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Challenges of Mobile Broadband

Hughes is the market leader in broadband satellite products
and services with over 1.5 milllion terminals shipped to
customers in over 100 countries. Hughes products and
services are used in a wide range of markets, including
consumer Internet, where service offerings are similar to
xDSL, and for enterprises, where structured Quality of
Service (QoS) and Service Level Agreements (SLAs) are
critical to service implementation. In support of these
markets, Hughes has developed a set of powerful IP
broadband satellite capabilities.

With the introduction of the HX System, an innovative IP
broadband satellite system, Hughes has brought to market

a solution specifically designed and optimized for small
networks which require QoS crafted per individual link.

The HX System leverages the best of the features and
capabilities of the highly successful Hughes HN broadband
VSAT system and offers additional new features to support
applications that are predominantly high bandwidth and real
time (telephony trunking, video conferencing, etc.).

The HX System provides advanced bandwidth management
capabilities which give operators the ability to custom design
various QoS and SLAs on a per-remote basis. As a pure
IP-based solution, the HX System incorporates a strong set
of IP functions and features. Leveraging the DVB-S2 (or
DVB-S) transmission standard for the outbound channel, the
HX System is able to achieve the best spectral efficiency of
any TDM/TDMA network on the market. While the HX System
allows operators to dedicate inbound/outbound bandwidth
per remote, the aloha-based inbound TDMA channels
provide the capability to dynamically allocate bandwidth
based on usage and need—thus allowing operators to
develop a wider range of service plans for their customers.
Network management is highly advanced and includes an
HTTP access which can be located remotely and shared with
end users.

Hughes now has enhanced the capabilities of the HX System
to include a set of features supporting mobile broadband
services. This paper focuses on these mobility features and
examines the solution provided to support mobile broadband
services for trains.
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Supporting continuous broadband satellite connectivity

to mobile devices is challenging. While mobile satellite
services at lower satellite frequencies (L-band in particular)
have been available for some time, these services tend to
provide lower rates of speed (up to 400 kbps) and tend to be
very expensive. Satellite broadband using higher frequency
services, such as Ku-band, can provide more bandwidth at

a lower cost. But the very nature of these higher frequency
services presents a significant challenge for the mobile
terminal.

Some of the challenges are outlined below.
Changing Transmission Path

As mobile broadband terminals travel, they will move
through various contours of the satellite footprint, causing
the path to the satellite to change. The challenge is for the
satellite broadband system to dynamically adapt to changing
link conditions in order to maintain availability while not
wasting satellite capacity.

Frequent Blockage

As mobile vehicles travel, they will pass under various
obstacles such as trees, overpasses, and tunnels which will
obstruct the channel path to the satellite. The challenge is
to be able to recover the link as quickly as possible.

Antenna

Particularly for trains, the antenna must be of a very low
profile as the clearance between the top of train car and
tunnels and overpasses is often as little as 50 cm. The
antenna must conform to these height restrictions while
providing the performance demanded to close the link.

Harsh Locations

By their very nature, mobile vehicles provide a harsh
environment for any type of electronics. This includes
continuous vibrations, dust, and temperature extremes. For
electronics to work well in this challenging environment,
they must be of a robust design.
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Hughes Mobility Feature Set

Hughes has enhanced and optimized our satellite
broadband products and services to directly address the

key requirements found in many mobile applications. These
features have been fully incorporated and integrated into the
HX satellite broadband systems. Some of the key features
include:

DVB-S2/ACM — The use of Adaptive Coding and
Modulation (ACM) of the outbound channel enables

the remote terminal to continually monitor the received
signal level of the outbound channel and to dynamically
request changes to the combination of coding and
modulation. This allows the downstream channel to be
continually optimized as the mobile terminal travels
through the various contours of the satellite footprint.

AIS — With the AIS (Adaptive Inroute Selection)
feature, the TDMA channel (uplink from the mobile
device) is continually monitored by the hub and the
remote terminal is thus continuously advised of its
optimal TDMA transmission coding and power levels.
Similar to the DVB-S2/ACM for the outbound channel,
this feature means that the TDMA channel is also
continually optimized as the remote terminal travels
through the various contours of the satellite footprint.

TDMA Channel Spreading — To overcome issues with off-
axis emissions, the HX System supports spreading of the
TDMA channel by two times and four times the nominal
channel bandwidth. A 256 ksps TDMA channel with

a nominal channel spacing of 320 kHz can be spread

to either 640 kHz (2x spreading) or 1280 kHz (4x
spreading). This feature enables the use of very small
antennas as it mitigates adjacent satellite interference.

Doppler Compensation — The HX System is being used
to support aeronautical broadband for commercial
airliners. As these vehicles move at a very high rate of
speed, Hughes has made enhancements for a Doppler
update.

