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AMU-LED

AIR MOBILITY URBAARGE EXPERIMENTERAMONSTRATIONS

This deliverablés part of a project that has received funding from the SESAR Joint Undertakingﬁunder
grant agreement Nal01017702dzy RS NJ 9 dzZNR LISty ! yA2yQa | 2NAIT 2y Hn
programme.

Abstract

AMU-LED is a VerlyargeScaIeDemonstratlon (VLD) project funded by SESAR Joint Undertaking (SJU)

dzy RSNJ G KS 9dzNRLISHY ! yA 2nptQrnovatich Nofodgrainyhe that mims tdNBS & S| N
demonstrate the safe integration of different types of manned and unmaraieztaft operations in

urban environments to realise increasingly sustainable smatrt cities.

The 2year project will combine various Urban Air Miity (UAM)demonstrationswith passenger and
cargo transport witHargeelectrical Vertical Takeff and LandinggVTO)platformsas well aglelivery

of goods and medical supplies, surveillance and support for emergency sewiitesmaller
Unmanned Agal Systems (UASPhese operations will be integrated with other manned helicopter
missions

AMU-LED will allow UAM stakeholders to assess safety, security, sustainability and public acceptance
of various use cases applicable to logistics and urbarsran of passenger3.heresults of the project

will be showcased through a set of tests and flight demonstrations in the United Kingdom, The
Netherlands and Spain.

Leveraging frona previous analysis of the current State of Art in UMY this documenproposesa
High Level Concept of OperationSohOp}to integrate UAM within the existing Uspacevisionto
coverthe particularities of thespecificUAM users, missions, stakeholdesisd business caseashile
tacklingthe main challengeghat are specific to than scenarios such as environmental conditions,
integration within Controlled Traffic Region<CTR, safety security and public acceptanceThe
document, which has been producedthin the secondnonth of the projectwill still require further
elaborationof someof its sectims in future versionsThe ConOpis expected tobe a direct input to
the definition of Use Cases that will be performed in subsequent Work Package @WRgtBng a
common traffic managementframework for all AMULED experiments which will test different
platforms, missionsU-spaceand Common Information Serviggoviders(USPs/ClS)architectures
and technologiedoth in urban and airport environments

This first version of the High Lev@bnOjs is intended for review by the members of the AMUED
Advisory Board and tentatively by other ongoing SJU UAM VLDs préjeetsond, updated and more
matureversion will be releaselditer in the projecimplementingreceivedfeedback andomments.
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BExecutive Summary

While other international references were consulti] [3], this document proposea first AMU-LED
High Level Concept of Operationsitegrate UAM trafficwithin the U-space eosystem envisaged by
the European Uniofd] [5]. In this wayit assumes that current-space responsibilities and services
will have to be extendetb cope with the particularities of the missioasid business cases that are
specific to UAM such as daxi and cargo transpodndthe main challenges of urban environments.

The document lgsdown the main principles governing tl&onOpsby complementing those found

in U-space regulatiorj4] with UAM related aspectsand it provides acharactersation of UAM by
describing its mairchallenges, business cases, stakeholders, vehicles and key infrastructure like
vertiports.

This AMULED ConOps targets a mt@m scenario225H nonov ¢gKSy GKS FANAIU
t SNJF 2 NI Ay 3 ée. a-tadbaNd cargoPwill Statéking place within a relatively mature-space
environment with most U1 and U2 services deployed in cifigentative characterization of the UAM
evolution from simplified operations towards more complex, highlyautomated and integraed
operationsis presented

In this line the ConOpgliscusse how some actors like USSPs, CI&ioNavigation Servideroviders
(ANSPewill have to take on a series olew and extended (orenhanced U-space services and
responsibilities to be able to manage this higher performing and higheairis&xi operations.

To guarantee safety and efficiengy this mid-term scenariowhen operationswill not be yet fully
integrated, the ConOpsproposes to setup an intermediate layeof airspace to contain ataxi
operationsbelow the Very Low Level (Vith segregatehem from manned aviatiooperating above
Similarly, these operations will be segregated frattmer less perfornng, lessisky unmanned vehicles
operating inthe lowest airspace andsubject to less restricting requirements. On top of this
segregationthe GnOpsproposes to guaranteseparationby ways of strategic and tactical (advisory)
deconfliction services asell as collision avoidandechnologies

The ConOpsalsodiscusss Air Traffic ManagementATM) responsibilities to integrate UAM within
manned traffic, in particulalisual Flight Rule¥FRflights operating over cities arldstrument Flight
Rules FR) andVFR traffic operating at and around airfields where UAMaair and cargo operations
are also expected to coexist.

Considerations on qualitative and quantitati@@mmunication, Navigation and SurveillanGN$
requirements and contingency managent are given, including (uintentional incursions or
excursions from/to surrounding airspace volumes.

A series ofKey Performance Indicator&RI$ that will be later used in AMUWLED to assess the
performance of any given UAM environmeare listed togeher with the mechanisms for measuring
those for verification and validation purposes including lab testing, filghtos and simulation or
virtual implementation of some of their elements.

Finally, the document providessome preliminary considerations dhe gap analysis and the safety
assessment methodologies that will be further elaborated in a second version Glah@ps
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1 Introduction

1.1 Glossary

In order toprovide a better understanding and facilitate reading, liis section providea glossaryof
specific termghat areused along the document

1 Advanced Air Mobility (AAM)refers to an ondemand passenger or cargarrying air
transportation service making use of highly automated aircraft that will operate at low
altitudesbetween places not currently or easily sedvby surface transportation or existing
aviation modes

1 Air-taxi, refers to anaircraft, whichcanrange in size from singieassenger to large shulttles,
intended tobring better accessibility to cities, underserved communities and geographically
distant regions.These aircraft will benostly electric Vertical Takeff and LandinggVTOL
platforms andhighly autonomous

1 Concept of Operations(ConOps) refers to the description of a particular functional
environmentand its applicable ruleand proceduresn the context of (unmanned) air traffic
managementln the case of AMULED this covers a characterization of UAMvisaged roles
and responsibilitiesservices, airspace structure and access requirements.

1 Conventional manned aviationis referred to iMMU-LED as those aircraft flying either Visual
Flight Rules (VFR) or Instrumental Flight Rules (IFR), which are operated with a human on
board, such as commercial aircraft, helicopters, etc.

1 eVTOlL(electric Vertical Takeff and Landing), is a type of aiaét that useshybrid electriqor
potentially hydrogen fuel cells) pow&s hover, takeoff, and land vertically.

1 High Performance Layer (HRL9 referred to in AMLLED as the volume of airspaeserved
to the operation of High Performing Vehicles. §hayer is situated above the Standard
Performance LaydiSPLand below the Very Low Level (VLL).

1 High Performing Vehicles (HPVaYe referred to in AMU-LEDasthose aircraft operatindgn
higher-riskmissionswithin the certified categorytypically airtaxiandbig cargoywith superior
flightand Communication, Navigation and SurveillanC&l@performancesequiring advance
U-space and Air Traffic ManagementATM) services and making use of sophisticated
infrastructure.See Sectio@.4for further detalils.

1 Humanwithin-the-Loop (HWTL)efers to an automation level whethe human is always in
direct control of the automation (systems)

1 Humanon-the-Loop (HOTL)refersto an automation level where dman has supervisory
contral of the automation (systemsHuman actively monitors the systems and can take full
control when requiredr desired

1 Humanoverthe-Loop (HOVTL yefers to an automation level whereauman is informed, or
engaged, by the automation (systems) to take actiduman passively monitors the systems
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and is informed by automation if, andhat, action is requiredHuman is engaged by the
automation either for exceptions that are nogconcilable or as part of rule set escalation

9 Standard Performance Layer (SPLs) referred to in AMLLED as the volume of airspace
reserved to the operation of Standard Performing Vehicles. This layer is situated between
ground and thaupper High Performance LayerRH).

9 Standard Performing Vehicles (SPVae referred to in AMELEDasthoseaircraft operating
typically, but not exclusivelyin the openandspecific categoriewith lower performances and
requirements than thosef HPVs. See Secti@ for further details.

1 UnmannedAerial System (UASYefers to an aircraft and its associated elements which are
operated with no pilot on board.

1 Urban Air Mobility (UAM)isunderstood as a subset aiAMusually restricted tdigh-density
urbanand suburban areas

1 U-space airspacemeans a UAS geographicahealesignated by Member States, where UAS
operations are only allowed to take place with the support edace services.

1 U-space servicemeans a service relying on digital services and automation of functions
designed to support safe, secure and effitiancess to képace airspace for a large number
of UAS.

1 Unmanned Traffic Management TM), is a digital, networked system of services designed to
enable the integration of unmanned aircraft into airspace.

1 Vertiport, alsoreferred to asvertiplaces are tale-off and landing infrastructures for UAM
vehicles

1 Very Low Level (VLLhis is usually understoodsthe volume of aispacebelow 1,000ft (~
300m)above builtup ground levelcities) andb00ft (~ 150m)above nonrbuilt-up ground

Founding Members 9
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1.2 Purpose

This docurent is deliverabld2.2010High LeveConOpsind it has been elaborated under WBAM
Operational & Safety Concept Definitiohthe AMULED project.

Theobjectives of his WR are:

I To review the previous and egoing projects/initiatives worldwide to tak advantage of
lessons learnt and most promising approaches regarding the ovasalDpsramework that
will be implemented and validatetiroughthe project. The mainJAM State of the Affindings
were gathered in previouB2.10perational Safety Analysisid Concepftl].

I To describe the High lev@lonOpsncluding a characterization of the UAM ecosystem, the
involved actors, their roles and responsibilities, the requiredpdce services and airspace
structures, etc. SucBmOpsdescription is given in this document.

91 Additionally, later versions of thiSonOpawill also include:

0 A gap analysisn CNSperformance as well asmbust Data Management aspects,
amongst others;

0 A Safety Analysis methodolofgybe used in succeedinyPs to obtairthe necessary
approvals to fly; and

0 Inputs received from the members of the AMIEDAdvisoryBoard and othebngoing
SJU UAM VLD projects

This deliverablewill provide direct input to the Use Cases and Scenarios that will be defined in
subequent WPy setting a common framework for all AMLED experiments.

1.3 Scope

The document aims to providehightlevel Concept of Operations for Urban Air Mobilitythe context
of the European Uniarit is not intended to provide a Concept of Operatidaiored to a specific
location, environment or mission but to provide a secommon considerations and rulessapport
the expected growth of flight operations in and around urban ardadefines the UAM operating
environment in the contextf ATMand U-space.

Following the same approach than in the stafiethe-art review [1], the consortium teamhas
identified 12 key aspectsomprisinghe ConOpsandwhichcorrespondo the different sections found
in the document These are:

1. A characterization of UAMncluding keyprinciples,main challengesthe expected evolution
towards 2030+ operation categories, business cases & mission typeslvedstakeholders
vehicles andkeyinfrastructure like vertiports.

