.221:
3GPP RAN TS 25.222:
3GPP RAN TS 25.223:

3GPP RAN TS 25.224:

[12] 3GPP RAN TS 25.402

the latest version applies.
: "Physical layer — General Description”
: "Transport channels and physical channels (FDD)"
" Spreading and modulation (FDD)"
"Physical layer procedures (FDD)"
"Measurements (FDD)"
"Transport channels and physical channels (TDD)"
"Multiplexing and channel coding (TDD)"
" Spreading and modulation (TDD)"
"Physical layer procedures (TDD)"
"Measurements (TDD)"
"Services Provided by the Physical Layer"

: “Synchronisation in UTRAN, Stage 2"
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4.2.14 Multiplexing of different transport channels into one CCTrCH, and
mapping of one CCTrCH onto physical channels

The following rules shall apply to the different transport channels which are part of the same CCTrCH:
1)

Transport ch

shal-have alighed-transmissionVWhen the TFCS of a CCTrCH is changed because a transport channel i is added to
the CCTrCH or reconfigured within the CCTrCH, the TTI of transport channel i may only start in radio frames with
CEN fulfilling the relation

CFN; mod Fipe = 0,

where Fr,, denotes the maximum number of radio frames within the transmission time intervals of all transport
channels which are multiplexed into the same CCTrCH, including transport channel i which is added or
reconfigured, and CFN; denotes the connection frame number of thefirst radio frame within the transmission time
interval of transport channel i.

After addition or reconfiguration of atransport channel i within a CCTrCH, the TTI of transport channel i may only
start in radio frames with CEN fulfilling the relation

CFNl mod Fi =0.

Possible transmission time instants
Oms 10ms 20ms 30ms 40ms 50ms 60ms 70ms 80ms 90 ms100 ms 110 ms 120 ms 130 ms 140 ms 150 ms160 ms

Transmission-
timeintervals
10ms

20 ms

40 ms

80 ms

®: Allowed transmission time instants

2) Only transport channels with the same active set can be mapped onto the same CCTrCH.
3) Different CCTrCHSs cannot be mapped onto the same PhCH.
4) One CCTrCH shall be mapped onto one or several PhCHs. These physical channels shall all have the same SF.
5) Dedicated Transport channels and common transport channels cannot be multiplexed into the sasme CCTrCH
6) For the common transport channels, only the FACH and PCH may belong to the same CCTrCH

There are hence two types of CCTrCH
1) CCTrCH of dedicated type, corresponding to the result of coding and multiplexing of one or several DCHs.

2) CCTrCH of common type, corresponding to the result of the coding and multiplexing of a common channel,
RACH in the uplink, DSCH ,BCH, or FACH/PCH for the downlink.

4214.1 Allowed CCTrCH combinations for one UE

421411 Allowed CCTrCH combinations on the uplink
A maximum of one CCTrCH is alowed for one UE on the uplink. It can be either
1) one CCTrCH of dedicated type

2) one CCTrCH of common type

3GPP



TS 25.212 V3.0.0 37

4.2.141.2 Allowed CCTrCH combinations on the downlink
The following CCTrCH combinations for one UE are allowed :

X CCTrCH of dedicated type + y CCTrCH of common type
The allowed combination of CCTrCHs of dedicated and common type are FFS.

NOTE 1: Thereisonly one DPCCH in the uplink, hence one TPC bits flow on the uplink to control possibly the
different DPDCHs on the downlink, part of the same or several CCTrCHSs.

NOTE 2: Thereisonly one DPCCH in the downlink, even with multiple CCTrCHs. With multiple CCTrCHs, the
DPCCH istransmitted on one of the physical channels of that CCTrCH which has the smallest SF among
the multiple CCTrCHs. Thus there is only one TPC command flow and only one TFCI word in downlink
even with multiple CCTrCHs.
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Agenda item:
Source: Ericsson
Title: CR 25.212-012r2: Zero length transport blocks

Document for: Decision

The coding and multiplexing needs to handle transport block numbers of zero, i.e. the case when no transport blocks
arrive for transmission in the TTI. Efficient handling of zero transport blocks is important, but exactly how to handle
them is not clearly specified in all parts of TS 25.212.

Another scenario can be awhole CCTrCH that has zero transport blocks on all TrCHs. Also this case needsto be
handled.

