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Proposed Text on Constellation Rearrangement and Bit Grouping for IEEE 802.16m Amendment 
1. Introduction
The convolutional turbo code (CTC) with code rate 1/3 defined in the IEEE 802.16e standard [1] has been adopted by the IEEE 802.16m SDD (IEEE 802.16m-08/003r8) [2] and included in the IEEE 802.16m Amendment Working Document (AWD) (IEEE 802.16m-09/0010r1a)[4] with a larger maximum block length (increased to 4800) and a new ARP interleaver table defined in [3]. IEEE 802.16e standard defines procedures for CTC subpacket generation to generate the subpackets for rate matching in the case of packet transmission with hybrid ARQ [1]. The CTC subpacket generation includes the following four steps - bit separation, sub-block interleaving, bit grouping, and bit selection. For high order modulations that will be supported in IEEE 802.16m [2], e.g. 16QAM or 64QAM, the bit grouping method in IEEE 802.16e is not optimized. Due to different bit reliabilities in the QAM modulation, mapping the pairs of systematic bits and their parity bits to the bit position with the same reliability in the QAM modulation will degrade the performance of turbo coded modulation [5]. To improve the performance, it is better to map the pairs of the systematic bits and the parity bits to bit positions with different reliabilities in a QAM modulation. This can be implemented by applying different bit permutations for the systematic bit sequences and the parity bit sequences [5].
On the other hand, with hybrid ARQ, it is possible that there are some overlapped bits between two (re)transmission blocks. When the same modulation form is applied, the decoding performance after bit-level Chase combining will be degraded significantly if the same bits from two transmission blocks mapped to the bits with the same reliabilities in a high order QAM modulation. To overcome the performance degradation caused by same constellation mapping, constellation rearrangement (CoRe) was proposed as a mechanism and included in IEEE 802.16m SDD [2]. Several methods for CoRe have been proposed [6-9]. 
In this document, we propose a CoRe method with 1-bit circular shift for the in-phase (I) and quadrature (Q) components individually in a QAM modulation. –Using the proposed bit grouping method in [5], we propose a unified approach on bit grouping and CoRe for IEEE 802.16m.  
2. Proposed Constellation Re-arrangement for IEEE 802.16m
We propose the following constellation re-arrangement method that is applied to the high order modulations, including 16 QAM and 64 QAM, to improve the decoding performance after bit level Chase combining -with hybrid ARQ. 
We propose only two CoRe versions for constellation re-arrangement for both 16 QAM and 64 QAM modulations. The bit sequences for the proposed two CoRe versions are presented in Table 1. For the first version, version 0, the order of the bit sequence in a QAM symbol is in the natural order, i.e., b3b2b1b0 for 16 QAM and b5b4b3b2b1b0 for 64 QAM. Based on the bit-symbol mapping for 16 QAM and 64 QAM modulations defined in IEEE 802.16e [1], b0, b2 in a 16 QAM symbol and b0, b3 in a 64 QAM symbol are the least reliable bits among the bits mapped to a QAM symbol, while b1,b3 in a 16 QAM symbol and b2,b5 in a 64 QAM symbol are the most reliable bits. As shown in Table 1, in the second CoRe version, version 1, we propose to move the least reliable bits to the positions of the most reliable bits in a QAM symbol, i.e., b0( b1, b2 ( b3 for16 QAM and b0( b2, b3 ( b5 for 64 QAM. The rest of the bits are 1-bit shifted to the right. We can see that the final order of the bit sequence of CoRe version 1 is one-bit circularly shifted to the right for I and Q components individually.
	Constellation
	CoRe Version
	Mapping rule

	16 QAM
	z=0
	b0
	b1
	b2
	b3
	-
	-

	16 QAM
	z=1
	b1
	b0
	b3
	b2
	-
	-

	64 QAM
	z=0
	b0
	b1
	b2
	b3
	b4
	b5

	64 QAM
	z=1
	b1
	b2
	b0
	b4
	b5
	b3


Table 1: Proposed constellation re-arrangement for 16QAM and 64 QAM, rank=1.

Denote z as the CoRe version number, the sequence order for CoRe in a QAM symbol can be represented by
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where C=4 for 16 QAM and C=6 for 64 QAM.
For the transmit rank(2, we can also define the constellation rearrangement for two symbols given in Table 2.

	Constellation
	CoRe Version
	Mapping rule

	
	
	First symbol
	Second symbol

	16 QAM
	z=0
	b0
	b1
	b2
	b3
	-
	-
	b4
	b5
	b6
	b7
	-
	-

	16 QAM
	z=1
	b5
	b7
	b0
	b2
	-
	-
	b1
	b4
	b3
	b6
	-
	-

	64 QAM
	z=0
	b0
	b1
	b2
	b3
	b4
	b5
	b6
	b7
	b8
	b9
	b10
	b11

	64 QAM
	z=1
	b7
	b2
	b6
	b10
	b5
	b9
	b1
	b8
	b0
	b4
	b11
	b3


Table 2: Proposed constellation re-arrangement for 16QAM and 64 QAM, rank(2.

