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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 calculated.

The number of bits on a transport channel can vary between different transmission time intervals. In the downlink the
transmission is interrupted if the number of bits is lower 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
second multiplexing is identical 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 bits in a radio frame before rate matching on TrCH i with transport format
combination j .

For downlink : An intermediate calculation variable (not a integer but a multiple of 1/8).

TTI
ilN : Number of bits in a transmission time interval before rate matching on TrCH i with transport format l.

Used in downlink only.

ijN∆ : 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 integer but a multiple of 1/8).

TTI
ilN∆ : 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.

Used in downlink only.

RMi: 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.

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

I: Number of TrCHs in the CCTrCH.

Zij: Intermediate calculation variable.

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

ni: Radio frame number in the transmission time interval of TrCH i (0 ≤ ni < Fi).

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.

IF(ni): The inverse interleaving function of the 1st interleaver (note that the inverse interleaving function is
identical to the interleaving function itself for the 1st interleaver). Used in uplink only.

S(ni): The shift of the puncturing or repetition pattern for radio frame ni. Used in uplink only.

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



3GPP

233G TS 25.212 version 3.0.0 (1999-10)

4.2.7.1.2 Determination of parameters needed for calculating the rate matching pattern

The number of bits to be repeated or punctured, ∆Nij, 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. Ndata,j is given from section 4.2.7.1.1.

In compressed mode jdataN ,  is replaced by cm
jdataN ,  in Equation 1. cm

jdataN ,  is given from the following relation:

TGLjdata
cm

jdata NNN −= ,, 2 , where

                 jdataN
TGL

,2
15

, if Nfirst + TGL ≤ 15

                  jdata
first N

N
,2

15

15 −
, in first frame if Nfirst + TGL > 15

                  jdata
first N

NTGL
,2

15

)15( −−
, in second frame if Nfirst + TGL > 15

Nfirst and TGL are defined in section 4.4.

If ∆Nij = 0 then the output data of the rate matching is the same as the input data and the rate matching algorithm of
section 4.2.7.4 does not need to be executed.

Otherwise, for determining eini, eplus, eminus, and N  the following parameters are needed (regardless if the radio frame is
compressed or not):

For convolutional codes,

R = ∆Nij  mod  Nij -- note: in this context ∆Nij  mod  Nij is in the range of 0 to Nij-1  i.e. -1 mod 10 = 9.

if  R ≠  0 and 2R ≤  Nij

      then q =   Nij  /  R 

else

      q =   Nij  /  (R - Nij) 

endif

-- note: q is a signed quantity.

q=  Nij /( ∆Nij )

if q is even

then q' = q +– gcd( q , Fi)/Fi  -- where gcd ( q , Fi) means greatest common divisor of  q  and Fi

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

else

q' = q

endif

for x = 0 to Fi-1

S(IF (    x*q'     mod Fi)) = (    x*q'      div Fi)

end for

=TGLN
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1 Introduction
In WG1 #8 in New York, 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 requested 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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4.2.7.1.2 Determination of parameters needed for calculating the rate matching pattern

The number of bits to be repeated or punctured, ∆Nij, 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. Ndata,j is given from section 4.2.7.1.1.

In compressed mode jdataN ,  is replaced by cm
jdataN ,  in Equation 1. cm

jdataN ,  is given from the following relation:

TGLjdata
cm

jdata NNN −= ,, 2 , where
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Nfirst and TGL are defined in section 4.4.

If ∆Nij = 0 then the output data of the rate matching is the same as the input data and the rate matching algorithm of
section 4.2.7.4 does not need to be executed.

Otherwise, for determining eini, eplus, eminus, and N  the following parameters are needed (regardless if the radio frame is
compressed or not):

For convolutional codes,

q=  Nij /( ∆Nij )

if q is even

then q' = q – gcd(q, Fi)/Fi  -- where gcd (q, Fi) means greatest common divisor of q and Fi

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

else

q' = q

endif

for x = 0 to Fi-1

S(IF ( x*q'  mod Fi)) = ( x*q'  div Fi)

end for

∆N = ∆Ni,j

a = 2

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

N = Ni,j., and

eini = (a⋅S(ni)⋅|∆N| + 1) mod a⋅N.

eplus = a⋅N

eminus = a⋅|∆N|

puncturing for ∆N<0, repeating otherwise.

For turbo codes, if repetition is to be performed, such as ∆Ni,j >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=1 for Y’ sequence.

=TGLN
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∆N =
 
 




sequence Y'for  2/

sequence Yfor  2/

,

,

ji

ji

N

N

∆
∆

N =  Ni,j /3  ,

q =  N /|∆N| 

if(q ≤ 2)

for x=0 to Fi-1

if(Y sequence)

S[IF[(3x+1) mod Fi]] = x mod 2;

 if(Y’ sequence)

S[IF [(3x+2) mod Fi]] = x mod 2;

end for

else

if q is even

then  q' = q – gcd(q, Fi)/ Fi   -- where gcd (q, Fi) means greatest common divisor of q and Fi

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

else q’ = q

endif

for x=0 to Fi -1

 r =   x*q’  mod Fi;

if(Y sequence)

S[IF[(3r+1) mod Fi]] =   x*q’  div Fi;

if(Y’ sequence)

S[IF[(3r+2) mod Fi ]] =   x*q’  div Fi;

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,

eini = (a⋅S(ni)⋅|∆N| + N) mod a⋅N,  if eini =0 then eini = a⋅N.

eplus = a⋅N

eminus = a⋅ ∆N

puncturing for ∆N<0, repeating otherwise.

4.2.7.2 Determination of rate matching parameters in downlink

For downlink Ndata,j does not depend on the transport format combination j. Ndata,* is given by the channelization code(s)
assigned by higher layers.
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4.2.7.2.1 Determination of rate matching parameters for fixed positions of TrCHs

First an intermediate calculation variable ,*iN  is calculated for all transport channels i by the following formula:

( )
TTI

li
iTFSl

i
i N

F
N ,,* max

1
∈

⋅=

The computation of the TTI
liN ,∆  parameters is then performed in for all TrCH i and all TF l by the following formula,

where ,*iN∆  is derived from ,*iN  by the formula given at section 4.2.7:

,*,* ii
TTI
i NFN ∆⋅=∆

If 0,* =∆ TTI
iN  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 eini, eplus, eminus, and N  the following parameters are needed:

For convolutional codes,

TTI
iNN ,*∆=∆

a=2

( )
TTI
il

iTFSl
max NN

∈
= max

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

TTI
ilNN =

=inie  1 maxplus Nae ⋅=

Nae us ∆⋅=min

Puncturing if 0<∆N , repetition otherwise.

For turbo codes, if repetition is to be performed, such as 0,* >∆ TTI
iN , 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=1 for Y’ sequence.

The X bits shall not be punctured.

∆N =
 
 





sequence Y'for  2/

sequence Yfor  2/

,*

,*
TTI
i

TTI
i

N

N

∆
∆

( ) 3/max TTI
il

iTFSl
max NN

∈
=

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

 3/TTI
ilNN =
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maxini Ne =

maxplus Nae ⋅=

Nae us ∆⋅=min

Puncturing if 0<∆N , repetition otherwise.

4.2.7.2.2 Determination of rate matching parameters for flexible positions of TrCHs

First an intermediate calculation variable ijN  is calculated for all transport channels i and all transport format

combinations j by the following formula:

( )
TTI

jTFi
i

ji i
N

F
N ,,

1 ⋅=

Then rate matching ratios RFi 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 RFi ratios are defined by the following formula:

( )
iIi

i
jii

TFCSj

data
i RM

NRM

N
RF ⋅

⋅
=

∑
=

=∈
1

,

,*

max

The computation of 
TTI

liN ,∆  parameters is then performed in two phases. In a first phase, tentative temporary values of

TTI
liN ,∆  are computed, and in the second phase they are checked and corrected. The first phase, by use of the RFi 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 Ndata,*. 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 
TTI

liN ,∆ is the definitive value.

