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Introduction
A UE configured in DL CoMP transmission may report multiple CSI-processes, where each CSI-process is associated with a channel part and an interference part. The channel part is measured on a non-zero-power CSI-RS resource to reflect the channel quality of a TP, and the interference part is measured on an interference measurement resource (IMR) to reflect a specific interference hypothesis. In RAN1#70 in Qingdao, the following agreements on IMR were reached:

Agreement: 
· 4 REs/PRB
· IMR configuration: 
· Each IMR is configured independently with a R10 subframeConfig and a R10 resourceConfig, where resourceConfig is for 4 REs
· All the IMRs configured for one UE shall together use only REs which can be configured as a single R10 ZP CSI-RS resource configuration. 

In this contribution we provide our views on some outstanding issues related to CSI configurations, including:
· Possibility of configuring Pc independently per CSI-process
· Possibility of overlapping / hopping for CSI-IM resources

Discussion

Configuration of Pc
The higher-layer parameter “Pc” is defined as the “nominal PDSCH-to-RS power ratio” and has been supported since Rel.8. This parameter is configured as a UE assumption of PDSCH transmission power required for CQI calculation, and provides a critical mechanism to allow the network to fine tune the CSI measurement (e.g. control the rank report). Configuration of Pc also makes it possible for the network to compensate for various CQI measurement non-idealities, e.g. interference burstiness due to cell loading variation in other cells. Up to Rel.10, a single Pc is configured per UE due to the nature of single-point transmission. For multi-point CoMP transmission, multiple Pc values need to be configured for multiple CSI-processes, corresponding to different CoMP transmission hypotheses. 

Whether Pc shall be configured per CSI-RS resource or per CSI-process was discussed after RAN1#70. 
· To clarify any confusion, one should note that Pc is defined as a ratio between a hypothetical PDSCH EPRE and the CSI-RS EPRE. Clearly this ratio is associated with a hypothetical PDSCH transmission which CQI reports relate to, and must be defined in the context of CSI-process. Note Pc does not carry any information regarding the absolute power of CSI-RS at all, thus associating Pc to CSI-RS is not consistent with the fundamental definition of Pc.
· If two CSI-processes are associated with one CSI-RS resource but two different IMRs, associating Pc to CSI-process allows the network to compensate for different interference burstiness of two CQIs arising from different interference sources. This is not possible if Pc is defined per CSI-RS resource, which compromises CoMP performance. 

Proposal: 
· Pc to apply in a CSI-process is RRC configurable independently for each CSI-process
· Pc is the assumed ratio of PDSCH EPRE to CSI-RS EPRE when UE derives CSI feedback for the CSI-process. 


Possibility of overlapping/hopping of CSI-IM resources
It was proposed that the REs configured within an IMR may dynamically hop on the time/frequency domain to provide randomises of interference measurement. Herein hopping can be done in two dimensions, 
· Frequency domain: 	REs in an IMR may change from one PRB to another PRB
· Time domain: 		REs in an IMR may change from one subframe to the next subframe. 

The idea of interference measurement hopping can be traced back to Rel-8 single-cell IM on CRS [4]. The problem of Rel-8 IM is that the measured interference may arise from neighbouring cell CRS rather than the actual interference from neighbouring cell PDSCH, and thus tends to be pessimistic. Secondly, the actual inter-cell interference occurrence may be highly bursty and unpredictable due to non-full-buffer traffic. IM resource hopping intends to increase the randomness of interference measurement and improves the CQI accuracy.

The same benefits may be expected for CoMP, although the exact gain in system-level performance is yet to be shown. If hopping is to be supported in Rel.11, it is critical to ensure that specifications as well as eNB/UE implementations are not unnecessarily complicated. One aspect to clarify is whether IMR hopping on different PRBs/subframes shall be completely random or based on a pre-defined pattern. Random hopping requires dynamic signalling of IMR resources and therefore is not attractive. A pre-defined hopping pattern in the time/frequency domain seems more reasonable. Furthermore, it is important to ensure that the IMRs are orthogonal across different subframes/PRBs at least for the same UE. This requirement needs to be taken into account in the design of IMR hopping pattern.

Proposal:
· The IMR hopping pattern in the time/frequency domain shall be clarified to understand the impact on specification, implementation and system-level performance.
· Hopping patterns of different IMRs are preferably coordinated to ensure the orthogonality of IMR in different subframes/PRBs.
Different IMRs are meant to reflect different interference hypotheses. Hence, eNB transmissions on different IMRs should also be different and carefully controlled by the eNB. From the UE side, non-orthogonal IMR is obviously problematic as it’s unclear whether the overlapping REs shall be used for interference measurement or not. From the eNB side, if two IMRs configured to one UE are non-orthogonal, it’s unclear what an eNB shall transmit on the overlapping REs. From this perspective, at least the IMRs configured to one UE shall be orthogonal. 
IMRs configured within a CoMP cluster shall also be orthogonal based on the blanking hypothesis of points within the CoMP cluster. The orthogonality is a cluster-specific property and should be maintained regardless whether the IMRs are configured to the same UE or different UEs. However, when different IMRs are configured to different UEs, how to enforce such a restriction in the specification still needs to be resolved. This problem may be automatically avoided if all IMRs configurable in Rel.11 are orthogonal, e.g. one IMR can only be configured as a Rel.10 ZP CSI-RS resource. 

Proposal
· IMRs configured to one UE shall be orthogonal in all subframes/PRBs.
· IMRs configured within a CoMP cluster shall be orthogonal. FFS how to enforce this requirement.

Conclusions

In this contribution we discussed several outstanding issues regarding CoMP CSI feedback. Based on the discussion our conclusions are summarized in the following. 

Proposal
· Pc to apply in a CSI-process is RRC configurable independently for each CSI-process
· Pc is the assumed ratio of PDSCH EPRE to CSI-RS EPRE when UE derives CSI feedback for the CSI-process. 
· IMRs configured to one UE shall be orthogonal in all subframes/PRBs.
· IMRs configured within a CoMP cluster shall be orthogonal. FFS how to enforce this requirement.
· If IMR hopping is supported: 
· The IMR hopping pattern in the time/frequency domain shall be clarified to understand the impact on specification, implementation and system-level performance.
· Hopping patterns of different IMRs are preferably coordinated to ensure the orthogonality of IMR in different subframes/PRBs.
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