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Initial re-structuring of the AMSS SARPs

Presented by the Secretary

1. Introduction

This paper presents an initial consideration of the re-organization of SARPs and related material for the AMSS, including a set of core Standards and Recommended Practices for the Aeronautical Mobile-satellite Service that is presently described in Annex 10, Volume III, Chapter 4.  This approach is consistent with the direction that was established at the ICAO Assembly 31st Session and refined at the 32nd Session.  Attachment 1 to this paper provides the relevant text of Resolution A32-14.  Particular attention is drawn to the Appendix to this Resolution, paragraphs 4, 5 and 6.

2. Structure of Core Standards & Recommended Practices

The SARPs may include the following sections:

Definitions applicable to the core SARPs 

This material may be extracted from the existing Volume III, 4.1.1.1 and later from the draft NGSS SARPs as applicable.  Other system specific definitions may be moved to the Manual.

System Description including sub-systems, service coverage, mandatory carriage, quality of service

This may include requirements that the systems meet the provisions that follow, that appropriate notification of mandatory carriage be given, and give high level requirements for the system architecture to include functions and structures such as Tx/Rx, data mod/demod, protocol and frequency control, coverage and quality of service, channel types and system capabilities.

Communication Protocol including physical, link and satellite sub-network layers and management functions.

This may include the Physical Layer (RF characteristics, functions, interfaces to the Link Layer and Management function), the Link Layer and the Satellite Sub-network layer.  In addition, AMSS management functions may be included.

3.  First Draft

A first draft of the re-structured AMSS SARPs is included as Attachment 3 to this paper for consideration.  Paragraph numbers and headings for text that has been removed for inclusion in the manual still appear for reference but will be deleted in a future version.

3. Manual of Detailed Technical Specifications for the Aeronautical Mobile-Satellite Service

This may include most of the technical specifications that are presently in Volume III except for high-level extracts used in the core SARPs.  In addition, Volume III Attachment A – Guidance Material for AMSS may be moved to the Manual.

The Manual may be organized in two sections, technical specifications and technical guidance, or as a combined text if there is a natural correlation between the specifications and narrative guidance.

4. Future work

Further refinements to the structure, content and language of the AMSS SARPs is planned during this review.  In addition, the relevant material on Next-generation Satellite Systems that was presented at AMCP/7 will be incorporated into the core SARPs as applicable.  To the extent possible, common language should be used to specify a generic AMSS with system specific details identified where necessary. For reference, attachment 2 includes the text of AMCP/7-WP/81 Item 3 Appendix A, the draft NGSS SARPs.

5. Action by the meeting

The meeting is invited to review the paper and attachments and provide comments to the Secretary in a timely fashion.

END

Attachment 1 – Extract from Resolution 14 of the Assembly 32nd Session, 22 September to 2 October 1998

A32-14: Consolidated statement of ICAO continuing policies and associated practices related

specifically to air navigation

Whereas in Resolution A15-9 the Assembly resolved to adopt in each session for which a Technical

Commission is established a consolidated statement of continuing policies related specifically to air navigation up to date as at the end of that session;

Whereas a statement of continuing policies and associated practices related specifically to air

navigation as they existed at the end of the 31st Session of the Assembly was adopted by the Assembly in

Resolution A31-5, Appendices A to W inclusive;

Whereas the Assembly has reviewed proposals by the Council for the amendment of the statement of

continuing policies and associated practices in Resolution A31-5, Appendices A to W inclusive, and has

amended the statement to reflect the decisions taken during the 32nd Session; and

Whereas the statement of continuing policies in Resolution A31-5 is hereby superseded;

The Assembly:

1. Resolves that:

a) the Appendices attached to this resolution constitute the consolidated statement of continuing

air navigation policies and associated practices of the Organization as they exist at the close

of the 32nd Session of the Assembly; and

b) the practices associated with the individual policies in the appendices constitute guidance

intended to facilitate and ensure implementation of the respective policies;

2. Declares that this resolution supersedes Resolution A31-5 with its Appendices A to W inclusive.

APPENDIX A

Formulation of Standards and Recommended Practices (SARPs) and Procedures for

Air Navigation Services (PANS)

Whereas Article 37 of the Convention on International Civil Aviation requires the Organization to

adopt and amend international Standards and Recommended Practices and Procedures and states the purpose of and the matters to be dealt with in that action, and Articles 38, 54, 57 and 90 contain additional relevant provisions; and

Whereas the Assembly deems it advisable to establish certain policies to be followed in complying with

these provisions of the Convention;

The Assembly resolves that:

1. the terms “Standard” and “Recommended Practice” shall have the following meanings:

a) Standard — any specification for physical characteristics, configuration, material,

performance, personnel or procedure, the uniform application of which is recognized as

necessary for the safety or regularity of international air navigation and to which Contracting

States will conform in accordance with the Convention; in the event of impossibility of

compliance, notification to the Council is compulsory under Article 38 of the Convention; and

b) Recommended Practice — any specification for physical characteristics, configuration,

material, performance, personnel or procedure, the uniform application of which is recognized

as desirable in the interest of safety, regularity or efficiency of international air navigation and

to which Contracting States will endeavour to conform in accordance with the Convention;

2. SARPs and PANS shall be amended as necessary to reflect changing requirements and techniques

and thus, inter alia, to provide a sound basis for regional planning and the provision of facilities and services;

3. subject to the foregoing clause, a high degree of stability in SARPs shall be maintained to enable

the Contracting States to maintain stability in their national regulations. To this end amendments shall be

limited to those significant to safety, regularity and efficiency, and editorial amendments shall be made only if essential;

4. SARPs and PANS shall be drafted in clear, simple and concise language. Furthermore, for complex

systems, SARPs shall, to the extent possible, consist mainly of broad, mature and stable provisions. For such systems, detailed technical requirements and specifications shall be appendices to Annexes or be placed in separate documents;

5. in the development of SARPs, procedures and guidance material, ICAO should utilize, to the

maximum extent appropriate and subject to the adequacy of a verification and validation process, the work of other recognized standards-making organizations. Where deemed appropriate by the Council, material developed by these other standards-making organizations can be referenced in ICAO documentation;

6. to the extent consistent with the requirements of safety and regularity, Standards specifying the

provision of facilities and services shall reflect a proper balance between the operational requirements for such facilities and services and the economic implications of providing them;

7. Contracting States shall be consulted on proposals for the amendment of SARPs and PANS before

the Council acts on them, except when the Council may deem urgent action to be necessary. Furthermore,

subject to the adequacy of the verification and validation process, detailed technical specifications for complex systems may be acted upon by the Council without consultation with States. Such material shall however be made available to States upon request;

8. the applicability dates of amendments to SARPs and PANS shall be so established as to allow the

Contracting States sufficient time for their implementation; and

9. unless exceptional circumstances dictate otherwise, the applicability dates of amendments to

Annexes and PANS shall be so established as to avoid the need for Contracting States to amend their national regulations more often than twice per calendar year. In the application of the foregoing, whenever practicable, any one Annex or PANS document shall not be amended more frequently than once per calendar year.

Associated practices

1. The Council should ensure that provisions of SARPs and PANS are completely consistent with

each other. Furthermore, the Council should endeavour to improve the processing, presentation and usefulness of ICAO documents containing SARPs, PANS and other related provisions, especially for complex systems and their associated applications.

2. Contracting States should comment fully and in detail on the proposals for amendment of SARPs

and PANS or at least should express their agreement or disagreement on their substance. They should be

allowed at least three months for this purpose. Furthermore, Contracting States should receive at least thirty days of notification of the intended approval or adoption of detailed material on which they are not consulted.

3. Contracting States should be allowed a full three months for notifying disapproval of adopted

SARPs amendments; in establishing a date for notifying disapproval the Council should take into account the time needed for transmission of the adopted amendments and for receipt of notifications from States.

4. In the application of the provision in Resolving Clause 9 above, the Council should ensure that,

whenever practicable, the interval between successive common applicability dates of amendments to Annexes and PANS is at least six months.
Attachment 2 – Draft NGSS SARPs

AMCP/7-WP/81 Appendix A to the Report on Agenda Item 3

Insert new text as follows:

CHAPTER 12. ALTERNATIVE PROVISIONS FOR AERONAUTICAL

MOBILE SATELLITE (R)* SERVICE

Note 1.— This chapter contains Standards and Recommended Practices applicable to the use

of next-generation satellite system (NGSS) communications technologies to support the aeronautical

mobile-satellite (R)* service (AMS(R)S). The Standards and Recommended Practices of this chapter

are service- and performance-oriented and are not tied to a specific technology or technique. They

are intended to provide alternative means of meeting AMS(R)S requirements, independent of the

Standards and Recommended Practices of Annex 10, Part I, Volume III, Chapter 4.

Note 2.— Multiple service providers may offer AMS(R)S, either according to the Standards and

Recommended Practices of Annex 10, Part I, Volume III, Chapter 4 or according to those of this

Chapter.

Note 3.— Additional information and guidance is provided in the Manual on Alternative

Provisions for AMS(R)S.

12.1 DEFINITIONS

Next-generation satellite system (NGSS). A satellite communications system that provides AMS(R)S in conformance with the provisions of this Chapter. These services can be voice, or data, or both. An NGSS may provide non-AMS(R)S communications. An NGSS includes AESs, satellites, GESs and network control system facilities that perform administrative and operational management functions.

Satellite system service area. A portion of the Earth’s surface within which a satellite-based

communications system satisfies the standards of this Chapter. Depending on its design, a system

may provide discontinuous service areas.

Note.— The following terms used in this chapter are defined elsewhere in Annex 10:

Aircraft earth station (AES): defined in Annex 10, Volume III, Chapter 1.

Aeronautical telecommunication network (ATN): defined in Annex 10, Volume III, Chapter 1.

Aeronautical mobile-satellite service (AMSS): defined in Annex 10, Volume II, Chapter 1.1.

Aeronautical mobile-satellite (R)* service (AMS(R)S): defined in Annex 10, Volume II, Chapter

1.1.

Data transfer delay (95 percentile): defined in Annex 10, Volume III, Chapter 4.7.2.1.

Data transit delay: defined in Annex 10, Volume III, Chapter 4.7.2.1.

Ground earth station (GES): defined in Annex 10, Volume III, Chapter 1.

Near-geostationary orbits: defined in Annex 10, Volume III, Chapter 4.1.

Spot beam: defined in Annex 10, Volume III, Chapter 4.1.

Subnetwork layer: defined in Annex 10, Volume III, Chapter 6.1.

Subnetwork service data unit (SNSDU): defined in Annex 10, Volume III, Chapter 4.7.2.1

12.2 GENERAL

12.2.1 When an NGSS is operated to provide AMS(R)S, it shall conform to the requirements of

this Chapter.

12.2.1.1 Recommendation: To ensure sufficient protection of safety-related CNS systems,

NGSS aeronautical equipment not operating to provide AMS(R)S should comply with 12.3.2 and 12.3.3 of this standard.

12.2.2 Requirements for mandatory carriage of NGSS equipment including the level of system

capability shall be made on the basis of regional air navigation agreements which specify the airspace of operation and the implementation time-scales for the carriage of equipment.

12.2.3 The agreements indicated in 12.2.2 shall provide at least two years’ notice of mandatory

carriage of airborne systems.

12.2.4 Recommendation.— Civil aviation authorities should coordinate with national

authorities and service providers those implementation aspects of NGSS that will permit its worldwide interoperability and optimum use, as appropriate.

12.3 RF CHARACTERISTICS

12.3.1 Frequency Bands

Note.— ITU Radio Regulations permit systems providing mobile-satellite service to use the same

spectrum as AMS(R)S without requiring such systems to offer safety services. This situation has the

potential to reduce the spectrum available for AMS(R)S. It is critical that States consider this issue in

frequency planning and in the establishment of national or regional spectrum requirements.

12.3.1.1 When providing AMS(R)S communications, the NGSS shall operate only in frequency

bands in which AMS(R)S is permitted and appropriately protected by ITU Radio Regulations.

12.3.2 Emissions

12.3.2.1 The total EIRP of the AES necessary to maintain system performance shall be controlled

to minimize the potential for interference to other systems. This requirement shall apply to single channel AESs, and to each individual channel of AESs that are capable of providing multiple channels.