Outhound Flywheel and Fast Reacquisition — As land
mobile units will frequently encounter obstructions
(trees, bridges, etc.) which prevent receipt of the
outbound channel, Hughes has implemented a
“flywheel” for the timing synchronization of the
outbound channel. The flywheel can “spin” for as
long as 30 seconds, whereby if the outbound signal is
seen within the 30 seconds, the reacquisition of the
outbound channel occurs immediately upon receipt of
the first superframe marker.

HUGHES BROADBAND MOBILITY SOLUTIONS

White Paper

External 10 MHz Reference — To ensure fast TDMA
transmit capability, the HX remote unit is capable

of accepting an external 10 MHz reference. This
eliminates the need for frequency stability to be derived
off the outbound carrier (which is not accurate during
the flywheel period) and enables the remote terminal

to transmit the TDMA carrier immediately upon
reacquisition of the outbound channel.

IP Steady State — The HX System maintains the IP
session during periods of link outages so that even if the
signal is lost for longer than 30 seconds, (i.e., a train in
a tunnel) once the link is restored, the users do not have
to reestablish IP connectivity.

Ruggedized Chassis — The HX remote terminals are
configured with a ruggedized chassis permitting
mounting in a 19 inch rack. Hughes’ experience is that
mobile terminals are often installed in environments
with high heat, humidity, dust, and vibration.

Mobile Antenna Integration

Hughes has integrated the HX150 remote terminal with a
number of antennas which are designed to support mobility.
The HX150 is well suited for integration with mobile
antennas as it supports an industry standard L-band BUC
(Block Upconverter). This enables the HX150 to operate
with an antenna which has an integrated BUC. Hughes has
successfully integrated the HX150 with mobile antenna
systems from:

Raysat Systems
Orbit
Seatel
More Information Available

These are just some of the features that make the Hughes
solution right for mobility applications. Visit www.hughes.
com or consult your local Hughes representative for a
more detailed briefing on Hughes solutions for mobility
applications.
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Case Study - Mobi"ty For Trains The technical details of the implementation include:
HX150 remote terminal
Hughes, in partnership with RaySat Antenna Systems, has Intelsat G27 Ku-band satellite
successfully implemented its HX broadband services onto HX hub at Hughes Germantown teleport facility
trains in North America. This case study focuses on one of RaySat StealthRay antenna
these implementations and details the implementation and 40 watt BUC
experience of this service. Spreading of 2:1 for the inbound channel
Outbound DVB-S2/ACM of 5 Msps to support dynamic
Figure 1 illustrates the block level diagram for this changes to the outbound channel
implementation. AIS to support dynamic changes to the inbound channel
( N
Intelsat G27
RaySat StealthRay Antenna Ku-band

(integrated 40 watt BUC)

Downstream Channel
5 Msps
DVB-S2/ACM

Upstream Channel
256 ksps with AIS

Antenna
Controller

HX150
Indoor Unit

/ 802.11 Wireless HX Hub
Train Car Access Point Hughes Germantown Teleport

J

Figure 1. Network Architecture of Train Implementation

The antenna mount is a custom design. It uses a steel plate
attached to the top of the train. The antenna is bolted to

the plate via the four mounting brackets with rubber pads to
absorb some vibration. A POE (point of entry) hole was drilled
through the roof of the train, below which the equipment is
mounted in a rack. The BUC was mounted as close to the
ceiling POE as possible to minimize the cable length and
losses. Figure 2 shows the remote antenna installation on the
top of the rail car.

Figure 2. Remote Antenna Installation
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A gateway and WiFi access point are used to throttle each The QoS is set to 1.5 Mbps downstream (to the train)
individual user’s throughput and provide access throughout and 380 Kbps upstream (to the Internet). Throughout the
the length of the train, respectively. Repeaters are required train’s movement, the connectivity is continuous and train
because the WiFi signal is weak toward the back of the train. passengers are provided with continuous broadband coverage
Figures 3 and 4 illustrate the interior installation of the throughout the train’s travels.

HX150, the RaySat antenna controller, and the WiFi access

point. The Hughes HX System has many significant enhancements

that enable mobile broadband services for a variety of
transportation modes. The use of the HX System with these
enhancements is extending broadband services to users no
matter where or how they travel.

Figure 4. Interior Installation

Proprietary Statement

All rights reserved. This publication and its contents are proprietary
to Hughes Network Systems, LLC. No part of this publication may
be reproduced in any form or by any means without the written
permission of Hughes Network Systems, LLC, 11717 Exploration
Lane, Germantown, Maryland 20876.

HUGHES is a trademark of Hughes Network Systems, LLC.

©2008 Hughes Network Systems. LLC. All information is subject to change. All rights reserved.
HUGHES BROADBAND MOBILITY SOLUTIONS

HUGHES PROPRIETARY H38035 ID APR 08 11717 Exploration Lane Germantown, MD 20876 USA

www.hughes.com




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.5
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 96
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 96
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 96
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [96 96]
  /PageSize [612.000 792.000]
>> setpagedevice


