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1. Introduction
In IEEE 802.16m SDD (IEEE 802.16m-08/003r6) [1], IEEE 802.16m uses the CTC (Convolutional Turbo Code) of code rate 1/3 defined in the IEEE 802.16e standard [2]. In IEEE 802.16e, CTC subpacket generation is used to generate a subpacket with various code rates for HARQ packet transmission. Procedures for CTC subpacket generation consist of symbol separation, subblock interleaving, bit grouping and bit selection. The following figure shows interleaving scheme for CTC subpacket generation in IEEE 802.16e.
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Figure 1 The block diagram of 16e interleaving scheme
In higher modulation, there are multiple protection class and mapping the interleaved bit into QAM constellation isn’t optimized. Systematic bits and their parity mapped into worst layer are always mapped into worst or good layer in form of burst. Turbo decoder performance is degraded as a pair bits (systematic, parity) are always mapped into same layer position in 64QAM constellation.  Input burst mapped into worst layer make the decoder performance worse

2. Proposed CTC bit grouping for IEEE 802.16m
In order to prevent the contiguous bits from to be allocated into same level in constellation bits at higher modulation, new interleaving scheme is proposed as below figure.
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Figure 2 The block diagramof the proposed interleaving scheme
In new interleaving scheme, at first the interleaved subblocks shall be multiplex into four blocks; those four blocks consist of an interleaved A subblock, an interleaved B subblock, a bit-by-bit multiplexed sequence of the interleaved Y1 and Y2 subblock sequences, which is referred to Y1/Y2, and a bit-by-bit multiplexed sequence of the interleaved W2 and W1 subblock sequences, which is referred to W2/W1.  Information subblocks, A and B, are by-passed while parity subblocks are multiplexed bit by bit. The bit-by-bit multiplexed sequence of interleaved Y1 and Y2 subblock sequences shall consist of the first output bit from the Y1 subblock interleaver, the first output bit from the Y2 subblock interleaver, the second output bit from the Y1 subblock interleaver, the second output bit from the Y2 subblock interleaver, etc. The bit-by-bit multiplexed sequence of interleaved W2 and W1 subblock sequences shall consist of the first output bit from the W2 subblock interleaver, the first output bit from the W1 subblock interleaver, the second output bit from the W2 subblock interleaver, the second output bit from the W1 subblock interleaver, etc.
After multiplexing subblocks into four blocks, every C bits of the multiplexed subblock are further permuted to prevent the contiguous bits from to be allocated into same level in constellation bits at higher modulation.  Each multiplexed subblocks are formed into R, which is set to (N/C( for subblock A and B and (2N/C( for subblock Y1/Y2 and W2/W1, respectively. Bits in each group of four interleaved subblocks are further permuted as followings;
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Where C is set to the modulation order (QPSK=2, 16QAM = 4, 64QAM = 6). 
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is set to 1 for 64QAM and 0 for other modulation. In above equation, Ai(j), Bi (j), Y1/Y2i (j) and W2/W1i (j) indicate the permutation formula for j -th element of i-th group of subblock A, B, Y1/W1 and Y2/W2, respectively.  
Comparing to results of bit grouping for IEEE 802.16e, those of new scheme have about up to 2.2dB gain at FER 10-2 in higher modulation as shown in Figure 3 to 6. The following simulation results are based on AWGN.  According to simulation results, we propose the new bit grouping for CTC in IEEE 802.16m.  
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Figure 3 The performance comparison of the proposed and 16e interleaving scheme (Nep=48)
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Figure 4 The performance comparison of the proposed and 16e interleaving scheme (Nep=144)
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Figure 5 The performance comparison of the proposed and 16e interleaving scheme (Nep=256)
[image: image11.emf]FER comparison (Nep=288, AWGN)

0.001

0.01

0.1

1

2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

SNR

FER

16e_64QAM (R=1/3) Proposed_64QAM (R=1/3) 16e_64QAM (R=1/2) Proposed_64QAM (R=1/2)

16e_64QAM (R=2/3) Proposed_64QAM (R=2/3) 16e_16QAM (R=1/3) Proposed_16QAM (R=1/3)