The first phase defines the tentative temporary 
TTI

liN ,∆  for all transport channel i and any of its transport format l by use

of the following formula:

TTI
li

i

TTI
lii

i
TTI

li N
F

NRF
FN ,

,
, −







 ⋅
⋅=∆

The second phase is defined by the following algorithm:

for all j  in TFCS do -- for all TFC

( ) ( )∑
=

=

∆+
=

Ii

i i

TTI
jTFi

TTI
jTFi

F

NN
D ii

1

,, -- CCTrCH bit rate (bits per 10ms) for TFC l

if 
,*dataND >  then

for i = 1 to I do -- for all TrCH

jii NFN ,∆⋅=∆ -- jiN ,∆   is derived from jiN ,  by the formula given at section 4.2.7.

if ( ) NN TTI
jTFi i

∆>∆ , then
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( ) NN TTI
jTFi i

∆=∆ ,

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 0, =∆ TTI
liN  then, for TrCH i at TF l, 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 eini, eplus, eminus, and N  the following parameters are needed:

For convolutional codes,

TTI
ilNN ∆=∆

a=2

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

TTI
ilNN =

=inie 1

Naeplus ⋅=

Nae us ∆⋅=min

puncturing for 0<∆N , repeating otherwise.

For turbo codes, if repetition is to be performed, such as 0>∆ TTI
ilN , 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=1 for Y’ sequence.

X bits shall not be punctured.

∆N =
 
 




sequence Y'for  2

sequence Yfor  2

/N

/N
TTI
il

TTI
il

∆
∆

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

N =  3/N TTI
il ,

eini = N ,

Naeplus ⋅=
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Nae us ∆⋅=min

puncturing for 0<∆N , repeating otherwise.
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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) Page 27:
( )

)3/(max TTI
il

iTFSl
max NN

∈
=

( ) 3/max TTI
il

iTFSl
max NN

∈
= Not needed since always a multiple of 3.

2) Page 31:     kNikNi ii
yz ++ = 3/,,13/3,     kNikNi ii

yz ++ = 3/,3/3,   Typo

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

Entire section 4.2.7 The following notation is currently used for the number of
bits before rate matching:

UL: iji NNN ==

DL: TTI
ili NEN ==

It is proposed that N is replaced by Xi so that it is possible
to distinguish between different TrCHs.

Similarly, it is proposed that ∆N is replaced by ∆Ni.

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

Section 4.2.7.1.2 / 4.2.7.2.1 / 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 / 4.2.7.2.1 / 4.2.7.2.2 Minor correction: N (Xi) is known not determined.

Section 4.2.7.1.2.2 / 4.2.7.2.1.2 / 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 TTI
ilN  always is a multiple of

three.

Section 4.2.7.3 Completely rewritten. A new notation is introduced for the
bits. The section is divided into subsections. Clearly states
what happens in UL when Nij is not a multiple of three (the
last 1 or 2 bits can not be punctured).

Section 4.2.7.5 / 4.2.7.6 Removed since they are now covered in 4.2.7.3
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The input bit sequence is denoted by 
iiXiii xxxx ,,,, 321 �  where i is the TrCH number and Xi is the number bits. The Fi

output bit sequences per TTI are denoted by  
iiiii Ynininini yyyy ,3,2,1, ,,,, � where ni is the radio frame number in current

TTI and Yi is the number of bits per radio frame for TrCH i. The output sequences are defined as follows:

kni i
y , = ( )( ) kYni ii

x +⋅−1, , ni = 1…Fi, j = 1…Yi

where

Yi = (Xi / Fi) is the number of bits per segment,

ikx  is the kth bit of the input bit sequence and

kni i
y , is the kth bit of the output bit sequence corresponding to the nth radio frame

The ni -th segment is mapped to the ni -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 
iiTiii dddd ,,,, 321 � , where i is the TrCH

number and Ti the number of bits. Hence, xik = dik and Xi = Ti.

The output bit sequence corresponding  radio frame ni is denoted by 
iiNiii eeee ,,,, 321 � , where i is the TrCH number

and Ni is the number of bits. Hence, kniki i
ye ,, = and Ni = Yi.

4.2.6.2 Relation between input and output of the radio frame segmentation block in
downlink

The bits input to the radio frame segmentation are denoted by 
iiQiii qqqq ,,,, 321 � , where i is the TrCH number and Qi

the number of bits. Hence, xik = qik and Xi = Qi.

The output bit sequence corresponding to radio frame ni is denoted by 
iiViii ffff ,,,, 321 � , where i is the TrCH

number and Vi is the number of bits. Hence, kniki i
yf ,, = and Vi = Yi.

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 a transport channel can vary between different transmission time intervals. In the downlink the
transmission is interrupted if the number of bits is lower than maximum. When the number of bits between different
transmission time intervals in uplink is changed, bits are repeated or punctured to ensure that the total bit rate after
secondTrCH multiplexing is identical 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 bits in a radio frame before rate matching on TrCH i with transport format
combination j .

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

TTI
ilN : Number of bits in a transmission time interval before rate matching on TrCH i with transport format l.

Used in downlink only.
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ijN∆ : 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).

TTI
ilN∆ : 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.

Used in downlink only.

RMi: 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.

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

I: Number of TrCHs in the CCTrCH.

Zij: Intermediate calculation variable.

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

ni: Radio frame number in the transmission time interval of TrCH i (0 ≤ ni < Fi).

q: Average puncturing distance. Used in uplink only.

IF(ni): The inverse interleaving function of the 1st interleaver (note that the inverse interleaving function is
identical to the interleaving function itself for the 1st interleaver). Used in uplink only.

S(ni): The shift of the puncturing pattern for radio frame ni. Used in uplink only.

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

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

TFCS The set of transport format combination indexes j.

eini Initial value of variable e in the rate matching pattern determination algorithm of section 4.2.7.44.2.7.5.

eplus Increment of variable e in the rate matching pattern determination algorithm of section 4.2.7.44.2.7.5.

eminus Decrement of variable e in the rate matching pattern determination algorithm of section 4.2.7.44.2.7.5.

Xb: Indicates systematic and parity bits
b=1: Systematic bit. X(t) in section 4.1.3.2.1.

Y: b=2: 1st parity bit (from the upper Turbo constituent encoder). Y(t) in section 4.1.3.2.1.
Y’: b=3: 2nd parity bit (from the lower Turbo constituent encoder). Y’(t) in section 4.1.3.2.1.

