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Introduction
In RAN#78, a new WI for enhanced aerial UE support was agreed [1]. The WID includes an objective for mobility enhancement as well as for interference detection:
	· Specify enhancements to support improved mobility performance and interference detection in the following areas [RAN2]:
· Enhancements to existing measurement reporting mechanisms such as definition of new events, enhanced triggering conditions, mechanisms to control the amount of measurement reporting.


[bookmark: _Ref178064866]Discussion
The enhancements for measurement reporting for interference detection or flight mode detection would need to reflect the changed signal conditions when UE is airborne versus when UE is on the ground. As discussed in [2], a suitable triggering condition is linked to UE seeing multiple cells. While this reflects interference conditions while airborne, it is not suitable measurement event configuration for good mobility performance as the triggering is delayed by default. Any of the existing events trigger faster as those triggered based on one cell exceeding a threshold.
[bookmark: _Toc510712184][bookmark: _Toc510740572]Enhancements for measurement reporting for interference detection have different KPIs as those for mobility enhancements.
In [3], we discuss measurement enhancements for interference detection and in this paper we discuss measurement enhancements for mobility while airborne. The WID objective explicitly mentions that RAN2 should specify mechanism to control the amount of measurement reporting. Thus, we propose that in order to fulfil the WID objective, RAN2 should specify mechanism to control the amount of measurement reporting.
[bookmark: _Toc510712179][bookmark: _Toc510740575]RAN2 to specify mechanism to control the amount of measurement reporting. 

Control the amount of measurement reporting
In LTE measurement reporting, when the event entry condition is satisfied by a cell, the cell is added to cellsTriggeredList and the measurement of these cells in the list is reported. When the event leaving condition is triggered, the cell is removed from the list. Due to the fact that many more cells can be observed (see [2]), the probability that a particular event is consecutively triggered in time is also increased. In such cases, UE might have excess measurement reporting where for each triggered event UE sends the measurement report with all cells in cellsTriggeredList. 
For example, the network may configure an A4 event with a low threshold value to measure UL/DL interferences to/from neighboring cells and potentially identify a flying UE. Further, an A3 event with a negative a3-offset may also be used to identify a flying UE. Note that, the range of a3-offset is from -30 to 30.  
Thus, the objective of “control the amount of measurement reporting“  is mentioned in WI. One proposed way is to trigger a measurement reporting if the sum of the measurements of neighbouring cells is larger than a threshold. However, there are a couple of drawbacks of this method. For example, it might delay the reporting, since it needs to wait for the summation over a threshold.  Also, it might trigger unnecessarily events for the case that there are only a small number of cells with strong RSRP values.
A more proper way is to define a prohibit timer which prevents sending the measurement reports for a configurable time after the event has been triggered. The prohibit timer is associated to the reporting configuration. This method can control the amount of measurement reporting, also at the same time it enables timely reporting when the event is triggered first time. 
Simulation results
The main issue of the excessive measurement reporting lies in measurement reports that are being triggered close in time, as seen in figure 1a where up to 3 measurement reports are being sent within less than 500ms. In figure 1b, we introduce a prohibit timer to reduce the measurement reports triggered close in time. In this case the amount of measurement reports is highly reduced while not impacting performance.
[image: C:\Users\ezsedjo\NotebookWorkspace\Delayedevent\plots\SNAPSHOT user 10.png]
Figure 1. A RSRP-trace of a drone at 50m altitude flying with 44m/s. The yellow lines denote an A3 measurement triggering without a prohibit timer and red line with a prohibit timer.
In order to compare the prohibit timer to the baseline, we introduce two measures, double-triggering and triple-triggering 3. The  measurement event with a threshold of 0.5dB is used. Double-triggering is defined as two measurement reports that are triggered within XXX ms and triple-triggering is defined as three measurement reports being triggered within YYY ms.
As an example, of the flexibility, a prohibit timer of 80ms and 160ms is introduced. In figure 2a, the amount of  single-triggering, double-triggering and triple-triggering can be seen for different heights. It is clear that the double-triggering and triple-triggering are highly reduced and in the case of a 160ms prohibit timer the triple-triggering are completely removed. 
[image: C:\Users\ezsedjo\NotebookWorkspace\Delayedevent\plots\prohibit timer single event.png][image: C:\Users\ezsedjo\NotebookWorkspace\Delayedevent\plots\prohibit timer double event.png]
[image: C:\Users\ezsedjo\NotebookWorkspace\Delayedevent\plots\prohibit timer triple event.png]
Figure 2. a) The amount of single triggering, denoted A3_1, b) amount of double-triggering denoted A3_2 and c) triple-triggering denoted by A3_3 
In order to make sure that the introduced prohibit timer does not affect performance, we also measure the amount of RLFs declared, handovers initiated and handover failures which can be seen in figure 3a, 3b and 3c.  
[image: C:\Users\ezsedjo\NotebookWorkspace\Delayedevent\plots\prohibit timer rlf rate.png][image: C:\Users\ezsedjo\NotebookWorkspace\Delayedevent\plots\prohibit timer hoi hof rate.png]
Figure 3. a) The amount of RadioLinkFailures declared, b) the amount of handover initiated and handover failures.
From figure 3 we can see that the RLFs, handover initiated and handover failures remain almost constant. The reason for this can be seen in figure 1. In cases where many measurement reports are sent consecutively in time, the interference is very large and it is unclear whether the condition reported in the measurements will remain, thus delaying some of them will not hurt the performance, because if the condition is still present, then the report will eventually surface. Instead of the timer, a counter can be used. A benefit of the counter over timer is that when the next report is sent after the first one, network knows how many times that event has triggered in the meantime.
[bookmark: _Toc510712182][bookmark: _Toc510740576]Introduce a prohibit timer or counter in reporting configuration: UE is prevented from sending the measurement report for a configurable time, or configurable amount if triggering events, after the event is triggered first time and first report is sent. 
We have prepared CRs to show how the timer and counter options can be implementated in [4][5].
Measurement configuration aspects for mobility while airborne

