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1. Introduction
During RAN1 #70 meeting, the following was agreed.

For a UE configured with PUCCH format 3 for HARQ-ACK transmission, and for a subframe where a UE is configured to transmit HARQ-ACK transmission with periodic CSI, and for a subframe where a PUCCH format 3 resource is indicated (by ARI as in Rel-10) to the UE for HARQ-ACK transmission, the UE shall transmit HARQ-ACK and a single cell periodic CSI according to the following:

· No additional PUCCH format 3 resource in addition to the format 3 resource indicated by the ARI is configured for HARQ-ACK and CSI multiplexing 

· HARQ-ACK and periodic CSI are jointly coded up to 22 bits (including SR)

· the serving cell for periodic CSI reporting is selected according to the Rel-10 rule

· if the selected periodic CSI report together with HARQ-ACK feedback bits (including SR) fits into PUCCH format 3 payload size, then transmit the periodic CSI and HARQ-ACK bits (including SR), otherwise transmit HARQ-ACK (including SR) without periodic CSI

· FFS for HARQ-ACK compression case

· FFS  in case CoMP and CA is jointly supported

· FFS whether or not to solve RI/PTI ambiguity problem

In this contribution, we present our views on the remaining details related to simultaneous transmission of HARQ-ACK and P-CSI. 

2. Segmentation for Dual RM
During RAN1 #70, a comprised proposal was presented but not approved:

· HARQ-ACK followed by SR followed by CSI; in case of dual RM, first block size = N-ceil(N/2) and second block size = ceil(N/2).

At the end of RAN1 #70, the bit sequence ordering was agreed as HARQ-ACK followed by SR followed by CSI, but the segmentation for dual RM was not approved yet. Take the above proposal into account; there are two options for the segmentation of dual RM.
Option 1: half division, i.e., first block size = N-ceil(N/2) and second block size = ceil(N/2)
Option 2: odd-even division, i.e., the Rel-10 rule is reused.

In this section, we compare the link level performance of the two options. Simulation results are listed in Table-1 and the corresponding simulation assumptions are shown in Appendix-1.

Table-1 Required SINR (dB) to satisfy BER <= 0.001 (HARQ-ACK) and BLER <= 0.01 (CSI)
	(ACK Num, CSI Num)
	Option 1
	Option 2

	（2,10）
	-1.85（A）
	-1.80（A）

	（4,8）
	-2.00（A）
	-2.01（A）

	（4,10）
	-0.96（A）
	-1.05（A）

	（6,6）
	-1.95（A）
	-2.00（A）

	（6,8）
	-1.14（A）
	-1.12（A）

	（6,10）
	-0.33（A）
	-0.69（A）

	（8,4）
	-1.80（A）
	-1.75（A）

	（8,6）
	-0.8（A）
	-0.8（A）

	（8,8）
	-0.30（A）
	-0.46（A）

	（8,10）
	0.28（A）
	0.12(A)

	（10,2）
	-2.0(A)/-1.27(C
)
	-1.9(A)/-1.30(C)

	（10,4）
	-0.94(A)
	-0.82(A)

	（10,6）
	-0.48(A)
	-0.47(A)

	（10,8）
	0.35(A)
	0.44(A)

	（10,10）
	0.68(A)
	0.68(A)


From the simulation results we observe that, the performance difference between these two options is negligible. Therefore Option-2 is preferred due to no specification effort, i.e., the Rel-10 segmentation rule can be reused.
3. HARQ-ACK compression
Whether spatial bundling for HARQ-ACK can be higher layer configured could not reach consensus during the last meeting. Take the simultaneous transmission of HARQ-ACK and CSI multiplexing on PUCCH format 3 into account, we think the need for HARQ-ACK spatial bundling is urgent. Otherwise, CSI dropping will still happen in many cases, especially for TDD, which is somewhat deviated from the intension of support simultaneous transmission of HARQ-ACK and CSI. And from our previous simulation results in [1], the performance loss caused by HARQ-ACK spatial bundling is not significant and is less than that caused by CSI dropping. Therefore, we suggest reconsidering the HARQ-ACK spatial bundling at least for the case of simultaneous HARQ-ACK and CSI transmission.  We have the following proposal:
· For a UE configured with PUCCH format 3 for HARQ-ACK transmission, and for a subframe where a UE is configured to transmit HARQ-ACK transmission with periodic CSI, and for a subframe where a PUCCH format 3 resource is indicated (by ARI as in Rel-10) to the UE for HARQ-ACK transmission, the following is supported:

· the eNB can configure the UE to apply HARQ-ACK spatial bundling via UE specific higher layer signaling when the number of HARQ-ACK bits before HARQ-ACK spatial bundling is less than 21 and more than 10.

