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AIR MOBILITY URBANRGEXPERIMENTAL DEMONSITRNS

Thisdeliverableis part of a project that has received funding from the SESAR Joint Undertaking under
grant agreement Nal01017702dzy RS NJ 9 dzNR LJS | y 20R0/ras@ayck and inrbwaloh 2 Y
programme.

Abstract

AMU-LEDs a SESAR/Horizon 2020 Very L-&galeDemonstration Project which aims tiemonstrate

the capabilities of kspace to enable Urban Air MobilitfJAM) The project will allow UAM
stakeholders tspecify various use cases applicable to logistics and urban transport of passengers, to
integrate UAM environment, to demonstrate the UAS ground and airborne platforms and finally, to
assess safety, security, sustainability and public acceptahice. resits of the project will be
showcased through aet of tests and flightlemonstrationsin the United Kingdom, The Netherlands

and Spain

This document summarizes the outcomespabtresearchprojectsand initiatives regardingJ-space
and UAM providing anoverview ofthe state of the arton the topics This documenprovidesdirect
input to the Concept of Operations (D2,2ndacts asa basis fothe rest of the AMULED project
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Executive Summary

This AMULEDdeliverableis the Operatioral Safety Analysis and concept, which providesase-of-

the-art review on Uspace and Urban Air Mobility (UAM). An extensive review of completed and on
going projects and initiatives was performed so that lessons learnt and the most promising approaches
can be extracted and further elaborated in the project.

Urban Air Mobility is defined in the literature as an ecosystem ed@mand, unmanned aerial systems
that may transport passengers and/or cargo in urban environments. UAM is comprised of a network
of actors that goes from the drone operator and flying personnel, to manned and unmanned traffic
services providers, as well as vehicle manufacturers and owners.

UAM will require the implementation of specificdpacecapailities and architectural systesrto
enable drone operations in urban environments.

The present document reviews and discusses 13 key aspects for UAMtarts with the
characterisation of UAMjescribing the key principles and some early already defined concepts for
UAM. The main chaltgjes business caseand the forecasted evolution of the concept are presented.
Following thignitial introduction to UAM a number otriticaltopicsfor the implementation of UAM
areelaborated in detail:

I Roles and responsibilities describe th#ferent figures present in the UAM and-dpace
ecosystemand their associated tasks

1 Airspace types and structures differ fraitmose in current manned aviationso a dedicated
UAM and Uspace overview is given;

1 UAM Specific serviceare discussedwhere the curently defined Uspace services and
capabilities will play a major role;

I Separation and conflict managemeistinvestigated, looking into proceduré&s avoid other
aircraft, obstacles and weather conditions outsiwfehe operational scope of drones;

1 Integation with manned aviationexplores howto enable coordination andinteraction
between UAM andA\TC

1 CNS requiremestare studied with the aim of determining appropriate architecture for
urban operations;

1 A review of ky performance indicatorss perfomed asto enablea quantitative assessment
of the AMULED project validations;

Gap analyseare studiedto identify whatarethe major issues that still need to be resolved;

An overview of afety assessmentis carried outo reviewrecently published E@gulations
and alignthis withthe performance of safety assessmeidse deployedin AMU-LED;

9 Verification and Validatiofooks intoeffective means to verify the operational capabilities of
U-space and the maturity of UTM services and technologies;

1 Stardards and RegulationdentifiesUAMand Uspacestandardisation initiativeso be in line
with and follow

The AMULED project intends to contribute to the growth of UAM, studying, developing and testing
different operational concepts and systems. Ultimlgt AMULED will demonstrate the feasibility of
UAM and will be a basis for future UAM work.
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1 Introduction

1.1 Purpose

This document is the deliverable D2JAM Operational Safety Analysis and Congeqaduced within
Work Package (WP)I2AM Operational & Safy Concept Definition of the AMUED project.

The work developed within this WP responddit@ main objectives

I To review the previous and egoing projecténitiatives worldwide to take advantage of

lessons learnt and most promising approaches regardie overall Concept of Operations

(CONOPSdamework that will be implemented and validated in the project

To coordinate with ongoing SESAR Exploratory Research (ER) programmespaieU

To describethe CONOPSncluding actors, procedures, legal resuments, services and

operational and functional requirements including a Functional Hazard Assessment

9 To carry out a GAP analysis includidgmmunication Navigation and SurveillafGN$ and
robust Data Management

I Topropose a common safety assessmemtthodology to show compliance with the safety
objectives of the AMULED CONOR&rived fromexisting methodologies.

= =

This delerable addresses the first objective, providing an exhaustive review of the state of the art on
U-space and Urban Air MobilityMoreover, this deliverable serves as input for the otHeur
objectives, and signifies a starting point and guide for the rest of the -AFD project to build orBy
reviewing existinditerature, thisdeliverableprovidesthe foundations of the concepaf operations,

use case definition, technical solution anesphce management system that will developed and
deployedin the project.

The methodologysed topreparethe deliverablefollowed twobasic steps(1) identifythe key aspects
AMU-LED will haar to build upon and (Xelectandreviewpreviousresearch projects, demonstrators
and initiatives relevanto them. The consortium team identifieti3 key aspectsor the project and86
relevantdocuments and initiativewith over 150 sources taeview. The resuliof this processvas a
matrix (seesubsectiori.4reference$that linkedthe different projects, documents anditiatives with
the key aspects of the project, providing an overview of the addressed topics. Folltvisnghe
structure of the document was formed on the basis of fi#sidentified key aspectswhichconform
the different sections of this deliverabl&AM aspects, rofeand responsibilities, airspace types and
structures UAM specific servicegseparation and conflict resolution, integration with manned
aviation, contingency management, CNS requiremetisy Performance IndicatorKPIl¥ gap
analysis, safety assessment methodologies, verification and validation, and standards and regulation.
An extensiveverview of thestate of the art is provided in the appendixes, while thain body of the
document provides an executive summary of these findings.

1.2 Scope

This deliverable is structured as follows:

1 Onhapter 1, the current one, introduces the document, therpose and scope together with
its organization. It also includes the list of terms, definitions and acronyms or abbreviated

Founding Members 12
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termsthat may be useful for the understanding of tdecument. Theantroduction outlines
the purpose, scope and intended audierfoethe deliverable
1 hapters 2 tol4 providean overviewof the state of the arton U-space and Urban Air Mobility
gathered through the analysed literature.
Chapter 15drawsthe conclusionsrecommendations and way forward for future work
AppendixesA to M further elaborate thestate-of-the-art analysigrovided in the main body
of the documentproviding a more exhaustive overview

)l
T

1.3 Intended audience

The mainAMU-LEDassociategbeneficiaries, linked third parties, subcontractors) are invited to use
thisreview of the state of the art as a basis for thierk to be carried out throughout the projecthey

are encouragel to use the findings of thisleliverableas input to any further work that they may
performrelated to Uspaceand UAM.

The SESAR Joint Unidéing is invited to use thideliverableto assesshe state of the art on k$pace
and Urban Air MobilitandRS @St 21 I 02y a2t ARFGSR aSi 2F 02y Of dz

A number of external readers to SESABh aEASA, DG MOVEBJRCONTROL, a@d®D are invited
to use this report as input to support collaboration on their activities related-sgpaceand UAM

Finally, theAMU-LEDconsortium welcomes the publication of this report as a public document, with
aview to sharing our findings with amarty that isinterested in the further development df-space
and Urban Air Mobility

1.4 References

The AMULED consortium classified the references7imifferent groups: past projects, ongoing
projects, policy and vision documents, simulation technolqgiegulation and standards, vertiports,
andvehicles. The documents within the regulation and standards category have been retrieved from
an initial literature study made by the members of work packad&upport to Standardisation and
Regulation)

Moreove, the different projects have been assessed on the basis of tHey aspects identified by
the project:

1. UAM Characterisation

2. Roles and responsibilities

3. Airspace types and structure

4. UAM services

5. Separation and conflict resolution
6. Integration with mannedviation

7. Contingency and emergency management
8. CNS requirements

9. Key Performance Indicators

10. Gap analysis

11. Safety assessment methodology
12. Verification and validation

13. Standards and regulation
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Tablel Reference Matrixgives an overviewf how referencesvere mapped against the specific key

aspectE YI NI AYy3 6AGK Fy a-¢é GKS 18e aL80Ga I RRNBAA

The matrix shows the initial set of references. As the deliverable work progressed, more ceferen
were added, summing up to75 sources.A full list of referenceswith the complete nams can be
found on sectiorl6 at the end of the document.

Tablel Reference Matrix
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DREAMS X X X X X X

IMPETUS X X X

DEMORPAS

EUROCONTROL X

AMAZON

UBER

Google

eHang

Tecnalia

X X| X[ X| X| X

Volocopter

Metropolis X X

euroDRONE X X X X

DroC2om

Uni. da BI X X X

PercEvite X

Metropolis 2 X

Aspiid

FACT

DACUS X X X X X X

Ongoing projects

BUBBLES X X
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ICARUS

GOF2.0

CORUSX UAM

Drone4safety (D4S)

Labyrinth

SafeLand

Flying Forward

TINDAIR

Uspace4dUAM

OpenAccess UTM Build &
Test

Policy/vision documents

FAAUTM CONOPS

FAAUAM CONOPS

IndianUTM

EC SRIA

AustraliaUAM

Airbus

Sesar LBpace

CAAUTM

CPC / UK Dept for Transport

Founding Members

O

EUROPEAN UNION  EUROCONTROL

17




D2.1 OPERTIONAL SAFETY ANASWYND CONCEPT

A

SESAR x

JOINT UNDERTAKING

NASA

Roland and Berger

CPC / UK Dept for Transport

Simulation technologies

MATRUS

AgentFLY

POLARIS

MACS

RAMS PLUS

BlueSKY

SkyWay SIM

X| X| X[ X| X| X| X| X

TBO Integrated Test
Environment

X

Regulation standards

ALTRAN UTM Blueprint

SES2+

EASAegulations

European Uniomegulations

Tecnalia

JAR$ SORA Guidelines

MOSAIC ATM

ASTM Standards

X X| X| X| X| X

Founding Members

EUROPEAN UNION  EUROCONTROL

18



D2.1 OPERATIONAL SRF ANALYSIS AND CERT

ICAO Regulations

EUROCAE Standards

UK National Regulations

Spanish National Regulations

NL National Regulations

USA National Regulations

SAE Standards

ISO Standards

ASDSTAN Standards

X X| X| X| X| X[ X

Vertiports

SKYPORTS

LILIUM

ILANDMIAMI

DELOITTE

AIRSIGHT

GIHUB

UBER

AIRBUS

MVRDV

X X X| X| X| X| X| X| X

Bauhaus Luftfahrt e.V.,

Technical University of Munic

x
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ﬁ University of Mssouri X
% Columbia
> Politecnico di Torino X
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Acronym Definition
2D 2-dimensional
3D 3-dimensional
3DRGS 3D Robotics Government Services
3GPP 3rd Generation Partnership Project
4D 4-Dimensional
AIG Air to Ground
AAl Airports Authority of India
AAM Advanced Air Mobility
AAV Autonomous Air Vehicle
ACAS Airborne Collision Avoidance System
ADSB Automatic Dependent SurveillaneBroadcast
AFIS Aerodrome Flight Information Service
AFUA Advanced Fbdble Use of Airspace
AGL Above Ground Level
AGNSS Assisted Global Navigation Satellite Service
AHRS Attitude and Heading Reference System
Al Artificial Intelligence
AlF Air Defence Authority (India)
AIMP Aeronautical Information Management Provider
AIP Aeronautical Information Publication
AISS Aviation Information Security System
AIXM Aeronautical Information Exchange Model
AMC Acceptable Means of Compliance
AMU-LED Air Mobility Urban Large Experimental Demonstration
ANN Artificial Neural Nework
ANO Air Navigation Order
ANSP Air Navigation Service Provider
AOA Angle of Arrival
API Application Programming Interface
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APL Aircraft Pilot License

A-PNT Assured Positioning, Navigation and Timing

APU Auxiliary Power Units

ARAIM Advanced Receer Autonomous Integrity Monitoring
ARC Air Risk Class

ARIB Association of Radio Industries and Businesses
ARO Authority Requirements for Air Operations

ARTAS ATC Radar Tracker and Server

ASBA Automation System Based Aircraft

ASBU Aviation System Btk Upgrade

ASP Airspace Service Provider

ASTERIX All Purpose Structured Eurocontrol Surveillance Information Exchang
ATC Air Traffic Control

ATCo Air Traffic Controller

ATIS Alliance for Telecommunications Industry Solutions
ATM Air Traffic Managems

ATMSP Air Traffic Management Service Provider

ATS Air Traffic Services

AVSEC Aviation Security

AWI Approved Work Item

AWO All Weather Operations

B2B Business to Business

BADA Base of Aircraft Data

BCAS Bureau of Civil Aviation Security (India)

BLIP Broadcast Location & Identification Platform
BVLOS Beyond Visual Line of Sight

C2 Command and Control

CAA Civil Aviation Authorities

CAMO Continuing Airworthiness Management Organisation
CAMTS Commission on Accreditation of Medical Transport &yst
CAR Civil Aviation Requirements

CAT Commercial Air Transport
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A

X

CAW Continuing Airworthiness

CBD Central Business District

CBR Community Business Rule

CCSA China Communications Standards Association
CD&R Conflict Detection and Resolution

CEP Circuar Error Probably

CFIT Controlled Flighinto Terrain

CFR Code of Federal Regulations

CIS Common Information Service

CNS Communication Navigation Surveillance
CO2 Carbondioxide

COM Communication

CONOPS Concept of Operations

CORUS Concept of Opett#ons for EuRopean UTM Systems
CP Contingency Plan

CPA Closest Point of Approach

CPDLC Controller Pilot Data Link Communication
Cs Certification Specification

Cs Control System

CSP Common Service Provider

CTR Control Zone

Cu Control Unit

CUAS Courter UAS

CWP Controller Working Position

DAA Detect and Avoid

DCB Demand and Capacity Balancing

DEP Distributed Electric Propulsion

DGCA Directorate General of Civil Aviation (India)
DME Distance Measuring Equipment
DNOTAM Digital NOTAM

DTM Drone Taffic Management

EASA European Union Aviation Safety Agency
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A

X

EC European Commission

ECTL EUROCONTROL

EGNOS European Geostationary Navigation Overlay Service
EMI Electro Magnetic Interference

EMS Emergency Management Service

EMS Emergency Medical Seces

EO Earth Observation

ERP Emergency Response Plan

ESM Electronic Support Measure

ETSI European Telecommunications Standards Institute
ETSO European Technical Standard Order
EU European Union

eVTOL Electric Vertical Takeff and Landing
FAA Fedeal Aviation Administration

FAM Future Air Mobility

FATO Flight Approach and Take Off

FCC Federal Communications Commission
FDAL Functional Development Assurance Level
FHA Functional Hazard Analysis

FIMS Flight Information Management System
FIS Flight Information Service

FIXM Flight Information Exchange Model

FL Flight Level

FLARM Flight and Alarm

FMEA Failure Mode and Effects Analysis
FMS Flight Management System

FP Flight Plan

FRUIT False Replies Unsynchronized in Time
FRZ Flight Restricted@one

FTA Fault Tree Analysis

FTE Flight Technical Error

FUA Flexible Use of Airspace
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X

GA General Aviation

GB Gas Balloons

GBAS Ground Based Augmentation System
GCS Ground Control Station

GHz GigaHertz

GLONASS Globalnaya Navigatsionnaya Sputhikav&jstema
GM Guidance Material

GNSS Global Navigation Satellite Service

GPS Global Positioning System

GRC Ground Risk Class

GSM Global System for Mobile Communications
HAL Hindustan Aeronautics Limited

HB Hot Air Balloons

HEMS Helicopter Emergendyledical Service

HFR Highlevel Flight Rules

HMI Human Machine Interface

HOTL Humanon The Loop

HOVTL Human Ovethe Loop

HWTL Human Withirthe Loop

IAF Indian Air Force

ICAO International Civil Aviation Organisation
ID Identification

IFR Instrumert Flight Rules

ILS Instrument Landing System

IMC Instrument Meteorological Conditions

P Internet Protocol

IR Image Registration

ISO International Standardization Organisation
IXM Information Exchange Model

JARUS Joint Authorities for Rulemaking d&ynmanned Systems
KPA Key Performance Area

KPI Key Performance Indicator
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A

X

LAANC Low Altitude Authorization and Notification Capability
LEO Low Earth Orbit

LFR Lowlevel Flight Rules

LOA Letter of Agreement

LoL Loss of Link

LoRa Long Range

LoRAWAN Long Range Wide Area Network

LTE Long Term Evolution

LTEA Long Term EvolutionAdvanced

LUAS Light Unmanned Aircraft System

LUC Light UAS Operator Certificate
MACS Multi-Aircraft Control System

MASPS Minimum Aviation System Performance Standards
MET Meteorological

MHz MegaHertz

ML Machine Learning

MLAT Multi-Lateration

MOC Means of Compliance

MOCA Ministry of Civil Aviation (India)

MOE Measure of Effectiveness

MOP Measure of Performance

mph Miles per hour

MRO Maintenance, Repair and Overhaul
MTOW Maximum Takeoff Weight

MUV Military Ultility Vessel

MVP Modified Voltage Potential

NAA National Airworthiness Authority
NACp Navigation Accuracy Categaryrosition
NADT Network-level Attach Detection Tool
NAS National Airspace (USA)

NASA National Aeronautics and Space Administration
NASAP National Aviation Safety Plan (USA)
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X

NATA National Air Transport Association
NATACS NATA Compliance Service

NAVSPEC Navigation Specification

NCS Network Control System

NEMSPA National EMS Pilots Asscmim

NFPA National Fire Protection Association

NFZ No Fly Zone

NIST National Institute of Standards and Technology
NLR Royal Netherlands Aerospace Centre

NM Nautical Mile

NOTAM Notice to Airmen

NOXx Nitrogen oxides

NPA Notice of Proposed Amendment

NR New Radio

NSE Navigation System Error

NTSB National Transportation Safety Board
OEM Original Equipmenilanufacturer

OoM Operations Manual

OPS Operations

ORO Organisation Requirements for Air Operations
OSED Operational Service and Environment Défon
OTDOA Observed Time Difference of Arrival

PAV Personal Air Vehicle

PBN Performance Based Navigation

PDE Path Definition Error

PDOP Position Dilution of Precision

PIC Pilot in Command

PNT Positioning, Navigation and Timing

PPP Public Privatéartnership

PSU Provider of Services for UAM

PU Public

RAIM Receiver Autonomous Integrity Monitoring
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A

X

RF Radio Frequency

RID Remote Identification

RMT Rule Making Task

RNAV Required Navigation Performance
RNAVAR Required Navigation PerformangeAuthorisation Required
RP Remote Pilot

RPA Remotely Piloted Aircraft

RPAS Remotely Piloted Aircraft System

RPIC Remote Pilot in Command

RPL Remote Pilot License

RPL Required Performance Level

RPS Radio Positioning System

RPT Regular Public Transport

RSSI Received Signal Strength Indicator
RTK ReaiTime Kinematic

RUNP Required Wspace Navigation Performance
SAA Special Activity Airspace

SAA Sense and Avoid

SAIL Specific Assurance and Integrity Level
SAR Search and Rescue

SARPS StandardsandReommended Practices
SATCOM Satellite Communication

SC Sub Committee

SDSP Supplementary Data Service Provider
SecRAM Security Risk Assessment Methodology
SERA Standardised European Rules of the Air
SES Single European Sky

SESAR Single European Sky ARésearch

SG Sub Group

SGl Special Governmental Interest

SJU SESAR Joint Undertaking

SLA Service Level Agreement

Founding Members

O

EUROPEAN UNION  EUROCONTROL

28



D2.1 OPERATIONAL SR¥F ANALYSIS AND CERIT

SESAR

JOINT UNDERTAKING

A

X

SMS Short Message Service

SMS Safety Management System

SO0 Signals of Opportunity

SORA Specific Operations Risk Assessment
SRIA Strategic Research and Innovation Agenda
SRM Safety Reference Material

SSR Secondary Surveillance Radar

STD Standard Deviation

STS Standard Scenario

sSUAS Small Unmanned Aircraft System

SvC Simulation and Validation of Communication
SWaP Size, Weight anddwer

SWIM System Wide Information Management
TAAM Total Airspace and Airport Modeller

TC Tactical Conflict Resolution

TC Technical Committee

TCAS Traffic Collision Avoidance System

TCL Technical Capability Level

TDA Temporary Danger Area

TFR Tempoary Flight Restriction

TGB Tethered Gas Balloons

TISB Traffic information ServiceBroadcast

TLOF Touchdown and LHbff Area

TMX Traffic Manager

T™MZ Transponder Mandatory Zone

TOA Time of Arrival

TOL Takeoff and Landing

TRA Temporary Reservedréa

TSDSI Telecommunications Standards Development Society, India
TTA Telecommunications Technology Association
TTC Telecommunication Technology Committee
UA Unmanned Aircraft
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X

UAM Urban Air Mobility

UAS Unmanned Aerial System

UATM Urban Air TraffitManagement
UAV Unmanned Aerial Vehicle

UK United Kingdom

UML Unified Modelling Language

UP U-space control working Position
URLLC Ultra-Reliable Low Latency Communications
URTAS U-space suRveillance Traclkeard Server
us United States (of America)

USP U-space Service Provider

USS UAS Service Supplier

USSP U-Space Service Provider

UTC Universal Time Coordinated
UTM Unmanned Traffic Management
UTMSP UTM Service Provider

UVR UAS Volume Restriction

VFR Visual Flight Rules

VHF Very High Frequerc

VIO Visuallnertial Odometry

VLD Very Large Demonstration

VLL Very Low Level

VLOS Visual Line of Sight

VMC Visual Meteorological Conditions
VO Visual Odometry

VOR VHF Omnidirectional Range
VTF Vertical Task Force

VTOL Vertical Takeoff and Landig
WAAS Wide Area Application Service
WG Working Group

Wi-Fi Wireless Fidelity

WIMAX Worldwide Interoperability for Microwave Access
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2 Urban Air Mobility

UrbanAir Mobility (UAM)is defined inthe literature asthe ecosystem obn-demand, unmanned (or
to some degree autonomous) aerial systethat maytransport passengers and/or cargo in urban
environments using airspace as a third dimensisiwell as its supporting infrastructuj®].

