*

*
*
* gk

EUROPEAN COMMISSION

Global Navigation Satellite System

Mission High Level Definition

April 3, 2001

Issue 2.0, 3% April 2001




* *
*** *
EUROPEAN COMMISSION
Table of Contents
N 51 ot SRR PPR 1
R 1 01 L5 o1 o PP PRPPOPPRP 2
1.1 Scope and Objective Of the DOCUMENTL..........coiiuiiiieiiiieeeeiieie e e e e see e et e e s sseeeeesnnneeeeas 2
1.2 Approva and Management of the DOCUMENT...........cuuiiiiiiiiie e 2
1.3 European Satellite Navigation SITEEQY .....ceeeeiivrereeiiiiieeeeiieeeeeeieeeeeesseeeeeesseeeeessnseeeessnsseeeesnsseeens 2
1.4 Outcome of the GALILEO Definition PRaSe.........ccocuuiieiiiiiie e esiee e see e seee e snaee e snnnaeee s 3
T o (00 0 1 PO PPPPPPRI 5
2  GALILEO OvErall DEfINITION ... ..eieeiiiiee et s sttt e e e e st e e e e e e e s e st e e e e s snnneeeeaannaeeeas 7
P U = g = o PP 7
2.2 GALILEO AICHITECIUIE ..ottt et e et e e s st e e s e e e e e 7
2.3 Services as Combination of System Capabilities..........ccccuveveeiiiiiiiic e 10
2.4 Signal and FrequeNnCy Plan.........ooo i e 13
2.5 Integration Of EGINOS .......cooi ittt e e e e e s e e e e ssbe e e e e asseeeeeanneeeeeennnes 16
A I €N Y g = 00 = o ] SRS 16
2.7 Interoperability with complementary SYSIEMS........c.uvi i 17
2.8 SECUNtY POLICY ..o Fehler! Textmarke nicht definiert.
3 GALILEOD SEIVICES .. ettt eiitiee e ettt ettt e e e et e e e et e e e e et e e e e e enee e e e e aaateeeeeaasaaeeeenreeeeannreeas 19
3.1 GALILEO NaVIQalion SEIVICES. .....cuuieiieieiiieeiieeesieeesteeessbeeessseessssesssssesanssesssseesnseessseeesnseesnnes 19
311 (0 o1= 010 YT o = U 19
312 COMIMETCIBl SEIVICE ...ttt s bbb bbbttt 20
313 SAFELY Of LT SEIVICE.. .. cueiieeerce ettt s bbbt 21
314 Public Regulated SErVICE........ocuieerreeeereerreereseereeereeei et Fehler! Textmarkenicht definiert.
315 Navigation Services to be provided by Local Components...........c.cc...... Fehler! Textmarkenicht definiert.
3.2 Search and ResCUE SENVICE........c.ccvveviiieeeeeiie e Fehler! Textmarke nicht definiert.
3.3 Navigation Related COMMUNICEEION SEIVICE........ccoiuiiiriiieiiieeriee et e 24
3.4 Satellite-based Augmentation Related Services...........ccvveeene. Fehler! Textmarke nicht definiert.
4 Development Plan and COSES........coceiiiiiee ettt e e e et e e e st e e e e s e e e e eabe e e e s anreeeeaannreeas 25
A1 DevelopmMENT Plan ..........oviiiiiii e a e e e e e e e e e e aarraes 25
A @ V= = | o= £ P EROUPRRPTRR 27
Annex 1. EGNOS Coverage Areaand PerformanCe...........ceeeeiiiiiiiiiiiieiiie et 28

Issue 2.0, 3% April 2001



*

*
*
* gk

EUROPEAN COMMISSION

CHANGE RECORDS

ISSUE DATE REVISION CHANGE OF RECORD

1.0 13 FEB 2001 FIRST ISSUE

2.0 3 APR 2001 FOLLOWING CONSULTATION
PROCESS

Issue 2.0, 3% April 2001



*

*
*
* gk

EUROPEAN COMMISSION

Abstract
The High-Leved Misson Definition document presents a picture of the man characteristics and
performance of the GALILEO Mission. It will be used as framework for the GALILEO programme
and will form the bass for the Misson Reguirements Document and the System Requirements
Document. This issue of the document, prepared by the joint EC/ESA Programme Management
Board, results from a consultation process with Member States, Users and prospective investors.

Services result from specific gpplications of GALILEO's Sgnasin Space.
The sysem will provide:

a. Three navigation signals supporting the following services

i. Open Service implemented through two navigation sgnas separated in frequency. The Open
Sarvice, provides podtion and timing performances, free of user charge. Performance will be
competitive with, but complementary to, GPS to enable dua congtdllation usage.

ii. Safety of Life Service. The Safety of Life Service provides globa integrity with a defined time
to darm limit. Integrity data, which can be excrypted, is included as part of the open service
sgnds

iii. Commercial Service. Encrypted data are available within the open sgnas to provide a
commercid sarvice. This service will provide, dso, access to a third navigaion sgnd in a
separated frequency from the rest, to enable users to exploit three Carrier Phase Ambiguity
Resolution techniques to improve accuracy.

b Two Controlled Access Navigation Signals supporting the Public Regulated Service. This
savice provides podtion and timing to specific usars requiring a high continuity of service,
Two navigation signas with encrypted ranging codes and data will be provided. Access to this
service will be controlled.

c Local Components Signals. Some classes of user have locad area performance requirements
more demanding than those available from the globa system (accuracy, integrity time to darm,
ggnd reacquistion etc). These enhanced sarvices will be met through the use of locd
components.

Search and Rescue Services. Gdileo will improve the time to detection and the accuracy of
location of distress beacons over the current Search and Rescue services (Globad Maritime Distress
and Safety System: COSPAS-SARSAT) and will provide acknowledgement to the user of receipt of
the distress message.

Navigation Related Communications Services. Commercia exploitation of navigation data and
communications systems is identified as a mgor opportunity. The basdine for this sarvice is the
combined use of Gdileo with current terrestrid or satdlite radio networks. The posshility of
providing an on board communication payload is being evauated.

GNSS-1 Services. The fird generation GNSS-1 (EGNOS), will determine integrity correction data
for the sngle frequency GPS and GLONASS. This data will be disseminated through the European
Region's EGNOS GEO sadlites. The technicd, operationd, financid trangtion plan from GNSS-1
to GNSS-2 will be approved during 2001.

