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1. Introduction
In RAN1#70 meeting, an agreement was achieved for Multi-cell HARQ-ACK and Periodic CSI Multiplexing on PUCCH format 3 as follows: 

· 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

And in email discussion after this meeting, a question was also raised for simultaneous transmission of HARQ-ACK and a periodic CSI on PUCCH format 3, i.e., 
· For a UE configured with PUCCH format 3, whether it supports simultaneous transmission of single-cell HARQ-ACK and a periodic CSI on PUCCH format 3? 

In this contribution, we consider the above FFS issues for multi-cell HARQ-ACK and a periodic CSI multiplexing on PUCCH format 3 and whether to support simultaneous transmission of single-cell HARQ-ACK and a periodic CSI on PUCCH format 3, and express our views with analysis.  
2. Discussion 
2.1 For HARQ-ACK compression case
When HARQ-ACK and periodic CSI reports are simultaneously transmitted in one subframe, periodic CSI dropping will occur frequently since the low probability of scheduling only a PDSCH transmission on primary cell compared to other scheduling situations. Consequently, downlink throughput would be impacted due to lack of periodic CSI feedback[1]. 

Observation:  Downlink throughput loss would be expected due to lack of periodic CSI feedback when not supporting simultaneous transmission of periodic CSI reports and HARQ-ACKs.
In order to avoid excessive dropping of periodic CSI report, in RAN1#68bis meeting[2], there was an agreement achieved for supporting multi-cell HARQ-ACK and periodic CSI multiplexing for DL CA in Rel-11, i.e., 
· 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

In recent RAN1#70 meeting[3], a possible working assumption was proposed for HARQ-ACK enhancements in Rel-11, and at least the following was supported: 
· For HARQ-ACK enhancements in Rel-11, at least the following is supported:
· For a UE configured with PUCCH format 3 for HARQ-ACK transmission, 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.

· HARQ-ACK spatial bundling is applied to all subframes and all configured serving cells

· Applicable to HARQ-ACK transmission on both PUCCH and PUSCH

If the above working assumption is agreed, additional HARQ-ACK spatial bundling will be executed for futher reducing HARQ-ACK payload size. 
Similar in simultanoues transmission of HARQ-ACK and periodic CSI scenario, for a UE configured with PUCCH format 3, when the PUCCH format 3 resource which indicated by ARI is available, if the selected periodic CSI report according to Rel-10 rule together with HARQ-ACK bits (including SR) does not fit into PUCCH format 3 payload size, then additional HARQ-ACK compression could be considered to avoid excessive dropping of period CSI report. 
More specifically, for TDD UL-DL configuration 1/2/3/4, eNB can configure the UE to apply additional 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, and finally reduce the total payload size of the selected periodic CSI multiplexing with HARQ-ACK bits (including SR)  to fit into PUCCH format 3 payload size. 

For TDD UL-DL configuration 5 with largest HARQ-ACK payload size[4], additional time bundling could be used to make the total payload size of the selected periodic CSI multiplexing with HARQ-ACK bits (including SR)  to fit into PUCCH format 3 payload size, and consequently avoid frequent dropping of periodic CSI. 
Proposal 1:  Additional HARQ-ACK compression can be considered to support simultaneous transmission of multi-cell HARQ-ACK and a periodic CSI on PUCCH format 3 and consequently avoid excessive dropping of periodic CSI reports.
2.2 For jointly supported CoMP and CA case
In RAN1#70 meeting, two working assumptions and an agreement were achieved for periodic feedback discussion in CSI feedback modes for CoMP as follows: 

Working assumption 

· Rel-11 supports the feedback configuration and reporting for simultaneous CA and CoMP.

· Strive for reduction of UE complexity in CSI report design, e.g. limiting number of CSI processes, etc
Working assumption:
· Indexing scheme for CSI processes:

· Alt1: Indexing is defined within a given CC

· Alt 2: Indexing is defined across all configured CCs 

       Alt 1 is agreed as a working assumption.
Agreement:
· Dropping rule is supported based on reporting type and CSI process/CC index

· Alt 1: Reporting type ( CSI process index ( CC index

· Alt 2: Reporting type ( CC index ( CSI process index

    Alt 1 of dropping rule is agreed. 

