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1 Introduction

RAN1 agreed in RAN1#68bis that the so-called RRM Measurement Set definition in TR 36.819 should be disregarded, and to introduce the CoMP Resource Management Set defined as follows:
· CoMP Resource Management Set: The set of CSI-RS resources for which CSI-RS based received signal measurements can be made and reported. 

· These received signal measurements can be used to configure the CoMP Measurement Set. 

· Note that other measurements, such as mobility measurements or SRS, can also be used to configure the CoMP Measurement Set. 

· Note that this is independent of existing mobility measurements and procedures
Furthermore, RAN1 agreed on the following principles for the CoMP Resource Management Set:

· How the network decides which CSI-RS resources to include in the CoMP Resource Management Set is up to network implementation. 

· The set of CSI-RS resources in the CoMP Resource Management Set and the set of CSI-RS resources in the CoMP measurement set can be independent.

· The CSI-RS based received signal quality measurement would at least be CSI-RS RSRP
Several open issues were left for further study. This contribution discusses the following open issues:
· Maximum size of the CoMP Resource Management Set

· The number of antenna ports used for CSI-RS RSRP measurement

· Detailed wording of CSI-RS RSRP measurement definition
2 Maximum size of the CoMP Resource Management Set
CoMP Resource Management Set should cover all possible candidate transmission points. The decision of maximum size of CoMP Resource Management Set should consider the following two criterions:
· Criterion 1: to ensure performance gain of CoMP

· The size of CoMP Measurement Set should be large enough
· CSI-RS RSRP measured on CSI-RS ports in the CoMP Resource Management Set is used to configure the CoMP Measurement Set. Therefore, if the maximum size of the CoMP Resource Management Set is set too small, some good transmission points will lose the opportunity to be in the CoMP Measurement Set and cannot provide service to the UE.
· Criterion 2: to limit UE processing complexity for CSI-RS RSRP measurement
· The size of CoMP Resource Management Set should be small
· The size of the CoMP Resource Management Set is not the unique factor that contributes to UE implementation complexity. CSI measurements and interference measurements based on CSI-RS also contribute to UE implementation complexity.
In Rel-8/9/10, a UE is capable of RSRP measurement based on cell-specific CRS for at least 8 cells (if more than 8 cells are configured to be measured) [1] and the exact number of cells actually measured in a real system is an implementation issue. In order to reuse the UE capability for RSRP measurements, the maximum size of the CoMP Resource Management Set should be at least 8. Given that a UE could have two sets for RSRP measurements and should be capable of measuring at least 8 cells in each set, we could allow that the maximum size of the CoMP Resource Management Set be as high as 16. This number also coincides with the maximum number of 2-port CSI-RS patterns in one subframe in FDD with extended CP.
Proposal 1:  The maximum size of the CoMP Resource Management Set should be between 8 and 16.
3 Number of antenna ports for CSI-RS RSRP measurements
The number of antennas ports that should be used for CSI-RS RSRP measurement depends on the accuracy of CSI-RS based RSRP measurement. If the accuracy of measurement can be guaranteed, it is preferred to use as few antenna ports as possible. In any case, CSI-RS RSRP measurement accuracy should be met in cases where transmission points are equipped with a single physical antenna, therefore based on a single CSI-RS port per CSI-RS resource. The accuracy obtained in this case should be the baseline for cases where more than one CSI-RS port is configured per CSI-RS resource.

When two CSI-RS ports are configured, the two ports are separated by an orthogonal cover code of length two and they are transmitted on the same resource elements. This means the transmission power for each CSI-RS port is half of the transmission power that would be used for a single CSI-RS port if only one port was configured. Therefore, the RSRP measured on each CSI-RS port will have lower accuracy in case two CSI-RS ports are configured. In order to compensate for this loss of accuracy, a UE should always measure the RSRP on two CSI-RS ports if two CSI-RS ports are configured. If more than two CSI-RS ports are configured in a CSI-RS resource, measuring RSRP on e.g. four ports would further increase the measurement accuracy, but it seems unnecessary to increase the measurement accuracy beyond what can be achieved in cases where just one or two ports are configured.
So contrary to Rel-8/9/10, where CRS-based RSRP is measured on antenna port 0 and antenna port 1 can optionally be used for RSRP measurement if it is available, we propose that CSI-RS RSRP is measured on one CSI-RS port if only one CSI-RS port is configured in one CSI-RS resource, but RSRP shall be measured on two CSI-RS ports if at least two CSI-RS ports are configured in one CSI-RS resource. Note that since CSI-RS resources in the CoMP Resource Management Set are only used for RSRP (and potentially RSRQ) measurements, it is sufficient to limit the configurability of the number of ports to one and two for each CSI-RS resource in the CoMP Resource Management Set. Moreover, since CSI-RS resources are configured by RRC, it is not necessary to let the UE blindly detect the number of antenna ports. For better reliability, the number of antenna ports should be signaled.
Proposal 2: A CSI-RS resource in the CoMP Resource Management Set can only be configured with antenna port 15 or with antenna ports 15 and 16. A UE should use all the configured CSI-RS ports for RSRP measurements for the same RSRP report. Each CSI-RS resource in the CoMP Resource Management Set is independently configured with the following parameters:
· AntennaPortsCount: 1 bit indicating 1 or 2 ports
· ResourceConfig 

· SubframeConfig 

· Parameter X to derive scrambling initialization, in the range 0 to 503
4 Proposed definition of CSI-RSRP in 36.214
Proposed definition of CSI-RSRP:
	Definition
	Reference signal received power (RSRP), is defined as the linear average over the power contributions (in [W]) of the resource elements that carry cell-specific reference signals within the considered measurement frequency bandwidth.

For RSRP determination the cell-specific reference signals R0 according TS 36.211 shall be used. If the UE can reliably detect that R1 is available it may use R1 in addition to R0 to determine RSRP.

Channel-state information reference signal received power (CSI-RSRP), is defined as the linear average over the power contributions (in [W]) of the resource elements that carry channel-state information reference signals within the considered measurement frequency bandwidth. Only the channel-state information reference signals in one CSI-RS resource in the CoMP Resource Management Set can be used for one RSRP measurement, as defined in TS 36.211. The channel-state information reference signal R15 shall be used. If it is configured, channel-state information reference signal R16 shall also be used to determine RSRP.
The reference point for the RSRP shall be the antenna connector of the UE.

If receiver diversity is in use by the UE, the reported value shall not be lower than the corresponding RSRP of any of the individual diversity branches. 

	Applicable for
	RRC_IDLE intra-frequency,
RRC_IDLE inter-frequency,
RRC_CONNECTED intra-frequency,

RRC_CONNECTED inter-frequency


5 Conclusions
In this contribution, we discussed open issues after RAN1#68bis meeting for details of CSI-RS based received signal quality measurements and the following is our proposals:
Proposal 1:  The maximum size of the CoMP Resource Management Set should be between 8 and 16.
Proposal 2: A CSI-RS resource in the CoMP Resource Management Set can only be configured with antenna port 15 or with antenna ports 15 and 16. A UE should use all the configured CSI-RS ports for RSRP measurements. Each CSI-RS resource in the CoMP Resource Management Set is independently configured with the following parameters:
· AntennaPortsCount: 1 bit indicating 1 or 2 ports
· ResourceConfig 

· SubframeConfig 

· Parameter X to derive scrambling initialization, in the range 0 to 503
In section 4, we also proposed a definition of CSI-RSRP for TS 36.214.
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