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Abstract: This document proposes a use case about UAV flight trajectory tracing and monitoring for the FS_sensing study.
1. Introduction

Introduce a UAV Flight Trajectory Tracing use case into the sensing study
2. Reason for Change

Adding a use case with some functional requirements and KPIs to the study 
3. Conclusions

4. Proposal

It is proposed to agree the following changes to 3GPP TR 22.837, V0.1.0
* * * First Change * * * *
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5.y
Use case of UAV flight trajectory tracing
5.y.1
Description

With the development of UAV technologies and the increase of demands on rapid logistics, aerial photographing, environmental monitoring and public security, a variety of commercial UAV services gradually become reality.
Normally the commercial UAVs fly based on predetermined flight routes, following regulated positions, heights, speeds, and directions. E.g., a package-delivery UAV flies from the package sender to the package recipient; a task-execution (such as environmental monitoring) UAV flies from the UAV airport to the target area. 
On-route flying is important for these commercial UAVs. Their flight routes are optimized and permitted by UAV service operators, UAV management department, or USS (Uncrewed Aerial System Service Supplier)/UTM (Uncrewed Aerial System Traffic Management). Usually, they have the shortest flight distance, avoid no-fly zone, and keep safe distance from obstacles (e.g., building, trees, hills) and other commercial UAVs.
Although a UAV is equipped with sensors to keep itself along the flight route, the external UAV flight trajectory tracing function is still necessary because these sensors sometimes are restricted. E.g., the camera is impacted by light situation; the UAV-borne radar is impacted by rainfall or snowfall, etc. If these events occur, UAV cannot correctly decide its own position, height or speed, and thus cannot follow the regulated route.
Although there exist dedicated UAV surveillance equipment and radar, their large-scale deployment has great challenges due to lack of available sites and high installation and maintenance cost.

In comparison, using the 5G system can provide a cost-effective way to trace these UAVs, e.g., 5G network infrastructures with ubiquitous coverage can better trace the flight trajectory of each UAV. 
5.y.2
Pre-conditions

5G RAN entities can relies on radio sensing to obtain the information on UAV position and motion (e.g., distance, angle, Doppler) and send sensing measurement data to the 5G sensing management entity (an entity in 5GC or an /server connected to 5GC).  As shown in Figure 5.y.3-1, the UEs that are connected to the 5G RAN entities can be configured to assist in the sensing operations, which can increase the sensing coverage, provide more positioning reference points, and improve sensing result accuracy and robustness. 
The 5G sensing management entity can collect the sensing data from one or multiple network infrastructures, and then estimate or predict the past, present, or future UAV flying trajectory.
The 5G network operator can provide the UAV flight trajectory tracing service to a trusted 3rd party application (e.g., UAV service operator, UAV management department, USS/UTM) as requested. 
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Figure 5.y.3-1:  UAV flight trajectory tracing by 5G system
5.y.3
Service Flows

A UAV operator provides package delivery service in an area which is covered by 5G network. The UAV operator subscribes to the UAV flight trajectory tracing service from the 5G network operator.
The UAV operator provides the 5G network operator the characteristics of the UAV to be sensed, time and space (covering the regulated UAV flight routes and possible off-route locations) of the UAV flight trajectory tracing service. 
When the appointed time starts, 5G network operator activates the UAV flight trajectory tracing function at the appointed space until the appointed time ends.
The UAV operator controls UAV#1 to take off from package delivery source and fly toward package delivery destination along a regulated flight trajectory.

By radio sensing, a set of 5G base stations detects UAV#1, and then continuously estimate the position and motion related metrics (e.g., distance, angle, Doppler), resulting in sensing data. The 5G base stations send the sensing data to the 5G sensing data processing center.  

During the flying course, UAV#1 continually leaves the coverage of an old base station and enters the coverage of a new base station. The old base station stops UAV flight trajectory tracing function or operates in a power saving mode. The new base station starts and keeps on sensing UAV#1.
The 5G sensing data processing center collects the UAV sensing data from one or multiple base stations, and then estimates or predicts the past, present, or future flight trajectory, and finally sends the sensing results (e.g., UAV flight trajectory estimation) to the UAV operator.
Based on the received sensing results, the UAV operator real-time traces the flight trajectory of UAV#1. Once the UAV operator detects the off-trajectory event, it controls UAV#1 back in the regulated route, changes to another route, stays or returns. If UAV A is out-of-control, the UAV operator can take actions to force UAV#1 land or fall.
5.y.4
Post-conditions

UAV#1 delivers package to the destination along the regulated flight route or its off-route behavior is sensed.
5.y.5
Existing features partly or fully covering the use case functionality
Editor’s note: Gap analysis for this use case is FFS.
5.y.6
Potential New Requirements needed to support the use case
[P.R 5.y.6-1] Based on operator policy and sensing configuration, the 5G system shall be able to support RAN entities and UEs in sensing the characteristics and movement trajectory of an object of interest (e.g., UAV), including estimating and generating sensing measurement data related to the object’s location and motion metrics (e.g., distances, angles, speeds, Doppler values, size). 

[P.R 5.y.6-2] The 5G system shall be able to support means to configure and authorize RAN entities and UEs in generating and reporting sensing measurement data (e.g. related to a UAV trajectory) to a 5GS sensing management entity.
[P.R 5.y.6-3] The 5G system shall be able to support means to process the sensing measurement data and expose the sensing results from sensing management entities(e.g. the estimated trajectory of the UAV) to a trusted 3rd party application.
[P.R 5.y.6-4] The 5G system shall support sensing services with KPIs as given in Table 5.y.6-1.
Table 5.y.6-1: UAV Flight Trajectory Tracing KPI Requirements 
	Scenario
	Sensing Distance
	Sensing Angle/direction 
	Sensing Speed
	Interval between two consecutive sensing fixes
	Latency

	
	Accuracy
	Resolution
	Distance Range 
	Accuracy
	Resolution
	Angle range 
	Accuracy
	Resolution
	Speed range
	
	

	Remote Sensing (e.g., Drone monitoring, detection and/or management)
	FFS
	0.5 - 1m, 
(note 1)
	<500m 
	FFS
	FFS
	FFS
	FFS
	0.5 - 5m/s 
(note 1)
	30 - 40m/s 
	0.5 - 3s
(note 1)
	50 - 100ms 
(note 1)

	Note 1: KPIs were obtained from [x1]
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