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1 Introduction

In April 2019,the National Aeronautics and Space AdministratiNASA hosted an Upper E Traffic
Management (ETM) Tabletop/Guided Discussion sessitin Federal Aviation Administration (FAA),
industry, and government stakeholdeSpace Act Partners in attendance gain an understanding of
planned operations above Flight Level (FL) 600 and begin discussions around a concept of operations for
ETM, including common principles and assumptions about the operating environment.

A second tabletop exercise witPAA industry, and government stakeholders was hosted &M Ames
Research Center oecember 1213, 2019 to explore ETM conceptdevelopment considerations
associated withair traffic control (AQ/ETM interactions.

OnDecember 1fh, Day One of theTabletop, the FA and NASAacilitated the discussiongpcusng on
operations transitioning to/from ETM environment, operations that occur both above and below FL600,
contingency operations, and other topics that impact air traffic control operatiGubject matter exerts

with operational expertisdrom industry (operators and stakeholderspepartment of Defense (DoD),
NASAand the FAAarticipated in the discussiorfsee Appendix A for a list of attendees).

OnDecember 18, Day Two of the Tabletofhe industry sakeholders facilitated the discussions around
ETM cooperative managemeabove FL600a communitybased traffic management concept where the
Operators are responsible for the coordination, execution, and management of operations.

The objectives of Tablepo#2 were as follows

x |dentify operational issues/considerations and data impacts associated with:
Assess current and future operational characteristics/tempo
Transition to/from ETM

i
i
U Operations straddling ETM/Class A boundary (operating above and B&600)
i Off-nominal/Contingency operations

a

Inform development of cooperative management concept

Scenariosvere presented to facilitate discussion between participansing structured questiongo
explore operational details An overview of the scenarids provided in the Tabletop #2 Scenario
Overview table
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Tablel. Tabletop#2 Scenari®verview

Scenario # Scenario Scenario Events
Planning, Takeoff, Ascent
(location for takeoffemote field 1 Planning/Clearance
1 within Air RouteTraffic Control 1 Takeoff
Centers ARTCJDnly ops or field 1 Ascent to operating altitude
within terminal control)
Descent 1 Plannin
2 (location for landingemote field i Descen?from operating altitude
within ARTCC only ops or field with| . perating
terminal control) T anding
3 Dual Class A/Upper E Operations 1 Operations straddling FL600
4 Oft-Nominal T Uncomrolleddescent into lower altitudes
1 Lostlink

Participants were asked to discueperator tasking, detailed proceduresperational impacts, and
system/data impacts based on their operational perspectivBsuctured questions for each operation
type were askedwith regard ta

Operating environments (takeoff/landing locations, airspace classes, traffic densities)
Operational impacts/issues for each phase of flight and operation type

Communication, Navigation, and SurveillanC&l§ equipage

Required ATC services

Procedures

=A =4 =4 4 4

Information/data requirements

This report summarizes the FAA/NAfagilitated discussionthat took place on Day On&lthough ETM
cooperative management was not on the Day One agetitere was some discussion on this tgpic
highlights ofwhichare summarized in Section 4. Actions resulting from the Tabletop are presented in the
Section 6.Slides from the Tabletop are available for review in Appendix B.

2 Upper Class E Vehicle Types, Operators, and Operational Profile
Descriptions

Industry participantgepresented thepopulation ofcurrent and/or projected upper Class Bperations
and vehicletypes includng an manned fixed wingsupersonicaircraft, an unmanned fixed wing high

speedvehicle severahigh altitude long endurance unmannéged wingvehiclesanunmanned balloon,
andanairship These vehicle types and operating charactersstire summarized in this section.
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2.1 Manned Fixed Wing Supersonics
Aerion

The Aerion AS2 isveragingemerging low boom capabilitige enter the market obupersonig@assenger
travelaround2026. Aerioninitially expecsto operateout of smaller, executive airports an asneeded
basis The vast majority of aircraft owners will be individuals and FlexJet. The aircraft will be built in
southeastern U.S., with close access to unrestricted airspace for tesfiegon aircraft will operate
similarto aconventional aircraft butvith a fasterascert rate (and potentially steeper climbpDperations
will range fromFL410to above FLBD, with vehicles capable @kachingsupersonic speeds ie mid-
FL300range. S NA 2 y Q ®pei@t? at figh Altitudeéd? aslong agpossibleto maximize fuel efficiency
Aerion is preparedto comply with all FAAregulationsapplicable to their operationincluding CNS
requirements. Direct pilot-controller communicatios will be established throug@ontroller Pilot Data
Link Communications and traditional pushtalk capabilities ADSB will be used for surveillance.
Navigation will be enabled througBlobal Positioning Syster@P $navigational capabilities

2.2 Unmannal Fixed Wing; High Speed

Northrup Grumman

Northrop Grummag @lobal Hawloperates similato large mannedircraft; however, it is controlled by

a remote pilot at an operations centedobal Hawks are government aircraft used to support military
operations, conducting research and surveillance missj@ts theytypically operate out of restricted
airspace They take30 minutes to reach operating altitude above FL500 at speédp to 360 knots
groundspeed Instrument Flight RuledKR flight plans and clearances aobtainedfor transit through
controlled airspace Ascen/descent is typically performed via a spiradlimb (to promote airspace
efficiency). The aircraft camaneuverasneededviamanual adjushentby theremote pilot-in-command
(RPIC) Takeofsand landing are limited to governmentontrolled airfields.