The benefits that UAM can bring to setyi and to the environment are numerousit so are the

challenges associatedith its implementation. While there have been significant advances in
technology like cloud networks, mobile communications, aircraft automatdectric vertical takeff

and Bnding (eVTOL) platfornj2], there are yet a number of challengtsat need to be overcome.

This is the case aitegration with manned aviation, in particular fulfilliigk S a¢aSS | yR | @2 AR
which is the basis tkeep satisfactory levels of safef§]. Other challenges include urban canyons,

which can expose vehicles to turbulences and strong currents of wind or to impair navigation,
communication and surveillance signalublic accptance is another important challenge and is

affected by several aspects such as safety, noise, visual pollution, paindsgcurity

The following subsections below provide a characterization ofUAd concept by elaborating on
certain aspects such d®y principles, existin@oncept of OperationfCONOPS)nain challenges,
expected evolution, operation categories, business cases and mission types, actors, vehicles and
vertiports as thesdéave beerinterpretedfrom the literature. More detailed informaibn can be found

in the corresponding Appenads.

2.1 Key principles

The key principles that drive UAM are shared across the diffarensulted referencedn Europe,
SESAR-Epace Blueprinf4], SESAR CORCSNOP] [6] andEASA Opinion 01/2030] established

a series of key principles that are very similar to those fourtlénAmerican and Australian Concept
of Operations folJAM[2] and[8] and in the UK Open Access UTM research prograf@ne

These key principles upon which the wholeSgace / UAM system is designed:are

I Safety, which must be ensured for all airspace users and people on the ground. Contrary to
traditional manned aviation, gsk and performancéased approacks proposed.

9 Security including cybersecurityto protect the system and provide traceability and
accournability.

Privacy which must be respected for all citizens, including data protection.
Environment to reduce emissions anbise

9 Flexibility and scalability so that the system can respond to changes in demand, volume,
technology, business models andpdipations.

9 Costefficiency, by building upon existing aeronautical services and infrastructure whenever
possibleand promoting efficient flight planning and execution

1 Capacity which must be dimensioned to the maximum extent possible viite given
resouces.

9 Predictability, to increase likelihood of airspace accesthout disruptions facilitate better
flight planning and business continuity and reduce risks.
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Access and equityto guarantee impartial and fair access to airspace for all users.
Participaton and collaboration amongst all UAM users and stakeholders.

Global interoperability, based on the use of industry standards.

= = =4 =

Decentralgation, to improve overall UAM system performance supported by automation and
data sharing.

2.2 ExistingCONOPS

Amazon, Gogle and Ubepublished between 2015 and 2016 theivn visionor concept of howJAS
should operatd10], [11] and [12].

More mature and detailed concept of opions for U-space or UTMave beenelaboratedmore
recentlyby some SJU projectike PODIUM3] [13] or VUTURA14] and ultimately CORU$5], which
consolidated all effortdrom these and other SESAR initiatives towards the definition ofspade
CONOP#at hasnow become the main reference fahe recently adoptedeuropearregulation

This is also the case tife FAAandthe Indian Ministry of Civil Aviation who publishetheir own
conceptsof operations for UTM in 202@ second version in the case of the EAA

Currently other SJU projects such BMETOPOLIZ [15], DACU$16] or CORUKUAM[17] have
started looking into specific aspects of Urban Air Mobility and, in 2020, the FAA and Airservices
Australia published their first Concept of Operations for Urban Air Molfilljtgnd [8].

These two last references provideomprehensive description of several UAM aspects that have been
deemed importantin this Stateof-the-Art review for the latter definition of the AMLLEDCONORB
including key principles, challenges, expected evolution, actors, roles and responsibilities, airspace
structures, UAM specific services, integration with managttion, contingency management, KPIs

and validation by ways of simulation. They are tliere two important references to beonsidered

during later stages of AMUED.

The FAACONOPSefines UAM as a subset Aflvance Air Mobility, limited to urban and suburban
environments, and operating in the context of ATM and UTM through the use of OAMas (three
dimensional route segmenysThese corridors hawapecific requirementshat varydepending orthe
operation e.g.completely within UAM Corridors versus operations crossing UAM Corridors (e.g.,
general aviation). Withithese UAM Corridorsstrategic deconfliction and tactical separation occur
without direct ATC involvemenS®imilar tothe U-space Service Providéne FAfasintroduceda new
stakeholdercalledProvider of Services for UAM (PSld charge ofsupporting operations planning

flight intent sharing, strategic and tactical deconfliction, airspace management functions, and off
nominal operations. PSUs exchange information with other PSUs via the PSU Network (e.g., exchange
of flight intent information, notification of UAM Coriad status, information queries) and support local
municipalities and communities, as needed, to gather, incorporate, and maintain airspace reservations
that may be accessed by UAM operators.

The AustraliailCONOP8escribes thexpectedphases of UAM operains from first introduction (with
piloted, voicebased flights) to mature, higtiensity autonomous operation#\ set of UATM Services
are defined to support implementatiof.hese are:i) Airspace and Procedure DesijginInformation
Exchangg iii) Fligh Planning and Authorisatigniv) Flow Management v) Dynamic Airspace
Management and vi)Conformance Monitoring
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2.3 UAM Challenges

The operation of drones in urbaenvironments constitutesa challenge because of typical urban
aspects found in these areadamely, buildings and other aspects embedded in urban environments
that create obstacles and signal interference, local weather conditions, and the perception and
acceptance on the inhabitasbf the area. However, Urban Air Mobility has the capabilitycteate

high value impact in society, making worth the research and effort needed to overcome these
aforementioned issues.

This subsection summarizes the main UAM challenges found ditaregure. Specificallyin the EC
strategic research agenda8], the AustraliatCONOPB] , the NASA Market Stud$9] the Uber UAM
vision[12], the UK CAMnovation Hulj20] and Universidade da Beira Interift]. A full description
of UAM challengesan be found undeAppendixA.3

The revised literature outlines 10 higevel challenges that need to be addressed thiave the
feasibility, viability and desirability of UAM.

1. Urban canyonsc Houses and buildings in urbamvironmentscan create urban canyons,
which are areas where the street is flanked by buildings on both sides creating a dieyon
situation. Urban anyons can expose vehicles to mechanical turbulences and strong currents
of wind, and affect or block radio reception, including satellite navigation signals.

2. Weatherc UAM operations will be affected by weather. The impact of weather may be caused
by meteorological conditions such as thunderstorms, reduced visibility and strong winds; or
hyperlocal weather conditions caused by urban canyons.

3. UASTraffic Managementg Given the expected high density and complexity of operations, an
efficient and secure UTMystem is necessary. The UTM system should be tailored to UAM
operations, and solve typical issues such as urban canyol@hf limitatiog and
heterogenous vehicle performance. The UTM system should also embed integration with ATC
and rules and procedes for interaction with manned aviation.

4. Autonomyc UAM operations wilgradually move from being remotelpitrolled by a human
in command tgperforming completely autonomous missiorhepredictability andreliability
of thistechnology t will be keyo a successful implementation.

5. Airspace structuring; Dedicated airspace configurations will havéecreated to enable the
operation of different vehicles and missions (including routes and corridors). A minimum set
of capability requirements to use dexdited airspace structures will need to be established to
form the basis for procedure/ route design standards and separation standards development.

6. Market viability ¢ UAM is affected by the viability of its business cases. UAM will need to
provide clear vlue propositions and stand as a strong competitor in the transport market. This
is important not only for the economic feasibility of the business cases, but also for reaching
high levels of demand. Development of infrastructure to support drone operasiod
embedment within the city and other transport modes (mutibdality) are relevant aspects
of the business case as well.
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Regulation and standards Further regulations and standardisation for flying over pe@puid
city areas BVLOS operations, carrgipassengers, and environmental, safety, and privacy
aspects are needed.

Vehicle ¢ The vehicle performance and reliability are key aspects to enable a competitive
business case for UAM. For this, vehicle spgathoeuvrability, rangeefficiency, takeoff and
landing time, as well as robustness in different weather conditions have toohsidered
Battery technologies and environmental impact of operation also need further research.

Certification¢ UAM vehicles will have to comply with the regulationsrirthe corresponding
aviation authorities and acquire therermit to fly in order to be able to operate. Given the
novelty of these type of aircraft, the certification process will require more time than usual.

Public acceptance Wide adoption in societys needed to achieve market viability. Public
acceptance is affected by several aspects such as safety, noise, visual pollution, and privacy.
Socially relevant use cases such as first responder services will be more athaptéiibse

for transportation d people or regular goods. The price of the service, privacy invissioas,

and environmental aspects of the operation will play an important role for integrating UAM in
society.

2.4 UAM Evolution

Some aspects used to characteribe evolution of UAM operadnsby SESAR COR[8F FAA[2] and
Australian[8] CONOP&rethe following

1
1

1

density, frequency and complexity of the operatipns

airspace and procedural structyr¢hat is thecomplexity of supporting infrastructure and
services

existence ofailored regulatory changes

agreed ©@mmunity Business Rules regarding safety, demand and capacity balancing,
equitable access to airspaeadsecurity

aircraft automationlevel whether there is a timandwithing, doné or covere the loop (HWTL.
HOTLlor HOVTL)and

location of the PIQw~vhetheronboardor remote.

Based on these indicators, both the American and the Australian Concept of Operations for UAM
propose a evolutiorary three-phasel approachto UAM implementation. These phases are:

1.

Initial UAM Operations Korizon 1),making use of new typeertified eVTOLS managed by
technologies and procedures within the current ATdyistem (i.e., existing helicopter
infrastructure seh as routes, helipads, rules and regulations and ATC services). The PIC
remains onboard and aircraft automation is consistent with current, manned helicopter
technologies.

CONOPS3.0 (Horizon 2)a regulatory evolution enables operations within UAM Camsd
from specific aerodromes based on UAM performance requiremantssupported by UAM
specific servicesTactical separation within UAM Corridors is not allocated to ATC but to the
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UAM operators, PICs, and PSUs. The PIC remains onboard and is actwalyoinof the
aircraft with UAMspecific capabilities.

3. Mature State (Horizon 3new operational rules and infrastructure facilitate highly automated
traffic management and higher demand. An extended network of UAM corridors exists and
remotely piloted ad autonomous vehicles (with HOVTL capabilities) can operate safely.

2.5 Operation Categories

In this section, operation categories will be defined by several institutions by looking at the risks, the
vehicle specifications and operation types.

The EU Reguln 2019/947 [21] and its amendments EU 2020/6392] define three possible
operations categories depending on the risk of the operation:

1. Open Category
2. Specific Category
3. Certified Category

Thethree operationscategoriesmust comply with the particular rules defined in the corresponding
Annex of the regulatiorf21] and [22], including location and type of the flight, missions, system
services used, training and organizational requirements.

The requirements for the three categories vary from the maximum 4akeveight (MTOW), the
distance from populated areas, UAS classification and iffaBe

The UAS are classified from CO to C6. Those who are classified up to the C4 category are allowed to fly
in the Open Category including remote pilot competefizg]. The amended regulatiof24] includes

the drone categories C5 and C6 to be used in the Standards ScdaaB®4.OS operations over people

in the specific categordefined in[22]. The text also includes several articles regulating the use of
acceserieskits and remote identification addns, aswell ashow theseaffectin the category that a

drone can fly when it is equipped with them.

A concept paper from EASA which is still under review further addresses different aspects of the
certified categoy. The first NPA to be released by EASA on the certified category will cover three initial
types of operationgA.5).

EASA has published an initial scope of the proposal for three types of operations:

1 Type 1 International flight of certified cargo drones conducted in instrumental flight rule (IFR)
in airspace classes@and taking TF FyR I yRAY3 |0 FSNRBRNRYSA
example, an unmanned A320 transporting a cargo from Paris to New York.

1 Type 2 Drone operations in urban or rural environments using-gedined routes in airspaces
where Uspace services are provided. This includes operations of unmanned drones carrying
passengers or cargo.

1 Type 3 Type 2 operations conducted with an aircraft wétlpilot on board expected to cover
the initial air taxi operations. It is expected that these aircraft operations will transition to Type
2 remotely piloted operations.

These are described iA.5 UAM OperationsProposals for UAM operations using rpredefined
routes and remotely piloted Large Aeroplane operations with passengers are also in discussion.
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A later Advance Notice of Proposed AmendmeniN@A) will also cover aspects of UAM operations
using norpredefined routes, which are not considered by EASA to happen in the immediate future.

A new type of licence, the automation systerbased aircraft pilot licence (ARWjll be introduced to
cover UAS operation in congestexd.,urban) or norcongested €.g, rural) environment using pre
defined routes in volume of airspaces wheresphce services are provided.

Companies also have their way of defining operation categories. According to Af@}a@tcess to
airspace will dependn the vehicle capabilities. With this is mind, Amazon defines four vehicle
categoriedA.5):

9 Basic: vehicle equipped with radio control

I Good: capability for tracking, to receive traffic information, weathatag with GPS and/i-Fi,
collaborative detect and avoid

I Better: Automated detect and avoid, equipped with AB®ut capability

1 Best: Automated deconfliction, evehicle internet connection, 4D trajectory planning and

performance management, AEESIn/Out.

2.6 Business Cases and Mission Types

The UAM market entails several drone applications and business cases that could help bring value to
society, optimisecurrent procedures and processes for companies and individuals, and improve the
quality of life in citis. However, drone use casesed tobe economically and technically viable for
them to be implemented in cities.

This subsection looks into the different business cases and mission types identifieel libgrature
[19]; [25]; [1]; [26]; and gives a higlevel overview of those deemed as most interesting and/or feasible
by previous research. For a full overview of the state of the art on besioasegeferto appendixA.6

Drone operations and UAMnablemany businessasescapable of improving current processes and
problems Besides the notorious air tgxdrones can be applied to many other usas;h as inspection
of infrastructure,police andlaw enforcement,and transport of regular or higkpriority goods(e.g.,
medical delivery)

Theuse of drones fotransportation of goodsis one of the most discussed use cases in the industry.
Delivery droms are usually classified in two categori@gdical dronesandtransport-logistic drones
Medical dronesffer a fast and reliable solution for the transportation of urgent medical goods (e.qg.,
blood samples). This use case Harome even more relevantudng the Covid-19 crisiswith the
United Kingdom deploying drones to carry medical supplies from Hampshire to the Isle of @Wight
the contactfree delivery of Covid9 test samples from 1000 rural health facilities to labs in Ghana
[27]. On the other hand, transpotbgistic dronesre usually focused on first/last mile delivery, aiming
to increase the efficiency angrofitability of logistic companiesThis type of delivery faces more
challenges than medical delivery, &s perceived added value to society is lower. Moreoaearge
network of vertiportsand proper Uspace systerwould be needed to support these operatiofi28]

SmallUAVs with cameras can also be used for thespection of irfrastructure, facilitating the
examination ohard-to-reach critical infrastructure, improving the efficiency andlity of the process
[29]. This includes structures like bridges, towers, dams or wind turbines, elimina@ngeéd for
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special equipment and specially trained stafhe use of UAVlr infrastructure inspection entails
benefits in terms of cost efficiency, decrease of danger to human lyaest-quality, realtime data
acquisition, and datatorage capabilities

UAVs also offer many possibilities fmlice and law enforcemeninissiors [30]. These use casean
bring an importantpositive impact on society includng missions such asearch and rescue,
surveillance, or monitoring aomg others.Drones equipped with cameras allow fast and efficient
identification of peoplegood overview of hardly accessible areas for surveillancereliable image
for crowd monitoring, with goodjuality zoomin capabilities.

However, when it cometUAM the most influential use case is definitedjr commuting This use
case can be derived in three common business cases: air taxi, airport shuttle, and aerial ambulance

Theair taxiservice can be defined as an-damand pointto-point service thatransports people from

one destination to another. The distance range of the air taxi could go from a more urban mission type
(7-50 km) toalong-distance intercity mission (16200 km). The shorter range would be the optimal
mode of transport when() there is a short distance between two landings sites, and (2) there is a
fluctuating medium/high demand between two landing sites. On the other hand, intracity
transportation would be ideal to cover flights between cities that are too close even fonadlights.

This longetrange air taxi service would enable fast UAM connection between cities, which would
favourcommuters and businedsavellers as well asllow metropolitan areas to grow closer due to
reducedtravel times.

Theairport shuttle sewice offers scheduled flights between various landing pads in the city and the
airport. These landing pads would be located at strategic locations around the city and at the airport.
The airport shuttle would also count with charging facilities concentrgtemarily at the airport, but

with some at the other landing pads as a function of distance and aircraft travel range.

With regards to the concept of operation of these missions, theye fivemainphases of flight: take
off, climb, cruise, descent, addnding.More information of the concept of operations of the air taxi
and airport shuttle can be found on appendix6

The reviewed literature found air commuting to be feasible, albeit a number of remarks. The demand
for air taxi and airport shuttle will be influenced by several aspects. Namelpade and ATC
capabilities, ground infrastructure development, public acceptance, laws, and regulations. Demand is
constrained as well by external aspects such as competition witérdature and existingransport
means(especially autonomous cars), and reduction in the value of travel time. Further development
of technology, increased congestion, and high network efficiency could drive demand up.

Regardinghe air ambulance the service consists of travels to/from the hospital for emergencies and
potentially hospital visitsThis use caseounts with the benefit of having higher public acceptability
than other use cases.

A typical air ambulance mission consists of three-sigsiors: Response (E), Transport (H4), and
Return to Service (R). Each of these suhissions are flown at similar speeds and follow similar
profiles (i.e., Taxi, Hover Climb, Climb, Cruise, Descend, Hover Descend, aMdofexijformation
of the conceptof operations of the air ambulance can be found on appewd&Overall, the air
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ambulance is expected to be viable and count with high public acceptance, though it will be
constrained by competition with medical helicopters athe need to lower the battery recharging
time.

