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1. Introduction

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

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

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

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

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

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

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

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

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

2. Modification of notations

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

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

The range of the index m in the rate matching loop is modified to show that in the case of convolutional codes, and Turbo Codes with repetition, the rate matching applies to the flow x 1ik (referring to Figure 6, and 8), and that in the case of Turbo Codes, it applies to flox x 2ik, x3ik (referring to Figures 7 and 9).  

3. Introduction of new method 

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

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

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

3.1 Calculations for rate matching parameters in downlink

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

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

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

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

3.2 Insertion of the bits p 

While running the rate matching algorithm on the input bit flow, the frame to which each position will go is calculated using information of the first channel interleaver, and bits marked p are inserted in the positions corresponding to frames to be compressed.  
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4.2.7
Rate matching

Rate matching means that bits on a transport channel are repeated or punctured. Higher layers assign a rate-matching attribute for each transport channel. This attribute is semi-static and can only be changed through higher layer signalling. The rate-matching attribute is used when the number of bits to be repeated or punctured is 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 TrCH 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 an integer but a multiple of 1/8).
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:
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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:
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).
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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.
(N TTI cm,ij:Negative or null:  number of bits to be removed in one Transmission Time Interval, to create the required gaps in the compressed frames of this TTI, in case of compressed mode for TrCH i with transport format j.


Used in downlink only.

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

Used in downlink only.
NTGL[k], k=0 to Fi -1 : Positive or null: number of bits in each frame of the TTI of a Transport Channel, corresponding to the gap for compressed mode in a radio frame for the CCTrCh.
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.

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

TFCS
The set of transport format combination indexes j.

eini[x], x=1 to :2

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

eini[ 1]: initial value for convolutional codes and for turbo codes Parity-1 bits


eini[ 2]: initial value for turbo codes Parity-2 bits
eplus [x], x=1 to 2:


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

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


eplus[ 2]: Increment of variable e in the rate matching for turbo codes Parity-2 bits
eminus[x], x=1 to 2:


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

eminus[ 1]: Decrement of variable e in the rate matching for convolutional codes and for turbo codes Parity-1 bits

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

(N i[x], x=1 to 2:


Number of bits to initialise parameters for the rate matching pattern determination algorithm of section 4.2.7.5.

(N i[ 1]: Parameter for convolutional codes and Turbo Codes Parity-1 bits


(N i[ 2]: Parameter for convolutional codes and Turbo Codes Parity-2 bits

b:
Indicates systematic and parity bits 
b=1: Systematic bit. X(t) in section 4.2.3.2.1.


b=2: 1st parity bit (from the upper Turbo constituent encoder). Y(t) in section 4.2.3.2.1.


b=3: 2nd parity bit (from the lower Turbo constituent encoder). Y’(t) in section 4.2.3.2.1.

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:
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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. 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 capability and the restrictions from UTRAN, the allowed 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 
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 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 
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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 
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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 4.2.7.5 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 for determining eini, eplus, and eminus (regardless if the radio frame is compressed or not).

4.2.7.1.2.1
Uncoded and convolutionally encoded TrCHs

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.
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 


For each radio frame, the rate-matching pattern is calculated with the algorithm in section 4.2.7.5, where :

Xi = Ni,j., and

eini [1] = (2(S(ni)(|(Ni| + 1) mod 2(Nij.
eplus[1]  = 2(Nij
eminus[1]  = 2(|(Ni|
puncturing for (N<0, repetition otherwise.

4.2.7.1.2.2
Turbo encoded TrCHs

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.
If puncturing is to be performed, the parameters below shall be used. 




(N i  [1] =  ((Ni,j /2(
(N i  [2] =  ((Ni,j /2 (  
For Parity-1 flow, calculate S1 as S in the following algorithm by setting (Ni to (N i  [1], and b to 2.

For Parity-2 flow, calculate S2 as S in following algorithm by setting (Ni to (N i  [2], and b to 3
Xi = (Ni,j /3( , 
q = (Xi /|(Ni| (
if(q
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for x=0 to Fi-1


S[IF[(3x+b-1) 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;

endfor

endif

For each radio frame, the rate-matching pattern is calculated with the algorithm in section 4.2.7.5, where:

Xi is as above,
eini [1]= (2(S1(ni)(|(Ni[1| + Xi) mod (2(Xi),  if eini[1] =0 then eini[1] = 2(Xi.
eplus[1] = 2(Xi
eminus[1] = 2(((Ni(
eini [2]= ((S2(ni)(|(Ni[2]| + Xi) mod (Xi),  if eini[2] =0 then eini[2] = Xi.
eplus[2] = Xi
eminus[2] = ((Ni(
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. 

