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1. Introduction
In the RAN1 meeting, interleavers for turbo coding were discussed in the plenary session on Monday.  The following decision was reached:
Two proposals to be further considered: QPP and LRI, focus on complexity improvements and potential performance issues (with LRI), discuss this offline during this week and check again on Friday.
The discussion was continued in an informal meeting among parties interested in channel coding on Wednesday.  This paper purposes to update the complexity and performance issues associated with the LRI proposal.

Concerning complexity, the following issues and disadvantages of the LRI interleavers relative to the QPP interleavers have been identified and are not contested by the proponent of the LRI interleavers during these discussions.

· LRI interleavers are not contention-free (CF) [6].

· Being non-CF, the LRI interleavers preclude turbo decoder designers from employing unified memory architecture for the shared LLR memory.  This inflexibility in memory architecture leads to an approximately 100% increase in LLR memory area relative to that based on the QPP proposal [5]
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[7].  In terms of ASIC gates, the consequence of a non‑unified memory is an increase in gate count on the order of several 100’s of thousands of gates [5]. Clearly, a better use of these gates would be in improving the spectral efficiency of the link through advanced receiver algorithms.

· The LRI interleavers further preclude designers from efficient implementation of radix-4 turbo decoding algorithms that offer, among several benefits, doubling decoding throughputs [6].

· The LRI proposal requires up to 447 pruning/padding, which is significantly higher than 63 for the QPP proposal.  This high level of overheads for LRI can cause up to 12% waste in decoder cycles and battery energy.

· A turbo decoder based on the LRI interleavers requires a routing network of equal complexity as that based on the QPP interleavers.

In addition to not being CF as required in Tallinn, the LRI proposal fails on several additional accounts:

· The selection procedure agreed in Riga called for submissions of interleaver designs by Nov. 30 and the corresponding performance results by Jan 4.  LRI designs were submitted on Dec 5 and no corresponding performance results were submitted by Mitsubishi.  The need to continue modifying the designs until Dec. 27 shows signs of instability and lack of maturity in the algorithm.

· LRI design has an unstable performance. From cross-examination results, the BLER curves of the LRI interleavers fail the performance requirement by exhibiting higher error floors on several of the randomly selected test lengths. 

· Since an LRI‑based decoder must store the extrinsic LLRs in natural order to avoid contentions two routing networks, one for permutation on fetch and another for de‑permutation on write, are required.  In contrast, a QPP‑based decoder can access the extrinsic LLRs in either interleaved or deinterleaved order without memory contentions, thereby providing the designer of a QPP‑based decoder flexibility to use a single permutation network.

QPP is well-researched stable design which, for example, is already adopted in next generation deep space communication systems by NASA [15].

In light of these drawbacks of the LRI interleavers and to progress the work on LTE, we propose to adopt the maximally contention-free QPP interleavers for LTE turbo coding[9]
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