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1. Introduction 
During last RAN2#119bis-e meeting, RAN2 made the following agreements on flight path plan and measurement reporting:
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 contribution, we would like to further investigate how to reduce measurement report for UAV as well as provide detail on flight path update.
2. Discussion 
Due to UAVs are at higher elevation, UAV UEs can see more cells than the ground UEs. It is a well-known problem that there are more measurement reports triggered (sent by the UAV to network) due to the capability to seeing more cells in higher elevation. These measurement report becomes signalling overhead as well as interference to the network. In LTE, the “number of cells triggering” was introduced for this purpose. The idea is that measurement report will not be triggered until the number of cells triggering measurement reporting exceeds a threshold. However, during last RAN2 #119bis-e meeting, many companies propose other solutions to reduce measurement report. Some of the proposals are listed below:
	Proposal
	Target solution
	Potential Issues 

	Height dependent scaling TTT [2][3][4][5][6]
	Higher altitude signal changes faster so MR should trigger faster.  
[2] indicates higher altitude signal is changing fast
[6] indicates higher altitude has more LoS and not changing fast
	TTT is used to filter and average out rapid signal changes to avoid ping-pong. Reduce TTT based on height blindly will increase the number of MR.

	numberOfTriggeringBeams [2]
	Only consider the cell where there are N number of good beams exceed a threshold to avoid handover to faraway cells. 
	LoS signal changes are not significant due between distance due to its high antenna gain. Therefore, it is difficult to determine faraway cells vs nearby cell by number of good beams determined by threshold. 

	Prohibit timer [2][3]
	Timer starts when MR is sent, UE doesn’t send MR until timer is expired.
	Prohibit timer is promising but RLF/HOF may happen due to delay reporting. 

	Enhanced prohibit timer
	Similar to prohibit timer that timer starts when MR is sent. But adding some stop conditions where important MR will not be missed. For example, a higher measurement of a cell found compared to last MR. 
	If new timer stop condition is carefully designed, enhanced prohibit timer doesn’t have the draw back as traditional prohibit timer.  

	Weighted cells for trigger [7]
	Either network configures an interested cell set or weight for each cell, the UE triggers MR if weighted result exceed threshold.
	It is difficult for network to configure “interested cell set”, weight and threshold. 

	height based or location-based network configured set of measurement either specific beams or cells [8]
	Network configures different set of beams based on height threshold or configure beams/cells based on location (UE flight path). UE only performs measurements of the subset of beams or cells configured.
	It is difficult for network to configure beams/ cells by height or location. Otherwise, method is quite useful. 

	Combined events [5][10][11]
	[5] location and height
[10] speed and height
[11] event height and event A3,4,5
	This allows network to configure different height with different measurement configuration with specific TTT and threshold to reduce measurement report. Need further study if parameter setting can be easy and beneficial. 



Based on the above summary of each proposed enhancements, we made the following proposals:
Proposal 1: RAN2 does not move forward with the following enhancements due to its challenge:
· Height dependent scaling
· Number of triggering beams
· Weighted cells for trigger
Proposal 2: RAN2 further study enhanced prohibit timer, height-based or location-based network configured set of measurement specific beams/cells and combined events.

UAV reporting of height, location and velocity were agreed in Rel-18. In NR, network can configure the UE to include location information by setting includeCommonLocationInfo to TRUE in the following report configurations:
· EventTriggerConfigInterRAT
· PeriodicalReportConfigInterRAT
· EventTriggerConfig
· PeriodicalReportConfig
UE at least includes locationTimestamp, locationCoordinate, velocityEstimate in the CommonLocationinfo when network requested the UE to include location information. Therefore, UAV can reuse existing reporting mechanism. 
CommonLocationInfo information element
-- ASN1START
-- TAG-COMMONLOCATIONINFO-START

