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1 Introduction
1.1 Scope

This report has been produced by Helios Technology Ltd (Helios) for the European
Commission Directorate for Energy and Transport (EC DG TREN) as the first deliverable (D1)
of its study (Contract No) for the development of a European Radio Navigation Plan (ERNP).

1.2 Study Background
1.2.1 Objectives

The objective of this study contract is to contribute to the development of a European Radio-
Navigation Plan (ERNP) and support European Radio-Navigation policy.

More specifically (and as stated in the ITT), the objectives of the study are to:
e provide a detailed inventory of the systems currently in use;

* document radio-navigation requirements and address commonly-used systems and
applications;

» provide information on existing system planning;
» define the compatibility and interoperability between existing systems; and

e propose a methodology for evaluating the benefits of systems with a reference to its
users.

The output of this study will effectively be a draft ERNP, including:
« EU policies for European radio-navigation systems;
» plans for the operation and cost recovery of radio-navigation systems;
¢ rationalisation plans for withdrawing systems;

e guidance to users with respect to system/service certification and system selection;
and

¢ European Radio-Navigation System (ERNS) document, containing a summary of civil
user requirements and system descriptions.

The scope of the study needs to cover all common-use radio-navigation systems, including
baseline systems, augmentations and other complementary systems. This study also needs
to address all countries of the European Union and accession countries. Other countries
relevant to a coherent ERNP should also be considered, including neighbouring
countries/services as well as those upon which the EU depends.

1.2.2 Structure

The structure of this study is based on the requirements outlined in the terms of reference for
this study and the duration of the study (nine months). The approach is sound in terms of
addressing the tasks described in the terms of reference and achievable with regard to the
timescales.

The development of an ERNP is complex, and a clear and logical process is needed.
Helios’'s ERNP study addresses the development of the ERNP in three phases:
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¢ Phase 1 Inventory;
» Phase 2 System Qualification; and
¢ Phase 3 Implementation.

Each of these three phases produces one of the three required output deliverable documents
(Figure 3 1). Consultation with stakeholders underpins each phase to ensure:

e that the EC owns key decisions;
» there is constant Member State, industry and user validation; and

» that there is buy-in from stakeholders along the way.

> Phase 1 Deliverable D1:
Inventory Inventory
Stakeholder — Phase 2 De“\éer;zl:; D2:
Consultation System Qualification ystem
Qualification
Deliverable D3:
e Phase 3 |:> Draft European Radio

Implementation Navigation Plan

Figure 1 — The Approach
1.3 Motivation

1.4 Approach

The work package logic for Phase 1 is illustrated in FIGURE based on the tasks identified in
the Terms of Reference [REF]. The tasks identified in the terms of reference [REF] are
included in WP1100 and WP1300. We have introduced a new task, WP1200 Define
Evaluation Criteria, to establish the criteria used to down-select the radio-navigation systems
in Phase 2. WP1200 is included here to focus the user requirements activities in WP1300
thereby ensuring that we have sufficient data for Phase 2. We will agree the criteria in
WP1200 with the European Commission before moving on to attend to WP1300. The service
delivery model described in Section 3.4 is particularly important because it allows us to
describe how commonly used baseline radio-navigation and augmentation systems deliver
services to users at the application level.
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WP1100

Information
Gathering

Y

WP1200
Define Evaluation
Criteria

Y

WP1400
User & Industry
Validation

Y

Y

WP1300
Define User
Requirements

Y

WP1500
Report Production
& Review

Y

WP1600
Stakeholder
Workshop

A

WP1000 Project Management

Figure 2 - Phase 1 (Inventory) Logic

1.5 Contents

This System and Policy Inventory is structured to draw out the salient issues and information

in Sections 2 to 9 while the original baseline data are presented in Appendices A to I.

Sections in the Main Body of the Report Appendices with Baseline Data
1 Introduction A Abbreviations and Acronyms
2 Definitions B Institutional Member State Groupings
3 High-Level Objectives C Reference Documents
4 Existing Radionavigation Plans D Stakeholder Organisations
5 Regulatory Instruments E Existing Radionavigation Plans
6 Evaluation Criteria F Regulatory Instruments
7 Existing Systems G Existing Systems
8 Market Requirements H Market Requirements
9 The Way Forward I Consultation Activities
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2 Definitions (3 pages max, Helios)

2.1 Service Area

The ERNP and associated policy developed by the EC is only applicable in the EU Member
States, i.e. the current (November 2003) 15 Member States and the 10 Accession States
from 1 May 2004. However, the terms of reference for this study require that it should also
consider neighbour countries to the EU relevant to a coherent ERNP and so we are also
considering the following countries:

EU Applicant Countries;

Eurocontrol Member States and those countries where there are bilateral agreements
for air navigation charges;

European Civil Aviation Conference (ECAC) States that are not Eurocontrol Member
States;

European Space Agency (ESA) Member States;

MEDA States;

European Economic Area (EEA) Member States;
European Free Trade Associate (EFTA) Member States;
Russian Federation; and

United States of America.

B FuU 15
—— EU Accession
] Relevant Neighbour States

Figure 3 — ERNP service area and relevant neighbouring states
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These are detailed in Appendix B. The core service area for the ERNP and the associated
European Radio Navigation Service (ERNS) is thus assumed to be the EU Member States
and the EU Accession States. There is assumed to be an extended service area to ensure
coherence comprising the other States in the above list. These are illustrated in Figure 3.

2.2 Baseline Radionavigation Systems etc

Within the ERNP systems are classified as:
* baseline radio avigation systems;
¢ regional augmentations;
¢ local augmentations; and
* complementary non-radio navigation systems.

Users of radio-navigation systems determine their position (and possibly velocity and time)
from knowledge of the propagation of electromagnetic radio waves. All radio-navigation
systems are underpinned by precise timing (used to generate the radio waves) and precise
co-ordinates.

Baseline radio-navigation systems available or planned for in Europe include:
» US Global Positioning System (GPS);
* European Galileo;
¢ Northwest European Loran-C System (NELS);
« US Loran-C;
» Russian Federation (RF) Chayka; and
» aviation specific systems (eg NDB, VOR, VOR/DME, ILS, MLS).

Augmentation systems provide additional signals that are combined with the baseline radio-
navigation systems to improve performance. We have differentiated between regional
augmentations and local augmentations. Regional augmentation systems deploy a number of
reference stations around the region and produce a single harmonised augmentation signal,
whereas local augmentation systems produce an augmentation signal from each reference
station.

Regional augmentation systems available or planned for in Europe include:

« the European Geostationary Navigation Overlay Service (EGNOS);

» the US Wide Area Augmentation System (WAAS) ; and

* Loran-C/EUROFIX — a data distribution capability modulated on Loran-C.
Local augmentation systems available or planned for in Europe include:

« Differential GPS (DGPS) eg the International Association of Lighthouse Authorities
(IALA) marine radio beacons; and

e Assisted GPS (A-GPS) disseminated over, say, GSM or 3G mobile networks.

Complementary non-radio navigation systems are not based on the principle of radio-
navigation and include:
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LF time and frequency systems (eg German DCF77 or UK MSF) that provide time
rather than position;

inertial systems that use accelerometers; and

balises used widely by the railway sector.

2.3 Modelling Service Delivery

Both baseline radio-navigation systems and regional/local augmentation systems are best
modelled in terms of a Data Generation System and a Data Delivery Mechanism (Figure 4)
when service delivery is important - this underpins the approach.

Data Generation Data Delivery Non-Radio-
) Users Navigation
System Mechanism

Systems

Figure 4 — Data generation and data delivery

Modelling service delivery in this way is good and has a number of key benefits for this study:

the entire service delivery environment (baseline radio-navigation system to user
including augmentation systems) can be modelled effectively in a straightforward and
graphical manner;

separating the data generation and data delivery activities allows us to consider the
value of the data and the revenue opportunities provided through the data delivery
mechanism;

once we have established the current service delivery environment in each market
sector, we can then rapidly focus in on the down-selected baseline radio-navigation
and augmentation systems to determine if the user requirements can be met by the
down-selected systems;

the operational impact of service disruption is immediately apparent and can be traced
through the service delivery model to specific user applications. Linked to this, we can
readily assess the impact of mitigation strategies (eg backup radio-navigation
systems) on service delivery; and

it allows us to address the rationalisation of navigation aids in terms of impact on
users.
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3 High-level Objectives (2 pages max, Helios)

To Be Completed following the meeting of the ERNP expert group.
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4 Existing Radio Navigation Plans (2 pages max, Helios)

To Be Completed following the meeting of the ERNP expert group.
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5 Regulatory Instruments (2 pages max, Helios)

To Be Completed following the meeting of the ERNP expert group.
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6 Evaluation Criteria (3 pages max, Helios)

To Be Completed following the meeting of the ERNP expert group.
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7 Existing Systems (3 pages max, Helios)

To Be Completed following the meeting of the ERNP expert group.
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8 The Application Environment

To Be Completed following the meeting of the ERNP expert group.
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9 The Way Forward (2 pages max, Helios)

To Be Completed following the meeting of the ERNP expert group.
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A Abbreviations and acronyms (All as required)

AAR
AEIF
A-GNSS
A-GPS
AOA
ATP
BSC
BSS
BTS
CENELEC
CEP
COO
COTIF
DSRC
EBICAB
EC
ECAC
EEA
EFTA
EMC
E-OTD
ERNP
ERNS
ERTMS
ESA
ETCS
ETML
ETSI
EU

FSK
GIS

Association of American Railroads

European Association for Railway Interoperability
Assisted GNSS

Assisted GPS

Angle Of Arrival

Automatic Train Protection

Base Station Controller

Base Transceiver Station

Cell Of Origin

Dedicated Short-Range Communications

European Commission

European Civil Aviation Conference

European Economic Area

European Free Trade Association

Enhanced Observed Time Difference

European Radio-Navigation Plan

European Radio-Navigation Systems

European Space Agency

European Telecommunications Standards Institute

European Union

Geographic Information System
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GNSS
GPRS
GPS
GSM
IMU
INS
GSM
GSM-R
LZB
MEMS
MSC
RAMS
RBC
RF
RFID
RN
RSDD
SA
sc
SIM
SMS
TERFN
TOA
TSI
TTFF
TVM
UMTS

Global Navigation Satellite System

Global Positioning System

Inertial Measurement Unit

Inertial Navigation System

GSM-Rail

Micro-Electro-Mechanical System
Mobile Service Switching Centre

Rail Related

Radio Frequency
Radio Frequency Identification

Radio Navigation

Selective Availability
Switch Commander
Subscriber Identity Module

Short Message Service

Trans European Rail Freight Network

Time Of Arrival

Technical Specifications for Interoperability

Time To First Fix
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B Institutional Member States

EU 15

EU Accession States

EU Applicant Countries

Austria, Belgium, Denmark,
Finland, France, Germany,
Greece, Ireland, Italy,
Luxembourg,
Netherlands, Portugal, Spain

Sweden, United Kingdom

The

Cyprus, Czech Republic,
Estonia, Hungary, Latvia,
Lithuania, Malta, Poland
Slovakia, Slovenia

Bulgaria, Romania, Turkey

Eurocontrol

ECAC, not Eurocontrol

European Space Agency
(ESA)

Albania, Austria, Belgium,
Bulgaria, Croatia, Cyprus,
Czech Republic, Denmark,
Finland, France, FYROM,
Germany, Greece, Hungary,
Ireland, Italy, Luxembourg,
Malta, Moldova, Monaco,
Netherlands, Norway,
Portugal, Romania, Slovak
Republic, Slovenia, Spain,
Sweden, Switzerland,
Turkey, UK

(Bilateral agreements for air
navigation charges with
Belarus, Bosnia and
Hertzegovina, Latvia,
Lithuania, Morocco, Ukraine
and Uzbekistan)

Armenia, Azerbaijan, Bosnia
and Hertzegovina, Estonia,
Iceland, Latvia, Lithuania,
Poland, Romania, Republic
of Serbia and Montenegro,
Ukraine

Austria, Belgium, Denmark,
Finland, France, Germany,
Ireland, Italy, The
Netherlands, Norway,
Portugal, Spain, Sweden,
Switzerland, UK

(Co-operation agreements
with Canada and Hungary)

MEDA

European Economic Area
(EEA)

European Free Trade
Associate (EFTA)

Algeria, Cyprus, Egypt,
Israel, Jordan, Lebanon,
Malta, Morocco, The
Palestinian Territory, Syria,
Tunisia, Turkey

Iceland, Liechtenstein,
Norway

Norway, Switzerland

Others

Russian Federation, United
States of America
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C Reference Documents

Please send electronic or paper copies of all documents to Helios so that we can create the
database required by the EC.
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D Stakeholder Organisations

D.1 Governmental Authorities and Regulators
D.1.1  International Regulators and Standards Bodies
(ICAO, IMO, UIC)

D.1.2  European Political Institutions

EC, ESA, Eurocontrol, ETSI, NELS

D.1.3  Non-European Political Institutions

FAA, FCC, US DoT, IGEB, non-European Space Agencies
National Government Departments

Transport, Security, Trade, Research

National Safety/Economic Regulators

Aviation, Maritime, Rail

National Telecommunications and Spectrum Managers/Regulators

National Navigation Institutions
EUGIN, RIN, ION, ...
Infrastructure Providers

Air Navigation Service Providers
NATS, DFS, AENA, ...
Lighthouse Authorities

Trinity House, NLB, ...

Rail Infrastructure Providers
E.g. DB, FS, RENFE ,SNCF
Road Infrastructure Providers
E.g. road tolling operators, ASECAP, highways operators, ...
Mobile Network Operators

E.g. GSM Europe

Time and Frequency Providers
NPL, IEN, ...

End-Users

Professional Institutions

EUGIN, chartered surveyors ...
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Market Specific Groups

AOPA, EMREF, ...

Safety Critical User

Train operating companies, airlines, shipowners
Corporate Users

Fleet managers, emergency services
Consumers

Yachting, farming, surveyors

Industry and Value Chain Participants
Standards bodies

EUROCAE, ISO, CENELEC, ETSI, 3GPP
Receiver and Equipment Manufacturers
Septentrio, Thales, ...

Radionavigation service Providers

Thales Geosolutions, Fugro, ...

Value added applications service providers and system integrators

Thales ...
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E Existing Radionavigation Plans / Policies

E.1 International Overview

To obtain an overview on national Radionavigation Plans and other policy related papers on
radionavigation, which exist within the area defined in chapter Error! Reference source not
found.; national contact persons have been consulted for most of the countries, to provide
the relevant information for their country, as well as other (neighbouring) states. The results of
this research is visualised in the following figure:
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o _ e _

Azerbaijan

Country Title English RNP Responsible Organisation | Volumes | Newsletter | First Current | Scheduled Other documents describing the national
Version / | Harmonisation edition | edition Update policy for radionavigation
Summary | with other
countries (preferably in English)
Albania
Algeria

Belarus

Belgium

Bosnia and
Hertzegovina

Bulgaria

Croatia

Cyprus

Egypt

Eire See Irelands Department of
Communications, Marine and Natural

(Republic of Resources website:

Ireland)

http://www.dcmnr.gov.ie/display.asp?pg=793
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Former
Yugoslavian
Republic of
Macedonia

e 5 . ! | | |
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Lebanon

Liechtenstein

Luxembourg

Malta

Moldova

Monaco

Montenegro

Morocco

Romania

Serbia

Slovak
Republic
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The

Palestinian

Territory

Tunesia

Turkey

Ukraine

United No 2020 The

Kingdom Vision -
Marine Aids
to
Navigation
Strategy,
GLA

Uzbekistan

Figure 5 — Overview on existing Radionavigation Plans
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E.2

E.2.1

National RNPs

Germany

The first German Radionavigation Plan “Deutscher Funknavigationsplan (DFNP)” was
published in 1996 by the Ministry of Transport, Building and Housing. The Radionavigation
Plan was updated in 1999. Since 2001 the DFNP is being updated continuously, which
means that newsletters are published to inform users on current developments and important
news, dedicated chapters are being exchanged on demand, and the overall plan is being
updated in regular intervals.The DFNP is structured into two volumes (both in German):

Volume 1 contains:

background information on the German Radionavigation Plan

descriptions of the national responsibilities in the domains of positioning and
navigation

an overview on different domains of applications (by each mode)

an overview on the specific requirements for each application identified
conclusions for the future use of systems within each mode of transport
descriptions of the German R&D activities on national and international level
time schedules for the operation of the various systems

conclusions for the future use and combination of systems.

Volume 2 contains:

E.2.2

detailed descriptions of the applications and requirements listed in volume 1
(structuring the applications into: existing, under implementation, and future
developments)

detailed system descriptions

information on certification aspects

an overview on information services for GPS

an overview on differential GPS services available in Germany

information on frequency- and orbit co-ordination

strategy of the German air traffic control DFS for the use of GNSS in civil aviation

Sweden

The first Swedish Radio Navigation Plan was published in 1991 on the initiative of and by the
Swedish Board of Radio Navigation (RNN). The members of the RNN are:

Swedish Defence Research Agency
Swedish National Space Board
AF-Communicator AB

Chalmers University
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» Lantmateriet (National Land Survey)

* Swedish Defence Materiel Administration
» Telemar Scandinavia AB

» Swedish Civil Aviation Administration

» Swedish Maritime Administration

The main objective of RNN is to be an informal meeting place and forum for discussions and
opinions and to keep its members informed of the development and progress in general
within the area of radio navigation.

By a decision of the Swedish Government the Swedish Maritime Administration (SMA) was
later given the official responsibility for the continued work with the plan. RNN was tasked to
proceed with the updating work and so a new thoroughly revised version of the plan was
developed by RNN and officially published by SMA in 1997. The plan is to be updated every
third year with the previous edition published in year 2000. An updated summary in English
was published in 2002. The present version (2003) replaces both the Radionavigationplan
2000 and the English summary from 2002.

The Swedish Radio Navigation Plan is structured into two volumes:
¢ Volume 1 (Swedish) “Systembeskrivning” contains:
0 detailed system descriptions
* Volume 2 (English) “Policy and Plans” contains:
o background information on the Swedish Radionavigation Plan
0 an brief overview on systems used

0 user requirements for all modes and applications identified

o

policy and plans (for each mode)

E.2.3 Switzerland

The first Swiss Radionavigation Plan “Schweizerischer Radionavigationsplan (CH-RNP)” was
published in 1999 by the Federal Office for Civil Aviation. Since 2001 the CH-RNP is being
updated continuously, which means that hotnews and newsletters are published to inform
users on current developments and important news, dedicated chapters are being exchanged
on demand, and the overall plan is being updated in regular intervals.

The CH-RNP is structured into two volumes (both in German):
* Volume 1 contains:
0 background information on the Swiss Radionavigation Plan
0 mode specific chapters including:
0 background information
0 requirements
0 conclusions

0 recommendations
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0 synergies between different modes

o descriptions of the Swiss R&D activities on national and international level

o future system planning and recommendations
* Volume 2 contains:

0 detailed system descriptions

0 operation schedules

o certification issues

o DGPS services

0 Geodetic reference frames and systems

0 Frequency- and orbit coordination

0 detailed application descriptions

E.2.4 The Netherlands

The Dutch Radionavigation Plan was issued in 1993. It is a descriptive report and not a policy
plan. The report describes the following items:

< the various modes (aviation, maritime, inland transportation (shipping, car, navigation,
geodesy))

e the international context and standards (ICAQO, IMO, IALA, ITU)

» descriptions of systems in use (landbased/satellite, global/regional/local, multi-
modal/sector specific)

* information on the ERNP-activities of the EC at that time.

Due to the fact that the plan was generated in 1993 it does not correspond to the current
status of Radionavigation use in the Netherlands and is not used any more.

E.2.5 Russia

A Radionavigation Plan for Russia exists, but more detailed information on the document
were not provided in time to be included into this version of the report.

E.2.6 USA

The Federal Radionavigation Plan (FRP) is the official source of radionavigation policy and
planning for the Federal Government of the USA. The first edition of the FRP was released in
1980 as part of a Presidential Report to Congress, prepared in response to the International
Maritime Satellite (INMARSAT) Act of 1978. It marked the first time that a joint Department of
Transportation (DOT) and Department of Defense (DoD) plan for common-use (both civil and
military) systems had been developed. Now, this biennially updated plan serves as the
planning and policy document for all present and future federally provided common-use
Radionavigation systems.

A Federal Radionavigation Plan is required by 10 United States Code (U.S.C.) 2281(b). A
Memorandum of Agreement (MOA) between DoD and DOT provides for radionavigation
planning as well as for the development and publication of the FRP. This agreement
recognizes the need to coordinate all federal Radionavigation system planning and to
attempt, wherever consistent with operational requirements, to utilize common systems. In
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addition, a Memorandum of Agreement between the DoD and DOT on the civil use of the
Global Positioning System (GPS) establishes policies and procedures to ensure an effective
working relationship between the two Departments regarding the civil use of GPS.

Since the 2001 edition the FRP is separated into two documents:
* The FRP, which contains:
o background information to the Federal Radionavigation Plan
o the U.S. policies for radionavigation systems
0 operating plans for radionavigation systems
0 a research and development summary

* and a companion document titled: Federal Radionavigation Systems (FRS), which
contains:

o information on national responsibilities
0 detailed information on user requirements

0 detailed system descriptions (including regional, national and local
augmentation systems)

0 geodetic reference systems.
E.3 Policy papers
E.3.1 ECAC

Navigation Strategy for ECAC, NAV.ET1.ST16-001, Edition 2.1, Eurocontrol, 1999

The document provides a harmonised and integrated strategic framework for the
development of navigation applications for ECAC Member States, to allow a cost-effective,
customer oriented evolution of the European Air Navigation Systems during the period 2000-
2015. The evolution of the air navigation systems is described in terms of performance,
functionality and corresponding infrastructure, taking due account of the principle of global
interoperability. This Navigation Strategy supports the operational developments proposed by
the ATM 2000+ Strategy and is in line with the implementation of the ICAO Global Air
Navigation Plan for CNS/ATM systems in ECAC.

