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ICAO SPECTRUM HANDBOOK – VOL. C
UPDATES ON TECHNICAL CHARACTERISTICS
(Presented by Kamlesh Masrani, Inmarsat)

	SUMMARY

	This document responds to the request Action Item 09-06 from the Ninth Meeting of the Working Group of FSMP (FSMP-WG/9), Montreal, Canada, 23-30 August 2019, to review the system characteristics structure in WG/09 WP20, and to provide necessary system information to produce a section for the Inmarsat satellite system.


1. INTRODUCTION

1.1 The Report of Ninth Meeting of the Working Group of FSMP (FSMP-WG/9), Montreal, Canada, 23-30 August 2019, FSMP-WG/9 requested the meeting to review the system characteristics structure in WG/09 WP20, and to provide any necessary update.

2. DISCUSSION

2.1 Inmarsat is pleased to provide within the Annex to this document, the technical characteristics and high level description of the Inmarsat SwiftBroadband-Safety and Classic Aero systems for inclusion in an update of Volume C of the ICAO Handbook.
ACTION BY THE MEETING

2.2 The meeting is invited to:

a) review the contents of this working paper;

b) provide feedback in the meeting whether any additional material or references would be useful; and

c) include the material, as appropriate, in the update of the ICAO Handbook.
Annex – Mobile Satellite Service

AMS(R)S & AMSS: 1 525-1544/1545-1559 (space-to-Earth) 
and 1 626.5-1 645.5/1646.5-1 660.5 MHz (Earth-to-space) and
AMSS: 1 518-1525 (space-to-Earth)  and 1 668-1 675 MHz (Earth-to-space):  
QUICK REFERENCE

	System name
	Inmarsat SwiftBroadband-Safety and Classic-Aero Aeronautical Mobile Satellite Services

	Description
	Geostationary mobile-satellite system supporting global aeronautical wireless communications for AMSS and AMS(R)S

	Technologies used
	Hybrid FDMA/TDMA access schemes.  Modulation schemes include use of: Aviation-BPSK, Aviation-QPSK, and 16-QAM.

	International Spectrum Allocation
	AMS(R)S, MSS (includes AMSS)

	ICAO regulations on usage
	Annex 10, Volume III


System Summary


SwiftBroadband-Safety:

The Inmarsat SwiftBroadband system has been in service since November 2007, initially designed for aeronautical non-safety applications.  In 2014, the system was updated to support aeronautical safety services though the SwiftBroadband-Safety (SB-S) system.  It shares the same infrastructure as the Inmarsat BGAN network, whose system design is founded on the 3G UMTS mobile telecommunications system.  SwifthBroadband-Safety operates over Inmarsat geostationary satellites providing both circuit-switched services (for voice) and IP-based packet-switched services (for data and voice).  SwiftBroadband-Safety IP services currently provide a data rate of up to 432 kbps per channel.  The service supports flight deck datalink for Air Traffic Services and Emergency communications (via the ACARS and FANS 1/A protocols defined in AEEC 622), and Aeronautical Operational Control (AOC) and Airline Administrative Control (AAC) communications (via ACARS), while also supporting real-time connected Electronic Flight Bags (EFBs) and real-time download of critical flight and aircraft device data. Air Navigation Service Providers (ANSPs) access the satellite service via Communications Service Providers (CSPs).
SwiftBroadband-Safety is currently delivered through the Inmarsat-4 series satellites and the Alphasat satellite in L-band (1.6/1.5GHz) using a 9m aperture satellite antenna and having MSS feeder links in C-band (6/4 GHz).  The satellites are geosynchronous and provide worldwide coverage (with the exception of polar regions) through a global satellite beam, 19 regional satellite spot-beams and typically 192 narrow satellite spot-beams.  Inmarsat has the ability to reconfigure the spot-beam coverage based on changing requirements.    SwiftBroadband-Safety will also operate over the next generation Inmarsat-6 series satellites.  Currently, as of 2021, there are two I-6 satellites ordered: the first of which is planned for launch by the end of 2021, and the second in 2022.

Classic Aero: 

The “Classic Aero” aviation satellite service was introduced in 1990 and provides AMS(R)S communications for safety and regularity of flight, which is operated globally (except for polar regions) by Inmarsat. The FANS 1/A system is typically fitted to long-haul aircraft and used in remote and oceanic environments. The service supports flight deck voice and datalink for Air Traffic Services and Emergency communications (via the ACARS and FANS 1/A protocols defined in AEEC 622), and Aeronautical Operational Control (AOC) and Airline Administrative Control (AAC) communications (via ACARS).  Air Navigation Service Providers (ANSPs) access the satellite service via Communications Service Providers (CSPs).  The Inmarsat Classic Aero H / H+ service provides high quality voice and data communications at speeds up to 10.5kbps over a high-gain antenna, while the Classic Aero I service provides voice and 4.8kbps data over an intermediate-gain antenna.  
Equipage and usage