For future analysis of these business cases, a detail exploration of the environmental sustainability of
the drone mission is recommended, taking into account noise, emissions, and visual pollution.
Moreover,the business case should be tailored and studied for the urban area of relevance.

Deliverable 3.1 of AMILED will continue the business case and mission type analysis more in depth,
providing a selection of the most interesting use cases to be testelebyroject.

2.7 Actors

The main UAM stakeholders identified by the literature are:

Authorities and regulators
Air Navigation Service Providers
UAM Service Provider
U-space Service Provider
UAM Operators

Drone Operators

Drone Pilots
Infrastructure providers
Drone Manufacturers

10. Maintenance companies
11. UAM users

12. Communities and citizens
13. Data providers

14. Other aviation users

©CoNOO~WDNE

The main UAM actors are described in detail in the sed®oles and responsibilities

2.8 Vehicles

Aircraft requirements ad mission for UAM

Different documentg12], [31], [8] describe acomprehensive compilation of consistent soft and hard
requirements for air taxis and show that UAM v&bs are expected to primarily be electric Vertical
TakeOff and Landing Vehicles (eVTOL) both for air taxi or cargo applications. In addition to electric
design some VTCOdwill be hybrid using a combination of power sources, and helicopters will continue
to be used as UAM vehicles. Related to other applications where smaller vehicles are required,
multicopter based UAVs have been and remain the main platforms for aerial applications like security,
inspection, maintenance, small cargw filming. Most ofthe applications use ahitectures with less

than eight propellerg32] up to three propellerg33], but also conventional helicopters and ducted

fan vehicles are used depending on the applicatioonfthe available literature, it can be concluded
that quadcopter or multicopters by far the most widely used UAV platforms for aerial manipulation,
followed by small size helicopters. This is mainly due to the simplicity of multicopter mechanical design
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and hovering capability, complemented by the loast, agility and existing precise control schemes
for these flying vehicle34].

eVTOL aircraft will have limited battery power and, therefore, a limited range. They wilelentac
recharging capabilities and/or the ability to replace their batteries. These aircraft will need to have
their batteries partially or fully recharged or replaced several times a day depending on the frequency,
duration, and length of each trip.

Reg@rding the mission profile, most of the current eVTOL air taxi designs are addressing two types of
mission: the interurban and the intraurban, being the airport to city center trip the reference for the
interurban mission, andhe usual taxi ride around #hurban area the selected for thatraurban
mission.

To accomplish these two missions, an eVTOL will need to address the following main technical
requirements:

1. Safety and certification: Urban air taxis need to be as safe as any other commercial aidraft a
consequently be designed to meet equivalent safety standards.

2. Low noise emissions: To fly in the city and takiand in populated areas, the urban air taxi
will have to comply with demanding noise restrictions to achieve public acceptance. Studies
on public perception of UAM indicate that not only the loudness itself but also the type of
noise is a major concern of the persons intervie\j@s]. Noise signatures should, as far as
possible, blend into the existing urban baakgnd soundscape. Expressed in numbers, this
corresponds to a noise level of 15 dB below that of a conventional light helid@dter

3. Range, speed, and altitude: The air taxi needs to be able to cover the most poputtralfigh
routes in major cities, like the airport to citbenter or intraurban routes. These trips should be
covered at a reasonable speed to save time compared to ground transportation alternatives.

Regarding the airport to the city center mission[31] a design mission range of about 95km and a
reserve range of almost 10km at a minimum cruise speed of 240km/h is defined. Cruise altitude is set
to 300m Above Ground Level (AGL). A required payload of 500kg is specified fastrmgers. NASA
suggests a twieg mission for a similar route, without intermediate recharging for VTOL-iitles

[36]. Both flights are of 70km distance at a cruise altitude of 1200m AGL. The cruise speed varies
between 156m/h and 200km/h for six vehicle concepts, each designed for carrying 545kg or up to six
passengers. A 2@inute reserve at cruise power must be available.

For the intraurban route, the current staisf-the-art aircraft prioritizes maneuverability with
adequate architectures, but reaching lower speeds and ranges (100km/h a@lt respectively)
with similar cruise altitudes (300r)GL.

UAM vehicle concepts and classification

The requirements and boundary conditions on aircraft design for UAM are in sases oovel in
comparison to classical aircraft design, mainly due to the specific requirements needed for a safe flight
in urban areasExtensive research is being pursued around the globe to examine a range of air taxi
configurations for designing stat&-the-art eVTOL aircraf37]. Most research on the eVTOL design

has concluded to use three primary vehicle classifications: Vectored Thrust, Lift + Cruise, and Wingless
Multicopter [38]. To enable optimal decisiemaking when deciding for one configuration type or the
other, it is essential to understand that the major performance factors, such as cruise altitude, speed,
flying range, and environmental impact varies across the differenfiguration typeg39].

Based on the description of the major air taxi configurations given by prior resp&it38], [41],
[42]itis evident that each alternate design has its strength and weakness with regards to range, speed,
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passenger capacity, and environmental impact criteria. Therefore, from an operations management
perspective, determining the optimalimber of air taxis in each design category is essential to achieve
a tradeoff between service responsiveness, operating cost, and air taxi utilization.

2.9 Vertiports

The highcapacity demand in UAM requires the development of proper infrastructure able to
efficiently and safely cope with a high volume of operations. Vertiports, or, more generically,
vertiplaces, will be the structures to enable eVTOL 4afeand landing. Despite their similarity to
existing heliports, special requirements must be met t@g@tdto new concepts of operations and
provide the equipment and services necessary for the dynamic UAM ecosystem. Several agencies have
been studying the requirements for vertiplaces, proposing different categorizations regarding the
expected volume of opations, their location within the urban environment and their main functions
(cargo delivery, passenger mobility or both). On the other hand, several eNiB@ufacturers
together with infrastructure development companies, have been presenting differemtiptace
prototypes. This is the case of Skyport with Volocopter, creating the Voloport initiative, Lilium with
Ferrovial and Airbus with MVRDV.

I INBFG NBaSINOK STF2NI Ay OGSNIALRNI RS@St2LIVSy
AAM projectin collaboration with Oneida County, which aims to establish the requirements for both
the infrastructure and testing protocols of vertiplacés their VisionrCONOP&r UAMfor a maturity

level of 4 NASA provides some guidelines on UAM aerodrome desidjestablishes the interaction
between the aerodrome, the UTM environment and the UAM operations environment (UOE)
Specificallythey highlight the requirementhat all UAM aerodromes must have the capability of
emergency landing and redundancy in orderprovide alternative sale landing ared$e company

Uber is also deeply involved in the development of a vertiport netwankl their proposed solution
relies uponthe repurposing of different existing structures like floating barge vertiports, highway
cloverleaves, and the top level of parking garages.
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3 Roles and Responsibilities

“It's not just about drones; the UAM market is expanding and a whole ecosystem from ticket
brokering, to dronespecific infrastructure, regulations and MRO services is adjgoedAM flight
operations." (Manfred Hader, Senior Partner to Roland Befg8ti).

This chapter summarizes the essential roles and responsibilities for drone operatimorsling to the
literature. Theseare alsolisted and deumented in detail irAppendix Bof this documentFor better
structuring and a simplified overview, a classification according to the UAM Eco system, as defined in
a study[43] by Roland Berger, isuried out and the varioustakeholders are assigned to the domains

of this ecosystem.

This sectiondoes not claim to be complete with all detailed functions, but is intended to provide an
overview of the identified domains and the tasks they contain. dflodetails of the literature study
refer to Appendix B

Service Providers

A common role found in all CONOPS isgvice provider Froma European perspective, this role is
usually calledJ-space Service Provider (USSPjsfigure can be found in several SJU projg&ig5]

[44], varying slightly in the name or function, though the overall definition remains the sarhe
entity that provides Uspace service access to drone operators, to pilots and/or to drones, to other
operators visiting nostontrolled verylow-level airspace[5]. The project CORUS distinguished
between Principal USSP and OperdiksSP, where the former provides centralized services, and the
latter acts as interface with the drone and drone operator. The project PODIUM defined a similar role
to the Operator USS®Pthe USSP supervisor. This role would be for the entire drone dpardtom

the register and approval of the flight plan, to the monitoring and communication with the drone
during the flight, coordination with ATC when necessary, and activation/deactivation-yf nones,
geofences and geocages in his/her area of resfility.

The FAA2] and Australian CONOR& follow a similar basis to the European concept, establishing the
respective roles of th&JTM service provider (USBhd theUAS Service Supplié@dSS)However, the

FAA makes a distinction between the provider of servicesspdde and the one in UAM, defining a
third role- Provider of Services UAM (PSUhe USS and the USP are responsible for providing services
to support drone operation in lowevel airspace. Further, the PSU provides services in UAM airspace,
optimizing operations and providing access to supplemental data in support of UAM operations. In the
FAA CONOPS, the USS also acts as interface with the PSUs to i) enable UTM opets@®RSU
network services to cross a UAM Corridor, i) support UAMhaffifiinal operations as needed and iii)
support UTM ofinominal operations as needed.

Operators

The role of theoperator follows a common basis throughout the literaty [5] [44]. Generally, it is
defined as the legal entity accountable for all drone operation it performs (equivalent to an airline in
manned aviation). Operators have to manatieir operation within the given regulations and
constraints, as well as share information with UTM osgace. Usually, the drone operator is
responsible for submitting the flight plan and monitor the flight in real time. This latter function is also
defined in some concepts as responsibility of the drone pilot (see following section).

Founding Members 41

EUROPEAN UNION  EUROCONTROL



D2.1 OPERATIONAL SR¥F ANALYSIS AND CERIT

€5 SESAR ;4’

JOINT UNDERTAKING

The FAA CONORF introduces the role of thé&JAM operator, who obtains current conditions from
PSU and Supplemental Data Service ProvidBXSP$ services to determine the desired UAM
Operational Intent information such as location of flight (e.g., aerodrome locations), route (e.g.,
specific UAM Corridor(s)), and desired flight time which must be provided to the PSU.

Moreover, the figure of tefleet operatorand thebooking platform operatorappear in the Australian
CONOP#E]J. This role is specifically designed for UAM, as it is responsible for managing the bookings
of onrdemand UAM flights. The fleet operatorlMde responsible for selecting the vehicle and pilot for
incoming ride requests, submitting flight intent notifications in coordination with the UAM pilot, and
manage the final acceptance of a flight plan. The booking platform operator on the other Hnd w
provide the interface for trip requests from customers and will connect the request with the fleet
operator.

Drone Pilot

Thedrone pilotis responsible for managing and performing the drone fljgB{. The functions bthe

drone pilot are sometimes mixed with the ones from the drone pilot. For instance, the projects
PODIUM and DOMUS indicate that the pilot is responsible for registration, flight plan submission,
communication with the USSPs and reporting of incidemtsiientsg functions that can also fall under

the responsibility of the operator.

The EASA concept paper for certification defined the ro@aoitrol Unito / ! 05 g KA OK O2 y i NI N

concept, proposes to extend their scope to be able to control sé\w#ha by one pildi5].

The FAAZ2] and the Australian CONORS define a specific role for VTOL pilots. As eVTOLs are
expected to have a pilot ehoard during the fist years of operations, these concepts outline the role
of the UAM vehicle pilot(AUS) andPilot in CommandFAA). This will be the person aboard the UAM
aircraft who will ultimately be responsible for the operation and safety during flight. Further
technology developments will enable the autonomy of these vehicles, thus eliminating the role of the
pilot on board. In that moment, the figure of thremote pilot in commandwill enter into place,
following the same responsibilities of the generic drone pilescribed above.

Airport and vertiport operators

As UAM will take place in urban areas, it may often be the case that an airport is nearby. Moreover,
UAM will need of a network of vertiports and vertistops to support operations. The operators of both
airports and vertiports/vertistops have a significant role in UAM as well.

Airport operators are responsible for the definition of operating procedures and interoperability
requirements, as well as ensuring the safe integration of drones in air§pake

Vertiport operatorsalso receive the name &fAM aerodrome operatorsAccording to the Australian
CONOPB], they are responsible for managing ground operations, overseeing ground safety,ysecurit
boarding procedures, and charging and refuelling the vehicles. Vertiport operators should also
contribute to the development of standards and regulati¢?js On top of that, the FAA CONOPS gives
further operational resposibility to the UAM aerodrome operator, making them accountable for
providing information on current and future resource availability for UAM operations (e.g.,
open/closed, pad availability), and supporting UAM operator planning and PSU strategic digonflic

Authorities

Aviation and governmental authorities take part on the UAM ecosystem as well.
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The Civil Aviation Authority (CAA),Federal Aviation Authority(FAA) orNational Airworthiness
Authority (NAA) participate in the drone operator/pilot registi@n and eidentification according to
national requirements. This figure provides information on aeronautical andaeoonautical nefly
zones, and reviews pofiight reports ( [8]; [2]; [13]). Moreover, the aviation authority provides a
regulatory and operational framework for operations for all airspace users, and is able of generating
new constraints during operations. Tasks to be carried out by this awhalgb include certification

of all elements that are considered to be safetyated. In many cases, the certification requirements
for either nonexistent or indevelopment traffic management systems are yet to be defined.

National, regional and local ahorities support the definition of operating procedures and rules;
explore applications of 4dpace to urban needs and propose methods to ensure privacy of citizens,
enforce drone regulation, and publish VLL hazards as they arise (cranes, buildinflL&jark)

Military Authorities are part of the system, and communicate with USSPs and ATC to create
permanent or temporary flight restrictions in order to segregate the airspaces required for their
operations[46].

Given the impact of UAM on noise in the urban environment, the Australian COR[2® foresees
specific organisation® be accountable fonoise managemenin low-level airspace.

Air Traffic Control

As said before, many UAM operations will be performed in the vicinity of an operator, for which
coordination with ATC will be critical. Two main roles should be highlighted for thiirthivigation
Service Provide(ANSP) and thair Traffic Controlle(ATCo).

When drone operations take place close to an airport, the responsible ANSP shall coordinate and
exchange information with the USSP as to ensure the safety of both manned and unmanned aviation.
In some situations, the ANSP may accommodate UAMaipass through the provision of ATM and/or
other serviceq8]. In that case, adesignated ATCo shall identify drones flying in his/her area of
responsibility, follow its real time drone tracking information available, provigruction and
clearances when needed, and ensure the safety of manned traffic opergtidhs

Information exchange and provision

Information exchange is crucial for the safety and efficiency of drone operations. Boiséthing
that is recognised in all concept of operations and thus determined through the definition of different
information exchange authorities and providers of information.

Information exchange authorities provide a common operational picture to @uppAM and space
operations, facilitating data and acting as a proxy for both the rest of tHspdde and ATC system,
maintaining a central database of airspaces, mission plamnegistry and tracking44]. This role
overarches the figures of th®SU Networkand theUSS Networldefined in the FAA UAMONOPS
[2], the Ecosystem Managedefined in DOMU$44], or the Comma Information Service(CIS)
provider in CORUS].

Moreover, other entities may provide relevant data to the information exchange authorities or direct
to the end users. These are:

1 TheAeronautical Information Management ProviddAIMP), which delivers sources of some
data consumed by dpace service providers and users. This role is usually performed by the
ANSH13].
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9 Aviation Authorities providing information about aeronautical and naeronautical nefly
zones

I Supplemental Data Servicer®viders (SDSPs), which supply access to supporting data
including, but not limited to, terrain, obstacle, aerodrome availability, and specializather

2.

1 Law Enforcement and Security Agencientributing with informaibn from realtime or
historical data to relevant authorities as to enhance Security, Surveillance and Counter UAS
(CUAS) purposg46].

Other Actors

Other Uspace and UAM actors include drom@anufacturers who design thedrone for the specific
servicesand ensurethat it meets all common requirements set by the authority. To ensure
functionality, and in particular with regard to monitoring and navigation functions as well as
communication, this figure works together withe appropriate providers of the subsystems.

Maintenance companiegnsure that the drone is checked and kept ready for use at regular intervals
in accordance with the applicable regulations. This can either be done through third party services or
by the dione operator himself.

Finally, Uspace and UAM operations are not only relevant for the aviation industry, but for a whole
set of stakeholders which will be affected by it. This inclgie@rnmental entities law enforcement
municipalities or thegenerd publicand citizens.
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4 Airspace Types and Structure

Several airspace structures have been defingtth the aimof avoidng free uncoordinated routing in
UAM and thusreduce collision risk and increase capacliyese structures and airspace types can be
categorised as follows:

Corridors

Some projects, likehe FAAUAM concept of operation [2], consider UAM operations to be carried

out making use of UAM corridors where all UAM aircraft (including helicopters) abide by UAificspe
rules, procedures, and performance requirements. Fixed wing aircraft and UTM aircraft are allowed to
cross UAM corridors.

Outside of UAM corridors, operations either adhere to relevant ATM rules (based on current
regulations) or UTM rules based onewation type, airspace class and altitude.

Operations within UAM corridors (or crossing them) will have to meet operational performance and
participation requirements. UAM corridor availability and status would be in accordance with ATC
operational design,and the information would be made available for UAM users and other
stakeholders for situational awareness.

There would be no use of tactical ATC separation provision within the cordddi.pilots/operators
are not obliged to monitor ATC frequency orestablish 2vays communications with ATC unless the
aircraft enter into an ofihominal situation. In addition, transponders are only required irnoffninal
situations.

Tracks

For those cases where demand excesses a corridor’'s capgaeitf;AAconcept ofoperatiors [2]
suggests increasing capacity by defining additional internal structures in the way of separated tracks
that would bring increased performance requirements for the operation to be carried out.

AnotherconceptX G G Ay 3 GKA& OF GSI2NEB F2N ! ! a 2MaGdpdlisi A 2y a
[47], which takes into account the layout of a city to design its infrastructure. In this case, the
segmentation is horizontal, with no verdicseparation. The example given depicts a concentric shape

for a metropolis city, discerning circular zones (as traditional ring roads) to handle traffic around the
city, and radial zones to facilitate traffic flow towards and away from the city.

Airspacevolumes

Several projects support the idea of segregated airspace for drone operations as the safest and most
efficientconcept Most of these projects consider Very Low Level (VLL) airspace (below 400/500ft AGL)
for drone operations to take place.

Based o the above Amazon[48] proposes an airspace design for small drone operations in different
volumes split by height. Thus, drones would be allowed to operate in higher levels as long as they are
well-equipped to meet highergrformance requirements. Neflying zones are also defined.
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FAA CORIOPJ49]is built uponcontrolledairspacgClass B, C, D and E) and uncontr@lespacgClass
G).

UTM operations (carried out below 400ft AGL within theskimes) take an analogous approach to
the one from manned aviation in uncontrolled space. In line with this,AustralianCONOPStates

that UAM operations could take advantage of existing VFR corridors, transition routes, or existing
helicopter procedues|8].

Within this concept of airspace segregated by volumes and drone operations iGORIWF6], TERRA
[50],andDACU$51], characterised these volumes according to the services being offénedype of
operation and access and entry requirements. Then, only those vehicles meeting the corresponding
requirements would be allowed in the different volumes defined.

The three projectseferred to above are based on three airspace volume types (X, Y and Z) that differs
from each other in the provision of conflict resolution serviddse most complex environments.g.,
urban) will be typeZ volumes, demandingre-F f A AK i 0 éniliét Kekolut®a and éflight O
6ail OGAOFEE0. O2y FE AO0G NBaz2ftdziazy

Free route

Free routing is a concept based on which aircraft can fly any path, so long as their planned path is
coordinated with and deconflicted from the paths of other aircraft by a itaffanager and approved
based on calculated rigk2].

2 AGKAY GKA& CNBS w2dzi§ I NP dzLMetropdis347]dit€ well, Sincaih E€ | A
describes an unstructured airspace whéaafic is subjected to only physical constrains, such weather,

static obstacles and terrain; therefore, aircraft are permitted to use the direct path between origin and
destination, as well as optimum flight altitudes and velocities.

