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1 Introduction
[bookmark: _GoBack]In RAN#94 meeting, one new WID on Rel-18 NR support for Uncrewed Aerial Vehicles (UAV) was approved. As one of the objectives of the WID, the following was agreed [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 RAN2#119bis-e, the following agreements have been made for NR UAV [2]:
Agreements:
1. The time information reported as part of flight path plan is optional. UE includes time info, if configured by the network and available at the UE.  FFS on flight path details (waypoints and what is time information). 
2. Allow the flight path to be updated.  FFS on the details. 
3. FFS on reporting format and initial flight path reporting (i.e. what information to report and how) – next meeting 
4. Continue to study height-depending scaling, triggering and combinations
5. As in LTE, as a baseline, events A3, A4 and A5 can be configured with the configured number of cells (numberofTriggeringCells)
In this paper, we mainly focus on the details of flight path plan reporting and how to avoid excessive reporting.
2 Discussion
2.1	Flight path reporting
In LTE system, a flight path plan can include up to 20 waypoints. And the number of waypoints is configured by NW [3]. In our view, no further enhancements for the maximum number of waypoints are needed. The interval between each waypoint currently is depending on UE implementation. But considering that the time information in flight path report is optional, the interval between waypoints configured by the NW will be useful for resource allocation. So the interval between waypoints might need to be specified in NR system. And the interval can be configured according to time or distance as required.
Proposal 1: No further enhancements for the maximum number of waypoints are needed. 
Proposal 2: The interval between waypoints needs to be further specified in NR system.
In LTE, flight path report is based on network request. And the mechanism contains the following steps[3]:
1. At RRC setup, RRC resume, RRC reconfiguration and RRC re-establishment procedure, UE informs NW flight path information is available. UE reports flightPathInfoAvailable after initial access. 
2. NW request by using UEInformationRequest message, and this message include flightPathInfoReq field.
3. UE reports flight path information in UEInformationResponse message, and this message includes flightPathInfoReport.


Figure 1: UE information procedure
The RRC messages that can include flightPathInfoAvailable are as follows [3]:
· The RRCConnectionSetupComplete message 
· The RRCConnectionResumeComplete message 
· The RRCConnectionReconfigurationComplete message
· The RRCConnectionReestablishmentComplete message 
Once the flight path plan is reported, there is no mechanism in LTE to update/modify the flight path plan except for the RRC procedure listed above. In the last RAN2 meeting #119bis, it was agreed to allow the flight path to be updated. Here we would like to focus on the specific mechanism of updating the flight path plan. Flight path updating might be caused by the below two reasons:
· Flight paths are difficult to plan in advance all the time. In practice, there may be changes in actual flight conditions(such as bad weather and traffic conflicts), and new flight paths are generated during flight.
· There is no support for the propagation of flight path plan during handover. For handover, the flight path plan shall be transferred to the target cell from the source cell.
To the best of our knowledge, there might be three potential solutions for this issue:
1. Reuse LTE’s procedure and include the indication of available flight path modification in several RRC messages.
2. Include flight path within the measurement report. 
3. Set a new IE to indicate that the previously reported flight path is invalid or a new flight path is available. 
Due to the smaller coverage for NR cells and the fast speed of drones (e.g., 200 km/h), HO in FR2 scenario may be more delay-sensitive and UE may not be able to send the report in time before flying into the target cell. Thus, the procedure of updating the flight path plan needs to be further enhanced. Or we might need to discuss whether the change of flight path is frequent in NR system. 
For now, to limit the measurement reporting and achieve enhancement, we can set a new IE to indicate flight path modification available. The previously reported flight path can be updated if gNB sends UEInformationRequest again.
Proposal 3: To set a new IE to indicate that the previously reported flight path is invalid or a new flight path is available.
2.2	UAV-specific CHO triggering
The conditional handover (CHO) was introduced In NR Rel-16 [4]. A CHO is defined as a handover that is executed by the UE when one or more handover execution conditions are met. The CHO for UAV was not specified in LTE, but the CHO is a good candidate for UAV mobility solution. Figure 2 shows an example of CHO handover procedure. 



Figure 2: Example of CHO handover procedure
According to the simulation results in LTE, the flight altitude significantly influences HO rate, and the UAV can detect more cells. UAV may see many cells with good signal strength in HO, which make it difficult for UE to select the target cell. So, based on the RRM measurement, UE would report many possible candidates for CHO. And the NW can pre-configure CHO candidates based on flight height. 
Proposal 4: The network can pre-configure CHO candidates based on flight height. 
RAN2#119-e agreed to use events H1 and H2 in LTE as a baseline. These events trigger the UAV UE to send measurement reports, informing the network of aerial UE height. Events H1 and H2 also can be used in CHO triggering. For example, UE can be configured to trigger CHO when event H1 is triggered and to exit the CHO procedure when event H2 is triggered.
Proposal 5: Events H1 and H2 can be used in CHO triggering.
3 	Conclusions
Based on the discussion in the previous sections we propose the following:
Proposal 1: No further enhancements for the maximum number of waypoints are needed. 
Proposal 2: The interval between waypoints needs to be further specified in NR system.
Proposal 3: To set a new IE to indicate that the previously reported flight path is invalid or a new flight path is available.
Proposal 4: The network can pre-configure CHO candidates based on flight height.
Proposal 5: Events H1 and H2 can be used in CHO triggering.
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