CommonLocationInfo-r16 ::= SEQUENCE {
    gnss-TOD-msec-r16          OCTET STRING     OPTIONAL,
    locationTimestamp-r16      OCTET STRING     OPTIONAL,
    locationCoordinate-r16     OCTET STRING     OPTIONAL,
    locationError-r16          OCTET STRING     OPTIONAL,
    locationSource-r16         OCTET STRING     OPTIONAL,
    velocityEstimate-r16       OCTET STRING     OPTIONAL
}

-- TAG-COMMONLOCATIONINFO-STOP
-- ASN1STOP

	CommonLocationInfo field descriptions

	gnss-TOD-msec
Parameter type gnss-TOD-msec defined in TS 37.355 [49]. The first/leftmost bit of the first octet contains the most significant bit.

	locationTimeStamp
Parameter type DisplacementTimeStamp defined in TS 37.355 [49]. The first/leftmost bit of the first octet contains the most significant bit.

	locationCoordinate
Parameter type LocationCoordinates defined in TS 37.355 [49]. The first/leftmost bit of the first octet contains the most significant bit.

	locationError
Parameter LocationError defined in TS 37.355 [49]. The first/leftmost bit of the first octet contains the most significant bit.

	locationSource
Parameter LocationSource defined in TS 37.355 [49]. The first/leftmost bit of the first octet contains the most significant bit.

	velocityEstimate
Parameter type Velocity defined in TS 37.355 [49]. The first/leftmost bit of the first octet contains the most significant bit.



From TS37.355, each parameter are defined as follow:
DisplacementTimeStamp-r15 ::= CHOICE {
	utcTime-r15					UTC-Time-r15,
	gnssTime-r15				MeasurementReferenceTime,
	systemFrameNumber-r15		SFN-r15,
	measurementSFN-r15			INTEGER(-8192..9214),
	...
}

LocationCoordinates ::= CHOICE {
	ellipsoidPoint								Ellipsoid-Point,
	ellipsoidPointWithUncertaintyCircle			Ellipsoid-PointWithUncertaintyCircle,
	ellipsoidPointWithUncertaintyEllipse		EllipsoidPointWithUncertaintyEllipse,
	polygon										Polygon,
	ellipsoidPointWithAltitude					EllipsoidPointWithAltitude,
	ellipsoidPointWithAltitudeAndUncertaintyEllipsoid
												EllipsoidPointWithAltitudeAndUncertaintyEllipsoid,
	ellipsoidArc								EllipsoidArc,
	...,
	highAccuracyEllipsoidPointWithUncertaintyEllipse-v1510
								HighAccuracyEllipsoidPointWithUncertaintyEllipse-r15,
	highAccuracyEllipsoidPointWithAltitudeAndUncertaintyEllipsoid-v1510
								HighAccuracyEllipsoidPointWithAltitudeAndUncertaintyEllipsoid-r15,
	ha-EllipsoidPointWithScalableUncertaintyEllipse-v1680																				HA-EllipsoidPointWithScalableUncertaintyEllipse-r16,
	ha-EllipsoidPointWithAltitudeAndScalableUncertaintyEllipsoid-v1680
								HA-EllipsoidPointWithAltitudeAndScalableUncertaintyEllipsoid-r16
}

Velocity ::= CHOICE {
	horizontalVelocity							HorizontalVelocity,
	horizontalWithVerticalVelocity				HorizontalWithVerticalVelocity,
	horizontalVelocityWithUncertainty			HorizontalVelocityWithUncertainty,
	horizontalWithVerticalVelocityAndUncertainty
												HorizontalWithVerticalVelocityAndUncertainty,
	...
}

HorizontalWithVerticalVelocity ::= SEQUENCE {
	bearing						INTEGER(0..359),
	horizontalSpeed				INTEGER(0..2047),
	verticalDirection			ENUMERATED{upward, downward},
	verticalSpeed				INTEGER(0..255)
}

Proposal 3: UAV can reuse existing NR location request and reporting mechanism (i.e. Network can set includeCommonLocationInfo to request UE to include location information in CommonLocationInfo) for periodic and event trigger measurement reporting (i.e. there is no specification change). 