The document contains:
* background information
e requirements, including:
e user requirements
* ATM requirements
¢ communication dependencies
¢ surveillance dependencies
» AIS dependencies

» strategic actions
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E.3.2 Ireland

Review of Maritime Radionavigation Policy in Ireland, Department of Communications,
Marine and Natural Resources — Maritime Safety Directorate, 2003

The Irish Minister for the Marine directed that the Department of Communications, Marine and
Natural Resources undertake a fundamental review of Ireland’s policy on radio-based aids to
navigation for the maritime sector. The Department, in conjunction with Commissioners of
Irish Lights, devised a consultation paper and questionnaire. This paper was circulated to
relevant stakeholders in December 2002. The key results are presented in the document
Review of Maritime Radionavigation Policy in Ireland — Summary of Analysis of Responses to
Consultation paper.

E.3.3 UK

2020 The Vision — Marine Aids to Navigation Strategy, GLA

This strategy encompasses both the ongoing needs and the vision of future requirements for
marine Aids to Navigation to the year 2020. The document will be subject to 5-yearly reviews
to ensure advances in technology, both onboard and ashore, regulatory changes and training
standards are taken into account.

The document contains:
» background information and regulatory context
e description of systems used and assessment (strategy) for future operation
e description of means to achieve the strategy
» Conclusions
» list of Aids of Navigation provided by GLA
e gsystem timelines 2003 - 2019
E.3.4 USA

Vulnerability Assessment of the Transportation Infrastructure relying on the Global Positioning
System — Final Report, John A. Volpe National Transportation Systems Center, 29.8.2001

The Volpe National Transportation Systems Center (RSPA/Volpe Center) conducted a
vulnerability analysis of GPS and identified the potential impact to aviation, maritime,
transportation, railroads, and Intelligent Transportation Systems (ITS). The final report,
Vulnerability Assessment of the Transportation Infrastructure Relying on the Global
Positioning System was published on August 29, 2001. This study contained a series of
recommendations, which were reviewed and ultimately accepted by the Department’s
operating agencies. Recommendation sets were made relative to: overarching issues related
to GPS vulnerabilities, mitigating the vulnerabilities of the GPS signal to disruption or loss,
and mitigating the vulnerabilities of the transportation systems resulting from the disruption or
loss of the GPS signal.

The report contains:
» background information on the report
» description of GPS use within the various modes of transport

+ assessment of GPS vulnerabilities
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* mitigation strategies

» assessments of transport infrastructure vulnerabilities
e transport infrastructure risk mitigation strategies

» findings and recommendations.

Radionavigation Systems: A Capabilities Investment Strategy - A Report to the Secretary of
Transportation, Radionavigation Systems Task Force, January 2004

The Radionavigation Capabilities Assessment Task Force was established to develop a multi-
modal capabilities assessment and recommend to the Secretary a Radionavigation
investment strategy that will meet the national transportation requirements in the USA. That
assessment and recommendation are documented in the report.

The report contains:
e background information on the report
» current situation of Radionavigation planning
¢ modal requirements and system capability assessments
« methodology of analysing the system-mixes
e back-up options to GPS
* system mix analysis
» various options for future Loran-C use
» cost scenarios
» conclusions

E.4 National Policies

E.4.1 Germany

The following figure provides an overview on the national system planning in Germany:
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GPS
GLONASS
Galileo

EGNOS

LORAN-C/
CHAYKA

Racon

GBAS( inclusive
RB-DGNSS)

Private Systems

I I
Expected to be operational
[ [

Expected to be operational

Under development

[ [
Expected to be part of Galileo
[ [

Expected to be operational
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ILS bevond 2010
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GBAS for
GPS/GLONASS As ba D Expected to be c|>perational
1995 2000 2005 2010 2015 2020
— Implementation
s  Phase-out
Figure 6 — System planning overview - Germany
The current status and future planning on system level is the following:
System Status Planning
LORAN-C One station operated in Germany|The future operation of the

(Sylt). Few national users but
increasing interest by various
potential users in recent years

Validation of Loran-C/Eurofix for
various applications in different
European countries was completed
with positive results.

German Loran-C station has to be
decided within the context of the
future development of NELS and
the ongoing development sin the
USA. A decision is expected for
mid 2004.

Germany intends to withdraw from
the NELS agreement and continue
the operation of the Loran-C
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System Status Planning
infrastructure as private business.
NDB 107 national NDBs Reduction of NDB operations after

High number of users

individual evaluation since 2003

(D)VOR / DME

24 VORs, 40 DVORs and 76 DMEs

High number of users

Operation till 2005

ILS 90 ILS (27 for CAT 1I/11) Phase out for ILS CAT | not before
. 2005, for ILS CAT II/lIl ILS not

High number of users before 2010

MLS None At the moment no MLS planned
No operational users

TACAN 32 TACAN Operation till 2010
High number of users

DGPS Various national DGPS services Extension of reference stations
High number of users

EUROFIX Broadcasted by the Loran-C station
in Sylt

GLONASS Few users

Positioning Basic technologies (e.g. cell ID) are|Increase expected

technologies implemented, enhanced

based on|technologies (e.g. A-GPS) are

wireless under evaluation

communication

networks

Table 1 — System planning — Germany ?

Beyond the information given in the figure and table above following statements are given by
the DFNP:

» the current systems are (in general) designed and used for a dedicated user group
and do not support multi-modal use.

1 See chapter ???

2 Modified table (focus on national status and planning)
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GNSS is vulnerable to jamming, spoofing, and other interferences (sun activity, multi-
path, etc.). For that reason appropriate back-up- and complementary systems and
sensors are required and have to be combined with GNSS.

GNSS services have to be protected against intentional and unintentional disturbance
and non-authorised use.

Loran-C is operated and controlled by civil authorities and has the potential to raise
interest of new users. The integration of Eurofix and EGNOS is objective of ongoing
EC and ESA activities.

Systems for aviation use like NDB, (D)VOR / DME, and ILS will be continued, at least
for the mid term future (2010), but it is expected that with the ongoing GNSS activities
the need for those systems will be reduced. On European level DME is the basis
system for area navigation and therefore a terrestrial back-up system to GNSS.

MLS is considered to replace ILS only on sites where ILS cannot be continued (e.g.
due to interferences) and GBAS will not yet be available.

In recent years various positioning technologies based on wireless communication
networks have been developed and (to some extend) implemented. The ongoing
development in the USA (E911) and Europe (LBS, E112) are expected to foster these
developments in the upcoming years.

Today GNSS is the basic system for many applications, but has to be augmented by
complementary systems and sensors in the future. Especially terrestrial systems are
considered to be appropriate augmentations to GNSS. Both GNSS available today are
controlled by national military and (primarily) designed for military applications. At the
moment GPS as well as GLONASS can be used free-of-charge for civil purposes, but
both systems are not able to fulfil the requirements for many safety and security
related applications in terms of accuracy, integrity, continuity, and operational
guarantees. For that reasons the German government supports the Galileo activities
of the EC and ESA by provision of budget and participation in dedicated working
groups.

Concerning the future combination of systems the DFNP provides following information:

A system-mix of complementary systems could enhance the performance achieved by
single systems. Due to the fact that GNSS provides the highest potential for future
use, the focus will be put on system-mixes including GNSS:

o0 The combination of GPS and GLONASS is (from a technical point of view)
state-of-the-art today, but the number of users is limited, because full
advantage of this combination can only be gained if the GLONASS space
segment is employed to a larger extend than today.

o Software for the combination of GNSS and Loran-C is available. The benefits
of a combined GNSS and Loran-C solution have been demonstrated in recent
years by various trials.

0 Detailed information on the combination of GNSS and positioning technologies
based on wireless communication networks is not yet available. For that
reason this system-mix is not discussed in more detail by the DFNP.
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Due to the variety of different national DGPS services a need to harmonise future activities in
this domain has been identified by the DFNP. Following options have been identified for
future harmonisation between service providers (public and commercial):

e Jointly operation of reference stations

* Harmonisation of extension-strategies

» Exchange of data collected

e Joint activities in the domains of development of decoders
« Extension of coverage.

E.4.2 Ireland

The views expressed on the consultation paper can be divided into two areas:

¢« One area is the marine users who avail of radio navigation in their day-to-day
business, for the purpose of navigation and position fixing. This group, in general,
seem to be happy enough with the systems available at present. The overall
impression is that the users have an acceptable system i.e. GPS, which performs
adequately in terms of accuracy, reliability, and availability. It is easy to use and cost-
effective. Although concern is expressed in relation to the U.S. military control of GPS,
and the obvious advantage of not relying on a sole means of radio navigation, it is
unlikely that these users would be prepared to use a new system, or invest in new
equipment, until that system is up and running, and has been proven to offer the same
level of performance to that which is available at present. There would seem to be
little faith in Loran-C, as by comparison with GPS. Loran-C is seen as technology.

* A small number of other users expressed a view including the Commissioners of Irish
Lights (CIL) and some equipment suppliers that sole reliance is a major concern and
that there is a tendency to view Galileo as a completely different system to GPS.
Galileo as a satellite system would be prone to the same disadvantages. With Loran-C
being a terrestrial system, when used as a backup to a satellite system, a problem
associated with one is unlikely to affect the other. It has been stated that Loran-C is
the only system available, albeit with limited coverage at present, which “can mitigate
against the vulnerability of satellite-based systems”. According to CIL, compared with
satellites, a Loran-C station is inexpensive to install, operate and maintain.

Across all sections, it is widely agreed that Ireland requires a maritime radio navigation policy
but that this should be an integrated policy for all modes of transport, as well as timing. The
majority believe that we should wait until the EU adopts a European Radio Navigation Plan
but that we can contribute to that plan as it is being developed.

E.4.3 Sweden

In Aviation the requirements are fulfilled by use of ground-based facilities (e.g. VOR, DME,
NDB and, for landing, ILS) and use of inertial navigation (INS). The transition to Area
Navigation has facilitated considerably increased flexibility in the use of available airspace. In
order to reduce the need for the costly ground-based structure, the aim is, in accordance with
international agreements, to replace this with augmentation for GNSS (DGPS using type
certified equipment) and use of ADS-B. Extensive testing, and further development, based on
use of GPS transponders for applications in airspace and for ground movement control, is
carried out by SCAA in co-operation with the industry and airlines, including SAS. Other
European countries participate in the project and the introduction of transponders together
with GNSS is expected to facilitate future air traffic control and make it more efficient.
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In Sweden a net of Marine Radio Beacon reference stations have been operational since
1996. The system is operated and monitored by the Swedish Maritime Administration and
financed by ordinary shipping fees. Thus there are no direct user fees. The system has been
developed in accordance with the recommendations from IALA and in close cooperation with
the Nordic countries. Within a densification programme the maritime reference net has
recently been expanded into ten stations. The goal that all surrounding waters should be
covered by signals with a signal strength of at least 50 uV/m from at least two radio beacons
is almost obtained. This system now covers all areas of Swedish waters with high accuracy
(1-2 m). Together with use of radar, Racons and GNSS transponders in AlS applications the
Marine Radio Beacon system will satisfy all the requirements for marine navigation in
Swedish and adjacent waters.

To improve the accuracy received from GPS in land applications in Sweden a network of
permanent reference GPS stations, SWEPOS, was established during the nineties. SWEPOS
is developed, operated and monitored by Lantmateriet. All SWEPOS services are based on
subscription and user fees covering parts of the operation costs of the system. The network
covers the main parts of the Swedish in-land and coastal areas. During 2000-2003 a number
of additional SWEPQOS stations have been established for regional positioning services with
centimetre level accuracy. In co-operation with groups of users, SWEPOS provides a regional
positioning service in the Stockholm area and in the Southern and Western parts of Sweden
(September 2003).

A nation-wide database containing up-to-date, quality-assured information on the entire
Swedish road network, NVDB (the Swedish National Road Database) is now available in a
first version. NVDB is managed by the Swedish National Road Administration, Lantmateriet,
the Swedish Association of Local Authorities and the forest industry. In combination with other
databases it can be used in car navigation systems as well as for planning of road transports
etc.

E.4.4 Switzerland

The mix of complementary systems and sensors used today for land transport systems is
expected to be still used in the future, because the single systems will not provide sufficient
accuracy and availability. The integration of Loran-C into such systems is expected to provide
benefits and should be fostered in the future. The activities to develop and implement Galileo
should be supported, too; because civil system control and service guarantees are important
qualities safety and security related, as well as for commercial applications.

In aviation positioning and navigation is to a large extend based on terrestrial Radionavigation
systems at the moment, but it is conceivable that some requirements could be fulfilled by
GNSS in the future and air traffic costs could be reduced. This migration is a long process
and the current terrestrial infrastructure will be operated for that period. The future
developments have to be considered under the aspects related to integrated systems and the
requirements of different user communities within the aviation sector.

For some maritime applications, e.g. automatic docking, the systems currently available are
not sufficient. Enhancements in terms of accuracy, integrity, and availability are necessary, as
well as the integration of navigation and communication (e.g. ECDIS updates, SAR, etc.) and
the permanent availability of a redundant system. From today’s perspective the use of Loran-
C and Eurofix should be extended.

In the domain of surveying a combination of conventional methods (tachymetry, levelling) with
GNSS is state-of-the-art today. The extent of using GNSS for a dedicated application is
determined by spatial and timely availability of GNSS and economic calculations. Strategic
planning of the Swiss surveying administration is related to the operation of national reference
systems (LV 95), GPS reference networks (AGNES) and DGPS services (swipos).
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E.4.5 UK

“The Marine Navigation Plan to 2015” was published in 1997 and is now superseded by the
“2020 The Vision — Marine Aids to Navigation Strategy”. In drafting this future strategy the
three GLAs have concluded that the current level of service - in visual, radar and radio aids to
navigation - is unlikely to significantly change, to any great degree, for the foreseeable future.

User consultation has clearly indicated that position fixing using GNSS is prevalent and that
radar and visual aids are seen as the terrestrial back-up to satellite systems. This back-up
role has been further emphasised by the known vulnerability of GNSS and the ease with
which signals can be subject to interference from jamming, spoofing or natural influences.

In view of the forgoing it is unlikely that the level of service can change, unless:

* Loran-C is adopted as the terrestrial back-up to GNSS in Europe and integrated
receivers (GPS/Galileo/Loran/DGNSS) are mandated for carriage by all SOLAS
Convention Vessels.

» Automatic Identification System (AlS) Data is mandated to be displayed on all SOLAS
ships over 300gt in a manner that facilitates the use of synthetic and virtual aids to
navigation.

* A Network of AIS base stations around our coast facilitates stakeholders, such as us,
having the coverage area to implement AlIS as an aid to navigation, as an emergency
wreck marking system, as well as providing traffic data which will form an important
part of the risk management process that determines the deployment of aids as risk
control measures.

» The introduction of routeing measures that direct traffic in high density and high-risk
areas becomes possible. Leading to a measure of 'sea traffic control' and changes in
the provision of aids to navigation and Vessel Traffic Services (VTS) accordingly.

e The regulation of vessels below 300gt, including fishing and leisure craft leads to
mandatory carriage of position fixing receivers, of the integrated type described
above, making possible rationalisation of fixed and floating aids to navigation in
confined and shallow waters.

 The mandatory licensing of all leisure craft with compulsory training of their
owners/operators, similar to that required of all light aircraft pilots and road users.

The developments described above, if realised, will individually or collectively influence the
provision of all aids to navigation and the level of service we provide to deliver a reliable,
efficient and cost effective Aids to Navigation Service for the benefit and safety of all
mariners.

The GLAs will continue to provide Aids to Navigation (AtoN) for the safety of all mariners and
in doing so seek to:

* regulate standards in the provision of AtoN in general and local areas

e avoid proliferation of marine radionavigation systems and interference among
radionavigation systems generally

e exercise their wreck powers to ensure the safety of navigation, in a way which is
consistent with preservation of the environment

e advocate proper standards of training and competence in the use of existing and new
AtoN.
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E.46 USA
E.4.6.1 Policy described by the Federal Radionavigation Plan®:

The US policy on Radionavigation, as defined by the current issue of the FRP (2001) is the
following:

» The Federal Government operates radionavigation systems as one of the necessary
elements to enable safe transportation and encourage commerce within the United
States. It is a goal of the Government to provide this service in a cost-effective
manner. As the full civil potential of GPS and its augmentations is realized, the service
provided by other Federally provided radionavigation systems is expected to decrease
to match the reduction in demand for those services. However, operational or safety
considerations may dictate the need for complementary navigation systems to support
navigation or conduct certain operations. While some operations may be conducted
safely using a single radionavigation system, it is Federal policy to provide redundant
radionavigation service where required. A major goal for the U.S. Government is to
select a mix of common-use civil/military radionavigation systems that meets diverse
user requirements. When the benefits, including the safety benefits, derived by the
users of a service drop below the cost of providing that service, the Federal
Government will no longer continue to provide that service. A suitable transition period
will be established based on safety, user equipment availability, radio spectrum
transition issues, cost and acceptance, budgetary considerations, and the public
interest. International commitments dictate certain levels and types of navigation
services to ensure interoperability with international users. Although radionavigation
systems are established primarily for safety of transportation and national defense,
they also provide significant benefits to other civil, commercial, and scientific users. In
recognition of this, the Federal government will consider the needs of the users before
making any changes to the operation of radionavigation systems. Radionavigation
systems operated by the U.S. Government are available as directed by the National
Command Authority (NCA) in the event of war or threat to national security. Operating
agencies may cease operations or change characteristics and signal formats of
radionavigation systems during a dire national emergency. All communication links,
including those used to transmit differential GPS corrections and other GPS
augmentations, are also subject to the direction of the NCA.

The policies for the future operation of the different systems are the following:

e GPS: The U.S. Government has determined that two additional coded signals are
essential for certain uses of GPS. A second civil signal will be added at the GPS L2
Frequency (1227.60 MHz). A third civil signal that can meet the needs of critical
safety-of-life applications such as civil aviation will be added at 1176.45 MHz. The
third civil signal frequency is designated as L5. GPS will be the primary Federally
provided radionavigation system for the foreseeable future. GPS will be augmented to
satisfy civil requirements for accuracy, coverage, availability, continuity, and integrity.

* Loran-C: The Government will continue to operate the Loran-C system in the short
term while the Administration evaluates the long-term need for the system. The U.S.
Government will give users reasonable notice if it concludes that Loran-C is not
needed or is not cost effective, so that users will have the opportunity to transition to
alternative navigation aids.

3 Federal Radionavigation Plan, DoD and DoT, 2001
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«  VOR/DME: VOR/DME will continue to provide navigation services for en route through
nonprecision approach phases of flight throughout the transition to satellite-based
navigation. The FAA plans to reduce VOR/DME services provided in the NAS based
on the anticipated decrease in use of VOR/DME for en route navigation and
instrument approaches.

« TACAN: The DoD requirement and use of land-based TACAN will continue until
aircraft are properly integrated with GPS and GPS is approved for all operations in
national and international controlled airspace.

¢ Precision Approach Systems: The Instrument Landing System (ILS) is the
predominant system supporting precision approaches in the U.S. With the advent of
GPS-based precision approach systems, the role of ILS will be reduced. ILS may
continue to be used to provide precision approach service at major terminals. The
FAA has terminated the development of the Microwave Landing System (MLS) based
on favorable GPS test results. The U.S. does not anticipate installing additional MLS
equipment in the NAS.

« NDB: Most NDBs will be phased out.

The following figure shows the current system operation plan of the USA:

Maritime NDB
(non-GP3)

Loran-C*

Hegin Phase-down
Begin Phase-town™
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MLS
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ILS Cat 11/ 1l
GPS
Maritime DGPS
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Figure 7 — System planning overview - USA
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E.4.6.2 Findings of the Volpe-Report *:

To mitigate the vulnerability risks, caused by using GNSS for safety critical infrastructure the
Volpe-Report made the following recommendations in terms of:

e Overarching issues related to GPS vulnerability

o

Public policy must ensure, primarily, that safety is maintained even in the event
of loss of GPS. This may not necessarily require a backup navigation system
for every application. Of secondary but immediate importance is the need to
blunt adverse environmental or economic impacts. The focus should not be on
determining the nature of the backup systems and procedures, but on which
critical applications require protection.

Because requiring a GPS backup will involve considerable government and
user expense, it is recommended that the transportation community determine
the level of risk each critical application is exposed to, what level of risk each
application can accept, the costs associated with lowering the risk to this level,
and how such costs are to be funded.

« Mitigating the vulnerabilities of the GPS signal to disruption of loss

o

Continuation of on-going GPS modernization programs involving higher GPS
broadcast signal power and the eventual availability of three civil frequencies
should be encouraged.

The Federal Communications Commission (FCC), FAA Office of Spectrum
Policy and Management, National Telecommunications and Information
Administration (NTIA), the Departments of State and Defense, and other
agencies should continue to vigorously support and protect the spectrum for
GPS and its applications.

GPS receivers involved in critical maritime and surface applications should be
certified by the appropriate regulatory authorities. These authorities should
recommend receiver performance standards for non-critical applications.

Efforts must be taken to create and heighten awareness among the aviation,
maritime, and surface user communities of the need for mitigation to
degradation or loss of the GPS signal through unintended interference from
such sources as VHF signals, mobile satellite services, ultra wideband
communications, and broadcast television.