12.3.2.2 Interference to other AMS(R)S Equipment

12.3.2.2.1 Emissions from an NGSS AES shall not cause harmful interference to an AES providing

AMS(R)S on a different aircraft.

Note.— One method of complying with 12.3.2.2.1 is by limiting emissions in the operating band

of other AMS(R)S equipment to a level consistent with the intersystem interference requirements (single entry) of Chapter 3.2.5.3.4.2 of RTCA Document DO-215A, Change 1.

12.3.2.3 INTERFERENCE TO OTHER CNS SYSTEMS

12.3.2.3.1 Emissions from an NGSS AES shall not cause harmful interference to non-AMS(R)S

CNS systems located on the same aircraft or other aircraft.

Note.— Harmful interference can result from radiated and/or conducted emissions that include

harmonics, discrete spurious, intermodulation product and noise emissions, and are not necessarily

limited to the "transmitter on" state.

12.3.2.3.2 Recommendation.— The average output spectral density of the composite of

harmonics, discrete spurious and noise emissions created by the AES when transmitting at its maximum total output power should not be greater than -115 dBW/MHz in radio-navigation satellite service band 1 559 - 1 605 MHz, when measured at the input to the AES antenna over a period of 20

milliseconds.

Note 1.— This recommendation assumes an isolation between the input to the AMS(R)S antenna

subsystem and the output of the satellite navigation antenna subsystem of 40 dB and assumes an

additional margin of 6 dB relative to the satellite navigation receiver susceptibility requirements

established by the GNSS Panel .

Note 2.— Additional protection of radio-navigation satellite services in the band of

1 605 - 1 609.36 MHz from the composite of harmonics, discrete spurious, noise and intermodulation

products may be necessary for AES installations made prior to January 1, 2005.

12.3.3 Susceptibility

12.3.3.1 The AES equipment shall operate properly in an interference environment causing a

cumulative relative change in its receiver noise temperature (ÄT/T) of 25%.

12.4 PRIORITY AND PREEMPTIVE ACCESS

12.4.1 The NGSS shall ensure that AMS(R)S communications are provided priority access to the

radio channels over all non-AMS(R)S communications, by preemption if necessary.

12.4.2 The NGSS shall support at least 3 levels of AMS(R)S communications priority.

12.4.3 The system shall ensure that higher priority AMS(R)S communications are provided priority

access to the radio channels over lower priority AMS(R)S communications, by preemption if necessary.

12.4.4 All AMS(R)S data packets and all AMS(R)S voice call attempts crossing the interface

between a GES and a terrestrial network shall be identified as to their associated priority.

Note.— Some terrestrial networks, notably those implementing the 1984 version of X.25, may

not offer sufficient support for the required prioritization.

12.4.5 Within the same message category, the system shall provide voice communications priority

over data communications.

12.5 SIGNAL ACQUISITION AND TRACKING

12.5.1 The AES, GES and satellites shall properly acquire and track service link signals when the

aircraft is moving at a ground speed of up to 1500 km/h (800 knots) along any heading.

12.5.1.1 Recommendation.— The AES, GES and satellites should properly acquire and track

service link signals when the aircraft is moving at a ground speed of up to 2800 km/h (1500 knots)

along any heading.

12.5.2 The AES, GES and satellites shall properly acquire and track service link signals when the

component of the aircraft acceleration vector in the plane of the satellite orbit is up to 0.6 g.

12.5.2.1 Recommendation.— The AES, GES, and satellites should properly acquire and

track service link signals when the component of the aircraft acceleration vector in the plane of the

satellite orbit is up to 1.2 g.

12.6 PERFORMANCE REQUIREMENTS

12.6.1 Satellite system service area

12.6.1.1 Recommendation.— The NGSS should provide a satellite system service area of

100% of the surface of the Earth.

12.6.2 Failure Notification

12.6.2.1 In the event of a service failure, the NGSS shall provide timely predictions of the time,

location and duration of any resultant outages until full service is restored.

Note.— Service outages may, for example, be caused by the failure of a satellite, satellite spot

beam, or GES. The geographic areas affected by such outages may be a function of the satellite orbit

and system design, and may vary with time.

12.6.3 AES Requirements

12.6.3.1 The AES shall support packet data service, or voice service, or both.

12.6.3.2 The AES shall meet the relevant performance requirements contained in 12.6.4 and 12.6.5

for aircraft in straight and level flight throughout the satellite system service area.

12.6.3.2.1 Recommendation.— The AES should meet the relevant performance requirements

contained in 12.6.4 and 12.6.5 for aircraft attitudes of +20/-5 degrees of pitch and +/- 25 degrees of

roll throughout the satellite system service area.

12.6.4 Packet data service performance

12.6.4.1 If the system provides AMS(R)S packet data service, it shall meet the standards of the

following sub-paragraphs.

12.6.4.1.1 An NGSS providing a packet-data service shall be capable of operating as a constituent

mobile sub-network of the ATN.

Note.— In addition, an NGSS may provide non-ATN data functions.

12.6.4.1.2 DELAY PARAMETERS

Note 1.— The terms used with respect to packet data service performance are based on the

definitions in ISO 8348 (first edition). In applying these definitions to the NGSS Subnetwork layer, the word “network” and its abbreviation “N” in ISO 8348 are replaced by the word “Subnetwork” and its abbreviation “S.N.”, respectively, wherever they appear.

Note 2.— Subnetwork performance may depend on a number of factors, including intensity of

communication traffic. The performance values given here apply during peak busy hours.

12.6.4.1.2.1 Connection establishment delay. Connection establishment delay shall not be greater than 50 seconds.

Note.— Connection establishment delay, as defined in ISO 8348, includes a component,

attributable to the called Subnetwork service user, which is the time between the S.N.-CONNECT

indication and the S.N.-CONNECT response. This user component is due to actions outside the

boundaries of the satellite Subnetwork and is therefore excluded from the AMS(R)S specifications.

12.6.4.1.2.2 Transit delay, from-aircraft, highest priority. From-aircraft transit delay shall not be greater than 23 seconds for the highest priority data service.

12.6.4.1.2.3 Transit delay, from-aircraft, lowest priority. From-aircraft transit delay shall not be greater than 28 seconds for the lowest priority data service.

Note 1.— In accordance with ISO 8348, transit delay values are based on a fixed sub-network

service data unit (SNSDU) length of 128 octets. Transit delays are defined as average values.

Note 2.— In any particular AES, lower priority from-aircraft traffic may be subject to

additional delay, depending on the amount and rate of from-aircraft traffic loading.

12.6.4.1.2. Transit delay, to-aircraft, highest priority. To-aircraft transit delay shall not be greater than 23 seconds for the highest priority data service.

12.6.4.1.2.5 Transit delay, to-aircraft, lowest priority. To-aircraft transit delay shall not be greater t than 28 seconds for the lowest priority data service.

12.6.4.1.2.6 Data transfer delay (95th percentile), from-aircraft, highest priority. From-aircraft data

transfer delay (95th percentile), shall not be greater than 40 seconds for the highest priority data service.

12.6.4.1.2.7 Data transfer delay (95th percentile), from-aircraft, lowest priority. From-aircraft data

transfer delay (95th percentile), shall not be greater than 60 seconds for the lowest priority data service.

12.6.4.1.2.8 Data transfer delay (95 percentile), to-aircraft, highest priority. To-aircraft data transfer

delay (95 percentile) shall not be greater than 25 seconds for the highest priority service.

12.6.4.1.2.9 Data transfer delay (95th percentile), to-aircraft, lowest priority. To-aircraft data transfer delay (95th percentile) shall not be greater than 30 seconds for the lowest priority service.

12.6.4.1.2.10 Connection release delay (95th percentile). The connection release delay (95th percentile) shall not be greater than 25 seconds in either direction.

12.6.4.1.3 INTEGRITY

Note.— Residual error rate includes the probability of undetected error, the probability of undetected loss of an SNSDU, and the probability of an undetected duplicate SNSDU.

12.6.4.1.3.1 Residual error rate, from-aircraft. The residual error rate in the from-aircraft direction shall not be greater than 10-6 per SNSDU.

12.6.4.1.3.2 Residual error rate, to-aircraft. The residual error rate in the to-aircraft direction shall not be greater than 10-6 per SNSDU.

12.6.4.1.3.3 Connection resilience. The probability of a Subnetwork connection (SNC) provider-invoked SNC release shall not be greater than 10-4 over any one-hour interval.

Note. — Connection release resulting from GES-to-GES handover, AES log-off or virtual

circuit preemption are excluded from this specification.

12.6.4.1.3.4 The probability of an SNC provider-invoked reset shall not be greater than 0.1 over

any one-hour interval.

12.6.5 Voice service performance

12.6.5.1 If the system provides AMS(R)S voice service, it shall meet the requirements of the

following sub-paragraphs.

12.6.5.1.1 CALL PROCESSING DELAY

12.6.5.1.1.1 AES origination. The 95th percentile of the time delay for a GES to present a call origination event to the terrestrial network interworking interface after a call origination event has arrived at the AES interface shall not be greater than 20 seconds.

12.6.5.1.1.2 GES origination. The 95th percentile of the time delay for an AES to present a call origination event at its aircraft interface after a call origination event has arrived at the terrestrial network interworking interface shall not be greater than 20 seconds.

12.6.5.1.2 The total allowable transfer delay within the AMS(R)S Subnetwork on a circuit-mode

channel shall not be greater than 0.485 second.

Note.— Total transfer delay for the AMS(R)S Subnetwork is defined as the elapsed time

commencing at the instant that speech is presented to the AES or GES and concluding at the instant

that the speech enters the interconnecting network of the counterpart GES or AES. This delay includes vocoder processing time, physical layer delay, RF propagation delay and any other delays within the AMS(R)S Subnetwork.

12.6.5.1.3 VOICE QUALITY

12.6.5.1.3.1 The voice transmission shall provide overall intelligibility performance suitable for the

intended operational and ambient noise environment.

12.6.5.1.3.2 Recommendation.— Due account should be taken of the effects of tandem

vocoders and/or other analog/digital conversions.

12.6.5.1.4 VOICE CAPACITY

12.6.5.1.4.1 The system shall have sufficient available voice traffic channel resources such that

an AES- or GES-originated AMS(R)S voice call presented to the system shall experience a probability of blockage of no more than 0.01.

Note.— Available voice traffic channel resources include all preemptable resources, including

those in use by non-AMS(R)S communications.

12.6.6 Security

12.6.6.1 The system shall provide features for the protection of messages in transit from tampering.

12.6.6.2 The system shall provide features for protection against denial of service, degraded

performance characteristics, or reduction of system capacity when subjected to external attacks.

Note.— Possible methods of such attack include intentional flooding with spurious messages,

intentional corruption of system software or databases, or physical destruction of the support

infrastructure.

12.6.6.3 The system shall provide features for protection against unauthorized entry.

Note.— These features are intended to provide protection against spoofing and “phantom

controllers”.

12.7 SYSTEM INTERFACES

12.7.1 The NGSS shall allow Subnetwork users to address AMS(R)S communications to specific

aircraft by means of the ICAO 24-bit aircraft address.

12.7.2 The system shall annunciate a loss of communications capability within 30 seconds of the

time when it detects such a loss.

Note.— Provisions on the allocation and assignment of ICAO 24-bit addresses are contained

in Annex 10, Volume III, Appendix to Chapter 9.

12.7.3 Packet data service interfaces

12.7.3.1 If the system provides AMS(R)S packet data service, it shall provide an interface to the

ATN.

Note.— The detailed technical specification related to provisions of ATN-compliant Subnetwork

service are contained in Section 5.2.5 and Section 5.7.2 of Doc 9705 — Manual of Technical Provisions for the Aeronautical Telecommunication Network.

12.7.3.2 If the system provides AMS(R)S packet data service, it shall provide a connectivity

notification (CN) function.

12.7.4 Voice service interfaces

12.7.4.1 If the system provides AMS(R)S voice services, AES and GES voice signaling and

service procedures shall interwork with external telephony networks through a signaling interface consisting of a standardized set of interworking telephony events that conform to a recognized international telephony interface standard.

End of new text.

— — — — — — — —
Attachment 3 – First Draft of Restructures AMSS SARPs

CHAPTER 4.    AERONAUTICAL

MOBILE-SATELLITE SERVICE

4.1    DEFINITIONS AND DESCRIPTIONS

OF CHANNEL TYPES; GENERAL;

SYSTEM CAPABILITIES

4.1.1    Definitions and descriptions

of channel types
4.1.1.1    Definitions

Application. The ultimate use of an information system, as distinguished from the system itself.