2.3 High Altitude Long Endurance (HALWH)mManned Fixed Wing
Airbus

The Airbus Zephyr high altitude unmanned fixed winghicle currently provisgks broadband
communications andollects researchdatain Australia The Zephyr executeonventional takeofand

landings in a remote areaia aslow cylindrical ascent and descent patteapjfroximatelyeight hour

duration, 100-150 eet/minute) to operational leved above FL550The Zepyr is vulnerable to
environmentalimpacts, has limitedmaneuverability and canmaintain altitude ifnecessarydepending
on conditions IFR flight planare not requiredin Australig but notification prior to ascent and descerg

provided viaNotices to Airmen NOTAM), and ATC authorizations obtainedin accordance with
applicableletters of Agreement (LOAS3urveillance consists of transponders auomatic dependent
surveillance- broadcast(ADSB). Communications with ACare established througta ground control

centerlandline. Navigation is primarily GH#sed.
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Aurora

The AuroreDdysseusntends to provideclimate researchers with loagrm, highresolution observation
capabilities Auroracurrently does not have amwperationalvehicle but intends to launch one several
weekslong mission once per weekithin the nexttwo years. Much like other aircraft in its clasthe
Odysseuss slowmoving,taking four to sixhours to reachoperational altitude It will execute gpattern
climb (e.g., spiraljo accommodate ATC needH.travels16 to 20 knots trueairspeed but speedis wind
dependent Launchisanticipatedto take place ircontrolled airspace ATC notificatiormnd NOTAMswill
be requiredprior to laurch. Canmunication with ATC will occur througlit the operation. Chase aircraft
will beused up to an altitude of FL18@ith ATC provithg separationserviceghrough Qass Aairspace
Surveillancewill consist of transponders and AIBSwith ground control center voice communications
with ATC Navigationwill be GP&based.

AeroVironment

TheAeroVironmentHawk3Will perform astelecommunications base, deliverimgnnectivity to remote
areas above a fixedocation. Although AeroVironmentprefers a cruise climbt typically executes a
cylindrical ascertlescent(mission and wind dependenup to operational altitudes ofbout FL6O.
dimb and descentrate is approximately 100feet/ minute, taking roughly eight hours to ascend to
operatioral altitude and reach the ground on desce@urrently,IFR flight plans are not filedperations
are conductedunder aCertificate of AuthorizationGOA. Amix of waypoints and coordinatege used
to navigate Equipped much like other aircraft of its clatise Hawk30uses ADSB for surveillance,
establislesvoice communications with ATC wantrol center, andises GPS for navigation

2.4 Balloon
Loon

The unmanned long endurance Loon ballodabver connectivityo people in unserved and
underserved communities around the worltdlp to a dozen Loon balloons launch per week with
monthslongflight durations. They currently operatunder LOAs and waiverspordinating withATCas
appropriate Ascending to operabinal altitudes above FL500 roughlyoime hour, the free balloon
follows the wind patternreaching ground speeds up to 100 knots Ascent cannot be stopped.
Maneuverability abperating altitudeis achieved by adjustindtiéude to catchprevailingwinds Loon
coordinatesascent andlescent with ATC, descending within radar coverage whenever possible.
Vehicles descenithto remote areas usingarachutesto guide the vehicleto planned landing si®
ADSBis used for srveillance. Communication wih ATC occurs directly through an operations center
that supplies position reportsGPS is used for navigation.
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2.5 Airship
Sceye

The Sceye TV 17 airsligpa ighter-than-air, heliumfilled, remotecontrolled airship thaenables
communications andesearch capabilitiegirough long duration, high altitude flightThese operations
arecurrentlyin a planning state none are operating at this timelt will launch andandin dedicated
locationsasa free balloon A source of limited powewill provide maneuverability at operating altitude
(FL646FL650).Sceyeaanticipates operating undedFR flighplans They have thability to provide
highlyaccurate predicted tracks based on observed environmental facl®8xsSBis anticipatedo be
usedfor surveillancewhile very high frequacy (VHF will establish RPIC/AT@@mmunication
Navigationwill be enabled througiGPS.

3 Tabletop Exercise

Operators providedietailsabout their vehicle and operationda a questionnaire prior to thelabletop.

This data was incorporated into the Tabletop #2 data collection materials to maximize time during the
exercise. The Tabletop discussions were primarily structured ghase of flight flight planning,
takeoff/launch descent, straddling operationand contngency operationsOperators were asked to
share information individually forvehicle and operationbased portions of theexercise while other
conversationswere groupATC/operator discussiorgesigned to elicit thoughts on potential airspace
managementechniques for specific scenaridse(, Class E Entry Point Change and Operations Straddling
FL600 scenarios).

3.1 Operatioral Tempo

Operators provided information about their anticipated operational tempo, both near and far term, so
that the Tabletopparticipantscould gain perspectiven the number opredicted operationsand impact
to the National Airspace System (NAS)

3.1.1. Manned Fixed Wing Supersonics
Aerion

Aerion isnot currentlyoperating their goal is to be operationaly 2026 Aerionwill operate in the fixed
wing supersonic categoygervingas a business jetThar goal isto sell 500 aircraft over the next few
years with 10 aircraft airborneglobally at any given timéhree to four operating within the NA&t a
given timg. AerionQ @perations willprovideon-demandserviceunlikescheduled airlin®perations Not
allflights will be supersonic operationShortrange flights wilbe subsonicflyingat approximatelyrL400
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3.1.2. Unmanned Fixed Wing High Speed
Lockheed (LR)

[ 2 O1 K S2p&forasroutine military flightsout of restricted airspace ithe western half othe United
States (LB). Lockheeds alsodevelopinganairshipwith anenvisionedleet of 100aircraft. Theyexpect
to maintain aconsistent airborne et size, each performingixmonth loitering operations with the
frequency of dunchesdependent on the refresh rate

Northrop Grumman

TodayGlobal Hawk operations occfiive to sixdays a weekoperatingmostlywithin FI510-FI590. Some
Global Hawksperate off the east and west coastof theU.S.but most operat overseas.They &pecta
stable operation tempa@lthoughthe North Atlantic Treaty OrganizatioNATQ is expected to obtain the
aircraftwith the goal ofinternationalflight.

