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1 Introduction
In 3GPP RAN #53 meeting, the CoMP work item was agreed for Release 11 [1]. The following are some of the issues agreed for Release 11 CoMP:

· Specify the support of intra- and inter-cell downlink CoMP for homogenous and heterogeneous configurations studied in the CoMP study item. 

· The work for specifying CoMP support in Rel-11 should focus on
· Joint transmission

· Dynamic point selection, including dynamic point blanking

· Coordinated scheduling/beamforming, including dynamic point blanking

In addition, it was agreed that one of the objectives of Release 11 CoMP WI should be to provide
· Specification in support of DL CoMP operation potentially including: 

· Enhancements and requirements on downlink reference signals 

· enhancements to improve interference measurements

· enhancements to identify and measure the downlink channel status of multiple transmission points
· consider performance requirements for flexible mapping of antenna ports to transmission points

This contribution discusses the interference measurement for CoMP for the case of multiple TPs (Transmission Points) sharing a common Cell ID.
2 Interference Measurement
In Release 8, 9, and 10, interference measurement has been to a large extent a UE implementation issue based on CRS. The inter-cell interference from neighbouring cells can be measured using different implementation methods such as assessing the interference level from excessive delay components of the serving cell’s CRS or directly measuring the CRS transmitted by the interfering cells. Such mechanisms for interference measurement can be also applied for Release 11 CoMP scenarios 1, 2, and 3 since each TP in these scenarios has its own CRS. However, this is not the case for scenario 4 where multiple TPs may share the same Cell ID and as a consequence identical CRS sequence is transmitted from two geographically separated TPs. Figure 1 shows an interference situation under CoMP scenario 4.
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Figure 1. Interference situation under CoMP Scenario 4.
In Figure 1, the UE is receiving or intending to receive PDSCH transmission from TP1 and therefore receives interference from 
· TPs with Cell ID=X which are the TPs in the same macro area sharing the same Cell ID
· TPs with Cell ID≠X which are the TPs in the neighbouring macro area
Although TPs 0, 2, 3, and 4 generate interference to the UE when PDSCH is transmitted from TP1 to the UE, all the TPs transmit identical CRS sequence and as a result interference from these TPs cannot be assessed accurately by simply relying on Release 8, 9, 10 interference estimation schemes based on CRS. One alternative to measuring interference from CRS would be to measure it from CSI-RS. This alternative might not require any specification support. However, one issue with measuring interference from CSI-RS is that there is always a chance of nearby TPs deploying PDSCH RE muting to avoid inter-TP interference on CSI-RS making it impossible for the UE to measure the inter-TP interference from CSI-RS since there is none.

The consequence of inaccurate interference estimation in CoMP scenarios may be especially harsh to CoMP UEs since they are more likely to be located in regions where the interference level is high and an accurate estimation is necessary for efficient interference management. Based on the above observation, we propose that specification support be provided in Release 11 that allows simple and accurate interference measurement from neighbouring TPs with shared Cell ID.
Proposal: Specification should support means for accurate interference measurement at the UE for TPs that share the same Cell ID.
2.1 Interference Measurement on Muted Resources
One possible method to reliably measure the interference from neighbouring TPs that share the same Cell ID is to define a set of REs for interference measurement. These resources will be muted off from the TP that is to serve the UE and would facilitate the UE to measure the interference that is generated from the other TPs. Since the set of REs are muted off from the TP that is to serve the UE, the only signal that the UE can receive from these REs would be the transmission from the other TPs which are inter-TP interference. The PDSCH RE muting feature which was adopted Release 10 can be utilized for this purpose. Figure 2 shows how REs which can be used for inter-TP interference measurement is allocated in a TP specific manner to 5 TPs with a shared Cell ID.
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Figure 2. TP specific interference measurement resources.
The UE in Figure 2 which is receiving or intending to receive PDSCH transmission from TP1 would be notified via RRC signalling that it should use the orange resources for interference measurement. TP1 will mute off these orange resources allowing the UE to receive the interference generated from the other TPs with same Cell ID. Note that in addition to the interference from the other TPs with the same Cell ID, the UE will be able to receive the interference from other cells allowing a single interference measurement for both inter-cell and inter-TP (same Cell ID) interference.
The specification support needed to realize the above is the definition of interference measurement resources and the RRC signalling that notifies of these resources to the UE. The interference measurement resources would be defined as one of multiple PDSCH RE muting (or zero power CSI-RS) patterns that are already available in Release 10. Not defining a new set of patterns and just reusing the existing PDSCH RE muting patterns has the benefit that it can be realized without any backward compatibility issues to Release 10. Therefore, a single set of interference measurement resources would be one of 10 PDSCH RE muting patterns (in FDD) and would require an overhead of 4 REs per PRB pair for subframes with such interference measurement resources. The time periodicity of these interference measurement resources does not have to short resulting in a typically small overhead (ex: 0.2% wireless resources for periodicity of 10msec).
Additionally, in order to allow the UE to measure for different interference situations, it would be beneficial to allow the definition of multiple interference measurement resources. For example, the CoMP schemes discussed in [2~3] supported dynamic blanking which turns off the transmission power of a certain TP for the benefit of UEs receiving PDSCH from other TPs. In such cases, it would be necessary to measure a common CSI-RS from a single TP but have multiple interference measurement resources take can accurately reflect the different inter-TP interference of the case when there is no blanking and when there is blanking. For example, a UE might be configured as follows:
Table 1. Example of CSI-RS and interference measurement resource configuration.
	Configured CSI-RS
	Configured Interference Measurement Resources
	Interference from other TPs

