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Introduction
The following has been concluded previously regarding the study on CQI definition for CoMP:
Definition: “CSI-RS resource” here refers to a combination of “resourceConfig” and “subframeConfig” which are configured by higher layers.

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 

Note that use of SRS may be taken into account when reaching further agreements on the above. 
Agreement from RAN1#67:

· CSI feedback for CoMP uses at least per-CSI-RS-resource feedback.

2 
Considerations for CQI definition
In this section we focus on the considerations for allowing CQI determination according to multiple CSI-RS resource configurations or multiple CRS resources for a given UE. In the following, we also assume zero or more interference measurement resources may be configured for the UE [1]
The considerations for CQI definition are addressed with respect to 4 different cases:
Case A: CQI feedback per CSI-RS resource, codebook based feedback

Case B: Aggregated CQI feedback

Case C: CQI feedback per CRS resource, codebook based feedback
Case D: Transmit diversity based CQI feedback (UEs configured without PMI/RI reporting)

First, we consider the case when CSI-RS and interference measurement resources are used to determine CSI feedback. In this case codebook based feedback is assumed.
Case A: Assume CQI feedback per CSI-RS resource, for all configured CSI-RS resources (no inter-CSI-RS resources feedback is assumed)
This feature will provide Rel-11 UEs the capability of determining multiple CQIs/PMIs if multiple CSI-RS resources are configured. The following needs to be considered when deriving CQIs/PMIs for multiple CSI-RS configurations- 
· A CQI/PMI is defined with the hypothesis of a single CSI-RS resource and a related interference measurement resource 
· UE is free to assume any receiver algorithm to calculate the CQI/PMI as far as it fulfills the BLER requirement. 

· Multiple CQIs/PMIs may be measured and reported for a given UE. This requires 

· configuring multiple CSI-RS resources for the UE (one specific CQI definition for each CSI-RS resource)
· each CSI-RS resource has one interference measurement resource configured [1]
· A UE needs to be aware of the association between a configured CSI-RS resource and the corresponding configured interference measurement resource if multiple CSI-RS resources are configured. The ratio of PDSCH EPRE to CSI-RS EPRE may differ for each CSI-RS resource and needs to be considered for CQI/PMI determination
· If CSI subframe sets 
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 are configured by higher layers, a valid assumption could be that interference measurement REs belong to either 
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 but not to both.
Additionally a CQI/PMI is conditioned on RI. The greatest flexibility is achieved by assuming (and feeding back) a separate CQI/PMI/RI for each CSI-RS resource. This may require careful consideration since RI is sent in a separate report. A simpler option is to assume a single RI for all CSI-RS resources configured for a given UE, which will have a detrimental effect on the COMP performance/gain as non-optimal CSI (CQI/PMI/RI) will be available at the eNB for some COMP transmission mode candidates. Assuming a single RI has also been indicated in [4].  
Proposal-1: Consider defining a CQI/PMI with the hypothesis of a CSI-RS resource and a corresponding interference measurement resource for per CSI-RS resource feedback

Observation-2: A UE needs to be aware of a mapping that associates a configured CSI-RS resource to a configured interference measurement resource for per CSI-RS resource feedback

Proposal-3: Consider a single RI for all CSI-RS resources configured for a given UE for per CSI-RS resource feedback

Secondly, we consider the case of aggregated CQI feedback.
Case B: Aggregated CQI feedback 
In general, the considerations for aggregated CQI definition for a UE are similar to those in case A. But, we need to expand the CQI definition to cover inter-CSI-RS resource case. Aggregated CQI is conditioned on joint/aggregated RI, per CSI-RS resource PMI and inter CSI-RS resource phase feedback. As pointed out in [2] the benefit of inter CSI-RS resource phase feedback is unclear. It is not clear whether there is really a necessity of aggregated RI and CQI feedback [3].
The following case assumes CQI/PMI/RI determination based on CRS resources. In the presence of CRS there is no necessity of configuring interference measurement resources.

Case C: Assume CQI feedback per CRS resource for all configured CRS resources
This feature will provide Rel-11 UEs the capability of determining multiple CQIs/PMIs if multiple CRS resources are configured. The following needs to be considered when deriving CQIs for multiple CRS configurations- 

· A CQI/PMI is defined with the hypothesis of a single CRS resource 

· UE is free to assume any receiver algorithm to calculate the CQI as far as it fulfills the BLER requirement. 

· Multiple CQIs may be measured and reported for a given UE. This requires 

· configuring multiple CRS resources for the UE (one specific CQI definition for each CRS resource)

· The ratio of PDSCH EPRE to CRS EPRE may differ for each CRS resource and needs to be considered for CQI determination
As discussed before a simpler option is to assume a single RI for all CRS resources configured for a given UE.  

Proposal-4: Consider defining a CQI/PMI as a function of a CRS resource for per CRS resource feedback

Proposal-5: Consider a single RI for all CRS resources configured for a given UE for per CRS resource feedback
Case D: UEs configured without PMI/RI reporting (transmit diversity based CQI feedback)
CRS can be used to derive CQIs for UEs not configured with PMI/RI. In cases where CRS is not applicable (e.g. scenario 4), CSI-RS resources and interference measurement resources may be used to define CQI . In the case where CSI-RS resources and interference measurement resources are applicable:
· CQI may be defined per CSI-RS resource/interference measurement resource. UE needs to be aware of the association between a CSI-RS resource and an interference measurement resource. Multiple CQI definitions may apply to a UE configured with multiple CSI-RS resources.

· PDSCH transmission scheme for CSI reference resource may remain as transmit diversity. 
4 
Conclusions
In summary we have the following conclusions:
Proposal-1: Consider defining a CQI/PMI with the hypothesis of a CSI-RS resource and a corresponding interference measurement resource for per CSI-RS resource feedback

Observation-2: A UE needs to be aware of a mapping that associates a configured CSI-RS resource to a configured interference measurement resource for per CSI-RS resource feedback

Proposal-3: Consider a single RI for all CSI-RS resources configured for a given UE for per CSI-RS resource feedback
Proposal-4: Consider defining a CQI/PMI as a function of a CRS resource for per CRS resource feedback

Proposal-5: Consider a single RI for all CRS resources configured for a given UE for per CRS resource feedback
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