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1 Introduction
RAN1 discussions on CoMP have resulted in some agreements on measurements for CoMP. RAN1 has described two measurement sets related to CoMP. The CoMP measuement set consists of CSI-RS resources corresponding to the TPs that the network may use to schedule the UE. The CoMP resource management set consists of the CSI-RS resources corresponding to the TPs that the network may choose to add to the CoMP measurement set. The UE is expected to measure and report CSI-RS based measurements for both sets.
In this contribution we consider the design of a measurement framework for CoMP. 
2 Discussion

The latest RAN1 agreements [1] regarding measurements for CoMP are shown below:

-
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
For both the CoMP measurement set and the CoMP resource management set, the UE performs CSI-RS based measurements. CSI-RS configurations are used to distinguish different TPs in CoMP operation. Therefore, for simplicity in the discussion below, we regard the CoMP Measurement set as the TPs that the network may use to schedule the UE and the CoMP Resource Management set as the TPs for which CSI-RS based measurements can be made and reported.
We see the possibility to reuse much of the measurements framework defined in RRC. Specifically, the following do not need to be changed:

· Procedures related to addition/modification/removal of measurement objects and measurement ids;
· Procedures related to addition/modification/removal of reporting configuration;
· Procedures related to layer 3 filtering; and
· Procedures related to reporting of measurements.

Changes related to the following seem necessary:
· Measurement quantities – a CSI-RS based measurement quantity needs to be added.

· Measurement events – measurement events defined currently may not meet the needs of CoMP.

· Measurement configuration will further need to include details of CSI-RS transmissions (e.g., subframes in which CSI-RS is transmitted).

Existing Measurement Events

Below we discuss limitations of the measurement events as defined today from a CoMP perspective. The measurement event definitions involve ‘serving’ cell, ‘neighbor’ cell and ‘PCell’. Note that currently (in Release 10), there is at most one serving cell per configured component carrier and there is a single PCell regardless of the number of configured component carriers. We consider each of the measurement events and see if and how they can be applied to CoMP scenarios.
Event A1: Serving becomes better than threshold

‘Serving’ here applies to the PCell or any of the SCells. With CoMP, there can be multiple serving nodes on one serving frequency (i.e., the TPs corresponding to the CoMP measurement set). Assuming that it is important to know when a serving TP becomes better than a threshold, the definition of serving above can be expanded to include TPs in the CoMP measurement set. Configuration of a CSI-RS based measurement threshold would also need to be supoprted. With such a definition, the UE would trigger event A1 when any of the CoMP TPs are bettern than the threshold (in principle it is possible to have different thresholds for the different TPs, but a single threshold for all TPs on a frequency may be adequate).
Event A2: Serving becomes worse than threshold

Again, ‘serving’ applies to the PCell and any of the SCells. It is important to know when a serving TP becomes worse than a threshold. Event A2 is needed to remove TPs from the CoMP measurement set. The definition of serving can be expanded, as with event A1 and configuration of a CSI-RS based threshold would need to be supported.
Proposal 1a: Expand the definition of ‘serving’ to include TPs in the CoMP Measurement Set, for events A1 and A2.

Proposal 1b: Enable configuration of CSI-RS based thresholds for events A1 and A2.
Event A4: Neighbor becomes better than threshold

‘Neighbor’ here refers to any non-serving cell on a serving frequency or any cell on a non-serving frequency. In the context of CoMP there can be multiple TPs on one serving frequency which are not in the CoMP measurement set, but are in the CoMP resource management set. The network may choose to add them to the CoMP measurement set, based on measurements reported by the UE. To accommodate this, the definition of ‘neighbor’ can be expanded to include TPs in the CoMP resource management set but not in the CoMP measurement set. As in the case of A1 and A2, configuration of a CSI-RS based threshold for event A4 is needed.

Proposal 2a: Expand the definition of ‘neighbor’ to include TPs in the CoMP resource management set but not in the CoMP measurement set, for event A4.

Proposal 2b: Enable configuration of a CSI-RS based threshold for event A4. 
Event A3: Neighbor becomes offset better than PCell

Event A3 is used to perform intra-frequency and inter-frequency handovers. ‘Neighbor’ can be any non-serving cell on a serving frequency or any cell on a non-serving frequency. Since CoMP measurements are not related to handover (instead they are used for scheduling decisions and configuring the CoMP measurement set), event A3 is not needed for CoMP. Furthermore, event A3 involves comparison of a measurement to a PCell measurement (i.e., a legacy RSRP or RSRQ measurement). Measurements of CoMP TPs are based on CSI-RS. It is not clear that CSI-RS based measurements can be compared to CRS based measurements.

