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Abstract: This contribution proposes a framework for KPIs for UAV control which consider different control regimes. It has been only slightly modified from the one submitted to, but not presented at, WG meeting #84 in Spokane.
Discussion

As we now realize, the limits to the possible uses of drones are only in our collective imagination. Each of these uses may require different KPIs. In some cases, these KPIs are only needed over comparatively small areas, while in others they may be required ubiquitously if UAV are to be used at all. Thus, for example a UAV may be used to shoot scenes for a movie (over a few square kilometers) or to deliver packages (everywhere). The former requires a very high data rate, while the latter may not need video at all (other for some low resolution for control purposes).

Given the cost of the deployment necessary to provide very high KPIs ubiquitously it makes sense to define several mission profiles with varied requirements.
The mission profile could also affect the communications requirements for UAV control in that they may require different modes of aeronautical control. With different modes used by different UAVs or even by the same UAV at different times. We consider the control and feedback elements including video (if used). We do not consider payload. For example, high resolution video surveillance, agricultural monitoring or shooting a scene for a movie are considered payload – not control.  

The flight of a UAV may be controlled in one of several regimes each presenting its unique KPI requirements. Thus for example in one regime message rates and data rates are fairly low but message reliability must be very high. In another regime the opposite could be true. This stems from the different ways a UAV could be remotely steered from the UAV controller or from the UTM.
Before we proceed, we need to consider different types of possible collisions we must prevent. 

Collisions with fixed objects (hills, buildings, TV towers…) are typically avoided by charting and route planning. It should be noted that FCC prohibits flying within 500’ (~150m) of any man-made object and 1500’ (~450m) above a populated area. These numbers will be of course relaxed for lighter UAV, which are not supposed to fly at manned aircraft altitudes. They will not likely be relaxed to single meters. Collisions of this type could be avoided by the choice of an appropriate altitude while circumnavigating particularly tall object.

Collisions with manned aircraft can be avoided by staying below aircraft altitudes and by route and altitude control. It should be noted that as of 2020 all US manned aircraft will be required to broadcast their position information, to be repeated by ground stations so that it could be received by other aircraft at a longer range (ADS-B). The accuracy of the reports is at WAAS GNSS accuracy where WAAS is available. The ADS-B system is incompatible with 3GPP, nor can we expect manned aircraft to be able to avoid UAVs. Requiring UAV to carry the cost of ADS-B receivers doesn’t make much sense either. From the above we could assume that collisions with manned aircraft will be avoided by use of ADS-B information passed to the UTM which may then control the UAV route.

Collisions with other UAV may be handled by direct communications between the UAV.

From all the above it would seem that tight control is not needed simply to prevent collisions. Tight control may be necessary for specific missions or parts of missions. 
All control includes feedback. The feedback could take numerical form (e.g. position, altitude, speed) or video or both. A very high-resolution video is typically not required simply for controlling the drone (though it may be required for the mission).
To understand video as feedback vs. video as mission payload consider a drone used to inspect electrical transmission (H.T.) wires. A fixed standard definition camera aligned with the longitudinal axis of the drone suffices for steering. An additional HD camera can be panned and tilted.

Different modes for controlling UAVs are achieved by different levels of automation in the UAV itself and the choice of the control variables. Three basic modes could be defined as examples. A fourth mode is a high accuracy variant of one of the three.

A) Steer to Waypoints. 
In this mode the UAV receives a list of waypoints and altitudes to follow. Messages provide waypoint coordinates and altitudes. A waypoint is normally required every few minutes so the data rate is very low and latency loose, however message success rate must be high. A UAV may transmit back its actual coordinates and altitude or alternatively initiate notification of UAV variation (i.e. non-compliance with required flight profile). This is the likely steering mode for heavy commercial UAVs flying long distance and whenever (if supported) UAV control is taken over by the UTM. Video is not required for this mode (though could be provided as payload).
B) Stick-and-rudder steering

This is the opposite of the first mode. It requires a high data rate for both control and fast feedback which needs in this case to include at least attitude (pitch, roll, yaw). Other control feedback provided at a lower rate could include altitude and velocity. The success rate of each control message doesn’t need to be that high however prolonged loss of control cannot be tolerated and latency should be tight. Video may be used as fast feedback for attitude control though direct attitude measurement is also possible. This mode is likely in cheap, line of sight applications where hand steering is part of the user experience but could also be used for steering commercial UAVs near a target zone and whenever the air is rough.
C) Autopilot mode. 
This is a compromise mode in which the UAV maintains e.g. magnetic heading and climb / descent rates. Wind corrections etc. must then be done manually (i.e. by adjusting the heading). Requirements for this mode are in between the waypoints and stick-and-rudder modes. This mode could be used by commercial UAVs near target area as well as by higher end hobbyists. 
D) High accuracy remote control
Another stick-and-rudder technique similar to “B” except that a much higher accuracy is required which affects latency and data rate.  