Layerd levels

SAFERONHS53] considers that it should be possible to separate the VLL airspace in several vertical
levels; but find that having several fixed levels of flight coulihb#icient because it would limit the
altitudes to fly and tle number of operations. For assuring a safe separation in the vertical plane, U
space deconfliction services would be used to detect the possible conflicts and could provide the
operators with a range of safe altitudes for assuring the distances to otaened flightplans.

In line with this,the Metropolis Layers concept describes the airspace as segmented into vertically
stacked bands, where each altitude layer limits horizontal travel to within an allowed heading range
[47]. This segmentation of airspace helps to reduce the probability of conflicts, but it comes at the
expense of efficiency.

Key Findings

It can be summarised thatapacity increases when the horizontal path of aircraft is not ever
constrained and when verticabnstraints are used to separate traffic with different travel directions

at different flight levels as for the Layers concept. This mode of structuring improved performance
over a completely unstructured airspace by decreasing relative velocities bemiezaft cruising at

the same altitude, while allowing direct horizontal routes.

On the other hand, corridor and fixed flight routes increase safety when there is high traffic density.
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Additionally, UAM operations will be developed in type Z airspa@sadding strategic and tactical
deconfliction services.
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5 UAM Specific Services

UAM services are intended to support UAM operators to enable aadefficient use of the airspace
volumes via meeting UAM operational requirements and in compliance with tegylequirements.

These services may range across operations planning, flight intent sharing, strategic and tactical
deconfliction, airspace management, and support to contingency and emergency management. The
following subsections provide an overview the UTM services, UAM services and the proposed
centralised and deentralised architectures, as well as the services expected towards certain airspace
types.

UTMservices

The Europeamvide Concepof Operationdor UAS targeting an UTM concept callegdpéce, referred

I a &/ COMORYS5], was released in 2019. A fair amount of the results of CORUS already found
their way into the new EASA draft opinion that regulate the overall aviation safety within EB@ope
U-spaceservices have been presentad CORUSwhere arefurther divided into 3 implementation
stagesregardingUl, U2 and U3.

In 2018, the FAA NextGen Office released an initial overarchimgeptof operations(V1.0) for UTM

that presented a vision and describedettassociated operational and technical requirements for
developing a supporting architecture and operating within a UTM ecosystem. In 2020, the FAA updated
this CONOP$V2.0)[49] to document the continued maturation of UTM drshare the vision with
government and industry stakeholders, where 19 UTM services have been identified.

A detailed description of these services can be founrfippendix D

Within recent research and development activitiesetltUTM services and relevant supporting
technologies have been widely studied, for instances: In PODR)Mthe project tested the
performance of prelight and inflight services using different scenarios ranging from airfgzations

to beyond visual line of sight. The results were used to draw up recommendations on future
deployment, regulations and standards. In SABR the objective of this project is to test several
U--space services amaged by three USSPs and one ANSP within a real urban environment. The USIS
[55] project sought to validate the services that will be provided I8Ptd drone operators and third
parties, including the authorities in chargd the airspace, to demonstrate their readiness at a
European level. The study considered initiabpdce services as well as more advanced services
necessary for beyond visual line of sight and operations over people and resulted for tb@ U1l
services inb categories. In DOMUR4], by integrating the already developed technologies and
concepts under aentralied architecture, the study showed that the initial and some advanced
U--space services, including tacticalcenflicton, are feasible. The IMPET[38] project looked at

what information is needed and how it will be used by drones in veryléowl airspace. An
information management architecture based on microservices is proposed, wipplods the testing

of various Uspace services. Two ongoing projects, GOH%pPand OperAccess UTM58], will
contribute to key supplementary ‘space data services and hitgvel descripbn of services to be
provided by the different services providersspectively.

UAM services

In 2020, FAA NextGen Office developed the Concept of Operations for Urban Air Mobility (UAM)
(CONOP3.0) [2] to describe the engioned operational environment that supports the expected
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growth of flight operations in and around urban areas. Similar to FAA UTM, UAM services can be
characterised i3 categories, which argervices that are required to be used by operator, servicas th

may be used by operator, and services that provide vallged assistance to the operator. A provider

2F {SNIBAOS FT2NJ!!la ot {! 0Qa NONARSWeiekE kel furictorsa & S NE
allow a PSU to provide cooperative management foMherations without direct FAA involvement

on a peer flight basis.

Similar as the services provided by USS in UTM, PSU services support operations planning, flight intent
sharing, strategic and tactical deconfliction, airspace management functions, goubrsuto
off--nominal operations. PSUs may also provide valdéed services to subscribers that optimise
operations or provide access to supplemental data in support of UAM operations. The UAM operators
will obtain current conditions from Supplemental R&&ervice Provider (SDSPs) or PSUs services which
provide environment information (e.g., weather, terrain, and obstacle clearance data), situational
awareness, strategic operational demand, UAM aerodrome availability and supplemental data.
Compared with UM, Air Traffic Control (ATC) plays an important role in UAMWwill determine the

possible impact of the contingency UAM operation on other aircraft receiving ATC services and
provides advisories or ATC instructions as necessary to mitigate the rigletcagrcraft.

In 2020, EmbraerX and Airservices Australia develop@DAOPSor the management of UAM
vehicleg a concept called Urban Air Traffic Management (UAIBMA set of UATM Services supports

the achievement of thdJATM objective. Two foundational UATM Services preparing the UATM
environment for operation are the airspace and procedure design service and the information
exchange service. In addition, four operational UATM Services providing capability-fordayUAM
operations are the flight planning and authorisation service, flow management service, dynamic
airspace management service and conformance monitoring service. Not all operational services will be
required to support initial UAM vehicle operations. Thaturity of UATM Services will evolve as UAM
traffic complexity or density increases. Each service will evolve in maturity at a pace commensurate
with the growth of operations, so that some services will achieve higher levels of implementation
maturity whie others remain more basic. The necessary operational services and their level of
implementation maturity at each UATM horizon will depend on the unique needs of each airspace
environment.

Centralisedvs. decentralised

Within the FAA UTM ecosysted], the FAA maintains its regulatory and operational authority for
airspace and traffic operationslowever, the operations are organised, coordinated, and managed by

a federated set of actors in a distributed network of highljtoauated systems via application
programming interfaces (APIs). Similar to UTM, the FAA maintains regulatory and operational
authority in its UAMbut the UAM operations are organised by a federated set of actors through a
distributed network that leveragesteroperable information systems.

Following the principles of the -Epace architecture, the SAFIR architecture realises tspdde
conceptual model through federated DTM service providers, which collaboratively provide the
necessary k$pace services tdrone operators. The state authority DTM system is the USSP, which is
acting as an information exchange gateway for the centralised service interactions between the DTM
service providers offering services to the drone operators and all other stakeholtleesSwiss
U-space is a set of decentralised services (Service Oriented Architecture) and associated functions plus
an allencompassing framework designed to support multiple drone operations. The open GOF
USPACI[G7] architecture aims to provide a framework for actors in and connected-&pbkce based
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on common principles for d9pace architectures and SWIM (System Wide Information Management)
principles [59]

In contrast, EHang AAV (AutonousoAir Vehiclegp0] is designed to be controlled by a centralised
commandand-control platform, by which the platform ensures all air vehicles are registered and
controlled to fly on specific routes. EHang believes that $ipeftight tasks can be coded, registered,
executed and monitored vishe platform to ensure safety, efficiency and quality complex traffic
situations.

Serviceger airspace

According to the specification of CORB[S three dfferent types of airspace volume, named X, Y and

Z are defined. Different services will be available in different types of airspace from differspate
phases. Some of these are mandatory, or at least strongly recommended, while others are offered if
needed.

The FAACONOPRI9] focuses on UTM operations below 400 feet above ground level and addresses
increasingly complex UTM operations within and across both uncontrolled (Class G) and controlled
airspace environments. UThperations conducted up to 400ft AGL and in uncontrolled airspace are
exempted of the obligation to seek authorization from ATC when operating. However, whenever
entering controlled airspace, the remote pilot must inform ATC about the flight intent.

For FA UAM[2], the operation airspace is divided as inside the UAM corridors and outside the UAM
corridors.For the operation inside the UAM corridors, all aircraft operate under UAM specific rules,
procedures, and performance gairements For operations outside of UAM corridors, operations
adhere to relevant ATM and UTM rules based on operation type, airspace class, and altitude.
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6 Separation and Conflict Management
UAM

It is assumed that UAM corridors will be the primary nmeubm of separation between UAM and
ATM/UTM operations. The separation assurance within the UAM corridors could be achieved at
various layers, such as strategic @metical) deconfliction, separation provision (tactical
deconfliction) and collision avaace. The required conflict management will remain valid, while the
service provisions at each layer will become increasingly merged. As the evolving of UAM automation
and performance levels, as well as the regulatory framework, the associated separssiorarzce
methods may be also subject to further development. The following subsections provide a brief
introduction with regard to the proposed UAM separation approaches, and the three layers of conflict
management (including separation criteria) that aised in UTM and which could be considered for
UAM operations.

UAM separation

According to FAA UAMONOP®?], UAM separation is achieved via shared flight intent, shared
awareness, strategic deconfliction of flight intent,datihe establishment of procedural rules. When
operating within a UAM Corridor, the FAA regulations and CBRs (Community Business Rule) include
the manner of strategic deconfliction and tactical separation. The strategic deconfliction is based on
collaboratie flight intent sharing and advanced planning and the deconfliction rules are exercised by
the PSUs. The tactical separation is allocated to the UAM operators, includifRjlei@ Command)

and aircraft capabilities, and may include support from th&$SThe PIC, supported by the UAM
FANONI F30Qa OFLIoAftAGASA YR Llaairote t{! aSNBAOS
UAM Corridor. In the event a tactical action results in a UAM aircraft operating outside of the bounds
of shared UAMOperational Intent, notifications of the effominal event and updates to the UAM
Operational Intent are shared via the PSU Network.

Strategic deconfliction

As outlined in CORUY], the strategic conflict resolution serviég invoked by the Drone operation

plan processing service. It can be invoked by a new operation plan submission or a change in submitted
operation plan. Strategic conflict resolution is before flight. This service has two phases which are
conflict detecton and conflict resolution. In DOM}], strategic deconflictioservice comparesew

flight plans with every planned or active flight plan and detects conflicts between each. The conflict
resolution function distinguishes bstenthe normal and priority flight planand provides several
alternatives to rejected ones. These alternatives may include variations on their trajectory, time,
altitude or operational volume.

Tactical deconfliction

In CORU$®], tactical conflict resolution service is implemented as an advisory seiMiteservice
requires that the positions of all aircraft are known and frequently updated in the airspace volume
being served. Based on these tracks the service predheiflicts and then issues advice or instructions

to aircraftto resolve these conflicts. Further efficiency gains may be made if the service is aware of the
intention of each flightTo solve part of the limitations of thground technologies, TERRAL] has
conducted a study of machine learning (ML) factical deconflictionand conflict prediction. The
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results showed that ML methods can be very useful in helping predict conflicts in the urban scenario.
PODIUM3] addressed separation management through the surveillance and tracking service and the
conflict detection service. The technical solution consisted in the UTM system for the USSP supervisor
to monitor both the mission and the trackersqviding drone 3D positions, and a prototype mobile
application for the drone operator. Similarly, in DAQE&E, conflict resolution services are based on
predictions of conflicts. They are triggered when the probability of tdseparation is too high, based

on the most likely predicted trajectory for each aircraftttie SkyWay63] project, a synthetic vision
methodology based on Atrtificial Neural Networks was developed, coupled with data algamithms

in order to unify other data sources, as well as avoidance trajectory generation algorithms. In DOMUS
[44], the tacticalconflict resolution service predicts possible collisions between drones, and provides
the resoltion to avoid their conflict, and evaluates eventual conflicts between inflight drones and
geofences. The METROPOLIS prdiegtsimulated 4 types of airspace structures: full mix, layers,
zones and tubes. For the first threructures, tactical Conflict Detection and Resolution (CD&R) tasks
were delegated to each individual aircraft.

Detect and Avoid

As specified in COR[B$collision avoidance is a last course of action if separation plashprawvisions

of previous stages are failed. IRULJF OS (G KS O2ftAaizy | @2ARIFIyOS &S
| @2 A Ré¢ Bhe E@St¥gic ®esearch and Innovatiohgenda[64] pointed that a promising
methodfor DAAIn order to detect obstacles and otha@affic isto use the information available in-U
space. It is because-§pace has access to the most recent maps of the environment, including the
exact location of obstacledn addition drones continuously reportheir positions to Lspace.
PercEvitg65] presented a new technology enabling detertd-avoid of grounebased static obstacles

and reduce the collision in the air during an autonomous operation. Two sensors, communication and
processing suites have been developed enabling the capability to avoid gbhased obstacles and
perform cooperative avoidance Vi#i-Fi LoRa, and LTE. DOM|48] focused on the detection and
avoidance of unexpected ground obstes, using onboard sensors. This project demonstrated the
capacity of a drone to maintain a safe distance to buildings and other objects, leveraging on a DAA
device carried otboard.

Separation criteria

The deconfliction service in IMPETU6] builds a continuous situational awareness pictlitey
continually modifying separation criteria for each object in the system in neatineal In DACU[62],
a set of dynamic separation minima critenwill be defined based on collision risk models, separation

intelligence allocation and CNS performance. For the different TERRA scdfatjoseparation

minima from terrain, obstacles and other dronase set by TERR&quirements. Considering the
importance that the altitudes of all of aircraft in the airspace are known unambiguously,
EUROCONTR(@®Z] aimed to establish a common altitude reference system and provided a basis for
discussion on sth a system. Similarly, ICARB& aims ataddressing the problem of lack of common
altitude reference in manned vs unmanned aviation, or between different drone manufacturers. The
U-space service that ICARUS will develop \alitlate can be used by drone and manned aviation to
obtain their current altitude, using a Common Altitude Reference, as well as distance from the ground
or known obstacles.
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7/ Integration with Manned Aviation

One of the main needs of the unmanned traffgcits integration with manned aviation, especially in
Urban Air Mobilityairspace where some manned aircrafts could carry out their operations.,(e.g
helicopters). This integration will need to define new flight rules to facilitate its development
Ultimately this will allow the interoperability of the two types of traffic in different flight levels
specificallyin VLL (Very Low Level) whenest UAS operations take place.

Taking into account the expected high number of simultaneous operatimbg undetakenin UAM,
acertain level of automatiomvill be neededo achieve the integration of UTM and ATM systdrhis
need has been addressed by several documesush ashe Indian UAM Concept[46] and the EC
Strategic Reseah and Innovation Agend&4], which expect automation to play a major role in the
operation of drones.

In the case of UAMthe location ofaerodromesnear urban areas highlightsthe importance of
coordination and integratiomwith ATC [69]. Thishas been aeedfrom the very beginning of {gpace
being already identifiedin the SESAR-Ebace Blueprinf4], and has continued to be addressed by
several literatureasthe OpenAccessJTM2initiative [9] andthe UKCAAUTMconcept.[70]

In addition, it is necessary to define new flight rules that apply to the UAS and to other aircraft near
them with the objective of integrating UAS into ATM,statedby EUROGNTROL iWAS ATM Flight
Rules Discussion Documdiitl], and proposes inoperational concept for UAS accommodatigi2].

The FAApproach for the integration of UAS in urban environment®iase UAM Corridors, where

the UAM operator will not receive ATC clearances nor ATC authorizations for opefations

One of the main challengder the integration of UAS with manned aviatias ensuring safety. In this
regard conspicuty is a key requiremerto allow both kindof traffic awareness, and is mandatedn

the Draft Commission IR amending 923/20Z3] for manned aircréis operating in kspaceand not
provided with air traffic servicefikewise, until DAA capabilities become available to UAS operations,
mitigations for collision risks aproposed bythe EASA concept of certificatipdb] andthe Australian
CONOPS$8]

Accordingo 9 ! { | Qa LINE LJ2 & SnRIASS flyindgwahiniai i@bgrieRvironment where U

space services are availabiejs allowed tofly above VLlaslong as it remaingnside a volume of
airspacewith services provisiondesignated by the competent authorityn this case, there shall be
coordination procedures between the ATS Unit and the relevantspace service providers to

guarantee appropriate separationsegregation between mannechd unmanned traffic. Operations

of UAS in urbaenvironmenswill firstbemanaged A { S (2 RIFI&8Qad YIYyySR KSfAO2LJ
environment In some caseshis might be even more restrictive due tioe needof operatingwithin

published predefinedroutes. In the same scenario but for operations within the CTR of an aerodrome,

it is important that the traffic managed by ATE€g.,manned helicopter operationds procedurally

separated and segregated from the UAS traffic managed-$iyade servicesrpviders.

In the case of piloted VTOL operations, in a volume of airspace whspadg services are provided,
it is expected that piloted VTOL adheres to thesspdce services and uses them to mitigate the air
risk with other UAS or manned aircraft flgiin the same volume of airspace.
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This is a nomexhaustive list of projecthat have addressed the integration of unmanned and manned
aviation for which further details can be found Bppendix E

1 PODIUM3][13]
SAFIR54]
DEMORPAS4]
SKYWA[63]
GOF2.457]
SAFEDRONB]

1
1
1
1
1
1 SESARACU$2]
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8 Contingency Management

Contingency and emergency management is an essential pare & ASTraffic Management (UTM)
paradigm, as reflected by the fact that many projects, demonstrations acknblogies have been
developed in order to manage narominal operations under loss of separation of UAVs with other
aircraft, hardware malfunctions, cybattacks, and geofence intrusions, among other contingencies.
Details about these projects can betaimed in Appendix Gwhere the most relevant pieces of
regulations and project outcomes regarding contingency and emergency management are reviewed.

Contingency management is explicitly stated in relevant regulations as reqolicegdures, as it
appears within several European regulati¢@$] [76] and FAA rules regarding vertiports and remote
identificationand trackind77] [78].

Existing concept of operations regarding UTMsdace and UAM across the globe analyse contingency
and emergency management with respect to a variety of solutions. The Europspaced CORUS
CONOP] differentiates between mitigation, contingency and emergency, from less to more severe,
and expects the drone operator to define a series of contingency plansséandard operating
procedure Similarly, it defines contingency plans for soméhefU-space services.

The UAMCONOPQ)y the FAA[2] describes two contingency scenarios involving-rafiminal
operations and emergency landing, and describes the role of the UAM operator, the provider of UAM
services and theole of the PIC if a contingency occurs.

Similarly, the Australia@ONOP®r UAM [8] analyses ofhominal operations such as a change in
vertiport destination, unsuitable weather and vertiport unavailability. It also comsitiled vertiport
approaches and analyses the development of procedures for emergencies.

In addition to regulatory efforts and UANCONOPSIescriptions, contingency and emergency
management have been studied in a series of projects as a main focal paisiam additional result.

Research projects DOMUS, SAFEDRONE and Galician SkyWay have a strong focus on contingency
management.

The DOMUS projef44] developed a specific service to manage emergency situations (the Emergency
Management Service, or EMS), which is able to manage abnormal situations and protect manned
aircraft operations. It does so by registering alerts from several services, thus providing a mechanism
to send notifications to all involved actors, and definimgeegency geofences.

The SAFEDRONE proj@@] developed a series of procedures depending on the nature of the UAV
(fixed or rotating wing). It also studied in detail encounters between manned and unmanned aircraft
at Very bw Level and analysed interactions with ATC. This project concluded #@adé services

must be as automated and unified as possible in order to reduce workload. Another conclusion comes
from the technicalrequirements of aircraft systems in order to pent and mitigate contingencies,

such as 4G/LTE tracking, ABSystems, ground control station specifications and communication
requirements.

The main focus of the Galician SkyWay pro[é8&i, led by Boeing Research & Tecluyyl Europe,
studiedin detail 6 contingencies:oss of Power, Loss of Engine, Loss of Ownership, Loss of Separation,
Loss of Link and Loss of GNSS, as well as a central Contingency Management Engine which would be
able of taking autonomous decisions. Thexfprmance of these contingency solutions was tested on

a specific simulation enginghe SkyWay Simulatdi79]. Additionally, it was tested on several flight
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campaigns at a research aerodrome located at Rozas, Galicia (NsttBpa&in). Hardware prototypes
were developed for some of the contingency solutions.

