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1. Introduction

In the RAN #52 meeting, there were some agreements on coding for CQI on PUSCH. This includes:
· If the payload size is less than or equal to 11 bits, the channel coding of the channel quality information is performed according to RM code in [1].
· For the payload size is greater than 11 bits, the channel coding and rate matching of the channel quality information is performed according to tail biting convolutional code and rate matching in [1].
In PUCCH, since 10 QPSK-modulated symbols are assumed, codeword length is limited to 20 bits to construct CQI coding on PUCCH. In PUSCH, however, there are possibilities to support not only different modulation schemes, up to 64 QAM, but also variable code rates on PUSCH. So we have to consider longer codeword length such as 32 bits, 40 bits or another possible set. In this contribution, we focus on the coding scheme in case of less than or equal 11 bits of CQI size.
In this contribution we will introduce various coding schemes on PUSCH for piggybacked CQI based on the reuse of existing PUCCH (20, A) code and (32, A) code based on TFCI code. And we will compare different CQI coding schemes with respect to the BLER (Block Error Rate) for various payload sizes from 5 bits to 11 bits.

.
2. Repetition of base code for CQI on PUSCH piggybacked from PUCCH
In order to accommodate the lower code rate of CQI on PUSCH, we should consider the coding scheme with large number of coded bit. To support the large number of coded bits, we choose the simplest way which is the simple repetition of a base code with relatively short length. The natural choice of based code would be the existing PUCCH (20,A) code. 
However, there is no limit of 20 bit on PUSCH, we can easily extend the based code to (32,A) code based on the TFCI code in [2][3]. That kind of extension would be also considered to be natural because (20,A) PUCCH code is a punctured version of TFCI code. The basis sequences of (32, A) coding based on (32, 10) TFCI code is shown in Appendix. 
In Figure1, two repetition schemes of piggybacked CQI coding are illustrated in Figure 1 where
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denote information bits and the repetition number could be expanded from two to any other number. Figure 1-a shows the simple repetition code. For example, in Figure 1-a, a (40, A) in a black solid box consists of two concatenated PUCCH (20, A) codes. 
Since simple repetition may not give the good performance, we consider order-reverse of information bits for the second repetition part. For coded bits of 40, the first 20 bits are coded bits by PUCCH (20, A) code and the other 20 bits are also coded bits by same PUCCH (20, A) code with information bit position reversed as shown in Figure 1-b. 
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Figure 1-a : Simple repetition code

Figure 1-b : Order-reverse repetition code
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Figure 1: Repetition coding schemes based on the reuse of existing PUCCH (20, A) code on PUSCH
3. Performance Evaluation of Various Coding Scheme
We have compared performance of different CQI coding schemes with respect to the BLER (Block Error Rate) for various payload sizes such as 5 bits, 10bits and 11 bits. The AWGN link level performance of each payload size is depicted in Figure 2 where 
[image: image3.wmf](

)

repet

S

A

,

40

 and 
[image: image4.wmf](

)

repet

OR

A

,

40

mean simple repetition code and order-reverse repetition code, respectively. In Figure SNR is calculated based on the QPSK modulated symbol energy. As shown in Figure 2, in the case of 5 payload sizes, two (40, 5) codes based on the reused PUCCH (20, 5) show similar performance. However, in other payload size, the performance gap between order-reverse repetition code and simple repetition code is getting larger up to about 1dB at the point of
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of BLER for 11 payload size. (32,A) code shows similar performance with two (40,A) codes with less number of resource elements. Since there is much commonality between (32, A) TFCI code and (20, A), only one (32, A) code can be used for both PUCCH and PUSCH. 
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Figure 2: Comparisons of link level performance for various information payload sizes
4. Conclusion

As the number of modulated symbol used in CQI reports on PUSCH can be higher than that on PUCCH, it seems to make sense to use coding scheme with longer codeword length such as 32 bits, 40 bits or another possible set. We introduced the repetition scheme of base code to accommodate the large number of coded bits for PUSCH. As a base code, we evaluated the existing PUCCH (20,A) code in [2] and the newly designed code based on TFCI code in [3]. Regarding the repetition method, we checked performance between the simple repetition and the information bit-reversed repetition. 
· We propose to adopt (32,A) code rather than (20,A) PUCCH code as a base code for repetition.
· Repetition can be considered as one promising method to support lower code rate of CQI on PUSCH piggybacked from PUCCH

· It is desired to adopt the order-reverse repetition code since it brings about more performance gain with decoding complexity increased.
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Appendix

    The basis sequences are found and shown in Table A-1. The (32, 14) code fully reuses (32, 10) TFCI code [3] and (20, 14) PUCCH code [1]. Details are explained in [2]. 
Table A-1: Basis sequences for (32, A) 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
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