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1 Introduction
In 3GPP RAN #53 meeting, the CoMP work item was agreed for Release 11 [1]. In order to provide efficient support of CoMP operations in Release 11, a number of features are to be introduced. Among such features is the support for the downlink interference measurement. In Release 11, instead of relying solely on UE implementation to measure and reflect the effect of interference on the CSI reports, a set of REs referred to as Interference Measurement Resource (IMR) will be defined and configured to a UE for the purpose of interference measurement. As of RAN1#70bis, the following were agreed:
· The REs of an IMR are REs which can be configured as a ZP CSI-RS resource.
· IMR configuration: 

· Each IMR is configured independently with a R10 subframeConfig and a R10 resourceConfig, where resourceConfig is for 4 REs

· For the purpose of interference measurement on an IMR, the UE shall assume that all signals received on the REs of the IMR are interference.

· Further details of how the UE measures the interference on IMR are left to the UE implementation 

This contribution discusses some additional details on the configuration of IMRs and consequent interference measurement at UEs with respect to overlap of IMRs and non-zero power CSI-RSs.
2 Overlap of IMRs and Non-Zero Power CSI-RSs
The overlap of IMRs and non-zero power CSI-RS refers to the case where the configuration of an IMR and a non-zero power CSI-RS are such that there is overlap in the REs of these two configurations. Figure 1 shows an example of such overlap.
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Figure 1. Overlap of IMR and non-zero power CSI-RS REs for a UE.
The question from a UE operation point of view is how to deal with such configurations. A straightforward approach would be to perform interference measurement regardless of whether or not IMR and non-zero power CSI-RS collides. In this approach, the UE would be measuring the non-zero power CSI-RS as interference. While the approach is simple, it may have some problematic issues that require further consideration. In order to determine whether such an approach should be allowed from a specification point of view, we discuss several cases of such overlap between the REs of an IMR and the REs of CSI-RS.
The overlap of IMR and non-zero power CSI-RS REs can be categorized into two different cases.

· Case 1: Overlapping IMR and CSI-RS belong to the same CSI process

· Case 2: Overlapping IMR and CSI-RS belong to different CSI processes

For Case 1, the UE would be measuring channel and interference from the same source. In other words, since the colliding IMR and CSI-RS belong to the same CSI process, the UE would be measuring useful signal energy and interference magnitude from the same signal. CSI reports from such measurement seem useless in any case.
Proposal 1: UE should not measure interference on IMR that is overlapping with a non-zero power CSI-RS of the same CSI process.

For Case 2, the UE would be measuring channel and interference from two different sources. Measuring an interfering TP’s non-zero power CSI-RS as interference would qualify as measuring inter-TP interference. However, non-zero power CSI-RS may have a different transmission gain compared to PDSCH. It is expected that the network can use the parameter Pc to adequately calibrate the UE’s CSI aggressiveness. However, for proper operation, the range of Pc should be carefully chosen with this factor in mind.
Proposal 2: Range of Pc should be carefully chosen to adequately handle the case of interference measurement on IMR that is overlapping with a non-zero power CSI-RS of a different CSI process.

Another issue to consider is the partial overlapping case, where only 2 REs of an IMR overlap with non-zero power CSI-RS as shown in Figure 2.
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Figure 2. Partial overlap of IMR and non-zero power CSI-RS for a UE.
Figure 2 shows that the interference measured by the UE on a single IMR can be different depending on whether or not there is overlap with a non-zero power CSI-RS. In Figure 2, the interference measured on the single IMR configuration can be summarized as

· Upper pair of IMR REs measures interference from non-zero power CSI-RS
· Lower pair of IMR REs measures interference from PDSCH

The transmission power on PDSCH and CSI-RS can be quite different. Additionally, the transmission of PDSCH is always dependent on the traffic load and is typically intermittent in the time domain. Therefore, if the UE was to make measurement on the IMR of Figure 2, it would end up averaging two very different interference sources with different ON/OFF characteristics and transmission powers. Considering the above, it is hard to imagine a use case for such an interference measurement in CoMP.
Proposal 3: UE should not make interference measurement on IMR that is partially overlapping with a non-zero power CSI-RS.

A possible alternative to Proposal 3 would be to measure interference only on the non-overlapping REs of an IMR. In Figure 2, it would mean that the UE would measure interference only on the lower pair of IMR REs. The issue with measuring interference only on the REs of an IMR that do not overlap with a non-zero power CSI-RS is whether sufficient interference measurement accuracy can be met even with the smaller number of REs. Another alternative would be to define the IMR configuration in the specification such that there is no overlap of REs of an IMR and REs of a non-zero power CSI-RS in any case.

3 Conclusions
This contribution discusses some additional details on the configuration of IMRs and consequent interference measurement at UEs with respect to collision of IMRs and non-zero power CSI-RSs. Following proposals are made:
Proposal 1: UE should not make interference measurement on IMR that is colliding with a non-zero power CSI-RS of the same CSI process.

Proposal 2: Range of Pc should be carefully chosen to adequately handle the case of interference measurement on IMR that is colliding with a non-zero power CSI-RS of a different CSI process.

Proposal 3: UE should not make interference measurement on IMR that is partially colliding with a non-zero power CSI-RS.
An alternative to the above proposals would be to define the IMR configuration in the specification such that there is no overlap of REs of an IMR and REs of a non-zero power CSI-RS in any case.
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