
* The terms Data-1, Data-2, Data-3, and Voice-2 refer to equipment meeting the corresponding specifications in the
Inmarsat System Definition Manual (SDM).
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Agenda Item 4:Agenda Item 4: AMSS validation processAMSS validation process

4.1 GGENERALENERAL

4.1.1 Much work was dedicated in Working Group A (WG-A) towards the Standards and
Recommended Practices (SARPs) validation.  Test data have been obtained indicating that the great majority
of the physical layer requirements have been met in practical equipment.  Work in developing computer models
has resulted in a thorough review of the link-layer, subnetwork-layer, circuit-mode, and management protocol
requirements and has ensured that these are complete and unambiguous.  The simulations have also validated
the packet-data performance requirements.  A subnetwork-layer implementation has been developed and has
been interfaced with a Data-2* aircraft earth station (AES), thereby creating a nearly SARPs-compliant AES
system.  Static testing of this AES system with a Data-3 ground earth station (GES) operating through an
Inmarsat satellite has yielded performance data consistent with SARPs requirements.  Flight tests have shown
proper operation of the entire AMSS satellite subnetwork, including packet-data and circuit-mode-voice
services.

4.1.2 The validation of every paragraph of the SARPs has been completed successfully and
documented in a validation cross reference matrix.

4.1.3 Only the English language version of the SARPs has been validated.

4.2 DDESCRIPTION OF THE VALIDATION ACTIVITIESESCRIPTION OF THE VALIDATION ACTIVITIES

4.2.1 BBACKGROUNDACKGROUND

4.2.1.1 The development of the draft Standards and Recommended Practices (SARPs) for the
aeronautical mobile-satellite service (AMSS) was begun by the Aeronautical Mobile Satellite Service Panel
(AMSSP) and continued under the Aeronautical Mobile Communications Panel (AMCP).  These panels tasked
Working Group A to develop complete and validated draft AMSS SARPs and guidance material.  Both these
tasks have been completed.

4.2.1.2 The main purpose of the draft AMSS SARPs is to ensure that aircraft earth stations (AESs)
will interoperate correctly with ground earth stations (GESs), and that the performance of the satellite
subnetwork will be suitable for use with communications involving safety and regularity of flight.  The draft
AMSS SARPs initially drew heavily on material from the Inmarsat System Definition Manual (SDM).  However,
as the SDM contained implementation-specific information, the draft SARPs were developed to be less
constraining while still defining unambiguously those features which are required to support safety and regularity
of flight service requirements.  The draft AMSS SARPs provide requirements at a higher level than the SDM,
and allow substantial freedom in developing cost-effective designs for specific implementations while still
ensuring inter-operability.
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* AMCP/3 deleted the material in Appendix G and added to the SARPs a reference to ITU sources for the country
codes.  Appendices H and I were then redesignated Appendices G and H.  This report utilizes the original
designations without changes.

4.2.1.3 Because of the broad representation in the panel activities, the SARPs requirements represent
a broad consensus, and it is expected that satellite system providers, GES service providers, and AES
manufacturers will provide equipment and support to bring into being a fully SARPs-compliant AMSS service.

4.2.1.4 The AMSS satellite subnetwork provides both packet-data and circuit-mode voice services.
The packet-data service is compliant with the aeronautical telecommunication network (ATN) through the
definition of an interface based on the ISO 8208 subnetwork access protocol.  For circuit-mode voice services,
voice and signalling interfaces are defined in such a way that implementors have needed flexibility in
implementation.  A specific voice-encoding-decoding algorithm is defined.

4.2.1.5 The AMSS system utilizes sophisticated digital modulation, coding, and protocol techniques,
which must be specified in considerable detail, in order to ensure the aforementioned interoperability.  The
protocol interactions are essentially interactions of independent state machines.  The SARPs descriptions of the
state machines are given in textual form, supplemented by state tables where appropriate.  Because of the
extensive use of plain text, a reader can appreciate the operation of the protocols without being required to
master the intricacies of a formal protocol-specification language.

4.2.1.6 The AMSS SARPs were organized into sections and appendices as shown in Table 4-1 below.*

(See report on Agenda Item 2 for the complete SARPs).

