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1 Introduction

For the purposes of CoMP, RAN1 has indicated that the UE would be configured with a CoMP measurement set, which would include the set of CSI-RS configurations for which feedback would be measured. Additionally the UE is configured with the CoMP Resource Management Set, which is the set of CSI-RS resources allocated to a UE for reporting the CSI-RSRP measurements. 

In RAN2#78 it was agreed that CSI-RS based RSRP measurements would be supported for the configured CSI-RS resources in the CoMP resource management set. It was also agreed to support at least event triggered reporting; however the decision to support periodic and event periodic reporting is FFS. Event triggering could be absolute comparison, i.e. CSI-RS resource compared against a fixed threshold, or relative comparison, i.e. comparing CSI-RS resources to each other. 


In the 78bis[#52] email discussion, new events required to support CoMP were discussed. In this paper, we evaluate the proposed events and evaluate events necessary to support efficient CoMP set management.
2 Discussion
Requirements for CoMP

In order to evaluate the events to create, maintain and manage a CoMP measurement set, it would be helpful to agree on the high-level requirements that need to be supported. To ensure proper CoMP operation, the network needs to be notified when certain conditions are met so it can add, remove or replace resources quickly and efficiently. 
1. For proper CoMP operation, it is necessary that each resources selected are stronger than a baseline minimum threshold, to ensure they each influence the CoMP operation for a particular UE. The network needs to track when any CSI-RS resource in the CRM becomes better or worse than an absolute threshold to decide if it should be considered as a possible CoMP point or removed from consideration. In the scenario that the UE is in presence of a very strong resource, which is in the measurement set, if no other point is within the configured offset range of this strong point, relative events will never be triggered and at least having an event to compare against an absolute threshold will ensure that other points can still be considered by the network.
Requirement #1: For proper CoMP operation, each CSI-RS resource in the CoMP set must operate above an absolute signal strength threshold. 
2. For proper CoMP operation, the CSI-RSRP of any point in the CoMP cooperating set should be within an acceptable range (e.g. 9dB) of the CSI-RSRP of the best CSI-RS resource. This will ensure that gains are achievable when these CoMP set points are cooperating.  Thus, points outside this range should not be considered as suitable candidates for CoMP operation. For example, a CSI-RS resource that is 10dB worse than the best resource would be better used if it is serving another UE.  Additionally, the interference experienced by a CSI-RS resource that is 10dB worse than the best CSI-RS resource is not as critical to CoMP operation and therefore it may not be useful to be a part of the CoMP set.  The network needs to be notified when a candidate pointis within a certain acceptable range of CoMP operation.
Requirement #2: For proper CoMP operation, each point in the set has to be within xdB of the best point.
3. In the incoming LS [3], RAN1 has indicated the maximum size of the CoMP resource management set is at least 8 per carrier frequency, though the exact value is yet to be determined. Additionally, the maximum size of the CoMP measurement set has been discussed to be 3 elements. It is understood that there could be more than three points within the acceptable range (e.g. 9dB), but the CoMP set should be configured for the 3 best resources.
For efficient CoMP operation, the network needs to ensure that it is aware of the all the best CSI-RS resources for a particular UE. 
Requirement #3: For proper CoMP operation, the CoMP set contain the best points for the UE.

Proposal 1: Agree on requirements 1, 2 and 3.

There is great deal of similarity in LTE CoMP set management requirements and the Active Set management requirements in UMTS. Similar to CoMP, elements in UMTS Active Set need to be operating above a certain threshold, and within an acceptable range of the serving cell. Thus, we think it is helpful to understand and re-use the UMTS event definitions, wherever possible. A UMTS UE is configured to report the following events to the network for Active Set management:

1.  A cell enters a reporting range with respect to the best cell– event 1A – used to add cells to the active set when less than maximum

2.  A cell leaves the reporting range with respect to the best cell – event 1B – used to delete cells

3.  A non-active neighboring cell becomes better that any of the cells already in the active set –event 1C

Proposal 2: Events defined for UMTS active set management should be used as a reference for CoMP measurement set management.
Evaluation 

In the email discussion [78#52b][1], a number of proposals for managing the CoMP measurement set were proposed.

· Event C1: A CSI-RS becomes better than a threshold

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

· Event C3: A CSI –RS resource becomes offset better than a reference CSI-RS resource in the CRM

· Event C4: A CSI-RS becomes worse than a threshold. 

