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1 Introduction
A simple construction method is necessary for LTE turbo coding interleaver design. Contention-free is the necessary for the interleaver design. This contribution raises the other turbo coding interleaver design issues. These issues implies a necessarily of a simple but high performance interleaver construction method to simplify interleaver search, eliminate parameter storage and reduce implementation complexity and low down power consumption. These issues are listed as follows:

1. Number of parameters.

2. Data length supporting contention-free property

3. Interleaving and de-interleaving

4. Turbo decoder routing complexity and power consumption

5. Error rate performance

2 Number of Parameters
Supporting more than 5000 kinds of data length must be the most severe problem for LTE turbo coding design under the contention-free constraint. This number raises two issues: searching wild range good performance interleavers and storing extremely many parameters. Some interleavers with good error rate performance have been provided in past few years. However, the searched interleaver is not enough comparing with the number. If we further consider the contention-free property, the number is less. By the way, the searched interleaver parameters may be an interleaver table and a table requires a huge storage space. Storing a table is very impractical especially when more than 5000 kinds of data length must be supported. Even for the ARP, the parameters are not small. An efficient generating method like Rel’6 turbo coding [1] seems necessary.
Constructing an interleaver by a seed interleaver is a possible way to reduce parameter searching and storage space. Searching a short length interleaver is much simple instead of searching a long length interleaver. The required storage of parameters is also less for the short interleaver in terms of bits or size of table. If we can find a good construction method to exploit these interleavers without deteriorating the corresponding distance properties or error rate performance, this would largely reduce required number of parameters and be practical.
3 Data length supporting contention-free property

3.1 Shortening and puncturing

Shortening and puncturing [2] enhances the applicable range of contention-free interleaver and reduce the number of parameters. Contention-free property leads a data length supporting issue. Supporting contention-free property generally requires the fact that the interleaver length is a multiple of parallelism degree. This implies some length interleavers ingeneratable e.g. length 4093 interleaver which is a prime number. If the supported parallelism degree is larger, the unsupported lengths become more. However, continuously supporting various data lengths to match the segmentation algorithm [1] is the system feature. Shortening fills some dummy bits to fit the interleaver length and eliminates these dummy bits after encoding. These unsupported lengths can apply larger interleaver to encode. Puncturing removes the dummy bits correspondent parity bits and the final code rate matches the desire code rate. Shortening and puncturing resolve awkward data lengths for contention-free interleaver and more kinds of data length can apply this kind of interleaver.
3.2 Shortening rate
The shortening rate determines the power expense and the relative performance variation. The shortening rate is 
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. The rate indicates how much bits shortened for the corresponding data length. The more bits shortened the more power expense for these shortened bits as decoding. Shortening too much bits also imply the more performance variation. Limited shortening rate for all ranges reduces the performance variation and the corresponding power expense.
In order to limit the shortening rate for all ranges, the interleaver set must include more kinds of interleavers for short data length. The smaller interleaver length leads higher shortening rate. Eliminating the number of shortened bits reduces the shortening rate. Eliminating the number of shortened bits requires more interleaver lengths.  It also implies the supported interleaver length is denser in this region. 
4 De-interleaver
De-interleaving property and complexity have to be considered. De-interleaving is the reversed operation of Interleaving and also determines the memory access and writing procedure; de-interleaving also has to satisfy the contention-free property. A complex interleaving function may achieve high performance but de-interleaving may result in implementation effort. A favour de-interleaver has the same form to the interleaver and the control circuit can be reused, e.g. ARP. Avoiding complex de-interleaver must be considered.
5 Turbo decoder routing complexity and power consumption
The interleaver determines the routing complexity and power consumption in a turbo decoder. 10-20 APP decoders are necessary to support peak data rate 100Mbps and these decoders have to fetch and write memory bank in parallel. A network bridges these APP decoders and memory. In general the cross-bar network is necessary to support parallel processing but the cross-bar network features high complexity and cost. A well-designed interleaver only requires a low complexity network to support parallel memory access. Low complexity network also implies low power consumption. Therefore an interleaver design must consider routing complexity and power consumption.
Table 1 shows exemplary designs showing interleaver influence on hardware implementation. IBPTC [6] applies a network-oriented design and the power consumption is low comparing with other designs. The network complexity only occupies low complexity. The interleaver determines the decoder complexity and power consumption.
Table 1: Power consumption comparison.

	Design
	*B-IBPTC [6]
	*ICASSP 2005 [7]
	ISSCC 2004 [8]

	Technology
	0.13um
	0.13um
	0.13um

	Data length
	4096 bits
	5120 bits
	2048 bits

	Operating Frequency (Inside)
	265 MHz
	256 MHz
	352MHz

	Data rate (MS/s)
	1.06 Gbps@8 iterations
	758 Mbps@6 iterations
	352Mbps@5iterations

	Power (mW)
	742 mW @1.2V
	573 mW @1.2V
	2.646W@1.2V

	Power (pJ/bit/iteration)
	87.5pJ/bit/iteration
	126pJ/bit/iteration
	1512pJ/bit/iteration


*The number is assembled by the simulator tool. The exact power consumption may be higher.

6 Error rate performance

The interleaver [3-5] determines turbo coding performance. The interleaver determines the turbo code distance property. The larger codeword distance implies better error correction capability and diversity gain to conquer fading channel. The interleaver design would consider the distance property and avoids some important error events.
The performance has less priority comparing with the implementation features or other concerns. In general the interesting frame error rate region is 10-2-10-3. Providing +0.2dB performance gain or -0.2dB performance loss is hard especially for long interleaver length. By the way larger distance implies the frame error rate performance below 10-4 or 10-5. Searching interleaver with outstanding distance property but losing in time or implementation features seems inefficient.
7 Conclusion
Turbo interleaver design has to consider not only contention-free property but also the number of parameters, data length supporting contention-free property, de-interleaver, shortening rate, routing complexity, power consumption and error rate performance. The priority may be implementation features instead of error rate performance. 
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