Clearly, one do not want to send any bits at all when there is no data to be transmitted, i.e. no CRC shall be attached, no
tail bits shall be added, no coding shall be performed, etc.

The impact on the downlink and uplink functions for the cases with zero length transport blocks is listed below.
Downlink:

¢ CRC attachment: If no transport blocks are available (M; = 0), the function shall be transparent.

TrBk concatenation/code block segmentation: The function can handle the case of no input hits.
e Channel coding: If no code blocks are available (C; = 0), the function shall be transparent (E; = 0).

« Ratematching: The function can handle the case of TrCHs having zero length transport blocks as long as not all
TrCHs within the CCTrCH have zero length. If no input bits are available from all TrCHs within the CCTrCH, the
function shall be transparent

e Insertion of DTX indication with fixed positions: The function can handle the case of no input bits.
« 1¥interleaving: The function can handle the case of no input bits which is possible for flexible positions.

« Radio frame segmentation: The function can handle the case of no input bits which is possible for flexible
positions.

e TrCH multiplexing: The function can handle the special case for all TrCHswithin a CCTrCH having zero hits
which is possible for flexible positions.

e Insertion of DTX indication with flexible positions. The function can handle the case of no input bits.
e Physical channel segmentation: No impact since there will always be at least DTX indication bits.

«  2"interleaving: No impact since there will always be at least DTX indication bits.

Physical channel mapping: The function can handle the case of CCTrCHs containing only DTX indication bits.

Uplink:
e CRC: If no transport blocks are available (M; = 0), the function shall be transparent.
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« TrBk concatenation/code block segmentation: The function can handle the case of no input bits.
e Channé coding: If no code blocks are available (C; = 0), the function shall be transparent (E; = 0).
« Radioframe size equalisation: The function can handle the special case of no input bits.

« 1¥interleaving: The function can handle the special case of no input bits.

« Radio frame segmentation: The function can handle the special case of no input bits.

« Ratematching: The function can handle the case of TrCHs having zero length transport blocks as long as not all
TrCHs within the CCTrCH have zero length. If no input bits are available from all TrCHs within the CCTrCH, the
function shall be transparent and no uplink DPDCH shall be selected.

e TrCH multiplexing: The function can handle the special case of all TrCHs within a CCTrCH having zero length.

« Physical channel segmentation: The function can handle the special case of all TrCHswithin a CCTrCH having
zero length.

«  2"interleaving: The function can handle the special case of all TrCHs within a CCTrCH having zero length.

« Physical channel mapping: The function can handle the special case of al TrCHswithin a CCTrCH having zero
length, i.e. no uplink physical channel is selected in this case.

From the above list, it can be noted that some additional information is needed in 25.212 to handle the special cases with
zero length transport blocks.

It is proposed to include the case of zero length transport blocks into the descriptions of CRC attachment (4.2.1.1),
channel coding (4.2.3) and rate matching (4.2.7).

Changes from CR 25.212-012 (R1-99i56):

1. Section4.2.1.1 (CRC Calculation): “If no transport blocks are input to the CRC calculation (M; = 0), no CRC
attachment shall be done.”

2. Section 4.2.3 (Channel coding): “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."

3. Section 4.2.7 (Rate Matching): “...and no uplink DPDCH will be selected in the case of uplink rate matching.”
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42.1 Error detection

Error detection is provided on transport blocks through a Cyclic Redundancy Check. The CRC is 24, 16, 12, 8 or 0 bits
and it is signalled from higher layers what CRC length that should be used for each TrCH.

4211 CRC Calculation

The entire transport block is used to calculate the CRC parity bits for each transport block. The parity bits are generated
by one of the following cyclic generator polynomials:

Ocre24(D) =D*+D?+D°+D°+D +1
Goree(D) =D+ D+ D° + 1
Gorerz(D) = DZ+ DY+ D*+ D+ D + 1
cres(D) = D!+D’+D*+D*+D+1

Denote the bits in atransport block delivered to layer 1 by &, @51 8imzs- -1 8y » @0d the parity bits by

Pimas Pimzs Pimas- - -1 Py, - A isthelength of atransport block of TrCH i, mis the transport block number, and L is 24,
16, 12, 8, or 0 depending on what is signalled from higher layers.

