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Inmarsat Today
• Trusted provider of worldwide voice and data satellite 

communications for mobile users
– Data and voice to maritime, land and aeronautical users
– Proven reliability: disaster response across the globe; coalition 

operations in Kuwait, Afghanistan and Iraq; VIP communications

• 25 years of technical experience
– 1979: Established as inter-governmental organization 
– 1999: Privatized in 1999
– 2003: Private equity process completed
– 2005: Public company listed on London Stock Exchange

• 4 satellite generations; 10 Satellites in Orbit + 1 spare
• Steady increase in active user base
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Inmarsat Satellites - Characteristics

Inmarsat-2 Inmarsat-3 Inmarsat-4

No. of Satellites 3 (one deorbited) 4+1 spare 3 (3rd to be launched)
Coverage Global Beam 5 Wide Spots + 

Global Beam
228 Narrow Spots + 

19 Wide Spots +
Global Beam

Mobile link EIRP 39 dBW 49 dBW 67 dBW
Channelization 4 Channels between

4.5 & 7.3 MHz 
Bandwidth

0. 9 & 2.2 MHz 
Bandwidth

630 Channels at
200 kHz

Solar Array Span 14.5 m 20.7 m 48 .0 m
Satellite Dry Mass 700 kg 1000 kg 3000 kg
Total Launch Mass 1500 kg 2050 kg 60 00 kg
Navigation Payload No Yes Yes

46 Channels between

1990 1997 2005
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The Inmarsat 4 Satellite
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Inmarsat-4 Satellites in orbit

I4-F1 Atlas V
Mar 11 2005

I4-F2 Sea Launch: Nov 08 2005

Spacecraft Power : 12 kW
L-band EIRP : 67dBW
Launch Mass : 6 Tons
Solar Array Span : 48 m



International Workshop For B3G/4G Satellite Communications, 23.11.06, Seoul

I-4/BGAN Worldwide Coverage
• 3 Satellites at 53°W, 64°E & 178°E

F1 Launch
11 March 2005

64°E

F2 Launch
08 Nov 2005 

53°W

F3 Launch
Planned late 2007 

178°E
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The BGAN System
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Schematic for BGAN Ground NetworkSchematic for BGAN Ground Network
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BGAN Satellite Earth Stations
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BGAN Logical Architecture

MSC/VLR

Media Gateway

UMTS CN
3GPP rel.4
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BGAN: one device, two networks
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Circuit Switched Services

• Direct dial toll-quality voice service
– Landline quality voice, 4kbps + voice compression
– Mobile originated and mobile terminated calls
– Inmarsat global number range: +870 77 ******
– Supplementary service support

• Call forwarding; Call waiting; Call barring; Call hold/retrieve

• ISDN
– Mobile originated and mobile terminated calls
– 64kbps service – identical to Inmarsat GAN service

• SMS
– Send/receive SMS to/from terrestrial mobile phones via keypad or

separate terminal equipment such as PDA
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Packet Switched Services (IP)

Two IP service classes:

1. Standard IP service
– Background Class QoS IP bearer – up to 492kbps
– Variable bit rate (dependent on traffic)

• Web access, file transfer, email
• Contention ratio to maintain minimum data rates
• Pay for data sent and received

2. Streaming IP service
– Streaming Class QoS IP bearer
– Reserved capacity – guaranteed bit rate over the satellite

• 32, 64, 128, 256kbps (send and receive)
• Available “on demand”
• Pay for duration of connection
• Ideal for time critical data; streaming audio / video
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Inmarsat BGAN:
Mobile Terminal Concepts

Portable Terminals

Land Mobile Terminals Maritime Terminals

Aeronautical Terminals
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The range of BGAN portable devices

Manufacturer Hughes Addvalue Nera Thrane & Thrane

200 x 150 mm 300 x 200 mm

1.3 Kg

464/448kbps

32, 64, 128kbps

n/a

RJ11 or Bluetooth 
handset; 3.1kHz 
audio

USB, Bluetooth, 
Ethernet

IP 54

RRP ~$1,000 $1,650 $2,500 $3,000-3,000 ~$3,500

<1 Kg

384/240kbps

32, 64kbps

n/a

RJ45 or Bluetooth 
handset

USB, Bluetooth

IP 44

210 x 140 mm

1.25 Kg

384/240kbps

32, 64kbps

n/a

RJ11 or Bluetooth 
handset/headset

USB, Bluetooth, 
Ethernet

IP 44

210 x 140 mm

1.6 Kg

144/144kbps

n/a

n/a

n/a

USB, Bluetooth, 
Ethernet

IP 44

Hughes

Size 365 x 275 mm

Weight 2.2 Kg

Standard IP: up to 492/492kbps

Streaming IP 32, 64, 128, 256 
kbps

ISDN 1 x 64kbps

Voice ISDN handset

Data interfaces USB, Ethernet, 
802.11b WiFi

Environmental Tolerance IP 55
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The BGAN Extension Programme

