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Abstract:  This document proposes consolidated requirements based on the analysis of all KPIs of use cases of TR22.829. 
1. Discussion:
The following potential requirements about KPIs for UAV have been identified in 22.829.

1) KPIs for UAV services
[P.R.5.1-001] The 3GPP system shall be able to provide seamless connection service for UAV to support evolved high resolution video live broadcast application. The performance KPI is as following:
Table 5.1.6-1 shows the KPIs for the high resolution video application:
	Video resolution
	Upload data rate(UL)
	Remote control data rate(DL)
	Video latency
	Control latency
	Positioning Accuracy
	Altitude
	Region

	8K
	 100Mbps
	600Kbps
	200ms
	20ms
	0.5m
	<100m
	City\ Scenic Area


[P.R.5.4-001] The 5G system shall support [120Mbps] uplink data rate for UAVs under the condition that the density of active UAV is 10/200km2, the height of UAVs is between 30 meters and 300 meters, the flight average speed is 60km/h, while providing simultaneously services to eMBB users (e.g., the KPIs for rural and urban scenarios as defined in TS 22.261) without service degradation. 

[P.R.5.5-001] The 5G system shall support transfer of continuous data that requires both [120]Mbps uplink data rate and [40]ms two-way network delay (i.e., uplink latency plus downlink latency).
[P.R.5.5-002] The 5G system shall be able to provide higher accuracy location information of a UAV to a trusted third party, with latency less than [10] ms. 
[P.R.5.12-001] The 3GPP system shall be able to provide seamless C2 connection service to support remote UAV control. The performance KPI is as following which is sourced from Chinese 5G UAV Application White Paper [9]:
Table 5.12.6-1 shows the KPIs for Changing UAV Controller:
	Application
	Upload data rate(UL)
	Remote control data rate(DL)
	E2E latency
	Control latency
	Positioning Accuracy
	Altitude
	Region

	Remote UAV controller  through HD video
	 25Mbit/s
	300Kbit/s
	<200ms
	20ms
	0.5m
	<300m
	Urban, Rural, countryside


Note1:  refer the  TS22.125[8] clause 5.3, the relative flying speed of UAV in this kind of use cases can up to   320km/h. 

Note2:  refer the TR36.777[10], the altitude is changed to <300m.
The 5G system of R15 already contains some capabilities for UAV industry applications. The KPIs imported for new requirements are listed below. 
The second table need to be consistent with the conclusions of the new document of KPI of control, otherwise delete.
***** BEGIN CHANGE *****
7
Consolidated potential requirements
7.X.1 KPIs for UAV services
The 5G system shall be able to provide unmanned aerial vehicle with the service performance requirements reported in Table 7.X.1-1. 

Table 7.X.1-1 The consolidated table for the KPIs for UAV 
	
	Business attributes
	Upload data rate(UL)
	Remote control data rate(DL) [7]
	Video latency
	Control latency
	Positioning Accuracy
	Altitude
	higher accuracy location latency
	Region

	1
	8K video live broadcast
	 100Mbps
	600Kbps
	200ms
	20ms
	0.5m
	<100m
	-
	City\ Scenic Area

	2
	Laser mapping/

HD patrol
	120Mbps[1]
	300Kbps
	200ms
	20ms
	0.5m
	30-300m
	-
	Industrial Infrastructure

	3
	4*4K AI surveillance
	120Mbps[2]
	50Mbps
	200ms
	40ms
	0.1m
	<200m
	10ms[3]
	City\ rural area

	4
	Remote UAV controller  through HD video
	>=25Mbit/s[4]
	300Kbit/s
	100 ms
	20ms
	0.5m
	<300m[5]
	-
	Urban, Rural, countryside

