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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 IMR granularity and reuse factor.
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.

Using the IMRs based on zero-power CSI-RS configuration, a single subframe can support up to 10 individual IMRs. Assuming a duty cycle of 10 msec, the reuse factor of IMR can be as high as 100. Higher reuse factor can be achieved if the duty cycle of IMR is increased beyond 10 msec. In [3], it was shown that interference measurement based on zero-power CSI-RS provides better accuracy than the measurements based on CRS or non-zero power CSI-RS as long as the duty cycle in 20 msec or lower. An IMR of duty cycle 20 msec can support a reuse factor of IMR as high as 200. Additionally, in [4], evaluation results again demonstrate that interference measurement based on zero power CSI-RS of duty cycle 10 msec is significantly better than the measurement based on CRS.
Proposal1: As baseline, each IMR should correspond to the 4 REs of a single zero power CSI-RS configuration.
3 Additional IMRs

Additional IMRs can be defined by one of two approaches:
· IMRs of higher granularity (ex. 2 REs per IMR)

· IMRs not conforming to the zero power CSI-RS patterns or configurations
IMRs of higher granularity can be achieved by defining IMRs which utilize smaller number of REs. An example of IMRs of higher granularity is shown in Figure 1 where an IMR corresponds to a single CSI-RS pattern that supports 2 CSI-RS ports.
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Figure 1. IMRs based on zero power CSI-RS (4 REs/IMR) and IMRs with higher granularity (2 REs/IMR).

The obvious benefit of the IMRs with higher granularity would be that higher reuse factor can be achieved. However, it is unclear if sufficient interference measurement accuracy can be achieved with the smaller number of REs. More specifically, it is not clear whether an IMR with finer granularity would meet the necessary measurement accuracy for larger duty cycles. An additional drawback is the larger RRC signalling overhead due to the larger number of IMRs. At this point, we think that IMRs of higher granularity is not warranted and 4 REs per IMR in a PRB pair is a good compromise of interference measurement accuracy and overhead.
Another approach to support additional IMRs is by defining IMRs which do not conform to the zero power CSI-RS patterns or configurations. This can be done introducing randomness in the IMRs. One of the following can be applied:

· Randomized IMR patterns
· Randomized IMR subframe
Figure 2 shows an example of randomized IMR patterns. Note that the patterns defined in Figure 2 are only an example. Theoretically, there are more than 90,000 different patterns per subframe that can be defined using the 40 REs which can be defined as one or more zero power CSI-RSs.
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Figure 2. Randomized IMR patterns for granularity of REs per IMR in a PRB pair.
Randomizing IMR subframe is another method to support higher additional IMR reuse factor. Instead of using a fixed periodic timing for IMR, subframes which carry IMR can be randomized within a configured period.
While the above approaches can increase the IMR reuse factor, it is unclear at this point if such increase is indeed necessary. What is clear is that supporting such approaches will inevitably have an adverse impact on UE complexity in the area of interference measurement and/or PDSCH rate matching. Additionally, even if the number of IMRs can be increased by introducing randomness, the overall impact on the system may not be significant since the number of IMRs which partially collide with each other has now increased.

Proposal2: Additional IMRs using higher granularity than 4 REs per IMR in a PRB pair is not supported in Release 11.

Proposal3: Additional IMRs not conforming to the zero power CSI-RS patterns or configurations is not supported in Release 11.

4 Conclusions
In this contribution, we discuss the issue of IMR granularity and reuse factor. The following is proposed:
Proposal1: As baseline, each IMR should correspond to the 4 REs of a single zero power CSI-RS configuration.

Proposal2: Additional IMRs using higher granularity than 4 REs per IMR in a PRB pair is not supported in Release 11.

Proposal3: Additional IMRs not conforming to the zero power CSI-RS patterns or configurations is not supported in Release 11.
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