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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#68bis, the following were agreed:
· Each IMR consists of only REs which can be configured as Rel-10 CSI-RS resources

· Each CSI is configured by the association of

· Channel part: one NZP CSI-RS resource in CoMP Measurement Set

· Interference part: 

· One Interference Measurement Resource (IMR) which occupies a subset of REs configured as Rel-10 ZP CSI-RS

· FFS whether one or two NZP CSI-RS resources can be configured, on which ports the UE assumes the transmission of an isotropic signal to be considered as interference in addition to the interference measured on the configured IMR

In addition to the details in the above agreements, further details on IMR for the following issues are required. 
· Whether one or two NZP CSI-RS resources can be configured for the interference part of CSI feedback, on which ports the UE assumes the transmission of an isotropic signal to be considered as interference in addition to the interference measured on the configured IMR

· IMR granularity and re-use factor
This contribution discusses the issue of utilizing non-zero power CSI-RS(s) for measuring the inter-TP interference.
2 IMR Based on Zero Power CSI-RS
In Release 10, a set of REs were defined as patterns for transmitting CSI-RS of 1, 2, 4, or 8 ports. Among such REs CSI-RS patterns, those of 4 ports were additionally defined as zero power CSI-RSs. These zero power CSI-RS patterns are configured to the UE using a bitmap field and are essentially REs which are not used for transmission of PDSCH in Release 10. As discussed in [2], it is proposed that zero power CSI-RSs be used as a baseline for the definition of IMR in Release 11. Each IMR would correspond to one of multiple zero power CSI-RSs and configured to a UE using UE specific signalling. As discussed in [2], using zero power CSI-RS and IMR has a number of advantages. 
· Allows the measurement of interference generated from geographically separated transmission points (TPs) belonging to the same cell (CoMP scenario 4).

· Minimizes adverse impact to Release 10 UEs since an IMR can be configured as a zero power CSI-RS for Release 10 UEs.
· Provides the network with a flexible means to control the interference measured by a UE.

As discussed in [2], configuration of IMR should be done in a UE specific manner using RRC signalling for each CSI process. Therefore, each CSI-RS process would have a single non-zero power CSI-RS for channel measurement and a single IMR for interference measurement. Being able to configure different IMRs to different CSI processes provides the network with the flexibility to control the interference that the UE measures depending on the implemented coordination scheme.
Proposal: As baseline, each IMR should correspond to the 4 REs of a single zero power CSI-RS configuration and configured in a UE specific manner for each CSI process.
3 Interference Assumptions Based on Non-zero Power CSI-RS
The basic role of an IMR (based on zero-power CSI-RS) is to provide the UE with an adequate interference assumption when generating the CQI/PMI/RI. If the network prefers that the UE reports additional CSI based on a different interference assumption for the support of CoMP, the network can configure another IMR where the UE can measure a different interference. Another approach to configure a UE to use different interference assumptions is by the use of emulated interference as proposed in [3]. By different combinations of the interference measured from IMR and the emulated interference(s), the UE can determine different interference assumptions for different CSI processes. An example of obtaining different interference assumptions by combination of emulated interferences and interference measured from IMR is shown in Table 1 for two transmission points TP1 and TP2.
Table 1. Different interference assumptions from different combinations of emulated interferences and interference measured from IMR.

	Interference Assumptions
	Measured Interference
	Use Case

	1
	Interference measured from IMR only
	Used to determine CSI for the case where either TP is blanking or joint transmission is done

	2
	Interference measured from IMR and emulated interference from CSI-RS1 (TP1)
	Used to determine CSI for the case where TP2 is transmitting and TP1 is interfering

	3
	Interference measured from IMR and emulated interference from CSI-RS2 (TP2)
	Used to determine CSI for the case where TP1 is transmitting and TP2 is interfering


The emulated interference from the non-zero power CSI-RS(s) can supplement the interference measured from IMR. Note that the same interference assumptions can also be configured and realized without using emulated interference by using multiple IMRs. The difference with the scheme using only IMRs and the scheme of Table 1 is that less wireless resources are necessary for the scheme exemplified in Table 1 since only one IMR is necessary and the non-zero power CSI-RSs are necessary for both schemes anyway.

Although there is some benefit by using emulated interference derived from non-zero power CSI-RS(s), the support of this feature would require additional specification support on top of what is needed to support IMR(s). One such area is the need for additional RRC signalling as part of CSI process configuration to indicate which non-zero power CSI-RS(s) is to be use for obtaining the emulated interference. Without such signalling, the specification would have to design an implicit method that assigns non-zero power CSI-RS(s) for interference emulation without indication of network preference. Such a scheme would be very inflexible and undesirable. Another aspect that needs specification support would be the definition of a new ratio that scales the measured interference from the non-zero power CSI-RS. This ratio would be conveyed to the UE using RRC signalling and whenever a UE measures a non-zero power CSI-RS to generate emulated interference, this ratio would be used to scale up or down the measured interference. Without this additional specification support, the UE might report back incorrect assessment of the interference level if the non-zero power CSI-RS on which interference measurement is taken is power boosted.
Observation: Additional specification support would be required to support interference assumptions based on non-zero power CSI-RS(s).

4 Conclusions
In this contribution, we discuss the issue of interference assumptions based on non-zero power CSI-RS. For the support of CoMP, IMR(s) should be used as the baseline method for measuring interference between neighboring transmission points. It is further proposed that each IMR correspond to the 4 REs of a single zero power CSI-RS configuration. The use of IMRs based on zero power CSI-RS provides the network with a flexible method of controlling the interference assumptions at the UE. Additional interference assumptions may be possible by using non-zero power CSI-RS configurations. However, such an approach would require additional specification support on top of what is necessary for IMR(s). Specifically, additional RRC signalling would need to be defined to indicate the UE which non-zero power CSI-RS(s) to use for interference emulation and also to indicate the value of the scale factor that is to be applied on the measured interference to obtain the emulated interference level.
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