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1 Introduction
The agreements for CSI-RS from the RAN1#70 meeting are summarized as follows:

	Agreement:
· Per-port configuration of NZP CSI-RS parameter is not supported in Rel-11.
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The subframe offset (ns) in CSI-RS sequence initialization is interpreted in the same way as in Rel-10.

· Except antennaPortsCount, ResourceConfig, SubframeConfig, Pc and        , no other information is included in the NZP CSI-RS resource configuration in Rel-11. 

· Whether and how to add numerical identification to NZP CSI-RS resource is up to RAN2. 
· FFS (in separate agenda) whether or not Pc is independently configured per CSI Process (or other different but equivalent terminology). 

Agreements:

· Definition: A CSI process is a combination of a NZP CSI-RS resource and an IMR. A given CSI process can be used by periodic and/or aperiodic reporting. 



In this contribution, we will discuss the Pc configuration.
2 Discussion
In order to achieve high CoMP gain for a UE, the network should determine a suitable CoMP scheme based on the CSI feedback of the UE. A CSI process consists of a channel part and an interference part, and different CoMP scheme may associate with different interference hypothesis. To facilitate interference measurement for CoMP, interference measurement resource (IMR) is defined as follow:
· 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
According to the agreement mentioned above, if the interference estimation only relies on IMR, each interference hypothesis should be associated only with an IMR. For example, in Fig. 1a, IMR-3 and IMR-2 are configured to measure the interference from TP1 and TP2, respectively, while IMR-1 is configured to measure the interference out of the CoMP measurement set. In a HetNet deployment with one macro cell and 4 pico cells, if the size of the CoMP measurement set is up to 3, up to 25 IMRs are required for supporting direct interference measurement, which may result in a large IMR overhead.

To reduce the IMR overhead, NZP CSI-RS can be use to assist interference measurement. As illustrated in Fig. 1b, the interference from TP1 and TP2 can be measured from the NZP CSI-RS resource of CFG-1 and CFG-2 that are designated for channel measurement. Then, only one IMR resource (i.e. IMR-1 of Fig. 1b) is needed for measuring the interference outside CoMP measurement set. As a result, the IMR overhead can be greatly reduced..
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Fig. 1a: IMR without NZP CSI-RS.                              Fig. 1b: IMR with NZP CSI-RS.
Observation: Exploiting NZP CSI-RS to assist interference measurement for CoMP is beneficial for reduction of IMR overhead.

However, indirect measurement (i.e. through NZP CSI-RS) may introduce additional measurement errors between the estimated interference from the NZP CSI-RS and the actual interference imposed from PDSCH. For example, suppose the case that UE is receiving the data from TP1, and meanwhile suffering the interference from TP2 and TP3. Although the interference measurement result can be obtained by IMR-1, as illustrated in Table 1, it results in large IMR overhead as discussed earlier. Alternatively, NZP CSI-RS2 and NZP CSI-RS3 can instead be used to measure the interference, as indicated by CFG-2 and CFG-3 in Table 1. But the interference outside the CoMP measurement may be overestimated, since the interference power outside the measurement set is unnecessarily double counted under the combination of CFG-2 and CFG-3. Thus, more estimation errors may occur in comparison to the direct measurement method. Furthermore, the receive power of CSI-RS and PDSCH may be different. More specifically, the PDSCH is precoded and may be transmitted with a different transmission power, e.g. power boosting.
Table 1: Example CSI-RS configurations for channel measurement and interference measurement.
	CSI-RS configuration
	Purpose
	TP1
	TP2
	TP3

	CFG-1
	Channel measurement for TP1
	NZP CSI-RS1
	ZP CSI-RS
	ZP CSI-RS

	CFG-2
	Channel measurement for TP2
	ZP CSI-RS
	NZP CSI-RS2
	ZP CSI-RS

	CFG-3
	Channel measurement for TP3
	ZP CSI-RS
	ZP CSI-RS
	NZP CSI-RS3

	IMR-1
	Interference measurement
	ZP CSI-RS
	DATA
	DATA


In order to compensate the measurement gap, it is necessary to allow eNB to configure the parameter Pc to UE. Pc is defined in [3] as the assumed ratio of PDSCH ERPE to CSI-RS EPRE when UE derives CSI feedback. With this parameter, the UE is able to estimate the receiving power level of PDSCH from each NZP CSI-RS. More specifically, there could be two sets of Pc for the NZP CSI-RS2 and NZP CSI-RS3 as shown in the above example, where one is used for channel measurement, and the other for interference measurement. In order to achieve this, it is necessary to allow Pc to be configured independently for each CSI Process.
Proposal 1: It is prefer to allow Pc to be configured independently for each CSI Process for interference measurement.
3 Conclusion

In this contribution, we will discuss Pc configuration and CSI-IM. Our proposals are summarized as follows:
Proposal 1: It is prefer to allow Pc to be configured independently for each CSI Process for interference measurement.
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