2. Roles and esponsibilitiesof the intervening actorsespecially the onedirectly dealing with
traffic managemensuchasUSSEB, CIS ANSPsSupplementey Data Service Provider (SB)
and vertiport operators which wibe takingon a series oénhanced andhew Uspaceservices
and responsibilities to manage higihperforming and higér risk operations such as daxi
andcargotransport

3. Airspace types and structureshere a newspecificupperlayerwithin the Uspace volumés
addedto segregate higiperformingoperations(e.g. airtaxi and cargojrom mamned aviation
aboveand other less performing unmanneehiclesbelow, respecting X, Y andtypologies
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with different requirements and serviceseing offered in each volume according to the
operational needsindsafety risks

4. UAM servicesrequired to guarantee an appropriate UAM traffic management according to
the established key principldse. safety, efficiency, etc.This set of services buikion top of
those envisioned for pace adding newechnical ad operationalrequirements which are
neededfor integratingthesehigh-performingoperations

5. Separation and conflict resolutigribetweeni) high performing vehicles themselvag these
andless performing unmanned aircraft aiif) these andnanned aiation. This is achievelly
waysof strategic and tactical deconflicti@ervicesas well as collision avoidantaxhnologies
on top of theabovementionedairspace structug configurationfor segregation

6. Integration with manned aviatigrin particula, Visual Flight Rule¥ FR flights gperating also
within U-spaceover cities(e.g.emergency helicopters) anather manned traffioperatingat
and nearairfields wherdJAMair-taxi and cargo operations are also expected to coexist.

7. Contingency managenmd, especiallyn thosesituations wherevehiclesmaybe forcedto alter
their previously deconflictedoute in order to cope with potential mighir or ground collision
risks due to any given contingency occurrimg board Ths includes intentional (but dso
unintentional)incursions or excursiorfsom/to surrounding airspace volumes

8. CNS requirementdoth qualitative, based on operational needs, and quantitative, taken from
former SJU projects that have analysed the performance of different CNS teci@solog

9. Key Performance Indicators (KRIs)l metrics that are essential for assessing the performance
of any givenUAM environment and for evaluating the effectiveness, suitability and
performance of the systems, technologies and operational procedureglukneloped.

10. Gap analysishetween existingand emerging technologiesnd the requirements poselly any
givenUAMarchitecturein orderfor it to be safely deploye@ndoperated

11. Safety assessment methodolggparticular to the UAM operational environmens to help
design thearchitectureand associatesdystems and proceduregquired to guaranteeany
givenobjectivesafety levels.

12. Verification and validationas the meando verify requirements andneasure the above
mentioned KPIby ways ofab testing flight demosand simulation/virtual implementation of
some elements

1.4 Intended audience

The document is intended for all AMLED partners to be used as a reference for the definition of the
particular use cases and scenarios (WP3) that will be assessed the project and the subsequent
definition of their technical solution (WP4), the architecture deployment (WP5) and finally the design
and execution of the demonstrations (WP®6).

The SESAR Joint Undertaking is invitagsethe findings of thiigh-level Concept of Operationtor

Urban Air Mobility,which hasleveraged from a thorough review of the state of the art including

existing regulations and vision documents fesphce to initiate discussions with other ongoing UAM

VLD projects and to extratINB f A YA Y I NB O2y Of dza& A2y a G & LINBINI YY!

Founding Members 11

O

EUROPEAN UNION  EUROCONTROL



D2.2.010 HIGH LEVEONOPSINITIAL P = x,

}@f' SESAR x

JOINT UNDERTAKING

TheAMU-LED Advisory Boardescouragedo review and provide comments to all addressed topics
within the document and others that might have been missed so that these are taken into account in

the second velisn.

Finally, the AMELED consortium welcomes theleaseof thisdocumentto the publicin order to share
the projectviews with any party that is interested in the further development e$fhice and Urban

Air Mobility.

1.5 Acronyms

Acronym Definition
4D 4-Dimensional
AAM Advanced Air Mobility
ACAS Airborne Collision Avoidance System
ADSB Automatic Dependent Surveillane8roadcast
AFI Flight Information Service
AMC Acceptable Means of Compliance
AMU-LED Air Mobility Urban Large Experimental Demstmation
ANSP Air Navigation Service Provider
ATC Air Traffic Control
ATM Air Traffic Management
ATS Air Traffic Services
BVLOS Beyond Visual Line of Sight
C2 Command and Control
CAA Civil Aviation Authorities
CIS Common Information Service
CNS Cammunication Navigation Surveillance
ConOps Concept of Operations
CORUS Concept of Operations for EuRopean UTM Systems
CTR Control Traffic Region
DAA Detect and Avoid
DEP Distributed Electric Propulsion
EASA European Aviation Safety Agency
EGNOS Eurgean Geostationary Navigation Overlay Service
EO Earth Observation
EU European Union
eVTOL Electric Vertical Takeff and Landing
FAA Federal Aviation Administration
FATO Flight Approach and Take Off
GBAS Ground Based Augmentation System
GCS GroundControl Station
GLONASS Globalnaya Navigatsionnaya Sputnikovaya Sistema
GM Guidance Material
GNSS Global Navigation Satellite Service
GPS Global Positioning System
HEMS Helicopter Emergency Medical Service
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Acronym Definition
HOTL Human On The Loop
HOVTL Human Over fie Loop
HPV High Performing Vehicle
HWTL Human Within The Loop
ICAO International Civil Aviation Organisation
ID Identification
IMU Inertial Measurement Unit
ILS Instrument Landing System
IP Internet Protocol
IR Image Registration
KPI Key Performare Indicator
LEO Low Earth Orbit
LTE Long Term Evolution
MEL Minimum Equipment List
MRO Maintenance, Repair and Overhaul
MTOW Maximum Takeoff Weight
NASA National Aeronautics and Space Administration
0SsO Operational Safety Objectives
OTDOA Observedrime Difference of Arrival
PAV Personal Air Vehicle
PBN Performance Based Navigation
PDE Path Definition Error
PDOP Position Dilution of Precision
PIC Pilot in Command
PPP Precise Point Positioning
PSR Primary Surveillance Radar
RPS Radio Positioimg System
RTK RealTime Kinematic
SAIL Specific Assurance and Integrity Level
SC Special condition
SDSP Supplementary Data Service Provider
SERA Standardised European Rules of the Air
SESAR Single European Sky ATM Research
SJuU SESAR Joint Undertagi
SoA State of the Art
SORA Specific Operations Risk Assessment
SPV Standard Performing Vehicle
SSR Secondary Surveillance Radar
STS Standard Scenario
SWIM System Wide Information Management
TCAS Traffic Collision Avoidance System
UAM Urban Air Mdility
UAS Unmanned Aircraft System
UK United Kingdom
USSP U-space Service Provider
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Acronym Definition
UTM Unmanned Traffic Management
VFR Visual Flight Rules
VHF Very High Frequency
VLD Very Large Demonstration
VLL Very Low Level
VLOS Visual Line of Sight
WAAS Wide Area Application Service
Wi-Fi Wireless Fidelity
WP Work Package
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2 Urban Air Mobility Characterization

2.1 Key principles

AMU-LED ConOps for UAM should be driven liy same key principlesfound in the upmming
regulation on Uspace[4]. These include:

1 Safety, that must be guaranteed for all airspace users and people on the gréAid-LED
will propose a specific Safety Assessment Methodology for UAM operations (see 32tion

1 Efficiency,which will requireappropriate services for congestion management, vertiport
network scheduling and traffic separatiém order to reduce cost, time aneinergy usage of
operations;

I Security, to pratect the system and provide traceability and accountability (including
cybersecurity);

9 Hexibility, to respond to changes in demafigaffic loads) uncertainties and disruptions (e.g.
flight delays extended flight timesnexpected contingencieslynamc airspace restrictions

1 Scalability, to respond tduture changes in volumef operations CNS and vehictechnology,
business mode|smission typesand applications;

1 Eguity, to guarantee impartial and fair access to airspace for all (sersairtaxi, small UAS,
commercial aviation, emergency helicopters, etdhis includestransparencyto access
shared resourcesnabling competitive and costffective service praision;

1 Environmental protectionto reduce emissions and auditory and visual ngise
91 Privacy not only for UAM users, but for all citizens, including data protectiod

91 Interoperability, that should beébased on the use of industry standards, essential for a service
oriented data exchange architecture and the coexistence of differertrtelogies.

On top of these main principles, AMUED has identified other key elements that are fundamental for
the deployment of a successful UAM ConOps which are mainly relatatietcoverall public
acceptance

Ensuringoublic acceptancewill be essentibfor a prompt and sustainablUAM deployment. In that

senseUAM should be designed to improedfordability and economic viabilitywhen compared with

LIS2 L)X SQa ySOSaaAldAsSa LINSOA2dzate O20SNBR o0& 20KSI
cargoin metropolitan areas has potentially high economic benefit to its users and UAM must be
designed to enable and ease the capture of th&epromotingparticipation and collaboratiofdata

exchange) and building upon existing aeronautical argbate serices, infrastructure and standards

whenever possiblethe deployment and operating cost could be reduced considerably while the
environment matures.
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In line with that, intermodality or integration with existing transportation modes (and modals) and
related infrastructures (airports, underground, train or bus stations, etdl)have asignificant impact
within the context of UAM.

Above all, society will be most concerned with safety. Therefore, demonstr&tsilgenceof air-taxis
including failure mde managemenfor a wide range of disruptions such as sylstem failures,
adverse weather conditions, etc. will be crucial, especially if no pilot is on board.

Sectionl10 proposes a preliminary list of KPIs to measure thelfadint of the key principlefisted
above by any given UAM ConOps implementation.

2.2 UAM Challenges

For UAM to be deployed, a number of challenges is¢ethe addressedlhese are intrinsically related
to the key principles detailed in the previous chaptereaning thatthe solutions to overcome the
challenges will have to baignedwith thesekey principles

ThisConOpglassifieghe challengesaccording to the three pillars @inovation feasibility, viability,
and desirability.This createshree clustes of challenges that aréerived directly from theethree
innovation pillarsg the base challengesechnology, business, and public acceptanBesides, UAM
alsoencounters a set of crossectional challengebat can be derived from the interaction tfe base
challengeg these are development, social impact, and process and standards challenges.

DEVELOPMENT
GROUND INFRASTRUCTURE
MULTIMODALITY
ENERGY NEEDS

TECHNOLOGY
VEHICLE TECHNOLOGY
U-5PACE SYSTEM

CNS TECHNOLOGY

BUSINESS
VEHICLE TECHNOLOGY
U-SPACE 5YSTEM

CNS TECHNOLOGY

ay

PROCESSES
AND STANDARDS
OPERATIONAL ASPECTS
REGULATION AND STANDARDS
CITY DEVELOPMENT

SOCIAL IMPACT
ADDED VALUE OF UAM
PRICE TO THE END USER
IMPACT ON QUALITY OF LIFE

PUBLIC ACCEPTANCE
PERCEPTION OF SAFETY
SUSTAINABILITY
NOISE AND VISUAL POLLUTION
USABILITY

€ ROYAL NLR 2021

Figurel: UAM challenges
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Basechallemes

UAM has to betechnologically feasiblemneaning that vehicle technology and the tiafimanagement
systemmust be able tdacklethe challenges ahead.

1 Vehicletechnology¢ As thecore of operations, the development of vehicle technology is key
to enable UAM. Generally, theerformance (speed, robustness, manoeuvrabgitdrange),
reliakility, environmental impactpower and propulsion aspects of the vehicle néadher
development to ensure optimal and safe operatioAsiother critical aspect of UAM vehicles
is autonomyUAM operations will gradually move from being remotely controbigéh human
in command to performing completely autonomous missions. The predictability and reliability
of thistechnology wilbe importantfor a successful implementation.

1 U-space Systent The U-spacesystemwill need to evolve to handle several challesge
concerning UAM. These challenges amainly related to deconfliction,planning and
communicationwith the vehicle and integration wih manned aviation. fie systenmust be
able to deconflict traffic while dealing witrehicles withheterogereous CNS anekehicleflight
performance. On top of that integration with ATC is of essenceln particular
integratiorn’ dynamicdeconflictionwith manned aviation which does not receigeparation
service from ATCAlso,asmajor cities araisuallyclose to airportsmany UAM operations are
likely to take place in the vicinity of airports, for which deconfliction will be needed.