4. RI/PTI ambiguity problem
As joint coding was adopted for the coding of HARQ-ACK and CSI, the ambiguity problem caused by error detection of RI/PTI was raised in [2]

 REF _Ref335816205 \r \h 
[3]

 REF _Ref335816206 \r \h 
[4]. From our opinion, we think we should first discuss how serious the problem is. 

In this section, we investigate the impact of this RI/PTI ambiguity problem on the link performance. We simulate 6 scenarios listed in Table-2 and the corresponding simulation results are shown in Appendix-2. The simulation assumptions are the same as in Table A-1 in Appendix-1.
Table-2 Cases of HARQ-ACK and CSI bit number combinations
	　
	UE send
	eNB assume

	
	ACKBitNum
	CSIBitNum
	ACKBitNum
	CSIBitNum1
(sync)
	CSIBitNum2
(unsync)
	CSIBitNum3
(unsync)

	Case 1
	4
	2
	4
	2
	4
	7

	Case 2
	4
	4
	4
	4
	2
	7

	Case 3
	6
	6
	6
	6
	8
	11

	Case 4
	6
	8
	6
	8
	6
	11

	Case 5
	4
	6
	4
	6
	8
	　-

	Case 6
	4
	8
	4
	8
	6
	　-


From the simulation results, we observe that HARQ-ACK cannot be detected for the cases when the UE sends a larger CSI payload while the eNB assumes a smaller CSI payload for detection or the two payloads caused single RM and dual RM switch. For all other cases, HARQ-ACK can be detected with performance loss to some extent. Note that the decoding performance is related to the eNB implementation. For example, even if the eNB assumes the actual payload the UE sent is less than 11, it may still use (32,11) instead of (32,X) for decoding,  where X is the actual payload the UE sent. As an example in our simulation, the UE sent 4 bits HARQ-ACK and 4 bits CSI; and the eNB used (32,11) instead of (32,8) for decoding, the performance loss of HARQ-ACK is about 1 dB. Same method can be applied for dual RM case. Note that the performance loss may be compensated by implementation as well, such as eNB power control. For the case when two payloads caused single RM and dual RM switch, it cannot be solved by implementation. But this may also happen in the case of reconfiguration when the eNB and UE did not have the same understanding. 
We also evaluate the system level performance loss due to HARQ-ACK error. Assuming the target detection error rate of RI/PTI is 1% and for the worst case where HARQ-ACK cannot be detected, the HARQ-ACK error probability is the same as the target error rate of RI/PTI. Table-3 shows the performance comparison with and without HARQ-ACK error. From the simulation results, it is observed that the performance loss due to HARQ-ACK error is not significant and can be neglected. 
	Table-3 System level performance comparison with/without HARQ-ACK error
　
	Cell average
(bps/Hz)
	Cell edge
(bps/Hz)

	No HARQ-ACK error
	2.4197
	0.0750

	1% HARQ-ACK error 
	2.3905
	0.0730

	Loss (%)
	1.21
	2.67


It should be note that the same ambiguity problem exists in Rel-8 when HARQ-ACK is joint coded with CSI on PUCCH format 2 for the extended CP case.

Based on the above discussion, we think the problem caused by RI/PTI error is not so severe and could be handled by implementation; therefore no specification effort is needed. 
5.  Conclusions

In this contribution, we discussed the remaining details for simultaneous transmission of HARQ-ACK and periodic CSI multiplexing on PUCCH format 3. In summary, we propose:

· Same segmentation as Rel-10 should be reused for multiplexing of HARQ-ACK and CSI in case of dual RM.
· HARQ-ACK spatial bundling should be reconsidered for HARQ-ACK compression.
· No specification effort is needed to solve the RI/PTI ambiguity problem. 
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Appendix-1
Table A-1 Simulation assumptions for link level simulation

	Parameters
	Assumptions

	Carrier frequency
	2 GHz

	System BW
	10 MHz

	Channel model
	EPA

	Velocity
	3 km/h

	Frequency hopping
	At slot boundary

	Antenna set up
	1Tx-2Rx

	Channel estimation
	Practical

	CP type
	Normal CP

	Number of UEs
	1

	Number of PRBs for PUCCH
	1

	Number of HARQ-ACK bit
	2,4, 6, 8, 10

	Number of CSI bit
	2,4, 6, 8, 10

	Channel coding
	Dual RM: for separate  coding and joint coding with payload larger than 11

Single RM: for joint coding with payload no more than 11
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Appendix-3
Table A.3 Simulation assumptions for system level simulation

	Parameters
	Assumptions

	Simulated TTI per Drop
	10000

	Carrier aggregation configuration
	1

	Carrier frequency
	2.0 GHz

	Operating bandwidth
	10 MHz/CC

	UE Speed
	3km/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



































� The required SNR to satisfy BER <= 0.001 (HARQ-ACK) and BLER <= 0.001 (CSI) when the payload of CSI is less than 4. And at this case the required SNR is determined by CSI.