3.1.3. HALBUnmanned Fixed \Wg
Airbus

Airbus arrrently has one unmanned HALE fixed wirgycraft operating that stays airborne for multiple
weeks but they areexpectngto eventually operate multiple aircraft at a time.

Aurora

Auroraexpecs to begin operating witin one to two yearswith launches approximatelgnce perweek
Theaircraft, a solar unmanned HALE fixed wiisglesigned for weekiong flighs, with single air vehicle
flights every few weeksAurora willstart with infrequent test flight'data collectionoperations Once
operational, they &pect once-a-week flights on average (takeoffs and landings)rhe objective is to
transition to commercial operations.

AeroVironment

AeroVironment has a@&urrent operatioral tempo of about one flight per month (up to 12 per yeau).
Beginning in2020, the rate of operations is expectad double yearly. The @al is regular flightvith
hundredsof aircraft and hundredf operations within a given year.

3.1.4. Balloon
Loon

Looncurrently logs abou#00,000 flight hours each year about 100,000 are accrued inUnited States
oceanic airspacannually Seventyfive percent of tlese operations occubetween FL500 anBl600and
are comprised ofclusters of 5@lus balloons Loonis currentlylaunchingabout a dozenballoonsper
week, with thegoalof rampingup to several milliorflight hours with hundredsof vehicles.
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3.2 Preflight and Takeff/lLaunch

Preflight and takeoff/launch discussions focused on coordination, flight planning practices, and
procedures specific to each vehicle type. Each operator detailed information spetiifair operation.
FAA participants offered agency/ATC perspectivethe subjects

Upper Class E

General Aviation :“‘

Figurel. Takeoff/ launch and transit to Upper Class E airspace

3.2.1. Preflight and Flight Planning

Preflight and flight planning discussions revolved around flight plannXgC notification and
authorization requirements Balloonoperators are theonly participants not required tdile flight plans
all operatorsnotify ATC of intent and receiv&T Cauthorizationto fly.

All Tabletop participantagreed thatchanges td=AA flight planing could offer opportunities to better
supportflight planning for uppeClas< operations Hight plan onsiderations included

9 The provision of @&et of routes and contact information tATC is the primary function of the
current flight plart it is possiblehat more information could better support ATC needs.

1 A number ofoperatorflight plans are/will be composed of both waypoints andtlate/longitude
(lat/long) coordinates This combinatiorhas potentiaimpact onATQe.g., lat/longconversions)
andATC system@.g., could exceed flight plan characters or route limits)

1 Qurrent flight plaming supportsystens do not supportiong duration missionsFlight plans that
exceed 24ourstime out. Flightplanswill typically workfor vehidestransiting to/from Upper E,
but not long endurance flighteperating at altitude There are workarounds such age-filing
andflight plan stitchingbut the potential for errors and system robustness neednsideration
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1 Unmanned Aircraft System&JAS contingencyplans must be available to ATC in some form.
Flight plans are a potential avenue for sharing contingency routes because they are readily
accessibléo ATC

1 Many \ehicle trajectories are susceptible tancertainty and require frequent updating and
modification Flexibilityis a key consideration fdlight planningprocedures and requirements.

3.2.2. Takeoff/lLaunch

During takeoff/launch discussionmdustry participantswere askedto provide information related to
their individualtakeoff/ launchprocedures Responsesariedby aircraft typd operationand maturity of
operations

Many erations ae, or expect to be managedthrough LOAswith ATC facilities, COlaivers,
segregated airspacairspace restrictionsuse oflow volumeairports/airspaceand special use airspace.

Unmanned aircraft have difficulty getting to FL180 dughminability to meetFAAregulations (e.g., s&se
and avoid).Regulatory gapsnustbe filled to accommodate UA&sthesechangesanaid in normaliing
operations and accommodating unique departurdfie FAA has identifigegulatory gaps and plarsse
underwayto fill them, but these changesake time. Groundbased detect and avoid (GBDAA) can aide in
meeting these operator requirementsWorkaroundsand mitigationsarein place(e.g., chase planeand

are safe but they are not standardized or normalizedf LOAsarein place with local facilitiegthey can
greatlyfacilitate transit(ascent and descentdr both ATC and operators

Weatherconditions at takeoff are key considerations for HAx&d wingspalloons, and airshipas these
vehiclesare susceptiblgéo winds, ice, and other environmental factorghese gsceptibiliies impact
vehicletakeoff times, vehicldrajectories andother operational factorsso flexibility isimperative for
efficient operations. An ETM operator/ATC digital exchange capabilitpuld enable fluid
communicationsfacilitating more flexible and efficient operations

The performance characteristics andevational limitations of some vehicléisat operate in uppeClass
Eairspacehavethe potential to create impacts to air traffic below FL438or examplenew supersonic
fixed wing operations may require a corridor for takeoff and initial climbadite HALE fixed wing aircraft
will likely executevery slowspiral climbdo reach altitude

3.3 Ascentto Operating Altitude

Discussions on the ascent phase of fligkplored procedures, ATC service and coordination expectations,
and operational issues specific to each vehicle typmch operatordetailed their ascent procedures
separately, providingnformation specifi¢o their vehicle. Vehicle performance and equipage tabwere
available for reference throughotie discussion These are located in Slides-86 in Appendix B
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Upper Class E

Figure2. Ascentto operating dtitude.

3.3.1. Ascent to Operating Altitude; Airspace Management and Procedures

Ascentprocedures and characteristics caary widely based on aircraft andperation types. Payload
capacitycanlimit vehicleability to comply with regulation®quipage requirementsAircraft propulsion
airframe design, and, in certain cases, operating atté can limit vehicleability to comply with ATC
instructions

Supersonic fixed wing aircraft operators emphasized the need for a rapid climb to altitudes above FL180
due to high fuel consumption at lower altitudeSupersonic aircraft neegery largeairspace volumeso
adjust their flight path(as large as 100 mile®rticaland 10,000 feehorizonta).

