
AMCP/5-WP/72

Appendix A to the Report on Agenda Item 5 5A-1

APPENDIX AAPPENDIX A

REPORT OF THE FEASIBILITY STUDY ON THE USE OFREPORT OF THE FEASIBILITY STUDY ON THE USE OF
NEXT-GENERATION SATELLITE SYSTEMS FORNEXT-GENERATION SATELLITE SYSTEMS FOR

AERONAUTICAL MOBILE SATELLITE (R) SERVICE (AMS(R)S)AERONAUTICAL MOBILE SATELLITE (R) SERVICE (AMS(R)S)

1. IINTRODUCTIONNTRODUCTION

1.1 This report summarizes the findings of AMCP Working Group A regarding the feasibility of
using next-generation satellite systems (NGSS) for the aeronautical mobile satellite (route) service
(AMS(R)S).  Feasibility, in the context of this report, represents a judgment that an NGSS is capable of
meeting certain criteria, as distinct from acceptability which implies a demonstrated verification.  In time, as
additional data becomes available, the performance of the candidate systems will be used to determine their
ultimate acceptability for AMS(R)S.

1.2 The NGSS considered in this report are low earth orbiting (LEO) and medium Earth
orbiting (MEO) systems as there are no geostationary earth orbiting (GEO) systems proposed for
next-generation AMS(R)S at this time.  The evolutionary changes to the existing GEO AMSS system are
already being addressed in ICAO and are not addressed in this report.

1.3 LEO systems use constellations of satellites that orbit at distances between 700 and 2 000
km.  The two LEO systems under consideration, GLOBALSTAR and IRIDIUM, use forty-eight and sixty-six
satellites, respectively, in their constellations.  MEO systems satellites orbit at around 10 000 to 11 000 km.
The two MEO systems considered, Boeing and ICO, use sixteen and ten satellites, respectively, in their
constellations.  Boeing and IRIDIUM have announced the intention of providing aeronautical safety services.

2. EEXPECTATIONS OF XPECTATIONS OF NGSSNGSS FOR AVIATION FOR AVIATION

2.1 The justification for embarking on the feasibility study is the expectation that NGSS will
provide the benefits of:

a) increased capacity for aviation;

b) improved performance and safety;

c) global coverage including polar areas;

d) economic benefit through service provision competition and lower equipment costs;

e) smaller and lower power aircraft equipment; and

f) broad aviation use of satellite communications.



AMCP/5-WP/72

5A-2 Appendix A to the Report on Agenda Item 5

2.2 Rapid advances in technology are enabling system architectures that offer performance
improvements for data and voice communications.  For NGSS, this is manifested in the new constellations
that will provide global coverage to small, low-power user terminals.

2.3 LEO/MEO designs use smaller spot beams at the Earth's surface; this results in improved
spectral efficiency, as greater frequency re-use is possible.

2.4 NGSS allow complementary modes of communication by providing complete path diversity.
This could allow increased flexibility in situations where redundant communications services are necessary to
achieve a certain operational performance in a specific airspace.  Carriage of multiple AMS(R)S equipment
could be necessary to achieve this benefit.

2.5 Economic benefits are expected to be obtained through service provision competition, and
lower equipment and operating costs accruing from substantial absorption of base system costs by commercial
traffic.

2.6 NGSS will address the needs of smaller aircraft, leading to the potential for universal
equipage, hence common communications, navigation, and surveillance/air traffic management (CNS/ATM)
procedures and a higher level of safety.

3. CCONSIDERATION OF FEASIBILITY ISSUESONSIDERATION OF FEASIBILITY ISSUES

3.1 While some NGSS are in advanced stages of concept design and implementation, others are
less so.  Consequently, the levels of available detail regarding these systems characteristics varied widely.  To
date, two NGSS providers have declared their intention to provide AMS(R)S safety communications and
non-safety aeronautical communications.

3.2 During the preparation of this report, the issues considered were identified by the working
group, the AMCP Secretary and those included in the “Terms of Reference for the NGSS feasibility study”.
The key considerations were:

a) compliance with AMSS SARPs;

b) spectrum availability and interference protection;

c) technical considerations of coverage and capacity;

d) service interoperability; and

e) economic viability.
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3.3 AMSS SARPs complianceAMSS SARPs compliance

3.3.1 The current AMSS SARPs are:

a) applicable to “near-GEO” satellite communication systems;

b) specific to current implementations; and

c) not applicable to the NGSS considered in this report.

3.3.2 Detailed review indicates that many of the general, regulatory, data performance, voice
performance and interface SARPs may apply with wording modifications for NGSS.  Specifically, one State
introduced a paper containing a detailed study of the 642 paragraphs of the existing SARPs.  Analysis of
these paragraphs and related tables, figures, etc., determined that 191 paragraphs could be considered
fundamental to a generic SARPs structured under the new ANC guidelines.

3.3.3 It was further determined that the remainder of the SARPs text was specific to the current
AMS(R)S system, e.g., specifying internal protocol and interface details.  The remainder of the SARPs does
not affect the generic SARPs defined above and would have to be generated to address the characteristics of
a specific NGSS.  Accordingly, it is considered unlikely that a NGSS could or would conform to the existing
AMSS specifications.  Furthermore, it is recognized that some of the system-specific material would need to
be incorporated in the SARPs only if one would require interoperability between existing avionics and an
NGSS; it was deemed unlikely that such interoperability could be achieved.  This is a matter to be further
studied if and when detailed development of NGSS SARPs and/or generic SARPs is decided to be
undertaken.  Should development of generic SARPs be selected, it was further suggested that their scope
should be limited to the specification of the high level requirements needed to assist States and air traffic
services (ATS) operators in procuring NGSS communications services.

