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1. Introduction

For Rel-10 with CA (Carrier Aggregation), it has been agreed that simultaneous CSI and ACK/NACK transmission is opportunistically supported according to ACK/NACK condition. In this contribution, in order to enhance periodic CSI feedback in Rel-11 with CA, we discuss on support of simultaneous CSI+ACK/NACK transmission, especially in case of PUCCH format 3.
2. Discussion
In Rel-10 with CA, in order to support ACK/NACK transmission on PUCCH, two methods have been finally defined for both FDD and TDD: PUCCH format 1b with channel selection and PUCCH format 3 [1]. PUCCH format 1b with channel selection could be configured only for 2 CC aggregation case while PUCCH format 3 could support up to 5 CC aggregation case with relatively large payload. Besides, for periodic CSI feedback on PUCCH, it has been agreed that periodic CSI reporting mode is independently configured for each carrier, and at most one CSI feedback (with the highest priority) could be reported in a subframe even in case that multiple CSI feedback reports are coincidently required for multiple carriers [1]. In particular, for the case of ACK/NACK configured with PUCCH format 3, it also has been agreed that simultaneous CSI+ACK/NACK transmission is conditionally supported by using PUCCH format 2a/2b according to whether a single PDSCH (with the first DL DAI value in a corresponding PDCCH or without corresponding PDCCH in TDD case) is received only on Pcell or not [1]. 
Regarding the Rel-10 UE with CA above, especially as the number of aggregated carriers increases, it may be inevitable that periodic CSI feedback would be more frequently dropped even though it could survive from competition with other carrier’s CSIs because it, anyway, has lower priority rather than CA ACK/NACK. As a result, CSI deficiency which may cause DL throughput loss, could be induced. On the other hand, if eNB want to receive periodic CSI feedback from the UE through a given subframe, it should not schedule PDSCH on any Scell in the corresponding subframe at the sacrifice of scheduling latency (or, at the sacrifice of PDCCH overhead, eNB should be trigger aperiodic CSI reporting via PUSCH by UL grant PDCCH). Also in this case, DL throughput loss could be induced as well due to PDSCH scheduling restriction. In particular, in case of ACK/NACK configured with PUCCH format 3, it seems unreasonable that periodic CSI should be always dropped if it collided with CA ACK/NACK even though supportable payload size of PUCCH format 3 is sufficient to jointly transmit both CSI and CA ACK/NACK. 
Therefore, for the enhancement on periodic CSI feedback in order to avoid DL throughput loss, it should be considered that joint coding of CSI and ACK/NACK on PUCCH format 3 is introduced in Rel-11 with CA. In case of FDD, individual ACK/NACK bits could be jointly transmitted with CSI as it is without enforcing any bundling since supportable payload size (up to 21 bits) with PUCCH format 3 is sufficient to simultaneously convey FDD ACK/NACK bits (up to 10 bits) and single CSI bits (up to 11 bits). In TDD case, however, compression of ACK/NACK bits which may incur DL throughput loss, would be inevitable according to the number of DL subframes associated to one UL subframe. In this case, trade-off between CSI acquisition and ACK/NACK compression should be investigated further from the DL throughput perspective. 
Proposal : For the case of ACK/NACK configured with PUCCH format 3, it should be considered that simultaneous transmission of CSI and ACK/NACK on PUCCH format 3 is introduced in Rel-11 with CA. 

- FDD case: joint coding of CSI and individual ACK/NACK bits without bundling
- TDD case: FFS on how to support joint transmission of CSI and ACK/NACK bits
For the proposal on simultaneous CSI+ACK/NACK transmission on PUCCH format 3, trade-off analysis can be provided as below.
■ Applicable scenarios
- Transmission of CSI+ACK/NACK using PUCCH format 3 could be mainly useful for the UE aggregating relatively large number of cells with less restriction on ACK/NACK coverage

■ Potential benefits/drawbacks

- By mitigating CSI deficiency compared to Rel-10, further improvement of DL throughput could be expected. 
- Due to adaptation of coding procedure according to payload size (depending on CSI size and UCI combination: CSI+ACK/NACK or ACK/NACK only), additional complexity may be induced.
■ Specification/workload impact

   - On RAN1: Detail method/procedure for joint coding of CSI+ACK/NACK is to be designed.
   - On RAN2: Signalling to configure the proposed CSI+ACK/NACK behaviour may have to be defined.
   - On RAN4: Performance test on the proposed CSI+ACK/NACK scheme is required. 
3. Summary
In this contribution, we discussed on support of simultaneous CSI+ACK/NACK transmission on PUCCH format 3 for the enhancement of periodic CSI feedback. Finally, we propose: 

Proposal : For the case of ACK/NACK configured with PUCCH format 3, it should be considered that simultaneous transmission of CSI and ACK/NACK on PUCCH format 3 is introduced in Rel-11 with CA. 

- FDD case: joint coding of CSI and individual ACK/NACK bits without bundling

- TDD case: FFS on how to support joint transmission of CSI and ACK/NACK bits
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