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1. Introduction
The current CTC interleaver parameters do not generally support parallelism in the turbo decoder implementations for block sizes below 1024. Of the 25 block sizes below 1024, there are 10 that do not support parallelism order 2.  This will lead to significantly lower throughput CTC decoding for the smaller block sizes or significantly increased complexity and cost to implement turbo decoding to deliver high throughputs, especially in the uplink base station decoder when there can be a large number of small blocks to decode with tight latency budget. It is noted that the 802.16-2009 CTC code supports at least parallelism order 2 for all block sizes except one. It is also noted that in other air interface standards that may be considered for IMT-Advanced such as [5] the CTC encoder interleaver supports parallelism orders 2, 4, and 8, for all block sizes, and parallelism order 16 for all block sizes above 512. This allows very efficient implementation of very high speed turbo decoding.  In this respect the current design compares poorly to the existing 802.16-2009 standard and to [5].
It cannot be considered good for the evolution of the 802.16 standard or the evolution of the 4G technology in general to introduce an 802.16m amendment with a CTC specification that has poor support for efficient parallel implementation of the turbo decoder.  This contribution proposes small changes to the interleaver parameter table maintaining the existing well-designed block sizes and performance while also improving the design so that all block sizes below 1024 have at least parallelism order 2 and all except 2 block sizes have parallelism order 4. This will significantly lower the cost and complexity to implement high throughput turbo decoding for 802.16m and facilitate efficient multi-standard implementations.
2. Previous Work
The convolutional turbo code (CTC) used for 802.16-2009 FEC scheme with modifications is adopted as a mandatory channel coding scheme for data channels in the current IEEE 802.16m draft amendment [1]. In [2] there was an attempt to improve the design compared to 802.16-2009 with respect to padding overhead. A new set of block sizes along with the appropriate inner interleaver parameters and subblock interleaver parameters is proposed.  The result is a significant reduction in padding overhead due to the finer granularity of block sizes. However the design does not consider the contention-free property of the interleaver or the implementation of efficient, parallel structures for high throughput turbo decoding.
In [3] it is noted that the almost regular permutation (ARP) interleaver [4] is used as the CTC interleaver. It is also noted in [3] that the ARP interleaver is a contention free interleaver that can allow efficient implementation of parallel structures in the CTC to achieve very high throughput decoding. In [3] in order to satisfy the required data throughput, the CTC block sizes, interleaver parameters, and subblock interleaver parameters are adjusted to achieve parallelism order 4 for block sizes over 1024.  However, no consideration was made for the parallelism order of the block sizes below 1024.
3. Lack of Parallelism with Current Interleaver Parameters.
Table 1 depicts the CTC encoder input sizes (NFB) and their possible parallelism orders between 2 and 8.  The red entries that say “No” indicate that there is a contention which prevents support for parallelism at that order.  

It is observed that 10 block sizes do not support parallelism order 2 as a minimum which is highly concerning.  Another highly concerning observation is that many block sizes do not support any order of parallelism between 2 and 8 including block sizes as large as 568.
Table 1 CTC encoder block sizes and the supported parallelism orders up to order 8. “Yes” means supported.
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This lack of parallelism has serious implications for the complexity of the turbo decoder implementation.  When implementing high throughput turbo decoding, especially for the base station, the typical requirement is to support as close to the theoretical peak speeds as possible for all possible combinations of the block sizes. There are typically tight latency requirements for completion of all the turbo decoding on a per frame basis.  The turbo decoding typically represents the single highest load in terms of the complexity of number of operations per second of any processing block in the receiver. Even with a very efficient, high performance design, the turbo decoder processing is also typically the largest contributor to the receiver latency.  The contention free interleaver property allows for a simple, efficient decoder design using parallel MAP decoders running at full speed in the decoder to achieve the high throughput decoding.  The current design could reduce the throughput, or conversely increase the complexity of the design by as much as 2x, 4x, or 8x. The worst case scenario would be if the complete lack of parallelism makes it very difficult to achieve the peak throughput per base station of the 802.16m standard. 

As mentioned previously, 802.16-2009 supports contention-free parallelism order 2 for all block sizes except one.  The LTE standard supports contention free parallelism order 2, 4, 8, and 16 for block sizes above 512, and parallelism order 2, 4, and 8 for all block sizes below 512.  The current design for 802.16m compares poorly in this respect with 802.16-2009 and with LTE. This will also make it extremely difficult to achieve a low complexity multi-standard implementation.  

4. Proposed Solution Through Modified Interleaver Parameters.
In this contribution, we propose a simple solution that maintains the current block sizes and almost all of the current interleaver parameter settings without compromising performance.   We propose to change the CTC encoder interleaver parameters for the 10 block sizes that currently do not support parallelism order 2.  The list of the block sizes and the new interleaver parameters are shown in table 2.  

