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CTC Inner Interleaver Optimization for 16m
Ying Jin, Wenjian Hua, Shaofang Wang, Chongli Liu, Yuejun Wei 
Huawei Technologies Co., Ltd.

Introduction

It has been decided that IEEE 802.16m uses CTC as in 16e standard, and the CTC scheme needs to be extended to support additional FEC block sizes [1]. 
In 16m standard, the target peak spectral efficiency is about 15.0bps/Hz in downlink and 6.75bps/Hz in uplink, which requires high throughput for CTC decoder. So the supported parallelization orders for CTC decoder must be high enough, especially for larger block sizes.
In this contribution, a set of FEC block sizes, ranging from 48 bits to 4800 bits is designed based on the FEC block sizes of CTC in 16e. The decoding parallelization orders and BLER performance for every FEC block size are also given. 
Proposed scheme
The second step of the inner interleaver for CTC in 16e [2] is as follows:
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 is the interleaving address corresponding to position j, N is the number of input information couples, 
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 are the dither parameters. The period of the dither parameters for ARP interleaver is 4, which can be called cycle length.
ARP interleaver is naturally contention-free, and the supported parallelization orders by CTC in 16e are as below:
Table 1 Parallelization orders for CTC decoding in 16e 
	FEC Block Size (bits)
	M (parallelization orders)
	FEC Block Size (bits)
	M (parallelization orders) (up to 12)

	48
	1 2 3 4 6 8 12
	384
	1 2 3 4 6 8 12

	72
	1 2 3 4 6 9 12
	432
	1 2 3 4 6 8 9 12

	96
	1 2 3 4 6 8 12
	480
	1 2 3 4 5 6 8 10 12

	144
	1 2 3 4 6 9 12
	960
	1 2 3 4 5 6 8 10 12

	192
	1 2 3 4 6 8 12
	1920
	1 2 3 4 5 6 8 10 12

	216
	1 3 9
	2880
	1 2 3 4 5 6 8 9 10 12

	240
	1 2 3 4 5 6 8 10 12
	3840
	1 2 3 4 5 6 8 10 12

	288
	1 2 3 4 6 8 9 12
	4800
	1 2 3 4 5 6 8 10 12

	360
	1 2 3 4 5 6 9 10 12
	
	


From Table 1, the parallelization orders have two common values, 1 and 3. In order to backward compatible with 16e in parallelization orders, the proposed FEC block sizes should be multiples of 3. Since the constitute code of CTC is duo-binary convolutional code, the proposed FEC block sizes should be multiples of 2. Furthermore, to obtain better performance for larger block size as well as low storage requirements, 4 should be a proper cycle length for ARP interleaver, which is the same as that of CTC in 16e, thus the interleaving length of the proposed block sizes should be multiples of 4. So the proposed FEC block sizes should be multiples of
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The proposed FEC block size set is given below, which is composed of the FEC block sizes of CTC in 16e. K denotes the FEC block size and is not multiples of 7 due to tail-biting. 
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The parallelization orders for the proposed FEC block sizes are given in Table 2 below. In this table, the parallelization orders of CTC in 16e are also given, which are marked by blue font. 
Table 2 Parallelization orders for proposed FEC block size  
	i
	K
	N
	parallelization orders (up to 12)

