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A New WID on NR support for UAV (Uncrewed Aerial Vehicles) [1] has been approved. In the WID, one of the objectives is to enhance measurement reports, shown as below.
	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 provide our understandings on measurement reporting for NR UAV. 
Discussion
In R15, enhancements on measurement report have been introduced to support aerial UE functions in LTE, as follows [2]:
· TS 36.331 was extended with two reporting events H1 and H2. With these two new events, the UE triggers a height report when the UE's altitude is above (H1) or below (H2) of an eNB-configured threshold.
· The RRM measurement framework was extended such that the UE can be configured to trigger a measurement report if an event condition is met for a configurable number of cells. 
· To improve mobility performance, RRC signalling was added to allow the UE to indicate to the eNB the planned flight path. 

As mentioned above, some planned enhancements of NR UAV on measurement reports are similar to the work done in LTE UAV. The mechanism of measurement reports in LTE UAV can be a baseline for NR UAV. Any NR-specific enhancements can be considered.
Proposal 1: The mechanism of measurement reports in LTE UAV can be a baseline for NR UAV. 
For efficient and reliable handover, LTE UAV support height and location reporting to assist eNB to aware the airborne state of aerial UE. Based on the height and/or UE location, Network can configure appropriate report configurations for mobility.
In R15, LTE UAV introduces two reporting events for height reporting, and aerial UE triggers a height report when the altitude of the aerial UE is above or below a configured threshold [3] , shown as below:
· Event H1 (The Aerial UE height is above a threshold)
· Event H2 (The Aerial UE height is below a threshold)
Event H1 and event H2 can also be introduced for NR UAV. When event H1 or event H2 is fulfilled, the height of aerial UE can be included in measurement report.
Proposal 2: Event H1 and event H2 can be introduced in R18 for NR UAV.
Proposal 3: Height reporting can be triggered by event H1 and event H2.
Location information including horizontal and vertical speed for LTE aerial UE can be included in RRM measurement report [3]. For NR UAV, existing location reporting mechanism can be reused. UE location information can included in the measurement report if the includeCommonLocationInfo is configured. Horizontal and vertical speed can be included in location information, which is similar to LTE UAV.
Proposal 4: Existing location reporting mechanism can be reused for NR UAV. 
Proposal 5: Horizontal and vertical speed can be included in location information.
To increase the reliability and robustness of mobility, E-UTRAN can request a UE to report flight path information to eNB, which lets eNB know the planned location of aerial UE and where it is going. So, E-UTRAN can manage handover based on flight path information. Flight path information can include a number of waypoints and time stamps per waypoint if configured in the request [3].
In NR UAV, flight path reporting based on network request can be supported as a baseline. If configured to report flight path information, UE can report the information consisting waypoints and time stamps based on the configuration in request message.
Proposal 6: Flight path reporting based on network request can be supported as a baseline.
After aerial UE reports the fight path information, the planned flight path may be changed or the aerial UE is controlled by the operator or user, so that the previously reported fight path information might no longer be valid. Flight path reporting can be triggered by UE when fight path has been changed. UE-based flight path reporting can be considered for the update of flight path information. 
Proposal 7: UE-based flight path reporting can be considered.
Due to the height and flying of the aerial UE, it has a higher likelihood of having line-of-sight to eNBs/gNBs and aerial UEs can detect more neighbour cells than terrestrial UEs. This could result in interference and frequent measurement reporting.
To solve the above-mentioned problem, for LTE UAV, eNB can configure measurement report with a configurable number of cells and aerial UEs trigger a measurement report if the event is fulfilled for a configurable number of cells simultaneously, which can be used for interference detection and reduce measurement reports.
Obviously, there are the same issues in NR UAV. Therefore, a configured number of cells can also be introduce for measurement reporting in NR UAV. If it is configured in report configuration, UE triggers a measurement report when a configurable number of cells fulfil the event. 
Events applicable for this enhancement are A3, A4 and A5 in LTE UAV and NR can follow the same restriction. This is because A3, A4 and A5 are events associated with the signal strength of neighbour cells for intra-RAT.  
Proposal 8: A configured number of cells can be introduced in report configuration for measurement report. UE triggers a measurement report when a configurable number of cells fulfil the event if it is configured.
Proposal 9: Event A3, A4 and A5 can be configured with the configured number of cells.
Conclusions
According to the analysis given above, we have the following observations and proposals:
Proposal 1: The mechanism of measurement reports in LTE UAV can be a baseline for NR UAV. 
Proposal 2: Event H1 and event H2 can be introduced in R18 for NR UAV.
Proposal 3: Height reporting can be triggered by event H1 and event H2.
Proposal 4: Existing location reporting mechanism can be reused for NR UAV. 
Proposal 5: Horizontal and vertical speed can be included in location information.
Proposal 6: Flight path reporting based on network request can be supported as a baseline.
Proposal 7: UE-based flight path reporting can be considered.
Proposal 8: A configured number of cells can be introduced in report configuration for measurement report. UE triggers a measurement report when a configurable number of cells fulfil the event if it is configured.
Proposal 9: Event A3, A4 and A5 can be configured with the configured number of cells.
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