	5
	Telemetry
	0.012 Mbps w/o video
	[6]
	-
	[6]
	-
	-
	-
	Urban, Rural, countryside

	6
	Real-Time Video
	0.06 Mbps w/o video
	[6]
	100 ms
	[6]
	-
	-
	-
	Urban, Rural, countryside

	7
	Video Streaming
	4 Mbps for 720p video

9 Mbps for 1080p video

	[6]
	100 ms
	[6]
	-
	-
	-
	Urban, Rural, countryside

	
	NOTE 1: 
The 5G system shall support [120Mbps] uplink data rate for UAVs under the condition that the density of active UAV is 10/200km2, the height of UAVs is between 30 meters and 300 meters, the flight average speed is 60km/h, while providing simultaneously services to eMBB users (e.g., the KPIs for rural and urban scenarios as defined in TS 22.261) without service degradation.

NOTE 2: 
The 5G system shall support transfer of continuous data that requires both [120]Mbps uplink data rate and [40]ms two-way network delay (i.e., uplink latency plus downlink latency).
NOTE 3:   The latency is the time of the 5G system provide higher accuracy location information of a UAV to a trusted third party.
NOTE 4:  refer the TS22.125[8] clause 5.3, the relative flying speed of UAV in this kind of use cases can up to   320km/h. 

NOTE 5:  refer the TR36.777[10], the altitude is changed to <300m.

NOTE 6:  Relevant KPI Requirements Reference Table 2.
NOTE 7:  In addition to application data, it is possible to transmit the following UAV 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


7.X.2 KPIs for UAV periodic control
UAV has a variety of flight control modes, including periodic control instructions. The KPIs imported for each mode are listed below.
Table 7.X.2-1 The consolidated table for the KPIs for different periodic control of UAV. 

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

	Mode A:

Steer to waypoints
	Steering control message
	[1-30S]
	[20B]
(Note 1)
	[0.5S]
	[99.999%]
	DL
	[Y]

	
	Steering feedback message
	[1-30S]
	[20B] (Note 3)
	[0.5S]
	[99.999%]
	UL
	[N]

	Mode B:

Stick-and rudder steering
	Steering control message
	[50mS]
	[5B] (Note 4)
	[50ms]
	[99.9%]
	DL
	N

	
	Steering feedback message - fast
	[50mS]
	[3B] (Note 5) 
	[50ms]
	[99.9%]
	UL
	N

	
	Steering feedback message - slow
	[1S]
	[20B] (Note 6)
	[0.5S]
	[99.999]
	UL
	N

	Mode C:

Autopilot mode
	Steering control message
	[1S]
	[5B] (Note 7)
	[1s]
	[99.99%]
	DL
	N

	
	Steering feedback message - fast
	[50mS]
	[3B3] (Note 5)
	[50ms]
	[99.99%]
	UL
	N

	
	Steering feedback message - slow
	[1S]
	[20B] (Note 6)
	[0.5S]
	[99.999%]
	UL
	N

	Mode D:

High accuracy remote control
	Steering control message
	Consideration of include [P.R.5.3-010] of C2 requirement
	
	
	
	
	

	
	Steering feedback message - fast
	
	
	
	
	
	

	
	Steering feedback message - slow
	
	
	
	
	
	

	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
NOTE 4: Control message size assumes 2x1B tilt, 1B spin, 1B overall thrust, 1B other total 5B
NOTE 5: Fast steering feedback message size assumes 2x1B tilt, 1B spin
NOTE 6: Slow feedback message size same as mode-A
NOTE 7: Control message size assumes 2B heading, 1B climb / descent rate, 1B spin, 1B other total 5B


7.X.3 Other KPIs for UAV
 [P.R.5.3-008]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 disconnection time is below [10] msec.

[P.R.5.3-009]The 5G system shall support a mechanism to switch between C2 communication modes for UAS operation, e.g. from indirect C2 communication to UTM-navigated C2 communication, and ensure the disconnection time is below [10] msec.

[P.R.5.13-001]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. 

[P.R.5.13-002]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. 

[P.R.5.13-003]The 3GPP system shall be capable of switching between the KPIs, as requested by the UAV-controller or the UTM, within [500mS]. 
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