For HALE fixed wing aircraft, the rate of ascent is very slow and lateral maneuverability can be very limited
during climb. Vehicle performance isignificantlydifferent than traditional aircraft. Generally,Jaunch

and climb to altitude requirea calm atmosphereThese aircraft ar@lsovery sensitive taveather and

wake turbulence generated by other aircraft

High moisture contenaind updrafts/downdrafts within thunderstormsancause failurefor balloon and
airship operators Theyclimbrelatively quickly andanmaneuverlaterally using winds but cannstop,
climb, ordescend.Balloon operators can predictimb pathwith a high rate of certainty

ATC will needo understand the rangef performance characteristics and operational differences (e.g.,
some HALEs may fly backward at times).
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3.3.1.1. Manned Fixed Wing, Supersonics
Aerion

Aerion will provide 25passenger serviceut of business/executivairports (as opposed tgorimary
commercial airports ! S NI drgfalt Dperates similar to a conventional manned aircraft but may
execute steeper climbs at higher speeds due to fuel efficiency, lapse rates, and noise le&NA 2 Yy Q &
objective is to takeoff and accelerate aguickly as possibl® reduce fuel burn.Theaircraft can reach

FL410 impproximatelyl0 mirutesandis capable of reachingupersonicspeedsat aboutFL350, although

it is operationally inefficient to do soSupersonic operations typically occur once at operating altitude.
There are circumstances where they mightiise & low asFL370, but that would beatypical(e.g.,the

aircraft isstuck ina strong headwind and desnot want to go aroungl Exact procedres are notional at

this time.

The aircraft has thehility to comply with ATinstructions with the same maneuverability as subsonic
airplane. However,maneuverabilitthbecomes more limited at higher speedspeciallywhen supersonic
When operatingat supersonic speedshe aircraftwill takelonger to turn.

The arplane weighsapproximately60 tons with wake on the order of @&oeing737. It is no more
vulnerable to meteorological factors than a conventional manned aircraft of sigidar

Aerion xpecs ATCservicedo be consistent with the airspace in which it is operating.

3.3.1.2. Unmanned Fixed Wing High Speed
Northrup Grumman

Global Hawk dta and information provide@Slide 36; Appendix Bjeflect one sebf procedures for one
location there ae no blanket statistics to provid€rmocedures ary at different locationsThe procedures
in place areprimarily due to FAAeeds andregulatory structure If NAS constraints were not in place
Global Hawknaychoose to operate differently.

Glokal Hawkis a UAS thapically opeatesout of restricted airspacand executsa spiral climkhrough
controlled airspaceinto restricted airspaceupper Classg) both airspace and ascent patterns are
mitigations, not preferencesHorizontal departurés preferred, spiraldepartureis typically executed to
meet ATUNAS needsThe Global Hawk can comply with air traffic instructiolisioes not have avake
turbulence classificatio(due to the nature of these operatiom® unmanned aircraft has receig a wake
categorization to date).

Global Hawks navigate via lat/longs while ATC uses waypitiitsombinatiorcan create issues because
the NABAT Coperates via waypointand acommon navigatiofanguagés important to ATCControllers
cannotconvertandinterpret lat/long dataquickly and easily
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3.3.1.3. HALE Unmanned Fixed Wing
Airbus

TheAirbus Zephyis a UASVith plans for long endurance missions (capable of more t@hdayflights)
with infrequent ascents/descentslt is not likely to operate ousf airports. To date, i has operatedn
exclusionary airspace in Australia and th& Wflight tests). It launches in a callmtmosphereand is
vulnerable to wake and meteorological issudishasa very slowate of ascenttaking upto eighthours
to reach altitude. It has some ability to maneuvdrut vehicle performance has limitatioror example,
lateral movements imited and slow. Vehicle performance is very different to traditional aircrathe
vehiclemay flybackwardsat timesdue towinds. Decision making is considerably differdmm other
aircraft, plaminghas to bedonefar in advance

Payoad is criticato the mission which limits its ability to meetequipage requirements (e.gajrborne
collision avoidance systendetect and avoid PAA). It is equipped with ADB andthe operator has
groundcommunicationwith ATC.There is n DAAsystem orthe vehicla they currentlycoordinate with
Loonto avoidconflictswhile at operating altitude

Aurora

TheAuroraOdysseus is a UAlSat will take off and transitto altitude viaa pattern climb (likely spiral. A
chase aircrafis expected t@rovide separatiorup to FL18QATCservices will provideeparation through
ClassA.

Transit operations will be relativeigfrequentdue to bng endurancenissions ! dzNR2 Ndp&ed range

on climb is 1820 knots fiote: Appendix BSide38dataincorrect. ¢ KS @SKA Of SQa LISNF 2 NXY |
by winds such thatairspeed will belessthan wind speed in miehltitudes and the vehiclecan fly

backwards attimest KS @S KA Of S eadinbismlsdlinitéd®ased drwidids & dirkcted to turn

a headingthe vehicle could go in the opposite direction (control is most limited in the jet streding.

aircraft is able to holdlttudes for reasonable amounts of timkut long holds @p to an hour) caraffect
energy,impacingll K S @ Siiility @fredaf Altitude.

The transit portions of the flightwill be most problematic due tdhe inability to meetapplicable FAA
regulations Aurora will likely ty to seekwaivers to operate(e.g.,use NOAM, chase plangs They
recognizeintegration of HAE fixed wing aircraft impactsn NAS operations due to the nedor large
segments of segregated airspaaerd their unusualperformancecharacteristicsput the low tempoof
transit operationaneansminimaldisruption, at least initiallywhile total HALE volume is low

Aurora intends to equip withADSB.

