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1 Introduction
In RAN1 #66bis meeting, potential UL control signalling issues for consideration include:
· Multiple periodic CSI in a subframe

· Periodic CSI + HARQ-ACK in a subframe

· Periodic CSI + SRS in a subframe

· Simultaneous PUSCH +SRS

· HARQ-ACK bundling 

It is also suggested to aim to decide at RAN1#67 which issues to pursue, based on evaluations of the gain and the trade-off analyses, including for scenarios with >2 aggregated CCs. In this contribution, we focus on the second issue of periodic CSI + HARQ-ACK in a subframe.

2 Discussions
In RAN1 #66bis meeting, support of periodic CSI + HARQ-ACK in a subframe is proposed by many contributions. A common view is that due to the increased number of serving cell being aggregated, the dropping rate of the periodic CSI report will increase significantly, and thus will cause the DL throughput degradation. 
Whether to support periodic CSI + HARQ-ACK in a subframe, the following two issues need to be addressed:

1) The need to support periodic CSI + HARQ-ACK in a subframe should be justified.

2) If yes, how to support periodic CSI + HARQ-ACK report in a subframe?
In this section, downlink system performance comparison of with CSI dropping and without CSI dropping in case of collision with HARQ-ACK is evaluated. The number of serving cell being aggregated is from 2 to 5. Simulation results of spectral efficiency and relative performance loss of CSI dropping are listed in Table 1. The corresponding simulation assumptions are shown in Appendix-1.

Table 1 Spectral efficiency (bps/Hz) comparison of with and without CSI dropping

	2 CC
	w/o
	w/
	loss
	
	3 CC
	w/o
	w/
	loss

	Cell average
	2.0208
	2.0084
	0.61%
	
	Cell average
	2.0293
	2.0134
	0.78%

	Cell edge
	0.0758
	0.0715
	5.67%
	
	Cell edge
	0.07612
	0.07005
	7.97%

	
	
	
	
	
	
	
	
	

	4 CC
	w/o
	w/
	loss
	
	5 CC
	w/o
	w/
	loss

	Cell average
	2.0291
	2.0128
	0.80%
	
	Cell average
	2.033
	2.0164
	0.82%

	Cell edge
	0.07762
	0.0689
	11.23%
	
	Cell edge
	0.0779
	0.0686
	11.94%


From the simulation results shown in Table 1, we think that the performance loss is not negligible. Therefore, in order not to degrade the downlink throughput due to CSI dropping, simultaneous transmission of periodic CSI report + HARQ-ACK should be supported in Rel-11 as an enhancement for uplink carrier aggregation.
On how to support periodic CSI + HARQ-ACK, a straight forward way is to reuse PUCCH format 3 [8]

 REF _Ref308269036 \r \h 
[9]

 REF _Ref308269038 \r \h 
[10]

 REF _Ref308269039 \r \h 
[11]. Since PUCCH format 3 is already used in Rel-10, there is no need to define a new PUCCH format. The specification effort should be focus on the coding scheme of periodic CSI + HARQ-ACK. Two alternatives have been proposed:

· Alternative #1: Joint coding;

· Alternative #2: Separate coding:

· Alternative #2-1: Using dual RM code, one for periodic CSI and the other for HARQ-ACK [12];

· Alternative #2-2: Using dual RM code together with rate matching [8]
Alternative #1 and Alternative #2-1 are simple with less specification efforts, but different performance requirements for CSI and HARQ-ACK may not be met for these cases, especially when the number of HARQ-ACK report is large. For Alternative #2-2, more standard effort is needed to determine the number of coded bit for HARQ-ACK and periodic CSI respectively. Therefore, we think RAN1 need further study on the channel coding scheme for simultaneous transmission of HARQ-ACK and periodic CSI in PUCCH format 3.
3 Trade-off analysis
For the proposal of using PUCCH format 3 to support simultaneous periodic CSI + HARQ-ACK in a subframe, the trade-off analysis can be provided as follow.

· Application scenario:  for UEs aggregating relatively larger number of serving cell and good PUCCH geometry.

· Potential benefits:

· Avoid CSI dropping frequently.

· Specification impact:

· On RAN1:  specification on the coding of the CSI report and HARQ-ACK;
· On RAN4: performance test on simultaneous transmission of CSI report and HARQ-ACK on PUCCH format 3 is required. 
4 Conclusion
In this contribution, we discuss some issues related to simultaneous transmission of periodic CSI report and HARQ-ACK in a subframe. In summary, we propose:
· Simultaneous transmission of periodic CSI report and HARQ-ACK in a subframe shall be supported;
· Using PUCCH format 3 to support simultaneous transmission of periodic CSI report and HARQ-ACK, the coding scheme for HARQ-ACK and periodic CSI is FFS.
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Appendix-1
	Parameters
	Assumptions

	Simulated TTI per Drop
	6000

	Carrier aggregation configuration
	2/3/4/5 CC

	Carrier frequency
	2.0 GHz

	Operating bandwidth
	10 MHz

	UE Speed
	30 km/h

	UE number per Cell
	10

	Channel model
	3GPP Case 1 with 500m ISD

	Traffic model
	Full buffer

	Antenna configuration
	Transmitter: 4Tx cross-polarized antenna at eNB
Receiver: 2Rx cross-polarized antenna at UE
SU-MIMO

	Link adaptation
	With rank adaptation, AMC, 8 HARQ process with maximum 4 re-transmissions

	Delay for scheduling and AMC
	7 ms

	CSI periodicity 
	5 ms

	Scheduler
	Proportional Fair

	Receiver
	MMSE receiver

	HARQ Scheme
	IR
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