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1 Introduction
It has been agreed to define new triggering events for CSI-RSRP measurements. During the post-meeting email discussion on CSI-RS measurement framework, seven new triggering events, namely C1 ~ C7, were proposed for CSI-RSRP measurements for CoMP [1].
Event C1: CSI-RS resource becomes better than threshold

Event C2: CSI-RS resource becomes offset better than the best CSI-RS resource in the CRM

Event C3: CSI-RS resource becomes offset better than a configured reference CSI-RS resource

Event C4: CSI-RS resource becomes worse than threshold

Event C5: best N CSI-RS resources are changed, N is a preconfigured number.

Event C6: The measurement result of a candidate CSI-RS resource becomes offset better than that of the worst reference CSI-RS resource.
Event C7: A CSI-RS resource becomes better than any one of the CSI-RS resources in the reference set.
This contribution analyses the effectiveness of these triggering events, and suggests the way forward.
2 Discussion
Among the proposed events, triggering events  C1 and C4 compare the measurement result of a CSI-RS resource with fixed threshold, i.e., by absolute comparison. Triggering events C2, C3, C5, C6, and C7 compare measurement results of CSI-RS resources between each other, i.e., by relative comparison. We will analyze these two categories in the following sub-sections respectively.
2.1 Triggering Events using Absolute Comparison
Events C1 and C4 compare the measurement result of a CSI-RS resource with fixed threshold, with C1 triggered when the result is better than a threshold and C4 triggered when the result worse than a threshold. C1 can help determine if a signal from a transmission point would have significant impact on UE’s reception. For example, it can be used to find out if a transmission point should be included in CoMP operation, either for joint processing - leading to the addition of the corresponding CSI-RS resource in CoMP measurement set, or for coordinated scheduling/beamforming. With proper setting of “reportOnLeave”, C1 can also be used to alert network when signal from a transmission point fades away, so that it can be taken out of CoMP operation and its associated CSI-RS resource can be removed from CoMP measurement set.

Observation 1: Event C1 may be used to determine the need of adding CSI-RS resource into or removing CSI-RS resource from CoMP measurement set.
C4 was proposed to help the network select CSI-RS resources to be removed from CoMP Resource Management (CRM) set. However, it was agreed that “How the network decides which CSI-RS resources to include in the CoMP Resource Management Set is up to network implementation” [2]. Furthermore, in order to reduce the signalling overhead of reconfiguring CRM set, network may deliberately include in CRM set CSI-RS resources corresponding to transmission points not in the immediate proximity of UE. C4 would then trigger a lot of unnecessary reports. Hence, there is no strong need identified to introduce C4 for CRM set configuration.
Observation 2: there is no strong need identified to introduce Event C4 for CRM set configuration.
Please note that C4 should not be mistaken as an analogy to the event A2, which is applied on serving cell to trigger RRM measurement reporting. Since “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” [2], results meeting C4 entering condition, which are measured on CSI-RS resources in CRM set, may not provide relevant information with regards to which CSI-RS resource can be removed from CoMP measurement set. This is in particular true in typical CoMP deployment, where the number of transmission points corresponding to CSI-RS resources in CRM set is much larger than the number of transmission points corresponding to CSI-RS resources in CoMP measurement set. 
Observation 3: Event C4 is not very useful in maintaining CoMP measurement set.
2.2 Events Triggered by Relative Comparison
Events C2, C3, C5, C6, and C7 generate reporting triggers when comparisons of measurement results of CSI-RS resources meet defined conditions. In event C2, target CSI-RS resource is not compared to pre-defined reference CSI-RS resource; i.e., the reference CSI-RS resource can be any one in CRM set at evaluation time, and can change from time to time. In events C3, C5, C6, and C7, a set of reference CSI-RS resources (the size of the set can be 1, as in C3) is pre-defined in reporting configuration.

2.2.1 Trigger event without pre-defined reference
Event C2: CSI-RS resource becomes offset better than the best CSI-RS resource in the CRM
Entering condition: 
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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)

As the way it is defined above, the triggering condition is always satisfied at each evaluation, if 1) Off is set to a negative number; and 2) Hys is set to a non-negative number; and 3) the absolute value of Off is larger than Hys. This is because if the target CSI-RS resource on the left side of the inequality is the same as the strongest CSI-RS resource on the right side of the inequality, the entering condition is met and Event C2 will be triggered. Note that 1), 2) and 3) are very reasonable selections of event parameters. If 1) is false, it is impossible to find a CSI-RS resource with the measurement result better than the BEST resource within the same set. Hys is a hysteresis parameter which should be set as a positive number less than the absolute value of Off.
Observation 4: Event C2 will be triggered at every evaluation, which defeats the purpose of defining triggering event.
It may be tempting to think that triggering C2 event at every evaluation can be avoided, if we can simply limit the target CSI-RS resource to be any one but the strongest CSI-RS resource within CRM set at evaluation time. Let’s denote this modification as C2a for future reference. However, C2a would prevent timely reporting of a qualified candidate CSI-RS resource, if it becomes much stronger than others. Consider Example 1 as illustrated in Figure 1.
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Figure 1 Change of strongest CSI-RS resource from time t1 to t2
Example 1:

-- Assume Off to be -3dB, and Hys to be 1 dB.
-- At an initial time t1, UE is closer to a node A, and the CSI-RSRP measurement result corresponding to the node A is X dBm. At the same time, the CSI-RSRP measurement result corresponding to a node B is (X-4) dBm. Event C2 will not be triggered by the node B because the difference between its CSI-RSRP result and that of the strongest CSI-RS resource is not large than Off.
-- At a future evaluation moment t2, UE is away from the node A and moves closer to the node B. The CSI-RSRP measurement result of the node A is Y dBm, and the CSI-RSRP measurement result of the node B is (Y+4) dBm. That is, the node B becomes the strongest. 
If event triggering mechanism is designed properly, the network is expected to receive a measurement report in a timely manner regarding the improved condition of node B, so that CSI-RS resource corresponding to node B may be included in the CoMP measurement set for potential CoMP operations. However, no event will be triggered by C2a, because the second strongest CSI-RS resource, corresponding to node A, is more than 3 dB worse than the strongest CSI-RS resource which corresponds to node B. 
Observation 5: Event C2 cannot be easily fixed to trigger reporting of the strongest CSI-RS resource when it is needed.
The root cause of missing the reporting of the strongest CSI-RS resource by Event C2a is that the exact CSI-RS resource which is used as comparison benchmark on the right side of the inequality of entering condition is unknown to the network. Due to the time varying nature of the channel conditions, the strongest CSI-RS resource referred in C2a can be any CSI-RS resource in the CRM set and not necessarily one that is already tracked by the network or in the CoMP measurement set. If this strongest CSI-RS resource becomes more than offset better than the second strongest resource, and if the strongest resource is not tracked by the network already (either by RSRP or CSI measurements), the reporting from UE and the detection at network of the strongest CSI-RS resource will be missed.
2.2.2 Trigger events with pre-defined reference set
Unlike C2, events C3, C5, C6, and C7 either explicitly or implicitly compare target CSI-RS resources to a set of reference CSI-RS resources, which is pre-defined and known at both UE and network.
Event C3: CSI-RS resource becomes offset better than a configured reference CSI-RS resource.
A drawback of C3, as already pointed out during the email discussions [1] is the need to reconfigure the reference resource from time to time. In order to timely update CoMP measurement set, network needs to know if there is better transmission point to be considered for inclusion into CoMP operation. Hence, it’d be better to compare target CSI-RS resources with the worst CSI-RS resource involved in CoMP operation. That is, the worst CSI-RS resource involved in CoMP operation should be selected as the reference. Another way to monitor the need of updating CoMP measurement set is to set the reference to be the best CSI-RS resource related to CoMP operation. The offset can be chosen to trigger reporting when the measurement of a target CSI-RS resource comes closer to that of the reference CSI-RS resource. Either setting the best or the worst CSI-RS resource involved in CoMP operation to be the reference, C3 needs to be reconfigured when the best or worst CSI-RS resource changes, as UE moves around in the CoMP cooperation area. Since CoMP operates the best when the signal strengths are roughly the same from the involved transmission points, the change of the best or the worst CSI-RS resource can occur frequently when CoMP is supposed to work at its maximum efficiency.
Observation 6: Frequent reconfigurations of event C3 may be needed as UE moves around in the CoMP cooperation area.
Event C6: The measurement result of a candidate CSI-RS resource becomes offset better than that of the worst reference CSI-RS resources.
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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 offset, where the candidate CSI-RS resource is a resource among CRM set but not any of the reference CSI-RS resources.
· Mrp is the measurement result of the worst CSI-RS resource in the reference set (dBm for CSI-RSRP), including its specific offset.

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

· Off is the offset parameter for this event (dB)
In order to address the shortcoming of C3, Event C6 uses a set of reference CSI-RS resources. The set of reference CSI-RS resources can consist of CSI-RS resources involved in CoMP operation of a UE within an area. While reconfiguration of reporting event C3 is needed when UE moves away from a transmission point, reconfiguration of reporting event C6 is only performed when UE moves away from its current CoMP cooperation area. This reduces the need of frequently updating reporting event and the resultant signalling overhead of and the interruption to the measurement.
Observation 7: Compared to Event C3, the need of frequently updating reporting event and the signalling overhead is reduced, as reconfiguration of reporting event C6 is only performed when UE moves away from its current CoMP cooperation area, while reconfiguration of reporting event C3 is needed when UE moves away from a transmission point.