Aviation-BPSK (A-BPSK). The particular form of binary phase shift keyed modulation which is used in AMSS for channel rates of 2.4, 1.2 and 0.6 kbits/s. A-BPSK is a modulation technique which maps a 0 to a phase shift of 90 and 1 to a phase shift of +90. The phase-encoded A-BPSK data stream is then filtered with a filter which satisfies the amplitude and phase versus frequency limits defined by Tables A1-1 and A1-2 in Appendix 1 to Chapter 4.

Aviation-QPSK (A-QPSK). The particular form of offset quaternary phase shift keyed modulation which is used in AMSS for channel rates greater than 2 400 bits/s. A-QPSK is a modulation technique which maps a 0 into a 0 degrees and 1 into a 180 degrees, or 0 into 90 degrees and 1 into 270 degrees, alternating between the two options on successive bits. The encoded A-QPSK data stream is then filtered such that the modulated spectrum meets the amplitude mask of Table A1-3 and the phase mask defined in Table A1-2 in Appendix 1 to Chapter 4.

Burst. A time-defined, contiguous set of one or more related signal units which may convey user information and protocols, signalling, and any necessary preamble.

C channel. Circuit-mode single channel per carrier (SCPC) channel, used in both to-aircraft and from-aircraft directions. This channel is time division multiplexed to provide a primary channel for voice or data traffic and a sub-band channel for signalling, supervision and data messages. The use of the channel is controlled by assignment and release signalling at the start and end of each transaction.

Cyclic redundancy check. The last two bytes of each signal unit form a cyclic redundancy check of the whole signal unit as follows. The check bits for error detection are calculated from the first 10 octets of a standard length signal unit, or from the first 17 octets of an extended length signal unit or from the first 4 octets of the burst identifier, using the following generator polynomial:

x16 + x12 + x5 + 1

Note. See CCITT (Red Book) Recommendation X.25, Section 2.2.7 for the method of calculation and the bit order.

Direct link service (DLS). A data communications service which makes no attempt to automatically correct errors, detected or undetected, at the link layer of the air-ground communications path. (Error control may be effected by end-user systems.)

Epoch. A span of time related to the beginning and end, or lifetime, of an event or a sequence of associated events.

Frame. A structured, repeating time-segment of a communication link architecture that provides for time-predictable communication activities between its beginning and end.

Global beam. Satellite antenna directivity whose main lobe encompasses the entire earths surface that is within line-of-sight view of the satellite.

Initial signal unit (ISU). The first of the series of signal units followed by SSUs.

Link interface control information (LICI). The control information exchanged between the link layer and any of its service users as part of the link interface data unit (LIDU).

Link interface data unit (LIDU). The total information transferred in a single interaction across the interface between the link layer and a link service user. Each LIDU contains link interface control information (LICI) and may also contain a single link service data unit (LSDU).

Link service data unit (LSDU). A part of the link interface data unit (LIDU) and is the same as the subnetwork protocol data unit (SNPDU).

Lone signal unit (LSU). A single signal unit comprising the total message.

Near-geostationary orbits. Satellites operating in near-geostationary orbits have an orbit period of 24 hours with an inclination of up to five degrees from the equatorial plane.

Network co-ordination station (NCS). The entity of the over-all AMS(R)S system that has functional responsibilities to: co-ordinate communications traffic and satellite connectivity within its satellite region; and provide inter-system co-ordination with adjacent satellite regions served by other satellites.

P channel. Packet mode time division multiplex(TDM) channel transmitted continuously from the aeronautical ground earth station (GES) in the to-aircraft direction to carry signalling and user data. A P channel being used for system management functions is designated Psmc, while a P channel being used for other functions is designated by Pd. The functional designations Psmc and Pd do not necessarily apply to separate physical channels.

P channel synchronization. The state of the P channel demodulator when the P channel unique word is reliably detected.

P channel degradation/loss. A declaration that is made when the P channel bit error rate rises above 104 over an averaging period of 3 minutes, or more than 10 short-term interruptions (loss of P channel synchronization for less than 10 seconds) are experienced in any 3-minute period; or when the P channel synchronization is lost for more than 10 seconds.

Q number, Q level, Q precedence. A definition of the transmission precedence of a message or signalling sequence, using numbers from 0 to 15 (with 15 transmitted first).

R channel. Random access (slotted Aloha) channel, used in the from-aircraft direction to carry signalling and user data. An R channel being used for system manage-ment functions is designated Rsmc, while an R channel being used for other functions is designated Rd. The functional designations Rsmc and Rd do not necessarily apply to separate physical channels.

Reliable link service (RLS). A data communications service provided by the subnetwork which automatically provides for error control over its link through error detection and requested retransmission of signal units found to be in error.

Satellite region. A geographically defined sub-area within the view of a satellite within which services can be provided by that satellite.

Satellite service area. A geographically defined sub-area within the view of a satellite within which services are provided by that satellite. Note that a satellite service area might be sub-divided in terms of operational characteristics, conditions, or limitations for a variety of reasons.

Signal unit (SU). A time-ordered, contiguous set of data octets used for signalling and control, and for user packet data transmissions. Standard-length SUs are 96 bits (12 octets) used in P, T and C channels. R channel SUs are 152 bits (19 octets), and the T channel uses a header SU of 48 bits (6 octets).

Spot beam. Satellite antenna directivity whose main lobe encompasses significantly less than the earths surface that is within line-of-sight view of the satellite. May be designed so as to improve system resource efficiency with respect to geographical distribution of user earth stations.

Subsequent signal unit (SSU). In a series of SUs, the signal unit(s) following the initial signal unit.

Superframe. A recurring, time-structured set of data trans-mission frames, which also includes a superframe marker (see also the definition of “frame”).

T channel. Reservation time division multiple access (TDMA) channel, used in the from-aircraft direction only. The receiving GES reserves time slots for transmissions requested by aircraft earth stations (AESs) according to message length. The sending AES transmits the message in the reserved time slots according to priority.

4.1.1.2    Description of channel types (moved to definitions, above)

4.1.1.2.1

4.1.1.2.2    

4.1.1.2.3    

4.1.1.2.4    

4.1.2    General

4.1.2.1    When aeronautical mobile-satellite service (AMSS), using near-geostationary orbiting satellites, is installed and maintained in operation as an aid to air traffic services, it shall conform with the provisions of [4.1 to 4.10]. 

4.1.2.2    Requirements for mandatory carriage of AMSS equipment including the level of system capability shall be made on the basis of regional air navigation agreements which specify the airspace of operation and the implementation time-scales for the carriage of equipment.

4.1.2.3    The agreements indicated in 4.1.2.2 shall provide at least two years’ notice of mandatory carriage of airborne systems.

4.1.2.4    Recommendation. Civil aviation authorities should co-ordinate, with national authorities and service providers, those implementation aspects of AMSS which will permit its world-wide interoperability and optimum use, as appropriate.

Note.- Provisions on the allocation and assignment of 24-bit aircraft addresses for use by the AMSS are contained in Chapter 9.
4.1.3    System capabilities

Note.- A system providing aeronautical mobile-satellite service (AMSS) comprises the AES, the satellite and the GES. A Level 1 (2, 3 or 4) system consists of an AES with Level 1 (2, 3 or 4) capability with one or more satellites and one or more GESs having the capabilities to operate compatibly with all capabilities of the AES. Multiple service providers of such systems may coexist. A basic level of interoperability among different systems is provided.

Note:- The AMSS protocols are defined in terms of the OSI layered reference model and include a physical layer, a link layer, and a satellite subnetwork layer, as well as circuit mode services and AES/GES management.
4.1.3.1    Scope. A level of system capability shall include the performance of the AES, the satellite and the GES. All AESs, as a minimum, shall have a Level 1 capability and shall continuously monitor the P channel after log-on to the GES. Each GES shall provide at all times when operating AMS(R)S, a Level 1 capability as a minimum.

4.1.3.1.1    There shall be a P channel and an R channel Psmc and Rsmc capability which perform system management functions for each satellite service area.

4.1.3.1.2    For the case where there is one transmit channel unit shared between the R and T channels, R channel transmissions shall be delayed, whenever necessary, to avoid interrupting a T channel transmission.

4.1.3.2    Level 1. An AES with Level 1 capability shall have the capabilities for:

a)
receiving and processing data on one P channel at channel rates of 0.6 and 1.2 kbits/s; and

b)
processing and transmitting data on one R channel and on one T channel at channel rates of 0.6 and 1.2 kbits/s.

Simultaneous transmission on the R channel and the T channel shall not be required.

4.1.3.2.1    An AES with Level 1 capability shall receive and process continuously the assigned P channel once logged on with the GES to enable receipt of AES-addressed messages and respond to GES commands.

4.1.3.2.2    Recommendation. An AES with Level 1 capability should have the capabilities described in 4.1.3.2 for the additional channel rate of 2.4 kbits/s.

Note.- An AES with Level 1 capability provides basic packet mode data communications based on the open system interconnection model to support aviation safety communications. An AES with Level 1 capability requires one receive channel and one transmit channel.
4.1.3.3    Level 2. An AES with Level 2 capability shall have the capabilities for:

a)
receiving and processing data on one P channel at channel rates of 0.6 and 10.5 kbits/s; and

b)
processing and transmitting data on one R channel and on one T channel at channel rates of 0.6 and 10.5 kbits/s.

Simultaneous transmission on the R channel and the T channel shall not be required. Simultaneous reception on more than one P channel shall not be required.

4.1.3.3.1    Recommendation.- An AES with Level 2 capability should have the capabilities described in 4.1.3.3 a) for the additional channel rate of 4.8 kbits/s.

4.1.3.4    Level 3. An AES with Level 3 capability shall provide the capabilities for:

a)
an AES with Level 2 capability; and

b)
receiving, processing and transmitting digital information on one C channel at a channel rate of 8.4 or 21.0 kbits/s.

Simultaneous operation of the C channel with either the R channel or the T channel shall not be required.

4.1.3.4.1    Recommendation.- Level 3 channel capability should be provided at channel rates of 5.25, 6.0 and 10.5 kbits/s.

Note.- An AES with Level 3 capability provides digitized voice capability on a C channel in addition to the Level 2 packet mode data capability. Pre-emption requirements are described in Sections 4.8 and 4.9. Two receive channels and one transmit channel are required.
4.1.3.5    Level 4. An AES with Level 4 capability shall provide the capabilities for:

a)
an AES with Level 3 capability;

b)
simultaneous operation of a C channel with the R channel; and

c)
simultaneous operation of the C channel with the T channel.

Simultaneous operation of the three channels (C, R and T) shall not be required.

4.1.3.5.1    Recommendation.- Level 4 channel capability should be provided at channel rates of 5.25, 6.0 and 10.5 kbits/s.

Note.- An AES with Level 4 capability provides digitized voice capability on a C channel simultaneously with packet mode data capability on the R channel or the T channel. Two receive channels and two transmit channels are required.
4.1.3.5.2    Recommendation.- A Level 4 AES should be capable of simultaneous R and T channel transmissions whenever the C channel is not in use.

4.2    BROADBAND RF CHARACTERISTICS PHYSCIAL LAYER – GENERAL RF CHARACTERISTICS
4.2.1    Frequency bands

4.2.1.1    Use of AMS(R)S bands

Note.- Categories of messages, and their relative priorities within the aeronautical mobile (R) service, are given in Annex 10, Volume II, 5.1.8. These categories and priorities are equally valid for the aeronautical mobile‑satellite (R) service (see ITU Radio Regulations Article [S44]).

4.2.1.1.1    Every aircraft earth station and ground earth station shall be designed to ensure that messages defined in Annex 10, Volume II, 5.1.8 are not delayed by the transmission and/or reception of other types of messages employing frequencies within the bands stated in 4.2.1.2 and 4.2.1.3 or other frequencies to which the station can tune. Message types not defined in Annex 10, Volume II, 5.1.8 shall be terminated if necessary, and without warning, to allow Annex 10, Volume II, 5.1.8 type messages to be transmitted and received.

Note. See ITU Radio Regulations No. S5.357A.

