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INTRODUCTION



1.1    ObjectivE AND SCOPe

1.1.1	The objective of this part of the manual is to provide technical specifications and guidance material to ICAO Member States and the international civil aviation community on the SwiftBroadband (SBB) aviation satellite system, which provides AMS(R)S communications for the safety and regularity of flight. The SwiftBroadband aviation satellite system is operated globally by Inmarsat. This manual is to be considered in conjunction with the AMS(R)S SARPs contained in Annex 10, Volume III, Part I, Chapter 4 [1].

1.1.2	This part of the manual consists of the following chapters:

	Chapter 1:	Introduction 
	Chapter 2:	Overview of SwiftBroadband
	Chapter 3:	Compliance Matrix to Annex 10, Volume III, Part I, Chapter 4 (SARPS) [1]
	Chapter 4:	Institutional and Operational Guidance for the use of SwiftBroadband

This part of the manual has been developed in advance of any system and ATM validation activities. It references the RTCA SBB MASPS [2], Attachment 1 Inmarsat SwiftBroadband Specific Material, for the full technical description of the SwiftBroadband system, in order to avoid duplication of technical material. The RTCA SBB MASPS [2] also contains a list of system requirements. Detailed requirements on the aircraft terminal are provided in the RTCA SBB MOPS [3].



1.2    References

1.	"Annex 10 to the Convention on International Civil Aviation, Aeronautical Communications, Volume III Communication Systems, (Part I Digital Data Communication Systems)," International Civil Aviation Organization (ICAO), Montreal, July, 2007.

2.	"Minimum Aviation System Performance Standard for AMS(R)S Data and Voice Communications Supporting Required Communications Performance (RCP) and Required Surveillance Performance (RSP) in Procedural Airspace”, RTCA, Inc., DO-343, 21 August 2013.

3.	"Minimum Operational Performance Standards for Avionics Supporting Next Generation Satellite Systems (NGSS)," RTCA, Inc., Washington, DC, DO-262B (July 2014).

4.	 “Performance-Based Communication and Surveillance (PBCS) Manual”, International Civil Aviation Organization (ICAO), Montreal, Doc 9869, 2nd Edition, December 2014.

5.	“Global Operational Datalink Document”, International Civil Aviation Organization (ICAO), Montreal, Doc 10037.

6.	“Satellite Voice Operations Manual”, International Civil Aviation Organization (ICAO), Montreal, Doc 10038.

______________________

Chapter 2

OVERVIEW OF SWIFTBROADBAND



2.1    General

2.1.1	This section provides a high level introduction to the SwiftBroadband System. For a detailed system description of SwiftBroadband, please refer to the RTCA SBB MASPS [2], Attachment 1, Section 3.

2.1.2	The Inmarsat SwiftBroadband system has been in service since November 2007, initially for non-safety users. SwiftBroadband is based on 3G UMTS mobile telecommunications systems, operates over geostationary satellites, and provides both circuit-switched services (for voice) and IP-based packet-switched services (for data and voice) with a data rate of up to 432 kbit/s per channel. In Standard IP mode, the service is shared with other concurrent users of the system, ensuring best use of the available spectrum.

2.1.3	SwiftBroadband is delivered over the Inmarsat-4 (3 satellites launched between 2005 and 2008) and Alphasat (launched July 2013) satellites using user links in the L band and feeder links in the C band. The satellites are geosynchronous, with inclination typically less than 3 degrees, and provide worldwide coverage with the exception of the polar regions. Key aspects of the I-4 satellites are a single 9 metre aperture antenna and a transparent, bent-pipe, digital signal processor (DSP) that performs the channelization and beamforming functions. Each I-4 satellite provides a global beam, 19 regional beams, and typically 192 narrow spot beams.

2.1.4	SwiftBroadband shares the same satellite and ground infrastructure that is used to deliver similar services to other market segments (enterprise (also known as land portable), land mobile and maritime). The enterprise service is known as BGAN (Broadband Global Area Network) and this term is often used to describe the totality of the system across all market segments. The maritime service is known as FleetBroadband.

2.1.5	The SwiftBroadband system is composed of four segments:

	•	the Airborne (or user) segment known as an Aircraft Earth Station (AES);
	•	the Inmarsat satellites;
	•	the Inmarsat ground infrastructure;
	•	the Communication Network Provider’s (CNP’s) ground infrastructure.