Airspace users operating the equipment:  Wide-body commercial aircraft, narrow-body commercial aircraft, private/business aircraft, government aircraft, helicopters, general aviation, drones.
Usage:  The Inmarsat aeronautical service is operational in all phases of flight (including for passenger connectivity if configured) and while the aircraft is active on the ground.
Additional operational notes:

· SwiftBroadband-Safety and Classic Aero services are, as of 2021, used by more than 200 major airlines, jet operators and government agencies, onboard over 13,000 aircraft, and delivers over 50 million position reports annually.
· Aeronautical satellite communications is part of the Minimum Equipment List (“MEL”) for many aircraft.
Historical information
Prior to 2009, Inmarsat delivered Classic Aero services via a constellation of Inmarsat-2 and Inmarsat-3 series satellites.  However, as of 2021, the Inmarsat-2 series and some Inmarsat-3 series satellites have been decommissioned.  In mid-2009, Inmarsat made Classic Aero services available over the I-4 satellites.  Classic Aero will also be supported over the Inmarsat-6 series satellites when they are launched and available post 2022.
System parameters
For SwiftBroadband-Safety and Classic Aero, all RF system parameters are contained in the RTCA and Eurcoae MOPS listed below.  The key parameters are shown below.
	
	SwiftBroadband
	Classic Aero
	Units

	MOPS
	RTCA DO 262F

Eurocae ED 243C
	RTCA DO 210D
	

	Transmit frequency band from aircraft
	1626.5-1645.5 & 

1646.5-1660.5 &

1668.5-1675.5
	1626.5-1645.5 & 

1646.5-1660.5
	MHz

	Receive frequency band to aircraft
	1518.0-1544.0 &

1545.0-1559.0
	1530.0-1544.0 &

1545.0-1559.0
	MHz

	Polarisation (transmit and receive)
	RHCP
	RHCP
	

	Nominal Transmit Aircraft EIRP (per carrier with no backoff for highest power carrier)
	High Gain Antenna

20

Intermediate Gain Antenna

15.1

Low Gain Antenna
10


	High Gain Antenna

20.5
Intermediate Gain Antenna

18.5

	dBW

	Minimum G/T
	High Gain Antenna

-13

Intermediate Gain Antenna

-19

Low Gain Antenna
-22

	High Gain Antenna

-13

Intermediate Gain Antenna

-19


	dBK

	Nominal Antenna Gain
	High Gain Antenna

12

Intermediate Gain Antenna

6
Low Gain Antenna
2.5

	High Gain Antenna

12

Intermediate Gain Antenna

6

	dBiC

	Antenna discrimination
	High Gain Antenna

13dB to adjacent satellite spaced 45° or more from wanted satellite
Intermediate Gain Antenna

7dB to adjacent satellite spaced 80° or more from wanted satellite
Low Gain Antenna
Not applicable

	High Gain Antenna

13dB to adjacent satellite spaced 45° or more from wanted satellite
Intermediate Gain Antenna

7dB to adjacent satellite spaced 80° or more from wanted satellite

	

	3dB bandwidth for widest RF carrier
	168
	10.5
	kHz

	Transmitter emissions mask
	See RTCA/Eurocae MOPS
	See RTCA MOPS
	

	Receiver selectivity mask
	The high gain and intermediate gain antenna receiver operates with CW interference up to the following levels at the receiver input.
Freq/MHz

Power/dBm

470-1449

+3

1449-1524

Decreasing linearly in dB

1524-1560
-72

1560-1626.5

Increasing linearly in dB
1626.5-18000

+3

The low gain antenna receiver operates with CW interference up to the following levels at the receiver input

Freq/MHz

Power/dBm

470-1400

-6.5

1400-1517

Decreasing linearly in dB

1517-1560

-72

1560-1626.5

Increasing linearly in dB

1626.5-18000

-6.5

All antenna receivers, when upgraded, operate with LTE interference at following levels at the receiver input. 
Interference signal

Freq/MHz

Power/dBm

1492-1512
-20
1512-1517
-30
1526-1536
-35.5

	The receiver operates with CW interference up to the following levels at the receiver input
Freq/MHz

Power/dBm

470-1450

+3

1450-1530

Decreasing linearly in dB

1530-1559

-72

1559-1626.5

Increasing linearly in dB
1626.5-18000

+3

All antenna receivers, when upgraded, operate with LTE interference at following levels at the receiver input.  

