
IEEE C802.16m-09/0278r1

	Project
	IEEE 802.16 Broadband Wireless Access Working Group <http://ieee802.org/16>

	Title
	Proposed for 802.16m amendment text on Constellation Rearrangement

	Date Submitted
	2009-03-02

	Source(s)
	Changlong Xu, Rui Huang, Tom Harel, Yang-seok Choi, Hujun Yin  
Intel Corporation
	{changlong.xu, tom.harel }@intel.com

	Re:
	802.16m amendment text”: 
IEEE 802.16m-08/053r1, “Call for Contributions on Project 802.16m Draft Amendment Content”. 
Target topic: “Channel Coding and HARQ”.

	Abstract
	The contribution proposes the text of Channel Coding and HARQ section to be included in the 802.16m amendment.

	Purpose
	To be discussed and adopted by TGm for the 802.16m amendment.

	Notice
	This document does not represent the agreed views of the IEEE 802.16 Working Group or any of its subgroups. It represents only the views of the participants listed in the “Source(s)” field above. It is offered as a basis for discussion. It is not binding on the contributor(s), who reserve(s) the right to add, amend or withdraw material contained herein.

	Release
	The contributor grants a free, irrevocable license to the IEEE to incorporate material contained in this contribution, and any modifications thereof, in the creation of an IEEE Standards publication; to copyright in the IEEE’s name any IEEE Standards publication even though it may include portions of this contribution; and at the IEEE’s sole discretion to permit others to reproduce in whole or in part the resulting IEEE Standards publication. The contributor also acknowledges and accepts that this contribution may be made public by IEEE 802.16.

	Patent Policy
	The contributor is familiar with the IEEE-SA Patent Policy and Procedures:

<http://standards.ieee.org/guides/bylaws/sect6-7.html#6> and <http://standards.ieee.org/guides/opman/sect6.html#6.3>.

Further information is located at <http://standards.ieee.org/board/pat/pat-material.html> and <http://standards.ieee.org/board/pat>.


Proposed text for the 802.16m amendment on constellation arrangement
Changlong Xu, Rui Huang,Tom Harel, Yang-seok Choi, Hujun, Yin
Intel Corporation
1. Back groud
The CTC (Convolutional Turbo Code) encoder with rate of 1/3 described in the IEEE 802.16e standard [1] was adopted in IEEE 802.16m SDD [2] for channel coding. To support HARQ, subpacket generation is used to generate different subpacket with various code rates. Sub-packet generation includes bit separation, subblock interleaving, bit grouping and bit selection. The detailed structure of subpacket generation is depicted in Figure 1.
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Figure 1 The block diagram of 16e subpacket generation
One major drawback of the bit group is that systematic bits and their parity are always mapped into worst or good layer. It will degrade the decoder performance very much, especially for high modulation such as 64 QAM. 
2. Existing algorithm
In order to prevent the contiguous bits from being allocated into same level in constellation bits at higher modulation, a new bit grouping scheme is proposed and depicted in Figure 2.
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Figure 2 The block diagram of proposed subpacket generation with modified bit grouping
After multiplexing subblocks into four blocks, every M 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/M( for subblock A and B and (2N/M( for subblock Y1/Y2 and W2/W1, respectively. Bits in each group of four interleaved subblocks are further permuted as followings;


[image: image3.wmf]ë

û

1

/

,...,

0

,

1

,...,

0

,

mod

))

mod

(

(

)

(

-

=

-

=

+

=

M

N

i

M

j

M

M

i

j

j

A

i



[image: image4.wmf]ë

û

1

/

,...,

0

,

1

,...,

0

,

mod

))

mod

)

1

((

(

)

(

-

=

-

=

+

+

+

=

M

N

i

C

j

M

M

i

j

j

B

i

d



[image: image5.wmf]ë

û

1

/

2

,...,

0

,

1

,...,

0

,

mod

))

mod

)

1

((

(

)

(

2

/

1

-

=

-

=

+

+

=

M

N

i

C

j

M

M

i

j

j

Y

Y

i



[image: image6.wmf]ë

û

1

/

2

,...,

0

,

1

,...,

0

,

mod

))

mod

)

1

((

(

)

(

1

/

2

-

=

-

=

+

+

=

M

N

i

C

j

M

M

i

j

j

W

W

i


Where M is set to the modulation order (QPSK=2, 16QAM = 4, 64QAM = 6). 
[image: image7.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 subblock A, B, Y1/W1 and Y2/W2, respectively. 
There are several drawbacks for this solution.

1. The symbol permutation is related to modulation order. Thus the symbol permutation must be re-calculated to construct subpackets with different modulation order. This means if the modulation order of retransmission is different from the original transmission, the bit grouping module is needed to run again.

2. When Constellation rearrangement is supported, there is another permutation operator for each symbol. There are some redundancies for both of them.     
3. Proposed amendment text on constellation
As we mentioned in previous section, there are some redundancies for proposed C symbol permutation and constellation rearrangement. Figure 3 shows the block diagram of proposed Constellation rearrangement with suppacket generation. In traditional CoRe, the constellation patterns are selected depending on modulation order and CoRe version. In our design, the constellation patterns are selected depending on the position of the bit in buffer, modulation order and CoRe version. The proposed CoRe is designed in such way that the systematic bits and its parities are prevented from being allocated into same level of constellation bits.
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Figure 3 The block diagram of proposed Constellation rearrangement with suppacket generation
The proposed CoRe is a function of position of bits in buffer i, constellation order j and CoRe verion k and can be expressed as 
indx = f(i,j,k);
One possible solution is to reuse the symbol permutation scheme in section 2. In this case, the j-th element of the i-th symbol can be expressed as
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Where M is the modulation order (QPSK=2, 16QAM = 4, 64QAM = 6). 
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is 1 for 64QAM and 0 for other modulation.
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