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1 Introduction

According to the agreement at RAN1 #60, a single UE-specific UL CC is configured semi-statically for carrying PUCCH A/N, SRI, and periodic CSI from a UE [1]. As in LTE Rel-8, it is necessary to discuss how to handle the cases when more than one UCI is to be transmitted and how to handle the case of PUCCH being transmitted in subframes configured for sounding reference signals. 
2 Discussion 

Table 1 shows the Rel-8 schemes and Rel-10 possible schemes for 11 possible combinations of different UCIs and SRS transmission on PUCCH based on the baseline of no cross-carrier A/N bundling for simultaneous transmission of A/N and CQI or SRI [2], and the comments about each possible scheme are also provided considering the new feature of Rel-10 and the commonality with Rel-8. In Table 1, collision probability means the probability that two or three types of UCI or certain type(s) of UCI and SRS are to be transmitted in the same subframe from a UE.
Table 1 Schemes for different combinations of UCIs and SRS on PUCCH
	Config #
	CQI
	A/N
	SRI
	SRS
	Comments

	1
	 
	x
	x
	
	Rel-8 scheme:

Both transmitted. A 1-bit or 2-bit A/N for FDD or a 2-bit bundled A/N for TDD is transmitted on the assigned SRI channel [3] . 
Rel-10 possible schemes:

· For channel selection based A/N transmission [4]
Option 1: multi-PUCCH transmission
Option 2: treat SRI as an A/N
Option 3: phase reverse of the A/N symbol in the second slot in case of positive SR
· For PUCCH Format3 based A/N transmission 
It has been agreed that SRI is jointly encoded with A/N information [5].
Comments:

For channel selection based A/N transmission: Option 1 is difficult to guarantee that the selected A/N channel and SRI channel are in the same or adjacent PRBs; Option 2 needs FFS for how to support 4 A/N bits; Option 3 have performance degradation. 
Both option 2 and option 3 could be considered as a starting point for the investigation of simultaneous transmission SRI and A/N. 

	2
	x
	 
	x
	
	Rel-8 scheme:

CQI is dropped and SRI is transmitted on the assigned SRI channel [3]. 
Rel-10 possible schemes:

Option 1: CQI is dropped and SRI is transmitted on the assigned SRI channel.
Option 2: treat SRI as an A/N and follow the A/N + CQI transmission scheme in LTE Rel-8 FDD.

Option 3: CQI and SRI are jointly encoded and transmitted using PUCCH for CQI. If the payload of PUCCH is not enough for all the CQI and SRI information bits, we can keep the important part of the CQI information to be transmitted with the SRI information. The important part of the CQI information can be wideband CQI and wideband PMI.
Comments:

Although option 1 has commonality with Rel-8, always dropping all CQI reports would have heavier impact to the system performance, because it is possible that the collision probability of CQI and SRI is larger than that in Rel-8. Option 2 and option 3 can avoid the performance loss brought by always dropping CQI, so either option 2 or option 3 can be considered in LTE-A, at least for the UE without power limited. 
It is preferred to use option 1 as baseline, and it uses either option 2 or option 3 as supplementary solution for power non-limited UE.

	3
	x
	x
	 
	
	Rel-8 schemes:

If the parameter simultaneousAckNackAndCQI is FALSE, solution 1 is supported. If the parameter simultaneousAckNackAndCQI is TRUE, solution 2 is supported.
Solution 1: Drop the CQI and transmit only the A/N.
Solution 2: A 1-bit or 2-bit A/N for FDD or a 2-bit bundled A/N for TDD is multiplexed with CQI on the assigned CQI channel. PUCCH format 2a/2b is used for normal CP, and PUCCH format 2 is used for extended CP.

Rel-10 possible schemes:
Option 1: Drop the CQI and transmit only the A/N.
Option 2: Support simultaneous transmission by A/N spatial bundling [6].
Option 3: Support simultaneous transmission by keeping the important part of the CQI information [6].
Option 4: Support simultaneous transmission by keeping the important part of the CQI information and A/N spatial bundling [6].
Comments:

If the parameter simultaneousAckNackAndCQI is FALSE, option 1 is used. However, always dropping all CQI reports in collision would have heavier impact on the system throughput, because the collision probability of CQI and A/N in case of carrier aggregation is much larger than that in Rel-8, so option 1 can not be always configured. Option 2 can avoid the system throughput loss due to dropping all the CQI information, but it would result in high code rate for RM (20, A) code and thus influence the UCI performance in some cases. Option 3 and option 4 would have some impact on the system throughput due to dropping the spatial differential CQI information, but the impact is weaker compared to dropping all the CQI information. 
If the parameter simultaneousAckNackAndCQI is FALSE, option 1 is supported. If the parameter simultaneousAckNackAndCQI is TRUE, either option 3 or option 4 is supported.

	4
	x
	x
	x
	
	Rel-8 scheme:

CQI is dropped while A/N and SRI are transmitted according to configuration 1.
Rel-10 possible schemes:

Option 1: CQI is dropped while A/N and SRI are transmitted according to configuration 1.

Option 2: Support simultaneous transmission of multiple A/N(s), SRI and CQI without cross-carrier A/N bundling. 
Comments:

Option 1 has commonality with Rel-8 and it is reasonable for Rel-10, because the collision probability of CQI, SRI and A/N is low.  Option 2 can be considered for the power non-limited UE to improve the system performance.