NOTE:     Time index 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 Xx does not depend on the index x. In the
left wing of an assignment the meaning is that "X* = Y" is equivalent to "for all x do Xx = Y ". In the right wing of an
assignment, the meaning is that "Y = X* " is equivalent to "take any x and do Y = Xx "

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

0,0 =jZ
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

















⋅
⋅

⋅
=

∑

∑

=

=
jdataI

m
mjm

i

m
mjm

ij N
NRM

NRM
Z ,

1

1   for all i = 1 .. I (1)

ijjiijij NZZN −−=∆ − ,1                  for all i = 1 .. I

4.2.7.1 Determination of rate matching parameters in uplink

4.2.7.1.1 Determination of SF and number of PhCHs needed

In uplink puncturing can be used to avoid multicode or to enable the use of a higher spreading factor when this is 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 bits in the radio frames for all possible spreading factors
is given in [2]. Denote these values by N256, N128, N64, N32, N16, N8, and N4, where the index refers to the spreading factor.
The possible values of Ndata then are { N256, N128, N64, N32, N16, N8, N4, 2N4, 3N4, 4N4, 5N4, 6N4}.Depending on the UE
capabilities, the supported set of Ndata , denoted SET0, can be a subset of { N256, N128, N64, N32, N16, N8, N4, 2N4, 3N4, 4N4,
5N4, 6N4}. Ndata, j for the transport format combination j is determined by executing the following algorithm:

SET1 = { Ndata in SET0 such that { } jx

I

x y
Iy

x
data N

RM

RM
N ,

1
1

,

min
⋅−∑

=
≤≤

 is non negative }

If SET1 is not empty and the smallest element of SET1 requires just one PhCH then

Ndata,j = min SET1

else

SET2 = { Ndata in SET0 such that { } jx

I

x y
Iy

x
data N

RM

RM
PLN ,

1
1
min

⋅⋅− ∑
=

≤≤

 is non negative }

Sort SET2 in ascending order

Ndata = min SET2

While Ndata is not the max of SET2 and the follower of Ndata requires no additional PhCH do

Ndata = follower of Ndata in SET2

End while

Ndata,j = Ndata

End if

4.2.7.1.2 Determination of parameters needed for calculating the rate matching pattern

The number of bits to be repeated or punctured, ∆Nij, 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. Ndata,j is given from section 4.2.7.1.1.

In compressed mode jdataN ,  is replaced by
cm

jdataN ,  in Equation 1. 
cm

jdataN ,  is given from the following relation:

TGLjdata
cm

jdata NNN −= ,, 2 , where
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jdataN
TGL

,2
15

, if Nfirst + TGL ≤ 15

jdata
first N

N
,2

15

15 −
, in first frame if Nfirst + TGL > 15

jdata
first N

NTGL
,2

15

)15( −−
, in second frame if Nfirst + TGL > 15

Nfirst and TGL are defined in section 4.4.

If ∆Nij = 0 then the output data of the rate matching is the same as the input data and the rate matching algorithm of
section 4.2.7.44.2.7.5 does not need to be executed.

If ∆Nij ≠ 0 the parameters listed in sections 4.2.7.1.2.1 and 4.2.7.1.2.2 shall be used forOtherwise, for determining eini,
eplus, and eminus, and N  the following parameters are needed (regardless if the radio frame is compressed or not).:

For convolutional codes,

4.2.7.1.2.1                   Uncoded and convolutionally encoded TrCHs

q=  Nij /( ∆Nij )

if q is even

then q' = q – gcd(q, Fi)/Fi  -- where gcd (q, Fi) means greatest common divisor of q and Fi

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

else

q' = q

endif

for x = 0 to Fi-1

S(IF ( x*q'  mod Fi)) = ( x*q'  div Fi)

end for

∆Ni = ∆Ni,j

a = 2

For each radio frame, the rate-matching pattern is calculated with the algorithm in section 4.2.7.44.2.7.5, where :

NXi = Ni,j., and

eini = (a⋅S(ni)⋅|∆Ni| + Nij) mod (a⋅Nij), if  eini = 0 then eini = a⋅Nij.

eplus = a⋅Nij

eminus = a⋅|∆Ni|

puncturing for ∆Ni<0, repetitionating otherwise.

4.2.7.1.2.2                   Turbo encoded TrCHs

For turbo codes, if repetition is to be performed, such as ∆Ni,j >0, parameters for turbo codes are the same as parameter
for convolutional codes. If repetition is to be performed on turbo encoded TrCHs, i.e. ∆Ni,j >0, the parameters in section
4.2.7.1.2.1 are used.

=TGLN
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If puncturing is to be performed, the parameters are as followsbelow shall be used. Index b is used to indicate systematic
(b=1), 1st parity (b=2), and 2nd parity bit (b=3).

a=2 when b=2for Y sequence, and

a=1 when b=3for Y’ sequence.

 
 




=∆
=∆

=∆
3   , 2

2   , 2

,

,

bN

bN
N

ji

ji

i ∆N =
 
 




∆
∆

sequence Y'for  2/

sequence Yfor  2/

,

,

ji

ji

N

N

NXi =  Ni,j /3  ,

q =  NXi /|∆Ni| 

if(q ≤ 2)

for x=0 to Fi-1

S[IF[(3x+b-1) mod Fi]] = x mod 2; if(Y sequence)

     S[IF[(3x+1) mod Fi]] = x mod 2;

      if(Y’ sequence)

      S[IF [(3x+2) mod Fi]] = x mod 2;

end for

else

if q is even

then  q' = q – gcd(q, Fi)/ Fi   -- where gcd (q, Fi) means greatest common divisor of q and Fi

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

else q’ = q

endif

for x=0 to Fi -1

 r =   x*q’  mod Fi;

S[IF[(3r+b-1) mod Fi]] =   x*q’  div Fi;if(Y sequence)

     S[IF[(3r+1) mod Fi]] =   x*q’  div Fi;

     if(Y’ sequence)

     S[IF[(3r+2) mod Fi ]] =   x*q’  div Fi;

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:

NXi is as above,

eini = (a⋅S(ni)⋅|∆Ni| + XiN) mod (a⋅XiN),  if eini =0 then eini = a⋅XiN.

eplus = a⋅XiN

eminus = a⋅ ∆Ni

puncturing for ∆N<0, repeating otherwise.
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4.2.7.2 Determination of rate matching parameters in downlink

For downlink Ndata,j does not depend on the transport format combination j. Ndata,* is given by the channelization code(s)
assigned by higher layers.

4.2.7.2.1 Determination of rate matching parameters for fixed positions of TrCHs

First an intermediate calculation variable ,*iN  is calculated for all transport channels i by the following formula:

( )
TTI

li
iTFSl

i
i N

F
N ,,* max

1
∈

⋅=

The computation of the TTI
liN ,∆  parameters is then performed in for all TrCH i and all TF l by the following formula,

where ,*iN∆  is derived from ,*iN  by the formula given at section 4.2.7:

,*,* ii
TTI
i NFN ∆⋅=∆

If 0,* =∆ TTI
iN  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 4.2.7.44.2.7.5 does not need to be executed.

If 0,* ≠∆ TTI
iN  the parameters listed in sections 4.2.7.2.1.1 and 4.2.7.2.1.2 shall be usedOtherwise, for determining eini,

eplus, and eminus., and N  the following parameters are needed:

For convolutional codes,

4.2.7.2.1.1                   Uncoded and convolutionally encoded TrCHs

TTI
ii NN ,*∆=∆

a=2

( )
TTI
il

iTFSl
max NN

∈
= max

For each transmission time interval of TrCH i with TF l, the rate-matching pattern is calculated with the algorithm in
section 4.2.7.44.2.7.5. The following parameters are used as input:

TTI
ili NX = TTI

ilNN =

maxini Ne =

maxplus Nae ⋅=

ius Nae ∆⋅=min Nae us ∆⋅=min

Puncturing if 0<∆ iN 0<∆N , repetition otherwise.

4.2.7.2.1.2                   Turbo encoded TrCHs

For turbo codes, if repetition is to be performed, such as 0,* >∆ TTI
iN , parameters for turbo codes are the same as

parameter for convolutional codes. If repetition is to be performed on turbo encoded TrCHs, i.e. 0,* >∆ TTI
iN , the

parameters in section 4.2.7.2.1.1 are used.
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If puncturing is to be performed, the parameters are as followsbelow shall be used. Index b is used to indicate systematic
(b=1), 1st parity (b=2), and 2nd parity bit (b=3).

a=2 when b=2for Y sequence,

a=1 when b=3for Y’ sequence.