[bookmark: _Hlk509410806]Agreement:
	Provide reference altitude information (including threshold) to UAV UE provided by eNB to assist UE to identify its status (i.e., airborne status). 

The agreement can be used in several ways but basically it gives a common reference point for UE and network to define flight status. It should be noted that it is optional for the network to configure the UE with the threshold value.
For aerial UEs, the excessive DL interference and the down-titled BS antennas contribute to a worse perceived SINR, a fast-changing best cell and possibly a faraway best cell, compared to the terrestrial UEs.  That is, it is likely that UE in airborne mode should be configured differently compared to a terrestrial UE. One proposal has been to scale the parameter timetotrigger(TTT) that defines when a measurement result is sent by the UE after an event triggers. When UE is airborne it is beneficial to trigger measurement results earlier compared to terrestrial UEs. This is similar to what already exists in LTE specification where TTT can be scaled based on a mobility state of the UE, where a mobility state is defined as a number of HOs seen by the UE based on certain configuration. Similarly, in idle mode, in LTE a cell reselection threshold can be scaled based on UEs mobility state. This has also been proposed for drones based on height/airborne status.
Instead of an individual parameter like TTT, if described, two distinct reporting configurations can be configured to airborne and non-airborne UE status with parameter values suitable for airborne and non-airborne UEs respectively. In this way, multiple parameters may be scaled to fit airborne and non-airborne status of the UE and also reporting amount related parameters may be scaled. Especially if increase in report amount is introduced. Report amount could be tied to height via report configuration.
[bookmark: _Toc510740577]RAN2 to discuss the options of how different measurement related parameters or configurations can be changed according to UE height. 

Conclusion
[bookmark: _In-sequence_SDU_delivery]
In the previous sections we made the following observations: 
Observation 1	Enhancements for measurement reporting for interference detection have different KPIs as those for mobility enhancements.


Based on the discussion in the previous sections we propose the following:
Proposal 1	RAN2 to specify mechanism to control the amount of measurement reporting.
Proposal 2	Introduce a prohibit timer or counter in reporting configuration: UE is prevented from sending the measurement report for a configurable time, or configurable amount if triggering events, after the event is triggered first time and first report is sent.
[bookmark: _GoBack]Proposal 3	RAN2 to discuss the options of how different measurement related parameters or configurations can be changed according to UE height.
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