While not being focused on contingency management, several other projects have addressed the
implications of contingencies and emergenciBseOpen Access UTM Researchglamme, a recent

review of UAM scenarios for UAVs, and the SESAR projects DEMORPAS, DREAMS, DACUS, TERRA,
PODIUM, SECOPS and USIS.

The Open Access UTM Research Prografdiaelivered an UTM framework paper descridpia set

of scenarios, including operations taking place over urban areas and their possioenuoifal
deviations. A review of UAM scenarfd$considered contingencies caused by engine failures, adverse
meteorological conditins and internal system failures. It also analysed the emergency responses and
the required coordination with ATM and landing sites.

Regarding the SESAR projects, the DEMORRjest [74] firstly studied in 2016 the suitdlity of
reproducing with RPAs the same emergency procedures used in manned aviation, deeming it unsafe,
as it lowered the predictability of the intended RPA emergency trajectory

The DREAMS proje@0] applied the SORA metholdgy and EASA risk matrix to a set of operational
scenarios involving emergency management caused by aroaiffnal situation.

DACUYS81] [51] [16], following the COBS Uspace structure, takes a look at the Emergency
Management service, which must be available in a Z airspace.

The TERRA projef0] considers contingency plans in the case the combination of likelihood and
severity is medim/high.

An emergency warning system was developed at the PODIUM pfbigctvhich would immediately

notify all the relevant stakeholders (authoritteR N2 y S&a X0 Ay OF &S 2F Iy SYSNE
of generic procedres was developed in the case of-nfiminal procedures (loss of link, DAA failures,

RSANI RIGAZ2Y 2F yIFIGAIALGA2yX0d ¢KS GSNXYAYIldifAz2zy 27F
nominal situations.

Lastly, the SECOPS project, with a strong foauseourity[82] analysed illegal geofencing crossings
and cyberattacks within the Lspace ecosystem, and the USIS prdj@8} considered alerts informing
ATC about deviations from the planned noss

As we can see, the approach to contingency and emergency management has a strong heterogeneity,
and this issue is addressed at both the regulatory layer and at the definition of CANDP.SL is also
studied in detail within several research projed®ce contingency management is considered
essential in order to provide safe and reliable drone operations within an UTM ecosystem.
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9 CNS Requirements/Architecture

In general it is not possible fordronesto rely on the standarddommunications,Navigation and
Qurveillance (CNS) solutions that manned aircraft ,usdich drives the need to resort to
non-conventional CNS solutionshose performances will play a central role in any capalilityed
schema that articulates drone access to airsp&dé.

Furthermore,CNS system performances vd#itermine the capacityof the airspacelts operational
volume shall be characterized by the positiceeping capabilities of the UAS in 4D space (latitude,
longitude,altitude, and time), inparticular:accuracy of the navigation solutipfiight technical error

path definition error and htencies. Thus, nmimum requirements must be set to ensure safe
operationg[81]. Theserequirementsmay be the basis of standisconsideringhat each environment
(X,Y, Za, Zig particular in the minimum performance requirements and such particularities should
be reflectedby issuing of standards per environment or type of opera{ioy.

In gereral, aservicebased systems foreseenfor UAM, where the quality of the information will
always comply with the requirements necessary within the operational mistances[64]. The
following sub sections summariige man conclusiongbout CNS requirements.

9.1 Communication

In terms of Communications requirements for UANE AustralianCONOP8ontemplatesthat eVTOL
operations will conduct deteeand-avoid through some combination of human and technical systems
[8]. Initial eVTOL operations are expected to be piloted aircraft that will require voice communication
capabilities. In the future, eVTOL aircraft are expected to evolve towards autonomous operations with
increasing levels of automatioas technology and associated regulations mature. Specifically, it is
expected that:

1 UAM vehicles will need to be capableseif-separationinside UAM corridors.

1 UAM vehicles will need the ability tononitor and communicate with each other
Communication des not need to be through voice.

On the contrarythe FAAUAM CONOPS8onsiders thatwo-way voice communication with ATC will
not be conducted inside UAM Corridors during nominal operati@js However, for ofhominal
operations (vehicle out of UAM corridors), ATC must be connected by radio by the pilot/operator

With regards to the technologiesMobile Networksare themost promising2 Y S F 2 Ngrdud{ Q | A N.
communications. Several projedtgave explored the use and perfoance of3G/4G networks, even

of 5G for the future[57] [50] [85]. Other projects like DroC2om have worked irthe design and

evaluation ofan integrated cellulasatellite system architecture concept f62 linkin order to support

reliable and safe operations based on rg&lVmeasurements and modellir{§6].

However, some projects raise concerns about the performandéatfile Networks at high altitudes

[54]. It is something that must be evaluated as soon as posaitlelarify what is the thresholieight

for a good performanceAdditionally,LTEnetworks present some drawbacks regarding integagta
security, and even latency if they have to be used instead of the C2 link, so in order to provide the
required level of robustness, two independent LTE service providers will have to be used
simultaneously by every drone operator/ traffic manaf&o].
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In this sense, theSkyWayproject implemented a tool for analysing thE basedcommunications,
called GSNADT (NetworkLevel Attack Detection Tgol[63]. This tool is envisioned as a
hardwareagnostic and transparent network analysis t@alpable toanalyse the communication
network between an UAV and a GCS for link monitoring allows to prevent Loss of Ljrgit(iations

Other project calledPERCEVITIB5], proposes Wi-Fi technology sensors to be used ag-air
communications sensing hardware. A technical analysis of the feasibility of usingri Vibr
broadcasting drone locations allowirtg avoid collisionsis carried out. The analysis shows that
communicationfor sense and avoid does not require a high throughput, but high reliability and range
to ensure a timely collision avoidagac

9.2 Navigation

According tahe AustralianCONOP], the main Navigation requirements are exposedhel

1 UAM operations will need to have Area NavigatiBNAY, Required Navigation Performance
Authorisation RequiredRNRAR) capabilityor better.

1 UAM vehicles will need to be capablepsécise positioningand give a level of assurance for
ATC and all apace users that eVTOLSs will stay in the defined UAM corridors.

1 UAM vehicles must be able s&lf-monitor conformancewith the flight plan in the corridor.

As mentioned, navigation requirements must be more stringent in urban areas. This can also be seen
in other projects such as TER[BA:

1 The navigation system shall provide a horizontal accuracy below
1 The navigation system shall provide a vertical accuracy b&taw.

1 Inurban areasthe navigation system shall providéhorizontal and verticalccuracy below 1
m.

It is generally recognised that Primary navigation will be based on existing Global Navigation Satellite
Systems GNSPwith simultaneous reception of GPS, GLONASS, GALILEO and BeiDou (not all will be
required) Precision positioning for approaches to critical infrastructesg, vertiports) or for flight

in urban airspace (Type Z) may also be requireduiring WAAS/EGNOS augmentatiofi$2].
Furthermore, using integrity monitorg based on GNSS augmentation is neededmiintain
navigation integrity failure risk in norsegregated airspace and urban (high density) environment
below 10° per flight hour, to ensure an acceptable level of collision risk.

However, some shortcomingseaalready recognisedb0]:

1 BVLOS applications a highdensity drone airspace volume, where accuracy and continuity
are limiting factors for separation, continuity of service above 0.999 is needed to maintain
collision riskbelow 10° per flight hour.

1 Urban canyonswith high masking angles and high multipath conditions that worsen the
accuracy of GNSS.

The SkyWayproject exposd three complementary technologiethat have been combined for
enabling an alternative to GNSS igation: Visuatinertial Odometry (VIO),Image registration(IR)
andSignals of OpportunitfSOO). The combination of the three technologies achieves a performance
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and operational range. Current results show that an absolute horizontal position errah&ss0m
is maintained within a wide variety of operational conditions.

9.3 Surveillance

Regarding surveillance, drones are expected to be collaborative, meaning that they broadcast their
position to be seen. Some proje@salysethe use of ADSB technology but the most of them not
recommended its use on VLL-&pace airspace due the poor coverage, the poor deployment, and the
saturation of 1090MHz frequency. Secondary Surveillance Radars (SSR) are discarded too by similar
reasong49][63].

Telemetry reporting by Mobile Networksis the most promising technology for surveillance
applications. In several demonstrations, [ROMUS44] and VUTURA14], mobiletechnology has
been used, either to send the information from the GCS to th8pdce system or to send the
information directly from the UA\Definitely, facilitating groundbased drone surveillance through the
4G/LTE network would circumveritd spectrum saturation of AR userg87].

Telemetry reporting usingmobile networksmust be supplemented with aindependent drone
position calculationto confirm the integrity of the position reported by the dron&me examples of
these tracking service are: Tiangulation, OTDO2& NJ wRaflio Rositioning SystémiR®S is a
cooperativeindependent surveillance system that calculates drone positioning basedoeived 4G
signalstrengths Accuracy of these technol@gi is currently much worse than GNSS accuracy, but they
assure the integrity of the data from position reporting technig{#$ [50].

Focusing on the FAA's point of vidar UAM surveillanc2], UAM aircraft identification and location
information will be available to the UAM operator and to trsurveillance etwork. Thiswill not be
provided by ADSB or transponderdor operationsin the UAM Corridorgso much so theADSB and
ATC transponders are prohibited from use in small)UA8nce information must be sent Remote

ID (RID)However, for offnominal UAM operations (vehicle exiting UAM corridor entering surrounding
airspace), ADB and transponder might be acéted[78].

On thecontrary, the AustralianCONOP#®Bdicates that, or initial UAMoperations, eVTOL aircrafuwill

be equipped with ADB, to the same standard as required of other aircraft within the airspace
category in viich they operateBeyond initial operations, eVTOLS are expected to be equipped with
technology to support higiprecision cooperative surveillance.
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VR

Indicators and metrics will be essential for assessing the performance ofANedsvironment and

for evaluating the effectiveness, suitability and performance of the systems, technologies and
operational procedures being developed. The following section introduces the key indicators used in
UAM performance and UTM demonstrationspestively.

Indicators forUAM performance

Below is an initial list of indicators and metrics that are used to assess the overall performance of UAM

[8]. Monitoring these indicators and metrics will be important after implenagiun to ensure UAM

operations and the airspace remain optimised.
Safety

I Safety occurrences near vertiports

9 Safety occurrences in controlled airspace

I Safety occurrences outside controlled airspace

9 Vertical and horizontal separation
9 Flight 4D compliance/necompliance

Environment

9 Noise occurrences near noisensitive areas

I The amount of energy consumed

1 Compliance with environmental obligations

Capacity

9 Vertiport capacity

I Airspace capacity

1 Route/corridor capacity
Demand

1 Vertiport demand

1 Airspace demand

1 Roue/corridor demand
Flight efficiency

9 Flight route efficiency

9 Flight route throughput

9 likelihood of conflicting traffic

9 Airborne holding time

1 Availability of efficient routes/corridors
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Flexibility

)l

Provision of flexibility when traffic loads need to be gliaged to ensure operational continuity
and/or efficiency of traffic flow

The ability to plan in advance, request on demand and make changes to flight requirements
Enables flight plans to be updated as required due to changes in the operational environment

Allows airspace that otherwise would have to remain reserved if it could not be made available
dynamically to be used periodically

Predictability

1
1

Knowledge of where UAM vehicles can fly and increased likelihood of airspace access

Assurance of vertiport HEO accessibility for departure and arrival and route/ corridor
availability

Ensures that a flight plan can be reliably implemented without impact from other UAM vehicle
movements

Provides a system for identifying what airspace is available at what tinppo8s business
continuity for vertiports, fleet operators and their customers, despite airspace changes

Access and equity

1
1

)l

Airspace access authorisation approval rate

Able to access to controlled airspace through the use of dedicated airspace structares an
routes

All airspace users can gain access to thelexel environment

Pilots and fleet operators can gain access in a transparent manner to the shared resources of
vertiports and airspace

Possible availability of airspace whilst enabling prioritisatibairspace access

Participation and collaboration

1

Provision of a structured means by which new vertiport infrastructure can be considered

Global interoperability

9 Standardised structures and procedures for the UAM industry used in different countries
Infrastructure

9 Vertiport utilisation

9 Vertiport distribution

Information exchange

I Timely and accurate information exchange
1 Information security
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wide range of indicators have been used in UTM live experimentation and flight demonsti&8)ns
[88][89]. Relevant KPAs and KPIs are sunsadtebw:

Table2 KPAs and KPfer UTM flight demonstration[88]

KPAs and KPlIs

Accuracy
9 Altitude and position accuracy

9 Reference system for altitude and
position

Reliability
1 Data integrity
9 Robustness to GHS&ilure

Availability

9 Time to recover from $pace system

Classification

9 Discriminate drone from GA, bird, etc.

1 Time needed to retrain the Aveillant

failure NCSS (new obstacle in the coverage
zone)
Interoperability Detection

1 Interoperability with exterior systems

9 Coordination with exterior stakeholders
(pilots, ATM, police, ...)

9 Detection exhaustiveness

9 Capability to discriminate

Identification
9 Access to registration database

I Identification exhaustivity (drone
parameters, owner, etc.)

Failure mode
9 Determnistic failure mode

9 Frangibility, lethality

Security / cyber security
9 Cyber vulnerability
9 Data sharing

Performance

1 Operational capacity

Deconfliction
9 Conflict detection

I Separation margin

Scalability
9 Detection range

9 Number of drones

Real time capability

Communication (all types)

9 Latency 9 Data integrity
1 Real time agility 9 Bandwidth
Automation IHM
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9 Reduce cognitive loads of Air Traffic 1 Reduce cognitive loads of UAV
Controller/ drone pilot, etc. controller/ Air Traffic Controller/ Drone
pilot, etc.

Cost Human factor

I Crew Assessment of UTM Information

9 Costof tracker, antennas, radar )
Properties

The above list is a neexhaustive summary of indicatof@etailed descriptions of the concerned KPIs
can be found iAppendix |
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11 Gap Andysis

Due to the relative novel character ofgpace and UAM, the technologies and systems that support
them are not mature enough to achieve the level of safety and efficiency that is normally required in
manned aviation.

Several gap analyses have beenfpened. The analyses are based on existing expertise, surveys,
literature reviews, interviews and analyses of outlook studies and operational concept documents. The
overall conclusion of several studies is that the gap indeed exists.

The DREAMSoroject [80] analysed the information gap between manned aviation and the future
drone communityidentifyingtwo major gaps:

1 The lack of information provision about reéahe manned traffic
I The gap in data services required to achieapacity management in higitensity traffic.

Contrary to other sources, ¢éhproject proposes to mandate the use of AB&ansmitters for both
manned and unmanned traffic in the urban uncontrolled VLL environment, to ensure that means are
available to safty operate those in the same airspace. To cater for capacity management, geo
vectoring is proposed to be implemented for drone flights.

ThelIMPETU®roject [90] assessed the availability of current information systems towareg thse
for drone flights in a k$pace context. The main gaps identified here are:

1 Aeronautical and geospatial data are missing the necessary level of detail to facilitate drone
operations;

9 Information to describe flights is not yet available for drones;

I Gommunication infrastructure to assure the link between the drone and the ground control
station is not yet in place;

9 Availability and accuracy levels in terms of navigation needs improvement;

1 Surveillance is insufficient and not yet defined to the requimeduracy level;

91 Drones are more vulnerable to the effects of weather.

The gap analysis concludes that data information provision must be improved, where available, must
be delivered from the manned aviation systems and must be certified by a competdmtrawt Also,
information exchange with manned aviation must be catered for. For the communication issues, a
dedicated aviation spectrum must be provided for in accordance to internationally harmonized
standards. For several information elements, a ceireal solution is preferred, e.g., for the tracking
information and a central Europeandpace authority is proposed.

The DACUSroject [51] identified communication in urban areas as an important gap. In case of
comm+ailure, the pilot will not be able to control the drone. Coverage in urban areas must be
improvedby increasing the number of antennas and redundatisyng the 4G network will improve
things as well, though this will not work at higher altitudes as the netwotkraras as tilted down.

The project also mentions surveillance broadcast as issue for the same reasons of lack of sufficient
communication infrastructure.
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TheTERR#Aroject[50] analysedCNS technology according to their qualit quantitative termsGaps
identified by TERRA are the following

I Communication technology will need to be fast enough for-teaé conflict detection. The
current quality of the networks will require them to be dual implemented using two different
independent providers;

1 Navigation will require integrity monitoring algorithms to detect gross errors in GPS and
EGNOSS data. Urban Canyons will introduce masking areas and create multipath conditions
that threaten the accuracy of the GNSS.

1 Surveillance wiilalso require independent confirmation of integrity of the tracking data.

In particular, this leads to an identification of the most suitable technologies for:

I AJ/G communication. LTE technology is preferred because of its availability in the low
frequeng band and its level of coverage and deployment. A good solution would also be
WIMAX;

1 Navigation. In Urban conditions, a combination of complementary techniques is preferred that
consists of GNSS, EGNOS, 5G, LEO dmhoth inertial systems;

1 SurveillanceThe use of cellular networks (3G, 4G and 5G) will meet most of the functional
requirements.

To counter for the low accuracy of existing independent tracking solutions, traffic density of drones
should not be too high and must be further limited in casenmed aviation operates in the same
airspace. With the introduction of 5G, a higher accuracy in telemetry reporting can be achieved hence
larger numbers of drones will be able to operate simultaneously.

TheAIRPAS$roject focused on oiboard technologiesrad identifies gaps for:

1 Current communication systems lack sufficient infrastructure to support the required
bandwidthfor U3 and U4 deployment.

9 For surveillance, the current AlBSbroadcasting equipment does not provide sufficient ICAO
addresses and theOBOMHz frequency band will not suffice as the same frequency is used for
other functions as well.

The project proposes to perform analysis in urban areas to identify areas of poor communication
coverage. Guidelines for the market to define the necessamglity of communications must be
developed. For surveillance, another solution than AD&eds to be sought.

The general conclusionis that UAM functionalities are not yet as mature as they should be. In
particular the following gaps are identified:

9 Information provision is not as accurate as should be;

T CNS functions and systems do not provide the quality that will allow safe and efficient urban
operations;

9 Integration with manned aviation is not at the level of safety required in aviation.
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12 Safety Assessant Methodology

Safety assessment methodologies areethodical evaluations of a systenperformed with the
objectiveof demonstraingits compliance withcertainsafety requirements.

UAM is a novel scenario that involves new systems suchsgmte and UA®hich regulations and
standards are under development. Theost recent regulation to come into force in this scenario is
the EU Regqulation 2019/94[8] for UAS which defines three operational categories according to their
operational risk: Open, Specifimd Certified. The Open category is reserved for the less risky
operations and does not require authorization, the Specific category is for medium risk operations and
the Certified category covers the highest risk operations such as those involving caegig or

flying over assemblies of people.

The safety requirements for these categories are proportional to their operational risk. The Open and
Specific categories are the less demanding ones while the Certified category has requirements closed
to manned aviation.

In manned aviation there are well established safety assessment approaches detailed in EUROCAE/SAE
recommended practiceEB79A/ARP4754A107]for aircraft system development arARP 4761108]

for safety methodsThey assess safety startinghwva Functional Hazard Assessment (FHA) to identify
potential functional failures and classify the hazards associated with specific failure conditions, and
then they continue with Preliminary System Safety Assessment (PSSA), and System Safety Assessment
(SSA) to derive safety requirements and demonstrate the system meets these safety requirements. In
addition, theARP 515@tandard is used for aircraft safety assessment in operation.

In the scope of ATM, the European Safety Regulatory Requirements (ESAtRIR)atearly identified
mandatory (safety regulatory requirements) and Am@andatory provisions providing rationale,

Of FNATFAOIGAZ2Y YR adzLILR2NI YIGSNAFE® 9{!ww o a!
t NEOARSNEE YI yRIGSa diokShfety Mandig&ne gyatenis [SMS) by pyoRderdza

of ATM service€ESARRAwWA &1 ' aadSaavYSyd FyR aAdA3ardArzy Ay !¢
and mitigation, including hazard identification, in Air Traffic Management when introducing and/or
planning changes to the ATM System. It applies to all providers of ATM services in respect of those
parts of the ATM/CNS System and supporting services for which they have managerial control.

