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1. Introduction

In this contribution, we mainly discuss interference assumption for CQI calculation: scalable CQI vs. CoMP hypothesis based CQI. In section 2, we explain the necessity of scalable CQI in which multiple CQIs are calculated under a common interference assumption, i.e., no interference from CoMP measurement set. In our view, 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. In the following section, we discuss interference assumption for CQI reference resource.
2. Scalable CQI vs. CoMP hypothesis based 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 to allow the received signal power from cooperative transmission points to be 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, we discuss two alternatives of CoMP CQI definition: scalable CQI and CoMP hypothesis based CQI.
· Scalable CQI

In our view, UE should assume that interference only comes from the outside of CoMP measurement set when calculating CQI in order 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 [1,6].

Moreover, CSI feedback overhead is minimized by using scalable CQI because UE reports a single CQI per CSI-RS. On the other hand, there are so many CoMP hypotheses that feedback overhead for CoMP hypothesis based CQI is significant. Moreover, the overhead increases exponentially as the size of CoMP measurement set increases. It is possible to reduce feedback overhead of CoMP hypothesis based CQI as UE reports a part of CoMP hypothesis based CQIs but it is hardly expected that eNB can recalculate CQI for other CoMP schemes by using reported CQIs. Thus, this solution seems not appropriate in terms of scheduling flexibility. Given that CoMP feedback overhead is a critical issue, scalable CQI seems to provide a more suitable solution than hypothesis based CQI. 
If ranks corresponding to multiple CSI-RS are high or different from each other, CQI compensation with scalable CQI at eNB side might be inaccurate. To prevent this problem, we consider rank 1 restriction or common rank restriction as stated in [4]. In simulation, we observe that significant CoMP gain is achieved with scalable CQI and rank 1 restriction [6,7].

Since CoMP UE only needs to measure interference outside its CoMP measurement set to determine scalable CQIs, single IMR (interference measurement resource) per UE is enough and there is no need to indicate SMR (signal measurement resource) and IMR association. Further details relating to IMR are discussed in [3].
· CoMP hypothesis-based CQI
CoMP UE can generate multiple CQIs, each of them being calculated under different interference assumption. For example, when determining CQI targeting DPS UE assumes interference came from the outside of a TP transmitting desired data and when calculating CQI targeting DPB, it assumes interference outside CoMP measurement set. 
This type of CQI can be more accurate than scalable CQI since UE generates optimized CSIs to each CoMP scheme but it increases feedback overhead as stated above. In order to reduce feedback overhead, UE can only calculate CoMP hypothesis-based CQIs under the same PMI and RI [5] but it still causes feedback overhead increase compared to scalable CQI and requires a new reporting type to convey the additional CQIs. In order to justify the necessity of additional CQI for DPS, it is needed to carefully evaluate how much CoMP performance is enhanced with the DPS CQI, first. Thus, we need to carefully consider increasing feedback overhead and low scheduling flexibility that CoMP hypothesis-based CQI involves before introducing it in Rel-11.
As mentioned above, eNB can recalculate various CQIs such as one targeting DPS/DPB by using scalable CQIs. However, one concern regarding on CQI compensation at eNB side is that it is hard for eNB to compensate actual CQI in non-coherent JT case since eNB does not know whether desired signals transmitted from multiple TPs combine constructively or destructively. Therefore, we consider only aggregated CQI among CoMP hypothesis-based CQI reasonable if it guarantees considerable JT CoMP gain. 
Proposal 1: CQI for CoMP should be in the form of scalable one in which only received power outside CoMP measurement set is counted as interference.
3. Interference assumption for CQI reference resource
One promising method to measure interference for CoMP CSI calculation is to use zero-power CSI-RS. As ZP CSI-RS is considered interference measurement resource, current CQI definition in [2], 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 resource concept seems not compatible with the current way of describing [2]. Clear descriptions on UE behavior for interference measurement should be embraced in [2] somehow. To calculate CoMP CQI accurately, UE needs to estimate the interference at CQI reference resource from the configured interference measurement resource. 
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 resource
Figure 1 describes S-part and I-part measurement for CQI calculation when ZP CSI-RS 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 [3].
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: CQI for CoMP should be in the form of scalable one in which only received power outside CoMP measurement set is counted as interference.
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 resource.
Proposal 3: The impact of eICIC on interference measurement for CoMP CQI calculation should be carefully considered.
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