The X bits indicated by b=1 shall not be punctured.

 
 




=∆
=∆

=∆
3   , 2

2   , 2

,*

,*

bN

bN
N

TTI
i

TTI
i

i ∆N =
 
 





sequence Y'for  2/

sequence Yfor  2/

,*

,*
TTI
i

TTI
i

N

N

∆
∆

( )
)3/(max TTI

il
iTFSl

max NN
∈

=
( ) 3/max TTI

il
iTFSl

max NN
∈

=

For each transmission time interval of TrCH i with TF l, the rate-matching pattern is calculated with the algorithm in
section 4.2.7.44.2.7.5. The following parameters are used as input:

3/TTI
ili NX =  3/TTI

ilNN =

maxini Ne =

maxplus Nae ⋅=

ius Nae ∆⋅=min Nae us ∆⋅=min

Puncturing if 0<∆N , repetition otherwise.

4.2.7.2.2 Determination of rate matching parameters for flexible positions of TrCHs

First an intermediate calculation variable ijN  is calculated for all transport channels i and all transport format

combinations j by the following formula:

( )
TTI

jTFi
i

ji i
N

F
N ,,

1 ⋅=

Then rate matching ratios RFi 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 RFi ratios are defined by the following formula:

( )
iIi

i
jii

TFCSj

data
i RM

NRM

N
RF ⋅

⋅
=

∑
=

=∈
1

,

,*

max

The computation of TTI
liN ,∆  parameters is then performed in two phases. In a first phase, tentative temporary values of

TTI
liN ,∆  are computed, and in the second phase they are checked and corrected. The first phase, by use of the RFi 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 Ndata,*. 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 TTI
liN ,∆ is the definitive value.

The first phase defines the tentative temporary TTI
liN ,∆  for all transport channel i and any of its transport format l by use

of the following formula:
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TTI
li

i

TTI
lii

i
TTI

li N
F

NRF
FN ,

,
, −







 ⋅
⋅=∆

The second phase is defined by the following algorithm:

for all j  in TFCS do -- for all TFC

( ) ( )∑
=

=

∆+
=

Ii

i i

TTI
jTFi

TTI
jTFi

F

NN
D ii

1

,, -- CCTrCH bit rate (bits per 10ms) for TFC l

if 
,*dataND >  then

for i = 1 to I do -- for all TrCH

jii NFN ,∆⋅=∆ -- jiN ,∆   is derived from jiN ,  by the formula given at section 4.2.7.

if ( ) NN TTI
jTFi i

∆>∆ , then

( ) NN TTI
jTFi i

∆=∆ ,

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 0, =∆ TTI
liN  then, for TrCH i at TF l, 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 0, ≠∆ TTI
liN  the parameters listed in sections 4.2.7.2.2.1 and 4.2.7.2.2.2 shall be usedOtherwise, for determining eini,

eplus, and eminus., and N  the following parameters are needed:

For convolutional codes,

4.2.7.2.2.1                   Uncoded and convolutionally encoded TrCHs

TTI
ili NN ∆=∆ TTI

ilNN ∆=∆

a=2

For each transmission time interval of TrCH i with TF l, the rate-matching pattern is calculated with the algorithm in
section 4.2.7.44.2.7.5. The following parameters are used as input:

TTI
ili NX = TTI

ilNN =

TTI
ilini Ne = Neini =

TTI
ilplus Nae ⋅= Naeplus ⋅=

ius Nae ∆⋅=min Nae us ∆⋅=min
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puncturing for 0<∆ iN 0<∆N , repetitionating otherwise.

4.2.7.2.2.2                   Turbo encoded TrCHs

For turbo codes, if repetition is to be performed, such as 0>∆ TTI
ilN , parameters for turbo codes are the same as

parameter for convolutional codes. If repetition is to be performed on turbo encoded TrCHs, i.e. 0>∆ TTI
ilN , the

parameters in section 4.2.7.2.2.1 are used.

If puncturing is to be performed, the parameters are as followsbelow shall be used. Index b is used to indicate systematic
(b=1), 1st parity (b=2), and 2nd parity bit (b=3).

a=2 when b=2for Y sequence,

a=1 when b=3for Y’ sequence.

The bits indicated by b=1 shall not be punctured.X bits shall not be punctured.

 
 




=∆
=∆

=∆
3   , 2

2   , 2

bN

bN
N

TTI
il

TTI
il

i ∆N =  
 




sequence Y'for  2

sequence Yfor  2

/N

/N
TTI
il

TTI
il

∆
∆

For each transmission time interval of TrCH i with TF l, the rate-matching pattern is calculated with the algorithm in
section 4.2.7.44.2.7.5. The following parameters are used as input:

3/TTI
ili NX = N =  3/N TTI

il ,

iini Xe = eini = N ,

iplus Xae ⋅= Naeplus ⋅=

ius Nae ∆⋅=min Nae us ∆⋅=min

puncturing for 0<∆N , repeating otherwise.

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 are illustrated in figures 6 and 7.
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Figure 6: Puncturing of turbo encoded TrCHs

Radio frame
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Bit separation

Rate matching
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Bit
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TrCH
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Rate matching

eik x1ik y1ik fik

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

The bit separation is dependent on the 1st interleaving and offsets are used to define the separation for different TTIs.
The offsets αb for the systematic (b=1) and parity bits (b∈ {2, 3}) are listed in table 4.

Table 4: TTI dependent offset needed for bit separation

TTI (ms) α1 α2 α3

10, 40 0 1 2
20, 80 0 2 1

The bit separation is different for different radio frames in the TTI. A second offset is therefore needed. The radio frame

number for TrCH i is denoted by ni. and the offset by 
inβ .
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Table 5: Radio frame dependent offset needed for bit separation

TTI (ms) β0 β1 β2 β3 β4 β5 β6 β7

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 bits input to the rate matching are denoted by
iiNiii eeee ,,,, 321 � , where i is the TrCH number and Ni is the

number of bits input to the rate matching block. Note that the transport format combination number j for simplicity has

been left out in the bit numbering, i.e. Ni=Nij. The bits after separation are denoted by
ibiXbibibi xxxx ,,,, 321 � . 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. Xi is the number of bits in each separated bit sequence. The relation between eik and xbik is given below.

For turbo encoded TrCHs with puncturing:

3mod)(1)1(3,,,1 1 inkiki ex βα +++−=          k = 1, 2, 3, …, Xi                   Xi  =  Ni /3

    kNikNi ii
ex ++ = 3/3,3/,,1                 k = 1, …, Ni mod 3          Note: When (Ni mod 3) = 0 this row is not needed.

3mod)(1)1(3,,,2 2 inkiki ex βα +++−=         k = 1, 2, 3, …, Xi                   Xi  =  Ni /3

3mod)(1)1(3,,,3 3 inkiki ex βα +++−=         k = 1, 2, 3, …, Xi                   Xi =  Ni /3

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

kiki ex ,,,1 =           k = 1, 2, 3, …, Xi                   Xi = Ni

4.2.7.3.2              Bit collection

The bits xbik are input to the rate matching algorithm described in section 4.2.7.5. The bits output from the rate matching

algorithm are denoted
ibiYbibibi yyyy ,,,, 321 � .

Bit collection is the inverse function of the separation. The bits after collection are denoted by 
ibiYbibibi zzzz ,,,, 321 � .

