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1. Introduction
The results so present in the CoMP SI have show that significant performance benefits are achievable using CoMP techniques in the DL, in particular Joint Transmission, Dynamic Point Selection and Co-ordinated Scheduling and Beamforming.  While different approaches may be taken on the network side to implement different transmission schemes, as these will be based on the use of DMRS, the details of which physical antennas/transmission points (TPs) are active, and probably also which CoMP scheme is in use, will typically be transparent to the UE. Therefore in RAN1 the focus should be on design of efficient UE feedback and any necessary modifications to CSI-RS and SRS needed to support the selected set of CoMP schemes.     

2. Preferred Approach
In order to simplify specification and testing it is highly desirable to have a single framework for UE feedback which can flexibly support any of the envisaged CoMP schemes, and furthermore, this framework should also be based on that already defined for Release 10.  Since JT offers the greatest performance gain, the overall feedback framework must support this mode of operation effectively, and JT is suggested as the starting point for the design process.   
2.1. CSI Feedback design
A major decision is whether to support aggregated or per-point feedback, and the table below summarises the pros and cons:-
	
	Advantages
	Disadvantages

	Aggregated feedback
	· Potentially achieves higher capacity (Single PMI and CQI can be optimised for coherent JT)
· No additional inter-point information needed
	· Likely to require new codebook design, considering the following:- 

· different pathloss per TP 

· total number of CoMP antenna ports may not be {2,4,8} 
· different TPs may have different numbers of antennas
· Potentially large size of feedback payload for multiple points may be problematic for periodic CSI on PUCCH 
· Potentially high processing load for searching a large codebook

	Per point feedback
	· Straightforward support for different numbers of ports per point

· Easy fall back to DPS, CS/CB and single TP MIMO
· Can use existing feedback framework (similar to CA) 
· Easy extension to incorporate MIMO enhancements
	· Requires additional inter-point phase information for coherent JT
· Potentially lower performance than with aggregated feedback


Most of the potential problems for aggregated feedback may be addressed by limiting the maximum codebook size, for example by:-
· antenna virtualization to control the effective number of antenna ports [1 ,2]
· using per point feedback for particular cases (e.g. with a large total number of antenna ports) 
With per point feedback, the inter-point phase may not always be required and so could be an optional configuration. 
In general we should note that additional CQI/PMI information might need to be included, particularly if feedback on multiple transmission hypotheses is required (e.g. CQI, or delta-CQI, for both JT and DPS). However, such detail, including efficient coding and quantization can be considered once an overall way-forward has been agreed. 
2.2. CSI-RS design
Currently, CSI reporting for TM9 is based on the assumption of a single non-zero power CSI-RS pattern per cell. This also seems a suitable baseline for CoMP. However, for cells with geographically separated antennas (corresponding to different transmission points), the possibility of more than one non-zero power CSI-RS pattern per cell should be available.  
2.3. SRS enhancement

In some scenarios, in particular TDD operation, channel reciprocity may be sufficient such that channel measurements based on SRS can be used for DL scheduling. Therefore improvements to existing SRS should be considered [3], and support for CQI feedback without PMI/RI should be maintained for CoMP [4].
3. Conclusions
Based on the above we propose the following:

· Aggregated CSI feedback is specified to support JT

· The existing feedback framework is re-used as far as possible 

· Existing PMI codebooks are re-used as far as possible, but a limited number of additional codebooks may be designed if sufficiently beneficial
· For cases where aggregated feedback may not be suitable (e.g. for a large total number of antenna ports) one of the following options is selected:-
· Antenna virtualization to reduce the effective number of antenna ports

· Fallback to per-point feedback

· With per-point feedback, inter-point phase is an optional configuration

· To allow network selection between use of JT, DPS and CS/CB, the presence of feedback (i.e. CQI) corresponding to multiple transmission hypotheses may be configured 

· The possibility of more than one non-zero power CSI-RS pattern per cell should be available
· SRS enhancement is considered
· CoMP can be configured without PMI/RI feedback
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