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Introduction
The WID for supporting UAV in NR [1] includes an objective on enhancing measurement reports, as follows:
	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 were made:
	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 RAN2#120, the following agreements were made: 
Agreements:
1. A waypoint is a planned location for the UE along the flight path and is described via the existing parameter type LocationCoordinates defined in TS 37.355.
2. A timestamp provides the UTC time associated with estimated time of arrival to a waypoint as baseline.  FFS on granularity 
3. No requirements are placed on spatial distribution of waypoints
4. A UE indicates whether flight plan information is available within the RRCReconfigurationComplete, RRCReestablishmentComplete, RRCResumeComplete, or RRCSetupComplete message.   Flight path reporting uses at the UE Information request/response procedure as baseline.
5. UE indicates to the network a new flight path is available in the UE (whether it is initial or update). Then, reuse the normal request/response procedure of flight path report.  
6. UAI message can also be used to indicate the UE has flight path availability. 
7. FFS whether and what triggering conditions are specified for flight update.  FFS The maximum number of waypoints within flight path plan is left FFS.

In RAN2#121, the following agreements were made for flight path reporting:
Agreements:
1. The granularity of flightpath timestamp is 1s. 
2. Timestamp in flightpath is encoded using AbsoluteTimeInfo-r16 IE

In this paper we discuss open issues of flight path reporting. 
Flight path reporting
Rel-15 for UAV supports flight part reporting from the UE upon network polling. The UE will report its flight path, typically received from the UTM system, to the eNB when requested. The reason for network-polled flight path reporting is for interference control. Especially as the flight path report may be relatively large, sending it to the network can lead to wastage of resources if the network has no intention to use it.
For NR, in RAN2#120, it was agreed to support network-controlled flight path reporting as the baseline. Further, it was agreed that the UE can indicate to the network that a flight path is updated and then the normal network-polling procedure is used. One of the open issues is the trigger conditions for the flight path update. Our view is that if the UE detects a significant change in a certain quantity related to or impacted by the flight path, a flight path update can be triggered. For example, the following conditions can be considered as triggering conditions:
· The change in the absolute number or in percentage of the number of waypoints or timestamps (compared to those in the initial flight path or in the most recent flight path report) exceeds a certain threshold. As a special case, a flight path update is triggered when the whole flight path has changed. 
· There are certain waypoints (or certain number of / ratio of waypoints) that are no longer valid. Similar conditions for timestamps can also apply.
· There is an updated waypoint which deviates significantly from the corresponding waypoint in a previous flight path report. 
Furthermore, the thresholds of the changes used in the triggering conditions should be configured by the network. 
Proposal 1 [bookmark: _Toc131672407]RAN2 to consider the following as triggering conditions for flight path update: the absolute or relative change in the number of waypoints / timestamps exceeds a threshold, the deviation of waypoints / timestamps exceeds a threshold, invalidity of waypoints / timestamps. FFS details of change / deviation.
Proposal 2 [bookmark: _Toc131672408]Thresholds for the changes that trigger flight path updates are network configurable.
When it comes to the signaling details of the flight path update indicator, the general understanding in the email discussion [Post121][314] is that the UEAssistanceInformation message can be used. The remaining question is how it is implemented, e.g., whether a single indication can be used for both initial and updated flight path and whether information about the cause of the flight path update should be included. 
In our view, besides indicating that a flight path update is available, it would be beneficial to also include a codepoint in the flight path update indicator to indicate the cause of the flight path update, e.g., whether it is triggered by changes related to waypoints or timestamps or both. By doing so, the UE can provides the gNB with extra information for the gNB to decide whether it is worth to poll the updated flight path from the UE. For example, if the network is only interested in knowing changes in UE’s waypoints, the network may just ignore a flight path update indication caused by changes in timestamps. 
[bookmark: _Toc131672403]If the network is only interested in knowing the changes in UE’s waypoints, the network may just ignore a flight path update indication caused by changes in timestamps. 
This is useful since all UL traffic from the UAV is potential interference to other types of traffic and the size of flight path information can be quite large.
Proposal 3 [bookmark: _Toc131672409]Include codepoints in the flight path update indicator sent by the UE to indicate the triggering condition(s) of the flight path update.