AeroVironment

AeroVironmenf ldawk30is a UAS that typicallgunches from sitewith tranquilatmospheric conditions
(e.g.,sites free of clouds, ice, turbulenceNon-ideal meteorological conditionwill delay launch It
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typicallyexecutes aylindricalascentdescent,but cruise climbis operationallydeal. A corridor would
be an ideailvay to manage transit (perhaps a dynamic, moving block of airspace that promotes equity).

The vehicle canespond toair traffic instructions.It canlevel off, climhandascendupon requestbut
executes the changedowly.

Environmental conditions greatly impact th&awk30 The vehicle is massively affected by lift or sask
thesedisruptions impact energy statelt is alsovulnerable toicing turbulence, and wake Significant
vertical and lateral buffer isequired, although theamount will differ between aircraft pairs.

The vehicle is equipped withDSB.

The vehicle is currently operating in restricted airspace. The goaleisplore alternatives and learas
much as possible.

3.3.1.4. Balloon
Loon

Loon is amnmanned balloon that launches from remote locatiottshas a steady ascent ratieat cannot
be stopped. The ballooncan use winds to maneuver horizontalbut not necessarily on requesfThe
path of the balloon can be very reliabpredicted. Trajectories are constantly being recalculated
throughout the operatiorand can be shared with ATC

Loon balloons aresomewhatresilient to wake and turbulengehey @n withstand some pressurand
wake within limits. Heavy moisture conten{e.g., storms, cloud9 cancausefailures. Updrafts and
downdrafts within thunderstormsan causeignificant failurs.

3.3.1.5. Airship
Sceye

Sceyeébehaves as a balloomith a seady ascent rat¢o altitude (ascent cannot bstopped. The vehicle
can drift quite drasticallypn ascent(drift 200 miles and go 100 kre)tbut it is very predictable.Onceat
altitude, it has pwered cruise tdts operational area.

Sceysds vay resilient and flexible teurbulence updraft, downdraft andwake.

12| Page



3.3.2. Ascent Scenariq Class E Entriyoint Change

Tabletop fcilitators presented a scenario in which 8nLJS NJ G 2 N & LI linoyire BTMS y (i NB
environmenthas been deconflicted prior to launciDue to an unforeseen issue, the ETM entry point
changes (perhaps due to weather or ATC instruction change), and there is now a c8oficizehicles

in conflict are limited in their ability to maneuverThe goal of the scenario was to discuss whose
responsibility it would be to manage the conflict (AETM operatorsand how it might beesolved.

Upper Class E

,
i " Planned ;
D EsrmM s‘r’»::l':i':) .~ Route—No .+ Trajectory -
Conflict " CONFLICT
Cooperative Mgl /
Environment
,1' ll
Class A f
/ A / —
\-

Launching/Take-Off ,." ,/"
\\ el X JYCPPLYY S VA . SF(/

Figure3. Class E entry point change

The group agreedesponsibility forconflict resolution at alATC/ETMransition point would fall onETM
operators. Prevention of a conflict at transitionto the ETMenvironmentis the most important element

of managing this situation because tlaek ofmaneuverability of somgehiclescould meara collision is
unavoidable 1t is critical that vehicle maneuverability and trajectory projections are built into the
cooperative rightof-way paradigm so that clear rules are in plaBbould a conflict occuturing transition

to ETM,the more maneuverable vehicle would have to takeattio deviate For exampleHALE fixed
wing aircraft may be able téevel off andmaneuver but balloon and airship operators will not have that
same option.

Continuous replanning, precise projections, amtear, convenientommunicationmechanisms amagy
ETM patrticipants and ATC are key to avoiding a scenario of this nitwauld be beneficial for operators
to share atmospheric conditionand other detailed informatiorin order to more preciselycalculate
trajectories and predict conflictsSThe mae insight operators have regarding limitationsaneuverability
and position projectionthe safer and more efficient the airspac#/hen two vehicles are going to be in
the same airspacea possible cooperative requirement could be that theyshare key operational
information (e.g.,atmospheric information) using an agreed upoperatorto-operator paradigmfor
proximate aircraft
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3.4 Descentfrom Operating Altitude to Landing

Descentflight planning, airspace management and procedures, and landarg explored in the same
manneras ascentEach operator provigd information specifid¢o the vehicle.Performance and equipage
tablesfor all vehiclesvere available for reference throughothe discussion to provide context (Slides
41-52 in Appendix B).

UPPER CLASS E ~.

Figure4. Descent from operating altitude to landing

Descentfrom operatingaltitude issimilar to ascento altitude in all cases.Under the current rules,
balloon operators are the only participants not required to get/AnCclearance prior to descentAll
operators notify ATC of intent to descentihe ability to comply with ATC instructiaefimited for certain
aircraft, based @ vehicledesign and capabiigs,among otherthings The ability to predict the exact
track of certain aircraft types as they transition will vary dependingtlentype of vehicleand the
frequency of replanning underchandng conditions For the purpose of ATC planning and instructions,
the accuracy oftte flight trackon descentis critical

Supersonic fixed wing aircraft will want to stay as high as possible for as long as possiategefuel
and control speed during descenHALE fixed wing aircrafieedto manage available power for thrust
during descentpower level depletion rategmpactthe operatorQ ability to providea 24-hour notice.
Balloon and airship operatsuse descenplanning toolsand trajectory calculators predict flight paths

3.4.1. Manned Fixed Wing Supersonics
Aerion

ForAerion, cscent is similar to ascen® he timing of a subsonic to supersonic switch is situatior@h
descentthey must nanage their airspeed and descent rate to avoid overspettisusuallyrequires some
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space to achieve. The goal is to remain ddgh as possible for as long as possible and execute an idle
descent. Coordination withATC is important to meet both company and NAS needs.

