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Abstract:  this document proposes consolidated analysis of requirements and draft conclusions on needs contained in current research reports. 
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. All the above requirements are integrated into the following table:
Table 1 The consolidated table for the KPIs for UAV 
	
	Business attributes
	Upload data rate(UL)
	Remote control data rate(DL)
	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
	100m
	-
	Industrial Infrastructure

	3
	4*4K AI control
	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
	
	20ms
	0.5m
	<300m[5]
	-
	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.


2) KPIs for UAV periodic control

The KPIs proposed in “5.13 framework for steering KPIs of UAV” are consolidated in the following table:

Table 2 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


Other KPIs related to C2 command and control are consolidated as following:
[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.5.3-010]The 5G system shall support periodical data traffic, e.g. telemetry, in C2 communication with required bandwidth for [0.012] Mbps.

[P.R.5.3-011]The 5G system shall support real-time traffic, e.g. telecommand, in C2 communication with required bandwidth for 0.06Mbps, and required latency less than [100] msec.

 [P.R.5.3-012]The 5G system shall support video streaming traffic in C2 communication with required bandwidth from 4Mbps to 30Mbps and latency less than [100] msec.
Please confirm whether the above requirements can be merged into table2. In addition, different connection modes need to be supplemented when writing CR to TS 22.125.

3) Descriptive requirements
The following potential requirements about service requirements for UAV have been identified in 22.829.

1. Network exposure 
	Index
	Potential Requirements
	Consolidation considerations
	Consolidated Potential Requirements

	1
	[P.R.5.1-002] The 3GPP system shall support the 3rd party application to request real-time monitor the UAV and report related status information to the 3rd party application.


	Unique requirement

Propose a revision for clarification
	The 3GPP system shall provide a suitable APIs to allow a 3rd party to request and obtain real-time monitoring the status information of a UAV.

	2
	[P.R.5.3-004]The 5G system shall provide a mechanism to allow UTM to provision traffic parameters e.g. traffic flows, traffic types, of C2 communication associated to the same or different application, and request differentiated QoS accordingly.
	Unique requirement

It is related to network exposure, move to #1. 


	The 3GPP system shall provide suitable APIs  to allow UTM to provision traffic parameters (e.g. traffic flows, traffic types) and request differentiated QoS accordingly for C2 communication associated to the same or different application,.

	3
	[P.R.5.10-001]Based on operator 's policy, the 3GPP system shall be able to provide information regarding the service availability status for UAVs in a certain geographical area at a certain time.​
	Unique requirement

Propose a clarification and needs to move network exposure part. 
	Based on operator 's policy, the 3GPP system shall provide suitable APIs for a 3rd  information regarding the service availability status for UAVs in a certain geographical area at a certain time.​


2. UBS related
	Index
	Potential Requirements
	Consolidation considerations
	Consolidated Potential Requirements

	1
	[P.R.5.2-001] The 3GPP system shall enable the authorization of the UBS, before the UBS can work.
	Unique requirement
	The 3GPP system shall enable the authorization of the UBS, before the UBS can work.

	2
	[P.R.5.2-002] The 3GPP system shall enable a UBS work only at the designated position. That means that once move out of this position, it should not work as UBS.
	Unique requirement

Propose a clarification and put the second sentence as a Note. 

The intention is to terminate UBS when the UBS work condition cann’t be met. So it is suggested to rewrite it.
	The 3GPP system shall enable to terminate a UBS when its working condition cann’t be met e.g. the UBS once moves out of destination area or the power of the UAV will be off. 

	3
	[P.R.5.2-003] The 5G system shall be able to supply wireless backhaul with required quality to enable a UBS.
	Unique requirement

Change 5G system to 3GPP system
	The 3GPP system shall be able to supply wireless backhaul with required quality to enable a UBS.

	4
	[P.R.5.2-004] The 3GPP system shall be able to monitor UBS including the UAV which carriers the access node in the air (e.g. power consumption of the UAV etc.).
[P.R.5.7-002] The 3GPP system shall be able to provide means to minimize power consumption of the airborne radio access network (e.g. optimizing operation parameter, optimized traffic delivery).
	Both requirements address the power saving, propose to merge

“airborne radio access network” is replaced with UBS
	The 3GPP system shall be able to monitor UBS (e.g. power consumption of the UAV etc.) and provide means to minimize power consumption of the UBS (e.g. optimizing operation parameter, optimized traffic delivery).

