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2
References

The following documents contain provisions which, through reference in this text, constitute provisions of the present document.

-
References are either specific (identified by date of publication, edition number, version number, etc.) or non‑specific.

-
For a specific reference, subsequent revisions do not apply.

-
For a non-specific reference, the latest version applies. In the case of a reference to a 3GPP document (including a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same Release as the present document.

[1]
3GPP TR 21.905: "Vocabulary for 3GPP Specifications".

[x]
3GPP TS 22.125 V16.0.0: "Unmanned Aerial System support in 3GPP; Stage 1(Release 16)".
[y] 
3GPP TR 36.777 V15.0.0: "Study on enhanced LTE support for Aerial Vehicles".

[z]
3GPP TS 22.261 V16.6.0: "Service requirements for the 5G system; Stage 1(Release 16)".
[w]
IMT 2020(5G): "Application for UAV in 5G White Paper", September 2018.
**********************SECOND CHANGE********************************
3
Definitions, symbols and abbreviations

3.1
Definitions

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].

Unmanned Aerial System Traffic Management (UTM): a set of functions for authenticating UAV, authorizing UAS services, managing UAS policies, and controlling UAV traffics in the airspace.
UAV terminated C2 message: A message sent from the UAV controller or from the UTM or both with information required to affect the operation of the UAV (e.g. commanded heading, speed, altitude).
UAV originated C2 message: A message sent from the UAV to the UAV controller or the UTM or both with UAV actual operation parameters (e.g. actual heading, position, motor temperature).
End to end latency: As defined in TS 22.261[z].
3.2
Symbols

For the purposes of the present document, the following symbols apply:

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].

C2

Command and Control

UAS
Unmanned Aerial System
UAV
Unmanned Aerial Vehicle

UTM
Unmanned Aerial Vehicle Traffic Management
**********************THIRD CHANGE********************************
A
Requirements for UAV scenarios
A.1
General
Beyond UAV related requirements, the 3GPP can be used to support for a wide range of applications and scenarios by using low altitude UAVs in various commercial and government sectors. New service level requirements and KPIs for supporting various UAV applications by the 3GPP system have been identified and specified e.g. Service requirements and KPIs related to command and control (C2), payload (e.g. camera) and the operation of radio access nodes on-board UAVs.

B
Performance requirements
B.1
KPIs for services provided by the UAV
The 5G system shall be able to provide unmanned aerial vehicle with the service performance requirements reported in Table B.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 managment data. The service control data of transmitted by the 5G system may be based on application trigger, such as switch, rotation, promotion and demotion control of equipments on UAV. UAV various applications may require at essentially the same time different uplink and downlink QoS. The 5G system shall provide simultaneously services to eMBB users (e.g., the KPIs for rural and urban scenarios as defined in 7.1 of TS 22.261 [z]) without service degradation.
Table B.1-1 KPIs for services provided by the UAV
	Use case
	Services
	Data rate
Note 6
	End to end Latency
	Positioning accuracy
	Altitude
	Higher accuracy location latency
	Region

	1
	8K video live broadcast
	 100Mbps
UAV 
originated 
	200ms
	0.5m
	<100m
	-
	Urban, scenic area

	
	
	600Kbps
UAV 
terminated
	20ms
	0.5m
	<100m
	-
	

	2
	Laser mapping/

HD patrol
Note 7
	120Mbps
UAV 
originated
Note 1
	200ms
	0.5m
	30-300m
	-
	Urban, rural area, scenic area

	
	
	300Kbps
UAV 
terminated
	20ms
	0.5m
	30-300m
	-
	

	3
	4*4K AI surveillance
	120Mbps
UAV 
originated 
	20ms
	0.1m
	<200m
	10ms
Note 2
	Urban, rural area

	
	
	50Mbps
UAV terminated 
	20ms
	0.1m
	<200m
	10ms
Note 2
	

	4
	Remote UAV controller  through HD video
	>=25Mbit/s 
UAV 
originated Note 3
	100 ms
	0.5m
	<300m Note 4
	-
	Urban, rural area

