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1. Introduction

In RAN1 #81 meeting, there was a discussion on enhancements of aperiodic CSI feedback for supporting Rel-13 CA and the following working assumptions were made [1].

	Working assumptions:
· 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


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].
According to current specification, RRC-configured (DL) cell set to be measured for CSI calculation corresponding to A-CSI request is common for all (UL) cells. Considering large number of DL carriers in Rel-13 CA, current two RRC-configured (DL) cell sets common for all (UL) cells would be insufficient and inflexible to support CSI feedback for large DL CA, at least from overhead perspective. In this context, increasing the number of RRC-configured (DL) cell sets is required by confirming the current working assumption in order to improve the flexibility of A-CSI triggering in Rel-13 CA. 
Considering that the CIF size in DCI is kept to 3 bits (same as in legacy CA) for Rel-13 CA from DCI overhead perspective, it would be also desirable to maintain the CSI request bit size as 2 bits without increase. Besides, while CIF needs to be used necessarily for cross-carrier scheduling, CSI request bits are meaningful only when there exists eNB’s intention of A-CSI triggering which happens irregularly and aperiodically. Thus, from DCI overhead perspective, flexible A-CSI triggering with no increase of CSI request bits can be considered as a baseline. Given that the CSI request bit size is kept as 2 bits, the flexibility of A-CSI triggering can be provided at least by the following alternatives.
Alt 1: Different RRC-configured cell set per cell
RRC-configured cell sets can be separately configured between cells transmitting PUSCH with A-CSI report (or between cells transmitting UL grant DCI with A-CSI request). For example, RRC-configured cell set to be measured for A-CSI calculation can be different according to whether the cell transmitting PUSCH with A-CSI report is scheduled as cell x or cell y. 

Alt 2: Different RRC-configured cell set per subframe

RRC-configured cell sets can be separately configured between subframes transmitting PUSCH with A-CSI report (or between subframes transmitting UL grant DCI with A-CSI request). For example, RRC-configured cell set can be different according to whether the subframe transmitting PUSCH with A-CSI report is subframe #x or subframe #y. 
Here, proper alternative for flexible A-CSI triggering can be differently considered according to CA configuration and subframe structure. Furthermore, combination of above two alternatives can be considered as a common solution for different CA scenarios (e.g. UL non-CA vs. UL CA). In addition to this, considering PUSCH coverage and resource allocation burden for large number of CSI reports, simultaneous multiple A-CSI triggers can also be considered.
In Rel-13 CA with large number of DL cells, it is expected that the number of associated CSI processes per RRC-configured cell set might be significantly increased. Thus, it would be necessary that UE capability of A-CSI processing (e.g. calculation) is known to eNB since the capability may depend on UE implementation. Besides, with limited capability of A-CSI processing, enhancement for fair and efficient update on the unreported CSI processes can be considered by, e.g. sharing of CSI processing (or calculation) capability between cells. 
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. 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 for Rel-13 CA. And for both two methods, further study is necessary on how to indicate the modulation order or number of layers for A-CSI only PUSCH transmission.
Proposal 1: Consider to increase the number of RRC-configured cell sets for the flexible A-CSI triggering in Rel-13 CA without increasing CSI request bits.
Proposal 2: Consider simultaneous multiple A-CSI triggers to support the large number of carriers. 
Proposal 3: Consider UE capability of A-CSI processing, and enhancement for fair and efficient update on the unreported CSI processes. 

Proposal 4: Consider to apply higher modulation order for A-CSI only PUSCH without UL-SCH. 
3. Conclusions

In this contribution, we discussed on consideration points for aperiodic CSI feedback enhancement to support CA of up to 32 carriers in Rel-13. Based on above, we propose:
Proposal 1: Consider to increase the number of RRC-configured cell sets for the flexible A-CSI triggering in Rel-13 CA without increasing CSI request bits.

Proposal 2: Consider simultaneous multiple A-CSI triggers to support the large number of carriers. 
Proposal 3: Consider UE capability of A-CSI processing, and enhancement for fair and efficient update on the unreported CSI processes. 

Proposal 4: Consider to apply higher modulation order for A-CSI only PUSCH without UL-SCH. 
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