1 CNS performanceare critical to define the separation requirements and the operational
restriction on drone trajectories. It is essentialitentify the communicationshavigation and
surveillancenfrastructure considered.

UAM has to beeconomically viablewith a value proposition and economic positioning that allows it
to compete withcurrent and future transport means and processes.

1 Market viability ¢ It is obvious that UAM has to be economicaligble for it to become a
reality. Firstly, UAM needs a strong value proposition that allows it to compete with other
modes of transport or solutions. In the case of air commuting, UAM is likalgrhpete with
e.g., road transport, #bikes, and others. Other UAM applications such as air ambulance or
inspection also will have to prove their viability and advantage with respect to current
solutions. It is essential that these solutions provide a petitive advantage and positive
impact with respect to current technology and processes. Development of infrastructure to
support drone operation and embedment within the city and other transport modes (multi
modality) are relevant aspects of the businease as well.

Desirabilityis also key for UAM, as it will define litsability and enable its integration in society.

1 Public acceptance It is essential that the public accepts UAM, othige it will not achieve
the routine and widespread usage that cosmwith broad integratiorin society. ie main
aspects concerning public acceptance aafety, noise, visual pollutioreffect on the
environment,and privacy Theseaspectsare derived from one key characteristic of UAM
operation in urban environment©perations in urban environment imply a notable proximity
to buildings and to people, thus creating new sources of nuisance to citizbasnoise
produced during operations is a sour@ieconcernwhich is increased due the proximity to
the city envirmment. Moreover, the fact thabperations may happen over or in between
building createsvisualpollution of the skiesand the concern of privacy invasion (i.e. drones
equipped with cameras flying next to howssd-urther, these operations are introducirggnew

Founding Members 17

EUROPEAN UNION  EUROCONTROL



D2.2.010 HIGH LEVEONOPSINITIAL x>
SESAR x

JOINT UNDERTAKING

risk in daily life- the possibility of an accident or confliduring operations. This resultst

only inthird party risk issues, but also the need for citizens to trust the technology to feel safe
whilemaking use oit. Finally, the effect of te operations on the environment and the wildlife
(e.g. birdspresents a challenge for the acceptance of UAM.

Crosssectionalchallenges

Besides thdéasechallengegroupedunder feasibility, viability and desirability, theisea set of cross
sectionalchallengesoncerning themplementation of UAM.

UAM operational aspectsare key for its feasibilittyAM is expected to take place in urbareas
above andin between buildingghat may createurban canyonenvironments andmicro-weather
patterns. Theseisually create mechanical turbulences, wind currents, raaid satellite navigation
(satnay reception issus or reduced visibilityT herefore yehicle andJ-space system technologies will
have tosolvethese issueso achieve feasibility and desirabiligf UAM operations. Specifically, to
ensureobstacle avoidancend how to deal wittbouncing signals Moreover,the heterogeneity in
CNS and vehicle gdermance highlight the need for a propairspace structuringprocedure design,
definition ofaccessules capability requirementand separation standards.

UAM will also face some@evelopment challengeselated to the creation and adaption of ground
infrastructure for drone operationsVertiports will need to be certified andnay face requirements
conerning their location and operations. Vertiports whlhve to be located inoptimised points
throughout the city that can botenhancehe operations (energy) armméduce nuisance to neighbours.
Moreover, the integration with current infrastructure and traport means will be key to ensure
multimodality. Addressing these challenges giitengthenthe feasibility and viability of UAM.

Regulation and standardfor flying overpeople, withBeyond Visual Line of SigBML®) operations
and carrying passengswill be necessaryThis also applies tenvironmental(energy requirements,
emissions, noisgnd safety aspects of the operatigres well aprivacy related issues. On top of that,
the vehicles, vertiport antl-space providers will need to be certified

2.3 UAM Evolution

The whole UAM ecosystem is expected to progressively evolve fromsmitiglle low-risk(e.g. specific
category)and lowdensity operationghat will be segregated from existing manned traffiewards

more complex certified, fully integrated operations This integration will bechievedby means of
access to common infrastructuse services and proceduredesignedto guarantee safety and
maximise efficiency.

AMU-LEDConOps targets the transitional medium term, when the firstaki opeations start to take
place within a relatively mature-gpace environment with most U1 and U2 services deployed.

The UAM evolution will be different for each country and continent based on applicable business cases,
regulative environment and operatiohamplementation Table2 belowproposeshree standardtime
horizons characterised by different aspects such as the complexity of the operations, the involved
actors in traffic management, the airspace structure and integratioth wwmanned aviation, the
available UAM services, applicable regulation and standards and available infrastractdre
technologies

Founding Members 18

O

EUROPEAN UNION  EUROCONTROL



D2.2.010 HIGH LEVEONOPSINITIAL x>
SESAR x

JOINT UNDERTAKING

1 Short term (<2025)the upcomingEuropean UnionEU regulation on UA$4] will facilitate
the definition of Uspace volumes and the deployment of basic serviicesU1 and partial U2)
to support initial semiautomated (HumanWithin-ThelLoop) operations of standard
performing UAS, mainly in the specific categ@grtainVLOS and BVLOS operaticosipliant
with existing (and newytandard ScenaridSTSWill be allowed over peoplédew actors such
as USSPs and CIS will take pattaffic managemenactivitiesin coordination with existing
ANSPand Operators/PICs

According to[4], separation from manned air traffic will be guaranteed by means of
segregation (dynamic airspace restrictions) and manned traffic operating witlsipatk in
uncontrolled airspace will be required to make itseliéctronicdly conspicuougo the USSP.
Separation between SPVswill be achieved by use of flight authorisation (strategic
deconfliction) and the provision of traffic information to tflot in CommandRIG. The use
of new technologies such as 5G in support of CNS will starkéopimcean certain, but not yet
all, Uspace implementations

1 Medium term (20252030) the complexity of the operations will increase to include urban
HumanOnTheLoop BVLOS operations for standard performing vehicles, fleet operations
(oneto-many)and first airtaxi and cargo transport operations within the certified category.
Air-taxi automation levels will be consistent withose frommanned helicopters and there
will be a pilot on boardDifferentU2 and partial U3 services will be deployedthe given X,

Y and Z volumes

Thesehighperforming, highrisk air-taxi and cargaperations will demand a specific set of
servicessomewhat different fromthat of standardperforming category(defined in Section

2.4), some ofwhich will be baseline todpace(e.g. eregistration) others will require certain

adaptation or enhancement(e.g. flight authorisation, conformance monitoring, tactical
deconfliction, etc.) and others will bmmpletely new(e.g. vertipat flow management) The

provisionof thisi @ LIS 2 F a Sy K|l y OS R éanaddtiud@iicOtBicationty & & NI |j ¢
USSPAdditionally, enew actor, the vertiporbperator, will startplaying an active rol traffic

management.

Until full traffic integration can be achieveand in order to avoid imposing too restrictive
requirements forthe sccalled standardperforming UASAMU-LED proposes thahigh
performing operationsare contained within a new Type Z airspace to separate them from
manned aviatia and other less performing UAS. Dynamic airspace restrictions will apply to
secure transitions to/from vertiportésee Sectiod for more details)

New regulatiors will enable piloted air-taxi operationsfollowing current EASAConcept for
Certified Categorjb] and willincorporak additionaloperationcategories, services and actors.

While initial operations will make ef existing helicaer and airfield infrastructure, the first
vertiports will be deployedSpecific CNS infrastructure will be made available for use around
GSNIALRNIA YR 20KSNJ AYFNF &dNHzO0 dzNBE & dzOK | & ¢

1 Long term (2030+)remotely piloted and autonomous aiaxis withHumanOverThelLoop
capabilitieswill coexist with other manned and unmanned traffic in high density scenarios in
an integrated manner by makingse of collaborative interface$)3 and newservicesand
standards Free routing will be available and all aircraft will be mandated to trandpemd
receive to guarantee separation.
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Accrued elements Shortterm Medium-term Longterm
per subject (<2025) (20252030) (2030+)
1 VLOS & STS BVLOS over people (sp¢f HOTL Urban BVLOS for SPVs 1 High density and complex scenarios
category) 1 Fleet operations (one to many) 9 Remotely piloted and autonomous HPVs with HO\
Complexity of 1 Standard Performing Vehicles (SPVs) 1 Certified High Performing Vehicles (HPV):taii (PIC ofboard) and  capabilities
Operations 1 Low dendly operations cargo
1 Lowrisk locations 1 Medium density operations
1 Semiautomated operations (HWTL) 1 Air-taxi automation levels awsistent with manned helicopters
1 USSP & CIS Provider 1 USSP certified for HPV traffic management 9 CIS/IUSSP/ANSPs evolutions towards integre
Actors 1 Operator/PIC 1 Vertiport Operator airspace management

1 ANSP
1 National and local authorities

1 Fleet manager

Airspace structure
and integration
with manned
aviation

1 U-space volumes

1 Dynamic airspace restrictions
1 Econspicuity within kkpace

1 Segregated airspace

1 Volumes: X, Y, Z

1 Specific ZH volume and transition corridors for HPVs
1 Dynamic airspace restrictions to/from vertiports

1 Segregated airspace/partial integration

9 Free route / Full integration
9 All aircraft transpond and receive (V2X DAA)

U-space/UAM

9 AS services (aeronautical info.)

1 Registration

1 NetworkID

1 Gecawareness (temp. restrictions)
1 Flight authorization

9 Tracking & Surveillance

9 Dynamic Gedencing

1 Initial tactical deconfliction

9 Operation plan processing & Risk Analysis Assistance
9 Emergency management

9 Dynamic Capacity Mgt.

9 Tactical deconfliction

9 Collaborative interface with ATC

9 Highly automated traffic management

services i Traffic info (manned & unmanned) 1 NAV&COM info.

9 Weather (optional) 1 Procedural (and initial collaborative) interface with ATC

1 Conformance Monitoring (optional) 9 New services for HPV: vertiport flow management, airspace design

advisory tactical sepation.

9 EU 2019/945 & EU 2019/947 9 New regulation for certified category (EASA concept) 9 Complete standard framework for-Epace

9 EU 2020/639 & EU 2020/1058 9 New reguhtion incorporating additional categories, services and act 1 ATC and pace interface regulated

1 EU Regulation on-pace (>2023) 1 Special Conditions for autonomous UAS and VTOL 9 Regulation ensuring all aircraft transpond ar
Regulation 9 New STS for EU 20947. 1 Medium and longterm services standards available receive (V2X DAA)
& 1 Certification Specifications and Speci { Evolution of safety assessment methodologies to incorporate HPVs { Certification specificatio for autonomous UAS anc
Standards Conditions for UAS and VTOL SPVs operations VTOL

1 Shortterm services standards available
1 Development of standards for Technic
Interoperability (USS/USS and USS/ATM)

1 Update ATMramework to ensure ATC interface withsgace including
communication protocols (SWIM)

Infrastructure &
Technologies

1 Use of existing CNS infrastructure
1 Initial deployment of new CNS infra (e.g. 5

1 Use of existing helicopter and airfield infrastructure for HPVs
TLYAGALFE ALISOATAO a\BEM@dsy Ré Ay TN
1 Specific CNS infrastructure available around vertiports
ft20SydAalt dza8 2F 2G6KSNJ AYyFNIF &l

1 Integration of ground infrastructure within cities

Founding Members

* *
* *
* 4k

EUROPEAN UNION

O

EUROCONTROL

Table2: UAM evolution

20



D2.2.010 HIGH LEVEONOPSINITIAL x>
SESAR x

JOINT UNDERTAKING

2.4 Operation Categories

EU Reglation 2019/947[6] and its amendments EU 2020/638] define threedifferent categories
according tahe riskof the operation

1 Open Category These low risk UAS aseibject to a set of produt standardswhich are
intended to assure thathey aresafe to be used within a designated subcategory of the Open
category. There aréve classes labelled CO to C4 with the lowest number posing the lowest
risk. Homebuilt unlabelledaircraft alsdfall under the open category

1 Specific CategoryUAS used in the Specific categoan either beunlabelled or classified as
C5 and C6 when operating in standard scenait®ir technical standards are dependent on
the proposed type of operation and its assated risk assessment e.g., BVLOS operations,
flights above 120m, drones > 25kg, urban operations or operations over people.

