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1 Introduction

CoMP has been discussed at the RAN2#78 meeting, where some agreements on event triggers for CRM measurements have been achieved [1]:
	Agreements
1
We will progress on supporting event triggers comparing a CSI-RS resource to a fixed threshold.

2
We will progress on supporting event trigger that compare CSI-RS resources to each 
other (e.g. a resources becomes less than x dB worse than the best resource in the CRM).

3
We will define new events rather than redefining the existing ones.


In this contribution, we will discuss and show our views on potential new events for CSI-RS based RRM measurements.
2 Discussion
Based on the agreements achieved in the previous meeting [1], RAN2 has discussed a few new events for CoMP [2]. In the next sections, we will provide a detailed analysis on the candidate events for CRM measurement.
2.1 Event triggers comparing a CSI-RS resource to a fixed threshold
2.1.1 Event C1

	Event C1: CSI-RS resource becomes better than threshold
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The variables in the formula are defined as follows:

· Mcp is the measurement result of the target CSI-RS resource (dBm for CSI-RSRP). 

· Hys is the hysteresis parameter for this event (dB)

· Thresh is the offset parameter for this event (dB)


This Event can be used for eNB to collect measurement results of all potential CSI-RS resources and then select the suitable CSI-RS resources to form the CoMP measurement set. Event C1 may increase signaling overhead for additional measurement reporting. Nonetheless, it helps to provide abundant information for initial configuration of CoMP, which is beneficial for consequent CRM measurements (e.g. to configure other events) and for selecting the CoMP cooperating set from the CoMP measurement set. Moreover, it is very efficient for obtaining anticipant information in some cases, such as CoMP scenarios 1 and 2. Therefore, we think Event C1 should be supported as a baseline event for CRM measurement.
Proposal 1: Event C1 (CSI-RS resource becomes better than threshold) should be supported in Rel-11 CRM measurement.

2.1.2 Event C4

	Event C4: CSI-RS resource becomes worse than threshold
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The variables in the formula are defined as follows:

· Mcp is the measurement result of the target CSI-RS resource (dBm for CSI-RSRP). 

· Hys is the hysteresis parameter for this event (dB)

· Thresh is the offset parameter for this event (dB)


Although CRM measurement is independent of mobility measurement, Event C4 is defined in order to allow different triggering conditions for eNB to handle CRM measurement and to obtain information for various purposes, following the concept of Event A2. More specifically, eNB may know the subset of CSI-RS resources that can be excluded from the management set. Therefore, we prefer to introduce Event C4 in CRM Measurement.
Proposal 2: Event C4 (CSI-RS resource becomes worse than threshold) should be supported in Rel-11 CRM measurement.

2.2 Event triggers comparing CSI-RS resources to each other
2.1.3 Event C2
	Event C2: CSI-RS resource becomes offset better than the best CSI-RS resource in the CRM
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The variables in the formula are defined as follows:

· Mcp is the measurement result of the target CSI-RS resource (dBm for CSI-RSRP). 

· Mrp is the measurement result of the strongest CSI-RS resource (dBm for CSI-RSRP).

· Hys is the hysteresis parameter for this event (dB)

· Off is the offset parameter for this event (dB)


For Event C2, the best CSI-RS resource is used as the reference CSI-RS resource to perform CRM measurement. However, it is a bit ambiguous to which resource the best resource refers. Moreover, since the best CSI-RS resource might be changed from time to time due to UE’s movement, eNB may not be able to obtain sufficient and stable measurement results associated with the reference CSI-RS resource that eNB prefers in certain circumstances, e.g. with the restriction of data transmission only to perform on selected TPs for supporting CS/CB, load balancing, etc. In other words, the best CSI-RS resource in CRM measurement may change autonomously and not in a fully controllable way from eNB’s perspective. Furthermore, as Event C2 only reports CSI-RS resources that are offset better than the best CSI-RS resources in CRM set,  the number of CSI-RS resources selected by UE to report may be far from enough for eNB to effectively select the CoMP measurement set, especially in CoMP scenarios 3 and 4. In this case, the eNB may have to choose the CoMP measurement set only after many iterative adjustment steps by RRC reconfiguration message, in order to set various offset values for Event C2.
Last but not least, the provided function of Event C2 can be covered by Event C3 to be discussed next. Hence, we propose that:
Proposal 3: Event C2 (CSI-RS resource becomes offset better than the best CSI-RS resource in the CRM) should not be supported in Rel-11 CRM measurement.
2.1.4 Event C3 

	Event C3: CSI-RS resource becomes offset better than a configured reference CSI-RS resource
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The variables in the formula are defined as follows:
· Mcp is the measurement result of the target CSI-RS resource (dBm for CSI-RSRP). 

· Mrp is the measurement result of the reference CSI-RS resource (dBm for CSI-RSRP).

