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A WHITE PAPER ON THE INTERNATIONAL SATELLITE NAVIGATION SYSTEM (ISNS)

DEVELOPED BY INMARSAT

GENERAL DESCRIPTION

ISNS is based on the use of navigation payloads carried on the 12 (ten operational
plus two spares) satellites of I-CO Global Communications. The acronym “ICO",
from which the Company derives its name, stands for intermediate circular orbit,
specifically a six-hour orbital period (altitude 10,355 km), with an orbital inclination of
45 degrees. The satellite visibility footprint on the earth’s surface has a radius of
6,000 km. The ICO baseline constellation is depicted in Figure 1.
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Figure 1 : International Satellite Navigation System Concept

The ICO satellites are continuously in contact with a network of 12 ground stations.
called Satellite Access Nodes (SANs), each of which has a number of. tracking
antennas to enable seamless handover as the satellites move. This continuous
contact allows for positive real-time control of the satellites and data transmissions.

ISNS is an Inmarsat developed system which uses elements of 1CO
Communications’ system as well as other resources. The respective roles ¢f ICO
and Inmarsat should be separated in consideration of ISNS, in the same way that
certain Inmarsat communications services in the future may employ ICO elements.




The navigation payload is a hybrid, combining the advantages of stand alone
navigation satellites (that is, precise clocks-in-the-sky) with the innovation of civil
integrity augmentation satellites (which relay ground monitoring data in real time).

The primary or basic signal radiated by the navigation payloads will be at the GPS
L1 frequency, 1575.42 MHz. lts function is 1o relay wide area augmentation
messages applying to GPS (and, where provided, GLONASS). This signal will be
used by the WAAS, EGNOS, and MTSAT service providers; it operates at the same
250 bit/s data rate and a GPS C/A-type PN spreading code. Consequently, ISNS
serves to extend and enhance these systems by providing greater diversity and
redundancy of coverage.

A second (enhanced, value added services) signal will operate on a different
frequency in the 1200 to 1260 MHz band (TBD). It will have the same general
characteristics as the ISNS signal at L1 (including the identical PN code), but will be
capable of carrying a different data stream, also ground originated and also at 250
bits/s, including the exact same structure for the data and coding.

Although the ground-data-relay mode is the normal one, each satellite will be
capable of reversion to a GPS-SPS-compatible, Li-only, stand-alone navigation
mode: the signal provides navigation ranging but no real-time relay of ground data.

Both signals will provide received signal strengths to typical user receivers with
standard omnidirectional antennas which are similar to those in the WAAS -and
Inmarsat-3 navigation payload specification.

Service providers who will use the ISNS capabilities will come under two categories.
A regional-area service (RAS) provider (WAAS in North America, EGNOS in
Europe, MTSAT in Japan) has an extensive ground monitoring network and is
therefore capable of generating integrity messages as well as ionospheric grid data.
These are transmitted to users within the service region, over ISNS' ICO satellites
that are suitably located (at any given time) for serving the region, as well as over
geostationary augmentation satellites such as Inmarsat-3 and MTSAT. Although
the ICO satellites provide great benefits in terms of visibility compared to using
geostationary satellites alone for the same purpose, the functionality is exactly the
same in terms of wide-area augmentation. The wide area messages will be
transmitted only over the L1 channel.

A medium area or FIR (Flight Information Region) service provider will have ong or a
few monitoring stations, and will provide overall integrity/authorisation messages as
well as one zenith ionospheric delay estimate to users. These mesgsages will be
transmitted only over the second frequency channel. A service provider may
simultaneously provide these medium area augmentation service (MAAS)
messages directly to users, and also convey the raw monitoring data to a co-
operating regional-area provider, thus ensuring that integrity data are consistent
between RAS and MAAS transmissions that overlap in geographic coverage.

