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---- FIRST CHANGE ----

[bookmark: _Toc27762786][bookmark: _Toc52642183][bookmark: _Toc91260122]Introduction
Interest in using cellular connectivity to support 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.

---- END FIRST CHANGE ----

---- SECOND CHANGE ----
[bookmark: _Toc27762790][bookmark: _Toc52642187][bookmark: _Toc91260126]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.
Uncrewed  Aerial System (UAS): Composed of 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.
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 Uncrewed  Aerial Vehicle (UAV).
---- END SECOND CHANGE ----

---- THIRD CHANGE ----
[bookmark: _Toc27762792][bookmark: _Toc52642189][bookmark: _Toc91260128]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	Uncrewed  Aerial System
UAV	Uncrewed  Aerial Vehicle
UTM	Uncrewed  Aerial System Traffic Management [2]

---- END THIRD CHANGE ----

---- FOURTH CHANGE ----

[bookmark: _Toc27762794][bookmark: _Toc52642191][bookmark: _Toc91260130]4.1	General
An Uncrewed  Aerial System (UAS) is the combination of an 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.
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.
---- END FOURTH CHANGE ----

---- FIFTH CHANGE ----


[bookmark: _Toc27762811][bookmark: _Toc52642208][bookmark: _Toc91260147]7.2	KPIs for UAV command and control
UAVs may use a variety of flight command and control modes. Command and control (C2) communications refers to the two-way communication, which may include video, required to control the operation of the UAV itself. C2 messages may be communicated with the UAV controller, the UTM or both and may or may not be periodic. UAV controller and UTM communications may happen at essentially the same time with different required QoS. Any mission specific communication (e.g. HD video for area surveillance), if required, is additional. Different modes of control and their typical KPIs are listed in this clause below. The 5G system shall support UAV operation at altitudes of at least 120m / 400ft above ground level, e.g. the services should be provided and characterized up to 3000ft AGL.
Table 7.2-1 KPIs for command and control of UAV operation
	Control Mode
	Function
	Typical Message Interval

	Max UAV ground speed
	Typical message Size
(note 1)
	End to end Latency

	Reliability
(note 2)
	Positive ACK
(note 8)

	Steer to waypoints (note 3)
	UAV terminated C2 message
	>=1 s
	300 km/h

	100 byte

	1 s
	99.9%
	Required

	
	UAV originated C2 message
(note 4)
	1 s
	
	84-140 byte
	1 s
	99.9%
	Not Required

	Direct stick steering 
(note 5)
	UAV terminated C2 message
	40 ms
(note 6)
	60km/h
	24 byte
	40 ms
	99.9%
	Required 

	
	UAV originated C2 message 
(note 7)
	40 ms
	
	84-140 byte
	40 ms

	99.9%
	Not Required

	Automatic flight on UTM
(note 10)
     
	UAV terminated C2 message
	1 s     
	300 km/h


	<10K kbyte
	5 s (note 9)
	99.9%
	Required

	
	UAV originated C2 message
	1 s
(note 9)
	
	1500 byte     
	5 s
(note 9)
	99.9%     
	Required

	Approaching Autonomous Navigation Infrastructure
	UAV terminated C2 message
	500 ms
	50 km/h
	4 k byte
	10 ms
	99%
	Required

	
	UAV originated C2 message
	500 ms
	
	4 k byte
	140 ms
	99.99%
	Required

	NOTE 1: Message size is at the application layer and excludes any headers and security related load. The numbers shown are typical as message size depends on the commands sent and is implementation specific.
NOTE 2: Message reliability is defined as the probability of successful transmission within the required latency at the application layer while under network coverage.
NOTE 3: Video is neither required nor expected to be used for steering in this mode.
NOTE 4: It may be possible to transmit this message on an event driven basis (e.g. approaching a geo fence). A status message may, but is not required to, be sent as a response to a control message.
NOTE 5: A video feedback is required for this mode. The KPIs for video are defined in table 7.2-2.
NOTE 6: UAVs on- board controllers typically update at either 50Hz (20ms) or 25Hz (40ms).
NOTE 7: A status message may, but is not required to, be sent as a response to a control message A 1Hz slow mode also exists.
NOTE 8: Positive ACK is sent to the originator of the message (i.e. UAV controller and / or the UTM). The 5G system makes no assumption whether an appropriate ACK is sent by the application layer.
NOTE 9:  At the application levellayer, the C2 communication between a UAV and UTM can be allowed to experience much longer traffic interruptions, e.g. timeouts of 30 sS on the uplink and 300 sS on the downlink.
NOTE 10: This only represents periodic message exchange during a nominal mission in steady state.  It does not represent unusual or aperiodic events such as conveying dynamic restrictions or a flight plan to the UAV on the downlink.



---- END FIFTH CHANGE ----
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