	5
	[P.R.5.7-001] The 3GPP system shall be able to provide means to support airborne radio access network.
	This requirement is not a meaningful requirement, without clarifying what 3GPP system need to be provide. 

Suggest to delete.
	

	6
	[P.R.5.7-003] The 3GPP system shall be able to provide means to optimize signaling when a serving airborne radio access network changes.
	Unique requirement

Terminology alignment
	The 3GPP system shall be able to provide means to optimize signaling when a serving UBS changes.

	7
	[P.R.5.7-004] The 3GPP system shall minimize interference among airborne radio access networks in close proximity. 
	Unique requirement

Terminology alignment
	The 3GPP system shall minimize interference among UBS in close proximity.


3. Service restriction for UAV
	Index
	Potential Requirements
	Consolidation considerations
	Consolidated Potential Requirements

	1
	[P.R.5.8-001]The 3GPP system shall be able to prevent a UE, located in a position where the UE is not authorized for a connectivity service (e.g. operating above certain altitude within a cell), from accessing to any network except for emergency service.
	Unique requirement

Propose a clarification on the UE. 
	The 3GPP system shall be able to prevent a UE, located in a position where the UE on-broad UAV is not authorized for a connectivity service (e.g. operating above certain altitude within a cell), from accessing to any network except for emergency service.

	2
	[P.R.5.8-002]The 3GPP network shall be able to support network-based positioning (e.g. altitude) of a UE.
	Unique requirement


	The 3GPPnetwork shall be able to support network-based 3D space positioning (e.g. with altitude 30~300m) of a UE on-board UAV.

	3
	[P.R.5.8-003]The 3GPP system shall be able to collect charging information for a UE with subscription to aerial service with information on the position (e.g. altitude) for the delivered traffic.
	Unique requirement
	The 3GPP system shall be able to collect charging information for a UE on-board UAV with subscription to aerial service with information on the position (e.g. altitude) for the delivered traffic.

	4
	 [P.R.5.8-004]The 3GPP system shall be able to notify the authorized third party of potential stopping of connectivity service before the UE enters into area (e.g. altitude) where the connectivity service is not authorized for the UE.
	Unique requirement


	The 3GPP system shall be able to notify the authorized third party of potential stopping of connectivity service before the UE on-board UAV enters into area (e.g. altitude) where the connectivity service is not authorized for the UE.


4. C2 Communication requirements

	Index
	Potential Requirements
	Consolidation considerations
	Consolidated Potential Requirements

	1
	[P.R.5.3-001]The 5G system shall enable command and control (C2) communication between the UAV and the UAV controller with direct C2 communication  in the network coverage or out-of-network coverage.
	The requirement mainly talks about the D2D communication path between UAV and UAV controller to enable C2 communication. Propose a clarification based on the understanding.
	The 3GPP system shall be able to provide the D2D communication path between the UAV and the UAV controller for C2 communication. 

	2
	[P.R.5.3-002]The 3GPP system shall provide C2 communication for a UTM to fly the UAV via flight plan.
	This requirement needs to be clear that who provide C2 communication and who control the UAV to fly. Otherwise, will be deleted. 
There are two ways to interpret this requirement:
#1: the UTM provide the flight plan information to the control system installed inside of the UAV, and this control system generate the fly command and control the UAV to follow the flight plan. The 3GPP system just provide a normal communication link between the UTM and the UAV, no need for URLLC.

#2: the UTM provides the flight plan information to a control system which is located far away from the UAV. This control system generate the fly command and remotely control the UAV to follow the flight plan. The 3GPP system needs to provide URLLC link to guarantee the fly command send to the UAV on time. 

Propose a clarification based on #2.
	The 3GPP system shall be able to provide a data path with high reliability and low latency between a UAV and a remote UAV control server, in order to fly the UAV by following the flight plan provided by a UTM. 

