Page 1

3GPP TSG-RAN WG1 #68bis 
R1-121558
March 26-30, 2012
Jeju, Korea
Agenda item:
7.5.1.5
Source: 
Qualcomm Incorporated
Title: 
CQI definition for downlink CoMP
Document for:
Discussion
1
Introduction
This contribution discusses CQI definitions in support of downlink CoMP.  Naturally, this is tied to the choice of the overall feedback framework. For example, even when utilizing the same feedback scheme such as inter-CSI-RS resource feedback, CQI definitions would differ when optimized for specific CoMP schemes, e.g., CS/CB vs. DPS. However, for the sake of specification and implementation simplicity, a unified CQI definition should be targeted. 
The use cases for inter-CSI-RS-resource feedback and aggregated feedback are discussed in [1] and [2], respectively.  Other companion papers address downlink CoMP reference signals [3], interference measurement [4], and CSI feedback reporting [5]. 
2
Discussion

2.1
CQI definitions in support of CS/CB and DPS
It is well-understood that per-CSI-resource feedback can be used in support of CS/CB- and DPS-based CoMP.  It is important to realize though that the use of the multiple CSI-RS resources differs quite fundamentally between both schemes.  Therefore, either scheme will give rise to different CQI definitions and feedback reporting designs.  

The issue is illustrated in Figure 1.  For CS/CB-CoMP in Figure 1(a) the serving point may change only semi-statically and should be considered fixed for the purpose of this comparison.  Without loss of generality we can associate the serving point with CSI-resource A.  CSI-RS resources B and C are configured by the network to support coordinated scheduling.  Under these assumptions, the purpose of resources B and C is to convey interference conditions from the other points to the UE.  When computing the CQI, these CSI-RS resources should therefore be interpreted as interference. 

In this context, UEs would need to make a precoding assumption for those points that are to be treated as interference.  For this purpose, UEs may actually consider multiple hypotheses, e.g., based on a suitably subsampled codebook.  In this way, the network would be provided with different CQIs under different precoding assumptions of the interfering point and could use these as a basis for coordination.  To save on overhead, the CQIs could be encoded differentially, as also proposed in [5].

In constrast, Figure 1(b) assumes DPS operation.  In this case, the purpose of resources B and C is to serve as alternative serving points.  To optimally support DPS, the UE would therefore assume that either resource A, B, or C acts as the serving point whereas the others act as interference.  This corresponds to the usual serving assumption but can potentially differ significantly from the CS/CB-based operation in Figure 1(a). 

The above discussion suggests that the CQI definitions would differ between CS/CB and DPS-based CoMP, even though both operate based on per-CSI-RS resource feedback.  It seems unclear however whether such separate definitions are justified.  Today, we already have a large number of different feedback reporting modes and allowing for multiple CQI options will lead to non-negligible additional standardization complexity.  A unified design (perhaps with some limited configurability) should therefore be targeted to avoid such additional specification complexity.  It is expected that a tradeoff between CS/CB- vs. DPS operation will therefore need to be struck. 
Proposal 1: 
· CQI definitions differ between CS- and DPS-based operation as they make different assumptions about whether the multiple configured CSI-RS resources reflect interference or additional serving hypotheses
· Strive for a unified design unless significant benefit of having multiple CQI definitions is identified
· Need to strike a tradeoff between CQI optimized for CS- vs. DPS type of operation. 
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(a) CQI definition for CS
(b) CQI definition for DPS
Figure 1: Illustration of CQI definition in support of CS- and DPS-based CoMP

2.2
Aggregated CQI feedback
In support of CoMP schemes other than CS/CB or DPS, more significant changes to the CQI definitions have been considered.  For example, for support of joint transmission, a CQI definition that reflects the joint reception from multiple points at the UE may improve performance compared to the case where the eNodeB needs to extrapolate based on the individual per-resource CQIs.  However, such optimized CQI definitions lead to increased specification complexity.  A unified design between JT and the other schemes therefore seems desirable.  Further study seems necessary to evaluate these performance tradeoffs. 
In contrast to aggregated PMI feedback whose use case primarily targets coherent JT, aggregated CQI feedback may have a broader application, including non-coherent JT.  In this framework, separate precoders would be fed back per CSI-RS-resource but when it comes to CQI feedback an aggregate of these CSI-RS resources would be assumed as serving.  For non-coherent JT this may help convey the expected SINR improvement due to opportunistic combining.  For coherent JT, aggregated CQI would represent the CQI value in line with the reported aggregate PMI. 

When per-CSI-RS-resource PMI but aggregate CQI is supported, the UE needs to assume some phase relationship between the CSI-RS-resources for the purpose of CQI feedback.  Different assumptions may be made and/or signaled for this purpose, including the possibility of averaging across different phase assumptions. 

Proposal 2: 

· Aggregated CQI feedback may be beneficial in both coherent and non-coherent JT; however further study seems necessary on whether its introduction is justified by sufficient performance gain. 
3
Conclusions

In summary, we have discussed CQI definitions in support of various CoMP schemes.  The proposals are summarized as follows: 
· CQI definitions differ between CS- and DPS-based operation as they make different assumptions about whether the multiple configured CSI-RS resources reflect interference or additional serving hypotheses

· Strive for a unified design unless significant benefit of having multiple CQI definitions is identified

· Need to strike a tradeoff between CQI optimized for CS- vs. DPS type of operation. 

· Aggregated CQI feedback may be beneficial in both coherent and non-coherent JT; however further study seems necessary on whether its introduction is justified by sufficient performance gain. 
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