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1. Introduction

In enhanced UL transmission study item [1] for Rel-11, issues for UCI enhancement on PUSCH/PUCCH as one of the objectives of the study item were identified as following :

Study and evaluate enhancements for transmission of UCI, 
· UCI enhancement on PUSCH, e.g. UCI-only transmission with rank 2 and 16QAM
· the need for UCI enhancement on PUCCH is to be justified
In this contribution, we analyze the capacity of the UCI transmission to clarify whether the enhancement of UCI transmission is required or not and provide our view regarding enhancements for transmission of UCI.
2. UCI transmission on PUSCH
In this section, we investigate effective code-rate of CSI for UCI-only transmission on PUSCH and analyze the needs of enhancement for UCI-only transmission on PUSCH.
The payload sizes of CSI according to the PUSCH reporting mode (i.e. mode 1-2 and 3-1) are calculated as in the following table 1. 
Table 1. Required feedback overhead for PUSCH reporting
	
	Mode 1-2
	Mode 3-1

	
	4Tx
	8Tx
	4Tx
	8Tx

	Rank-1
	CQI:       4

PMI:    4 x N
	4

4 + 4 x N
	4 + 2 x N

4
	4 + 2 x N

4 + 4

	
	32, 40, 56

(5, 10, 20MHz)
	36, 44, 60
	22, 26, 34
	26, 30, 38

	Rank-2
	4 x 2

4 x N
	4 x 2

4 + 4 x N
	(4 + 2 x N) x 2

4
	(4 + 2 x N) x 2

4 + 4

	
	36, 44, 60
	40, 48, 64
	40, 48, 64
	44, 52, 68


* N: The number of sub-band (5MHz:  7, 10MHz:  9, 20MHz: 13)

Since CRC is attached once to overall CQI/PMI for all CC, the total payload size of CQI/PMI for 5 CCs is calculated as

Total CQI/PMI = required CQI for a CC * 5 + 8

As considering up to 5 DL CCs in case of 8Tx with rank-2 on 20MHz, the total payload size of CQI/PMI for mode 1-2 /mode 3-1 is 328/348 bits respectively. In the following table 2 and 3, we provide effective coding rate for CQI/PMI reporting with 5 CCs on PUSCH with 20 PRBs for normal CP and extended CP, respectively.
Table 2. Effective coding rate for CQI/PMI reporting with normal CP

	Mode
	Control signaling content

	
	CQI
	CQI

SRS
	CQI

A/N
	CQI

RI
	CQI

A/N

SRS
	CQI

RI

SRS
	CQI

A/N

RI
	CQI

A/N

RI

SRS

	1-2
	0.057
	0.062
	0.085
	0.085
	0.098
	0.098
	0.171
	0.228

	3-1
	0.060
	0.066
	0.091
	0.091
	0.104
	0.104
	0.181
	0.242


Table 3. Effective coding rate for CQI/PMI reporting with extended CP

	Mode
	Control signaling content

	
	CQI
	CQI

SRS
	CQI

A/N
	CQI

RI
	CQI

A/N

SRS
	CQI

RI

SRS
	CQI

A/N

RI
	CQI

A/N

RI

SRS

	1-2
	0.068
	0.076
	0.114
	0.114
	0.137
	0.137
	0.342
	0.683

	3-1
	0.073
	0.081
	0.121
	0.121
	0.145
	0.145
	0.363
	0.725


In case of CQI/PMI reporting for normal CP, it is seen that the effective coding rate for CQI/PMI reporting in table 2 is always lower than 1/3 as the coding rate of convolution code. But in case of CQI/PMI reporting for extended CP, it is shown that some effective coding rate for CQI/PMI reporting in table 3 is higher than 1/3. If the payload size of UCI is increased by the result of CSI enhancement as considering new deployment scenarios in Rel-11, then the effective coding rate in table 2 and 3 could be increased. So the cases of higher coding rate than 1/3 could be increased.

Considering that the maximum resource allocation to ACK/NACK and RI means the channel quality could be poor, the required coding rate for robust transmission of CQI could be much less than 1/3. Therefore, it is required to examine the performance of CQI transmission on PUSCH in the case of UCI-only transmission considering increment of CSI payload size under new deployment scenarios in Rel-11 such as DL MIMO scenario A-D. And if UCI-only transmission on PUSCH in Rel-10 cannot meet the required performance of CQI in some cases, the enhancement of UCI only transmission on PUSCH such as 16QAM, rank-2, or CC dropping could be necessary.
Proposal: 

· It is required to examine the performance of CQI transmission on PUSCH in the case of UCI-only transmission considering increment of CSI payload size in Rel-11.

· If UCI-only transmission on PUSCH in Rel-10 cannot meet the required performance of CQI in some cases, the enhancement of UCI-only transmission on PUSCH such as 16QAM, rank-2, or CC dropping could be necessary
3. UCI transmission on PUCCH 
In this section, we consider about the needs for enhancement of UCI transmission on PUCCH. 
The maximum payload size of CSI transmitted on PUCCH is 11 bits. But the increment on CSI information size by DL MIMO scenarios A-D could make the information size of periodic CSI larger than legacy PUCCH payload capacity even only wideband CSI and this problem could not be solved by scheduling and/or dropping method since the CSI payload size for single CC might be larger than PUCCH capacity. Therefore, if the CSI information size in Rel-11 is required to be increased over the actual maximum payload size of the legacy PUCCH, enhanced CSI transmission on PUCCH could be further investigated.
Proposal: If the CSI information size in Rel-11 is required to be increased over the actual maximum payload size of the legacy PUCCH, enhanced CSI transmission on PUCCH could be further investigated.
4. Conclusion
In this contribution, we investigated the necessity of UCI transmission enhancement in Rel-11. From the discussion and observation, we can conclude as follows:

· It is required to examine the performance of CQI transmission on PUSCH in the case of UCI-only transmission considering increment of CSI payload size in Rel-11.

· If UCI-only transmission on PUSCH in Rel-10 cannot meet the required performance of CQI in some cases, the enhancement of UCI-only transmission on PUSCH such as 16QAM, rank-2, or CC dropping could be necessary
· If the CSI information size in Rel-11 is required to be increased over the actual maximum payload size of the legacy PUCCH, enhanced CSI transmission on PUCCH could be further investigated.
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