The encoding is performed in a systematic form, which means that in GF(2), the polynomial
23 22 24 23 22 1
amD" " +a,,, DV +.. . +8,, D* + pD® + P, D¥ +. 4 Ps D+ P
yields aremainder equal to 0 when divided by gcreas(D), polynomial
15 \ +14 16 15 14 1
8D ™ +,,D ™ ..+ 8, D” + PuD” + P D™+ + PrasD F P
yields aremainder equal to 0 when divided by gcreis(D), polynomial

im2

8D ™ +8,,D"" +... 48, D + p D" + p,D +.. + Py DT+ Py
yields aremainder equal to O when divided by gcre12(D) and polynomial

7 6
8D +8,,DY "+ 48, D°+ D’ + P D° .+ P D+ P
yields aremainder equal to O when divided by gcres(D).

If no transport blocks are input to the CRC calculation (M; = 0), no CRC attachment shall be done.

42.1.1.1 Relation between input and output of the Cyclic Redundancy Check

The bits after CRC attachment are denoted by B, 1,0,,0,5,--., 0,5 , Where B=A-+L;. The relation between &k and

bimkiS:
Bk = 8k k=123, ..., A

By = Pim, v1-k-ny KZA+FLA+2,A+3 L A+L
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blocks on TrCH i is denoted by M;. The bits after concatenation are denoted by X, X5, X3, ..., X, wherei isthe
TrCH number and X;=M;B;. They are defined by the following relations:

Xik:b|1k k=12 ..B
Xk :h,z,(k—B‘) k=B +1B+2..,2B

X =D g k-2m) K= 2B+ 1, 2B+ 2, ..., 3B,

Xk =B m k-m-psy K= (Mi- DB+ 1, (M- 1)B + 2, .., MiB,

4.2.2.2 Code block segmentation

Segmentation of the bit sequence from transport block concatenation is performed if X;>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 bitsinput to
the segmentation, X;, is not amultiple of C;, filler bits are added to the last block. Thefiller bits are transmitted and they
are always 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 are denoted by G,4,0,5,0;3,- .-, 0, , Wherei isthe TrCH number, r is
the code block number, and K; is the number of bits.

Number of code blocks: Ci = [X;/ Z[J
Number of bitsin each code block: K; = [X; / C,[J
Number of filler bits: Y; = CK; - X;
If X; < Z, then Oj1x = Xk, and K; = X,.
If X; = Z, then

Oy =X« k=12 .,K
0I2k = )<i'(k+Ki) k: 1, 2, ey Ki
c)If.’:k = Xi,(k+2Ki) k= 1, 2, . Ki

Ock = Xiks(c-nk) K=1,2...Ki-Y,

Ock =0k=(Ki-Y)+1,(Ki-Y)+2 ..., K

4.2.3 Channel coding

Code blocks are delivered to the channel coding block. They are denoted by O, 1,0, 5,0, 3,...,0, , Wherei isthe

TrCH number, r is the code block number, and K; is the number of bitsin each code block. The number of code blocks
on TrCH i is denoted by C;. After encoding the bits are denoted by Y1, ¥ir21 Yirzs- -+ Yiry, - Theencoded blocks are
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serialy multiplexed so that the block with lowest index r is output first from the channel coding block. The bits output
aredenoted by G,,GC,,Cg,...,Cg , wherei isthe TrCH number and E; = CY;. The output bits are defined by the
following relations:

Ck =Y k=12..Y
Ck = Yiok—y) K=Yit1LYi+2 ..,2Y

Ck = Yigk-av) K=2Yi+ 1,2Yi+ 2, .., 3Y,

Ci = Yic - -v) k=(C-1)Yi+ 1, (G-1Yi+2..,GY

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

The following channel coding schemes can be applied to TrCHs:

- Convolutional coding

- Turbo coding

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

- Convolutional coding, Y2rate: Y; = 2*K; + 16; 1/3rate: Y; = 3*K; + 24

- Turbo coding, 1/3rate: Y, = 3*K; + 12

- No channel coding, Y; = K;

Table 1: Error Correction Coding Parameters

Transport channel type Coding scheme Coding rate

BCH

PCH

FACH 12

RACH Convolutional code

CPCH

DCH 1/3, 1/2 or no coding

CPCH

DCH Turbo Code 1/3 or no coding

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.
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Theinput bit sequenceisdenoted by X;;, X5, X3,..., X, Wherei isthe TrCH number and X; is the number bits. The Fi

output bit sequences per TTI aredenoted by Y, 1, ¥i n21 Yinas--+» Yiny Wheren; istheradio frame number in current
TTI and Y; isthe number of bits per radio frame for TrCH i. The output sequences are defined as follows:

yi'nik = Xi,((ni—l)mi)+k , N = 1F|,] =1..Y,
where
Y; = (X / F;) isthe number of bits per segment,

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

Yink is the k™ bit of the output bit sequence corresponding to the n radio frame

The n; -th segment is mapped to the n; -th radio frame of the transmission time interval.

