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Foreword

This Technical Report has been produced by the 3rd Generation Partnership Project (3GPP).

The contents of the present document are subject to continuing work within the TSG and may change following formal TSG approval. Should the TSG modify the contents of the present document, it will be re-released by the TSG with an identifying change of release date and an increase in version number as follows:

Version x.y.z

where:

x
the first digit:

1
presented to TSG for information;

2
presented to TSG for approval;

3
or greater indicates TSG approved document under change control.

y
the second digit is incremented for all changes of substance, i.e. technical enhancements, corrections, updates, etc.

z
the third digit is incremented when editorial only changes have been incorporated in the document.

1
Scope

The present document provides use cases and analysis of UAV capabilities that may require enhanced 3GPP support.
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3
Definitions, symbols and abbreviations
3.1
Definitions

For the purposes of the present document, the terms and definitions given in 3GPP TR 21.905 [1] and the following apply. A term defined in the present document takes precedence over the definition of the same term, if any, in 3GPP TR 21.905 [1].

example: text used to clarify abstract rules by applying them literally.

3.2
Symbols

For the purposes of the present document, the following symbols apply:

<symbol>
<Explanation>

3.3
Abbreviations

For the purposes of the present document, the abbreviations given in 3GPP TR 21.905 [1] and the following apply. An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in 3GPP TR 21.905 [1].

<ACRONYM>
<Explanation>

4
Overview
[Editor’s Note: This clause provides a high-level overview of the feature that includes:

5
Use cases

5.1
Use case of UAV supporting high resolution video live broadcast application
5.1.1
Description

The UAV combined with panoramic VR live broadcast will bring people Live experience as if you are there. It is more popular than ever. By now, the 360 degree round view camera system carried on the UAV, the 4K video can be captured and processed then uploaded to cloud through 3GPP system in real-time. 

In TR22.891, UAV support live broadcast has been mentioned and following potential requirements were introduced:

The 3GPP system shall support:

-
Round trip latency less than [150 ms], including all network components. 

-
Due to consequences of failure being loss of property or life, reliability goal is [near 100%.] 

-
Reliability to be at the same level for current aviation Air Traffic Control (ATC). Link supports command and control of vehicles in controlled airspace. 

-
Priority, Precedence, Preemption (PPP) mechanisms shall be used to ensure sufficient reliability metrics are reached. 

-
Position accuracy within [10 cm] to avoid damage to property or life in densely populated areas.

-
Provide continuous wireless coverage, high speed uplink bandwidth at least [20Mbps], for a flying UE at low altitude of [10-1000] meters with the high speed as maximum as [300km/h]. 
The above performance requirements can support 4K video case. But with the evolution to higher resolution video e.g. 8K, these related performance KPI for 5G system should be updated either.

According to [5G UAV Application White Paper] published by Chinese IMT2020(5G) promotion group, the performance requirements of UAV to support VR live broadcast application are listed in the following table:

	time
	Video resolution
	Upload data rate(UL)
	Remote control data rate(DL)
	Video latency
	Control latency
	Positioning Accuracy
	Altitude
	Region

	2018
	1080P
	6Mbps
	300Kbps
	500ms
	100ms
	1m
	<100m
	City\ Scenic Area

	
	4K
	25Mbps
	
	
	
	1m
	
	

	2020
	4K
	25Mbps
	600Kbps
	200ms
	20ms
	0.5m
	
	

	
	8K
	 100Mbps
	
	
	
	0.5m
	
	


Note:  the flying speed of UAV in this kind of use cases is normally static or slow, so the speed of UAV will not be the considering factor for the performance requirement. 

Besides the connection capability provided by 5G system, the flying status of UAV serving for VR live broadcast should always be monitored and in case there is abnormal. The 5G system can help the remote 3rd party application to monitor the UAV.
5.1.2
Pre-conditions

Enjoy company owns multiple UAV teams. Some of the teams have been equipped with 360 degree 8K video cameras and 5G module served by Operator A.

One order to Enjoy company to require VR live broadcast for BaiYangdian Scenic area. Enjoy company assign UAV team1 to implement the task.

5.1.3
Service Flows

The UAVs are flying over the BaiYangdian Scenic area and shoot 360 degree 8K videos through the camera system. Through 5G communication module, the 8K video can uploaded to cloud server in real-time.

