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1. Introduction

To support UAV applications with remote control and data transmission with cellular system, corresponding SI and WI has been established and finished for LTE system. With NR system, more diverse UAV applications can be enabled thanks to higher data rate and lower latency compared with LTE system. In RAN#94e meeting, a new WID [1] is approved to support UAV in NR system.
One of the WID scopes is to enhance measurement report which as following

	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 this contribution, measurement enhancement for NR UAV is discussed.
2. measurement report based on height
In LTE, to have better RRM and interference control for aerials that flying in the air, measurement report based on configured height threshold is supported. More specifically, new measurement event H1 and H2 were introduced, and if aerial UE’s height higher or lower than a configured height threshold, aerial UE will report its measurement results to eNB. The example of entering condition and leaving condition for H1 is as following
Table 1 entering condition and leaving condition of measurement trigger event H1 in LTE

	Inequality H1-1 (Entering condition)
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Inequality H1-2 (Leaving condition)
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In NR system, such kind of measurement report triggering event can be directly reused and no further enhancement is foreseen.

Proposal 1: Measurement trigger event H1 and H2 in LTE system can be directly reused in NR system without further enhancement
3. Reporting of height, location and speed in measurement report
In LTE, one of measurement report enhancement is to introduce new content in measurement results that relates to aerial UE e.g. vertical velocity as in following IE LocationInfo
Table 2 location information in measurement results in LTE

	LocationInfo-r10 ::=
SEQUENCE {


locationCoordinates-r10




CHOICE {



ellipsoid-Point-r10





OCTET STRING,



ellipsoidPointWithAltitude-r10


OCTET STRING,


...,



ellipsoidPointWithUncertaintyCircle-r11




OCTET STRING,



ellipsoidPointWithUncertaintyEllipse-r11



OCTET STRING,



ellipsoidPointWithAltitudeAndUncertaintyEllipsoid-r11
OCTET STRING,



ellipsoidArc-r11









OCTET STRING,



polygon-r11











OCTET STRING

},


horizontalVelocity-r10




OCTET STRING



OPTIONAL,


gnss-TOD-msec-r10





OCTET STRING



OPTIONAL,


...,


[[
verticalVelocityInfo-r15

CHOICE {




verticalVelocity-r15



OCTET STRING,




verticalVelocityAndUncertainty-r15
OCTET STRING


}


OPTIONAL


]]


In NR system, the location report can be acquired with includeCommonLocationInfo configured in reportConfig. This is specified in section 5.5.5.1 of [2] as in following
Table 3 location information report in NR system

	1>
if the includeCommonLocationInfo is configured in the corresponding reportConfig for this measId and detailed location information that has not been reported is available, set the content of commonLocationInfo of the locationInfo as follows:

2>
include the locationTimestamp;

2>
include the locationCoordinate, if available;

2>
include the velocityEstimate, if available;

2>
include the locationError, if available;

2>
include the locationSource, if available;

2>
if available, include the gnss-TOD-msec,


The corresponding IE is defined in CommonIEsProvideLocationInformation in [3] and for example locationCoordinate and velocityEstimate covers all information that needed to be reported that specified in LTE system. So no additional content is needed to be specified.
	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,


...

}


Proposal 2: NR system already support report of location, height, and speed that needed for an aerial UE, no additional signalling need to be specified.
4. Flight path reporting
In LTE, to better handle the mobility of the aerial UE, the flight path information of aerial UE can be acquired and reported. More specifically, a three step procedure is used to report flight path information
· Step 1: UE can indicate to eNB it has flight path in several RRC message

· Step 2: eNB request and UE report flight path information by using UEInformationRequest message

· Step 3: UE report flight path information in UEInformationResponse message.

