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1. Introduction 
New WID on NR support for UAV was approved in [1]. In this contribution, we focus on the objective one in the work item as follow:
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.
During last RAN2 meeting #119e, general agreements were made to introduce support of UAV baseline on LTE below:
Agreements
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.

2. Discussion 
During last RAN2 meeting #119e, it was agreed to introduce new measurement event H1 and H2 similar to LTE to support UAV. It is FFS to further NR enhancements are needed such as scaling RRM parameters. In [2], it is suggested that scaling RRM parameters such as TTT to improve mobility performance. However, mobility performance was not in the scope of the WI and we were wondering if mobility performance enhancement can be added to the scope of the WI. But this may be more suitable as a RAN plenary discussion. Since it was already proposed in RAN plenary but not treated in RAN#97, RAN2 can wait until RAN plenary conclude on the extension of UAV WI scope to include mobility performance.   
Proposal 1: Since it was already proposed in RAN plenary, RAN2 can wait until RAN plenary conclude on the extension of UAV WI scope to include mobility performance. 
[2] also proposed to scale TTT for event H1/H2. In current specification TS38.331, each event contains the timeToTrigger (TTT) as well as threshold similar to LTE. Therefore, network can simply configure multiple report configures of the height event with different height threshold and TTT value. Therefore, there is no need for TTT scaling for event H1/2.
Proposal 2: There is no need for TTT scaling for event H1/2.

In paper [3], it is suggested to introduce multiple height threshold per beam/cell due to different beam/cell may have different coverage and beam characteristic. We also observe that in NR system, the beam signal coverage is spotty especially for non-line-of-sight path UE. For line-of-sight UE, the observed signal changes are not significant between distance due to its high antenna gain. However, it is difficult to distinguish a LOS UE vs a non-LOS UE. Therefore, we think allowing network to configure multiple events simultaneously may achieve the similar effect while it is more accurate based on measurement. For example, when the event A4 (signal becomes better than a threshold) and the event of height higher than a threshold are triggered simultaneously, the measurement reporting is performed. This will also help with reducing the number of measurement report.
Proposal 3: RAN2 consider studying the combination of multiple events configurations to have better/ more useful event trigger and reduce the number of measurement reports.

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 4: 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 introduced as in LTE (FFS if timestamp is mandatory). 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 optionally 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 5: 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 optionally the corresponding time stamps when UE intends to arrive to each waypoint if this information is available at the UE.

During online discussion, it is FFS if timestamp should be mandatory. In [2], it is suggested flight path from core network (e.g. UTM to gNB), waypoints distribution in time and location as well as flight path modification. While all these features sound interesting to investigate, we believe we should introduce feature that is needed in the real field. With down scope from WI, we think that we can further study these features in later release. Regarding timestamp to be mandatory, timestamp is a useful information to help with network knowing where the UAV path and hence provide better performance such as handover for UAV UE. However, if UE has the route information but not the timestamp due to some reason (delay launch or some other reason), it still better for network to have the path information without the timestamp. Therefore, we think timestamp can keep it as optional like in LTE.
Proposal 6: Timestamp is optional in the flight path information as in LTE.

The last topic is to reduce measurement reporting by introducing similar functionality to LTE (numberOfTiggeringCells). It is FFS whether number of beams should be considered. In contribution [4], it is proposed to introduce numberOfTriggeringBeams to control the number of measurement report. During online, it was explained instead of counting the number of cells, it counts the number of beams across different cells. When it exceeds a threshold, UE triggers measurement report. Let’s consider the scenarios below:
	
	Beam 1
	Beam 2
	Beam 3
	Beam 4
	Beam 5

	Cell A
	-65dBm
	-60Bbm
	-70dBm
	-80dBm
	-90dBm

	Cell B
	-62dBm
	-80dBm
	-82dBm
	-85dBm
	-95dBm

	Cell C
	-55dBm
	-60dBm
	-90dBm
	-100dBm
	-120dBm



If beam threshold is set at -75dBm, then cell A has 3 beams exceed threshold, cell B has 1 beam exceed threshold and cell C has 2 beams exceed threshold. If UE only measure cell A with network configure numberOfTiggerBeams to 3, UE will send measurement. In another case, UE measures cell B and cell C with total of 3 beams will also trigger measurement report. The two cases are very different in nature where first case UE only experience 1 cell and all 3 beams may not be used simultaneously while later case 2 beams from both cells may be used simultaneously. Network today can already configure the number of beams used to average for cell, therefore, we think existing parameter is good enough for network to configure what it wants. If it wants to count only strongest beam from each cell, network can configure it to ONE beam only. 
Proposal 7: RAN2 not to pursue the numebrOfTriggeringBeams in NR.

Finally, there are 3 FFS to further enhancement UAV support:
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

As for the vertical movement and associated mobility for UAV improvement. We think currently flight path and the location reporting have some aspect of this FFS already. Further detail enhancement on mobility can based on outcome of RAN plenary discussion. 
Proposal 8: “study the vertical movement and associated mobility for UAV UEs” can be based on outcome of RAN plenary discussion.

Regarding user consent for location reporting in connected mode. In MDT, user consent is required and UAV may follow the same procedure or we can leave it to SA3. 
Proposal 9: RAN2 can wait and leave UE consent to be concluded in SA3. 


3. [bookmark: _Hlk47081425]Conclusion
Proposal 1: Since it was already proposed in RAN plenary, RAN2 can wait until RAN plenary conclude on the extension of UAV WI scope to include mobility performance. 
Proposal 2: There is no need for TTT scaling for event H1/2.
Proposal 3: RAN2 consider studying the combination of multiple events configurations to have better/ more useful event trigger and reduce the number of measurement reports.
Proposal 4: 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 5: 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 optionally the corresponding time stamps when UE intends to arrive to each waypoint if this information is available at the UE.

Proposal 6: Timestamp is optional in the flight path information as in LTE.
Proposal 7: RAN2 not to pursue the numebrOfTriggeringBeams in NR.
Proposal 8: “study the vertical movement and associated mobility for UAV UEs” can be based on outcome of RAN plenary discussion.
Proposal 9: RAN2 can wait and leave UE consent to be concluded in SA3. 
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