9 Certified Category The design, production and maintenance of a UAS must be certified if the
aircraft characteristic dimension igreater than 3m, it is designed to be operated over
assemblies of people, it is designed for transporting people or it is designed for the purpose of
transporting dangerous goods and requires a high level of robustness to mitigate the risks for
third parties in case of an accident.

The three operations categories must comply with the particular rules defined in the corresponding
Europearregulation, including location and type of the flight, missions, systems, services used, training
and organizational ragrements. The requirements for thtree categories vary from the Maximum
Take-Off Weight (MTOW), the distance from populated areasnfrastructures UAS classification and
more.

In order to facilitate the integration of operations from the open, speahd certified categories in a
shared airspace over citiebgyed AMULEDConOpgproposesan ovearching classificatiobhased on the
vehicleperformance and needs (i.8ight performance, CNS capabilities, required UANI services
and infrastructure)This categorisation responds to tlaérspace classification proposed in tBisnOps
which divides thevery low level airspace inthe layers of highperformance and standard
performance

The standard performance categorgoversthose vehicles(e.g. small U8)that will operatein the
open, specificor even certified categories within the so-called standard performance layelin
accordance withthe givenCNS and UTM/ATM requiremerfts operation On the other hand, the
high-performance categorywould correspnd to vehicles operatingnder the certified categoryn
the highperformance layer (e.g. ataxi, big cargdh whichimpliessuperior risk levels but aldugher
flight performances and CNS equipment, requiring advdid&@€M/ATM services and making use of
more sophisticated infrastructure.

In this way, vehicles will be able to access one layer or another independently of their operating
category benefitting from differentairspace management characteristies long as they comply with

the correspondingaccess requirementg¢i.e. CNS performance, operational procedures, services,
separation criteria and equipment, etc.)
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2.5 Business Cases and Mission Types

The UAM market entails several drone applications and business cases that could help bring value to
society, optimise current procedures and processes for companies and individuals, and improve the
quality of life in cities.

Although all thesapplications and associatéadisinessasewill take place in an urban environment,
the characteristics of thenission and the requirements to performvary from oneapplicationto
another.On a higher leveinission typesan be dividedy the expected performancef their vehicle
CNS requirements) TM/ATMrequirements, and infrastructure needgo facilitate afe and efficient
operations, the AMLLED conceptsreatestwo different layers of airspace for ¢ise applications and
linked businessasedo operate- the high performancelayer and standard performancdayer (see
Sectiord). Generally, this leads to aiaxis and bigger drones operating in the high performance layer,
and smaller UAS flying in the standard performance layer. Howevshould be note that these
layersare notrestrictive, meaning thaanymissioncan operatdan the highperformance layer as long
as it complies with the requirements to do dakewise exceptions can be accommodated in case of
emergencies or special authorisations.

MANNED AVIATION -
S
HIGH PERFORMANCE —
R -
STANDARD PERFORMANCE N Tl
< %o N

Figure2: Mission typesallocation tooperational layers

High performance layer

Operationsin the high performance layaequire a higher level of support from thedpace system,
and optimal CNSand vehicleperformance Generallyoperationsunder this categorywill perform
longer and more complex missigngith the possibility of changing US@Ring operation, and having
to adapt to different environments (urbagsuburbang rural). Mission typesunder this category are
the airtaxi, emergencyservicesand cargo operations.

Theair-taxi service can bdefined as an oilemand pointto-point service that transports people from
one destination to another. The distance range of thetaki could go from a more urban mission type
(7-50 km) to a longlistance intercity mission (109200 km).Theairport shuttle is similar to the ai

taxi - it offers scheduled flights between various landing pads in the city and the aifpame types

of cargo operationwill be classified under high performance if these are performed by vehicles similar
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to air-taxis trangorting heavy cargo (without passenger8nother highperformancelayer mission
type is theair ambulance It consists of travels to/from the hospital for emergencies and potentially
hospital visits The eHan@nd Tecnaliaair-taxisare the two AMULED vhiclesdesignatedfor these
missionsOther UAM vehicles participating in emergency services include also manned helicopters.

Standard performance layer

Operationdn the standard perfanance layeareusually carried out by smaller drondgission types
underthis category are infrastructure inspectiatelivery servicesr entertainment and mediamong
others.

Infrastructure inspectioncan beperformedby snall UAVs with cameras, facilitating the examination

of hardto-reach critical infrastructures (kkbridges, towers, dams or wind turbines). The use of UAVs
for infrastructure inspection entails benefits in terms of cost efficiency, decrease of danger to human
lives, goodquality, realtime data acquisition, and data storage capabilities.

Delivery ofgoods& medical suppliesThe use of drones for transportation of goods is one of the most
discussedbusinesscases in the industry. Delivery drones are usually classified in two categories:
medical dronesandtransport-logistic drones Medical drones offiea fast and reliable solution for the
transportation of urgent medical goods (e.g., blood samplEsnsportlogistic dronesouldoffer an
optimal solution for lasteg parcel delivery in urban environment.

Police and law enforcement mission$hesemission typegan bring an important positive impact on
society, includingperations likesearch and rescueurveillance ormonitoring among others. Drones
equipped with cameras allow fast and efficient identification of people, good overview of hardly
accessible areas for surveillance, and reliable image for crowd monitoring, with-aquoaddy zoomin
capabilities. An example is thBJl Mavic Pranulticopter, to be operated by ITG in AMUED
demonstrations

2.6 Stakeholders

Apart from those entities taking aactive role in day to day UTM/ATM activiti@escribed in detalil
in Sction3), therewill beother actorsinfluencing the overallAMimplementation,developmentand
deployment Some of them could be consideratkecisionmakersas theywill shape the UAM
operationalframewak and its implementation tempo. This is the case of:

9 City Council / Municipalitieslooking after public (citizens) interest, they will push for certain
UAM implementation conditions like spific urban areas to be covered/served or the type of
operations that are allowed or prioritized. They will also be able to decide on the deployment
of public infrastructure (with public funds).

1 Government/ Ministries will have to accommodate the demds from UAM with those from
other airspace users within and around cities like military, commercial and general aviation,
recreational flights, HEM$ic.

9 Civil Aviation Authorities (CAAWwill provide the necessary regulatory and operational
framework toguarantee a safe and efficient operation of all types of vehicles, including the
certification of new traffic services providers.
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There will be other type of stakeholdemsith a supportiverole, that will be required to sustaithe
whole UAM ecosystenThese includanfrastructure providers(vertiports and CNS mainly), UAS and
UAM vehicle manufacturersUAS and UAM vehicle desigrganizationsMaintenance Repair and
Overhaul(MRO) organizations, training organizations, law enforcementd security agercies.

2.7 Vehicles

UAM vehicles can be characterized following different criteria like the category of the operation
(Sectior?.4), the purpose of the mission (Sectidrb), the availableequipment on bard and achieved
CNSperformances(Section9), the level of autonomywhether they carry humans on board (pilot
and/or passenger) and their flight performances.

Regarding the latter, a substantial differeniseexpectedetweenthe flight performances odir-taxis

and biggettransportdronesand those of smaller UAS, which justifies the proposal to segregate these
two types of traffic (high performing vs standard performing) in order to guarantee separation while
avoiding posingoo restrictive requirements to small UAS.

Regarding the mission profile, most of the current eVTOlagirdesigns are addressing two types of
mission: the intefurban and thentra-urban, being the airport to citgentretrip the reference for the
inter-urban mission and the usual taxi ride around the urban area the selected fdntitzeurban
mission.

Regarding theairport to the city centre mission[8] [9], covered ranges can go over 100K at cruise
speeds between 150 and 240km/h and cruise altitudes betweerfe&dfi@dnd 120(feet Above Ground
Level (AGL) with 2BOmin reserve at cruise power available.

For theurban route the current stateof-the-art aircraft prioritizesmanoeuvrabilitywith adequate
architectures, but reaching lower speeds and ranges (100km/h as&Dk respectively) with similar
cruise altitudes (S0RAGL.

On the contrary,Standard Performing Vehicles (SP\Wsjl mostly be smalmulticopter for aerial
applications ke security, inspection, maintenance, small cargo, or filming. Most of the applications
use architectures with less than eight propellers up to three propellers, but also conventional
helicopters and ductedan vehicles are used depending on the appligatio

The proposed ConOps will have to accommodate all sort of vehicles, SPV and HPV which have different
flight performancesmanoeuvrability range, speed, infrastructure requirements and environmental
impact. In order to understand some of these differes; te following paragraphs provide an
overview of the main aitaxi types found in literatur@and their performancefl].

Air-taxi classification

The requirements and boundary conditions on aircraft design for UAM aserite cases novel in
comparison to classical aircraft design, mainly due to the specific requirements needed for a safe flight
in urban areas. Most research on the eVTOL design has concluded to use three primary vehicle
classificationsVectored ThrustWingless MulticopterandLift + Cruisé¢10]. Theirmajor performance
factors, such as cruise altitude, speed, flying raagd,environmental impact vagcross the different
configuration typeg11].
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Typically, autonomous vehicles are designed for one to five passeifgguse3 shows the main air
taxi types according to their mechanism to obtain lift.

(@) (e) (c)

Figure3: Vectored thrust (a), wingless multiqgaer (b) and lift + cruise (d12]

Vectoredthrusth @ 'y FANONI FiQa loAfAde (2 Ay¥FidzSyOoS (KS
Figure3 (a). Thrust vectoring for eVTOLSs is controlledtigh tilt-wing or tilt-rotor designg13]. While

tilt-wing designs have one or multiple propellers fixed to a wing that pivots on an axis to influence the
direction of thrust, tiltrotor designs have one or more propellerstipa/ot independently of the fixed

gAY3 2NJ A0NHzOGdzNI £ adzNFFOS G2 AyTtdzSyoOoS (GKS RANE
the Lilium Jet, the Aurora LightningStrike, and the Joby S2 and S4 are examples of this category.

Wingless multicopte design is similar to that of a traditional helicopter operating with multiple fixed
rotors, seeFigure3 (b). The multicopter design classification, like the vectored thrust class, is a very
popular design choice in the aerospam@mmunity behind eVTOL. Thesiecraft have no wings and

rely on thrust production via multiple propellecoften four or more. The advantages of a multirotor
design are that the multiple rotors allow for more straightforward rotor mechanics and sugkgior
control, as well as reduced noise production and vibraficH.

One of the designs in the aiaxi market is the wingless AirbusCityAirbus[15]. The CityAirbus is
designed with four dued propellers that allow for a minimal acoustic footprint. Thel&hg 184 and

the Volocopter 2X (both in the certification phase) are examples of this category, which also includes
designs like the S Oy lwinglebs@éctored thrushir-taxi prototype[16].