The sequence order of CoRe for both 16QAM and 64QAM can be represented by

[image: image2.wmf]ë

û

,

1

,

0

,

1

,...,

0

,

)

2

mod(

)

*

)

mod

(

*

*

/

2

mod

)

(

(

2

2

2

=

-

=

+

+

+

z

C

j

C

C

j

z

C

j

z

j

C

C

C

 

where C=4 for 16 QAM and C=6 for 64 QAM.

Define k=0 for rank=1, and k=1 for rank(2, the sequence order for both 16QAM and 64QAM and for different ranks can be written as
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3. CTC Bit Grouping for IEEE 802.16m
In [5] a bit grouping method is proposed for IEEE 802.16m to prevent pairs of systematic bits and parity bits being mapped to the constellation bits with same reliabilities in high order QAM modulations. The proposed interleaving scheme after CTC encoding is illustrated in Fig. 1 below.
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Figure 1 The block diagram of the proposed interleaving scheme in [5]
In this interleaving scheme [5], at first the interleaved subblocks are multiplexed into four blocks that consist of an interleaved A sub-block, an interleaved B sub-block, a bit-by-bit multiplexed sequence of the interleaved Y1 and Y2 sub-block sequences (Y1/Y2), and a bit-by-bit multiplexed sequence of the interleaved W2 and W1 sub-block sequences (W2/W1).  Information sub-blocks, A and B, are by-passed while parity sub-blocks are multiplexed bit by bit. The bit-by-bit multiplexed sequence of interleaved Y1 and Y2 sub-block sequences shall consist of the first output bit from the Y1 sub-block interleaver, the first output bit from the Y2 sub-block interleaver, the second output bit from the Y1 sub-block interleaver, the second output bit from the Y2 sub-block interleaver, etc. The bit-by-bit multiplexed sequence of interleaved W2 and W1 sub-block sequences shall consist of the first output bit from the W2 sub-block interleaver, the first output bit from the W1 sub-block interleaver, the second output bit from the W2 sub-block interleaver, the second output bit from the W1 sub-block interleaver, etc.
After multiplexing the sub-blocks into four blocks, every C bits of the multiplexed sub-block are further permuted to prevent the contiguous bits from being allocated to same level in constellation bits at higher modulation.  Each multiplexed sub-blocks are formed into R, which is set to (N/C( for sub-block A and B and (2N/C( for sub-block Y1/Y2 and W2/W1, respectively. Bits in each group of four interleaved sub-blocks are further permuted as followings;
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where C is set to the modulation order (QPSK=2, 16QAM = 4, 64QAM = 6). 
[image: image9.wmf]d

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 sub-block A, B, Y1/W1 and Y2/W2, respectively
4. Unified Approach for Bit Grouping and Constellation Re-arrangement
As mentioned earlier, in our proposed constellation re-arrangement method, the bit sequence order of CoRe version 1 is one-bit right circular shift of the original order (CoRe version 0) for I and Q components individually. The sequence order for CoRe in a QAM symbol can be represented by
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where C=4 for 16 QAM and C=6 for 64 QAM.

With the permutations in the proposed bit grouping in [5], we can unify the bit grouping and constellation re-arrangement in one set of permutation functions for symbol i, constellation bit j in a QAM symbol, and CoRe version z. The resulting permutations for rank 1 are given by
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where C=2 for QPSK, C=4 for 16 QAM, and C=6 for 64 QAM, 
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=1 for 64 QAM and 0 for other modulations. It is seen that the above permutations do not affect the sequence order in bit grouping for the same CoRe version in [5] but can implement the proposed CoRe method by setting different values –for z. The resulting CoRe is still 1-bit right circular shift individually for I and Q dimensions. 
Define k=0 for rank=1, and k=1 for rank(2. The unified permutation for all ranks can be written as follows. First define
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where C is set to the modulation order (QPSK=2, 16QAM = 4, 64QAM = 6). 
[image: image20.wmf]d