3.4 Spectrum availability and interference protectionSpectrum availability and interference protection

3.4.1 In order for an NGSS to provide AMS(R)S, several spectrum issues must be considered,
including:

a) obtaining access to an AMS(R)S allocation;

b) sharing with non-safety communications; and

c) spectral compatibility of the NGSS with other systems.

These issues are being addressed through a combination of regulatory, spectrum management and NGSS
system design measures and will require continuing attention.

3.4.2 In accordance with the current ICAO policy to ensure protection of AMS(R)S
communications, the NGSS must operate in a frequency band(s) with an AMS(R)S allocation.  Furthermore,
these bands must be used either for AMS(R)S only, or shared with non-safety communications under an
approved access scheme that caters to priority, precedence and pre-emption (PPP).  Similarly, the NGSS
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system resources must either be dedicated to AMS(R)S or made available to AMS(R)S through an acceptable
PPP scheme.  At a minimum, the PPP schemes must be equivalent to that included in the existing AMSS
SARPs.  One NGSS provider gave an overview on how it plans to implement such a scheme.

3.4.3 Any NGSS must be designed with in-band characteristics and out-of-band emission controls
to ensure protection of other aeronautical communications, navigation and surveillance systems, including
consideration of aircraft environment.  This protection should take into account technical performance, within
band co-ordination process and out-of-band emission controls.  An explicit issue that must be addressed is the
compatibility of candidate NGSS with adjacent GNSS band.

3.5 Technical considerations of coverage and capacityTechnical considerations of coverage and capacity

3.5.1 The NGSS under consideration vary widely not only in terms of satellite footprint, but in the
techniques used to obtain coverage within that footprint.  The fact that they are “non-GEO” introduces a
number of new system considerations to be taken into account if SARPs are undertaken.

3.5.2 Three of the five NGSS provide total global coverage with spot beams, including the polar
regions.  In certain instances of NGSS, coverage is dependent on practical ground-station locations, and
coverage can be biased toward populous regions.  Current and projected GEO constellations do not provide
coverage over the Earth's polar caps.  With three to four satellites, a GEO (or near-GEO) constellation can
provide near global coverage including partial dual-satellite coverage.  One NGSS utilizes a constellation that
maintains symmetry of Earth coverage independent of longitude and latitude, and theoretically could provide
global connectivity with a single ground station.

3.5.3 Projections indicate that current- and intermediate-term AMS(R)S requirements can be met
by planned NGSS capacity with appropriate priority and pre-emption mechanisms.  Longer-term aviation
needs, which might include safety communications in continental airspace, require reassessment in the light of
evolving thought regarding communications, navigation, and surveillance/air traffic management (CNS/ATM)
and actions regarding AMS(R)S spectrum in the International Telecommunication Union.

3.6 Service interoperabilityService interoperability

3.6.1 By nature of their design, the NGSS under consideration will use different frequencies,
protocols, avionics, satellites and ground-based equipment for the satellite sub-network than the current
AMSS SARPs and, thus, they are neither inter-operable with the current AMSS SARPs nor amongst each
other.  As a result, a number of system-specific standards would be required, and the carriage of multiple
equipment on aircraft might also be required.

3.6.2 The NGSS must be capable of being used as an air-ground ATN subnetwork.

3.6.3 The NGSS must be capable of voice operation providing at least direct pilot controller
emergency and non-routine communications.

3.6.4 One NGSS provider has assured the group that the above ATN and voice capabilities will be
provided.  Another NGSS provider has filed with the United States Federal Communications Commission
(FCC) for a license to provide ATN data capability (as well as its own GNSS augmentation capability).
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3.7 Economic viabilityEconomic viability

3.7.1 The introduction of NGSS AMS(R)S providers is attractive to aviation as it implies potential
benefits to airspace users and air traffic management providers.  In view of the increased price competition,
the expected benefits include driving down the costs of equipment acquisition and of service usage; recent
indications of list prices for acquisition of INMARSAT/AERO-I or IRIDIUM avionics point to a decrease in
cost by a factor of the three to four compared to the first generation of AMSS/AERO-H.

3.7.2 The cost-of-ownership benefits to currently AMSS-equipped aircraft are difficult to quantify
because there are cost of acquisition as well as cost of use factors.  NGSS are not interoperable with existing
systems complying with current AMSS SARPs and require specific avionics and ground-based equipment
installations.  When operations require independence of communications systems, NGSS may provide the
desirable flexibility.  Carriage of multiple AMS(R)S equipment is thus a possibility that must be considered.
Multiple carriage would increase the total cost of acquisition; however, competition is likely to decrease the
cost of usage of both systems and so the total cost of ownership may well be less.

3.7.3 The concern was raised that technological changes arising from non-aviation user
requirements may impact aviation users.  One NGSS provider has stated their intention to provide backward
compatibility and possible upgradeability in their system design.

4. CCONCLUSIONSONCLUSIONS

4.1 Following a review of the available information on NGSS, it is concluded that the use of
NGSS for AMS(R)S is feasible.

— — — — — — — —


