VCGA

EGNOS Service Management Operations Aligned with User
Domain Operational Needs

D.C. Hill", M. Fairbanks®, W. Ochiengs,

'WEGA Group PLC, Welwyn Garden City, Herts, AL7 1TW, UK.

% General Lighthouse Authorities of the UK & Republic of Ireland, Trinity House, London,
EC3N 4DH, UK.

3Centre for Transport Studies, Imperial College of Science, Technology & Medicine, London
SW7 2AZ, UK.

Abstract

The coming introduction of the first generation Global Navigation Satellite Systems
(GNSS) in the form of wide-area Space-Based Augmentation Systems (SBAS) such
as the European Geo-stationary Navigation Overlay Service (EGNOS) creates a
number of issues for service management. Service management organisations are
those entities interfacing with the users operating in transportation, survey, timing and
other operational domains. It is the presence of such multi-modal operations that
provides the challenge to undertaking service-centred operations to meet a wide

variety of user operational needs.

These issues are particularly important if the service levels are guaranteed to users,
are provided on a fee basis or are the subject of contractually binding service level
agreements. The problem is exacerbated by the need to take decisions relating to
system asset(s) outage management whilst continuing to support the user
requirements for as wide a range of users as possible. Further issues are raised by
the need to manage service levels to multiple user domains, including aviation,
maritime and land mobile users, with potentially varying or, at worst, conflicting

performance drivers.

A major complicating factor is that the service level across a wide geographical area is
provided via a single signal-in-space produced from a widely distributed, networked
system. In such a situation, for example, the removal of system assets due to failure,

maintenance or upgrade can lead to the degradation of service performance across



multiple airports, ports or sections of highway, potentially compromising the
management of traffic flows in the user domain across a wide geographic area. In
effect, a transport network dependent on SBAS does not necessarily possess the
multiple, independent redundancy of ports, airports or nodal intersections presently
available through the discrete, uni-modal and geographically-dispersed nature of the

systems in current service.

In this paper it is our objective to identify general requirements for systems, platforms,
tools and information that will enable providers of GNSS augmentation services to
manage the operations of the system (in this case EGNOS) according to the needs
and requirements of the users. The focus of our work has been the interface between

system operators and service providers.

Our methodology has proceeded as follows:

Identify service management/contractual issues;

Identify operational issues (primarily for maritime users but applicable to land-
mobile also);

Translate issues into requirements for information-transfer to users in the
operational domains;

Identify the GNSS system-level operating constraints (e.g. maintenance, upgrade,
etc)

Derive general requirements on the service management operations and

supporting tools.

The critical issue is not the definition of average service performance levels
(availability, continuity, etc.), but how to manage the service within outage limits whilst
minimising the impact in the user operational domain(s), e.g. ensuring traffic flows are
not affected, ensuring payments/tracking outages are minimised. If one applies a
management policy based on operating the network to average performance
requirements (i.e. supply-side focus) no individual customer/user will be satisfied
during outages. If, however, one applies a demand-side focused service policy, the
users/customers can sign-up to prioritised services, knowing that the system is

operated according to firmly-controlled service priorities.



EGNOS service management issues

The critical aspects for EGNOS service provision will arise in service management —
that is, how the users or customer-facing service providers will interface with the
upstream service providers and system administrator. Once EGNOS-based services
involving fees and contractually-binding service level agreements become more
widespread the provision of information to users and downstream service providers
along with service-level based administration of the GNSS systems will become
significantly more important than under the current regime of free-to-air GPS signals-
in-space where the system administrator accepts no liability for the application of the

signals.

The basic structure for service management establishment and ongoing provision is

illustrated in figure 1.

Figure 1: Basic service management structure

Service provision is essentially the route(s) by which information generated in the
EGNOS ground system is transferred to users, who make operational use of the real-
time navigation data and associated information concerning service outage,
performance, and upgrade, amongst other issues. The service provision routes may
be multi-tiered, incorporating information re-selling where intermediate re-sellers add

value to the offering downstream. Each level is characterised by Service Level



Agreements (SLA), which are contractually enforceable and entail the allocation of
liability and the transfer of funds. Once the process for funds transfer and liability
allocation is known, then the service provision architecture and its associated
regulation can be detailed. In the following discussions we identify the concept of the
EGNOS Signal & Data Provider (ESDP), which is the organisation that will come into
being to deliver the EGNOS SIS to air.