Interference signal

Freq/MHz

Power/dBm

1492-1512
-20
1512-1517
-30
1526-1536
-35.5

	


Technical References:

Swift Broadband:

ICAO

· ICAO AMS(R)S SARPs: Annex 10, Volume III, Chapter 4

· ICAO Doc 10037: Global Operational Data Link (Required Communication Performance (RCP) 240 and Required Surveillance Performance (RSP)180)

· ICAO Doc 9925: AMS(R)S Technical Manual Amendment 1 Inmarsat SwiftBroadband

· ICAO Doc 9869: Performance Based Communication and Surveillance (PBCS) Manual
· ICAO Doc 10038: Satellite Voice Operations Manual

FAA

· FAA Advisory Circular AC20-140C: Guidelines for Design Approval of Aircraft Datalink Communication Systems Supporting Air Traffic Services (ATS)

· FAA Advisory Circular AC90-117: Datalink Communications
· FAA Advisory Circular AC20-150B: Airworthiness Approval of Satellite Voice (SATVOICE) Equipment Supporting Air Traffic Service (ATS) Communication

· FAA TSO-C159d: Next Generation Satellite Systems (NGSS) Equipment
RTCA
· DO-343D, MASPS for AMS(R)S Data and Voice Communications Supporting Required Communications Performance (RCP) and Required Surveillance Performance (RSP) in procedural airspace

· DO-262F, Minimum Operational Performance Standards for Avionics Supporting Next Generation Satellite Systems (NGSS)

EUROCAE

· ED-242C, MASPS for AMS(R)S Data and Voice Communications Supporting Required Communications Performance (RCP) and Required Surveillance Performance (RSP) in procedural airspace

· ED-243C, MOPS for Avionics Supporting Next Generation Satellite Systems (NGSS)

AEEC
· ARINC 781: Mark 3 Aviation Satellite Communication Systems
Other relevant material or developments:

Classic Aero

ICAO

· ICAO AMS(R)S SARPs: Annex 10, Vol. III, Chapter 4
· ICAO Doc. 10037: Global Operational Data Link (Required Communication Performance (RCP) 240 and Required Surveillance Performance (RSP)180)

· ICAO Doc 9925: AMS(R)S Manual 

· ICAO Doc 10037: Global Operational Data Link (RCP240, RSP180)

· PBCS Doc 9869, Performance Based Communication and Surveillance (PBCS) Manual
FAA

· FAA Advisory Circular AC20-140C: Guidelines for Design Approval of Aircraft Datalink Communication Systems Supporting Air Traffic Services (ATS)

· FAA Advisory Circular AC90-117: Datalink Communications
· FAA Advisory Circular AC20-150B: Airworthiness Approval of Satellite Voice (SATVOICE) Equipment Supporting Air Traffic Service (ATS) Communication

· FAA TSO-C132a: Minimum Operational Performance Standards for Geosynchronous Orbit Aeronautical Mobile Satellite
RTCA

· DO-270 Minimum Aviation System Performance Standards (MASPS) for the Aeronautical Mobile-Satellite (R) Service (AMS(R)S) as Used in Aeronautical Data Links 

· DO-210D Minimum Operational Performance Standards for Geosynchronous Orbit Aeronautical Mobile Satellite Services (AMSS) Avionics

EUROCAE:

· None

AEEC
· ARINC 741 Part 1: Aviation Satellite Communication System, Part 1, Aircraft Installation Provisions
· ARINC 741 Part 2: Aviation Satellite Communication System, Part 2, System Design and Equipment Functional Description
· ARINC 761: Second Generation Aviation Satellite Communication Systems, Aircraft Installation Provisions
· ARINC 781: Mark 3 Aviation Satellite Communication Systems
Other relevant material or developments:

ITU Res./Rec./Report: 
ITU-R M.827
Hypothetical reference digital path for systems in the mobile-satellite service using feeder links


ITU-R M.828-2
Definition of availability for radiocommunication circuits in the mobile-satellite service
ITU-R M.1037
Bit error performance objectives for aeronautical mobile-satellite (R) service (AMS(R)S) radio link
ITU-R M.1180
Availability of communication circuits in the aeronautical mobile-satellite (R) services (AMS(R)S)
ITU-R M.1183
Permissible levels of interference in a digital channel of a geostationary network in mobile-satellite service in 1-3 GHz caused by other networks of this service and fixed-satellite service
ITU-R M.1184-3
Technical characteristics of mobile satellite systems in the frequency bands below 3 GHz for use in developing criteria for sharing between the mobile-satellite service and other services
ITU-R M.1229
Performance objectives for the digital aeronautical mobile-satellite service (AMSS) channels operating in the bands 1 525 to 1 559 MHz and 1 626.5 to 1 660.5 MHz not forming part of the ISDN
ITU-R M.1741
Methodology for deriving performance objectives and its optimization for IP packet applications in the mobile-satellite service
ITU-Rep M.1169
Sea surface multipath effects in the aeronautical mobile-satellite service
ITU-Rep M.2396
Use of mobile-satellite service systems for flight tracking
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