	5
	
	
	x
	x
	Rel-8 scheme:

Drop SRS or support simultaneous transmission using shortened PUCCH format 1 [3].

Rel-10 possible schemes:

Option 1: Drop SRS 

Option 2: Support simultaneous transmission using shortened PUCCH format 1.

Comments:

Both option 1 and option 2 have commonality with Rel-8, and it is reasonable to use the same mechanism as that in Rel-8 because nothing changes for transmitting of SRI in Rel-10 compared to that in Rel-8. 

	6
	
	x
	
	x
	Rel-8 scheme:

Drop SRS or support simultaneous transmission using shortened PUCCH format 1a/1b.

Rel-10 possible schemes:

Option 1: Drop SRS
Option 2: Support simultaneous transmission using shortened PUCCH format 1a/1b or shortened PUCCH Format3.

Comments:

Both option 1 and option 2 have commonality with Rel-8, and it is reasonable because simultaneous transmission of A/N and SRS has been supported in Rel-8. 

	7
	
	x
	x
	x
	Rel-8 scheme:

Based on configuration 5. If SRS is dropped, SRI and ACK are transmitted according to configuration 1. If SRS and SRI are transmitted using shortened PUCCH format 1, SRI and A/N should be transmitted using shortened format 1a/1b, SRS is transmitted normally.
Rel-10 possible scheme:

Option 1: Based on configuration 5. If SRS is dropped, SRI and ACK are transmitted according to configuration 1. If SRS and SRI are transmitted using shortened PUCCH format 1, SRI and A/N should be transmitted using shortened format 1a/1b or shortened PUCCH Format3.
Comments:

Option 1 is reasonable because simultaneous transmission of A/N, SRI and SRS has been supported in Rel-8.

	8
	x
	
	
	x
	Rel-8 scheme:

Drop SRS.

Rel-10 possible schemes:

Option 1: Drop SRS. 

Option 2: Support simultaneous transmission using shortened PUCCH format 2. 

Comments:

Although option 1 has commonality with Rel-8, it would impact uplink system performance while it always drops SRS, because the collision probability of CQI and SRS is higher than that in Rel-8 in carrier aggregation. Hence, option 2 should be supported in LTE-A. 
A simple way to puncture the 20 coded bits into 18 coded bits for the shortened PUCCH format 2 is to puncture the first two coded bits or the last two coded bits. However, puncturing the first two coded bits would have better performance. Firstly, the first two coded bits contain the least control information according to the property of the basis sequence of (20, A) code. Secondly, puncturing the first two coded bits can provide diversity gain for the 6th control information bit [7]. Thus, puncturing the first two coded bits is better.

	9
	x
	
	x
	x
	Rel-8 scheme:

Based on configuration 5. If SRS is dropped, SRI and CQI are transmitted according to configuration 2. If SRS and SRI are transmitted using shortened PUCCH format 1, CQI is dropped, SRI is transmitted using shortened format 1, SRS is transmitted normally.

Rel-10 possible scheme:

Option 1: Based on configuration 5. If SRS is dropped, SRI and CQI are transmitted according to configuration 2. If SRS and SRI are transmitted using shortened PUCCH format 1, CQI is dropped, SRI is transmitted using shortened format 1, and SRS is transmitted normally.
Comments:

Option 1 has commonality with Rel-8 and it is reasonable for LTE-A, because the collision probability of CQI, SRS and positive SR is low. 

	10
	x
	x
	
	x
	Rel-8 scheme:

SRS is dropped; A/N and CQI are transmitted according to configuration 3. 

Rel-10 possible scheme:

Option 1: SRS is dropped; A/N and CQI are transmitted according to configuration 3. 

Comments:

It is reasonable, because the collision probability of CQI, A/N and SRS is low.

	11
	x
	x
	x
	x
	Rel-8 scheme:

Based on configuration 2. CQI is dropped; A/N, SRI and SRS are transmitted according to configuration 7. 

Rel-10 scheme based on that in Rel-8:
Option 1: Based on configuration 2. CQI is dropped; A/N, SRI and SRS are transmitted according to configuration 7. 

Comments:

It is reasonable, because the collision probability of CQI, A/N, SRS and positive SR is low.

	
	* 'x' in SRI column points to explicit positive SR transmissions


3 Conclusion 
In this contribution, schemes for handling the cases when more than one UCI is to be transmitted and the case of PUCCH being transmitted in subframes configured for sounding reference signals are discussed and compared. Based on the discussion, it is proposed that:

Proposal 1: Simultaneous transmission of SRI and ACK/NACK on PUCCH should be supported in LTE-A.
· For channel selection based scheme, both treat SRI as an A/N scheme and phase reverse of the A/N symbol scheme could be considered as a starting point for future study.
Proposal 2: Simultaneous transmission of CQI and SRI should be supported in LTE-A.
Proposal 3: Simultaneous transmission of CQI and A/N by keeping the important part of the CQI information should be supported in LTE-A.
· Drop the 3-bit spatial differential CQI information for the reporting mode PUCCH mode 1-1 and PUCCH mode 2-1 in the subframe where wideband CQI is reported.

· ACK/NACK spatial bundling can also be considered.

Proposal 4: For simultaneous transmission of SRS and CQI on PUCCH, shortened PUCCH format 2 should be supported in LTE-A.
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