Various arrangements can be envisaged for the relationships amongst the ESDP,

users, applications providers & regulators. Such arrangements will have to address:

Service level guarantees to users, i.e. services provided on a fee basis or the
subject of contractually binding service level agreements.

The need to manage service levels to multiple user domains, including aviation,
maritime and land mobile users, with potentially varying or, at worst, conflicting
performance drivers.

The need to establish, audit & certify services provided.

Management of service levels will take into account system upgrades and engineering
changes designed to maintain, enhance and modernise the system over its lifetime —
in EGNOS case, a minimum of 15 years commencing in mid-2004. Outages during
normal in-service operations can be driven by preventive and corrective maintenance,
and updates to data and software. As a result, the ESDP must have Situational
Awareness (SA) regarding service margins, user domain operational impacts (where
several services are being provided to several user domains in parallel) and Decision
Support (DS) for, at least, maintenance deferments, upgrades/outage re-planning and

operations conflict resolution.

In order to identify the basic management process requirements pertaining to the
ESDP and lower-tier service providers and users interfaces we have undertaken a
case study covering the establishment, initiation and operation of GNSS-based

services in the maritime operational environment.



white paper Maritime service management case study

The overall institutional framework governing radio-navigation in the maritime sector is

well defined and rigorous. The key actors are identified as:

The International Maritime Organisation (IMO) responsible for:
Defining national obligations for the safety of navigation, principally through
the Convention on the Safety of Life at Sea (SOLAS)*
Defining specific navigation requirements, including those for satellite
navigation currently promulgated as IMO Assembly Resolution A915(22)2
Defining standards for onboard equipment, in conjunction with the
International Electrotechnical Commission
The International Association of Aids to Navigation Providers and Lighthouse
Authorities (IALA), responsible for:
Setting the standards for the provision of marine radio-navigation services
Initiating the definition of signal-in-space standards, principally through the
International Telecommunications Union (ITU) and the Radio Technical
Commission Maritime (RTCM)
The Member States (of IMO and IALA) that are responsible for implementing IMO
conventions and resolutions and IALA recommendations
Customers and users of radio-navigation services that are responsible for the
procurement, installation, operation, maintenance and integration of radio-

navigation systems on their vessels

For EGNOS, a key part of the process for provision and use of services will be the
recognition and standardisation process — EGNOS must be recognised as part of the
World-Wide Radio-Navigation System in order for it to be used in the maritime sector
and for the necessary standards to be developed. The key first element in the
process is achieving recognition by IMO. Previous examples of this type of
recognition are limited to GPS and GLONASS, both of which achieved recognition in
1996.

! The Convention on Safety of Life at Sea (SOLAS), Chapter V
2 “Revised maritime policy and requirements for a future global navigation satellite system (GNSS)”,
Resolution A.915 (22). 22 January 2002.



The GPS recognition was made on the basis of recommendations of the IMO Sub-
Committee on Safety of Navigation (NAV) at its 41% Session in September 1995, that
the systems met the operational requirements laid down in Resolution A.815 (19)° for
general navigation in some waters. The rules for recognition are specified in
Resolution A.815 (19). The requirements for provision of information needed to
support the recognition process include a statement that the system is operational and
available, the definition of the coverage area, supporting technical information
(presumably including the SIS interface control specification), and an undertaking to

notify the IMO in due time of any planned system changes.

This information will be assessed by the NAV Committee against a set of broad

criteria also specified in Resolution A.815 (19) and including the questions:

Has the provider stated formally that the system is operational and available for
shipping?

Is continued service provision assured?

Does the system meet requirements in the specified coverage area?

Are arrangements in place for publication of status and characteristics?

Are arrangements adequate should changes be introduced?

In summary, the following technical requirements can be derived relating to systems
and processes to be established and maintained during service operations to ensure

recognition:

1. What systems and processes must be in place to ensure that the coverage area
and projected system performance(s) can be communicated to the user
operational domain;

2. What arrangements (and systems) are put in place to ensure that the ESDP has
continued situational awareness of the service levels pertaining to the several
user service domains that may be supported;

3. What decision-support tools are available to ensure the ESDP (and lower-tier

service providers) can identify impacts of system outage in the service operational

% “world-Wide Radio-Navigation System”, Assembly Resolution A.815 (19), 1995.



domains such that system operations can be conducted to minimise the impact of

outage(s) across the service coverage volume.