	
	
	300Kbit/s
UAV 
terminated
	20ms
	0.5m
	<300m Note 4
	-
	

	5
	Telemetry
	0.012 Mbps w/o video
UAV 
originated
	-
	-
	-
	-
	Urban, rural, countryside

	
	
	Note 5
	Note 5
	-
	-
	-
	

	6
	Real-Time Video
	0.06 Mbps w/o video
UAV 
originated
	100 ms
	-
	-
	-
	Urban, rural, countryside

	
	
	Note 5
	Note 5
	-
	-
	-
	

	7
	Video streaming
	4 Mbps for 720p video

9 Mbps for 1080p video
UAV 
originated
	100 ms
	-
	-
	-
	Urban, rural, countryside

	
	
	Note 5
	Note 5
	-
	-
	-
	Urban, rural, countryside

	NOTE 1: 
The flight average speed is 60km/h. The KPI is referring to [w].
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 TS 22.125 [x] clause 5.3, the absolute flying speed of UAV in this service can be up to 160km/h. 

NOTE 4:  Referring to TR 36.777 [y], the maximum altitude is 300m.

NOTE 5:  Relevant KPIs refer to Table B.2-1. The KPIs is also compatible for service 1~4.
NOTE 6:  In addition to service data, it is possible to transmit the following UAV management parameters simultaneously.

· Flight time of UAV

· Real-time Position, Height and Moving Speed of UAV

· Vibration Coefficient and Sloshing Coefficient of UAV

· Current pitch angle, heading angle and roll angle of UAV

· Status of Airborne Sensors such as Gyroscope and Barometer of UAV

· Working state of UAV satellite positioning module

· Battery Volume and Working State of Unmanned Aerial Vehicle

· UAV Control Link State
NOTE 7: The
density of active UAV is 10/200km2. The maximum altitude is 300m. The flight average speed is 60km/h.


B.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. Two modes of control and their typical KPIs are listed in this clause below. 
Table B.2-1 KPIs for command and control of UAV. 

	Control Mode
	Function
	Typical Message Interval


	Typical message Size

Note 1
	End to end Latency

	Reliability

Note 2
	Positive ACK

Note 8

	Mode A:

Steer to waypoints Note 3
	UAV terminated C2 message
	1-indefinite, S
	100B


	1S
	99.9%
	Required

	
	UAV originated C2 message

Note 4
	1S
	84-140B
	1S
	99.9%
	Not Required

	Mode B:

Stick-and rudder steering 

Note 5
	UAV terminated C2 message
	40mS

Note 6
	24B
	40ms
	99.99%
	Required

	
	UAV originated C2 message 

Note 7
	140mS
	84-140B 
	140ms
	99.99%
	Not 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 B.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.


Table B.2-2 KPIs for video used to aid UAV control. 
	Scenario
	Data rate
	End to end Latency
	Reliability

NOTE 1
	Direction
	Positive ACK required

	VLOS (visual line of sight)
	2Mpbs at 480p, 30fps
	1S
	99.9%
	Sent by UAV
	Not Required

	Non-VLOS
	4Mbps  at 720p, 30fps
	140ms
	99.99%
	Sent by UAV
	Not Required

	NOTE 1: Message reliability is defined as the probability of successful transmission within the required latency.


B.3
Other KPIs for UAV
The 5G system shall support a mechanism to switch between C2 communication modes for UAS operation, e.g. from indirect C2 communication to direct C2 communication, and ensure the disconnect time is below the latency requirements.
The 3GPP system shall enable concurrent communications between the UAV-controller and UAV and between the UTM and the UAV that may require different KPIs. 

The 3GPP system shall be capable of switching between the KPIs, as requested by the UAV-controller or the UTM, within [500ms].  
**********************END OF CHANGE********************************