When compressed mode by puncturing is used, the number of bits corresponding to the gap for TrCh i, in each frame of its TTI is noted (N cm, ij [k] is calculated as follows.
For each frame k of the TTI, NTGL[k] is given by the relation:
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Nfirst and TGL are defined in section 4.4.
Note that N TGL [k] = 0 if frame k is not compressed.
4.2.7.2.1
Determination of rate matching parameters for fixed positions of TrCHs

First an intermediate calculation variable 
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The computation of the 
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 parameters is then performed in for all TrCH i and all TF l by the following formula, where 
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In normal mode, if 
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 then, for TrCH i, the output data of the rate matching is the same as the input data and the rate matching algorithm of section 4.2.7.5 does not need to be executed. In this case we have :
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 the parameters listed in sections 4.2.7.2.1.1 and 4.2.7.2.1.2 shall be used for determining eini, eplus, and eminus.
For compressed mode:
Let (N cm, max [k] be the number of bits to eliminate on TrCH i to create the gap for compressed mode, in each frame k of the TTI, calculated for the TFC where the number of bits of the TrCh is maximum.
(N cm, max [k] is calculated for TrCh i, for TFC max, for each frame k of the TTI using the  formula (1) in 4.2.7, and replacing N data,j  by NTGL[k].

The total number of bits (N TTI cm, max  corresponding to the gaps for compressed mode for TrCh i in the TTI is calculated as: 

(N TTI cm, max = ( k=0Fi-1   (N cm, max [k]
In compressed mode, if (Nmax = 0 and (NTTIcm, max  = 0, then, for TrCH i, the output data of the rate matching is the same as the input data and the rate matching algorithm of section 4.2.7.5 does not need to be executed. If (Nmax = 0 and (N TTI cm, max<> 0, then, for TrCH i, the rate matching algorithm of section 4.2.7.5 needs to be executed.

4.2.7.2.1.1
Uncoded and convolutionally encoded TrCHs
For normal mode:
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For compressed mode: (Ni = (Nmax - (N TTI cm, max. 
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For each transmission time interval of TrCH i with TF l, the rate-matching pattern is calculated with the algorithm in section 4.2.7.5. The following parameters are used as input:
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  eini[1] = 1

  eplus[1] = 2 N max

  e minus[1] = 2 |(N i |
In normal mode, Puncturing if 
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may be computed by counting repetitions or puncturing when the algorithm of section 4.2.7.5 is run.
In compressed mode, puncturing is performed if (Ni < 0, or if (Ni=0 and (Ncmmax<>0.  Repetition is performed if (Ni>0.
4.2.7.2.1.2
Turbo encoded TrCHs

If repetition is to be performed on turbo encoded TrCHs, i.e. 
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If puncturing is to be performed, the parameters below shall be used. 


The systematic bits shall not be punctured.
In Normal Mode
(Ni [1]= ((Nmax/2 (
(Ni [2] = ((Nmax/2 (


In Compressed Mode

(Ni [1]= ((Nmax/2 ( - ((Ncmmax/2 ( 

(Ni [2] = ((Nmax/2 ( - ( (Ncmmax/2 ( 
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For each transmission time interval of TrCH i with TF l, the rate-matching pattern is calculated with the algorithm in section 4.2.7.5. The following parameters are used as input:
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may be computed by counting repetitions or puncturing when the algorithm of section 4.2.7.5 is run.
4.2.7.2.2
Determination of rate matching parameters for flexible positions of TrCHs

First an intermediate calculation variable 
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 is calculated for all transport channels i and all transport format combinations j by the following formula:
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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:


[image: image50.wmf](

)

i

I

i

i

j

i

i

TFCS

j

data

i

RM

N

RM

N

RF

×

×

=

å

=

=

Î

1

,

,*

max


The computation of 
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 parameters is then performed in two phases. In a first phase, tentative temporary values of 
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 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 
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is the definitive value.
The first phase defines the tentative temporary 
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 for all transport channel i and any of its transport format l by use of the following formula:
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The second phase is defined by the following algorithm:

for all 
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 in TFCS do





-  - for all TFC
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-  - CCTrCH bit rate (bits per 10ms) for TFC l
if 
[image: image58.wmf],*

data

N

D

>

 then

for i = 1 to I do 




-  - for all TrCH
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  is derived from 
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 by the formula given at section 4.2.7.
if 
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end-if

end-for

end-if

end-for

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

For normal mode, if 
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 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 4.2.7.5 does not need to be executed. 