GNSS systems operating constraints

The EGNOS deployed system delivers the Signal In Space (SIS) via three Geo-
stationary Earth Orbit (GEO) spacecraft — Inmarsat AOR-E, Inmarsat IOR and the
European Space Agency ARTEMIS spacecraft. Alternative means of data delivery
can be envisaged and are under consideration such as SIS via the Internet. As a
result, the service provision interface may become a multi-provider to multi-user

interface with the consequent complexity of data management and distribution.

The main features of the EGNOS deployed system (see figure 2) are that the 34 RIMS
— Ranging and Integrity Monitoring Stations — track the GPS, GLONASS and GEO
(all-in-view) and transfer data to the CPF — Central Processing Facilities —
accommodated in the Mission Control Centres (MCC). The CPFs process and format
the Navigation Overlay Frame (NOF) — a set (message) of corrections for system and
environmental effects on the GPS, GLONASS & GEO signals in space — and
distributes it to all 6 NLES — Navigation Land Earth Stations for uplink to the 3 GEO
spacecraft which broadcast the SIS throughout the coverage area(s). The MCCs also
accommodate the Central Control Facilities (CCF), which provide monitoring and

control service for the whole distributed ground network.

Figure 2: The EGNOS deployed system



The NOF corrections can be summarised as:

UDRE - the User Differential Range Errors, which are estimates of the errors in
broadcast GPS, GLONASS and GEO ephemerides (including clock timing
offsets);

GIVE - Grid lonospheric Vertical Errors, which are estimates of the errors induced
in the GPS, GLONASS and GEO signals propagation times by the upper

atmosphere.

In both cases, the fidelity of the UDRE and GIVE estimates for any user within the
coverage area is governed, primarily, by the geometrical relationship between the
RIMS monitoring network and the space segment elements (spacecraft). Hence, the
performance (in terms of accuracy and integrity) that can be extracted from the SIS is
dependent on the user position within the coverage area and with respect to RIMS
assets currently in-service. ASSET OUTAGE is the critical driver for USER
PERFORMANCE.

In figure 3, below, we present an estimated service coverage chart for a nominal RIMS
network in the EGNOS system. The salient feature is the provision of Horizontal
Navigation System Error (HNSE) performance at a level of 3-4 metres (95%)

throughout the core European service area.

Figure 3: RIMS network, nominal HSNE (95%)

Figure 4 (see page 9) illustrates the effect of several RIMS in maintenance, i.e.
providing reduced coverage for GIVE and UDRE corrections for users in the degraded

performance areas. Note that whilst we have shown four RIMS in maintenance in the



periphery of the coverage zone, the local performance is driven by the removal of the
closest RIMS monitoring station. For example, the key outage is that of the RKK
(Reykjavik) RIMS in Iceland that creates the decreased performance for the United

Kingdom & Ireland area(s).

Figure 4: RIMS network in maintenance HNSE (95%)

The majority of the landmass area and coastal shipping routes are served with a
nominal accuracy of 3-4 metres with some coverage at 4-6 metres HNSE (95%). We
now focus on the area bounded by the red rectangle, covering the UK, Ireland,
Northern France (Pas de Calais & Normandy), Belgium and the Netherlands. In
particular, the English Channel is a sea area of extremely high intensity of shipping
operations with several major international ports throughout the area. Also, the North

Sea contains areas of high-intensity, offshore oil and gas industry operations.

As a result of the RIMS outages the service performance is reduced to 8-11 metres
HNSE (95%) for the Area#1 (down from 4-6 metres) and 6-8 metres for the Area#2
(down from 3-4 metres). These degradations will affect operations that use EGNOS
particularly in harbour entrances, ports, confined channels and when approaching
offshore platforms where Required Navigation Performance (RNP) is of the order of 8-

20 metres (and 2-4 metres for berthing).

In summary, it is the asset/facility service outages that must be managed,
characterised and reported to the user operational domains in a timely and efficient
manner to ensure that service level agreements are correctly executed and service

performance meets the intended requirements imposed by the certification authorities



(e.g. IMO). In the next section, we provide some use case analysis results to enable
the basic requirements for service management tools to be derived, followed by an
example of a prototype service management graphical user interface concept to

support service management tasks.

