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4.2.2
Transport block concatenation and code block segmentation

All transport blocks in a TTI are serially concatenated. If the number of bits in a TTI is larger than the maximum size of a code block, then code block segmentation is performed after the concatenation of the transport blocks. The maximum size of the code blocks depends on whether convolutional or  turbo coding is used for the TrCH.

4.2.2.1
Concatenation of transport blocks

The bits input to the transport block concatenation are denoted by 
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 where i is the TrCH number, m is the transport block number, and Bi is the number of bits in each block (including CRC). The number of transport blocks on TrCH i is denoted by Mi. The bits after concatenation are denoted by 
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, where i is the TrCH number and Xi=MiBi. They are defined by the following relations:
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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 beginning of the first block. If turbo coding is selected and Xi < 40, filler bits are added to the beginning of the code 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;


The bits output from code block segmentation, for Ci ( 0, are denoted by 
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, where i is the TrCH number, r is the code block number, and Ki is the number of bits per code block.

Number of code blocks:
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Number of bits in each code block (applicable for Ci ( 0 only):

if Xi < 40 and Turbo coding is used, then

Ki = 40

else

Ki = (Xi / Ci(
end if
Number of filler bits: Yi = CiKi – Xi
for k = 1 to Yi








-- Insertion of filler bits
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end for

for k = Yi+1 to Ki
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r = 2







-- Segmentation

while r ( Ci
for k = 1 to Ki

[image: image13.wmf])

)

1

(

(

,

i

i

Y

K

r

k

i

irk

x

o

-

×

-

+

=


end for

r = r+1

end while 

4.2.3
Channel coding

Code blocks are delivered to the channel coding block. They are denoted by 
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, 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 
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, where Yi is the number of encoded bits. 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 transport channels:

-
convolutional coding;
-
turbo coding;


Usage of coding scheme and coding rate for the different types of TrCH is shown in table 1. The values of Yi in connection with each coding scheme:

-
convolutional coding with rate 1/2: Yi = 2*Ki + 16; rate 1/3: Yi = 3*Ki + 24;

-
turbo coding with rate 1/3: Yi = 3*Ki + 12;


Table 1: Usage of channel coding scheme and coding rate
	Type of TrCH
	Coding scheme
	Coding rate

	BCH
	Convolutional coding
	1/2

	PCH
	
	

	RACH
	
	

	DCH, DSCH, FACH, USCH
	
	1/3, 1/2

	
	Turbo coding
	1/3

	
	


4.2.7.1.1
Convolutionally encoded TrCHs

a = 2
(Ni = (Ni,j
Xi = Ni,j
R = (Ni,j mod Ni,j -- note: in this context (Ni,j mod Ni,j is in the range of 0 to Ni,j-1  i.e. -1 mod 10 = 9.
if R ( 0 and 2(R ( Ni,j
then q = (Ni,j / R( 
else
q = (Ni,j / (R - Ni,j)( 

endif

NOTE 1:
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 2:
q' is not an integer, but a multiple of 1/8.

else

q' = q

endif

for x = 0 to Fi-1

S[((x(q'(( mod Fi] = (((x*q'(( div Fi)

end for

eini = (a ( S[P1Fi(ni)] ( |(Ni | + 1) mod (a ( Ni,j)

eplus = a ( Xi
eminus = a ( |(Ni|
puncturing for (Ni <0, repetition otherwise.

4.2.7.2 Bit separation and collection for rate matching

The systematic bits of turbo encoded TrCHs shall not be punctured, the other bits may be punctured. The systematic bits, first parity bits, and second parity bits in the bit sequence input to the rate matching block are therefore separated into three sequences.

The first sequence contains:

-
All of the systematic bits that are from turbo encoded TrCHs.

-
From 0 to 2 first and/or second parity bits that are from turbo encoded TrCHs. These bits come into the first sequence when the total number of bits in a block after radio frame segmentation is not a multiple of three.

-
Some of the systematic, first parity and second parity bits that are for trellis termination.

The second sequence contains:

-
All of the first parity bits that are from turbo encoded TrCHs, except those that go into the first sequence when the total number of bits is not a multiple of three.

-
Some of the systematic, first parity and second parity bits that are for trellis termination.

The third sequence contains:

-
All of the second parity bits that are from turbo encoded TrCHs, except those that go into the first sequence when the total number of bits is not a multiple of three.

-
Some of the systematic, first parity and second parity bits that are for trellis termination.

The second and third sequences shall be of equal length, whereas the first sequence can contain from 0 to 2 more bits. Puncturing is applied only to the second and third sequences.

The bit separation function is transparent for convolutionally encoded TrCHs and for turbo encoded TrCHs with repetition. The bit separation and bit collection are illustrated in figures 4 and 5.
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Figure 4: Puncturing of turbo encoded TrCHs
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Figure 5: Rate matching for 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. b indicates the three sequences defined in this section, with b=1 indicating the first sequence, b = 2 the second one, and b = 3 the third one.

The offsets (b for these sequences are listed in table 5.

Table 5: 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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Table 6: 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


4.2.7.2.1
Bit separation

The bits input to the rate matching are denoted by 
[image: image19.wmf]i
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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 the three sequences defined in section 4.2.7.2, with b=1 indicating the first sequence, and so forth. For all other cases b is defined to be 1. Xi is the number of bits in each separated bit sequence. The relation between ei,k and xb,i,k is given below.

For turbo encoded TrCHs with puncturing:
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k = 1, 2, 3, …, Xi



Xi  = (Ni /3(
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k = 1, …, Ni mod 3

Note: When (Ni mod 3) = 0 this row is not needed.
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k = 1, 2, 3, …, Xi 


Xi  = (Ni /3(
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k = 1, 2, 3, …, Xi 


Xi = (Ni /3(
For convolutionally encoded TrCHs and turbo encoded TrCHs with repetition:
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Xi = Ni
4.2.7.2.2
Bit collection

The bits xb,i,k are input to the rate matching algorithm described in subclause 4.2.7.3. 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 = Ni,j+(Ni,j. The relations between yb,i,k, zb,i,k, and fi,k are given below.
For turbo encoded TrCHs with puncturing (Yi=Xi):
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k = 1, 2, 3, …, YI
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k = 1, …, Ni mod 3

Note: When (Ni mod 3) = 0 this row is not needed.
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k = 1, 2, 3, …, Yi
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k = 1, 2, 3, …, Yi
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 convolutionally encoded TrCHs and turbo encoded TrCHs with repetition:
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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 (, 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.
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