	1
	48
	24
	1 2 3 4 6 8 12

	2
	72
	36
	1 2 3 4 6 9 12

	3
	96
	48
	1 2 3 4 6 8 12

	4
	120
	60
	1 3 5 

	5
	144
	72
	1 2 3 4 6 9 12

	6
	192
	96
	1 2 3 4 6 8 12

	7
	216
	108
	1 3 9

	8
	240
	120
	1 2 3 4 5 6 8 10 12

	9
	264
	132
	1 3 11 

	10
	288
	144
	1 2 3 4 6 8 12

	11
	312
	156
	1 3 

	12
	360
	180
	1 2 3 4 5 6 9 10 12

	13
	384
	192
	1 2 3 4 6 8 12

	14
	408
	204
	1 3

	15
	432
	216
	1 2 3 4 6 8 9 12

	16
	456
	228
	1 3 

	17
	480
	240
	1 2 3 4 5 6 8 10 12

	18
	528
	264
	1 2 3 6 11

	19
	576
	288
	1 2 3 4 6 8 9 12

	20
	624
	312
	1 2 3 6

	21
	720
	360
	1 2 3 5 6 9 10

	22
	768
	384
	1 2 3 4 6 8 12

	23
	816
	408
	1 2 3 6

	24
	864
	432
	1 2 3 4 6 9 12

	25
	912
	456
	1 2 3 6

	26
	960
	480
	1 2 3 4 5 6 8 10 12

	27
	1056
	528
	1 2 3 4 6 1112

	28
	1152
	576
	1 2 3 4 6 8 12

	29
	1248
	624
	1 2 3 4 6 12

	30
	1440
	720
	1 2 3 4 5 6 9 10 12

	31
	1536
	768
	1 2 3 4 6 8 12

	32
	1632
	816
	1 2 3 4 6 12

	33
	1728
	864
	1 2 3 4 6 8 12

	34
	1824
	912
	1 2 3 4 6 12

	35
	1920
	960
	1 2 3 4 5 6 8 10 12

	36
	2112
	1056
	1 2 3 4 6 8 1112

	37
	2208
	1104
	1 2 3 4 6 12

	38
	2304
	1152
	1 2 3 4 6 8 9 12

	39
	2400
	1200
	1 2 3 4 5 6 10 12

	40
	2496
	1248
	1 2 3 4 6 8 12

	41
	2592
	1296
	1 2 3 4 6 9 12

	42
	2784
	1392
	1 2 3 4 6 12

	43
	2880
	1440
	1 2 3 4 5 6 8 9 10 12

	44
	2976
	1488
	1 2 3 4 6 12

	45
	3072
	1536
	1 2 3 4 6 8 12

	46
	3168
	1584
	1 2 3 4 6 9 1112

	47
	3264
	1632
	1 2 3 4 6 8 12

	48
	3456
	1728
	1 2 3 4 6 8 9 12

	49
	3552
	1776
	1 2 3 4 6 12

	50
	3648
	1824
	1 2 3 4 6 8 12

	51
	3744
	1872
	1 2 3 4 6 912

	52
	3840
	1920
	1 2 3 4 5 6 8 10 12

	53
	3936
	1968
	1 2 3 4 6 12

	54
	4128
	2064
	1 2 3 4 6 12

	55
	4224
	2112
	1 2 3 4 6 8 11 12

	56
	4320
	2160
	1 2 3 4 5 6 9 10 12

	57
	4416
	2208
	1 2 3 4 6 8 12

	58
	4512
	2256
	1 2 3 4 6 12

	59
	4608
	2304
	1 2 3 4 6 8 9 12

	60
	4800
	2400
	1 2 3 4 5 6 8 10 12


The comparison of average padding bit portion for the proposed FEC block sizes with the FEC block sizes of CTC in 16e is given in Figure 1.BLER performance for both the proposed FEC block sizes and the FEC block sizes in 16e system are shown in Figure 2. The simulation conditions are listed below in Table 3. 
Table 3 Simulation condition for the proposed scheme
	Code Rate
	1/3

	Number of iterations
	8

	Decoding Algorithm
	Improved Max-Log-MAP(with scaling factor 0.75 for the extrinsic information in iterative decoding)

	Modulation
	QPSK

	Channel model
	AWGN
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Figure 1 Comparison of average padding bit portion
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Figure 2 BLER performance of CTC with FEC block sizes in Table 2
From Figure 2, it can be seen that the BLER performances of some FEC block sizes ,such as 360 bits, 432 bits, 480 bits, 1920 bits, 2880 bits, 3840bits and 4800 bits for CTC in 16e are worse than those of proposed adjacent ones, so the interleaver parameters of these block sizes should be optimized. 
Conclusions

A set of FEC block sizes is proposed in this contribution, which can reduce padding overhead, provide good parallelization order. Simulation results show that the proposed FEC block sizes have good BLER performances, but some ARP interleaver parameters of CTC in 16e should be optimized to achieve better BLER performances.
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Text Proposal to SDD
--------------------------------------------------- Start of the Text -----------------------------------------------------------
[Modify Chapter 11.13.1.3 in IEEE 802.16m-08/003r6 as follows;]
IEEE 802.16m uses the CTC (convolutional turbo code) of code rate 1/3 defined in the IEEE 802.16e standard where the CTC inner interleaver parameters for additional FEC block sizes are FFS while maintaining IEEE 802.16e CTC interleaver where the inner interleaver parameters for 802.16e CTC interleaver need to be  optimized.
--------------------------------------------------- End of the Text -----------------------------------------------------------
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