4.2.1.2    To-aircraft

4.2.1.2.1    The aircraft earth station shall be capable of receiving in the frequency band 1 544 to 1 555 MHz.

Note.- Use of the band 1 544 to 1 545 MHz by mobile satellite services is limited to distress and safety operations.

4.2.1.2.2    Recommendation.- The aircraft earth station should be capable of receiving in the frequency band 1 555 to 1 559 MHz.

Note.- The band 1 555 to 1 559 MHz may be protected and utilized by some States for national and international AMS(R)S purposes.
4.2.1.2.3    Recommendation.- The aircraft earth station should also be capable of receiving in the frequency band 1 525 to 1 544 MHz.

Note.- The band 1 525 to 1 544 MHz may be used to communicate for purposes of distress and public correspondence with stations of the maritime mobile‑satellite service in accordance with ITU Radio Regulations Article [S41].
4.2.1.3    From-aircraft

4.2.1.3.1    The aircraft earth station shall be capable of transmitting in the frequency band 1 645.5 to 1 656.5 MHz.

Note.- Use of the band 1 645.5 to 1 646.5 MHz by mobile-satellite services is limited to distress and safety operations.

4.2.1.3.2    Recommendation.- The aircraft earth station should be capable of transmitting in the frequency band 1 656.5 to 1 660.5 MHz.

Note.- The band 1 656.5 to 1 660.5 MHz may be protected and utilized by some States for national and international AMS(R)S purposes.
4.2.1.3.3    Recommendation.- The aircraft earth station should also be capable of transmitting in the frequency band 1 626.5 to 1 645.5 MHz.

Note.- The band 1 626.5 to 1 645.5 MHz may be used to communicate for purposes of distress and public correspondence with stations of the maritime mobile‑satellite service in accordance with ITU Radio Regulations Article S41.
4.2.1.4    Tuning increments

4.2.1.4.1    Channels shall be allocated throughout the bands in increments of 2.5 kHz, for the to- and from-aircraft transmission path.

4.2.1.4.2    Channel assignment and tuning of the aircraft earth station shall be achieved under control from the GES.

4.2.1.5    Channel numbering

4.2.1.5.1    The channel number (Ct) shall be defined with respect to the centre frequency on the to-aircraft transmission path by the formula:

	t =
	frequency of transmission (MHz) - 1510.0

	
	0.0025


4.2.1.5.2    The channel number (Cf) shall be defined with respect to the centre frequency on the from-aircraft transmission path by the formula:

	Cf =
	frequency of transmission (MHz) - 1611.5

	
	0.0025


4.2.2    Frequency accuracy

The frequency of transmission from the aircraft earth station, as would be received at the satellite, shall not vary from the nominal channel frequency by more than +/- 383 Hz due to all causes.

Note.- The frequency of transmissions received by a subsonic aircraft should not vary from the nominal channel frequency by more than +/- 2.18 kHz due to all causes.

4.2.3    Aircraft earth stations RF characteristics

Note.- The following requirements apply over the entire transmit and receive frequency bands.

4.2.3.1    General antenna characteristics

4.2.3.1.1    Reference coverage volume. Antenna systems shall be installed to meet performance requirements for transmitting and receiving over a coverage volume of 360 degrees of azimuth and from 5 to 90 degrees in elevation from a horizontal plane for aircraft in straight and level flight.

4.2.3.1.1.1    Recommendation.- To the maximum extent possible, antenna systems should be installed to meet perform-ance requirements for transmitting and receiving over a coverage volume of 360 degrees in azimuth and from 5 to 90 degrees in elevation from a horizontal plane for aircraft attitudes of +20/5 degrees of pitch and 25 degrees of roll.

4.2.3.1.2    Polarization. The polarization shall be right‑hand circular for both receiving and transmitting, in accordance with the definition of ITU Radio Regulations No. S1.154.

4.2.3.1.3    Antenna switching. Aircraft earth stations that require more than one antenna shall be capable of switching from one antenna to another in the same antenna sub-system so as to introduce a signal interruption of not more than 40 ms.

Note.- 4.2.3.2, 4.2.3.2 bis and 4.2.3.3 outline the require-ments for high gain, intermediate gain and low gain antennas only. This does not preclude the future introduction of other gain antennas; however, some of the considerations which must be made before such an introduction are described in the guidance material contained in Attachment A to Part I of Annex 10, Volume III. Technical details for high gain, intermediate gain and low gain antenna sub-systems are contained in the [Manual].

4.2.3.2    Low gain antenna sub-systems

4.2.3.2.1    Gain-to-noise temperature ratio.

4.2.3.2.2    Axial ratio
4.2.3.2.3    Recommendation.
4.2.3.2 bis    Intermediate gain antenna sub‑systems

See paragraph 4.2.3.6.

4.2.3.3    High gain antenna sub-systems

4.2.3.3.1    Gain-to-noise temperature ratio.

4.2.3.3.2    Axial ratio.
4.2.3.3.3    Recommendation.- 
4.2.3.3.4    Discrimination. 

4.2.3.3.4.1    Recommendation.- 
4.2.3.3.5    Phase discontinuity.

4.2.3.3.5.1    Recommendation.- 
Note.-.
4.2.3.4    Receiver requirements

4.2.3.4.1    Receiver spurious and linearity performance. The required performance defined in 4.4.2.3 and 4.4.5.4 shall be achieved when the receiving antenna is illuminated in the direction of maximum gain by a power flux density of -100 dBW/m2 distributed across the 1 525 to 1 559 MHz band.

4.2.3.4.2    Receiver out-of-band performance. The required performance defined in 4.4.2.3 and 4.4.5.4 shall be achieved in the presence of out-of-band interference at levels typical of normal operating conditions.

4.2.3.4.3    Received phase noise. The design of the receiver and the demodulators shall be such as to ensure full compliance with the performance requirements whenever the received signal phase noise characteristic does not exceed the mask defined in Table 4-1*.

4.2.3.4.4    Capture range. The receiver shall be capable of acquiring and maintaining lock to signals with a frequency offset from nominal of up to 2.180 kHz at carrier-to-noise levels as shown in Table 4-2.

4.2.3.4.5    Receiver Doppler rate. The receiver shall be capable of acquiring and maintaining performance per 4.3.3 with  a rate of change of frequency of 30 Hz per second.

4.2.3.5    Transmitter requirements

4.2.3.5.1    EIRP limits

4.2.3.5.1.1    For low gain antenna operation, the minimum value of EIRP per carrier in the direction of the satellite, when commanded to the maximum setting, shall be 13.5 dBW. The EIRP radiated in any direction shall not exceed 22.8 dBW.

4.2.3.5.1.1 bis    For intermediate gain antenna operation, the minimum value of EIRP per carrier in the direction of the satellite, when commanded to the maximum setting, shall be 12.5 dBW. The EIRP radiated in any direction shall not exceed 34.8 dBW at the maximum setting.

4.2.3.5.1.2    For high gain antenna operation, the minimum value of EIRP per carrier in the direction of the satellite, when commanded to the maximum setting, shall be 25.5 dBW. The EIRP radiated in any direction shall not exceed 34.8 dBW at the maximum setting.

4.2.3.5.1.3    At settings less than the maximum setting, the EIRP per carrier radiated in any direction shall not exceed the EIRP radiated toward the wanted satellite by more than 5 dB.

4.2.3.5.1.4    For multicarrier operation, the maximum allowable operating EIRP shall be the level at which:

a)
the total intermodulation product contribution from active sources is the maximum permitted in 4.2.3.5.7 (in-band intermodulation products), or

b)
the gain-to-noise temperature ratio is the minimum permitted in 4.2.3.2.1 or 4.2.3.3.1, as applicable.

4.2.3.5.2    EIRP control. The EIRP per carrier in the direction of the wanted satellite shall be adjustable over a range of 15 dB in steps of 1 dB by command from the GES.

4.2.3.5.3    Recommendation.- The minimum EIRP of the power control range should be a function of the channel rate and the satellite beam characteristics to minimize the interference potential.

4.2.3.5.4    Carrier-off level. The EIRP in any direction, summed across the 1 626.5 to 1 660.5 MHz band, when all carriers are commanded off shall be 24.5 dBW or less.

4.2.3.5.5    Log-on EIRP. When logging on to a GES, the EIRP of the AES shall be at least 12.5 dBW.

4.2.3.5.6    In-band spurious EIRP. When transmitting a modulated carrier at any level up to the maximum allowable operating EIRP, the composite radiated in-band spurious and noise EIRP (excluding intermodulation products) referenced to a 4 kHz band shall not exceed 55 dBc. This requirement shall not apply to the frequency band on either side of the carrier centre frequency which is described in 4.3.2.1.

4.2.3.5.7    Intermodulation products

4.2.3.5.7.1    For multicarrier AES, the radiated inter-modulation products shall not cause harmful interference to satellite navigation receiver operation where such receiver is operated on the same aircraft when transmitting two equal carriers with a total power equal to the maximum allowable operating EIRP of the AES.

4.2.3.5.7.2    The AES transceiver shall not transmit on a newly assigned frequency that would produce a fifth-order intermodulation product at a frequency below 1 610.0 MHz.

4.2.3.5.7.3    Frequency management techniques shall be used to preclude 5th and lower order intermodulation products below 1 610 MHz being radiated by the AES.
4.2.3.5.8    Out-of-band EIRP density levels. When transmitting a carrier at any level up to the maximum power level as described in 4.2.3.5.1, the out-of-band EIRP including spurious, harmonics and noise generated by the AES in any direction shall not exceed the levels shown in Table 4-3.

4.2.3.5.8.1    Recommendation. The EIRP density should not exceed -140 dBc/1 MHz from 1 605 to 1 610 MHz.

4.2.3.5.9    Phase noise. The phase noise induced on a modulated carrier shall have a power spectral density not exceeding the envelope defined in Table 4-4.

4.2.3.5.10    Transmitter Doppler rate. The maximum rate of change of the frequency of the transmitted signal when compensated for aircraft acceleration in the direction of the satellite shall not exceed 15 Hz per second. The Doppler adjustment resolution shall not exceed 10 Hz and the associated frequency changes shall be made without introducing phase discontinuity into the transmitted signal.

4.2.3.5.11    AMSS transmissions shall not cause harmful interference to satellite navigation receiver operation where such receiver is operated on the same aircraft as the AES.

4.2.3.6    Intermediate gain antenna sub-systems

4.2.3.6.1    Gain-to-noise temperature ratio.
4.2.3.6.2    Axial ratio.
4.2.3.6.3    Recommendation.- 
4.2.3.6.4    Discrimination.
4.2.3.6.5    Recommendation.- 
4.2.3.6.6    Phase discontinuity. 

4.2.3.6.7    Recommendation.- 
4.3    PHYSCIAL LAYER – RF CHANNEL CHARACTERISTICS

Note:- Technical details on channel acquisition and demodulator performance are contained in the Manual.

4.3.1    Modulation

4.3.1.1    Modulation for channel rates 2.4 kbits/s and below. For channel rates of 2.4, 1.2 and 0.6 kbits/s, the modulation shall be aviation binary phase shift keying (A‑BPSK).

4.3.1.2    Modulation for channel rates above 2.4 kbits/s. For channel rates above 2.4 kbits/s the modulation shall be aviation quadrature phase shift keying (A-QPSK).

4.3.2    Radiated power spectral density. The following bounds on radiated power spectral density shall apply in any direction normalized to the peak spectral density in that direction. The bounds shall apply to a single carrier and shall be centred at the carrier frequency. The lower bound shall not apply when the AES is transmitting the unmodulated preamble at the beginning of a burst.

4.3.2.1    From-aircraft. The power spectrum radiated by the AES shall fall within the mask defined by Table 4-5.

4.3.2.2    To-aircraft. The power spectrum received by the AES shall be within the mask defined by Table 4-6 for A‑BPSK and, Table 4-7 and Table 4‑7A for A-QPSK.

4.3.3    Demodulator performance. Where the channel rates are implemented as defined in 4.1, the bit error rate (BER) performance of the channel demodulators after descrambling shall be equal to or better than that shown in Table 4-8. This performance shall be attained under the following conditions:

a)
in the presence of two adjacent interfering carriers on either side of the wanted carrier at a level of 5 dB higher than the wanted carrier with a frequency uncertainty from the nominal carrier spacing as specified and for the AES demodulator, with the AES operating up to its maximum allowable operating EIRP;

b)
while receiving a signal transmitted with the maximum phase noise characteristics described in 4.2.3.5.9;

c)
during 12 RF phase discontinuities occurring at the rate of one per second; and

d)
under Rician channel conditions for fading bandwidths of 20, 60 and 100 Hz with a carrier to multipath ratio of 7 dB for systems using a low gain antenna or low and high gain antennas; or 10 dB for systems using only a high gain antenna.