2.1.6	Inmarsat owns and operates the satellite ground infrastructure and delivers traffic at Meet-Me Points (MMPs) to the CNPs (such as, for example, ARINC and SITA). The CNPs provide key elements of the end-to-end ACARS and Voice service and deliver traffic to ANSPs and airlines. A key service that the CNPs offer is a secure 2-stage dialling capability for access to prioritised ground to air voice communication.

2.1.7	The SBB data and voice communication services described in this document form part of the AMS(R)S system and are delivered between the AES avionics interface and the CNPs’ interfaces to the ANSP/airline as shown in Figure 1-1 below.

[image: ]

Figure 1-1.    AMS(R)S System Boundary Diagram (illustrates main data flows)




2.2    SwiftBroadband Services


2.2.1	To support cockpit safety services at the performance defined in the RTCA SBB MASPS [2], the Inmarsat SwiftBroadband system includes gateway functions that utilize the 3G bearer services to provide the ACARS service and the VoIP component of the voice service. The ACARS gateway at the Inmarsat SAS sites transports ACARS data in both air-ground and ground-air directions over the SwiftBroadband IP link, enabling FANS operation for ADS-C and CPDLC, with priority and pre-emption to protect FANS ACARS traffic over the link from network congestion. Thus SBB provides the following services:

a) ACARS data service supporting FANS and AOC applications;
b) Two channels of cockpit voice, with the required call priority levels;
c) Prioritised IP service (standard service and streaming service) to the cockpit for support of new ATS and AOC applications;
d) Position reporting service.

2.2.2	SwiftBroadband provides AMS(R)S communications for the safety and regularity of flight, in addition to the non-safety communications services. The system may be used on its own to provide aircraft cockpit communications functions (and non-safety services), also for accessing avionics data e.g. ADS-C, or may be combined with Classic Aero.

2.2.3	The SwiftBroadband system provides data and voice communication services that will enable widespread implementation of the 30/30 NM separation standards for oceanic and remote airspace operations along international air routes. Data communication (using ACARS) complies with the RCP240, RSP180 and operational requirements in the ICAO PBCS Document [4], while voice communications complies with the RSP400/V and operational requirements in the ICAO PBCS [4].

2.2.4	The position reporting service is implemented within the ACARS infrastructure and provides position reports containing latitude, longitude, altitude, true heading and ground speed, at an interval that is configurable from the ground. (This position reporting service must be requested at the time of aircraft activation.)  For aircraft using the SwiftBroadband system, Inmarsat will also be able to make the aircraft position data available (via the Inmarsat Distribution Partner) for Search and Rescue (SAR) following an emergency. Position reports are appended to each ACARS Aircraft GateWay (AAGW) ACARS message from the aircraft, including system level log-on, log-off, downlinks, uplink acknowledgements, and keep-alives, and the position information is decoded and logged at the ACARS Ground GateWay (AGGW) at the Inmarsat SAS sites, thus offering the potential for a high rate of aircraft location and track information.

2.2.5	Four classes of AES are defined:

	•	Class 4, which uses an Enhanced Low Gain Antenna (ELGA).
	•	Class 7, which uses an Intermediate High Gain Antenna (IGA).
	•	Class 6, which uses a High Gain Antenna (HGA).
	•	Class 6 with Classic Aero reversion capability, which uses a High Gain Antenna (HGA). 

2.2.6	AESs that incorporate Classic Aero reversion capability are designed for tight interoperability with the Classic Aero service operating on the I-3 and I-4 satellites, and these AESs may seamlessly switch between the three networks.



2.3    Requirements


2.3.1	For the requirements on the SwiftBroadband system, refer to the RTCA SBB MASPS [2], Section 2. For SwiftBroadband compliance to these requirements, refer to RTCA SBB MASPS [2], Attachment 1, Section 2.