The GALILEO programme isaimed a full operationa capability by 2008. Thetotd cost of
design, development, in-orbit validation, full deployment and integration of EGNOS is
estimated at 3200 M€.

Issue 2.0, 3% April 2001 -1-



*
** **
* >
** * %

EUROPEAN COMMISSION

1. Introduction

GALILEO will be the European Globd Navigation Sadlite Sysem (GNSS), congging of a
congdlatiion of sadlites in Medium Eath Orbit (MEO) and its associated ground infrastructure.
The GALILEO Programme aso includes the development of satelite navigation user equipment,
applications and services. GALILEO is designed to be interoperable with existing other radio-
navigation sysemsin the world.

1.1. Scope and Objective of the Document

The present GALILEO Misson High Leve Definition document (HLD) is a programme reference
document providing the main characterisics and performances of the GALILEO Misson as they
ae determined at the time of its publication. The HLD is a living document updated regularly to
take into account the latest results of the programme.

The GALILEO HLD is goplicable to the eaboration of the GALILEO Misson Requirements
Document (MRD) and GALILEO System Requirements Document (SRD), which represent the
gpplicable documents for development activities.

1.2. Approval and Management of the Document

The GALILEO Programme is a present jointly managed and financed by the EC and ESA under a
mandate from their Member States.

The GALILEO HLD is eaborated by the GALILEO Program Management Board (EC/ESA) and
takes into account the remarks and suggestions resulting from a Member States, users' and industry
consultation made in February and March 2001.

Complementary design work and consolidetion of users needs may further modify the HLD in the
future.

The HLD will be updated by the future unique GALILEO management dructure which will
conduct the programme.

1.3. The European Satellite Navigation Strategy

Satdlite navigation, podtioning and timing has adready found widespread gpplications in a large
vaiey of fidds Satdlite navigation, podtioning and timing will become an integrd part of the of
the Trans European Network’. Many safety-criticd services, in large aress of transport and
numerous commercia goplications will depend on thisinfragtructure.

! The consolidated view of the air space user swill be taken into account asarevision tothe HLD.
2 TEN guidelines Decision Council /EP 1996
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Recognising the drategic importance of its applications, a European approach has been developed
over recent years. It started with a European investment in the firs generation of Globd Navigation
Satellite Systems (GNSS-1): the EGNOS programme to continue with the future generation of
Globd Navigation Satellite Systems (GNSS-2): the GALILEO programme.

EGNOS' compensates the shortcomings of the current GPS and GLONASS?, to serve the needs of
maritime, land and aeronautica transport applications in the European region and beyond. EGNOS
can fulfil a range of user service requirements by means of a regiond overlay augmentation to GPS
and GLONASS, based on the broadcast, through Geo-ddionary sadlites, of ranging sgnds
containing integrity and differentid corrections.

This first step provides Europe with early benefits but provides Europe and world users neither with
a suffident level of control over GNSS nor with a sgnd of quality and guaranteed performance as
it depends upon the GPS. Therefore, upon request of the EU Council in July 1999 preparations for
the next sep have been undertaken in pardld to the implementation of EGNOS. Those preparations
have led to the definition of GALILEO®, a sadlite constdlation providing world-wide coverage
which is proposed as the European contribution to GNSS-2.

Combined use of GALILEO, EGNOS and GPS/GLONASS will increase the performance and the
sdfety, of the sarvice achievable from each of the systems aone, and will alow for world-wide
acceptability of the exploitation and use of satellite navigation for the benefit of al potentia users.

1.4. Outcome of the GALILEO Definition Phase

Following preparatory activities carried out in the previous years, the GALILEO Definition Phase
was initiated, congsting in a number of activities undertaken by EC and ESA during the year 2000.

This has led to the issuing of EC Communication on GALILEO in November 2000 and ESA
Definition Report, which resulted in the ESA Council Resolution in December 2000.

1 ARTESO, “Initial Global Navigation Satellite System”, ESA/JCB(93)66, 17 November 1993,

- EU Council Resolution of 19 December 1994 on the European Contribution to the Development of GNSS, 94/c
379/02
- ARTES Declaration, ESA/JCB(94), 28 November 1996.
- “EGNOS AOC Mission Requirement Document for aMulti-Modal & Inter-Regional SBAS’ 1D 5110/EP/14,
3 November 1998
2 _ GPS: Global Positioning System deployed by the United States of Americareleased for dual military, civil use and
operated by the USA Department of Defence.
- GLONASS: GLObal NAvigation Satellite System deployed by the Russian Federation released for dual military,
civil use and operated by the RF Ministry of Defence.
- EC Communication: “ Towards a Trans-European Positioning and Navigation Network”, COM (1998)29, January
1998.
- EC Communication : “Gdlileo: Involving Europein a New Generation of Satellite Navigation Services, European
Commission, Brussels, 10 February 1999 and EU Council Resolution 19 July 1999,
- ESA GdlileoSat Declaration, ESA/JCB/CX X XI1/Dec.1(findl), 8 October 1999.
- EC Communication on GALILEO, November 2000.
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Based on the outcome of the Definition Phase, the subject HLD (see figure 1) has been produced
and consolidated through a consultation process, involving Members States, users and potentia
private investors.

GALILEO Definition Phase Studies
Geminus GALA INTEG Gdlileo
19/07/1999 I:> SAT
Council SAGA
Resolution <: | SARGAL
22/11/2000 . N
Commission High Level Definition Document
Communication
And
Final Council :> Mission — System Signal
Decision Requirement Requirement In space
Document Document ICD

Documentation

Figure 1 Galileo Mission Definition Documentation Context

As a consequence, the main topics addressed in this document are the following:

Definition of services.  open, safety-of-life, commercid and public-regulated navigetion
sarvices can be developed by combining capabilities of the system offered directly through the
sadlite navigation sgnds or in combination with ground inddlations (locd components). The
system aso supports a Search and Rescue service part of Globa Monitoring Digstress Satdllite
System (GMDSS). The provison of a Navigation Reated Communication service is sill under
andyds. Sadlite-based augmentation services (to GPS and GLONASS) are provided by
EGNOS in accordance with the EGNOS Mission requirements and integration strategy.

