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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 #46bis in Seoul and RAN1 #47 in Riga. Approximately XX e-mails were sent on the topic. 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 future meeting

    - Consider 2x2 MIMO case in the interleaver selection

- Segmentation block size 5114 bits or (slightly larger?)

- Tail biting (FFS)

So the next step in the discussions on turbo coding is to select a "good contention free internal interleaver".
2. Proposals
Following 6 interleavers (including current Rel. 6 turbo interleaver) were proposed for the turbo internal interleaver in this E-mail discussion. 
2.1. ARP

Motorola proposed an almost regular permutation (ARP) interleaver in their early draft of R1-063061 and showed parameters and simulation results for 45 interleavers from 128 bits to 6144 bits. The interleavers are for tailbiting or tailed codes.

Features of ARP interleaver can be summarized:
· Contention-free (CF) property: CF property for various degrees of parallelism in decoder, thus allowing LTE to achieve or exceed the target peak throughput. 

· High parallelisation level: CF design allows efficient parallelization inside turbo decoder, thus leading to low latency.

· Different classes of UE capabilities can be supported using the same interleaver definition.

· Performance similar to or better than Rel. 6 turbo codes 
· Simple algebraic description leads to efficient hardware implementation. 

· Storage for the example table is not too much, only several hundred bytes. Nothing compared to the overall complexity of the turbo decoder.
2.2. IBP

ITRI proposed IBP (inter block permutation) interleaver scheme, designed in order to facilitate implementation while maintaining performance.

Features of IBP interleaver can be summarized:
· The design philosophy features low complexity network and high power efficiency. 
· The design also supports radix-4 APP decoder architecture which reduces required number of APP decoders. 
· The design applies 149 (218) parameters to generate 275 kinds of interleaver ranging from 40 to 12800

· Less shortening rate corresponding to all data lengths

· The multiple streams decoding which benefits uplink short frames decoding, e.g. VoIP. This feature enhances turbo decoder capability no matter for low latency or the high throughput requirements.

· Performance similar to or better than Rel. 6 turbo codes
2.3. QPP

Ericsson proposed QPP (quadratic permutation polynomial) interleaver and showed 3 different block lengths: K=320, 640, 5472, Rel6 termination or tail-biting.

Features of QPP interleaver can be summarized:
· The QPP interleavers are maximally contention-free in the sense that any factor of the block length can be used as the parallelization order.  For instance, for a block of K=240 bits, parallel decoding with 2,3,4,5,6,8,10,12,15,16,20,24,30,… processors are all supported.  The feature permits maximum flexibility in receiver designs. 

· Specification complexity is low for QPP interleavers.  At two parameters per block length, the QPP interleavers compare rather favorably to other interleaver structures. For an identical amount of parameter storage, a smaller granularity in block lengths can be adopted for QPP interleavers, which translates into lower padding overheads. 

· Computation complexity of QPP interleavers is low.  Computational structure is also invariant to block lengths. 

· Performance similar to or better than Rel. 6 turbo codes  

2.4. France Telecom
France Telecom proposed a new interleaving scheme, designed in order to facilitate implementation while maintaining performance.

Features of this interleaver can be summarized:
· Contention free property: there is not more than one data read or written in a memory bank at a given time, i.e. no simultaneous access.

· High parallelisation level: a parallelisation factor of p can be reached with the proposed structure and p can be set to any value.

· Flexibility: the only restriction on the block lengths K is that K has to be written under the form mxz, where z is a multiple of p; multiple frame sizes can therefore be supported.

· BLER performances are at least as good as Rel6 turbo-code performance.
· Low complexity: the complexity of the interleaver and of its implementation is low; moreover the addressing process, when reading or writing in a memory bank, is very efficient.

2.5. Mitsubishi

Mitsubishi proposed LRI interleaver scheme. Features of this interleaver can be summarized:
· Contention free for parallel processing
· Much easier implementation in comparison with PIL. Furthermore, it's possible to implement the Rel6 turbo with PIL and LRI on a common hardware.
· Multiple options for the number of parallel processors so as to allow freedom for the system designer to choose from a variety of parallel implementations.
· Support Successive Interference Cancellation (SIC) when using 2x2 MIMO.  The consequence is that 2x2 MIMO requires double the decoding speed as SISO.
· Yield BLER performance at least as good as that of Rel-6 turbo codes.
2.6. Rel. 6 turbo interleaver

Samsung, Nortel and Panasonic investigated parallel decoding of current Rel. 6 turbo interleaver. Features of this interleaver can be summarized:
· Contention-free (CF) property: CF property for various degrees of parallelism in decoder is guaranteed.
· No Change of current specification 
· Proven performance through huge simulation and field test: Stability of BLER performance over full range of code block size (40~5114 bits in specification) has been well proven by many companies and chipset vendors. 
· No more impact on other functionalities in channel coding & multiplexing 
· Flexibility of implementation with CF property

3. Discussions

To choose a good interleaver for LTE, the following discussion points should be considered:
· BLER performance: BLER performances are at least as good as the Rel6 turbo-code performance.
· (Water fall region : > 10-3) For block sizes shown, performances are almost identical (performance gap is less than 0.1dB)

· (Error floor region < 10-4) For block sizes shown, performances are almost identical (performance gap is less than 0.1dB)
Q1: Do we need to continue to discuss on this point? 
· Contention free for parallel decoding: 
· All interleavers meet this mandatory requirement
· Support of variable length frame size (Granularity of frame length):
Q2: What granularity of frame length is needed?  

Q3: What is the minimum frame size and maximum frame size?

· Decoder flexibility (number of parallel decoder)
· Easy extension to much higher bit rate (ex. 4x4 MIMO)
· For future enhancement, to avoid the same discussion again in the future, this requirement may be needed.
Other topic
Samsung commented that the current Rel.6 turbo interleaver (2.6) also has the contention free property and hence, the contention-free property is an implementation issue. Samsung further commented that we should not change the current interleaver at the risk of wasting a lot of time for verifying a new interleaver scheme, that might have no significant improvement of BLER performance over the existing scheme.
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