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1. Introduction

In RAN2#119e meeting, the following agreements were made for UAV measurements [1]:
Agreements

1 Use LTE principle as a baseline, introduce similar event H1 (aerial UE height become higher than threshold) and H2 (aerial UE height become lower than threshold.  FFS if further NR enhancements are needed.  FFS study scaling of RRM parameters (e.g. which parameters and what is the purpose/benefit of the scaling and how)

FFS how to limit excessive measurements and measurement reporting 

FFS if user consent is needed for location reporting in CONNECTED

FFS study the vertical movement and associated mobility for UAV UEs
2
Rel-18 NR supports reporting of UAV UE’s height, location and velocity. It is for further study what accuracy and reporting mechanisms are required and if further enhancements are needed.  

3
As in LTE, flight path plan reporting will be introduced.  Location list of waypoints (3D location information) and timestamp is adopted as the basic content of flight path report.  FFS if timestamp is mandatory or optional for NR.  FFS if further enhancements are needed

4
Introduce similar functionality to LTE (numberofTriggeringCells).  FFS whether numberoftriggerbeams for NR is required or other enhancements.  FFS study how to avoid sending the measurement reports mainly due to reportOnLeave.

In this contribution, we try to focus on measurement relevant part for UAV and analyze whether any enhancement is needed for current agreed mechanism.
2. Discussion 
2.1 Limit excessive measurements reporting for UAV when enter condition is met
Aerial UEs can move in vertical direction, which is the main difference than UEs on the ground. In theory, the higher Aerial UEs fly, the higher possibility to see more strong cells because more cells will be in line of sight when Aerial UEs is moving in the air. Compared to UEs on the ground, event A3, A4 and A5 will be triggered more frequently for UAV, which introduces significant measurement report overhead in the air interface. To improve such situation, LTE R15 spec introduces numberOfTriggeringCells in ReportConfigEUTRA [2], which means measurement report will be triggered only if the number of measured neighbour cells on a specific frequency whose L3 measurements fulfil the configured measurement event exceeds numberOfTriggeringCells. 
In RAN2#119e meeting, we agreed to introduce the similar parameter, i.e. numberOfTriggeringCells, to NR UAV, but not preclude any further enhancement for NR, for instance, to introduce numberoftriggerbeams for NR UAV. Based on online discussion, companies clarify that the numberoftriggerbeams can work independently or jointly work with the numberOfTriggeringCells.
Case1: numberoftriggerbeams works independently with numberOfTriggeringCells
For Case1, numberoftriggerbeams will be configured for event A3/A4/A5 while numberOfTriggeringCells will not be present, in this case, if the L3 measurements on a single cell fulfil the configured measurement event and the number of good beams on this cell also exceed numberoftriggerbeams, measurement report will be triggered. It seems that such addition condition, i.e. numberoftriggerbeams, can further limit the number of measurement report as more strict triggering condition is added compared to legacy way, but actually, this addition condition cannot work that effectively. This new parameter works on a single frequency configured in the associated MO, the beamforming strategy on the same frequency in the same area is usually the same in the real deployment, it’s more possible for UAV over the air to see similar number of good beams among measured neighbour cells when cell level measurements fulfil the configured measurement event. If the network configures a large value for numberoftriggerbeams, there is risk that no measurement report will be triggered on that frequency, which may cause UE RLF later, while the network configures a small value for numberoftriggerbeams, measurement report will be triggered on that frequency but the number of measurement report will not be reduced due to the similar available number of good beams when cell level measurements fulfil the configured measurement event. 
Observation 1: If numberoftriggerbeams works independently with numberOfTriggeringCells, the number of measurement report may not be reduced as UAV will very likely see the similar available number of good beams when cell level measurements fulfil the configured measurement event on the same frequency.
Case2: numberoftriggerbeams works jointly with numberOfTriggeringCells
For Case2, numberoftriggerbeams will be configured for event A3/A4/A5 while numberOfTriggeringCells is also present, in this case, the number of measurement report will be reduced further in theory compared to the case when only numberOfTriggeringCells is configured, but at same time, there is more possibility that measurement report on this frequency will be delayed, which may cause UE RLF. We need to consider the tradeoff between UE mobility performance and overhead reduction on UE measurement report. It seems not reasonable to sacrifice UE mobility performance for overhead reduction on UE measurement report. More addition, numberOfTriggeringCells is already used to reduce UE measurement report overhead, it’s still not clear the additional gain to introduce numberoftriggerbeams for NR UAV.
Observation 2: If numberoftriggerbeams works joinly with numberOfTriggeringCells, there is more possibility that measurement report on this frequency will be delayed, which may cause UE RLF, while the additional gain to introduce numberoftriggerbeams is still unclear considering we already have numberOfTriggeringCells.
Based on Observation 1 and Observation 2, we propose to not introduce numberoftriggerbeams for NR UAV.