3.4.2. Unmanned Fixed Wing High Speed
Northrup Grumman

Descent procedures mirror ascent procedures
3.4.3. HALE Unmanne#ixed Wng

Aurora

Aurora provides 24-hournotice to ATCIFR clearandsrequired for descentThere is a risk that descent
planning could be impacted by lemergyreservesin which casgthe 24-hour notice of descent may not
be possible

Vehicleperformanceon descents better at higher altitudes Bank angles at low altitudes are shallow
the vehicle hagaster rates of turn at higher altitudests bank anglésvery limitedat lowspeedsecause
of the long wingspan.

AeroVironment

If the vehicle idow on energythe RPI@hayneed torequest lower altitudes onraATCGlearance Under
nominaloperations the vehicle will perform similar to ascemixcept that it will bea little bit slower than
the climh Battery power is a concemn descel if the vehiclerunslow, or out, of powerit couldtrigger
an offnominal event

3.4.4. Balloon
Loon

Prior to descentLoon targets a landing area and simulates drift to control the descent to tatgmin
coordinates the descensimulation path wih ATC 24oursin advance Coordination with ATC occurs
again both two hoursandone hour prior to descent Loon then calls ATitve minutes priorto descent
ATQmayrequest a delay.

On descent drift is controlled by parachuteThe balloon separateand becomes two targets below
10,000 €&et to minimize impact as payload separates from envelofoth targets are transponder
equippedwith ADSB. Whenever possible, descent is executed within radar coverage.
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3.4.5. Airship
Sceye

Sceye decends as a freballoon It sends up its own radiosondes during flight to determine flight
accuracyand uses aekcent planning toadimilar to otherballoon programs. The resulting profile isery
accurate. Theprojected ascent and descetracks areshared with ATC

Sceyas currently an unmanned free balloon but planning $meye Onés underway.Sceye One will be
equippedwith a small motorfor maneuvering while at altitudeOn acentand descentSceye One will
act as dree balloon

3.5 Operations Straddling FL600

Tabletop#1 indicated that ETM operatotsavea need toregularly operate both above and below FL600
(straddle upper Class E and upper Class A airspacea result, Tabletogi2z exploredoperator needs
potential requirementsand potential solutions formanaging operations that drifietweenupper Clas€
andClass A airspace.

Upper Class E

— FL550

Class A
1

FL500

A= e o

Figure5. Operations straddling ETM and provided separation environments.

3.5.1. Flexible Floor ofCooperativeEnvironment

All but one participating operatareedsto descend into or operate iBlass Airspacedue towindsand/or
to optimizepower. FL500 is théowestoperationalaltitude requiredby participating operators, although
Loonwouldideally have as mudtexibility to the floor as possible.

Operator needs by vehicle type
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f  Supersonic! S NAsgpgrsbaicperations wilkypicallyoccurbetweenFI1500 andFL550, but they
will have situational need to operathoveFL600.

9 Balloons Loonrespects the lowesbperationalfloor permitted by ATC They prefer as much
flexibility to the floor as possibleTheir maximum operating altitude FL650.

1 HALHixed wings: Fixed wing operatorglan to operateaboveFl600during the day andlescend
into Class Aat night Descent altitude varies by season and location but the lovadigude
vehicles could tolerate woulde FL500.

9 Airship Sceye plans to operate between FL640 argb@LThey nay ascend at night (within 2000
feet).

Severabptionsfor managindlights that straddle upper Class E and Class A aiespare discussed

1 Airspace Relassification Lowering the Class A flofwhere conventional traffic is lightd allow
ETM cooperative operationselow FL600 would accommodate straddling flighksowever,it
would take FAA regulatofive to sevenyearsto make achange wherthereis not a clearsuitable
floor that benefitsboth ETM and AT@nanaged traffic. A more flexible, lesime-consuming
solution is desirable

1 ATCAltitude ReservationsETM opertors could coordinate witlATCto obtainblock altitudesn
Class A airspaan anas neededasis There are severaldvantages to thisolution (1) this is
done today so there is a system in place to supptinis strategy (2) it reduces controller
workload by eliminating the neefibr controllers tocoordinate withone or multiple operator(s)
floatingin and out of Class;And(3) establishingvolumeof airspace for ETM operations in Class
A issensibledue tothe nature ofhighaltitude operationsand the performance characteristics of
the vehicles (e.glpitering/grid patterns, imited maneuverabilityand vulnerabilitiesequiring
considerable buffér Intensive management of upper Class A operations is not required
today. Managingmore block altitudesn the futurewould require additional ATC resources.

Airspace equity issues could also emerge if operators are competing for large blocks of airspace.

1 FElexible Floor of Cooperative Emriment Lowering the cooperative flaavhere operationally
feasible(without reclassifying the airspagr@ould be an ideal way to provideT Moperators the
flexibility they are seekingwhile also relievingATC ofthe responsibility to manage¢hese
operations A concept of operations thasupports the needs of both cooperativand ATE
managed operationglong with aregulatorystructure, would need to be developed.

At issue is whether the airspace would be exclusive to cooperative operatiomsetherflights
receiving provided separatio servics would remain under ATC control in the airspace
Participants sharedancerns abouhaving two different control systenfer one airspace
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3.5.2. Considerations

1 ATCGmanaged descents to Class A must consider a balance between timing and cerfdimty.
longer the ATC notification requiremettihe less certain an operator can betbéir descentplan
(e.g., time, altitude) ETM @eratorsrequire flexibility due tobusiness models andependence
on environmental factorsATC needs time to prepaend plan(e.g, move traffic if necessary)
but they also have concerns abomtaking unnecessary adjustments.

1 ATC altitude restrictiommust be respected by operatommsgardless of vehicle performance and
reliances.

1 Whateverthe visionfor future ETM operationsATCneeds to have knowledge ,aind access to
ETMflights/flight data. Two potentially different control systems comingling in the same airspace
adds risk foroperational issues.The system musalso considerthe lack of or gaps in ATC
capabilities (e.qg., flight plans time out gdmeselong duration flights

1 Rules for fair access to airspace are imperatithe airspacemanagement method must be fair
and equitablefor cooperative and AT@nanagedaircraft.

