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1. Introduction
CSI feedback for downlink CoMP was discussed rigorously in the past meetings. The following conclusions have been reached:
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  

Agreements in RAN1#67 and 68bis
· CoMP uses at least per-CSIRS-resource feedback. 

· Inter-CSIRS-resource phase indicator feedback is not supported in Rel-11. 
Given the limited time to finish the Rel.11 specification, CoMP CSI study should take into account the realistic timeline and also ensure satisfactory system-level performance gain to justify its standardization in Rel.11. This is quite challenging considering several important issues are still open. Furthermore, these open issues are correlated and agreement in a particular aspect may significantly affect other issues. This contribution aims to jointly study several open problems for CoMP CSI feedback, in particular the interference measurement, CQI definitions for per-point feedback, and aggregated CQI.
2. Discussion
2.1. General principles

Multiple CoMP transmission schemes are envisaged for Rel.11, including JP, DPS and CB/CS. From the network scheduling perspective, being able to dynamically switch between different CoMP transmission schemes and fall-back to single-point transmission is desirable to cope with the quickly changing radio link condition and network traffic variations. Additionally, the set of points involved in PDSCH transmission may also change dynamically for some CoMP schemes. Hence, it is in general beneficial to have information of multiple CQI(s) that specifically target different transmission scheme/set hypotheses. Obtaining such information may be achieved in several ways:
Alt1:

· Configure multiple IMRs, for interference measurement corresponding to multiple CoMP scheme/set hypotheses.
· Explicitly report all CSI(s) corresponding to all CoMP scheme/set hypotheses, based on interference measurement on multiple IMR.
Alt2:

· Configure one IMR corresponding to one CoMP scheme/set hypothesis (e.g. interference outside the measurement set).
· Explicitly report all CSI(s) corresponding to all CoMP scheme/set hypotheses, assisted by UE emulation of interference.
Alt3:

· Configure one IMR corresponding to one CoMP scheme/set hypothesis (e.g. interference outside the measurement set)

· Report a subset of CSI(s).
· Other CSI under different CoMP scheme/set hypothesis are left to eNB prediction based on the reported minimum set of CSI(s). 
A decision on the three alternatives should base on a balance between the system performance, feedback overhead, CSI-RS overhead (either channel or interference measurement), and implementation complexities at both the UE and network side. Some observations are noted below:
· Configuring multiple IMRs corresponding to multiple CoMP scheme/set hypotheses (Alt-1) needs to be carefully discussed. Clearly, it creates the highest CSI-RS overhead, measurement and configuration complexity although the performance benefits are unclear. It is much simpler to configure one IMR (Alt-2 or Alt-3) where UE measures a certain interference (e.g. from points outside the CoMP measurement set), whereas CSI corresponding to other interference hypotheses are emulated by the UE or inferred by the network based on the available CSI reports.
· Explicitly reporting all CSI(s) under all CoMP scheme/set hypotheses (Alt-2) offers the best link adaptation flexibility, but creates higher feedback overhead and UE implementation complexity. This alternative should be justified by significant performance gain. Although it is beneficial to have accurate CSI corresponding to different CoMP scheme/set hypotheses, it does not imply that all such CSI should always be explicitly reported. It would be preferable if a small set of CSI(s) are explicitly reported, whereas other CSI(s) are implicitly inferred by eNB from the reported CSI. This is analogous to single-cell MU-MIMO where MU-CQI can be reasonably accurately inferred from SU-CQI. 
Proposal 1: 

· One IMR is configured per UE.
· Through PDSCH muting on the IMR, eNB configures UE to measure the interference on the IMR, which corresponds to a specific interference hypothesis (e.g. sum interference arising from points outside the CoMP measurement set 
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). The interference hypothesis on the configured IMR may be UE-transparent.
2.2. Per-Point CSI
As agreed in the past meetings, CoMP feedback uses at least per-CSI-RS-resource feedback. Per-point CSI may include the following CSI contents for each point
· One per-point RI/PMI. 

· One or multiple per-point CQI(s), which may correspond to different CoMP scheme/set hypotheses. In particularly, different CQI(s) may be defined associated with different blanking hypotheses of points within the CoMP measurement set. For instance: 
· CQI w/ blanking (
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):     where interference arises from points outside the measurement set 
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· CQI w/o blanking (
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): where interference arises from points inside and outside the CoMP measurement set. 
There are several alternatives regarding how to obtain these CQI(s) at the network side. 
Alternative A:  All CQIs under all possible CoMP scheme/set hypotheses are explicated reported (e.g. both 
[image: image5.wmf]b

CQI

 and 
[image: image6.wmf]nb

CQI

) for each point.  This results in a total of 
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 CQI reports per point where 
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denotes the CoMP measurement set size. For example if 
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, 4 CQIs are reported per point, corresponding to four blanking hypotheses (exemplified in Table I for point 1). 
Pros:  Best link adaptation accuracy, for DPS and CB/CS.