After bit collection, the bits indicated as punctured are removed and the bits are then denoted by
iiViii ffff ,,,, 321 � ,

where i is the TrCH number and Vi= Nij+∆Nij. The relations between ybik, zbik, and fik are given below.

For turbo encoded TrCHs with puncturing (Yi=Xi):

kiki yz
in ,,13mod)(1)1(3, 1

=+++− βα         k = 1, 2, 3, …, Yi

    kNikNi ii
yz ++ = 3/,,13/3,                 k = 1, …, Ni mod 3          Note: When (Ni mod 3) = 0 this row is not needed.

kiki yz
in ,,23mod)(1)1(3, 2

=+++− βα        k = 1, 2, 3, …, Yi

kiki yz
in ,,33mod)(1)1(3, 3

=+++− βα        k = 1, 2, 3, …, Yi
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After the bit collection, bits zi,k with value δ, where δ∉ {0, 1}, are removed from the bit sequence. Bit fi,1 corresponds to

the bit zi,k with smallest index k after puncturing, bit fi,2 corresponds to the bit zi,k with second smallest index k after
puncturing, and so on.

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

kiki yz ,,1, =          k = 1, 2, 3, …, Yi

When repetition is used, fi,k=zi,k and Yi=Vi.

When puncturing is used, Yi=Xi and bits zi,k with value δ, where δ∉ {0, 1}, are removed from the bit sequence. Bit fi,1

corresponds to the bit zi,k with smallest index k after puncturing, bit fi,2 corresponds to the bit zi,k 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 are illustrated in figures 6 and 7.

Channel
coding

Bit separation

Rate matching
algorithm

Bit
collection

1st insertion of
DTX

indication

Rate matching

cik x2ik

x1ik

x3ik

y2ik

y3ik

y1ik

gik

Figure 6: Puncturing of turbo encoded TrCHs

Channel
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Rate matching
algorithm

Bit
collection

1st insertion of
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indication

Rate matching

x1ik y1ikcik gik

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 bits input to the rate matching are denoted by
iiEiii cccc ,,,, 321 � , where i is the TrCH number and Ei is the

number of bits input to the rate matching block. Note that Ei 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=Nij. The bits after

separation are denoted by
ibiXbibibi xxxx ,,,, 321 � . 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. Xi is the number of bits in each separated bit
sequence. The relation between cik and xbik is given below.

For turbo encoded TrCHs with puncturing:

1)1(3,,,1 +−= kiki cx                   k = 1, 2, 3, …, Xi                   Xi  = Ei /3

2)1(3,,,2 +−= kiki cx                 k = 1, 2, 3, …, Xi                   Xi  = Ei /3

3)1(3,,,3 +−= kiki cx                  k = 1, 2, 3, …, Xi                   Xi = Ei /3

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

kiki cx ,,,1 =                k = 1, 2, 3, …, Xi                   Xi = Ei

4.2.7.4.2              Bit collection

The bits xbik are input to the rate matching algorithm described in section 4.2.7.5. The bits output from the rate matching

algorithm are denoted
ibiYbibibi yyyy ,,,, 321 � .

Bit collection is the inverse function of the separation. The bits after collection are denoted by 
ibiYbibibi zzzz ,,,, 321 � .

After bit collection, the bits indicated as punctured are removed and the bits are then denoted by
iiGiii gggg ,,,, 321 � ,

where i is the TrCH number and Gi= Nij+∆Nij. The relations between ybik, zbik, and gik are given below.

For turbo encoded TrCHs with puncturing (Yi=Xi):

kiki yz ,,11)1(3, =+−                  k = 1, 2, 3, …, Yi

kiki yz ,,22)1(3, =+−                 k = 1, 2, 3, …, Yi

kiki yz ,,33)1(3, =+−                 k = 1, 2, 3, …, Yi

After the bit collection, bits zi,k with value δ, where δ∉ {0, 1}, are removed from the bit sequence. Bit gi,1 corresponds

to the bit zi,k with smallest index k after puncturing, bit gi,2 corresponds to the bit zi,k with second smallest index k after
puncturing, and so on.

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

kiki yz ,,1, =          k = 1, 2, 3, …, Yi

When repetition is used, gi,k=zi,k and Yi=Gi.

When puncturing is used, Yi=Xi and bits zi,k with value δ, where δ∉ {0, 1}, are removed from the bit sequence. Bit gi,1

corresponds to the bit zi,k with smallest index k after puncturing, bit gi,2 corresponds to the bit zi,k with second smallest
index k after puncturing, and so on.
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4.2.7.3          Bit separation for rate matching
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Figure 6: Overall rate matching block diagram before first interleaving where x denotes punctured bit
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Figure 7: Overall rate matching block diagram after first interleaving where x denotes punctured bit

Rate matching puncturing for Turbo codes in uplink is applied separately to Y and Y’ sequences. No puncturing is
applied to X sequence. Therefore, it is necessary to separate X, Y, and Y’ sequences before rate matching is applied.

For uplink, there are two different alternation patterns in bit stream from radio frame segmentation according to the TTI
of a TrCH as shown in table 4.

Table 4: Alternation patterns of bits from radio frame segmentation in uplink

TTI (msec) Alternation patterns
10, 40 … X,Y,Y’,…
20, 80 … X,Y’,Y,…

In addition, each radio frame of a TrCH starts with different initial parity type. Table 5 shows the initial parity type of
each radio frame of a TrCH with TTI = {10, 20, 40, 80} msec.

Table 5: Initial parity type of radio frames of TrCH in uplink

Radio frame indexes (ni)TTI
(msec) 0 1 2 3 4 5 6 7

10 X NA NA NA NA NA NA NA
20 X Y NA NA NA NA NA NA
40 X Y’ Y X NA NA NA NA
80 X Y Y’ X Y Y’ X Y
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Table 4 and table 5 defines a complete output bit pattern from radio frame segmentation.

Ex. 1.                   TTI = 40 msec, ni = 2
                            Radio frame pattern: Y, Y’, X, Y, Y’, X, Y, Y’, X, …

Ex. 2                    TTI = 40 msec, ni = 3
                            Radio frame pattern: X, Y, Y’, X, Y, Y’, X, Y, Y’, X, …

Therefore, bit separation is achieved with the alternative selection of bits with the initial parity type and alternation
pattern specified in table 4 and table 5 according to the TTI and ni of a TrCH.

Rate matching puncturing for Turbo codes in downlink is applied separately to Y and Y’s sequences. No puncturing is
applied to X sequence. Therefore, it is necessary to separate X, Y, and Y’ sequences before rate matching is applied.

For downlink, output bit sequence pattern from Turbo encoder is always X, Y, Y’, X, Y, Y’, …. Therefore, bit
separation is achieved with the alternative selection of bits from Turbo encoder.

4.2.7.54 Rate matching pattern determination

Denote the bits before rate matching by:

iiXiii xxxx ,,,, 321 � iNiii xxxx ,,,, 321 � , where i is the TrCH number and NXi is the  parameter given in

sections 4.2.7.1 and 4.2.7.2.

The rate matching rule is as follows:

if puncturing is to be performed

e = eini -- initial error between current and desired puncturing ratio

m = 1 -- index of current bit

do while m <= XiN

e = e – eminus -- update error

if e <= 0 then -- check if bit number m should be punctured

punctureset bit xi,m to δ where δ∉ {0, 1}

e = e + eplus -- update error

end if

m = m + 1 --  next bit

end do

else

e = eini -- initial error between current and desired puncturing ratio

m = 1 -- index of current bit

do while m <= XiN

e = e – eminus -- update error

do while e <= 0 -- check if bit number m should be repeated

repeat bit xi,m

e = e +  eplus -- update error

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.

