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1. Introduction

The following working assumptions were agreed in RAN1#66bis regarding CoMP CSI feedback.
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  
In this contribution we present our views on the common feedback framework for DL CoMP, particularly regarding CSI aggregation and inter-CSI-RS resource feedback. For aggregated feedback, it should be clarified that aggregation is in terms of CSI, e.g. whether one aggregated CSI should be reported across multiple configured CSI-RS resources. This is a new CSI reporting procedure and requires standard-non-transparent support.  Aggregation of CSI-RS-resources, on the other hand, is standard transparent and does not require any specification. That is, multiple CSI-RS-resources, when aggregated together, essentially become a single CSI-RS-resource and thus is already supported by Rel.10 single-point feedback schemes.  Although it could be argued that new CSI-RS patterns are needed for that case, it becomes a CSI-RS design issue and is irrelevant to CSI feedback discussion. 
2. Discussion on CSI Aggregation
From the candidate feedback schemes, the following CSI components can be identified: 
· Group 1: per-CSI-RS-resource CSI, 
· single-point CSI including RI/CQI/PMI, based on Rel.10 single-point transmission hypothesis.
· Group 2:  inter-CSI-RS resource CSI,
· mainly co-phasing component.
· Group 3:  aggregated CSI, including:
· aggregated PMI,
· aggregated CQI.
2.1. Per-CSI-RS-resource Feedback 
As already agreed in the CoMP TR, per-CSI-RS-resource feedback (a.k.a. per-point CSI) is the baseline for Rel.11 DL CoMP.  It is needed for all CoMP schemes discussed so far.
· DPS: per-CSI-RS-resource CQI/PMI is needed to select the optimal transmission point, and to determine the appropriate MIMO transmission for the selected point.
· CB/CS: CQI and PMI are both needed, for both the serving point and non-serving point. For the non-serving point, PMI reflects the spatial interference direction, while CQI provides critical information about the power of the interference signal. Both are necessary to coordinate the beamforming vectors to mitigate inter-channel interference.
· JT:  Per-point CQI/PMI is necessary for dynamic fall back to single-point transmission. 
For feedback corresponding to each CSI-RS-resource, it would be natural to re-use the Rel.8-10 implicit feedback framework, where CSI is defined as a set of recommended precoding formats derived under single-point SU-MIMO transmission hypothesis.
Proposal:

· At least per-CSI-RS-resource feedback is supported for Rel.11 DL CoMP.
· For each CSI-RS-resource, re-use Rel.10 CSI feedback framework where RI/PMI/CQI is the recommended MIMO transmission formats under single-point transmission hypothesis. 
· Both CQI and PMI should be reported for each CSI-RS-resource. 
2.2. Inter-CSI-RS-resource Feedback

Inter-CSI-RS-feedback mainly includes inter-point co-phasing component. It is used to combine the per-point PMI feedback, so that the CoMP cluster may re-construct the “super PMI” across all transmission points for JT transmission. For example, assume two transmission points whose PMI reports are 
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 respectively. With co-phasing report 
[image: image3.wmf]q

, the “super-PMI” is understood to be

[image: image4.wmf]÷

÷

ø

ö

ç

ç

è

æ

=

2

1

v

v

v

q

j

e







 (1)
The following can be noted regarding inter-CSI-RS-resource feedback

· Inter-CSI-RS-resource feedback is primarily used in coherent JT. It is not needed for DPS, CB/CS, or non-coherent JT [2].
· Inter-CSI-RS-resource feedback increases the UE computational complexity significantly. 
· For example consider two transmission points with 4Tx each. With per-point feedback, UE performs two independent PMI searches (a total of 32 precoders) in the 4Tx codebook. With 2-bit co-phasing feedback, UE needs to search over 16 x 16 x 4 = 1024 precoders of 8Tx dimension. Even if sub-optical searching algorithms are available, UE complexity is still significantly increased by inter-point CSI report. 
· Preliminary results in [2] suggested that the performance improvement from inter-CSI-RS feedback is negligible, despite the much higher complexity. 
Observation:

· Inter-CSI-RS-resource feedback is limited to one specific CoMP scheme (coherent JT). 
· Inter-CSI-RS-resource feedback substantially increases UE complexity, while the performance gain is marginal [2]. 

2.3. Aggregated feedback over multiple CSI-RS-resources
2.3.1. Aggregated PMI

Aggregated PMI feedback is a special case of inter-CSI-RS feedback. Instead of separately reporting 
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 in (1), UE reports the aggregated PMI 
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 directly. Hence, 
· Aggregated PMI feedback shares the same pros/cons as inter-CSI-RS-feedback, but loses the flexibility to separately report per-point PMI and co-phasing component. 
· In addition, it requires an aggregated codebook whose TX size shall match the sum of antennas at different CoMP transmission points. This entails a very large number of possible TX values and requires several new codebooks in Rel.11 which is very challenging. 

2.3.2. Aggregated CQI

For JT, UE may further report an aggregated CQI under the hypothesis of single-user joint transmission from multiple points in the CoMP measurement set. It should be noted that aggregated CQI can be derived without inter-CSI-RS-feedback or aggregated PMI feedback, and it has been shown to reap most of the CoMP-JT gains in [2]. Hence it appears reasonable to further study CQI aggregation without PMI aggregation.  
3. Conclusions
In this contribution we discussed the unified feedback framework suitable for CoMP JT, DPS, and CB/CS. Our current views are summarized below:

· Per-CSI-RS-resource feedback is supported as the baseline.
· Re-use Rel.10 CSI feedback framework where RI/PMI/CQI is derived under single-point transmission hypothesis and reported for each CSI-RS-resource. . 
· Inter-CSI-RS-resource feedback is limited to coherent JT. Despite the significant increase in UE complexity, it brings marginal performance gain.
· Aggregation PMI feedback is a special case of inter-CSI-RS-resource feedback and shares the same limitations. In addition, substantial specification efforts are needed to standardize multiple new codebooks which are very challenging in Rel.11. 
· Aggregated CQI is applicable to both coherent and non-coherent JT. It could be further discussed by considering the gain of JT. 
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