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[bookmark: foreword][bookmark: _Toc113353839]Foreword
[bookmark: spectype3]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.
In the present document, modal verbs have the following meanings:
shall		indicates a mandatory requirement to do something
shall not	indicates an interdiction (prohibition) to do something
The constructions "shall" and "shall not" are confined to the context of normative provisions, and do not appear in Technical Reports.
The constructions "must" and "must not" are not used as substitutes for "shall" and "shall not". Their use is avoided insofar as possible, and they are not used in a normative context except in a direct citation from an external, referenced, non-3GPP document, or so as to maintain continuity of style when extending or modifying the provisions of such a referenced document.
should		indicates a recommendation to do something
should not	indicates a recommendation not to do something
may		indicates permission to do something
need not	indicates permission not to do something
The construction "may not" is ambiguous and is not used in normative elements. The unambiguous constructions "might not" or "shall not" are used instead, depending upon the meaning intended.
can		indicates that something is possible
cannot		indicates that something is impossible
The constructions "can" and "cannot" are not substitutes for "may" and "need not".
will		indicates that something is certain or expected to happen as a result of action taken by an agency the behaviour of which is outside the scope of the present document
will not		indicates that something is certain or expected not to happen as a result of action taken by an agency the behaviour of which is outside the scope of the present document
might	indicates a likelihood that something will happen as a result of action taken by some agency the behaviour of which is outside the scope of the present document
might not	indicates a likelihood that something will not happen as a result of action taken by some agency the behaviour of which is outside the scope of the present document
In addition:
is	(or any other verb in the indicative mood) indicates a statement of fact
is not	(or any other negative verb in the indicative mood) indicates a statement of fact
The constructions "is" and "is not" do not indicate requirements.
[bookmark: introduction][bookmark: _Toc113353840]Introduction
This clause is optional. If it exists, it shall be the second unnumbered clause.
[bookmark: scope][bookmark: _Toc113353841]
1	Scope
The present document provides additional use cases of UAV and identifies potential requirements to improve 5G system’s support of UAV applications, drone operations and management, including: 
· Provide additional information to the UAV operator/USS to execute pre-flight preparations and inflight operation (e.g, flight mission application, flight path recommendation, flight monitoring and control);
· Use 5G system to support enhancing the UAV flight/route management based on network capacity and QoS information along the planned route;
· Use 5G system to further enhance the safety and security of drone operations, e.g. supporting UTM in UAV    detection and DAA(Detect and Avoid); 
· Identify potential new security, charging and regulatory requirements on 5GS, when used for UAS operation.
· Identify potential new requirements related to redundancy and reliability of command and control (C2) traffic for UAV.
For the identified use cases, a gap analysis is performed between potential new service requirements and existing 3GPP requirements and functionalities.
NOTE:	This study investigates requirements for additional 5GS capabilities to assist UTM, with the assumption that   liability and responsibility for drones operation remain under the domain of the UTM/drone operator.
NOTE:	Potential overlaps with ongoing stage-2 work (on UAS), and other S1 studies (e.g. FS_Sensing) have been    considered and avoided.
[bookmark: references][bookmark: _Toc113353842]2	References
The following documents contain provisions which, through reference in this text, constitute provisions of the present document.
-	References are either specific (identified by date of publication, edition number, version number, etc.) or non‑specific.
-	For a specific reference, subsequent revisions do not apply.
-	For a non-specific reference, the latest version applies. In the case of a reference to a 3GPP document (including a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same Release as the present document.
[1]	3GPP TR 21.905: "Vocabulary for 3GPP Specifications".
…
[x]	<doctype> <#>[ ([up to and including]{yyyy[-mm]|V<a[.b[.c]]>}[onwards])]: "<Title>".
[bookmark: definitions][bookmark: _Toc113353843]3	Definitions of terms, symbols and abbreviations
[bookmark: _Toc113353844]3.1	Terms
For the purposes of the present document, the terms 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].
<defined term>: <definition>.
example: text used to clarify abstract rules by applying them literally.
[bookmark: _Toc113353845]3.2	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].
<ABBREVIATION>	<Expansion>

[bookmark: clause4][bookmark: _Toc113353846]4	Overview
The present document focuses on improving  the 3GPP support for the applications and security for various scenarios using low altitude UAVs. The present document provides potential use cases and defines potential new service level requirements and KPIs for supporting identified use cases by 3GPP system. 

