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1. Introduction

In study item of carrier aggregation enhancement, a possible improvement is uplink physical layer signaling, including enhancements for transmission of UCI [1]. To avoid possible DL throughput degradation due to frequently CSI dropping, simultaneous transmission of HARQ-ACK and CSI [2][3], and simultaneous transmission of periodic CSI report of multiple serving cells [4][5], are candidate direction to have some enhancement. In this contribution, we focus on HARQ-ACK and CSI multiplexing on PUCCH format 3 and share some views on it.
2. Discussion 

In LTE Rel.10, PUCCH format 3 and channel selection with PUCCH format 1b are designed for higher HARQ-ACK payload due to DL carrier aggregation. But, there is no new mechanism designed for HARQ-ACK and CSI multiplexing on PUCCH. Since the multiplexing mechanism follows Rel.8/9, only two bits for HARQ-ACK could be delivered on the PUCCH format 2/2a/2b. In case of collision between CSI and HARQ-ACK in a same subframe without PUSCH and the UE is configured with more than one serving cell, the periodic CSI report is multiplexed with HARQ-ACK on PUCCH if the parameter simultaneousAckNackAndCQI provided by higher layers is set TRUE and if the HARQ-ACK corresponds to a PDSCH transmission or PDCCH indicating downlink SPS release only on the primary cell, otherwise CSI is dropped. For a UE configured with DL carrier aggregation, higher DL traffic could induce frequent HARQ-ACK feedback and require frequent CSI report for efficiently DL scheduling. Always dropping CSI in case of collision would have impact on DL throughput, especially when more than 2 configured DL serving cells.  Thus, in Rel. 11 CA enhancement, it could be considered to support HARQ-ACK and CSI multiplexing for a UE with HARQ-ACK transmission configured with PUCCH format 3.
Considering the structure of PUCCH format 3, channel encoding with dual (32, O) block codes could accommodate at most 22 information bits. Multiplexing HARQ-ACK and CSI on PUCCH format 3 would be a simple method to deliver HARQ-ACK feedback and periodic CSI reporting of at least one serving cell. In case of FDD, the maximum number of HARQ-ACK is 10 bits when five serving cells configured for a UE are all configured with downlink transmission mode that support up to two transport blocks. Thus, HARQ-ACK bundling scheme is not required for multiplexing since periodic CSI reporting is up to 11 bits in current specification. In case of TDD, spatial bundling and time bundling may be both required to ensure enough capacity for CSI multiplexing. Considering the HARQ-ACK and CSI multiplexing on PUCCH format 3, there may be some issues to be addressed:
Joint encoding/Separate encoding 

Joint encoding means the (bundled) HARQ-ACK bits would concatenate CSI bits firstly, and then the concatenated bits would be halved into dual block encoding. In this case, the input bits of one block code may include both partial HARQ-ACK and CSI bits. Separate encoding means HARQ-ACK bits and CSI bits are encoded through individual block code. For the complexity view, joint encoding and separate encoding are both simple to be achieved. Considering the reliability, separate encoding seems preferable since the HARQ-ACK and CSI have different performance requirement and a bit-error in joint encoding would impact on two parts simultaneously.
Multiplexing configuration
In LTE Rel. 8/9/10, whether periodic CSI report is multiplexed with HARQ-ACK is determined by the parameter simultaneousAckNackAndCQI provided by higher layers. Considering the HARQ-ACK and CSI multiplexing on PUCCH format 3, a new parameter may be required to determine multiplexing or not. Since supporting of HARQ-ACK and CSI multiplexing is a trade-off between periodic CSI dropping and HARQ-ACK reliability reduction due to increase of code rate, power issue, and bundling scheme, network could handle different multiplexing case, i.e. PUCCH format 2/2a/2b and PUCCH format 3, by separate parameters. For further enhancement, it may be considered to have a dynamic multiplexing decision to take different CSI contents into account.
SR multiplexing
In current specification, periodic CSI reporting is up to 11 bits. If the multiplexed HARQ-ACK bits are limited to no more than 10 bits, it may be considered to support HARQ-ACK, CSI and SR multiplexing simultaneously since the channel encoding with dual (32, O) block codes in PUCCH format 3 could accommodate at most 22 information bits.
PUCCH format 3 resource

In case of HARQ-ACK and CSI multiplexing, if PUCCH format 2 is used for CSI transmission, CSI could be transmitted on the PUCCH format 3 resource originally for HARQ-ACK. In the study item of CA enhancement, supporting periodic CSI reporting of multiple serving cells on PUCCH is another candidate. PUCCH format 3 and modified PUCCH format 3 are proposed to accommodate this payload  [4][5]. If PUCCH format 3 is decided to deliver periodic CSI reporting of multiple serving cells, it could be considered to transmit HARQ-ACK on the PUCCH format 3 resource originally for CSI in case of collision. Since the PUCCH resource for CSI is dedicate for a UE, utilizing the dedicate PUCCH resource could avoid resource waste. 
3. Conclusion

This contribution discusses the issue of multiplexing HARQ-ACK and CSI on PUCCH. At first, we propose to consider supporting of HARQ-ACK and CSI multiplexing for a UE with HARQ-ACK transmission configured with PUCCH format 3 in Rel. 11 CA enhancement. And based on the above discussion, we further propose:
· Separate encoding of HARQ-ACK bits and CSI bits for multiplexing on PUCCH format 3.
· A new parameter may be required to determine whether HARQ-ACK and CSI multiplexing on PUCCH format 3 is supported or not. For further enhancement, it may be considered to have a dynamic multiplexing decision to take different CSI contents into account.
· It may be considered to support HARQ-ACK, CSI and SR multiplexing simultaneously on PUCCH format 3.

· If PUCCH format 3 is decided to deliver periodic CSI reporting of multiple serving cells, it could be considered to transmit HARQ-ACK on the PUCCH format 3 resource originally for CSI in case of collision.
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