Systems and procedures to monitor, report, and locate unintentional
interference should be implemented or utilized in any application for which loss
of GPS is not tolerable. Mitigation of signal blockage impacts should be
addressed as much as possible in the GPS application system design process.
RFI incidents that affect critical transportation applications should be reported
to users as potential hazards to navigation, and users need to be trained in
recognizing degradation or loss of the GPS signal, how to switch to an
alternate navigation system or procedure if called for, and how to switch back
to GPS when it recovers performance.

¢ Intentional disruption

4 Vulnerability Assessment of the Transportation Infrastructure relying on the Global Positioning
System — Final Report, John A. Volpe National Transportation Systems Center, 29.8.2001
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o

Continuing assessments should be made of the applicability of military anti-jam
technology, including receiver and antennas, to the civil sector. U.S.
government agencies should be encouraged to identify the more promising
anti-jam technologies, and to work with industry to make them affordable and
suitable for civilian applications.

The DOT should coordinate with the DoD to ensure that appropriate
anti-spoofing technologies are available to civilian applications, should the
need arise. It is important to identify observables that may indicate spoofing in
civil safety-critical receivers. In addition, DOT should develop independent
information to determine the validity and extent of possible civil spoofing
threats.

Within the limits of security requirements, the civil sector transportation
community should be apprised of on-going threats and take effective
countermeasures to those threats. Civil users should be encouraged to report
GPS outages.

» Mitigating the vulnerabilities of the transportation system to loss or degradation of the
GPS signal

o

Create awareness among members of the domestic and global transportation
community of the need for GPS backup systems or operational procedures,
and of the need for operator and user training in transitions from primary to
backup systems, and in incident reporting, so that safety can be maintained in
the event of loss of GPS, in applications that cannot tolerate that loss.

Encourage all the transportation modes to give attention to autonomous
integrity monitoring of GPS signals, as is being done in the aviation and
maritime modes (Receiver Autonomous Integrity Monitoring, RAIM).

In an effort to provide the greatest benefit to the users, encourage the
development of affordable vehicle-based backups such as GPS/inertial
receivers, and, in the event Loran-C becomes a viable backup to GPS,
aviation certifiable Loran-C receivers, and GPS/Loran-C receivers. All GPS
receivers in critical applications must provide a timely warning when GPS
positioning and timing signals are degraded or lost. Conditions for setting the
warning indicator in the receiver, and for displaying it to users, should be
standardized within each mode.

Conduct a comprehensive analysis of GPS backup navigation and precise
timing options including VOR/DME, ILS, Loran-C, inertial navigation systems,
and operating procedures. Consideration must be given to: (1) the cost of
equipage for both general and commercial users -- national and international in
aviation uses; (2) navigation and precision timing system capital and operating
costs; and (3) operating procedures and training costs associated with the
need for situation awareness when the GPS signals are degraded or lost.

Continue the Loran-C modernization program of the FAA and USCG, until it is
determined whether Loran-C has a role as a GPS backup system. If it is
determined that Loran-C has a role in the future navigation mix, DOT should
promptly announce this to encourage the electronics manufacturing community
to develop new Loran-C technologies.

DOT should take an active role in developing a roadmap for the future
navigation infrastructure that will be stated clearly in the Federal
Radionavigation Plan, and will be followed by the DOT modes and navigation
user communities in their navigation activities.
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E.4.6.3 Policy described by the Federal Radionavigation Plan®

Based on the Volpe-Report the Radionavigation Systems Task Force analysed four potential
system mixes® to overcome vulnerability issues and provided the following conclusions and
recommendations:

Conclusions

Some radionavigation systems (e.g., VOR) are mode specific and cannot serve other
modes.

Today, adequate backups exist to protect current transportation and positioning
requirements and applications. However, the situation for timing applications is
lessclear.

In the future, as requirements and applications continue to evolve, each operating
administration must ensure that adequate backups remain available. Cross-modal
radionavigation systems must likewise be carefully coordinated.

The evaluation of enhanced Loran needs to be completed before making a firm
commitment to that system. Termination of Loran would eliminate the only available
cross-modal radionavigation backup to GPS.

The current collocation and synergy of NDGPS with CORS, MDGPS, & GSOS has
already avoided significant capital construction costs.

The collocation of WAAS, NDGPS, and Loran facilities should be explored in
conjunction with any future expansions of those systems.

Further collocation of existing systems is not cost effective at this time because only a
few new WAAS sites in Alaska are available for collocation with NDGPS.

When investing in a major recapitalization of a radionavigation system, the
Department needs to examine the multi-modal utility of the system, and the potential
to combine facilities, before making a decision on the investment.

Although WAAS could satisfy some land and maritime requirements, it is not designed
for that purpose. Completing the NDGPS network as planned is a more practical
option from a cost perspective than attempting to enhance WAAS to meet all the
requirements of maritime and land transportation users or, likewise, attempting to
enhance NDGPS to meet aviation requirements.

The final four radionavigation mixes satisfy current user needs for primary and backup
systems. However, not all four alternative mixes address potential future
requirements.

Although R&D systems were not considered in the final evaluation, they would need to
be considered in future evaluations once they are out of R&D.

5 Federal Radionavigation Plan, DoD and DoT, 2001

6 1. Baseline option, 2. Discontinue Loran-C, 3. Collocation with Loran-C, 4. Collocation without Loran-

C

P377D004-0.9 HELIOS TECHNOLOGY 60 of 362



Recommendations:

As investment decisions are made regarding individual radionavigation systems, the
Department should review the overall radionavigation system program strategy to
ensure these systems meet the positioning, navigation, and timing requirements
across the entire transportation infrastructure in the most cost-effective and efficient
manner.

The current role of the Department’s Investment Review Board (IRB) should be
broadened to serve this function for radionavigation system programs. This would
additionally require expanding the membership of the IRB to include the Under
Secretary of Transportation for Policy as a voting member.

GPS modernization, to include the implementation of the second and third civil
signals, should proceed as expeditiously as feasible in order to meet a multitude of
civil applications and safety-of-life missions that are critical to our transportation
infrastructure.

Every effort should be made to meet, and accelerate if possible, the operational
implementation schedule for these new GPS capabilities.

Complete the evaluation of enhanced Loran to validate the expectation that it will
provide the performance to support aviation NPA and maritime HEA operations.

If enhanced Loran meets the NPA and HEA performance criteria, and is cost effective
across multiple modes, the Federal Government should operate Loran as an element
of the long-term US radionavigation system mix.

If enhanced Loran does not meet expected performance criteria, or is not cost
effective across multiple modes, the Federal Government should operate the system
only to the end of 2008 to allow users sufficient time to transition to alternate
navigation aids.

Complete three additional radionavigation system studies, in addition to the enhanced
Loran evaluation, as follows:

The USCG will, in cooperation with the FAA, assess the ability of the Wide Area
Augmentation System (WAAS) to meet marine requirements.

The FHWA will, in cooperation with the FRA and the USCG, assess the ability of the
High Accuracy Nationwide Differential Global Positioning System (HANDGPS) to meet
surface (i.e. highway, rail, and marine) requirements.

The FAA will assess the ability of the Local Area Augmentation System (LAAS) to
meet precision approach requirements for aviation.

The collocation of WAAS, NDGPS, and Loran facilities should be explored in
conjunction with any future expansions of those systems.

Based on the need to pursue synergism, cooperation, and collocation in future
radionavigation systems, the Task Force recommends as a radionavigation mix either
Option 3, ‘Collocation with Loran’, or Option 4, ‘Collocation without Loran’, contingent
on the results of the enhanced Loran evaluation and benefitcost analysis.

Explore funding strategies to ensure that NDGPS is implemented in accordance with
the schedule presented in the 2001 FRP.
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E.4.7

As requirements and applications continue to evolve, the potential for various
radionavigation systems to contribute to the overall radionavigation mix should be
periodically evaluated.

Eurocontrol Navigation Strategy for ECAC

The policy of Eurocontrol on the future use of Radionavigation systems in the aviation sector
till 2014 as described in the “Navigation Strategy for ECAC2 document” is the following:

1.

The growth in air transport seen in the last two decades, and the forecasts indicating
that air traffic movements in Europe will more than double by 2015, compared with
those for 1997, maintain a continued pressure to upgrade the capacity of the overall
European ATM system, to alleviate congestion and delays.

The existing Air Navigation System and its sub-systems suffer from shortcomings in
technical, operational and economic aspects. Despite the success of
EUROCONTROL EATCHIP, and the measures already in hand to provide further
improvements, the current system is unlikely to be able to cope with traffic increases
of the predicted magnitude. New advanced systems and concepts can offer potential
improvements in terms of safety, efficiency and/or economy of flight, provided that
their implementation is based on a fully co-ordinated, harmonised, evolutionary and
flexible planning process.

This Navigation Strategy has been developed to answer to this need. The users
requirements have been the main driver in its development. The main objective of this
Air Navigation Strategy is to provide a harmonised and integrated common framework
which will allow a cost-effective, customer oriented evolution of the European Air
Navigation Systems during the period 2000-2015. The evolution of the air navigation
systems is described in terms of performance, functionality and corresponding
infrastructure, taking due account of the principle of global interoperability.

The Navigation Strategy supports the operational developments proposed by the ATM
2000+ Strategy towards the implementation of a uniform European Air Traffic
Management system. It is in line with the implementation of the ICAO Global Air
Navigation Plan for CNS/ATM systems in ECAC.

The time horizon of this Navigation Strategy is split into three phases: short-term
(2000-2005), medium-term (2005-2010) and long-term (2010-2015 and beyond), and
it is in line with other EUROCONTROL strategies.

The main strategic streams described in this Navigation Strategy are aimed at:

» achieving a total RNAV environment with defined RNP values for all operations
ECAC-wide;

» facilitating the implementation of the ‘free routes’ concept;

e supporting the continued operations of aircraft with lower capabilities as long
as operationally feasible;

« implementing 4D RNAYV operations, to support the transition to a full gate to
gate management of flight by 2015 ;

e supporting the continued operations of State aircraft, in line with the principles
of the overall ATM 2000+ Strategy;

7 Navigation Strategy for ECAC, NAV.ET1.ST16-001, Edition 2.1, Eurocontrol, 1999
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» providing positioning and navigation data at the required performance levels to
support the various applications in the ATM/CNS environment.

* ajudicious deployment of the space-based infrastructure and a rationalisation
of supporting ground-based infrastructure for all phases of flight, ensuring the
transition to GNSS, in line with ICAO recommendations.

7. Advances in Navigation functionality will enable improvements in airspace design
(structure, sectorisation, associated route network, applicable route spacing,
separation minima and responsibilities, etc.), and will allow for a high degree of
flexibility for aircraft operations and for the navigational equipment used. Ultimately, all
these elements, together with appropriate ATM tools will enable operators to conduct
their flights in accordance with their preferred trajectories, dynamically adjusted, in an
optimum and cost-efficient manner.

8. This Navigation Strategy recognises the emergence of satellite technology and its
future role in the global navigation environment. However, it is expected (based on
current knowledge) that the rate of technological development of the system and the
time needed for the resolution of institutional limitations will result in the need for a
ground-based back-up system for GNSS for the foreseeable future for all phases of
flight.

9. The feasibility of some options is still surrounded by many uncertainties and requires
additional study (safety, R&D, CBA). Since all phases of flight are interrelated,
constraints solved in one phase will not necessarily deliver the entire expected
benefits, because of unsolved (or newly-generated) constraints for the other phases.
CBAs will help to avoid the development of purely technology-driven solutions.

10. This Navigation Strategy aims to achieve a harmonised evolution of the overall
Navigation System. In the framework of this strategy States may give preference to
one implementation option or another in order to reflect sub-regional and local
differences and to provide tangible and early benefits to the users. The availability of
benefits will encourage the agreement and commitment of the users to the
implementation plans. Furthermore, it will help the smooth transition to new systems
and will minimise the period when support of both existing and new functionality will
be necessary.

The schedule for the rationalisation of ground segment is shown below:
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Figure 8 — Rationalisation of ground segment (ECAC)®
E.5 Conclusions on GPS / EGNOS policies

The overview on existing national Radionavigation Plans and policy papers, available for
various states and ECAC, show that the satellite navigation and relevant augmentation
systems (i.e. GPS and EGNOS) are used by many user communities within all modes of
applications today.

The use of GPS/EGNOS enables a lot of users to successfully perform various applications
and emerging, new and innovative fields of applications are expected to be realised in the
next future by exploiting GPS/EGNOS. Nevertheless the use of GPS/EGNOS is based on the
availability of GPS signals, which could be impaired by:

e processes in the ionosphere and atmosphere

» naturally and artificial obstacles (mountains, vegetation, buildings, tunnels, etc.)
¢ multipath effects

* unintentional interference

* intentional interference (jamming)

¢ intentional manipulation (spoofing)

e re-activation of artificial signal degradation (SA)

» denial of SPS to civil users in situations of crisis, war, etc. (presidential decision).

For those reasons many commercial applications as well as safety & security applications
require the use of dissimilar, independent and civil back-up/complementary systems/sensors

8 Navigation Strategy for ECAC, NAV.ET1.ST16-001, Edition 2.1, Eurocontrol, 1999
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to meet the stringent user requirements. The combination of GNSS and appropriate back-
up/complementary systems/sensors offer the potential to fulfii many of the requirements
identified today for commercial and safety & security applications.

Some examples for candidate systems/sensors for a combined multimodal use with GNSS
are:

e positioning technologies based on wireless communication systems (e.g. various
types of cell ID, E-OTD, OTDOA, etc.)

* Loran-C

e sensors (magnetometers, gyroscopes, accelerometers, barometric height sensors,
etc.).
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F Regulatory Instruments
F.1 Introduction
F.1.1 Scope of WP 1150 Report

The present Report constitutes the sole output to be produced under WP 1150, “Summary of
Regulatory Instruments”. In addition, by means of Annex A, it includes input for WP 1110,
“European Radio Navigation Plan”.

The objectives of WP 1150 were defined as follows:

 To make an inventory of all regulatory instruments related to radio navigation at the
international level;

 To make an inventory of all regulatory instruments related to radio navigation at the
European level;

* To analyse how regulatory instruments at the national level for EU member states
would fit into the international and EU legal framework;

« To summarise existing European law as to its substance and competencies; and

« To arrive at provisional conclusions on future legal and regulatory developments
desirable in the framework of the EU.

The inputs to be used for that purpose were enumerated as follows:
¢ Relevant ITU and other high-level documents;
* Relevant EU legislation; and
* Results from other WP’s to the extent available.

Whereas the first two sets of input were readily available, so far no input from other WP’s
could be used. It is submitted, however, that at present that does not constitute a major
problem.

The tasks for WP 1150, and hence for the current Report, to be achieved were listed as
follows:

« To summarily describe the applicable legal and regulatory framework at the
international level as far as relevant for the development of an ERNP;

» To summarily describe the regulatory instruments in Europe available for the purpose
of developing an ERNP; and

« To indicate essential requirements and parameters to which such an ERNP should
conform from the legal and regulatory perspective.

F.1.2 Towards a European Radio-Navigation Plan (ERNP)

A plan such as the envisaged European Radio-Navigation Plan is a conglomerate of
underlying assumptions (technical and otherwise) derived from external parameters including
legal ones, high-level aims and objectives, general policies and particular implementation
measures of such policies — some of which may be legal in nature.
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The word ‘legal’ is used here in the broad sense, i.e. including:

Fundamental parameters and measures at the national and international level (‘laws’);

Lower-level parameters and implementing measures, which also include those by
relevant national and international organisations (‘regulations’); and

The institutional aspects, as to which entities have which authority to promulgate,
implement, execute and/or enforce laws and regulations (‘competencies’).

The role of ‘the law’, in consequence, in the formulation of any plan such as an ERNP, is
essentially of a twofold nature:

1.

On the one hand, existing laws, regulations and competencies provide parameters to
the development of any ERNP. Certain options or elements of such a plan which
might be considered feasible or even desirable from technical, operational, economic,
social or political perspectives may be either outright prohibited, or conditioned to such
an extent that they do not in the end represent viable options. Other options or
elements, by contrast, may be slightly or hugely favoured, or even be made
mandatory by existing law.

On the other hand, one category of instruments to implement any ERNP in the
abstract would consist of future laws, regulations and competencies, alternatively of
future amendments to existing ones. Ultimately it is a policy choice whether in the
implementation of a particular element or aspect of an ERNP a legal/regulatory
instrument (as opposed to a policy, budgetary or political instrument) will be used,
either exclusively or in conjunction with other instruments; nevertheless, in some
cases respectively for some aspects the use of a legal instrument would seem
unavoidable or at least preferable for reasons of transparency and legal certainty..

The current Report aims at establishing an inventory of the regulatory instruments from the
perspective of using them in the future for establishment and implementation of an ERNP. For
reasons of European focus and in view of scope and size, the Report will concentrate
specifically on European legislative and regulatory options. At the same time, in view of the
aforementioned double role of law vis-a-vis policy and planning and the linkage between
these two roles, the point of departure for analysis will be the current regulatory parameters
as provided by the existing legal environment.

F.1.3

The ERNP and legal/regulatory parameters and instruments

The high-level aims and objectives of an ERNP are the following:’

Establishing EU policies for European radio-navigation systems;

Providing plans at a more detailed level for the operation and cost recovery of radio-
navigation systems;

Providing rationalisation plans for withdrawing such systems;

Guidance to users with respect to system/service certification and system selection;
and

Summarising civil user requirements and system descriptions.

9. Cf. Project Plan — Development of the European Radio-Navigation Plan (ERNP), P377D03-1.0, of 8
January 2004, p. 3.
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The underlying aim of an ERNP may thus be circumscribed as: the establishment of an
optimum environment for radio-navigation in Europe, in view of existing parameters such as
technical/operational and economic ones, and in particular for private involvement in radio-
navigation services and related activities, preferably in the context of the EU Internal Market.
“Optimum environment” in this context moreover means an environment with maximised
benefits that should ultimately accrue to consumers, producers and service providers,
governments and the public at large in Europe. In short: the ERNP itself focuses on
optimising the environment for the provision of radio navigation services.

In view of the relative novelty of radio-navigation as a legal issue, however, the current legal
environment does not deal with it in any comprehensive fashion. The aspects of radio-
navigation effectively targeted by the envisaged ERNP would as a consequence essentially
be twofold as far as the current legal regime(s) would more or less directly impact upon the
development of an ERNP.

1. On the one hand, the elements of the ERNP dealing with technical and operational
aspects turn out to be important here. Taking into account existing operators of radio-
navigation or similar systems and providers of radio-navigation services, as well as
existing and to-be-expected technologies, the ERNP should therefore indicate policies
and measures to optimise the European radio-navigation environment in technical and
operational terms. From a legal/regulatory perspective this means the ERNP
inevitably will have to deal with radio frequencies, and to the extent satellites are
operating or envisaged as part of a radio-navigation system, also orbital slots (in the
case of the geo-stationary orbit) respectively orbits.

2. On the other hand, there is an inherent focus of the ERNP on the users and the
applications these may be interested in, that is important here. Taking into account
existing and soon-to-be-expected uses and users, the ERNP should indicate policies
and measures that would maximise the opportunities for users in Europe to benefit
from radio-navigation and broaden its usage also in terms of new applications. From a
legal/regulatory perspective this means the ERNP will have to take into account that
most user sectors — aviation, maritime transport, rail and road transport — have their
own, sector-specific legal and regulatory regime.

It is with this twofold approach to a European Radio-Navigation Plan in mind that the current
Report sets out to make an inventory of relevant legal, regulatory and competency-related
instruments.

F.2 Radio-navigation, telecommunications and the law
F.2.1 Introduction

Radio-navigation as an object for legal and regulatory action outside the aviation field and (to
some extent) the maritime transport sector (about which more later) presents a relatively new
phenomenon. In terms of parameters for an ERNP therefore, at present there is relatively little
law dedicated to this subject. Of course, at the other end that means there would, in principle,
be ample room for fundamental future legislative and regulatory action as there would be no
need to amend or overhaul extended and comprehensive legal regimes.

Another consequence of the general lack of dedicated existing law for radio-navigation
however is that one has to look for legal parameters elsewhere which, though not dedicated
to radio-navigation, do or may exercise an impact, often indirectly, ‘by default’. Since radio-
navigation uses radio signals as a crucial element, from this perspective it forms part in
particular of the larger field of telecommunications, which generally deals with the use of radio
for all sorts of purposes.
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Telecommunications law deals prominently with such uses of the radio frequency spectrum,
as well as with certain other aspects in a fundamental sense connected to such uses, such as
licensing for safety as well as economic purposes, trans-border trade of telecommunications
services and (as far as satellite communications is concerned) orbital slots alternatively orbits.

In view of the inherent cross-border nature of radio-navigation as well as telecommunications
in general, there are essentially three levels at which the law operates (with a view to existing
parameters for an ERNP) respectively may operate (with a view to future measures
implementing an ERNP): the national level, the international level and the European level.

Furthermore, with a view to the sector-specific usage it should be pointed out that in particular
the aviation sector, plus to some extent the maritime transport sector, provide for their own
legal regimes serving as parameters alternatively (possibly) providing for regulatory
instruments. This issue will therefore be addressed separately from the three levels of law,
even if it is cross-linked to it in many ways.

F.2.2 The national level

The most fundamental level is (still) that of individual sovereign states — the ‘national level'.
As states are sovereign over their own territory, they have ultimate authority to define the
legal environment with respect to any telecommunications activity on that territory. National
territory from this perspective encompasses the landmass, the internal waters and territorial
waters of a state, as well as the airspace above all three.

