
IEEE C802.16m-08/928

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

	Title
	Channel Coding for Uplink Fast Feedback Channel

	Date Submitted
	2008-09-05

	Source(s)
	Youngseob Lee, Sukwoo Lee, 

Minseok Oh
LG Electronics


	Voice : +82-31-450-1869
E-mail: 
{ys_lee, sugoo, minoh}@lge.com


	Re:
	Re: PHY: Text; in response to the TGm Call for Contributions and Comments 802.16m-08/033 for Session 57

	Abstract
	The contribution describes consideration points and proposes a candidate for channel coding schemes for uplink fast feedback channel of IEEE 802.16m system.

	Purpose
	To be discussed and adopted by TGm for use in the IEEE 802.16m SDD

	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>.


Channel Coding for Uplink Fast Feedback Channel
Youngseob Lee, Sukwoo Lee, Minseok Oh
LG Electronics
Introduction
Link adaptation technology improves system performance and is associated with control channels for MIMO feedback, channel quality measurement, HARQ feedback, etc. For the most desirable operation of various feedback channels, the reliability of the control channels is guaranteed by a channel coding scheme providing high performance and low overhead. In this contribution, we propose a channel coding scheme which is incorporated in uplink fast feedback channel.
Channel coding for Uplink Fast Feedback Channel 
As shown in Table 1, since the amount of UL fast feedback information is not so large, about 5~10 bits, a short code word is considered [3]. For the small number of information bits, block codes such as Reed-Muller, Golay, or Reed-Solomon codes can be considered for coding scheme. We investigate following three candidates and compare their performance. 
Table 1 Example of UL fast feedback channels which have short information lengths
	Information
	Number of bits

	WB CQI
	5 bits

	NB CQI
	5xN (N: the number of reported bands)

	Band selection indication
	TBD

	Rank information
	1~2 bits

	MIMO related information
	TBD

	(HARQ feedback or Bandwidth request)
	TBD


Coding schemes for comparison:
· Reed-Muller (RM) code: RM-based code, based on the (32, 6) RM code, uses masking scheme to increase the number of information bits and puncturing scheme to vary number of encoded bits. More details on RM-based code are described in Annex A.
· Reed-Solomon (RS) code: RS (8, 2) code which is extended from RS (7, 2) over GF(23) is used for 6-bit information.

· Golay code: (24, 12) Golay code based coding scheme. For 6-bit information, 64 codewords were randomly chosen among the possible 4,096 codewords.

For the performance evaluation, ML decoding algorithm is used for three candidate codes. Additional coding scheme such as repetition coding might be combined with the coding schemes to further improve coding performance.
· As shown in Figure 1, RM-based code shows the best performance among three candidates and also supports wide variety of information length at the same length of codeword.
· As shown in Figure 2, RM-based code holds high coding gain regardless of information length.
· From the aspect of complexity, RM-based code has relatively simple decoding method for ML decoding, while RS and Golay code have to be decoded by ML with full search algorithm based on complex soft-decision method.
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Figure 1 Performance comparisons among the three block codes
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Figure 2 RM-based code performances with 6~10-bit information lengths

Conclusions
For short block length (about 5~10-bit) coding scheme for UL feedback control channel, RM-based block codes are promising in terms of performance and complexity. Therefore, we suggest that the following text be incorporated in SDD.
Text Proposal for the 802.16m SDD [1]
============================== Start of Proposed Text ================================
11.9.2 UL Control Channels

11.9.2.1 UL Fast Feedback Channel

11.9.2.1.2 PHY structure
11.9.2.1.2.x Coding for uplink fast feedback channel

The uplink fast feedback information is encoded by Reed-Muller code.
============================== End of Proposed Text =================================
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Annex A. RM based code

(32, 6) Reed-Muller code can be defined by G, generator matrix and m, message vector.
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Codeword is achieved by multiplying m by G composed of G1 and G0. 
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To increase number of information bits, masking sequences (G2) are added to generator matrix G. The length of masking sequence is same as the number of columns of generator matrix. However, the columns of generator matrix can be eliminated to adjust the codeword length. The number of masking sequences, i is equal to the number of exceeded information bits from the basic information length of (32, 6) RM code. For instance, if the number of information bits to support is 8, i equals to 2. If the number of information bits is equal to or less than 6, i is set to 0. Following equation shows an example of masking sequences.
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Codeword is achieved by multiplying m by G composed of G1, G0 and G2. 
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