2.3.2	For the requirements on AESs supporting the SwiftBroadband system, refer to the RTCA SBB MOPS [3].

2.3.3	The MASPS requirements were sourced from the following documents:

a. ICAO GOLD Manual [5]. The Required Communications Performance (RCP) and Required Suvellance Performance (RSP)requirements are now contained in the ICAO PBCS [4];
b. ICAO Satellite Voice Guidance Material (SVGM) now published as ICAO Satellite Voice Operations Manual (SVOM) [6].
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Chapter 3

COMPLIANCE MATRIX TO ANNEX 10, VOLUME III,
PART I, CHAPTER 4 (SARPS)



Table 3-1.    SwiftBroadband AMS(R)S system parameters per ICAO AMS(R)S SARPs 
Annex 10, Volume III, Part I, Chapter 4

	AMS(R)S 
SARPs 
reference
	AMS(R)S
SARPs contents
	SwiftBroadband 
Subnetwork
value
	Additional comments 
on performance

	4.2
	General
	N/A
	Title

	4.2.1
	AMS(R)S shall conform to ICAO Chapter 4
	Yes
	

	4.2.1.1
	Support packet data, voice, or both
	Yes;
both
	By design

	4.2.2
	Mandatory equipage
	N/A for service provider
	

	4.2.3
	Two years' notice
	N/A for service provider
	

	4.2.4
	Recommendation to consider worldwide implementation
	Yes
	

	4.3
	RF Characteristics
	N/A
	Title

	4.3.1
	Frequency bands
	N/A
	Title

	4.3.1.1
	Only in frequency bands allocated to AMS(R)S and protected by ITU RR
	Yes
	ICAO-ACP-WG-F (see ICAO-ACP-WG-F-28 Report, Section 8.4) concluded that the proposed spectrum use is in accordance with the ITU RR; that no changes are required to the paragraph 3.2.1.1 (Frequency Bands) of the AMS(R)S SARPS; and that the system would receive priority toward fulfilling its spectrum requirements within the bands covered by No. 5.357A.

The ICAO-ACP-WG-F-28 Report also concluded that AMS(R)S operations in the extended L-band (1518-1525 MHz and 1668-1675 MHz) would require additional study.

	4.3.2
	Emissions
	N/A
	Title

	4.3.2.1
	Limit emissions to control harmful interference on same aircraft
	Yes
	

	4.3.2.2
	Interference to other AMS(R)S equipment
	N/A
	Title

	4.3.2.2.1
	Emissions shall not cause harmful interference to an AES providing AMS(R)S on a different aircraft
	Yes
	See ICAO-ACP-WG-M-12 Report on Agenda Item 4

	4.3.3
	Susceptibility
	N/A
	Title

	4.3.3.1
	Shall operate properly in cumulative ΔT/T of 25%
	Yes
	

	4.4
	Priority and pre-emptive access
	N/A
	Title

	4.4.1
	Priority and pre-emptive access
	Yes
	

	4.4.2
	All AMS(R)S packets and voice calls shall be identified by priority
	Yes
	The SBB 3G components in the AES, RAN, and CN provide a transport mechanism with priority / pre-emption capability (see RTCA MASPS [2]).

	4.4.3
	Within the same message category, voice has priority over data
	Yes
	

	4.5
	Signal acquisition and tracking
	N/A
	Title 

	4.5.1
	Properly track signal for aircraft at 800 knots along any heading
	Yes
	

	4.5.1.1
	Recommendation for 1 500 knots
	No
	This recommendation is based on support for supersonic aircraft, but there is no demand on such aircraft for this service

	4.5.2
	Properly track with 0.6 g acceleration in plane of orbit
	Yes
	

	4.5.2.1
	Recommendation 1.2 g
	Yes
	

	4.6
	Performance requirements
	N/A
	Title

	4.6.1
	Designated operational coverage
	N/A
	Title

	4.6.1.1
	Provide AMS(R)S throughout designated operational coverage
	Yes
	

	4.6.2
	Failure notification
	N/A
	Title

	4.6.2.1
	Provide timely predictions of service failure-induced outages
	Yes
	

	4.6.2.2
	System failure annunciation within 30 seconds
	Yes
	

	4.6.3
	AES requirements
	N/A
	Title

	4.6.3.1
	Meet performance in straight and level flight
	Yes
	

	4.6.3.1.1
	Recommendation for 
+20/-5 pitch and +/-25 roll
	No
	To meet this requirement would require significantly different antenna systems to be installed on aircraft

	4.6.4
	Packet data service performance
	N/A
	Title

	4.6.4.1
	Requirements on AMS(R)S packet data
	Yes
	See subsections

	4.6.4.1.1
	Capable of mobile subnetwork in ATN
	Yes
	Part of planned future extension.
The terminal supports both background and Prioritised IP communication.