AneVTOL lift + cruiseesign operates on independent engines for thrust and cruise capability (see
Figure3 (c)). Typically, fixed, vertical propellers are mounted to the top of the vehicle grargtes

lift similar to a helicopter, while horizontal propellers are wimgunted to generate thrust in a
forward direction for cruising. The ZeeAer®Z, the Kitty Hawk Cora, and the Aurora Flight Sciences
eVTOL are examples of this category.

Performarce comparisons of aitaxi design classifications

Based on the description of the major-#ixi configurations given by prior researdiable3 presents
the eVTOL vehicle designs along with their characteristics. Each alterrsagm diexs its strength and
weakness regarding range, speed, passenger capacity, and environmental impact criteria.
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Vectored Thrust Lift4+Cruise Wingless
Characteristic Tilt rotor Tilt wing Fixed horizontal Fixed vertical Wingless
Example Bell Nexus Air bus Vahana  Kitty Hawk Cora Cartercopter E Hang 216
Speed (km/h) 288 230 180 282 100
Flying Range (km) 241 100 98.8 256 35
Seating Capacity 4 2 2 4 2
Battery Density (kwh) 50 40 63 300 110
Cruise Altitude (ft.) 250 1,000 3,000 10,000 10,000

Table3: Characteristics of key aifaxi design classificationgl2].

2.8 Vertiports

Vertiports {hat can be also referred to a®rtiplacesor UAM aerodromesas more generic terg) are

take-off and landing infrastructures for UAM vehicl&bey will be a disruptive elemefibm the UAM
ecosystemand will therefore require special consideratiddue to the similarity between current
eVTOLs and helicopters, it is considered that in a first approach the design of vertiplaces will be derived
from the one of heliports. Nonetheless, as opposed to heliports, vertiplaces are expected to hold a
high dersity of operations, and they present different sizes, levels of automation and facilities
according to their final purpose oF simple operations of singleAb aircraft, a heliport could be a
suitable platform if equipped with some minimal capabilities.

Alocal area within the UAM space can be equipped with a single vertiport or with a set of them that
can be operated by different organisations (similar to helipads in some cities). Existing helicopter
landing sites could operate as vertiports under certaiemisesthat are discussed later. Vertiport
functions are diverse, as they may be dedicated solely to passenger transit, cargo loading,
maintenance, or a mixture of these. Some vertiports will provide feigacity, highempo facilities

and integrate wih other transport modes. Vertiports will be established more quickly than traditional
airports.

The limitations of current heliports to be directly incorporated to UANM that they are commonly
conformed by one pad (there are no parking imts) andthey are limited in their ability to handle
traffic as well as the technology sophistication needed for high density UAM operalibesefore,
additional infrastructure facilities such as chagjrefuelling and for simplemaintenancérepair
operations shoulde incaporated to current heliportsas well an increase in their automation level
(the vertiport should be provided with weather and surveillance systems to commntentbair
availability in reatime).

Some vertiports will have facilities for UAM vdagto move from thd=light Approach and Takeff
(FATQto a stand so that the FATO is available for other vehicles. There will be a mix of vertiports with
and without stands within the UAM environment. UAM vehicles will need places to park at a vertiport
while not in operation. Transition between a FATO and a stand will occur while the vehicle is on the
ground (either towed or selpropelled under its own power) or in a low hovér.addition vertiports

may require a transition zone around them in orderperform safely the transition of an UAM to
landing from cruise or from takeff to cruise.There exists some notation to distinguish different
vertiplace infrastructure arrangements:

1 Vertihubs:biggest vertiplaces for cargo and passengers with the pitisgiof acting as a hub
or central for eVTOL operations within a certain geographic space. Due to their size
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requirements, they should be allocated in suburban or peripheral areas and equipped with
proper infrastructure for various operations includingimtenance, repair and overhaul.
Vertiports: these ground infrastructures are expected to be smaller flaaul not necessarily

as equipped awertihubssincethey are not intended to hold relevant maintenance operations
or serve as longerm parking. Theyre to be allocated in highly urban areas irrigated with
complementary transportation methods for passengers and cargo within the city. It could be
convenient to include termindike areas for passengers.

Vertistations the simplest and smallest vertiga type, thought for a reduced number of
landing pads. The required equipment does just hold for safety and customer service. These
kinds of infrastructures seem more likely to arise on peripheral regions, possibly for
performing cargo operations such askup and delivery in industrial areas.

Vertiport requirementsinside UAM challenges

Addressing théechnological feasibilitychallenge, there are several aspects that vertiports/vertiplaces
should accomplish:

1

The vertiplace should be equipped with a profr&rastructure for datacommunications.

The complexity of the systems will be proportional to the extent of operations expected for
the vertiplace. Navigation facilities are required: eitHastrument Landing SysteniL(,
Ground Based Augmentation $mm (GBAY dual frequency GP@ alternative means

Due to the high demand on local resources, vertiplAd@d/ aerodromeshouldallow utilities

such as internet camectivity, electrical grids or public accessibility.

The vertiplace shouldperate atan aitomation levelhigh enough to ensure safety and
efficiency when dealing with high operation rates.

Operational aspects

T

T

= =4

There must exist a surveillance system monitoring several data such as pad, parking or
charging availability.

A weather provision syste is necessary to enhance safe operations, especially at low
altitudes.

If the vertiplace is public, it must be properly integrated in th&M ecosystem. This means,

the vertiplace should be as modular as possible in order to hold operations from differen
aircraft types.

Ensure safe operations and cybersecurity.

Vertiport managing and priorizatioof flights will be addressed in further versions of this
document when the airspace dsion will be fully defined.

Developmentchallenges

1 The vehicle type widetermine whether the vertiplace should be equipped with a refuelling
or a charging system or both. It is expected that in the future electric aircraft would have a
major role inUAM.
Weather.
1 There are several actors inveld inthe definitionof hazaraus weather conditionsAvertiport

local weather service must be providéal operators to evaluate accessibility basedtbs
aircraft envelopd&proposel for passenger comfoiih the case of aitaxis) On the other hand,
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vertiport/UAM aerodromeoperator must define the specific weather conditions theduld
prevent certain aircraft types from accessing the airpotd declare potentially hazardous
weather conditiondo USSPs and Operata@s that theycan take the corresponding actions
(cancelation of fight or rerouting to alternate)

Public acceptance and desirability

I Mitigate or minimize environmental risks, such as noise or power consumption

1 Minimizerisk (in case of accident, for instance) by designaige-off and landing procedures
with sufficiert distance from people or buildings.

1 Urban vertiports for passenger transport should be connected to other urban transport
infrastructures (undergrouth, train or bus stations, efcto facilitate displacements. The
inclusion of terminal structures with bisfacilities for passengers is desired for mexdiand
large vertiports.
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3 Roles and Responsibilities

Thissectionidentifiesthe basic roles and responsibilities of the different actors involved in the process

of UAM traffic management. Following the abawventioned key principlesAMU-LED proposes to
YEAYGEAY G2 GKS KAIKSald SEGSY(d LIRa&aAO0MSorBKS NPT !
Regulation on k$paceand extend their responsibilitiesr create newactors whenneeded to cope

with additional UAM needs.

In this mannermost of theoperationalactors involved in UANfaffic managemengctivitiesalready
existwithin the U-spacecontext(i.e. Operators/PICs, USSP, CIS, ANSPahNBE2DSBshut there are
others which arenew, like theVertiport Operator the HPV Operator and the UAM custonrf@ome of
the existing actorsnight needjust minor adaptationsto incorporate UAM while others will require
substantialchanges Thiscouldbe the casef USSPavhich migh be requiredto obtainanadditional
certification in ordeito providespecificservices to HPVs

A list of thedifferentroles is given below including some preliminary considerations oimtpactthat
the introduction of UAMcouldhave ontheir respongilities. Later versions of this ConOps will further
elaborate on these.

Operators

Refer to legal or natural persons operating or intending to operate one or morg-BRX}ircraft. They
shall establish a contract with one certified USSP of their chawéding the mandatory set of U
space services in the airspace of operation. In the-teich (see SectioR.3), these are assumed to
include:

9 The registration and provision of NetwelR of the aircraft that they intend to opeta.

9 The access to aeronautical information, eg@areness (temporary restrictions), weather and
navigation and communication infrastructure data to determine valid areas of operation. As
explained in Sectiod below, SPV operate will need to be aware of dynamic restrictions
affecting volumes around vertiports when these are being operated by HPVs.

9 The request of a flight authorisation to USSP prior to departure.

I The access to traffic information and dynamic dewocing data dung flight to ensure
separation.

9 The provision of conformance monitoring and emergency management services and a
procedural interface with ATC.

They are also responsible for ensuring that all fleet, pilots, maintenance technicians, instructors and
trainersare currently well trained and that the machinemeficles tools, etc) is well maintained; all

the maintenance, training and procedures are well registerad available iase of audit.

Operatois d HPV(air-taxi and cargq vehicleswill have to receve appropriate certificationo conduct

this type of operations which, in the midrm, are expected to count onRIC orboard. They will be
making use of the same services than Ep¥rators but some will need to be tailored for this type of
operations(see sectiorb below). Other additional serviceprovided to HPV operatorwill include
vertiport flow management, airspace design and advisory tactical separation from other HPVs.

Founding Members 29

O

EUROPEAN UNION ~ EUROCONTROL



D2.2.010 HIGH LEVEONOPSINITIAL x>
SESAR x

JOINT UNDERTAKING

Pilot in command (PIC)

It refers to natural person ultimately responsible for safely conducting the flight of a SPV/HPV by
operating its flight controls, either manually or, whéiying automatically, by monitoring its course
and remaining able to intervene and change its course at any time.

They shl be trained to apply operational procedures (normal, contingency and emergency
procedures, flight planning, pright and postflight inspectionsncluding MEL (Minimum Equipment
List) conformity of the vehicjemanage aeronautical communication, maadge aircraft flight path
and automation and manage workloa@hey shall also be responsible for maintainting validity of
their personal flight licenses authorizing them to perform gpeecific flightahead This includes not

only making sure thatthdate2 ¥ SELJANE 2F (KSANI LIAf20Qa tA0Syas

ensuring that operationalegulations such as required flight activity carry passenger@.g. number
day and night landings within the last 90 dassyl crew duty and rest tineeare adhered to.

In the mid-term, when HPVoperationsstart to take placePIG will beon-board and the level of
autonomy will be consistent with those fronturrent manned helicoptersin such caseto be
considered HPYperationsthe PIC shathdhere b HPMailored U-space serviceand procedures, as
well asbe able to receive the information and data providedthe USSRs-board. In addition,lhese
operationscould be considered agFR since the PIC eboard provides a visual referencenabling
tactical conflict resolution.

Competent Authorities

They provide information on aeronautical and ne@aeronautical nofly zones, publisWLL
hazardsandreview postflight reports.Also, in addition talevelopng law enforcement methods
related to illegal done activity they support the definition of operatig procedures and rules; explore
applications of kspace to urban needs and proposes methods to ensure privacy of citizens. Finally,
they certify and oversee the USSPs and the CIS provider(s) under rémonsibility as well as
establish, maintain and make available the registration system for certified USSPs and CIS provider(s)

In the midterm, they will be responsibléor establisling the mechanisms to coordinatthe givenU-
space volumes tailoredor HPV operationsas explained inSection4 below, including airspace
restriction forother UAS withm that U-space airspace and determining thdd@\tailored services to
be providedin such Uspace volumes in urban environntsn

In addition USSPs managing HPV traffic will also be under their responsibdityhat Competent
Authorities will be responsible for their certification and oversjgas well ascarrying outthe
necessary audits, assessments, investigations angeati®ns as established in their oversight
programme.

