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1. Introduction
In RAN1#67 meeting, several contributions have discussed the possible enhancements for periodic CSI enhancements into the following two items: 
· To enable transmission of multiple periodic CSI in a subframe:

· To enable transmission of periodic CSI and HARQ-ACK in a subframe:

In RAN1#68bis meeting, for Rel-11 CA, there was an agreement achieved as follows:

· Multi-Cell Periodic CSI Multiplexing for DL CA is supported in Rel-11

· Based on existing UL channel formats (FFS which one)

· 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 

In this contribution, we consider the multi-cell HARQ-ACK and periodic CSI multiplexing issues for DL CA and express our views with analysis.  

2. Discussion 
2.1 Motivation

In Rel-10 carrier aggregation, for a UE configured with multiple DL CC, if periodic CSI report and ACK/NACK are to be transmitted on PUCCH in a subframe, periodic CSI report is dropped except for the following two cases:

· The HARQ-ACK corresponds to a PDSCH transmission or PDCCH indicating downlink SPS release only on the primary cell.

· The HARQ-ACK corresponds to PDSCH and/or PDCCH indicating downlink SPS release only on primary cell and the UE is configured with TDD format 1b with channel selection. 

When multi-cell periodic CSI reports and ACK/NACKs 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. 

Observation 1:  Downlink throughput loss would be expected due to lack of periodic CSI feedback when not supporting simultaneous transmission of periodic CSI reports and ACK/NACKs.
In RAN1#68bis meeting, several contributions have done the simulations for simultaneous transmission. In contributions [1][2],  aperiodic CSI on PUSCH is considered and can cut down the DL throughput loss caused by dropping periodic CSI. However, if aperiodic CSI becomes the main resource for link adaptation for UE with DL carrier aggregation, it will impact on the data scheduling ability or increase control overhead. In contributions [3][4], the simulation results of the impact on DL throughput for different speed UEs show that for low speed UE (3km/h), aperiodic CSI may provide better DL throughput than periodic CSI at the expense of higher PDCCH/PUSCH overhead; but for medium speed UE  (30km/h), the benefits of aperiodic CSI over periodic CSI for DL throughput reduce significantly compared to low speed scenario. In contributions[5][6], system level simulations have been done for surveying the impact on DL throughput from the collision of periodic CSI and ACK/NACK in both full-buffer and non full-buffer traffic models, and the results show that aperiodic CSI cannot completely compensate for the loss of DL throughput, espectially for non full-buffer traffic with lightly loaded system. 
Finally, in order to avoid the excessive dropping of periodic CSI report, RAN1 agreed to support multi-cell HARQ-ACK and periodic CSI multiplexing for DL CA in Rel-11. But some details still need to discuss, like
· 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 
· FFS whether only single-cell periodic CSI or multi-cell periodic CSI

2.2 Multi-cell ACK/NACKs multiplexing with single-cell periodic CSI report

Issue 1: PUCCH format 3 UE’s ambiguity issue caused by DL grant missing. 
In RAN1#68bis meeting, a Rel-11 UE that supports PUCCH Format 3 is agreed to configure for simultaneous transmission of multi-cell HARQ-ACK feedback, SR and periodic CSI report for one serving cell on PUCCH Format 3. That is to say, if UE does not receive any DL grants, then periodic CSI report for one serving cell is transmitted on PUCCH format 2 as Rel-10. Once eNB detects PUCCH transmission on PUCCH format 3, then multi-cell ACK/NAKs are transmitted with/without periodic CSI report. 
However, there still exists an ambiguity issue caused by DL grant missing for UE configured PUCCH format 3. For example, if eNB sent multiple DL grants to schedule PDSCH transmission on multiple cells,  but the UE only received part of the DL grants and correspondingly feedback their ACK/NACKs concatenated by the cell index. Then, eNB only knew some DL grants missed and could not have the exact information of which DL grants were missing. This leads to the ambiguity on eNB’s knowledge of successful DL transmissions on which carriers. 
To resolve such an ambiguity, parts of bits in PUCCH format 3 are always reserved for all configured carriers’ ACK/NAKs, and each ACK/NAK has its fixed position to feedback. But, this method leads to inefficient utilization of PUCCH resources.

