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1 Introduction
In the RAN1#80bis meeting, CSI enhancements to support carrier aggregation with up to 32 downlink component carriers (CC) were discussed. The possible enhancements were summarized as follows [1][2]: 
	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 provide our views on the CSI enhancement areas mentioned above. 

2. Aperiodic CSI feedback on PUSCH
In Rel-12 CA, aperiodic CSI reporting may be requested by the serving cell using a DCI grant with CSI request fields ‘01’, ‘10’ and ‘11’. CSI request fields ‘10’ and ‘11’ can request CSI reporting for the maximum number of CCs (i.e., 5) which can be supported up to Rel-12. However, the existing mechanism should be further enhanced to support Rel-13 CA with up to 32 CCs. 
In principle, the existing approach using 2 CSI request bits for CSI triggering can be maintained for Rel-13 CA deployment scenarios, i.e., two CSI request fields ‘10’ and ‘11’ may be used to request aperiodic CSI reporting for maximum 32 CCs. This approach would keep the DCI grant sizes the same as in Rel-12 and, therefore, it would reduce the testing efforts, e.g., for PDCCH/EPDCCH. However, the issue of CSI calculation complexity and potential impact on the UL coverage for UCI-only transmission on PUSCH should be considered, since the number of configured cells per CSI request would be higher than in Rel-12. For example, considering the PUSCH 3-2 reporting mode with dual codebook structure and rank 1 CQI/PMI reports (commonly used by cell-edge UEs), the aperiodic CQI/PMI payload size for 32 CCs will be increased to ~2800 bits. Such high CSI payload size may substantially hinder reliable decoding of CSI reporting at the eNB side. 
Compact subband CQI/PMI reports

One approach to reduce the CSI payload size and also the CSI calculation complexity for subband CQI/PMI reporting is to consider compact forms of CSI reporting. For example, as proposed in [3] the subband CSI reporting modes may be precluded for Rel-13 CA. However, considering the benefits of frequency selective scheduling and precoding assignment, instead of limiting aperiodic CSI reporting to the wideband PMI/CQI reporting modes only, a scaling of the subband size may be considered. More specifically, in the current specification the subband size for CQI and PMI is increased depending on the system bandwidth so that the best trade-off between CSI granularity and CSI complexity/overhead is achieved. This principle can be applied to Rel-13 CA scenarios with more than 5 CCs, where the subband size k’(i) for the i-th serving cell could be additionally scaled depending on the number of aggregated RBs across all component carriers corresponding to a given CSI request value. The subband size scaling can be performed, e.g., using the following equation
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where k(i) is the subband size of the i-th serving cell as defined in the current specification for CA with up to 5 component carriers, 
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 is the number of resource blocks in the i-th serving cell and 500 RBs is the reference system bandwidth corresponding to the maximum supported bandwidth in Rel-12 CA. With the proposed approach, the total number of subbands and, therefore, the number of calculated and reported CQI/PMI values can be maintained at a similar level as in Rel-12 without increasing the CSI overhead and CSI processing complexity. In addition, with the proposed approach the channel coding procedures are likely to be reused from Rel-12, since the CSI payload can be kept similar. Based on the discussion above the following proposal is made. 

Proposal:

· Higher layer configured subband CQI/PMI reporting should be supported for Rel-13 CA with up to 32 CCs
· To reduce the CSI overhead and CSI calculation complexity compact subband CQI/PMI reporting should be supported by scaling the subband size on a given serving cell proportionally to the total number of aggregated RBs corresponding to a given CSI request field.

Compact wideband CQI/PMI/RI reports

Compared to subband CSI reporting, wideband CQI/PMI/RI are supported for all CSI reporting modes and primarily used to provide average link quality information on a particular DL serving cell. In the case of Rel-13 CA with up to 32 CCs, compact wideband CQI/PMI/RI reporting may be also considered to reduce the CSI payload size and processing complexity at the UE. The wideband CSI compression can be based on the following principles:
· Grouping of CCs for CSI
· Providing a single wideband PMI/RI (and potentially CQI) value for a group of CCs.

The grouping of the CCs can be performed using higher layer signalling from the eNB (e.g. intra-band CCs may belong to the same group) to ensure that the maximum number of wideband PMI/RI (and potentially wideband CQI) values for each CSI request would be limited to at most 5. Such approach would keep a similar CSI calculation complexity and CSI overhead compared to wideband CQI/PMI/RI reports in Rel-12 CA. Based on the discussion above the following proposal is made.
Proposal:

· Consider compact wideband CQI/PMI/RI reporting for Rel-13 CA with up to 32 CCs by component carrier grouping using higher layer signalling and providing a single wideband PMI/RI (and potentially CQI) value for a group of CCs
· The grouping procedure for CSI should ensure that the maximum number of the reported wideband PMI/RI (and potentially CQI) values would be limited to at most 5.

2. Periodic CSI feedback on PUCCH
In principle, the CSI compression schemes discussed for aperiodic CSI reporting can be also reused for periodic CSI feedback on PUCCH. For periodic CSI, the CC grouping and subband scaling principles could minimize the number of CSI values to be reported and, therefore, reduce the number of CSI collisions and dropping for CA with large number of CCs. To further minimize the probability of CSI dropping in the case of CSI report collision, multiplexing of periodic CSI reports corresponding to multiple serving cells using PUCCH format 3 may be considered [4]. 
Proposal:

· Consider CC grouping and subband scaling principles for CSI compression of periodic CSI reports
· To further minimize the probability of CSI dropping in the case of periodic CSI report collision, multiplexing of periodic CSI reports corresponding to multiple serving cells using PUCCH format 3 (-based) or PUSCH may be considered.
3. Conclusions
In this contribution, we discuss several enhancements to support CSI feedback on PUCCH and PUSCH in Rel-13 CA. Based on the discussion, we summarize our proposals as follows: 
· Higher layer configured subband CQI/PMI reporting should be supported for Rel-13 CA with up to 32 CCs

· To reduce the CSI overhead and CSI calculation complexity compact subband CQI/PMI reporting should be supported by scaling the subband size on a given serving cell proportionally to the total number of aggregated RBs corresponding to a given CSI request field.
· Consider compact wideband CQI/PMI/RI reporting for Rel-13 CA with up to 32 CCs by component carrier grouping using higher layer signalling and providing a single wideband PMI/RI (and potentially CQI) value for a group of CCs

· The grouping procedure for CSI should ensure that the maximum number of the reported wideband PMI/RI (and potentially CQI) values would be limited to at most 5.

· Consider CC grouping and subband scaling principles for CSI compression of periodic CSI reports
· To further minimize the probability of CSI dropping in the case of periodic CSI report collision, multiplexing of periodic CSI reports corresponding to multiple serving cells using PUCCH format 3 (-based) or PUSCH may be considered.
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