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1 Introduction

This contribution focuses on measurements on CSI-RS as triggered by the DL CoMP discussions in RAN1 [1][2] and continues the work outlined in [3]

 REF _Ref319912888 \r \h 
[4][5]. We analyze the existing measurement framework based on the concept of frequencies and cell IDs, and investigate the potential to extend the framework to include measurements based on the concept of CSI-RS resources. We make a number of proposals to RAN2 to include in the further work.

1.1 The existing measurement framework
In the existing measurement framework the eNB configures the UE with one measurement object (measObj) per frequency. This object contains black lists and white lists indicating which cells the object applies to. The eNB also configures the UE with reporting configurations. These include the criteria the UE uses to send measurement reports. The criteria for sending a measurement report can be event-triggered, periodic, and a hybrid of these two, so called event-triggered periodic reporting. An event-triggered measurement report is sent when the configured event occurs. A periodic measurement report is sent according to the configured periodicity. An event-triggered periodic measurement report means that the periodic measurement report is triggered by some event. A measurement report contains measurement results according to the reporting configuration.
Together with measurement gaps, measurement identities, and quantity configurations, the measurement object and reporting configurations make up the measurement configuration elements that can be configured with the RRCConnectionReconfiguration message.

The measurements are performed by the UE. There are two measurement quantities defined, RSRP and RSRQ. Roughly speaking the RSRP is an absolute quantity, whereas RSRQ is a relative quantity taking the interference into account. Both are performed on the cell-specific RSs (CRSs) of the cell. 
2 Discussion

According to RAN1 [1] the working agreement is that CSI-RS based received signal quality measurement and reporting may be used for the purpose of COMP measurement set management for CSI feedback. The existing framework enables signal quality measurement and reporting based on RSRP and RSRQ. Which one of these to include in an extended measurement framework including CSI-RS is up to RAN1 to decide. The purpose of this analysis is to compare the existing framework with an extended measurement including CSI-RS. The extension implies that we would like to retain and reuse as much of the existing functionality as possible when we add the possibility to measure on CSI-RS. 
Proposal 1 The existing measurement framework is extended to include the functionality to perform measurements on CSI-RS.
In the following sections we present our proposal on how to extend the existing measurement framework. Generally speaking, we think that the 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.
2.1 CSI-RS resource configuration

How to configure the UE to use a CSI-RS resource is really out of scope for the discussion of the measurement framework, as we can assume that configuration has taken place using some other mechanism. It is important to remember that the UE cannot “scan” for CSI-RS resources it does not know, so some form of configuration must exist. Let’s explore the configuration phase in case the measurement framework enforces requirements on the CSI-RS resource configuration phase.

In Release-10 the information element CSI-RS-config contains properties and attributes of a CSI-RS resource. There are two types of CSI-RS resources, those with non-zero transmission power, and those with zero transmission power. In the context of a measurement framework only CSI-RS resources with non-zero transmission power need to be regarded. A Release-10 UE can be configured with at most one (non-zero transmission power) CSI-RS resource. In Release-11 no such restriction is envisioned.

In the communication between the UE and the eNB, the possibility to refer to a specific configured CSI-RS resource without providing the full set of properties must exist. Because of the existence of several configured CSI-RS resources, the requirement for a CSI-RS resource identifier is found.

Proposal 2 A CSI-RS resource identifier is introduced for the purpose of identifying each configured non-zero power CSI-RS resource.

Furthermore, there are currently no procedures to configure and release more than one CSI-RS resource. The existing CSI-RS-config IE might be reused for this purpose.
Proposal 3 Procedures for configuring and releasing a list of CSI-RS resources are introduced.