9 Accurate, timely informatioiskey to NA®fficiency and safetyATC tools are not built to manage
strategic deconfliction/operationso supportingcapabilities and informatiomanagement need
consideration if the FAA is going to support deconflictioocpsses

3.6 Contingency Management

Uncontrolled descent and lost linkontingency management was explored from an operational
perspective. Individual operators were asked to discuss management techniques and vehicle
considerations specific t@ach event. ATC was asketb comment, from their perspective, on
manageability afandissues associated withroposedresponses.

3.6.1. Uncontrolled Descent

An uncontrolled descent scenario was presented to elicit operator response protocols and drive out
operationalconsiderations. Each operator detailed their response to uncontrolled descent. ATC noted
operational factors and difficulties associated with managing an uncontrolled descent
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Figure6. Uncontrolled descent.

3.6.1.1. Manned Fixed Wing Supersonics
Aerion

In the event of an uncontrolled e$cent Aerion wouldsquawk 7700 and followmanned aircraft
emergencyprotocols

3.6.1.2. Unmanned Fixed Wing High Speed
Northrup Grumman

TheRPIGvould attempt to regaincontrol of the aircraft and f the Command and Control (C2) link was
available, the squawk code would be adjusted to 7708andardzed procedures arein place for
uncontrolled descent These procedures would be followed to mitigate potential damage

3.6.1.3. HALE Unmanned Fixed Wing
Aurora

Aurorahasa quick reference handboogutlining proceduredor a number ofcontingendes. A human
engineerwould bein the loopto manage the procesdf the vehicle is not behaving as expecteddzNE NJ Q &
ground stationhas automated alert and alarnfiunctionality that would alert the RPICATCcould be

notified via aircraft commnicationsor telephone In the future Aurora intends t@utomatecontingency
managementjncluding sjuawk code changeand contact withATC
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AeroVironment

AeroVironmentpersonnelould calculate &all pointbased on current location, altitude, and forecasted
winds. This fall pointwould becommunicated to test personnel todaigut it could be piped to other
agencies and stakeholdeais well(e.qg., fire deprtment). Flight creve have procedureor contingencies
memoarized. In this case, mission control would be notified, followed by ATC and emergency response
personnel.The appopriate code wouldlsobe squawkedThelongterm plan is toautomateprocedures
anddevelopmore sophisticated responsgscluding squawking a special code in the case of an event

Airbus

Zephyrwould react to uncontrolled descent in a similar manneAurora and AeroVironment
3.6.1.4. Balloon

Loon

The Loon antrol center would get an alerin the event of an uncontrolled descent. They would use
available ATC phone numbers to no#fyCand squawk the appropriate codeThey have not automated

a change of squawk codeecausedemergency code does not have a universal standdndt they are
corsidering alternatives. Emergency response personngould not be required if a balloon was
experiencing amncontrolleddescent.

3.6.1.5. Airship
Sceye

In the event of a operationfailure, such as aamplete loss of powerSceyenvould contactATC. The
projectedtrajectory of the ship would be profiled arghared withATC. If aircraft communicatiors are
intact, the flight crew would adjust thegsawkcode A nobile control centemwould monitorthe flight
path. Theshipwould still have considerable liftthe descent would not beapid (approximately750 et
per minute), and ahuge impactvould not be anticipated.

3.6.1.6. FAA

The most critical component to managing an uncontrolled desceheisming of ATOnhotificatiorm ATC
must be notifiedof the eventas soon agossible Accurate trajectory informations also key(e.g.,
operator projections, surveillancgata) so that ATC can sanitize the airspace along the projected path.
Loss of aircraft surveillance would kery problematian this situation(e.g., AD®B/transponder loss-
redundancieand multiple linksare important mitigations.
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3.6.2. Lost Link

A lost link scenario was presented to elicit individual vehicle response protocols and drive out
operational considerationsEach operator detailed their operational response to lost liAKC noted
operational considerations associated with managing a lost link event.

Upper Class E

& ——
Class A "'i}' %0-.,,, ey
S& »
© ——
ETM Vehicle
D (not specific)
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Figure7. Lost link.

3.6.2.1. Manned Fixed Wing Supersonics
Aerion

Aerionis a manned aircrafsoalost linkwould constitutelimited information to the aircraft. Theaircraft
would have to slondown, but it would stillremain underii K S Ldanfra? andbgerate normally. A
change of communications status would be comneated to ATC, if possible

3.6.2.2. Unmanned Fixed Wing High Speed
Northrup Grumnman

Global Hawk has a sophisticated suite of lost link loGiontingency routing and planning are carefully
developed prior to flight.Pilot and flight crew contingency trainingssingent. Contingency plans are
available to ATC.

3.6.2.3. HALE Unmanned Fixed Wing
Aurora

The Odysseubsas threecommunication and controlinkst two line-of-sight radie and onebackup
satellitelinkt solost linkisunlikely, but not impossibleOnce a predetermined time elapses with no signal

21| Page



(a few minutes)lost link would be declaredhe vehicle would change the squawk code to 744td
executea preprogranmedflight path to alanding location The bst link procedure (flight path) is update
in the eventof lost link

AeroVironment

The Hawk30 response to lost link woudd similar to Aurora, right down to C2 link configuratiomhe
vehiclewould squawk a lost linkode,but the responsevould depend on the problemThe vehiclanay
not exeate alandng, but it may descend antold altitude untillinkisrestored Speed adjustmeistmay
be required due to the lack of datkesigned to maintaispeed.

