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Discussion and decision 
1 Introduction 
In the last RAN1#68 meeting, RAN 1 agreed [1] as a working assumption to support CSI-RS (CSI reference signals) based received signal quality measurement (e.g. RSRP) and reporting, at least for the following purpose: CoMP measurement set management for CSI feedback. The functionality is configurable by the network.
In this contribution, we provide an overview on how to manage the CoMP measurement set.
2 Background

The CoMP measurement set is referred to set of points about which channel state/statistical information related to their link to the UE would be measured and/or reported at L1 (PUCCH or PUSCH). Due to UE mobility, the CoMP measurement set will need to be managed by the network which will include determining which TPs (Transmission Ports) should be included in the CoMP measurement set (i.e. addition, removal, replacement) for a UE. UE can also assist in managing the CoMP measurement set via providing measurement and measurement reports on potential TPs for the E-UTRAN to determine the CoMP measurement set.  For CoMP Scenario 1-3, the CRS-based measurements are adequate for the reference points with different cell IDs.  For CoMP Scenario 4, RRHs do not transmit the cell specific RS or transmit the same CRS pattern from all RRHs in the cell. Thus, RSRP based on CSI-RS port was considered as the working assumption by RAN1.  We further look at UE measurements to assist the eNB in configuring CoMP measurement set for all CoMP scenarios. 
3 Measurement Model

The existing measurement model consists of measurement object and a reporting configuration which may be linked by a measurement identity. Each measurement object indicates a frequency and optionally a set of cells indicated by their PCI to measure. Each reporting configuration can either be for event reporting or periodic reporting and contains the quantity to report and trigger and other measurement parameters.

This model can easily be extended to support measurements that are not associated with CRS and distinct PCIs e.g.CSI-RS based received signal quality measurement in the LS. The list of reference resources without distinct PCI, (e.g.CSI-RS resources), to be measured can be included in the measurement object. The reporting and triggering quantity (e.g. CSI-RS RSRP) can also be added to the reporting configuration.

Observation#1: List of CSI-RS resources to measure can easily be added to the measurement object associated with the CoMP frequency.
Observation#2: Reporting and triggering quantity of additional reference resource can be added to the reporting configuration.
4  Measurement event for CoMP
In the CoMP WI, RAN1 has identified the following scenarios as illustrated in annex to support [2]:
· Scenario 1: Homogeneous network with intra-site CoMP, 
· Scenario 2: Homogeneous network with high Tx power RRHs, 
· Scenario 3: Heterogeneous network with low power RRHs within the macrocell coverage where the transmission/reception points created by the RRHs have different cell IDs as the macro cell.
· Scenario 4: Heterogeneous network with low power RRHs within the macrocell coverage where the transmission/reception points created by the RRHs have the same cell IDs as the macro cell.
For Scenario 4, only central node transmits the CRS and different CSI-RS resources are configured for each RRH. CSI-RS based measurement is considered as the measurement trigger for CoMP scenario 4. 
Typically when the UE moves within the cell coverage, it will be under three areas as illustrated in Figure 1. In Area1, the signal quality of PCell/strongest port is better than that of other cells/ports, so there is no benefit to perform CoMP for the UE. In Area2, the UE suffers interference from neighboring cells/ports, but the signal quality of neighboring cell/port is not good enough to trigger handover for the UE. In Area3, the UE should be handed over to the neighboring cell. So it is responsibility for the RSRP measurement to decide whether the UE belongs to Area2. From the Figure 1, we can find that Area2 is located in the zone of
Offset_handover < Ms-Mn < Offset-CoMP
i.e. (-Offset_CoMP) < Mn-Ms < (-Offset_handover)                                                                                               (1)
We also can find that comparison with absolute threshold for neighboring TP’s RSRP can achieve the same purpose with less vulnerability since the variation of received signal strength. For example, the Area2 is located in the zone of 
           Threshold_CoMP <  M (Ms or Mn) < Threshold_handover                                                                                      (2)