If 
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 the parameters listed in sections 4.2.7.2.2.1 and 4.2.7.2.2.2 shall be used for determining eini, eplus, and eminus.

For compressed mode:

The number of bits for TrCh i corresponding to the gap for compressed mode  in frame k of the TTI, noted  (N cm, il [k], is calculated for each frame k of the TTI using the  formula (1) in 4.2.7, and replacing N data,j  by NTGL[k].

The total number of bits (N TTI cm, ij  corresponding to the gaps for compressed mode for TrCh i in the whole TTI is calculated as: 

(N TTI cm, il = ( k=0Fi-1   (N cm, il [k]
If 
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 and (N TTI cm, il =0, 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 4.2.7.5 does not need to be executed. 

Else the parameters listed in sections 4.2.7.2.2.1 and 4.2.7.2.2.2 shall be used for determining eini, eplus, and eminus.

4.2.7.2.2.1
Uncoded and convolutionally encoded TrCHs
In Normal Mode:
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In Compressed Mode: (Ni = (NTTIil - (N TTIcm, il

For each transmission time interval of TrCH i with TF l, the rate-matching pattern is calculated with the algorithm in section 4.2.7.5. The following parameters are used as input:
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In Normal Mode : puncturing for 
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In Compressed Mode: puncturing is performed if (Ni < 0, or if (Ni=0 and (N TTI cm, il <>0.  Repetition is performed if (Ni>0.
4.2.7.2.2.2
Turbo encoded TrCHs

If repetition is to be performed on turbo encoded TrCHs, i.e. 
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If puncturing is to be performed, the parameters below shall be used. 


The bits indicated by b=1 shall not be punctured.
In Normal Mode:


(Ni [1] = ((NilTTI/2 (
(Ni [2] = ((NilTTI/2 (
In Compressed Mode:
(Ni [1] = ((N TTI il/2 ( - ((NTTI cm, il /2 (
(Ni [2] = ((N TTIil/2 ( - (( NTTI cm, il  /2 (
For each transmission time interval of TrCH i with TF l, the rate-matching pattern is calculated with the algorithm in section 4.2.7.5. The following parameters are used as input:
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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
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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 (b 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)
(1
(2
(3

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 
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n

b

.
Table 5: Radio frame dependent offset needed for bit separation
TTI (ms)
(0
(1
(2
(3
(4
(5
(6
(7

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
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, 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
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. 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:
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k = 1, …, Ni mod 3

Note: When (Ni mod 3) = 0 this row is not needed.
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For uncoded TrCHs, convolutionally encoded TrCHs, and turbo encoded TrCHs with repetition:
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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
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Bit collection is the inverse function of the separation. The bits after collection are denoted by 
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. After bit collection, the bits indicated as punctured are removed and the bits are then denoted by
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, 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):
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k = 1, …, Ni mod 3

Note: When (Ni mod 3) = 0 this row is not needed.
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After the bit collection, bits zi,k with value (, where (({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:
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When repetition is used, fi,k=zi,k and Yi=Vi.

When puncturing is used, Yi=Xi and bits zi,k with value (, where (({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 8 and 9.
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Figure 8: Puncturing of turbo encoded TrCHs
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Figure 9: Rate matching for uncoded TrCHs, convolutionally encoded TrCHs, and for turbo encoded TrCHs with repetition.

4.2.7.4.1
Bit separation
The bits input to the rate matching are denoted by
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, 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
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. 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:
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For uncoded TrCHs, convolutionally encoded TrCHs, and turbo encoded TrCHs with repetition:
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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
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Bit collection is the inverse function of the separation. The bits after collection are denoted by 
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. After bit collection, the bits indicated as punctured are removed and the bits are then denoted by
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, 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):
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After the bit collection, bits zi,k with value (, where (({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:
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When repetition is used, gi,k=zi,k and Yi=Gi.