In NR system, such kind of mechanism can be directly reused.
Proposal 3: flight path reporting procedure in LTE system can be directly reused.
5. Measurement reporting based on a configured number of cells
By using this feature, also called “multi-cell trigger”, UE can be configured to trigger a measurement report if an event condition is met for a configurable number of cells. Events applicable for this enhancement are A3, A4 and A5. These enhancements help the eNB to determine that a UE is flying and/or allow to detect that the UE may be causing or experiencing interference
By using multi-cell trigger, UE will trigger report when detected cells number first larger than the threshold, i.e. the detected cell number across the configured threshold from smaller number to larger number, which can be reused in NR system.
Proposal 4: multi-cell trigger scheme can be directly reused in NR system

On the other point, currently multi-cell trigger is only target for entry condition, i.e. only reduce the signalling overhead when multiple cells fulfil the entry condition, as in following specification
	2>
if the triggerType is set to event and if the corresponding reportConfig includes numberOfTriggeringCells, and if the entry condition applicable for this event, i.e. the event corresponding with the eventId of the corresponding reportConfig within VarMeasConfig, is fulfilled for one or more applicable cells for all measurements after layer 3 filtering taken during timeToTrigger defined for this event within the VarMeasConfig:

3>
If the VarMeasReportList does not include a measurement reporting entry for this measId (a first cell triggers the event):

4>
include a measurement reporting entry within the VarMeasReportList for this measId;

3>
If the number of cell(s) in the cellsTriggeredList is larger than or equal to numberOfTriggeringCells:

4>
include the concerned cell(s) in the cellsTriggeredList defined within the VarMeasReportList for this measId;

3>
else:

4>
include the concerned cell(s) in the cellsTriggeredList defined within the VarMeasReportList for this measId;

4>
If the number of cell(s) in the cellsTriggeredList is larger than or equal to numberOfTriggeringCells:

5>
set the numberOfReportsSent defined within the VarMeasReportList for this measId to 0;

5>
initiate the measurement reporting procedure, as specified in 5.5.5;


If report on leave is enabled for the corresponding event, the signalling overhead is still high. This is shown in following figure, take Event A3 as an example, and configured threshold for numberOfTriggeringCells is 4. If 4 cells fulfil the entry condition, the measurement report is triggered. However, if 4 cells fulfil the leaving condition, the measurement report will be triggered 4 times. 
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Figure 1 Signaling overhead of measurement report is still high if report on leave is enabled
The above issue can be easily solved by extending multi-cell trigger scheme for report on leave case. So we have the following proposal
Proposal 5: RAN2 is suggested to extend multi-cell trigger scheme for repot on leave case.
6. Measurement reporting for mobility
Multi-cell triggered measurement report was designed for interference management. For mobility scenario, e.g. HO, multi-cell trigger may introduce unnecessary delays, since it need to wait for the cell number reaches the threshold. Moreover, aerial UE will not trigger measurement report if cell number always larger than the threshold, thus gNB cannot know which is the best cell and may cause unsuitable target cell determination. So multi-cell triggered measurement report is not suitable for mobility case, further enhancements are needed target for mobility case, to control the amount of measurement report, as well as fulfill the latency requirement of mobility. For potential enhancement, either enhance multi-cell trigger scheme to adapt mobility requirement, or introduce new enhancement considering e.g. best neighbour cell changes
Proposal 6: RAN2 is suggested to study measurement report enhancement for mobility scenario of aerial UE
7. Conclusion

In this contribution, the following observations and proposals are made:
Proposal 1: Measurement trigger event H1 and H2 in LTE system can be directly reused in NR system without further 
Proposal 2: NR system already support report of location, height, and speed that needed for an aerial UE, no additional signalling need to be specified.

Proposal 3: flight path reporting procedure in LTE system can be directly reused.

Proposal 4: multi-cell trigger scheme can be directly reused in NR system

Proposal 5: RAN2 is suggested to extend multi-cell trigger scheme for repot on leave case.
Proposal 6: RAN2 is suggested to study measurement report enhancement for mobility scenario of aerial UE
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