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1 Introduction
RAN1 informed RAN2 through LS [1] during RAN2 #77 that:
-- RAN1 agreed as a working assumption to support CSI-RS based received signal quality measurement (e.g. RSRP) and reporting, at least for the purpose of CoMP measurement set management for CSI feedback.

-- This functionality is configurable by network.
-- The decision does not have any impact on inter-cell mobility handling.

RAN1 also inform RAN2 through LS [4] that 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.
In this contribution, we first study the general framework and principles for configuration of CSI-RS based measurements in order to support CoMP measurement set management, followed by the discussion on the possibility of reusing CRS based measurement configuration mechanism. A few modifications to existing measurement configuration mechanism are identified and analyzed in details.
2 Discussion
2.1
General framework for measurement based on CSI-RS
According to RAN1 LS [1][4], one of the major purposes of CSI-RS based received signal quality measurement is to support CoMP measurement set management, and the measurements can be made at least on CSI-RS resources in CoMP resource management set. Therefore, the general framework of CSI-RS based measurement may be illustrated as in Figure 1, where several main procedures that need further study by RAN2 are highlighted in the figure as well. At a high level, the CSI-RS based received signal quality measurement and reporting mechanism needs to include the following basic operations:

1. The network configures UE with information that is necessary for the measurement. For example, measurement objects specify which CSI-RS resources to be measured, quantity configuration defines how to measure the received signal quality, and reporting configuration tells the UE on what kind of measurement and when to make report to the network. The configuration information is sent to the UE through RRC messages.
2.  UE performs CSI-RS based measurement accordingly, and evaluates whether measurement results might trigger any reporting criteria.
3.  If at least one of the reporting criteria is met, the UE prepares the measurement report accordingly and sends the report to the network through RRC messages.
4.  Upon receiving the measurement report from UE, the network performs CoMP measurement set management operation when needed.

5.  The network further evaluates whether any reconfiguration of UE measurement parameters is required. If yes, the network operates similarly as in 1 and informs UE accordingly. If not, the network does not need to communicate with UE, but rather waits for new measurement reports from UE. 
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Figure 1
General framework of CSI-RS based measurement

It can be seen from the above description and Figure 1 that the general framework of CSI-RS based measurements is quite similar to that of the CRS based measurement in terms of operation flow, especially the necessary information to be exchanged between network and UE, such as measurement objects, quantity and reporting configurations. Thus, the configuration framework for CSI-RS based measurement for CoMP is expected to be similar to the existing LTE mechanism [2] in general. However, the CSI-RS based measurement differs from CRS based measurement in the following aspects:
-- unlike CRS, a CSI-RS resource does not need to be tied to a specific cell.
--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 [4], while in the current CRS based measurement framework RRM measurement is always performed on a serving cell and can be compared with RSRP measurement of other CRS for path loss difference. 
Consequently, some modifications may be needed to adapt existing CRS based measurement configuration to accommodate the distinct requirements by CSI-RS based measurements.

Observation 1: The existing CRS based measurement configuration may be reused as the baseline for configuration of CSI-RS based measurement, and some modifications may be needed.
2.2
Measurement configuration for CSI-RS based measurements
 The measurement configuration includes the following parameters:
-- measurement objects;

-- reporting configurations;

-- measurement identities;

-- quantity configurations; and,

-- measurement gaps.
No changes seem needed to measurement gap configuration, since the CSI-RS based measurement for CoMP is intra-frequency measurements. Measurement identities configuration may remain the same as well, to maintain the configuration flexibility that measurement objects may be linked to multiple reporting configurations through multiple measurement identities. However, some modifications/additions are necessary for measurement objects, reporting configuration, and quantity configuration.
2.2.1
Measurement Objects