Frequency spectrum allocated at WRC 2000:

a number of frequency plan scenarios are being consdered for accomodating the different
GALILEO navigaion dgnds within the frequency bands alocated a the World Radio
Conference 2000.
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Baseline system ar chitectur e (space and ground segment design, including local elements):
the definition of the sysem architecture has been completed, baancing the complexity between
the different components of the sysem and in paticular taking into account the use of locd
ground components, which can dso support Commercid Services and aso hybridisation with
exiding or dedicaed communication sysems dlowing the development of Navigaion Related
Communication Services.

Development plan:

a deveopment plan is proposed which takes into account a coherent plan of trangtion between
GNSSI/EGNOS and GNSS2/GALILEO, the evolution of GNSS user-base with respect to
modernisation plans of exising sysems and the need to reduce the time-to-market for potentia
GALILEO commercid services.

Cost assessment:

sgnificant effort has been devoted to the assessment of the implementation costs of GALILEO
with a view to identifying target figures for a desgn-to-cost gpproach for the development of
the system.

Preiminary scenariosfor theintegration of EGNOS:
a scenario for the provison of GALILEO and satdlite-based augmentation (SBAS) services
(EGNOS) has been deveoped which alows the definition of an EGNOS integration plan.

Security policy:

prevention of misuse of GALILEO dgnds and need to guarantee continuity of service, even
during periods of crigs, for critica gpplications has lead to the introduction of the capability in
the satelites to broadcast both open access sgnds and encrypted navigation signa (Public
Regulated Service). Accessto the PRS is governed by a security policy under definition.

I nter oper ability issueswith GPS, GLONASS and other external systems:

It is a primary requirement to enable the provison of services based on the combined use of
GALILEO and GPS/IGLONASSEGNOS sgnds. This aspect is being taken into account in the
definition of the navigation sgnds and in the sdection of common reference dandards while
retaining the technica autonomy of GALILEO.

Each of the above issues are further addressed in the following sections of this document.

Acronyms
ARNS Aeronautical Radio Navigation System
CS Commercid Service
EC European Commission
ECAC European Civil Aviation Conference
EGNOS European Geo-dationary Navigation Overlay Service
EOIG EGNOS Operators and Infrastructure Group
ESA European Space Agency
FOC Full Operationa Capability
GLONASS GLObd Navigation Satellite System
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GMES Globa Monitoring for Emergency and Security
GMDSS Globd Maritime Digtress and Safety System
GNSS-1 Globd Navigation Satdlite Sysem 1
GNSS-2 Globa Navigation Satellite System 2

GPS Globa Pogtioning System

ICAO Internationd Civil Aviation Organisation
ICD Interface Control Document

ICC Integrity Control Centre

IMO International Maritime Organisation

IMS Integrity Monitor Station

ITRF Internationa Terrestrial Reference Frame
ITU Internationa Telecommunications Union
IULS Integrity Up-Link Station

LORAN L ong Range Navigation

MCC Master Control Centre

MEO Medium Earth Orbit

MS Monitoring Station

NLES Navigation Land Earth Station

NSCC Navigation Satellite Control Centre

NSE Navigation System Error

(O Open Service

OSS Orbitography and Synchronization Station
PRS Public Regulated Service

RAIM Recaver Autonomous Integrity Monitoring
RIMS Ranging and Integrity Monitor Station
SAR Search and Rescue

SARPs Standards and Recommended Practices
SAS Safety of Life Service

SBAS Satellite Based Augmentation System

SIS Signd in Space

TBC To be confirmed

TBD To be determined

TCAR Third Carrier Ambiguity Resolution

TTA Timeto Alam

TTC Tdemetry, Tracking and Command
UMTS Universa Mobile Telecommunication System
uTC Universd Time Co-ordinate

Table1l Acronyms
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GALILEO Overall Definition

Based on the assessment of the User Needs the outcome of cost-benefit andyses, and the
optimisation of the System desgn, a flexible GALILEO architecture has been defined offering a
number of system cgpabilities which, when combined, result in the different GALILEO Services.

2.1. User Needs

The user needs for GALILEO have been established during the definition phase through extengve,
bottom-up andyds of navigation, podtioning and timing goplications. User Fora and market
dudies have identified a large number of gpplications and derived the associated user needs. Data
from approximatedly 100 gpplications have been processed on technicad and non-technica
differentiators, providing information on the use of pogtioning in a very wide variety of platforms,
geographica regions and environments.  In particular, user needs for pogtioning accuracy, integrity
(darm threshold, time to dam, rik), avalability, operating environment and coverage were
assessed.  As wdl as the pogtioning aspects, timing applications have been sudied including time
synchronisation requirements for banking, power grids, telecom network etc.

2.2. GALILEO Architecture

The GALILEO system architecture is based on a number of components as described below.
A Global Component composed of:

- A congdlaion of up to 30 sadlites in Medium-Eath Orbit (MEO) providing adequate
coverage for the provison of the GALILEO sarvices on a world-wide bads. Each satdlite will
contain® anavigation payload and a search and rescue transponder.

- A ground ssgment in charge of managing the conddlation of navigation sadlites, contralling
core functions of the navigaion misson (orbit determination of sadlites, clock
synchronisation) and determining and disseminating (via the MEO sadlites) the integrity
information (warning derts within time-to-darm requirements) a globa leved. Implementation
agpects of globa integrity concept are under evduation The Globa ground ssgment will dso
provide interfaces with service centres providing vaue-added commercid services and with the
COSPAS-SARSAT Ground Segment for the provison of S&R services.

! Theinclusion of adedicated communication payload for supporting Navigation Related Communication Servicesis
still an option.
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SERVICE
CENTRES
REGIONAL GALILEO LOCAL
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Figure2 GALILEO Overall Architecture
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Regional Componentsinduding:

- Non-European GALILEO Regiond Components, made of ground segments dedicated to
GALILEO integrity determination over their specific area if regions choose not to adopt
GALILEO's globd integrity. The deployment, operations and funding of these components will
be under the responshility of the respective regiona service providers. The regiond integrity
data can be up-linked directly from each region or, dternatively, routed to the Ground segment
of the Globd Component for up-linking to the sadlites together with the SAR and service
provider’'s data.

- EGNOS providing integrity and differentia correction for GPS and GLONASS through Geo-
dationary satelites.

Local components Some classes of user have locd area requirements more demanding than those
that will be availdble from the globd sysem (accuracy, integrity time to dam, dgnd
acquistion/reacquigtion etc). These specid sarvices will be met through the use of augmentations
provided by local components.

