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1. Introduction
Making the CSI feedback decomposable into components corresponding to CSI for each individual point is key to supporting a multitude of CoMP schemes without incurring an explosion in options. This contribution discusses the main options concerning such CSI feedback and compares it with alternative approaches. 
2. Per CSI-RS Resource Feedback
CoMP operation relies on CSI on the network side corresponding to the channels of multiple points. A straightforward solution appears to be that the UE determines CSI feedback in the same manner as currently for a cell but separately for each relevant point. This is sometimes referred to as per-cell or per point feedback and would work in a similar manner as CSI feedback for carrier aggregation but where the points play the role of the carriers. Feedback formats and procedures can therefore to a large extent be reused. Such a per point CSI feedback reporting also has the potential of scaling nicely between DL MIMO and DL CoMP. Basically, any single-point CSI feedback supported for DL MIMO can be re-used in a CoMP setting.

Observation

· UE needs to determine CSI feedback more or less separately for each relevant point to provide flexibility with respect to CoMP schemes.
· CSI feedback content per point can be the same as for DL MIMO
But from a standardization perspective, neither the cell nor the point is relevant. What matters for the UE is on which CSI-RS resources it should measure on and the configuration of the CoMP measurement set should therefore be parameterized in terms of CSI-RS resources and not cell-ids (or points which are purely physical entities and thus do not belong in the specs). The term CSI-RS resource is here taken to mean a CSI-RS pattern (for 1, 2, 4, or 8 antenna ports) in a particular subframe. A cell-ID agnostic design automatically allows all CoMP scenarios 1 — 4 to be supported, thus providing opportunities for flexible deployments.

Proposal

· UE CSI feedback for multiple CSI-RS resources should be such that it can be decomposed into feedback relevant for each of the CSI-RS resources

While completely separate CSI feedback for each CSI-RS resource is an alternative, it leads to some problems concerning the rank. Transmissions have to be performed with a single specific rank. Having rank that varies across the CSI-RS resources therefore does not align well with such transmissions. The network could try to override the reported ranks but any such override leads to reduced performance as the CQI errors grow. 

Observation

· Rank should not vary across the CSI parts corresponding to different CSI-RS resources

· Reduces need of rank override
Dynamic switching between CoMP and no-CoMP transmission to a specific UE is important since CoMP sometimes incurs performance loss and it is therefore necessary to be able to quickly fall back to more robust non-CoMP performance when that happens to efficiently reap the benefits of CoMP. This should not have to trigger a slow RRC reconfiguration of the CSI feedback so it is hence important that single CSI-RS resource feedback is contained within the multi CSI-RS resource CSI feedback. At the same time, it is desirable to avoid increasing the signaling overhead by simply amending single CSI-RS resource feedback to an otherwise multi CSI-RS resource report.
Observation
· Single CSI-RS resource feedback should be part of the multi CSI-RS resource feedback report

· Desirable to avoid increasing signaling overhead to achieve this

For reporting CSI feedback for a single CSI-RS resource, the rank is determined solely based on that resource. This means that one of the CSI resources in the multi CSI-RS resource CSI feedback should provide RI (and also PMI and CQI) corresponding to “non-CoMP feedback”. To avoid rank override, the CSI for the remaining CSI-RS resources should assume the same RI when determining their respective PMI and CQI. In other words, one of the CSI-RS resources should be solely responsible for determining the rank for all CSI-RS resources in the CoMP reporting set. CQI and PMI continue to be determined separately for each CQI-RS resource. This will allow dynamic fallback to non-CoMP operation as well as avoiding unnecessary rank overrides without increasing the feedback overhead.
Proposal

· One of the CSI-RS resources solely determines the rank for all CSI-RS resources in the CoMP reporting set

· CQI and PMI are determined separately for each CSI-RS resource conditioned on the rank common to the entire CoMP reporting set
3. Inter-CSI-RS Resource Phase Information
Coherent versus incoherent JT has been extensively discussed. The degree of coherency determines how likely it is that signals transmitted from different points add constructively at the UEs. RF calibration properties of the points as well as the structure of CSI feedback both affect the level of coherency that can be achieved. Inter-CSI-RS phase information can be added in the CSI feedback on top of CSI feedback per CSI-RS resource. Figure 1 illustrates how such CSI feedback may be used to implement per point CSI feedback amended with inter-point phase information.
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Figure 1: Inter-CSI-RS resource phase information in addition to per CSI-RS resource feedback.
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 bits, where 
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 presumably ranges from zero to two bits per subband. The UE would also need to determine a so-called aggregate CQI, which is determined assuming a single-user joint transmission over the multiple points in the CoMP reporting set. This is a CQI hypotheses in addition to the single-user MIMO hypothesis reported for each CSI-RS resource in the CoMP reporting set and would consequently add 
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bits of signaling overhead per subband. Thus, 
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 are both design parameters and it is important that they are chosen such that the precious feedback bits are spent on the feedback type where they make the most good. 
Observation

· Two feedback types in addition to CSI feedback per CSI-RS resource may be considered
· Inter-CSI-RS resource phase information using 
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 bits per subband
· Aggregate CQI using 
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Based on the small gains of precoding usually achieved over uncorrelated channel dimensions, we currently see aggregate CQI as more important than the phase information. Simulation results [1] indicate that aggregate CQI is a prerequisite for phase information to be useful.
Proposal

· If feedback in addition to per CSI-RS resource feedback is deemed necessary, prioritize aggregate CQI over inter-CSI-RS resource information. 
4. General Aggregate CSI for Multi-Point Transmission
An alternative to the highly structured and decomposable feedback approach described in the previous section is to support so-called aggregate CSI feedback targeting a joint transmission over multiple points. Aggregate CSI feedback could be measured on a single CSI-RS resource, but where the different antenna ports would be mapped to geographically separate antennas. This would imply a codebook structure having to deal with an effective channel involving pathloss differences and the CQI would be determined assuming a transmission over an effective channel involving multiple points. A similar reporting structure would be needed even if multiple CSI-RS resources are supported, but in contrast to the single CSI-RS resource case the dimensions would no longer be limited to eight antenna ports. Although in principle an interesting feedback concept, the priority should at this stage not be on introducing aggregate CSI since it is highly focused on supporting a single CoMP scheme instead of a wide range of CoMP schemes.
Proposal

· Focus on the concept of CSI feedback per CSI-RS resource

· Since it supports a plethora of CoMP schemes
5. Conclusions
In this contribution we discussed CSI feedback for CoMP. Regarding CSI reporting for multiple points (CoMP reporting) we observe that
· UE needs to determine CSI feedback more or less separately for each relevant point to provide flexibility with respect to CoMP schemes.

· CSI feedback content per point can be the same as for DL MIMO
· Rank should not vary across the CSI parts corresponding to different CSI-RS resources

· Reduces need of rank override

· Single CSI-RS resource feedback should be part of the multi CSI-RS resource feedback report

· Desirable to avoid increasing signaling overhead to achieve this

leading to the following proposals

· UE CSI feedback for multiple CSI-RS resources should be such that it can be decomposed into feedback relevant for each of the CSI-RS resources
· One of the CSI-RS resources solely determines the rank for all CSI-RS resources in the CoMP reporting set

· CQI and PMI are determined separately for each CSI-RS resource conditioned on the rank common to the entire CoMP reporting set

In the area of alternative or additional CSI the proposals amount to
· If feedback in addition to per CSI-RS resource feedback is deemed necessary, prioritize aggregate CQI over inter-CSI-RS resource information.
· Focus on the concept of CSI feedback per CSI-RS resource

· Since it supports a plethora of CoMP schemes
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