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PRESENTATI@ONTENT

A Context

A Methodology B
A R&D Directions and Instruments

A DecisiorRoadmap
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2016 HIGHLIGHTS

Ordering final batch oGALILEGatellites &

Selection of a servicBPERATOR

Galileo Servic ALIDATIONampaign + InitiBERVICES

Adoptions ofSPACE STRATEG Europe

EGNOModernizationlaunched

Preparestrategic goals for Galile2?d GENERATION

EGN@sS
NAVIGATION SOLUTIONS
POWERED BY EUROPE



EVOLUTION DEFINITRROCESS

A EC's approach towards evolution of Galileo is to:

I Capture thestrategic objectivesind priorities of Member
States (op-down analysik

I Understand the changin@NSS environmelibottom-up
entrieg

A markets

A lessons learnt

A international scene

A user changing habits

A technological capabilities

A signals and frequencies trends

A Approachargelysupportedby consultations
I MemberStates, in multiandbi-lateral format
I EC'snternal services fosectorialinputs
I ESA, GSA and JRC
I Industry




GNSTOMORROW

A At least 4 global constellations in MediurBarth Orbit
I > 120 satellitedroadcastingsignals

A Use ofpositioningand timing information (PNTYyeneralized
i The 3 utility (after water, electricity gas phone/interne)

A Emergingnew requirement from usercommunities

I e.g authentication, for applications requiring trusted position and
timing information

I Keyfeatureto enablenew types of commercial applicatiosachas
"PayAs You Drive(PAYD),Road UseCharging (RUC)accesgo
mobile content, etc.

A New technologiesould competewith GNSS

I Terrestrialtechnologies €.g miniaturizedsensors mobile networksised
for positioning

I New concepts for satellitbasedpositioning(e.g megaconstellatiorr - ]

of smallsize satellites)
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CRASH COURSE
HOMEDESIGN




CURRENT SITUATION

Service
Facilities




THE ACTORS
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T Yourwife but

“well.

T Architect

I Building company !

I Banker
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THE ACTORKEPLAY

T Yourwife

I Architect | “&'
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WHERE TO GO ?

Stronger



EU MEMBER STAFERJIDINGRINCIPLES

A Usersare at thecenter of the evolutions:
I Userdrivenevolutions
I Qualityof the service
I Backward compatibility
I Timelines®f introduction

A Positionningwrt competitive environment

A A systemoptimizedfor servicedelivery

A Costsof development deploymentand
operation shallbe minimized
I Costeffectiveness
I Lowcomplexity
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WHERE TO GO ? USER NEBDSRTING POINT

Internet of Safer & greenerj] Autonomous
: Drones (UAS g
Things (UAS) transport vehicles

Ubiquitous Acr._:urate .
positioning for Emergency Timing for Robots for Multimodal Connected

LBS services Telecoms & future farming logistics Cars
DVB

Augmented §Crowdsourcin Future
rgeaﬁty for LBS 9 Space services | surveying and @ Smart Mobility

construction

G
B . Mobility Apps
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WHERE TO GO ? USER NENANN DRIVERS FOR EVOLUTION

9* Timing for 5G telecoms and DVB

* 3

Autonomous vehicles

Safety and liability critical transport
YoV~ "J 4T




COMPETITIVE OR COMPLEMENTARY ?
A SATELLITE BASED Unique Value Derived from Iridium

Custom signals provide secure time transfer and
OneWeb

A GROUND BASED

Locata™ NextNav™

Worldwide Coverage High Power Broadcasts Localized Spot Beams

No local infrastructure Signals penetrate buildings Enables proof of location
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EVOLVINENVIRONMENT

A Use Cases
T Urban
T Indoor

A Unintentional
Interference (testing,
repeaters)

A Multipath

A More hostileenvironment
I Jammers
I Spoofers

i Cyber attacks -«Q}
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HOW SELECT YOUR TOOLS

A Bulldozer
I Heavy duty
I Possible restart from scratch
I Risk of collateral damages

A Hammer
I Serious remodelling
I Targetedmpacts
I Not questioning basic foundations

A Fine brush \

I Local improvements
T Borderline to cosmetics
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TECHNOLOGY
R&D
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TECHNOLOGY

Present Future
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TECHNOLO@WHAT DOES IT BRING ?
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TECHNOLOG@GYVHAT ?

A Technical
I Investigate new technological solutions

I Improve existing solutions (performance)

i WSRdzOS USOKYAOFf NARala Oo0FlF Af dzNB
A Economic

I Reinforce the EU industrial and commercial competitiveness in

GNSS
I Cost effectiveness of retained solutions ’
A Strategic

I Ensure independence of key elements of the supply chain

GALILEO JIEEISE
NAVIGATION SOLUTIONS
POWERED BY EUROPE



REDINSTRUMENTS

A Important R&D actions have been launched by ESA in the context
EGEP. This is an important stepping stone towards the definition of

G2G.

A Thestudy of the evolution of Galileo atissionandsystemlevels is
supported by a strong R&D programme under the Horizon 2020

envelope.
I Technological and system level studiesa possible use in Galileo;

A Budget is delegated to ESA

I R&Don mission and servicgvolution by ECwvith the aim to assess the
viability of new mission concepts or of new services.

A GSAis also conducting specifR&D on applications and receiver

technology
I Receivers (fundamental elements)

I Applications




FRAMEWORK TEVOLUTIOR&D
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MISSION & SERVICGERE.D TOPICS

0 EGNSS Robust Timing Services

0 Spaceservice Volume

o ARAIM-> coming back to servirf§oLcommunities
o0 EmergencyVarning Services

o Commercial Service Evolutions

0 SearchAnd Rescue Innovative serviced based on the
return link

o GalileoRegionabervice (Cities, High Latitudes, Niche /
markets)

o0 lonospherePrediction Service

0 SBAS Authentication
o0 Signal€volution




MISSION & SERVICEB1E EXAMPLE OF ARAIM

A Advanced RAIM is a natural evolution of RAIM

I Use redundancy to detect failures
I Cope with multiple failures given the increasing number of satellites

A Collaborative approach to share the implementation burden
of SolLservice:
I Constellation providers to commit on baseline performance
I Aviation Community to baseline algorithms

I Air Navigation Providers to supervise commitments and elaborate
Integrity support messages

I Receiver> burden of real time detection
A Long term cooperation EUS to refine the concept

A GPS and Galileo both addressing implementation steps for th
future (gradual introduction of features)

A Standard development to start soon




TECHNOLOGR&DTOPICS (1)

A Navigation Payload (Signal Generation Unit)
i New signals &
I Flexibility to accommodate evolving needs
I Selfcompensating capability (thermal variatiom®nfigchanges)
A Amplifiers
I More efficiency
A Clocks

T More reliable

I Complementary solutions (PHM, Rubidium, Caesium + Clock
Ensemble for robustness)

I Less bulky
A Antennas

A Receivers |
I Optimize signal processing
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TECHNOLOGR&DTOPICS (2)

A Electrical propulsion
I Flexibility for constellation maintenance
I Cheaper launcher options

MANYTRADEOFFS OPEN

A Inter-satellite links
I Less dependency on ground segment
I Faster information relay
I Improved ODTS
(sulbbmeter-> enabler of carrier phaseased position)

MANY TRADEFFS OPEN




