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1 Introduction
In RAN1#70 meeting, simultaneous transmission of HARQ-ACK and periodic CSI was discussed and the design was complete except the following aspects:

· Whether HARQ-ACK compression should be used

· Whether the design can be reused in case CoMP and CA are jointly supported

· Whether RI/PTI ambiguity problem should be solved
· Whether single cell HARQ-ACK and periodic CSI multiplexing with PUCCH format 3 configured is supported
· How to support HARQ-ACK and periodic CSI multiplexing with HARQ-ACK fallback mode for PUCCH format 3

· How to define RRC parameters

In this contribution, possible solutions and analysis for the issues above are discussed.
2 Discussion
2.1 HARQ-ACK compression
PUCCH format 3 can support up to 22 UCI bits. For FDD, the maximum number of multi-cell HARQ-ACK bits is 10 and the maximum number of single-cell periodic CSI report bits is 11. Therefore the total of multi-cell HARQ-ACK bits, single-cell periodic CSI report bits and SR will not exceed 22. However, for TDD, more than 10 HARQ-ACK bits need to be transmitted in a subframe. Thus the total of multi-cell HARQ-ACK bits, single-cell periodic CSI report bits and SR can exceed 22. 

When the total number of HARQ-ACK (including SR) bits and periodic CSI report bits are more than 22, periodic CSI report should be dropped. To avoid dropping periodic CSI, HARQ-ACK compression can be used to reduce the number of feedback bits. On the other hand, if additional HARQ-ACK bundling is applied, DL throughput is degraded, which may reduce or even eliminate the DL throughput gain of supporting multiplexing and HARQ-ACK and periodic CSI report in one subframe. Hence, we have the following proposal: 

Proposal 1: Additional HARQ-ACK bundling shall not be used to support multiplexing of multi-cell HARQ-ACK and periodic CSI in one subframe. 
2.2 RI/PTI ambiguity problem
For CSI reporting type 1/1a/2/2a/2b/2c in PUCCH CSI reporting Mode 1-1 and Mode 2-1, the CSI payload size changes with the value of RI/PTI, as shown in Table 1. Once the RI/PTI is received in error, the decoding for both HARQ-ACK and CSI will be incorrect. 
For HARQ-ACK detection perspective, it shall be noted that the HARQ-ACK decoding error caused by the RI/PTI ambiguity only occurs when eNB and UE are not aligned on whether single RM or dual RM coding is used. In other words, if the maximal CSI payload size (according to the larger RI value) together with the HARQ-ACK feedback bits is less than 12, or if the minimal CSI payload size (according to the smaller RI value) together with the HARQ-ACK feedback bits is larger than 11, then the eNB and UE would have the same understanding on whether single RM or dual RM coding is used, in which case the eNB can always assume the maximal periodic CSI payload size to guarantee HARQ-ACK detection performance. Such eNB receiver implementation effectively requires that the maximum CSI payload corresponding to the different RI/PTI values shall be assumed. Hence we have the following proposal to completely remove the RI/PTI ambiguity problem. 
Proposal 2: When periodic CSI is transmitted with HARQ-ACK, for the CSI report with variable payload sizes according to the reported RI/PTI, the maximal payload size should be assumed for the CSI report type.

Table 1: PUCCH Reporting Type Payload size per PUCCH Reporting Mode and Mode State
	PUCCH Reporting Type
	Reported
	Mode State 
	PUCCH Reporting Modes

	
	
	
	Mode 1-1
	Mode 2-1

	
	
	
	(bits/BP)
	(bits/BP)

	
	
	
	CQI
	PMI
	Total bits
	CQI
	PMI
	Total bits

	1
	Sub-band

CQI
	RI = 1
	
	
	NA
	4+L
	
	4+L

	
	
	RI > 1
	
	
	NA
	7+L
	
	7+L

	1a
	Sub-band CQI / second PMI
	8 antenna ports RI = 1
	NA
	NA
	NA
	4+L
	4
	8+L

	
	
	8 antenna ports 1 < RI < 5
	NA
	NA
	NA
	7+L
	2
	9+L

	
	