	4.6.4.1.2
	Delay parameters
	N/A
	Title

	4.6.4.1.2.1
	Connection establishment delay <70 seconds
	Yes
<70s
	

	4.6.4.1.2.1.1
	Recommendation 
Connection establishment delay <50 seconds
	Yes
	

	4.6.4.1.2.2
	Transit delay based on SNSDU of 128 octets and defined as average values
	Yes
	

	4.6.4.1.2.3
	From aircraft highest priority 
<40 seconds
	Yes
<40 s
	

	4.6.4.1.2.3.1
	Recommendation from aircraft highest priority 
<23 seconds
	Yes
<23 s
	

	4.6.4.1.2.3.2
	Recommendation from aircraft lowest priority 
<28 seconds
	Yes
<28 s
	

	4.6.4.1.2.4
	To aircraft high priority <12 seconds
	Yes
<12 s
	

	4.6.4.1.2.4.1
	Recommendation to aircraft lowest priority 
<28 seconds
	Yes
<28 s
	

	4.6.4.1.2.5
	From aircraft data transfer delay 95th percentile highest priority <80 seconds
	Yes
<40 s
	

	4.6.4.1.2.5.1
	Recommendation from aircraft data transfer delay 95th percentile highest priority <40 seconds
	Yes
<40 s
	

	4.6.4.1.2.5.2
	Recommendation from aircraft data transfer delay 95th percentile lowest priority <60 seconds
	Yes
<60 s
	

	4.6.4.1.2.6
	To aircraft data transfer delay 95th percentile high priority <15 seconds
	Yes
<15 s
	

	4.6.4.1.2.6.1
	Recommendation to aircraft data transfer delay 95th percentile low priority <30 seconds
	Yes
<30 s
	

	4.6.4.1.2.7
	Connection release time 95th percentile <30 seconds
	Yes
<30 s
	

	4.6.4.1.2.7.1
	Recommendation connection release time 95th percentile <25 seconds
	Yes
< 25 s
	

	4.6.4.1.3
	Integrity
	N/A
	Title

	4.6.4.1.3.1
	Residual error rate from aircraft <10-4/SNSDU
	Yes
<10-4
	

	4.6.4.1.3.1.1
	Recommend RER from aircraft <10-6/SNSDU
	*
	The definition on RER in the SARPs is unclear. It is believed that ‘lost SNSDUs’ will exceed these requirements. However, the AES/SAS will detect with probability better than 1-10-6 , lost or corrupted or duplicate SNSDUs

	4.6.4.1.3.2
	RER to aircraft <10-6 /SNSDU
	No
	As above

	4.6.4.1.3.3
	Pr{SNC provider invoked release}<10-4/hr
	N/A
	

	4.6.4.1.3.4
	Pr{SNC provider invoked reset}<10-1/hr
	Yes
< 10-1/hr
	

	4.6.5
	Voice service performance
	N/A
	Title

	4.6.5.1
	Requirements for AMS(R)S voice service
	Yes
	

	4.6.5.1.1
	Call processing delay
	N/A
	Title

	4.6.5.1.1.1
	AES call origination delay 95th percentile 
<20 seconds
	Yes
<20 s
	

	4.6.5.1.1.2
	GES call origination delay 95th percentile 
<20 seconds
	Yes
<20 s
	

	4.6.5.1.2
	Voice quality
	N/A
	Title

	4.6.5.1.2.1
	Voice intelligibility suitable for intended operational and ambient noise environment
	Yes
	

	4.6.5.1.2.2
	Total allowable transfer delay within AMS(R)S subnetwork <0.485 second
	No[footnoteRef:1] [1:  Although the system is non-compliant to the ICAO SARPS requirement, it is believed the system is fit for purpose. It is further noted that Classic Aero has been measured as achieving 0.59 sec for the 4.8 kbps codec. The ICAO SARPS requirement is for the ‘subnetwork’ while this specification includes the ground network, although the latter is not expected to add a significant delay.] 

0.585 second 1st call
0.750 second 2nd call
	

	4.6.5.1.2.3
	Recommendation to consider effects of tandem vocoders
	Yes
	

	4.6.5.1.3
	Voice capacity
	N/A
	Title

	4.6.5.1.3.1
	Sufficient voice traffic channel resources for Pr{blockage <0.01} for AES or GES originated calls
	Yes
<0.01
	

	4.6.6
	Security
	N/A
	Title

	4.6.6.1
	Protect messages from tampering
	Yes
	The service access capabilities include authentication, authorization and security.  Standard 3G security mechanisms are employed including ciphering of the air interface.
Further, security provisions are set-out in RTCA MASPS DO-343, MOPS DO-262B section 2.2.3.10 and ARINC 781-6 Attachment 8.