Finally, and bearing in mind thatfr-taxis will be carrying people @voard the Competent Authority

will have to certify HPV Operatqra/hich will need to hold ailPVtailored Air Operator Certificate
(AOC) andnight be required to hold arlPVtailored operation license equivalent to those fairline
business. Likewise, the Competent Autority will have to carry out the auditsassessments,
investigations and inspections as established in the AOCramroge, and shall ensure the HPV
Operatorsfulfil an adequate maintenance programme of their vehicles, providing advisory and
requirements as needed to ensure safety of their operatiobikewise, they will als@et the
requirements andicceptableMeans ofCompliancd AMC)for Vertiports certification, which will need

to be fulfilledby the vertiport operators.
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Authorities will alsoneed to define therequired licensesfor PICsconducting the flights for each
operational context (e.g. VFR, IFR and night afpens).Different types ofitensesalsoneedto be
tailored to the intended type of transport, e.g. number of passengers carriedMi@M (maximum
take-off mass) of the vehicle. Furthermore they needdevelop and implemenadequatetraining
courses andlight exam procedures for UAM passengiansportlicenses.

Common Information Service (CIS)

In Uspace,the CIS isconcerred withthe provision of the necessary information for thell-
functioningof the ecosystemlts objective is to ensure that thenformation comes from trusted
sources and that it is of sufficient quality, integrity and accuracy as well as security so that the USSPs
and other users such as ASNPs can use this information with full reliability when providing their
services.

CIS are rgponsible for providing horizontal and vertical limits of thesphce airspace, the
requirements for accessinsuch airspace, a list of available certified USSPs, any adjacpact)
airspaces, UAS geographical zones and static and dynamic airspactioastri

In this case, CIS might need to tailor the abawentioned information to HPV as they will bperating
in different volumes and therefore be affected by different airspace restrictions than those of SPV.

As the CIS isesponsiblefor providing aly U-space airspace restriction and requirememissuch
airspace, it makes sense to assume that CIS willpatsdde those airspace restrictionspecific from
HPVtailored Uspace volumes, such as the activation andadgvation of vertiport corridorsor
protecting areasandgatherany common information to be provided by USSPs managing HPV traffic,
making it avdable to all UAM involved actorsikewise, in the miderm the provision of tactical
conflict resolution service ight be centralised by thel§, enabling an early implementation of this
service

U-space service provider (USSP)

USSP arein charge of supporting operations planning, flight intent sharing, strategic and tactical
deconfliction, airspace management functions and -rafminal operaions.They exchange
information with otherUSSRSANSPand Cl&nd receive supplemental data supporting operatson
management from the SDSPs.

Amongst others (see Secti&for more details) hey are in charge of providirige following services

to operators gec-awarenessgeofencing,operation plan processing, strategic conflict management,
conformance monitoringemergency managemeiind traffic information.These services will most
likely have to be tailored for HPV opeiats whichi) will be taking place in different volumes than
SPVand thereforewill be subject to differenttraffic, gec-awareness and gefencing data; iiwill
require a separate strategiand tacticaldeconfliction for said volumeand iii) will be subgct to
different conformance monitoringhresholds and emergency management procedures given their
different flight performance.

Additionally, USSPs managing HPV traffic will be resporisitiieordinating the vertiporaccess and
activating the correspatingdynamic restrictions (details in Sectidh

Therefore, USSPs willing to manage HPV traffic will most likely be reqdoedn additional
certification. In this manner, thenaill be USSPs capable of managing only $#RXés or both and they
should all be able to coexist under the samaspace airspace.

Airspace Navigation Services Providers (ANSP)
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controlled Uspace airspaz from UASANSPswill provide situational awareness information about
surrounding traffic to the users operating in a specific airspaieeANSP shall coordinatke
interaction between UTM and ATM througfire Collaborative Interface with ATC serviceding
instructions and clearances when needed.

ANSPs are responsible for triggerithgnamic airspace restrictions and coordinating with USSPs on
potential contingencies and emergenciésough the CIS

In the case of UAM, ANSPs might neegriavide talored traffic information services argkt specific
contingency and emergency protocols with HPVs given their diff@&i8 and flight performance than
those of SPV. Also, as described in Secfiothese vehicles r@ expected o fly higher, closer to
controlled airspacéelow VLL, and also at airports.

Likewise, ANSPs will have to coordinate with the Competent Authority the establishment of the new
U-space airspacgolumes tailored for UAM, when such volumes are within thepaice under their
responsibility

Supplemental Data Service Provider (SDSP)

In Uspace, SDSPsovide access to supplemental data such as ground and terrain data modelling,
population density, weather information, cellular coverage, etc.

In UAM, its role W remain the same, providingailored supplemental datdor HPVssuch ashigh
resolution ground and terrain datagertiports information and smartcity data(e.g. other transport
modes) They will also have to develop procedures to provide easy accesdidble data update
processes, especially to keep cultural data (buildings, roads, sensitive areas) current.

Theywill need to develop and offer NOTAlKke services to distribute relevantaktime information
for very specific, geographically limitedeais(e.g. temporary flight restrictions, 4D géencing areas)
This requires intelligent filtering algorithms to efficiently usemard flight management syste
memory capabilities.

Vertiport operators

They are responsible for managing ground operatiangerseeing ground safety, security (including
cybersecurity), boarding procedures, and charging and refuelling the vehitleg.also must provide
updated information on current and future resource availability such asgmatlemergency landing
areas paking,charging availability or weather provision at low altitudes, and supp@iv
operatorsplanning. They must establish eoordination with SPV and HPV operators and USSPs to
manage ground, takeff and landing operations in the vertiports under theantrol.

The data exchange between the USSPs Network and the vertiport operator is crucial to guarantee safe
operations, as the USSPs must provide 4D information of the current and future trajectories involving
the aerodrome and monitoring during flight.

Finally, theyshould contribute to the development of standards and regulatiandsupport the
definition of operating procedures and interoperability requirements to ensure the safe integration of
drones in airspace.

UAM customer

Refers tothe end-user payingfor the service offered by theperator. The required service can be
demanded foimmediatedeliveryor scheduledn ashort future. This type of instantaneous service
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must be taken into account whdmlancing the capacity of the airspace sinice U-space
architecturethe normal operations are previougbyanned

In case of Air Taxi operations, passengers will have to comifilysafetyregulations with respect to
emergencyproceduressimilar to commercial air transporf short emergency instction neesto be
given before takeoff, instructing the passenger aboséfety belt requirementsemergency egressr
evenactivating amauto-land system emergency parachute
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4 Airspace Types and Structure

This section describes an initial Airspace Strictenvisaged for allowing and supporting the
integration ofHPV/SP\perations within urban environments, and how these are expected to evolve
over time. An overarching description of the proposed airspace is given across the section.

Airspace Integration lcallenges

As described in UAM Characterizaticimapter, the integration ofHPVge.g. airtaxi, big cargpand
SPV¢e.g. small UASperations withinanurban environment brings a number of challenges that need

to be addressedAboveall, the main challege is to assure safety of these operations, considering that
to remain well clear with regard tmannedVFRaviationand otherSPVsHPVsannotgenerallyrely

on the pilot visibilityif he/she is not orboard, but also, that, having passengers on boatuk t
operational air risk is much higher than for other UAS. Therefore, the safe and effective integration of
UAM operations needs to tackle the separation and conflict avoidance problems:

1 Separationbetween HPVand manned aircraft:

0 General Aviation (VFR)romnonly lack of transponder/conspicuity means, which make
non-visual separationery difficult

o Different altitude references for unmanned (GNSS) and manned aviation (barometric)
is an important concern.

1 Separationbetween HP\s and SPVs

o Limited range of @sting drone remote elD solutions (bluetooth/wifi) make them not
applicable for separation assurance and DAA iwithAM.

0 ADSB cannot be generalised to every drone to avoid 1090 MHz saturation.

SPVandHPVdavedifferent features and performances (speed.)

0 SPVs should not be mandatéal carry on board euipmentwith the same level of
performance than those farPVas the high cost could jeopardize the accessibility of
these vehicles to the airspace

1 U-spacetraffic managementissues:

0 Tactical separatin/deconfliction complexity, considering thenanoeuvrability of
rotorcraft and VTOL, the different type and sizeS®HV/HPV, and the lack of flight
procedures/routes.

o0 Havingseveral USSPs collaborating increases complexity and requires important
interfacing and procedurestandardization effort to provide their services.

o

Airspace Structure

Having summased the main challenges for UAM/UAS integration within urban environments, and
considering thaAMU-LED targets medium terfr{urban BVLOS and daxioperations), the following

1 AMU-LEDalso tries to demonstrate novel shortterm concepts/technologies/mceduresand to provide
recommendationgor the longterm (highdensity,complex fully integratedand highlyautomatedoperations).
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Airspace Structure is proposedncompassing the evolution of these from the sh®arm & low
density scenarios towards medium to leteym & medium to higkdensity scenarias

The suggested Airspace Structwwemprises two different &yers within VLL upper layer or High
Performance Laydor HPV and lower layer or Standard Performance LdgeSPVs

1 The highperformance layer-HPVlayer- would be a type Z airspace, devotethinlyto HPV
operations and forbidden for common dronéSR/s) assuring therefore separation. As this
layer is still within VLL, this also ensures separation with regard to manned a%iAinymow,
manned aviation could enter this layer, provided that they adhere to the r&lpsocedures,
carry onboardthe requiredtechnologiesand make use of the required-&pace services.

1 The standardperformance layerSPMayer- would be assigned for the rest of UAS, including
Type Z, Y and X volumes, depending on the necessities of the area (density of operations and
compexity).

The Structure is depicted iRigure4, where safety buffers among these layers have been also
considered.

Both layers are expected to be kept within VLL in the stesrh, so that appropriate separatioran

be achieved beteenHP\V-flying within the highperformance layer and manned VFR aviatidiying
above VL4, mainly because of the lack of conspicuity means of the latter to allow both flying non
segregated.

On the other handensuring separation from high buildings ¢ertain cities without breaching into
controlled airspace mighinot be possible if the HP layer is contained within Mo early
implementations this canbe solvedby restricting UAM operationfom flying over those buildings
and keeping a safe distare from them.In later phasesshould it be necessatg extend the HP layer
to higher levelsaredefinition of the surrounding airspaceould be required tkkeep HPVs separated
from manned aviation.

As the number of UAM operations is expected to increager time, including operations with large
vehicles for intercity connections, which have greater capabilities and a higher flight envelope (higher
cruise height, speed and range), thposedairspace structurevill need to evolve.

Thus, in order to imease capacity, ensure access for new missions using large vehicles, and also get
social acceptancegiven the visual and noise impact of these large vehiclagger UAM vehicles are
expected to go above VLL in the meditwdong term.

2 SERA.5005 Visual flight rules

Except when necessary for tag or landing, or except by permission from the competerhority, a VFR flight

shall not be flown: (1) over the congested areas of cities, towns or settlements or over aaircgssembly of
persons at a height less than 300 m (1 000 ft) above the highest obstacle within a radius of 600 m from the
aircraft; (2) elsewhere than as specified in (1), at a height less than 150 m (500 ft) above the ground or water, or
150 m (500 ft) above the highest obstacle within a radius of 150 m (500 ft) from the aircratft.

Founding Members 35

EUROPEAN UNION ~ EUROCONTROL



D2.2.010 HIGH LEVEONOPSINITIAL x>
SESAR x

JOINT UNDERTAKING

For this to happerin a safe and efficient manner, several solutions can be considered, like increasing
the upper limit of the higkperformance layer to go above \}|.Hefining dynamic corridors at higher
levels, or even allowing a flexible use of the airspace whEt¥sand VFR manned aviation operate in

a nonsegregated environment, provided the latter ggroperly equipped for that purpose.

