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1 Introduction
The existing 3GPP Release-6 turbo interleaver is the result of a rigorous and lengthy selection procedure, which originally lasted some 14 months. It is now a tried-and-tested design currently implemented and working in today’s HSPA networks. 

For LTE, the higher throughput requirements demand the use of parallel processing in the interleaver. Several companies have shown how this can be implemented according to the existing rel.6 specification. However, other companies have proposed that completely changing the interleaver may offer some benefits. As a result of said proposals, RAN1 has begun again the process of selecting a turbo-interleaver. The candidates are as follows:

· Current Release 6 Interleaver [1]

· Quadratic permutation polynomial (QPP) interleavers

· Ericsson (Ericsson-QPP) [2]

· Motorola (Motorola-QPP) [3]

· Qualcomm byte-aligned designs (QPP-Q) [4]

· Almost regular permutation (ARP) interleavers

· Motorola (Motorola-ARP) [3]

· Broadcom (Broadcom-ARP) [5]

· Quasi-cyclic (QC) interleavers from France Telecomm (FranceTelecom-QC-a and -b) [6]

· Inter-block permutation interleavers from ITRI (ITRI-IBP) [7]

· LRI interleavers from Mitsubishi Electric Corp (Mitsubishi-LRI) [8]

This contribution compares the candidates, using the following criteria:
· Performance  (in terms of Eb/N0 needed to achieve a given FER)
· Flexibility  (of parallelism) 
· Hardware complexity

The results of the initial evaluation show no clear benefit to changing the interleaver design:

· Performance is similar to the best of the alternative candidates, whilst many candidates show inconsistent performance across different block-sizes.

· The rel.6 is still the most flexible design of all, allowing the choice of any integer number of parallel processors.

· Since nearly all LTE terminals will also support HSPA, then the rel.6 interleaver will already be present. Implementing an additional interleaver, no matter how simple, will only increase the hardware complexity.

In summary, Nortel does not envisage any advantage to performance by changing the interleaver design.  On the other hand, there are many disadvantages: other candidates are less flexible for parallelism, terminal complexity can only increase, and most notably, significant time and effort will be required by RAN1 to select and revise a new design. 

Nortel proposes to keep the existing rel-6 interleaver design for LTE.

2 Interleaver comparison
2.1 Performance

A detailed performance comparison between all candidate interleavers ca be found in [9-14]. Simulation results are provided to show the Eb/N0 needed to achieve Block Error Rates targets from 10% down to 0.001%, for information block sizes ranging from 40 to 8192 bits. 

Figure 1 shows a typical result from [9]: Whilst for most individual block sizes one of the candidates might have better performance, the Rel-6 has consistently good performance over all block sizes. This characteristic was one of the reasons why the design was originally chosen for Rel6.
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Figure 1. Typical performance simulation result – Eb/N0 needed for BLER = 1e-4

The Rel-6 Interleaver has consistently good performance over all block sizes
2.2 Flexibility

Flexibility refers to the freedom of choice on the number of parallel processors that can be used in the interleaver. For the Rel6 interleaver, this can be any number up to the number of rows in the interleaver (which is 20 for most block sizes) [15]. The other candidates have limited options for parallelism, which vary according to block size. Figure 2 provides a graphical comparison of the flexibility for parallelism. Rel-6 is clearly the most flexible.
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Figure 2 Options for the Number of Parallel Processors vs Block Size
The Rel-6 interleaver is the most flexible, allowing the choice of any integer number of parallel processors

It may be noted that the Rel-6 interleaver provides parallelism of up to 20 processors, whilst the others have up to 32.  Given that a single processor core can support at least 10Mbps [16], we consider that 20 processors should be more than adequate to meet the 100 Mbps target for LTE.
2.3 Hardware Complexity

The higher throughput targets for LTE require an interleaver that can be parallelised.  Reference [15] shows how the rel-6 interleaver can be implemented to enable parallel decoding with up to 20 APP decoders. 
Regarding the potential reduction in complexity of the turbo decoder:

· The Gate count and power consumption for a turbo decoder are dominated by the APP decoder and memory. The interleaver design is only a small fraction of this, so any simplification can only have a small impact on decoder complexity.

But most importantly of all:

· Since nearly all LTE terminals will also support HSPA, the Rel-6 interleaver will already be present. Implementing a different interleaver for LTE, no matter how simple, will only increase the overall hardware complexity.
3 Conclusions
This contribution has compared the existing Release-6 interleaver with other candidates for LTE, and finds the following:
1. No performance benefit to changing: Performance of Rel-6 is as good as the best of the alternative candidates, whilst many candidates show inconsistent performance across different block-sizes.

2. Rel-6 is most flexible for parallelism: The Rel-6 is still the most flexible design of all, allowing the choice of any integer number of parallel processors.

3. A different interleaver for LTE will increase terminal complexity: Since nearly all LTE terminals will also support HSPA, then the rel.6 interleaver will already be implemented. An additional interleaver will only increase the hardware complexity.

Nortel proposes to keep the existing rel-6 interleaver design for LTE.
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