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1. Introduction

In the last #51 meeting in Jeju, a way forward was agreed about coding scheme of CQI on PUCCH. The CQI coding scheme should be based on the punctured Reed-Muller code or Golay code, moreover, the exact code rate is TBD [1].
Since the detailed contents of CQI has wide variety of ranges: from 4bits to over 10 bits. It means that the number of information bit (k) can range from 4 to 10. Actually the MIMO CQI could be larger than 10 bits. However, the number of symbols in PUCCH is limited to around 10 symbols and QPSK and half coding rate has been assumed in order to guarantee robust performance; it seems reasonable that the number of information bits is up to 10 bits. 

On the other hand, the number of bits in coded bits can be up to 20 bits. In addition, some PUCCH symbols may be punctured for other signal, i.e. SRS, the number of coded bits can vary from 18 to 20. 
The design parameters of (n, k) CQI code can be summarized below.

· (n, k) CQI code based on Reed-Muller or Golay code
· Number of coded bits(n): 18~20 bits

· Number of information bits(k): 4~10bits

2. TFCI punctured (n, k) code for CQI on PUCCH
Based on the assumption, (n, k) code for CQI on PUCCH should be designed from Reed-Muller or Golay code. Among Reed-Muller codes, this contribution adopts and punctures (32, 10) TFCI coding in Release 99 [2]. 
The reuse of (32, 10) TFCI code has several advantages: First, TFCI is designed from Reed-Muller code, its punctured version can be also considered the modified Reed-Muller code. Secondly, TFCI code supports wide variety of range in number of bits of both information and coded bit, which fits for the requirements of CQI code. Third, the existing encoder and decoder in Release 99 can be used for LTE, which is good for the WCDMA+LTE dual mode system.
The puncturing pattern of (32, 10) TFCI code for (20, 10) and (18, 10) code are shown in Table 1. It should be noted that the puncturing pattern has nested structure; that is, puncturing pattern for (18, 10) code includes puncturing pattern for (20, 10) code. Using this characteristic, (18, 10) code can be generated by puncturing either (32, 10) code or (20, 10) code. The puncturing pattern is chosen by exhaustive search by computer simulation.
Table1. Puncturing pattern of (32, 10) TFCI code for (20, 10) and (18, 10) code

	i
	Mi,0
	Mi,1
	Mi,2
	Mi,3
	Mi,4
	Mi,5
	Mi,6
	Mi,7
	Mi,8
	Mi,9
	Puncturing pattern

	
	
	
	
	
	
	
	
	
	
	
	(10, 20)
	(18,10)

	0
	1
	0
	0
	0
	0
	1
	0
	0
	0
	0
	
	

	1
	0
	1
	0
	0
	0
	1
	1
	0
	0
	0
	Punctured 
	Punctured

	2
	1
	1
	0
	0
	0
	1
	0
	0
	0
	1
	
	

	3
	0
	0
	1
	0
	0
	1
	1
	0
	1
	1
	
	

	4
	1
	0
	1
	0
	0
	1
	0
	0
	0
	1
	Punctured
	Punctured

	5
	0
	1
	1
	0
	0
	1
	0
	0
	1
	0
	
	

	6
	1
	1
	1
	0
	0
	1
	0
	1
	0
	0
	
	

	7
	0
	0
	0
	1
	0
	1
	0
	1
	1
	0
	Punctured
	Punctured

	8
	1
	0
	0
	1
	0
	1
	1
	1
	1
	0
	
	

	9
	0
	1
	0
	1
	0
	1
	1
	0
	1
	1
	
	

	10
	1
	1
	0
	1
	0
	1
	0
	0
	1
	1
	Punctured
	Punctured

	11
	0
	0
	1
	1
	0
	1
	0
	1
	1
	0
	
	

	12
	1
	0
	1
	1
	0
	1
	0
	1
	0
	1
	
	

	13
	0
	1
	1
	1
	0
	1
	1
	0
	0
	1
	
	

	14
	1
	1
	1
	1
	0
	1
	1
	1
	1
	1
	Punctured
	Punctured

	15
	1
	0
	0
	0
	1
	1
	1
	1
	0
	0
	Punctured
	Punctured

	16
	0
	1
	0
	0
	1
	1
	1
	1
	0
	1
	
	

	17
	1
	1
	0
	0
	1
	1
	1
	0
	1
	0
	
	

	18
	0
	0
	1
	0
	1
	1
	0
	1
	1
	1
	
	

	19
	1
	0
	1
	0
	1
	1
	0
	1
	0
	1
	
	

	20
	0
	1
	1
	0
	1
	1
	0
	0
	1
	1
	Punctured
	Punctured

	21
	1
	1
	1
	0
	1
	1
	0
	1
	1
	1
	Punctured
	Punctured

	22
	0
	0
	0
	1
	1
	1
	0
	1
	0
	0
	
	

	23
	1
	0
	0
	1
	1
	1
	1
	1
	0
	1
	
	

	24
	0
	1
	0
	1
	1
	1
	1
	0
	1
	0
	Punctured
	Punctured

	25
	1
	1
	0
	1
	1
	1
	1
	0
	0
	1
	
	

	26
	0
	0
	1
	1
	1
	1
	0
	0
	1
	0
	
	

	27
	1
	0
	1
	1
	1
	1
	1
	1
	0
	0
	
	Punctured

	28
	0
	1
	1
	1
	1
	1
	1
	1
	1
	0
	Punctured
	Punctured

	29
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	Punctured
	Punctured

	30
	0
	0
	0
	0
	0
	1
	0
	0
	0
	0
	Punctured
	Punctured

	31
	0
	0
	0
	0
	1
	1
	1
	0
	0
	0
	
	Punctured 


Since the (32, 10) TFCI code has wide variety range of input bits, its punctured version also have the same characteristic. When the number of information bit varies form 4 to 10, its minimum distances are shown in Table 2. The minimum distance of (20, k) code is 6 while the minimum distance of (18, k) code is 4. It should be note that k information bits are mapped to columns whose index is Mi,0 to Mi,k just like TFCI coding. 
Table 2. minimum distance according to various n, k values

	n     k
	10
	9
	8
	7
	6
	5
	4

	20
	6
	6
	6
	6
	8
	8
	8

	18
	4
	4
	5
	5
	6
	6
	8


The coding performance is mainly dependent on the minimum distance, the minimum distance should be key criterion to choose the best coding scheme. For reference, the AWGN link level performance of (20, 10) code and (18, 10) is depicted in Figure1. The performance of (20, k) code according to the number of information bits is illustrated in Figure2.
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Figure1. Performance of (20, 10), (18, 10) COI code by puncturing TFCI code
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Figure2. Performance of (20, k) COI code varying k from 5 to 10 bits
3. Conclusions
In this contribution, punctured TFCI code was proposed as (n, k) coding scheme of CQI on PUCCH. The coding design parameter n targets 18 and 20, while k should accommodate from 4 to 10. Given design parameter sets, the best puncturing pattern in Table 1 is chosen by computer exhaustive search. 

Since puncturing of (32, 10) TFCI code has great flexibility of varying information and coded bit size and shows the good performance with most in common, we recommend the punctured TFCI code with puncturing pattern in Table 1 for the CQI coding scheme on PUCCH. 
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