· Event C5: A candidate CSI-RS becomes better than best N CSI-RS resources in CRM, where N is a preconfigured number
· Event C6:  The measurement result of a candidate CSI-RS resource becomes offset better than the worst reference CSI-RS resource. 
· Event C7: A CSI-RS resource becomes offset better than any CSI-RS resource in the CoMP measurement set. 
These events may be categorized as either absolute events (comparison against a fixed threshold) or relative events (comparison to each other). The discussion below is organized to discuss suitable events in these two categories of events against requirements discussed in Section 2.1. 
Absolute Events

Support for Requirement 1
As discussed in the Requirement 1, it is necessary to compare the quality of all CSI-RS resources in CoMP set to an absolute threshold and trigger when a resource becomes better or worse than the threshold. 
Requirement #1: For proper CoMP operation, each CSI-RS resource in the CoMP set must operate above an absolute signal strength threshold. 
Thus, we need to define an absolute event to detect these conditions. The notifications would allow the eNB to collect measurement results of all candidate CSI-RS resources that seem suitable for CoMP set and then select CSI-RS resources to add elements to the CoMP set. 
Event C1 is defined to trigger when CSI-RS resource becomes better than threshold, and could be used to support Requirement 1.
Proposal 3: Introduce event C1 to support Requirement 1.

Also, the network would like to be notified when any one element becomes falls below a minimum threshold, so it can remove the element from CoMP set, if present. It could be argued that since the network already has CSI measurements of all points in the measurement set, a separate notification for removing elements from the CoMP set may not be necessary. The network can simply autonomously remove elements when it detects degradation in the CSI measurements. However, the existing CSI measurements (i.e. CQI) do not distinguish between degradation due to fading signal strength or strong interference, thus if the network relies only on CSI feedback, it will not be able to perform set management using signal strength alone. 
Thus, a separate notification may be required to report when any CSI-RS resource becomes worse than a threshold.
There are two possible ways to generate this notification – one is to use the leaving condition for Event C1 and the other is to define a new Event C4 (CSI-RS becomes worse than a threshold). We note that Event C1 has entering and leaving conditions defined as below: 

Event C1: CSI-RS resource becomes better than threshold
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). 

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

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

In some cases, the CoMP measurement set may be pre-configured by the network, or configured using other events (for e.g. mobility events, etc) and Event C1 may never be triggered with Entering Condition for a resource. Consequently, later, when the resource becomes weaker than threshold, the Leaving Condition (i.e. ReportOnLeave) will not be triggered for this resource, and the required notification would be lost.
Also, to avoid frequent reconfiguration signaling, the network may want to flexibility to configure different thresholds for detecting a new resource and detecting degradation of an existing resource. For example, the threshold for new resource may be higher than the threshold for removing a weak resource. 

For these reasons, it would be preferable to create a new event C4 needs to be supported to ensure Requirement 1 is met.

Proposal 4: Introduce Event C4 to support Requirement 1.
Relative (Comparison) Events 

To enable CSI-RS resource replacement in a measurement set, there is some divergence in the events that could be considered.  
Figure 1 below to help describe the functionality of relative events proposed. CSI-RS resources 1-7 are all the points of interest for a certain UE. Points 2-6 have been configured as part of CoMP Resource Management (CRM) Set, and Points 1-3 are presently in the UE’s CoMP measurement set. P3 and P4 are the two best resources (“best N resources”) in CRM set, P6 is the worst P in CRM and P3 is the best P in the CRM.
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Figure 1 Comparison of Relative Events for CoMP Measurement Set Management

Support for Requirement 2
As per Requirement 2, the CSI-RSRP of any point in the CoMP set should be within an acceptable range (e.g. 9dB) of the best CSI-RS resource.
Requirement #2: For proper CoMP operation, each point in the set has to be within xdB of the best point.
Thus, relative events should be triggered if the target CSI-RS either enters or leaves a reporting range of the best resource, i.e. resource either becomes offset better or offset worse than the best resource in the CoMP measurement set.  
This is achieved using Event C2, as defined below. 
Event C2: CSI-RS resource becomes offset better than the best CSI-RS resource in the CRM
Entering condition: 
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Leaving 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)
Thus, we propose Event C2 is introduced to support Requirement 2. 