In addition to providing differentid levels of accuracy and dringent integrity time to dam
requirements (within 1 second) Loca Components can provide services such as:

- Commercia data (corrections, maps, databases)
- Additiond navigation sgnds (pseudolites)

- Enhanced pogtioning data in areas of poor dSgna reception (underground car parks, garage
aress etc) from GSM or UMTS dtation based assisted position caculations.

- Mobile communication channds

The design of the GALILEO dgnd is conditioned to support the operation of local components. An
optimum use of those features and capabilities, together with the deployment of complementary
loca components under the respongbility of the respective service providers, will provide for the
commercid explaitation of the GALILEO sgnds.

User Segment: the family of different types of user recavers, with different capabilities for usng
the GALILEO signdsin order to fulfil the different GALILEO services.

Findly, GALILEO dso interfaceswith External Complementary System (GPS, GLONASS,
LORAN-C, etc...) for the provision of combined services.

Issue 2.0, 39 April 2001 -9-
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Service Centers. The GALILEO system provides an interface to users and vaue added service
providers (including local component vaue added services) through Service Centres. Where
gopropriate for the different poditioning, timing and navigation service categories, these centres
perform functions such as providing:

- Information and warranty on performances and data archiving;

- Subscription and access key management;

- Insurance, lighility; legal and litigation management;

- Caetification and license information management;

- Commercid interfaces,

- Support to gpplication development and possible elaboration of R& D approaches.

The precise functions depend on the nature of services provided, where appropriate, Service Centres
can dso play arolein collecting fees.

2.3. Services as Combination of System Capabilities

The GALILEO sarvices are the result of the combination of the system capabilities of each of the
components and segments of the GALILEO architecture: globa, regond, locd and the user
segment. Gdileo dso provides sarvices resulting from the use of other exising systems like GPS.
Thisisillugrated in teble 2.

GALILEO Signals and Data: The GALILEO congdlation provides the capability of broadcasting
globdly a st of five navigation sgnds supporting the open, commercid, safety-of-life and public
regulated services. Each navigation sgnd is composed of one or two ranging codes and navigation
data as wel as depending on the dgnd: integrity, commercid and search and rescue data. Satellite-
to-user distance measurements based on ranging codes and data, are used in the GALILEO user
receiversto fulfil the different GALILEO sarvices.

Encryption: Ranging codes and data can be open or encrypted in order to exercise control over the
sarvice access. Encryption is also a capability which could be activated permanently or temporarily,
therefore dlowing a dynamic dlocation of sgnds and data to services in order to respond to the
evolution of the user needs and markets or other general considerations, such as security.

Service Denial: Denid is the capacity of the system to deny access to a system capability, in order
mainly to prevent misuse by unauthorized users. Denid should in principle be gpplied to the
ranging codes which are the mgor security concern. However in some cases it may aso be gpplied
to data, eg. for commerciad purposes. Denid of access to encrypted ranging codes or data can be
gpplied by an adequate management of keys. Denid of access to open , therefore non-encrypted,
ranging codes can be gpplied by loca radio-frequency jamming (interfering with the frequency of
trangmisson of the navigation Sgna containing this ranging code).
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M apping into Services:

Thefollowing mapping of Sgnas and data into servicesis foreseen.
OPEN, COMMERCIAL AND SAFETY-OF-LIFE NAVIGATION SERVICES

Two open navigation signals ae commonly used by the open, commercia and safety-of-life
sarvices. The two dgnals are separated in frequency in order to alow the fulfilment of precise
ionospheric measurements by differentiation of the ranging messurements maede a esch
frequency. Each navigation signd will consst of two ranging codes. Data are added to one of
the ranging codes while the other ranging code is dedicated to supporting the fulfilment of more
precise and robust navigation measurements. In principle no ranging code will be encrypted
snce the sgnads are intended to support open and safety-of-life services, however, it may be
considered the encryption of one of the data-less ranging codes for commercid applications'. In
this case, the intention would be to offer this commercid encrypted data-less ranging code to
vadue-added service providers developing locd contributions such as wirdess communication
networks (UMTS-GSM) dation-based podtion location for urban environments. It is to be
andyzed whether this option would gill be compatible with the performance requirements of
the safety-of-life sarvice.

A third navigation signal separated in frequency from the two above sgnds is intended for
supporting the development of precise loca area eements, based on the use of Three Carrier
phase Ambiguity Resolution techniques (TCAR). Encryption of the ranging code on this third
carier is a built-in capability on the satellites, which could be activated or not, if it proves to be
useful for the development of TCAR as a commercid service or as an open cgpability within the
GALILEO globa component.

Integrity data, required for safety-of-life gpplications. The integrity data in the open sgnd can
be encrypted on which case this opens the posshility of providing dso the integrity data to
develop commercid services.

Commercial data (eg. corrections, maps, ...) can be disssminated through the open signds for
the provison of commercid services.

PUBLIC REGULATED NAVIGATION SERVICES

Two regulated navigation signals with encrypted ranging codes and data. These two signds
will nominaly occupy separate frequency spectrum with respect to the sgnds used for open,
commercid and safety-of-life services described above. This will enable the agpplication of locd
radio-frequency jamming to open dgnds without interfering with the regulaed sgnals. The
levedl of integrity for the Public Regulated Services is under consideration, to be concluded
before the end of 2001.

1 To be confirmed
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LOCAL COMPONENT

Local components provide sgnad and data which enhance the performance of the services achieved
directly from the satdlite sgnds where satelites are not in view(in-door, underground, tunnels, ...).
They are consdered for commercia, safety-of-life and public regulated services. It is to be noted
that commercia services can be developed by loca components, even on the bass of open
navigation sgnads. This is the case of TCAR gpplications, for which the encryption of the ranging
code on the third navigation signd does not gppear to be drictly required, taking into account thet
for users to exploit this TCAR cagpability, they require locd messurements. Those loca
measurements could therefore be encrypted providing namely a means of user access control.

Also, commercid and open locd services could co-exist if the service providers are separated
geographically. The loca nature of these services guarantees an adequate protection of the
commercia data

The locad component will provide the inteface with between GALILEO and wirdess
communications network.

EUROPEAN GEOSTATIONARY NAVIGATION OVERLAY SERVICE (EGNOS)
EGNOS will provide the GPS'GLONASS augmentation services (see section 3.4).