Note.-Bit error performance objectives for AMS(R)S radio link are contained in ITU‑R Recommendation M.1037.

4.3.4    Acquisition performance

4.3.4.1    Time to acquire superframe synchronization.
Note.-

 4.3.4.2    Recommendation.- 

4.3.4.3    C channel AES demodulator acquisition 

4.3.4.3.1    Channel rate of 21.0 kbits/s

4.3.4.3.1.1    Frame lock.
4.3.4.3.1.2    False frame lock
4.3.4.3.1.3    Reacquisition of frame lock.
4.3.4.3.2    Channel rate of 8.4 kbits/s 

4.3.4.3.2.1    Frame lock. 

4.3.4.3.2.2    False frame lock
4.3.4.3.2.3    Reacquisition of frame lock. 

4.3.4.4    C channel GES demodulator acquisition

4.3.4.4.1    Channel rate of 21.0 kbits/s.
4.3.4.4.1 bis     Channel rate of 8.4 kbits/s.

4.3.4.4.2    Other C channel rates. 

4.3.4.4.3    Recommendation.- 
4.4    PHYSICAL LAYER - CHANNEL FORMAT TYPES AND RATES

4.4.1    General

4.4.1.1    Aircraft system-timing reference point. The reference timing point for signals generated and received by the AES shall be at the antenna.

4.4.1.2    Channel rates. The channel rates as applicable to the system capability levels defined in 4.1.3 shall be as shown in Table 4-9.

4.4.1.3    Signal units (SUs). All information to be transmitted over the P, R, T and sub-band C channels shall be in the format of signal units. For the P, T and sub-band C channel each signal unit shall consist of 96 bits. For the R channel each signal unit shall consist of 152 bits. The signal unit formats shall be as specified in Appendix 2.

4.4.1.3.1    Cyclic redundancy check (CRC). The last two bytes of each SU shall form a CRC of the SU. Any received SU which fails the CRC shall be discarded.

4.4.1.3.2    Signal quality estimation. The AES shall make information such as P channel degradation/loss and C channel bit error rate available to the AES management functions and GES management functions as appropriate.

Note:- Details on P, R, T and C channel characteristics can be found in the Manual.

4.4.2    P channel

4.4.2.1    Channel rate accuracy. 

4.4.2.2    Frame format

4.4.2.2.1    General characteristics.
4.4.2.2.2    Format identifier. 

4.4.2.2.3    Superframe boundary marker. 

4.4.2.2.4    Dummy field.

 Note.- 

4.4.2.2.5    Information field. 

Note.- 

4.4.2.2.5.1    Scrambling. 

Note.- 

4.4.2.2.5.2    Forward error correction (FEC). 

Note.-

4.4.2.2.5.3    Interleaving.
4.4.2.2.6    Unique word. 

4.4.2.3    Performance
4.4.3    R channel

4.4.3.1    Channel rate accuracy.
4.4.3.2    Burst timing. 

4.4.3.3    Burst format

4.4.3.3.1    General characteristics. 

4.4.3.3.2    Preamble. 

Note.-

4.4.3.3.3    Unique word. 

4.4.3.3.4    Information field.
4.4.3.3.4.1    Scrambling.
4.4.3.3.4.2    Forward error correction (FEC) coding.
4.4.3.3.4.3    Interleaving.
4.4.3.4    Performance. 

4.4.4    T channel

4.4.4.1    Channel rate accuracy
4.4.4.2    Timing relative to P channel.
4.4.4.3    Burst structure

4.4.4.3.1    General characteristics. 

4.4.4.3.2    Preamble. 

4.4.4.3.3    Unique word. 

4.4.4.3.4    Information field. 

4.4.4.3.4.1    Scrambling.
4.4.4.3.4.2    Forward error correction (FEC) coding. 

4.4.4.3.4.3    Interleaving.
4.4.4.4    Performance.
4.4.5    C channel

4.4.5.1    Channel rate accuracy.
4.4.5.2    Transmission formats

4.4.5.2.1    Preamble.
4.4.5.2.2    Postamble

4.4.5.2.2.1    8.4 kbits/s C channel.

 4.4.5.2.2.2    All other C channels. 

4.4.5.2.3    To‑aircraft

4.4.5.2.3.1    8.4 kbits/s C channel. 

4.4.5.2.3.2    All other C channels.
4.4.5.2.4    From-aircraft

4.4.5.2.4.1    8.4 kbits/s C channel.
4.4.5.2.4.2    All other C channels

 Note.-

4.4.5.3    Frame format

4.4.5.3.1    Unique word

4.4.5.3.1.1    8.4 kbits/s C channel.

4.4.5.3.1.2    All other C channels
4.4.5.3.2    Dummy field. 

4.4.5.3.3    Information field for coded channels

4.4.5.3.3.1   

4.4.5.3.3.2    Recommendation.-

 4.4.5.3.3.3    Information field structure including sub‑band data. 

4.4.5.3.3.3.1  

4.4.5.3.3.3.2    Recommendation.-
4.4.5.3.3.3.3    

4.4.5.3.3.4    Scrambling. 

4.4.5.3.3.5    Forward error correction (FEC) coding

4.4.5.3.3.5.1    8.4 kbits/s C channel. 

4.4.5.3.3.5.2    Other C channel rates.
4.4.5.3.3.6    Interleaving

4.4.5.3.3.6.1 

4.4.5.3.3.6.2    Recommendation.
4.4.5.3.3.6.3    

4.4.5.3.4    Information field for uncoded channels. 

4.4.5.3.4.1    Information field structure including sub‑band data.
Note.-

4.4.5.4    Performance.
Note.-

4.5    LINK LAYER - P CHANNEL

AND R CHANNEL PROTOCOLS

4.5.1    General

Note.- The AMSS protocols are defined in terms of the OSI layered reference model. Section 4.5 defines the functional requirements of the link layer for P and R channels to transfer user data and signalling between the AES and the GES.

4.5.1.1    For each AES and GES, the link layer shall interface to the following:

a)
the subnetwork layer;

b)
the AES/GES management;

c)
the circuit-mode services;

d)
the physical layer.

4.5.1.2    The term link service user when used with respect to the link layer in 4.5 shall include items a), b) and c) in the list above.

Note:- Details on the link layer protocol and functions and requirements to transfer user data and signalling between the AES and the GES are contained in the Manual.

4.5.2    Link interface data unit (LIDU)

4.5.2.1    

4.5.2.2  

4.5.2.3    Link interface control information (LICI)

4.5.2.3.1 

4.5.2.3.2  

4.5.2.3.3 

4.5.2.4    Link service data unit (LSDU)

Note.
4.5.2.4.1  

4.5.2.4.2    Link service data unit format

4.5.3    Link protocol data unit (LPDU)

4.5.3.1 

4.5.3.2    Signal unit (SU)

4.5.3.2.1 

4.5.3.2.3    LIDU-to-SU set mapping

4.5.3.2.3.1 

4.5.3.2.3.2    For LIDU comprised of LSDU and LICI

4.5.3.2.3.2.1 

Note.-

4.5.3.2.3.2.2

4.5.3.2.3.3    For LIDU comprised of LICI only

4.5.3.2.4    SU set-to-LIDU mapping

4.5.3.2.4.1 

4.5.3.2.4.2 

4.5.3.2.4.3  

4.5.3.3    Signal unit format

4.5.3.3.1

4.5.3.3.2 

Note.-

4.5.4    LIDU routing

4.5.5    Precedence (Q number)

Each SU of the SU set generated from an LIDU shall be assigned a precedence (Q number) by the link layer according to the precedence parameter passed to it in the LICI by the link service user. Each link layer signalling SU shall be assigned a Q number according to its message type. A Q number shall be in the range from 0 (lowest precedence) to 15 (highest precedence).

4.5.6    DLS and RLS services

4.5.6.1    The link layer shall provide two distinct types of services, designated as direct link service (DLS) and reliable link service (RLS).

4.5.6.2    DLS shall be a link-layer service in which the SUs shall be transmitted to the peer link layer without making any provision for identification and retransmission of any lost SUs.

Note.- DLS is only available to AES/GES management functions and circuit-mode services.

4.5.6.3    RLS shall be a link-layer service that provides for the identification and retransmission of any lost SUs.

4.5.7    P channel protocol

Note.-

4.5.7.1    General

4.5.7.2    Ground earth station (GES)

4.5.7.2.1  

Note.
4.5.7.2.2 

4.5.7.2.3 

4.5.7.2.4 

4.5.7.2.4.1 

4.5.7.2.4.2 

4.5.7.2.5   

4.5.7.3    Aircraft earth station (AES)

4.5.7.3.1 

4.5.7.3.2 

4.5.7.3.3 

Note.-

4.5.7.3.3.1  

4.5.7.3.3.2  

4.5.7.3.4 

4.5.7.3.4.1

4.5.7.3.4.2 

Note.
4.5.7.3.4.2.1 

4.5.7.3.5  

4.5.7.3.6    

4.5.8    R channel protocol

Note.
4.5.8.1    General

4.5.8.1.1   

4.5.8.2    Aircraft earth station (AES)

4.5.8.2.1 

Note.
4.5.8.2.2 

4.5.8.2.3 

4.5.8.2.4 

Note.
4.5.8.3    Ground earth station (GES)

4.5.8.3.1

4.5.8.3.2 
4.5.8.3.2.1

4.5.8.3.2.2 

4.5.8.3.2.3

4.5.8.3.2.4 

4.5.8.3.3
4.6    LINK LAYER T CHANNEL AND SUB-BAND C CHANNEL PROTOCOLS

4.6.1    General

4.6.1.1 

4.6.1.2 

4.6.2    Link interface data unit (LIDU)

4.6.2.1 

4.6.2.2 

4.6.2.3    Link interface control information (LICI)

4.6.2.3.1 

4.6.2.3.2   

4.6.2.4    Link service data unit (LSDU)

4.6.3    Signal unit (SU)

4.6.3.1  

4.6.3.2   

4.6.3.3    LIDU-to-SU set mapping

4.6.3.3.1 

 4.6.3.3.2  
4.6.3.4    SU set-to-LIDU mapping

4.6.3.4.1 

4.6.3.4.2 
4.6.3.4.3 

4.6.3.5    Signal unit format

4.6.3.5.1 

4.6.3.5.2  

Note.
4.6.4    T channel transmission protocol

Note.
4.6.4.1    General

4.6.4.2    Aircraft earth station (AES)

4.6.4.2.1 
Note.
4.6.4.2.2

4.6.4.2.3 

4.6.4.3    Ground earth station (GES)

4.6.4.3.1 

Note.
4.6.4.3.2  

4.6.4.3.3  

4.6.4.3.3.1   

4.6.4.3.3.2

4.6.4.3.4 

4.6.4.3.5 

4.6.4.3.6 

4.6.5    T channel reservation protocol

Note.
4.6.5.1    General

4.6.5.2    Aircraft earth station (AES)

4.6.5.2.1 

Note.
4.6.5.2.2 

4.6.5.2.3 

4.6.5.2.4  

4.6.5.2.5  

4.6.5.2.6  

4.6.5.2.7

Note.
4.6.5.2.8 

4.6.5.2.9 

4.6.5.2.10 

4.6.5.2.11  

4.6.5.3    Ground earth station (GES)

4.6.5.3.1  

Note.
4.6.5.3.2

4.6.5.3.3

4.6.6    Sub-band C channel to-aircraft protocol

Note.
4.6.6.1    General

4.6.6.2    Ground earth station (GES)

4.6.6.2.1

4.6.6.2.2 

Note.
4.6.6.2.3 

4.6.6.3    Aircraft earth station (AES)

4.6.6.3.1 

4.6.6.3.2 

4.6.6.3.2.1

4.6.6.3.3
4.6.7    Sub-band C channel from-aircraft protocol

Note..

