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1 Introduction
In RAN1#68bis meeting, several agreements for simultaneous transmission of HARQ-ACK and periodic CSI were made as following:
· 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 discuss the details for simultaneous transmission of HARQ-ACK and periodic CSI, when PUCCH format 1b with channel selection is used for HARQ-ACK transmission.
2 Discussion

PUCCH format 1b with channel selection is used for HARQ-ACK transmission in the following scenarios:
· Scenario 1: PUCCH format 1b with channel selection is configured for HARQ-ACK transmission

· Scenario 2: PUCCH format 3 is configured for TDD HARQ-ACK transmission, and only a dynamic PDSCH or a PDCCH indicating downlink SPS release with the DAI value equals to ‘1’ and an additional SPS PDSCH are received on the primary cell.

2.1 Single-cell periodic CSI configured for CSI reporting

This case is similar as Rel-10 carrier aggregation, in which PUCCH format 2 is used for single-cell periodic CSI reporting, and PUCCH format 2/2a/2b is used to support simultaneous transmission of PCell HARQ-ACK and single-cell periodic CSI. 

To support multi-cell HARQ-ACK and CSI multiplexing in PUCCH format 2/2a/2b:

· If at most 2 bits can be used for HARQ-ACK transmission, additional bundling (time-domain bundling for TDD, spatial bundling for FDD) would be used for multi-cell HARQ-ACK. Thus, additional DL throughput loss would be occurred, and the DL performance may be even worse than Rel-10.
· If 4 bits can be used for HARQ-ACK transmission, additional specification work is needed. For example, for normal CP, the 4 HARQ-ACK bits can be transmitted in a way such that 2 HARQ-ACK bits are jointly encoded with CSI and another 2 HARQ-ACK bits are used to modulate a reference signal symbol. It is also noted that with this approach, the performances of different HARQ-ACK bits are unbalanced, since the HARQ-ACK bits are mapped to different positions, i.e. RS and data area.
Considering the DL throughput loss and additional specification work, we propose that simultaneous transmission of multi-cell HARQ-ACK and single-cell periodic CSI on PUCCH format 2/2a/2b is not supported. However, if the parameter simultaneousAckNackAndCQI provided by higher layers is set TRUE, PCell HARQ-ACK can be transmitted with CSI as Rel-10, i.e.:

· For FDD, the periodic CSI report is multiplexed with HARQ-ACK on PUCCH format 2/2a/2b if the HARQ-ACK corresponds to a PDSCH transmission or a PDCCH indicating downlink SPS release only on the primary cell, otherwise CSI is dropped.
· For TDD, the periodic CSI report is multiplexed with HARQ-ACK on PUCCH format 2/2b if the HARQ-ACK corresponds to a PDSCH transmission or a PDCCH indicating downlink SPS release only on the primary cell, otherwise CSI is dropped.
2.2 Multi-cell periodic CSI configured for CSI reporting 
Multi-cell periodic CSI transmission has been agreed in RAN1#68bis. PUCCH format 3 and periodic PUSCH are two competitive alternatives of channel format used to support multi-cell CSI reporting. 
If multi-cell CSI reporting is configured, the following method can be considered in case of collision between periodic CSI report and multi-cell HARQ-ACK in a same subframe without PUSCH:
· Always reserving N bits in CSI PUCCH for HARQ-ACK transmission
In order to avoid the ambiguity between eNB and UE regarding the feedback information in PUCCH, which is caused by DL grant missing [1], a fixed number of HARQ-ACK bits should be always transmitted with periodic CSI.
For FDD and TDD with M = 1, N = 2. A UE shall transmit the CSI and 
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 are spatially bundled HARQ-ACK bits corresponding to two serving cells respectively.

For TDD with M > 1, N = 4. A UE shall transmit the CSI and 
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 on CSI PUCCH, where:

· For M = 2, 
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 are spatially bundled HARQ-ACK bits corresponding to different subframes on two serving cells respectively.

· For M > 2, 
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 as defined in Table 10.1.3.2-5 or Table 10.1.3.2-6 in TS 36.213.
Since channel selection is used to support up to two configured serving cells, PUCCH format 3 is the desired transmission format for multi-cell periodic CSI reporting for this case [2]. On the other hand, with N reserved bits, the available payload of PUCCH format 3 may be not enough to support two-cell CSI multiplexing, which is up to 22 bits with 11 bits of periodic CSI per serving cell. In addition, some restriction on the configuration of periodic CSI reporting shall be applied to ensure that the total number of multi-cell periodic CSI bits plus the N reserved HARQ-ACK bits does not exceed the maximum payload size of PUCCH format 3. 
With this approach, although periodic PUSCH can support simultaneous transmission of periodic CSI and multi-cell HARQ-ACK when PUCCH format 1b with channel selection is used for HARQ-ACK transmission, PUCCH overhead will be increased for low efficiency of CSI-only transmission [2]. 
Given the above considerations, we propose that when PUCCH format 3 or periodic PUSCH is configured for multi-cell CSI transmission and PUCCH format 1b with channel selection is used for HARQ-ACK transmission, simultaneous transmission of HARQ-ACK and periodic CSI is not supported.
3 Conclusions
In this contribution, we discuss possible schemes for simultaneous transmission of HARQ-ACK and periodic CSI. The proposals are given as following:
Proposal 1: When PUCCH format 2 is configured for CSI transmission and PUCCH format 1b with channel selection is used for multi-cell HARQ-ACK transmission, simultaneous transmission of multi-cell HARQ-ACK feedback and a periodic CSI report on CSI PUCCH Format 2/2a/2b is not supported. The following Rel-10 behavior is still supported:
· For FDD, the periodic CSI report is multiplexed with HARQ-ACK on PUCCH format 2/2a/2b if the HARQ-ACK corresponds to a PDSCH transmission or a PDCCH indicating downlink SPS release only on the primary cell, otherwise CSI is dropped.
· For TDD, the periodic CSI report is multiplexed with HARQ-ACK on PUCCH format 2/2b if the HARQ-ACK corresponds to a PDSCH transmission or a PDCCH indicating downlink SPS release only on the primary cell, otherwise CSI is dropped.
Proposal 2: When PUCCH format 3 or periodic PUSCH is configured for multi-cell periodic CSI transmission and PUCCH format 1b with channel selection is used for multi-cell HARQ-ACK transmission, simultaneous transmission of HARQ-ACK feedback and periodic CSI report on PUCCH is not supported.
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