4.2.6.1 Relation between input and output of the radio frame segmentation block in
uplink
The input bit sequence to the radio frame segmentation is denoted by dil,diz,dig,...,dm ,whereiisthe TrCH

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

The output bit sequence corresponding radio frame n; isdenoted by &,,8,,85,...,6y, , wherei isthe TrCH number

and N; isthe 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 1,05, Gigs---» Oq wherei isthe TrCH number and Q;

the number of bits. Hence, Xix = Qkand X = Q;.

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

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

4.2.7 Rate matching

Rate matching means that bits on 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 calculated.

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

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:

N For uplink: Number of bitsin aradio frame before rate matching on TrCH i with transport format
combinationj .

For downlink : Anintermediate calculation variable (not ainteger but amultiple of 1/8).
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N

AN, :

ij

Number of bitsin atransmission time interval before rate matching on TrCH i with transport format 1.
Used in downlink only.

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 : Anintermediate calculation variable (not integer but a multiple of 1/8).

AN

If positive - number of bits to be repeated in each transmission time interval on TrCH i with transport
format j.

If negative - number of bits to be punctured in each transmission time interval on TrCH i with transport format j.

RM;:

PL:

Ndata,j :

n;:

Ie(n):

S(n):

TFi(j):
TFS(i)
TFCS

€olus
€minus
X

Y.
Y:

NOTE:

Used in downlink only.
Semi-static rate matching attribute for transport channel i. Signalled from higher layers.

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.

Total number of bits that are available for the CCTrCH in aradio frame with transport format combination
j-

Number of TrCHsin the CCTrCH.

Intermediate calculation variable.

Number of radio frames in the transmission time interval of TrCH i.

Radio frame number in the transmission timeinterval of TrCH i (0 <n; < F).
Average puncturing distance. Used in uplink only.

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.

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

Transport format of TrCH i for the transport format combination j.

The set of transport format indexes| for TrCH i.

The set of transport format combination indexes j.

Initial value of variable e in the rate matching pattern determination algorithm of section 4.2.7.4.
Increment of variable e in the rate matching pattern determination algorithm of section 4.2.7.4.
Decrement of variable ein the rate matching pattern determination algorithm of section 4.2.7.4.
Systematic bit in section 4.1.3.2.1.

1% parity bit (from the upper Turbo constituent encoder) in section 4.1.3.2.1.

2" parity bit (from the lower Turbo constituent encoder) in section 4.1.3.2.1.

Timeindex t in section 4.1.3.2.1 is omitted for simplify the rate matching description.

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 xdo X, =Y". Intheright wing of an
assignment, the meaning isthat "Y = X« " isequivalent to "takeany xand do Y = X, "

3GPP
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The following relations, defined for all TFC j, are used when calculating the rate matching parameters:

Z,; =0

3GPP
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4.2.13 Restrictions on different types of CCTrCHs

Restrictions on the different types of CCTrCHs are described in general termsin TS 25.302[11]. In this section those
restrictions are given with layer 1 notation.

4.2.13.1 Uplink Dedicated channel (DCH)

The maximum value of the number of TrCHs | in a CCTrCH, the maximum value of the number of transport blocks M;
on each transport channel, and the maximum value of the number of DPDCHs P are given from the UE capability class.

4.2.13.2 Random Access Channel (RACH)

- There can only be one TrCH in each RACH CCTrCH, i.e. I=1, ¢ = fikand S=V,.

- The maximum value of the number of transport blocks M; on the transport channel is given from the UE
capability class.

- Thetransmission timeinterval isaways 10 ms, i.e. €1x = Cix and N; = E;.
- Atinitial RACH transmission the rate matching attribute has a predefined value.

- Only one PRACH isused, i.e. P=1, Uik =S, andU =S

4.2.13.3 Common Packet Channel (CPCH)

- The maximum value of the number of TrCHs| in a CCTrCH, the maximum value of the number of transport
blocks M; on each transport channel, and the maximum value of the number of DPDCHs P are given from the
UE capability class.