Indeed, states have since many decades developed laws and regulations for
telecommunications activities, and provided for competencies of national regulatory
institutions to monitor, implement and enforce the resulting legal framework. Many of those
states have done so, furthermore, in the context of a distinct national telecommunications
policy — which, even if further elaborated for the specific field of radio-navigation by means of
a national radio-navigation plan, provides the backdrop also to that field.

In spite of the large and increasing measure of internationalisation of telecommunications,
including radio-navigation, in many cases parameters for, respectively possibilities of using
legal instruments to develop an ERNP are still determined at the national level. In the short to
medium term, no ERNP can be expected to completely replace the law at the national level,
and in most cases especially for implementation and enforcement of any relevant law
reference would, of necessity, have to be had to the legal regimes existing at the national
level.

At the same time, in view of the scope of the current Report and the available resources, it
will not be possible to deal with the substance of such national law, since at least 25 states
(the current 15 EU member states plus the 10 accession countries) would be concerned.
Therefore, essentially the role and place of such national law within the wider context of
European legislative and regulatory initiatives will be indicated here, in order to clarify the
opportunities or obstacles in a structured sense at the European level following therefrom.

F.2.3 The international level

Whilst recognising the fundamental role of national law, the fact that telecommunications
(including radio-navigation) has increasingly become an area with cross-border effects has
resulted in a second level of law being involved — the ‘international level’. These cross-border
effects are basically twofold.

1. The unintentional cross-border effects of national telecommunications activities. Radio
waves do not stop at borders and may hence interfere with other states’ national
telecommunications activities (as well as with international ones).
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2. The intentional crossing of borders by telecommunications activities — i.e. international
telecommunications. Currently, telecommunications may even be called essentially a
global activity.

As a consequence of the increasing internationalisation of the telecommunications sector,
ever since the last decades of the 19th century at the international level a system has been
developed trying to cope with those international aspects.

International treaties have been drafted, by means of which the states parties to such treaties
agreed upon measures (the establishment of mutual rights and obligations) to try and curb
the negative effects of (unintentional) cross-border interference and to facilitate (intentional)
international telecommunications activities by trying to harmonise technical, operational and
certainly also legal standards of the national states concerned.

The bottom line for all such treaties, however, as concluded and adhered to by sovereign
states, is that unless specific rules provided by them prohibit or condition certain
telecommunications activities or national legal measures, states maintain their discretion as to
undertaking or allowing the undertaking of such activities, alternatively as to the promulgation
and enforcement of such measures.

The general extent of internationalisation, even globalisation of the telecommunications
sector has also led to the establishment of distinct competencies for intergovernmental
organisations to further the causes of minimising harmful international interference and
promoting international co-operation, harmonisation and telecommunications activities
generally. Such organisations not only serve to provide a forum for states (and occasionally
other stakeholders) to discuss such issues and to enhance the chances of co-operation and
co-ordination, but also as a joint central body on behalf of the member states to take
measures at the regulatory level — sometimes of a truly binding, mostly however of a pre-
legal, not-yet-binding character.

Most notable here is the International Telecommunication Union (ITU). The ITU focuses, in
regulatory terms, especially on the use of the frequency spectrum (and for satellite
communications in addition on orbital slots/orbits), in addition to technical and operational
harmonisation and support to developing states in the field of technical and operational
developments.

Since telecommunications has increasingly become a matter of privatisation and liberalisation
also the World Trade Organisation (WTO) has developed substantial regulatory and quasi-
regulatory activities at the international level, obviously focusing on international trade in
equipment and in services.

Finally, the World Intellectual Property Organisation (WIPQO) should be mentioned, as dealing
with the specific intellectual property rights-aspects of telecommunications. These will not,
however, be treated any further in the present Report.

F.2.4 The European level

In Europe, in addition to the national and international levels of law, a third somewhat
intermediary level of law and lawmaking has developed over the last half century in the
context of the European Community. The Community (since the entry into force of the Treaty
on European Union a constituent part of the European Union) represents a unique feature in
more ways than one. As a supranational halfway house between an international organisation
and a federation-like structure, it effectively pools together the regulatory efforts of the still-
sovereign member states while establishing its own distinct legal order. Moreover, such
regulatory efforts are targeted in principle at all economic activities in the widest sense of the
word.
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Furthermore, it may be noted that Community law (which will be analysed in somewhat
greater detail further down) applies to the member states and their combined territories, in
other words: to a geographical area. Thus, for the purpose of an ERNP in first instance any
legal parameter or opportunity for new law within the Community essentially applies to the
member states only.

Still, in certain areas such as aviation solutions have been found through which the
substantive scope of regulation has been extended to specific non-EU member states, which
may be helpful to keep in mind when it comes to extension of any ERNP in terms of
regulation to non-EU member states. Such solutions have in particular been introduced from
two angles.

* On the one hand, there was the involvement of non-EU member Norway in the
Scandinavian airline company SAS, which was further part-Swedish, part-Danish,
both Sweden and Denmark being EU member states, as well as, together with
Switzerland, in the European Economic Area (EEA). The Norwegian and Swiss
interests in becoming part of the EU Internal Market for aviation for all practical
purposes led to agreements whereby the EU rules and regulations were effectively
extended to these two non-EU member states.

¢ On the other hand, with the expected accession to the European Union of some ten
Mid- and Eastern European states, the association treaties already provided for
requirements for those states to bring substantive relevant parts of their national legal
system to a level on a par with the level that had been reached within the European
Union. Effectively that meant for those states that in many cases they accepted the
acquis communautaire; i.e. the legal principles and rules developed within the
European Community, without having had any say in their development up till now.

At the same time, Community law is discussed mainly in functionalist terms — do certain
activities fall within Community jurisdiction, exclusive or not, or still within the national
domain? It may be noted here, that with the success of the Community in general political
terms the scope of Community law has expanded immensely, to a point where any activities
with a substantial economic aspect or elements now fall within the jurisdiction of the
Community.

F.3 The aviation sector

One of the transport sectors where navigation, in particular radio-navigation, has of old
received most attention is the aviation sector. In view of the large orientation on safety issues,
law and regulation has been developed in a rather comprehensive and thorough fashion to
properly ensure that the highest safety standards are upheld. In view of the almost inherent
international character of aviation, moreover, such legal and regulatory developments have to
an exceptionally large extent taken place at the international and European levels.

F.3.1 The international level in aviation law

At the international level, the Chicago Convention of 1944 has represented the point of
departure for a structured legal and regulatory system. The International Civil Aviation
Organisation (ICAO) was established by the Chicago Convention, with the main part of its
aims, task and objectives lying in the field of enhancing the global safety of aviation, and
ICAO was endowed with a number of competencies to fulfil that role properly.

10. Convention on International Civil Aviation (hereafter Chicago Convention), Chicago, done 7
December 1944, entered into force 4 April 1947; 15 UNTS 296; TIAS 1591; Cmd. 6614; UKTS 1953
No. 8; ATS 1957 No. 5; ICAO Doc. 7300.
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Furthermore, Annexes were developed to the Chicago Convention containing quite detailed
Standards And Recommended Practices (SARP’s), for incorporation or implementation at the
national level by the member states. Contrary to what is often thought, Standards in
themselves constitute binding regulation, allowing only for an opt-out possibility for individual
states subject to time requirements and argumentation. Recommended Practices by contrast
are indeed mere recommendations, but in many cases adhered to by the member states.

Thus, whilst national laws ultimately provide for the instruments necessary for actual
implementation of rules and principles agreed upon in the context of ICAQ, the discretion of
individual states to undertake such implementation in any way they would like to is severely
limited when it comes to safety-related legislation.

Radio-navigation being primarily a safety-issue from the aviation-perspective, this
international legal framework obviously has a bearing upon the drafting and implementation of
an ERNP in determining some of its parameters as far as safety issues in aviation, such as
integrity, certification and standardisation, responsibility for safety and liability, would be
concerned.

F.3.2 The European level in aviation law

The major flaw of the international legal framework developed in the context of the Chicago
Convention and ICAO from a safety perspective is probably that, as a consequence of its
global scope, it often tends to represent a lowest common denominator. In states such as the
United States and regions such as Europe, this has led in the past to efforts to raise the
safety standards for the relevant states and regions as much as possible beyond such global
minimum standards.

Thus, in Europe a substantial ‘add-on’ legal framework has developed in the context of the
European Civil Aviation Conference (ECAC) and, later, the distinct European Organisation for
the Safety of Air Navigation, Eurocontrol'’ as well as the Joint Aviation Authorities (JAA),
which are currently being transformed into a European Aviation Safety Agency (EASA).

Whilst neither Eurocontrol nor the JAA as such possess many regulatory powers (yet), over
the past years the legal instruments available to the European Union have been used to
ensure binding force of relevant safety standards and requirements at least within the EU
member states: such standards or developments were more or less integrated into Directives.

Similarly to the situation at the international level, the legal framework for aviation existing at
the European level provides some important parameters for an ERNP as far as aviation
safety issues such as integrity, certification and standardisation, responsibility for safety and
liability are concerned. From the other side, in view of its European character moreover the
legal framework may also be used or further built upon in developing an ERNP.

F.4 The maritime transport sector

Though the maritime transport sector with little doubt constitutes the oldest sector making use
of radio-navigation, the role of law and regulation in dealing therewith cannot be compared to
that in the aviation sector.” Due to the much lower speeds at which maritime transport
usually takes place, only with the advent of immense tankers, difficult to manoeuvre at a

11. Convention Relating to Co-operation for the Safety of Air Navigation, Brussels, done 13 December
1960, entered into force 1 March 1963; 523 UNTS 117; Cmnd. 2114.

12. For a detailed analysis of the legal and institutional environment for the maritime transport sector,
see Organisations, Legislative Instruments, Plans and Policies, Technical Note, General Lighthouse
Authorities, V0.1, of 13 January 2004.
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moment’s notice, and, more recently, high-speed vessels, some distinct legal developments
have taken place.

Such legal measures furthermore seemed to have focused largely on such options as
devising traffic lanes, establishing sound information systems, as well as establishing safety
standards and requirements for radio-navigation equipment; little attention is being paid to
services properly speaking. To the extent such legal measures have been taken in binding
fashion, moreover, this has almost exclusively been the case at the level of national law.

On the international level, the International Maritime Organisation (IMO) had been created
(until 1982 as Intergovernmental Maritime Consultative Organisation, IMCO)"™ to try and
enhance (inter alia) the safety of maritime navigation, whereas also the International
Association of Marine Aids to Navigation and Lighthouse Authorities (IALA)" has become
involved in this area. However, as distinct from ICAO in the aviation sector, neither IMO nor
IALA have been endowed with regulatory competencies of a binding character, even as its
recommendations are often implemented in practice. It has therefore mainly provided the
impetus to the establishment of some treaties properly speaking, which indirectly may deal
with radio-navigation issues."

Similarly, at the European level so far no separate legal and regulatory regime has been
developed along the lines of Eurocontrol, the JAA and the growing role of the European
Union. The recent establishment of a European Maritime Safety Agency (EMSA)'®, created
with a view to enhancing the safety of maritime transport in the European Union following the
Erika-disaster, however, may be the first fundamental step to changing this situation; for good
reason EMSA has already been compared with the EASA being established in the aviation
area. It remains to be seen therefore how this new entity would interfere with, alternatively
contribute to the causes espoused by the ERNP-to-be-created.

As radio-navigation constitutes a natural concern in maritime transport, though to a different
extent and legally speaking in a different manner than in aviation, any ERNP development
should take some of the parameters developed in that area into consideration in spite of their
non-binding character. This especially pertains to standardisation and certification of
equipment and guidelines and recommendations for safe navigation procedures. No
regulatory instruments however can be readily perceived at this juncture for possible use in
an ERNP context, though developments with respect to the newly established EMSA should
be closely monitored as they might come to considerably qualify this conclusion.

13. Convention on the Intergovernmental Maritime Consultative Organization IMCO, Geneva, done 6
March 1948, entered into force 17 March 1958; 289 UNTS 48; TIAS 4044; UKTS 1958 No. 54; Cmnd.
589; Cmd. 7412; ATS 1958 No. 5; the title of the Convention was amended to "Convention on the
International Maritime Organization" in 1975 with effect from 22 May 1982.

14. Constitution of IALA as adopted by the 8th General Assembly, 11 June 1998; http://www.iala-
aism.org/web/pages/publications/cadrepubli.html.

15. E.g. International Convention for Safety of Life at Sea (SOLAS Convention), London, done 1
November 1974, entered into force 25 May 1980; 1184 UNTS 278, 1300 UNTS 391, 1408 UNTS 339,
1484 UNTS 442 & 1593 UNTS 417; TIAS 9700 & 10626; UKTS 1980 No. 46 & UKTS 1983 No. 42;
ATS 1983 No. 22.

16. Regulation of the European Parliament and of the Council establishing a European Maritime Safety
Agency, No. 1406/2002/EC, of 27 June 2002; OJ L 208/1 (2002); see also http://www.emsa.eu.int/.
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F.5 The International Level: ITU and WTO
F.5.1 The International Telecommunication Union (ITU)

As indicated, the most important international legal context for radio-navigation would be that
of the ITU, as based in its most recent incarnation upon a Constitution and a Convention. This
new structure of the ITU was established at the Geneva Additional Plenipotentiary
Conference of 1992; the Constitution and Convention entered into force in July 1994."
Further, reference should be had to the Radio Regulations, an immense body of binding
regulations which are the result of all the consultative and co-ordinating activities undertaken
within the framework of the ITU (see further below).

The ITU system is a public one; only states can draw direct benefits from the activities and
competencies of the ITU, as well as become directly bound by any legal regime developed
within the ITU framework. With currently 189 member states the ITU is one of the most
globally operating intergovernmental organisations.

Private entities require a state to take up their case to the extent that the ITU is indispensable
for their satellite communications activities. Under the ITU Constitution member states are
also held internationally responsible for telecommunication activities by entities “authorized by
them to establish and operate telecommunications and which engage in international services
or which operate stations capable of causing harmful interference to the radio services of
other countries”."®

One specific competence of the ITU for the present purpose stands out above the others to
the extent that radio-navigation is directly concerned, with a closely related one in case
satellites are being used. The ITU co-ordinates the frequencies to be used with respect to any
radio signal with an international range, and it also co-ordinates the use of orbital slots
respectively orbits. This is achieved through a complex process.

The basis is the ‘allocation’ of certain frequency bands at the World Radio Conferences that
take place every other few years to certain types of usage. A large number of different
services are distinguished for that purpose; and in principle only those services may use a
certain frequency band that fall within the allocation. There is however a very complicated
system allowing for secondary usage (i.e. as long as the primary usage is not interfered with)
and/or even usage on a regional or national scale, by means of footnotes and suchlike.

Next, a state may request for ‘allotment’ to it of a certain frequency within a certain band for
the purpose of a specific proposed service or system. This leads to the process of actual co-
ordination within the ITU, which can be summarised as follows. "

17. Constitution and Convention of the International Telecommunication Union (hereafter ITU
Constitution resp. ITU Convention), Geneva, done 22 December 1992, entered into force 1 July 1994;
Final Acts of the Additional Plenipotentiary Conference, Geneva, 1992 (1993), at 1 and 71 resp.; and
Instrument amending the Constitution and Convention of the International Telecommunication Union
(Geneva, 1992), Kyoto, done 14 October 1994, entered into force 1 January 1996; Final Acts of the
Plenipotentiary Conference, Kyoto, 1994 (1995), at 1 and 23 resp.

18. Art. 6(2), ITU Constitution; emphasis added. This provision is literally referring to “operating
agencies”, so as to include both public and private operators, to the extent the former are not yet
covered by the same obligation of Art. 6(1), applicable to the “Members” themselves. An “operating
agency” is defined in the Annex to the ITU Constitution as “[a]ny individual, company, corporation or
governmental agency”.

19. See esp. Artt. 1, 4(1), 12, 25, 44, ITU Constitution; Artt. 7-10, ITU Convention.
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A state has to file its plans regarding its proposed system with the ITU.?° This also applies if
the state acts on behalf of private entities. Through a co-ordination process in which the ITU
organs can play a key role, any potential disputes are to be pre-empted. It is firstly checked
whether the request for allotment fits within the allocation, in terms of the type of service or
system envisaged, and complies with any further specific aspects of the allocation.

Then, any other member state with a radio system either actually in operation or proposed
and filed prior to the filing at issue, has a chance to investigate and indicate whether the
proposed system would interfere with any of its systems, either physically or in terms of radio
interference. If that would be the case, a further process of consultation and co-ordination
takes place, in which in principle the filing state has to amend its requests so as to
accommodate the concerns of the other state or states, unless the latter are willing
themselves to change frequencies or orbital slot/orbit.

Once allotted to a state, those slots/orbits and frequencies can form the subject of
‘assignment’ to any private party, usually by means of national legal regulation. The ultimate
aim is to enter the slot/orbit-cum-frequencies, whether changed in the process or not, in the
Master Register. Such entry means that, legally speaking, the claim to the slot/orbit and
related frequencies has been accepted and cannot be overruled by other (subsequent)
claims, and will be legally protected against interference. The value of such protection of
course depends on the willingness of states (and other entities) to respect co-ordinated
slots/orbits and frequencies.

In addition to providing for the crucial co-ordination procedures for frequencies and
slots/orbits, Constitution and Convention contain a number of substantive but rather general
rules and principles which any telecommunications operation should abide by. The most
fundamental one of those concerns Article 44 of the Constitution, which provides for the
obligation to use the limited natural resource of radio frequencies “rationally, efficiently and
economically, in conformity with the provisions of the Radio Regulations”.

In a quite different area the ITU has made what can only be seen as a first effort to establish
some legal/regulatory guidance: the Global Personal Mobile Communication Systems
(GMPCS; the so-called ‘hand-held’ phones). At the World Telecommunication Policy Forum in
Geneva, held 21-23 October 1996 on the instigation of the ITU, ITU member states agreed to
a Draft Memorandum of Understanding to Facilitate the Free Circulation of Global Mobile
Personal Communications by Satellite User Terminals.?' Thus, on 18 July 1997 an agreement
was concluded within the ITU framework between 120 member states supposedly allowing
for the carriage of satellite phones and other receivers across national borders, while
retaining however national discretion to license operations. As a consequence of the
Memorandum of Understanding-character and especially the last caveat, the agreement can
only be characterised as a pre-legal, pre-regulatory one of little direct relevance as an
instrument for any ERNP as of now.

The ITU Convention provides for only a few other relevant requirements with respect to
communications. Member states “reserve the right to cut off any (...) private
telecommunication” which threatens national security.?? States also remain sovereign in

20. Since the 1992/4-revision, the appropriate organs within the ITU for this purpose are the
Radiocommunications Bureau and the Radio Regulations Board.

21. E.g. Revised Report by the Chairman of 23 October 1996.
22. Art. 34(2), ITU Constitution.
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respect of their military telecommunications, subject to a few provisions relating to distress
and harmful interference.?®

Member states further have an obligation to undertake the steps necessary to ensure the
highest possible technical level of operations.?* This commitment has an obvious safety-
component, which is furthermore enhanced by the obligations to “safeguard these channels
and installations within their jurisdiction”.?® In addition, regarding “those sections of
international communication circuits” not within their jurisdiction but still somehow within their
control, member states have a residual engagement to ensure maintenance thereof — in as
far as such control goes.?® Finally, top priority is established for communications relevant for

the safety of human beings.?’

To the extent the ERNP will deal with frequency allotment and assignment and (as far as
satellite radio navigation systems are considered) slot/orbit allotment and assignment, it will
have to operate within this international system provided by the ITU. Frequencies and
slots/orbits are allotted and assigned through the ITU process as described summarily above,
and, if used for radio navigation, need to fit the allocation for radio navigation services and the
other requirements for being included in the Master Register. Also, the other requirements
imposed by the ITU legal and regulatory regime are to be adhered to. In view of the almost
comprehensive global membership of ITU moreover it should be noted that this regime is not
easily changed, and certainly not so by the EU member states alone.

In this regard finally one should mention the Conference of European Post and
Telecommunications operators (CEPT), which is often and to good effect used as a vehicle to
prepare and co-ordinate relevant European efforts within the World Radio Conferences, e.g.
to allocate frequency bands to certain services, or elsewhere in the ITU, e.g. as to allotment
of specific frequencies to specific telecommunication projects.

While the ITU legal framework determines a number of important legal and regulatory
parameters for any ERNP in that such ERNP should abide by its rules and principles, up to
and including the registrations of frequencies in the Master Register, in view of its global
scope it does not provide particular regulatory instruments for the EU and its member states
which may further the cause and aims of the ERNP. The other way round, actually, the ERNP
should make use of the ITU legal framework to maximise its own effectiveness, e.g. by using
the CEPT, , to the extent any of its policies and measures would impact upon more global
issues. Reference may be had in this regard to the regulatory documents referred to in the
text.

F.5.2 The World Trade Organisation (WTO)

The second major legal/regulatory environment for radio-navigation, in the context of
telecommunications, is provided by the WTO. Discussions on the international liberalisation of
telecommunications had arisen during the eighties, when the General Agreement on Tariffs

23. See Art. 48, ITU Constitution.
24. See Art. 38(1), ITU Constitution, Cf. also Art. 38(2).

25. Art. 38(3), ITU Constitution; emphasis added. In general, the provisions on the maximum
prevention of harmful interference also enhance the safety of international telecommunications; see
e.g. Art. 45.

26. Art. 38(4), ITU Constitution; this being subject to other conditions laid down by special
arrangements of which no further specifications are provided.

27. See Art. 40, ITU Constitution; also Art. 46.
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and Trade (GATT) had to be augmented by a General Agreement on Trade in Services
(GATS).