NAVIGATION-RELATED SERVICES

The GALILEO globa component dso offer a number of cgpabilities in support of navigation
related services:

The Search and Rescue Transponder of the GALILEO satdlites supports the provison of an
enhanced COSPAS-SARSAT Search and Rescue service through GALILEO. When a user
sends a distress message from hisgher COSPAS-SARSAT beacon, this message is received by
the S&R transponder and down-linked to ground for reception by a COSPAS-SARSAT ground
dation which will forward it to a rescue centre for further processing. These transmissons are
made in frequency bands dready dlocated for this service. When action has been teken, the
COSPAS —-SARSAT ground segment sends feedback message (an acknowledgement message)
or co-ordination message to the GALILEO Ground Segment. This message is to be sent to the
originator of the dam. This is achieved by up-linking the message to a sadlite in vighility of
the user. The message is then induded in the navigation sgnd, which will then be received by
the user, if equipped with a GALILEO recaiver. Enhanced Search and Rescue services would be
possible dlowing limited message exchange between the user and the Search and Rescue centre.
This is an aspect to be further investigated. Moreover, the implementation gpproach for the
GALILEO Search and Rescue Serviceis under co-ordination with COSPAS-SARSAT parties.

A Communications Transponder on the GALILEO sadlites is currently under evauation. This

trangponder would provide the cagpability to support NavigationReaed communicaions
services. A decison on the potentia inclusion of this cgpability is planned by mid 2001.
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GALILEO Services

System Capabilities Navigation Services Navigation
Related

GLOBAL COMPONENT

FUNCTIONS . Public
Commercial
Broadcast of Sarvice Regulated

Navigation _ Service
Signal and Data | Encryption

Two Open
Navigation No
Signalsand Data

Third Yes
Navigation
Signal No
Two Regulated
Navigation Yes
Signals and Data

Yes
No

Yes

Integrity Data

Commercial
Data

Search and
Rescue
Transponder
Comms.
Capability

According to
Service

As needed

OTHER FUNCTIONS

L ocal
Components

EGNOS
Integration

Table2 Mapping of GALILEO System Capabilitiesand Services

! To be defined during 2001.
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2.4. Signal and and Frequency Plan

The navigation dgnds defined in the previous section ae made avalable to the usars by
modulating the ranging codes and data in radio-frequency carriers which are then transmitted by the
navigation payload on-board each satellite.

The st of center frequencies for the different carriers as well as the portion of the frequency
spectrum around each frequency and which is required for the transmisson of the navigation Sgnds
is known as the GALILEO frequency plan. This frequency plan shdl respect the radio-regulations
in force as they are discussed and agreed a the Internationd Telecommunications Union (ITU)
forums such as the World Radio- Communication Conference (WARC).

The avalable spectrum which can be used for the development of Radio-Navigation Sadlite
Sysgems is shown in figure 3. In this figure, a number of frequency bands ae identified for
GALILEO. Out of the definition studies, four frequency bands have been retained for the setting up
of the GALILEO dgnds. Those are presented below. A tentative dlocation of the five GALILEO
navigation signds into frequency bands has dso been done on the basis of the transmisson of four
cariers, one for each frequency band. Other solutions with three carriers only may be possible but
dill require further investigation:

- E5 and L5, covering the range 1164 MHz to 1215 MHz. Within this band, the use of 24 MHz of
spectrum is being consdered with the find sdection of the centre frequency depending on
interoperability issues with ESL5, co-exigence with other sarvices such as DME,
JTIDSMTIDS, and on GALILEO autonomy requirements. The current studies recommend
centre frequency of 1202 or 1207 MHz. In E5/L5, an open sgnd for supporting the Open and
Safety of Life Service can be included;

- E6, 1260 to 1300 MHz. Within this band, the use of 30 MHz of spectrum is being consdered,
to accommodate the dgnds for the Public Regulated Service and the Open (Commercid-
encrypted, TCAR) Service.

- E2, 1559 to 1563Mhz. This band would accommodate a sgnd for the Public Regulated Service.
Two man options for this 9gnd ae being conddered. A drict band limiting of the sgnd
gpectrum within this band or a spill-over into the adjacent bands. A conclusion shal be reached
by the middle of 2001,

- E1, 1587 to 1591MHz. This band would accommodate a Sgnd for the Open and Sefety of Life
Service. As for E2, two implementation scenarios for this signd are being consdered. A drict
band limiting of the sgnd spectrum within this band or a oill-over into the adjacent bands. A
conclusion has to be reached by the middie of 2001,
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Figure 3 Frequency Allocations from WRC 2000

Depending on the bandwidth consdered on each of these bands, chip rates for the sgnds ranges
from 24 Mcps for the E1 and E2 carriers, to 510 Mcps for the E6 carrier (chip rate limited due to
the combined use for PRS and TCAR), and 10-20 Mcps for the E5 carrier. Available data rates on
each carrier are up to 1000 bps. Since, for the data supporting the computation of position, only 50
bps are gdrictly required (eg. GPS), there is sufficient cgpacity to accommodate Integrity, Search
and Rescue and Commercia data within each of the data channdls supported by each carrier.

The navigation message is being defined as a number of frame types to be repeated or sent as
needed for each type of data In this way, when data channds are not fully occupied, the basic
navigation data can be repested more often which would reduce the time to firgt fix or to reacquire

on thereceivers.

Alternative frequency plans are dso under evauation addressing the sharing of bands with GPS and
GLONASS. Inter-operability and performance are issues being consdered when evduating those

dternative scenarios.

A sdection of the optimum GALILEO sgnd dructure and associated frequency plan is planned by
mid 2001.
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2.5. Integration of EGNOS

EGNOS will provide GPS and GLONA'SS augmentation services (correction and integrity)
according to internationa standards until at least 2015-2018. Continuation beyond this date and/or
up-grades of EGNOS will be decided based user needs, market requirements and cost benefit
andyss.

Theintegration of EGNOS into GALILEO will be based on the following high-level objectives:

The integration of EGNOS and GALILEO shdl maintain a seamless continuation of EGNOS

sarvice. During the integration period, the EGNOS sarvice as defined by internationa standards
shdl be guaranteed.

The integration of EGNOS and GALILEO shdl not cause any dday on EGNOS AOC
development schedule.

Co-location of EGNOS and GALILEO ground infrastructure is being consdered taking into
account technical, operationd, funding and cost aspects.

Integration of EGNOS and GALILEO system operdtions is being consdered in relation with a
possible integration of some eements of ground infrastructure.

The GALILEO deveopments shal capitaise on the experience gained in the frame of EGNOS
for aspects such as Hardware and Software qudification, certification, system engineering
methodology and tools, verification and vdidation activities traning, Smulaion tools and
support facilities.