With regard toHPVdanding and takeoff, these operationsvould have to take place in vertiports
located in Type Z volumeshereadequate separation during these operations shall be achieved by:

1 Use ofpromulgated dynamic corridors connecting vertiports and ti&Player; so that when
HPVoperations are being carried out within the corridors, such corridors cannot be breached
by any dher aerial vehicle.

These corridors will be restricted access areas, so difaflight plans could be allowed to
cross these avidorswhen noHPVoperations are expected. However, wherBVoperation
is expected or close to happen, the corridor wl dctivated and otheBPMlight plans will be
rejected.

USSP / Vertipo®peratorwill be responsible for the activation of the corresponding corridor,
as well as for the deactivation of the corridor ortdBVoperation is completed. Thus, dynamic
corridors allow to maximize the use of the airspace by other users wtgvis not making use

of them.

This solution is a suitable fit as a means of segregating traffic to ensure safe UAM operation in
shortterm & low-density scenarios, where capacity should netdbrained.

1 For medium to londerm & medium to higkdensity scenarios, thprevious concept will be
evolved towards dynamic gefencing defining a protection bubble around the HRSsuring
adequate separation with regard to SRA$, a means of ensuringfeaJAMHPVoperations
while allowing other airspace users to keep carrying out their missions, adding more flexibility
in the use of the airspace.

At this stage, USSPs would play a key role in the provision of Ugddtké services for
supporting UAM operabns withinHPairspace, particularly in terms of gdéence provision
and airspace dynamic reconfiguration.

The described dynamic corridors/géences solution can be applied without restrictions in urban
airspace, i.e., in type Zu airspace; however, m¢hse of controlled airspace (CTRe),Za airspace,
the USSP has to be subordinated to the AN®Ryuarantee that manned aviation is segregated from
UAS at any time.

Ly F /¢wx GKS ' {{t @Afft KI@S G2 0S licoafrsfaceli 2 I RI
NB O2 y T A 3 dzNde terhpdrdr odificali@ndothe dspace airspace in order to accommodate
shortterm changes in manned traffic demand, by adjusting the geographical limits of tepate

31t is worth noting that pushing UAM operations aboviel. might come at the expense of deteriorating mobile
networks performance, given the coverage limitations of such a technology.

4In fact, the CORUS definition of Z volume recognized that the tactical conflict resolution service may be supplied
by Usspacein urban environment (Zu), dhe volume may be controlled by ATS in CTRs.(Za)
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airspacé ® ! OO2 NRAYy 3If &3 theKUSTP will Briinediatellls danced &l UASEligHEs in the
segregated airspace.

Therefore, the USSP / Vertip@peratorcannot activate the referred dynamic corridors, without ATC
authorisation.The procesgo activate the corridors will be different in Zn@Za volumes:

1 Zu when a HF'flight is going to takeff or land, the USSP will activate the corridor and all the
SPdrone operations in this corridor will be cancelled.

1 Za when a HR'flight is going to takeff or land, the USSP will request anlaarisation to ATC
and, only when received, it will activate the corridor.

Attending to the previous considerationiet proposed airspace structure is depicted below:

VLL

High Perf.

Layer

Typez,s Typez,®

Standard T - Type X _

\ 4 |- @ N\ T

Layer

TypezZ," o Typez," w
v; Iﬁ A A
Urban Vertiport PreUrban Area Rural Area Vertiport Airport

Figure4: AMU-LED Airspace Structure

Additionally, the proposedifspace Structure is envisaged to encompdfd/SP\operations within
urban and metropolitan environment as well & Vinter-city operations, as shown in thiégureb.

Within the metropolis, the airspace structure should take iatccount the layout of each city to
efficiently design the UAM traffic flowsdn order to do so, a concentrghape flow is suggested to
connect suburban areas within the metropolis, whilst radial flowsmmposedto connect some of
the suburban areas ttheir main urban arealTheseflows will be necessary only if the HP layer cannot
be extended across the whole metropolis.

In the short term, predefined corridors will be used for the connection between different urban areas
(100 to 200km rangegs long alarge vehicles allow these connectigiisese corridors could also be
used forHPVoperations between suburban areas within the metropolis (68kkm)if needed
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Suburban Areas|

Figureb: Inter-urban connecting corridors
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5 UAM services

As staed in previous sections, AMLED intends to integrate UAM within thedgace ecosystem
envisioned by the EUWeferring also to the stat®f-the-art UAM programmes being developed across
the world[1]. In this sensdf proposes to make use of thexistingU-space servicegefined in[4] [17]

to the highest extent possiblend toadd some new required services for HPVs.

As it happened with roles and responsibégidescribed in Sectid@) most, if not all, of the existing-U
space services will need some sort of adaptation to cover the need®dt as these will be different
from SPVs. For instance, HPVs will require specific decmnflggrvices to guarantee separation with
other HPVs operating in the same layer and they might be required to provide more accurate and
frequent networklID (or tracking) data.

A list of the differenserviceds given below including some preliminary ciolesations on the impact
that the introduction of UAM could have dhem. Later versions of this ConOps will further elaborate
on these.They are divided into two groups, namely rierm services and those envisioned to be
realised in the longerm implementation. The mieterm services are further divided to 1)dpace
services foHPV SPVand2) newHPVservices.

U-space services fadPV &SPV

91 Reqistration The service provides the ability for thil®V/SP¥nd the vehicle owner to register
data and query faction to allow appropriate stakeholders to request registration data.

1 Reqistration assistanc&he service to support the registration process to aid the submission
of registration information.

1 Network identification The service supports traffic safetydathe traceability of theHPV/SPV
during its operation.

9 Tracking The service to receive location reporting and to fuse and provide tracking
information about HPV/SPVmovements. Given their higher speeds and the risk of the
operation, it is likely that AVs might be requested to provide tracking data at a higher rate
and with improved accuracy.

9 Surveillance data exchang€éhe service exchanges information between the tracking service
and other sources or consumers of tracks.

1 GecAwarenessThe service tprovide awareness of specific HP/SP layer airspace limitations,
such as restricted areas and danger aregpending on the types of operationis the case
of HPV, Bort term restrictions may béncluded,e.g., SPV and manned aviation crossing HP
layer, or the activation of corridors.

1 Aeronautical Information Managementhe service to collect, manage and pubteshporary
(e.g., corridor statusand permanen{e.g., vertiportsiaeronautical information for HPV/SPV
operations.

1 GeoFencing provisionThe sevice tofurther support HP\geofencing onboard capability,
which shows where it is possible to fly or not according to the authorisation of the vehicle,
operator and latest aeronautical informatioiihe types of alerts received by SPVs and HPVs
will be different as they will be operating in different volumes.

9 Operation plan processindhe service develops and maintains an operation plan and issues
an authorisation in response to an operation request for an HPV/SPV vehicle movdinent.
servicewill access the HPV/SPV operation plans, submit new plan and modify/cancel already
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existing onesThis may include the construction of probabilistic trajectories given ceRiv
models.This service may also invoke the corridor flow management service.

1 Risk analsis assistancé&he service elaborates specific operations risk analykis.will have
to be adapted to the particularities of HPVs which have higher operational risks.

9 Strategic conflict managemerithe service to check for possible conflicts in gigit phase
for a specific HPV/SPV operation plan/intdst means oéxamining theelevantprobabilistic
4D trajectoriegprovided throughthe operation plan processing servjc&he prioritisation of
intra and inter HPV and SPV will need to be defined.

9 Tactical conflict managementThe service to check possible tactical conflicts for HPV
operations including the provision of resolution advisories or instructiorgudingchanges
of speed, level or heading as needed to resolve these conflicts

9 Accident/hcident reporting:The service to prepare and submit an accident/incident report
and to manage its lifecycle.

1 Emergency managemerithe service to detect, to notify and to alert about emergency and to
activate mitigation scenarios/actions. In the -obminal events (where the operations will
impact manned aviation), the ATC will also be involved to provide advisories or ATC
instructions to mitigate the riskSee more details in Section 8.

9 Citizen reportingThe service to be used by the citizen to inforne thw enforcement about
not cooperative traffic or other suspicious events to be reported.

1 Conformance monitoring The service to provide monitoring alerts/warning about the
progress of an operatigre.g., operation planconformance monitoringHP layer/coridor
conformance monitoring, gefence compliance monitoringweather limit compliance
monitoring, ground risk compliance monitoring, electromagnetic monitoringthe case of
HPVs, operational plan (trajectory) conformance will probably require difetleresholds
than SPVs given their flight performance (speed) and risk.

9 Traffic information The service to provide a whole set of information required to obtain
situation awarenessrhis includesnformationand warnings aboutther HPV/SPV operations
that may be of interest to the operatoAgain, these will have to be customised to HPV and
SPV traffic as they will operate in different volumes.

9 Legal recordingThe service to record legal information for incident/accident investigation or

suitable for gatistics.

Digital LogbooKThe service to create and keep up to date the digital logbook.

Navigation infrastructure monitoringThe service to provide status information about

navigation infrastructure.

1 Communication infrastructure monitoring:he servicego provide status information about
communication infrastructure. This service is used during operations.

1 Weather informationThe service to collect and present relevant weather information for the
operation.

1 Geospatial information servicelhe service d collect and provide relevant terrain map,
buildings, obstacles for the operation.

1 Population density mapThe service to collect and present relevant density map for the
operation.

9 Electromagnetic interference informationThe service to collect and prest relevant
electromagnetic information for the operation.

1 Navigation coverage informatioThe service to provide information about the navigation
coverage.

= =
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1 Communication coverage informationThe service to provide information about the
communication ceerage.

1 Procedural interface with AT(he service is a mechanism to coordinate an entry of an
HPV/SP¥dperation into controlled airspace.

New HPVservices

1 Vertiport flow managementThe service manages current and future resources of the
vertiport for HPVoperations (e.g., open/closed, pad availability) to suppdRVoperator
planning and strategic deconfliction.

1 HPVcorridor managementThe service manages current and future resources ofHR&/
corridor (e.g., corridor activation/deactivation, corridoavailability information) to
stakeholders. The corridor availability information is communicaiadClS towards associated
USSP and operators.

91 Information exchange servic&he service aims to ensure shared situation awareness for all
stakeholders by ex@mging timely and accurate data.

Longterm envisionedHPVservices

1 Dynamic airspacstructuringservice The service is to maximise the performance of-level
airspace and its structures as environmental and operational needs shift. The service also aims
to be responsive to ATM needs during nominal anehoffinal scenarios.

1 Dynamic capacity managemeniThe service to balance traffic demand and capacity
constraints, which aims to ensure that demand féPVoperations is met to the greatest
extent practicéle in the context of the limited resources in the airspace and vertiports.