The establishment of the WTO? as a combined institutionalisation of both systems provided a
further impetus to these discussions. As a result, on 15 February 1997 54 member states of
the WTO plus the European Commission representing all 15 member states of the European
Union signed an agreement to liberalise international basic telecommunication services
(hereafter “Telecommunications Agreement’).”® The parties to this agreement together
accounted for more than 90% of global telecommunications revenues. Thus, the agreement
comes close to a global regime for all practical purposes.

So-called individual schedules of commitment were to be submitted and scheduled to enter
into force on 1 January 1998. The commitments deal with many aspects of market access for
international telecommunication services and foreign entities, including fixed and mobile
satellite systems and services. Except where exemptions were filed on specific services, the
commitments entered into were extended to the other members of the WTO through the
mechanism of the Most Favoured Nation (MFN) clauses.

Currently, it is not clear to what extent radio-navigation would fall within the scope of the
Telecommunications Agreement, as it has not been specifically mentioned. As of February
1997, a total of 55 offers covering 69 member states has been made to define the precise
commitments undertaken; the European Union inter alia committing itself to competitive
supply of, and international access to voice telephony, competition on data transmission
services, access to mobile services markets, and specifically as far as telecommunications
satellgcoes are concerned, competition on mobile satellite services and fixed satellite services
alike.

It may be reiterated, that whilst it would have been logical for the WTO to, in addition to
dealing with trade in telecommunications services, also involve itself in the area of trade in
telecommunications equipment, this has not occurred so far. The only effort at a very
embryonic level concerned the Memorandum of Understanding on GMPCS in the context of
the ITU.

Similarly to the ITU context, the WTO legal regime is crucial — to the extent trade in relevant
equipment and services is concerned — in determining limits to any ERNP policies and
measures, albeit that here the process is still embryonic and allowing for exceptions, which
may be helpful for achieving the purposes of an ERNP. At the same time, both the almost
global scope of this legal environment, and — in view precisely of its somewhat embryonic
character — its limited legal and regulatory powers, the WTO as of yet does not include any
sensible or useful legal/regulatory instruments for the purpose of an ERNP.

28. Agreement Establishing the World Trade Organization, Marrakesh, done 15 April 1994, entered
into force 1 January 1995; 1867 UNTS; UKTS 1996 No. 57; ATS 1995 No. 8; 33 ILM 1125, 1144
(1994).

29. The agreement formed part of the Fourth Protocol to the General Agreement on Trade in Services
(GATS); 33 ILM 1167 (1994).

30. Room Document No. 11, of 10 April 1997, submitted by the WTO to the Working Party on
Telecommunications and Information Services Policy of the Organization for Economic Co-operation
and Development (OECD), at 1.
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F.6 The European Level: EU
F.6.1 The structure of the European legal order

The European level of law and regulation for a number of reasons provides the main focus of
the current Report. This level by definition encompasses the core area to be regulated in
further implementation of any ERNP: that of the EU member states. As such, it may also
provide the basis for extension of any such scope to other European states (currently) not
member of the European Union.

More importantly also, as discussed the international level provides for parameters and
occasionally for opportunities, but for few options for regulatory instruments to be used for the
purpose of the ERNP. As if by contrast, at the national level almost by definition too many
different options for regulatory instruments and too many (potential or actual) regulators exist
for a European Radio-Navigation Plan, all inhibited moreover by the limitation of their scope
to their respective national territories and (to a subsidiary extent) national persons and
entities.

At present, fifteen European states have subjected themselves to a very extensive set of
rights and obligations towards each other under the European legal order. This was achieved
by the establishment of the European Community through, initially, the signature and
ratification of the Treaties of Paris and Rome in the 1950’s*', and subsequent treaties such as
the Single European Act of 1986°% the Treaty on European Union of 1992% and the Treaty
of Amsterdam of 1997°*. Together they form a body of primary Community law, inter alia
creating communal organs such as the European Commission and the European Court of
Justice. Furthermore, the treaties provided these organs with extensive legal competencies
which amount in many cases to supranational powers.*

31. The Treaty of Paris, or Treaty establishing the European Coal and Steel Community (ECSC
Treaty), Paris, done 18 April 1951, entered into force 23 July 1952; 126 UNTS 140; and the Treaties of
Rome, or Treaty establishing the European Atomic Energy Community (EAEC Treaty), Rome, done 25
March 1957, entered into force 1 January 1958; 298 UNTS 167; and Treaty establishing the European
Economic Community (EEC Treaty), Rome, done 25 March 1957, entered into force 1 January 1958;
298 UNTS 11. The EEC Treaty was later re-christened EC Treaty by the Treaty on European Union of
1992.

32. Single European Act, Luxembourg/The Hague, done 17/28 February 1986, entered into force 1
July 1987; 25 ILM 506 (1986).

33. Treaty on European Union, Maastricht, done 7 February 1992, entered into force 1 November
1993; 31 ILM 247 (1992). The Treaty effectively extended the scope of European integration as it had
arisen on the basis of the three original treaties underlying the three European Communities, which
were incorporated into the Treaty on European Union as, respectively, Titles Ill, IV, and II.
Furthermore, two more ‘pillars’ of the European Union were added to these three Communities: the
Common Foreign and Security Policy, and the Co-operation in the Fields of Justice and Home Affairs,
as Titles V and VI respectively. The two new pillars, however, remained purely intergovernmental and
(almost) completely outside the established legal structure of the three Communities.

34. Treaty of Amsterdam Amending the Treaty on European Union, the Treaties Establishing the
European Communities and Certain Related Acts, done 2 October 1997, entered into force 1 May
1999; OJ C 340/73 (1997). Apart from including certain elements and areas in the scope of European
Community law which hitherto were not included, the Treaty of Amsterdam resulted in a major
renumbering of Articles with a view to sanitising the complex of fundamental treaties which had arisen
by then.

35. See for the Commission: esp. Artt. 211-219, EC Treaty; for the Court: esp. Artt. 220-245, EC
Treaty.

P377D004-0.9 HELIOS TECHNOLOGY 78 of 362



Then, the Community organs, to include from this perspective the two other main organs
created by the treaties, the Council of Ministers and the European Parliament,*® themselves
extended the substance of European law. With the primary Community law created by the
member states as basis, these organs jointly established the immense body of secondary
Community law.

Secondary Community law is basically composed of Regulations, Directives, and Decisions
as far as binding regulations are concerned.

Regulations are essentially laws on a European level: they are phrased in general terms and
apply comprehensively, at least as far as indicated or expressly provided for by the
Regulations themselves.®” They are therefore, generally speaking used where the aim is to
create a monolithic legal regime, with little or no leeway to be allowed for individual national
approaches to legislation.

As a consequence, inter alia with a view to an ERNP Regulations would be most appropriate
in areas where there would be, as of yet, little or no existing legislation or regulation at the
national level which EC law could interfere with, so that uniformity, if desired, would be a
feasible option. This would seem to apply especially e.g. to the level of multi-modal radio-
navigation services, and the establishment of bodies analogous to the Galileo Joint
Undertaking (GJU).

The same qualification as law applies to Directives to some extent, namely as far as the
required end result is concerned; each state is free however to reach that end result in
whatever way it sees fit.*® Directives therefore generally speaking leave considerable room
(and usually also time!) for individual states to achieve the overall results targeted for without
having to change their own legal system or regime more than would be strictly necessary.

As a consequence, inter alia with a view to an ERNP Directives would be most appropriate in
areas where there would already exist a considerable body of legislation or regulation at the
national level, so that harmonisation on major points rather than complete uniformity should
be aimed for. This was illustrated in particular by the four Directives fundamental to
developing the appropriate telecommunications respectively satellite communications
environment (see further below®).

Finally, Decisions also provide for binding legal rules, but essentially only vis-a-vis those
entities to which they are explicitly or implicitly addressed.*”’ Decisions therefore are often
targeted at specific and/or ad hoc situations, such as when dealing with a distinct player or
closely circumscribed set of players by means of implementation of the more general
Regulations or Directives.

As a consequence, inter alia with a view to an ERNP Decisions would be most appropriate in
areas where dedicated and targeted implementing measures are to be taken. This instrument
would therefore be especially useful in the enforcement of legislation of broader scope
(Regulations and Directives) on e.g. application of the competition rules, or to address
specific, well-confined initiatives within the framework of the ERNP.

36. See for the Council: esp. Artt. 202-210, EC Treaty; for the Parliament: esp. Artt. 189-201, EC
Treaty.

37. See Art. 249, 2nd para., EC Treaty.
38. See Art. 249, 3rd para., EC Treaty.
39. This concerns the four bulleted Directives referred to in para. 4.3.

40. See Art. 249, 4th para., EC Treaty.

P377D004-0.9 HELIOS TECHNOLOGY 79 of 362




For completeness’ sake, it may be added that the European Commission in particular can
also avail itself of instruments not of a binding legal nature, such as Recommendations,
Resolutions, and even Green Papers and White Papers and suchlike. Such instruments may
occasionally have distinct legal impacts: they might either grow into customary law, or serve
to interpret certain elements of EC law when uncertainties would arise from the text properly
speaking.

The essentials of the Community legal order present the Community with its own measure of
jurisdiction over a wide range of economic or economy-related activities, including in principle
telecommunications as well as radio-navigation activities. Community jurisdiction moreover
can be directly applied not only to the member states themselves, but also to private persons
and entities otherwise resorting under the domestic jurisdictions of these member states.

In addition, in many cases the rights and obligations directly applicable to individual citizens
and entities can also be claimed directly. Bypassing domestic jurisdictions of member states,
the Court can be called upon in a number of instances by those concerned to judge upon the
legality of Community actions as well as national actions.** The existence of this body central
to the Community legal order represents an essential measure of supranational adjudication.

On economic issues the power of an individual state to legislate has thus largely been
transferred to — or at least circumscribed at — the Community level. Under Community law
private entities, in contrast to their position under international space law, are definitely
subjects in their own right. To a major extent, a distinct and partly supranational jurisdiction of
the Community has thus replaced the individual jurisdiction of the member states.

Secondary Community law offers a set of legal/regulatory instruments at the European level
of supreme importance for establishment of an ERNP: Regulations, Directives and
Decisions are fully binding, they override national law of member states in practice when the
two do not square, they apply to the whole of the European Union and moreover do so to a
considerable extent directly also vis-a-vis private persons and entities.

F.6.2 The general approach of the European legal order: the substantive core

The point of departure also for telecommunications, including radio-navigation, from the
perspective of EC law thus refers to the general substantive focus of the European legal order
on all economic issues. Telecommunications and radio-navigation activities fall within the
Community legal order essentially because (and to the extent that) they form a category of
economic activities in general (even if the notion of ‘economic activities’ has been expanded
over the years so as to allow EC law to deal with most areas of society with a distinct
economic element or aspect to them). From this perspective, upon closer view a few
fundamental regimes of EC law would have a decisive impact.

The central and most comprehensive aim of Community integration remains the creation and
maintenance of a common market.*” While only the Internal Market, being one side of the
common market, was established as of 1993, the result amounts to a free market regime.43
This regime in turn is based upon four freedoms, a competition regime and harmonisation of
relevant national legislation. Furthermore, the future realisation of a common market would in
addition call for external competence of the EU organs in relevant matters.

41. Cf. resp. Artt. 230, 232, and Artt. 226, 267, EC Treaty.
42. See e.g. Artt. 2, 3, EC Treaty.
43. See e.g. Artt. 13-19, Single European Act.
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The four freedoms concerned are the freedoms of movement of goods*, of persons®, of
services*® and of capital*’. These economic freedoms, and the more elaborated rights and
obligations established in consequence, are territorially defined: they aim at movements
across the borders between the EU member states.

In view of the focus of the ERNP on the environment for the provision of services, the free
movement of services is of particular importance here. It was originally defined in EC law by
reference to territory — in this case essentially to the territory from which the service is offered.
Over the years, however, the application has been widened so as to also allow persons
offering certain services to move freely across internal EU member state borders.

In addition to the four freedoms, the competition regime is designed to rule out other means
of distorting fair competition. This competition regime lato sensu has two pillars: rules
applying to private undertakings, and rules applying to states and their public undertakings. In
all cases, the relevant rules can be judged upon by the European Court of Justice, casu quo
the Court of First Instance, if such a need should arise.*®

As to the former, Articles 81 and 82 preserve fair competition by imposing obligations upon
the undertakings themselves. Article 81 forbids devices of market strategy co-ordination
between various undertakings, as long as it substantially distorts intra-EU trade and
competition.*® This prohibition has exceptions and exemptions, but only in as far as EC law or
the Commission allow for.*® Article 82 precludes an enterprise from abusing a dominant
position in a relevant market, in the sense of distorting trade and competition within the
European Union.>*

Limited exceptions to the regimes of both Article 81 and Article 82 are possible in as far as
Article 86 allows states to maintain exclusive or special rights for a public undertaking.’? This
is once more the subject of scrutiny by the Commission, which can enforce these competition
rules.”® Finally, in respect of both Article 81 and Article 82, a negative clearance by the
Commission would result in non-application of the respective rules in applicable cases — as
subject to the Commission's scrutiny.**

The latter pillar of the competition regime concerns in particular Article 87, which prohibits
states to give state aid to economic undertakings.>® Exceptions are possible, but only in as far

44. See Artt. 23-38, EC Treaty.

45, See Artt. 34-48, EC Treaty.

46. See Artt. 49-55, EC Treaty.

47. See Artt. 56-60, EC Treaty.

48. Artt. 226, 230, 232, 234, EC Treaty; also Art. 225, EC Treaty.
49. See Art. 81(1), EC Treaty.

50. Cf. Art. 81(3), EC Treaty.

51. See Art. 82, 1st sent., EC Treaty.

52. See Art. 86(1) & (2), EC Treaty.

53. See Art. 86(3), EC Treaty.

54. See Artt. 2, 3, Regulation 17/62, of 6 February 1962; OJ 13/204 (1962).
55. See Art. 87(1), EC Treaty.
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as Article 87 itself allows for them.*® Exemptions are also possible, but only in as far as the
Commission and the Council have granted them.*’

As long as activities distort competition within the European Union, the relevant EU organs
may feel empowered to legally apply the competition rules to these activities, by whomsoever
undertaken and wherever they are taking place. This could, in principle, apply also to
telecommunications respectively radio-navigation, and thereby to such activities conducted by
non-EU entities from outside ‘EU territory’.

A final important issue at this point concerns harmonisation of national legislation within and
by the Community legal regime. The Single European Act, more in particular by adding what
is now Article 95 to the EC Treaty, provided for simplified procedures which may lead to
mandatory harmonisation of national laws as long as necessary for the achievement of the
internal market.”®

The scope of this particular mechanism to promote free trade, but also recognise the
legitimate role played by national regulation within the Community framework of market
regulation has furthermore widened considerably with the entry into force of the Treaty on
European Union in 1993. Thus, member states are allowed to individually maintain or
introduce safety measures more stringent than the minimum harmonisation requires.*

Therefore, while market aspects still provide the major impetus behind harmonisation
measures, the safety aspect by now does also play a significant role.®® The establishment of
harmonised minimum standards for safety measures as a consequence now falls within the
competence of the Community. While safety forms an important aspect of any licensing
procedure, it should be kept in mind that this harmonisation relates essentially to the safety
aspects of hardware and the necessary technical qualifications.

The safety aspects of, for example, satellite communication operations themselves so far
have not been included in this harmonisation. Extension of the scope of Article 95 of the EC
Treaty to include such additional safety aspects would require further elaborating
arrangements. It is likely however that these could be effectuated quite easily in legal terms.

In terms of an ERNP analysis of the substantive contents of EC law at the more general level,
i.e. referring to the Internal Market and competition, points to a wide range of parameters to
be taken into account, whereas it also demonstrates the extent to which the possible
instruments of Regulations, Directives and Decisions have been able to fundamentally
erode national legal borders — and hence the potential of using them for a truly European
Radio-Navigation Plan. This is especially true for the areas concerning the freedom of
services and application of the competition regime.

F.6.3 The place of telecommunications (including radio-navigation) in the European
legal order

The relatively new involvement of the European institutions and markets in
telecommunications activities, which used to be a prerogative of sovereign states for a

56. See Art. 87(2), EC Treaty, providing categories that are automatically accepted as exceptions, and
Art. 87(3), providing categories that might become so accepted.

57. See Art. 88(2), EC Treaty.

58. See Art. 95, EC Treaty.

59. See Art. 129a(3), Treaty on European Union.
60. See Art. 95(3), EC Treaty.
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complex of political, strategic, social and economic reasons, requires further analysis. To
what extent has the Community already acted as a regulatory force with respect to
telecommunications? And as a preliminary to the question on legal action taken, to what
extent would the Community legal order indeed be suited for specific application to such
activities?

As also becomes clear when looking at Galileo, which is why this case will be analysed in
summary fashion further down, radio-navigation activities have so far hardly been dealt with
under European law (or for that matter international and national law) in any dedicated
fashion. This makes it indeed opportune to look at the broader issue of telecommunications
for further guidance. Following from the importance of telecommunications for the European
economies at large, this does represent an extensive body of law at the European level.

In addition and specifically on satellite communications, a legal regime is developing which is
acquiring a rather comprehensive character. As lex specialis to the lex generalis of general
telecommunication regulations, it is intricately linked to the former, so that it somehow has to
be developed on the basis thereof, more or less adding or amending specific measures
focused on satellite communications.

Thus, satellite communications — in addition to having a direct impact upon radio-navigation to
the extent the latter is satellite-based — may also serve in the abstract as a precedent for
amending and extending the more general legal regime for telecommunications to the more
specialised field of radio-navigation, whether terrestrial or satellite-based.

Analysis on the legal and regulatory side will therefore concentrate on the general structure
and direction visible, rather than on any particular detail.

The Green Paper pertaining to the development of the common market for
telecommunications in general, which was issued in 1987, provided the starting point for
Community involvement in this field.°" Follow-up measures have been implemented in a
consistent fashion.

The main elements of this implementation are the following.

¢ Commission Directive on competition in the markets in telecommunications terminal
equipment (Directive on Terminal Equipment).®?

* Council Directive on the establishment of the internal market for telecommunications
services through the implementation of Open Network Provision (Directive on Open
Network Provision).®®

» Commission Directive on the competition in the markets of telecommunications
services (Directive on Competition in Telecommunications Services).**

Combined together, these measures achieved a considerable measure of non-discriminatory
and efficient access by users to telecommunication networks and public services that are now

61. Towards a Dynamic European Economy — Green Paper on the Development of the Common
Market for Telecommunications Services and Equipment, Communication by the Commission
(hereafter Green Paper of 1987), COM(87) 290 final, of 30 June 1987; OJ C 257/1 (1987). The Green
Paper was approved by the Council in 1988.

62. 88/301/EEC, of 16 May 1988; OJ L 131/73 (1988).
63. 90/387/EEC, of 28 June 1990; OJ L 192/1 (1990).
64. 90/388/EEC, of 28 June 1990; OJ L 192/10 (1990).
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largely liberalised and opened up to private enterprise. In doing so, they provided the
foundations for a level playing field for telecommunications as part of the Internal Market.

National implementation turned out to be a different matter, however.®® Nevertheless, the
process of liberalisation of the telecommunication sector as a whole, as it has developed from
these Directives, is now well on the way to being finalised. The EU Internal Market for
telecommunications has, theoretically as well as taking individual exceptions into account,
been realised as of 1 January 1998.

Already an extremely summary analysis thus shows that the European Union was able and
willing to put its full juridical powers behind the regulation and harmonisation of the field of
telecommunications in a relatively short period. Rather comprehensive Directives were
issued, and neither Commission nor Court hesitated to take the necessary enforcement and
adjudicative actions respectively.

All measures resulting from the Green Paper of 1987 explicitly excluded satellite
communications: the complicated market situation arising on telecommunications in general
thus so far serving as a background to satellite communications in particular. Comprehensive
and direct attention of the European Union to satellite communications did not arise
immediately, as a consequence of the relatively minor and rather exotic role of satellites
within the sector at large.

Only the publication of a second Green Paper, in November 1990, which was specifically
related to space telecommunications, triggered the first application of the Community legal
order to satellite communications.®® After its adoption by a Resolution in December 1991,%
the Council consequently ordered the Commission to draft deregulation measures, to be
submitted to the Council and the European Parliament for final review. This provided the start
of the process towards realising the EU Internal Market for satellite communications.

The Green Paper of 1990 contained three principles derived from the Green Paper of 1987,
to be implemented in the field of satellite communications. Thus, the underlying aim of the
former was the liberalisation of the satellite communications market. The liberalisation of the
provision and use of hardware and software involved in satellite communication activities
provided the overriding principle in this particular context.

65. Cf., as to the Directive on Terminal Equipment, e.g. France v. Commission of the European
Communities, Case C-202/88, Judgement of 19 March 1991; [1991] ECR [|-1223; while on the other
hand British legislation of 1984 had already pre-empted this Directive before it had even been issued.

As to the Directive on Open Network Provision, see e.g. Ninth annual report to the European
Parliament on Commission monitoring of the application of Community law, COM(92) 136 final, of 28
September 1992; OJ C 250/1 (1992), at 35; whereas the British again by means of their legislation of
1984 had pre-empted such requirement regarding national implementation; see Italy v. Commission of
the European Communities, Case 41/83, Judgement of 20 March 1985; [1985] 2 CMLR 368; [1985]
ECR 873; and the underlying Commission Decision, No. 82/861/EEC, of 20 December 1982; OJ L
360/36 (1982).