4.6.7.1    General

4.6.7.2    Aircraft earth station (AES)

4.6.7.2.1 

4.6.7.2.2 

Note.
4.6.7.2.3 

4.6.7.3    Ground earth station (GES)

4.6.7.3.1 

4.6.7.3.2

4.6.7.3.2.1

4.7    SATELLITE SUBNETWORK LAYER

4.7.1    General provisions

4.7.1.1    Architecture

4.7.1.1.1    The satellite subnetwork layer (SSNL) in the AES and GES shall provide connection-oriented packet data service by establishing subnetwork connections (SNCs) between subnetwork service (SNS) users. Both of the SSNL in the AES and GES shall contain the following three functions:

a)
satellite subnetwork dependent (SSND) function;

b)
subnetwork access (SNAc) function; and

c)
interworking (IW) function.

The SSND function shall perform the SSND protocol (SSNDP) between each pair of AES and GES by exchanging subnetwork protocol data units (SNPDUs). It shall perform the SSNDP aircraft (SSNDPA) function in the AES and the SSNDP ground (SSNDPG) function in the GES. At a minimum, the SNAc function shall perform the ISO 8208 protocol between the AES or GES and the attached routers by exchanging ISO 8208 packets. It shall perform the ISO 8208 DCE function in the AES and the GES. The IW function (IWF) shall provide the necessary harmonization functions between the SSND and the SNAc functions. Figure 4-11 shows the SSND, IW and SNAc functions and the ATN satellite subnetwork protocol architecture.

4.7.1.1.2    The term DCE when used shall mean ISO 8208 DCE.

4.7.1.1.3    The SSNL shall interface with the link layer and the AES/GES management.

4.7.1.2    Services

The SSNL shall provide the following services:

a)
transparency of transferred information - provide for the transparent transfer of octet aligned SSNL user data and/ or control information; and

b)
quality of service selection - make available to SNS users a means to request and to agree to the quality of service for the transfer of SSNL user data.

4.7.2    Packet data performance

4.7.2.1    Definitions

4.7.2.1.1    The terms used with respect to packet data performance are based on the definitions in ISO 8348 (first edition). In applying these definitions to the AMSS subnetwork layer, the word network and its abbreviation N in ISO 8348 are replaced by the word subnetwork and its abbreviation SN, respectively, wherever they appear. Additional definitions are provided as follows.

4.7.2.1.2    Data transfer delay (95 percentile). The 95th percentile of the statistical distribution of delays for which transit delay is the average.

4.7.2.1.2 bis    Data transit delay. In accordance with ISO 8348, the average value of the statistical distribution of data delays.

4.7.2.1.3    Subnetwork service data unit (SNSDU). An amount of subnetwork user data, the identity of which is preserved from one end of a subnetwork connection to the other.

Note.- Subnetwork performance depends on a number of factors, including the level of communication traffic. The performance values given here apply during peak busy hours.

4.7.2.2    Speed-of-service

4.7.2.2.1    Connection establishment delay

Note.- Connection establishment delay, as defined in ISO 8348, includes a component, attributable to the called subnetwork service user, which is the time between the SN‑CONNECT indication and the SN-CONNECT response. This user component is due to actions outside the boundaries of the satellite subnetwork and is therefore excluded from the AMSS specifications.

4.7.2.2.1.1    Connection establishment delay shall not exceed the following maximum values:

	Minimum channel

rate in use by AES

(bits/s)
	Maximum connection

established delay

(95 percentile)

(seconds)

	600
	70

	1 200
	45

	2 400
	25

	4 800
	25

	10 500
	25


4.7.2.2.2    Data transit delay

Note.- In accordance with ISO 8348, data transit delay values are based on a fixed SNSDU length of 128 octets. Data transit delays are defined as average values. (4.7.2.1.2 and 4.7.2.1.2 bis refer)
4.7.2.2.2.1    Data transit delay shall not exceed the following maximum values:

	Minimum

channel rate

in use by AES

(bits/s)
	Maximum data transit delay (seconds)

	
	To-aircraft
	From-aircraft

	
	Highest

priority

service
	Lowest

priority

service
	Highest

priority

service

	600
	12
	40
	40

	1 200
	8
	25
	30

	2 400
	5
	12
	15

	4 800
	4
	7
	13

	10 500
	4
	5
	13


Note.- In any particular AES, lower priority from-aircraft traffic may be subject to additional delay, depending on the amount and rate of from-aircraft traffic loading.

4.7.2.2.3    Data transfer delay (95 percentile)

Note.- In accordance with ISO 8348, 95 per cent data transfer delay values are based on a fixed SNSDU length of 128 octets. 95 per cent data transfer delay is defined in 4.7.2.1.2.
Data transfer delay (95 percentile) shall not exceed the following maximum values:

	Minimum

channel rate

in use by AES

(bits/s)
	Maximum data transfer delay

(95 percentile)

(seconds)

	
	To-aircraft
	From-aircraft

	
	Highest

priority

service
	Lowest

priority

service
	Highest

priority

service

	600
	15
	110
	80

	1 200
	9
	60
	65

	2 400
	6
	30
	35

	4 800
	5
	20
	30

	10 500
	4
	10
	30


Note.- In any particular AES, lower priority from-aircraft traffic may be subject to additional delay, depending on the amount and rate of from-aircraft traffic loading.

4.7.2.2.4    Connection release delay

The connection release delay (95 percentile) shall not exceed 30 seconds.

4.7.2.3    Reliability of service

4.7.2.3.1    Residual error rate

The residual error rate in the from-aircraft direction shall not exceed 104 per SNSDU. The residual error rate in the to-aircraft direction shall not exceed 106 per SNSDU.

Note.- Residual error rate includes the probability of undetected error, the probability of losing an SNSDU, and the probability of duplicating an SNSDU.

4.7.2.3.2    Connection resilience

4.7.2.3.2.1    The probability of an SNC provider-invoked SNC release shall not exceed 104 over any one-hour interval.

Note.- Connection release resulting from either GES-to-GES handover or AES log-off or VC pre-emption are excluded from this specification.

4.7.2.3.2.2    The probability of an SNC provider-invoked reset shall not exceed 101 over any one-hour interval.

4.7.3    Satellite subnetwork-dependent protocol services and operations

Note:- Details on the satellite sub-network layer, subnetwork-dependent protocol services and operations are contained in the Manual.

4.7.3.1    General provisions

4.7.3.2    Satellite subnetwork-dependent

protocol entities

Note.
4.7.3.2.1 
4.7.3.3    Logical channels

Note.
4.7.3.3.1  

4.7.3.4    Operations

Note.
4.7.3.5    Connection establishment

Note.-

4.7.3.5.1  

4.7.3.5.2   
4.7.3.5.3    Locally originated

4.7.3.5.3.1    Normal operation
4.7.3.5.3.1.1 

4.7.3.5.3.1.2  

4.7.3.5.3.1.3  

4.7.3.5.3.2    Other operation
4.7.3.5.4    Remotely originated
4.7.3.5.4.1    Normal operation
4.7.3.5.4.1.1 

4.7.3.5.4.1.2 

4.7.3.5.4.2    Other operation
4.7.3.5.4.2.1 

4.7.3.5.4.2.2  

4.7.3.6    Connection release

Note.
4.7.3.6.1 

4.7.3.6.2 

4.7.3.6.3    Locally originated

4.7.3.6.3.1 

4.7.3.6.3.2

4.7.3.6.3.3 

4.7.3.6.4    Remotely originated
4.7.3.6.5    SSNDPX originated
4.7.3.7    Data transfer

4.7.3.7.1 

4.7.3.7.2    Data transfer procedure

4.7.3.7.2.1 

4.7.3.7.2.2  

4.7.3.7.2.3    Locally originated
4.7.3.7.2.3.1

4.7.3.7.2.3.2   

Note.
4.7.3.7.2.3.3  

4.7.3.7.2.4    Remotely originated

4.7.3.7.2.4.1  

4.7.3.7.2.4.2  

Note.
4.7.3.7.2.4.3 

4.7.3.7.3    Flow control

4.7.3.7.3.1  

4.7.3.7.3.2 

4.7.3.7.3.3

4.7.3.7.3.4 

4.7.3.7.4    Expedited data transfer
Note.-
4.7.3.7.4.1

4.7.3.7.4.2 

4.7.3.7.4.3    Locally originated

4.7.3.7.4.3.1   

4.7.3.7.4.3.2 

4.7.3.7.4.3.3  

4.7.3.7.4.4    Remotely originated
4.7.3.7.4.4.1   

4.7.3.7.4.4.2 

4.7.3.8    Connection reset

4.7.3.8.1

Note.
4.7.3.8.2    Reset action

4.7.3.8.3    Reset procedures
4.7.3.8.3.1 

4.7.3.8.3.2 

4.7.3.8.3.3    Locally/SSNDPX originated
4.7.3.8.3.3.1 

4.7.3.8.3.3.2 

4.7.3.8.3.3.3 

4.7.3.8.3.4    Remotely originated
4.7.3.8.3.4.1 

4.7.3.8.3.4.2 

4.7.3.8.3.5    Simultaneous reset

4.7.3.9    Error procedures

Note.-
4.7.3.9.1 

4.7.3.9.2  

4.7.3.9.3 

4.7.3.9.4 
4.7.3.9.5    Log-on/log-off

Note.
4.7.3.9.6    Originating SSNDPX error recovery

4.7.3.9.6.1

4.7.3.9.6.2 

4.7.3.9.6.3 

4.7.3.9.7    Protocol error
Note.-

 4.7.3.9.7.1   

4.7.3.9.8    Out-of-sequence data  SNPDU procedure

4.7.3.9.8.1

Note.
4.7.3.9.8.2    SSNDPG actions for out-of-sequence data SNPDUs

Note.
4.7.3.9.8.2.1 

4.7.3.9.8.2.2 

4.7.3.9.8.3    SSNDPA actions for out-of-sequence SNPDUs

4.7.3.10    SNPDU formats

4.7.3.10.1    General SNPDU format

4.7.3.10.1.1 

4.7.3.10.1.2

4.7.3.10.1.3

Note.
4.7.3.10.1.4

4.7.3.10.1.5

Note.
4.7.3.10.2    Connection request SNPDU

4.7.3.10.2.1 

4.7.3.10.2.2    SNPDU type identifier field
4.7.3.10.2.2.1

4.7.3.10.2.2.2 

4.7.3.10.2.3    DTE address length field
4.7.3.10.2.4    Calling- and called-DTE fields
4.7.3.10.2.4.1

4.7.3.10.2.4.2 

4.7.3.10.2.4.3 

4.7.3.10.2.5    Called- and calling-NSAP address fields

4.7.3.10.2.6    Facility field length field

4.7.3.10.2.7    Facilities field
4.7.3.10.2.8    Call user data field
4.7.3.10.3    Connection confirm SNPDU
4.7.3.10.3.1  

4.7.3.10.3.2    SNPDU type identifier field
4.7.3.10.3.2.1

4.7.3.10.3.2.2 

4.7.3.10.3.3    Called-NSAP address field
4.7.3.10.3.4    Facility length field
4.7.3.10.3.5    Facilities field
4.7.3.10.3.6    Called user data field
4.7.3.10.4    Connection released SNPDU
4.7.3.10.4.1 

4.7.3.10.4.2    SNPDU type identifier field
4.7.3.10.4.2.1 

4.7.3.10.4.2.2 

4.7.3.10.4.3    Called-NSAP address field
4.7.3.10.4.4    Clearing cause field
4.7.3.10.4.4.1

4.7.3.10.4.4.2 

4.7.3.10.4.5    Diagnostic code field
4.7.3.10.4.6    Clear user data field
4.7.3.10.5    Connection release complete SNPDU

4.7.3.10.6    Data SNPDU

4.7.3.10.6.1

4.7.3.10.6.2    M-bit
4.7.3.10.6.3    SNPDU number field
4.7.3.10.6.4    User data field
4.7.3.10.7    Interrupt data SNPDU

4.7.3.10.7.1  

4.7.3.10.7.2    Interrupt user data field
4.7.3.10.8    Interrupt confirm SNPDU
4.7.3.10.9    Reset SNPDU
4.7.3.10.9.1 

4.7.3.10.9.2    Resetting cause
4.7.3.10.9.3    Diagnostic code
4.7.3.10.9.3.1 

4.7.3.10.9.3.2 

4.7.3.10.10    Reset confirm SNPDU
4.7.3.10.11    Flow control (suspend) SNPDU

4.7.3.10.11.1   

4.7.3.10.11.2    Flow control reason field
4.7.3.10.11.3    SNPDU number field
4.7.3.10.12    Flow control (resume) SNPDU
4.7.3.10.12.1