From the above working assumptions and agreement, if CoMP and CA are jointly supported, in case of multiple CSI reports collision, how to select a periodic CSI report needs to be determined. Since the dropping rule based on reporting type and CSI process/CC index had already been discussed and agreed in CoMP section, the priority for periodic CSI reporting could follow the dropping rule defined in CoMP as follows: 
Reporting type ( CSI process index ( CC index
Proposal 2: If  CoMP and CA are jointly supported, the  dropping rule for multiple periodic CSI reports should follow what is defined in CoMP.
2.3 RI/PTI ambiguity problem
In mode 2-1 description in section 7.2[5], where RI is reported for transmission mode 9 with 8 CSI-RS ports configured, a UE shall determine a precoder type indication (PTI) and report a type 6 report consisting of one RI and the PTI in the subframe. 
In such case, when HARQ-ACK is jointly coded with periodic CSI on PUCCH format 3, the ambiguity issue for RI/PTI misdetection may lead to different understanding between eNB and UE on the following aspects:

· The total number of periodic CSI bits
When periodic CSI has larger payload size for accommodating one-bit PTI, eNB may misunderstand the number of periodic CSI bits and consequently incorrectly distinguish HARQ-ACK and periodic CSI. This will result in non-negligible performance loss. 

· The RM coding scheme for single and dual RM
Different understanding for the number of periodic CSI bits may cause an error to use the RM coding scheme, i.e., single RM or dual-RM. 

To solve such ambiguity problem, when simultaneously transmitted with HARQ-ACK, the maximal CSI payload size can always be assumed. However, this solution may cause resource waste since such ambity issue only happens in transmission mode 9 with 8 CSI-RS ports configured scenario. Another way to solve the ambiguity issue is to left for UE implementation. But this will require further discussion and evaluation of specific implementation details. 

Proposal 3: The ambiguity issue for RI/PTI misdetection needs to be disucssed, and assuming maximal CSI payload size is slightly preferred for simplicity and limited timeline for Rel-11.
2.4 Simultaneous transmission of single-cell HARQ-ACK and a CSI

In RAN1#68bis meeting[2], a Rel-11 UE that supports PUCCH Format 3 is agreed to 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 UE configured with PUCCH format 3, when the PUCCH format 3 resource which indicated by ARI is available, it is reasonable to reuse the above design for simultaneous transmission of single-cell HARQ-ACK (including SR) and a periodic CSI on PUCCH format 3. 
Proposal 4: For a UE configured with PUCCH format 3, simultaneous transmission of single-cell HARQ-ACK (including SR) and a periodic CSI on PUCCH format 3 is supported. 

3. Conclusion
This contribution considers the left FFS issues for multi-cell HARQ-ACK and a periodic CSI multiplexing on PUCCH format 3 from RAN1#70 meeting and whether to support simultaneous transmission of single-cell HARQ-ACK and a periodic CSI on PUCCH format 3, observation and suggestions are given as follows: 
Observation:  Downlink throughput loss would be expected due to lack of periodic CSI feedback when not supporting simultaneous transmission of periodic CSI reports and HARQ-ACKs.
Proposal 1:  Additional HARQ-ACK compression can be considered to support simultaneous transmission of multi-cell HARQ-ACK and a periodic CSI on PUCCH format 3 and consequently avoid excessive dropping of periodic CSI reports.
Proposal 2: If  CoMP and CA are jointly supported, the  dropping rule for multiple periodic CSI reports should follow what is defined in CoMP scenario.
Proposal 3: The ambiguity issue for RI/PTI misdetection needs to be disucssed, and assuming maximal CSI payload size is slightly preferred for simplicity and limited timeline for Rel-11.

Proposal 4: For a UE configured with PUCCH format 3, simultaneous transmission of single-cell HARQ-ACK (including SR) and a periodic CSI on PUCCH format 3 is supported. 

4. Reference
[1] R1-123356 Multi-cell HARQ-ACK and a periodic CSI multiplexing on PUCCH format 1b with channel selection, New Postcom, TSG RAN1#70 meeting
[2]
 Chairman's Notes RAN1#68bis - final, TSG RAN1#68bis meeting
[3]
 Chairman's Notes RAN1#70 - final, TSG RAN1#70 meeting
[4]
 R1-124346 HARQ-ACK bundling issues for CA enhancement, New Postcom, TSG RAN1#70bis meeting
[5]
 3GPP TS 36.213 V10.6.0







































































































































































































































PAGE  
1