During the work time of the UAVs, through 5G system, the UAVs status(e.g. flying trajectory, position, flying speed, flying environment etc.) can be monitored and report to the management platform of Enjoy company. 

The remote VR glasses receive the videos in real-time. 
5.1.4
Post-conditions

The remote user can enjoy the sight of  BaiYangdian Scenic area through VR glasses in real-time.
5.1.5
Existing features partly or fully covering the use case functionality

Void.
5.1.6
Potential New Requirements needed to support the use case

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:

	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


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.

5.2
UAV on-board Base Station
5.2.1
Description

In some scenarios, e.g. disaster monitoring, border surveillance, and emergency assistance, unmanned aerial vehicles (UAVs) are good choice for commercial application, due to ease of deployment, low acquisition and maintenance costs, high-maneuverability and ability to hover. From the wireless communication perspective, using UAV on-board Base Station (i.e. UAV base station, UBS) has already attracted more interest from the community, especially using UBS to enhance coverage in variety of scenarios, e.g. emergency situations, temporary coverage for mobile users and spots events, due to their fast deployment and large coverage capabilities. 
The TR38.811 specifies the use of Unmanned Aircraft Systems (UAS) as base station, the altitude of the so called UAS can be between 8km and 50 km. Due to its lower altitude (usually around 100m), the UAV with on-board base station (i.e. UBS) is more flexible than that of UAS, from the coverage and quick deployment perspective.The UBS act as either base station or relay, as shown in figures below. 
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Figure 5.2.1-1: UBS act as base station
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Figure 5.2.1-2: UBS act as relay
5.2.2
Pre-conditions

To enable this use, following pre-conditions should be met:

-
An UAV should be equipped with base station functionality, to become a UBS;

-
The DBS is able to fly to designated area, by itself, or controlled by human, and then hover over that area for period of time as necessary;

-    The UBS is able to connect the 5G core network and work as base station, via wireless link, and bootstrap as base station, from core network perspective;
5.2.3
Service Flows
The operator finds that some areas need temporary coverage, due to emergency situation, or some events happened unexpected. However, such coverage could not be achieved by installing fixed base station, or by delivering vehicle based base stations, since their deployment time is too long, and the cost is hard to accept. In this case, using UBS is suitable due to its quick deployment, and more important is that such coverage is only need temporary. 

The service flows are:

1. Operator decided that one area need temporary coverage, which should be enabled by deploying UBS;

2. Figure out all necessary parameters of this coverage, e.g. geographic area, time duration of such coverage, bandwidth, spectrum, and etc.

3. Send numbers of UBSs to the designated areas; 

4. After arriving at target area/position, each UBS bootstrap it’s base station functionality, and got authorised by network management system(NMS), to work as an base station;

5.  The NMS download configuration to the UBS;

6. The UBS configures accordingly, e.g. SIB information, N2/N3 interface, once done, then UBS turns the base station functionality into operation mode;
7. When working as a base station, the UBS does not move. The UE can access to 3GPP network via one UBS. The user feels no difference between served by UBS and normal base station. 

8. Due to approaching the end of time period of this temporary coverage, or due to power consumption of the UBS, the UBS shut down its base station functionality, and fly back home.
9. Operator may send more UBSs during the time period of this temporary coverage.
10. Once the time period ends, all UBS fly back home.
5.2.4
Post-conditions

The temporary coverage is not available. 

5.2.5
Existing features partly or fully covering the use case functionality
The existing set of normative specifications has no support of this use case. However, some feature maybe used to assist this use case, e.g. the relay feature may be needed if the UBS need work as relay.

5.2.6
Potential New Requirements needed to support the use case
The 3GPP system shall enable the authorization of the UBS, before the UBS can work as a base station.

The 3GPP system shall enable a UBS work as base station at only at the designated position. That means that once move out of this position, it should not work as base station.

5.3
Use case for UAS Commands and Control (C2) Communication

5.3.1
Description

In the service requirements of Rel-16 ID_UAS, it is assumed that the UAS is operated by the human-operator using a UAV controller to control a paired UAV, in which both UAV and the UAV controller are connected using two individual connections via 3GPP network for commands and control (C2) communication. 

