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Primarily, transport channels are multiplexed as described above, i.e. into one data stream mapped on one or several physical channels. However, an alternative way of multiplexing services is to use multiple CCTrCHs (Coded Composite Transport Channels), which corresponds to having several parallel multiplexing chains as in figure 1, resulting in several data streams, each mapped to one or several physical channels.
4.2.1
CRC attachment
Error detection is provided on transport blocks through a Cyclic Redundancy Check (CRC). The size of the CRC is 24, 16, 12, 8 or 0 bits and it is signalled from higher layers what CRC size 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 
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. Ai is the size of a transport block of TrCH i, m is the transport block number, and Li is the number of parity bits. Li can take the values 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:
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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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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. If transport blocks are input to the CRC calculation (Mi ( 0) and the size of a transport block is zero (Ai = 0), CRC shall be attached, i.e. all parity bits equal to zero.
4.2.1.2
Relation between input and output of the CRC attachment block
The bits after CRC attachment are denoted by 
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, where Bi = Ai + Li. The relation between aimk and bimk is:
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4.2.3.3
Concatenation of encoded blocks

After the channel coding for each code block, if Ci is greater than 1, the encoded blocks are serially concatenated so that the block with lowest index r is output first from the channel coding block, otherwise the encoded block is output from channel coding block as it is.  The bits output are denoted by 
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, where i is the TrCH number and Ei = CiYi.  The output bits are defined by the following relations:
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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.

4.2.4
Radio frame size equalisation

Radio frame size equalisation is padding the input bit sequence in order to ensure that the output can be segmented in Fi data segments of same size as described in the subclause 4.2.6.

The input bit sequence to the radio frame size equalisation is denoted by
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, where i is TrCH number and Ei the number of bits. The output bit sequence is denoted by
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, where Ti is the number of bits. The output bit sequence is derived as follows:

tik = cik, for k = 1… Ei  and

tik = {0 , 1} for k= Ei +1… Ti, if Ei < Ti
where

Ti = Fi * Ni  and
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 is the number of bits per segment after size equalisation.

4.2.5
1st interleaving

The 1st interleaving is a block interleaver with inter-column permutations. The input bit sequence to the block interleaver is denoted by 
[image: image19.wmf]i
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, where i is TrCH number and Xi the number of bits. Here Xi is guaranteed to be an integer multiple of the number of radio frames in the TTI. The output bit sequence from the block interleaver is derived as follows:
1)
select the number of columns C1 from table 4 depending on the TTI. The columns are numbered 0, 1, …, C1 - 1 from left to right.
2)
determine the number of rows of the matrix, R1 defined as
R1 = Xi / C1.
The rows of the matrix are numbered 0, 1, …, R1 - 1 from top to bottom.
3)
write the input bit sequence into the R1 
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 C1 matrix row by row starting with bit 
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4)
Perform the inter-column permutation for the matrix based on the pattern 
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 shown in table 4, where P1C1(j) is the original column position of the j-th permuted column. After permutation of the columns, the bits are denoted by yi,k:



[image: image26.wmf]ú

ú

ú

ú

ú

û

ù

ê

ê

ê

ê

ê

ë

é

´

+

´

-

+

´

-

´

´

+

´

+

+

´

+

)

R1

C1

(

,

)

2

R1

)

1

C1

((

,

)

1

R1

)

1

C1

((

,

)

R1

3

(

,

)

R1

2

(

,

R1

,

)

2

R1

2

(

,

)

2

R1

(

,

2

,

)

1

R1

2

(

,

)

1

R1

(

,

1

,

i

i

i

i

i

i

i

i

i

i

i

i

y

y

y

y

y

y

y

y

y

y

y

y

M

K

K

M

M

M

K

K


5)
Read the output bit sequence 
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 of the block interleaver column by column from the inter-column permuted R1 
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Table 4 Inter-column permutation patterns for 1st interleaving
	TTI
	Number of columns C1
	Inter-column permutation patterns <P1C1(0), P1C1(1), …, P1C1(C1-1)>

	10 ms
	1
	<0>

	20 ms
	2
	<0,1>

	40 ms
	4
	<0,2,1,3>

	80 ms
	8
	<0,4,2,6,1,5,3,7>


4.2.5.1
Relation between input and output of 1st interleaving
The bits input to the 1st interleaving are denoted by 
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, where i is the TrCH number and Ti the number of bits. Hence, xi,k = ti,k and Xi = Ti.
The bits output from the 1st interleaving are denoted by 
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, and di,k = yi,k.
end do

end if 

A repeated bit is placed directly after the original one.