Proposal 3: Event A3 is not applied to CoMP scenarios.
Event A5: PCell becomes worse than threshold1 and neighbor becomes better than threshold2

Again, ‘neighbor’ can be any non-serving cell on a serving frequency or any cell on a non-serving frequency. Event A5 is used primarily for handover. But unlike event A3, event A5 does not involve explicit comparison of two measurements. An A5 event may be beneficial in some CoMP scenarios. For example, based on PCell dropping below a (CRS based) measurement threshold and a CoMP TP rising above a CSI-RS based measurement threshold, the network may add the CoMP TP to the CoMP measurement set (and use it for scheduling the UE). So, it is necessary to discuss whether event A5 is useful in CoMP scenarios. If found useful, an expanded definition of ‘neighbor’ to include TPs in the CoMP resource management set but not in the CoMP measurement set can be applied.
Proposal 4: RAN2 should discuss whether event A5 is useful for CoMP scenarios.
Event A6: Neighbor becomes offset better than SCell

Event A6 is targeted at carrier aggregation. It helps the network identify cells on a secondary carrier that are better than the serving cell on the secondary carrier. CoMP is focused on transmission from multiple nodes on one serving frequency; to our knowledge, the intention is not to support CoMP operation on multiple carriers (i.e., CoMP operation on a secondary carrier).

Proposal 5: Event A6 is not applied to CoMP scenarios.

Events B1 and B2 are related to measurements of inter-RAT neighbors. We do not believe they are applicable to CoMP scenarios.

CoMP Measurement Set and CoMP Resource Management Set

The UE performs CSI-RS based measurements of TPs in both the CoMP measurement set and the CoMP resource management set. The same types of measurement events can be applied to TPs in both sets. As discussed above, whether a TP is treated as a ‘neighbor TP’ or a ‘serving TP’ is clear from the configuration for each event. For example, configuration for event A1 can indicate CSI-RS of TPi to be considered as a serving TP for applying event A1. Similarly, configuration for event A4 can indicate CSI-RS of TPj to be considered as a neighbor TP to applying event A4. Beyond that, there does not seem to be a need to explicitly identify the CoMP Measurement Set and the CoMP Resource Management Set to the UE.
Proposal 6: RAN2 should discuss whether there is a need to explicitly signal the CoMP Measurement Set and the CoMP Resource Management Set to the UE.
Need for Other Measurement Events

We consider the need for other measurement events that are specific to CoMP scenarios. Based on the analysis above, there does not seem to be an event for comparison between TPs. Comparison of TPs and events based on these may be useful. For example, if a TP that is not in the CoMP measurement set is better than the weakest TP in the CoMP measurement set, the network may want to add the TP to the CoMP measurement set. Similarly, if a TP of a different eNB is stronger than all of the TPs in the CoMP measurement set, the network may choose to perform a handover to the other eNB. It may also be necessary to have an event to enable removal of TPs from the CoMP Resource Management set. 
It is necessary to discuss whether such events are beneficial.
Proposal 7: RAN2 should consider and discuss the benefits of measurement events based on comparison of CoMP TPs.
Other Issues related to Measurements for CoMP

As discussed above, the UE has to perform measurements of nodes in the CoMP measurement set and the CoMP resource management set, in addition to any other measurements it is configured to perform (measurements of serving cells, LTE neighbor cells and inter-RAT neighbor cells). This can add significant measurement burden to the UE and can potentially impact battery life. It is necessary to further study the impact of additional measurements and any necessary steps to minimize the battery life impact.
3 Summary
We have analyzed the measurements framework as currently defined in RRC for applicability to CoMP. First we noted that a substantial portion of the functionality can be resused without change. CSI-RS related configuration and measurement events are the areas where changes may be needed. Based on the analysis, the following have been proposed.
Proposal 1a: Expand the definition of ‘serving’ to include TPs in the CoMP Measurement Set, for events A1 and A2.

Proposal 1b: Enable configuration of CSI-RS based thresholds for events A1 and A2.
Proposal 2a: Expand the definition of ‘neighbor’ to include TPs in the CoMP resource management set but not in the CoMP measurement set, for event A4.

Proposal 2b: Enable configuration of a CSI-RS based threshold for event A4. 

Proposal 3: Event A3 is not applied to CoMP scenarios.
Proposal 4: RAN2 should discuss whether event A5 is useful for CoMP scenarios.
Proposal 5: Event A6 is not applied to CoMP scenarios.

Proposal 6: RAN2 should discuss whether there is a need to explicitly signal the CoMP Measurement Set and the CoMP Resource Management Set to the UE.

Proposal 7: RAN2 should consider and discuss the benefits of measurement events based on comparison of CoMP TPs.
RAN2 is requested to discuss and agree on the above proposals.
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