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Multiplexing, channel coding and interleaving

4.1
General

Data stream from/to MAC and higher layers (Transport block / Transport block set) is encoded/decoded to offer transport services over the radio transmission link. Channel coding scheme is a combination of error detection, error correcting (including rate matching), and interleaving and transport channels mapping onto/splitting from physical channels.

In the UTRA-TDD mode, the total number of basic physical channels (a certain time slot one spreading code on a certain carrier frequency) per frame is given by the maximum number of time slots which is 15 and the maximum number of CDMA codes per time slot.
4.2
Transport channel coding/multiplexing

Figure 1 illustrates the overall concept of transport-channel coding and multiplexing. Data arrives to the coding/multiplexing unit in form of transport block sets, once every transmission time interval. The transmission time interval is transport-channel specific from the set {5 ms(*1), 10 ms, 20 ms, 40 ms, 80 ms}.
Note: (*1) may be applied for PRACH for 1.28 Mcps TDD
The following coding/multiplexing steps can be identified:

-
add CRC to each transport block (see subclause 4.2.1);

-
TrBk concatenation / Code block segmentation (see subclause 4.2.2);

-
channel coding (see subclause 4.2.3) ;

-
radio frame size equalization (see subclause 4.2.4);

-
interleaving (two steps, see subclauses 4.2.5 and 4.2.10);

-
radio frame segmentation (see subclause 4.2.6);

-
rate matching (see subclause 4.2.7);

-
multiplexing of transport channels (see subclause 4.2.8);

-
bit scrambling (see subclause 4.2.9);

-
physical channel segmentation (see subclause 4.2.10);

-
sub-frame segmentation(see subclause 4.2.12 only for 1.28Mcps TDD)

-
mapping to physical channels (see subclause 4.2.13).

The coding/multiplexing steps for uplink and downlink are shown in figures 1 and 2.
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Figure 1: Transport channel multiplexing structure for uplink and downlink for 3.84Mcps TDD
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Figure 2: Transport channel multiplexing structure for uplink and downlink of 1.28Mcps TDD

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 figures 1 and 2, resulting in several data streams, each mapped to one or several physical channels.

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 
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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 5 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 
[image: image4.wmf]´
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4)
Perform the inter-column permutation for the matrix based on the pattern 
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 shown in table 5, 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:
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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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 C1 matrix. Bit 
[image: image12.wmf]1

,

i

y

 corresponds to row 0 of column 0 and bit 
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Table 5 Inter-column permutation patterns for 1st interleaving
	TTI
	Number of columns C1
	Inter-column permutation patterns <P1C1(0), P1C1(1), …, P1C1(C1-1)>

	5ms(*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>


(*1) can be used for PRACH for 1.28 Mcps TDD 

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). If the TTI is smaller than 10ms, then no TrCH multiplexing is performed.

The bits input to the TrCH multiplexing are denoted by 
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, where i is the TrCH id 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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Radio frame segmentation







Physical channel mapping
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Rate
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TrCH Multiplexing







2nd interleaving







PhCH#2







PhCH#1
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Physical channel segmentation







Rate matching







1st interleaving







Radio frame equalisation







CRC attachment
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TrBk concatenation / 



Code block segmentation
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Bit Scrambling
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