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1 Introduction

At the Tallinn meeting RAN1 agreed to use Rel-6 turbo code with contention free interleaver for the channel coding scheme for TrCH [2]. There are several proposals of new interleavers ,e.g. ARP[3], B-IPBI[4], etc. Rel-6 turbo internal interleaver has good BLER performance in waterfall region and suitability for HARQ operation, but contention-free implementation of Rel-6 interleaver has not been proposed.
In this contribution, we show an example of contention-free implementation of Rel-6 turbo internal interleaver and propose to keep Rel-6 interleaver in LTE.
2 Parallel implementation of Rel-6 turbo internal interleaver
2.1 Rel-6 interleave algorithm
Rel-6 interleave consists of following 3 steps.

STEP1:
Write the bit sequence into the 
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 is the code block size.)
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Figure 1 –Example of writing the sequential bit sequence into the matrix (R=5, C=10 and K=45)
STEP2:
Perform intra-row permutation and inter-row permutation.  The data which has address 
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 is inter-row permutation pattern and 
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STEP3:
Read the bit sequence from matrix column by column. The output is pruned by deleting dummy bits.
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Figure 2 – Example of reading the interleaved bit sequence from the matrix (R=5, C=10 and K=45)
The Rel-6 interleaver is represented by following equation. The n-th output is the 
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2.2 Parallel Implementation
We show an example of parallel implementation of Rel-6 interleaver. The process contains ‘parallel writing in sequential order(0,1,2,3,...)’ and ‘parallel reading in interleaved order(40,30,20,10,0,41,…)’.
This example parallelized in P(=5) with R=5, C=10 and K=45. P can be selected any integer between 1 and R.
1. Memory bank mapping
Memory bank is divided in R. The n-th input is written into M(n)-th memory bank and M(n) is defined as follows.
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Figure 3 – Example of memory bank mapping (R=5, C=10 and K=45)
2. Parallel Writing
In parallel writing, the input are divided into sub-block which size is 
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 must be larger than or equals to C for contention free writing. The index of data read at time t by processor p is N(t ,p) defined as follows.
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Figure 4 shows example of parallel writing, the case of 
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. In this case, the start position of processor p is first entry of the row p. At any time, each processor is accessing to different memory bank so no contention occur. 
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Figure 4 – Example of parallel writing (K=45, P=5, Bn=C)
The following equation shows the parallel writing makes no contention.


[image: image20.wmf]2

1

},

1

,...,

1

,

0

{

2

,

1

))

2

,

(

(

))

1

,

(

(

p

p

R

p

p

for

p

t

N

M

p

t

N

M

¹

-

Î

"

¹


3. Parallel Reading
In parallel reading, the output are divided into sub-block which size is 
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Ro is arbitrary integer which is relative prime to R and Co is non-negative arbitrary integer.
The index of data read at time t by processor p is I(t,p) defined as follows.
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Figure 5 shows example of parallel reading, the case of  
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. The row number of start position of processor p is different from the number of other processor p’. This situation is kept for all time, then no contention occur.
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Figure 5 – Example of interleave order access (K=45, P=5, Bi=11)
The following equation shows the interleave order access makes no contention.
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Figure 6 shows the example of data sequence. If 
[image: image29.wmf])

,

(

p

t

I

 is padding bit (i.e.
[image: image30.wmf]K

p

t

I

³

)

,

(

), the processor waits the clock cycle.
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Figure 6 – Example of data sequence with 5 processors, K=45

2.3 Flexibility of Parallelism

With the parallel implementation explained in 2.2, the nunber of processor P can be selected any integer between 1 to R.
3 Conclusion

In this contribution, we have shown an example of contention-free implementation of Rel-6 turbo internal interleaver.  The number of processors can be set to any integer between 1 to R. Since Rel-6 turbo interleaver has good BLER performance in waterfall region and suitability for HARQ operation, we propose to keep Rel-6 interleaver in LTE 
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