4.2.7.5           Relation between input and output of the rate matching block in uplink

The bits input to the rate matching are denoted by 
iiNii eeee ,,,, 1321 � , where i is the TrCH.

Hence, xik = eik and N = Nij = Ni.

The bits output from the rate matching are denoted by 
iiVii ffff ,,,, 1321 � , where i is the TrCH number and Vi=N+∆N

= Nij+∆Nij .

Note that the transport format combination number j for simplicity has been left out in the bit numbering.

4.2.7.6           Relation between input and output of the rate matching block in downlink

The bits input to the rate matching are denoted by 
iiEii cccc ,,,, 1321 � , where i is the TrCH number and l the transport

format number. Hence, xik = eik and i
TTI
il ENN == .

The bits output from the rate matching are denoted by 
iiGii gggg ,,,, 1321 � , where i is the TrCH number and

TTI
il

TTI
ili NNNNG ∆+=∆+= .

Note that the transport format number l for simplicity has been left out in the bit numbering.

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 
iiViii ffff ,,,, 321 � , where i is the TrCH number and Vi is the

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

multiplexing are denoted by Sssss ,,,, 321 � , where S is the number of bits, i.e. ∑=
i

iVS . The TrCH multiplexing is

defined by the following relations:

kk fs 1= k = 1, 2, …, V1

)(,2 1Vkk fs −= k = V1+1, V1+2, …, V1+V2

))((,3 21 VVkk fs +−= k = (V1+V2)+1, (V1+V2)+2, …, (V1+V2)+V3

�

))((, 121 −+++−=
IVVVkIk fs

�

k = (V1+V2+…+VI-1)+1, (V1+V2+…+VI-1)+2, …, (V1+V2+…+VI-1)+VI

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 as illustrated in figure 8 in TS
25.212. Figure 8 is equivalent with the following equation, using the connection frame number CFN (defined in TS
25.402) as reference:

CFNi mod Fi = 0.

CFNi denotes the connection frame number of the first radio frame within transmission time interval TTIi of transport
channel i. This relation gives a first 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 results in 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:

CFNi mod Fmax =0, where Fmax 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 CFNi mod Fmax =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 TTI 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. TTIi/10ms can be expressed by Fi.

3. The possible start timing for the TTIs of transport channels after they have been added or reconfigured is added by
including the equation CFNi mod (Fi) = 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.

• 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, the latest version applies.

[1] 3GPP RAN TS 25.201: "Physical layer – General Description"

[2] 3GPP RAN TS 25.211: "Transport channels and physical channels (FDD)"

[3] 3GPP RAN TS 25.213: "Spreading and modulation (FDD)"

[4] 3GPP RAN TS 25.214: "Physical layer procedures (FDD)"

[5] 3GPP RAN TS 25.215: "Measurements (FDD)"

[6] 3GPP RAN TS 25.221: "Transport channels and physical channels (TDD)"

[7] 3GPP RAN TS 25.222: "Multiplexing and channel coding (TDD)"

[8] 3GPP RAN TS 25.223: "Spreading and modulation (TDD)"

[9] 3GPP RAN TS 25.224: "Physical layer procedures (TDD)"

[10] 3GPP RAN TS 25.225: "Measurements (TDD)"

[11] 3GPP RAN TS 25.302: "Services Provided by the Physical Layer"

[12] 3GPP RAN TS 25.402: “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 channels multiplexed into one CCTrCh shallould have co-ordinated timings. in the sense that transport
blocks arriving from higher layers on different transport channels of potentially different transmission time intervals
shall have aligned transmissionWhen 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
CFN fulfilling the relation

CFNi mod Fmax = 0,

where Fmax 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 CFNi denotes the connection frame number of the first radio frame within the transmission time
interval of transport channel i.

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

CFNi mod Fi = 0.

time instants as shown in figure 8.

10 ms

20 ms

40 ms

80 ms

0 ms 10 ms 20 ms 30 ms 40 ms 50 ms 60 ms 70 ms 80 ms 90 ms100 ms 110 ms 120 ms 130 ms 140 ms 150 ms160 ms

Possible transmission time instants
Transmission-
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: Allowed transmission time instants

Figure 8: Possible transmission time instants regarding CCTrCH

2) Only transport channels with the same active set can be mapped onto the same CCTrCH.

3) Different CCTrCHs 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 same 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.

4.2.14.1 Allowed CCTrCH combinations for one UE

4.2.14.1.1 Allowed CCTrCH combinations on the uplink

A maximum of one CCTrCH is allowed for one UE on the uplink. It can be either

1) one CCTrCH of dedicated type

2) one CCTrCH of common type
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4.2.14.1.2 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: There is only 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 CCTrCHs.

NOTE 2: There is only one DPCCH in the downlink, even with multiple CCTrCHs. With multiple CCTrCHs, the
DPCCH is transmitted 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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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 a whole CCTrCH that has zero transport blocks on all TrCHs. Also this case needs to 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 (Mi = 0), the function shall be transparent.

•  TrBk concatenation/code block segmentation: The function can handle the case of no input bits.

•  Channel coding: If no code blocks are available (Ci = 0), the function shall be transparent (Ei = 0).

•  Rate matching: 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

•  Insertion of DTX indication with fixed positions: The function can handle the case of no input bits.

•  1st 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.

•  TrCH multiplexing: The function can handle the special case for all TrCHs within a CCTrCH having zero bits
which is possible for flexible positions.

•  Insertion of DTX indication with flexible positions: The function can handle the case of no input bits.

•  Physical channel segmentation: No impact since there will always be at least DTX indication bits.

•  2nd 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:

•  CRC: If no transport blocks are available (Mi = 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.

•  Channel coding: If no code blocks are available (Ci = 0), the function shall be transparent (Ei = 0).

•  Radio frame size equalisation: The function can handle the special case of no input bits.

•  1st 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.

•  Rate matching: 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.

•  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 TrCHs within a CCTrCH having
zero length.

•  2nd 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 all TrCHs within 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. Section 4.2.1.1 (CRC Calculation): “If no transport blocks are input to the CRC calculation (Mi = 0), no CRC
attachment shall be done.”

2. Section 4.2.3 (Channel coding): “If no code blocks are input to the channel coding (Ci = 0), no bits shall be output
from the channel coding, i.e. Ei = 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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4.2.1 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.

4.2.1.1 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:

gCRC24(D) = D24 + D23 + D6 + D5 + D + 1

gCRC16(D) = D16 + D12 + D5 + 1

gCRC12(D) = D12 + D11 + D3 + D2 + D + 1

gCRC8(D) = D8 + D7 + D4 + D3 + D + 1

Denote the bits in a transport block delivered to layer 1 by 
iimAimimim aaaa ,,,, 321 � , and the parity bits by

iimLimimim pppp ,,,, 321 � . Ai is the length of a transport block of TrCH i, m is the transport block number, and Li 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

24
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2
23

1
2422

2
23

1 imimimimimA
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im
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im pDpDpDpDaDaDa
i

ii ++++++++ ++
��

 yields a remainder equal to 0 when divided by gCRC24(D), polynomial
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yields a remainder equal to 0 when divided by gCRC16(D), polynomial
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yields a remainder equal to 0 when divided by gCRC12(D) and polynomial
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A

im pDpDpDpDaDaDa
i

ii ++++++++ ++
��

yields a remainder equal to 0 when divided by gCRC8(D).