ESARR 4 develops further ESARR3 requirements on risk assessmertigatidmmiln this case the

safety assessment process is an iterative protiesconsists oAnFHA PSSAandSSAderived initially

from ARP4754/ARP4761 and modified for dedicated best practices for safety assessment in ANS added
since early editions.

These AMCs and guidance materak to be followedby UAS in the Certified category as already
described in SC VTOL and SC Light UAS. However, the future CS UAS will concrete the requirements for
this category.

On the other side, the Open and Specific categphavefewer demanding requirements. THeU
Requlation 2019/9474] accepts theSORAnethodology as AMC. SORA provides a process consisting
in 10 steps to analyse a propos€@DNOP&nNd establish an adequate level of confidersmethat
operatiors can beconducted with an acceptable level of risk.

As a result of the process, SORA provides a Specific Assurance and Integrity Level (SAIL) determining
the necessary mitigation actions to achieve an acceptable level of risk. SORA provides a table called
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Operatimal Safety ObjectivesOSO}¥ which defines the objectives to be met by the operation
depending on the estimate8AIL

The Acceptable Means of Compliance for these OSOs are under development in EUROCAE Working
Group 105 which has already publisigd280[109]which contains guidelines to obtain the evidences

that the UAS is design considering system safety and reliability and perform the required safety analysis
to fulfil part of OSO#RUAS is designed considering system safety and reliability) requirepientow

and medium level of robustness.

The document outlines the steps to perform tlsafety analysis for low and medium level of
robustnesswhich use previously discussed method: define CONOPS, pédridias defined irED
279[110] for medium leveldescribe the UAS architecture, assess failure conditions (using FMEA for
low level and FTA for medium level) and check if safety objectives are fulfilled.

Regarding k$pace,CORUS19] proposedthe MEDUSAsafety assessment strateg¥yhe MEDUSA

process proiwdes a holistic approach to the-8pace safety assessment incorporating different
viewpoints, not only the operator perspective (which comes with SORA), but also the airspace
perspective of the kBpace service provision and the interoperability of thesevises with the

ATS/ATM. Theperator<perspective remains within MEDUSA with the reception of different SORA
assessments, and the-dpace perspective with the integration of those results in a single safety
assessment. This safety assessment shall belumied considering normal, abnormal and faulted
conditions in order to derive a complete and correct set of safety requirements/mitigations to be
implemented at U LI} OS &SNWBAOS S@Stsx |G RNPspate séntids NI & 2 NJ
LINE @A R $SEh Qs ATSoSiders.

However, it should be noted that the safety assessment methodologies fgpade are under
development as there are still no regulation and SORA Annex H aksp#dd risk assessment has not
been published.
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13 Verification and Validaon

Flight demonstration is an effective means to verify the operational capabilities of UAS in specific
environments and the maturity of UTM services and technologies, contributing to conceptual
validation and implementation. The existing flight demoasitns cover a wide variety of UTM
aspectsSome typical demonstrations aseimmarisedn the subsequent paragraphs.

TheDroC2on191] projectreviewed the capacity of the existilegllularand satellite infrastructure that
suppats C2 datalink communications, using live flight trails and simulations to test availability and
performance

GEOSAFPR2] set out to establish geofencing-¢pace solutions and to propose improvements and
recommendationgor future definition.This projectvas based on a orgear long flighttest campaign,
including 280 flight tests in urban and rural areas.

To safely integrate drones into the airspa8&\FIR92] conducted a series afemonstrations to show

how technology can support the safe deployment of a multitude of drones in a challenging airspace
environment. The test scenarios included parcel delivery flights, aerial survey, medicdlaspital

flights and emergency prioritgion.

The ongoing projectDACUS$81] will address challenges and gaps identified through their validation
activities, which include the design of advanced models, the development of new functionalities of the
U-space serdges to support the defined Demand and Capacity Balance (DCB) processes, and the
execution of fastime simulations to assess the evolution of KPA when implementing DCB measures
or in unexpected events.

NASAcollaborated with theFAA UAS Test Sitesand irdustry to develop and test a UTM system
research prototype to help identify requirements for an operational systight demonstrations and
National Campaignsvere conductedto assess the feasibility of operations across the Technical
Capability LevelsCL) 4.

UAM relevant flight demonstrations have been tested by means ofti@& human in the loop
analysis and fast simulation. For the former, a Higklity simulation of Essendon tower traffic tested
the degree to which the current ATC system coalttommodate a growing number of UAM
operations. For the latter, the fagime simulation established the limitations of the current system
and identified the benefits of introducing UATM servif@#ls

Simulation is a key enddy of the development of tpace, which allows researchers to explore and
evaluate UTM concepts, techniques, services and architectures that are still being defined yet will
serve as critical foundations for the future proof 68pace. In recent yearsgeowing body of research

has shown the capability in providing a holistic framework for UTM simulation.

As one of the early efforts, NASA, in collaboration with various stakeholders, has developed a multi
faceted simulation component hosted in its UTMoaeatory, which supports neaerm live flight
testing in addition to further term concept exploration.

Multi-Aircraft Control System (MAJS3}], as an example, is a client that helps generate custom; map
aided flight profiles and operational volume3he operational volumes could be submitted to the UTM
research platform Any number of flights is able to be operated in autonomous and manual modes
which provides the user the ability to perform specific manoeuvres during flight
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Fée, a fasttime simulation tooldeveloped by NASAas been usedo study the highdensity and

low -altitude air traffic system. It is composed of two key functions: trajectory generation and collision
avoidance, which has proved the capability of perfing highfidelity Monte Carlo simulations to
support statistical analysis of the UTM operat[84].

In the scope of projecMETROPOLI®S5], the Traffic Manager (TMX) software was used as the
simulation platform which is based on a meditfidelity desktop simulation application designed for
the investigation of novel ATM concepts.

The advances in agebased techniques have enhanced the simulation of UTM operation scenarios

where constant coordiation within stakeholders is envisioned. A survey has been conducted across a
number of welknown agentbased frameworks, such as Gazebo, AirSim and Janus, comparing their
applications in UTM simulatiori86]

AgentFLYis a mult-agent simulator of UAV air traffic control supporting the free flight concept. It
provides a distributed model of flight simulation and control, flight planning and collision avoidance
and contains connectors to external data sources, 2D/3D visualizatimponent and a mukassess
operator[97].

MATRUSMulti-agent Air Traffic and Resource Usage Simulation) is another integrated environment
platform, which aims at air traffic simulation, communication resource estimatiatg dnalysis and
traffic animation regarding sUAS traffic in low level altitude airspa8g

Similarly, the endo-end UTM simulator POLARIS, based on AgentFLY technologies, is able to provide
simulated UAS traffic at scaleapable of generating simulated UAS traffic, simulatingbtbleaviour

2F F GNRB3IdzSé¢ 2N YIE FdzyQliAz2yAy3a ' { ¢gKAES Itftaz2 3§
flights[99].

BlusSKY100]is an ATC traffic simulator implemented following an oplerte and opersource policy,
which keeps the tool easy to use and modify. It contains simulations of aircraft performance, flight
management system, autopilot, conflict detection and resolutiod airborne separation assurance
systems.

A gateto-gate ATM/Airport commercial simulatoRAMS Plug101], allows simulation of full 4D

movement of each aircraft through A YS> 'y R SI OK | ANLX | ySQiicralRey |l YA O
airspace structures, airspace procedures and rules. This integrated system is composed of data
preparation and display system, simulation engine and graphic simulation animation tools.

Another agentbased simulatoSkyWaySIM[79] which was initially conceived to simulate scenarios
in the ATM domain was later evolved within the SkyWay project, taking into acc@uter@in
modelling and visualization, connections with ground control stations including full RPABtsamp
connections with ATC visSTERIprotocols.

In the meantime, multiple existing SESAfSpAce projects have leveraged on the UTM simulation
capabilities. Those include Exploratory Research projpiREAMSieveloped and validated a group

of realworld scenarios via two simulation software tools (DREAMS UTM platform and BlueSky Flight
simulator)[80]; TERRA set up a simulation platform that integrates different key components such as
the ATC, communication, environment atrdck simulators, as well as a UTM mod[1€2], and
IMPETUS conducted a large amount of hybrid simulations that incorporate synthetic traffic with
reak-time data coming from operations (surveillance and tracking) obtainenh flife-trials [103].
SESAR Demonstration projects such EasoDRONH104] and SAFEDRONIEG3] also utilised
simulations, besides their main flight trails, to test anddeti some particular functionalities (e,g
detect and avoid methods) and thus partially contribute to the success of live demonstrations.
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14 Standards & regulation

14.1Introduction

The International Civil Aviation Organisation (ICAQ9] has anandatefor Remotely Piloted Aircraft
(RPA)Which can be traced tibundational articlesof the Chicago Convention naméyticle 1, 8 and

29. These articles together with the Annexes to the Chicago Convention, in particular Annex 2, provide
further logical linksbetween the existing regulatory aviation framework agreed by member states and
the operation of RPAlhese articles and related annexes result incbexmon safety principleshat

every country has to ensure safety of aviation in its@ace and ensure that RPA activities are
reviewed and operated in a manner teinimize hazardg$o persons, property and other aircraft.

14.1.1RPAS Panel

At the ICAO level, the RPA standards work is managed by the RPAS Panel which brings together
regulators anl industry from around the world to ensure geographical representation and diversity.
Once the regulatory standards asgyreedat ICAQO level, countries agbligated to implement the

rules. The current timeline for a range of provisions from the RPAS paméb become applicable by

2026 with a range of effective dates in between.

Table3 ICAO RPAS Panel Proposals for UAS provisions

Area Provision Review Date Effective Date Applicable
Registration Annex 7
Safety 2024 2026
Managenent
Licensing Annex 1 2022
Airworthiness | Annex 8, Parts 1, 8, 9, 10 2021 2026
C2 Link Annex 10, Vol 5 and 6 2021 2026
Operations Annex 6, Part 4 2024 2026
Detect and Annex 10 Vol 4 Part 2 2025 2026
Avoid
Other Meteorology, charts, accident investigation, aerodrome, AIM, security, dangerous ¢
provisions etc,

14.2EU regulations

The Europe Union legislated to form EASA to manage the safety of civil aviation within Europe and it
is empowered to do so through treas signed by its members. This regulation EU 2018/1138]

sets common requirements for civil aviation including UAS operation across Europe including the UK.
Note that the UK retained a range of EASA rules but also addqy UAS regulations prior to Brexit
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on Dec 31 2020. This means that there is for the first time a high degree of harmonisation across
Europe as a result of the adoption of UAS regulations packages 2019/945 and 2019/947.

14.2.1UAS Regulations

The EU UAS Regtibn package of Dec 2020 provide a regiaide common regulatory framework for
RPA regardless sideconsists of two separate, interlinked regulations

1. Commission Implementing Regulation (EU) 2019/947 on the procedures and rules for the
operation of unnanned aircraft in 3 categories namel@pen Specificand Certified. This
includes a set of product standards, primarily for the Open category drones for sale in Europe.

a. Commission Implementing Regulation (EU) 2020/639 amends 2019/947 to add
standard scendos for operations executed in or beyond the visualdifiesight.

b. Commission Implementing Regulation (EU) 2020/746 delays the applicability of
2019/947 due to the Covid9 pandemic therefore does not have longer term
implications.

2. Commission Delegated dation (EU) 2019/945 on unmanned aircraft and on third country
operators of unmanned aircraft systems.

a. Commission Delegated Regulation (EU) 2020/1058 amends 2019/945 to add two new
unmanned aircraft systems classes.

Given these are recent changes, EABA setup a website specifically to help the public navigate
through the ruleslittps://www.easa.europa.eu/theagency/fags/dronesias.

14.3 Airworthiness

Rather than deriving a ceridfation basis of UAS from existing-&f8cification, EASA is developing
certification and airworthiness rules from growog (seeFigurel Certification organisatio) that will
allow it to fit current and future unmanned aviatiorysfems into the GSystem.The diagram
articulates two new categories @3 OL and GSght UASthe former for people carrying small aircraft
while the laterfor cargo operations.
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Figurel Certification organisatio

14.4 Air Traffic Management

Airspace is managed nationally and internationally to standards agreed at the international level at
ICAO AL the regional level,ite SingleEuropean Sky project was sgb to increase the efficiency of
airspace use and management across Eerdyr Traffic Management applies to the safe, economic
and efficient management of air traffic and airspace including the provision of air traffic services.
Unmanned aviation and supporting functions are still evolinetuding traffic management of dres.

While the foundational principles for traffic management are the sage, maintain separation,
enable safe operations etc the building blocks are different. UTM relidgyitisationandautomation
Therefore, there is a need for ATM and UTM to fiorctogetherto enable AMULED demonstrations

to progress.

14.4.1Unmanned Traffic Management

UTM is a system designed to enable the integration of drones into airspace, including that used by
other aircraft. USpace is an enabling framework designed to fatdiiny kind of routine mission, in

all classes of airspace and all types of environment and addresses questions of interaction with manned
aviation and air traffic control. The concept aligns with the ICAO UTM framdd@orkand UTM
approaches in the USA (ref NASA UTM) and the UK (ref CP@d¢apsa UTM) are broadly consistent

with U-Space.

CKS Ad0FNIAY3I LRAYG A Z7]wWhicHréq@ras thefdi@niiag dntities tEsupFoNd Y S g 2 N
UAS oprations

1. U-Space airspaceMember States can designate one or more volumes of airspacespmatk
airspace which must be made publicly available. These airspaces can be called UAS
geographical zones @eozonesn accordance with Article 15(3) of Regidat(EU) 2019/947.
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2. Designated Service providers

o Common Information Service (CIS) providél disseminate a set of static and
dynamics data called centralized servicessupport the safe handling of unmanned
air traffic, using the same data as for madrteaffic.

0 U-Space Service Provider (US&R) organisationinvolved in unmanned aircraft
operations that will provide services necessary for the intended operations.

3. Services¢ Remote identification, Geawareness,Flight authorisation,Tracking, Weather
Conformance monitoring, Traffic information

Each Wspace airspace will have only one CIS provider while there can be several USSPs. Both entities
will have to be certificated to operate. Drone operators will communicate with USSPs and the CIS will
ensurethat there is a fair access to the airspace and a proper coordination between USSPs and other
stakeholders such as ATe CIS providers will be required to connect with nearby ATC and perhaps
there may bea need for CIS to synchronise data with eaclenth

14.4.2Interoperability

There is a need to develop communication solutions to enable key airspace stakeholders e.g., UTM
service providers to communicate data, flight plans and so on. This requires a system of systems
approach to interoperability leading tihree integration challenges:

1 physical integration using interface definitions and message protocols to enable seamless
message exchanges

9 functional integration provided by a system of system architecture.

I semantic integration to ensure that systems at@e to consume and interpret the data.

These integration challenges require solutions for Technical interoperability and-Sgberity and
Data protection provisions.

Technical interoperability allows seamless communications between hardware, softwapmoents,

systems and platforms to communicate seamlessly. Achieving it requires adoption of common
communication (including security) protocols and supporting infrastructure for the protocols to
operate effectively. There are a number of approaches (Rgbendix) that are in development such

asthe Systed ARS LYy F2NN¥I A2y alyl3aISYSyd o6{2La0d FNIYSys
underpinning data from security standards e.g., ISO/IEC 27001:2013 and NIST53P 800

SystemWide Information Management

TheSWIM concept, as part of ATM modernisation, is a means to provide a systematic, global approach
for digitally managing, accessing and exchanging ATM information such as Flight Data, Aeronautical
Information, weather or surveillance data. The concept csissof standards, infrastructure and
governance for the exchange and management of air traffic information between approved parties.
SWIM based information models have been used in the NASA UTM and SISpAét UWesearch
projects as well as by dozens of N\UBoftware developers to research UTM communications and
information exchange.
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14.5UTM Standards

Globally, there are numerous Standards Development Organizations (SDO) whose members include
governments, regulators, industry and academia and many of whiclaereely working on UAS
specifications. This initial review has focused on the efforts of the mainstream bodies actively pursuing
UAS standards namely, EUROCAE, ASTM an8tasDAlthough ISO is pursuing the standards, the
activities are at early stagesd therefore not reported here.

At the European level, the EUSCG is a joint coordination and advisory group formed in 2017 to
coordinate the UA®elated standardization activities across Europe. It aims to provide a link to bridge
European activities taibse at international level. The main deliverable of the EUSCG is the European
UAS standardization Rolling Development Plan which collates all relevant regulatory and
standardization activities and is updated regularly in order to maintain visibility wademess of the
progress. This plan can be found at its webstges€g.eu/rdp.

AW Drones, a Horizon2020 funded project (Jan 20D@c 2021), is building a repository of technical
standards and best practices whicbwn available to the public and industry (https://standards-aw
RNRYySadSdxod ¢KA& RFEGFO1I&S KIa FRRSR Iy SEGNI &;
the work of the EUSCG.

The following is a listing of significant standards available or innignapplicable to airspace
integration for UAS operations

14.5.1ASTM

The ASTM F38 UTM Committee was created to build industry consensus on UTM with a view to
converting this into standards. The standards activities cover the UAS ecosystem including UTM which
is built on the learnings from the NASA and FAA UTM trials programme.

1. F3411-19 Standard Specification for Remote ID and Tracking

2. WK63418 New Specification for UAS Traffic Management (UTM) UAS Service Supplier (USS)
Interoperability

3. F3442/F3442M20 Standrd Specification for Detect and Avoid System Performance
Requirements

ASTM Interoperability ParadigmDiscovery and Synchronization Service

The Discovery and Synchronization Service (DSS) is a concept for facilitating the discovery of relevant
airspace dta and synchronization between multiple participants when updating airspace data. DSS
was originally introduced in the Network Remdi2 standard and has also been opsurced by the

Linux Foundation.

The standards draw on the Federated approach in winahiiple USSPs can be active in a given region
with each responsible for delivering several services. Participating USSPs are then required to be able
to share data on a pee?-peer basis. The necessary p&epeer collaborations are to be achieved
usingthe Discovery and Synchronization Service (DSS).

The interoperability solution is made up of two parts:
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1. A Standarebased Discovery Mechanism referred to as the Discovery and Synchronization
service which has 2 functions:

a. To be able to identify USSPs ware active and with which to datexchange is
required; and

b. To ensure that each USSP has accounted for existing flight entities belonging to other
providers when necessary.

2. Service specific data exchange models used together with the DSS services.

14.5.2EUROCAE

ED266 Guidance on Spectrum Access Use and Management for UAS
ED267 OSED Detect and Avoid in VerydLewel Operations

ED269 Minimum Operational Performance for Geofencing

ED270 Minimum Operational Performance for GEaging

o~ wDdhE

Draft ED282 Minimum Opeational Performance Standard for UARIEntification.

14 .5.3ASDSTAN Direct Remott

2019/945[23] imposes that all drones operating in the open angl specific category belgw 120 m are
equipped with a remote identification funkt2 y LINR @A RAY 3 GANBEt Saad RAIAGH
registration. This standard provides information in support of direct remote identification.

14.6Vertiports/heliports

Annex 14 vol 2 provides heliport design guidance and recommended practices. lbeerly icenced
heliports and it is left to each country to define its rules for heliports beyond the Aamgeyelipad
on a building or hospital. The guidance applies equally to ground leveliapai a raised platform.

EASA established a VertiportskaForce (VTF) to develop a Vertiport Design Manual (under Rule
Making Task 0230) to provide guidance material to European Union Member States on the approval
of the design of vertiports. EASA is using International Civil Aviation Organisation (ICAOLANNe
Volume Il as a foundation for the Manual, deviating where there is proven value and the performance
of the vehicles can justify it.