A find plan for the EGNOS integration is expected to be adopted by the end of 2001. This will be
donein close consultation with the EOIG and in relation with the selection of the EGNOS operator.

2.6. GNSS I nter oper ability

A primary objective is for GALILEO to provide its services autonomoudy, thus avoiding any form
of dependence or common modes of failure with other satdllite navigation systems.

On the other hand, GALILEO is being desgned to be interoperable with other exising saelite

navigation systems, leading to enhanced service peformance resulting from the combined use of
the different GNSS components.

Furthermore, GALILEO will achieve leves of performance comparable to those of other satellite

navigation sysems, thus providing a high level of inherent redundancy required for Safety of Life
Applications.
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GALILEO and GPS Reference Co-ordinate and Time Systems will be interoperable, thus leading to
aefficient combined use a user recaiver level.

2.7. Interoper ability with complementary systems

The GALILEO dedgn dhdl fadlitaie the use of GALILEO in combination with other
complementary systems, as listed below:

- Other nonsadlite based navigation sysems (eg. LORAN-C, EUROFIX), to provide good
peneiration in  environments where the dgnd-in-space is not sufficiently robudt, or for
communication of additiona information to the user;

- Space-based communications sysems (e.g. INMARSAT, Globastar, etc.) and

- Wirdess communications sysems, (e.g. GSM, UMTS, etc.) to provide location-based data to
the user, or information concerning the user location to a base gation;

- Hybridised receivers (e.g. containing gyros or odometers) to provide improved continuity.

When necessary, adequate interfaces will be defined and devel oped.
2.8. Security Policy

The European Union edablished the Common Foreign and Security Policy (CFSP), by the
Maadtricht Treaty, which came into force on 1 November 1993. The provisons of the CFSP were
revised by the Amsterdam Treaty, which was signed on 2 October 1997 and came into force on 1
May 1999. Articles 11 to 28 of the Treaty on European Union are now devoted specificaly to the
CFSP.

The gpproach taken for the security of the GALILEO Programme shall be consstent with CFSP.

The security policy is defined and implemented by EU and Member States, through the System
Specific Security Requirements Statement (SSRS) document and the Project Security Instructions
(PSI) document, approved and maintained by the GALILEO System Security Board (GSSB).

The management of the security requirements, linked to the implementation of the GALILEO
system, will be exclusvely the responghility of EU inditutions and EU Member dates.  Specific
agreements with non-EU countries wishing to be associated to the project need to be established.

Security Requirements are divided in three main topics:

- Security of the infradructure (buildings, dations, space segment, including data and
communications links between dl these assets);

- Security of the ggnd, againg jamming, spoofing and management of the potentid keys used to
access this service,

- Globd Security, in order to prevent misuse of the Signd in Space, offering precise postioning
capability to a potential hostile user.
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Asfar asthe GALILEO Services are concerned, the security aspects are related to:

- Security of the Public Regulated Service ! to guarantee a defined leve of continuity

- Security of the Safety of Life Service, gppropriate for its related applications

- Security of Commercia Services, gppropriate to protecting the interest of its users and
investors.

- Measuresto avoid or impede misuse of satdlite navigation sgnds

The security measures foreseen in GALILEO are asfollows:

Security of the Space Segment: Conventiona protections inherent to the space environment are
used. The up-links (telecommunications between the Ground Control Segment and the sadlites)
are protected.

Security of the Ground Segment: Severa dements of the ground segment (tracking dations,
control centres, misson centres and communication links etc.) are to be conddered as “sendtive
infrastructure®” and be protected.

To prevent the misuse of GALILEO, implementation of service denid is conddered in the
GALILEO security policy. This would need to be co-ordinated with third countries operaing ther
own satellite navigation systems.

Regarding Safety of Life Service, the encryption methods (if they are decided upon) shdl remain
compatible with the certification procedures and operationd congraints. Denid within a zone of
crisgs shdl be possble under the control of the relevant security authorities, bearing in mind that the
“sfety of life” principlesimpose the need for forma notification prior to the denid.

For the Public Regulated Service ggnd, encryption, possbly based on governmentd key
management, is foreseen. In order to guarantee the best continuity of service, resstance to possible
hodile jamming will have to be ensured by adopting wide-band signds, whenever possible. Export
of user equipment and related technologies shal be controlled according to the appropriate
internationa legidation. For example, al receivers developed for the public regulated service
ggnd will be consdered as dual-use tools and submitted to the rules of the Wassenaar Convention.
The encryption tools will aso be submitted to these rules.

1 |n accordance with the security provisions associated with the definition of the PRS signal approved by the GSSB.
2 Levels similar to the protection afforded to existing European Strategic Key Point installations.
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3. GALILEO Services

The GALILEO sarvices are the result of the specific combined utilisation at user leve of the system
cgpabilities. The definition of GALILEO services is based on a comprehensive review of user needs
leading to an optimisation of the GALILEO architecture.

3.1. GALILEO Navigation Services

The following st of navigaion sarvices has been defined. Users, equipped with adequate
GALILEO receivers conforming to minimum operationd requirements on the bass of which the
GALILEO sarvice performance is defined, shall be able to achieve the specified performance.

The defined services have been conddered adequate for supporting the large mgority of user
goplications, ether by usng directly the sadlite dgnds only or in combinaion with GALILEO
local components or through interoperability with other GNSS components like GPS, EGNOS,
€tc...

3.1.1. Open Service

The GALILEO Open Sevice provides pogtioning, navigation and timing sgnds that can be
accessed free of direct charge. This sarvice is suitable for mass-market navigetion gpplications, such
as in-car navigation and applications of postioning with mobile telephones. The Open Service dso
provides a precise timing sarvice (UTC) when used with receivers in fixed locations. This timing
service can be used for gpplications such as network synchronisation or scientific applications

The performance for the Open Service is given in Table 3. The performance objectives for the Open
Service are those of the Safety- of-Life Service with the exception of integrity (open and safety-of-
life use common sgnds). Through the andysis of user requiremernts, a match has been found
between the performance objectives established in this way, and the needs of the user applications.
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Open Service
Carriers Single Frequency | Dual-Freguency
Computes No"
Type of Receiver | ntegrity _ _
lonospheric | Based on simple Based on dual-
correction model frequency
measur ements
Coverage Global
Accuracy (95%)° H: 15m H: 4m
V:35m V: 8m
Integrity Alarm Limit
Time-To-Alarm Not Applicable
I ntegrity risk
Continuity Risk 8x10°/15s
Timing Accuracy wrt UTC/TAI | Not defined 50 nsec”
Certification/Liability No No
Availability 99 % -99.9 %

Table 3 Service Performance for Open Service with the Satellite Navigation Signals only and
without any other augmentations.