4.7.3.10.12.2    Flow control field
4.7.3.10.13    Connection request/confirm SNPDU facilities field

4.7.3.10.13.1

4.7.3.10.13.2 

4.7.3.10.13.3    Recommended facilities
Recommendation.
4.7.3.10.13.4    Throughput class negotiation (TCN) facility format

4.7.3.10.13.5    Transit delay selection and indication (TDSAI) facility format

4.7.3.10.13.6    Fast select facility format

4.7.3.10.13.7    Expedited data negotiation
4.7.3.10.14    Diagnostic codes
4.7.3.11    Timer values

4.7.3.12    State diagrams

4.7.3.13    State tables

4.7.3.13.1 

4.7.3.13.2  

4.7.3.14    Satellite subnetwork dependent to link layer interface functions

4.7.3.14.1 

4.7.3.14.2

4.7.3.15    Packet to SNPDU mapping rules

4.7.3.15.1 
4.7.3.15.2    DTE addresses

4.7.3.15.2.1 

4.7.3.15.2.2 

4.7.3.15.3    NSAP address
4.7.3.15.3.1

4.7.3.15.3.2  

4.7.3.15.4    Subnetwork connection priority
4.7.3.15.4.1

4.7.3.15.4.2  

4.7.3.15.4.3 

4.7.3.15.4.4

4.7.3.15.5    Throughput class negotiation
4.7.3.15.5.1  

4.7.3.15.5.2    Throughput
4.7.3.15.6    Transit delay
4.7.3.15.6.1 

4.7.3.15.6.2    Aircraft-originated connection establishment

4.7.3.15.6.2.1 

4.7.3.15.6.2.2  

4.7.3.15.6.3    Ground-originated connection establishment

4.7.3.15.7    Fast select

4.7.3.15.8    Expedited data negotiation
4.7.3.15.9    Cause and diagnostic codes
4.7.3.15.9.1 

4.7.3.15.9.2 

4.7.3.15.10    Data
4.7.3.15.10.1   

4.7.3.15.10.2 

4.7.3.16    SNPDU to packet mapping rules

4.7.3.16.1  
4.7.3.16.2    DTE address

4.7.3.16.2.1 

4.7.3.16.2.2   

4.7.3.16.3    NSAP address
4.7.3.16.3.1

4.7.3.16.3.2  

4.7.3.16.4    Priority
4.7.3.16.5    Throughput class negotiation
4.7.3.16.5.1    

4.7.3.16.5.2    Throughput
4.7.3.16.6    Transit delay
4.7.3.16.6.1

4.7.3.16.6.2    Aircraft-originated connection establishment
4.7.3.16.6.2.1

4.7.3.16.6.2.2 

4.7.3.16.6.3    Ground-originated connection establishment
4.7.3.16.6.3.1

4.7.3.16.6.3.2 

4.7.3.16.7    Fast select
4.7.3.16.8    Expedited data negotiation
4.7.3.16.9    Cause and diagnostic codes
4.7.3.16.10    Data
4.7.3.16.10.1  

4.7.3.16.10.2 

4.7.3.17    Capacity

4.7.4    ISO 8208 DCE protocol operations

4.7.4.1    General provisions

4.7.4.1.1    The protocol between the ISO 8208 DCE and the ISO 8208 DTE shall comply with the ISO 8208 second edition.

Note: - Details on the operation of the satellite sub-network layer ISO 8208 protocol are contained in the Manual.

4.7.4.1.2    Packet layer entity

Note.- 
4.7.4.2    Conformance requirements

4.7.4.2.1    Supported services and capabilities

4.7.4.2.2    Supported facilities
Note.-
4.7.4.2.3    Recommended facilities

Recommendation.
4.7.4.3    Operations

4.7.4.3.1    External interactions

Note.-

4.7.4.3.1.1
4.7.4.3.2    Logical channels

Note.
4.7.4.3.3    State transitions

4.7.4.3.3.1  

Note 1.
Note 2.

4.7.4.3.3.2 

4.7.4.3.4    Disposition of packets

4.7.4.3.5    Diagnostic and cause codes
Note.
4.7.4.3.6    DCE timer

Note.
4.7.4.3.6.1

4.7.4.4    Capacity

4.7.4.5    VC pre-emption

Note.
4.7.5 Interworking function

Note: - Details on the satellite sub-network layer interworking fundtion are contained in the Manual.

4.7.5.1    SSNDPX/IWF interface

4.7.5.1.1

4.7.5.1.2    Incoming call packet handling

Note.

4.7.5.1.3    Call connected packet handling

Note.

4.7.5.1.4    Clear indication packet handling

4.7.5.1.4.1  
4.7.5.1.5    Data, interrupt, interrupt confirmation and reset indication packet handling

4.7.5.1.5.1
4.7.5.2    ISO 8208 DCE/IWF interface

4.7.5.2.1
4.7.5.2.2    Call request packet handling

4.7.5.2.3    Call accepted packet handling

4.7.5.2.4    Clear request packet handling

4.7.5.2.5    Data, interrupt, interrupt confirmation and reset request packet handling

4.7.5.3    (Reserved)

4.7.5.4    ISO 8208 logical channel and SSNDPX logical channel association

Note.

4.7.5.5    Data transfer procedures

4.7.5.5.1    Flow control

4.7.5.6    Cause and diagnostic code

4.7.5.6.1  

4.7.5.6.2 
4.7.6 Management interface

Note: - Details on the satellite sub-network layer management interfaces are contained in the Manual.

4.7.6.1    AES management interface

4.7.6.1.1  

4.7.6.1.2 

4.7.6.1.3    Connectivity notification event

4.7.6.1.3.1

4.7.6.1.3.1 bis    Join and leave events
Note.
4.7.6.1.3.2    (Reserved)

4.7.6.1.3.3    (Reserved)

4.7.6.2    GES management interface

4.7.6.2.1

4.7.6.2.2 

4.8    CIRCUIT-MODE SERVICES

4.8.1    AMS(R)S circuit-mode general requirements

Note. The AMS(R)S circuit-mode service is a communications service between aircraft and ground facilities using satellite links as one of the connecting media. The AMS(R)S circuit-mode service provides a means to establish and maintain a non-shared switched circuit between aircraft and ground users on demand. The primary purpose of the circuit-mode service is to provide for safety voice communications. A switched circuit is held for the duration of the call unless automatically pre-empted in order to reassign resources for a higher priority call attempt. AMS(R)S switched circuits may be interconnected with one or more terrestrial communications facilities in tandem with the AMS(R)S subnetwork. These facilities may include safety circuit-switched networks or dedicated circuits.

4.8.1.1    AMS(R)S circuit-mode services. Circuit-mode AMS(R)S communications services shall be provided to Level3 and 4 AESs and shall consist of distress, urgency, flight safety and other messages related to meteorology and flight regularity.

Note.- Non-AMS(R)S circuit switched voice and data service for non-safety communications may be supported by AMS(R)S on a not-to-interfere basis provided that the provisions of 4.8.3.2 are complied with.

4.8.1.2    Order of importance. AMS(R)S services for ATS communications shall have precedence over non-AMS(R)S communications.

4.8.1.3    Non-AMS(R)S communications. Non-AMS(R)S communications shall not interfere with AMS(R)S communications.

4.8.2    Circuit-mode system architecture

4.8.2.1    AES circuit-mode services shall be able to specify a particular GES to be used in air-origination calls and shall  not be restricted to its log-on GES. Conversely, a ground originated call arriving from the terrestrial network of any GES which has current log-on information of the AES shall be completed by that GES rather than the GES to which the AES is logged on.

Note.Details on the circuit-mode link layer signalling and telephony interworking interface and on circuit mode procedures are contained in the Manual

4.8.2.2    Circuit-mode link layer signalling interface. 

4.8.2.3    Circuit-mode telephony interworking interface

Note.

4.8.2.3.1 

Note.

4.8.2.4    Other AES circuit-mode system interfaces

4.8.2.4.1    AES management interface.

4.8.2.4.2    AES voice codec external interface.

4.8.2.5    Other GES circuit-mode system interfaces

4.8.2.5.1    GES management interface.

4.8.2.5.2    Voice codec external interface.

4.8.3    AMS(R)S service requirements

4.8.3.1    Connectivity. The AMS(R)S service shall support the on-demand establishment of switched circuits between any aircraft within the service area of a GES and the terrestrial networks serving the GES. The AMS(R)S service shall allow a circuit switched transaction to be established between an aircraft and a terrestrial network via a GES other than the GES to which the aircraft is logged on.

4.8.3.2    Priority and pre-emption. AMS(R)S calls shall have priority over all non-AMS(R)S calls and shall be capable of pre-empting non-AMS(R)S calls if required to gain immediate access to the circuit-mode service. AMS(R)S calls shall be established and maintained in accordance with the priority levels defined in Table 4-43. An AMS(R)S call with a higher service priority than an AMS(R)S call in progress shall be able to preempt the lower service priority call if necessary to gain immediate access to circuit-mode service. All AMS(R)S call attempts crossing the interface between a GES and a terrestrial network shall be identified as to the associated priority category.

4.8.3.3    Grade-of-service. The GES shall have available sufficient C channel resources such that an air or ground-originated call attempt received at the GES shall experience a probability of blockage within the GES of no more than 0.01. Available GES C channel resources shall include all pre-emptable resources (e.g. those in use by non-safety users).

4.8.4    AMS(R)S performance requirements

4.8.4.1    Call processing delays

Note 1.- Guidance material on access delay performance requirements for the AMS(R)S subnetwork and how they impact planning of ATS terrestrial networks is contained in Attachment A to Part I the Manual.

Note 2.- Figure A5‑1a) shows the “access request” CM‑LIDU which is associated with one of the two different access request SUs shown in Figures A2-45 and A2-46. The first is the baseline standard, with the second providing slightly less connection establishment delay. [to manual]
4.8.4.1.1    Air-originations

4.8.4.1.1.1    GES signalling transit delay. The maximum time delay for a GES to present a call origination event (FITE 18, see Table 4-42) to the terrestrial network interwork-ing interface after the first arrival of all AES call information at the GES link layer shall be 1.0 second (95th percentile).

Note.- AES call information is contained within the “access request” CM‑LIDU received via the R channel and in the CM‑LIDU received via the C channel. Figures A2‑45 and A2‑46 show two access request SUs. [to Manual]

4.8.4.1.1.2    GES C channel assignment delay. The maxi-um time delay for a GES to enqueue a C channel assignment CM-LIDU for service by the P channel link layer after an “access request” CM-LIDU has arrived at the GES link layer shall be 1.5 seconds (95th percentile).

4.8.4.1.1.3    AES C channel assignment response delay. The maximum time delay for an AES to begin transmitting a C channel carrier after a “C channel assignment” CM-LIDU has arrived at the AES link layer shall be 1.0 second (95th percentile).

4.8.4.1.2    Ground-originations

4.8.4.1.2.1    GES C channel assignment delay. The maximum time delay for a GES to enqueue a “C channel assignment” CM-LIDU for service by the P channel link layer after a call origination event (FITE 18, see Table [4-41]) has arrived at the terrestrial network interworking interface shall be 1.5 seconds (95th percentile).

4.8.4.1.2.2    AES C channel assignment response delay. The maximum time delay for an AES to begin transmitting a C channel carrier after both a “call announcement” CM-LIDU and a “C channel assignment” CM-LIDU have arrived at the AES link layer shall be 1.0 second (95th percentile).

Note.- The AES procedures for ground-originated calls require an AES to await the successful receipt of both CM-LIDUs before C channel transmission can begin. These procedures include error-recovery logic to handle their potential receipt out of normal order.

4.8.4.2    Transfer delay

4.8.4.2.1    The total allowable transfer delay within the AMS(R)S subnetwork on a C channel operating at 21.0 kbits/ s shall be no more than 0.485 second.

4.8.4.2.2    The maximum transfer delay component that can be attributed to the AES or GES shall be 0.080 second for each.

Note 1.- Fixed transfer delay components of 0.285 second and 0.040 second are allotted to RF propagation delay (worst case path geometry) and vocoder frame emission delay respectively. Allocating 0.040 second for vocoder frame emission delay provides for worst case synchronization where the first 0.020 second vocoder speech frame is delayed by an additional C channel interleaver block.

