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1
Introduction
This contribution presents our views on CSI feedback reporting modes in support of CoMP.  On a high-level, our preference is to reuse existing design concepts, e.g., from carrier aggregation.  In light of the fact that the CoMP measurement set size should be restricted to two points [1], there are many parallels that could be exploited to help reduce standardization complexity.  

The CSI feedback reporting design may also be impacted by ongoing discussions on interference measurement [2] and CQI definition [3].  Other companion papers address the CoMP feedback framework [4], [5], as well as support of CRS-based CoMP operation [6]. 
2
Discussion
CoMP feedback reporting has not received much attention so far, mainly because discussions on the feedback framework and CQI definition still remain to be finalized.  Nevertheless, in this contribution, we offer some high-level views on this topic.  In particular, it is our opinion that CSI feedback reporting should be kept simple and that its design should be aligned as much as possible with existing concepts, e.g., in carrier aggregation.  In fact, CSI reporting for multiple component carriers shares many similarities with CSI reporting for dynamic point selection (DPS).  
Proposal 1: 

· CoMP feedback reporting should strive for simplicity and be aligned, to the extent possible, with existing concepts in carrier aggregation. 

The size of the CoMP measurement set impacts feedback reporting as it puts an upper bound on the number of points that need to be reported.  In [1] we have presented our views on this topic and concluded based on statistical analyses that a CoMP measurement set size of two is sufficient for the vast majority (>95%) of the UE population in the agreed CoMP deployments.  Assuming that the CoMP measurement set size will indeed be constrained to a maximum size of two, it should be possible to simplify feedback reporting.  The size limitation also helps to align with carrier aggregation, as such deployments initially target two component carriers. 
Proposal 2: 

· Feedback reporting is simplified if the CoMP measurement set size is agreed to be limited to two points. 

· The limitation to two points is sufficient for a vast majority (>95%) of the UE population [1]. 

Feedback reporting for CoMP may support the following two functions: 

1. Multiple RI/PMI/CQI feedback instances under different channel/interference measurement assumptions, e.g., targeting DPS. 
2. Multiple CQI reports under a common RI/PMI assumption.  This may benefit coordinated scheduling as it provides the network with feedback on how its scheduling decisions impact UE performance. 

For simplicity we address both aspects separately in the following.  
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(a) CQI definition for CS
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Figure 1: Illustration of CQI definition in support of CS- and DPS-based CoMP

2.1
Support of multiple RI/PMI/CQI feedback instances
For support of DPS, UEs are expected to provide feedback under multiple serving hypotheses [3].  In practice, the number of points participating in DPS is limited to two [1] and therefore feedback support under two different serving assumptions appears sufficient.  Under each serving hypothesis, the existing feedback modes may be largely reused. 
Similarly, separate RI/PMI/CQI feedback instances may be useful for coordinated scheduling, especially if interference assumptions are sufficiently different to lead to different RI/PMI selection.  Similar to DPS, it appears sufficient to allow for a maximum of two separate feedback instances for this purpose.  Existing reporting modes may also be largely reused. 
Proposal 3: 

· At most two instances of RI/PMI/CQI feedback should be supported. 

As mentioned earlier, the existing feedback reporting mechanism that has been designed for carrier aggregation may be largely reused to support this operation.  In particular, for periodic reporting, it appears natural to configure the reporting for the two serving assumptions as separate feedback instances.  Each would therefore have its own independent configuration.  
For aperiodic feedback, it should be possible to report either of the two reporting options by itself, or to request transmission of both at the same time.  Again, this operation is similar to carrier aggregation and a similar triggering mechanism may be reused.  Aside from the triggering, existing feedback operation may be largely reused. 
2.2
Support of CQI reports under different hypotheses
It may be desirable to support CQI feedback under different interference hypotheses for improved support of scheduling coordination.  In particular, as explained in [3], a UE may make multiple interfering assumptions for a designated interferer (e.g., Point B in Figure 1(a)).  These may include a muting hypothesis or various precoder assumptions for this designated interferer.  Providing a full set of RI/PMI/CQI for these assumptions may not be needed; instead it may be sufficient to provide only separate CQI values under these different assumptions, so as to inform the network of the impact that its scheduling decisions at different transmission points have on UE performance.  
To save on overhead, differential encoding of these different CQI values should be considered.  For example, only a single absolute CQI value may be provided under a signaled “default” assumption.  The remaining CQI values may be encoded differentially with respect to this value. 
Proposal 4: 

· Differential CQI feedback under multiple interference hypotheses should be considered within each feedback instance. 

3
Signaling options

Signaling support for the CSI reporting options discussed above will need to convey both channel and interference measurement assumptions to the UE.  Naturally, this could be accomplished by associating each feedback instance with one CSI-RS resource for channel measurement and one CSI-RS resource for interference measurement (for the latter a combination of CSI-RS and CRS maybe considered).  As discussed in Section 2.1 it should be allowed to configure multiple (preferably two) such feedback instances, e.g., to support DPS.  However, multiple feedback instances may also be used to convey full RI/PMI/CQI feedback under different interference assumptions, e.g., by configuring both feedback instances with the same channel measurement resource.  
Within each feedback instances, support for CQI feedback under multiple hypotheses may be added by either allowing more than one interference measurement resource, or by signaling to the UE that it should add interference based on non-zero-power CSI-RS resources of neighboring cells [3].  For the latter type of operation, the UE would need to make a certain precoder assumption which may be selected as a suitable subset of the entire codebook.   Muting may also be considered as a separate hypothesis. 
The above signaling aims at a unified approach of signaling feedback assumptions to the UE and could be used for a large set of CoMP schemes, including coordinated scheduling, DPS, and some forms of joint transmission. 

4
Conclusions

This contribution summarized our views on CSI feedback reporting in support of CoMP: 

· CoMP feedback reporting should strive for simplicity and be aligned, to the extent possible, with existing concepts in carrier aggregation. 

· Feedback reporting is simplified if the CoMP measurement set size is agreed to be limited to two points. 

· The limitation to two points is sufficient for a vast majority (>95%) of the UE population [1]. 
Support of multiple RI/PMI/CQI feedback instances
· At most two instances of RI/PMI/CQI feedback should be supported. 
Support of CQI reports under different hypotheses
· Differential CQI feedback under multiple interference hypotheses should be considered within each feedback instance. 
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