3.1.2. Commercial Service

The Commercia Service provides added vaue with respect to the Open Service. The specific
cgpabilities of GALILEO, which can be exploited for the Commercid Service, are modly related
with the design of the sgnd which supports

- Dissemination of encrypted vaue-added datain the Open GALILEO sgnds.

- Vey precise locd differentid goplications (Sub-meter accuracy) using the open (option
encrypted) Sgna overlaid with the PRS sgnd on E6.

- PFilot sgnd for supporting integration of GALILEO pogtioning gpplications and wireless
communications networks.

The performance of these services would be defined by the service providers based on the quality of
the commercia data broadcast” and by the performance provided by the local components.

! Some leve of integrity can be achieved through the application of RAIM techniques at user level.

2 Figures are based on use of 10 degree mask angle.

3 For specific timing applications, requiring specific receivers, the timing accuracy is 30 ns,

4 Commercia service providers will make decisions on the offered services: eg. integrity data,
differentid correctionsfor locd aress, etc... which will depend on the final characteritics of
the other services offered by GALILEO.

Issue 2.0, 39 April 2001 -20-



*
** **
* >
** * %

EUROPEAN COMMISSION

3.1.3. Safety of Life Service

The performance of the Sefety-of-Life service (see table 4) is compatible with the requirements of
the Approach with Verticd Guidance (APV-Il) as defined by ICAO SARPs. Through the
Definition Phase, it has been verified that the performance needs of other modes of transport (land,
rall, maritime) are covered adequatdy through those requirements. The service availability above
99.9% would make it usable for primary means only. Combination of this GALILEO sarvice either
with the current GPS as augmented by EGNOS corrections, or the future improved GPS and
EGNOS integrity-only, would support CAT-I performance and offer the prospect of sole means
avalability. Other gpplications covered would be ship docking, tran control, advance vehicle
control, robotics (satdlite sgnas combined with local components when required).

A dgngle frequency Safety-of-Life service, with a amilar level of performance as the dud frequency
sarvice and usable as degraded mode in case of locd interference on one GALILEO frequency
would be possble if GALILEO tranamits a detalled map of the ionosphere, as it is being done by
EGNOS. This aspect is currently under technicd and economica examination Alternative
techniques to enable accurate single frequency operation are being evauated.

The coverage area of the GALILEO integrity service is globd, and to this extent, the system
architecture is being optimised for this requirement. Options for implementation of integrity will be
analysed before the end of 2001 in order to take into account certification and ligbility condraints.

Safety-Of-Life Service
Carriers Dual Fregquency (single frequency
under evaluation)
. Computes Yes
Type of Receiver Integrity
lonospheric | Based on dual-frequency
correction measurements
Coverage Global
Accuracy (95%) H: 4m
V: 8m
Integrity Alarm Limit HAL: 12m
VAL: 20m
Time-To-Alarm 6 seconds
Integrity risk 2x10"/ 150 s
Continuity Risk 8x10°/15s
Timing Accuracy wrt UTC/TAI 50 nsec
Certfication/Liability Yes
Availability 99 % - 99.9 %

! Performance would be equivalent to CAT-1 precision approach requirements except for the vertical accuracy and
integrity performance for which some design margins have been taken. As the studies and the experimentation on
GALILEO progress, it may be possible to reduce those design margins and therefore to state better performance with
the goal of achieving CAT-I performances.
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Table 4 Service Performance for Safety of Life Service with the Satellite Navigation Signals
only and without any other augmentations/elements

3.1.4. Public Regulated Service

The Public Regulated Service is provided on dedicated frequencies to provide the cgpability for
greater continuity of service placed under EU and Member States Governments control for:

- Public gpplications devoted to European and/or National Security, such as police, civil
protection, law enforcement, civil protection such as some emergency services, GMES and
other governmentd activities,

- Someregulated or critical energy, transports and telecommunications applications,

- Economic and indudtrid activities that are deemed of dtrategic interest for Europe.

The Public Regulated Service is robust, so as to be resgant to interference, jamming and other
accidenta or maicious aggressons. It will be redricted to EU and other participating States
authorised by Member States Member States authorise users through the implementation of
appropriate controlled access techniques. Control of didribution of receivers is maintained by
Member States

The Public Regulated Service reguirements versus an implementation and frequency trade-off is
expected to be performed before the end of 2001.

Public-Regulated Service
Carriers Dual-Freguency
Computes To be defined
Type of Receiver | |ntegrity
lonospheric | Based on dual-frequency measurements
correction
Coverage Global
Accuracy (95%) H: 4m
V: 8m
Integrity | Alarm Limit Level to be defined during 2001
Time-To-Alarm
I ntegrity risk
Continuity Risk 8x10°/15s
Timing Accuracy wrt UTC/TAI 50 nsec
Certification/Liability Under analysis
Availability 99 % -99.9 %
Signal Robustness High (TBD)

Table 5 Service Performance for Public Regulated Service with the Satellite Navigation
Signalsonly
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3.1.5. Navigation Servicesto be provided by L ocal Components

The Deployment of Local Components will be driven by user and market needs, public regulation,
and finance.

However, for the optimisation of GALILEO System design some assumptions on possble generic
local components have been made.

Locd components providing differentid corrections for sngle frequency users would reach
pogitioning accuracy better than 1 meter. Those dations could report,dso, integrity with a time to
darm of 1 second. It is expected that locd service providers will adapt the sgna format to
accommodate additiona data.