Another discussion point in the email discussion [Post121][314] is whether delta reporting of the flight path (i.e., reporting only part of the flight path) is supported. Regarding this aspect, since UL transmissions from UAV can be a significant source of interference in the network, limiting the size of the flight path report is desirable. Therefore, in our view, the possibility of delta reporting should be supported. A practical use case is that the UE only needs to report the parts of the flight path which have been updated (can be in the absolute term or the relative change to the previously reported flight path information). 
[bookmark: _Toc131672404]UE only needs to report the parts of the flight path which have been updated
On the other hand, the signaling should be designed so that the network can decide whether the whole flight path information or only part of it (i.e., delta reporting) is used.   
Proposal 4 [bookmark: _Toc131672410]Support delta reporting of flight path. FFS details, e.g., how the network controls when to use delta reporting vs. full reporting. 
Another detail of signalling for flight path report is whether flightpath information should be forwarded from source gNB to target gNB during handover. We think flightpath information forwarding is beneficial since it allows network to perform mobility optimization for UAV. Details should be checked with RAN3.
Proposal 5 [bookmark: _Toc131672411]Support flightpath information forwarding during handover.
Regarding the open issue of maximum number of waypoints in the flight path report. It is quite clear that a maximum value should be captured in the RRC specification. The maximum value of 20 of LTE can be taken as baseline. The network, however, can configure at most how many waypoints can be reported by the UE, which is also the LTE behavior.
Proposal 6 [bookmark: _Toc131672412]For the number of waypoints in the flight path, use LTE specs as baseline.
In our view, besides the baseline contents like in Rel-15, other alternatives or additions can be specified to improve the usability of the time and location information included in the flight path report. For example, instead of reporting a single timestamp, the UE can report a time window which indicates a period that the UAV is expected to be in or near a certain location, e.g., for a mission such as inspecting a construction site or part of a power grid. The time window can be expressed using a validity timer to allow for flexibility of signalling. Similarly, instead of using 3-D waypoints, one can consider the notion of area or volume or 3-D zone.
[bookmark: _Toc131671277][bookmark: _Toc131671760][bookmark: _Toc131672405][bookmark: _Toc118449025][bookmark: _Toc131672406]Time stamp as UTC time does not well address the key point of GSMA of MNOs to plan the coverage and service reliability to ensure BVLOS flights.
Proposal 7 [bookmark: _Toc131671285][bookmark: _Toc131671768][bookmark: _Toc131672413][bookmark: _Toc131671286][bookmark: _Toc131671769][bookmark: _Toc131672414][bookmark: _Toc118449037][bookmark: _Toc131672415]To increase the informativeness of flight path reporting, include hysteresis, or time window to the time stamp of a UTC waypoint. 
Additionally, some other types of information related to the flight path and operating condition of the UAV can also be reported, either in the flight path report or in a separate UE report. For example, information about default/emergency landing spots could be used by the network to secure good connectivity to those spots. Therefore, we propose RAN2 to discuss such enhancements.
Proposal 8 [bookmark: _Toc131672416]RAN2 to consider reporting information related to emergency/default landing spots and information related to UAV operation conditions.
[bookmark: _Toc131330461][bookmark: _Toc131330480][bookmark: _Toc131330502][bookmark: _Toc131331932][bookmark: _Toc131331954][bookmark: _Toc131332030][bookmark: _Toc131431403][bookmark: _Toc131431450][bookmark: _Toc131431491][bookmark: _Toc131431601][bookmark: _Toc131431649][bookmark: _Toc131431672][bookmark: _Toc131431686][bookmark: _Toc115092433][bookmark: _Toc115092468][bookmark: _Toc115092503][bookmark: _Toc115092588][bookmark: _Toc115092622][bookmark: _Toc115092693][bookmark: _Toc115092727][bookmark: _Toc115092760][bookmark: _Toc115092793][bookmark: _Toc115092851][bookmark: _Toc115092883][bookmark: _Toc115092915][bookmark: _Toc115092950][bookmark: _Toc115093042][bookmark: _Toc131431405][bookmark: _Toc131431452][bookmark: _Toc131431493][bookmark: _Toc131431603][bookmark: _Toc115084460][bookmark: _Toc115084492][bookmark: _Toc115084529][bookmark: _Toc115084561][bookmark: _Toc115084593][bookmark: _Toc115092422][bookmark: _Toc115092457][bookmark: _Toc115092492][bookmark: _Toc115092577][bookmark: _Toc115092611][bookmark: _Toc115092440][bookmark: _Toc115092475][bookmark: _Toc115092509][bookmark: _Toc115092594][bookmark: _Toc115092628][bookmark: _Toc115092699][bookmark: _Toc115092733][bookmark: _Toc115092766][bookmark: _Toc115092799][bookmark: _Toc115092857][bookmark: _Toc115092889][bookmark: _Toc118126796][bookmark: _Toc118127767][bookmark: _Toc118128701][bookmark: _Toc118129585][bookmark: _Toc118129922][bookmark: _Toc118143431][bookmark: _Toc118143472][bookmark: _Toc118217128][bookmark: _Toc118214072][bookmark: _Toc118214144][bookmark: _Toc118214608][bookmark: _Toc118214670][bookmark: _Toc118214766][bookmark: _Toc118214802][bookmark: _Toc118215352][bookmark: _Toc118215410][bookmark: _Toc118126797][bookmark: _Toc118127768][bookmark: _Toc118128702][bookmark: _Toc118129586][bookmark: _Toc118129923][bookmark: _Toc118143432][bookmark: _Toc118143473][bookmark: _Toc118217129][bookmark: _Toc118214073][bookmark: _Toc118214145][bookmark: _Toc118214609][bookmark: _Toc118214671][bookmark: _Toc118214767][bookmark: _Toc118214803][bookmark: _Toc118215353][bookmark: _Toc118215411][bookmark: _Toc118126798][bookmark: _Toc118127769][bookmark: _Toc118128703][bookmark: _Toc118129587][bookmark: _Toc118129924][bookmark: _Toc118143433][bookmark: _Toc118143474][bookmark: _Toc118217130][bookmark: _Toc118214074][bookmark: _Toc118214146][bookmark: _Toc118214610][bookmark: _Toc118214672][bookmark: _Toc118214768][bookmark: _Toc118214804][bookmark: _Toc118215354][bookmark: _Toc118215412][bookmark: _Toc118126799][bookmark: _Toc118127770][bookmark: _Toc118128704][bookmark: _Toc118129588][bookmark: _Toc118129925][bookmark: _Toc118143434][bookmark: _Toc118143475][bookmark: _Toc118217131][bookmark: _Toc118214075][bookmark: _Toc118214147][bookmark: _Toc118214611][bookmark: _Toc118214673][bookmark: _Toc118214769][bookmark: _Toc118214805][bookmark: _Toc118215355][bookmark: _Toc118215413][bookmark: _Toc118126800][bookmark: _Toc118127771][bookmark: _Toc118128705][bookmark: _Toc118129589][bookmark: _Toc118129926][bookmark: _Toc118143435][bookmark: _Toc118143476][bookmark: _Toc118217132][bookmark: _Toc118214076][bookmark: _Toc118214148][bookmark: _Toc118214612][bookmark: _Toc118214674][bookmark: _Toc118214770][bookmark: _Toc118214806][bookmark: _Toc118215356][bookmark: _Toc118215414][bookmark: _Toc510712179][bookmark: _Toc510712182]Conclusion
[bookmark: _In-sequence_SDU_delivery]In the previous sections we made the following observations: 
Observation 1	If the network is only interested in knowing the changes in UE’s waypoints, the network may just ignore a flight path update indication caused by changes in timestamps.
Observation 2	UE only needs to report the parts of the flight path which have been updated
Observation 3	Time stamp as UTC time does not well address the key point of GSMA of MNOs to plan the coverage and service reliability to ensure BVLOS flights.

Based on the discussion in the previous sections we propose the following:
Proposal 1	RAN2 to consider the following as triggering conditions for flight path update: the absolute or relative change in the number of waypoints / timestamps exceeds a threshold, the deviation of waypoints / timestamps exceeds a threshold, invalidity of waypoints / timestamps. FFS details of change / deviation.
Proposal 2	Thresholds for the changes that trigger flight path updates are network configurable.
Proposal 3	Include codepoints in the flight path update indicator sent by the UE to indicate the triggering condition(s) of the flight path update.
Proposal 4	Support delta reporting of flight path. FFS details, e.g., how the network controls when to use delta reporting vs. full reporting. 
Proposal 5	Support flightpath information forwarding during handover.
Proposal 6	For the number of waypoints in the flight path, use LTE specs as baseline.
Proposal 7	To increase the informativeness of flight path reporting, include hysteresis, or time window to the time stamp of a UTC waypoint. 
Proposal 8	RAN2 to consider reporting information related to emergency/default landing spots and information related to UAV operation conditions.
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