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1. Introduction

In previous meeting, issues regarding CoMP CQI definition are not discussed, but related issues regarding working assumption for CoMP feedback and interference measurement were discussed and some agreements were made as follows:

· Working assumption for CoMP feedback:
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 

Note that use of SRS may be taken into account when reaching further agreements on the above. 
Agreement:

- CSI feedback for CoMP uses at least per-CSI-RS-resource feedback. 

· Interference measurement:
Conclusions:

- The support provided in Rel-10 for interference measurements is not satisfactory for Rel-11.

- Interference measurements using CRS REs alone are not satisfactory for Rel-11.
Agreement:
- Specify in RAN1 specifications the possibility to UE-specifically configure specific REs for interference measurement. 
- Study further until RAN1#68 which REs to use. 

In this contribution, considering the above agreements and conclusions, we discuss interference assumption for CQI calculation. In section 2, we explain the necessity of new CQI definition in which no interference from CoMP cooperating cells/points is assumed. The key property of the CoMP CQI is to be scalable so that eNB can flexibly choose an optimal CoMP scheme based on channel and network condition and can recalculate adequate CQI value. Thus, we consider new CQI definition mainly in terms of scalability. In the following section, we discuss interference assumption for CQI reference resource in the case where interference measurement RE is introduced. 
2. Definition of per-CSI-RS-resource CQI
According to current agreement on CoMP CSI feedback, CoMP UE generates and reports at least per-CSI-RS-resource CSI to eNB. One of important discussion points regarding this issue is whether the received signal power from cooperative transmission points is reflected in each CQI as interference. In non-CoMP system, it is obvious that CQI indicates the ratio of received signal power from a serving transmission point, or a serving cell, and received signal power except from the serving TP since all of TPs except for the serving TP cause interference. However, as interference from cooperative transmission points, regardless of whether they transmit desired signal directly or not, can be greatly mitigated in CoMP system, such CQI could not be effective anymore and new CQI definition should be needed to guarantee CoMP gain. Therefore, CoMP UE should report scalable form of CQI which can be easily recalculated at a network side based on an actual CoMP scheme.
In our view, UE should assume that interference only comes from the outside of CoMP cooperating set
 when calculating CQI to make scalable and general form of CQI. In other words, UE should report per-CSI-RS-resource CQI assuming no interference from cooperative transmission points as follows:
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where ui, Hi, vi, xi are received beamforming vector, channel matrix, transmit beamforming vector, and data respectively. Also, NC is a set of non-cooperative transmission points and n is noise.
With this type of CQI, eNB can more easily compensate reported CQI by adding proper interference from cooperative TPs in the case of CS/CB or DPS w/o muting. In other words, eNB estimates the actual CQI achievable by CS/CB operation by adding the estimated interference leakage from the coordination points to the concerned UE. Also, in DPS w/o muting case, eNB can compensate CQI by adding interference power from cooperation points, which other CSI-RS resource CQI represents. Furthermore, this CQI definition seems more adequate in interference-free CoMP schemes such as JT and DPS w/ muting. For example, in JT case, eNB do not need to recalculate noise plus interference part of CQI and only need to estimate the power of desired signal transmitted from multiple transmission points. Also, in DPS w/ muting, eNB just uses reported CQI without any recalculation to set appropriate MCS level. More detail explanation on CQI compensation from this type of CQI is in [1,2].

Moreover, configurable UE specific resources for CoMP interference measurement are actively discussed and Rel-10 feature for supporting this interference measurement, i.e., zero-power CSI-RS, has already existed. Therefore, with these advanced interference measurement methods, Rel-11 UE can measure the denominator of 
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 without difficulty. Interference measurement issue is discussed further in [3]. If zero-power CSI-RS is configured cell-specifically, not UE-specifically, interference measured from configured zero-power CSI-RS could not be the same as interference from the outside of CoMP cooperating set. In this case, UE can adjust the measured interference by adding or subtracting the interference from certain cells or TPs in order to estimate the interference from the outside of CoMP cooperating set. A detail explanation is written in [3].
Proposal 1: For scalable CSI feedback, UE should report per-CSI-RS-resource CQI in which interference from CoMP cooperating set is not counted.
3. Interference assumption for CQI reference resource
One promising method to measure interference for CoMP CSI calculation is to use muting RE such as zero-power CSI-RS. As muting RE is considered interference measurement resource, current CQI definition in [4], in which UE procedure for measuring interference is described very ambiguously, needs to be revised. In other words, not only desired channel, which is estimated from configured CSI-RS in TM 9 case, but also interference should be estimated from a set of restricted resources. Note that the new interference measurement RE concept seems not compatible with the current way of describing [4]. Clear descriptions on UE behavior for interference measurement should be embraced in [4] somehow. To calculate CoMP CQI accurately, UE needs to estimate the interference at CQI reference resource from the configured interference measurement REs. 
Proposal 2: When calculating CQI, UE needs to assume that the interference at CQI reference resource is the same as the interference derived only from configured interference measurement REs.
Figure 1 describes S-part and I-part measurement for CQI calculation when muting RE for interference measurement is configured. In this figure, subframe 10 is CQI reference resource and UE estimates desired channel, through which PDSCH on CQI reference resource is transmitted, from CSI-RS at subframe 1 and 6. Also, in order to correctly estimate the amount of the interference that the PDSCH may suffer from, UE refers to interference measurement REs configured at subframe 0, 5 and 10. 
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Figure 1. CQI calculation in TM 9
Also, we should consider the impact of eICIC on interference measurement for CoMP CQI calculation. Even if a certain interference measurement RE is configured to UE, interference characteristic on that RE can vary considerably depending on whether the RE is located in a ABS subframe or a normal subframe. For example, in Figure 1, if even subframes are ABS subframes and odd subframes are normal subframes, then interference characteristic at muting RE on subframe 0 and 10 and that on subframe 5 are totally different. Accordingly, we need to take into account eICIC when discussing the interference assumption on CQI reference resource. This issue is further discussed in [5].
Proposal 3: The impact of eICIC on interference measurement for CoMP CQI calculation should be carefully considered.
4. Conclusion
This contribution discussed interference assumption for CoMP CQI calculation. The following proposals were made based on the discussion: 
Proposal 1: For scalable CSI feedback, UE should report per-CSI-RS-resource CQI in which interference from CoMP cooperating set is not counted.
Proposal 2: When calculating CQI, UE needs to assume that the interference at CQI reference resource is the same as the interference derived only from configured interference measurement REs.
Proposal 3: The impact of eICIC on interference measurement for CoMP CQI calculation should be carefully considered.
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� Set of (geographically separated) points directly or indirectly participating in PDSCH transmission to UE.
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