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1. Introduction

In RAN2#59bis, the following three intra-frequency measurement events were agreed:   
i. serving > threshold

ii. serving < threshold

iii. Neighbour + Offset > Serving (Offset can be +/-)
Also, the following parameters were agreed for event-triggered configuration: hysteresis, timer to trigger, CIO, period for event triggered reporting, number of cells in report.

In [1], an intra-frequency measurement event for multi-eNB HO preparation was proposed and not agreed upon. In [2], it was proposed to have the parameter time-to-trigger as speed-dependent. The purpose of this paper is to further discuss these two items, as well as discuss a way to reduce the amount of measurement reporting in case of multi-eNB HO preparation.
2. Discussion
2.1. Intra-frequency event for neighbour cell leaving reporting range from serving cell
The event iii above (neighbor + offset > serving) can be used for normal mobility or multi-eNB HO preparation. Consequently, the event is likely to trigger a HO request in both cases. 
For normal mobility, it is however possible that the eNB cannot process the measurement report because it is not in a stable state (e.g. if it is treating a SAE bearer establishment request). In that case, by the time the eNB goes back to a stable state, the neighbor cell may not be appropriate anymore for handover, so storing the measurement report and using it after completion of the procedure would be risky. Periodic event-triggered measurement reports could somehow solve this problem, since the measurement report would be stopped, but this might lead to inefficiencies if the reporting period is long. Thus it would be more efficient if a separate Measurement report was triggered to clearly indicate that the cell does not meet the triggering condition anymore.
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Figure 1: eNB cannot treat Measurement report due to an ongoing RRC reconfiguration
For multi-eNB HO preparation, it is expected that the serving eNB would perform the HO preparation towards multiple eNBs to maximize the chances of successful RLF recovery in a cell of a different eNB. Although the exact moment upon which the source eNB decides to perform HO preparation is up to eNB implementation, the eNB does need to receive some ‘early’ measurement reports. When a cell is no longer a likely candidate for RLF recovery, the eNB should cancel the handover preparation using the appropriate X2 procedure in order for the neighbor eNB to release any resource it would have reserved for this UE. In order to know when to perform this HO cancellation, the UE must indicate to the eNB that this cell is no longer a valid ‘recovery’ cell.

In order to “cancel” the event that was previously triggered for a certain cell, two ways can be suggested:

· Rely on periodic transmission of the initial event

With periodic retransmissions, the eNB should eventually know when the target cell is not longer in the reporting range since the UE will stop periodic transmission for that cell. It is noted that this method is not very efficient in case of multi-eNB HO preparation.

· Define a new event “Neighbor cell leaving reporting range”

With a new event, the UE will send a measurement report every time a neighbor cell leaves the reporting range. This event should only be triggered after the original event (neighbor cell enters reporting range) was triggered. Defining a separate events allows defining separate thresholds (if needed) for entering and leaving the reporting range compared to the serving cell. It also allows configuring different parameters, e.g. different time-to-trigger parameters for entering and leaving the reporting range.
· Request the UE to update the event whenever a cell enters or leaves the reporting range
Instead of defining a new event, the “original” event, i.e. neighbor cell entering reporting range from serving cell, is used also to indicate when a cell leaves the reporting range. This could take the form of an event ‘update’ procedure: whenever a cell enters the reporting range, the UE updates the event by sending a new Measurement report with all cells that currently trigger the event. Same thing happens when a cell leaves the reporting range, possibly leading to an ‘empty’ event result (if no more cells trigger the event). This has the benefit of avoiding to define a new event, but is seen as slightly more complex. In principle, this solution does not allow to configure different thresholds, although RRC configuration could allow for it at the cost of complexity.
Although we believe that the third option (‘event update’) provides some benefits over the other two, it is proposed to define a new event for a Neighbor cell leave the reporting range from the serving cell.
2.2. Speed-dependent parameters for connected mode measurements
In idle mode, some parameters (Treselection, Qhyst FFS) can be speed-dependent. As per [3], these parameters need to be multiplied with a scaling factor given to the UE over BCCH, when the UE detects it is in high-mobility state. This mechanism allows the cell reselection timer during which the neighbor cell has to be better than the serving cell to be adapted to the UE speed, i.e. lower when UE is moving fast and high when it is moving slow. For idle mode mobility, high speed state detection is based on two parameters: TCRmax and NCR , such that: “If number of cell reselections during time period TCRmax exceeds NCR, high-mobility state has been detected”.

For RRC connected mode, similarly to Treselection in idle more there is a timer (i.e. time-to-trigger) during which a condition has to be sustained before an event can be triggered and a measurement report sent. That timer cannot be set too low in order to avoid too frequent measurement reports, and cannot be set too high to avoid radio link failures. Similarly to Treselection, it would be appropriate to set time-to-trigger lower for fast-moving UEs. This would allow to have measurement reports triggered earlier for fast moving UEs. In order to define a rule for high-speed detection, the idle mode model can be re-used, i.e. use the number of handovers (NHO) during a configurable time period (THOmax):  
· If number of successful handovers during time period THOmax exceeds NHO, high-mobility state has been detected.

It should be noted that RAN WG3 is currently discussing the concept of sending UE history between eNBs using the X2, and that UE history information may HO history related information. Although this information may be used by the eNB to adapt the time-to-trigger based on previous UE mobility history, it may not be as efficient as a UE-based mechanism in some scenarios (e.g. when a UE stops in a cell). Therefore, it is proposed to adopt a UE-based high-speed detection scheme, based on idle-mode mobility.
2.3. Configuring event for specific neighbor cells

In [1], an event (called A1) was proposed for change of best cell. This event was approved in the last RAN2 meeting as:
Neighbour + Offset > Serving (Offset can be +/-)
In the same contribution, a separate event (Called A6) was proposed for multi-eNB HO preparation. This event is essentially the same as the first one, but configured with separate parameters (hysteresis, time-to-trigger, etc.). 

In the context of multi-eNB HO preparation, the target eNBs may be prepared in advance by the source eNB, upon reception of an ‘early’ measurement report. Since this measurement report has to be sent early for this mechanism to show any benefit, it is expected that the amount of measurement reports may increase significantly compared to the case where multi-eNB HO preparation is not used. For instance, a normal HO will now always require two measurement reports. Consequently, it would be appropriate to have a mechanism to limit the amount of measurement reporting. One way of doing this would be to limit the amount of cells the reporting is applicable to, i.e. configure the events only for specific cells. The idea would be that the eNB would configure the events only for cell which it has reason to believe are prone to Radio Link Failures. The appropriate set of cells could be based on a specific SON mechanism. 
3. Conclusion

In the paper, we propose the following:
· Proposal 1: Agree on an intra-frequency event for a neighboring cell leaving the reporting range from the serving cell

· Proposal 2: Agree on a speed-dependent Time-to-trigger parameter, based on number of HO during a certain period

· Proposal 3: Agree that the events for a neighbor entering and leaving the reporting range from the serving cell can be configured for a specific set of cells. 
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