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1	Introduction
In December 2021 RAN#94 has approved Rel-18 work on NR Uncrewed Aerial Vehicles (UAVs), see [1]. One of the primary objectives is defined as follows:
	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.



At RAN2#119 the following agreements have been made [2]:
	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.



This paper is aimed at further discussing what measurement and measurement reporting changes can be pursued for Rel-18 UAV support. 
2	Discussion
In this section we elaborate in detail on the FFSs captured during RAN2#119 [2], other than those related to numberOfTriggeringCells, as the topic of the number of cells triggering simultaneously the event, jointly with evaluation results, is presented in a separate paper [3].
2.1	Measurement reporting based on configured height thresholds
As pointed out above, the support of H1/H2 has been agreed at RAN2#119. This measurement reporting is event-triggered. In LTE Rel-15 those new events were defined as follows:
· Event H1: Aerial UE height becomes higher than an absolute threshold
· Event H2: Aerial UE height becomes lower than an absolute threshold
The altitude used in H1 and H2 can be UE/cell specific, so the NW may configure individually each UAV UE to report when it flies above or below certain altitude. Fig. 1 depicts the principle of height-dependent reporting, as defined in [6].
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[bookmark: _Ref107910589]Fig. 1. Example of H1 and H2 event triggering [4]
The red dashed line reflects the UAV’s flight trajectory. Vertical axis shows the height above the sea level. Grey areas represent where Event H1 and Event H2 are met, considering the event’s hysteresis.
In LTE the purpose of such reporting is to make the NW aware of the approximate height the UAV UE currently is at. In NR we may consider if further actions could be associated with the fulfilment of H1 or H2 entry criteria. This would be in line with the principle agreed for Rel-16 CHO, where the UE can be configured to trigger a HO when a corresponding condition is met. For NR UAVs, RAN2 may consider if the UE can be allowed to modify or scale some of the RRM parameters when the UE reaches certain altitude – such FFS was actually captured at RAN2#119 [2]. As shown in [7], the UAV’s mobility performance can largely depend on height and speed. There are such combinations of these variables which lead to high RLF and HOF rates (as compared to ground-level users). Thus, it may be justified to allow changing some of the RRM parameters (such as A3/A4 TTT, A3 Offset or A4 Threshold, etc.), depending on UAV’s height and velocity.
Proposal 1: RAN2 is asked to support adjusting the UAV UE’s mobility parameters (e.g. A3/A4 TTT, A3 Offset or A4 Threshold) based on UAV UEs altitude (e.g. using H1 or H2).
This applicability for scaling/adjusting can consider not only the UAV UE’s altitude (events H1/H2) but also other factors, such as location coordinates.
Proposal 2: UAV UE may adjust some of its parameters when multiple conditions are simultaneously met (e.g. event H1/H2 triggers and location coordinates fulfil the criteria).
As CHO-related changes for UAVs were not treated at RAN#97, we suggest to postpone any related discussion beyond RAN2 meetings held in Q4 of 2022.
Proposal 3: Postpone the study on using H1 and H2 events in CHO triggering.
In LTE Rel-15 the case of vertically moving UE was not addressed. However, e.g. in [7] it is shown how much the radio conditions and the visibility of certain neighbour cells change when the UAV UE is ascending. Thus, our suggestion is to start to study the vertical movement and associated mobility, as part of the study for adjusting the UAV UE’s mobility parameters based on UAV UEs altitude. Furthermore, this may be also done jointly with CHO-related work, assuming this is approved eventually for Rel-18.
Proposal 4: Study vertical movement and associated mobility for UAV UEs as part of the study for adjusting the UAV UE’s mobility parameters based on UAV UEs altitude.
2.2	Height, speed and location reporting
In the previous subsection we have discussed height-dependent reporting (or possibly also other height-dependent actions). Here we would like to focus on the content of measurement report. To clarify, this report does not have to be height-triggered (i.e. existing Ax events can apply). One can easily imagine the UAV UEs can be a serious source of interferences due to their operating height and the possibility to have a Line of Sight (LOS) visibility to multiple surrounding cells. In such circumstances, beamforming and UL power adjustment for the UAV UEs are essential issues the NW needs to take care of. To do it properly, the NW needs to be aware of the UAV UEs’ coordinates, within a certain accuracy margin. It was left for further study what accuracy and reporting mechanisms are needed [2].
Observation 1: UL power settings for UAV UEs need to be adjusted to reduce the interference level. For this purpose, NW has to obtain UAV UE’s coordinates, such as height, speed and location.
These coordinates may be reported along with the radio measurements (e.g. RSRP, RSRQ, SINR) or separately. As indicated above, the reporting can be either Ax-triggered or height-triggered.
Proposal 5: Rel-18 NR supports reporting of UAV UE’s height, location and velocity. 