Finally, as to the Directive on Competition in Telecommunications Services, see e.g. Spain, Belgium,
Italy v. Commission of the European Communities, Joined Cases C-271, C-281 and C-289/90,
Judgement of 17 November 1992; [1992] ECR 1-5833; OJ C 274 (1990); OJ C 326 (1992).

66. Towards Europe-wide systems and services — Green Paper on a common approach in the field of
satellite communications in the European Community, Communication from the Commission (hereafter
Green Paper of 1990), COM(90) 490 final, of 20 November 1990.

67. Council Resolution on the development of the common market for satellite communications
services and equipment, of 19 December 1991; OJ C 8/1 (1992).
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Accordingly, full liberalisation of earth segments should be achieved, the Community’s
competition regime should be enforced with respect to satellite communication services, and
unrestricted access to space segment capacity should be realised. Finally, commercial
freedom to market satellite capacity was to be granted to space segment providers — subject
of course to the EU competition regime. Thus, the only exception to a market regime in
respect of the space segments concerned the provision of the hardware itself — whether
transponders or comprehensive satellites.

A few further legal parameters for the liberalisation of satellite communications in Europe
were also dealt with. Separation of regulatory and operational functions should be effected, in
order to avoid conflicts of interests. Furthermore, technical harmonisation measures should
be implemented. By definition this can only be realised at the European level — to create a
European market, European-wide technical compatibility is necessary. Finally, some lines of
action were proposed to help create in the longer run an environment sympathetic to the full
implementation of the proposed liberalisation.

The main first result of this process of liberalising satellite communications consisted of one
Directive in particular:

¢ Commission Directive amending Directive 88/301/EEC and Directive 90/388/EEC in
particular with regard to satellite communications (Satellite Directive).?®

More, and more specific measures followed, which indeed confirm that the broad legal regime
for telecommunications could serve as a point of departure for building a more specialised
and focused regime for radio-navigation in the context of the European Internal Market and
for the purposes of the ERNP.

The European legislative developments in both the broader telecommunications sector and
the narrower satellite communications sector provide an excellent further insight into the
measure of effectiveness of EU legal and regulatory instruments in their respective areas of
scope and the problems and opportunities when it comes to implementation also for another
specific sub-field of telecommunications: that of radio-navigation (in particular as focused on
service provision). Therefore, Annex A to the current Report lists (only) such European
regulatory documents, further to the four fundamental ones referred to already. To what
extent they would merely serve as demonstrators of such instruments, or also provide
parameters to the specific area of radio-navigation is another matter, going beyond the scope
of this Report.

F.7 Galileo
F.7.1 Introduction

Galileo will constitute the first radio-navigation undertaking of an inherently and original trans-
boundary, cross-European or even cross-global character of sufficient accuracy, continuity
and integrity (as opposed to current GPS and GLONASS) for full-fledged usage in many
safety-sensitive environments.

As a consequence of such perceived usage, obviously law and regulation will have to play a
major role in ensuring that the benefits of Galileo usage would be maximised whereas
potential negative side effects would be curbed and controlled as much as possible. Thus, the
special character of Galileo in many ways also serves to illustrate the interaction between
international, European and national levels of law and regulation. For that reason, it may be
helpful to briefly outline the essential legal and regulatory aspects of Galileo as it is currently

68. 94/46/EC, of 13 October 1994; OJ L 268/15 (1994).
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envisaged to start operations in 2008, and the legal environment in which that is to take
place.®

The overwhelming part of the existing legal and institutional environment is not tailor-made for
Galileo or GNSS, and on the contrary has a much wider scope and relevance. Furthermore,
whilst Galileo is a European project — currently of seventeen European states member of
either the European Union or the European Space Agency, or both, comprising a ‘Galileo
core group of states’ — the ramifications, both intended and unintended, of its activities and
operations will be world-wide in scope.

For those reasons, the actual possibilities to change anything in the existing legal and
institutional environment for Galileo would be largely confined to those seventeen states and
their national markets, since relevant fundamental changes outside those states essentially
require consent of the relevant third states. In such cases, legal analysis would remain
confined to mapping the legal and institutional risks and opportunities facing Galileo and, as it
were, its business case, and trying to come forward with legal and/or institutional
recommendations in terms of activities of the Galileo core states to handle those risks and
opportunities as beneficially for Galileo as possible.

F.7.2 The envisaged institutional structure for Galileo

For the forthcoming phase, establishment of a Galileo Joint Undertaking (GJU) has been
realised upon as a first potential vehicle for the Galileo Public-Private Partnership sought
after, although it will effectively act more as the public side to such a PPP: it is currently
funded only by the Galileo core states through ESA, the EU and the Commission, and has as
its main task the selection of the concessionaire for the private side through a bidding
process.

For the operational phase, this summary institutional structure would evolve into a proper
bipolar one, with the two relevant entities fundamentally linked together by a Concession
Agreement, spelling out at least the details of the concession and the PPP.

The concessionaire would evolve into the private operator of Galileo (the ‘Galileo Operating
Company’, GOC), operating the system, providing the signals and services, and marketing
and selling them, possibly with the help of subsidiary companies.

In addition, likely evolving from the GJU, a public supervisor (the ‘Galileo Supervisory
Authority’, GSA) would be established monitoring the activities of the private operator as far
as public interests and requirements are concerned, and defending the interests of Galileo to
third states and parties wherever a public entity would be better placed to deal with those
then the private operator itself.

F.7.3 The Galileo services

The general set-up in terms of signals and services to be provided provides a further
important parameter. Here, the assumption is that the Galileo Core System (GCS; operated
by the GOC as supervised by the GSA) will provide five core types of services, considered as
Galileo-only services:

e the Open Service (0OS);
» the Commercial Services (CS);

» the Safety-Of-Life Services (SOL);

69. See Recommendations and Conclusions arising from Task |, Legal and Institutional Issues, of the
GALILEI Study Cluster, DD-120, v. 2.1, of 24 July 2003.
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e the Public Regulated Services (PRS); and
e a contribution to existing Search-And-Rescue Services (SAR).

In addition to these five Galileo-only services as dealt with, to be provided by the Galileo Core
System, alternatively by the GCS plus Regional Elements providing regional integrity, from a
broader perspective also Galileo local services are to be provided by Local Elements in
combination with the GCS but outside of it properly speaking, plus (optionally) Regional
Elements; and Galileo combined services are to be provided by other systems together with
any combination of the GCS, Regional Elements and various types of Local Elements.

Finally, the Galileo system-and-structure, yet to be established, has a complex relationship to
the current European Geo-stationary Navigation Overlay System (EGNOS) — which is,
moreover, not elaborated in many respects to a sufficiently detailed level. Whilst the two
systems are closely related at the technical level — Galileo will no doubt use the technical
expertise and experience developed in the context of EGNOS to a large extent; whether that
will result in full operational and institutional terms in Galileo subsuming EGNOS, or rather
contracting EGNOS for certain European services, is as of yet not certain. As the two are
anyway likely to operate in close conjunction, EGNOS to some extent might be considered as
part of the service portfolio where Galileo plays a fundamental role.

F.7.4 Towards alegal framework for Galileo

The main legal document in the GSA-GOC relationship would be the Concession
Agreement to be concluded between the two entities. This Concession Agreement, either in
itself or by means of closely aligned flanking arrangements, should not just deal with the
concession itself and the PPP issue, but more generally with all respective rights and
obligations of GSA and GOC vis-a-vis each other.

In addition, the desirability of a Galileo Convention, i.e. an international treaty between the
Galileo core group of states acting as an umbrella over the Concession Agreement, would
arise. This Convention should inter alia provide for the proper establishment of the GSA
including some measure of international legal personality and functional immunities; and deal
with the residual responsibilities of the states behind it, security- and safety-interfaces with
other relevant organisations and authorities, liability solutions in terms of a Compensation
Fund, Galileo international relations, certification schemes and the role and competencies of
any Galileo-dedicated regulatory body to be established.

Whereas in the long run a Convention would provide the optimum solution, it is clear it might
take a long time to become realised, and might even turn out not to be politically feasible. For
both reasons, certainly in the short run EC law harmonisation measures, taking advantage of
the well-weathered legislative machinery existing within the European Union, are therefore
currently being advocated, in particular to complement existing law and regulation not to be
changed easily — in other words: in particular in those areas not yet structurally covered by
legal regimes and dedicated to the novel, overarching and comprehensive features of Galileo.

In view of the sovereign discretion of the Galileo core states in deciding upon the future
institutional structure for Galileo, it is clear that EC law — as it has already done to some
extent in terms of the establishment of the GJU — can indeed play a crucial role in
establishing the proper legal and institutional framework supporting the options and scenarios
preferred.

In terms of the Concession Agreement, including wherever relevant flanking arrangements,
clarity as to the key issues should be developed fast in close co-operation and consultation
with the private sector which has to bid for the concession. The financing arrangements to be
proposed should closely mirror the respective risks taken by public and private sectors under
the concession PPP. The proper types of incentives, in the form of allowable revenue
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mechanisms, should be included, and be properly guarded by the EC legislation to be
established in accordance with the above.

In outlining the respective rights and obligations of GSA and GOC vis-a-vis each other,
depending upon whether the GSA will own the system as opposed to the GOC, the
Concession Agreement will have to duly consider such underlying division of roles as
infrastructure provision (GSA) versus infrastructure operation (GOC) in order to strike the
right balance between risks better handled by the public partner versus those better handled
by the private partner.

Furthermore, it would be most crucial for Galileo’s future to map the various regulatory
environments, none of which are targeted at Galileo but all of which are partly relevant for it,
and to analyse where in particular there would be scope for a dedicated regulator in addition
to all the relevant regulatory authorities existing at an international, at a European, and at a
national level.

As a result of the further analysis of those parts of the Galileo regulatory environment singled
out for scrutiny, it became clear that in terms of safety (i.e. primarily the SOL) especially the
aviation environment, and to some extent also the maritime environment, do already provide
for extended regulatory regimes also at an international level.

Any role for a Galileo regulator should hence be limited to safety issues at the overarching,
comprehensive level of Galileo itself, not of sector-specific applications; thus, for example in
focusing on authentication and ‘integrity guarantees’ of the Galileo SOL. Possible exceptions
could lie in those sectors where henceforth relatively little safety-related regulation would be
available. In particular the EU concept of TEN’s, and the competencies (to be) developed
under it, would provide an interesting option here for such sectors as rail and road transport.

In terms of especially economic regulatory issues, in the event of establishment of a role for a
Galileo regulator in this area care should be taken that on such issues as privacy and data
protection, but also of economic regulation in a more limited sense, next to EC law
international law would be taken into consideration. In terms of economic issues in particular,
the role of the WTO and the legal and regulatory framework provided by GATT and GATS
cannot be ignored.

In sum, analysis pointed to the desirability of a role for a Galileo-dedicated regulator as long
as several important parameters as outlined above will be heeded. In addition to the above, a
role for such a regulator would in particular be relevant in the areas of certification and
dispute settlement. In view of the availability of the EU legislative and regulatory machinery
and the major role of the Commission in promoting Galileo, it would seem that the EU
institutional framework would provide the most feasible instruments and place to establish
such a regulator.

At the same time, transparency and fairness, in other words separation of possibly
contradictory functions, would then require a GSA not to be institutionally aligned to, let alone
integrated in, that EU institutional structure. An added benefit of establishing a GSA outside
the EU institutional framework and on a proper treaty basis — the Galileo Convention! — would
be that non-EU states — Norway and Switzerland to begin with, but possibly others as well —
could be more appropriately included in the operations and activities of the key Galileo
entities.

As to the financing and revenue-generation issues, the relevant legal aspects would have to
be dealt with first of all by the Concession Agreement. Various possible mechanisms for both
aspects of financing Galileo were discussed; yet, also here the ultimate choice would not be
made on legal grounds, but as a policy decision based on commercial and financial market
considerations and the measure of freedom granted to the GOC under the Concession
Agreement.
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The legal aspects which should be taken into account when deciding upon the financing
mechanism(s) to be used concern the international regimes governing public procurement of
major projects such as Galileo, which try to ensure fair and balanced competition in the
procurement process.

F.7.5 Conclusions on Galileo

In sum: whilst there are no legal show-stoppers for Galileo, or any of its intended core
operations and activities of any serious dimension down to the level of value-added service
provision, there is much room for improvement and adaptation of existing regimes.

This relates essentially to the GSA and GOC and their respective roles, as given shape firstly
through the Concession Agreement (and, to the extent applicable, flanking arrangements)
and, preferably also through a Galileo Convention subsidiary EC law.

From the perspective of an ERNP, the case of Galileo illustrates the possibilities provided by,
as well as the limits of, legal instruments in establishing the (legal and regulatory)
environment aimed for. At the same time, to the extent Galileo itself would be dealt with by or
under the envisaged ERNP, the developments in this regard provide further parameters to the
development of such an ERNP.

F.8 Concluding remarks

The main conclusion to be drawn from the foregoing first inventory of the regulatory
environment for the envisaged ERNP is that radio-navigation, as part of the larger European
Internal Market for telecommunications as well as the Trans-European Networks (TEN’s) for
both telecommunications and transport, would clearly fall within the scope of European
Community competencies in the abstract. Many of the Regulations, Directives and Decisions
of the Community targeted at the telecommunications Internal Market (see also Annex A) will
directly or indirectly co-define the legal framework applicable to radio-navigation.

Both the importance of radio-navigation for such crucial sectors of the European economy as
telecommunications and transport, and the need to stimulate a strong and healthy European
(as opposed to merely national) environment for radio-navigation services and products within
the larger context of the global environment further call for application of such competencies
by means of concrete measures. The current absence at the international and European level
of legal frameworks for specific modes of transport focused on the paramount aspect of
safety, with the exception to some extent of aviation and possibly maritime transport, would
further pave the path for Commission initiatives in this field.

Notably the Commission, the Council and the Parliament, would thus have the competencies
to — and the Commission should consequently take initiatives to — take further legal measures
in the implementation of an ERNP, since it is clear that most legal measures taken so far in
the telecommunications area (or transport area for that matter) are not sufficiently focused for
purposes of the ERNP. At the same time, the example of the specialised sub-regime of
satellite communications as it was established on the basis of the more general
telecommunications regime, indeed serves as a clear precedent for building a specialised
regime for radio-navigation (both terrestrial and satellite-based) upon the more general one
for telecommunications.

Further, for those purposes the most logical and effective instruments are to be found indeed
in the (competencies of the Community organs to promulgate) Regulations, Directives and
Decisions. All three versions of secondary Community law have fully binding character, all in
principle override relevant national law of the member states wherever the latter would be
incompatible with the former, all in principle apply to the whole of the European Union and its
member states, and all finally do so in large measure directly also vis-a-vis private persons
and entities.

P377D004-0.9 HELIOS TECHNOLOGY 89 of 362




Such Regulations, Directives and Decisions would, from the current perspective (in view of
the overriding aim of the envisaged ERNP), be aimed especially at ascertaining the freedom
of provision of radio-navigation services (including limitations and exceptions necessary for
security and safety purposes), application of the competition regime (with the same caveat),
and harmonisation of relevant national legislation and regulation wherever necessary or
desirable.

It is beyond the scope of the current Report to determine which particular instrument for which
cases represents the optimum instruments; that partly depends upon the generality or
specificity of a certain element of the ERNP to be implemented by it. Regulations and
Directives are normally of a more general nature whereas Decisions would seem the better
instrument for cases where policies as translated into legal and regulatory measures that
would be targeted at specific and well-confined issues.

It is also beyond the scope of the current Report to analyse in any detail the existing
parameters as well as the opportunities or obstacles for future legislative and regulatory
action in the context of an ERNP as they arise at the national level — this concerns, after all,
currently fifteen EU member states plus, at a secondary level, the ten accession countries
(and perhaps more still). Therefore, in a number of cases further research would indeed be
warranted at a substantive level.

The current Report has rather focused on outlining the structural issues as they pertain to the
overall approach to an ERNP to the extent legal and regulatory issues are involved. This
concerns the key role of EC law and available regulatory instruments, against the background
of international regulation to the extent relevant on the one hand and the remaining measure
of national discretion for EU member states on the other hand.

The result is also a list of legal/regulatory documents at the European level, in the first place
to further demonstrate and illustrate how such structural issues have resulted at least at the
more general level of the telecommunications sector in a rapidly developing body of
European legislation — of the same nature as is most likely and feasible to be used for the
purpose of the envisaged ERNP.

In the second place, this list would present an obvious point of departure for any substantive
analysis of the applicable legal regime, rules, principles, rights and obligations, since they
might prima facie have some bearing on specific policies or measures to be considered for, or
in the context of, an ERNP.

Finally, a list of regulatory institutions might need to be developed; the major outline thereof
however becomes already apparent from the analysis in the current Report. The current
regulatory institutions operating at the European level concern the various EU organs —
notably the Commission, the Council and the European Parliament in a very complicated
institutional interaction process. Sector-wise in particular for aviation, Eurocontrol, the JAA
and especially the EASA in statu nascendi may be mentioned; but since these organisations
find themselves in the throes of a rather revolutionary process of transformation, supervised
to a large extent moreover by the European Commission anyway, they need not be further
considered at this point.

Last but not least, on the national level such a list would refer to the respective national
regulatory authorities in the field of telecommunications, absent any radio-navigation
dedicated national organs. Which national authorities are relevant from this perspective and
to what extent, however, depends upon an analysis of the respective relevant legislation and
regulation, which, as indicated, is beyond the scope of the current Report.
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G Maritime Organisations, Legislative Instruments, Plans and
Policies

G.1 Introduction

The contents of this report are as follows:

» Section 2 introduces the principal organisations that have an interest in maritime
radionavigation in Europe

» Section 3 describes the maritime policies and plans for radionavigation

» Section 4 lists the regulatory instruments and standards applicable to radionavigation
in the maritime sector in Europe.

G.2 Maritime Stakeholders
G.2.1 Introduction

This section introduces and gives brief descriptions of the organisations that are stakeholders
in the maritime radionavigation world. These bodies are classified at four levels:

* international

¢ European

* national

» user focused.
G.2.2 International Bodies
IMO

The International Maritime Organization (IMO) was set up originally as the Inter-
Governmental Maritime Consultative Organisation in 1948 as a specialised agency of the
United Nations. It adopted its present title in May 1982. It acts in a consultative and advisory
capacity to facilitate co-operation among Governments on technical matters affecting
international shipping. IMO Members are generally the maritime administrations of its
Member Sates. IMO effectively governs radionavigation in the maritime sector, at least for
international traffic, although it has no executive power to do so.

The main functions of IMO are the achievement of safe and efficient navigation and the
control of pollution caused by ships and other vessels in the marine environment. IMO
consists of an Assembly, a Council and five main Committees:

¢ Maritime Safety Committee

* Marine Environment Protection Committee
* Legal Committee

» Technical Co-operation Committee

» Facilitation Committee.

From the radionavigation perspective, the most important Committee is the Maritime Safety
Committee (MSC), which has the Safety of Navigation Sub-Committee (NAV) as one of its
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nine sub-committees. NAV is principally responsible for performing technical work as directed
by MSC.

IALA

The International Association of Marine Aids to Navigation and Lighthouse Authorities (IALA —
originally the International Association of Lighthouse Authorities) was established in July 1957
by international agreement as a non-governmental organisation (NGO). IALA members are
generally the marine aids to navigation providers of its Member States.

The principal organs of IALA are a General Assembly, a Council, a Secretary General and
Secretariat, ad-hoc Council Working Groups and a Standing Technical Structure. Within the
Standing Technical Structure, there are a number of technical committees: radionavigation
(RNAYV), aids to navigation management (ANM), engineering, environment and preservation
(EEP), automatic identification systems (AIS) and vessel traffic services (VTS); the majority of
which have an interest in radionavigation.

IALA is responsible for the standardisation of navigation facilities including radionavigation, in
the world's coastal waters and has consultative status in IMO. Until recently all marine
radionavigation systems were essentially coastwise systems, hence, IALA has had the
responsibility for such systems.

International Telecommunications Union

The ITU was founded in Paris in 1865 as the International Telegraph Union, which became
the International Telecommunication Union in 1934 and became a specialised agency of the
United Nations in 1947.

The ITU into three sectors:
¢ Radiocommunication Sector (ITU-R)
e Telecommunication Standardisation Sector (ITU-T)
» Telecommunication Development Sector (ITU-D).

ITU-R is of most relevance to GNSS. ITU R's mission is to ensure rational, equitable, efficient,
and economical use of the radio-frequency spectrum and satellite orbits. The ITU R operates
through Radio Conferences and Radiocommunications Assemblies (including a Regulations
Board) that make up the legislative branch, a Bureau handling the administrative duties, and
a Radiocommunications Advisory Group (RAG) providing strategic advice. The Radio
Conferences are fora to review and revise, as necessary, the Radio Regulations.

World and Regional Radiocommunication Conferences are used to develop and adopt Radio
Regulations and Regional Agreements covering the use of the radio-frequency spectrum.
These are held every two years along to review and revise, as necessary, the Radio
Regulations on the basis of an agenda adopted by the ITU Council following consultation of
the membership. The Radio Regulations can be revised partially, or exceptionally,
completely.

The conferences are open to all ITU members, the UN, international organisations,
telecommunications organisations, and various other stakeholder groups. The
Radiocommunications Assemblies perform several functions in support of the Radio
Conferences. The Assemblies provide the technical basis for the work of the conferences and
approve the mandate and schedule of radiocommunication study groups.