3.6.2.4. Balloon
Loon

After three hourshaselapsedwith no link the transpondemwould squawlkadiscretecode and the balloon
would descend Thethree-hour time delay is configurablenal can be automatically set per onboard
programming If the transpondeis off, itwill come back on automatically after a period of tinigalloons
are programmedot to descend in areas wheiecould beproblematic Loonworkswith ATC teensure
surveillance (ADB) is functional and providéeem a projected flight path

3.6.2.5. Airship
Sceye

Sceyeprogrammingallows ten minutes to reestablish communicain prior to terminating flight and
descenahg.

3.6.2.6. FAA

ATC must be notified of a lost link event as soon as pracfld¢a.vehicle response to the event must be
known and predictablelf the ATOplan is available and reliablé cian managdost link events.

CGontingeny management is not just aircraft centriét is much more comprehensivdt needs to take
NAS operations into accou(.g, traffic flows).

4 ETM Cooperative Environment

Although discussions atboperative operationgbove FL60Were reserved for industrjed discussions
on DayTwo, potential interim solutions for strategic deconflictiodid surfaceduring on Day 1 In
particular, two different alternatives were discussed:

1 The FAA Air Traffic Control System Command CeABCSOQOetral Altitude Reservation
Function (CAR[nit does strategic deconfliction for space launcheditary airdropsand other
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operations. The @RFhasthe potential to provide an interim cooperative deconfliction function
for upper Clas€operations The CARUnit has top secret DoD clearance (e.g., top secret mission
information, due regard operation detailsihich would allow for DoD/industry deconfliction
without the concerns of compromising sensitive or classified information.

1 FAACARFRNd moving Hitude reservationdALTRYcould provide opportunities to strategically
deconflict operationgprior to implementation offull-scale ETM deconflictiazapabilities

5 Summary

1 General discussiorabout vehicle performance characteristicequipage, procedures, and
operatiorswill inform concept and requirementdevelopmentidentify potential considerations,
and inform research and simulation activities.

1 The need for a structure to support ETM operations that regulolys betweenupper ClassE
and Class A was confirmedRotentialsolutionsfor supportingthese operationsvere identified
for consideration(e.g., droppinghe cooperative flooy.

I Gontingency managementor uncontrolled descent and lost linkvere explored from an
operational perspectie. Thisinformation will inform operational requirements andsearch and
simulation activities.

T ¢KS Ccl1Qa /!'wC !yAl Y& 0SS I 06f S -alittde bperatibrs i ¢ A (0 K
as an interim solution.

6 Actions

6.1 Industry Actions

9 Industrywill identify information requirementsand/or considerations foFAA/ATC systengs.g.,
flight planning needsseparationenvelopes.

1 Industry will continue to develogooperative operations concegt strategic deconfliction
requirements, andrehicleperformance envelopes

1 Industry will work with NASA to develop simulations and conduct research to further
development efforts.

9 Aerion will share airports/characteristics of airports with NASA, if possible
6.2 NASA/FAA Actions

1 The RAA will continue developmertdf a Concept of Operationfor upper Class E operatians

1 NASA will work with industry to develop simulatiand researciplatforms.
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Acronyms

Acronym or Term
ACAS

Description
Airborne Collision Avoidance System

ADSB Automatic DependenSurveillanceBroadcast
ALTRV Altitude Reservation

ARTCC Air Route Traffic Control Centers

ATC Air Traffic Control

ATCSCC Air Traffic Control System Command Center
CARF Central Altitude Reservation Function

CNS Communication Navigation Surveillance
COA Certificate of Autorization

DAA Detect and Avoid

DoD Department of Defense

ETM Upper E Traffic Management

FAA Federal Aviation Administration

FL Flight Level

GPS Global Positioning System

HALE High Altitude Long Endurance

IFR InstrumentFlight Rules

Lat/Longs Latitude/Longitude

LOAs Letters of Agreement

NAS National Airspce System

NASA National Aeronautics and Space Administration
NATO North Atlantic Treaty Organization

NOTAM Notice to Airmen

RPIC Remote Pilot in Command

UAS Unmanned Aircraft System
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AppendixA ¢ List of Attendees

The followingparticipantsattended the Tabletopmeeting eitherin person or by teleconference

Organization

Loon Léonard leonardb@Iloon.com

Loon David Hansell davidhansell@loon.com

Loon Linda h Q. NA S| obrienl@google.com

Loon Zohaibm Mian zohaibmian@google.com
AeroVironment Peter De Baets DeBaets@avinc.com
AeroVironment Robert Nickerson "Nick'| Plumb plumb@avinc.com

Aurora Flight Sciences | Gil Crouse crouse.Gil@aurora.aero
Aurora Flight Sciences | Miguel [turmendi [turmendi.Miguel@aurora.aero
Lockheed Martin Ryan Terry ryan.n.terry@Ilmco.com
Leidos Lee Weinstein lee.weinstein@leidos.com
DoD Anthony Militello anthony.l.militello.civ@mail.mil
Northrop Grumman Randy Willis Randy.Willis@ngc.com

Airbus Tony Evans tony.evans@airbusv.com
Airbus Fabian Kluessendort

Aerion Corp Gene Holloway gholloway@aerioncorp.com
Aerion Corp Chris Meigs cmeigs@aerioncorp.com
SCEYE Stephen Tomlin st@SCEY.Eom

The Padina Group John Walker johnwalker@thepadinagroup.com
FAAANG Diana Liang Diana.Liang@faa.gov
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P17Solutions Bill Trussell btrussell@pl7solutions.com
LS Technologies Jonathan Harding Jonathan.harding@Istechllc.com
LS Technologies Rich Jehlen richard.jehlen@lIstechllc.com
LS Technologies Arnol Ketros arnol.ketros@Istechlic.com
LS Technologies Collin Roche Collin.Roche@lstechllc.com
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LS Technologies Kristen Beverly kristen.beverly@lstechlic.com
LS Technologies Jim Smith jim.smith@lIstechllc.com
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