Proposal 1: A Rel-11 PUCCH format 3 UE should resolve the ambiguity issue on eNB’s knowledge of successful DL transmission on which carriers if some DL grants are missing. 
Issue 2: PUCCH format 1b with channel selection UE with simultaneous transmission on PUCCH Format 2a/2b
If PUCCH format 2a/2b is used for simultaneous transmission of periodic CSI and multi-cell HARQ-ACK, besides the above ambiguity still exists, additional work is required to avoid another ambiguity, which eNB and UE have different understanding for the actual number of CSI bits and correspondingly used RM coding scheme. Since RM coding and dual RM coding schemes require unequal operating SINR derived from the link-level simulation, it is the reason that CSI bits may be mistaken as ACK/NAK bits in case DL grant is missed. 
This ambiguity can be resolved if always assuming a fixed number of ACK/NAK bits transmitted with periodic CSI for joint coding case, and if parts of REs in PUCCH 2a/2b are always reserved for ACK/NAK transmission for separate coding case. But these resolutions both lead to inefficient utilization of resource elements and degraded performance of periodic CSI only transmission. 
Proposal 2: A Rel-11 PUCCH format 1b with channel selection UE, which uses PUCCH Format 2a/2b to support simultaneous transmission of multi-cell HARQ-ACK feedback and a periodic CSI report, should resolve the ambiguity issues on the actual number of CSI bits, the actual used RM coding scheme, and eNB’s knowledge of successful DL transmission on which carriers if some DL grants are missing. 
Issue 3: FFS whether separate coding or joint coding of HARQ-ACK and CSI
For PUCCH format 3 UE, both joint coding and separate coding can be used for multiplexing ACK/NAKs and periodic CSI. For separate coding adopted, it is unnecessary to always reserve resource elements for ACK/NAK transmission since eNB knows ACK/NAK is present if PUCCH format 3 is used for transmission.

In contributions[8][9][10], the comparison between joint coding and separate coding schemes for multiplexing periodic CSI with ACK/NACK on PUCCH format 3 are discussed as follows:
· Joint coding of ACK/NACKs and periodic CSI payloads
Prons: Less impact on the specification, test and implementation. For TDD configurations, the performance difference with separate coding is within a small dB fraction in most cases.

Cons: Cannot provide different coding gains for ACK/NACK and periodic CSI according to their different target BLER requirements.
· Separate coding of ACK/NACK and periodic CSI payloads 

Prons: Provide performance gains from different coding and rate matching according to different payloads and target BLER requirements. With the increase of the relative CSI payload size, the performance gains from separate coding compared to joint coding are also increased. 

Cons: Lead to more complex impact on specification, test and implementation. It needs to determine a specific rate matching for all possible combinations of HARQ-ACK and periodic CSI payloads. 

In consideration of the complexity for specification, test and implementation, we prefer joint coding scheme for ACK/NACKs and periodic CSI multiplexing on PUCCH format 3 in Rel-11.

Proposal 3: Joint coding of ACK/NACKs and periodic CSI payloads on PUCCH format 3 is proposed in Rel-11.

For PUCCH format 1b with channel selection UE, if PUCCH Format 2a/2b is supported for simultaneous transmission of multi-cell ACK/NACKs and periodic CSI, joint coding scheme is preferred for its limited resource. Since PUCCH format 2a/2b resource can accommodate 21/22 coded bits, if separate coding is adopted, parts of bits should be reserved for resolving the ambiguity issue and the remaining bits cannot meet the capacity requirement for periodic CSI.
Proposal 4: If PUCCH Format 2a/2b is supported for simultaneous transmission of multi-cell ACK/NACKs and periodic CSI, joint coding scheme is preferred.

2.3 Multi-cell ACK/NACKs multiplexing with multi-cell periodic CSI reports

Uplink control information (UCI) includes CQI/PMI/RI and ACK/NACK, and its payload size should be firstly considered. The actual combined payload size of UCI depends on the number of CCs and scheduled codeword as well as the CSI reporting mode.  The maximum payload size of UCI consists of  the number of CCs, maximum payload size of periodic CSI report for a single CC(11bits), maximum payload size for ACK/NACK feedback(FDD-10bits, TDD-20bits), and a SR bit. Therefore, for a UE supporting up to 5 CCs, the maximum payload size for the combined uplink control information (UCI) is 66 bits for FDD and 76 bits for TDD.
For possible payload size of UCI, the existing PUCCH formats have no capacity to accommodate all possible multi-cell periodic CSI reports with ACK/NACK. In contributions [11][12], we proposed the PUSCH based solution to support multi-cell periodic CSI transmission with the following considerations:
· No capacity constraints with feedback flexibility
· Applicable for various TDD UL-DL configurations
· No need for further ACK/NACK bundling consideration for PUCCH format 3

· Small changes in specification
· Good scalability for CA, eICIC and CoMP scenarios

Here, the PUSCH based solution is proposed with extension to support simultaneous transmission of multi-cell periodic CSI reports with ACK/NACKs. Similarly, the issues in section 2.2 and the remaining details for PUSCH based solution in contribution [12] still need to be considered for this case. 
Proposal 5: PUSCH based solution could be considered for supporting simultaneous transmission of multi-cell periodic CSI reports and ACK/NACKs in Rel-11, and the ambiguity issues and details need to be further discussed. 
2.4 The PUSCH based solution

