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1. Introduction

In the e-mail, there was a discussion about coding for control on PUSCH, and two issues were raised. One is on the coding for normal control on PUSCH; there is some consensus that the same coding scheme as PDCCH/PBCH is used if it can accommodate the possible large payload size of PUSCH CQI. Another issue is about the coding for piggybacked CQI from PUCCH. Even though the baseline could be the reuse of existing PUCCH (20, k) code in PUSCH, there was some concern regarding its relatively poor performance especially for cell-edge user. 

For simplicity, the reuse of existing PUCCH (20, k) code in PUSCH would be a best, however, if further performance enhancement is needed, the un-punctured original (32, k) TFCI code may be another option as mentioned in the e-mail discussion.

If there is a consensus about the more protected PUSCH code, it is desirable to consider (32, k) PUSCH code to support PUCCH CQI. However, release 99 TFCI code supports only up to 10 bits while PUCCH CQI code supports up to 14 bits. In this document, we designed (32, 14) PUSCH CQI code reusing the release 99 (32, 10) TFCI code and (20, 14) PUCCH CQI code.

2.  (32, 14) coding of CQI piggybacked from PUCCH to PUSCH
(32,14) CQI code is designed by fully reusing already existing (32, 10) TFCI code and (20, 14) PUCCH code, and the only low shaded part in the Table 1 is found by computer search. That is, the left part of 32by10 sub-matrix in Table 1 corresponds (32, 10) TFCI code and upper part of 20by14 sub-matrix in Table1 is (20, 14) PUCCH CQI code. [1] [2] 
The basis sequences are found and shown in Table 1.
Table1. Basis sequences for (32, k) PUSCH CQI coding
	i
	Mi,0
	Mi,1
	Mi,2
	Mi,3
	Mi,4
	Mi,5
	Mi,6
	Mi,7
	Mi,8
	Mi,9
	Mi,10
	Mi,11
	Mi,12
	Mi,13

	0
	1
	1
	0
	0
	0
	0
	0
	0
	0
	0
	1
	1
	0
	0

	1
	1
	1
	1
	0
	0
	0
	0
	0
	0
	1
	1
	1
	0
	0

	2
	1
	0
	0
	1
	0
	0
	1
	0
	1
	1
	1
	1
	1
	1

	3
	1
	0
	1
	1
	0
	0
	0
	0
	1
	0
	1
	1
	1
	1

	4
	1
	1
	1
	1
	0
	0
	0
	1
	0
	0
	1
	1
	1
	1

	5
	1
	1
	0
	0
	1
	0
	1
	1
	1
	0
	1
	1
	1
	0

	6
	1
	0
	1
	0
	1
	0
	1
	0
	1
	1
	1
	1
	1
	0

	7
	1
	0
	0
	1
	1
	0
	0
	1
	1
	0
	1
	1
	1
	1

	8
	1
	1
	0
	1
	1
	0
	0
	1
	0
	1
	1
	1
	1
	1

	9
	1
	0
	1
	1
	1
	0
	1
	0
	0
	1
	1
	1
	1
	1

	10
	1
	0
	1
	0
	0
	1
	1
	1
	0
	1
	1
	1
	1
	1

	11
	1
	1
	1
	0
	0
	1
	1
	0
	1
	0
	1
	1
	1
	1

	12
	1
	0
	0
	1
	0
	1
	0
	1
	1
	1
	1
	1
	1
	1

	13
	1
	1
	0
	1
	0
	1
	0
	1
	0
	1
	1
	1
	1
	1

	14
	1
	0
	0
	0
	1
	1
	0
	1
	0
	0
	1
	0
	1
	1

	15
	1
	1
	0
	0
	1
	1
	1
	1
	0
	1
	1
	0
	1
	1

	16
	1
	1
	1
	0
	1
	1
	1
	0
	0
	1
	0
	1
	1
	1

	17
	1
	0
	0
	1
	1
	1
	0
	0
	1
	0
	0
	1
	1
	1

	18
	1
	1
	0
	1
	1
	1
	1
	1
	0
	0
	0
	0
	0
	1

	19
	1
	0
	0
	0
	0
	1
	1
	0
	0
	0
	0
	0
	0
	1

	20
	1
	0
	1
	0
	0
	0
	1
	0
	0
	0
	1
	0
	1
	1

	21
	1
	1
	0
	1
	0
	0
	0
	0
	0
	1
	1
	1
	0
	0

	22
	1
	0
	0
	0
	1
	0
	0
	1
	1
	0
	1
	0
	1
	1

	23
	1
	1
	1
	0
	1
	0
	0
	0
	1
	1
	1
	1
	0
	1

	24
	1
	1
	1
	1
	1
	0
	1
	1
	1
	1
	0
	0
	1
	0

	25
	1
	1
	0
	0
	0
	1
	1
	1
	0
	0
	1
	1
	1
	0

	26
	1
	0
	1
	1
	0
	1
	0
	0
	1
	1
	0
	0
	0
	1

	27
	1
	1
	1
	1
	0
	1
	0
	1
	1
	1
	0
	1
	0
	0

	28
	1
	0
	1
	0
	1
	1
	1
	0
	1
	0
	0
	1
	0
	1

	29
	1
	0
	1
	1
	1
	1
	1
	1
	1
	0
	0
	1
	1
	0

	30
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	0
	1
	0

	31
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1


The k CQI information bits a0 , a1 , a2 , a3 , a4 , … , ak-1 (where a0 is LSB and ak-1 is MSB) is encoded into output code word bits bi. The relation between input CQI information bits and output code words bits are given below:
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where i = 0, …, 31.
3. Performances of (32, k) code
The minimum distance of proposed (32, k) are investigated and illustrated in Table 2. In Table2, we can observe that minimum distance of (32, k) is almost two-folded compared with (20, k) code.
Table2. Minimum distance according to various n, k values

	N     k
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14

	20
	20
	10
	8
	8
	8
	8
	6
	6
	6
	6
	4
	4
	4
	4

	32
	32
	16
	16
	16
	16
	16
	12
	12
	12
	12
	10
	10
	8
	8


4. Conclusion
When the CQI is piggybacked from PUCCH to PUSCH, if a consensus is reached on strong protection of CQI on PUSCH, the proposed (32, k) CQI code in Table 1 could be used on PUSCH as well as (20, k) CQI code. If more error protection is needed, the code may be repeated with rate matching block.
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