4.2.8
TrCH multiplexing

Every 10 ms, one radio frame from each TrCH is delivered to the TrCH multiplexing. These radio frames are serially multiplexed into a coded composite transport channel (CCTrCH).
The bits input to the TrCH multiplexing are denoted by 
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, 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 
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[image: image38.wmf]å

=

i

i

V

S

. The TrCH multiplexing is defined by the following relations:


[image: image39.wmf]k

k

f

s

,

1

=



k = 1, 2, …, V1

[image: image40.wmf])

(

,

2

1

V

k

k

f

s

-

=


k = V1+1, V1+2, …, V1+V2

[image: image41.wmf]))

(

(

,

3

2

1

V

V

k

k

f

s

+

-

=


k = (V1+V2)+1, (V1+V2)+2, …, (V1+V2)+V3 


[image: image42.wmf]K



[image: image43.wmf]))

(

(

,

1

2

1

-

+

+

+

-

=

I

V

V

V

k

I

k

f

s

K


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

4.2.9
Physical channel segmentation

When more than one PhCH is used, physical channel segmentation divides the bits among the different PhCHs. The bits input to the physical channel segmentation are denoted by 
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, where S is the number of bits input to the physical channel segmentation block. The number of PhCHs is denoted by P. 
The bits after physical channel segmentation are denoted 
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, where p is PhCH number and Up is the in general variable number of bits in the respective radio frame for each PhCH. The relation between sk and up,k is given below.
Bits on first PhCH after physical channel segmentation:
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Bits on second PhCH after physical channel segmentation:
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Bits on the Pth PhCH after physical channel segmentation:
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k = 1, 2 , …, UP
4.2.10
2nd interleaving

The 2nd interleaving is a block interleaver and consists of bits input to a matrix with padding, the inter-column permutation for the matrix and bits output from the matrix with pruning. The 2nd interleaving can be applied jointly to all data bits transmitted during one frame, or separately within each timeslot, on which the CCTrCH is mapped. The selection of the 2nd interleaving scheme is controlled by higher layer.

4.2.10.1
Frame related 2nd interleaving

In case of frame related 2nd interleaving, the bits input to the block interleaver are denoted by 
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, where U is the total number of bits after TrCH multiplexing transmitted during the respective radio frame with 
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The relation between xk and the bits up,k in the respective physical channels is given below:
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The following steps have to be performed once for each CCTrCH:
(1)
Assign C2 = 30 to be the number of columns of the matrix. The columns of the matrix are numbered 0, 1, 2, …, C2 - 1 from left to right.

(2)
Determine the number of rows of the matrix, R2, by finding minimum integer R2 such that:

U ( R2 X C2.
The rows of rectangular matrix are numbered 0, 1, 2, …, R2 - 1 from top to bottom.
(3)
Write the input bit sequence 
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 into the R2 
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 C2 matrix row by row starting with bit 
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where 
[image: image59.wmf]k
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 for k = 1, 2, …, U and if R2 ( C2 > U, the dummy bits are padded such that 
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 = 0 or 1 for k = U + 1, U + 2, …, R2 ( C2.  These dummy bits are pruned away from the output of the matrix after the inter-column permutation.
(4)
Perform the inter-column permutation for the matrix based on the pattern  
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 that is shown in table 7, where P2(j) is the original column position of the j-th permuted column. After permutation of the columns, the bits are denoted by 
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(5)
The output of the block interleaver is the bit sequence read out column by column from the inter-column permuted R2 
[image: image65.wmf]´

 C2 matrix. The output is pruned by deleting dummy bits that were padded to the input of the matrix before the inter-column permutation, i.e. bits 
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 with k > U are removed from the output. The bits after frame related 2nd interleaving are denoted by 
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4.2.10.2
Timeslot related 2nd interleaving

In case of timeslot related 2nd interleaving, the bits input to the block interleaver are denoted by 
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, where t refers to a certain timeslot, and Ut is the number of bits transmitted in this timeslot during the respective radio frame.
In each timeslot t the relation between xt,k and ut,p,k is given below with Pt refering to the number of physical channels within the respective timeslot:
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The following steps have to be performed for each timeslot t, on which the respective CCTrCH is mapped:

(1)
Assign C2 = 30 to be the number of columns of the matrix. The columns of the matrix are numbered 0, 1, 2, …, C2 - 1 from left to right.

(2)
Determine the number of rows of the matrix, R2, by finding minimum integer R2 such that:

Ut ( R2 ( C2.
The rows of rectangular matrix are numbered 0, 1, 2, …, R2 - 1 from top to bottom.
(3)
Writhe the input bit sequence 
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 into the R2 
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 C2 matrix row by row starting with bit 
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where 
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 for k = 1, 2, …, Ut and if R2 ( C2 > Ut, the dummy bits are padded such that 
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 = 0 or 1 for k = Ut + 1, Ut + 2, …, R2 ( C2.  These dummy bits are pruned away from the output of the matrix after the inter-column permutation.
(4)
Perform the inter-column permutation for the matrix based on the pattern  
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 that is shown in table 7, where P2(j) is the original column position of the j-th permuted column. After permutation of the columns, the bits are denoted by 
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(5)
The output of the block interleaver is the bit sequence read out column by column from the inter-column permuted R2 
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 C2 matrix. The output is pruned by deleting dummy bits that were padded to the input of the matrix before the inter-column permutation, i.e. bits 
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 with k > Ut are removed from the output. The bits after time slot 2nd interleaving are denoted by 
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, where vt,1 corresponds to the bit 
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 with smallest index k after pruning, vt,2 to the bit 
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 with second smallest index k after pruning, and so on.
Table 7 Inter-column permutation pattern for 2nd interleaving
	Number of Columns C2
	Inter-column permutation pattern
< P2(0), P2(1), …, P2(C2-1) >

	30
	<0, 20, 10, 5, 15, 25, 3, 13, 23, 8, 18, 28, 1, 11, 21, 

6, 16, 26, 4, 14, 24, 19, 9, 29, 12, 2, 7, 22, 27, 17>
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