When puncturing is used, Yi=Xi and bits zi,k with value (, where (({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.
4.2.7.5
Rate matching pattern determination
Referring to Figures 6,7,8 and 9, rate matching algorithm applies to flow of  bits x 1 i k for Convolutional Codes and Turbo Codes with repetition, and to flow of  bits x 2 i 0, x 3 i 0, x 2 i 1, x 3 i 1….. x 2 i Xi, x 3 i Xi in case of Turbo Codes with puncturing.
Denote the bits before rate matching by: 


, x i1, x i2, x i3, ….. x i(Xi where i is the TrCH number and Xi is the parameter given in sections 4.2.7.1 and 4.2.7.2, and ( = 1 for Convolutional Codes and Turbo Codes with repetition, ( = 2 for Turbo codes with puncturing.
The rate matching rule is as follows:

If Convolutional Codes then 

e [1] = eini
[1]

-- initial error between current and desired puncturing ratio 

( = 1



-- parameter for the range of index m
endif
if Turbo Codes then 

e [1] = eini
[1]

-- initial error between current and desired puncturing ratio for Parity 1 bits 

e [2] = e ini [2] 
-- initial error between current and desired puncturing ratio for Parity 2 bits
if puncturing is needed then ( = 2 else ( = 1 endelse
endif

m =1

index of current bit in the information bit flow (input flow)

n = 1

-- index of bit in the output flow before first interleaver
for i = 0 to Fi-1 do cbi[i] = 0

-- initiate counter of number of bits inserted in each frame of the TTI
if puncturing is to be performed 


do while m <=  ( Xi
if Turbo Codes then 

c = m mod 2





- c = 1 if Parity-1  bit,  c = 2 if Parity-2  bit 
if (c==1) then n = n+1 endif

- in output flow increment output index to take into account bit X
else




c = 1

endelse
e [c]= e[c] – eminus [c]


-- update error

if e[c] <= 0 then


-- check if bit number m should be punctured

set bit xi,m to ( where (({0, 1}e[c] = e[c] + eplus[c]-- update error

else 
col = BR[ (n-1) mod Fi] 









-- calculate index of column where this bit will go

while  cbi[col] < |(N cm [col]| do
insert one bit marked « p » in output position n 
-- insert bit marqued to be removed in 

compressed frame when creating the gap

n = n + 1











-- update output index since 1 bit is inserted
cbi[col] = cbi[col] + 1







-- update counter of bits p inserted in this column 

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







-- update column value of next position

enddo

n = n + 1













-- update output index, since bit xmwas not
 punctured

endelse
m = m + 1



--  next bit

end do

else



do while m <= ( Xi 

e = e – eminus 


-- update error

col = BR[(n-1) mod Fi)]
do while cbi[col] <(Ncm[col] 


insert one bit marked p in position n

n = n + 1











-- update output index
cbi[col] = cbi[col] + 1







-- update counter of bits p inserted in this column 

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







-- update column value of next position

enddo 

do while e <= 0 

-- check if bit number m should be repeated

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








-- calculate column where the current position willgo

do while cbi[col] <(Ncm[col] 



insert one bit marked p

n = n + 1











-- update output index since 1 bit has been inserted
cbi[col] = cbi[col] + 1







-- update counter of bits p inserted in this column 

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







-- update column value of next position

enddo 

repeat bit xi,m 

n = n + 1












-- update output index since bit has been repeated
e = e +  eplus
-- update error

end do
m = m + 1



--  next bit

end do

end if
A repeated bit is placed directly after the original one.
Table 10 shows the detailed parameters for each transmission gap length for the different transmission time reduction methods. 
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How to create a CR
Michael Sanders, 3GPP support team, (last updated 2/09/99)

1)
Open the CR cover sheet with MS Word 97. The lastest version of the CR coversheet can be found at:


ftp://ftp.3gpp.org/information/3gCRF-??.DOC


2)
Fill out all areas that are relevant on the CR cover sheet - only the areas that have yellow shading shall be filled out. See Annex A of these instructions for further detail. 


3)
Open the specification to which you wish to make a change. It is very IMPORTANT  to ensure that you are using the latest version of the specification to make the change. The latest versions of all approved 3G specifications is located at:


for the 3GPP:  ftp://ftp.3gpp.org/specifications/      for SMG: http://docbox.etsi.org/tech-org/document/smg/specs

Do a "save as" using a file name related to the tdoc number (e.g. T3-99123.DOC).

4)
If the formatting looks incorrect (most easily noticed by the fact that there is no space between paragraphs), it may be because you do not have the correct document sheet in your MS Word style directory. All 3GPP specification use the style sheet 3GPP_70.DOT. This can be downloaded from:



ftp://ftp.3gpp.org/information/3gpp_70.dot

5)
Go to the beginning of the heading of the first subclause which you want to change. Press <CTRL><SHIFT><HOME> to select everything before that point and delete it.


6)
Switch to the window in MS word that contains your CR cover sheet and do a <CTRL>A   <CTRL>C to select and copy the entire sheet (including the section break at the end). Switch back to the other window with the specification to be changed and paste it in.