Since CSI-RS based measurement is done on a per CSI-RS resource basis, CSI-RS resource specific configurations need to be provided under “measurement objects” parameters. A measurement object may still be a single E-UTRA carrier frequency as in RRC specification [2], while a CSI-RS resource does not need to be tied with a cell/point/eNode/CoMP cluster according to RAN1 discussion. Thus a measurement object may include a list of CSI-RS resource configurations. For example, it is possible to include in MeasObjectEUTRA IE a new IE similar to cellsToAddModList for configuration of CSI-RS resources, or a similar CSI-RS IE for a resource can also be configured when cellsToAddModList is invoked. Note that it was agreed in RAN1 #68bis that the parameter AntennaPortsCount will be included in the configuration of each CSI-RS resource [5]. Therefore, no impact is foreseen on the design of RRC signalling from the decision on whether the CSI-RS based measurement is based on a fixed port or over multiple ports [6].
Proposal 1: Under “measurement objects” parameters, CSI-RS resource specific configurations need to be provided.
2.2.2
Reporting Configurations

The quantity of measurement that UE includes in the measurement report may be specified as the number of CSI-RS resources to report, instead of the number of cells to report. The actual number of CSI-RS resources to be included in each report may include all resources configured, the best N resources, or those resources whose measurement results are above a threshold.
Proposal 2a: The quantity of measurement that the UE includes in the measurement report may be specified as the number of CSI-RS resources to report. 
The purpose of CSI-RS based measurement and reporting is to support CoMP measurement set management. The CoMP measurement set management includes at least two basic operations: the addition of a CoMP CSI-RS resource, and the removal of a CoMP CSI-RS resource. Therefore, the measurement report triggering mechanism shall enable the network to identify in time the necessity of carrying out those two operations, which requires some modifications to both triggering/reporting quantity and triggering events.
As requested by the RAN1 LS [1], the new measurement is CSI-RS based received signal quality measurement (e.g. RSRP) which is a new quantity. Thus a new option, “CSI-RS based RSRP”, needs to be added to triggering/reporting quantity under “reporting configurations” parameters. The need of CSI-RS based RSRQ measurement is still under discussion in RAN1, thus the need of a new option for “CSI-RS based RSRQ” is still unknown.
Proposal 2b: A new option “CSI-RS based RSRP” needs to be added to triggering/reporting quantity under “reporting configurations” parameters.
For measurement report triggering events, it will be beneficial to trigger CSI-RS based measurement reports under the following situations:
Case 1: Potential need to add a CSI-RS resource (Resource A) to the CoMP measurement set. Two triggering criteria to be considered are:
Case 1.1: Comparison in absolute values: the measurement result of a CSI-RS resource (Resource B) becomes better than a threshold. The measurement report triggering event for this case may be defined similarly as existing Event A4.
Case 1.2: Comparison in relative values: the measurement result of a CSI-RS resource (Resource B) becomes offset better than that of a benchmark CSI-RS resource. The measurement report triggering event for this case may be defined similarly as existing Event A6.
Case 2: Potential need to remove a CSI-RS resource (Resource A) from the CoMP measurement set. Two triggering criteria to be considered are:
Case 2.1: Comparison in absolute values: the measurement result of a CSI-RS resource (Resource B) becomes worse than a threshold. The measurement report triggering event for this case may be defined similarly as existing Event A2.
Case 2.2: Comparison in relative values: the measurement result of a CSI-RS resource (Resource B) becomes offset worse than that of a benchmark CSI-RS resource. The measurement report triggering event for this case may be defined similarly as existing Event A3.
Note that Resource A (i.e., the CSI-RS resource which is added to or removed from the CoMP measurement set) and Resource B (i.e., the CSI-RS resource which triggers the event reporting) in each case above are not necessarily the same CSI-RS resource. The reason is that 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, as informed by [4]. For example, when CSI-RS resources B1 (corresponds to Transmission Point 1), B2 (TP2) and B3(TP3) in CoMP resource management set are reported with good RSRP results, the network may decide to add a new CSI-RS resource A to the CoMP measurement set for the CSI feedback of TP1+TP2+TP3 jointly, instead of adding B1, B2 or B3 individually.
Regarding the benchmark CSI-RS resource in Case 1.2 and Case 2.2, it may be the worst, the best, or the average of a specific set, or a specific CSI-RS resource. For example, the benchmark CSI-RS resource for Case 1.2 may be selected as the worst CSI-RS resource of the CoMP resource management set which is included in the CoMP measurement set. Here “include” means that the transmission point/port/cell which was measured by the CSI-RS resource is also measured under a CSI-RS resource in the CoMP measurement set, either individually or jointly. This CSI-RS resource is not necessarily in the CoMP measurement set, but is “included” as explained above. In the example given in the last paragraph, CSI-RS resources B1(TP1), B2 (TP2) and B3(TP3) are included in the CoMP measurement set because of CSI-RS resource A (TP1+TP2+TP3), although B1, B2 or B3 is not in the CoMP measurement set directly. Similarly, the benchmark CSI-RS resource for Case 2.2 may be selected as the best CSI-RS resource of the CoMP resource management set which is not included in the CoMP measurement set.
It is also possible for the network to use the above measurement report triggering events for CoMP resource management set management. For example, when the measurement results of a CSI-RS resource C within the CoMP resource management set becomes worse than a threshold, network may consider removing the CSI-RS resource C from the CoMP resource management set, i.e., stopping UE measuring RSRP on the CSI-RS resource C. In addition, the network may want to add another CSI-RS resource D to the CoMP resource management set based on, e.g., prediction of UE’s current location, or knowledge of the relative location/topology of RRHs associated with CSI-RS resources C and D.
Proposal 2c: Further study is needed on defining measurement report triggering events.
2.2.3
Quantity Configurations
As pointed out in Section 2.2.2 already, CSI-RS based received signal quality measurement is a new quantity. Consequently new parameters/values may be needed under “quantity configurations”, such as filter coefficients for the calculation of CSI-RS based RSRP, if requested by RAN1 and/or RAN4.
Observation 2: Under “quantity configurations” parameters, new parameters/values may be defined for the quantity of new CSI-RS based received signal quality measurement, upon requests from RAN1 and/or RAN4.