The UK applies ICAO Annex 14 standards through CAP 168 Aerodrome Licensing to all of commercial
helipads and heliports operation across the country as well asstibre. To site a vertiport within a
congested area or close to an opain assembly of 1000 people or more would require CAA approval

else the operators only need the land owner's permissidre UK CAA hastagp a Future Air Mobility
Challenge Sandbox with a view to invite industry to collaborate with the regulator to help develop
regulatory data for the partners trials.
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14.7 Airspace Management

The UAS regulations 2019/947 enables UAS Geographical Wbiws may be establishedby the

G { LJ2 y a FoNthe pib$eS of Safety, Security, Environmental or Privacy rea¢dsS WANY W
Geographical Zon€gd A & | O2t faigspaieirésBictionsBdtllishdd2widin the current
airspace reservation scheme thaither restrict or facilitate UAS operationand affects to UA only or

to both UA and manned aircrafThey arenot a new type of airspace.

From a USpace perspective, Geographical zones may also be implemented by classifying the airspace
as type X, Y oZ. The ktBpace rules also require UTM services to be deployed in these airspaces
together with the allowance for manned aviation to be able to operate in the airspace.

The airspace authority, typically the Civil Aviation Authority of the state, is redperisr deciding, or
revising, which volumes of their airspace have which classificatlmn.approval process considers
safety (air and ground risks), social impact, security and ca$tSgface provision.

14.8Noise and emissions

Regulation2019 945[23] introduces that manufacturers shall include a label indicating the noise of
the UAV. This is key to operate in certain operational categories (Open Category).

Work package 7 of this project will furthelusly noise and emissn regulations for UAS.
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15 Conclusions and Recommendations

This deliverablgathersthe findings of space and UAM related projects and initiatives with the aim
of reflecting the state of the art on these topics, focusing on key aspects relevant fol EBIUT he
information collected in this deliverableill serve as input for the following work packages and
deliverables and will act as a basis for the AMED project team to build upon.

Urban Air Mobility is defined in the literature as an ecosystenedemand, unmanned aerial systems
that may transport passengers and/or cargo in urban environments. UAM is comprised of a network
of actors that goes from the drone operator and flying personnel, to manned and unmanned traffic
services providers, as wel vehicle manufacturers and owners among many others.

UAM entalils a set of key principles and challenges that are fundamental for its development. Generally,
the challenges for the development &fAM respond to the achievement of the key principles that
drive it. For instance, the challenges derived from operating in an urban environment (e.g., weather,
urban canyons, or automation) are intrinsically related to the key principles of safetgecurity.

Market viability is a key challenge as well, ensyithe key principles of flexibility, scalability, fair access
and cost efficiency. This is also related to public acceptance, which will be a crucial aspect to integrate
UAM in society.

The concept of operations varies slightly through the literaturegviating different definitions,
operational structures and roles for UAM. The FAA for instance defines UAM as those operations
limited to corridors and tracks within urban environments, while other European concepts like
Metropolis or SAFEDRONE also comsogeeration in layers/levels or free routing. The concept of
operation may also vary depending on the use case: while the air taxi, air ambulance or transport of
goods may benefit from a corriddike concept, other use cases such as surveillance or law
enforcement missions may have different operational needs. Overall, the CONOPS will have to be
adapted to the different UAM useases ¢ from the more socially accepted first response use cases
(firefighting, air ambulance, law enforcement) bosinessdriven use cases like delivery of goods or
tourism. The AMLLED team will perform an analysis of the different use cases and mission types in
work package 3, providing the specific concept of operation to the selected use cases.

The provision of UTM servicesanother key part of the UAM ecosystem. While several concepts have
been released for prflight and inflight services, more advanced services are needed to ensure safe
BVLOS flights in urban environments. The FAA NextGen Office proposed a concegpetiéiccUAM
services would be given by a Provider of Services UAM (PSU). Similgpdaod services, PSU services
would support operations planning, flight intent sharing, strategic and tactical deconfliction, airspace
management functions, and suppdu off-nominal operations. The AMUED project will study the
services needed to ensure the safe operation of drones in urban environments. Specific attention will
be given to integration with manned aviation and separation, cordinct contingencynanagenent,
establshingthe optimal concepts and procedures for operation.

The type of vehicle will also affect the concept of operations. The literature outlines several designs
varying in performance, range, speed, passenger capacity and environmentaciitesrefore, when
designing the CONOPS it will be crucial to look into the type of vehicles and its performance capabilities
as to ensure safe and efficient UAM operations.

Furthermore, CNS system performances will determine the capacity of the air&pakkoperational
volumes shall be determined by the position keeping capabilities of the aircraft in 4D airspace (latitude,
longitude, altitude, and time), in particular: accuracy of the navigation solution, flight technical error,
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path definition error ad latencies. Thus, minimum requirements must be set to ensure safe
operations.

Regarding the technologies, the literature agreed that UAM functionalities are not yet as mature as
they should be. In particular, information provision, CNS functions, amtdagies for the integration

with manned aviatiorare not accurate enough. However, there are a number of technologies that may
help in getting tahe level of quality needed to ensure safe operations: Mobile Networks are the most
promising for ailgroundcommunications, while telemetry reporting by Mobile Networks is the most
promising one for surveillance applications. Concerning navigation, it is expected that it will be based
on existing GNS systems, with simultaneous reception of GPS, GLONASS, éadLBeHidu.

Overall, further developments are needed to achieve market feasibilityA¥. While initial UAM
operations may be possible in the near future with the deployment of current technologies and
systems, a regulation and infrastructure evolutiam needed to support UAM operations. Once the
network of services, actors, systems, and infrastructure is developed enough, UAM will reach maturity.

The AMULED project intends to contribute to the growth of UAM, studying, developing and testing
different operational concepts and systems. Ultimately, AMED will demonstrate the feasibility of
UAM and will be a basis for future UAM work.
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AppendixA UAM Characterizati on

Urban Air Mobility is expected to brimgany benefits to society butlespitethe existingadvances in
technologyi,it still faces several challenges

According to Maia & Lourenco da Salitlg Urban Air Mobilityrefers to the ecosystem an-demand,
unmanned(or to some degree autonomouslkerial systemsthat maytransport passengers and/or
cargo in urban environments using airspace as a third dimena®mnwell as its supporting
infrastructure.

As stated bythe FAA2], advances in technolodike cloud networls and mobile deviceshich now
support fleet management and customer interactions fordemand serviceould be utilised iVAM

too. In addition, there is iggater public acceptance of aircraft integrity and automatidhe industry
vision involves incorporating new aircraft designs and systems technolagliading verticaltake-off

and landing (VTOL) capabilities that allowoperations between various locations (e.g., metropolitan
commutes). Major aircraft innovations, mainly with the advancement of distributed electric propulsion
(DEP) and development of electric VTOLs (eVTOLS), will potentially allow for these op¢oatiens
utilized more frequently and in more locations than are currently performed by conventional aircraft.
Althoughinitially operated with a PIC onboardhese VTOL aircraftavethe potential of evolving to
fully autonomous operations with remote PICs.

According to SESAR Project PODJBINL3], the UAM / UspaceCONOPS&Isopresents a number of

challenges and key differences with respect to manned avialikirS NRBf S 2 F (B8 LM KdzY | vy
will decrease as the density and automation of drone operations increases. The CNS infrastructure will

be significantly different to the one of manned aviation, as other support technologies are needed to

enable tracking and situational awareness,.gemobile phone networks. Moreover, there are

limitations with respect to the current method of operation that need to be addressed. Namely, see

and avoid and manual processes limitations. The increase in drone traffic and the performance of
BVLOS flighty'} { Sa GKS a&SS FyR | @2AR¢ LINAYOALX S AyadzF:
Further, drone operations are currently authorized in a rather manual way, requiring several
documents to be sent and numerous calls with authorities. All this takes dimdeeffort which can

impact the commercial viability of drone operations

The following subsections below provide a characterization of the Urban Air Mobility concept by
elaborating on certain aspects such as key principles, existing Concept of Operaaimshallenges,
expected evolution, operation categories, business cases and mission types, actors, vehicles and
vertiports as these weraterpretedfrom several references.

A.1 Key Principles

As stated irnthe SESARJ-space Blueprinpublished in 20174], which describes the implementation
strategy fordrones'operations based on the Drones Outlook Styd@8]and the Warsaw Declaration
of Drones[109], U-spacehasbeen created to provide a serie$ serviceghat guaranteea safe and
efficient drone traffic management.

Built on the pillars of aisk-based and (drone)performancebased approach and entrary to
traditional centralsed Air Traffic Management(ATM)sevices U-space has been conceived atiow
for amore autonomousanddecentralizedapproachwhereinteroperability becomes essential.
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EASA; Opinion 01/202(7] highlightsthe need toharmonisethe operation of UASor the sake of
safety, security, privacyandenvironmentprotection. It emphasizes the goal of achievingefficient
integration of UAS with the use aftandardizedservices andconnectivity methods to enable
interoperability and non-discriminatory accesso U-space.

These principles werkased onthose gathered withir{6], whichstated that the delivery of space
should rely uponthe following keywalues

I To ensuresafetyof all airspace usermndpeople on the ground.

I To provideascalable, flexibleandadaptablesystem that can respond to changes in demand,
volume, technology, business models and applications.

1 To enablehigh-density operations with multipleautomated drones under the supervision of
fleet operators

I To guarante equitable and fair access to airspace for all users.

1 To enablecompetitive and costeffective service provision at all times, supporting the
business models of drone operators.

I Tominimise deployment and operating costsy building upon, as much as de, existing

aeronautical services and infrastructure, including GNSS, as well as those from other sectors

such as mobile communication services.

I To accelerate deployment ladopting technologies and standards from other sectavbere
the needs of Lspacehave been addressed

1 To follow arisk-based and performancedriven approach when setting up appropriate
requirements for safetysecurity (including cybessecurity) andresilience (including failure
mode management), while minimisirepvironmental impact and respecting therivacy of
citizens, including data protection.

The FAA Concept of Operations for UAR], conscious thatJAM operations will requir@ccess to
current ATM systems and serviagigh increasinglemandovertime, highlights the needor solutions
that extend beyond the current paradigm for manned aircraft operations to those that proshaied
situational awarenessand collaboration among operators.The ovearching FAA principles and
assumptionsfor UAM ae defined to achieve asafe, scalable,flexible and optimised airspace
management

1 UAM will operate within a regulatory, operational, and technical environment that is

incorporated within the National Airspace SystenNAS where FAA retains regulatory

authority and is responsible for establishing operational parameters and maintaining

oversight.
1 Any evolution of the regulatory environment will always maintain safety of the NAS.
1 Airspace management will be structured where necessary and flexible whenlpossib
1 The architecture (technology) for UAM services will be flexible and scalable.
1 Operators cannot optimize their own operations at the expense of-guibmizing the
environment as a whole.
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1 The FAA reserves the right to increase individual aircraft opmeralti performance
requirements in order to optimize the capacity utilization of the airspace structure.

I UAM operators maintain conformance to shared intent; operators, via PSUs, are aware of
intent of other operations in the vicinity.

The Australian Conceptf Operations for UAMB8] adopts the Key Performance Areas (KPASs) of the
International Civil Aviation Organisation (ICAQO) as a way of categorizing performance.

ICAO promotes the use of a performartd & SR | LILINEhProdiRg tHe affddtiverfess ofdhe

dayto-RIF & SO02y2YAO YIylFI3aSYSyd 27F chakr@linderfocstowartsy A & I G A :
meeting stakeholder expectations and improving customer satisfaction, and iii) managing change in a
dynamic environmer ¢

The KPAs in question cover safety, security, environment, cost effectiveness, flexibility, flight
efficiency, capacity, predictability, access & equity, participation & collaboration and global
interoperability.

These KPAs are mapped against the six prepasAM services (see more detail#Ajppendix D
1 Safety

0 Strategic segregation and/or separation of UAM aircraft from oth&craft and
on--ground obstaclegesult inimproved safety andeduced workload for ATC in
managing WM aircraft.

o0 Pretactical deconfliction of UAM vehicle movements near vertiports and along
routes/corridorsthrough groundbased holdingeduces the amounof time in the air.

o Dynamic airspace managementmmises airspace safety risk by controlling aitspa
access

o Conformance monitoring providegattime and systemic awareness of operations
that could impact the safety of the Iolevelairspace environment

1 Environment

o UAM airspace design provides thbility to position routes over less noisensitive
areas (e.g highwaystrain tracks, rivers).

o0 Flight authorisationensures dherence to environmental or noise obligations
regarding vertiport and route/corridor usage.

o Flow managementeduces airborne holding and decreases flight noise, as there will
be less of a requirement to hold on approach to a vertiport. Flow Management also
minimises the amount oénergy that needs to be consumed.

o Dynamic airspace managemenbpides a mechanism for noise sharing through the
use of alternativeoutes/corridors.

1 Fleibility

o UAM airspace design providéexibility when traffic loads need to be dissipated to
ensure operationatontinuity and/or efficiency of traffic flow

0 Flight planning providese ability to plan in advance, request on demand and make
changes tolight requirements.
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o Flow managementmables flight plans to be updated as required due to changes in
the operationalenvironment.

o Dynamic airspace managemeniioavs periodic use of arairspace that otherwise
would have to remain reserved if it could not madeavailable dynamically

9 Flight efficiency

o UAM airspace designdreass efficiency due to the reduced likelihood of conflicting
traffic.

o Flight planning reducesse of vertiport FATO resources and use of routes/corridors
minimisingthe airborne holdng of UAM vehicles.

o Flow management mimises the time required to be airborne, thus ensuring that
flight efficiency is noimpacted by other UAM vehicle movements

o Dynamic airspace managemerrsires that the most efficient routes/corridors can
be made asilablewheneverpossible though perhapsiot in a consistentmanner.

0 The Conformance Moturing service can providenkwn historical use of airspace to
assist in improving future use

1 Capacity

o Vertiport airspaceand procedureslesign will maximise the pacity of thevertiport
while maintaining appropriate levels of safety, noise, privacy and other risks or
impacts.

o0 Planned use of vertiport FATO resouragssuresthe greatest use of the limited
resources to maximise capacity.

o Flow managementmsures thatthe greatest capacity is achieved from the available
vertiport infrastructureand airspace structure.

o Dynamic airspace managememtables additional routes/corridors and airspace to be
made available tincrease capacity

9 Predictability

o Flight plamingprovides @surance of vertiport FATO accessibility for departanaval
and route/corridor availability.

o Flow management resures that a flight plan can be reliably implemented without
impact from other UAM/ehicle movements

o Dynamic airspace managementopides a system for identifyinghich airspace is
available at what timelt supportsbusiness continuity for vertiports, fleet operators
and their customers, despite airspace changes

I Access and equity

o0 Greater access to controlled airspacan be achievethrough the use of dedicated
airspacestructures and routes

o Flight plaming provides asurance that all airspace users can gain access to the
low-levelenvironment.
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o Flow management resures that pilots and fleet operators can gain access in a
transparentmanner tothe shared resources of vertiports and airspace.

o Dynamic airspace managememsires the greatest possible availability of airspace
whilst enabling prioritisation of airspace access

9 Participation and collaboration

0 An dfective airspacedesignprovidesa structured means by whichovel vertiport
infrastructures maybe considered.

I Global interoperability

0 Standardised structures and procedures for the UAM indusarybeused indifferent
countries.

The Open Access UTM research prograrfhe UK Department for Transport sponsored programme

led by the Connected Places Catapult which engaged with UTM stakeholders and the wider UAS
community to develop and formalise a functional national UTM framewiddatifies five principles

of Safety, Security, Transparency, Flexibility and Scalabdisykey to itsSOpen Accessnature (see
Figure2 below).

OPEN ACCESS UTM

I
I £ 52

CONSIDERATIONS

SCALABILITY

A Situational Awareness A Traceability A_Access to Airspace A_Platform Agnostic A_Systern Capacity
B.Separation B. Accountability and Flight Pricritisation  B. Adaptable to new B. Cost of Systems
C.Collision Avoidance C. System Authorisation B. Service Authorisation Regulations C.Ease of Exploitation
C.Data Access Privileges
D. Privacy

Figure2 Key principles to Open Access UTdkearch programme

Theresearch programme also provides a series of considerations for each of the-mieotiened
principles

A.2 Existing CONOPS

While some UASvisiorary documentswere published ir2015 (AmazonGoogleand Ubej, it is not
until recently that some SJU projects rpposed their owndetailed concept of operations (e.g
PODIUM, VUTURA, etc.). These have mainly dealt wipade or UTM aspects and have been
channelled through CORUS, which has become the main reference for future regul&i®is also
the case of ther UTM concepts published by FAA or the Indian MOCA.
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Currently, other SJU projects such as METOPDDACUS or CORXBAMhave startedooking into
specific aspects of Urban Air Mobiléyd, in 2020, the FAA and Airservices Australia published their
first Concept of Operatiorspecificallyfor Urban Air Mobility.

A.2.1Preliminary vision documents

Amazonwas first to propose &oncept of operationg10] where aircraft were permitted to fly in
certain areas based otheir performance capabilities. In particular, they proposed tllagé vehicle
avionics and capabilitiere evaluated in order to determine the amount of planning and automation
that will be required during the operation and the areas in which the velsicél beallowed to fly.
Therefore, aUASwith fewer capabilities could fly in a remote area, while those flying in urban
environments would be equipped with the best performing technologieéh both robust
communications and the ability to avoid other airborne emstand people on the ground.

With the same philosophy and in the same y&#0115, Google[11] went a step furtheiby providing
more details on how operations should be limitedb00ft AGlandmanaged by the soalledAirspace
Service ProvidgfASP)who will use 5G networks to achieve an efficient UAS traffic planhi@ASP
would act as the interface between UAS and Air Trafintrol. This system maintains a database of
TFR/NeFly-Zonesweather,obstaclesterrain, traffic, flight plans and connectnd coordinatesll the
plannedflights between all the participants in the UAS airspace.

ADSB and cellular deviem-device LTE technology (under development) were idietifs key
elements to avoid air collisiawith manned and other unmanned traffic. In a similar man&wpgle
advisel to build a system of trustio-enable compliance and responsibility throuiglentity, facilitating
scalability, athentication, traceabilityand mmpliance andesponsibility.To doso, theyproposeto

establisha secure identity by using proven and existing publicikigstructures.

The following yeatUber [12] pointed out three key elementsto accelerateUAM implementation
These werd) the use ofhigh-volume voiceless air traffic contrédr communicationand-navigation
interaction (e.g. Controller Pilot Data Link Communications (CD®¥igh will help reduce the
workload forboth the PIC and AT@) extending UTMike management above 500 feet altites
including general aviation aircrafip to several thousand feptand iii)implementing a samless
integration with airports and terminal are&y allocaingparts of airport control regions located within
urban areas to airspace delegations that cigmamically open up the airspace to UAM flights. These
operations would depend on wind conditions, active traffetterns, and avionic requirements to
ensure the safety of the airspace.

A.2.2U-space CONOPS

CORU] [5] became the main European reference for a Concept of Operationspéatk, providing
details on a series of principles, actors, rales responsibilitiesdrone categoriesairspace typeand
serviceso manage UAS operations intyd.ow Levels airspac&hecorrespondingletails are given
across thevarious Appendces below whose structure have been inspired fromthe latter project.
CORUS8onsolidated the views, optuts and findings of othe8JU concurrent projégsuch as VUTURA
or PODIUM

The formerproject, VUTURAZ14], was one of the first to addressa conceptof operationsfor the
management obhigh priority UAScrossing flight areas of other scheduled UAS with Iquvirities.
This was achievkby ways of strategic and tactical deconfliction. The former was provided hySke
AT GKS O2y Tt AO00 2 O0O0dzZNNB Ra drINSANIING AR ANEE G/ Eeh I RINIFKAENDS
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the traffic situationand whetherthe conflict affectedeither aircraft in flight. The tactical conflict
resolution relied on ofboardtechnologyor infrastructure to vehicle (12V) systems.

PODIUMI3] [13] proposed an automated, webased Business to Businef32B) Drone Traffic
Management (DTM) service, where each actor in the operatmndaccess the informatiorequired

in order to perform his/her task in the most efficient way. The DTM sewaemeant to be used in
the very lowlevelairspaceensuringno overlap between ATM and-§pace servicesVhen required,
the DTM systencanprovide interface with ATMPODIUM concept of operations was defined over the
principles that UAShall always give right of way to manned aircraftdrone pilotsshall manag¢heir

bl dmainweINdearé andall traffic shallcooperate and hee the same situational awareness.

