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**********************FIRST CHANGE************************************
5.5
Use case for autonomous UAVs controlled by AI 
5.5.1
Description

The control of UAVs by AI is mainly operated by the following steps: 

1)
The UAVs collects real-time information (including high-precision three-dimensional surface topographic data, real-time pictures, real-time video, etc.); 

2)
This real-time information is transmitted to the AI system via the 5G network; 

3)
The flight path of the aircraft of the fixed route is processed by the AI system, and the judgment command is calculated and made; 

4)
These instructions are sent to the UAV via the 5G network.

In the case of UAV controlled by AI, the UAV's requirements for the wireless network for both high uplink high rate transmission and the low delay downlink transmission need to be considered.

In addition, the 5G network needs to provide high precision positioning information to the AI system to assist the calculation and decision-making for UAV flight.
5.5.2
Pre-conditions

An AI system is deployed for UAV scenarios (such as oil pipeline patrol, UAV joint operations) to enable real-time UAV control. The network operators provide the coverage for the UAVs and the connections between UAVs and the AI system. AI system may be located in the UTM or another third-party devices which is out of the 3GPP system.
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Figure 5.5.2-1: Use of autonomous UAVs controlled by AI system
5.5.3
Service Flows

1. The UAVs collects real-time information (including high-precision three-dimensional surface topographic data, real-time pictures, real-time video, etc.); 

2. These real-time information is transmitted to the AI system via the 5G network; this would require high data rate (e.g., 120Mbit/s) in UL direction.

3. The flight path of the aircraft of the fixed route is processed by the AI system, and the judgment command is calculated and made; 

4. These instructions are sent to the UAV via the 5G network, which requires low delay and high reliability in DL direction. There is no particularly high requirement for the transmission data rate.
5. The 5G system provides high-precision positioning of the UAV, which has been specified in 3GPP TS 22.261. Furthermore, the 5G system gets the real-time location data of flying UAV, then sends them to a trusted third party, e.g., AI system for UAVs to assist flying.
6. According to the requirements of supervision and control [12], UAV system has to be responsible for informing the nearest civil aviation and related departments of any aircraft accident that results in serious injury or death of persons or heavy loss of ground property in the most available and efficient way.
5.5.4
Post-conditions

The autonomous UAV finish their tasks under the control of the UAV AI system. When the processing time of terminal and AI system is 10 ms, the two-way network delay i.e., uplink latency plus downlink latency shall be less than 40 ms. See Annex [2] for how the latency is calculated.

5.5.5
Existing features partly or fully covering the use case functionality

The 5G system shall optimize the resource use of the control plane and/or user plane for transfer of continuous uplink data that requires both high data rate (e.g., 10 Mbps) and very low end-to-end latency (e.g., 1-10 ms).[7]
Cloud applications like cloud robotics perform computation in the network rather than in a UE, which requires the system to have high data rate in the uplink and very low round trip latency. Supposed that high density cloud robotics will be deployed in the future, the 5G system need to optimize the resource efficiency for such scenario. [7]
The 5G system shall be able to provide the required QoS (e.g., reliability, end-to-end latency, and bandwidth) for a service and support prioritization of resources when necessary for that service. [7]

NOTE 1:
for instance, the combination of 3GPP positioning technologies with non-3GPP positioning technologies such as for example GNSS (e.g. Beidou, Galileo, GLONASS, and GPS), Terrestrial Beacon Systems (TBS), sensors (e.g. barometer, IMU), WLAN/Bluetooth-based positioning, can support the improvement of accuracy, availability, reliability and/or confidence level, the reduction of positioning service latency, the increase of the update rate of the position-related data, increase the coverage (service area). [7]

NOTE 2:
the combination can vary over time to optimise the performances, and can be the combination of multiple positioning technologies at the same epoch and/or the combination of multiple positioning technologies at different epochs. [7]
The 3GPP system should enable an MNO to augment the data sent to a UTM with the following: network-based positioning information of UAV and UAV controller. [8]
The 3GPP system shall enable a UAS to update a UTM with the live location information of a UAV and its UAV controller. [8]

For the following high bandwidth charging requirement of UAV, there is related requirement of charging of Data (upload or download) based on QoS-differentiated in 4.3.1.2 Charging Principles For User Session Components of [11], including:
-
Based on regional or national regulatory requirements, the 5G system shall be able to change to high priority communication for a UAV in urgent situation, e.g. UAV was forced to land due to equipment problems. The power of UAV equipment is insufficient and will soon lose connnectivity.