(with reference to Figure 2)

	CSI-RS configuration A
	PDSCH RE Muting Pattern B
	Interference from TPs 0, 2, 3, 4

	
	PDSCH RE Muting Pattern C
	Interference from TPs 2, 3, 4
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Figure 3. Example of CSI-RS and interference measurement resource configuration within a PRB pair.
In Table 1, the UE is notified of two interference measurement resources which can be used to assess interference levels for different cases. For example, one of the resources in Table 1 and Figure 3 (PDSCH RE Muting Pattern B) would be used to assess the interference level for the case where the transmission of the high power TP (TP0) in Figure 2 is not blanked while the other resource (PDSCH RE Muting Pattern C) is used to assess the interference level for the case where the transmission of the high power TP is blanked. Accordingly, the network will configure PDSCH muting on Muting Pattern C for the transmission of TP0 to effectively avoid any interference being generated from TP0. As such, in order to allow the UE to accurately measure the interference from the intended sources, the network can appropriately apply muting on the interfering TPs. This would allow the UE to determine different sets of channel status information which may be conveyed to the eNB for efficient resource allocation in CoMP. Note that only a single CSI-RS is configured since the UE needs to measure the CSI for the same TP with two different sets of interference sources.
As shown above, utilizing PDSCH RE muting allows an efficient means of measuring the interference between different TPs. From the network’s perspective, such a scheme allows the network to allocate any interference that it sees appropriate. An example is provided above for dynamic blanking. Additionally, flexible interference allocation for JT and CS/CB are also possible. From a UE’s perspective, the above scheme has advantages in that a UE does not need to perform interference measurement differently for different CoMP schemes or network implementations, it will measure whatever interference that is present in an interference measurement resource using its proprietary interference measurement scheme. In terms of specification support, the above scheme will not mandate an interference measurement scheme but only the resources on which interference is measured on.
Proposal: Support interference measurement resources in R11 to support flexible and efficient measurement of inter-TP interference. Each interference measurement resource should correspond to a PDSCH RE muting pattern.
3 Conclusions
In order to support efficient CoMP operation in Release 11 for CoMP scenario 4 (multiple TPs with shared Cell ID), specification support for inter-TP interference measurement among TPs with same Cell ID should be provided. This contribution proposes an interference measurement scheme that utilizes PDSCH RE muting. UEs are configured with a set of interference measurement resources which are essentially REs on which transmission from the serving TP is not made. This would allow UEs to measure the inter-TP interference generated from the neighbouring TPs which have the same Cell ID as the serving TP. It is further proposed that rather than defining a new set of resources, the PDSCH RE muting patterns that were adopted in Release 10 are used for this purpose in order to avoid any backward compatibility issues with Release 10.
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