4.2.1.7 Sections 1 to 4 of the SARPs contain the “physical layer” requirements, which include
definitions of modulations, codings, data formats, power settings, interference tolerance, and interference
generation limits.  Sections 5 to 7 contain the requirements for the communication protocols for signalling and
packet-mode data.  Section 8 contains the protocol requirements for the circuit-mode services.  Sections 9
to 10 contain the requirements for the management functions, including procedures for logging on and off,
controlling power, and assigning channels.  Appendices A and H present the definitions of technical terms and
acronyms used in the SARPs.  Appendices B and C define the signal units that are transferred back and forth
by the protocols in Sections 5 to 6.  Appendix D provides a listing of nominal values for timer limits that are
utilized to reset these protocols when communication progress would otherwise be stalled.  Appendix E provides
tables showing the conversions between circuit-mode telephony interworking units (FITEs and BITEs) and
link-layer interface control information units (LICIs).  Appendix F provides numerical values for three
circuit-mode configuration parameters.  Appendix G defines the country codes to be utilized in providing
circuit-mode services.  Appendix I defines the voice encoding/decoding algorithm to be used in providing
circuit-mode services.  The amount of material (as measured by the approximate number of pages) in each of
the sections and appendices is illustrated by the bar chart in Figure 4-1 below.

Figure 4-1.  Sections and appendices in AMSS SARPsFigure 4-1.  Sections and appendices in AMSS SARPs
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Table 4-1.  AMSS SARPs sections and appendicesTable 4-1.  AMSS SARPs sections and appendices

Sec.Sec. TitleTitle No. ofNo. of
pagespages

1 General, definitions, and system capabilities  4

2 Broad-band RF characteristics  8

3 RF channel characteristics  5

4 Channel format, types, and rates 18

5 Link-layer P channel and R channel protocols 11

6 Link-layer T channel and sub-band C channel
protocols

12

7 Satellite subnetwork layer 63

8 Circuit-mode services 31

9 Aircraft earth station (AES) management 10

10 Ground earth station (GES) management 14

App.

A Glossary of terms and definitions  6

B Signal unit formats 38

C Signal unit field codings and definitions 25

D Time-out values  4

E Interworking telephony event mapping 42

F AMS(R)S circuit-mode configuration parameters  1

G Country code encoding values for circuit-mode
services terrestrial numbering plan

 5

H List of acronyms 3

I Voice encoding algorithm definition 25
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4.3 VVALIDATION GOALS AND APPROACHESALIDATION GOALS AND APPROACHES

4.3.1 WG-A reviewed the planning and results of activities under way throughout the world to
validate the AMSS SARPs.  Through a subgroup specifically established to co-ordinate the activity, monitor
progress, and review results, a comprehensive set of validation information was assembled and reported to
WG-A.  This report contains a summary of this information.  This validation activity is considered to have been
completed successfully.

4.3.2 The goals of the validation programme were to ensure that the draft AMSS SARPs are
unambiguous, and correct, and that systems conforming to the SARPs can be produced which are cost effective
in providing communications relating to safety of flight.

4.3.3 Although it is considered desirable for the SARPs to permit freedom in design choices, valid
SARPs must not exhibit ambiguity that could result in systems with unacceptable behaviour.  Similarly, the
SARPs must be correct in the sense that resulting communications systems will always continue to function,
even in the presence of random errors in transmission of signal units.  This correctness ensures interoperability
of AESs with GESs.  The cost-effectiveness criterion, is one that is not normally part of a formal validation
programme, but was considered to be important by the working group.  Here cost-effectiveness is meant to
imply that there is a consensus of industry and users that equipment can be produced which will have a market,
and that the communications system performance will be useful for air traffic services.

4.3.4 During the validation activity several problems were uncovered in the SARPs which resulted
in proposals for amendment.  A rigid change control procedure was applied.  The draft SARPs contained in
this report incorporate all the amendments.

