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Introduction
In 802.16m’s SDD(IEEE 802.16m-08/003r5) , IEEE 802.16m uses the CTC (convolutional turbo code) of code rate 1/3 defined in the IEEE 802.16e standard. The Constellation Re-arrangement is supported in modulation block.
In 802.16e, the sub-block interleaving of CTC encoder only includes bit permutation, adjacent coded bits may be mapped continuously onto less or more significant bits of the constellation, thus result in long runs of lowly reliable bits. 
To avoid this, we propose to add constellation permutation in the modulation block to insure adjacent coded bits are mapped alternatively onto less or more significant bits of the constellation.
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Figure 1 CTC performance w/ and w/o interleaver
As shown in figure 1, “(288, 64QAM, 1/2)” means that Nep = 288, modulation scheme = 64QAM, coding rate = 1/2, and so on and so forth. The simulation channel is over AWGN. Theoretically, the performance with sub-block interleaver should be similar with the performance without sub-block interleaver in AWGN. However, the simulation shows that the real performance of CTC with sub-block interleaver is worse than the performance without sub-block interleaver. 
Herein, we propose a new constellation permutation scheme for channel coding to enhance the performance. 
Proposed scheme
The channel coding block diagram in 802.16m’s SDD is shown below:
[image: image2.emf]
Figure 2 The channel coding block diagram

The proposed block diagram of Modulation in 802.16m is as follows:
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Figure 3 the proposed block diagram of Modulation
As shown is figure 3, the modulation block shall include constellation bit permutation & Re-arrangement and constellation mapping, to insure adjacent coded bits are mapped alterative onto less or more significant bits of the constellation, and get the constellation re-arrangement gain during HARQ retransmissions. 

The proposed algorithm of Constellation bit permutation & Re-arrangement is as following:

 Jk = M*floor(k/M) + (offset+k+floor(k/(S*M)))mod(M)
Where k = [0:N-1] is the index of input bits,  M is the modulation order(2-QPSK,4-16QAM,6-64QAM), Jk is the index of the permutated bits. S is the number of symbols with the same mapping rule. S can be any natural number. Specially, when 64QAM is used, S = 6 will get better performance according to simulation result. Offset is used to implement the constellation re-arrangement for HARQ re-transmissions. For each transmission, offset uses a different value pre-determined from last transmission if constellation-rearrangement (CoRe) is applied. Otherwise, offset is fixed in each transmission. Offset is equal to zero in default.
An example is shown in figure 4.
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Figure 4 the example of proposed constellation permutation

As shown in figure 4, if without the proposed constellation permutation, adjacent coded bits(0,1,…,15) are mapped onto best significant bits(b0/b3) of the constellation. After the proposed constellation permutation, adjacent coded bits are alternatively mapped onto less or more significant bits of a constellation.
The constellation mapping is mapping the permutated and Re-arrangement bits to the modulation constellations (QPSK/16QAM/64QAM).
Simulation

Link-level simulation parameters are listed in Table 1 .
Table 1 Simulation parameters
	FFT Size
	1024

	CP Ratio
	1/8

	Code Type
	CTC encoder

	Code Rate
	1/2

	Modulation
	64QAM

	Channel estimation
	Ideal estimation

	Channel model
	AWGN、VA30/PB3

	Receiver
	L-MMSE
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Figure 5 simulation comparisons proposed VS 16e’s in AWGN
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Figure 6 simulation comparisons proposed VS 16e’s in fading channel

As shown in the simulation results, the performance of proposed scheme is better than 802.16e’s, both in AWGN and fading channel. 
Conclusion

A new constellation permutation scheme for channel coding is proposed to enhance the performance.
Text Proposal to SDD

------------------------------------Start text proposal------------------------------------
[Adopt the following text in 802.16m System Description Document (SDD) IEEE 802.16m-08/003r5]
Add the following text and figure in Line 22, page 103 of IEEE 802.16m-08/003r5 sub-clause 11.13.1.5.
The constellation bit permutation scheme in modulation is to ensure adjacent coded bits are mapped alternatively onto less or more significant bits of a constellation, thus avoiding long runs of lowly reliable bits.
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Figure xx Modulation block diagram
------------------------------------End text proposal------------------------------------
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