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1. Introduction

In RAN1#82 meeting, there was a discussion on enhancements of aperiodic CSI feedback for supporting Rel-13 CA and the following agreements and working assumptions were made [1].

	Agreements:

· Confirm the following working assumptions in RAN1#81:

· To improve the flexibility of aperiodic CSI triggering in Rel-13 CA, at least it is supported to increase the number of aperiodic CSI sets compared to Rel-12 CA.
· This does not imply that increased number of CSI request bits is necessary.
· If the UE is configured with PUCCH on Scell, the above enhancement can be applied per PUCCH CG.
· Further details is FFS.
Working assumption:
· To increase the number of aperiodic CSI sets for flexible aperiodic CSI triggering in Rel-13 CA, 

· Size of aperiodic CSI request field is increased to 3 bits. 
· RRC-configured aperiodic CSI sets are commonly configured for all UL cells/subframes as in Rel-12 CA.


In this contribution, we discuss possible enhancements of aperiodic CSI feedback in order to support CA of up to 32 carriers in Rel-13.
2. Aperiodic CSI enhancements for large DL CA
In Rel-13 enhanced CA, basically, as larger number (e.g., up to 32) of DL carriers than existing Rel-12 CA would be aggregated for a UE, proper UCI signalling related to DL scheduling is needed to be introduced for supporting large DL CA. Specifically, CSI feedback mechanism is to be enhanced for both periodic and aperiodic CSI (denoted as “P-CSI” and “A-CSI”, respectively) reports to support large DL CA. In this section, we present potential enhancements of A-CSI for large DL CA. Note that the aspects on possible enhancements of P-CSI are elaborated in our companion contribution [2].
In order to increase the number of A-CSI sets for flexible A-CSI triggering in Rel-13 CA, increasing size of A-CSI request field to 3 bits was made as working assumption in RAN1#82. Considering the previous agreement that UCI multiplexing on PUSCH and A-CSI triggering are per PUCCH CG basis in case when the UE is configured with PUCCH on Scell, it would be straightforward to confirm the current working assumption with condition that the relevant operation is applied per PUCCH CG if UE is configured with PUCCH on Scell. 
Proposal 1: Confirm working assumption for A-CSI triggering in Rel-13 CA with condition that the relevant operation is applied per PUCCH CG in case of UE configured with PUCCH on Scell.

Although the working assumption to increase A-CSI request bits is confirmed, it seems to be still unclear when and/or how the relevant operation is applied. Increasing A-CSI request bits could provide flexible A-CSI triggering by increasing the number of A-CSI sets. However, it would not be necessary in some CA case with relatively small number (e.g. less than 10) of configured cells where two A-CSI sets could be enough. Considering flexibility at eNB as well as DCI overhead, it is reasonable for eNB to configure whether or not to increase the size of A-CSI request field. 
Proposal 2: It is reasonable for eNB to configure whether or not to increase the size of A-CSI request field with consideration of both eNB flexibility and DCI overhead.
The number of simultaneously triggered CSIs by one code-point of A-CSI request field is also to be discussed and decided. In Rel-13 CA with large number of DL cells, it would be necessary to increase the number of CSI reports per A-CSI set for providing sufficient CSI feedback to eNB. However, it might be infeasible to increase CSI reports per A-CSI set in proportion to CA capability from UE complexity perspective. In this sense, it would be desirable that A-CSI processing (e.g. CSI calculation) capability is separated from CA capability which would be dependent upon UE implementation, and UE may require to report the capability to eNB. In addition, given that A-CSI processing capability is limited, fair and efficient update on the unreported CSI processes may need to be considered by, e.g. sharing of CSI processing (or calculation) capability between cells. 
Proposal 3: Separation between CA capability and A-CSI processing capability can be considered for UE complexity and implementation. In addition, fair and efficient update on the unreported CSI processes may need to be considered with limited A-CSI processing capability. 
Moreover, higher modulation order (e.g. 16QAM) for A-CSI triggered PUSCH without UL-SCH needs to be introduced with consideration of PUSCH resource overhead for transmitting large amount of A-CSI reports. With the same purpose of saving UL resource, it could also be beneficial to support multi-layer transmission of A-CSI triggered PUSCH without UL-SCH in Rel-13 CA. For both two methods, further study is necessary on how to indicate the modulation order or number of layers and how to set the condition for triggering A-CSI only PUSCH combined with the number of RBs. 
Proposal 4: Higher modulation order (and/or multi-layer transmission) can be considered for A-CSI only PUSCH without UL-SCH to reduce UL resource overhead. 
3. Conclusions

In this contribution, we discussed on consideration points for aperiodic CSI feedback related enhancement to support CA of up to 32 carriers in Rel-13. Based on above, we propose:
Proposal 1: Confirm working assumption for A-CSI triggering in Rel-13 CA with condition that the relevant operation is applied per PUCCH CG in case of UE configured with PUCCH on Scell.

Proposal 2: It is reasonable for eNB to configure whether or not to increase the size of A-CSI request field with consideration of both eNB flexibility and DCI overhead.
Proposal 3: Separation between CA capability and A-CSI processing capability can be considered for UE complexity and implementation. In addition, fair and efficient update on the unreported CSI processes may need to be considered with limited A-CSI processing capability. 
Proposal 4: Higher modulation order (and/or multi-layer transmission) can be considered for A-CSI only PUSCH without UL-SCH to reduce UL resource overhead. 
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