As for flight path reporting, RAN2 agreed to introduce this feature as in LTE. The reporting procedure specified in LTE is as below:
1. UE reports flightPathInfoAvailable after initial access, e.g., after handover or RRC connection setup;
2. Network includes flightPathInfoReq field in the UEInformationRequest message;
3. UE includes the flightPathInfoReport in the UEInformationResponse message, and set it to include the list of waypoints along the flight path, and the corresponding time stamps when UE intends to arrive to each waypoint if this information is available at the UE.
The flight path reporting mechanism can be reused in NR to support mobility related performance improvement for Aerial UEs. In LTE, UEInformationReponse message can be in RRC complete and resume message. 
Proposal 4: Flight path reporting mechanism specified in LTE can be reused in NR As follow:
1. UE reports flightPathInfoAvailable after initial access, e.g., after handover or RRC connection setup;
2. Network includes flightPathInfoReq field in the UEInformationRequest message;
3. UE includes the flightPathInfoReport in the UEInformationResponse message, and set it to include the list of waypoints along the flight path, and the corresponding time stamps when UE intends to arrive to each waypoint if this information is available at the UE.
In addition, RAN2 also agreed to allow UAV to provide flight path update. Therefore, UAV UE will need to notify the network when flight path has changed so network can send flightPathInfoReq message to the UAV to get update information. Below is different options for UAV to provide flight path update indicator.
· Option 1: flight path update indicator can be included in measurement report
· Option 2: flight path update indicator can be in UE assistance information
· Option 3: flight path update indicator can be in RRC complete and resume message. 
· Option 4: network may configure UE to send update flightpath information when available.
· In this option, network may first configure to the UE to enable this feature.
· Option 5: flight path update indicator in other UL RRC message such as RRC reconfiguration complete message
In general, different options (except option 4) provide a way for the UE to indicate to the network if flight path has changed. Option 1 may trigger more often based on measurement activity, other message may be used less frequent. As for option 4, network configures UE to send the update flight path information when available which result the less delay between when the flight path has changed and notify the network.
Proposal 5: RAN2 considers the following options for flightpath update indicator:
· Option 1: flight path update indicator can be included in measurement report
· Option 2: flight path update indicator can be in UE assistance information
· Option 3: flight path update indicator can be in RRC complete and resume message. 
· Option 4: network may configure UE to send update flightpath information when available.
· Option 5: flight path update indicator in other UL RRC message such as RRC reconfiguration complete message


3. [bookmark: _Hlk47081425]Conclusion
Proposal 1: RAN2 does not move forward with the following enhancements due to its challenge:
· Height dependent scaling
· Number of triggering beams
· Weighted cells for trigger
Proposal 2: RAN2 further study enhanced prohibit timer, height-based or location-based network configured set of measurement specific beams/cells and combined events.
Proposal 3: UAV can reuse existing NR location request and reporting mechanism (i.e. Network can set includeCommonLocationInfo to request UE to include location information in CommonLocationInfo) for periodic and event trigger measurement reporting (i.e. there is no specification change). 
Proposal 4: Flight path reporting mechanism specified in LTE can be reused in NR As follow:
1. UE reports flightPathInfoAvailable after initial access, e.g., after handover or RRC connection setup;
2. Network includes flightPathInfoReq field in the UEInformationRequest message;
3. UE includes the flightPathInfoReport in the UEInformationResponse message and set it to include the list of waypoints along the flight path, and the corresponding time stamps when UE intends to arrive to each waypoint if this information is available at the UE.
Proposal 5: RAN2 considers the following options for flightpath update indicator:
· Option 1: flight path update indicator can be included in measurement report
· Option 2: flight path update indicator can be in UE assistance information
· Option 3: flight path update indicator can be in RRC complete and resume message. 
· Option 4: network may configure UE to send update flightpath information when available.
· Option 5: flight path update indicator in other UL RRC message such as RRC reconfiguration complete message
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