Note 2.- Total transfer delay for the AMS(R)S subnetwork is defined as the elapsed time commencing at the instant that speech is presented to the AES or GES and concluding at the instant that the speech enters the interconnecting network of the counterpart GES or AES. This delay includes vocoder processing time, physical layer delay, RF propagation delay and any other delays within the AMS(R)S subnetwork.

4.8.4.3    Misrouting

The probability of misrouting caused by internal processing or signalling errors within the GES shall not exceed 1 in 106.

Note. Misrouting can occur if the GES misinterprets (1) the network-ID or ground address digits contained in an “access request – telephone” CM-LIDU (for air-originations) or (2) the AES-ID or terminal-ID contained in a FITE 18 received from the interworking interface with the terrestrial network (for ground-originations).

4.8.5    Circuit-mode voice encoding/decoding

4.8.5.1    Circuit‑mode voice. For circuit-mode voice, the appropriate voice encoding/decoding algorithm for the AES and GES shall be used for each C channel as indicated below.

4.8.5.1.1    21.0 kbits/s C channel. A 9.6 kbits/s encoding/decoding algorithm (see Appendix [7] to Chapter 4) shall be  used with a 21 kbits/s C channel (see 4.4.5).

Note. The voice encoding algorithm is subject to BT (formerly British Telecom) patent rights and copyrights. BT has agreed to grant royalty-free non-exclusive licences under such patent rights and copyrights to all manufacturers of AES and GES implementations for civil aeronautical mobile satellite communications only (which include AMSS and AMS(R)S communications, as provided in Chapter 4). These manufacturers should enter into a royalty-free licence agreement with BT Laboratories prior to incorporating the algorithm in equipments for civil aeronautical mobile satellite communications.

4.8.5.1.2    8.4 kbits/s C channel. A 4.8 kbits/s encoding/decoding algorithm shall be used with an 8.4 kbits/s C channel  (see 4.4.5).

Note.- Information on technical characteristics of the industry standard 4.8 kbits/s encoding/decoding algorithm is contained in the document “Low Level Description”, version number 1.5, dated 3 May 1996, and developed by Digital Voice Systems Inc. (DVSI), United States.

The 4.8 kbits/s encoding/decoding technology described in the document is subject to DVSI patent rights and copyrights. Manufacturers must enter into a licence agreement with DVSI prior to obtaining a detailed description of the algorithm before incorporation in equipment operating in the AMSS service. By letter to ICAO dated 10 November 1998, DVSI confirmed its commitment to license the technology for the manufacture and sale of aeronautical equipment under reasonable terms and conditions, negotiated on a non-discriminatory basis.

4.8.6 AMS(R)S circuit-mode procedures

Note:- AMS(R)S circuit-mode procedures are contained in the Manual.

4.8.6.1    AMS(R)S circuit-mode procedures

Note 1.

Note 2. 

4.8.6.1.1    AES circuit-mode logic

Note.
4.8.6.1.1.1    AES outgoing circuit-mode procedure. 

4.8.6.1.1.1.1 

Note.

Note.

4.8.6.1.1.1.2  

Note. 

4.8.6.1.1.2    AES incoming circuit-mode procedure.

4.8.6.1.1.2.1    AES incoming circuit-mode call initiation.

Note
4.8.6.1.1.2.2    AES incoming C channel continuity check
4.8.6.1.1.2.3    AES incoming aircraft completion.

4.8.6.1.1.2.4    AES incoming C channel maintenance.

Note.

Note.

4.8.6.1.2    GES circuit-mode logic

Note..
4.8.6.1.2.1    GES outgoing circuit-mode procedure.

4.8.6.1.2.1.1    GES outgoing circuit-mode call initiation.

 Note..

4.8.6.1.2.1.2    GES outgoing C channel establishment. 

Note.

 Note.
4.8.6.1.2.1.3    GES outgoing C channel continuity check. 

Note. 

Note. 

Note. 

4.8.6.1.2.1.4    GES outgoing C channel maintenance.

4.8.6.1.2.1.5    GES outgoing C channel release guard.

Note.

 Note.

4.8.6.1.2.2    GES incoming circuit-mode procedure.

4.8.6.1.2.2.1    GES incoming circuit-mode call initiation.

Note.
Note.

4.8.6.1.2.2.2    GES incoming bi-directional setup.

Note 1.

 Note 2. 

Note. 

4.8.6.1.2.2.3    GES incoming C channel establishment.

Note. 

Note.
4.8.6.1.2.2.4    GES incoming terrestrial completion.

 Note.
Note.
4.8.6.1.2.2.5    GES incoming C channel maintenance.

Note. 

4.8.6.1.2.2.6    GES incoming release guard. 

Note.
Note. 

4.8.7 ATS-specific terrestrial network standards

Note:- Details on ATS-specific terrestrial network standards and the telephone numbering plan are contained in the Manual.

Note.- Guidance material on aeronautical speech circuit switching and signalling is contained in ICAO Circular 183  ATS Speech Circuits  Guidance Material on Switched Network Planning and in Attachment A to Part I the Manual.

4.8.7.1    Closed user group.
Note.

4.8.7.2    Safety terrestrial private networks.

4.8.7.2.1 

4.8.7.2.1.1    Recommendation.

 Note.

4.8.7.2.2 

Note.

 4.8.7.3    Registration of air-originated attempts to a busy ground party. 

4.8.7.3.1    Recommendation.. 

4.8.8    Telephony numbering plan

4.8.8.1    General
4.8.8.2    Aircraft numbering

4.8.8.2.1    Specific requirements. 

4.8.8.2.2    Address analysis. 

4.8.8.2.2.1 

4.8.8.2.2.2    Recommendation. 

4.8.8.3    Terrestrial numbering

4.8.8.3.1    Ground destination address.

4.8.8.3.1.1    Address analysis.

 Note 1.

Note 2.

Note 3.
4.8.8.3.2    Network ID. 

Note.

4.9    AIRCRAFT EARTH STATION (AES) MANAGEMENT

4.9.1    General

AES management functions shall include the functions performed in the AES to initiate and carry out a log-on process, to maintain a logged-on status, to initiate and carry out a log-off process, and to manage the data and voice communications with a GES.

4.9.2    AES management interfaces

4.9.2.1    The AES management shall provide for interfaces to the following AES entities:

a)
subnetwork layer;

b)
link layer;

c)
physical layer;

d)
circuit-mode services.

Note:- Details on AES management interfaces and functions are contained in the Manual.

4.9.2.1.1    Subnetwork layer

4.9.2.1.2    Link layer
Note.
4.9.2.1.3    Physical layer

4.9.2.1.4    Circuit-mode services
4.9.3    AES management functions

4.9.3.1    AES management shall carry out the following functions:

4.9.3.2    AES table management

4.9.3.2.1 

4.9.3.2.2    System table

4.9.3.2.3    AES system table update
4.9.3.2.4    Log-on confirm table

4.9.3.2.5    Log-on confirm table update

4.9.3.3    AES log-status management

4.9.3.3.1
4.9.3.3.2    Satellite, beam and GES selections

4.9.3.3.3    Log-on procedure

4.9.3.3.3.1  

4.9.3.3.3.2   

4.9.3.3.3.2.1 

4.9.3.3.4    Procedures after log-on

4.9.3.3.4.1

Note.
4.9.3.3.4.2    

Note. 

4.9.3.3.4.2.1    Recommendation.
4.9.3.3.4.3 

4.9.3.3.4.4 

4.9.3.4    AES channel management

4.9.3.4.1    Channel unit control

4.9.3.4.1.1  

4.9.3.4.1.2  
4.9.3.4.1.2.1 

4.9.3.4.1.3    Channel unit power control.

4.9.3.4.1.3.1  

Note.

4.9.3.4.1.3.2 

Note.

4.9.3.4.1.4    Level-3 AES channel unit switching. 

4.9.3.4.1.4.1 

4.9.3.4.1.4.2

4.10    GROUND EARTH STATION (GES) MANAGEMENT

4.10.1    General

Note.- This section defines the management functions required at the GES to initiate and execute the log-on process and to manage the data and voice communications between the AES and the GES.

4.10.1.1    The GES shall perform the set of functions described in this section in order to establish and maintain communications channels with its logged-on AESs and shall share the information about the status of each of its logged-on AESs with all the other GESs supporting AMS(R)S services through the same satellite.

4.10.2    GES management architecture

4.10.2.1    Ground-to-air

Anywhere within a satellite service area, an AES shall have at least one unique Psmc channel available at 600 bits/s for identification of the satellite and the beam supporting the Psmc channel.

4.10.2.2    Ground-to-ground

There shall be communication between the GESs in the same satellite service area to exchange information as required for carrying out the GES management functions specified in 4.10.4.

4.10.3    GES management interfaces

4.10.3.1    The GES management shall interface with the subnetwork layer, circuit-mode services, link layer and physical layer in order to exchange control information required for GES table management, log status management and channel management.

Note:- Details on GES management interfaces and functions are contained in the Manual.

4.10.3.2    Subnetwork layer

4.10.3.3    Circuit-mode services

4.10.3.4    Link layer

4.10.3.4.1 

4.10.3.4.2 

Note.

4.10.3.5    Physical layer

4.10.4    GES management functions

4.10.4.1

4.10.4.2    GES table management

4.10.4.2.1 

4.10.4.2.2    AES system table

4.10.4.2.2.1 

4.10.4.2.2.2 

4.10.4.2.2.3   

4.10.4.2.2.4 

4.10.4.2.3    AES log-on status table

4.10.4.2.3.1

4.10.4.2.3.2  

4.10.4.2.3.3 

4.10.4.2.3.4    AES log-on status table update
4.10.4.3    GES log status management

4.10.4.3.1 
4.10.4.3.2    Log-on

Note.
4.10.4.3.2.1 

4.10.4.3.2.1 bis
Note.

4.10.4.3.2.2 

4.10.4.3.2.3 

4.10.4.3.2.4

4.10.4.3.3    Log-off

Note.
4.10.4.3.3.1

4.10.4.3.3.2 
4.10.4.3.4    Log-on verification

Note.
4.10.4.3.4.1 

Note.

4.10.4.3.4.2    Direct verification

4.10.4.3.4.3    Indirect verification
4.10.4.3.5    Log-on prompt
4.10.4.3.6    Channel reassignment
4.10.4.3.6.1   

4.10.4.3.6.2 

4.10.4.4    GES channel management

4.10.4.4.1

4.10.4.4.2    Channel configuration management 

4.10.4.4.2.1    GES channel configuration for management communication

4.10.4.4.2.2    AES channel configuration assignment and adjustment

4.10.4.4.2.2.1  

4.10.4.4.2.2.2 

4.10.4.4.2.2.3  

4.10.4.4.2.2.4 

4.10.4.4.2.2.5

4.10.4.4.3    Channel power management

4.10.4.4.3.1    AES power setting
Note.
4.10.4.4.3.1.1

4.10.4.4.3.1.1 bis.    Recommendation..

Note.
4.10.4.4.3.1.2 

4.10.4.4.3.2    C channel power adjustment

4.10.4.4.3.2.1

4.10.4.4.3.2.2

4.10.4.4.4    Channel frequency management

4.10.4.4.4.1    AES frequency setting
Note.
4.10.4.4.4.1.1 

4.10.4.4.4.1.2

4.10.4.4.4.2    AES channel frequency reassignment

4.10.4.4.4.2.1 

4.10.4.4.4.2.2 

4.10.4.4.5    Channel interference management

4.10.4.4.6    Pre-emption management

4.10.4.4.6.1    Voice versus voice pre-emption
4.10.4.4.6.2    Data versus voice pre-emption
4.10.4.5    GES system broadcast

4.10.4.5.1  

4.10.4.5.2    System table broadcast

4.10.4.5.2.1 

4.10.4.5.2.2

4.10.4.5.2.3 

4.10.4.5.2.4 

4.10.4.5.2.5 

Note 1.

 Note 2.

4.10.4.5.2.6 

4.10.4.5.2.7 

4.10.4.5.3    Selective release broadcast

Note.
4.10.4.5.3.1 

4.10.4.5.4    Recommendation.
4.10.5    Satellite system management

At least one satellite/beam-identifying Psmc channel shall be active at all times for each beam that supports a satellite/ beam-identifying Psmc channel.
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