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

4.2.1.1.1 Relation between input and output of the Cyclic Redundancy Check

The bits after CRC attachment are denoted by 
iimBimimim bbbb ,,,, 321 � , where Bi=Ai+Li. The relation between aimk and

bimk is:

imkimk ab = k = 1, 2, 3, …, Ai

))(1( ii AkLimimk pb −−+= k = Ai + 1, Ai + 2, Ai + 3, …, Ai + Li
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blocks on TrCH i is denoted by Mi. The bits after concatenation are denoted by 
iiXiii xxxx ,,,, 321 � , where i is the

TrCH number and Xi=MiBi. They are defined by the following relations:

kiik bx 1= k = 1, 2, …, Bi

)(,2, iBkiik bx −= k = Bi + 1, Bi + 2, …, 2Bi

)2(,3, iBkiik bx −= k = 2Bi + 1, 2Bi + 2, …, 3Bi

�

))1((,, iii BMkMiik bx −−= k = (Mi - 1)Bi + 1, (Mi - 1)Bi + 2, …, MiBi

4.2.2.2 Code block segmentation

Segmentation of the bit sequence from transport block concatenation is performed if Xi>Z. The code blocks after
segmentation are of the same size. The number of code blocks on TrCH i is denoted by Ci. If the number of bits input to
the segmentation, Xi, is not a multiple of Ci, filler bits are added to the last block. The filler 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 
iirKiririr oooo ,,,, 321 � , where i is the TrCH number, r is

the code block number, and Ki is the number of bits.

Number of code blocks: Ci =  Xi / Z   

Number of bits in each code block: Ki =  Xi / Ci   

Number of filler bits: Yi = CiKi - Xi

If Xi ≤ Z, then oi1k = xik, and Ki = Xi.

If Xi ≥ Z, then

ikki xo =1 k = 1, 2, …, Ki

)(,2 iKkiki xo += k = 1, 2, …, Ki

)2(,3 iKkiki xo += k = 1, 2, …, Ki

�

))1(( iii KCkikiC xo −+= k = 1, 2, …, Ki - Yi

0=kiCi
o k = (Ki - Yi) + 1, (Ki - Yi) + 2, …, KI

4.2.3 Channel coding

Code blocks are delivered to the channel coding block. They are denoted by 
iirKiririr oooo ,,,, 321 � , where i is the

TrCH number, r is the code block number, and Ki is the number of bits in each code block. The number of code blocks

on TrCH i is denoted by Ci. After encoding the bits are denoted by 
iirYiririr yyyy ,,,, 321 � . The encoded blocks are
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serially multiplexed so that the block with lowest index r is output first from the channel coding block. The bits output

are denoted by 
iiEiii cccc ,,,, 321 � , where i is the TrCH number and Ei = CiYi. The output bits are defined by the

following relations:

kiik yc 1= k = 1, 2, …, Yi

)(,2, iYkiik yc −= k = Yi + 1, Yi + 2, …, 2Yi

)2(,3, iYkiik yc −= k = 2Yi + 1, 2Yi + 2, …, 3Yi

�

))1((,, iii YCkCiik yc −−= k = (Ci - 1)Yi + 1, (Ci - 1)Yi + 2, …, CiYi

The relation between oirk and yirk and between Ki and Yi 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 Yi in connection with each coding scheme:

- Convolutional coding, ½ rate: Yi = 2*Ki + 16; 1/3 rate: Yi = 3*Ki + 24

- Turbo coding, 1/3 rate: Yi = 3*Ki + 12

- No channel coding, Yi = Ki

Table 1: Error Correction Coding Parameters

Transport channel type Coding scheme Coding rate

BCH
PCH
FACH
RACH

1/2

CPCH
DCH

Convolutional code

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 (Ci = 0), no bits shall be output from the channel coding, i.e. Ei = 0.
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The input bit sequence is denoted by 
iiXiii xxxx ,,,, 321 �  where i is the TrCH number and Xi is the number bits. The Fi

output bit sequences per TTI are denoted by  
iiiii Ynininini yyyy ,3,2,1, ,,,, � where ni is the radio frame number in current

TTI and Yi is the number of bits per radio frame for TrCH i. The output sequences are defined as follows:

kni i
y , = ( )( ) kYni ii

x +⋅−1, , ni = 1…Fi, j = 1…Yi

where

Yi = (Xi / Fi) is the number of bits per segment,

ikx  is the kth bit of the input bit sequence and

kni i
y , is the kth bit of the output bit sequence corresponding to the nth radio frame

The ni -th segment is mapped to the ni -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 
iiTiii dddd ,,,, 321 � , where i is the TrCH

number and Ti the number of bits. Hence, xik = dik and Xi = Ti.

The output bit sequence corresponding  radio frame ni is denoted by 
iiNiii eeee ,,,, 321 � , where i is the TrCH number

and Ni is the number of bits. Hence, kniki i
ye ,, = and Ni = Yi.

4.2.6.2 Relation between input and output of the radio frame segmentation block in
downlink

The bits input to the radio frame segmentation are denoted by 
iiQiii qqqq ,,,, 321 � , where i is the TrCH number and Qi

the number of bits. Hence, xik = qik and Xi = Qi.

The output bit sequence corresponding to radio frame ni is denoted by 
iiViii ffff ,,,, 321 � , where i is the TrCH

number and Vi is the number of bits. Hence, kniki i
yf ,, = and Vi = Yi.

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 a transport channel can vary between different transmission time intervals. In the downlink the
transmission is interrupted if the number of bits is lower 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
second multiplexing is identical 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 bits in a radio frame before rate matching on TrCH i with transport format
combination j .

For downlink : An intermediate calculation variable (not a integer but a multiple of 1/8).
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TTI
ilN : Number of bits in a transmission time interval before rate matching on TrCH i with transport format l.

Used in downlink only.

ijN∆ : 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 integer but a multiple of 1/8).

TTI
ilN∆ : 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.

Used in downlink only.

RMi: 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.

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

I: Number of TrCHs in the CCTrCH.

Zij: Intermediate calculation variable.

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

ni: Radio frame number in the transmission time interval of TrCH i (0 ≤ ni < Fi).

q: Average puncturing distance. Used in uplink only.

IF(ni): The inverse interleaving function of the 1st interleaver (note that the inverse interleaving function is
identical to the interleaving function itself for the 1st interleaver). Used in uplink only.

S(ni): The shift of the puncturing pattern for radio frame ni. Used in uplink only.

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

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

TFCS The set of transport format combination indexes j.

eini Initial value of variable e in the rate matching pattern determination algorithm of section 4.2.7.4.

eplus Increment of variable e in the rate matching pattern determination algorithm of section 4.2.7.4.

eminus Decrement of variable e in the rate matching pattern determination algorithm of section 4.2.7.4.

X: Systematic bit in section 4.1.3.2.1.

Y: 1st parity bit (from the upper Turbo constituent encoder) in section 4.1.3.2.1.

Y’: 2nd parity bit (from the lower Turbo constituent encoder) in section 4.1.3.2.1.

NOTE: Time index 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 Xx does not depend on the index x. In the
left wing of an assignment the meaning is that "X* = Y" is equivalent to "for all x do Xx = Y ". In the right wing of an
assignment, the meaning is that "Y = X* " is equivalent to "take any x and do Y = Xx "
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The following relations, defined for all TFC j,  are used when calculating the rate matching parameters:

0,0 =jZ











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



⋅
⋅

⋅
=

∑

∑

=

=
jdataI
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mjm
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NRM
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1

1   for all i = 1 .. I (1)

ijjiijij NZZN −−=∆ − ,1                  for all i = 1 .. I
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4.2.13 Restrictions on different types of CCTrCHs

Restrictions on the different types of CCTrCHs are described in general terms in 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 I in a CCTrCH, the maximum value of the number of transport blocks Mi

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, sk = f1k and S = V1.

