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1. Introduction 
Rel-18 NR support for UAV (Uncrewed Aerial Vehicles) work item’s objective is as following[1]. This paper discusses on the enhancement of measurement reporting part.
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.

2. Specify the signaling to support subscription-based aerial-UE identification [RAN3/SA2 interaction/RAN2]

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.

3. Study and specify, if needed, enhancements for UAV identification broadcast [RAN2, SA2].

2. Discussion
2.1 Heihgt and vertical speed reporting 
In Rel-15 LTE UAV WI, event H1 and H2 are introduced for triggering UAV height reporting. Similarly, network needs to be notified of NR UAV’s height, therfore we propose to introduce eventH1 and eventH2 for NR UAV height reporting purpose.

Proposal1: Introduce eventH1 and eventH2 for UAV height reporting purpose in ReportConfigNR.

Regarding the speed info in measurement report, vertical velocity is introduced in LTE UAV. For NR spec, as vertical speed is already covered by commonLocationInfo where both horizontal and vertical velocity can be reported according to TS 37.355, thus there is no necessity to introduce additional vertical speed info in NR measurmenet report.

Proposal2: As verital speed reporting is already covered by current NR spec, there is no necessity to introduce additonal vertical speed reporting for NR UAV.

---------------------------------------------Exceprted from TS 36.331-----------------------------------------------------------
5.5.4.16
Event H1 (The Aerial UE height is above a threshold)
The UE shall:

1>
consider the entering condition for this event to be satisfied when condition H1-1, as specified below, is fulfilled;

1>
consider the leaving condition for this event to be satisfied when condition H1-2, as specified below, is fulfilled;

Inequality H1-1 (Entering condition)


[image: image1.wmf]Offset

Thresh

Hys

Ms

+

>

-


Inequality H1-2 (Leaving condition)
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The variables in the formula are defined as follows:

Ms is the Aerial UE height, not taking into account any offsets.

Hys is the hysteresis parameter (i.e. h1-Hysteresis as defined within ReportConfigEUTRA) for this event.

Thresh is the reference threshold parameter for this event given in MeasConfig(i.e. heightThreshRef as defined within MeasConfig).

Offset is the offset value to heightThreshRef to obtain the absolute threshold for this event. (i.e. h1-ThresholdOffset as defined within ReportConfigEUTRA)

Ms is expressed in meters.

Thresh is expressed in the same unit as Ms.

5.5.4.17
Event H2 (The Aerial UE height is below a threshold)
The UE shall:

1>
consider the entering condition for this event to be satisfied when condition H2-1, as specified below, is fulfilled;

1>
consider the leaving condition for this event to be satisfied when condition H2-2, as specified below, is fulfilled;

Inequality H2-1 (Entering condition)


[image: image3.wmf]Offset

Thresh

Hys

Ms

+

<

+


Inequality H2-2 (Leaving condition)
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The variables in the formula are defined as follows:

Ms is the Aerial UE height, not taking into account any offsets.

Hys is the hysteresis parameter (i.e. h2-Hysteresis as defined within ReportConfigEUTRA) for this event.

Thresh is the reference threshold parameter for this event given in MeasConfig(i.e. heightThreshRef as defined within MeasConfig).

Offset is the offset value to heightThreshRef to obtain the absolute threshold for this event. (i.e. h2-ThresholdOffset as defined within ReportConfigEUTRA)

Ms is expressed in meters.

Thresh is expressed in the same unit as Ms.

------------------------------------------------End of Exceprtion------------------------------------------------------------------

---------------------------------------------Exceprted from TS 37.355-----------------------------------------------------------
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-------------------------------------------------------------End of Exceprtion-------------------------------------------------------

2.2 UE flight path reporting

In rel-15 LTE UAV WI, for mobility optimization purpose, UAV UE can be configured to report its flight path to the network. Network could select the most suitable target node based on comparison result of UAV’s fight path and target node’s location info. Similarly, it is also preferable for NR UAV to report its flight path for the same purpose. Therefore, we propose as following.

Proposal3: Introduce flightPathInfoReq and flightPathInfoReport in NR UEInformationRequest and UEInformationResponse message respectively.

---------------------------------------------Exceprted from TS 36.331-----------------------------------------------------------
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-------------------------------------------------------------End of Exceprtion-------------------------------------------------------

2.3 UL interference control

In LTE UAV, for UL interference control, especially for control of the excessive measurement reporting from UAV, numberOfTriggeringCells is introduced to reduce the frequency of measurement reporting. As a baseline, we think the same mechanism can be introduced for NR UAV. 
---------------------------------------------Exceprted from TS 36.331-----------------------------------------------------------
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-------------------------------------------------------------End of Exceprtion-------------------------------------------------------

Proposal3: Introduce numberOfTriggeringCells in ReportConfigNR to control the excessive measurement reporting for NR UAV.
Different from LTE, one noticeable feature for NR is that network can configure UE to report the beam level measurement results. In that sense, by introducing numberOfTriggeringBeams can also be introduced to reduce the frequency of measurement reporting. The numberOfTriggeringBeams can be defined as the number of beams detected that are required to fulfill an event for a measurement report to be triggered. 

Proposal4: Introduce numberOfTriggeringBeams in ReportConfigNR to control the excessive measurement reporting for NR UAV.
Additionally, in urban scenario, flying UAVs can observe a number of cell/beams, so configuring a suitable value of numberOfTriggeringCells/Beams is not so easy work for operators, instead we think a prohibit timer can be introduced for reducing measurement report (e.g. the prohibit timer is started since the last measurement report is triggered and UE is not allowed to trigger measurement report when the timer is running.)
Proposal5: Introduce a prohibit timer to control the excessive measurement reporting for NR UAV.
2.4 Mobility enhancement 

Generally, flying NR UAV in a high altitude has LoS radio propagation channel environment with a number of neighbor cells and it is easy to catch fragile faraway cells/beams which may potentially cause handover failure. In this regard, we think the number of good beams of a cell should also be taken into account for NR UAV mobility. For instance, in figure1, a flying UAV can observe neighbor cells A, B, C (faraway from UAV) and assume if the number of beams whose quality exceed the corresponding absThreshSS-BlocksConsolidation are 7, 5, 3 for cell A, B, C respectively and have similar radio strength and quality for each cell. Apparently, cell A or B with more good beams is more preferable for UE to handover than cell C. In order to avoid UAV to catch cell C, a NumberOfGoodBeams threshold can be configured in advance and UE could trigger the measurement reporting of cells where the number of good beams is larger than the corresponding threshold.
Proposal6: Introduce a NumberOfGoodBeams threshold to take number of good beams of target cell into account for NR UAV mobility
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Figure1 illustration of flying NR UAV observe a number of neigbor cells/beams
Conclusion 

Based on the discussion in the previous sections, we made the following proposals:
Proposal1: Introduce eventH1 and eventH2 for UAV height reporting purpose in ReportConfigNR.

Proposal2: As verital speed reporting is already covered by current NR spec, there is no necessity to introduce additonal vertical speed reporting for NR UAV.

Proposal3: Introduce numberOfTriggeringCells in ReportConfigNR to control the excessive measurement reporting for NR UAV.
Proposal4: Introduce numberOfTriggeringBeams in ReportConfigNR to control the excessive measurement reporting for NR UAV.
Proposal5: Introduce a prohibit timer to control the excessive measurement reporting for NR UAV.
Proposal6: Introduce a NumberOfGoodBeams threshold to take number of good beams of target cell into account for NR UAV mobility.
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