All service providers will interface with the ISNS network al designated points of
presence (POPs). The ISNS network will route each augmentation messageé o
several SANs, for transmission in near-real-time over one or more ICO satellit2s.
Master Control Stations (MCSs) operated by Inmarsat will have two major functions:




(a) manage/organise/assemble the various integrity and ionospheric data
messages for distribution; and,

(b) develop navigation data (satellite ephemeris and clock control) for the ICO
navigation payload navigation signal generator. : -

KEY ELEMENTS

2.1 The ISNS is not a stand-alone satellite navigation system. Although it fits
within the category of wide-area GPS augmentation via satellite, it is not a
replacement of or substitute for the in-place augmentation services, WAAS,
EGNOS, and MTSAT. Rather, it will provide the means of extending the WAAS and
similar systems in an evolutionary and seamless manner. These augmentations all
provide availability improvements through additional ranging signals; integrity by
means of ground generated and certified message transmissions; and ionospheric
measurement data to improve accuracy, availability, and integrity. The overall ISNS
concept is shown in Figure 2.

Figure 2 : International Satellite Navigation System Concept

2.2 Although the navigation or ranging clock is carried on-board, rather than
being on the ground at the uplink support station, in functional terms ISNS’ ICO
satellites are identical to sateilites used for WAAS/EGNOS/MTSAT, in the sense
that they provide a data relay capability. Each ICO satellite’s footprint is however
smaller than the footprint of a geostationary satellite’s earth coverage beam.




2.3 Since it is designed as a compatible additional capability, ISNS will use the
same signal, data, and message formats as WAAS, although some new message
types must be added to allow for the different orbital parameters and to permit the
medium-area forms of integrity and ionospheric data to be carried efficiently.

2.4  The ICO navigation payloads will transmit at two frequencies, with separate
data streams on each frequency. The two frequencies and channels:

(@) will provide greater data capacity (needed to serve both regional and
medium area requirements); and,

(b) will permit a new generation of civil, dual-freduency GPS receivers to
perform direct ionospheric calibration.

Assuming that navigation data' are not transmitted on the second frequency. this
signal is not useful for navigation ranging unless the L1 transmission from the same
satellite can be properly received and decoded. )

Even when the user has a suitable dual frequency receiver and is able to receive
both frequencies from the ICO navigation payloads, he will not obtain reliable higher
accuracies from the limited and variable number of ICO satellites in view. Additional
ionospheric data will still be required from a regional area service, from the zenith
ionospheric data in MAAS regions, and/or from local differential services. Therefore
a user is able to and authorised to obtain the improvements in availability, integrity,
and accuracy only in those regions for which service providers (national or regional)
choose to implement a suitable monitoring system and regional or medium area
data capabilities. Each service provider is able to modify or even discontinue the
authorisation transmissions at any time.

Service providers for both the regional and medium area categories are expected 10
be national or regional authorities (e.g., CAAs) or contractors specifically engaged
and authorised for the function. It should be noted that the ISNS operator,
potentially Inmarsat, does not provide the accuracy enhancing services, either in
wide or medium areas.

25  The US DoD is concemed about the potential national security implications
of provision of accurate satellite navigation.

In this respect, ISNS raises no fundamental new policy issues beyond those
introduced by the initial WAAS and its comparable augmentations elsewhere
(EGNOS and MTSAT). ISNS is intended to give the operators of these systems 2
means of improving availability and continuity of their services. ISNS provides
national and duly authorised regional service providers, therefore the governmental
controlling authorities, with a direct means for authorising or denying the accuracy
enhancing elements of the WAAS and MAAS services within their designated
boundaries.

Inmarsat, however recognises that the US government, and perhaps other
governments, have concerns over perceived threals to national security, and would
be pleased to discuss these matters within an intermational framework where the

* That is, data on the satellite's position in orbit, and clock offsets, required to use the signal for

ranging

e e




2.6

concerns of nations and intergovemmental organisations responsible for civil
transportation can be addressed.

In summary, ISNS provides:
a) the capability for Service Prdviders, such as the FAA, to improve and exteh&

their WAAS-equivalent services to users in their established service areas,
by means of an identical technique for data transmission over satellite; and,

b) a relatively local augmentation capability, consisting of an integrity message
and single ionospheric measurement, again using data transmission over
satellites.
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