16e_16QAM (R=1/2) Proposed_16QAM (R=1/2) 16e_16QAM (R=2/3) Proposed_16QAM (R=2/3)


Figure 6 The performance comparison of the proposed and 16e interleaving scheme (Nep=288)
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Figure 7 The performance comparison of the proposed and 16e interleaving scheme (Nep=384)
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Figure 8 The performance comparison of the proposed and 16e interleaving scheme (Nep=512)
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Figure 9 The performance comparison of the proposed and 16e interleaving scheme (Nep=960)
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Figure 10 The performance comparison of the proposed and 16e interleaving scheme (Nep=1216)
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Figure 11 The performance comparison of the proposed and 16e interleaving scheme (Nep=1920)
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Figure 12 The performance comparison of the proposed and 16e interleaving scheme (Nep=2048)
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Figure 13 The performance comparison of the proposed and 16e interleaving scheme (Nep=2880)
[image: image19.emf]FER comparison (Nep=3840, AWGN)

1.00E-03

1.00E-02

1.00E-01

1.00E+00

2 3 4 5 6 7 8 9 10 11 12 13 14 15

SNR

FER

16e_64QAM (R=1/3) Proposed_64QAM (R=1/3) 16e_64QAM (R=1/2) Proposed_64QAM (R=1/2)

16e_64QAM (R=2/3) Proposed_64QAM (R=2/3) 16e_16QAM (R=1/3) Proposed_16QAM (R=1/3)

16e_16QAM (R=1/2) Proposed_16QAM (R=1/2) 16e_16QAM (R=2/3) Proposed_16QAM (R=2/3)


Figure 14 The performance comparison of the proposed and 16e interleaving scheme (Nep=3840)
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Figure 15 The performance comparison of the proposed and 16e interleaving scheme (Nep=4800)
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4. Text Proposal for 802.16m amendment
------------------------------------Start text proposal------------------------------------
15.x.1.5.1.6. Bit Grouping
The interleaved subblocks shall be multiplex into four blocks; those four blocks consist of an interleaved A subblock, an interleaved B subblock, a bit-by-bit multiplexed sequence of the interleaved Y1 and Y2 subblock sequences, which is referred to Y1/Y2, and a bit-by-bit multiplexed sequence of the interleaved W2 and W1 subblock sequences, which is referred to W2/W1.  Information subblocks, A and B, are by-passed while parity subblocks are multiplexed bit by bit. The bit-by-bit multiplexed sequence of interleaved Y1 and Y2 subblock sequences shall consist of the first output bit from the Y1 subblock interleaver, the first output bit from the Y2 subblock interleaver, the second output bit from the Y1 subblock interleaver, the second output bit from the Y2 subblock interleaver, etc. The bit-by-bit multiplexed sequence of interleaved W2 and W1 subblock sequences shall consist of the first output bit from the W2 subblock interleaver, the first output bit from the W1 subblock interleaver, the second output bit from the W2 subblock interleaver, the second output bit from the W1 subblock interleaver, etc.
After multiplexing subblocks into four blocks, every C bits of the multiplexed subblock are further permuted to prevent the contiguous bits from to be allocated into same level in constellation bits at higher modulation.  Each multiplexed subblocks are formed into R, which is set to (N/C( for subblock A and B and (2N/C( for subblock Y1/Y2 and W2/W1, respectively. Bits in each group of four interleaved subblocks are further permuted as followings;
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Where C is set to the modulation order (QPSK=2, 16QAM = 4, 64QAM = 6). 
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is set to 1 for 64QAM and 0 for other modulation. In above equation, Ai(j), Bi (j), Y1/Y2i (j) and W2/W1i (j) indicate the permutation formula for j -th element of i-th group of subblock A, B, Y1/W1 and Y2/W2, respectively..  
The channel interleaver output sequence shall consist of a permuted sequence of the A subblock sequence, followed by a permuted sequence of B subblock sequence, followed by a permuted sequence of the Y1/Y2 subblock sequences, followed by a permuted sequence of the interleaved W2/W1 subblock sequences.
Figure xxx shows interleaving scheme as explained above.
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Figure xxx Block diagram of interleaving scheme
------------------------------------End text proposal------------------------------------
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