Use case: asset outage management

The key actors/roles involved in the “asset outage management” process for the
EGNOS deployed system are (a) the ESDP as system administrator, (b) the EGNOS
regulatory/supervisory body, (c) lower-tier service providers and (d) operational users.
The objective of asset outage management is to ensure the minimum performance
impact on the minimum number of users over the minimum duration. A secondary
objective is to ensure that all roles/actors have the requisite visibility of the outage(s)
and their persistence. Figure 5 (see page 11) illustrates the use case role/activity

diagram for the asset outage management process linking the principal actors/roles.

In the specified use case there are four user roles, namely the ESDP engineering
function, the ESDP operations function, the regulator and the user/lower-tier service
providers. The use case is triggered by the event = engineering_upgrade_specified
and proceeds via the normal notification of the upgrade to regulator and users alike,
followed by the preparation of the system for upgrade deployment and test. The
complicating factor is that during the period in which the system is configured for
upgrade a further contingency event occurs. A decision is then required in real-time
concerning whether (a) to continue, i.e. No Conflict or Yes Conflict & Defer
Maintenance, (b) whether to roll-back, i.e. Yes Conflict & Roll-back. The use case
process follows two paths and re-converges at the notification to users/lower-tier
service providers with the proviso that the case (a) results in an upgraded system and

case (b) results in a rolled-back system.

In either case the critical task occurs when the ESDP operator must execute the task
Assess Conflicts in real-time and achieve a clear decision on whether to defer the
maintenance tasks (not shown as a role in this model) or whether to continue or
whether to roll-back the system to its original configuration. The decision must be
taken on the basis of services to be provided in the user operational domains and

depends on the operational performance required, the levels of liability/commitment



white paper and the service priorities. Then, it is apparent that a suite of service management and

decision support tools is required:

1. To generate the required information concerning current and predicted service
performance.

2. To enable current/predicted service performance to be compared with service-
level agreement priorities.

3. To enable the operator/decision-maker to visualise the comparisons and to arrive
at a decision concerning upgrade continuation, rollback and/or maintenance
deferment.

Figure 5: Use Case Role/Activity Diagram for Asset Outage Management



Systems, platforms, tools & information requirements

The service management function must meet the following requirements derived from
the service recognition definition and the various operational use cases (see example

provided above):

1. Adequate arrangements for notification of status and characteristics to
users/lower-tier service providers & regulators shall be made should changes be
introduced into the system

2. Systems and processes shall be established to ensure that the coverage area and
projected system performance(s) can be communicated to the user operational
domain and compared with service-level agreement priorities

3. Arrangements (and systems) shall be put in place to ensure that the ESDP has
continued situational awareness of the service levels pertaining to the several
user service domains that may be supported

4. Decision-support tools shall be available to ensure the ESDP (and lower-tier
service providers) can identify impacts of system outage in the service operational
domains such that system operations can be conducted to minimise the impact of

outage(s) across the service

We have identified a service management concept that meets these stated
requirements (see figure 6, page 13). It integrates service performance data (current
and predicted) with service contracts data and provides a service management engine
and decision support toolkit. It functions by executing a service performance estimate
via the Service Performance Engine (SPE) based on current system status, measured
performance status, actual planned system status and projected system status. Then,
service performance predictions are filtered/compared with respect to service
contracts/priorities information via the Service Management Engine (SME) to allow

information to be presented to the operator/service manager in real-time.

The SME input is managed via a set of Geographical Information Subsystems — one
for each major operational domain — to enable the service contracts, user
demographics and other operational information to be mapped into the geographical
performance (current and predicted) of the EGNOS system. In figure 7 (see page 13),
we provide a view of a prototype operator/service management graphical user

interface that would implement the maritime GUI. The decision-maker will require an



indication of the system performance overlayed on a typical maritime operational
chart. Icons will be overlayed to indicate operational locations such as harbours,
shipping lanes, offshore platforms and other relevant information pertaining to the
various service levels/contracts. A service priority tool will enable the services to be
visualised and characterised and a service impact tool will provide real-time
information concerning the service impacted by outages and other service

interruptions.

Service management concept
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Figure 6: Service management information systems concept

Figure 7: Prototype maritime service management GUI



Conclusion

In conclusion, we have identified the issues relating to EGNOS service management,
identified maritime operational issues, translated these issues into requirements for
information-transfer to users (and service providers) in the operational domains and

specified a set of general requirements for service management and support tools.

The operation, maintenance and upgrade of systems such as EGNOS, which provide
operational services for a wide-range of multi-modal domains across extensive
geographical regions, will be challenging and can be met in part by the efficient use of

service management, decision support and information management tools.