	8 antenna ports RI > 4
	NA
	NA
	NA
	7+L
	0
	7+L

	2
	Wideband CQI/PMI
	2 antenna ports RI = 1
	4
	2
	6
	4
	2
	6

	
	
	4 antenna ports RI = 1
	4
	4
	8
	4
	4
	8

	
	
	2 antenna ports RI > 1
	7
	1
	8
	7
	1
	8

	
	
	4 antenna ports RI > 1
	7
	4
	11
	7
	4
	11

	2a
	Wideband first PMI
	8 antenna ports RI < 3
	
	NA
	NA
	
	4
	4

	
	
	8 antenna ports 2 < RI < 8
	
	NA
	NA
	
	2
	2

	
	
	8 antenna ports RI = 8
	
	NA
	NA
	
	0
	0

	2b
	Wideband CQI / second PMI
	8 antenna ports RI = 1
	4
	4
	8
	4
	4
	8

	
	
	8 antenna ports 1 < RI < 4
	7
	4
	11
	7
	4
	11

	
	
	8 antenna ports RI = 4
	7
	3
	10
	7
	3
	10

	
	
	8 antenna ports RI > 4
	7
	0
	7
	7
	0
	7

	2c
	Wideband CQI / first PMI / second PMI
	8 antenna ports RI = 1
	4
	4
	8
	-
	-
	-

	
	
	8 antenna ports 1 < RI ( 4
	7
	4
	11
	-
	-
	-

	
	
	8 antenna ports 4 < RI ( 7
	7
	2
	9
	-
	-
	-

	
	
	8 antenna ports RI = 8
	7
	0
	7
	-
	-
	-


2.3 In case CoMP and CA are jointly supported
In case CoMP and CA are jointly supported, the only issue of using current design is how to choose a periodic CSI reporting in case of collision of multiple CSI reporting. The priority for periodic CSI reporting defined in CoMP should be used, per agreement in RAN1#70. In case of collision of multiple periodic CSI reporting, the dropping rule is based on the reporting type, the CSI process index, and the CC index. First, the priority of reporting type defined in Rel-10 is reused, i.e. the CSI report with highest reporting type priority is chosen. Then, in case of collision between CSI reports with PUCCH reporting type of the same priority, the CSI report with the lowest CSI process index is chosen. Finally, for CSI reports with PUCCH reporting type of the same priority and same CSI process index, the CSI report with the lowest CC index is reported.
Proposal 3: In case CoMP and CA are jointly supported, the dropping rule of periodic CSI reports has already been agreed in RAN1#70 as reporting type ( CSI process index ( CC index.
2.4 Single cell HARQ-ACK and periodic CSI multiplexing

For a UE that supports PUCCH format 3 and multiplexing of HARQ-ACK and periodic CSI in one subframe, if the UE is configured with a single serving cell, it is reasonable to also enable multiplexing of single-cell HARQ-ACK and periodic CSI using PUCCH format 3, since the design for multiplexing of multi-cell HARQ-ACK and periodic CSI in one subframe can be directly applied without much additional implementation complexity. This handling is similar to enable PUCCH format 3 as the HARQ-ACK feedback scheme when a UE is configured with a single serving cell, provided that the UE already supports PUCCH format 3. Hence, we have the following proposal:
Proposal 4: If a UE supports multiplexing of multi-cell HARQ-ACK and periodic CSI in one subframe with PUCCH format 3, the UE shall also support multiplexing of HARQ-ACK and periodic CSI in one subframe with PUCCH format 3 when configured with a single serving cell. 
2.5 HARQ-ACK fall back mode for PUCCH format 3

For TDD, if a UE is configured with PUCCH format 3, in case no PUCCH format 3 resource is indicated, the HARQ-ACK and periodic CSI multiplexing can be supported with the one of the following two options:

· Option 1: Reuse Rel-10 design
If only a PDCCH with DAI=1 or a SPS PDSCH on PCell is received, PUCCH format 2/2a/2b is used to transmit HARQ-ACK and CSI as FDD. If only a PDCCH with DAI=1 and a SPS PDSCH on PCell are received, CSI is dropped. 
· Option 2: Reuse Rel-8 design