In spite of some issues and details to be confirmed, we believe the following PUSCH based solution is still a future-proofed universal multi-cell periodic CSI and ACK/NACKs multiplexing mechanism for DL CA as well as for eICIC and CoMP scenarios. 
Proposal 6: In Rel-11, the principle for periodic CSI reports and ACK/NACKs multiplexing is: 
· Non CA case, UE is configured with a single serving cell
It follows Rel-10 rules: 

· ACK/NACK only: PUCCH format 1a/1b

· Periodic CSI only : PUCCH format 2
· Single-cell’s periodic CSI + ACK/NACK: PUCCH format 2a/2b

· CA case, UE is configured with more than one serving cell
· Not configured for simultaneous PUCCH and PUSCH transmission
· PUCCH only

PUCCH format 3: multi-cell ACK/NACKs with/without single-cell periodic CSI
If the total payload size is larger than the capacity bits for format 3, ACK/NACKs transmission should be firstly guaranteed and periodic CSI report is dropped if needed. If a single periodic CSI is to be transmitted, it should be the periodic CSI with the highest priority, and the priority rule defined in Rel-10. 
· PUSCH only

PUSCH: multi-cell periodic CSI reports with/without all ACK/NACKs
Multi-cell periodic CSI reports with/without ACK/NACKs will be transmitted on PUSCH of the serving cell under the selection rule defined in Rel-10. And the PUSCH resources for these combined UCIs are allocated by the order of parameter ServCellIndex for each cell.
· Configured for simultaneous PUCCH and PUSCH transmission
In this case, all ACK/NACKs are transmitted on PUCCH format 3, while multi-cell periodic CSI reports are transmitted on PUSCH. 
3. Conclusion
This contribution considers the multi-cell HARQ-ACK and periodic CSI multiplexing issues for DL CA on uplink control signalling enhancement and proposes a PUSCH based solution with the pros and cons analysis, and gives the following observations and suggestions: 
Observation 1:  Downlink throughput loss would be expected due to lack of periodic CSI feedback when not supporting simultaneous transmission of periodic CSI reports and ACK/NACKs.
Proposal 1: A Rel-11 PUCCH format 3 UE should resolve the ambiguity issue on eNB’s knowledge of successful DL transmission on which carriers if some DL grants are missing. 
Proposal 2: A Rel-11 PUCCH format 1b with channel selection UE, which uses PUCCH Format 2a/2b to support simultaneous transmission of multi-cell HARQ-ACK feedback and a periodic CSI report, should resolve the ambiguity issues on the actual number of CSI bits, the actual used RM coding scheme, and eNB’s knowledge of successful DL transmission on which carriers if some DL grants are missing. 
Proposal 3: Joint coding of ACK/NACKs and periodic CSI payloads on PUCCH format 3 is proposed in Rel-11.

Proposal 4: If PUCCH Format 2a/2b is supported for simultaneous transmission of multi-cell ACK/NACKs and periodic CSI, joint coding scheme is preferred.

Proposal 5: PUSCH based solution could be considered for supporting simultaneous transmission of multi-cell periodic CSI reports and ACK/NACKs in Rel-11, and the ambiguity issues and details need to be further discussed. 

Proposal 6: In Rel-11, the principle for periodic CSI reports and ACK/NACKs multiplexing is: 

· Non CA case, UE is configured with a single serving cell
It follows Rel-10 rules: 

· ACK/NACK only: PUCCH format 1a/1b

· Periodic CSI only : PUCCH format 2
· Single-cell’s periodic CSI + ACK/NACK: PUCCH format 2a/2b

· CA case, UE is configured with more than one serving cell
· Not configured for simultaneous PUCCH and PUSCH transmission

· PUCCH only

PUCCH format 3: multi-cell ACK/NACKs with/without single-cell periodic CSI
If the total payload size is larger than the capacity bits for format 3, ACK/NACKs transmission should be firstly guaranteed and periodic CSI report is dropped if needed. If a single periodic CSI is to be transmitted, it should be the periodic CSI with the highest priority, and the priority rule defined in Rel-10. 

· PUSCH only

PUSCH: multi-cell periodic CSI reports with/without all ACK/NACKs

Multi-cell periodic CSI reports with/without ACK/NACKs will be transmitted on PUSCH of the serving cell under the selection rule defined in Rel-10. And the PUSCH resources for these combined UCIs are allocated by the order of parameter ServCellIndex for each cell.

· Configured for simultaneous PUCCH and PUSCH transmission

In this case, all ACK/NACKs are transmitted on PUCCH format 3, while multi-cell periodic CSI reports are transmitted on PUSCH. 
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