is set to 1 for 64QAM and 0 for other modulation.
Define f(i,j)=Ai(j), Bi(j), Y1/Y2i(j), or W1/W2i(j). The corresponding permutation for bit grouping and CoRe is given by
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5. Proposed Text
We propose the constellation rearrangement and bit grouping to be included in the 802.16m amendment document ([4]). The proposed text is developed so that it can be readily combined with the IEEE P802.16 Rev2/D8 ([10]). It is compliant to the 802.16m SRD ([11]) and the 802.16m SDD ([2], and it follows the style and format guidelines in ([12]).
Insert the following text to Section 15.3.12.1.5, of [1] as follows:
=============================== Start of Proposed Text #1=============================
15.3.12.1.5.x Bit grouping 
The interleaving scheme after CTC encoding for bit grouping is illustrated in Fig. x below.
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Figure x The block diagram of the proposed interleaving scheme
In -this interleaving scheme [5], at first the interleaved sub-blocks are multiplexed into four blocks that consist of an interleaved A sub-block, an interleaved B sub-block, a bit-by-bit multiplexed sequence of the interleaved Y1 and Y2 sub-block sequences (Y1/Y2), and a bit-by-bit multiplexed sequence of the interleaved W2 and W1 sub-block sequences (W2/W1).  Information sub-blocks, A and B, are by-passed while parity sub-blocks are multiplexed bit by bit. The bit-by-bit multiplexed sequence of interleaved Y1 and Y2 sub-block sequences shall consist of the first output bit from the Y1 sub-block interleaver, the first output bit from the Y2 sub-block interleaver, the second output bit from the Y1 sub-block 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 sub-block interleaver, the first output bit from the W1 sub-block interleaver, the second output bit from the W2 sub-block interleaver, the second output bit from the W1 sub-block interleaver, etc.
After multiplexing sub-blocks into four blocks, every C bits of the multiplexed sub-block are further permuted to prevent the contiguous bits from to be allocated into same level in constellation bits at higher modulation.  Each multiplexed sub-blocks are formed into R, which is set to (N/C( for sub-block A and B and (2N/C( for sub-block Y1/Y2 and W2/W1, respectively. 
The bit grouping and constellation re-arrangement can be unified by one set of permutation functions for symbol i, constellation bit j in a QAM symbol, and - CoRe version z, rank k and is defined as follows.
Define k=0 for rank=1, and k=1 for rank(2. The unified permutation for all ranks can be written as follows. First define
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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.
Define f(i,j)=Ai(j), Bi(j), Y1/Y2i(j), or W1/W2i(j). The corresponding permutation for bit grouping and CoRe is given by
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where k=0 for rank=1, and k=1 for rank(2. 
============================== End of Proposed Text #1=============================
Insert the following text to the end of Section 15.3.12.2.1.1, of [1] as follows:

============================== Start of Proposed Text #2=============================

15.3.12.2.1.1 Constellation rearrangement   

Two constellation re-arrangement versions shall be supported. Constellation rearrangement only applies to 16QAM and 64QAM. In case of QPSK, it is transparent.

In one HARQ process, all transmissions/retransmissions use the same constellation rearrangement scheme. In this particular constellation rearrangement scheme, two constellation rearrangement versions are exploited for 16QAM and 64 QAM modulations, respectively 

The sequence orders of different CoRe versions for 16QAM and 64QAM are given in Table x, respectively. Denote z as the CoRe version number, the sequence order for every C bits in a QAM symbol can be represented by
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where C=4 for 16 QAM and C=6 for 64-QAM.

	Constellation
	CoRe Version
	Mapping rule

	16 QAM
	z=0
	b0
	b1
	b2
	b3
	-
	-

	16 QAM
	z=1
	b1
	b0
	b3
	b2
	-
	-

	64 QAM
	z=0
	b0
	b1
	b2
	b3
	b4
	b5

	64 QAM
	z=1
	b1
	b2
	b0
	b4
	b5
	b3


Table x: Constellation re-arrangement for 16QAM and 64 QAM, rank=1.

For the transmit rank(2, we can also define the constellation rearrangement for two symbols given in Table y.

	Constellation
	CoRe Version
	Mapping rule

	
	
	First symbol
	Second symbol

	16 QAM
	z=0
	b0
	b1
	b2
	b3
	-
	-
	b4
	b5
	b6
	b7
	-
	-

	16 QAM
	z=1
	b5
	b7
	b0
	b2
	-
	-
	b1
	b4
	b3
	b6
	-
	-

	64 QAM
	z=0
	b0
	b1
	b2
	b3
	b4
	b5
	b6
	b7
	b8
	b9
	b10
	b11

	64 QAM
	z=1
	b7
	b2
	b6
	b10
	b5
	b9
	b1
	b8
	b0
	b4
	b11
	b3


Table y: Proposed constellation re-arrangement for 16QAM and 64 QAM, rank(2.

The sequence order of CoRe for both 16QAM and 64QAM can be represented by
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where C=4 for 16 QAM and C=6 for 64 QAM.

Define k=0 for rank=1, and k=1 for rank(2, the sequence order for both 16QAM and 64QAM and for different ranks can be written as


[image: image31.wmf]ë

û

.

1

,

0

;

1

,

0

,

1

2

,...,

0

,

)

2

mod(

)

*

)

mod

(

*

*

*

/

2

mod

)

(

(

2

2

2

=

=

-

=

+

+

+

+

k

z

C

j

C

C

C

j

k

z

C

j

z

j

C

C

C


=============================== End of Proposed Text #2=============================
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