• Part of the ESA ARTES Programme
• 5 years programme, started in August 2003
• Programme objectives:

– BGAN air interface extension - the mobile domain
• Development of maritime, aeronautical, and land-vehicular 

mobile platforms

– BGAN service extension – Multicast
• Development of IP multicast services over the BGAN system

• Two phases: value of more than €18M
– Plus Inmarsat further investment in ground infrastructure

• Supported by a consortium of Inmarsat partners and sub-
contractors
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BGAN Extension – New air interface and platforms

Product Terminal size

B
it R

ate

Class 4
Aero

Light Aircraft

Omni UT
Class 5

Maritime
Small Yacht

Class 12
LV

Small Vehicle

PalmTop
Class 3

Land Portable
Low End

Class 7
Aero

Mid Capability

Class 11
LV

Mid Capability

LapTop
Class 2

Land Portable
Mid End

Class 6
Aero

Full Capability

Class 9
Maritime

Mid Capability

Briefcase
Class 1

Land Portable
High End

Class 8
Maritime

Full Capability

Class 10
LV

Full Capability

50 kbps

492 kbps

384 kbps

216 kbps

Baseline BGAN
Portfolio

(in narrow spot beams)
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BGAN Extension – New air interface capabilities

• Seamless spot-beam hand-over
– protocol dynamics fit to supported BGAN mobiles (Aeronautical, Land-

vehicular)

• New link adaptation algorithms
– dynamics fit to supported BGAN mobiles

– Support of position based fading margin

• New bearer types tuned for fast fading channels 
– e.g. Distributed Unique Word

• Enhancement to support Aeronautical services
– channel equalisation; robust Doppler self correction
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FleetBroadband (Maritime): 
Terminals & Performance

Transmission Rate
‘Best Effort’

(Kbps)

Class 8 UT

‘High Gain’
Directional 

FleetBroadband
(55cm Antenna)

Class 9 UT

‘Low Gain’
Directional 

FleetBroadband
( 25cm Antenna)

Class 5 UT
(Omni)

Voice, 
Low Rate Data

Receive 232 to 464 200 to 384

78 to 239

32 & 64

Transmit 192 to 432

TBC

TBC

Transmission Rate
‘Streaming Mode’

(Kbps)

32, 64, 128 & 256 N/A
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SwiftBroadband (Aeronautical):
Terminals and Performance

Swift64 – Regional Beams
64 kpps ISDN and MPDS
Aero H/H+ in Global beam
Voice, fax, PM data 
Safety services support

Classic/Swift 64 Antenna Type SwiftBroadband (bearer rates)

High Gain – Class 6 UT
266 – 500 kbps Rx
332 – 492 kbps Tx
Voice, fax PM data
Safety Services potential

Aero-I – Regional Beam 
voice
Global beam for 
2.4 kbps fax and data
4.8 kbps X.25 PM data
Safety services support

Intermediate
Gain

Intermediate Gain – Class 7 
UT
200 – 344 kbps Rx
192 – 332 kbps Tx
Voice, fax PM data
Safety Services Potential

High Gain

Aero-L – Global data only
1.2 kbps PM Data
Safety services support

Low gain
Low gain – Class 4 UT

Safety services potential

Swift64 – Regional Beams
64 kpps ISDN and MPDS
Aero H/H+ in Global beam
Voice, fax, PM data 
Safety services support

Classic/Swift 64 Antenna Type SwiftBroadband (bearer rates)

High Gain – Class 6 UT
266 – 500 kbps Rx
332 – 492 kbps Tx
Voice, fax PM data
Safety Services potential

Aero-I – Regional Beam 
voice
Global beam for 
2.4 kbps fax and data
4.8 kbps X.25 PM data
Safety services support

Intermediate
Gain

Intermediate Gain – Class 7 
UT
200 – 344 kbps Rx
192 – 332 kbps Tx
Voice, fax PM data
Safety Services Potential

High Gain

Aero-L – Global data only
1.2 kbps PM Data
Safety services support

Low gain
Low gain – Class 4 UT

Voice, low rate data.
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Land Vehicular COTM BGAN Portfolio
“Optimized” COTM 