Considered that CoMP measurement has no impact on inter-cell mobility, it is not the responsibility for CoMP measurement to determine whether handover condition is sufficient (the current mobility measurement will trigger handover if mobility measurement is fulfilled with the similar handover condition). So we can obtain the simple expression:
          (-Offset_CoMP) < Mn-Ms                                                                                                                                          (3)

          M (Ms or Mn) > Threshold_CoMP                                                                                                                             (4)

From the above, there are 2 approaches that the network can take, either by relative comparison as defined in (3) or the absolute comparison as defined in (4).
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Figure 1: UE measurement within the serving cell
4.1 Addition of a CoMP TP to the CoMP measurement set

Based on the above analysis, 
· If the deployment scenario for CoMP (e.g. Scenario 1-3) is such that there is a PCell, then Event A3 can be used. 
· If the deployment scenario for CoMP (e.g. Scenario 4) is such that there is no concept of a main reference cell among the CoMP points, then Event A4 can be used.
· In mix deployment scenarios, the eNB can either choose Event A4 or a mix of Event A3 and A4.

Proposal 1:  The Event A3 or A4 can be used for adding TPs for all CoMP scenarios.
4.2 Removal of a CoMP TP from the CoMP measurement set

Based on the analysis above:

· The reportOnLeave in Event A3 can be used for the removal of a TP from the CoMP measurement set if Event A3 is used for addition. 

· Further enhancement is definitely needed to indicate the TP that meet the criteria for removal from the CoMP measurement set if absolute event (e.g. Event A2) is to be used. Absolute event is necessary if there is no one cell that can be used for the comparison (e.g. CoMP Scenario 4). Existing measurement reference for Event A2 is the serving cell in the frequency indicated by the measurement object. For non-CA case, it will just be the PCell. For the CA case, it can also be the SCell. One proposal is to extend the measurement reference for the existing Event A2 to all the points configured for CSI feedback within the measurement object. This is probably acceptable since the number of points within the CoMP measurement set is around 3-4 and the amount of comparisons is not too high on the UE.   

Proposal 2: Existing Event A3 configured with reportOnLeave can be used for removal of TP from the CoMP Measurement set if Event A3 is used for addition. Existing Event A2 should be enhanced to include all the points configured for CSI feedback within the CoMP measurement set as the serving cells for the measurement object.
5 Other Issue related to CoMP measurement
5.1 S-measure for CoMP measurement
For Scenario 3/4, it is shown that the macrocell coverage is larger than the coverage of RRH. If the UE is located in the coverage of RRH, RSRP measured by the UE is very high. According to the current specification, S-measure may be configured for the UE to reduce the measurement. Once the PCell RSRP is higher than S-measure, the UE may not perform measurement for the neighboring cells. If the UE obeys this principle, the UE may not perform RSRP for the RRHs, which will result in that the eNB can not obtain the measurement report and can not manage the CoMP measurement set for the UE. Like in the CA case, it is proposed to disable S-measure when the eNB wants the UE to perform CoMP measurement.
Proposal 3: It is proposed to disable S-measure when the eNB wants the UE to perform CoMP measurement.

6 Conclusions
In this contribution, an overview of CoMP measurement is discussed and it is requested that RAN 2 discuss the following observations and proposals:
Observation#1: List of CSI-RS resources to measure can easily be added to the measurement object associated with the CoMP frequency.

Observation#2: Reporting and triggering quantity of additional reference resource can be added to the reporting configuration.

Proposal 1:  The Event A3 or A4 can be used for adding TPs for all CoMP scenarios.
Proposal 2: Existing Event A3 configured with reportOnLeave can be used for removal of TP from the CoMP Measurement set if Event A3 is used for addition. Existing Event A2 can be enhanced to include all the points configured for CSI feedback within the CoMP measurement set as the serving cells for the measurement object.
Proposal 3: It is proposed to disable S-measure when the eNB wants the UE to perform CoMP measurement.
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Scenario 1 - Homogeneous network with intra-site CoMP
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Scenario 2 - Homogeneous network with high Tx power RRHs
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Scenario 3/4 - Network with low power RRHs within the macrocell coverage
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