7)
Between group of changed pages in the CR, insert a section break (insert / break / next page/)


8)
When all the changes have been made (using the "tools / track changes" feature of MS Word 97), the headers and page number need to be corrected other the headers will contain an error message like "error, reference not found". You can fix this by changing to page layout mode (view / page layout) to see the headers. Then, go to the menu item "view / header and footer", select the frame that contains the error message(s) ini the header and delete them (there are normally 2). Do not delete the page number in the middle. On the left side, write the spec name and current version number For example, "3G TS 21.111 version 3.0.0 (1999-04)". Go back to normal view.


9) 
For each group of changes, insert the correct starting page number. The number should be that which is a clean unmodified specification. It is only a guide to the reader only and so they can be +/- 1 page number wrong. Insert the page number using the following method. Go to the line following the first section break in your CR. Choose the menu item insert / page number / format / start at and insert the correct starting page number for that group of changes. click "OK" and then "CLOSE" (don't press "OK" at this last step). Repeat this step for each section break.


10)
When you have finished making all changes, go to "tools / track changes / highlight changes" and uncheck the "track changes while editing" box, otherwise the page numbers in the headers will be difficult to read. Make sure that the two other options in this box (highlight changes on screen" and "highlight changes in printed document" are both maked "X".


Examples of expressions of prevision in 3GPP specifications


To ensure that everybody else understands your proposed chnaged the same way that you do, it is very important to keep to the following rules:


SHALL: To be used to indicate a requirement. e.g. "The ME shall reset the USIM" is correct Do not use "The ME resets the USIM" or "the ME must reset the USIM"


SHOULD: To be used to indicate recommendation. i.e. if, among several possibilities one is recommended as particularly suitable, without mentioning or excluding others, or that a certain course of action is preferred but not necessarily required, or that (in the negative form) a certain possibility or course of action is deprecated but not prohibited.


MAY: To be used to indicate permission. To be used instead of phrases such as "is permitted", "is allowed" or is permissible". The opposite of "may" is "need not".


CAN: To be used to indicate possibility and capability. To be used instead of phrases such as "be able to", "there is a possibility of" or "it is possible to".


A more detailed guide to the 3GPP drafting rules can be found on the 3GPP server at:



ftp://ftp.3gpp.org/information/drafting-rules.pdf

ANNEX A   
The CR cover sheet


This annex provides further information on how to fill out the cover sheet of a CR.


The header:


a)
The header, including the TSG or Working Group, the tdoc number (normally obtinaed from the 3GPP support team) and the meeting location and date.


The title box:


b)
The change request number. This is a 3 digit number and is allocated by the 3GPP support team project manager of the relevant WG. For GSM specifications, it is prefixed with an "A"


c)
The 3G or GSM specification number (e.g. 21.111 for 3G or 12.05 for GSM).


d)
The TSG or SMG plenary meeting to which this CR will be submitted to if it gets agreed at the WG meeting. 


e)
for approval/for information: one box only shall be marked with an "X"


Proposed change affects:


f)
At least one box shall be marked with an "X"


Source:


g)
The company name of the author of the CR. If the CR has already been agreed at a Working groups or sub working group, meeting, the subgroup name ( and Tdoc number) should be used instead.


Subject:


h)
One line (only) of concise text that describes the subject of the CR. Details should be put under "reason for change"



good examples:
"Clarification to FETCH command"






"Alignment of operation and parameter names"



recently used



bad examples:
"correction"






"editorial correction"






"correction to TS xxx.yy"






"various improvements"


Work item:



h)
The name of the 3G work item for which the CR is relevant.


Category and release:


i)
Choose one category only


Reason:


j)
This should be 1 to 10 lines of text that describes in further detail the reasons why the change is necessary and how the change is done.


Clauses Affected:


m)
Each subclause that is affected by the change should be listed here. New subclause number can be followed by " (new) ".


Other specs affected:


n)
Other 3G core specifications: to be used if the CR is linked to a CR for another 3G specification.
Other 2G core specifications: to be used if a CR is also needed for a GSM or other 2G specification.



MS test specifications: to be used if a change is needed to the MS test specifications.



BSS test specifications: to be used if a change is needed to the base station test specifications.



O&M specifications: to be used if a change is needed to O&M specifications.



When listing other CRs in part n) use, for example, the form "21.111-CR001" or "12.05-A123"


______________________________________


How to create a CR for 3G or SMG specifications.


File location: http://ftp.3gpp.org/information/3gCRF-??.doc
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