Table 2 Proposed Changes to the CTC encoder interleaver parameters to support parallelism order 2 for all block sizes
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As can be seen from Table 2, the proposed interleaver parameters provide support for parallelism order 2 for all block sizes and also provide support for parallelism 4 for all except 2 block sizes.  The table also summarizes the Frame Error Rate performance comparison.  The details of the simulation and performance comparison are in the next section.  The conclusion is that the new interleaver parameters show nearly identical performance as the current parameters.  The last section of this document describes the proposed text changes required to adopt the new interleaver parameters.
5. Simulation results
The simulation results show the Block Error Rate (BLER), also referred to as Frame Error Rate(FER) performance comparison between the current interleaver parameter settings (P0, P1, P2, P3) and the proposed interleaver parameter settings. Figures 1 through 10 show the results. The Max-log-MAP algorithm with 8 iterations is used with the rate 1/3 CTC decoder in the AWGN channel environment.  Simulation results are reported as FER vs SNR where for this simulation setup SNR is equivalent to (2/3)(Eb/N0).  The conclusions of the simulation results are that the new interleaver parameters show nearly identical performance as the current parameters using the same performance analysis methods as used in [2], and [3].  This means that the CTC interleaver parameters are well-designed and that the proposed design can support parallelism order 2 for all block sizes, and parallelism 4 for all except 2 block sizes without any performance loss.
[image: image3.emf]
Figure 1 FER performance comparison for NFB = K = 88.  
Current interleaver parameters are Red O, versus proposed parameters BLUE *.
[image: image4.emf]
Figure 2 FER performance comparison for NFB = K = 104.
Current interleaver parameters are Red o, versus proposed parameters BLUE *.
[image: image5.emf]
Figure 3 FER performance comparison for NFB = K = 120.
Current interleaver parameters are Red o, versus proposed parameters BLUE *.
[image: image6.emf]
Figure 4 FER performance comparison for NFB = K = 136.
Current interleaver parameters are Red o, versus proposed parameters BLUE *.
[image: image7.emf]
Figure 5 FER performance comparison for NFB = K = 152.
Current interleaver parameters are Red o, versus proposed parameters BLUE *.
[image: image8.emf]
Figure 6 FER performance comparison for NFB = K = 200.
Current interleaver parameters are Red o, versus proposed parameters BLUE *.
[image: image9.emf]
Figure 7 FER performance comparison for NFB = K = 216.
Current interleaver parameters are Red o, versus proposed parameters BLUE *.
[image: image10.emf]
Figure 8 FER performance comparison for NFB = K = 248.
Current interleaver parameters are Red o, versus proposed parameters BLUE *.
[image: image11.emf]
Figure 9 FER performance comparison for NFB = K = 456.
Current interleaver parameters are Red o, versus proposed parameters BLUE *.
[image: image12.emf]
Figure 10 FER performance comparison for NFB = K = 568.
Current interleaver parameters are Red o, versus proposed parameters BLUE *.
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7. Proposed changes for 802.16m draft amendment
The proposed text changes are confined to a few entries in Table 962 in Section 16.3.11.1.5.1
---------------------------------------------------  Text Start  --------------------------------------------------- 

<Modify Table 962 as follows >

Table 962─Interleaver Parameters
	Index
	NFB
(bit)
	P0
	P1
	P2
	P3
	Index
	NFB
(bit)
	P0
	P1
	P2
	P3

	1
	48
	5
	0
	0
	0
	21
	568
	19

13
	102

34
	140

0
	226

34

	2
	64
	11
	12
	0
	12
	22
	640
	23
	84
	296
	236

	3
	72
	11
	18
	0
	18
	23
	720
	23
	130
	156
	238

	4
	80
	7
	4
	32
	36
	24
	800
	23
	150
	216
	150

	5
	88
	13
	36
22
	36
0
	32
22
	25
	912
	29
	14
	264
	94

	6
	96
	13
	24
	0
	24
	26
	1024
	29
	320
	236
	324

	7
	104
	7

19
	4

26
	8

0
	48

26
	27
	1152
	31
	534
	372
	246

	8
	120
	11

13
	30
	0
	34

30
	28
	1312
	31
	214
	160
	506

	9
	136
	13

19
	58

34
	4

0
	58

34
	29
	1440
	41
	288
	556
	672

	10
	152
	11

17
	38
	12

0
	74

38
	30
	1632
	29
	334
	564
	66

	11
	176
	17
	52
	68
	32
	31
	1856
	47
	576
	212
	728

	12
	200
	11

13
	76

50
	0
	24
50
	32
	2112
	43
	96
	720
	980

	13
	216
	11

17
	54
	56

0
	2

54
	33
	2368
	47
	228
	440
	724

	14
	248
	13
	6

62
	84

0
	46

62
	34
	2624
	47
	378
	1092
	1250

	15
	288
	17
	74
	72
	2
	35
	2944
	41
	338
	660
	646

	16
	320
	17
	84
	108
	132
	36
	3328
	37
	258
	28
	1522

	17
	352
	17
	106
	56
	50
	37
	3776
	53
	772
	256
	408

	18
	400
	19
	142
	0
	142
	38
	4224
	59
	14
	668
	1474

	19
	456
	17

13
	184

194
	0
	48

194
	39
	4800
	53
	66
	24
	2

	20
	512
	19
	64
	52
	124
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