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1
Introduction
With wide bandwidth and MIMO capability, an LTE UE needs to potentially support very high peak data rate. For example, the peak data rate for a UE in a 20 MHz system and 4x4 MIMO configuration can be as high as 200+ Mbps. In order to sustain such a high data rate, the UE’s decoding capacity, which is usually the bottleneck of UE receiver processing, needs to be designed accordingly. 
One way to accomplish high capacity Turbo decoder is to increase the parallelism of Turbo decoder. However, the Turbo interleaver needs to be carefully designed in order to fully capitalize the capacity of a Turbo decoder with parallel MAP decoders.
During the process of designing a new turbo interleaver, the associated parameters of the interleaver need to be carefully selected and the performance of the interleaver needs to be fully verified by simulations. This exercise may need to be carried out for every allowed payload. In this document, we will make several suggestions to simplify the Turbo interleaver design for LTE.
2
 Contention Free Turbo Interleaver 
2.1. Turbo Decoder with Parallel MAP Decoders
Suppose N is the number of information bits of a code block and W is the trellis window length. A Turbo decoder with parallel MAP decoders splits the whole trellis (of N transitions) into 
[image: image1.wmf]N

M

W

=

 segments, each of which has W transitions and can be processed by independent MAP decoder. 
A high level illustration of Turbo decoder with parallel MAP decoders is shown in Figure 1.
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Figure 1 Illustration of Turbo Decoder with Parallel MAP decoders.

2.2. Contention Free Turbo Interleaver

From the previous section:
· For constituent code 1 (CC1) decoding, the input APPs are in natural order. That is, the input APP for the m-th segment correspond to symbols  
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· For constituent code 2 (CC2) decoding, the input APPs are not in natural order. The input APP for the segment correspond to symbols 
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, where  
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 denotes the Turbo interleaver.
One important factor of Turbo decoding is the “extrinsic” information exchange between CC1 and CC2. The output APP of CC1 will be the input APP for CC2, and vice versa. Since the output APP for CC1 (or CC2) is in a different order from the input APP for CC2 (or CC1), the output APP of CC1 (or CC2) need to be interleaved (or deinterleaved) before being stored in the storage (see Figure 1).
At the output of the MAP decoders, if the APPs from multiple MAP decoders are addressed to the same memory block as the result of turbo interleaving or deinterleaving, memory access contention occurs and stall time has to be inserted to resolve the contention. This could unduly reduce the Turbo decoder capacity. 

A well defined Turbo interleaver should avoid the above-mentioned memory contention. Such an interleaver is usually called “contention free Turbo interleaver”, which can be expressed mathematically as follows
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 or 
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2.3. Contention Free Turbo Interleavers in Literature
Contention free Turbo interleaver design has drawn a lot of attention in published literature. 
In [1], the authors proposed a “Dithered Relative Prime interleaver” (DRP) by adding two dithering steps to regular permutation interleaver (RP), one prior to the RP interleaver and one afterwards. If the functions of two dithering steps and the RP are lumped together, one can find the following properties of the DRP interleaver
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where 
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  is a function with period of K, P is a number relative primer to N.
The above interleaver is very similar in principle to the “almost regular permutation” (ARP) propose in [2], where the Turbo interleaver is defined as
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Here 
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 are functions with period of K, the term
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 adds a perturbation to the RP interleaver. 
Another contention free interleaver was proposed in [3], where the interleaver is constructed from a “quadratic permutation polynomial” (QPP), defined as
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. The author proved that if a quadratic polynomial is a permutation polynomial for N, the interleaver based on the polynomial is contention free for any W that divides N.
3
 Turbo Interleaver Design for LTE
While we have primarily discussed contention free Turbo interleaver design so far, it should be noted that parallel MAP decoders in Turbo decoder is not really needed for small payloads. Ensuring turbo interleaving contention free is necessary only for large payloads (e.g. certain big payload size and beyond).
 In Figure 2, we plot the code block size as a function of payload size, assuming the maximum code block size is 8192 bits. Notice that, once the payload is large enough, the code block size is always larger than 4096 bits.
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Figure 2  Code block size as function of payload size

Based on the above two observations, one way to specify Turbo interleaver design can be as follows:
· For code block size smaller than 4096, the Turbo interleaver continues to use Rel6 Turbo interleaver, which is already well defined and verified. Recall that the maximum Turbo interleaver for Rel 6 is 5114.
· If code block size is larger than 4096, a contention free Turbo interleaver is specified. The contention free interleaver is based on DRP or ARP or QPP, etc.
This approach would leverage the existing implementations and algorithms of R6, and yet at the same time reduce the burden of new interleaver design for LTE, where interleaver parameters needs to be carefully picked and fully verified by simulations for every single payload. 
To further reduce the task of Turbo interleaver design, we can further limit the allowed code block sizes for LTE. For example, we can define contention free interleaver only for code block size of 4096 + 32k, where k=1, 2, …,128. This way, we only need to specify at most 128 contention free interleavers. 
The padding overhead is shown in Figure 3 – it is seen that the overhead is always below 1%.
If we limit the contention free interleaver only for code block sizes of 4096 + 64k, where k=1, 2, …,64, we can further reduce the number of contention free interleaver to at most 64, but the padding overhead is now slightly higher (1.5%), as shown in Figure 4.

[image: image17.wmf]
Figure 3  Padding Overhead – Contention free interleaver defined for 4096 + 32K.
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Figure 4  Padding Overhead – Contention free interleaver defined for 4096 + 64K
4 Summary

In summary, we make the following proposal to simplify the Turbo interleaver design for LTE:
· For small payload sizes (4096 bits or smaller), use existing R6 Turbo interleaver
· For larger payload sizes, specify contention free Turbo interleaver
· Limit the allowed code block sizes in defining contention free Turbo interleaver, assuming a certain maximum padding overhead
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