Proposal 5: Introduce Event C2 to support Requirement 2. 
Since the resource point should be detected when it is either offset above or offset below the best resource, we note that the parameter Off may for Entering condition can have negative values. Although, this is also similar to existing definition of relative mobility events, it could be helpful to confirm this understanding also applies to Event C2 in order to properly support Requirement 2.
Note that, Event C2 entering and leaving conditions provide equivalent support to event 1A and event 1B in UMTS. i.e. will trigger notification for both when a point enters reporting range with respect to best resource and point leaves the reporting range with respect to the best resource.  
Proposal 5.1: For Event C2, confirm that Offset can have negative values.
Support for Requirement 3
To support Requirement 3, the network needs to be notified when a new point becomes better than any point in the CoMP measurement set. 
Requirement #3: For proper CoMP operation, the CoMP set contain the best points for the UE.
In certain scenarios, if only Event C2 is defined, and we only compare against the best resource, the network may not become aware that a new point has become better than the second best point in a UE’s CoMP measurement set. It can be argued that with a large value of offset, the network can ensure Event C2 gets triggered with a larger range, but this will cause a large number of unnecessary triggers which do not provide any useful information.
In one scenario, in dense deployments with large number of RRHs under a macro cell, it is possible using just using Event C2 may not be efficient. It was shown in simulations [2] that in dense deployments with 10RRHs under the coverage of a macro cell, the probability that a fourth CSI-RS resource will be within a reporting range of 9dB can be as high as 18% in a deployment.  With the densification of networks and as the number of RRHs increases under the macro cells this percentage may further increase, and the likelihood of detecting too many unnecessary points is not minimal.  
Also, for every report received, the network would need to detect the relative strength of the reported resources, i.e. to detect weaker resources among the suitable resources. Though it’s possible for the network to configure multiple offsets using multiple report config linked to the same measurementObject (for e.g. 1st offset configured can be 3dB and the 2nd offset can be 6dB), this would cause unnecessary triggering and duplication in most scenarios. For example, when a UE is approaching the vicinity of a new point, this same point would consecutively trigger multiple events (e.g. one when it is within 6dB range, one when it is within 3dB range), when a single notification when point crosses 3dB mark would have been sufficient.
In another scenario, the UE may detect the CSI-RS resource is within acceptable reporting range of the reference point (e.g. 9dB) and trigger a measurement Event C2.  However, all the points already in the CoMP measurement set have a better quality than the new resource and the network may therefore choose not update the CoMP measurement set.   As the UE moves, this new point may become better than one of the other points in the CoMP measurement set.   However, due to the fact that the UE has already triggered a report with Event C2, the UE will not trigger another event.  As the UE will not be reporting any additional measurements to eNB, the network will not be aware of the change of CSI-RSRP quality and will therefore not update the CoMP measurement set.  This may result in a loss of performance for the UE and increased interference that would have been mitigated had the UE reported the results on time. 
Hence, in some scenarios, we consider Event C2 is insufficient to update the CoMP set, and additional events should be considered. RAN2 should discuss the occurrence of these scenarios and agree whether a new measurement event is needed to properly maintain the CoMP set. 
Observation 1: Additional events need to be defined to support Requirement #3.
To fulfill Requirement 3, the network needs to be notified whenever an outside resource becomes better than one of the resources in the measurement set. However, as per current RAN1 discussions, is no mapping available at the UE to figure out which CSI-RS resource in the CRM set maps to which resource in the measurement set, so the UE needs reference resources to be identified for comparison. 

One possible solution would be Event C3 which is defined to compare against a configured reference CSI-RS resource. With this solution, in order to compare against all resources in the CoMP set, separate event would need to be configured considering each element from the CoMP set as a reference. In Figure 1, to continuously monitor the best resources, separate Event C3 would need to be configured to compare against each element of the CoMP measurement set (i.e. separate C3 events to compare against P1, P2 and P3). If a new point becomes part of the CRM and is better than P3 (the best resource), using Event C3 three events would be triggered whereas using Event C7 only one event would be triggered.
It would be simpler to define a single event with the same purpose. The configuration of this event would include the set of resources that need to be compared against. In one option, the network could include all the members in the CoMP set as elements of this configured set. 