However, the ID_UAS service in Rel-16 does not taken into account the KPI of the C2 communication. 

First thing to consider for the UAS operation is the raised safety concerns, including the risk of mid-air collision with another UAV, the risk of loss of control of a UAV, the risk of intentional misuse of a UAV, and the risk of various UAS users, e.g. business, leisure, etc, sharing the airspace. Therefore, to avoid the safety risks, when considering 5G network as the transport network, it is important to provision UAS services by guarantee QoS for the C2 communication.

Figure 5.3-1 shows four C2 communication models in this use case.
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Figure 5.3-1: Four C2 Communication Models (blue arrows show C2 communication links)

Model-A: Direct C2, the UAV controller and UAV establish a direct C2 link to communicate with each other and both are registered to the 5G network using the radio resource configured and scheduled provided by the 5G network for direct C2 communication. 

Model-B: Indirect C2, the UAV controller and UAV register and establish respective unicast C2 communication links to the 5G network and communicate with each other via 5G network. Also, both the UAV controller and UAV may registered to the 5G network via different NG-RAN nodes. The 5G network needs to support mechanism to handle the reliable routing of C2 communication in any cases.  

Model-C: Dual Indirect C2, following Model-B indirect C2 model, in order to ensure the service availability and reliability of the C2 communication for UAS operation, especially when the UAV is flying beyond line of sight (BLOS) of the operator, redundant C2 communication link are supported for UAV.

Model-D: Network-Navigated C2, the UAV has provided pre-scheduled fly route for autonomous flying, however the UTM still maintain a C2 communication link with the UAV in order to monitor the UAV and navigate the UAV whenever necessary. 

In general, Model-A, Model-B, and Model-C are for direct command and control to fly the UAV by the human-operator using UAV controller. To avoid the risk for losing control of the UAV, it is critically important to ensure the 5G connectivity for C2 communication.  

On the contrary, Model-D is for indirect command and control to fly the UAV using pre-schedule flying route provided by the UTM. In this case, the UTM needs to regularly monitor the flying status and provide updates to adjust route if needed.   

For reliability and service availability consideration, the hybrid C2 models may also be applicable by combining any models with one as back up C2 communication link. 

· For example, Model-A direct C2 can be used at first and then switch to the Model-B indirect C2 when the UAV is flying beyond LOS. 

· For example, the Model-C dual indirect C2 can be used when the Model-B indirect C2 communication is with weak connectivity, the 5G network can enable Model-C dual indirect C2 communication to ensure the reliability of the C2 communication.

· For example, the Model-D network-navigated C2 can also be utilized whenever needed, e.g. for air traffic control, the UAV is approaching No Drone Zone, and detected potential security threats, etc. 

According to [X], based on the system architecture with ground radio station (GRS) to repeat the signals for the Remotely Piloted Air System (RPAS), the communication speed (in bps) requirements have been identified for the uplink and downlink C2 communication based on traffic types, e.g. 

· from RPAS to GRS (downlink): Telemetry (7595 bps), Navaid Display Data (1137 bps), ATC Voice (4800 bps), ATS Data (59 bps), Weather (27770 bps).

· from GRS to RPAS (uplink): Telecommand (4563bps), Navigational Aid Setting (666 bps), Air Traffic Control-Voice (4800 bps), Air Traffic Control-Data (49 bps).  

It has been shown that the requirement for the C2 communication would greatly depend on the required traffic types in UAS services for a UAV in the end-to-end communication path. Therefore, there are four service classes have been defined in [1] to support one to multiple traffic types. 

Similarly, the bandwidth and latency KPIs for different traffic types can be considered for C2 communication via the 3GPP network as provided in Figure X.Y-1. In principle, the following traffic types need to be considered: 

· Telemetry C2: using C2 communication for the monitoring events reporting. The bandwidth and latency requirements are not critical. 

· Real-time C2: using C2 communication for telecommands, the required latency needs to consider end-to-end C2 communication path (both for uplink and downlink) as well as reaction time of the operator. 

· Video Streaming C2: using C2 communication for uploading live video stream from the UAV to the UTM in 3GPP network or UAV controller. In the latter case, the bandwidth and latency requirement need to be supported in both uplink and downlink for the end-to-end C2 communication path. Depending on the resolution of the video stream, the required bandwidths are different. However, the latency requirement is critical and needs to also take into account human reaction delay if using Model-A/B/C.

