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1. Introduction

CoMP CSI feedback has been rigorously discussed in the past meetings. The following working assumptions were captured in the Chairman’s notes in RAN1#66bis. 

Working assumption from RAN1#66bis:

· Standardise a common feedback/signalling framework suitable for scenarios 1-4 that can support CoMP JT, DPS and CS/CB.

· Feedback scheme to be composed from one or more of the following, including at least one of the first 3 sub-bullets:

· feedback aggregated across multiple CSI-RS resources 

· per-CSI-RS-resource feedback with inter-CSI-RS-resource feedback

· per-CSI-RS-resource feedback

· per cell Rel-8 CRS-based feedback   
Regarding the feedback content, important progress was made in RAN1#67 where it was agreed that CoMP uses at at least per-CSIRS-resource feedback. On the other hand, diverging views exist on the need of inter-CSIRS-resource feedback and aggregated CSI feedback. Further discussions are needed to agree on whether such additional CSI feedback contents should be supported in Rel.11. 
Despite the progress on CSI feedback content, CSI feedback channel (e.g. PUCCH/PUSCH) has been rarely discussed in the past meetings and many details remain open. In this contribution we provide our views on the feedback channel designs with an aim to provide an efficient and reliable feedback support for DL CoMP operation. Bearing in mind that inter-CSI-RS-resource and aggregated CSI feedback is still under discussion, we strive to design a unified PUCCH/PUSCH feedback framework that can not only efficiently support at least per-CSI-RS-resource feedback, but also can be extended to enable inter-CSI-RS-resource and aggraded CSI feedback if agreed. 
2. Discussion
Based on the past agreement, CoMP feedback involves at least per-CSIRS-resource feedback corresponding to each point in the configured CoMP measurement set. Such a feedback structure is quite similar to carrier aggregation where per-carrier CSI can be reported for each configured downlink CC. It would be therefore highly desirable if the existing Rel.10 PUCCH/PUSCH feedback structure can be re-used as much as possible for DL CoMP in order to minimize the specification and implementation efforts.
Proposal 1: Consider re-using the feedback channel designs for Rel.10 DL CA when possible.

2.1.1. PUCCH

PUCCH is a narrow pipeline that only supports a small data payload (e.g. 11 bits). Its coverage requirement is also quite stringent which consistently has been a design criterion since Rel.8. In certain cases, the PUCCH payload limitation can be further exacerbated by the increase of ACK/NAK overhead, and the fact that PUCCH can only be transmitted from one uplink carrier. Although a slightly increased PUCCH payload is being discussed for Rel.11, it is still quite inefficient in terms of reporting a large amount of CSI information. This was one of the main reasons that for DL CA, each PUCCH can only report CSI for one CC, where CSI for different CCs are TDM-multiplexed by configuring different PUCCH periodicities and offsets. 
Based on the similar considerations, PUCCH feedback for DL CoMP should be kept as simple as possible. By naturally re-using the design framework for DL CA, each PUCCH should report CSI for one CSIRS-resource. Transmitting CSI of different CSIRS-resources on one PUCCH is not desirable because it impacts the PUCCH robustness is not a complete solution due to small PUCCH payload. 
Proposal 2:

· At least for per-CSIRS-resource feedback 
· Each PUCCH carries one CSI report for one CSIRS-resource. 
· PUCCH reports for different CSIRS-resources are TDM-multiplexed, by configuring different reporting periodicity and/or offsets.  

· In case of PUCCH collision between different CSIRS-resources (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.
· If per-CSIRS-resource or aggregated CSI is reported,  

· TDM-multiplexed with per-CSIRS-resource feedback, by configuring different reporting periodicities and/or offset.

Regarding the feedback mode (e.g. mode 1-1, 2-1), configuring the same feedback mode for all CSIRS-resources should be considered a baseline, at least for per-CSIRS-resource feedback. It could be further discussed whether different PUCCH modes can be configured for different CSIRS-resources if sufficient system benefits can be shown. 
2.1.2. PUSCH

The amount of CSI required for different cells may vary dynamically depending on the CoMP transmission schemes, cell loadings, traffic and scheduler choice. Always triggering feedback of all CSIRS-resources is inefficient as it results in the maximum feedback overhead. Although the amount of feedback overhead can be partially controlled by the CoMP measurement set management, such measurement set configuration is semi-static and may be inefficient to cope with the quickly changing traffic and scheduler adaptation. In order to avoid excessive feedback overhead, it would be beneficial to trigger CSI report for a specific cell only when such information is needed by the scheduler. To reduce the specification efforts, one may consider re-using the existing mechanism for CA, so that an UL grant could trigger CSI report for a subset of CSIRS-resources. 
Proposal 3 

· For per-CSIRS-resource feedback, one PUSCH report may feedback CSI 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. Based on the discussion, our current views are summarized below.
Proposal 1: Consider re-using the feedback channel designs for Rel.10 DL CA.
Proposal 2:  
· For per-CSIRS-resource feedback on PUCCH
· Each PUCCH carries one CSI report for one CSIRS-resource. 

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

· In case of PUCCH collision between different CSIRS-resources (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.
· If per-CSIRS-resource or aggregated CSI is reported, it is TDM-multiplexed with per-CSIRS-resource feedback, by configuring different reporting periodicities and/or offset.

Proposal 3: For per-CSIRS-resource feedback on PUSCH
· One PUSCH may feedback CSI for all or a subset of the configured CSIRS-resources. 
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