	3
	[P.R.5.3-003]The 3GPP system shall provide a mechanism to allow a UTM to track the UAV which is flied via flight plan. The 5G system shall support a mechanism to interact with UTM for obtaining required UAS service information for C2 communication, e.g. service classes, traffic types, required QoS, and service authorization , etc., to identify the traffics and enforce differentiated traffic policies.
	The first sentence is not related to 3GPP, or nothing more than 3GPP providing a positioning service. Needs to be clarified otherwise delete

The second sentence is unique requirement and propose a clarification. 
	The 3GPP system shall be able to obtain service information (e.g., service classes, traffic types, required QoS and service authorization) for C2 communication from the UTM, in order to identify the traffics and enforce differentiated traffic policies for different types of C2 communication.

	4
	[P.R.5.3-005]The 5G system shall support mechanism for UTM to configure monitoring events, and corresponding actions, e.g. monitoring reports to the network, urgent reports to the network, and urgent actions at the UAV, e.g. turns away, return to the UAV controller or a specific location, etc.
	Related to Existing requirement in TR 22.125: “The 3GPP system shall support regulatory requirements (e.g. Lawful Intercept) for UAS traffic.”

It needs to be clear that it is UTM or 3GPP system to take urgent actions at the UAV. If it is UTM then this is out of 3GPP. If it is 3GPP system, then doubt why the 3GPP system to act as a UAV controller. 
Needs to be clarified otherwise delete. 
	

	5
	[P.R.5.3-006]The 5G system shall support mechanism for the UTM to monitor the C2 communication using any pre-defined C2 communication models between UAV and the UAV controller and perform actions when detecting the configured monitoring events, e.g. approaching no drone zone, or situation-aware events, e.g. flash/tornado is happening, etc.
	It needs to be clear that it is UTM or 3GPP system to monitor and perform the action. 
Needs to be clarified otherwise delete. 
	The 5G system shall support mechanism for the UTM to monitor the C2 communication using any pre-defined C2 communication models between UAV and the UAV controller and perform actions when detecting the configured monitoring events, e.g. approaching no drone zone, or situation-aware events, e.g. flash/tornado is happening, etc.

	6
	[P.R.5.3-007]The 5G system shall support mechanism to prioritize different UAS services in C2 communication for one UAS or among multi-UASs.
	What is the different UAS services in C2 communication?
	

	7
	[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.
	Related to KPI
Suggest to put into other KPI 
	add to #1:


	8
	[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.
	Suggest to put into other KPI
	add to #1:


	9
	[P.R.5.3-010]The 5G system shall support periodical data traffic, e.g. telemetry, in C2 communication with required bandwidth for [0.012] Mbps.
	Related to KPI, but you need to check whether this requirement is moving to table2, which is periodic small packet services. 
	add to #1:


	10
	[P.R.5.3-011]The 5G system shall support real-time traffic, e.g. telecommand, in C2 communication with required bandwidth for 0.06Mbps, and required latency less than [100] msec.
	Related to KPI, but you need to check whether this requirement is moving to table1, which is streamed or packaged services. 
	add to #1:


	11
	 [P.R.5.3-012]The 5G system shall support video streaming traffic in C2 communication with required bandwidth from 4Mbps to 30Mbps and latency less than [100] msec.
	Related to KPI, but you need to check whether this requirement is moving to table1, which is streamed or packaged services.
	add to #1:



5. Swarm of UAVs in logistics
	Index
	Potential Requirements
	Consolidation considerations
	Consolidated Potential Requirements

	1
	[P.R.5.11-001]The 3GPP system shall be able to support the UAV group management (e.g., Create/delete the group, add/remove the UAV into the group, etc.).
Editor’note: to be investigated whether this is possible already.

	This requirement is already covered by MCPTT group management (if this is application layer group management), or by 5GLAN (if this is network layer group management).
Suggest to delete and Move to 5.11.5.
	


4) Action points

Action point 1: According to the pre-conference discussion, the consolidation pCR is provided in parts.

Action point 2: For the five parts of KPI and UBS, etc., it is suggested that the pCR provided be discussed.
Action point 3: A round of clarification of C2 requirements is suggested in the discussion paper.