Cons: Highest feedback overhead and UE complexity. 

Table I: CQI(s) feedback for point 1, under different blanking hypothesis, 
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	CQI component
	Signal Hypothesis
	Interference Blanking Hypotheses

	
	Point 1
	Point 2
	Point 3
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It should be noted that different blanking hypotheses (e.g. Table I) also impact the rank adaptation (RI) and precoder selection (PMI). Strictly speaking, each CQI report shall be accompanied with a separate RI/PMI feedback to ensure the rank adaptation accuracy.  This further increases the feedback overhead and should be justified by sufficient performance gain. 
Alternative B: Only a minimum set of CQI(s) are reported, whereas other CQI under other CoMP hypothesis are inferred by eNB from the reported CQI(s). As an example, each point only reports the CQI with full blanking of all other points in the CoMP measurement set 
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, i = 1, 
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.  Other CQIs under different CoMP transmission scheme/set hypotheses are left to eNB prediction. For instance, the per-point CQI without blanking, for point i, may be approximated as 
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where 
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 is the per-point channel, 
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 is the per-point PMI feedback, and u denotes the receiver equalizer. In this case, one CQI is reported per point. 
Pros:

· Lowest feedback overhead.

· May re-use the legacy feedback channel (PUCCH/PUSCH) with minimum specification change.

Cons: 

· Slightly lower link adaptation flexibility. 

Proposal 2: Consider one of the following two alternatives for per-point CQI feedback, taking into account the CoMP system-level performance gain, feedback overhead and implementation complexity. 
· Alternative A: For each CSI-RS-resource, report all CQIs under all possible CoMP scheme/set (blanking) hypotheses. The CQI overhead per point is
[image: image21.wmf]1

max

2

-

N


· FFS whether all CQIs should be based on a single RI/PMI feedback, or accompanied by different RI/PMI feedback.
· Alternative B: For each CSI-RS-resource, report a single CQI assuming interference measurement on the configured IMR resource. The interference on the configured IMR is left as an eNB implementation issue through PDSCH muting. In addition, prediction of CQI(s) corresponding to other interference hypotheses different from the interference on the IMR is left to eNB implementation. 
· Analogous to single-point MU-MIMO where MU-CQI prediction is left to implementation.
2.3. Aggregated CQI

Aggregated CQI is computed based on and should reflect the link quality associated with the effective aggregated channel of  
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 transmission points. If measured by the UE and explicitly reported, aggregated CQI enables accurate JT link adaptation which is important for harnessing the performance gains promised by JT (coherent or incoherent). Previous simulation results have shown that incoherent JT with aggregated CQI is able to achieve most of the gains of coherent JT. Naturally, the feedback overhead is slightly higher (e.g. 1 aggregated CQI, compared to 
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 per-point CQI), where the relative overhead increase depends on the CoMP reporting set size 
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If aggregated CQI feedback to be supported, a set of transmission hypotheses should be defined in RAN1 specification and for RAN4 performance testing. At least the following transmission hypotheses shall be considered
· 0-degree co-phasing between arbitrary two transmission points;
· per-point precoding based on per-point PMI, for each point;
· common rank for per-point CSI, for all points;
· common rank for the aggregated CQI and per-point CSI. 
If aggregated CQI is not supported, CoMP-JT link adaptation must rely on eNB prediction of the post-JT SNR based on the per-point CQI reports The link adaptation accuracy as well as the achievable CoMP-JT performance gain needs to be confirmed by system-level simulation. 
3. Conclusions
In this contribution we provided our views and aimed to finalize the remaining details of CSI feedback contents toward a unified support of CoMP transmission in different deployment scenarios. Based on the system-level performance, specification/implementation complexity and system overhead, our preferences are summarized below:
· One UE-specific IMR is configured. Through PDSCH muting on the IMR, eNB configures UE to measure a certain interference hypothesis (e.g. sum interference arising from points outside the CoMP measurement set 
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). 
· For per-point CQI feedback, adopt one of the following two alternatives, taking into account the system-level performance, feedback overhead and implementation complexity. 

· Alternative A: For each point, report all CQIs under all possible CoMP scheme/set (blanking) hypotheses. The CQI overhead per point is 
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· FFS whether all CQIs should be based on a single RI/PMI feedback, or accompanied by different RI/PMI feedback.

· Alternative B: For each point, report a single CQI assuming interference measurement on the configured IMR resource. It is left to eNB implementation to derive other CQI(s) under different CoMP scheme/set (blanking) hypotheses. 

· Analogous to single-point MU-MIMO where MU-CQI prediction is left as eNB implementation.

· If aggregated CQI is to be explicitly reported, the following transmission hypotheses should be defined correspondingly

· zero degree co-phasing between arbitrary two transmission points

· per-point precoding based on per-point PMI, for each point
· common rank for the aggregation CQI and per-point CSI for each point.
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