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Abstract

Networking over Next-GeneratiorSatelliteSystems

by

ThomasRossHendeson
Doctor of Philosophyin Engineering-Electrical Engineering
andComputerSciences

University of California at Berkeley
ProfessoiRandyH. Katz,Chair

Thanksto boththerapid deplgymentof the Internetandadwancesn satellitetechnologythe mar
ket for broadbandatelliteserviceds poisedfor substantiafjronth in the comingdecade Current
communicationsatellitesystemsave generallypeendesignedo provide eithervoiceor datatrans-
action(low datarate)serviceghroughsmallterminals,or trunking (high datarate,or broadband)
serviceghroughlarge terminals. However, technologicahdwancesare enablingnen systemghat
combinebroadbandiatarateswith smallterminalstherebyproviding moreaffordable“last-mile”
network acces$o homeandsmallbusinesaiserswvorldwide. In particulay two typesof broadband
satellitesystemsareunderdevelopment:high-paver satellitesdeplo/ed at traditionalgeostationary
(GEO)orbits,andlarge constellation®f satellitesdeployed atmuchlower (LEO) orbits.

In this thesis,we explore researchproblemsthat have arisenfrom this shift in satellite
network architectures. Whenusing GEO satellitesto provide Internetaccessservice,the perfor
manceof the Internets TransmissiorControl Protocol(TCP)is degradedby the high lateny and
high degreeof bandwidthasymmetrypresenin suchsystems We thereforeundertooka compre-
hensie studyof TCP performancen the contet of broadbandsatellitesystemausedfor network
accessWe first studiedwhetherTCP’s congestioravoidancealgorithmcanbe adjustedo provide
betterfairnesswhen satelliteconnectionsare forcedto sharebottlenecklinks with other (shorter
delay) connections.Our datasuggestsghat adjustment®f the policy usedin thatalgorithmmay
yield substantiaFairnessbenefitswithout compromizingutilization. We next demonstratedhow
minor variationsin TCP implementationsan have drastic performancemplicationswhen used
over satellitelinks (suchasa reductionin file transferthroughputby over half), andfrom our ob-
senationsconstructeda satellite-optimizedl CP implementatiorusing standardizeaptions. We
exploredthe performanceof TCP for shortdatatransferssuchasWebtraffic, andfound thattwo
experimentabptionsrelatingto how TCPstartsa connectionwhenusedtogethercouldreducehe
userperceved latengy by a factorof two to three. However, becauseaot all of theseoptionsare
likely to bedeplgyedonawide scale andbecauseventhebestsatellite-optimized CPimplemen-
tationis vulnerableto thefairnesgproblemsidentifiedabore, we exploredthe performancéenefits
of splittinga TCPconnectiorata protocolgatevay within thesatellitenetwork, andfoundthatsuch
anapproacttanallow theperformancef the satelliteconnectiorto approachhatof anon-satellite
connection.Carryingthis work one stepfurther we constructa satellite-optimizedransportpro-
tocol thatcanbe usedin sucha split-connectiorervironment,anddemonstratéow it outperforms



TCPin asatelliteervironmentcharacterizethy large amountsf bandwidthasymmetry In partic-
ular, our protocol,which we have dubbedthe “Satellite TransportProtocol, usesup to anorderof
magnituddesstraffic on the bandwidth-constrainedversechannethanis neededy TCP.

In contrastto researcton GEO systemsresearcton LEO systemds still in its infangy.
While LEO systemsarebeingdesignedspecificallyto avoid the high latenciefoundin GEO sys-
tems,their designis challengingfrom a paclet routing perspectie dueto the highly time-varying
natureof the LEO network topology Moreover, even the mostbasicsystempropertiesof such
constellationss notwell documentedh theliterature.We constructed detailedpaclet-level LEO
network simulatorandidentifiedsomefundamentatielayperformanceesultsof commerciallypro-
posedconstellationsWe thenexploredwhetheror notgeographic-basemtetwork addressesanbe
constructiely usedin the designof distributed or centralizedpaclet routing systems.We found
that the constructionof a distributed paclet routing algorithmbasedon geographic-basepaclet
forwarding is fundamentallychallengingdue to subtletopological propertiesof LEO networks.
However, we demonstratethat geographic-baseaddresseare usefulin centralizedrouting sys-
tems,enablingsignificantreductiondn routingtraffic andon-boardroutingtables.Specifically we
constructedouting stratgies basedon geographic-basedddressethat potentially reduceby an
orderof magnitudethe amountof routingtraffic exchangeetweensatellitenodesanda central-
ized routing centeron the Earths surface,andthe numberof forwardingtableentriesrequiredfor
non-localdestinations.

Broadbandsatellitenetworks arelik ely to becomeanimportantnicheof thefuture Inter
netbecausef their uniqueability to provide network accesgrom almostary point on the globe,
particularlythoseundersergd by terrestrialinfrastructure However, becausehedesignof Internet
protocolsis driven by the performanceof the wired Internet,satellitenetwork engineersmustbe
vigilant in assistingn the designanddeplg/mentof satellite-friendlyprotocolsandin considering
how satellitenetworksinterwork with thewired Internet.Broadband_EO networksarelikely to be
deploed laterthantheir GEO counterpartsandthe designof thesenetworksis still in its infangy,
particularlysincesuchnetworksaresignificantlymoreambitioustechnicallythanarnything thathas
beenpreviously attemptedlt is our hopethatthefindingspresentedh this thesismaycontritute to
abetterunderstandingf how to designprotocolsfor thesenext-generatiorsystemawhile stimulat-
ing furtherwork in thisarea.

ProfessoRandyH. Katz
DissertationrCommitteeChair
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