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Control Channel Coding for Link Adaptation
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 link adaptation techniques, 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 control channel coding scheme which is incorporated in link adaptation technologies for IEEE 802.16m.
Channel coding for UL control channel 
As shown in Table 1, since the amount of UL control information is not so large, about 4~6 bits, a short code word is considered. 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. 
Table1. Example of UL control channels which have short information lengths
	Information
	Information bits
	Encoded bits
	Channel coding candidates

	Channel quality feedback
	4~6 bits
	20~32 bits
	Block codes

	MIMO feedback
	4~6 bits
	20~32bits
	Block codes

	HARQ feedback
	1~2 bits
	4~10 bits
	Repetition coding


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 Figure1, 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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Figure1. Performance comparisons among the three block codes
Figure2. RM-based code performance 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.x. Channel Coding

11.x.1 Channel Coding for data channel

11.x.2 Channel Coding for control channel

Reed-Muller shall be used as channel coding scheme for MIMO feedback and CQI feedback. The length of information and codeword is FFS.
============================== End of Proposed Text =================================
References
[1] IEEE 802.16m-08/003r3, “Draft IEEE 802.16m System Description Document”
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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