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1. Introduction

In RAN1 #80bis meeting, there was a discussion on enhancements of CSI feedback for supporting Rel-13 CA and the following observations were made [1].

	Observations:

· At least the following enhancements to CSI reporting in order to reduce periodic CSI report dropping probability can be studied
· Multiplexing of periodic CSI reports corresponding to multiple serving cells

· Multiplexing of periodic CSI reports corresponding to multiple serving cells with ACK/NACK feedback

· Details FFS including at least: 

· supported PUCCH format(s) 

· prioritization rules

· Enhancements to Aperiodic CSI reporting in order to improve the triggering flexibility and/or guarantee sufficient coverage and low overhead can be studied
· Details of candidate enhancements FFS including at least:

· Compact (e.g. wideband-only) Aperiodic CSI reports

· Grouping of triggered and/or reported cells/carriers

· More flexible indication (triggering) of reported carriers and the type of the report

· Limiting UE complexity associated with reporting up to 32 CCs

· Higher order modulation for A-CSI reports


In this contribution, we discuss possible enhancements of CSI feedback in order to support CA of up to 32 carriers in Rel-13.
2. 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. 
· Support of periodic CSI feedback for large DL CA
According to current specification, only one P-CSI is reported if multiple P-CSIs are collided. The current mechanism of P-CSI feedback would be insufficient to support reasonable CSI feedback for the CA with large number of DL carriers in Rel-13. In our view, multiplexing of P-CSI reports corresponding to multiple DL carriers needs to be considered for large DL CA. 

One consideration point for multiplexing of P-CSI reports is the payload size of PUCCH format. Since the P-CSI configuration, such as CSI feedback reporting mode, periodicity, and offset, can be independently configured per cell/CSI process basis, the payload size of P-CSI for each cell/CSI process can be varied within a range of 1 to 11 bits and the total bits of P-CSI in a subframe can be also varied. Then, multiplexing of P-CSI reports via a single PUCCH format would be inefficient. Therefore, PUCCH format adaptation according to payload size fluctuation can be considered if multiplexing of P-CSI reports is allowed. 
Another consideration point for multiplexing of P-CSI reports is how to select P-CSI reports for PUCCH format. For example, if new PUCCH format is designed to contain 66 bits in maximum and the reported P-CSIs are chosen based on the number of P-CSI reports, 6 P-CSI reports can be simultaneously transmitted. But, the actual size of P-CSI reports is not necessarily 11 bits, which implies that there can be unused bits depending on PUCCH reporting type and mode of each P-CSI report. On the other hand, if P-CSI reports are selected based on the number of P-CSI feedback bits, more than 6 P-CSI reports can be transmitted in a subframe. 
In addition, simultaneous transmission of multiple P-CSI reports and HARQ-ACK feedback via new PUCCH format is to be considered. Whether multiplexing of multiple P-CSI reports and HARQ-ACK feedback is enabled or not can be determined by HARQ-ACK size and the supportable payload size of new PUCCH format. It can be also determined by depending on the maximum number of P-CSI reports or the maximum bits reserved for P-CSI reports. In case that the PUCCH format adaptation is allowed, the selected PUCCH format can be determined by the size of UCI consisting of multiple P-CSI reports as well as HARQ-ACK feedback. 
Proposal 1: Consider multiplexing of P-CSI reports and/or multiplexing of P-CSI reports with HARQ-ACK feedback.
Proposal 2: Consider fluctuation of UCI payload size in PUCCH in case with multiplexing of P-CSI reports.
Proposal 3: Consider selection of P-CSI reports (e.g., according to the number of P-CSI reports or the number of P-CSI feedback bits).
· Support of aperiodic CSI feedback for large DL CA
In current CA, RRC-configured (DL) cell set to be measured for CSI calculation corresponding to A-CSI request is common for all (UL) cells, and only one A-CSI or P-CSI feedback is reported if multiple CSIs are collided in a subframe. In case of A-CSI, 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, flexibility on RRC-configured cell set needs to be considered to support A-CSI feedback in Rel-13 CA. The followings are several possible approaches to provide flexibility on RRC-configured cell set for A-CSI feedback.

Alt 1: Different RRC-configured cell set per cell
It can be considered to separate RRC-configured cell sets 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
It can be considered to separate RRC-configured cell sets between subframes transmitting PUSCH with A-CSI report (or between subframes transmitting UL grant DCI with A-CSI request). For instance, RRC-configured cell set to be measured for A-CSI calculation can be different according to whether the subframe transmitting PUSCH with A-CSI report is subframe #x or subframe #y. 
Alt 3: Increasing RRC-configured cell sets 
Increasing the number of RRC-configured cell sets and triggering one of the sets by either explicit or implicit manner can be considered. For example, triggering with the increased number of A-CSI request bits or according to combination of relevant information (e.g. DCI) can be considered to support more RRC-configured DL cell sets.  
In order to decide proper A-CSI triggering method for Rel-13 CA among the above alternatives, potential scheduling restriction, control overhead, and CA configuration should be taken into account. In addition, it can be considered to apply different A-CSI triggering methods depending on UE capability or CA situation. Furthermore, considering PUSCH coverage and resource allocation burden for large number of CSI reports, simultaneous multiple A-CSI triggers can also be considered. 
Moreover, it is expected that the number of associated CSI processes per RRC-configured cell set might be significantly increased in Rel-13 CA with large number of DL cells. 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 update on the unreported CSI processes needs to be further considered. 
In addition, for more compact and effective A-CSI feedback under large DL CA situation, coarser feedback granularity and UE-selected feedback can also be considered. Furthermore, higher modulation order (e.g. 16QAM) for A-CSI triggered PUSCH without UL-SCH needs to be introduced with consideration of PUSCH coverage and resource overhead and further study is necessary on how to indicate (e.g. explicitly or implicitly) the modulation order.
Proposal 4: Consider flexible triggering of A-CSI report set and simultaneous multiple A-CSI triggers to support Rel-13 CA with large number of carriers. 
Proposal 5: Consider UE capability of A-CSI processing and enhancement for fair update on the unreported CSI processes. 
Proposal 6: Consider higher modulation order for A-CSI triggered PUSCH without UL-SCH. 
3. Conclusions

In this contribution, we discussed on consideration points for CSI feedback enhancement to support CA of up to 32 carriers in Rel-13. Based on above, we propose:
Proposal 1: Consider multiplexing of P-CSI reports and/or multiplexing of P-CSI reports with HARQ-ACK feedback.

Proposal 2: Consider fluctuation of UCI payload size in PUCCH in case with multiplexing of P-CSI reports.

Proposal 3: Consider selection of P-CSI reports (e.g., according to the number of P-CSI reports or the number of P-CSI feedback bits).
Proposal 4: Consider flexible triggering of A-CSI report set and simultaneous multiple A-CSI triggers to support Rel-13 CA with large number of carriers. 
Proposal 5: Consider UE capability of A-CSI processing and enhancement for fair update on the unreported CSI processes. 
Proposal 6: Consider higher modulation order for A-CSI triggered PUSCH without UL-SCH.
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