The International Hydrographic Organization

The First International Hydrographic Conference was held in 1919 with the objectives to:
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consider the advisability of all maritime nations adopting similar methods in the
preparation, construction and production of their charts and hydrographic
publications; of rendering the results in the most convenient form to enable them
to be readily used; of instituting a prompt system of mutual exchange of
hydrographic information between all countries and of providing an opportunity for
consultations and discussions to be carried out on hydrographic subjects generally
by the hydrographic experts of the world

Accordingly, the International Hydrographic Bureau was set up, beginning its activities in
1921. The seat of the Bureau is in Monaco. The International Hydrographic Bureau refers
only to the Headquarters of the Organisation, which itself is referred to as the International
Hydrographic Organisation.

The objectives of the IHO are to bring about:
» the coordination of activities of the national hydrographic offices
» the greatest possible uniformity in nautical charts and documents

e the adoption of reliable and efficient methods of carrying out and exploiting
hydrographic surveys

« the development of the sciences in the field of hydrography and the techniques
employed in descriptive oceanography.

International Electrotechnical Commission

The IEC was founded in 1906 as a result if a resolution passed at the International Electrical
Congress held in St Louis in 1904. The objective of the IEC is to:

“promote international co-operation on all questions of standardisation and related
matters in the fields of electrical and electronic engineering and thus to promote
international understanding.”

The IEC is composed of National Committees, of which there are 49 at present, representing
all the industrial countries in the world.

The Commission is governed by a Council composed of the President of the IEC, the
Presidents of the National Committees, the immediate Past President or the President Elect,
Past Presidents of the IEC, the Vice-Presidents of the IEC (up to three at the most), the
Treasurer and the Central Secretary.

The Council is assisted by the General Policy Committee. The decisions and policy of the
Council are implemented under the supervision of the Management Board. The Council
receives reports from the Committee of Action, the IEC System for Conformity Testing to
Standards for Safety of Electrical Equipment (IECEE) and the IEC Quality Assessment
System for Electronic Components (IECQ). The Council delegates the management of
technical work to the Committee of Action, which works through a series of Technical
Committees (TCs) and associated working groups (WGs).

IEC prepares standards for shipborne equipment at the request of IMO through TC 80.
Radio Technical Commission Maritime

The Radio Technical Commission Maritime (RTCM) is a US-based not-for-profit scientific and
educational organisation, focusing on all aspects of maritime radiocommunications,
radionavigation, and related technologies. Since its establishment in 1946, the RTCM has
acted as a focal point to collect and distribute information, and to serve as a catalyst to bring
together those in government and in the private sector to work together in developing jointly
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agreed solutions to both national and international maritime radicommunications and
radionavigation issues.

G.2.3 European Bodies

The European Union

The European Commission (EC) is the executive arm of the European Union (EU). The EC
has three major functions:

e arising from its right of initiative, the EC is charged with making proposals for all new
legislation. It does so on the basis of what it considers best for the Union and its
citizens as a whole rather than on behalf of sectoral interests or individual countries,

» the EC acts as the guardian of the EU Treaties to ensure that EU legislation is applied
correctly by the Member States and to ensure fair and equitable access to the single
market

» the EC is the executive body of the Union responsible for implementing and managing
policy, managing the EU annual budget and running its Structural Funds.

The EC interacts with the other organs of the European Union including:
* the European Parliament
¢ the Council of the European Union, which is usually known as the Council of Ministers
e the European Court of Justice
» the Economic and Social Committee.

A full description of the processes involved in the European Union is beyond the scope of this
report.

The European Maritime Safety Agency

The European Maritime Safety Agency (EMSA) has been established, following the Erika
disaster, to enhance maritime safety in the European Union. Although radionavigation is not
specifically mentioned in the remit of EMSA, closely associated systems, such as vessel
traffic monitoring and information services are identified. It is clear that EMSA will have a role
to play in European maritime radionavigation matters.

European Maritime Radionavigation Forum

The European Maritime Radionavigation Forum (EMRF) an informal grouping of European
maritime stakeholders with an interest in radionavigation, covering national administrations,
aids to navigation providers, regulators, port authorities and operators, and European and
international organisations with an interest in maritime radionavigation. It meets
approximately 3 times a year to discuss issues, principally associated with satellite navigation
(Galileo), the development of the European Radionavigation Plan (ERNP) and, latterly, other
associated issues such as automatic identification systems (AIS). The EMRF interacts
regularly and fruitfully with the major European institutions — the European Commission, the
European Space Agency and the Galileo Joint Undertaking on these issues. The EMRF has
established itself and is now recognised as the principal point of contact on maritime
radionavigation issues.

One of the key achievements of the EMRF was the proposal the new set of requirements for
future satellite navigation systems recently adopted by IMO as Assembly Resolution
A915(22).
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The current work of the EMRF includes:

» provision of a unique forum for the consolidation of the points of view of all of the
stakeholders

» provision of a mechanism for two-way information exchange between the European
institutions and the maritime community

» further development and refinement of requirements for satellite navigation systems to
account for new and emerging applications, for example relating to automatic docking,
operation of marginal vessels, high speed and fast manoeuvrable craft

» assessment of the vulnerability of satellite-based and other aids to navigation to
enable the definition of the optimum systems mix, considering safety, environmental
protection and cost-effectiveness

e collaboration with the European Commission to identify enablers that could facilitate
the take up and secure future market share for Galileo in the maritime sector to the
benefit of all stakeholders

» contribution to the development of the European Radionavigation Plan (ERNP)
through participation in the Steering Committee, and input and review of the ERNP
project itself

* ongoing input to the Galileo project.
G.2.4  National Bodies

Under the SOLAS Convention, individual States are responsible for the establishment,
operation and maintenance of aids to navigation sufficient to support safe navigation as local
circumstances dictate. There are essentially three tiers required to meet this obligation:

¢ the policy level
¢ the regulatory level
» the service provision/operational level.

The first tier, policy, is generally dealt with through government. Depending on the institutional
arrangements in place, the second level (regulatory) can be delegated to Government or
independent agencies and the third level (service provision/operations) can be delegated to
the same agencies, other public sector bodies or the private sector. The overall situation in
Europe is complex and there is no single model that can be applied.

G.2.5 User Organisations

There are a wide range of organisations at international, European and national level that
represent the views of maritime users of radionavigation systems and services. The remit of
these organisations is often quite broad with radionavigation only representing a minor part of
their interest.

Two of the principal user organisations at European level are:

e The European Community Shipowners Association (ECSA), which is the
representative body for national shipowners' associations throughout the EU. It is
tasked specifically with coverage of both technical and policy issues together with
general maritime sector representation at a central level
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» The European Sea Ports Association (ESPO), which was set up in 1993 in response
to a growing perception among seaports that a body should represent their interests
within the European Community. ESPO represents over 98% of the seaports of the
European Union and has direct contacts in some 500 ports across Europe. ESPO's
mission is twofold. It aims at influencing public policy in the European Union and to
achieve a safe, efficient and environmentally sustainable European Port sector,
operating as a key element of a transport industry where free and undistorted market
conditions prevail, as far as practicable.

There is a wide range of other organisations that have an interest in maritime radionavigation,
including but not limited to:

» the European Boating Association, representing the interests of small craft users
¢ European Maritime Pilots Association

¢ International Federation of Shipmasters Associations

« Intertanko, representing independent tanker operators

« Intercargo

¢ the International Association of Dredging Companies

» the International Association of Drilling Contractors

» the International Chamber of Shipping

¢ Inland Navigation Europe.

G.2.6 Maritime Policies and Plans

Radionavigation plays a key role in maritime policy and plans for provision of aids to
navigation. At the international level, IMO has specified a requirement for all SOLAS vessels
to carry a radionavigation receiver (satellite or terrestrial) suitable for use at all times during its
voyage. Furthermore, the current version of Chapter V of the SOLAS convention mandates
the use of the automatic identification system (AlS), voyage data recorders (VDR) and, where
appropriate, vessel traffic services (VTS). All of these systems require or benefit from input
from radionavigation systems.

The approach to service provision is coordinated through IALA, which has published a policy
document on radio aids to navigation whose introduction states:

"The development of global satellite navigation systems has had a major impact
on the requirement for other radionavigation systems. In combination with the use
of Electronic Chart Display and Information System (ECDIS) in the future, the
practice of maritime navigation is being fundamentally changed. Automatic
Identification Systems (AIS) for ships are also likely to become very important

There are questions about integrity, availability, and control of satellite navigation
systems which need to be resolved before terrestrial systems can be considered
redundant.”

With regard specifically to satellite radionavigation systems IALA stated:

"To support and encourage Authorities providing satellite radionavigation systems
to make their systems available to users and to ensure that the accuracy and
availability of the navigational information provided is to the highest standard
possible.”
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A plan for the further development of the IALA DGNSS system is currently being formulated
within the IALA Radionavigation Committee. The same committee is also considering the
future of RACONSs and the requirements for backup systems in the light of the acknowledged
vulnerability of GNSS.

Although individual States have significant freedom to provide aids to navigation within their
international obligations, in the majority of cases services are provided and maintained in line
with international standards. National plans are also almost always consistent with
international plans.

G.3 Regulatory Instruments
G.3.1 Introduction

This section introduces and describes the regulatory instruments that are applicable to marine
radionavigation at the international and European levels, highlighting where the instruments
are mandatory or voluntary in nature.

G.3.2 International Level
IMO instruments
In the radionavigation context, the instruments available to IMO fulfil four main objectives, to:
« define national obligations for the safety of navigation
« define equipment carriage requirements
» specify navigation performance and other requirements
» provide standards for onboard equipment.

The principal instrument through which IMO operates is the "convention". The initial work on a
convention is normally done in committee or sub-committee. A draft instrument is then
produced which is submitted to a conference to which delegations from all States within the
United Nations system - including States which may not be IMO Members - are invited. The
conference adopts a final text, which is submitted to Governments for ratification.

A convention comes into force after fulfilling certain requirements, which always include
ratification by a specified number of countries. Implementation of the requirements of a
convention is mandatory on countries that are parties to it.

The convention most relevant to GNSS is the International Convention for the Safety of Life at
Sea, the most recent version of which entered into force on 1 July 2002, states in Regulation
13:

"Each Contracting Government undertakes to provide, as it deems practical and
necessary either individually or in co-operation with other Contracting
Governments, such aids to navigation as the volume of traffic justifies and the
degree of risk requires"

SOLAS 1974 Chapter V essentially requires a State to ensure a safe and efficient marine
navigation infrastructure.

SOLAS V also mandates the carriage of some equipment. For example, Regulation 19 of
SOLAS V can be paraphrased as:

" All ships irrespective of size shall have....
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..... a receiver for a global navigation satellite system or a terrestrial
radionavigation system, or other means suitable for use at all times throughout the
intended voyage to establish and update its position by automatic means"

The second instrument used by IMO is the "resolution”. Again the initial work is performed in
sub-committee, for example NAV as directed by MSC. Assembly resolutions are ratified by
the Assembly at its bi-annual meetings. This cycle can introduce delays into adoption of the
work of IMO if it is not precisely in line with the schedule for Assembly meetings.

For radionavigation, there are several Assembly Resolutions of direct relevance:

Resolution A.529(13) on Accuracy Standards for Navigational Equipment
Resolution A.615(15) on Radar Beacons, Transponders and Reflectors

Resolution A.815(19) on the World-Wide Radio Navigation System (WWRNS)
(proposed for review by NAV)

Resolution A.818(19) on performance standards for shipborne LORAN-C and Chayka
receivers

Resolution A.819(19) on performance standards for shipborne GPS receiver
Equipment valid for equipment installed before 1 July 2003

Resolution A.915(22) on the Requirements for a Future Global Navigation Satellite System

There are also some MSC Resolutions of interest:

MSC.112(73) on revised performance standards for shipborne GPS receiver
equipment, valid for equipment installed on or after 1 July 2003

MSC.53(66) on Performance Standards for Shipborne GLONASS Receiver
Equipment, valid for equipment installed before 1 July 2003

MSC.113(73) on revised performance standards for Shipborne GLONASS Receiver
Equipment, valid for equipment installed on or after 1 July 2003

MSC.64(67) Annex 2 on performance standards for shipborne DGPS and
DGLONASS maritime radio beacon receiver equipment valid for equipment installed
on or after 1 January 1999

MSC.114(73) adoption of the revised performance standards for shipborne DGPS and
DGLONASS maritime radio beacon receiver equipment valid for equipment installed
on or after 1 July 2003

MSC.74(69) Annex 1 on performance standards for shipborne combined
GPS/GLONASS receiver equipment valid for equipment installed on or after 1 January
2000

MSC.115(73) on the adoption of performance standards for shipborne combined
GPS/GLONASS receivers valid for equipment installed on or after 1 July 2003.

Through Resolution A.815(19), IMO is also responsible for recognising systems as elements
of the World-Wide Radio Navigation System (WWRNS). To date the only examples of the
recognition process are those of GPS and GLONASS. Both of these systems were
recognised as part of the WWRNS at the 66th Session of MSC in 1996.

IMO also provides circulars for information. Those of relevance to radionavigation include:

P377D004-0.9 HELIOS TECHNOLOGY 98 of 362



 IMO Circular SN/Circ.223, 6 November 2002 on information and guidance on
allocation of identification numbers for Differential Global Navigation Satellite system
(DGNSS) reference and transmitting stations in the maritime radionavigation
(radiobeacon) band

¢ IMO Circular SN/Circ.213, 31 May 2000 providing guidance on chart datums and the
accuracy of positions on charts.

IALA standards

As an NGO, IALA develops standards, which are voluntary but are almost always adopted
and adhered to by its Member States. IALA publishes these standards in a number of forms:

¢ recommendations

e specifications

e practical notes

¢ guides and guidelines.

All of these essentially take the form of voluntary standards. Those of relevance to
radionavigation include:

e the IALA Navguide, Edition 4, dated December 2001

* Recommendation R-121, June 2001, on the performance standards to be adopted for
DGNSS broadcasts from maritime radiobeacons

* Recommendation R-101r1, dated December 2000 on marine radar beacons

» the list of DGNSS reference and transmitting stations in the maritime radionavigation
(radiobeacons) band, last published as Issue 8 in September 2002.

IHO standards

In accordance with the objectives of the IHO, one of it significant activities is in the
establishment of standards for hydrography, nautical charting and associated activities. The
work is carried out through a large number of working groups and committees with the results
being published as specifications and standards. Publications arising from this activity, which
are effectively voluntary standards, include:

e S-44 “Standards for hydrographic survey”
« S-52 “Provisional specifications for chart content and display of ECDIS”
» S-57 “IHO transfer standard for electronic data”.

ITU recommendations

ITU develops both mandatory and voluntary standards — e.g. regulations or
recommendations. In the maritime radionavigation environment, the voluntary standards of
most importance are:

» Recommendation ITU-R M.823 on the data format and transmission characteristics of
DGNSS broadcasts from maritime radiobeacons. This recommendation incorporates
the RTCM SC-104 standard

e ITU Radio Regulation 4.40 on radar beacons.
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|[EC standards

IEC develops voluntary standards. Those of interest to radionavigation in the maritime sector
include:

» |EC 61108-1 on GPS performance standards, receiver equipment, method of testing
and required results (currently being updated to Edition 2.0 and currently at
Committee Draft for Voting (CDV) stage)

« |EC 61108-2 on GLONASS performance standards, receiver equipment, method of
testing and required results

« |EC 1108-3 on combined GPS/GLONASS performance standards, receiver
equipment, method of testing and results (discontinued)

« |EC 61108-4 on combined DGPS/DGLONASS performance standards, receiver
equipment, method of testing and results. This standard is also currently at the CDV
stage.

In addition, IEC 61162-1/2 specifies the interface of navigation and radiocommunication
equipment to other shipboard users, e.g. ECDIS, AIS, VDR, etc.

RTCM standards
RTCM develops voluntary standards. Those of interest to maritime radionavigation are:

¢ RTCM Recommended Standards for Differential GNSS (Global Navigation Satellite
Systems) Service, Version 2.3, 2001 (RTCM Paper 136-2001/SC104-STD)

¢ RTCM Recommended Standards for Differential GNSS (Global Navigation Satellite
Systems) Service, Future Version 3.0, June 2003 (RTCM Paper 120-2003/SC104-
310), under development.

+ RTCM Recommended Standards for Differential Navstar GPS Reference Stations and
Integrity Monitors (RSIM), Version 1.1, 2001 (RTCM Paper 137-2001/SC104-STD).

G.3.3 European Level

The European Commission

The EC has the mandate to become involved in maritime and radionavigation issues through
a number of articles in the Treaty of Union and the Common Transport Policy (CTP):

» Article 70 concerning the objectives of the CTP
¢ Article 71 requiring the CTP to include measures to improve safety
¢ Article 154 concerning trans-European transport networks
* Article 158 concerned with strengthening economic and social cohesion.
In addition, the Council Resolution on a "Common Policy on Safe Seas" invites the EC to:

...investigate and encourage the coordination and harmonisation of new aids to
navigation developments including satellite radionavigation and vessel traffic
services in the interests of safety at seas...

...promote cooperation between participating member states and, having regard to
the principle of subsidiarity, encourage the development of network integration and
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regional agreements so as to coordinate the uniform implementation of advanced
navigational technologies...

This resolution also invited the EC to promote the:

...improvement of maritime infrastructures and of traffic procedures to devise a
European radionavigation plan and, if appropriate, to examine the possibility of
introducing a mechanism whereby the costs of providing radionavigation aids are
recoverable from users...

Similar goals are also outlined in the proposal for a Decision of the European Parliament and
the Council on Common Guidelines for the Installation of a Trans-European Transport
Network . Article 24 addresses the communication and navigation infrastructure for the
complete network and specifically refers to new radionavigation systems, such as satellite
navigation:

...For the safety of different transport modes, esp. the sea and air traffic,
radionavigation systems have a central importance. Projects of common interest
should therefore contribute to the improvement of today’s systems by means of
performance and safety. The final goal of the efforts should be a common system
for Europe with satellite and terrestrial components....

Furthermore, Directive 2002/59 EC is aimed at establishing a Community vessel traffic
monitoring and information system (VTMIS) termed SafeSeaNet. Vessel position information
will be a key input to this system and, to facilitate the provision of this information, the
Directive mandates the carriage of AIS and voyage data recorders (VDRs) on specific ships
calling at Community ports.
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H Existing Systems
H.1 Introduction

Existing systems have been characterised as:
¢ Baseline radio navigation systems;
* Regional augmentation systems;
¢ Local augmentation systems; and
¢ Non-radio navigation systems.
These categories are described in Section 2.
H.2 Baseline Radionavigation Systems
H.2.1  Summary

The following baseline radio navigation systems are considered in this section:

+ Galileo;
« GPS;
» GLONASS;

« Loran-C; and

* Chayka.
H.2.2 Galileo
H.2.2.1 Overview

GALILEO is a joint initiative by the European Union and the European Space Agency:

e the European Union, represented by the European Commission, is responsible for the
political dimension of GALILEO and for setting objectives.

« the European Space Agency is responsible for the technical definition, development
and the validation of GALILEO.

The GALILEO Joint Undertaking will be responsible for the development of the GALILEO
programme and the selection of a commercial operator, who will make a significant
contribution to the funding of the establishment of GALILEO from 2006 and will provide the
GALILEO services from 2008.

There are three phases to the Galileo programme:
e development and validation;
¢ deployment; and
e operations and maintenance.

These are illustrated in Figure 9 together with associated costs.
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Programme Phases & Cost -

2002 2003 2004 2005 2006 2007 2008 2009 2010 2011

Development and Validation Deployment Operations and Maintenance

2.15 Billion €

26 Satellites

Ground
Infrastructure

1.25 Billion € .
220 million € per year
1 Test Satellite & 4 Operational Satellites

Ground Infrastructure Routine Operations and Replenishment III
Joint Undertaking / ESA GALILEO Concessionaire

Figure 9 — Galileo programme phases and cost

GALILEO will comprise a constellation of 30 satellites in three planes inclined at 56°to the
Equator orbiting at an altitude of nearly 24 000 kilometres. Ground stations will be
responsible for management and control. GALILEO will be operational from 2008.

Galileo will provide five different services:
* open access;
» safety-of-life;
e public regulated;
* commercial; and
» search and rescue.

These are generated from combinations of up ten different signals with associated ranging
codes and navigation data using broadcast and point-to-multipoint connectivity and will
complement the GPS services to deliver enhanced benefits to users.
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Id OS OS OS SoL CS CS PRS
SF DF 1A VA MC

CS  Commercial Service DF  Dual Frequency

TIA  TImproved Accuracy  MC Multiple Carrier

OS  Open Service PRS Public Regulated Service
SoL Safety of Life Service SF  Single Frequency

VA  Value Added

Figure 10 — Galileo services mapped to signals”

At this stage of the project, it is difficult to be specific about Galileo vulnerability. However,
Galileo and GPS will share the same centre frequencies at L1 and L5, potentially providing a
common failure mode.

H.2.2.2 Institutional

Galileo is being structured as a private / public partnership. A competition is currently
underway to choose a Galileo concessionaire (the private party). The public sector will be
represented by the so-called Supervisory Authority. At time of writing, the statement of work
for the Galileo concession tender is not available and so the exact scope of activities (i.e.
operations, service provision, regulation) is not clear.

Galileo services have neither been standardised nor accepted by user bodies at this early
stage of the development process.

H.2.2.3 Service Delivery

Galileo services will provide position, velocity and timing. Table 2 presents the navigation
performance to be provided by the open access, safety-of-life and public regulated services.
The navigation performance provided by the commercial service will be driven by the Galileo
Concessionaire.

The performance of the search and rescue service is specified in Table 3.

