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1 Introduction
RAN1 informed RAN2 through LS [1] that RAN1 agreed to introduce the CoMP Resource Management Set (CRM set) defined as the set of CSI-RS resources for which CSI-RS based received signal measurements can be made and reported. 
This contribution addresses the following open issues related to CRM set configuration: 

· how to inform CSI-RS resource specific information to UE, 

· how to signal CSI-RS resources in the CRM set, 

· is there synergy to be taken advantage of in configurations of CRM set and CoMP measurement set, and

· where in signaling message to put in the related IEs. 

Along the discussions of the above issues, analysis is also performed on the handling of CRM configuration and related measurement during inter-frequency handover. 
2 Discussion
2.1 CSI-RS resource identity and CRM set configuration
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Figure 1,
Configurations of the CRM set
As shown in the Figure 1, there are 3 approaches to configure the CRM set.
Alt 1:
· Network provides UE with the configurations of CSI-RS resources of CRM set and their associated IDs. 
· UE will simply measure all the CSI-RS resources in the CRM.
· If network wants UE to perform measurement on a different CSI-RS resource, it needs to send the configuration of the new CSI-RS resource to the UE.
Alt 2: as defined in [1], the CRM set is “The set of CSI-RS resources for which CSI-RS based received signal measurements can be made and reported”. This implies that not all the CSI-RS resources of CRM set are necessarily to be measured. Hence the Alt 2 is proposed as:
· Network provides the configurations of CSI-RS resources of CRM set and their associated IDs to the UE. In addition, a list of IDs is also sent to the UE to indicate those CSI-RS resources on which CSI-RSRP should be measured.
· UE only needs to measure the CSI-RS resources corresponding to the IDs in this list.
· If network wants UE to perform measurement on a different CSI-RS resource, it can send the updated ID list to the UE.
Alt 3: “eNB first configures the UE with a set of CSI-RS resources. From this configured set, the eNB then configures a subset for the UE to perform and report measurements on. With the introduction of CSI-RS identifiers, the measurement configuration can be made flexible.” [2]
· Network first provides UE with configurations of a collection of CSI-RS resources, which is denoted here as CSI-RS Resource Configuration set (CRC set) for simplicity. Each CSI-RS resource in the set is associated with an ID. A list of IDs is then sent to UE to select the CSI-RS resources from the CRC set to form the CRM set.
· UE identifies the CRM set based on CRC set and the ID list, and measures all the CSI-RS resources in the CRM set.
· If network wants UE to perform measurement on a different CSI-RS resource, it can send UE the updated ID list.
The difference between Alt 1 and 2 is whether or not all CSI-RS resources in CRM would be measured for RSRP. In Alt 3, CRC set are sent to UE together with their individual ID. But only some CSI-RS resources are indicated as CRM set by the ID list, then all CSI-RS resources in CRM would be measured for RSRP by UE.
Compared to Alt 1, Alternatives 2 and 3 reduce configuration overhead by allowing network to configure CSI-RS resource parameters at once, and then to use the ID list in place of full configuration update to reduce the subsequent signalling overhead.
Alt 3 can further provides synergy between the configuration of CRM set and the configuration of CoMP measurement set. If candidate CSI-RS resources for CoMP measurement set are also pre-configured in the CRC set, then similarly to the CRM set, the CoMP measurement set can be configured by the ID indications as well.
Table 1 summarizes different uses of CSI-RS identifier in these 3 alternatives for CoMP measurement configuration and reporting.

Table 1 Use of CSI-RS identifier for CoMP measurement configuration and reporting

	
	Measurement Report
	Configuration of CRM Set
	Configuration of CoMP Measurement Set

	Alt 1
	Yes
	No
	No

	Alt 2
	Yes
	Yes
	No

	Alt 3
	Yes
	Yes
	Yes


Proposal 1: To use CoMP Resource Configuration set (CRC set) and CSI-RS resource identifier in the configuration of CRM set.
2.2 CoMP measurement set configuration
The CoMP measurement set contains non-zero power (NZP) CSI-RS resources for CoMP CSI measurement. As discussed above, configuration of NZP CSI-RS resources of CoMP measurement set can be configured together with the CSI-RS resources for RSRP measurement, for example also in the CRC set. They can, of course, be configured separately from those to be used for CRM set. Hence, 2 options are available to configure the CoMP measurement set.
Alt 1: similarly to the CRM set, the CoMP measurement set is configured using the CRC set as well.
· The candidate NZP CSI-RS resources for CoMP CSI measurement are pre-configured in the CRC set.
· Each NZP CSI-RS resource is associated with an ID.
· Network sends UE the IDs to indicate which CSI-RS resources are selected into the CoMP measurement set.
Alt 2: the NZP CSI-RS resources of CoMP measurement set are configured by an IE separately from CRC set.
Alt 2 has the advantage of being self-contained for configuration of CoMP measurement set. By configuring CoMP measurement set with the CRC set and ID indications, Alt 1 may provide savings in configuration of CSI-RS resources for both the CRM set and the CoMP measurement set.
Currently, RAN1 is also having discussions on the related issues. RAN2 should evaluate these 2 options and decides the mechanism to configure CSI-RS resources of the CoMP measurement set. RAN2 should inform RAN1 our decision of the CoMP measurement set configuration.
Proposal 2: RAN2 sends LS to RAN1, to inform RAN2’s preference on the mechanism to configure CSI-RS resources of CoMP measurement set.
2.3 Configuration of CRM set on multiple frequency carriers
There is currently no RAN1 agreement to jointly support CoMP and CA in Rel-11. Hence, RAN2 does not need to discuss issues related to CoMP measurement configuration and reporting on SCell. However, for inter-frequency handover scenario, RAN2 should investigate the handling of CRM set on multiple frequency carriers.   
To illustrate the issue, 2 examples are shown in Figure 2:
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Figure 2,
CoMP CRC/CRM sets configuration when inter-freq HO happens
Example 1:
· UE is originally connected to the cell on frequency f1, and configured with CSI-RS RSRP measurement of f1.
· After an inter-freq handover, UE is then connected to the cell on frequency f2. 
For CRS measurement, measurement configurations are maintained on multiple frequency carriers. When inter-freq HO happens, the measObjects of the serving frequency and the neighbor frequency can be swapped, and their respective measurement configurations can be applied accordingly. This saves time and overhead of the measurement (re)configuration. Similarly, in this case, can CRC/CRM sets of f1 still be maintained after inter-frequency HO? Or in other words, can the CRC/CRM set be configured and maintained on frequencies other than the serving frequency of CoMP? 
Example 2:
· Assume UE is originally connected to the cell on f1, and configured with the CSI-RS RSRP measurement of f2.
· After inter-freq handover, UE is connected to the cell on f2. 
In this example, if CSI-RS RSRP measurement can be performed on f2 before inter-frequency HO, the results can be reported for network to configure CoMP measurement set in the target cell. Though CSI-RSRP measurement is not used in making inter-frequency HO decision, they can be passed to target cell to help it decide, e.g. what the CoMP measurement set should be after HO, similarly to what is done for target cell to decide which SCells are configured for use after handover. This will reduce the latency to start CoMP operation after inter-frequency HO.
In general, there may be 3 options to configure CRM set on multiple frequency carriers: 
· Alt 1: CRM can be configured and CSI-RSRP measurement and reporting can be performed only on serving frequency;
· Alt 2: CRM can be configured on multiple frequencies, but CSI-RSRP measurement and reporting can be performed only on serving frequency, which is aligned with the way restricted measurement is configured in eICIC;
· Alt 3: CRM can be configured and CSI-RSRP measurement and reporting can be performed on multiple frequencies.