Proposal 1: numberoftriggerbeams is not considered for NR UAV measurement report enhancement.
In RAN2#119e meeting, we agreed to introduce the similar parameter, i.e. numberOfTriggeringCells, to NR UAV, considering the smaller coverage for NR cell on FR2, HO for FR2 cell may be more delay sensitive than FR1 cell, a late UE measurement report on FR2 frequency may cause UE RLF due to late network HO command. numberOfTriggeringCells will significantly increase the risk for UE RLF due to late UE measurement report on FR2 frequency. 
Proposal 2: RAN2 is kindly asked to discuss whether numberOfTriggeringCells is also applied to FR2 scenario.

If numberOfTriggeringCells is also applied to FR2 scenario, how to guarantee the effectiveness may also be considered, for instance, balance UE mobility performance and UE measurement report overhead reduction.
Proposal 3: If numberOfTriggeringCells is also applied to FR2 scenario, RAN2 may further consider the effectiveness on how to use numberOfTriggeringCells.
2.2 Limit excessive measurements reporting for UAV when leaving condition is met
In LTE R15 UAV discussion, a4-a5-ReportOnLeave is introduced, which is used to indicate whether or not the UE shall initiate the measurement reporting procedure when the leaving condition is met for a cell in cellsTriggeredList, we think NR UAV can also introduce a similar parameter considering no difference is identified between LTE and NR for this.
Proposal 4: Introduce a similar parameter, i.e. a4-a5-ReportOnLeave, for NR UAV.
The effectiveness may also be considered for a4-a5-ReportOnLeave, due to UAV can move over the air, more cell will be in line of sight, which means during a certain period more measured cell will meet the enter condition and also more measured cell will meet the leaving condition. For the former case, i.e. more measured cell will meet the enter condition, we introduce numberOfTriggeringCells to limit excessive measurements reporting, which is already covered by clause 2.1, as for the later case, i.e. more measured cell will meet the leaving condition, there is no such enhancement yet.
So the next question is that whether we also want to limit excessive measurements reporting for leaving case, for instance, introduce a similar parameter like numberOfTriggeringCellsForLeaving, we think the situation is quite different between enter case and leaving case, for enter case, by limiting the number of measurement report, the network still can make a proper decision based on reported measurement results because at least n cells’ measurement results meet the enter condition; but for leaving case, the delayed measurement report due to numberOfTriggeringCellsForLeaving may cause wrong HO if network cannot update UE measurements results in time, so we don’t think it’s a good idea to introduce a parameter, e.g. numberOfTriggeringCellsForLeaving, for NR UAV.
Observation 3: The delayed measurement report due to numberOfTriggeringCellsForLeaving may cause wrong HO if network cannot update UE measurements results in time.
Proposal 5: Don’t introduce a parameter like numberOfTriggeringCellsForLeaving for leaving condition for NR UAV.
If the number of measurement report triggered by leaving condition really matters, we can consider a prohibit timer. Once a measurement report is triggered by leaving condition, the prohibit timer starts, during prohibit timer running period, no measurement report triggered by leaving condition is allowed, after the prohibit timer expiry, if still at least one cell in the cellsTriggeredList meets the leaving condition, another measurement report can be triggered, at the same time, the prohibit timer starts again……, and the subsequent UE behavior is quite similar as above. This prohibit timer is a tradeoff between UE mobility performance and UE measurement report overhead reduction.
Proposal 6: RAN2 is kindly asked to consider prohibit timer for leaving condition for NR UAV.
3. Conclusion
In conclusion, we propose the following:

Observation 1: If numberoftriggerbeams works independently with numberOfTriggeringCells, the number of measurement report may not be reduced as UAV will very likely see the similar available number of good beams when cell level measurements fulfil the configured measurement event on the same frequency.
Observation 2: If numberoftriggerbeams works joinly with numberOfTriggeringCells, there is more possibility that measurement report on this frequency will be delayed, which may cause UE RLF, while the additional gain to introduce numberoftriggerbeams is still unclear considering we already have numberOfTriggeringCells.
Proposal 1: numberoftriggerbeams is not considered for NR UAV measurement report enhancement.
Proposal 2: RAN2 is kindly asked to discuss whether numberOfTriggeringCells is also applied to FR2 scenario.

Proposal 3: If numberOfTriggeringCells is also applied to FR2 scenario, RAN2 may further consider the effectiveness on how to use numberOfTriggeringCells.
Proposal 4: Introduce a similar parameter, i.e. a4-a5-ReportOnLeave, for NR UAV.

Observation 3: The delayed measurement report due to numberOfTriggeringCellsForLeaving may cause wrong HO if network cannot update UE measurements results in time.
Proposal 5: Don’t introduce a parameter like numberOfTriggeringCellsForLeaving for leaving condition for NR UAV.
Proposal 6: RAN2 is kindly asked to consider prohibit timer for leaving condition for NR UAV.
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