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1.  Introduction
In RAN meeting #94e, a new work item was approved for measurement reports enhancement in UAV as follows [1]:
1. Specify the following enhancements on measurement reports [RAN2]:
· UE-triggered measurement report based on configured height thresholds
· Reporting of height, location and speed in measurement report
· Flight path reporting
· Measurement reporting based on a configured number of cells (i.e. larger than one) fulfilling the triggering criteria simultaneously
Note: Work done in LTE is a starting point for this objective. NR-specific enhancements can be considered, if needed, while overall the LTE and NR solutions should be harmonized as much as possible.
In this contribution, we discuss whether the measurement report enhancement for UAVs is needed and which aspect enhancement should be considered in NR.
2.  Discussion
[bookmark: _Hlk100497352]2.1 Measurement report for UAV in LTE
In LTE [1], RAN2 has defined event height based reporting for UAVs such that measurement reports are triggered when the altitude of the UAV is above or below a configured threshold. Location reporting, which can include horizontal and vertical speed, for UAVs was also defined, and it can be included in the height report. 
Observation 1: LTE supports event based height reporting for UAVs, which may also include location and speed, if configured.


Fig. 1 UE information procedure
Unlike the height-based measurement report mechanism, if the UAV has flight path information available when the UAV has access to a network, then the UAV needs to report flightPathInfoAvailable to the network. After the network receives the flightPathInfoAvailable, it can send UEInformationRequest, which includes the flightPathInfoReq field, to trigger UAV flight path information reporting, as shown in Fig.1. When a UAV receives the flightPathInfoReq, it will send a UEInformationResponse message, which includes the flightPathInfoReport field, to the network to report the flight path, which comprises a number of waypoints defined as 3D locations.
Observation 2: Flight path information reporting is also supported in LTE through the UE information request procedure.
Compared to the ground UE, there are two important factors to consider for UAV UE. On the one hand, the signal that is transmitted by the base station, usually towards the ground, makes the signal power received by the UAV lower. On the other hand, the signal transmitted by the UAV can be received by more base stations, and the UAV can also receive more base station’s signal due to the less obstruction. Thus, UAVs in the air will have more interference and require more frequent handovers. In order to handle these problems, the numberOfTriggeringCells field has been defined in LTE, which means if there are N cells and these cells fulfil the triggering conditions of measurement reports in corresponding TTT (time to trigger) simultaneously, then the UAV sends measurement reports to the base station, where the threshold N is included in the measurement configuration. This mechanism is suitable for events A3 or A4 or A5. 
Observation 3: The triggering conditions of the measurement report in LTE for the UAV are fulfilling the N cell conditions simultaneously in the corresponding TTT.
2.2 Consideration on NR UAV
According to observations 1, 2, and 3, we can see that some mechanism for UAVs has been defined in LTE. In NR, the communication environment for aerial UE is similar to that of LTE. To save standard effort, it is quite straightforward to take the LTE mechanism as a baseline. 
Proposal 1: The mechanisms that have been defined for UAVs in LTE can be reused in NR.
However, due to the limited time in Rel-15 LTE UAV, the analyses on the introduced enhancement were not completed. For example, the numberOfTriggeringCells was introduced to avoid frequent measurement reporting, however, the application numberOfTriggeringCells may cause potential issues:
Issue 1: late handover decision
As mentioned above, the numberOfTriggeringCells is supported for A3 event which is used for handover decision. If the UAV is configured with the parameter of the number of triggering cells by the network, it requires N cells to fulfil the triggering event simultaneously. Then the UAV sends measurement reports to the network. However, the UAV UE at the cell edge may struggle to fulfil the triggering condition due to no enough neighbours cell meets the threshold. However, the serving cell may be not good enough to serve the aerial UE. In this case, the handover decision may be delayed because of the late measurement reporting. 
Issue 2: late measurement result updating
According to the existing measurement reporting trigger mechanism captured in LTE RRC specification with numberOfTriggeringCells, once the MR is triggered, the UE will not trigger it again unless the UE fulfills the condition again after the number of cells that fulfill the condition is less than the threshold. As a result, the base station may not able to receive the latest measurement result in time. As shown in Fig. 1, if the numberOfTriggeringCells is set to 3 and cells 1, 2, and 3 fulfill the condition, the UAV sends the measurement report to the base station. After that, the UAV would not trigger the measurement report even though the UAV measures cell 4 and 5 fulfills the condition and cell 1 and 2 leave the condition. In this case, the gNB may misunderstand that cell 1 and 2 still meet the condition and correspondingly, wrong decision may be made.
[image: ]
Fig. 1 Illustration of MR triggering mechanism with numberOfTriggeringCells
Proposal 2: RAN2 to discuss potential enhancements to solve the issues caused by numberOfTriggeringCells, including late handover decision and late measurement result updating.
3. Conclusion
Observation 1: LTE supports event based height reporting for UAVs, which may also include location and speed, if configured.
Observation 2: Flight path information reporting is also supported in LTE through the UE information request procedure.
Observation 3: The triggering conditions of the measurement report in LTE for the UAV are fulfilling the N cell conditions simultaneously in the corresponding TTT.
Proposal 1: The mechanisms that have been defined for UAVs in LTE can be reused in NR.
Proposal 2: RAN2 to discuss potential enhancements to solve the issues caused by numberOfTriggeringCells, including late handover decision and late measurement result updating.
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