- The maximum value of the number of transport blocks M1 on the transport channel is given from the UE
capability class.

- The transmission time interval is always 10 ms, i.e. e1k = c1k and N1 = E1.

- At initial RACH transmission the rate matching attribute has a predefined value.

- Only one PRACH is used, i.e. P=1, u1k = sk, and U = S.

4.2.13.3 Common Packet Channel (CPCH)

- The maximum value of the number of TrCHs I in a CCTrCH, the maximum value of the number of transport
blocks Mi 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 note is taken from TS
25.302).

4.2.13.4 Downlink Dedicated Channel (DCH)

The maximum value of the number of TrCHs I in a CCTrCH, the maximum value of the number of transport blocks Mi

on each transport channel, and the maximum value of the number of DPDCHs P are given from the UE capability class.

4.2.13.5 Downlink Shared Channel (DSCH) associated with a DCH

- The spreading factor is indicated with the TFCI or with higher layer signalling on DCH.

- There can only be one TrCH in each DSCH CCTrCH, i.e. I=1, sk = f1k and S = V1.

- The maximum value of the number of transport blocks M1 on the transport channel and the maximum value of
the number of PDSCHs P are given from the UE capability class.

4.2.13.6 Broadcast channel (BCH)

- There can only be one TrCH in the BCH CCTrCH, i.e. I=1, sk = f1k, and S = V1.

- There can only be one transport block in each transmission time interval, i.e. M1 = 1.

- All transport format attributes have predefined values.

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

4.2.13.7 Forward access and paging channels (FACH and PCH)

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

- The transmission time interval for TrCHs of PCH type is always 10 ms.
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- Only one secondary CCPCH is used 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 DPDCHs is 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) still holds

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

This is 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 resources it 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]) there is 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 criteria for choosing SF would then be changed to:

i. The number of used DPDCHs is 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) still holds

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

This means that the definition of SET0 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

4.2.7.1.1 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
limited by the UE capability and restrictions imposed by UTRAN, through limitations on the PhCH spreading factor.In
uplink puncturing can be used to avoid multicode or to enable the use of a higher spreading factor when this is 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 bits in the radio frames for all possible spreading factors
is given in [2]. Denote these values by N256, N128, N64, N32, N16, N8, and N4, where the index refers to the spreading factor.
The possible values of Ndata then are { N256, N128, N64, N32, N16, N8, N4, 2N4, 3N4, 4N4, 5N4, 6N4}.Depending on the UE
capabilityies and the restrictions from UTRAN, the supportedallowed set of Ndata , denoted SET0, can be a subset of {
N256, N128, N64, N32, N16, N8, N4, 2N4, 3N4, 4N4, 5N4, 6N4}. Ndata, j for the transport format combination j is determined by
executing the following algorithm:

SET1 = { Ndata in SET0 such that { } jx

I

x y
Iy

x
data N

RM

RM
N ,

1
1

,

min
⋅−∑

=
≤≤

 is non negative }

If SET1 is not empty and the smallest element of SET1 requires just one PhCH then

Ndata,j = min SET1

else

SET2 = { Ndata in SET0 such that { } jx

I

x y
Iy

x
data N

RM

RM
PLN ,

1
1
min

⋅⋅− ∑
=

≤≤

 is non negative }

Sort SET2 in ascending order

Ndata = min SET2

While Ndata is not the max of SET2 and the follower of Ndata requires no additional PhCH do

Ndata = follower of Ndata in SET2

End while

Ndata,j = Ndata

End if

4.2.7.1.2 Determination of parameters needed for calculating the rate matching pattern

The number of bits to be repeated or punctured, ∆Nij, 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. Ndata,j is given from section 4.2.7.1.1.

In compressed mode jdataN ,  is replaced by cm
jdataN ,  in Equation 1. cm

jdataN ,  is given from the following relation:

TGLjdata
cm

jdata NNN −= ,, 2 , where
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 4.2.7.2.1 Determination of rate matching parameters for fixed positions of TrCHs

First an intermediate calculation variable ,*iN  is calculated for all transport channels i by the following formula:

( )
TTI

li
iTFSl

i
i N

F
N ,,* max

1
∈

⋅=

The computation of the TTI
liN ,∆  parameters is then performed in for all TrCH i and all TF l by the following formula,

where ,*iN∆  is derived from ,*iN  by the formula given at section 4.2.7:

EMBED ,*iimax NFN ∆⋅=∆

If EMBED 0=∆ maxN  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 :

( ) 0, =∆∈∀ TTI
liNiTFSl

Otherwise, for determining eini, eplus, eminus, and N  the following parameters are needed:

For convolutional codes,

EMBED maxNN ∆=∆

a=2

( )
TTI
il

iTFSl
max NN

∈
= max

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

TTI
ilNN =

maxini Ne =

maxplus Nae ⋅=

Nae us ∆⋅=min

Puncturing if 0<∆N , repetition otherwise. The values of TTI
liN ,∆ may be computed by counting repetitions or

puncturing when the algorithm of section 4.2.7.4 is run.

For turbo codes, if repetition is to be performed, such as 0>∆ maxN EMBED, 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=1 for Y’ sequence.

The X bits shall not be punctured.

∆N =
 
 




∆
∆

sequence Y'for  2

sequence Yfor  2

max

max

N

N
EMBED
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( ) 3/max TTI
il

iTFSl
max NN

∈
=

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

 3/TTI
ilNN =

maxini Ne =

maxplus Nae ⋅=

Nae us ∆⋅=min

Puncturing if 0<∆N , repetition otherwise.

The values of 
TTI

liN ,∆ may be computed by counting repetitions or puncturing when the algorithm of section 4.2.7.4 is

run.
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4.2.1 Channel coding

Code blocks are delivered to the channel coding block. They are denoted by 
iirKiririr oooo ,,,, 321 � , where i is the

TrCH number, r is the code block number, and Ki is the number of bits in each code block. The number of code blocks

on TrCH i is denoted by Ci. After encoding the bits are denoted by 
iirYiririr yyyy ,,,, 321 � . The encoded blocks are

serially multiplexed so that the block with lowest index r is output first from the channel coding block. The bits output

are denoted by 
iiEiii cccc ,,,, 321 � , where i is the TrCH number and Ei = CiYi. The output bits are defined by the

following relations:

kiik yc 1= k = 1, 2, …, Yi

)(,2, iYkiik yc −= k = Yi + 1, Yi + 2, …, 2Yi

)2(,3, iYkiik yc −= k = 2Yi + 1, 2Yi + 2, …, 3YI

�

))1((,, iii YCkCiik yc −−= k = (Ci - 1)Yi + 1, (Ci - 1)Yi + 2, …, CiYi

The relation between oirk and yirk and between Ki and Yi 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 Yi in connection with each coding scheme:

- Convolutional coding, ½ rate: Yi = 2*Ki + 16; 1/3 rate: Yi = 3*Ki + 24

- Turbo coding, 1/3 rate: Yi = 3*Ki + 12

- No channel coding, Yi = KI

Table 1: Error Correction Coding Parameters

Transport channel type Coding scheme Coding rate

BCH
PCH
FACH
RACH

1/2

CPCH
DCH

Convolutional code

1/3, 1/2 or no coding

CPCH
DCH

Turbo Code 1/3 or no coding
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Transport channel type Coding scheme Coding rate
BCH
PCH
FACH
RACH

1/2
Convolutional code

1/3, 1/2

Turbo Code 1/3
CPCH, DCH, DSCH,FACH

No coding
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