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1.  Introduction
In RAN2 meeting #119e, The following agreements have been reached regarding NR support for UAVs [1]:
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.
As we can see, there are some FFS that remain to be analysed. In this contribution, we studied these issues one by one and came to some proposals. This is a revision of R2-2208420. Compared to the previous version we analysed a few more technical aspects due to be resolved in RAN2 (i.e. FFSs).
2. [bookmark: _Hlk100497352] Discussion
In order to avoid the measurement reporting being affected by the interference cell, TTT was introduced in NR. It requires the cell quality, which is measured by the UE, to always be over the threshold at a certain time, i.e., TTT. This mechanism works well for the terrestrial UE. However, the aerial UE’s communication environment is different to the terrestrial UE due to more LOS path. Thus, the TTT, which is configured for the terrestrial UE, is not suitable for the aerial UE when the aerial UE is at a different altitude. As a result, a “scalable” TTT is needed; for example, an aerial UE can be configured with a set of TTT for different altitudes. The aerial UE could for example selects a normal TTT when it is on the ground, and when the altitude is higher than the base station, the aerial UE selects a larger TTT to avoid frequent reporting.
Proposal 1: A height adaptive TTT should be considered for NR UAV.
Whether user consent is needed for NTN location reporting has been discussed in SA3 and it depends on local regulations [2]. In the regions where user consent is required for NTN, the user consent can be confirmed based on the service-level agreement between the operator and its NTN subscribers. Similar to the NTN case, we think user consent is also needed for UAV location reporting in RRC_connected to protect user privacy. For example, the operator asks the user to authorize the aerial UE location reporting when the user signs the agreement with the operator to obtain the right to access the network.
Proposal 2: User consent is needed for location reporting in RRC_connected.
After introducing the height report event, the NW can infer if the aerial UE is ascending or descending based on events H1 and H2. For example, the NW obtains the vertical direction by two consecutive height-based events. Besides, the cell topology in the vertical direction is similar to the horizontal surface, i.e., the edges of neighbouring cells are overlapped. Once the NW obtains the direction vertical, it can combine with event A4 to handle the vertical mobility. In other words, vertical mobility can be handled by legacy mobility management.
Proposal 3: Vertical mobility for the aerial UE can be handled by legacy mobility management.
In LTE [3], the field heightUE is defined for the aerial UE to indicate the height of the UE in meters relative to the sea level. The range of the heightUE is (-400, 8880) and the accuracy of the heightUE is 1 meter. The accuracy of the location is different for different location sources [4]. The co-ordinates of an ellipsoid point are coded with an uncertainty of less than 3 metres. The co-ordinates of a high-accuracy ellipsoid point are coded with a resolution of less than 5 millimetres for latitude and less than 10 millimetres for longitude. For the velocity, the accuracy of the horizontal and vertical speed is 1 kilometer per hour. This accuracy can meet the aerial UE’s requirements due to the aerial UE's not having special requirements. The detailed signalling design can be left to stage 3.
Proposal 4: The accuracy of the UAV UE’s height, location, and velocity is sufficient and the detailed signalling design of the UAV UE’s height, location, and velocity can be left to stage 3.
Besides, the mechanism of reporting UE’s height is based on event H1/H2 in LTE [3]. Specifically, if the trigger type is set to event and the event id is set to event H1/H2, the aerial UE will report the height by measurement reporting. We think this mechanism can be reused in NR and no further enhancement is needed. For location and velocity reporting, the mechanism of reporting UE’s location and velocity has been defined for UE positioning in NR. We think it can be easily extended to an aerial UE scenario. In specific, the aerial UE needs to report the timestamp of location, the coordinate of location, velocity estimate, etc., if the includeCommonLocationInfo is configured. Thus, we think there are no enhancements needed to the reporting of UAV UE’s height, location, and velocity.
Proposal 5: No further enhancements for reporting of UAV UE’s height, location, and velocity are needed.


Fig. 1 UE information procedure in LTE
[bookmark: OLE_LINK64][bookmark: OLE_LINK67]In LTE [3], flight path reporting was introduced for UAV. RAN2 agreed to reuse the LTE flight path reporting mechanism at its last meeting. If the UAV’s flight path information is available when the UAV has access to a network, the UAV needs to report flightPathInfoAvailable to the network. The flightPathInfoAvailable can be included in RRCConnectionSetupComplete, RRCConnectionResumeComplete, RRCConnectionReconfigurationComplete (handover), and RRCConnectionReestablishmentComplete. 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. This procedure works well for LTE UAV.
