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1. Introduction

It was agreed in RAN1#67 that CoMP uses at least per-CSIRS-resource feedback. On the other hand, there are still diverging views on the need of CSI aggregation and inter-CSIRS-resource feedback which requires further discussion.  In this contribution we focus on per-CSIRS-resource feedback, with a goal to design a unified feedback scheme applicable to DPS, CB/CS as well as JT in all scenarios. 
2. Discussion on per-CSIRS-resource feedback
2.1. CSI Contents 
As agreed in the past meetings, it is important to have a unified feedback solution applicable to all CoMP scenarios. This is reasonable to reduce the number of features in RAN1 specification, the workload in later RAN4 testing and to minimize the implementation complexity. A unified feedback framework is also beneficial to allow dynamic switching between different CoMP transmission schemes as well as single-point transmission in a transparent manner, to suit the rapidly changing system operation environment. 
For dynamic point selection, extending Rel.10 single-point feedback to the multi-point context is a natural solution. As each CSIRS-resource can be configured to associate with a single measurement point, the reported RI/PMI/CQI can be used for dynamic selection of the optimum transmission point. For CSI report associated with any CSIRS-resource, it is natural to reuse the existing and proven Rel.10 feedback modes and formats, e.g. RI/PMI/CQI under single-point SU-MIMO hypothesis. 
The same framework should be used for CB/CS and JT. For coordinated beamforming/scheduling, single-point CQI and PMI are needed for all transmission points, including the non-serving point(s) which serves as a source of co-channel interference. It should be noted that both the interference direction (PMI) and strength (CQI) are critical to steer the post-CoMP beam vector for a specific performance target (e.g. sum rate or mean square error), evidenced by abundant prior study. For joint transmission, per-point CQI/PMI feedback is useful for calculating the coherent/non-coherent “super-beam” across the CoMP cluster. Meanwhile, single-point RI/PMI/CQI pertaining to Rel.10 framework allows fall-back to single-point transmission in a transparent manner. 
Proposal:

· Extend existing Rel.10 CSI mode/format to multi-point context, where Rel.10 single-point RI/PMI/CQI is reported for each configured CSI-RS resource. 
2.2. Feedback Channel on PUCCH/PUSCH
Between the two feedback tunnels (PUCCH vs. PUSCH), we believe PUSCH is more suitable for CoMP CSI reporting. PUCCH should be kept as simple as possible, given the limited PUCCH capacity and stringent coverage requirement.  

2.2.1. PUCCH

PUCCH is a narrow pipeline that only supports a small data payload (e.g. 11 bits). Its robustness requirement is also more stringent to ensure reliable cell coverage. For carrier aggregation, PUCCH resource limitation is further exacerbated by the increased ACK/NAK overhead, and restriction of PUCCH to the primary component carrier. Although a slightly increased PUCCH payload is under discussion, it is still insufficient for CoMP, particularly considering the vast number of CoMP measurement set sizes. 
Therefore to keep PUCCH feedback as simple as possible, each PUCCH should report CSI for one point at a time. Multiplexing CSI of different points on PUCCH is not recommended because (1) it reduces the PUCCH robustness, and (2) is not a complete solution due to small PUCCH capacity. Note that we had a similar design for carrier aggregation in Rel.10, where PUCCH only carries CSI for one CC at any time. 
Proposal:

· For CoMP feedback on PUCCH, reuse existing PUCCH feedback framework of Rel.10 carrier aggregation when possible
· Each PUCCH carries one CSI report for one CSIRS-resource. 
· PUCCH reports for multiple CSIRS-resources are TDM multiplexed, by configuring different reporting periodicity and offsets.  

· In case of PUCCH collision between different points (e.g. due to eNB mis-configuration), CSI is reported for one CSIRS-resource, while CSI for other CSIRS-resources are dropped.  The same dropping rule as in Rel.10 DL CA is applied, e.g. based on CSI type/priority.

2.2.2. PUSCH

In Rel.10, UL grant in the UE-specific search space includes 2-bit CSI triggering field to trigger CSI report for one or a selected subset of CCs configured by higher layer. Overall, feedback for CoMP shares many similarities with downlink CA, and should reuse the existing solution if possible to reduce specification efforts. More specifically, the higher layer configures multiple CSIRS-resources for different RRH points, and an UL grant may trigger CSI report for all or a subset of the configured CSIRS-resources. 
Proposal: 

· Re-use PUSCH feedback framework of Rel.10 DL CA for CoMP when possible.
· Allow triggering PUSCH feedback for all or a subset of the configured CSIRS-resources.

3. Conclusions

In this contribution we discussed the unified feedback framework on per-CSIRS-resource feedback, applicable for CoMP JT, DPS, and CB/CS. Our views are summarized below:
· For per-CSIRS-resource feedback
· Reuse Rel.10 CSI feedback mode/format where Rel.10 RI/PMI/CQI is reported for each CSIRS-resource

· CoMP feedback on PUCCH
· Each PUCCH carries one CSI report for one CSIRS-resource. 

· PUCCH reports for multiple CSIRS-resources are TDM multiplexed, by configuring different reporting periodicity and offsets.  

· In case of PUCCH collision between different points (e.g. due to eNB mis-configuration), CSI is reported for one CSIRS-resource, while CSI for other CSIRS-resources are dropped.  The same dropping rule as in Rel.10 DL CA is applied, e.g. based on CSI type/priority.

· CoMP feedback on PUSCH: It is possible to trigger PUSCH feedback for all or a subset of configured CSIRS-resources, reusing Rel.10 carrier aggregation mechanism. 
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