4.3.5 The techniques used for the validation programme were inspection, use of manufacturers' data,
analysis, simulation, monitoring, and testing.  Each paragraph of the SARPs was validated individually using
one or more of the above methods, as needed.  For most paragraphs, supplementary validation evidence was
obtained through the use of additional methods.  Upon completion of the validation of each paragraph, the
primary technique used for its validation was noted in a document called a validation cross reference matrix
(VCRM), which is summarized in the appendix (see the appendix to this report).  For some paragraphs more
than one primary technique was used because of the multifaceted nature of the requirement stated therein.  All
paragraphs and notes were validated, including SARPs requirements, recommendations, and notes.  

4.4 VVALIDATION RESULTSALIDATION RESULTS

4.4.1 The techniques used for validation of the SARPs sections are summarized in Figure 4-2 (which
is an extension of Figure 4-1).  In this figure, the horizontal bars show the application of specific validation
techniques to the individual SARPs sections and appendices.  (Because the appendices are incorporated by
reference into the individual SARPs sections, it is somewhat redundant to show the appendices in this figure;
however, because they are so voluminous and important, they are shown in the figure in order to enhance the
understanding of the validation effort and its completeness).



AMCP/3-WP/53

Report on Agenda Item 4 4-5

Figure 4-2.  Summary of techniques used for validation of AMSS SARPs sectionsFigure 4-2.  Summary of techniques used for validation of AMSS SARPs sections

4.4.2 Summaries of the validation efforts are provided in the following paragraphs.

4.4.3 As shown by the first bar (partly white and partly shaded) in Figure 4-2, the inspection
technique was used in validating every section and appendix.  This was done because there were scattered
paragraphs (some being only headings) where validation could be assured through application of simple logic
based upon commonly known information or information supplied in other sections of the SARPs.  Moreover,
all the paragraphs of the SARPs were inspected for lack of ambiguity.  As shown by the shaded areas in the bar,
inspection was the primary technique used for validation of Appendices A, F, and H.  Appendices A and H
contain only definitions of terms and acronyms.  Appendix F contains only some integer parameters which can
be determined to be correct by inspection.

4.4.4 Manufacturers' data were used for the validation of most of the paragraphs of Sections 1 to 4,
for some of the performance requirements in Section 8, and for the hardware and control-loop aspects of the
transmit power control requirements of Sections 9 and 10.  Manufacturers' data were also used for validation
of the “P channel degradation/loss” definition in Appendix A to the SARPs, and the specific bit structure of the
signal units defined in Appendices B and C.  In almost all cases, the data showed that equipment had been built
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and tested which met the SARPs requirements.  Supporting data were obtained from Inmarsat satellite access
approval tests, modem testing by Canada and type acceptance applications to the United States FCC.
Co-ordination of the data was accomplished by the United States.  In some cases, where such rigorous evidence
was not available, the general consensus of the industry, as reflected in the RTCA MOPS, was used as evidence
that such requirements can be met with equipment which is planned to be built.  In order to circumvent
restrictions on the availability of proprietary data, certifications by independent observers were used as evidence
of supporting test results.  Through discussions in the working group and through liaison with RTCA SC-165,
it was established that Inmarsat, communications service providers, and AES manufacturers had agreed that
the SARPs requirements can be met with cost-effective equipment and systems.

4.4.5 Analysis was used for validation of several paragraphs in Sections 1 to 4.  This work was
accomplished by the United States and Canada.  The analyses showed that the requirements could be met by
application of standard design techniques.  Analysis was also used to show that the packet-data performance
requirements in Section 7.2 can be expected to be met with reasonable channel loadings under worst-case bit
error rates;  this validation evidence was used as supplementary confirmation of the simulation results for
packet-data performance.  Analysis was also used to confirm that the interactions of the ISO 8208 protocols
(as specified in Section 7.4) with the interworking function (IWF, as defined in Section 7.5) cannot cause any
deadlocks or infinite loops which would result in suspension of data flow.

