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1
Introduction
At RAN1#67 it was agreed that CSI feedback for CoMP will be based on at least per-CSI-RS-resource feedback.  This paper discusses different types of aggregated feedback and provides views on their performance benefits and standardization complexity.  

The topic is closely related to inter-CSI-RS-resource feedback, which is the focus of [1].  Other companion papers address support of CRS-based CoMP operation [2], CQI definitions in support of downlink CoMP [3], as well as interference measurement [4], and CoMP measurements set selection [5].
2
Types of aggregated feedback
At RAN1#66bis, aggregated feedback across multiple CSI-RS resources was identified as one of four feedback schemes in support of CoMP.  In our view, such aggregated feedback primarily targets support of JT-CoMP and should therefore be compared and benchmarked against per-CSI-RS resource feedback with inter-point phase information.  

Different types of aggregate feedback can be differentiated, depending on whether aggregation is used for PMI and/or CQI feedback.  The former case targets coherent joint transmission by conveying a precoder that spans a set of transmission points, thereby implicitly conveying their phase relationship as well.  Aggregate CQI on the other hand, could be based on feedback of individual precoders per transmission point but capture the joint performance that is achieved, e.g., by opportunistic combining at the UE. 
2.1
Aggregated PMI feedback

Aggregated PMI feedback targets the reporting of a joint precoder that is computed across more than a single CSI-RS resource.  In this approach multiple 1, 2, 4, or 8 CSI-RS port patterns are aggregated and the combined number of ports is used for RI/PMI/CQI selection.  Naturally, this implicitly conveys the phase relationship among the aggregated antenna ports as precoder selection is performed jointly.  In spite of this potential benefit, aggregated feedback also comes with several disadvantages, such as limited flexibility since the total number of aggregated CSI-RS ports would need to be either 2, 4, or 8 in order to be able to support existing codebooks.  Further, using the existing codebooks may show some performance degradation as the codebooks were clearly not optimized for such operation. 

In theory it would be possible to specify additional codebooks in order to better support aggregated feedback.  However, it is well understood based on discussions in both the Rel-8 and Rel-10 timeframes that codebook development is a lengthy and standardization intensive process.  We do not see benefits in pursuing development of new codebooks in Rel-11 for the purpose of aggregated feedback. 
Per-CSI-RS resource feedback with inter-point phase feedback is a proposal that competes with aggregated feedback in terms of providing support for coherent JT-CoMP.  In such a proposal precoder selection is performed on a per-CSI-RS resource basis and separate inter-point phase information is used to provide the phase relationship between these precoders. Compared to aggregated feedback this appears to be the more scalable approach as the existing codebooks can be better reused on each CSI-RS resource.  
Overall, aggregated and per-CSI-RS resource feedback with inter-point phase information both target improved operation of JT-CoMP.  As such, we view both frameworks as competing proposals and propose that at most one of them should be supported in the specification.  
Proposal 1: 

· Aggregated and per-CSI-RS resource feedback both target coherent JT-CoMP and are therefore competing proposals. At most one should be adopted in Rel-11
· Aggregated PMI feedback should not target the design of new codebooks
2.2
Aggregated CQI feedback

In contrast to aggregated PMI feedback whose use case primarily targets coherent JT, aggregated CQI feedback may have a broader application, including non-coherent JT.  In this framework, separate precoders would be fed back per CSI-RS-resource but when it comes to CQI feedback an aggregate of these CSI-RS resources would be assumed as serving.  For non-coherent JT this may help convey the expected SINR improvement due to opportunistic combining.  For coherent JT, aggregated CQI would represent the CQI value in line with the reported aggregate PMI. 
When per-CSI-RS-resource PMI but aggregate CQI is supported, the UE needs to assume some phase relationship between the CSI-RS-resources for the purpose of CQI feedback.  Different assumptions may be made and/or signaled for this purpose, including the possibility of averaging across different phase assumptions. 
It should be appreciated that aggregate CQI has considerable smaller standardization complexity compared to aggregated PMI feedback as no new codebook design is needed. 

Proposal 2: 

· Aggregated CQI feedback may be beneficial in both coherent and non-coherent JT

· Aggregated CQI feedback has less standardization complexity compared to aggregated PMI feedback; both feedback types should therefore be considered separately
3
Relation to inter-CSI-RS-resource feedback

In the context of supporting JT CoMP, inter-CSI-RS-resource feedback and aggregated feedback can be viewed as competing proposals and at most one should be supported in the specification.  Based on the discussion in Section 2 and [1] as well as the RAN1#67 agreement that at least per-CSI-RS resource feedback will be supported, we view inter-CSI-RS-resource feedback as the more flexible approach; however, the performance gains of specific proposals still need to be analyzed and justified. 

For aggregate feedback, the specification of new codebooks appears infeasible at this stage.  However, if with existing codebooks, aggregate feedback achieves adequate performance then introducing basic support for aggregated feedback could be considered.  For example, if the working assumption of cell ID independent CSI-RS scrambling sequences is confirmed, basic aggregate feedback operation can already be supported without additional specification impact.
4
Conclusions

In this paper we have addressed different types of aggregate feedback including aggregate PMI and aggregate CQI feedback.  The following conclusions summarize the proposals: 
· Aggregated and per-CSI-RS resource feedback both target coherent JT-CoMP and are therefore competing proposals. At most one should be adopted in Rel-11
· Aggregated PMI feedback should not target the design of new codebooks
· Aggregated CQI feedback may be beneficial in both coherent and non-coherent JT

· Aggregated CQI feedback has less standardization complexity compared to aggregated PMI feedback; both feedback types should therefore be considered separately
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