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1 Introduction

In the RAN #66 meeting, a new work item (WI) on LTE carrier aggregation (CA) enhancement beyond 5 carriers was approved [1]. The WI is conducted to support PUCCH on SCell for CA and enhancing the CA capabilities up to 32 component carriers (CC). In this contribution, CSI feedback to support up to CA of 32 DL CCs is discussed. 
2 CSI feedback for up to 32 DL CCs

In Rel-10 CA, periodic CSI (pCSI) for only one CC can be transmitted either on PUCCH or on PUSCH. If multiple pCSIs for one CC or for multiple CCs collide, priority based pCSI dropping rules should be used to guarantee only one pCSI transmission. Specifically, the rule of CSI type priority is first used where generally RI>wideband CQI>subband CQI, and then if multiple pCSIs from different CCs have the same type, only the pCSI for the CC with lowest cell index would be transmitted. In Rel-11 CA, CA HARQ-ACK and one pCSI can be simultaneously transmitted on PUCCH format 3, and if multiple pCSIs for one CC or for multiple CCs collide, the above priority based pCSI dropping rule is reused. Multiple pCSI transmission on PUCCH or PUSCH had ever been discussed in Rel-11, but no consensus was achieved finally. 
In Rel-13 CA for up to 32 CCs, more probabilities for pCSI collision would appear definitely. Therefore, multiple pCSI simultaneous transmission needs to be considered, even if in principle the existing specifications of periodic CSI suffice.
If multiple pCSI simultaneous transmission needs to be supported, there are generally three cases: 

Case 1: Multiple pCSI transmission on PUCCH without HARQ-ACK

Case 2: Multiple pCSI transmission on PUCCH with HARQ-ACK

Case 3: Multiple pCSI transmission on PUSCH

For case 1, the PUCCH resource should be reserved in a semi-static way, which is like PUCCH format 2 in Rel-10. Instead, considering the capacity of PUCCH format 2 is limited, multiple pCSIs may be transmitted on PUCCH format 3 or a new PUCCH format which will anyway be defined for HARQ-ACK transmission for more than 5 CCs. For case 2, HARQ-ACK and multiple pCSIs are transmitted on PUCCH resource for HARQ-ACK, and a new PUCCH format with larger bit capacity than PUCCH format 3 may be used. Note that HARQ-ACK and one pCSI simultaneous transmission is already supported on PUCCH format 3 in Rel-11, so case 2 can be seen as an enhancement to Rel-11 scheme. Case 3 multiple pCSI transmission may be piggybacked on PUSCH if PUCCH/PUSCH simultaneous transmission is not supported by UE, the coding for multiple pCSI on PUSCH should reuse the coding for aperiodic CSI.

There are two options to carry multiple pCSI in one TTI which was ever discussed during Rel-11, one is PUCCH format 3, and the other one is the PUSCH can be semi-statically scheduled by PDCCH. 
Proposal 1: Multiple periodic CSI simultaneous transmission in one TTI should be considered in Rel-13 CA. 
An alternative is to use aperiodic CSI (aCSI), which is already very flexible to support CSI report for a configured set of CCs. For aperiodic CSI on PUSCH, a limitation is that only up to 8 serving cells could be configured for aperiodic CSI reporting, given the size of the RRC configured bitmaps related to the two states of the CSI request field. Another limitation is that in the absence of a TB, UCI on PUSCH is confined to be transmitted on up to 20 PRBs (i.e., a direct scaling with a factor 5 from 4 PRBs in Rel-8).
Proposal 2: No enhancement for aperiodic CSI transmission is needed in Rel-13 CA except of the RRC configured bitmaps and the PRB limitation without UL TB. 

3 Conclusion

In this contribution, CSI feedback to support up to CA of 32 DL CCs is discussed. Based on the discussion, the following proposals are given: 
Proposal 1: Multiple periodic CSI simultaneous transmission in one TTI should be considered in Rel-13 CA. 

Proposal 2: No enhancement for aperiodic CSI transmission is needed in Rel-13 CA except of the RRC configured bitmaps and the PRB limitation without UL TB. 
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