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1. Introduction

At RAN1 #66bis meeting, the following working assumption was agreed:
· Allow multiple non-zero-power CSI-RS resources to be configured to a Rel-11 UE by dedicated signalling at least for CSI feedback.
This contribution further investigates the relevant issues in CSI-RS configuration, including the configuration design aspects relating to CSI feedback, UL power control and interference measurement.
2. Parameters in non-zero power CSI-RS configuration
As part of continuing discussion of [1], our view on non-zero power CSI-RS configuration is given below. 
First, each non-zero-power CSI-RS resource configuration in Rel-10 contains four fields: antennaPortsCount, resourceConfig, subframeConfig and Pc.  All these four pieces of information are still needed for each CSI-RS resource in CoMP setup. UE should not assume any dependency between the parameter values in different CSI-RS resources.  
Proposal 1: antennaPortsCount, subframeConfig, resourceConfig and Pc are all necessary in configuration of each non-zero-power CSI-RS resource. UE should not assume any dependency between the parameter values in different CSI-RS resources.
Regarding to the initialization of CSI-RS sequence, because UE may need to measure CSI-RS transmitted from a TP without decoding cell-ID from CRS of that TP, the signaling of certain identification parameter is anyway necessary to direct UE to initialize the CSI-RS sequence. 
Proposal 2: Parameter used to initialize the CSI-RS sequence should be configured independently per each CSI-RS resource. 
3. CSI-RS configuration for CSI-RS RRM measurement set
Because CoMP requires UEs feedback CSI for multiple TPs, the accuracy and overhead of feedback can be the key issue. One approach to reduce the feedback overhead is to define the CSI-RS RRM measurement set. As shown in Figure-1, the eNB can configure different UE with different CSI-RS RRM measurement sets. The UE measures and reports the RSRP for the TPs in RRM measurement set. eNB can construct and signal to UE the appropriate CoMP measurement set based on RSRP feedback. The procedure can avoid using CoMP measurement set for coarse selection of candidate TPs, and help to reduce the CoMP measurement set size. If the UE is not allowed to resize its own feedback set, this procedure based on CoMP RRM measurement set can also save the UE feedback overhead in PUCCH or PUSCH.
In Rel-11 CoMP, if the UL power control is based on DL RSRP measured and reported by UE as in Rel-8, such power control mechanism may need a revisit, especially in CoMP scenario 4 where the “conceived DL pathloss” measured on multiple propagation paths from differently located TPs can be quite different from the true UL pathloss. Inaccurate pathloss compensation may prevent achievement of best UL CoMP performance. One possible solution for this issue is to make the TPs distinguishable from each other from viewpoint of UE, no matter whether these TPs have the same cell-ID. The CSI-RS RRM measurement set can be a good fit to this solution. As shown in Figure 2, eNB informs UE of the CSI-RS measurement set, based on which the UE measures and reports the RSRP for all or some of TP in this set. These RSRP can help eNB determine the points that are suitable to receive UL signal from the target UE considering the channel quality and load of different points, and then calculate the accurate pathloss compensation based on the selected points.
In summary, the CSI-RS RRM measurement set, which provides a way to distinguish TPs, can help to reduce the uplink feedback overhead and to improve the accuracy of uplink power control in a TP-distinguishable RSRP reporting mechanism.
Proposal 3: Whether to introduce CSI-RS RRM measurement set into Rel-11, and if yes, whether and how to apply the CSI-RS RRM measurement set to CoMP measurement set maintenance and/or uplink power control, should be further studied.
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Figure 1                                                                 Figure 2
4. CSI-RS configuration for interference measurement
The CRS that is used in previous LTE release for interference measurement is discovered not performing well in CoMP scenarios 3 and 4, because the low CRS reuse factor (=3) can hardly support typical area split application and the overlapping CRS in scenario-4 may result in inaccurate interference measurement. So the new reference signal is necessary for interference measurement purpose. Thanks to its large reuse factor and the ability of interference reduction with zero power CSI-RS configuration, CSI-RS can be the best candidate for interference measurement. However, the granularity of CSI-RS in R10 is 1RE/port/RB, which is claimed by some companies not enough to support accurate interference measurement, so CSI-RS enhancement for interference measurement looks necessary. 
One enhancement approach is to increase the CSI-RS density. In this case, R11 UE may observe multiple CSI-RS REs for the same CSI-RS port at the same time. From R11 UE point of view, these multiple CSI-RS REs mapping to the same port can be configured in single CSI-RS resource (when total number of high-density CSI-RS REs across all CSI-RS ports is no larger than 8) or multiple CSI-RS resources. No matter what, the additional signaling is needed to indicate the relation between these CSI-RS REs or between different CSI-RS resources. More details and supporting simulation results can be found in [2]. 
Proposal 4: If the higher CSI-RS density is prove necessary for interference measurement, additional configuration signaling should be designed to support multiple CSI-RS REs mapped on to the same CSI-RS port, where these CSI-RS REs mapping to the same CSI-RS port can be in either single or different CSI-RS resources.
Another approach given in [2] relies on the zero-power CSI-RS to improve the interference measurement, and may require multiple zero-power CSI-RS configurations per TP. In fact, due to existence of multiple non-zero-power CSI-RS resource with independent and therefore possibly non-identical subframe configurations, it is natural to go beyond Rel-10 and to allow multiple zero-power CSI-RS configurations for a UE. 

Proposal 5: Rel-11 UE can receive multiple zero-power CSI-RS configurations through dedicated signalling.
5. Conclusion

The proposals in this contribution are summarized below:
Proposal 1: antennaPortsCount, subframeConfig, resourceConfig and Pc are all necessary in configuration of each non-zero-power CSI-RS resource. UE should not assume any dependency between the parameter values in different CSI-RS resources.
Proposal 2: Parameter used to initialize the CSI-RS sequence should be configured independently per each CSI-RS resource. 
Proposal 3: Whether to introduce CSI-RS RRM measurement set into Rel-11, and if yes, whether and how to apply the CSI-RS RRM measurement set to CoMP measurement set maintenance and/or uplink power control, should be further studied.

Proposal 4: If the higher CSI-RS density is prove necessary for interference measurement, additional configuration signaling should be designed to support multiple CSI-RS REs mapped on to the same CSI-RS port, where these CSI-RS REs mapping to the same CSI-RS port can be in either single or different CSI-RS resources.
Proposal 5: Rel-11 UE can receive multiple zero-power CSI-RS configurations through dedicated signalling.
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