· Situation-Aware Report C2: using C2 communication for reporting configured monitoring events, e.g. for detected identifiable objects, and urgent event alarm due to detected unidentifiable objects/obstacles, e.g. birds, kites, aliens, UFO, etc.  In later case, the video clips may be sent with the alarm. 

Table 1 shows the KPIs for the considered use cases for C2 communication:

	Traffic Type for C2
	Bandwidth
	Latency

	Telemetry
	TBD
	TBD 

	Real-Time
	0.06 Mbps w/o video
	TBD

	Video Streaming
	4 Mbps for 720p video

9 Mbps for 1080p video

30 Mbps for 4K Video
	TBD 

	Situation Aware report
	TBD
	TBD


Furthermore, according to the type of the UAS services, some traffics may require higher priority in C2 communication for responding to the urgent events, e.g. sudden bird flocks are approaching, etc. 
5.3.2
Pre-conditions

The operator powers on the UAV and UAV controller. The UAV and the UAV controller respectively register to the 5G network. 

5.3.3
Service Flows

The 5G network establishes respective sessions for the UAV and UAV controller, which can be used to communicate with UTM and as a default C2 communication for the UAS.

As part of the registration procedure or service request procedure, the UAV and UAV controller request UAS operation and indicate pre-defined service class or required UAS services, identified by Application ID(s), e.g. Navigational Aid Service, and Weather, etc., to the UTM. 

The UTM grants the UAS operation for the UAV and UAV controller, provides granted UAS services, and allocates a temporary UAS-ID, to the UAS.The UTM provides required information for C2 communication of the UAS to the 5G network, e.g. service classes, or traffic types of the UAS services, required QoS of the authorized UAS services, and subscription of the UAS services.

The UAV and UAV controller indicate preferred C2 communication model, e.g. Model-B, with allocated UAS-ID to the 5G network when requesting to establish C2 communication with the 5G network.

If there is need to create additional C2 communication connection or change the configuration of the existing data connection for the C2, the 5G network modifies or allocates one or more QoS flows for the C2 communication traffics based on granted UAS services information of the UAS and required QoS and priority in C2 communication. 

5.3.4
Post-conditions

The UAS operation is successful with the support of required QoS in C2 communication over 5G network.

5.3.5
Existing features partly or fully covering the use case functionality

The 5G system shall support mechanism for command and control (C2) communication between the UVA and the UAV controller with pre-defined C2 communication models, e.g. direct C2, indirect C2, dual indirect C2, and network-navigated C2 models.

The 5G system shall support mechanism for C2 communication between the UVA and the UTM for monitoring the UAV status, and network-navigation.

The 5G system shall support mechanism to provision required QoS, priority, and ensure reliability for one or more C2 communication sessions between the UAV and UAV controller.

The 5G system shall support periodical data traffic, e.g. telemetry, in C2 communication with required bandwidth for [X] Mbps.

The 5G system shall support real-time traffic, e.g. telecommand, in C2 communication with required bandwidth for 0.06Mbps, and required latency for [X] msec.

The 5G system shall support video streaming traffic in C2 communication with required bandwidth from 4Mbps to 30Mbps and latency for [X] msec.

The 5G system shall support end-to-end integrity and confidentiality for the C2 communication.
5.3.6
Potential New Requirements needed to support the use case
The 5G system shall enable command and control (C2) communication between the UVA and the UAV controller with direct C2 communication model.
The 5G system shall support mechanism to interact with UTM for obtaining required information for C2 communication, e.g. service classes, traffic types of the UAS services, required QoS of the requested UAS services, and subscription of the UAS services.

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.

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/hurricane is happening, etc.

The 5G system shall support mechanism to prioritize different UAS services in C2 communication for one UAS or among multi-UASs.

Editor’s Note: the list in 5.3.5 can be considered for further inclusion in potential requirements.
6
Additional considerations
 [Editor’s note: Add sub-clauses as needed. Text to be provided.]
7
Consolidated potential requirements
 [Editor’s note: Text to be provided.]
8        Conclusions and Recommendations
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