" Hein G W, Godet J, Issler J-L, Martin J-C, Erhard P, Lucas-Rodriguez R, and Pratt T. Status of
Galileo Frequency and Signal Design.
http://europa.eu.int/comm/dgs/energy_transport/galileo/doc/galileo_stf ion2002.pdf
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Open Safety-Of-Life Public Regulated

Coverage Global Global Global
Accuracy (95%) Horizontal (m) 15 4 4 6.5

Vertical (m) 35 8 8 12
Integrity Alarm Limit H: 12,V: 20 H: 556 H: 12, V: 20

Time-to-Alarm (s) N/A 6 10 10

Integrity Risk 1.5x107/150 s 10”/hour 3.5x107/150 s
Continuity Risk 8x10°/15 s 8x10°/15 s 10™-10®/hour 10°/15's
Timing Accuracy wrt UTC/TAI Not Defined 50 ns 50 ns 100 ns
Certification / Liability No Yes TBC
Availability 99.5% 99.8% 99% - 99.9%

Table 2 — Galileo navigation service performance’™
" Galileo JU, Personal Communication, March 2004
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Capacity Each satellite capable to relay signals from 150
simultaneous active beacons

Forward System Latency Time Comms from beacon to S&R ground station less than 10

min
Quality of Service Bit Error rate < 10°
Acknowledgement Data Rate 6 messages of 100 bits each per minute
Availability > 99%

Table 3 — Performance of the Galileo Search and Rescue Service

H.2.2.4 Dependencies

Galileo will be an independent baseline radio navigation system and will not be dependent on
other systems for data generation or data delivery.

H.2.3

GPS Standard Positioning Service

H.2.3.1 Overview

The official descriptions of the US Global Positioning System (GPS) are contained in four
documents:

The Federal Radio Navigation Plan’® — (including the Federal Radio Navigation
Systems document) with the purpose: (1) to present the current Federal policy and
plan for common-use civil and military radionavigation systems; (2) to outline the
Government’s approach for implementing new and consolidating existing
radionavigation systems; and (3) to provide government radionavigation system
planning information and schedules.

3 _ defines levels of performance the U.S. Government commits to provide to civil
GPS users. This document is written to satisfy the following objectives: (1) to identify
performance standards the U.S. Government uses to manage SPS performance; (2)
to standardize SPS performance parameter definitions and assessment
methodologies; and (3) to describe historical SPS performance characteristics and
ranges of behaviour.

The GPS Signal-In-Space interface control documents - ICD-GPS-200C / IRN-200C-
005R1™ for the civil L1 and L2 signals and ICD-GPS-705 for the civil L5 signals.

The text in this section is taken from these documents unless specifically referenced
otherwise.

General

72 2001 FRP

73 2001 GPS SPS Spec

74 1CD GPS 200c

751CD GPS 705
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GPS is a space-based dual use radionavigation system that is operated for the Government
of the United States by the U.S. Air Force. The U.S. Government provides two levels of GPS
service. The Precise Positioning Service (PPS) provides full system accuracy to designated
users. The Standard Positioning Service (SPS) provides accurate positioning to all users.
The Standard Positioning Service (SPS) was originally designed to provide civil users with a
less accurate positioning capability than PPS through the use of a technique known as
Selective Availability (SA). On May 1, 2000, the President directed the U.S. Department of
Defense (DoD) to discontinue the use of SA effective midnight May 1, 2000.The GPS has
three major segments: space, control, and user.

.
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Figure 11 — Block IlA SPS ranging signal generation and transmission

Space Segment

The GPS space segment consists nominally of a constellation of 24 operational Block Il
satellites (Block Il, lIA, and IIR).

Each satellite broadcasts a navigation message based upon data periodically uploaded from
the Control Segment and adds the message to a 1.023 MHz Pseudo Random Noise (PRN)
Coarse/Acquisition (C/A) code sequence. The satellite modulates the resulting code
sequence onto a 1575.42 MHz L-band carrier to create a spread spectrum ranging signal,
which it then broadcasts to the user community. This broadcast is referred to in this
Performance Standard as the SPS ranging signal. Each C/A code is unique, and provides the
mechanism to identify each satellite in the constellation. A block diagram illustrating the Block
IIA satellite's SPS ranging signal generation process is provided in Figure 11. The GPS
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satellite also transmits a second ranging signal, known as L2, that supports PPS user two-

frequency corrections. L2, like L1, is a spread spectrum signal and is transmitted at 1227.6
MHz.

The Block Il satellites are designed to provide reliable service over a 7.5- to 10-year design
life, depending on the production version, through a combination of space qualified parts,
multiple redundancies for critical subsystems, and internal diagnostic logic. The Block Il
satellite requires minimal interaction with the ground and allows all but a few maintenance
activities to be conducted without interruption to the ranging signal broadcast. Periodic
uploads of data to support navigation message generation are designed to cause no
disruption to the SPS ranging signal, although Block Il/lIA satellites may experience a 6- to
24-second disruption upon transition to the new upload.

Control Segment

The GPS Control Segment (CS) is comprised of four major components: a Master Control
Station (MCS), Backup Master Control Station (BMCS), four ground antennas, and six
monitor stations. An overview of the CS is provided in Figure 12.
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Figure 12 — The GPS control segment

The MCS is located at Schriever Air Force Base, Colorado, and is the central control node for
the GPS satellite constellation. Operations are maintained 24 hours a day, seven days a
week throughout each year. The MCS is responsible for all aspects of constellation command
and control, to include:
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* Routine satellite bus and payload status monitoring.
» Satellite maintenance and anomaly resolution.
¢ Managing SPS performance in support of all performance standards.

» Navigation data upload operations as required to sustain performance in accordance
with accuracy performance standards.

¢ Prompt detection and response to service failures.

In the event of a prolonged MCS outage, GPS operations can be moved to a contractor-
owned BMCS located at Gaithersburg, MD. When required, personnel from the MCS deploy
to the BMCS within 24 hours. The BMCS is operationally exercised approximately four times
per year to ensure system capability.

The CS's four ground antennas provide a near real-time Telemetry, Tracking, and
Commanding (TT&C) interface between the GPS satellites and the MCS. The six monitor
stations provide near real-time satellite ranging measurement data to the MCS and support
near-continuous monitoring of constellation performance. The current CS monitor stations
provide approximately 93% global coverage, with all monitor stations operational, with a 5°
elevation mask angle. The actual elevation angle that a monitor station acquires any given
satellite varies due to several external factors.

Signal Characteristics

Each satellite transmits three spread spectrum signals on two L-band frequencies, L1
(1575.42 MHz) and L2 (1227.6 MHz). L1 carries a Precise P(Y) Pseudo-Random Noise
(PRN) code and a Coarse/Acquisition (C/A) PRN code; L2 carries the P(Y) PRN code. (The
Precise code is denoted as P(Y) to signify that this PRN code can be transmitted in either a
clear unencrypted “P” or an encrypted “Y” code configuration.) Both PRN codes carried on
the L1 and L2 frequencies are phase-synchronized to the satellite clock and modulated (using
modulo two addition) with a common 50 Hz navigation data message.

It is important to note that the L2 signal is not part of the SPS. Therefore, SPS performance
standards are not predicated upon use of L2, or use of L1/L2 carrier tracking for other than
code acquisition and tracking purposes.

The SPS ranging signal received by the user is a 2.046 MHz null-to-null bandwidth signal
centered about L1. The transmitted ranging signal that comprises the GPS-SPS is not limited
to the null-to-null signal and extends through the band 1563.42 to 1587.42 MHz. The
minimum SPS received power is specified as -160.0 dBW. The navigation data contained in
the signal are composed of satellite clock and ephemeris data for the transmitting satellite
plus GPS constellation almanac data, GPS to UTC (USNO) time offset information, and
ionospheric propagation delay correction parameters for use by single frequency (SPS)
users. The entire navigation message repeats every 12.5 minutes. Within this 12.5-minute
repeat cycle, satellite clock and ephemeris data for the transmitting satellite are sent 25
separate times so they repeat every 30 seconds. As long as a satellite indicates a healthy
status, a receiver can continue to operate using these data for the validity period of the data
(up to 4 or 6 hours). The receiver will update these data whenever the satellite and ephemeris
information are updated — nominally once every 2 hours.

Signal Vulnerability
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The US has evaluated the vulnerability of GPS to interference in the so-called Volpe Report™.
It found:

» GPS service is susceptible to unintentional interruptions from ionospheric effects,
blockage from buildings, and interference from narrow and wideband sources. Some
natural phenomena such as ionospheric distortions and scintillation can be predicted.
These disruptions are most noticeable for users of single-frequency (L1) receivers.

» The GPS signal is subject to degradation and loss through attacks by hostile interests.
Potential attacks cover the range from jamming and spoofing of GPS signals to
disruption of GPS ground stations and satellites.

» As with any radio navigation system, the vulnerability of the transportation system to
unintentional and intentional GPS disruption can be reduced, but not eliminated.
There is a growing awareness within the transportation community that the safety and
economic risks associated with loss or degradation of the GPS signals have been
underestimated.

» Backups for positioning and precision timing are necessary for all GPS applications
involving the potential for life threatening situations or major economic or
environmental impacts. The backups involve some combination of: (1) terrestrial or
space-based navigation and precision timing systems; (2) on-board vehicle/vessel
systems; and (3) operating procedures. The appropriate mix for a given application
will result from careful analysis of benefits, costs and risk acceptance.

Modernisation

It is important to note that GPS is undergoing a process of continuous improvement with the
aim of transitioning to GPS III.

From a civil perspective the most important developments are the availability of two new civil
signals at L2 and L5 (FREQ). The new civil L2 signals will become available on the first Block
IIR-M satellites to be launched in 2004. An Initial Operational Capability (I0C) is expected in
2009 and a Full Operational Capability is expected in 2012. The new civil L5 signals will
become available on the first Block II-F satellites to be launched in 2006. L5 IOC is expected
in 2011 and FOC is expected in 2015.”

Associated control segment improvements that are planned through to 2008 are described by
Nagle’® and summarised in Table 4.

Date Process

8/2004  Accuracy Improvement Initiative (All) completed, integrating 6 (eventually 14)
NIMA GPS monitor stations into the current ground segment. The impact is to
improve the user range error (URE) by 10% and to provide 100% dual visibility of
the GPS constellation by the GPS operators (i.e. no more visibility gaps)

10/2005 AEP software version 5.2 available for test capability of L2C and L5

76 VOLPE

77 Garrett R P. GPS Modernization Brief to the CGSIC. Proc 41st CGSIC, Arlington VA, 19 March
2003.

78 Nagle T J. GPS Joint Program Office (JPO) Civil Modernization Status. Proc 42nd CGSIC,
Portland OR, 8 September 2003.
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2007

Civil signal monitoring being added to the AEP modernized monitor station receiver
element (MMSRE) allowing civil signals to be monitored for the first time

12/2008 AEP software version 5.2 available for full operation of L2C and L5

H.2.3.2

Table 4 — Control segment modernisation through to 2008
Institutional

US GPS Policy

GPS is
The 19

a US, publicly-owned system.

96 Presidential Decision Directive (PDD) NSTC-6 establishes national policy for the

management and use of the U.S. Global Positioning System and related U.S. Government
augmentations.

Policy Goals

In the management and use of GPS, the US seeks to support and enhance our economic
competitiveness and productivity while protecting its national security and foreign policy
interests.

Its goal

s are to:
Strengthen and maintain our national security.

Encourage acceptance and integration of GPS into peaceful civil, commercial and
scientific applications worldwide.

Encourage private sector investment in and use of U.S. GPS technologies and
services.

Promote safety and efficiency in transportation and other fields.
Promote international cooperation in using GPS for peaceful purposes.

Advance U.S. scientific and technical capabilities.

Policy Guidelines

The US will operate and manage GPS in accordance with the following guidelines:

It will continue to provide the GPS Standard Positioning Service for peaceful civil,
commercial and scientific use on a continuous, worldwide basis, free of direct user
fees.

It is the US intention to discontinue the use of GPS Selective Availability (SA) within a
decade’ in a manner that allows adequate time and resources for its military forces to
prepare fully for operations without SA. To support such a decision, affected
departments and agencies will submit recommendations in accordance with the
reporting requirements outlined in this policy.

The GPS and U.S. Government augmentations will remain responsive to the National
Command Authorities.

" Deactivated on 1 May 2000
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The US will cooperate with other governments and international organizations to
ensure an appropriate balance between the requirements of international civil,
commercial and scientific users and international security interests.

The US will advocate the acceptance of GPS and U.S. Government augmentations as
standards for international use.

To the fullest extent feasible, the US will purchase commercially available GPS
products and services that meet U.S. Government requirements and will not conduct
activities that preclude or deter commercial GPS activities, except for national security
or public safety reasons.

A permanent Interagency GPS Executive Board (IGEB), jointly chaired by the
Departments of Defense and Transportation, will manage the GPS and U.S.
Government augmentations. Other departments and agencies will participate as
appropriate. The GPS Executive Board will consult with U.S. Government agencies,
U.S. industries and foreign governments involved in navigation and positioning system
research, development, operation, and use.

This policy will be implemented within the overall resource and policy guidance provided by
the President.

Agency Roles and Responsibilities

The Department of Defense will:

Continue to acquire, operate, and maintain the basic GPS.

Maintain a Standard Positioning Service (as defined in the Federal Radionavigation
Plan and the GPS Standard Positioning Service Signal Specification) that will be
available on a continuous, worldwide basis.

Maintain a Precise Positioning Service for use by the U.S. military and other
authorized users.

Cooperate with the Director of Central Intelligence, the Department of State and other
appropriate departments and agencies to assess the national security implications of
the use of GPS, its augmentations, and alternative satellite-based positioning and
navigation systems.

Develop measures to prevent the hostile use of GPS and its augmentations to ensure
that the United States retains a military advantage without unduly disrupting or
degrading civilian uses.

The Department of Transportation will:

Serve as the lead agency within the U.S. Government for all Federal civil GPS
matters.

Develop and implement U.S. Government augmentations to the basic GPS for
transportation applications.

In cooperation with the Departments of Commerce, Defense and State, take the lead
in promoting commercial applications of GPS technologies and the acceptance of
GPS and U.S. Government augmentations as standards in domestic and international
transportation systems.

In cooperation with other departments and agencies, coordinate U.S. Government-
provided GPS civil augmentation systems to minimize cost and duplication of effort.
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The Department of State will:

* In cooperation with appropriate departments and agencies, consult with foreign
governments and other international organizations to assess the feasibility of
developing bilateral or multilateral guidelines on the provision and use of GPS
services.

¢ Coordinate the interagency review of instructions to U.S. delegations to bilateral
consultations and multilateral conferences related to the planning, operation,
management, and use of GPS and related augmentation systems.

» Coordinate the interagency review of international agreements with foreign
governments and international organizations concerning international use of GPS and
related augmentation systems.

Interagency GPS Executive Board

This was established as a result of the 1996 PDD. Its scope is to manage GPS and U.S.
Government augmentations to GPS, consistent with national policy, to support and enhance
U.S. economic competitiveness and productivity while protecting national security and foreign
policy interests.

To accomplish its goals regarding the management of GPS and U.S. Government
augmentations to GPS, the IGEB shall:

¢ Review status and plans for continued development, acquisition, and operation that
affect dual use.

« Approve management policies that affect dual use.
¢ Resolve interdepartmental issues.

* Provide periodic status reports to the President through the Assistant to the President
for National Security Affairs and the Assistant to the President for Science and
Technology.

e Consult with U.S. Government agencies, U.S. industry, and foreign governments
involved in navigation and positioning system research, development, operation, and
use.

The Departments of Defense, Transportation, State, and Commerce (DOD, DOT, DOS, and
DOC) are members of the IGEB by virtue of their specific responsibilities in the PDD. Other
U.S. Government agencies that have responsibilities identified in the PDD, make substantial
use of GPS, and/or provide GPS-related services are also members of the IGEB. The current
membership of the IGEB includes:

¢ Department of Defense (co-chair)

¢ Department of Transportation (co-chair)
» Department of State

» Department of Agriculture

¢ Department of Commerce

* Department of Interior

* Chairman, Joint Chiefs of Staff
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* National Aeronautics and Space Administration
Operations and Service Provision

The system is operated by the US Air Force’s 2SOPS (Second Space Operations Squadron).
GPS does not differentiate between operations and service provision.

Standardisation of Services

The civil Standard Positioning Service (SPS) is standardised through the four documents
outlined in Section H.2.3.1.

Acceptance by User Bodies

International Maritime Organisation (IMO)

In 1996 the IMO recognised the GPS SPS as a component of the world-wide radio navigation
system:

At its sixty-sixth session (38 May 1996) the Maritime Safely Committee, pursuant
to operative paragraph 4 of resolution A.815(19) on the World-Wide
Radionavigation System, recognized the Global Positioning System Standard
Positioning Service (GPS-SPS), proposed by the United States Coast Guard, on
behalf of the United States Administration in a letter written to the Secretary-
General of IMO, as a component of the World-Wide Radionavigation System.

The Committee’s decision was based on the recommendation and assessment
made by the Sub-Committee on Safety of Navigation at its forty-first session (18 to
22 September 1995). The NAV Sub-Cornminee assessed the offer of the. United
States Coast Guard in accordance with the requirements of the Annex to
resolution A.815(19). The NAV Sub-Committee had agreed that the GPS-SPS
meets the operational requirements of the appendix to resolution A-815(19) for
navigation in other waters (general navigation).

Administrations should note that the static and dynamic accuracy of the system is
100 m (95%) and is therefore not suitable for navigation in harbour entrances and
approaches, and other waters in which freedom to manoeuvre is limited.

GPS-SPS does not provide instantaneous integrity warning of system malfunction
Administrations may wish to note that Receiver Autonomous Integrity Monitoring
(RAIM) can provide this facility. It should also be noted that the accuracy and
integrity of the system can be greatly enhanced by the use of differential correction
techniques using either local or wide area augmentations, or both.

Member Governments are invited to bring this information to the attention of their
maritime communities.

International Civil Aviation Organisation

The US offered to make the GPS Standard Positioning Service available at the International
Civil Aviation Organization’s (ICAO) Tenth Air Navigation Conference, September 5, 1991.
The Federal Aviation Administration’s (FAA) Administrator, James Busey, promised that GPS
would be available free of charge to the international community beginning in 1993 on a
continuous, worldwide basis for at least 10 years. This offer was extended the following year
at the 29th ICAO Assembly, when the United States offered SPS to the world for the
foreseeable future and pledged to provide at least six years notice prior to termination of GPS
operations or elimination of the GPS SPS.
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Both offers were formally reiterated in a 1994 letter from the FAA’s chief, David Hinson, to
ICAO, reaffirming the U.S. government’s intention to provide GPS SPS free of charge for at
least 10 years. In 1995, President Clinton once again confirmed the government’s
commitment to provide GPS signals to international civil users in a statement that was
released at an ICAO meeting in Montreal in March.

H.2.3.3 Service Delivery

General

GPS is a publicly owned system that provides position, velocity and timing. Receivers are
widely available with prices ranging from a few tens of dollars for chipsets suitable for mobile
telephones to a tens of thousands of dollars for state-of-the-art aviation receivers with
embedded application software. Its users span the widest range of applications (see
Section ). A GPS safety-case has not been developed.

Baseline Services

The L1-based SPS is currently available. New civil L2 signals will become available on the
first Block IIR-M satellites to be launched in 2004. An Initial Operational Capability (IOC) is
expected in 2009 and a Full Operational Capability is expected in 2012. The new civil L5
signals will become available on the first Block II-F satellites to be launched in 2006. L5 |IOC
is expected in 2011 and FOC is expected in 2015.%

Service Volume Variations

The service delivered by GPS varied as a function of latitude and longitude primarily due to
constellation geometry (Figure 13). It also varies over an eleven-year period due to the solar
sun-spot cycle.
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Figure 13 — Variation of GPS Service by latitude and longitude

Performance
US Policy Statement Regarding GPS Availability, March 21, 2003:

» The United States Government recognizes that GPS plays a key role around the world
as part of the global information infrastructure and takes seriously the responsibility to
provide the best possible service to civil and commercial users worldwide. This is as
true in times of conflict as it is in times of peace.

80 Garrett R P. GPS Modernization Brief to the CGSIC. Proc 41st CGSIC, Arlington VA, 19 March
2003.
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» The U.S. Government also maintains the capability to prevent hostile use of GPS and
its augmentations while retaining a military advantage in a theater of operations
without disrupting or degrading civilian uses outside the theater of operations.

« We believe we can ensure that GPS continues to be available as an invaluable global
utility at all times, while at the same time, protecting U.S. and coalition security
requirements.

SPS Accuracy
(Meters) . Servi . -
81 Service ervice . Fix System Ambiguity
95% Availability Coverage Reliability82 Fix Rate Dimension Capacity Potential
Predictable
Horz<13 Global 1-20 per 3D
Vert < 22 o Service o - -
Time < 40 ns 99% Volume 99.94% second Time Unlimited None

Accuracy

SPS is the standard specified level of positioning, velocity and timing accuracy that is
available, without restrictions, to any user on a continuous worldwide basis. SPS provides a
global average predictable positioning accuracy of 13 meters (95 percent) horizontally and 22
meters (95 percent) vertically and time transfer accuracy within 40 nanoseconds (95 percent)
of UTC. Decisions to change operational modes of GPS to include degrading GPS accuracy
provided to civil users will be made by the National Command Authority.

Availability

The SPS provides a global average availability of 99 percent. Service availability is based
upon the expected horizontal error being less than 36 meters (95 percent) and the expected
vertical error being less than 77 meters (95 percent). The expected positioning error is a
predictive statistic, and is based on a combination of position solution geometry and predicted
satellite ranging signal errors.

Coverage

GPS coverage is worldwide. The coverage of the GPS SPS service is describe