This new event is defined as below:
· Event C7: A CSI-RS resource becomes better than any one of the CSI-RS resources in the reference set

Entering condition: 
[image: image6.wmf]Off

Mrp

Hys

Mcp

+

>

-


Leaving condition: 
[image: image7.wmf]Off

Mrp

Hys

Mcp

+

<

+


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 any CSI-RS resource in the configured Set S (dBm for CSI-RSRP).

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

· Off is the offset parameter for this event (dB)
· Set S is configured set of CSI-RS resources to be used for comparison.
Note that this is also equivalent as UMTS event 1C, and ensures the network is informed whenever UE is in presence of a CSI-RS resource that becomes better than any CSI-RS resource in the measurement set. 

Other events proposed in the email discussion are discussed as potential solutions to satisfy this requirement.

For example, Event C6 compares against the worst resource in the CRM set. One way to satisfy Requirement 3 could be a new event which is defined to trigger reporting when a candidate CSI-RS resource becomes offset better than the worst reference CSI-RS resource in the measurement set. This would allow the network to be informed where ever a new CSI-RS resource is detected which is better than the weakest resource in measurement set. However, since there is no mapping available at the UE to figure out which CSI-RS resource in the CRM set maps to which resource in the measurement set, so, it is not possible for the UE to decide which CRM resource maps to the worst resource in the CoMP set. Since Event C6 compares against the worst resource in the CRM set, this event is not helpful in fulfilling Requirement 3. In the example shown in Figure 1, Event C6 will be triggered in comparing new resource with worst resource in CRM, i.e. P6 which is a not useful notification as P6 is not part of the CoMP set.
Event C5 is defined to compare against best N resources in the CRM set, and may also be considered as an alternative to C2 and C7. However, the network may decide on CoMP measurement set using only a few elements from the CRM set, and other members may be selected using other considerations, for e.g. mobility measurements, etc. The network only needs to know if a new resource becomes better than an element in the measurement set, thus Event C5 may cause unnecessary triggering of events when new resource is compared against other CRM elements that are outside the measurement set.   For example, in Figure 1, for point P1, Event C5 may cause unnecessary triggering when any new point (for e.g. P1) becomes better than P4, even though P4 not part of the measurement set. 
Below table summarizes the pros and cons of the events discussed so far.
	Events 
	Definition
	Pros
	Cons

	Event C3
	A CSI –RS resource becomes offset better than a reference CSI-RS resource in the CRM
	Flexible to allow network configured reference resource
	Multiple events would be triggered when a new resource becomes better than best or second best resource.

	Event C5
	A candidate CSI-RS becomes better than best N CSI-RS resources in CRM, where N is a preconfigured number
	Compares against best N resources, so will be useful to compare as long as best N members are all members of CoMP measurement set.
	Unnecessary events triggered when comparison is performed with CRM resources outside the CoMP set.

	Event C6
	The measurement result of a candidate CSI-RS resource becomes offset better than the worst reference CSI-RS resource.
	
	The worst reference CSI-RS will likely not be part CoMP set, so doesn’t help detecting change in best set of CSI-RS resources.

	Event C7
	A CSI-RS resource becomes better than any one of the CSI-RS resources in the reference set
	· Flexible to allow network configured reference resources.
· Single event triggered when new resource becomes better than configured reference resources.
	


As seen from the comparison matrix, Event C7 is most flexible as it allows network to configure the reference resources with minimal signaling overhead, as a single event can be configured to compare against multiple reference resources. We propose RAN2 agrees on Event C7 to fulfill Requirement 3.

Proposal 6: Introduce Event C7 to support Requirement 3.
Since events C1, C2, C4 and C7 satisfy all the requirements to enable network perform efficient CoMP set management, no other events should be necessary.
Proposal 7: Additional events, aside from those agreed above, are not necessary.
3 Conclusion

Proposal 1: Agree on requirements 1, 2 and 3.
Proposal 2: Events defined for UMTS active set management can be used as a reference for CoMP measurement set management.
Proposal 3: Introduce event C1 to support Requirement 1.

Proposal 4: Introduce Event C4 to support Requirement 1.

Proposal 5: Introduce Event C2 to support Requirement 2. 
Proposal 5.1: For Event C2, confirm that Offset can have negative values.

Proposal 6: Introduce Event C7 to support Requirement 3.
Proposal 7: If Events C2 and C7 are agreed, additional events are not necessary.
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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. 
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