Outside Europgthe FAA released a second version of their Concept of Operations forirdWgrch
2020[49]. Thereare many similarities to the European concelike the use of federated services to
manage operations in a cooperative manrier example,but there arealso somedifferences For
instance, while Europe defines the incremerttalelopment of USpace based ahe implementation

status ofits servicesthe FAAdoes soacmrding tothe so-called Technical Capability Levels (TCLs
where each new TCL extends the supporting technological architecture, number of services provided,
and types of UAS operations suppemit

CAPABILITY 1 CAPABILITY 3
* Airspace volume use notification « Beyond visual line of sight

+ Over unpopulated land or water
* Minimal general aviation traffic in area + Over moderately populated land

- Contingencies handled by UAS pilot + Some interaction with manned aircraft
* Agriculture, firefighting, infrastructure monitoring + Tracking, vehicle-to-vehicle, internet connected

+ Public safety, limited package delivery

CAPABILITY 2 CAPABILITY 4

Beyond visual line of sight

Urban environments, higher density

Autonomous vehicle-to-vehicle, internet connected
Large-scale contingency mitigation

News gathering, deliveries, personal use

+ Beyond visual line-of-sight

* Tracking and low density operations
+ Sparsely populated areas

+ Procedures and “rules-of-the road”
+ Longer range applications

LI L ]

Figure3 NASA UTM Tectical Capability Levels

Apart from differences in terminology such tiee use ofUAS Traffic ManagemenUTM), Flight

Information Management SystenkIMS and UAS Service Supplidd$$ instead of Wspae, CIS and
USSPkespectivelfthere are somalifferencesn the purposeof someFAAUTMservicesvhich have no

direct equivalence to thosgefined by EASA/SESARK A & A a4 GKS OFasS 2F ac!! as
Messaging servicesthat are meant to preide on-demand, periodic, or everdriven message

exchange capabilities with FAA systems to satisfy applicable regulatory/policy requirdmehts/ R & | { {
bSGs2N] 5A3a020SNEB¢ aSNBAOSa SylrofAy3a FdziK2NART SR
providers ad operations within a specified geographical area.

The Indian Ministry of Civil Aviatiopublishedtheir draft for UTMEcosystenin November 202(110].

In a very similar fashion than CORUf, UTM Ecosystem énvisionedas a cooperatively driven and
collaborative extension of current ATM Serviedsichdzi A f AT S& (GKS AyRdzai{NEBQ&
deploy and providehe (standardised required UAServicesthrough the concept of UTM Service

Providers (UTMSPs).

Itincludes a set of distributed services and areitompassing DigitalSky Platform bupbna layered
approach of information sharing and data exchange standards betwé&@n PIC UAS to UAS amirIC
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to DigitalSky Platform via UTMSH$iesedefined servicesare based on sharing flight intent and
situational awareneswhich arekey aspect tosupport flight planning, flight authorisation, retine
situational awareness, communication services, weather seraigdseconfliction services.

Similar to the Europen concept, operatorsnay choose to consume such services from any UTMSP
who integrate with the DigitalSky Platform to provide Digital8kyl other additionakervicesIn the
Indian caseit is the DitigalSky Platformvhichis theprimary authority for fight approvals.

wTMSp

DigitalSky

Figure4 Approach of the layered Indian UTM ecosystem

A.2.3UAM specific CONOPS

Apart from AMULED, SJU hasitiated a series of project$o explore and demonstratefuture
implementations of Urban Air Mobility conceptDACUS, CORNBAM or METROPO{2Sare
examples of them.

The project DACU$16], which pursues Demand and Capaciptimisation in USpace establishes
certain assumptionsvhich are relevant to UAMFor instancejt assumesthat the level of UAS
automation will impact on the separation minima atiterefore on the airspace capacityhich can
howeverbe increased by the use of UAM corridofgrodrones are taken into accant too asmay
alsosuffer congestion

CORUXUAM is expected toupdate the Uspace CONOPSlelivered in CORUSddressing the
integration of UAM/UAS operations into the airspace, also identifying new U3/U4 seritiggsnds

to demonstrate how kspace services and solortis could support integrated AM flight operations,
allowing eVTOLS/UAS and other airspace users (unmanned and manned) to operate safely, securely,
sustainably and efficiently in a controlled and fully integrated airspace, without undue impact on
operatiors currently managed by ATM. The project activities will continue with the preparation and
execution of six challenging VLD campaigns in six different European locations.

In the US, e FAANextGenoffice released in June 202be first version of th& UAM Concept of
Operationg?2] following a guided discussion sassat NASA ifebruary2020 withindustry partners.

In that document,UAM is describedas a subset afdvance Air MobilityAAM) to move peopleand

cargo between loal, regional, intraregional, and urban places previously not served or underserved
by aviation using revolutionary new aircraft. While AAM supports a wide range of passenger, cargo,
and other operations within and between urban and rural environmetiis, FAA UAMconceptis

limited to urban and suburban environments (in and ardwmban areasandfocuses on the transition

from the traditional management of air traffic operations to the future passenger or ezgigying air
transportation services.

In the US, he FAANextGenoffice released in June 202be first version of th& UAM Concept of
Operationg?2] following a guided discussion sassat NASA ifrebruary2020 withindustry partners.
In such documentJAMis descitbed as a subset oAdvance Air MobilityAAM) to move peopleand
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cargo between local, regional, intraregional, and urban places previously not served or underserved
by aviation using revolutionary new aircraft. While AAM supports a wide range of passeaiggr,

and other operations within and between urban and rural environmetits, FAA UAMconceptis

limited to urban and suburban environments (in and ardumban areasandfocuses on the transition

from the traditional management of air traffic operatis to the future passenger or cargarrying air
transportation services.

TheseO | f UAKONOPS.C¢ implementation is an evolutionary developmental approach starting
with low-complexity, lowoperational tempo operations and building toward an enmireent of higher
operational tempo and the introduction of UAM airspace structure to mitigate an otherwise higher
level of complexity(see more details iAppendixA.4 below). The concepis expected toevolve
through the resultof analysis, simulation, demonstration, and community engagement. \Wlitees

so, the FAA will engage stakeholders to develop and adopt appliGdtemunity Based RuléSBR}s
related to collaboration, information sharing, operational protocols, andigaent performance to
support the automated nature of the envisioned cooperative environment.

TheCONOPG8&oes not prescribe specific solutions, detailed operational procedures, or implementation
methodsother than those provided as examplies a better urderstanding of the elements associated

with UAM operations. It identifies the range of automation and regulatory changes to support the
operations, and describes a collaborative environment to support increasing density of operations.
The concept represds an early step in the evolution of the regulatory framework, development of
operating rules and performance requirements commensurate with demands of the operation, and a
data exchange and information architecture to support UAM operator and FAA rebpitiesi. UAM
leverages a common, shared, technical environment, similar to UTM, where the operators are
responsible for coordination, execution, and management of operations and follow CBRs. This
networked information exchange is the cornerstone for staklelers to plan, manage, execute, and
oversee UAM operations. Public interest and other stakeholders can access UAM shared operational
information.

The FAACONOPS8efines the UAM operating environment in the contextAfM and UTMhrough

the use of UAM wrridors (three-dimensional route segmentsyith specific requirementqsee
Appendix ¢ The performanceand participation requirements of UAM Corridors may vary for
operationscompletelywithin UAM Corridors veus operations crossing UAM Corridors (e.g., general
aviation). Within UAM Corridors, strategic deconfliction and tactical separation occur without direct
ATC involvemerand UAM aircraft operating outside UAM Corridors must folibv operational rules

and procedures applicable to the corresponding airspace.

With a similar roleasthat of the U-space Service Providahe figure of the Provider of Services for

UAM (PSU) is introduce@his new actor is in charge sipporing operations planning, flight tent

sharing, strategic and tactical deconfliction, airspace management functions, artbroifal
operations. PSUs exchange information with other PSUs via the PSU Network (e.g., exchange of flight
intent information, notification of UAM Corridor statusmformation queries)and support local
municipalities and communities, as needed, to gather, incorporate, and maintain airspace reservations
that may be accessed by UAM operatdviare details about theesponsibilities and services assigned

to PSlare given inAppendix Band Appendix Coelow.

As examples, the FA2AM CONOPSIsoproposes use cases to illustrate a subset of UAM operations
and interactions during specific nominak(, strategic decofittion within corridors, info exchange
between operators and info needgind offnominal (i.e., conformance monitoring, contingency
situations)operations.t analyses the procedures established for Planning, Departaoree, Arrival
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and PostOperatics phases for an edemand servicebetween two aerodromegindependent of
airspace classlthough these must be considered by the operator in case afaffinal situationy

More recently, inDecember2020, Airservices Australublishedan initial CON®Sfor integrating

UAM operations into the lovievel airspacg8] which was elaborated together witBmbraerX There,

the term Urban Air Traffic Management (UATM) is introduced to refer to the management of UAM
vehicles and heir integrationinto the lowlevel airspace ThisCONOPS$ focused on the traffic
management systems (including procedural, technical and human elements) that will facilitate the
initial operation and longerm development of the UAM industry. ihtendsto demonstrate how
traffic managementor initial UAM operations could be delivered safedglay within existing ATM
capabilities and scaled ovBme with the implementation of UATM Services.

The AustralianCONOP&as been written to accommodate all typ®f vehicles, infrastructure and
airspace classifications that will be part of the UAM ecosystem and environment. This ecosystem and
environment include Electric Vertical Ta®éf and Landing (eVTOL) vehicles, helicopters, General
Aviation (GA) aircraft)ASs, airports and vertiports.

The CONOPS8escribes theexpectedphases of UAM operations from first introduction (with piloted,
voicebased flights) to mature, higtlensity autonomous operations, albeit with different levels of
detail for each phasémore details in AppendiR.4below). This holistic approach to integatUAM
operations is considered important as both shtetm and longterm objectives must be taken into
account to minimise the amount of rework and cost aatei stage due to initial design decisiohike

in the case of the FAA, &AM industry will evolve, future versions of tiisistralianCONOP®ill be
published as new information becomes available about the design and implementation of UAM, such
as vehite specifications and landing locations.

The AustralianUATM concepparticularlyaddresgsthe unique needs of UAM traffic management.

For low traffic densities, initial UAM operations are expected to rely on current ATM services. However,
as complexity ricreases, digitised and automated services will be necessary for some, if not all,
elements of UATM Services. Provision of thdggtalised services will be achieved through UTM
services, bespoke UATM Services, or a combination of both. As traffic densitgses further and
greater levels of aircraft autonomy are implemented, this is likely to bring about the need for highly
integrated and unified airspace management across all traffic management systems.

Traffic management systems for UAM, UASs andittoaal aircraft will need to interact with one
another, or be integrated, to support deconfliction, shared situation awareness and collaborative
decision makingThecurrent CONOPE accompanied by amalysighat has undertaken humarin--
the-loop andfasttime simulations to begin validation of the conceffisrther details inAppendix L
Analysis of these simulations has identified that, in some locations, current ATM concepts will quickly
become insufficient for managimgew UAM operations.

Similar to the FAA, the Australian UAMDNOP8rovidestwo UseCaseexampeswith higher level of
detail. The first of thentonsiss of ageneric use case involving a UAM flight from a Central Business
District (CBD) vertiport that isot in controlled airspace to a vertiport located close to an airport that
is in controlled airspace, artie second one coverslacationspecific use case based on a flight in
Victoria, AustraliaRoles, responsibilities anchderlyingUAM servicesre detailed for the different
phases of flightpre-flight, departure en-route, approach and landirgnd oftnominal situations.

In2021, The Aeronaudal Journal published an article on the State of the Art and Operational Scenarios
for UAMelaborated by tle Universidade da Beifa]. In there, the authoconcludedthat unmanned
aircraftshalloperate inside a prelefined geofenced area and operations shall be limited to available
infrastructure, time of day and aircraft performea capability. UTM shall dynamically allocate airspace
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according to technical and operational requirements, and the number of operations shall be limited
by the airspace available and the available rowtesperating locationsDynamic delegated corridors

shall be used to enable UAM routes in unsegregated airspace. Depending on the type and performance
of the unmanned aircraft, different types of corridors will be assigned, avoiding the assignation of
different types of aircraft (passenger VTOLS, cargoespor piloted aircraft) to the same corridors.

UAM airspace and thus also flight planning will be conditioned by the distance to buildings, minimum
and maximum altitude in the operating area, allowed noise levels, rules for taking off and landing, no
flight zones, meteorological conditions, and NOTAMs. Moreover, tdiensional data will be
available for the generation of the flight plan containing vertiport locations, emergency pad locations,
emergency service locations, and landmark locations.

The performance of UAM operations in urban aresd®allbe compatible with that of manned aviation
flying IFR and VFR. Therefoohanges must be imposed in urban airspace to allow integration of
manned and unmanned aviation. The possibility of having VFR e@jilatircraft coexisting with
remotely piloted aircraft and autonomous aircraft is essential for the existence of Bdvhe
strategies to achieve thiare based on the use af DAA systems compatible with VER) traffic
managementservicescompatible wih free flight and dynamic corridor strategjeand iii) data
integration between relevant systems (UTM, meteorological services, obstacles, restricted areas)

A.3 UAM Challenges

Generally, the operatiof dronesin urban environmerg is a challenge becausef dypical urban
aspects such auildings and other obstaclethat cause signal interferenceslocal weather
circumstancesand lack of acceptance from the inhabitants of the aidawever, the expected high
value impact of UAM in society is nudgitige industry into its development.The HEropean
Commission for instance included UAM in 8fategic Research and Innovation Agenda (SRIA)
predicting initial deploymenby the year 202764].

TheSRIAoreseesntegration with manned aviation and with ATM/ATC systeras a major challenge.
Likewise, NASAutlined that the expected high deity of operations wilbecomea significant
challenge forcurrentday ATM system$19]. Automation, consideredo the level of autonomywill
play an important role in thisThis is in line witiMaia and Lourenco da Saufd , who stated that one

of the biggest challenges for UAM is applying dnéomation technology to the sysims and develop
the user interfaces. In their paper, the authgnedictthat the introduction of automatiorwill bring
both advantagese(.g.,better technical reliability and aircraft control, reduction of the workload) and
disadvantages (e.g. reduced ednility for interaction among the crew, gaps in pilot training, decrease
Ay LIAf20Qa Fteay3a ajAatfao

UAM will entailhigh complexity of operationge.g., operational environment, density of operations,
interaction with other users)As a result, th&C SRIB4] highlights the importance af U-spaceraffic
management systenthat ensure safe UAM operationsSimilarly, the AustraliailCONOP$3] also
outlines the need for alJTM system tailored to BM operations solving typical urban issues
including urban canyoning; diversity in aircraft performance, automation and pilot capability;
limitations of current Communication, Navigation and Surveillance (CNS) systems to accommodate a
higher density of usan operations in VMC or IMC; and noise abatement.

Weather and wind are two important operational challengess well[8], [19]. UAM operations are
likely to be susceptible to thempact of weatler (e.g.,thunderstorms, reduced visibility and strong
winds) as well as the effects ofban canyonswhichcan expose vehicles to mechanical turbulences
and strong currents of wind (e.g. eddies from tall buildinggan canyons can aldgmpair CNS
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performance For instance, Command and Control (C2), navigation and pagigadllingcan be
affected by buildings and other urban objects. The effect may be that signals are blocked and therefore
not received or are bounced, leading to erroneous positigmformation. Other stronger signals may
block or interfere with communication as wdlh addition, operations at low level over builp areas

will have to consider the frequent erection of temporary obstructiomg (construction cranes) as the
urban environment continues to develop.

Airspace configuration widllsobe a key challengi]. DedicatedUAM airspace structuregincluding
routes and corridors) will need to be usable by UAM vehicle categories with varying panioeré.g.,
speed) and capabilite(g.,performancebased navigation [PBN] precisiomherefore, aninimum set

of capability requirements to use dedicated airspace structures will need to be established to form the
basis forprocedure/ route design standrds and separation standards developmenwhich will be

vital to UAM being viable once it progresses beyond VFR operations.

Airspace structures for UATM and ATM will need to consider the impaetakE turbulence
Consideration of wake turbulence in aiese design will be different in the future compared to current
practices where it is not a consideration. The effect of wake turbulence behaviour on new eVTOL
designs will also need to be considef&l

The feasibility of UAMvill also be driven by its wide adoption in socigBublic acceptancés an
important challenge and is affected by several aspects such as safety, noise, visual pollution, and
privacy.Theeconomicsof UAM in terms of the cost of the serviaad the spedic elements of its cost
structure g.g.,battery and energy costs) will also need to be addressed to achieve feasibility of UAM.
Ultimately, the price of the service will be a key factor for a wide societal adoption of[UJM

The market viability of UAM is alsootivated by its business case. Currently, there are plenty of
transportation options that couldgtandasdirect competitors of UAM(e-bikes, scooters, car sharing
and taxi services, trains, airplanes, etc). Thisliggts the need of UAM to haveckear business case
that distinguish it from other modes of mobilit@n top of that, cities will need to have an extensive
network of vertiports and infrastructure to support UAM operations. Tlaek of available
infrastructure and low throughputentail a critical challenge for UANA9] [12].

Regulation and standardisatiosuppose another important challender the development of UAM.
Further regulations and stalardisation for flying over people, BVLOS operations, and carrying
passengers are needdd9]. The UK CAAlso identifiedthis issue, for which theauthority set up a
regulatory sandbox for organisations to explore joinlig requirements for the approval of Future Air
Mobility operations (Regulatory challenge, CAP 1923, on Future Air Mobility (E@Mhe intention

is to work with industry to develop details of regulatory framework includings it meets existing

safety standards, manage new risks and provide consumers with choice and value for money. To assist
with the challenge, the CAA has set out a #ximaustive list of questions regarding the requirements

for the aircraft, ground infrasucture (airport, vertiport, etc), airspace and ATM, security, licenses,
training, human performance, consumer rights, environment and societal impact.

Likewise, the EC SR64] reportsthat regulation and standardiation need to be detailed at European
level. Research and development will need to take place concerning interoperability, certification,
performance, safety and security, emergency measures, financing and responsibilities before a
complete roll out of Lspaceand UAM can take place

The roltout of UAM also comprises challenges regarding the vehicles to be deploykd . UAMvision
document written by UbeHBevate[12], the company highlights a number of challenges related to the
VTOL Thevehicle performance and reliabilitare key aspestto enable a competitive business case
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for UAM. For this,ehicle speedefficiency take-off and landing time, as well as robustness in different
weather conditions have to be taken into accouBurrentbattery technologiesare insufficient to
support longrange commutes, and the charge rate is too low to support high frequency of operations.
Moreover, thesustainabilityof drone operations and thus of thg S K A ebnissSofsire critical for its
viability.

Thecertification process foVTOLSan also be regarded as a challefig2]. UAM vehiclesvill have

to comply with the regulations from the corresponding aviation authorities and acquire pleeinit

to flyin order to be able to operateGiven the novelty of these type of aircraft, the certification process
will require more time than usual

Finally pilot training could also be a future challenfe2]. As of now there is a lack of speized UAM
pilots, which can lead to a shortage risken UAM takes ofind the demand for pilots increases.

A.4 UAM evolution

While CORU{S] established a k$pacedevelopmentevolution based primarily on the implementation

of certain services (ULJ4), the FAACONOPS3or UAM [2] characterizedthe evolution of UAM
operationsby many other aspects such #w operational tempo (density, frequency and complexity),
airspace and procedural structureomplexity of supporting infrastructure and services), tailored
regulatory changes, community business rules (safety, demand and capacity balancing, equitable
access to airspace, security), aircraft automation levalim@an within/on/over the loop -
HWTL/HOL/HOVTL) and location of the PIC (onboard, remote).

Based on the key indicatora,mature stateof operations will be achieved through a crawdlk-run
approach, whereirthe above mentionedCONOP$ the intermediate state between Initial UAM
Operationsand a Mature State as representedrigure5 below.

Figure5 Evolution of theFAAUAM Operational Environment
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