NOTE: Only the data part of the CPCH can be mapped on multiple physical channels (this noteistaken from TS
25.302).

4.2.13.4 Downlink Dedicated Channel (DCH)

The maximum value of the number of TrCHs | in a CCTrCH, the maximum value of the number of transport blocks M;
on each transport channel, and the maximum value of the number of DPDCHs P are given from the UE capability class.

4.2.135 Downlink Shared Channel (DSCH) associated with a DCH
- The spreading factor isindicated with the TFCI or with higher layer signalling on DCH.
- Therecanonly beone TrCH-in-each DSCH-CCTrCH e =1, S=Fycand S=V,.

- The maximum value of the number of transport blocks M; on the transport channel and the maximum value of
the number of PDSCHSs P are given from the UE capability class.

4.2.13.6 Broadcast channel (BCH)

- Therecan only be one TrCH inthe BCH CCTrCH, i.e. I=1, § = fik, and S=V,.
- There can only be one transport block in each transmission time interval, i.e. M; = 1.
- All transport format attributes have predefined values.

- Only one primary CCPCH isused, i.e. P=1.

4.2.13.7 Forward access and paging channels (FACH and PCH)

- The maximum value of the number of TrCHs| in a CCTrCH and the maximum value of the number of transport
blocks M; on each transport channel are given from the UE capability class.

- Thetransmission timeinterval for TrCHs of PCH type is always 10 ms.
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- Only one secondary CCPCH isused per CCTrCH, i.e. P=1.
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Agenda item:

Source: Ericsson
Title: CR 25.212-018: Minimum SF in uplink
Document for: Decision

1 Introduction

In uplink, the spreading factor (SF) and the number of codes are selected in order to satisfy the following criteria given
by order of priority:

i The number of used DPDCHSsis minimised, or the SF is constrained to be greater than or equal to the minimum
value supported by the UE

ii. The puncturing is minimised, provided that constraint (i) till holds

iii. The SF is maximised provided that constraints (i) and (ii) till hold.

Thisis described with the relations in section 4.2.7.1.1 of [1]. Using the above criteria, there is no need to signal the SF.
However, there could be situations where UTRAN prefers to use puncturing and a higher SF. Consider for example the
case when 10% puncturing would enable a higher SF. If the base station is short of resourcesit is preferable from an
UTRAN perspective to use the higher SF rather then rejecting the UE’ s request.

In the physical channel information elements (section 10.2.6.8 of [2]) thereis a SF parameter called DPDCH
channelization code. The name is not very suitable but it could be used for signalling the minimum SF that the UE is
allowed to use. The criteriafor choosing SF would then be changed to:

i The number of used DPDCHSsis minimised, or the SF is constrained to be greater than or equal to the minimum
value supported by the UE and allowed by UTRAN.

ii. The puncturing is minimised, provided that constraint (i) till holds
iii. The SF is maximised provided that constraints (i) and (ii) till hold.

This means that the definition of SETO in section 4.2.7.1.1 of [1] needs to be modified. A CR with this change is
attached.

2 References

[1] TSG RAN WG1, “TS 25.212 Multiplexing and channel coding (FDD)”.
[2] TSG RAN WG2, “TS 25.331 RRC Protocol Specification”.
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4.2.7.1 Determination of rate matching parameters in uplink
427.1.1 Determination of SF and number of PhCHs needed

In uplink, puncturing can be applied to match the CCTrCH bit rate to the PhCH bit rate. The bit rate of the PhCH(s) is
I|m|ted bv the UE capability and restrlct|ons imposed by UTRAN through I|m|tat|ons on the PhCH spreaqu factor.tn

beeausetheUEeleeenet—sappert%Fdemmte# The maximum amount of puncturl ng that can be appl iedissigna Ied
from higher layers and denoted by PL. The number of available bitsin the radio frames for all possible spreading factors

isgivenin[2]. Denote these values by Nasg, Niog, Naa, Na2, Nis, Ng, and Ny, where the index refers to the spreading factor.
The possible values of Nyaa then are { Nasg, Niog, Naa, N3z, Nig, Ng, Ng 2Ny, 3Ny, 4Ny, 5N,, 6N4}.Depending on the UE
capabilityies and the restrictions from UTRAN, the suppertedallowed set of Ny , denoted SETO, can be a subset of {

Nass, Ni2g, Nea, Nag, Nig, Ng, Na 2Ng, 3Ng, 4Ng, SNa, 6N} . Ny j fOr the transport format combination j is determined by
executing the following agorithm:

SET1={ Ngxain SETOsuch that N, = Z—{—}— i isnon negative }
minRM !