Event C7 is functionally equivalent to Event C6. Whenever Event C6 is triggered, event C7 would also be triggered, since the worst reference CSI-RS resource is “one of the CSI-RS resources in the reference set”. Conversely, when Event C7 is triggered, the target CSI-RS resource is offset better than “one of the CSI-RS resources in the reference set”, hence it has to be offset better than “the worst reference CSI-RS resource” as well. The formulation of Event C6 reflects more efficient operation in UE to do comparisons between target and a set of reference CSI-RS resources. Assume the size of the reference set is 3, and the number of potential target CSI-RS resources is N. Then, it takes N+2 comparisons for UE to determine if entering condition is met for Event C6. But it requires N*3 comparisons to evaluate Event C7 if UE does the exhaustive comparisons as C7 suggests.
Observation 8: Event C7 is functionally equivalent to Event C6, yet the formulation of Event C6 reflects more efficient operation in UE.

Event C5 has an implicit reference set consisting of the (previous) best N CSI-RS resources. It seems plausible, as conceptually CoMP operation should involve transmission points indicated by the best CSI-RS resources. Yet event C5 does not apply an offset to filter out frivolous crossings of measurement results between CSI-RS resources. Event C5 would be triggered when there are trivial variations of measurement results between CSI-RS resources, for which network would hardly care to take any action. For example, the best N CSI-RS resources may change, yet the difference of measurement results between the new Nth and the old Nth is of the magnitude of fraction of dB. Yet at subsequent evaluation times, even when the difference of measurement results grows larger, Event C5 would not trigger reporting as the best N CSI-RS resources do not change. Hence, network would not receive a reporting when there is significant change in the signal strengths from different transmission points.
Observation 9: Event C5 can trigger reporting at times when there is little difference in the signal strengths between transmission points, but miss the opportunity to alert network when significant change occurs.  

2.3 Joint use of trigger events C1 and C6
Events C1 and C6 can be used together to set up and maintain CoMP operation and CoMP measurement set. C1 can be used to configure the initial CoMP measurement set and the reference set. C6 can be used to continuously monitor the need of updating CoMP measurement set (and the reference set). The threshold used in C1 can be selected to sort out those CSI-RS resources significant enough for CoMP operation (both for joint transmission and for coordinated scheduling/beamforming) and have them reported to network. Network sets up CoMP operation over the indicated transmission points, configures CoMP measurement set accordingly, and informs UE when further reporting is needed by event C6 with proper configuration of reference set and offset parameter. This way, reporting occurs only at the time when there are meaningful changes in conditions of transmission points for network to act on.

Observation 10: After setting up initial CoMP measurement set with Event C1, Event C6 can be used for network to efficiently acquire thorough and timely information of the channel conditions from different transmission points.

Proposal: Events C1 and C6 should be adopted as trigger events of CSI-RSRP measurement reporting for CoMP.  
3 Summary
The seven triggering events, which were proposed in Email discussions [1], are analysed in this contribution, with regards to their effectiveness in triggering measurement reporting for CoMP operation. 
Observation 1: Event C1 may be used to determine the need of adding CSI-RS resource into or removing CSI-RS resource from CoMP measurement set.
Observation 2: there is no strong need identified to introduce Event C4 for CRM set configuration.
Observation 3: Event C4 is not very useful in maintaining CoMP measurement set.
Observation 4: Event C2 will be triggered at every evaluation, which defeats the purpose of defining triggering event.
Observation 5: Event C2 cannot be easily fixed to trigger reporting of the strongest CSI-RS resource when it is needed.

Observation 6: Frequent reconfigurations of event C3 may be needed as UE moves around in the CoMP cooperation area.

Observation 7: Compared to Event C3, the need of frequently updating reporting event and the signalling overhead is reduced, as reconfiguration of reporting event C6 is only performed when UE moves away from its current CoMP cooperation area, while reconfiguration of reporting event C3 is needed when UE moves away from a transmission point.
Observation 8: Event C7 is functionally equivalent to Event C6, yet the formulation of Event C6 reflects more efficient operation in UE.

Observation 9: Event C5 can trigger reporting at times when there is little difference in the signal strengths between transmission points, but miss the opportunity to alert network when significant change occurs.

Observation 10: After setting up initial CoMP measurement set with Event C1, Event C6 can be used for network to efficiently acquire thorough and timely information of the channel conditions from different transmission points.
Proposal: Events C1 and C6 should be adopted as trigger events of CSI-RSRP measurement reporting for CoMP.
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