**********************SECOND  CHANGE********************************
5.10
Use case for service availability to UAVs needs

5.10.1
Description

UAVs present a different need for communication networks, and different services have different requirements for communication rate and time delay. For example, UAV itself is divided into many types, and their capabilities are different. The UAV uplink and downlink services have different requirements for network capabilities. When UAV flies to a certain area, it may conflict with other UAV or other industry service requirements. This use case is to avoid high priority communication conflicts between different industries or UAVs.

5.10.2
Pre-conditions

UAV A is an individual subscriber and subscribes the UAV communication service for 20 hours with higher priority of resource usage than normal UE.

UAV B and UAV C are subscribers belonging to same company (Water Tower Company) and both subscribe the UAV communication service in Water Tower campus with higher priority of resource usage than normal UE.

UE A is a normal mobile phone subscribed lower priority of resource usage then UAV communication service.

5.10.3
Service Flows

UAV subscribes to high priority service 
1. UAV B and UAV C request the operator for the same high quality service as UAV A.
2.  5G system cannot provide extra resources to UAV B and C according to the information of network status or average subscriber number, etc. Alternatively operators can provide more high priority services to UAV B or C due to enhanced coverage and other reasons.
3. Operators need to take into account the number of subscribers to similar quality service and the time they use them. At the same time, the different types of service requirements subscribed by other industries have to be considered.

4.  In the process of UAV B and C subscription service, the network provides information about whether the service can be guaranteed in a certain range and time.
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Figure 5.10.3-1: UAVs Subscribed High Priority Service

   Correct Handling of Resource Conflict
When there is canoeing competitions at 12:00-15:00 inside the Water Tower campus, the network cannot provide parts of service for the UAV C during the competition time due to lack of resources that are used to guarantee the competition.
1. The network provides the important event (the canoeing competition during12:00-15:00) and resource constraints on specific services (e.g., video) for the UAVs communication to Water Tower Company.

2. The network re-allocates the resources for UAV C, for example, video service is not allowed. 

3. Water Tower Company ordered UAV business for a whole year. Operators need to notify Water Tower Company that it cannot use the business for a certain period of time. But operators can't give reasons or other network status.
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Figure 5.10.3-2: Handling of Resource Conflict

Access resource sharing between UAV and normal UE
1. more than 10+ UEs enter the service area and access to network service with necessary resources.

2. UAV A enters the Tallin Park within the valid time, and requests network resource to achieve a certain task.

3. the network shares a part of access resource to UAV A in order to guarantee its requirement.

4. UAV A obtains the network resources successfully and achieve its task.
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Figure 5.10.3-3: Successful Service Provision
5.10.4
Post-conditions

Operators provide reasonable time and place for UAV B and C to subscribe to high priority services.

UAV A gets the access resource and finishes its task.

UAV A shares network resources with normal users.
5.10.5
Existing features partly or fully covering the use case functionality

The 5G system shall allow the operator to define and update the set of services and capabilities supported in a network slice. [7]

The 5G system shall allow the operator to assign a UE to a network slice, to move a UE from one network slice to another, and to remove a UE from a network slice based on subscription, UE capabilities, the access technology being used by the UE, operator's policies and services provided by the network slice. [7]

The 5G system shall provide information on the current availability of a specific communication service in a particular area (e.g. cell id).upon request of an authorised user. [7]
The 3GPP network shall support UAVs and the corresponding UAV controller are connecting to different PLMNs at the same time. [8]

When the NG-RAN determines that the GFBR can be guaranteed again for a QoS Flow (for which a notification that the GFBR can no longer be guaranteed has been sent), the NG-RAN shall send a notification, informing the SMF that the GFBR can be guaranteed again and the SMF may forward the notification to the PCF, see TS 23.503 [45]. The NG-RAN shall send a subsequent notification that the GFBR can no longer be guaranteed whenever necessary. [13]

Based on operator policy, the 5G system shall maintain a session when prioritization of that session changes in real time, provided that the new priority is above the threshold for maintaining the session. [7]

Remote Driving enables a remote driver or a V2X application to operate a remote vehicle for those passengers who cannot drive themselves or a remote vehicle located in dangerous environments. For a case where variation is limited and routes are predictable, such as public transportation, driving based on cloud computing can be used. In addition, access to cloud-based back-end service platform can be considered for this use case group. [7]
The 5G system shall be able to provide notification of communication events to authorised users per pre-defined patterns (e.g. every time the bandwidth drops below a pre-defined threshold for QoS parameters the authorised user is notified and event is logged). [7]
5.10.6
Potential New Requirements needed to support the use case

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

[P.R.5.10-002] The 3GPP system shall be able to collect charging information on the location of the UAV.

 
[P.R.5.10-003] The 3GPP system shall provide a means to alarm the controller about changes of the 3GPP service availability to the UAV, regardless of the UAV connectivity to the network.