Some companies are worried that the UAV cannot update the flight path when the reported flight path is changed. We think that it is a reasonable concern, due to the fact that the flight path change is possible after the aerial UE reports the flight path. Referring to the LTE mechanism, the flightPathInfoAvailable field can also be used to indicate the NW that the flight path can be updated. To the best of our knowledge, the flight path would not change frequently. Thus, it can be included in RRCSetupComplete, RRCResumeComplete, RRCReconfigurationComplete (not only handover), and RRCReestablishmentComplete. After that, the NW sends UEInformationRequest to request the flight path, if needed. The aerial UE responds to it by UEInformationResponse.
Proposal 6: The Aerial UE needs to indicate to the NW that a flight path update is available when the flight path changes.
Proposal 7: The indication of flight path update is available can be included in RRCSetupComplete, RRCResumeComplete, RRCReconfigurationComplete (not only handover), and RRCReestablishmentComplete.
Whether the timestamp is included in the flight path report is optional in LTE. If the timestamp were absent from the flight path report, the NW would not know when the aerial UE is supposed to arrive at the corresponding waypoint. It will severely restrict the application scenarios. Thus, the timestamp should be mandatory in NR.
Proposal 8: The timestamp should be mandatory associated with waypoint in NR flight path plan reporting for UAV, if available at the UE side.
In LTE [3], the numberOfTriggeringCells was introduced to avoid frequent measurement reporting. The measurement mechanism of LTE is different compared to NR due to the fact that in NR the base station uses beams to connect with aerial UEs. The UE needs to measure the beams to derive the cell quality, and the final measurement report is at cell level. In the last meeting, some companies suggested to introduce numberOfTriggeringBeams similar to numberOfTriggeringCells. We found that there were different opinions on the role of numberOfTriggeringBeams. Some companies said it was needed for mobility, and others said it was for measurement reporting. If it is for mobility, it is not needed due to the fact that it will delay the measurement report further, especially when numberOfTriggeringCells is confiugured. If it is for measurement reporting, it is also not needed because we already have the numberOfTriggeringCells to limit measurement reporting. Thus, the need for the introduction of the numberOfTriggeringBeams in NR should be clarified.
Proposal 9: Clarification on the intention to introduce the numberOfTriggeringBeams for NR UAV is needed. 
For the leaving condition, there is a parameter reportOnLeave defined for each measurement report event in LTE, which can be set as True or False. If we set reportOnLeave as True, any cell in the cellsTriggeredList that fulfills the leaving condition, e.g., RSRP is lower than threshold, will trigger the UE to send MR to the gNB. It is not reasonable that the aerial UE sends the Measurement Report (MR) mainly relying on reportOnLeave. For example, let’s assume that the numberOfTriggeringCells is 3. When the numberOfTriggeringCells equals 3, the UE sends the MR to the NW. At this moment, we assume that cells 1, 2, and 3 are in the cellsTriggeredList . After that, let’s assume that a new cell 4 is added to the cellsTriggeredList, i.e., we have cells 1, 2, 3, 4 in the cellsTriggeredList. Based on the LTE mechanism, the UE would not send MR to the NW after cell 4 is added to the cellsTriggeredList. However, if the NW sets the reportOnLeave as true, the UE will send MR to the NW when cell 4 leaves, even though a MR of cell 4 was never sent to the NW. Obviously that is not reasonable. Thus, if the leaving cells have never been reported to the NW beforehand, a MR should not be reported to the NW even if reportOnLeave is true.
Proposal 10: The UE sends the MR to the NW only when the cell which is leaving the cellsTriggeredList, has been reported to the NW beforehand. 
3. Conclusion
Proposal 1: A height adaptive TTT should be considered for NR UAV.
Proposal 2: User consent is needed for location reporting in RRC_connected.
Proposal 3: Vertical mobility for the aerial UE can be handled by legacy mobility management.
Proposal 4: The accuracy of the UAV UE’s height, location, and velocity is sufficient and the detailed signalling design of the UAV UE’s height, location, and velocity can be left to stage 3.
Proposal 5: No further enhancements for reporting of UAV UE’s height, location, and velocity are needed.
Proposal 6: The Aerial UE needs to indicate to the NW that a flight path update is available when the flight path changes.
Proposal 7: The indication of flight path update is available can be included in RRCSetupComplete, RRCResumeComplete, RRCReconfigurationComplete (not only handover), and RRCReestablishmentComplete.
Proposal 8: The timestamp should be mandatory associated with waypoint in NR flight path plan reporting for UAV, if available at the UE side.
Proposal 9: Clarification on the intention to introduce the numberOfTriggeringBeams for NR UAV is needed.
Proposal 10: The UE sends the MR to the NW only when the cell which is leaving the cellsTriggeredList, has been reported to the NW beforehand.
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