	4.6.6.2
	Protect against denial of service, degradation, or reduction of capacity due to external attacks
	Yes
	See comment against 4.6.6.1

	4.6.6.3
	Protect against unauthorized entry
	Yes
	See comment against 4.6.6.1

	4.7
	System Interfaces
	N/A
	Title

	4.7.1
	Address AMS(R)S by means of 24 bit ICAO address
	Yes
	

	4.7.2
	Packet data service interfaces
	N/A
	Title

	4.7.2.1
	If the system provides packet data service, it shall provide an interface to the ATN
	Yes
	Part of planned future extension

	4.7.2.2
	If the system provides packet data service, it shall provide an CN function
	Yes
	By design
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Chapter 4

GUIDANCE FOR ANSPS AND AIRCRAFT OPERATORS



4.1    General

4.1.1	This section provides guidance to ANSPs and aircraft operators for the use of SwiftBroadband.



4.2    Guidance for ANSPs

4.2.1	In order to ensure that they can communicate with SwiftBroadband-capable aircraft for ATC purposes, ANSPS should:
· Ensure they have a contract in place with one or more Communications Network Providers (CNPs) to enable voice and data communication with aircrew via SwiftBroadband, considering whether, to achieve operational aims, Service Level Agreements (SLAs) are required with each CNP (potential SLA metrics may be found in the annexes of the ICAO PBCS [4]) (for further details of internetworking for ANSP connection to one or more CNP(s), please see RTCA SBB MASPS [2], Attachment 1 Inmarsat Swiftbroadband Specific Material, Section 1.3);
· If they intend to conduct ground-to-air dialling to aircrew in SwiftBroadband capable aircraft, ensure they have access to a suitable secure dialling system via SwiftBroadband service providers, considering whether they need a tail number to ICAO address mapping system;
· Review operational ATC procedures for communicating with aircrew via SwiftBroadband satcom – if the ANSP already has contract(s) in place with CNP(s) to support ATC communication with aircrew via Classic Aero satcom, these procedures are likely to remain unchanged;
· The long term aim is that ANSPs should use the aircraft address filed in the flight plan which is hex, and convert this  address into the octal number required to dial the aircraft via the two stage secure dialler or equivalent
· ANSPs should require operators to file the aircraft address in item 18 of the FPL following “CODE/”
· Monitor the initial usage of the service with a view to approving its use by aircraft in its airspace based on satisfactory performance according to the minimum communications and surveillance performance parameters set out in the annexes of the ICAO PBCS [4];
· Carry out post-implementation monitoring to continue to measure the SwiftBroadband communications and surveillance performance per the ICAO PBCS [4].



4.3    Guidance for Aircraft operators

4.3.1	In order to use SwiftBroadband to provide cockpit data and voice safety services, aircraft operators should:

· Ensure that the designated operational coverage area provided by the SwiftBroadband service is appropriate for the flight routes that the airline uses, and that SBB is approved for use in the FIRs traversed on such routes;
· Purchase SwiftBroadband aircraft terminal(s) that are certified to support the ACARS, cockpit voice and Prioritised IP services on the specified airframe OR purchase upgrades to existing terminals for which upgrade kits are available from the terminal manufacturer;
· Ensure that the SwiftBroadband aircraft terminal(s) are appropriately configured by checking with the SwiftBroadband terminal manufacturer;
· Contract with a service provider who is able to provide the SwiftBroadband cockpit safety services on a commercial basis to airlines
· Ensure that the SwiftBroadband aircraft terminal(s) are appropriately activated with Inmarsat for the services that the aircraft operator wishes to use on the terminal;
· Ensure that they file the aircraft address in item 18 of the FPL following “CODE/”;
· Inform Inmarsat of a point of contact within your organisation who can receive regular updates to Inmarsat air-ground short codes for voice dialling of ATS centres;
· Report any service performance issues to the problem reporting agencies such as the North Atlantic Data Link Monitoring Agency (DLMA) and the Informal South Pacific ATC Coordinating Group (ISPACG) Central Reporting Agency (CRA) (see ICAO PBCS [4] for further details). Also participate in problem investigations (e.g. authorize the release of data, etc) and correct any problems when a solution is found that affects their operation (e.g, an upgrade to the FMS or reconfiguring an ORT).








— END —
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