The exploitation of the TCAR technique with locd components dlows users to determine ther
position with errors below 10 centimetres,

The pilot dgnd, provided with the open dgnds enhances the peformance of wirdess

tedlecommunications networks (GSM/UMTS)-asssed postion  determination  applications  in
difficult environments (e.g. urban canyon and indoor applications).
Type of Local Components Broadcast of Broadcast of UMTS-asssted
differentid corrections Differentid user position
for Sngleor dud corrections for Triple- computation
Frequency Users Frequency Users
(TCAR)
Accuracy <1lm <10cm 50 m (TBC)
Integrity Timeto Alarm 1ls 1ls Not gpplicable
Availability High under open fidd- | High under open fidd- | Increased in urban
of-view conditions of-view conditions canyons and for
indoor gpplications

Table6 Performancefor Services combining Satellite and L ocal Component signals
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Locd daions broadcasting satdlite-like sgnds (pseudolites) are used for increesing the availability
of GALILEO sarvicein adefined locd area

3.2. Search and Rescue Sevice

The GALILEO Search and Rescue sarvice shdl be co-ordinated with the existing COSPAS-
SARSAT sarvice and be compatible with both GMDSS and Trans European Transport Network
guiddines. GALILEO will dlow to improve the time to detection and the accuracy of location of
distress beacons with respect to current search-and- rescue system performance.

Search and Rescue Service (SAR)

Capacity Each satellite shall rely signals from up to 300 simultaneous
active beacons
Forward System Latency Time The communi cation from beacons to S& R ground stations shall

allow to detect and locate adistres emission in less than 10 mn.
The latency time goes from beacon first activation to distress
location determination .

Quiality of Service Bit Error Rate< 10™ for communication link: beacon to S& R
ground station

Acknowledgment Data Rate 6 messages of 100 bits each, per minute

Coordination Messages Data Rate | 18 messages of 420 bits each, per minute

Availability > 99%

Table 7 GALILEO service performance for Search and Rescue Service

The postion determination of the distressed beacons is carried out by COSPAS-SARSAT on the
bass of the sgnads and data provided by the GALILEO Search and Rescue Service. Performances
of pogtion determination will be in the range of 5 km for the current beacons, to less than 10 meters
for advanced beacons equipped with GALILEO receivers.

3.3. Navigation Related Communication Service

The basdine for this service is the combined use of GALILEO with exiding wirdess, terrestrid
(e.g. GSM/UMTY) or saellite networks.

The posshility of providing an on-board communication payload within GALILEO sadlites is
being consdered within specific accommodation condraints in order not to oversze the spacecraft
desgn. A find decison is expected by mid 2001.

This sarvice is gppropriate for regulated applications requiring globd and high avallability and

relidble podtion reporting. The sarvice dlows the quas-ingantaneous trangmisson of short
messages from users to a service centre and vice versa
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Navigation Related Communications Service (NRS) Characteristics

Délivery Time Delivery to recipient < 1 min after sending (TBC)
Acknowledge Acknowledge to sender < 1 min after reception (TBC)
Error Notice Error reported to sender < 5 mins after sending (TBC)
Capacity TBD

Availability >995%

3.4. Satdllite-based

Table 8 GALILEO service performance for NRS

Augmentation Related Services

These related services (augmentations) are intended to be provided by EGNOS.

GPS/GLONASS wide-area differentia corrections and integrity determination and dissemination
are fulfilled by EGNOS, interoperable with other Satdlite Based Augmentation Systems, WAAS in

North Americaand MSAS in Japan.

The EGNOS Advanced Operationa Capability (AOC) service area is defined in Annex 1. EGNOS

has the capabiility to extend its service within the GEO' s footprint area

4. Development

Plan and Costs

4.1. Development Plan

The devdopment plan for GALILEO as illustrated bedow, will be findized during 2001. This
designed to achieve progressive deployment of servicee EGNOS service will be

development plan is

provided as from 2004.
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Phase/ Milestone 2000 (200 | 200 [ 200 (200 | 200 |200 |200 | 200

GNSS-1 (EGNOS)

GNSS-2 (GALILEO)
Definition

Dedgn &
Development
Deployment™

System Validation
Misson Vdidation

GNSS-1to GNSS 2
Trandtion Plan
Definition

Figure 4 Development Schedule

Following the Definition phase, the Desgn & Development phase covers the detalled design,
manufacture and test of the syslem components leading to sysem vdidation. System vdiddtion is
performed with ground sSmulaions and in-orbit experimentation. The fird experimenta sadlite is
planned towards the end of 2003, prior to the completion of system design activities.

Following the completion of key system validation milestones and any subsequent design updates,
the deployment phase condsts of gradudly deploying the space segment and ensuring full
deployment of the ground infragtructure. Studies are on-going to andyse the provison of aninitid
operational capability as soon as possble, for instance a limited congtelation Sze and reduced
ground segment functiondlities, followed by full deployment of operationd capability by late 2007.

The operations phase will cover the operations of the sysem (ground fecilities and satellites) and
the replenishment of satdllites for an indefinite period of time?.

! Depending on the date of decision to launch the project, unfreezing of public fund, and setting up
of asingle public authority, the involvement of the private sector could arrive earlier and one

could imagine an earlier deployment phase.
2 For costing purposes a period of 20 years has been adopted. This includes a full constellation

replacement.
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The GALILEO misson is desgned to dlow private involvement in the future exploitation of the
system. For instance:

- Signd design to support the exploitation of commercia services with loca components;

- Encryption capabilities which could be activated according to the evolution of user needs and
market: capability for encryption of integrity datain SAS, open navigation Sgnd in E6;

- Pilot Sgnd in Open navigation Sgnd;

- Development schedule proposed for GALILEO identifying gradud deployment of services.

A consolidated development plan will be provided following studies during 2001. The development
plan will take account of progressin internationa negotiations and standardisation.

4.2. Overall costs

The different dudies of the definition phase (see Introduction, section 1) have provided an
edimated cost of desgn, development, in orbit vaidation full deployment and operationd of the
Gdileo system. Those figures have been confirmed by indusry in the course of the consultation
Process.

The sysem definition againg which the syssem has been coded is the one which dlows for the
provison of al the services as described in this document. The only option not included is a
communication payload adlowing provison of navigation related services.

The desgn and prototype of generic locd components, the design of nonEuropean regiond
components are included in the tota cost whereas the cost of the purchase and ingalation are not.
Theingdlation of local components will be ensured by the service providers.

The total development and deployment cost of the system as described in this document has
been estimated at 3200 Meur os (cf. EC Communication on GALILEO, November 2000).

Based on the current estimation (see 4.1), the cost of development and in orbit validation would
amount to 1100 Meuros while the cost of deployment would amount to 2100 Meuros.
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Annex 1: EGNOS Coverage Area and Performance
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Figure A-1: European Land Masses
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Figure A-2: EMCA (European Maritime Core Area) Waters
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Figure A-3: ECAC (European Civil Aviation Conference) Flight Information Regions
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