4.4.6 Simulation was the primary technique used for validation of the communications protocol
requirements.  All of the communications protocols, except the ISO 8208 protocols (validated separately), were
implemented by the United States in a computer simulation in strict conformance with the SARPs.  This entire
protocol suite (i.e. the link-layer, subnetwork-layer, management-function and circuit-mode protocols) was
exercised in the simulation with two GESs, a number (in the order of 50) of AESs, a statistical model of
communications traffic flow, and a statistical model of signal-unit transmission errors.  Roughly 700 hours of
flight time were simulated, with nominal traffic loadings and maximum allowable signal-unit loss rates.  The
statistical performance of the communication system was determined under these conditions and found to be
reasonable in all respects, and within the requirements of Section 7.2.  For example, the measured transit delay
statistics were all within the maximum allowable values specified in paragraphs 7.2.2.2 to 7.2.2.3, as plotted
in Figure 4-3.  By collecting statistics on significant performance parameters (some specified in the SARPs and
others, such as log-on delay and voice call set-up delay, not specified) it was determined that the protocols
functioned as expected and without failure.  Hence, it was determined that practical protocol suites could be
constructed which conformed to the SARPs and functioned properly.  This procedure validated the protocols
and the performance requirements.
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Figure 4-3.  Transit delay requirementsFigure 4-3.  Transit delay requirements

4.4.7 Additional simulation efforts were also completed which provided supplementary evidence of
validation of the protocols and performance requirements.  A second computer simulation of the link and
subnetwork layers was developed by Inmarsat in accordance with the Inmarsat SDM, and it demonstrated
similar results to those obtained by the first (SARPs-compliant) simulation.  Furthermore, real-time
implementations of AES and GES SARPs-compliant link layer protocols were developed in separate computers
by Canada, and they were shown to interoperate properly in peer-to-peer communication.  A similar set of
protocols was developed in accordance with the Inmarsat SDM and was tested in the same way.  Then the
SARPs-compliant protocols were tested operating with SDM-compliant protocols.  All combinations were tested
and were found to operate properly.  Transfer delays were approximately as expected and were well within those
specified by the SARPs for the full AMSS system.  Other activity included the implementation by France and
EUROCONTROL of the link, subnetwork, and management-layer protocols in accordance with the SARPs in
a computer simulation which was designed to search for protocol deadlocks.  It was concluded that the SARPs
protocols were correct.

4.4.8 The coding effort associated with all of the above-mentioned SARPs-based simulations served
to ensure that the SARPs protocol specifications are free of ambiguities.  (In fact, a number of ambiguities were
detected in the original version of the SARPs and were removed by modifying the wording.)  The result of the
simulation efforts was a complete validation of all of the SARPs protocols, except for the 8208 DCE
requirements, which were validated by analysis and testing.  The simulation efforts also validated most aspects
of Appendices B to E because signal-unit tokens were passed successfully back and forth in the simulations.
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* The terms Data-1, Data-2, Data-3, and Voice-2 refer to equipment meeting the corresponding specifications in the
Inmarsat System Definition Manual (SDM).

4.4.9 A subnetwork-layer unit, incorporating the subnetwork-layer protocols, including almost all of
the ISO 8208 subnetwork access features, was developed by the United States.  Tests using this unit confirmed
peer-to-peer communications and completed the validation of the 8208 protocols operating in conjunction with
the interworking function.

4.4.10 Another activity involved the development by the International Society for Aeronautical
Telecommunications (SITA) of a SARPs-compliant subnetwork-layer gateway that incorporated the
subnetwork-layer protocols, interfacing it to a Data-2 AES*, and demonstrating its operation through a satellite
and a Data-3 GES.  This test provided important supplementary validation data by demonstrating a packet-data
system with all protocol layers (physical, link, subnetwork, and management) operating in a practical
environment with a stationary AES.

4.4.11 A monitoring programme was conducted by the United States wherein signal units broadcast
by a GES were monitored for technical consistency with SARPs packet-data requirements.  This programme
provided important data on typical functioning of Data-1 and Data-2 AESs over a wide range of airline
operational environments.  The results of this programme showed that signal unit loss rates under operational
conditions were consistent with SARPs requirements.

4.4.12 Flight test programmes by the United States and the United Kingdom have supplied important
data for validation of the circuit-mode voice requirements.  These involved tests of the circuit-mode voice
services in flight tests with Data-2/Voice-2 AESs, and found the voice quality to be excellent.  These results
validated the voice encoding/decoding algorithm in Appendix I and validated the power control requirements
in Sections 9 to 10.  Additional confirmation of voice quality has been obtained from voice trials in co-operation
with commercial airlines.  These flight tests also provided supplementary indications of proper functioning of
the call set-up and related protocols, which were mostly SARPs compliant.  (The primary validation of these
protocols was through computer simulation.)

