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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#70, 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

· All the IMRs configured for one UE shall together use only REs which can be configured as a single R10 ZP CSI-RS resource configuration. 

· 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 

One remaining issue with regards to the support of IMR in Release 11 is the support of additional IMRs with higher granularity or additional IMRs that may be non-orthogonal to the agreed upon set of IMRs. This contribution summarizes Samsung’s view on the issue.
2 Support for 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.
Proposal1: Additional IMRs using higher granularity than 4 REs per IMR in a PRB pair is not supported in Release 11.

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.

In order to determine the effect of the non-orthogonal IMRs on the performance of CoMP, system level simulation was conducted based on the RAN1 CoMP evaluation methodology. The CoMP scenario under evaluation was scenario 4 with 4 low power RRHs. Additionally, the results were obtained for DPS (dynamic point selection) with DB (dynamic blanking) of the high power RRH. The evaluation results are summarized in Table 1.
Table 1. System level evaluation results of CoMP using orthogonal and non-orthogonal IMRs.

	CoMP Scenario 4
	Orthogonal IMRs
	Non-Orthogonal IMRs

	
	Cell Throughput
	Edge UE Throughput
	Cell Throughput
	Edge UE Throughput

	Clustered Distribution
	13.099 
	0.088 
	12.643 (-3.8%)
	0.078 (-11.4%)

	Uniform Distribution
	9.920 
	0.073 
	9.726 (-2.0%)
	0.067 (-8.2%)


Note that the results for non-orthogonal IMRs in Table 1 were obtained for the IMRs defined in [5]. As described in [5], a total of 6 non-orthogonal IMRs can be defined using 2 zero-power CSI-RS configurations. A total of 9 IMRs derived from the description of [5] was used for the evaluation of each macro cell area. The IMRs were assigned as shown below:

· High power RRH: Single IMR assigned to measure inter-TP interference

· Low power RRH: Two IMRs assigned per RRH

· First IMR for measuring inter-TP interference with interference from high power RRH

· Second IMR for measuring inter-TP interference with no interference from high power RRH
Basically, the CSI reports generated from the two different IMRs would allow the eNB to determine whether or not to apply dynamic blanking of the high power RRH. The results in Table 1 show that the use of non-orthogonal IMRs to measure interference results in a significant performance degradation compared to the case where orthogonal IMRs are used to measure interference. The main reason for the performance degradation is due to the inaccurate interference measurement and consequent CSI reporting that leads to incorrect allocation of RRH resources at the CoMP scheduler.
Based on the evaluation results of Table 1 and obvious increase in UE complexity, we do not see a need for introducing additional IMRs for Release 11. A possible alternative to the non-orthogonal IMRs could be the configuration of IMRs with larger periodicities (ex. 20msec) which would not require further specification support on top of what has been agreed so far.
Proposal2: Additional IMRs not conforming to the zero power CSI-RS patterns or configurations is not supported in Release 11.
3 Conclusions
In this contribution, we discuss the issue of IMR granularity and reuse factor. The following is proposed:
Proposal1: Additional IMRs using higher granularity than 4 REs per IMR in a PRB pair is not supported in Release 11.

Proposal2: Additional IMRs not conforming to the zero power CSI-RS patterns or configurations is not supported in Release 11.
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