I<y<l|
If SET1isnot empty and the smallest element of SET1 requiresjust one PhCH then
Ngataj = mMin SET1

else
L RM
SET2 ={ Ngaa in SETOsuchthat N, —PL DZ *— [N, . isnon negative }
£ {RM } !
= ]r_nylﬂ

Sort SET?2 in ascending order

Ngata= min SET2

While Ngata 1S N0t the max of SET2 and the follower of Ngyai, requires no additional PhCH do
Nyata = follower of Ngaa in SET2

End while

Noataj = Naaa

End if

42.7.1.2 Determination of parameters needed for calculating the rate matching pattern

The number of bits to be repeated or punctured, AN;;, within one radio frame for each TrCH i is calculated with equation
1for al possible transport format combinationsj and selected every radio frame. Ny j iS given from section 4.2.7.1.1.

In compressed mode N isreplaced by NS - in Equation 1. N . isgiven from the following relation:

data, j data, j data, j

Nt = 2Nga; — NygL» where

data, j
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4.2.7.2.1 Determination of rate matching parameters for fixed positions of TrCHs

First an intermediate calculation variable N, « iscalculated for all transport channelsi by the following formula:

N, = 1 Omax N.'™

"R 1oTes() i

The computation of the ANiT' parameters is then performed in for al TrCH i and all TF | by the following formula,
where AN; . isderived from N, . by the formulagiven at section 4.2.7:

EMBEDAN,,, = F [AN,.
If EMBED AN, = 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 4.2.7.4 does not need to be executed. In this case we have :

Ol OTFS(i)ANT =0

Otherwise, for determining €ni, €ius, Eminuss @d N the following parameters are needed:
For convolutional codes,

EMBEDAN = AN,

a=2

N __ = max N

TTI
X rres()

For each transmission time interval of TrCH i with TF |, the rate-matching pattern is calculated with the algorithmin
section 4.2.7.4. The following parameters are used as input:

N =N™

Qni = Nmax

eplus =a |:Nmax
eminus =a I:IDN|

Puncturing if AN < 0, repetition otherwise. The values of AN:V_,r ' may be computed by counting repetitions or
puncturing when the algorithm of section 4.2.7.4 isrun.

For turbo codes, if repetition is to be performed, such as AN, ., > O EMBED, parameters for turbo codes are the same
as parameter for convolutional codes. If puncturing is to be performed, parameters are as follows.

a=2for Y sequence,
a=1for Y sequence.

The X bits shall not be punctured.

_OAN,,,/2or Y sequence

AN
N.../2for Y'sequence

EMBED

3GPP
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N_ = max)mli]'” /13[

M\ OTFS(|

For each transmission time interval of TrCH i with TF |, the rate-matching pattern is calculated with the algorithmin
section 4.2.7.4. The following parameters are used as input:

N=[N"/3C
Qni = Nmax
eplus =a |:Nmax
eminus =a I:IDN|
Puncturing if AN < 0, repetition otherwise.

The values of ANErI may be computed by counting repetitions or puncturing when the algorithm of section 4.2.7.4 is
run.

3GPP
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4.2.1 Channel coding

Code blocks are delivered to the channel coding block. They are denoted by O, ;,0,,,0,3;...,0, » Wherei isthe

TrCH number, r is the code block number, and K; is the number of bits in each code block. The number of code blocks
on TrCH i is denoted by C;. After encoding the bits are denoted by Y1, ¥ir2, Yirzs---1 Yiry, - Theencoded blocks are

serially multiplexed so that the block with lowest index r is output first from the channel coding block. The bits output
aredenoted by G;,C,,Cg3,..., c:IE , wherei isthe TrCH number and E; = C;Y;. The output bits are defined by the

following relations:

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

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

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

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

The following channel coding schemes can be applied to TrCHs:

- Convolutiona coding

- Turbo coding

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

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

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

No channel coding, Y; = K|

Table 1: Error Correction Coding Parameters

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

BCH
PCH
EACH 12

Convolutional code
RACH

13,1/2

CPCH, DCH, DSCH,FACH

Turbo Code 1/3

No coding

33
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