ACK counter is used to generate HARQ-ACK feedback bits, and PUCCH format 2/2b is used to transmit HARQ-ACK and CSI. 
It is observed that option 1 has better performance compared to option 2 for the case where only a PDSCH with DAI =1 is received on PCell, since spatial bundling is not required with option 1. On the other hand, option 2 can also support the case where only a PDCCH with DAI=1 and a SPS PDSCH on PCell are received. Considering that more cases can be supported with option 2, the option 2 is preferred and we have the following proposal:
Proposal 5: For TDD, in case no PUCCH format 3 resource is indicated, Rel-8 design of multiplexing HARQ-ACK and periodic CSI shall be used. 
2.6 RRC parameters

In the email discussion after RAN1#70, the RRC parameters related to multiplexing of HARQ-ACK and periodic CSI with PUCCH format 3 were discussed but without agreement. In our opinion, a separate Rel-11 parameter (e.g. named as simultaneousAckNackAndCQI-Format3-r11) shall be used in addition to the Rel-10 parameter simultaneousAckNackAndCQI. This is to ensure that backward compatibility, since using the same Rel-10 parameter simultaneousAckNackAndCQI to configure multiplexing of HARQ-ACK and periodic CSI with PUCCH format 3 would lead to ambiguity if a Rel-11 UE is connected to a Rel-10 network.  With two separate parameters, it is also natural that the configurations on these two parameters are independent of each other. The UE feedback procedure can be summarized as in Table 2. 
Table 2: UE feedback procedure with Rel-10 and Rel-11 parameters
	Rel-10
Rel-11 
	TRUE
	FALSE

	TRUE
	If  a PF 3 resource is indicated, CSI and HARQ-ACK are transmitted on PF 3; 

otherwise, CSI and HARQ-ACK are transmitted on PF 2/2a/2b, and ACK counter is used for TDD.
	If  a PF 3 resource is indicated, CSI and HARQ-ACK are transmitted on PF 3; 

otherwise, CSI is dropped.

	FALSE
	Rel-10 design is followed
	CSI is dropped


There was also some discussion on the possibility of using the Rel-11 parameter to override the Rel-10 parameter configuration. In particular, it was proposed that the Rel-10 parameter shall be regarded as TRUE if the Rel-11 parameter is set to TRUE.  However, such restriction is neither necessary nor beneficial as it only provides less freedom for eNB configuration. Hence, we have the following proposal:
Proposal 6: An additional Rel-11 parameter simultaneousAckNackAndCQI-Format3-r11 should be introduced for the configuration of HARQ-ACK multiplexing with periodic CSI using PUCCH format 3, and the configuration of simultaneousAckNackAndCQI-Format3-r11shall be independent to the configuration of the Rel-10 parameter simultaneousAckNackAndCQI.
3 Conclusions
In this contribution, we discuss the remaining issues for simultaneous transmission of HARQ-ACK and periodic CSI. The proposals are given as following:
Proposal 1: Additional HARQ-ACK bundling shall not be used to support multiplexing of multi-cell HARQ-ACK and periodic CSI in one subframe. 
Proposal 2: When periodic CSI is transmitted with HARQ-ACK, for the CSI report with variable payload sizes according to the reported RI/PTI, the maximal payload size should be assumed for the CSI report type.

Proposal 3: In case CoMP and CA are jointly supported, the dropping rule of periodic CSI reports has already been agreed in RAN1#70 as reporting type ( CSI process index ( CC index.
Proposal 4: If a UE supports multiplexing of multi-cell HARQ-ACK and periodic CSI in one subframe with PUCCH format 3, the UE shall also support multiplexing of HARQ-ACK and periodic CSI in one subframe with PUCCH format 3 when configured with a single serving cell. 
Proposal 5: For TDD, in case no PUCCH format 3 resource is indicated, Rel-8 design of multiplexing HARQ-ACK and periodic CSI shall be used. 

Proposal 6: An additional Rel-11 parameter simultaneousAckNackAndCQI-Format3-r11 should be introduced for the configuration of HARQ-ACK multiplexing with periodic CSI using PUCCH format 3, and the configuration of simultaneousAckNackAndCQI-Format3-r11shall be independent to the configuration of the Rel-10 parameter simultaneousAckNackAndCQI.
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