2.2.4
Received Signal Quality Measurement for CoMP Measurement Set
It is clear from RAN1 LS [1] that CSI is measured for each CSI-RS resource in CoMP measurement set. However, it is not clear from the LS whether received signal quality (e.g., RSRP) is also measured for each CSI-RS resource in CoMP measurement set. For existing CRS based measurement, CSI and RSRP are always measured for each serving cell. However, we do not see the need of measuring RSRP for CoMP measurement set. Therefore, we would like to bring up the issue to RAN2’s attention, and confirm our understanding.
Observation 3: CSI-RS based received signal quality measurement is not required for CSI-RS resources in CoMP measurement set.
3 Conclusion
It can be seen from the above analysis that the general framework of CRS based measurement configuration may be reused for configuration of CSI-RS based measurement, with a few modifications/additions to support the management of CoMP measurement set. Main observations are:
Observation 1: The existing CRS based measurement configuration may be reused as the baseline for configuration of CSI-RS based measurement, and some modifications may be needed.
Observation 2: Under “quantity configurations” parameters, new parameters/values may be defined for the quantity of new CSI-RS based received signal quality measurement, upon requests from RAN1 and/or RAN4.

Observation 3: CSI-RS based received signal quality measurement is not required for CSI-RS resources in CoMP measurement set.
The following modifications are proposed for measurement configuration parameters:
Proposal 1: Under “measurement objects” parameters, CSI-RS resource specific configurations need to be provided.
With regards to “reporting configurations” parameters, 

Proposal 2a: The quantity of measurement that the UE includes in the measurement report may be specified as the number of CSI-RS resources to report. 

Proposal 2b: A new option “CSI-RS based RSRP” needs to be added to triggering/reporting quantity.

Proposal 2c: Further study is needed on defining measurement report triggering events.
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