4.4.13 Flight tests by the United States, the United Kingdom and Japan, using Data-2 AESs (with
essentially SARPs-compliant physical layers, link layers, and management functions) have also supplied
important supplementary confirmations of the validity of the requirements in Sections 1 to 4, 5 to 6, 9 to 10,
and Appendices B to C.  The tests demonstrated proper functioning of the equipment and excellent performance
in communication of link service data units (LSDUs) under light channel loading conditions.  The equipment
tested, however, did not contain a SARPs-specified subnetwork layer.

4.4.14 Flight tests by Japan have also confirmed that the bit error rates specified in the SARPs can
be achieved in practical flight environments.

4.4.15 As a final step in providing supplementary validation data, a series of tests by the United States
demonstrated the performance in flight of all the required packet-mode protocols, including the subnetwork
layer.  For this series of tests, a Data-2 AES was interfaced to a PC in which was implemented a fully
SARPs-compliant subnetwork layer, thereby providing essentially the functionality of a Data-3 AES.  For these
tests a Data-3 GES was utilized.  The flight tests showed that the entire packet-data protocol suite required
by the SARPs operates qualitatively as expected under actual flight conditions.  This confirmation is not required
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for the completion of the validation programme, but provides an extra measure of assurance that no surprises
have been encountered during a demonstration of a system that is almost completely SARPs compliant.

4.5 WWORKING PAPERS PRESENTED ON ORKING PAPERS PRESENTED ON AMSSAMSS VALIDATION VALIDATION

4.5.1 The Rapporteur of WG-A presented the results of the last meeting of WG-A, held in
Annapolis, Maryland, United States, from 17 to 28 January 1994.  A summary of all validation activities was
given.  WG-A concluded that the validation of the SARPs was then complete.

4.5.2 The Rapporteur of the validation sub-group of WG-A presented a summary of the international
validation activities and results, as of the beginning of AMCP/3.  This presentation included a validation cross
reference matrix which identifies the primary techniques used to validate each paragraph of the SARPs, and
shows that all the paragraphs had been validated (see the appendix to the report on Agenda Item 4).

4.5.3 Additional documentation and recent results of activities in various States was provided.  These
are included in the summaries in Section 4.4 of this draft report.  All of this information was in support of the
conclusion that the validation of the AMSS SARPs is now complete, and were considered by the panel to offer
welcome supplementary confirming evidence.  This included details on the work by Canada (CRC) to validate
the physical and link-layer SARPs and the support by Greece for application of AMSS for air traffic services.
Also, a comprehensive summary by Japan on the bit error rates and data transfer delays observed in flight tests
was received with great interest.

4.5.4 The meeting was informed that at the present time the Russian Federation is developing various
classes of aircraft earth stations in accordance with the Inmarsat classification system.  In order to implement
air-ground data link exchanges via satellite communications channels, automated work stations with ADS
capability are being developed in co-operation with SITA.

4.6 CCONCLUSIONSONCLUSIONS

4.6.1 An international programme to validate the AMSS SARPs has been successfully completed.
Every section and appendix of the SARPs has been fully validated.  A validation cross-reference matrix (VCRM)
is provided in the appendix, (see the appendix to the report on this agenda item) which shows the primary
technique(s) that have been used to validate each SARPs paragraph.  Primary validation results have been
supplemented by additional confirming results in almost all cases.  Currently available commercial equipment,
suitably augmented to meet almost all of the SARPs requirements, has been demonstrated successfully in flight.

4.6.2 Following the review of the SARPs and guidance material contained in the report on Agenda
Items 2 and 3 respectively, the meeting agreed on the following recommendation:

RSPP Recommendation 4/1Recommendation 4/1  Amendment to Annex 10Amendment to Annex 10

That Annex 10, Volume I, Part I be amended to include the material contained in
the appendices to the reports on Agenda Items 2 and 3 respectively.
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The meeting was of the opinion that the publication of the AMSS SARPs and the guidance material should be
expedited to the maximum extent possible.

       


