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Introduction
Interest in using cellular connectivity to support Unmanned Uncrewed Aerial Systems (UAS) is strong, and the 3GPP ecosystem offers excellent benefits for UAS operation. Ubiquitous coverage, high reliability and QoS, robust security, and seamless mobility are critical factors to supporting UAS command and control functions. In parallel, regulators are investigating safety and performance standards and Registration and licensing programs to develop a well-functioning private and civil UAS ecosystem which can safely coexist with commercial air traffic, public and private infrastructure, and the general population.
The 3GPP system can provide control plane and user plane communication services for UAS. Examples of services which can be offered to the UAS ecosystem includes data services for command and control (C2), telematics, UAS-generated data, remote identification, and authorisation, enforcement, and regulation of UAS operation.
[bookmark: _Toc27762787][bookmark: _Toc52642184][bookmark: _Toc68277778]
1	Scope
The present document identifies the requirements for operation of Unmanned Uncrewed Aerial Vehicles (UAVs) via the 3GPP system.
This includes requirements for meeting the business, security, and public safety needs for the remote identification and tracking of UAS linked to a 3GPP subscription.
[bookmark: _Toc27762790][bookmark: _Toc52642187][bookmark: _Toc68277781]3.1	Definitions
[bookmark: OLE_LINK6][bookmark: OLE_LINK7][bookmark: OLE_LINK8]For the purposes of the present document, the terms and definitions given in 3GPP TR 21.905 [1] and the following apply. A term defined in the present document takes precedence over the definition of the same term, if any, in 3GPP TR 21.905 [1].
Above ground level (AGL): In the context of a UAV it is the UAV altitude referenced to ground level in the vicinity.
Command and Control (C2) Communication: the user plane link to convey messages with information of command and control for UAV operation between a UAV controller and a UAV.
Unmanned Uncrewed Aerial System (UAS): Composed of Unmanned Uncrewed Aerial Vehicle (UAV) and related functionality, including command and control (C2) links between the UAV and the controller, the UAV and the network, and for remote identification. A UAS is comprised of a UAV and a UAV controller.
NOTE:	A UAV can be controlled by different UAV controllers, but at any given time, a UAV is under the control of only one UAV controller. The mechanisms to ensure which UAV controller is active and controlling the UAV is out of scope of 3GPP.
Unmanned Uncrewed Aerial System Traffic Management (UTM): a set of functions and services for managing a range of autonomous vehicle operations.
UAV controller: The UAV controller of a UAS enables a drone pilot to control an UAV. 
UxNB: radio access node on-board UAV. It is a radio access node providing connectivity to UEs, which is carried in the air by an Unmanned Uncrewed Aerial Vehicle (UAV).
[bookmark: _Toc27762792][bookmark: _Toc52642189][bookmark: _Toc68277783]3.3	Abbreviations
For the purposes of the present document, the abbreviations given in 3GPP TR 21.905 [1] and the following apply. An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in 3GPP TR 21.905 [1].
BVLOS	Beyond Visual Line of Sight 
C2		Command and Control
Remote ID	Remote Identification [3]
UAS	Unmanned Uncrewed Aerial System
UAV	Unmanned Uncrewed Aerial Vehicle
UTM	Unmanned Uncrewed Aerial System Traffic Management [2]
[bookmark: _Toc27762794][bookmark: _Toc52642191][bookmark: _Toc68277785]4.1	General
An Unmanned Uncrewed Aerial System (UAS) is the combination of an Unmanned Uncrewed Aerial Vehicle (UAV), sometimes called a drone, and a UAV controller. A UAV is an aircraft without a human pilot onboard – instead, in some cases. the UAV can be controlled from an operator via a UAV controller and will have a range of autonomous flight capabilities. The communication system between the UAV and UAV controller is, within the scope of this specification and in some scenarios, provided by the 3GPP system. The UAS model considers also the scenario where the UAV controller communicates with the UAV via mechanisms outside the scope of 3GPP.
UAVs range in size and weight from small, light aircraft often used for recreational purposes to large, heavy aircraft which are often more suited to commercial applications. Regulatory requirements vary across this range and vary on a regional basis.
The communication requirements for UAS cover both the Command and Control (C2), and uplink and downlink data to/from the UAS components towards both the serving 3GPP network and network servers. The applicable C2 communication modes is depicted in clause 4.2.
Unmanned Uncrewed Aerial System Traffic Management (UTM) is used to provide a number of services to support UAS and their operations including but not limited to UAS identification and tracking, authorisation, enforcement, regulation of UAS operations, and also to store the data required for UAS(s) to operate. It also allows authorised users (e.g., air traffic control, public safety agencies) to query the identity and metadata of a UAV and its UAV controller.
[bookmark: _Toc27762810][bookmark: _Toc52642207][bookmark: _Toc68277801]7.1	KPIs for services provided to the UAV applications
The 5G system shall be able to provide unmanned uncrewed aerial vehicle with the service performance requirements reported in Table 7.1-1.
UAV originated QoS in the table refers to the QoS of Uplink data (e.g. from UAV to the network side). UAV terminated QoS is the QoS of downlink data (e.g. from the network side to UAV).
The data transmitted by the 5G system includes data collected by hardware devices installed on UAV such as cameras, e.g. pictures, videos and files. It is also possible to transmit some software calculation or statistical data, e.g. UAV management data. The service control data of transmitted by the 5G system may be based on application triggers, such as switch, rotation, promotion and demotion control of equipment on UAV. Various UAV applications may require different uplink and downlink QoS at the same time. The 5G system may simultaneously provide services to other users on the ground (e.g., the KPIs for rural and urban scenarios as defined in 7.1 of TS 22.261 [4]) in the same area without service degradation.
3GPP
Table 7.1-1 KPIs for services provided to the UAV applications 
	Use case
	Services
	Data rate