BGAN 4Q 2006

Improved performance thru 
smaller antennas

Increased resilience to      
channel blocking & fading

Four element tracking antenna

Prototype successfully
demonstrated 2005

“Prototype” COTM 
BGAN 4Q 2005

Class 1 
•492/492 kbps IP
•64 kbps ISDN
•3.1 kHz audio
•4 kbps voice

Land Portable BGAN
Product Range 4Q 2005

Class 2 
•464/448 kbps IP
•3.1 kHz audio
•4 kbps voice

Class 3 
•384/240 kbps IP
•4 kbps voice

Class 11 - low gain

Class 10 – hi gain
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A Look at the A Look at the 
BGAN and BGAN ExtensionBGAN and BGAN Extension

Air InterfaceAir Interface
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BGAN Physical Bearers Over I-4 Spot Beams
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Return Layout Example (Narrow Beam Traffic Channel)
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R20T45Q

R20T2Q

R20T1X

R20T1X

R20T1X

R20T1X

R20T1X

R20T1X

R
5
T
2
Q

R20T2Q

Time

Fr
eq

u
en

cy

20ms burst, pi/4-QPSK modulation, 151.2 ksym/s

20ms burst, pi/4-QPSK modulation, 67.2 ksym/s

20ms burst, 16-QAM modulation, 33.6 ksym/s

5ms burst, pi/4-QPSK modulation, 67.2 ksym/s

R
5
T
2
Q

R
5
T
2
Q

R
5
T
2
Q

20ms

5
m

s

5
m

s

5
m

s

5
m

s

20ms



International Workshop For B3G/4G Satellite Communications, 23.11.06, Seoul

Forward Direction Link Adaptation Example F80T4.5X8B (Narrow Beam Traffic 
Channel)

80ms Forward Frame

FEC
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0
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1
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2
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3
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7
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6
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0
200kHz

250 bytes of data at code rate 0.334

580 bytes of data at code rate 0.775

615 bytes of data at code rate 0.882

480 bytes of data at code rate 0.642

Code Rate = Data bits/(Data bits + Redundant Bits)

Aggregate Data Rate in this Frame

2*(250+580+615+480)*8/0.08 = 385kb/s
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BGAN Radio Resource Management: To-Mobile TDM
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BGAN Radio Resource Management: From-Mobile TDMA

UE 1UE 1 UE 2UE 2 UE 3UE 3 UE 4UE 4 UE 5UE 5 UE 6UE 6
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MSC

RAN

SGSNMT

GMSC

GGSN

HLR

PSTN

Internet

CS

PS

MT

TE

TE Satellite Operator Server

BGAN 3GPP Network:
Packet Switched System Operation

RRC Connection

Core Network Attachment

PDP Context Activation

IP Routing and Forwarding

Identification, 
Authentication, 

Cyphering
Authorisation,

IP Address allocation 
QoS & TFT Spec.

ATD TS 27.007;
USB CDC (WMC);
HTTP; PPPoE
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The BGAN Extension Programme:
BGAN Multicast, Reliable Multicast Transport

BGAN Service 
Provider

BGAN Satellite 
Operator

BGAN 
Subscriber 

Multicast 
Service Provider

RAN

User

IP WAN

Multicast Data Bearer

Reliable Transport (eg MFTP or NORM)

content

uplink
downlink

Packet Switched 
Core Network

Multicast   
Core Network

IP LAN

ACK/NACK
P-t-P

IP Multicast
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Inmarsat Handheld Voice Services

• Inmarsat – ACeS Collaboration Agreement 
– Signed September 2006
– Offer low-cost hand-held and fixed Voice Services, initially in the 

Asian market with extended coverage expected to start in 2007 by
combining satellite resources

– Expansion of geographic coverage for the Voice Services using  
the existing I-4 over Asia, planned by mid-2007

– A fully-global service planned within two years – facilitated by 
network upgrades and an accelerated modernisation of the ACeS 
R190 hand-held satellite phone
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Inmarsat-XL Satellite
- Evolution into Next Generation Services
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I-XL Background
• Builds on ESA projects, including Amethyst, Next Generation DSP 

Processor (NGP) & Large Deployable Array (LDA)
• Benefits from I4 heritage
• Utilises new 7 MHz of L band MSS Allocations made at the WRC 03
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I-XL Features & Services

• Larger reflector: 10m+
• Higher G/T & EIRP than I-4
• Reduced coverage area
• More channels than I-4
• Support Handheld service
• Support Broadcast services
• Support enhances BGAN /BGAN-X
• Supports E&E services
• Integrated into I4 constellation
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Payload Performance
• Transponders

– C/L: 6425.0 - 6575.0 MHz -> 1518.0 – 1525.0 & 1525.0 - 1559.0 MHz
– L/C: 1626.5 - 1660.5 & 1668.0 – 1675.0 MHz -> 3550.0 - 3700.0 MHz.