With these proposals it is possible for the eNB to set up a set of configured CSI-RS resources. We do not assume that all of these are used for measurement as there might be limitations to the number of CSI-RS resources the UE can measure on for example.
2.2 Measurement configuration

A simple way to reuse the existing measurement framework and include the CSI-RS resources, is to make the CSI-RS resources part of the list of measurement objects (measObjectList). Since CSI-RS resources are implicitly tied to a EUTRA carrier frequency, making them part of the MeasObjectEUTRA IE seems logical. As mentioned earlier, there might be limitations to the number of CSI-RS resources the UE can measure on. In such a case it might be useful for the eNB to first configure the UE to measure on a subset of the configured CSI-RS resources, and then repeatedly switch to another subset. For this purpose there should be functionality in the MeasObjectEUTRA IE for the eNB to configure a subset of the CSI-RS resources to measure on. The configured subset would make up the COMP Resource Management Set, as defined by RAN1.

Proposal 4 Fields are added to MeasObjectEUTRA describing which configured CSI-RS resources to include and/or remove in the COMP Resource Management Set.

When performing this configuration, the benefit of the previously introduced identification field is seen. We see several options for how this field could designed, for example it could consist of a list of CSI-RS identities, or it could be a bitmap with one bit for each CSI-RS resource to include/remove. 
2.3 Event-triggered reporting criteria
Regarding measurement report triggering, the information from RAN1 is somewhat vague, so it might be fruitful for RAN2 to only discuss this until new information is received. The existing measurement framework consists of in total 8 different events which work as event-triggered reporting criteria. We think many of these can be adapted also for CSI-RS resources, such as

-
Event C1, CSI-RS resource becomes better than threshold.

-
Event C2, CSI-RS resource becomes worse than threshold.

However, it might be necessary to create completely new events too or create a new ReportConfig type. It might also be possible to place the CSI-RS resource measurements on equal footing with the common CRS measurements and make them comparable to each other.
Proposal 5 RAN2 to discuss which event-triggered reporting criteria are applicable to CSI-RS resources.
2.4 Measurement reporting

As explained earlier, there are three criteria for sending a measurement report:

1.
Event-triggered. This means that the measurement is configured with a certain event, which upon fulfilment triggers the UE to send a measurement report.

2.
Periodic. This means that measurement reports are sent periodically, the amount of reports is either unlimited or limited according to configuration.

3.
Event-triggered periodic. This means that the occurrence of a preconfigured event triggers the periodic sending of measurement reports as long as the event criteria are fulfilled or the configured amount of reports has been sent.

We think that these criteria fulfil the needs of the eNB and UE and can be reused for measurements on CSI-RS.
Proposal 6 Measurement reports on CSI-RS are configured to be event-triggered, periodical, or event-triggered periodical.
Since the CSI-RS resources are included in the list of measurement objects, we think that the actual measurement results should be included in the MeasResults IE. The current MeasResultsEUTRA IE is quite heavily based on using physical cell IDs for identification of various measurement results as it is designed to report results from different cells. With CSI-RS we would instead use the CSI-RS identifier mentioned earlier. A choice structure might be used to extend the existing MeasResultsEUTRA to include results from CSI-RS resources, but other solutions like introducing a new MeasResults type might also be possible.
Proposal 7 RAN2 to discuss how to include CSI-RS measurement values in the MeasResults information element.
3 Conclusion

Based on the observations in the previous section, we make the following proposals:
Proposal 1
The existing measurement framework is extended to include the functionality to perform measurements on CSI-RS.
Proposal 2
A CSI-RS resource identifier is introduced for the purpose of identifying each configured non-zero power CSI-RS resource.
Proposal 3
Procedures for configuring and releasing a list of CSI-RS resources are introduced.
Proposal 4
Fields are added to MeasObjectEUTRA describing which configured CSI-RS resources to include and/or remove in the COMP Resource Management Set.
Proposal 5
RAN2 to discuss which event-triggered reporting criteria are applicable to CSI-RS resources.
Proposal 6
Measurement reports on CSI-RS are configured to be event-triggered, periodical, or event-triggered periodical.
Proposal 7
RAN2 to discuss how to include CSI-RS measurement values in the MeasResults information element.
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