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1. Introduction

This contribution is a summary of the discussion on channel coding for LTE that took place on the RAN1 e-mail reflector between RAN1 #47 in Riga and RAN1 #47bis in Sorrento. The discussions were a continuation of the discussions held prior to RAN1#47.

According to the report (R1-062456) of Tallinn meeting, we have agreed

The channel coding scheme for TrCH data (L3 information) is

- Using Rel-6 Turbo code (mother code rate R=1/3)

- With contention free interleaver (e.g. ARP) - exact interleaver to be selected in a future meeting

    - Consider 2x2 MIMO case in the interleaver selection

After the Tallinn meeting, some companies proposed that Rel.6 interleavers already have a contention free property, and hence, the contention-free property is an implementation issue. Therefore, in Riga meeting, we have agreed

“Parallel discussions on using the existing interleaver can continue over the e-mail reflector, and if an agreement can be reached before the next meeting, this can be considered as an alternative to a new interleaver design.”
2. Summary
The discussion on the Rel.6 turbo interleaver was started immediately after the Riga meeting. The discussion has been tending to focus on the definition of CF property, rather than the CF property of the Rel.6. Around 50 mails were posted for discussion on the definition of the CF property. They can be categorized into two camps.
[Rel.6 has not CF interleaver] (see [1])

A true CF interleaver follows the definition widely accepted by turbo code researchers and hardware engineers. A true CF interleaver 

· Vectorizes the decoding process. The decoder processes W length‑M vectors, where W is the window size and M is the number of parallel processors.

· Permits parallel decoding with a single extrinsic memory. 

For example, ARP, QPP, IBP, QC, and LRI are CF interleavers. The widely accepted definition of CF was also the basis for Tallinn decision, where CF interleavers such as ARP were considered. 

Following the definition by Motorola etc, the Rel-6 turbo interleaver is not a CF interleaver. Instead, another contention-resolving method for Rel-6 turbo interleaver was recently proposed.  The method allows parallel decoding of Rel-6 by 

i). assigning staggered starting points within the block for each processor,

ii). using unequal window sizes for the processors, and

iii). storing extrinsics for the block over a 20 memories.

These requirements make the turbo decoder inefficient. Such methods of resolving contention (at the cost of increased complexity) have been known and considered in Tallinn. 

[Rel.6 has CF Property] (see [2])

Wide-sense Definition A CF  I/L meets the following CF condition by itself in a wide-sense definition.

· In natural order:        
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· In interleaved order: 
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If  more constraints are applied on the definition of CF as 
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 and M is the number of parallelism, then we can have the following strict-sense definition on the contention-free property.
Strict-sense Definition The exchange and processing of a sequence of 
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Implementation-sense Definition) Also, just by introducing additional memory banks without a change of total memory size, the following equation achieves more flexible contention-free property in terms of number of parallel processors.
· 
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is the memory size of a bank.

Although both camps have been very actively discussing for more than one month on this issue, RAN1 could not reach a common understanding on the CF property. 
The modulator suggested to stop the discussion and proposed a way forward. Since the critical issue is to support higher data rates such as 100Mbps, rather than the CF property, we could focus on the decoder flexibility and complexity to support more than 100Mbps regardless of the definition of CF interleaver. Hence, one compromise way forward is that we allow considering the Rel.6 interleaver as one of the LTE interleaver candidates. However, we shall never include the backward compatibility as selection criteria. This means we choose the turbo interleaver with 
-          good performance

-          low decoder complexity (or high flexibility)

-          new criteria 
The proposed way forward was not agreed and the discussion was continued on the CF property. Nevertheless, we have not reached a conclusion yet on the CF property, despite over one month of discussion.
Suggestion on this issue
The critical issue is to support very high throughputs such as 100Mbps (if we assum 4x4 MIMO, the maximum throughput exceeds 200Mbps), and the CF property itself is not the principal issue. Hence, it is not a good way forward to furhter discuss the CF property. RAN1 should focus our energy on a more constructive discussion to choose the best interleaver in terms of performance, complexity, flexibility etc.
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