• Additional WRC-03 7MHz in forward and return links 

– L/L and C/C cross-links
• >750 x 200 kHz channels each in the Forward and Return links
• 3 types of beams: Narrow Spots, Wide Spots & Global
• 4-colour frequency re-use
• G/T and EIRP are 3 dB higher than I-4

• Will support smaller terminals, or alternatively higher capacity terminals

Feeder User Link 
Link Global Wide Narrow 

EIRP (dBW) 35 48 60 70 
G/T (dB/K) -10 -8 1 13 
NPR (dB) 20 14 14 14 
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I-XL Supported Services
• BGAN & BGAN-X Services: 

– Offered via the Inmarsat Satellite Access Stations (SASs):
– Portable terminals (C1-3) and true mobile terminals (C6-11)
– Multicast services
– The I-XL 3dB advantage smaller terminals / more capable services than I-4

• Handheld Voice Services:
– Offered via modernised ground infrastructure based on GMR-2+ 
– I-XL 3dB advantage more compact handsets, wider range of data services

• I-XL Broadcast Service: 
– Likely to be based on OFDM, 16QAM, and Turbo-coding
– Alternative considered standards: DVB-H and S-DMB
– Would be complemented by a network of terrestrial gap-filler repeaters (CGC) to 

ensure the required level of availability in built-up areas
– Taking full advantage of the I-XL extended capabilities (BW and Power)

• Legacy Inmarsat Services
– Offered via the Service Provider Land Earth Stations (LESs)
– Expected to migrate in time to BGAN and Voice Services
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Historical Perspective
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Inmarsat Service Evolution to 1999
From I-2 to I-3

• Inmarsat C
– 2-way messaging; store & forward
– Low data rate of 600 b/s
– Omnidirectional antenna; 3-4 kg;
– Vehicular Maritime, portable

Inmarsat-B

Inmarsat-C

• Inmarsat A
– First Inmarsat service (over 19 years)
– Analogue voice (FM), transparent to low 

rate data/fax modems (9.6kb/s)
– Safety / distress service (Maritime)
– Main market - Maritime
– Land (transportable / semi fixed): 20-50 

Kg, parabolic antennas

• Inmarsat B
– Land: suitcase size, flat-panel 

antenna
– voice, fax, telex, 9.6 kbit/s data
– HSD: 64/56 kbit/s data 

Inmarsat-A
(1976)
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Inmarsat Service Evolution 1999-2006
From GAN to BGAN

1999Inmarsat Global Area Network (GAN)
voice, fax, data, 64 kb/s ISDN, 
IP 64 kb/s Mobile Packet Data Service
mini-M voice (4.8 kb/s)

• Operation over Inmarsat-3

2002 Inmarsat Regional Broadband GAN (R-BGAN) 
-

Personal multimedia communicator, Laptop size,
IP 144Kb/s service over shared bearer.

• Operation over Thuraya

2005 BGAN services over the Inmarsat-4 satellite
Briefcase, Laptop, Palmtop size, 
Omni-directional Mobile BGAN: Land-vehicular, 
Maritime, Aeronautical IP and Circuit-switched, 
up to 492kb/s over shared bearer

• Global operation over Inmarsat-4
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Inmarsat Future Planned Evolution 2006-2012
From I-4 to I-XL
• 2007 BGAN Extension services over I-4

BGAN capability in the mobile domain:
Aero classes 6,7, Maritime classes 8,9, Land vehicular classes 10,11

• 2007 Handheld voice services over I-4
Based on ACeS system and handheld terminals
Voice and low rate data services, Asian coverage (I-4 F1)

• 2008 Handheld (modernised) voice services over I-4
Network upgrade (GMR-2+ air interface) and modernised handheld terminals
Provision of Voice and low rate data services
Expansion of Voice Services to global coverage

• 2008-9 Multicast services over I-4
Multicast services over all BGAN Extension platforms 

• 2011 BGAN and Handheld services over I-XL
More compact BGAN/ Handheld terminals, or
More capable BGAN/ Handheld terminals utilising I-XL 3db improved performance

• 2011 Broadcast services over I-XL
May deploy compatible standards: SDMB; DVB-H
Complemented by terrestrial gap-filler repeaters (CGC) in urban areas
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