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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
This document discusses current aerial UE support in LTE, as well as modifications needed for NR.
Discussion
Measurement report based on configured height threshold
In LTE, aerial UEs support height-triggered measurement reporting based on UE-capability. Two height-based events are defined:
· Event H1: Aerial UE height becomes higher than an absolute threshold
· Event H2: Aerial UE height becomes lower than an absolute threshold.
Height thresholds are configured in MeasConfig via heightThreshRef, and support values ranging from -420m to 8880m in increments of 300m. The UE may additional be configured in ReportConfigEUTRA with offsets h1-ThresholdOffset and  h2-ThresholdOffset, and hysteresis parameters h1-Hysteresis and h2-Hysteresis to be respectively applied during event evaluation. Similar events may be adopted in Rel-18 NR to enable height-triggered measurement reporting for aerial UEs.
Proposal 1:	Support height-triggered measurement reporting in NR, with LTE-defined events H1 and H2 as baseline.
Reporting of UE height, location, and speed
A UE may be configured to include additional information (e.g. the UE height, location, and horizontal/vertical velocity) within a measurement report. Such information is particularly important for aerial UEs to ensure adherance to an indicated flight path (described in the following section).
Location reporting in LTE is supported via the LocationInfo IE, which is used to transfer detailed location information available at the UE to correlate measurements and UE position information. Since Rel-10, available information includes UE location information (via locationCoordinates) and UE bearing and horizontal speed (via horizontalVelocity)
Observation 1:	Rel-10 LTE supports reporting of UE bearing and horizontal speed via horizontalVelocity within LocationInfo IE.
The Rel-15 UAV feature introduced reporting vertical information via verticalVelocityInfo. verticalVelocityInfo includes the choice between parameters verticalVelocity (which includes UE bearing, horizontal/vertical speed, and vertical direction), and verticalVelocityAndUncertainty (which includes information within verticalVelocity as well as uncertainty of horizontal and vertical speed).
Observation 2:	Rel-15 LTE UAV feature introduced the additional parameter verticalVelocityInfo, which enables reporting of vertical speed, vertical direction, and horizontal/vertical speed uncertainty.
As of Rel-16 NR, the locationInfo IE includes commonLocationInfo which is similarly used to transfer detailed location information available at the UE in NR. In addition to UE location information provided via locationCoordinate, commonLocationInfo also optionally includes the parameter velocityEstimate, which referring to TS 37.355 allows the choice between reporting:
· horizontalVelocity: including UE bearing and horizontal speed;
· horizontalVelocityWithUncertainty: including UE bearing, horizontal speed, and horizontal speed uncertainty
· horizontalWithVerticalVelocity:  including UE bearing, horizontal/vertical speed, and vertical direction
· horizontalWithVerticalVelocityandUncertainty:  including UE bearing, horizontal/vertical speed, and horizontal/vertical speed uncertainty
It therefore appears that both reporting UE location and horizontal/vertical UE speed/direction are supported already as of Rel-16 NR via the optional velocityEstimate parameter.
Observation 3:	Reporting of  UE bearing, vertical/horizontal speed, vertical/horizontal speed uncertainty, vertical direction already seems supported in NR as of Rel-16 via velocityEstimate within commonLocationInfo.
However, the aerial UE use case may not have been considered when defining NR UE location and velocity reporting. RAN2 may therefore study to see whether any additional changes (e.g. reporting granularity) may be necessary to support UAVs.
Proposal 2:	Study whether information provided within velocityEstimate is sufficient to support location/speed reporting for NR aerial UEs.
Flight path reporting
Flight path reporting is currently supported in LTE for aerial UEs based on UE capability. Flight path information consists of a number of waypoints, which are 3D locations as defined in TS 36.335. E-UTRAN can request a UE to report flight path information via flightPathInfoReq in the UEInformationRequest 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. 
Proposal 3:	An NR flight path consists of one or more waypoints (3D reference locations as defined in TS 37.355), same as in LTE.
Proposal 4:	Flight path reporting is supported in NR. UE will report all available waypoints up to and including a number configurable by the network.
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 5:	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 via includeTimeStamp within FlightPathInforReportConfig. Time stamps improves predictability of the UE location at a given time, further aiding planning of UE configuration and future resource allocation. However, time stamp information may not always be known, so is only included in a flight path report if such information is available at the UE.
Proposal 6:	A UE can be configured to include time stamp information with each waypoint if available at the UE.
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.
Proposal 7:	A UE indicates whether flight plan information is available within the RRCReconfigurationComplete, RRCReestablishmentComplete, RRCResumeComplete, or RRCSetupComplete message
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 mesaurement reports are not sent while the list of triggered cells remains larger than the configured number of cells. 
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. 
Proposal 8:	A UE can be configured to trigger measurement reporting only if a configured number of cells fulfil an RRM event (e.g. A3, A4, or A5).
Conclusion
In this contribution the following observations and proposal were made concerning measurement reporting for aerial UEs in NR:
Observation 1:	Rel-10 LTE supports reporting of UE bearing and horizontal speed via horizontalVelocity within LocationInfo IE.
Observation 2:	Rel-15 LTE UAV feature introduced the additional parameter verticalVelocityInfo, which enables reporting of vertical speed, vertical direction, and horizontal/vertical speed uncertainty.
Observation 3:	Reporting of  UE bearing, vertical/horizontal speed, vertical/horizontal speed uncertainty, vertical direction already seems supported in NR as of Rel-16 via velocityEstimate within commonLocationInfo.
Proposal 1:	Support height-triggered measurement reporting in NR, with LTE-defined events H1 and H2 as baseline.
Proposal 2:	Study whether information provided within velocityEstimate is sufficient to support location/speed reporting for NR aerial UEs.
Proposal 3:	An NR flight path consists of one or more waypoints (3D reference locations as defined in TS 37.355), same as in LTE.
Proposal 4:	Flight path reporting is supported in NR. UE will report all available waypoints up to and including a number configurable by the network.
Proposal 5:	RAN2 to confirm that a maximum 20 waypoints within a flight path is sufficient for NR.
Proposal 6:	A UE can be configured to include time stamp information with each waypoint if available at the UE.
Proposal 7:	A UE indicates whether flight plan information is available within the RRCReconfigurationComplete, RRCReestablishmentComplete, RRCResumeComplete, or RRCSetupComplete message
Proposal 8:	A UE can be configured to trigger measurement reporting only if a configured number of cells fulfil an RRM event (e.g. A3, A4, or A5).
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