Reliability is an important property of a mission profile. As communications engineers, we can only define the message reliability (the probability that the message is received within specified latency). The mission – and the UAV itself –should be able to sustain a much longer loss of connectivity. It depends on the UAV and system design (can it hover and wait? Land? Return to base?) This aspect is FFS however I have assumed that a 1-2S communication break is, while undesirable, still acceptable to eliminate collisions, etc. 

From the discussion above we conclude that:
· A UAV may use different control modes at different times

· The selection of steering mode is an operational decision likely taken by the UAV controller or the UTM

· Video feedback may be used in mode C, required near target zone in modes B and D, and is not very helpful in mode A.

In the following the steering modes are simply called A, B, C & D. All numbers are notional and are in [square brackets].
Proposals

Proposal 1: The 5G system shall be able to support various mission profiles. A mission profile is defined as a set of KPIs and SLR related to a use of a UAV. 
Proposal 2: A mission profile shall include a reference to the control mode or modes it requires 

Proposal 3: Accept text proposal below
<<<<<<<<<< Text Proposal >>>>>>>>>>>>>>
5.x
Framework for steering KPIs of UAV 
5.x.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, if used, can provide some, but not all, of the 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.x.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.x.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. As there are no moving UAV in the vicinity at the time video feedback isn't used.

Once at altitude, communication is switched to KPIs which support mode-A towards the recipient’s address. A sequence of waypoints is 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-C 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.x.4
Post-conditions
Package has been delivered while performing public service in reporting on the accident.
5.x.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.x.6
Potential New Requirements needed to support the use case

5.x.6.1 
Service level requirements 
The 3GPP system shall enable multiple 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.x.6.2
KPIs

Table 1: KPIs for mode-A UAV control; all numbers in this table are FFS
	Function
	Message Interval
	Message Size
	Latency
	Reliability
(Note 2)
	Direction
	Positive ACK required 
	Comments 

	Steering control message
	[1-30S]
	[20B]
(Note 1)
	[0.5S]
	[99.999%]
	DL
	[Y]
	Message size excludes security fields

	Steering feedback message
	[1-30S]
	[20B] (Note 3)
	[0.5S]
	[99.999%]
	UL
	[N]
	It may be possible to transmit this message on an event driven basis


Note 1: Control messages are assumed: 8B lat/long coordinates; 2B altitude; 1B climb/descent rate; 1B others (speed, attitude, etc.). 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: Steering feedback message is assumed to be composed of actual measurements that correspond to the control parameters, e.g. measured altitude

Table 2: KPIs for mode-B UAV control; all numbers in this table are FFS
	Function
	Message Interval
	Message Size
	Latency
	Reliability
(Note 2)
	Direction
	Positive ACK required 
	Comment 

	Steering control message
	[50mS]
	[5B] (Note 1)
	[50ms]
	[99.9%]
	DL
	N
	Message size excludes security fields

	Steering feedback message - fast
	[50mS]
	[3B] (Note 3) 
	[50ms]
	[99.9%]
	UL
	N
	Fast feedback may not be needed if video is used

	Steering feedback message - slow
	[1S]
	[20B] (Note 4)
	[0.5S]
	[99.999]
	UL
	N
	

	Video feedback 
	Video requirements TBD
	Optional but may be required for e.g. target observation


Note 1: Control message size assumes 2x1B tilt, 1B spin, 1B overall thrust, 1B other total 5B
Note 2: Message reliability is defined as the probability of successful transmission within the required latency
Note 3: Fast steering feedback message size assumes 2x1B tilt, 1B spin
Note 4: Slow feedback message size same as mode-A

Table 3: KPIs for mode-C UAV control; all numbers in this table are FFS
	Function
	Message Interval
	Message Size
	Latency
	Reliability
(Note 2)
	Direction
	Positive ACK required 
	Comment 

	Steering control message
	[1S]
	[5B] (Note 1)
	[1s]
	[99.99%]
	DL
	N
	Message size excludes security fields

	Steering feedback message - fast
	[50mS]
	[3B3] (Note 3)
	[50ms]
	[99.99%]
	UL
	N
	Fast feedback may not be needed if video is used

	Steering feedback message - slow
	[1S]
	[20B] (Note 4)
	[0.5S]
	[99.999%]
	UL
	N
	

	Video feedback 
	Video requirements TBD
	Optional


Note 1: Control message size assumes 2B heading, 1B climb / descent rate, 1B spin, 1B other total 5B
Note 2: Message reliability is defined as the probability of successful transmission within the required latency
Note 3: Fast steering feedback message size assumes 2x1B tilt, 1B spin
Note 4: Slow feedback message size same as mode-A
Table 4: KPIs for mode-D UAV control

	Function
	Message Interval
	Message Size
	Latency
	Reliability
(Note 2)
	Direction
	Positive ACK required 
	Comment 

	Steering control message
	
	
	
	
	
	
	

	Steering feedback message - fast
	
	
	
	
	
	
	

	Steering feedback message - slow
	
	
	
	
	
	
	

	Video feedback 
	
	


Note 1: empty
Note 2: Message reliability is defined as the probability of successful transmission within the required latency
