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Introduction
A new work item on NR support for aerial UEs (UAVs) was agree for Rel-18. Since aerial UEs are supported via LTE as from Rel-15, work done in LTE is a starting point for this objective. Although NR-specific enhancements can be considered if needed, overall the LTE and NR solutions should be harmonized as much as possible.
The following objective has been provided regarding measurement reporting for aerial UEs in NR:
· 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
RAN2#119e has captured the following agreements relevant to measurement reporting for aerial UAVs:
	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)
i. FFS how to limit excessive measurements and measurement reporting 
ii. FFS if user consent is needed for location reporting in CONNECTED
iii. 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.



This document discusses current aerial UE support in LTE, as well as modifications needed for NR.
Discussion
Flight path reporting
Flight path reporting is currently supported in LTE and agreed for NR aerial UEs. A flightpath consists of a number of waypoints, and in LTE case E-UTRAN can request a UE to report flight path information via flightPathInfoReq in the UEInformationRequest message. A UE can indicate if flight path information is available via the RRCConnectionReconfigurationComplete, RRCConnectionReestablishmentComplete,  RRCConnectionResumeComplete, or RRCConnectionSetupComplete messages. 
This allows the network to know immediately after connection whether flight path information is available, enabling subsequent flight path report configuration and request. As a baseline, a similar mechanism can be confirmed for NR.
Proposal 1:	A UE indicates whether flight plan information is available within the RRCReconfigurationComplete, RRCReestablishmentComplete, RRCResumeComplete, or RRCSetupComplete message
Upon request to report UE flight path information, the UE will include flightPathInfoReport in the UEInformationResponseMessage including all available waypoints up to the configured maximum. Such information is useful to the network for e.g. collision avoidance, resource provisioning, and UE configuration. 
Use of the UE information request/response procedure means that flightpath reporting is under NW control, which is useful to avoid frequent flightpath reporting and interference. A similar procedure may be used as a baseline in NR.
Proposal 2:	Flight path reporting uses the UE Information request/response procedure as baseline (as in LTE).
LTE currently supports configuration of up to 20 waypoint locations within a flight path report. RAN2 may confirm that a maximum 20 waypoint locations are sufficient for NR use case.
Proposal 3:	RAN2 to confirm that a maximum 20 waypoints within a flight path is sufficient for NR.
A UE may additionally be configured to include time stamp information associated to each waypoint in LTE via includeTimeStamp within FlightPathInfoReportConfig. Time stamps improve predictability of the UE location at a given time, further aiding planning of UE configuration and future resource allocation. Based on agreements from RAN2#119e, including timestamps with waypoints has been agreed, however it is currently FFS whether timestamp information is optional or mandatory. 
In LTE, UE reports timestamp information only if configured and available at the UE. Making timestamp information mandatory may limit the use cases for UAV and may increase the probability that such information is unreliable. For example, if the UE provides timestamps associated with many waypoints in the future, and must deviate temporarily from the flightpath for e.g., collision avoidance, then one or more future timestamps may be incorrect. 
Observation 1:	A UE may need to temporarily deviate from its reported flightpath for collision avoidance. This may impact the validity of the flightpath report, especially if timestamps are provided.
It is therefore proposed that including timestamp information remain optional in NR and be provided only if configured and available at the UE.
Proposal 4:	Including a timestamp with each waypoint is optional and provided only if configured and available at the UE.
If a UE does need to deviate from the planned flightpath due to collision avoidance, there may be need to notify the network. It is proposed that RAN2 study ways to enable updating a previously reported flightpath, or at least indicate that a previously reported flightpath is no longer valid.
Proposal 5:	A UE can update a previously reported flight path. FFS details
Simultaneous fulfilment of trigger criteria for multiple cells
Finally, an aerial UE may be configured with an RRM event (e.g. A3, A4, or A5) which triggers measurement reporting when per-cell RSRP values for configured number of cells fulfil the configured event. Once a measurement report is sent, the list of triggered cells is updated when subsequent cell(s) fulfil the event, however additional measurement reports are not sent while the list of triggered cells remains larger than the configured number of cells. As a baseline, the same RRM events may be reused in NR.
Proposal 6:	In NR, numberofTriggeredCells is based on RRM events A3, A4, or A5 as baseline (as in LTE). FFS if other RRM events are supported.
The number of triggered cells required for measurement reporting is provided in ReportConfigEUTRA via numberOfTriggeringCells and can range from 2 up to a maximum of 8. Such information is useful, for example, for interference detection or to reduce signalling overhead by reducing the number of measurement reports. RAN2 may confirm that a maximum 8 triggered cells is sufficient for numberofTriggeredCells in NR.
Proposal 7:	RAN2 to confirm that a configured maximum of 8 triggered cells is sufficient for numberofTriggeredCells in NR.
Conclusion
In this contribution the following observation and proposals are made concerning measurement reporting for aerial UEs in NR:
Observation 1:	A UE may need to temporarily deviate from its reported flightpath for collision avoidance. This may impact the validity of the flightpath report, especially if timestamps are provided.
Proposal 1:	A UE indicates whether flight plan information is available within the RRCReconfigurationComplete, RRCReestablishmentComplete, RRCResumeComplete, or RRCSetupComplete message
Proposal 2:	Flight path reporting uses the UE Information request/response procedure as baseline (as in LTE).
Proposal 3:	RAN2 to confirm that a maximum 20 waypoints within a flight path is sufficient for NR.
Proposal 4:	Including a timestamp with each waypoint is optional and provided only if configured and available at the UE.
Proposal 5:	A UE can update a previously reported flight path. FFS details
Proposal 6:	In NR, numberofTriggeredCells is based on RRM events A3, A4, or A5 as baseline (as in LTE). FFS if other RRM events are supported.
Proposal 7:	RAN2 to confirm that a configured maximum of 8 triggered cells is sufficient for numberofTriggeredCells in NR.
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