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Abstract: This contribution builds on the control KPIs framework accepted in Tallinn and proposes numbers, removing the square brackets. 
Discussion

In Tallinn we have introduced the following concepts:
· A UAV communications payload is defined separately of its control. Inability to provide payload may mean the inability to complete the mission but not the inability to safely control the UAV
· There are several control modes with various KPIs. We have introduced 3 in Tallinn (with an optional 4’th for other companies’ ideas). In this contribution we have reduced it to 2 modes with the understanding that other modes are possible.  

<<<<<<<<<< Text Proposal >>>>>>>>>>>>>>
5.13
Framework for steering KPIs of UAV 

5.13.1
Description
UAVs may be steered remotely from the UAV controller or from the UTM. Several modes of UAV steering can be considered. The choice of mode depends on the UAV itself, the source of the control and the operational situation.

Each of these modes dictates its own requirements for communication KPIs in terms of data rate, message rate, reliability, latency etc. and may require immediate feedback. Video is used in some modes as additional feedback
This use case captures a framework for such requirements. Moreover, it requires that the 5GS supports an efficient mechanism by which the system can transition between steering modes.
5.13.2
Pre-conditions
Jeff owns a large commercial UAV which he uses to deliver mail order goods to his customers’ doorsteps. Jeff uses a UAV controller to control his UAV and the UAV may also be controlled by the UTM. Both UAV and UAV-controller are 5G capable and we assume that the UTM is an app layer server capable of sending and receiving messages to / from both UAV and UAV-controller.

Prior to the flight the UAV controller communicates with the UTM. Sometime later it receives clearance for the flight from the warehouse in Chula Vista to the recipient house in La Jolla, circumnavigating the SAN and NKX Bravo airspaces and the MYF Delta airspace in between. A clearance is a specific permission to fly and typically consists of a list of waypoints and altitudes.

5.13.3
Service Flows

At motor start the UAV is controlled by hand from the UAV controller (requiring KPIs associated with mode-B) and climbs slowly to initial cruise altitude..

Once at altitude, communication is switched to KPIs which support mode-A towards the recipient’s address. A sequence of waypoints may then sent one at a time or could be sent all at once and stored in the UAV.

Along the way Jeff receives a request to observe a traffic accident on the I-5. The UAV-controller sends a request to the network to enable KPIs for mode-B steering from the UAV-controller. Flying slowly along the I-5 Jeff sends real time video to the traffic center. (The video isn't a part of UAV steering – it is payload). Mode-A is then resumed.

Reaching the recipient address, the UAV is steered in mode-B to drop the package on the recipient’s doorstep. Video is used to establish an exact drop point and maneuver to it.
5.13.4
Post-conditions
Package has been delivered while performing public service in reporting on the accident.
5.13.5
Existing features partly or fully covering the use case functionality

Sets of KPIs and SLRs related to UAV control modes have not been defined by 3GPP. 
5.13.6
Potential New Requirements needed to support the use case

5.13.6.1 
Service level requirements 

The 3GPP system shall enable at least two sets of KPIs  between the UAV-controller and/or the UTM and the UAV at an altitude of up to [300m]. 
Note: KPIs include  e.g. different message rates, latency and reliability 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].

5.13.6.2
KPIs

All KPIs are defined at the application service layer

Mode-1 “waypoints”

Video feedback is neither required nor expected to be used for steering in this mode. 
Table 1: KPIs for mode-A “waypoints” UAV control;  
	Function
	Message Interval
	Message Size
	Latency
	Reliability
(Note 2)
	Direction
	Positive ACK required 
	Comments 

	Steering control message
	1-indefinite, S
	100B
(Note 1)
	1S
	99.9%
	Net to UAV
	Y
	

	Steering feedback message
	1S
	84-140B] 
	1S
	99.9%
	UAV to Net
(Note 3)
	N
	It may be possible to transmit this message on an event driven basis e.g. approaching a geo fence


All KPIs are defined at the application service layer
Note 1: Varies based on type of command.  Sending a new mission requires more data than pausing a mission, for example.Message size is payload only and excludes all headers, security, etc.
Note 2: Message reliability is defined as the probability of successful transmission within the required latency

Note 3: This feedback messages can be sent to both UAV controller and to the UTM
Mode-2 “stick and rudder”

A video feedback is required for this mode. The KPIs for video are defined in table-3.
Table 2: KPIs for mode-B “stick and rudder” UAV control; 
	Function
	Message Interval
	Message Size (Note 1)
	Latency
	Reliability
(Note 2)
	Direction
	Positive ACK required 
	Comment 

	Steering control message
	40mS
(Note 3)
	24B
	40ms
	99.99%
	Net to UAV
	Y
	

	Steering feedback message 
	100mS
	84-140B 
	140ms
	99.99%
	UAV to Net
	N
	 A 1Hz slow mode also exists

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	


Note 1: Message size excludes headers and security
Note 2: Message reliability is defined as the probability of successful transmission within the required latency
Note 3:  UAVs on board controllers typically update at either 50Hz (20ms) or 25Hz (40ms)

Editor Note:  The message interval and latency need to be rechecked
Table 3: KPIs for video feedback

	Scenario
	Data rate
	Latency
	Reliability
(Note 1)
	Direction
	Positive ACK required 
	Comment 

	VLOS (visual line of sight)
	2Mpbs at 480p, 30fps
	1S
	99.9%
	UAV to Net
	N
	

	Non-VLOS
	4Mbps  at 720p, 30fps
	140ms
	99.99%
	UAV to Net
	N
	


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

	
	
	
	
	

	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	







	
	
	
	
	

	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	




