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1. Introduction

In the RAN1#66 meeting, great progress has been made on evaluation of CoMP schemes to conclude the CoMP SI and setup the direction for CoMP WI as follows[1]:
Following the observations on CoMP performance benefits, which are based on the evaluations of coherent joint transmission, coordinated scheduling/beamforming, dynamic point selection, and dynamic point blanking, the work for specifying CoMP support in Rel-11 should focus on

· Joint transmission

· Dynamic point selection, including dynamic point blanking

· Coordinated scheduling/beamforming, including dynamic point blanking
All schemes will be developed assuming that the UE reports CSI feedback based on the assumption of single-user transmission for the work specifying CoMP. This assumption causes no restriction on the SU/MU scheduling decision at the eNB when the PDSCH is demodulated based on UE-specific RS.
Consequently, we should start considering how these CoMP schemes would affect the specification with various deployments. In this contribution we analyze the differences between the CA and CoMP on CSI feedback and propose the possible enhancement approaches for CoMP CSI feedback based on carrier aggregation structure. 
2. CSI feedback for CoMP based on CA feedback framework
Different feedback schemes have been discussed such as implicit, explicit, and SRS-based feedback designs.   Further refinement is needed in Rel-11 considering different deployments scenarios and CoMP transmission schemes.  For multi-point feedback, feedback structure of CA can be reused for CoMP in some extent but feedback enhancements particularly for CoMP should be investigated.  The followings are the potential areas which need further consideration:
· Size of measurement sets
·   In CA, transmission in multiple cells can be aggregated where up to four secondary cells can be used in addition to the primary cell. That is, specification supports up to aggregated five serving cells.  Maximum number of points in CoMP measurement set needs to be investigated.  If CoMP is supported together with CA, it can easily exceed the current maximum number of supported reporting cells.  If number of supported cells is extended, multiplexing CSI feedback in TDM fashion may not be appropriate anymore because the delay can degrade CoMP performance.  Enhancement on PUCCH capacity available in one subframe for a UE should be considered.  Also, dropping rule of CSI feedback types in case of collision should be re-considered for CoMP.
· Inter-cell CSI information 
·  In CA, there is no cross-cell information in CSI feedback.  Individual CSI feedback can support CoMP schemes like DPS and CSCB.  However, to support coherent joint transmission, inter-point phase information is needed.  How to fit inter-point phase in the UL feedback payload (esp. PUCCH) is an area which needs to be further studied.  
· Interference assumption
·  In CA, interference assumption for CQI derivation for each CC is the same as single cell.  i.e. Interference measurement is independent on each CC.  For DL CoMP, interference assumption can depend on the assumed coordinating cells and CoMP scheme. Therefore there can be dependency among coordinating cells. e.g. If cell1 and cell2 are both assumed transmission points (for JT or DPS with blanking), derivation of CSI feedback on cell1 should assume no interference from cell2 in interference measurement.   To take into account of multiple interference conditions, one can extend the resource-restricted CSI feedback defined in Rel-10 eICIC.  However, this further requires more CSI UL feedback resource which is particularly limited for PUCCH.
· Optimization to reduce feedback overhead

·   PUCCH resource for periodic CSI feedback is very limited if we consider CoMP, CA and resource-restricted CSI feedback all together.  Degradation can be significant if all these reports are multiplexed in TDM.  Strictly following CA framework can limit the room for optimization.  We can consider optimization for different CoMP schemes to reduce feedback overhead and reduce the feedback delay due to TDM multiplexing.  e.g. for CS/CB, only wideband spatial information (i.e. RI/PMI) is needed from coordinating cells [2].   For JT, only one RI is needed, etc.
· Relationship between periodic feedback on PUCCH and aperiodic feedback on PUSCH

·   In CA, aperiodic feedback can be triggered using DL control signalling by bitmap defined in DCI.  The measurement sets for aperiodic CSI feedback and periodic CSI feedback can be different.  In CoMP, it is also desirable that measurement sets for these two types of feedback is allowed to be different.  On top of it, one should allow different CSI-RS sets (e.g. different number of CSI-RS ports) for aperiodic CSI and periodic CSI to support flexible CoMP operation.  The followings are two examples to make use of this feature:
· Example 1 - Coarse CSI information is obtained by PUCCH.  e.g. One can use the periodic CQIs of multi-cell feedback in multiplexed in TDM to select the desired CoMP scheme and its corresponding coordinating points.  After looping through periodic feedback of all cells, the network has better idea on which CoMP scheme is suitable for the UE based on the periodic CSIs and current traffic situation.  When continuous traffic comes to this UE, the network side can trigger aperiodic CSI feedback on PUSCH to obtain more detailed CSI according to the desired CoMP scheme.  For instance if JT is the desired scheme, single cell feedback based on aggregated CSI can be used.  Another option is multi-point feedback with frequency selective inter-point phase information can be triggered in aperiodic CSI report.

· Example 2 - eNB can rely on PUSCH to get the whole picture of CSIs from different points at the same time.  The eNB decides the desired CoMP scheme and its corresponding coordinating points based on the aperiodic report.  After that, eNB can refine the PUCCH report based on this decision to save the PUCCH overhead. e.g. configure feedback with inter-point phase information only if JT is the desired scheme.  Triggering aperiodic feedback costs DL control signalling resource.  The network can control the frequency of this triggering based on the availability of DL control resource.
3. Conclusion

This contribution discusses additional consideration needed for extending CA feedback framework to CoMP CSI feedback.  We identify five areas for further consideration:
· Size of measurement sets
· Extend the current maximum number of cells and consider enhancement on PUCCH capacity
· Inter-cell CSI information
· Fit the inter-point phase information in feedback payload to support JT

· Interference assumption
· Explore the direction of extending resource restricted CSI measurement

· Optimization to reduce feedback overhead
· Explore feedback overhead reduction for different CoMP schemes
· Relationship between periodic feedback on PUCCH and aperiodic feedback on PUSCH
· Allow different measurement sets and different CSI-RS sets for periodic feedback and aperiodic feedback
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