	End to end Latency
	Altitude AGL
	service area
(note 4)

	1
	8K video live broadcast
	 100Mbps
UAV 
originated 
	200 ms
	<100 m
	Urban, scenic area

	
	
	600Kbps
UAV 
terminated
	20 ms
	<100 m
	

	2
	Laser mapping/
HD patrol
Note 7
	120Mbps
UAV 
originated
Note 1
	200 ms
	30-300 m
	Urban, rural area, scenic area

	
	
	300Kbps
UAV 
terminated
	20 ms
	30-300 m
	

	3
	4*4K AI surveillance
	120Mbps
UAV 
originated 
	20 ms
	<200 m
	Urban, rural area

	
	
	50Mbps
UAV terminated 
	20 ms
	<200 m
	

	4
	Remote UAV controller through HD video
	>=25Mbps 
UAV 
originated 
(Note 3)
	100 ms
	<300 m 
	Urban, rural area

	
	
	300Kbps
UAV 
terminated
	20 ms
	<300 m 
	

	5
	Real-Time Video
	0.06 Mbps w/o video
UAV
originated
	100 ms

	-
	Urban, rural, countryside

	6
	Video streaming
	4 Mbps for 720p video
9 Mbps for 1080p video
UAV 
originated
	100 ms

	-
	Urban, rural, countryside

	7
	Periodic still photos
		1Mbps
UAV 
originated 
	1S
	0.1m
	<120m
	-
	Urban, rural area



	1s
	<120 m
	Urban, rural, countryside


	NOTE 1:   The flight average speed is 60km/h. The KPI is referring to [5].
NOTE 2:   The latency is the time of the 5G system provide higher accuracy location information of a UAV to a third party.
NOTE 3:   Referring to clause 5.2.2, the absolute flying speed of UAV in this service can be up to 160km/h. 
NOTE 4:   The density of active UAV is 10/200km2. The maximum altitude is 300m. The flight average speed is 60km/h.
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