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Abstract

NetworkingoverNext-GenerationSatelliteSystems

by

ThomasRossHenderson
Doctorof Philosophyin Engineering–ElectricalEngineering

andComputerSciences

Universityof California at Berkeley

ProfessorRandyH. Katz,Chair

Thanksto boththerapiddeploymentof theInternetandadvancesin satellitetechnology, themar-
ket for broadbandsatelliteservicesis poisedfor substantialgrowth in thecomingdecade.Current
communicationssatellitesystemshavegenerallybeendesignedto provideeithervoiceor datatrans-
action(low datarate)servicesthroughsmall terminals,or trunking(high datarate,or broadband)
servicesthroughlarge terminals.However, technologicaladvancesareenablingnew systemsthat
combinebroadbanddatarateswith small terminals,therebyproviding moreaffordable“last-mile”
network accessto homeandsmallbusinessusersworldwide. In particular, two typesof broadband
satellitesystemsareunderdevelopment:high-power satellitesdeployedat traditionalgeostationary
(GEO)orbits,andlargeconstellationsof satellitesdeployedatmuchlower (LEO) orbits.

In this thesis,we explore researchproblemsthat have arisenfrom this shift in satellite
network architectures.WhenusingGEO satellitesto provide Internetaccessservice,the perfor-
manceof the Internet’s TransmissionControlProtocol(TCP) is degradedby thehigh latency and
high degreeof bandwidthasymmetrypresentin suchsystems.We thereforeundertooka compre-
hensive studyof TCPperformancein thecontext of broadbandsatellitesystemsusedfor network
access.We first studiedwhetherTCP’s congestionavoidancealgorithmcanbeadjustedto provide
betterfairnesswhensatelliteconnectionsare forcedto sharebottlenecklinks with other(shorter
delay)connections.Our datasuggeststhat adjustmentsof the policy usedin that algorithmmay
yield substantialfairnessbenefitswithout compromizingutilization. We next demonstratedhow
minor variationsin TCP implementationscan have drasticperformanceimplicationswhen used
over satellitelinks (suchasa reductionin file transferthroughputby over half), andfrom our ob-
servationsconstructeda satellite-optimizedTCP implementationusingstandardizedoptions. We
exploredthe performanceof TCPfor shortdatatransferssuchasWeb traffic, andfound that two
experimentaloptionsrelatingto how TCPstartsaconnection,whenusedtogether, couldreducethe
user-perceived latency by a factorof two to three. However, becausenot all of theseoptionsare
likely to bedeployedonawidescale,andbecauseeventhebestsatellite-optimizedTCPimplemen-
tationis vulnerableto thefairnessproblemsidentifiedabove,weexploredtheperformancebenefits
of splittingaTCPconnectionataprotocolgatewaywithin thesatellitenetwork, andfoundthatsuch
anapproachcanallow theperformanceof thesatelliteconnectionto approachthatof anon-satellite
connection.Carryingthis work onestepfurther, we constructa satellite-optimizedtransportpro-
tocol thatcanbeusedin sucha split-connectionenvironment,anddemonstratehow it outperforms
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TCPin a satelliteenvironmentcharacterizedby largeamountsof bandwidthasymmetry. In partic-
ular, our protocol,which we have dubbedthe“SatelliteTransportProtocol,” usesup to anorderof
magnitudelesstraffic on thebandwidth-constrainedreversechannelthanis neededby TCP.

In contrastto researchon GEOsystems,researchon LEO systemsis still in its infancy.
While LEO systemsarebeingdesignedspecificallyto avoid thehigh latenciesfoundin GEOsys-
tems,their designis challengingfrom a packet routingperspective dueto thehighly time-varying
natureof the LEO network topology. Moreover, even the mostbasicsystempropertiesof such
constellationsis notwell documentedin theliterature.Weconstructedadetailedpacket-level LEO
network simulatorandidentifiedsomefundamentaldelayperformanceresultsof commerciallypro-
posedconstellations.We thenexploredwhetheror notgeographic-basednetwork addressescanbe
constructively usedin the designof distributedor centralizedpacket routing systems.We found
that the constructionof a distributedpacket routing algorithmbasedon geographic-basedpacket
forwarding is fundamentallychallengingdue to subtletopologicalpropertiesof LEO networks.
However, we demonstratedthat geographic-basedaddressesareusefulin centralizedrouting sys-
tems,enablingsignificantreductionsin routingtraffic andon-boardroutingtables.Specifically, we
constructedrouting strategiesbasedon geographic-basedaddressesthat potentiallyreduceby an
orderof magnitudetheamountof routingtraffic exchangedbetweensatellitenodesanda central-
izedroutingcenteron theEarth’s surface,andthenumberof forwardingtableentriesrequiredfor
non-localdestinations.

Broadbandsatellitenetworksarelikely to becomeanimportantnicheof thefutureInter-
netbecauseof their uniqueability to provide network accessfrom almostany point on theglobe,
particularlythoseunderservedby terrestrialinfrastructure.However, becausethedesignof Internet
protocolsis driven by the performanceof the wired Internet,satellitenetwork engineersmustbe
vigilant in assistingin thedesignanddeploymentof satellite-friendlyprotocolsandin considering
how satellitenetworksinterwork with thewired Internet.BroadbandLEO networksarelikely to be
deployed later thantheir GEOcounterparts,andthedesignof thesenetworks is still in its infancy,
particularlysincesuchnetworksaresignificantlymoreambitioustechnicallythananything thathas
beenpreviouslyattempted.It is ourhopethatthefindingspresentedin this thesismaycontributeto
abetterunderstandingof how to designprotocolsfor thesenext-generationsystemswhile stimulat-
ing furtherwork in thisarea.

ProfessorRandyH. Katz
DissertationCommitteeChair
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