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1
Introduction
This paper presents our views on the four feedback methods identified in a working assumption at RAN1#66bis.  We discuss the pros and cons of aggregated vs. per-point feedback and outline how RAN1 could progress on this issue. 
Companion papers [1], [2] address CQI definition and interference measurement in support of CoMP, respectively.  Views on downlink CoMP reference signals are presented in [3] and [4]. 

2
Discussion

At RAN1#66bis a working assumption was made that aims at developing a common framework for supporting feedback for the CoMP categories identified during the study item phase: 

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.
To progress further on this issue, we propose to build on this working assumption by individually evaluating the merits of the four feedback schemes identified above in supporting JT, DPS, and CS/CB CoMP in the various scenarios.  In general, at least the first three feedback schemes provide support for all three CoMP categories.  However, it is expected that a given feedback framework will typically provide more optimized operation for certain CoMP schemes while only providing basic support for others. Standardization complexity will clearly be another important factor to consider.  
Proposal 1: 
· Use the feedback schemes identified in the working assumption as a starting point and evaluate performance for all CoMP schemes for each of the feedback schemes. 
· Feedback schemes will be able to support some CoMP schemes better than others but each of the listed feedback schemes enables at least basic operation for all of the three CoMP categories. 

· Strive for a unified design that takes standardization complexity into account. 

2.1
Aggregated vs. per-point feedback with inter-point phase information

At RAN1#66bis, aggregated feedback across multiple CSI-RS resources was identified as one of the 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.  
Aggregated feedback targets support of RI/PMI/CQI feedback across more than a single CSI-RS resource.  In this approach multiple 1, 2, 4, or 8 CSI-RS port patterns are combined and the combined number of ports is used for RI/PMI/CQI selection.  Naturally, this implicitly supports inter-point phase feedback as precoder selection is performed in an aggregated way across individual CSI-RS patterns.  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 relation 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.  The introduction of a new feedback method for inter-point phase information would need to be discussed and standardized but overall this seems simpler than redesigning or introducing precoder codebooks for aggregated CoMP. 

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.  Based on the above discussion, we currently view per-CSI-RS resource feedback as the more flexible approach that could also be better integrated with per-CSI-RS resource feedback without phase information for support of CS/CB or DPS. 

Proposal 2: 

· 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. 
· Per-CSI-RS resource feedback appears more scalable and enables a reuse of the existing precoding codebooks. While additional phase feedback is needed, such a feedback framework would also allow for better integration with per-CSI-RS resource feedback without phase feedback (in support of CS/CB or DPS). 

· When evaluating aggregate feedback, existing precoding codebooks should be reused.  It seems unrealistic that a redesign or introduction of additional precoding codebooks will be feasible in Rel-11 for better CoMP support.
· If aggregate feedback provides no gain with existing codebooks, support of aggregate feedback should be limited to what is available without additional specification development. For example, if  Cell ID independent CSI-RS scrambling sequences are introduced for another reason,  basic aggregate feedback operation could be already supported without additional specification impact.    

2.2
Inter-point phase feedback in support of CS/CB and DPS

For support of CS/CB and DPS no inter-point phase information is required and per-CSI-RS resource feedback therefore enables operation of both.  It is important to realize though that feedback procedures would be quite different if they were optimized for either mode of operation.  In CS/CB, where the serving point remains fixed, the additionally configured CSI-RS resources are expected to convey information about interference conditions from these CSI-RS patterns (presumably corresponding to neighboring points).  As such, for feedback purposes the UE would report CSI under the assumption of interference from these patterns.  In contrast, DPS operation targets multiple serving hypotheses, i.e., the UE would view each CSI-RS pattern as one serving hypothesis and feed back CSI under regular Rel-10 feedback assumptions.  It is clear, that the information conveyed by either CS or DPS feedback is quite different.  This issue is further discussed in [1]. 

Proposal 3: 
· Per-CSI-resource feedback enables both CS/CB and DPS CoMP.  However, the feedback assumptions to be made by the UE differ between both schemes.  It seems necessary therefore to strike a tradeoff between optimizing performance for one vs. providing only basic operation for the other. 
2.3
CRS-based CoMP
The fourth feedback scheme listed in the RAN1#66bis working assumption targets per cell Rel-8 CRS-based feedback for support of CRS-based CoMP.  While there may be some benefits for such feedback, such CRS-based feedback is in our view not the only way of supporting CRS-based CoMP operation. 

In Rel-10, CSI-RS and DM-RS were introduced in TM9 but neither reference signal is available for any of the other transmission modes.  In Rel-11, it is beneficial to consider decoupling either reference signal from TM9 with the objective of allowing CSI-RS based feedback for TMs other than TM9.  In particular, it seems desirable to allow CSI-RS based feedback but CRS-based demodulation, for example by reusing TM4 procedures except for CSI feedback. 

The above approach has the benefit of avoiding the DM-RS overhead for 2Tx antenna configurations which are prevalent in practical deployments.  Furthermore, as most of the CoMP gain comes from dynamic scheduling coordination within a CoMP cluster without much additional benefit from non-codebook based precoder selection, TM4 operation with proper CSI feedback will achieve similar CoMP performance based on coordinated scheduling.  As CRS-based decoding completely avoids the additional DM-RS overhead of 10% it should be the preferred approach at least for 2Tx antenna configurations.  If DM-RS based demodulation were instead targeted the additional overhead would offset a large fraction if not all of the CoMP gain [5]. 
By decoupling CSI-RS based feedback reporting from TM9, CRS-based CoMP as discussed above will also benefit from improved feedback reporting that may be defined as part of Rel-11. 

Proposal 4: 

· CRS-based demodulation is an attractive way of reducing overhead, especially for 2Tx antenna deployments
· Target schemes with CSI-RS based feedback but CRS-based demodulation. 

· Reuse TM4 procedures except for CSI feedback reporting

3
Conclusions

In this paper we have considered the pros and cons of various feedback frameworks. We have also highlighted CoMP with CRS-based demodulation as a promising way of reducing overhead, especially for 2Tx setups.  The detailed proposals can be summarized as follows: 

· Use the feedback schemes identified in the working assumption as a starting point and evaluate performance for all CoMP schemes for each of the feedback schemes. 

· Feedback schemes will be able to support some CoMP schemes better than others but each of the listed feedback schemes enables at least basic operation for all of the three CoMP categories. 

· Strive for a unified design that takes standardization complexity into account. 

· 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. 

· Per-CSI-RS resource feedback appears more scalable and enables a reuse of the existing precoding codebooks. While additional phase feedback is needed, such a feedback framework would also allow for better integration with per-CSI-RS resource feedback without phase feedback (in support of CS/CB or DPS). 

· When evaluating aggregate feedback, existing precoding codebooks should be reused.  It seems unrealistic that a redesign or introduction of additional precoding codebooks will be feasible in Rel-11 for better CoMP support.
· If aggregate feedback provides no gain with existing codebooks, support of aggregate feedback should be limited to what is available without additional specification development. For example, if  Cell ID independent CSI-RS scrambling sequences are introduced for another reason,  basic aggregate feedback operation could be already supported without additional specification impact. 

· Per-CSI-resource feedback enables both CS/CB and DPS CoMP.  However, the feedback assumptions to be made by the UE differ between both schemes.  It seems necessary therefore to strike a tradeoff between optimizing performance for one vs. providing only basic operation for the other. 

· CRS-based demodulation is an attractive way of reducing overhead, especially for 2Tx antenna deployments

· Target schemes with CSI-RS based feedback but CRS-based demodulation. 

· Reuse TM4 procedures except for CSI feedback reporting
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