[bookmark: _Toc108086217][bookmark: _Toc113353847]5	Use cases
[bookmark: _Toc113353848]5.1	Use case on UAV detection
[bookmark: _Toc103966501][bookmark: _Toc113353849]5.1.1	Description
3GPP aerial features are activated based on "aerial subscription" flag specified in Rel-15. This implies that an operator using these features will provide drone users with USIMs that are associated to a user profile with the "aerial subscription" flag set.
It is however technically possible for a drone user to insert a USIM not meant for UAV in a UE that is on board a UAV (this UE being used for C2C or for other purpose). The user could do that either intentionally (e.g. to have a lower tariff or to bypass some restrictions applied to UAVs) or not (e.g. because he/she is not aware that UAVs need to be used with specific USIMs).
In this case, with current specifications, the 3GPP network is not able to recognize that the UE is on board a UAV and therefore cannot activate aerial features. More importantly, the 3GPP network will not perform UAV Authentication and Authorization procedures with the UTM, and may cause the UE to use a frequency band that is not allowed for aerial usage where the UAV is located due to the risk of interference to users or adjacent frequency bands (e.g. military installation, weather radar). This has security implications. In addition, the 3GPP network cannot fulfill the requirements of TS 22.125 applicable to UE on board a UAV.
From Rel-17 onwards, the 3GPP network is able to reject registration when the UE provides a "CAA-level UAV ID" and does not have the "aerial subscription" flag set in its subscription. This mitigates the above issue, but the issue still exists if the UE is pre-R17 or is not configured with a CAA-level UAV ID.
There is therefore a need to enable the 5G System network to detect that a UE is on board a UAV, without relying on subscription information or on indication provided by the UE.
[bookmark: _Toc103966502][bookmark: _Toc113353850]5.1.2	Pre-conditions
A UAV user has inserted in a UE on board a UAV, a USIM that is associated to a user profile without the "aerial subscription" flag set.
[bookmark: _Toc103966503][bookmark: _Toc113353851]5.1.3	Service Flows
1.	The UE registers in 5GS and starts communicating. The UAV takes off.
2.	The network detects that the UE is on board a UAV.
3.	The network takes action, e.g. activates aerial features, changes the QoS, populates charging records, alert the UTM and/or let the UTM take over the communication used to control the UAV.
[bookmark: _Toc103966504][bookmark: _Toc113353852]5.1.4	Post-conditions
The UTM may take over the communication used to control the UAV and force the UAV to land safely.
Later, the UTM and/or network operator informs or reminds the user that a specific USIM needs to be used for proper operation of a UE on board a UAV.
[bookmark: _Toc113353853][bookmark: _Toc103966505]5.1.5	Existing features partly or fully covering the use case functionality
-	"aerial subscription" flag in subscription.
-	Provision of "CAA-level UAV ID" by the UE.
-	detection of UE above altitude thresholds by the eNB / gNB (per TS 36.331 & 38.331)
[bookmark: _Toc103966506][bookmark: _Toc113353854]5.1.6	Potential New Requirements needed to support the use case
[PR 5.1.6-1] The 5G system shall be able to detect that a connected UE is airborne, while UE’s subscription does not include “aerial.
[bookmark: _Toc113353855]5.2	Use case on supporting UAV pre-flight preparation
[bookmark: _Toc113353856]5.2.1	Description
During the operation of UAVs using the 3GPP network access, the network needs to ensure that the UAVs can access the network smoothly and timely. And UAV flight mission need to be ensured for the real-time performance and stability of flight control link to guarantee the continuity of the flight.
5G network can provide wide-area, high-quality and secure connectivity that can enable cost-efficient drone operations beyond visual line-of-sight (BVLOS) range. In some industrial UAV scenarios, the UAV would be provided pre-scheduled flight plan for autonomous flying. When UAV uses 3GPP network as the access type, the UTM/drone operator may need to acknowledge the network status for flight path scheduling with the help of 3GPP network .
[bookmark: _Toc113353857]5.2.2	Pre-conditions
In the logistics company, UAV A and UAV B are both individual terminals for express delivery and subscribe the communication service from 5G network. 
Operator A provides 5G network coverage and communication services for remote commands and control (C2) communication between UAV and UAV control platform . 
The UTM has good cooperation with Operator A to have UAV-related information which is fetched from 5G network.
[bookmark: _Toc113353858]5.2.3	Service Flows
[image: ]
Figure 5.2.3-1: Supporting UAV pre-flight preparation
1.	The logistics company plans to use UAV A to deliver express from X to Y and use UAV B to deliver express from X to Z.
2.	UAV/UAV-C A and UAV/UAV-C B register in 5G network and can communicate with UTM though 5G network.
3.	The UAV-C provides planned flight path information to UTM (e.g. flight path and required QoS along the planned flight path) .
4.	UTM requests 5G network for QoS information/predictions/statistics along the flight path or alternative flight paths.. 
5.	The 5G network provides the requested statistics/predictions (e.g. end-to-end latency, QoE) for specific requested area/areas.
6.	UTM/UAS determines the final flight paths based on the information from Operator A and sends to UAU/UAV-C A and UAV/UAV-C B separately.
7.	UAV A and UAV B receive the flight path information from UTM/UAS via 5G network and start flight mission.
[bookmark: _Toc113353859]5.2.4	Post-conditions
UAV A and UAV B can finish their delivery tasks with the support of 5G network.
[bookmark: _Toc113353860]5.2.5	Existing features partly or fully covering the use case functionality
TBD.
[bookmark: _Toc113353861]5.2.6	Potential New Requirements needed to support the use case
[P.R 5.2.6-001] Based on operator’s policy, the 5G system shall be able to provide a method to monitor and predict network condition (e.g. bitrate, latency, reliability) along the UAV continuous geographic path provided from UTM. 
Editor's Note:	More requirements are FFS.
[bookmark: _Toc113353862]6	Consolidated potential requirements

[bookmark: _Toc113353863][bookmark: _Toc103966507]7	Conclusion and recommendations

[bookmark: _Toc113353864]Annex A (informative):
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