 
[P.R.5.10-004] The 3GPP system shall allow a UAV and its corresponding UAV controller to be connected to different PLMN.
**********************THIRD CHANGE********************************
5.12
Changing UAV Controller

5.12.1
Description

After a UAV and a UAV controller have set up association and have begun a flight task, the C2 link is established and it supports UAS operation normally. In some scenarios, e.g. UAV flying beyond the line of sight or in an emergency event, the UAV controller will be taken over by another UAV controller or by a high priority UAV controller. In this case, the C2 connection shall be set up with the new UAV controller to ensure continuous support for the flight task. In addition, some process optimization can also be considered according to UTM and operator's policy. 

According to "5G UAV Application White Paper" published by Chinese IMT2020(5G) promotion group, the performance requirements of UAV to support remote controller application are listed in the following table:
Table 5.1.12.1-1: KPIs for Changing UAV Controller

	Application
	Upload data rate(UL)
	Remote control data rate(DL)
	E2E latency
	Control latency
	Positioning Accuracy
	Altitude
	Region

	Remote controller through HD video
	 25Mbps
	300Kbps
	<200ms
	20ms
	0.5m
	<100m
	Urban, Rural, countryside


Note: 
Referring to TS 22.125, clause 5.3, the relative flying speed of UAV can be up to 320km/h.
Following the change of UAV controller, the resulting quality of the connection between UAV and UAV controller is very important and if there is degradation in the C2 link quality or even disconnection of the C2 link, the UAV and UAV controller need to have means to detect this and some action should be implemented e.g. automatically return the UAV according to configuration.
5.12.2
Pre-conditions

UAV "bumblebee" has been associated with UAV controller A which is instrumented by Bob to implement flight task. During the task, the C2 connection is supplied by Operator X.

5.12.3
Service Flows

When "bumblebee" flies beyond Bob's line of sight, Bob requires to change the UAV controller A to the remote UAV controller B to continually work with his UAV. 

The UTM agrees and authorizes the remote UAV controller B to take over the UAV "bumblebee" to continue the flight task.
The UTM asks the 3GPP system to set up C2 connection for the new UAV controller B with UAV "bumblebee" and UTM, at the same time, asks the 3GPP system to disconnect the C2 connection of UAV controller A.

The UAV controller B continues to control the UAV "bumblebee".
The UAV controller A cannot control the UAV "bumblebee". 

5.12.4
Post-conditions

The UAV "bumblebee" continues its flight task under the new remote UAV controller B's direction.

5.12.5
Existing features partly or fully covering the use case functionality

The 3GPP system shall be able to be notified by UTM that the UAV controller associated with a UAV will be changed to another one.

The 3GPP system shall enable UTM to optimize authentication and authorization process when the UAV controller changed. 

The 3GPP system shall enable UAS to optimize the UAV and UAV controller association process when the UAV controller changed. 

Based on UAV application request UTM and Operator's policy, the 3GPP system shall be able to negotiate the quality of the new C2 connection service with UTM and UAS when UAV controller is changed.

Based on UAV application request UTM and Operator's policy, the 3GPP system shall be able to supply different or same C2 connection service for the new UAV controller when UAV controller is changed.
The 3GPP system shall be able to disconnect C2 connection with the unused UAV controller.

**********************FOURTH CHANGE********************************


**********************FIFTH CHANGE********************************
Annex C: 
UAV Information

C.1 
UAV load capacity

The payload weight of low performance UAV is not less than 6.5kg.

The payload weight of high performance UAV is not less than 11.5 kg.

C.2 
UAV performance

The flight performance of UAV shall meet the following requirements:

Table C.2-1 Shows the KPIs of UAV performance
	Working height
	Flight speed
	Horizontal hovering accuracy
	Vertical hovering accuracy
	Maximum climb rate
	Maximum decline rate
	Roll angle stability
	Pitch stability
	Deviation stability

	<=400 m
	<=120 km/h
	>=2 m
	>=2 m
	5 m/s
	3 m/s
	±0.5 °
	±0.5 °
	±0.5 °


C.3 
Endurance capacity

When the altitude is 0 meters, the endurance of the low-performance UAV shall be no less than 20 minutes, as it take off at full load.

The endurance of high performance non-mooring UAV shall be no less than 40 minutes. In high altitude environment, the requirement of UAV's endurance ability can be reduced appropriately.

C.4 
Environmental requirements

The wind resistance level of UAV shall meet at least 4 levels.

The UAV shall be able to operate normally in the temperature range of – 10~ 45 degrees Celsius and in the humidity range of 10% ~ 80%.

UAV protection level shall meet IP20.


**********************END OF CHANGE********************************
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