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1 Introduction

In the RAN1#68bis meeting, whether to enhance simultaneous transmission of periodic CSI and HARQ-ACK was discussed and the following conclusions were agreed [1]: 

· Multi-cell HARQ-ACK and Periodic CSI Multiplexing for DL CA is supported in Rel-11
· A Rel-11 UE that supports PUCCH Format 3 can be configured for simultaneous transmission of multi-cell HARQ-ACK feedback, SR and periodic CSI report for one serving cell on PUCCH Format 3

· For a Rel-11 UE that is configured for Format 1b with channel selection, simultaneous transmission of multi-cell HARQ-ACK feedback and a periodic CSI report on PUCCH Format 2a/2b is FFS

· FFS whether separate coding or joint coding of HARQ-ACK and CSI 
However, the details of periodic CSI and HARQ-ACK were not discussed. The contribution firstly provides our views on details for simultaneous transmission of periodic CSI and HARQ-ACK on PUCCH format 3, and then discusses simultaneous transmission of HARQ-ACK feedback and periodic CSI on PUCCH format 2a/2b in carrier aggregation. 
2 Details of periodic CSI and HARQ-ACK multiplexing on PUCCH format 3   
2.1 Application Scenarios  
In the RAN1 #68bis meeting, it was agreed that a Rel-11 UE that supports PUCCH format 3 can be configured for simultaneous transmission of multi-cell HARQ-ACK feedback and periodic CSI report for one serving cell on PUCCH format 3. More specifically, we consider

Proposal 1: Simultaneous transmission of periodic CSI and multi-cell HARQ-ACK on PUCCH format 3 can be configured if PUCCH format 3 has been configured for HARQ-ACK only feedback.

Proposal 2: Simultaneous transmission of periodic CSI and multi-cell HARQ-ACK on PUCCH format 3 can be configured if PUCCH format 3 has been configured for periodic CSI only reporting, given that PUCCH format 3 is agreed for periodic CSI only reporting.

For the UE that PUCCH format 1b with channel selection is configured for HARQ-ACK only feedback and PUCCH format 2 is configured for periodic CSI only reporting, eNB needs to assign extra PUCCH resource, if PUCCH format 3 is used to support simultaneous transmission of periodic CSI and HARQ-ACK, which will increase the PUCCH overhead and thus it is not preferred even if the UE has the capability to support PUCCH format 3. 
In addition, the agreement obtained in the RAN1 #68bis meeting only describes that multi-cell HARQ-ACK and periodic CSI multiplexing on PUCCH format 3 can be configured. However, in Rel-10, PUCCH format 3 can also be configured for single-cell HARQ-ACK feedback in TDD. Since PUCCH format 3 resource is available, it is reasonable that simultaneous transmission of periodic CSI and HARQ-ACK on PUCCH format 3 can also be configured. What is more, compared to the existing scheme that supports simultaneous transmission of periodic CSI and ACK number on PUCCH format 2b, it can at least reduce the impact on system performance due to HARQ-ACK bundling. 
Proposal 3: Simultaneous transmission of periodic CSI and single-cell HARQ-ACK on PUCCH format 3 can be configured if PUCCH format 3 has been configured for single-cell HARQ-ACK only feedback.

2.2 Periodic CSI information bits transmitted with HARQ-ACK 
It has been agreed that only a single serving cell periodic CSI is transmitted with HARQ-ACK on PUCCH format 3. Thus, if multiple periodic CSI reports of multiple serving cells are to be transmitted, only the periodic CSI with the highest priority is transmitted. The priority rule for periodic CSI only in Rel-10 can be used. 

If the number of the total information bits still exceeds the capacity of PUCCH format 3, part of the selected single cell periodic CSI information bits can be dropped. The total information bits include CSI bits, HARQ-ACK bits and SRI bits. If we assume that the maximum number of information bits supported by PUCCH format 3 is 21, one alternative is that the 3-bit spatial differential CSI information for the reporting mode PUCCH mode 1-1 and PUCCH mode 2-1 is dropped if the number of the total information bits is more than 21 and less than 25. 
Proposal 4: If multiple periodic CSI reports of multiple serving cells are to be transmitted with HARQ-ACK, only the periodic CSI with the highest priority is transmitted. The priority rule for periodic CSI only in Rel-10 can be used.

· Part of the selected single cell periodic CSI information bits can be dropped if the number of the total information bits exceeds the capacity of PUCCH format 3.

2.3 HARQ-ACK bundling 
The number of HARQ-ACK bits transmitted with periodic CSI on PUCCH format 3 should be the same as that in the case of HARQ-ACK only on PUCCH. 
It is not reasonable to do any additional HARQ-ACK bundling if it is not done for the case of HARQ-ACK only, because HARQ-ACK has higher priority than CSI so as to protect the DL transmission performance. The additional HARQ-ACK bundling means penalty to HARQ-ACK feedback due to CSI feedback, which is not reasonable. 
If some kind of HARQ-ACK bundling is done for the case of HARQ-ACK only on PUCCH, there is no reason not to apply the bundling operation for the case of simultaneous transmission of periodic CSI and HARQ-ACK on PUCCH format 3, where more information bits than HARQ-ACK only are transmitted.
Proposal 5: The number of HARQ-ACK bits transmitted with periodic CSI on PUCCH format 3 is the same as that for the case of HARQ-ACK only.