We should note, however, that Alt 3 would require RAN4’s involvement to evaluate if the existing measurement gap is still suitable for inter-frequency CSI-RS RSRP measurement, since the pattern and periodicity of CSI-RS resource are different from those of CRS.
Proposal 3: RAN2 should discuss how to handle the configuration of CRM set on multiple frequency carriers for inter-frequency HO.
2.4 Implementation of CRM set and CoMP measurement set configurations
According to the discussions above, the CRC set and ID list can be used to form the CRM set. The CRC set may also be used to form the CoMP measurement set. Hence we list 3 options in Table 2 for the related configurations.
Table 2,
Configurations of the CRC set, ID list and CoMP measurement set
	
	IE
	IE position

	Alt 1
	CRC set configuration
	MeasObject

	
	ID list for CRM set
	MeasObject

	Alt 2
	CRC set configuration
	RadioResourceConfigDedicated

	
	ID list for CRM set
	MeasObject

	Alt 3
	CRC set configuration
	MeasObject

	
	ID list for CRM set
	MeasObject

	
	CoMP measurement set
	RadioResourceConfigDedicated



Alternatives 1 and 2 can be considered if CRC set is used for configurations of both the CRM set and CoMP measurement.
· Alt 1: both CRC set and ID list are configured in MeasObject. 
Since MeasObject is a carrier-specific IE, CRC set would also be carrier-specific. That is, each frequency has its own CRC set consisting of the CSI-RS resources on that frequency. And CRM set is configured for each frequency by having per-frequency ID list referring to the respective CRC set.
· Alt 2: the CRC set can be configured in the “RadioResourceConfigDedicated”, while the ID list is configured in the MeasObject.
Alt 2 continues the practice in Rel-10 where the CSI-RS resources for CSI measurement are configured in the IE RadioResourceConfigDedicated. Hence, CRC set is configured independently from the measObject. If CRM configuration on multiple frequency carriers is supported in Rel-11 as discussed in Section 2.3, CRC set may contain CSI-RS resources from multiple carriers. ID list for CRM set is, however, still configured in the measObject. Hence, the CRM set will still be configured per frequency carrier.
On the other hand, if CRC set only includes the CSI-RS resources for the CRM set, then CoMP measurement set has to be defined separately. Alt 3 may be a reasonable option.
· Alt 3: CRC set and ID list for CRM set are configured in the MeasObject, while CoMP measurement set is configured in the IE RadioResourceConfigDedicated.
Since the CSI-RS resource for CSI feedback is configured in “RadioResourceConfigDedicated” in Rel-10, it is in line with Rel-10 to define CoMP measurement set in “RadioResourceConfigDedicated” as well.
Proposal 4: RAN2 decides the IEs to implement the configuration signaling of the CRM set and CoMP measurement set.
The ID of each CSI-RS resource can be used to configure the CRM set/CoMP measurement set and to report the measurement results. ID list can be implemented either as sequence of individual IDs or a composite bitmap. RAN2 should select one for stage 3 development.
3 Conclusion
This contribution discusses open issues with regards to signalling development for CRM set configuration, on

· how to inform CSI-RS resource specific information to UE, 

· how to signal CSI-RS resources in the CRM set, 

· the synergy between the configurations of CRM set and CoMP measurement set, and

· the handling of CRM configuration and related measurement for inter-frequency handover. 

Proposal 1: To use CoMP Resource Configuration set (CRC set) and CSI-RS resource identifier in the configuration of CRM set.
Proposal 2: RAN2 sends LS to RAN1, to inform RAN2’s preference on the mechanism to configure CSI-RS resources of CoMP measurement set.
Proposal 3: RAN2 should discuss how to handle the configuration of CRM set on multiple frequency carriers for inter-frequency HO.
Proposal 4: RAN2 decides the IEs to implement the configuration signaling of the CRM set and CoMP measurement set.
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