9 Advanced actical conflict managemenihemid-term tactical conflict managemergervice
can be enhancetbwards an advanced servidkit further considers theHPV performance
enwelope andthe characteristics otonflictassociatedHPV as well ashe operation planning
information.

i Collaborative interface with ATCrhe service offers communication between théPV
operator/PIC with ATC while a vehicle is in a controlled area.
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Mid-term o
Category Service U-space service New for g Involved actors
term
for HPV/SPV HPV
Registration Vehicle owner
9 >USSP/Authority
Identification and = Registration assistance X USSP>Vehicle owner
Tracking Network dentification service X USSP>-Operator
Tracking X Op->USSP
Surveillance data exchange X USSP-Other
ANSP>CIS>USSP
Geoawareness X
>Operator
Aeronautical information X SDSP/USSFAuthority-
management > Operator
Geofencing provsion X ANSP>CISUSSP
Airspace gp >Operator
b Airspace and procedure desigr Airspace authority
management - X
. service >ANSP
/Georfencing Dynamic airspace structurin
yne P 9 X ANSP>CIS>USSP
service
. Vertiport->USSP
Vertiport flow management X >Operator
HPV corridor management X Vertport->USSP
>Operator
. Operation plan processing X Operator->USSP
Mission ; - -
Management Risk analysis assistance X USSP>-Operator
Dynamic capacity managemen X USSP>Operator
Strategic conflict management X USSP>-Operator
Conflict Tactical conflict management X USSP-Operator
Management Advanced tactical conflict X USSP-Operator
management
Incident/accident reporting X Operator>USSP
Emergency
Management Emergency management X USSP/ANSPOperator
g Citizen reporting X Public>USP
Conformance monitoring X USSP-Operator
Traffic information X USSP>-Operator
Legal recording X USSP>-Operator
- Digital logbook X USSP>-Operator
Monitoring Navigation infrastructure
avigatl X SDSP-Operator
monitoring
Commqnlcatlon infrastruare X SDSP-Operator
monitoring
Weather information X SDSP-Operator
Geospatial information X SDSP-Operator
Population density map X SDSP-Operator
_ !Electromagnetlc interference X SDSP-Operator
Environment information
Nawgatpn coverge X SDSP-Operator
information
Qommuplcatlon coverage X SDSP-Operator
information
Interface with ATC Procedural interface with ATC X Operator/PICSANSP
Collaborative interface with AT X Operator/PICSANSP
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6 Separation and Conflict Management

This section focuses on the separation and conflict management for the HPV operations, including HPV
vs. HPV, HPV vs. SPV, HPV vs. Manned aviation and HPV vs. others (e.g.olistagiles). It is
assumed that the SPV activities (e.g., SPV vs. SPV, SPV vs. Manned aviation) will be existiad by
U-space services, which are out of the scope of this section.

Itis also assumed that manned aviation will be generally sepafedatdthe HPV operations by means

of applying the HP layer sk VLL (see Sectiet). However, some UAM vehicles participatingfor
instanceemergency servicepolice/military, media covering evenigsiclude also conventionalrcraft

such as manned helicopters (recall Seco). In this section, they are treated as HPV if operating
within the HP layer (subject to performance compliance), thus following the separation and conflict
management spéfications of HPV vs. HPV. Otherwise, when operating outside the HP layer, the
problem falls into the category of SPV vs. Manned aviation (as the HPV operations within the SP layer
are expected to be protected by promulgated dynamic corridors). See setfimnmore details of
integration with manned aviation.

It is envisioned that there will be two separation safety nets: airspace structuring separation and
procedural separation; and three conflict management safety nets: eggiatdeonfliction tactical
deconfliction and collision avoidance. The detailed activities associated with different actors, including
the competent authority/regulator, USSP, USSP or CIS, and UAM operator/PIC, are elaborated as
follows:

Competent authorty

9 Airspace structuringsee Sectiod.

1 HPV rules and procedureSpecific HPV rules and procedures, such as-afyiMay rules and
flight routes, will need to be defined. With the overall automation level improving in the long
term, some of these rules or procedures might be lifted to provide increased flexibility to the
HPVoperations.

USSP

9 Operation plan deconflictionThe operator submits the intended operation plan to the USSP
who is responsible for comparing the intentioiwi K 2 4§ KSNJ 2 LJSNJ (2 NR& 2 LJ
identifying any potential spatiotemporal conflicts. The operator will be eventually notified with
the conflict resolution outcome. The objective of operation plan deconfliction is to minimise
the likelihood of planed airborne conflicts betweeHPVoperations.

1 Conformance monitoringTactical deconfliction is realised by USSP supporting conformance
monitoring and traffic information, and USSP/CIS providing conflict alert and advisory, as well
as the surveillance seice. Conformance monitoring will notifyPVoperators if they are not
conforming to their operation plans.

9 Traffic information: Traffic information will inform the operators with the retime or near
reaktime traffic status. This belongs to the monitog service but is differentiated from
conformance monitoring that focuses on the difference of actual operations versus planned
operations.
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USSP/CIS

1 Mission managementlJSSP/CIS will assist the operators to better plan their operations, via
mission manag®aent service in which a variety of information (such as air/ground constraints
and hazards) from different sources will be synthesised and presented teRMeperators.

1 Geoawareness:Compared with mission management supplying information during the
planning phase, the geawareness service provides gimce and other airspace restriction
information to the operator/PIC.

1 Conflict alert and advisoryln case of a high proximity to potential d4@-air conflicts,HPV
operators will be able to receive anformative, suggestive, or directive guidance or advisory
with regards to conflict resolutiorATCshould also be notified in case of potential-trair
conflicts, which might have an impact on conventional manned operatibnis. activity will
be applie@ within a time frame of approximately 1 mii8 min to the predicted collision.

1 SurveillanceSurveillance will be used to detect any airborne hazards through terrestrial and
airborne surveillance means, such as ground radar, airborne radar, vé&dvieddhicle
communication andhutomatic Dependent Surveillane@roadcastADSB) In.

91 Interface with ATCThe procedural interface with ATC will provide a means of communication
between ATC and USSP, which allows the latter, under certain circumstancesigbatamnftict
with manned aviation) to receive instructions and clearances in a dynamic, standard and
efficient manner. In addition to communications, safe operation is enabled by ATC having
access to surveillance data.

Operator/PIC

1 Operation planning:TheHPVoperator will need to develop an operation plan, indicating the
volume of airspace within which the operation is expected to occur, the times and locations of
the key events associated with the operation. The operator will assess all potential hazards
that may affect the planned operation and thus make amendments to the plan as applicable.

1 Ground surveillancetn additionto the networkwide surveillance provided by USSP/EIBY
operatorsor vertiport operatormay also employ separate ground surveitameans, such as
visual observer, radar and camera systa@morder to identify othelUAS or aircraftlt can
contribute to the overall detect and avoid capability.

1 DAA (selseparation): DAA (selseparation) is part of the DAA capability, which occurs
approximately 10 se¢ 1 min to the predicted collision. It seeks to keep the intruder out of the
HPVprescribed protection volume (based on certain separation criteria).

1 Position and intent report:Similar adNetwork-identification service, position repbcould be
conducted by operators to enable better situation awareness for other operators sharing the
same airspace, thus improving the DAA capability. Including operation intent in the report to
be broadcast will further improve the performance of cartfliesolution.

1 Geographical containmentThis will be used to enforce théP\Wo follow the operation plan,
by means of alerting the operator of a potential of deviation from a geographic area and
preventing, through ofboard functionsHPVirom blunderingoutside of a geographic area.
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1 DAA (collision avoidance}daving almost the same function as DAA (seffaration), DAA
(collision avoidance) is triggered approximately less than 10 sec to the predicted collision, thus
acting as the last safety net for &islon avoidance.

Founding Members 45

O

EUROPEAN UNION ~ EUROCONTROL



D2.2.010 HIGH LEVEONOPSINITIAL

A
%%

The interrelationship of the above separation and conflict management activities with regard to different safety nets are summaragds.

Traffic Responsible Airspace structuring Procedural separation Strategicdeconfliction Tacticaldeconfliction Collision avoidance
separaton
Authority HPV rules and procedures
Operation plan deconfliction Conformance monitoring
USSP — -
Traffic information
Mission nanagement Conflict alert and advisory
USSP/CIS -
HPV vs. HPV Surveillance
Operation planning Ground surveillance DAA (collision avoidance
DAA (sekseparation) Seeand-avoid
Operator/PIC — -
Position and intent report
Geographical containment
HP layer vs. SP layer HPV rules and procedure:
Authority Promulgated dyna_mic
corridors connecting
vertiports and the HPV laye
Operation plan (SPV crossing Conformance monitoring
deconfliction Airspace restrictions (tempobgfor take
USSP )
off/landing
HPV vsSPV Corridor crossing monitoring
Mission management Conflict alert and advisory
USSP/CIS -
Surveillance
Operation planning Ground surveillance DAA (collision avoidance
DAA (sekseparation) Seeandavoid
Operator/PIC — -
Position and intent report
Geographical containment
Below VLL vs. Above VLL HPV rules and procedures
Authority Promulgated dynamic
corridors connecting
HPV vs. vertiports and the HPV laye
Manned Operatbn plan (manned Conformance monitoring
aviation aviation crossing)
USSP deconfliction

Corridor crossing monitoring

Continuous monitoring manned aviatiot
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Collision avoidance

Traffic Responsible Airspace structuring Procedural separation Strategicdeconfliction Tacticaldeconfliction
separaton
Mission management Conflict alert and advisory
USSP/CIS -
Surveillance
Opeation planning Ground surveillance DAA (collision avoidance
DAA (sekseparation) Seeand-avoid
Operator/PIC Position and intent report
Geographical containment
Interface with ATC
HPV vs. Authority Airspace restrictions .
Others Gecawareness Conformance monitoring
(terrain, USSP Hazard information and
obstacles, advisory
hazardous USSP/CIS Mission management Surveillance
meteo, Operation planning Ground surveillance DAA (collisioravoidance)
airborme DAA (sekseparation) Seeand-avoid

hazards, etc.)

Operator/PIC

Position and intent report
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7/ Integration with Manned Aviation

This section intends to explore different solutions the integration of UAM operations into the
airspace, whilst ensuring safety and trying to minimise the impact on existing manned operations.

ArticlesSERA.3105ERA.5005(§nd SERA.501(mf Regulation (EU) 923/20128] set the general
ruleson minimum heights foaircraft operations except when necessary for také or landing, or
except by permission from the competent authority:

i SERA.3105:

0 aircraft shall not be flown over the congested areas of cities, towns or sgdiés or
over an operair assembly of persons, unless at such a height as will permit, in the
event of an emergency arising, a landing to be made without undue hazard to persons
or property on the surface.

1 SERA.5005(f):

0 over the congested areas of citigsyns or settlements or over an opeir assembly
of persons at a height less than 300 m (1 000 ft) above the highest obstacle within a
radius of 600 m from the aircraft

0 elsewhere than as specifiebove at a height less than 150 m (500 ft) above the
ground or water, or 150 m (500 ft) above the highest obstacle within a radius of 150
m (500 ft) from the aircraft.

1 SERA.5015(b):

o0 over high terrain or in mountainous areas, at a level which is at least 600000(&)
above the highest obstacle located with8ikm of the estimated position of the
aircraft;

0 elsewhere than as specifiedatove at a level which is at least 300 mQQo ft) above
the highest obstacle located within 8 km of the estimated position of the aircratft.

These requirements imply that araft operationsdo not occurvery often in urban environmest
beingusually restricted to policestate helicopters andtelicopter Emergency Medical ServiEf=EM$.
TheRegulatory Framework for-space[4] limits the operatims of UAS to VLL airspace. In this line,
AMU-LED proposeto restrict HPVsoperations in VLL airspat¢eo in order to separate them from
most of the manned traffic operations taking place above.

Short term

According to kkpace regulation, Air Navigationr8iee Providers and manned aviation operating in U
space airspace shall apply the following rules set byuth@omingamendments of Regulation (EU)
2017/373[19] and Regulation (EU) 923/2012 as regards of the requirements frmmUspace
Regulatory Framework:

1 Where Uspace airspace is designat@ihin controlled airspaceby the competent authority,
ANSPs shall apply dynamic reconfiguration of the airspaterder to ensure that manned
aircraft and UAS remain segregatda.urban environments, this will be used, for example to
protectaircraftoperationsclose to the airportby preventing dronesvading the takeoff and
landingpathsor the missed approach procedureduring the time they are taking place
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