Proposal 6: Rel-18 NR supports event-triggered reporting for UAVs height, location and velocity. 
As a lesson learnt from Rel-17 NTN discussions on reporting UE’s location information, we would like to underline at the very beginning of the WI handling that any potential issues with the user consent shall be raised as soon as possible and communicated early to the affected WGs (such as SA3). 
Observation 2: If user consent is needed for location reporting in CONNECTED, this shall be consulted early with SA3 and other affected WGs.
On the other hand, based on SA2 agreed mechanism, it is very likely that any UAV flight/mission wouldn’t be approved and authorised by the UTM/USS if the operator of the UAV does not consent to sharing the UAV’s location continuously during the flight.
Observation 3: It is likely UAV flight is not approved and authorised by UTM/USS without UAV’s consent to share UAV’s location and other important data throughout the entire flight.
2.3	Flight path reporting
LTE Rel-15 introduced the support of flight path reporting. For many UAVs the flight route may be predefined and known in advance. If that is the case, then 3GPP-compliant network can take advantage and ask the UAV UE to report such details to gNB. In LTE this is done via UEInformationRequest/UEInformationResponse (see details in [6]) and the UE may report up to 20 waypoints. Each waypoint consist of location information and timestamp, indicating the expected time window within which the UAV UE will visit indicated geo-location. These principles are shown in Fig. 2.
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[bookmark: _Ref107998338]Fig. 2. Flight path plan information reporting by LTE UAV UE [2]
As can be noticed, the availability of the flight path plan can be also indicated during the handover. This allows the new serving cell to quickly learn where the UAV UE is heading toward.
At RAN2#119 it has been decided to introduce the LTE-like flight path plan reporting. Such report will contain a list of waypoints (3D location information) and timestamp. It is for further study if timestamp is mandatory and whether any other changes to LTE framework are needed.  
In our opinion the waypoint without the timestamp is becoming somewhat useless for the network if it does not know roughly when the UAV UE will fly over particular area. The timestamp allows the network to prepare resources only when those are actually needed. Thus, our preference is to make timestamp and waypoints mandatory components of flight path reporting in NR.
Proposal 7: Timestamp and waypoints are both mandatory components of flight path reporting.
Some further aspects, skipped in LTE, need to be studied for flight path reporting. For example, different means to provide the flight path plan – not from the UE over Uu interface but from the UTM to gNB. Such information could be obtained by RAN along with the user’s subscription information. 
Other area we consider worth studying is to ensure more consistency for how the reported waypoints are defined. In LTE Rel-15 design there is nothing determined with respect to e.g. how the waypoints are spaced in time/location and in fact the UE could even report 20 times the same value. There is no requirement that among those waypoints there needs to be the one representing the destination, etc. Finally, it can be considered if the flight path plan modification can be triggered – either by the UAV UE or the UTM or the radio access network.
Proposal 8: Consider studying the following areas related to flight path plan:
· Providing flight path plan from the core network to gNB e.g., as received from UTM.
· Consistent and specified (configurable) waypoints distribution in time and space/location. 
· Flight path plan modification e.g., by UAV UE or the UTM or the radio access network.
3	Conclusion
This paper addressed the Rel-18 measurement-related enhancements for UAV UEs. The following observations and proposals have been made:
Proposal 1: RAN2 is asked to support adjusting the UAV UE’s mobility parameters (e.g. A3/A4 TTT, A3 Offset or A4 Threshold) based on UAV UEs altitude (e.g. using H1 or H2).
Proposal 2: UAV UE may adjust some of its parameters when multiple conditions are simultaneously met (e.g. event H1/H2 triggers and location coordinates fulfil the criteria).
Proposal 3: Postpone the study on using H1 and H2 events in CHO triggering.
Proposal 4: Study vertical movement and associated mobility for UAV UEs as part of the study for adjusting the UAV UE’s mobility parameters based on UAV UEs altitude.
Observation 1: UL power settings for UAV UEs need to be adjusted to reduce the interference level. For this purpose, NW has to obtain UAV UE’s coordinates, such as height, speed and location.
Proposal 5: Rel-18 NR supports reporting of UAV UE’s height, location and velocity. 
Proposal 6: Rel-18 NR supports event-triggered reporting for UAVs height, location and velocity. 
Observation 2: If user consent is needed for location reporting in CONNECTED, this shall be consulted early with SA3 and other affected WGs.
Observation 3: It is likely UAV flight is not approved and authorised by UTM/USS without UAV’s consent to share UAV’s location and other important data throughout the entire flight.
Proposal 7: Timestamp and waypoints are both mandatory components of flight path reporting.
Proposal 8: Consider studying the following areas related to flight path plan:
· Providing flight path plan from the core network to gNB e.g., as received from UTM.
· Consistent and specified (configurable) waypoints distribution in time and space/location. 
· Flight path plan modification e.g., by UAV UE or the UTM or the radio access network.
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