· No HARQ-ACK bundling for FDD.
· HARQ-ACK spatial bundling and/or time-domain bundling are used in the same way as that for the case of HARQ-ACK only on PUCCH for TDD.
2.4 PUCCH format 3 resource
If PUCCH format 3 resource is only assigned for HARQ-ACK feedback or only assigned for periodic CSI, then the assigned resource is used.

If both the PUCCH format 3 resource for HARQ-ACK only feedback and the PUCCH format 3 resource for periodic CSI only reporting are assigned, the resource for HARQ-ACK only feedback should be used to avoid ambiguity caused by PDCCH missing.

If the resource assigned for periodic CSI is used, how to solve the ambiguity brought by PDCCH missing is FFS.

Proposal 6: PUCCH format 3 resource configured for HARQ-ACK feedback should be used for the simultaneous transmission whenever the resource is available.
2.5 Channel coding for periodic CSI and HARQ-ACK
According to the conclusion in the RAN1 #68bis meeting, joint coding or separate coding of periodic CSI and HARQ-ACK is FFS. Joint coding and separate coding are discussed in another contribution [2]. According to the analysis and performance evaluation in [2], joint coding has comparable performance as separate coding but less impact on the specification and implementation, thus joint coding is slightly preferred. 
3 Discussion on periodic CSI and HARQ-ACK multiplexing on PUCCH format 2a/2b  
According to the analysis in section 2.1, in order to avoid increasing PUCCH overhead, for a Rel-11 UE that is configured for format 1b with channel selection, simultaneous transmission of periodic CSI and HARQ-ACK on PUCCH format 3 can be configured only if PUCCH format 3 has been configured for periodic CSI reporting. Thus, how to support simultaneous transmission of periodic CSI and HARQ-ACK needs to be designed if PUCCH format 3 is not available.
One alternative is using format 2b for the simultaneous transmission. However, the maximum number of HARQ-ACK bits that format 2b can support is 2, thus additional HARQ-ACK bundling is needed which is not preferred as described in section 2.3. Moreover, for TDD, the additional HARQ-ACK bundling will also cause additional ambiguity on HARQ-ACK feedback due to cross-carrier HARQ-ACK bundling, which was extensively discussed in Rel-10. 

In order to avoid introducing additional HARQ-ACK bundling, a modified PUCCH format 2b as below can be considered:
· Modified PUCCH format 2b: Two A/N bits are transmitted using the reference signal, and the remaining A/N bits are encoded jointly with the CSI information bits.
Since the maximum number of information bits supported by RM (20, 13) code is 13, the modified PUCCH format 2b described above can transmit 11 bits periodic CSI and 4 bits HARQ-ACK simultaneously. The maximum number of HARQ-ACK bits for the case of PUCCH 1b with channel selection is 4, and the maximum number of CSI is 11 bits, thus the modified PUCCH format 2b can be used to support simultaneous transmission of periodic CSI and multiple-cell HARQ-ACK without introducing additional HARQ-ACK bundling.
Proposal 7: Modified PUCCH format 2b can be considered for periodic CSI and multi-cell HARQ-ACK multiplexing for the case that PUCCH format 1b with channel selection is configured for HARQ-ACK feedback.
· Two A/N bits are transmitted using the reference signal, and the remaining A/N bits are encoded jointly with the CSI information bits.
4 Conclusion 
In this contribution, we firstly provide our views on details for simultaneous transmission of periodic CSI and HARQ-ACK on PUCCH format 3, and then discuss simultaneous transmission of multi-cell HARQ-ACK feedback and periodic CSI on PUCCH format 2a/2b. Based on the analysis in section 2 and section 3, we have the following proposals:

For the application scenarios of simultaneous transmission on PUCCH format 3
Proposal 1: Simultaneous transmission of periodic CSI and multi-cell HARQ-ACK on PUCCH format 3 can be configured if PUCCH format 3 has been configured for HARQ-ACK only feedback.

Proposal 2: Simultaneous transmission of periodic CSI and multi-cell HARQ-ACK on PUCCH format 3 can be configured if PUCCH format 3 has been configured for periodic CSI only reporting, given that PUCCH format 3 is agreed for periodic CSI only reporting.
Proposal 3: Simultaneous transmission of periodic CSI and single-cell HARQ-ACK on PUCCH format 3 can be configured if PUCCH format 3 has been configured for single-cell HARQ-ACK only feedback.
For the details of simultaneous transmission on PUCCH format 3
Proposal 4: If multiple periodic CSI reports of multiple serving cells are to be transmitted with HARQ-ACK, only the periodic CSI with the highest priority is transmitted. The priority rule for periodic CSI only in Rel-10 can be used.

· Part of the selected single cell periodic CSI information bits can be dropped if the number of the total information bits exceeds the capacity of PUCCH format 3.

Proposal 5: The number of HARQ-ACK bits transmitted with periodic CSI on PUCCH format 3 is the same as that for the case of HARQ-ACK only.
· No HARQ-ACK bundling for FDD.

· HARQ-ACK spatial bundling and/or time-domain bundling are used in the same way as that for the case of HARQ-ACK only on PUCCH for TDD

Proposal 6: PUCCH format 3 resource configured for HARQ-ACK feedback should be used for the simultaneous transmission whenever the resource is available.

For simultaneous transmission on PUCCH format 2b
Proposal 7: Modified PUCCH format 2b can be considered for periodic CSI and multi-cell HARQ-ACK multiplexing for the case that PUCCH format 1b with channel selection is configured for HARQ-ACK feedback.
· Two A/N bits are transmitted using the reference signal, and the remaining A/N bits are encoded jointly with the CSI information bits.
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