· Hys is the hysteresis parameter for this event (dB)

· Off is the offset parameter for this event (dB)


Event C3 is very similar to Event C2 with the main difference being that whether the “target” CSI-RS reference can be reselected by eNB over time. We believe that criterion of Event C3 covers Event C2. More specifically, when the reference CSI-RS resource  in Event C3 is configured as the best CSI-RS resource, then Event C3 reduces to Event C2.
Furthermore, selection of CoMP measurement set should be fully controlled by eNB but not constrained by UE. Many factors, such as coordination area, resource usage (including CSI-RS resources), channel conditions, etc. should be jointly considered to identify the optimum CoMP measurement set. In other words, eNB may not simply rely on channel quality as the unique factor to select best CSI-RS resources for forming CoMP measurement set, which, however, is the criterion of Event C2. Therefore, we believe that Event C3 introduces flexibility for CRM measurement and is more accurate for eNB to manage CoMP measurement set.
One may argue that Event C3 may need more frequent reconfiguration and signalling overhead to reconfigure the reference resource. However, frequent adjustment of the offset during CRM measurement in Event C2 may be needed, due to the inadequate information provided by UE. In contrast, since Event C3 can indicate the more suitable reference CSI-RS resources, it would be more accurate and quicker to obtain sufficient and necessary information of preferred CSI-RS resources. Such benefits would eventually reduce overall signalling overhead as compared with Event C2.
Proposal 4: Event C3 (CSI-RS resource becomes offset better than a configured reference CSI-RS resource) should be supported in Rel-11 CRM measurement.

2.1.5 Event C6

	Event C6: The measurement result of a candidate CSI-RS resource becomes offset better than that of the worst reference CSI-RS resource.
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The variables in the formula are defined as follows:

· Mcp is the measurement result of the candidate CSI-RS resource (dBm for CSI-RSRP), including its specific equalization offset. 

· Mrp is the measurement result of the worst reference CSI-RS resource (dBm for CSI-RSRP), including its specific equalization offset.

· Hys is the hysteresis parameter for this event (dB)

· Off is the offset parameter for this event (dB)


Again, Event C6 is similar to Event C2 in the way that the “target” CSI-RS reference is the “worst” one in C6. However, it is not clear what the worst resource refers to. Moreover, in contrast to Event C2, where the best resource can be efficiently identified as the reference resource at the time of evaluation, the worst resource may not be easily identified. Last but not least, it seems useless to compare other CSI-RS resource with “the worst reference CSI-RS resource”, which only brings more signaling overhead. Even if it might be useful in some corner case, it can also be covered by Event C3 by configuring the reference CSI-RS resource as the worst one. Therefore, we do not think Event C6 is necessary for CRM measurement.
Proposal 5: Event C6 (The measurement result of a candidate CSI-RS resource becomes offset better than that of the worst reference CSI-RS resource) should not be supported in Rel-11 CRM measurement.

2.3 Other event triggers
2.3.1 Event C5 [2]
	Event C5: best N CSI-RS resources are changed, N is a preconfigured number.



It was also proposed to have Event C5 for CRM measurement [2]. Similar to the analysis on Event C2, eNB may not select the best channel-quality CSI-RS resources for forming the CoMP measurement set after jointly considering a number of factors. This implies that measurement results of the best N CSI-RS resources by UE may not be the preferred information for selection of CoMP measurement set in a measurement period. In order to collect more necessary information, eNB may have to frequently reconfigure the offset of Event C5, which incurs high RRC reconfiguration overhead. Furthermore, it is difficult for eNB to pre-configure the appropriate “N”, as eNB does not know the location of UE and how many TPs are in UE’s vicinity. The improper choice of “N” would impose either excessive signalling overhead or insufficient source of information. Therefore, we think Event C5 does not meet the requirement of CRM measurement in comparison to for example Event C1.
Proposal 6: Event C5 (best N CSI-RS resources are changed, N is a preconfigured number) should not be supported in Rel-11 CRM measurement.
3 Conclusion

In this contribution, we have provided detailed analysis on the various candidate events for CRM measurement. Our proposals are summarized as follows:
Proposal 1: Event C1 (CSI-RS resource becomes better than threshold) should be supported in Rel-11 CRM measurement.

Proposal 2: Event C4 (CSI-RS resource becomes worse than threshold) should be supported in Rel-11 CRM measurement.

Proposal 3: Event C2 (CSI-RS resource becomes offset better than the best CSI-RS resource in the CRM) should not be supported in Rel-11 CRM measurement.

Proposal 4: Event C3 (CSI-RS resource becomes offset better than a configured reference CSI-RS resource) should be supported in Rel-11 CRM measurement.

Proposal 5: Event C6 (The measurement result of a candidate CSI-RS resource becomes offset better than that of the worst reference CSI-RS resource) should not be supported in Rel-11 CRM measurement.

Proposal 6: Event C5 (best N CSI-RS resources are changed, N is a preconfigured number) should not be supported in Rel-11 CRM measurement.
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