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Multihoming with Dynamic 
Mobile Network Selection:
Possible Scenarios and Impact on Competition
Alexandr Vesselkov, Aalto University, Espoo, Finland

Heikki Hämmäinen, Aalto University, Espoo, Finland

Juuso Töyli, Aalto University, Espoo, Finland & University of Turku, Turku, Finland

ABSTRACT

Thisarticledescribeshowmobileoperatorsoccasionallyfail toprovideadequateservicequality
duetonetworkoverload,blackouts,orcoveragewhitespots.Customerscanincreasethequalityof
connectionsbymultihoming,i.e.usingsubscriptionsofseveraloperators.Multihomingisfacilitated
byaninnovativereprogrammableembeddedSIM(eSIM)thatcanenabledynamicswitchingbetween
networks.AlthougheSIMmultihomingisadvantageous,itsfutureisnotdefinite,asitisaffectedby
multiplefactorsandactorswithconflictingbusinessinterests.Thispaperdefinesscenariosforthe
evolutionofeSIMmultihominganditspossibleimpactoncompetitionbyconstructingqualitative
systemdynamicsmodelsbasedonexpertinterviews.Theresultsshowthatdependingonmarket
conditionsandactionsofstakeholders,multihomingmayreachhighdiffusion,findapplicationin
specialusecases,orfailtotakeoff.Withhighdiffusion,competitionbetweenoperatorswillbecome
moredynamic,andmarketsharewillbedefinedbythenumberofservedsessions.

KeywoRDS
Always Best Connected, Embedded SIM, Embedded UICC, GSMA, Mobile Telecommunications, Qualitative 
Model, SIM, Subscription Management, System Dynamics

1. INTRoDUCTIoN

Mobiledatatraffichasgrownremarkablyfast,withanincreaseof18-foldwithinthepreviousfive
years(Cisco,2017).Thisgrowthintrafficisoneofthemainchallengesofmobilenetworkoperators
(MNOs),whichareconstantlybuildingnewinfrastructuretomeetincreasingconsumerdemands.
Despitethesemeasures,customersoccasionallyfindthemselvesunabletousemobileservicesbecause
ofcongestion,networkblackouts,orcoveragewhitespots.Researchersandpractitionersareactively
seekingwaysofaddressingtheseproblems.Thus,someoperatorshaveexploitedunlicensedspectrum
bandsbydeployingWi-Fihotspotsinpublicareas,whilesomeothershaveusedsmallcellsoperating
inlicensedbandstoaddressbothcoverageandcongestionproblems.Apartfromthesemeasurestaken
byindividualoperators,cooperationbetweenMNOscouldpotentiallyhelptomitigatecongestion
byjointlyoptimizingnetworkutilization.Differentmodelsofdynamicspectrumaccesshavebeen
proposed,varyingintheextentofspectrumopennessandcollaborationbetweenoperators(Zhao
&Sadler,2007).However,despitethepromisingpotentialofspectrumsharing(Basaure,Suomi,&
Hämmäinen,2016),mobileoperatorshavenotbeenactiveinitsimplementation.
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Problemsduetocongestion,networkblackouts,orcoveragewhitespotscanalsobeaddressed
bycustomersbyusingseveralmobilesubscriptionsfromdifferentoperators,whichisreferredtoas
end-usermultihoming.Multihomingisparticularlypopularindevelopingandemergingmarkets.
MultihomedcustomerstypicallyusehandsetswithmultipleSubscriberIdentityModules(SIMcards)
thatenablethemtoaccesstheservicesofseveraloperatorswithasingledevice.Arecentlydeveloped
reprogrammable embedded SIM (eSIM), which can become a new standard for SIM cards, can
significantlyadvanceend-usermultihomingbyenablingitssmoothfunctioninginalleSIMdevices.
EmbeddedSIMcancontainseveraloperatorprofiles,correspondingtodifferentsubscriptions,which
canbedownloadedovertheair.AfterprofileshavebeenstoredinaSIM,ausercanswapbetween
themlocally.Therefore,embeddedSIMmayeventuallyhelptoimplementthe“alwaysbestconnected”
concept(Gustafsson&Jonsson,2003)byenablingthedynamicselectionofanetworkthatprovides
thebestcombinationofservicepriceandquality.

However, the implications of embedded SIM on the business of mobile operators remain
unclear.SinceeSIMisreprogrammableandmaycontainseveraloperators’profiles,itwillreducethe
customers’switchingcostincurredwhenchangingfromoneoperatortoanother.Theswitchingcost
willbeessentiallyzeroifeSIM-basedmultihomingiswidelysupportedandoperatorselectionisfully
automatedanddynamic.Thiswouldlikelysignificantlychangethedynamicsofmarketcompetition.
Ontheotherhand,thechangeincompetitionwillbeminorifeSIM-basedmultihomingdoesnot
penetratethemarketoroperatorswitchingisstrictlycontrolledbyMNOs.Moreover,althougheSIM-
basedmultihomingwithdynamicnetworkselectionmayconsiderablyaffectthemarket,itremains
unclearwhetheritwillpromotehealthycompetition,orleadtodevastatingpricewarsandadeclinein
investments.Therefore,thisresearchaimstodeterminedriversandpossiblescenariosforthediffusion
ofeSIM-basedmultihoming,aswellasthepotentialchangesthatitcanbringtomarketcompetition.

Thestudyutilizescausal loopdiagramsforcreatingqualitativesystemdynamicsmodelsfor
thediffusionofeSIMandeSIM-basedmultihomingwithdynamicnetworkselection,aswellas
marketcompetitionundertheconditionsofeSIM-basedmultihoming.PotentialoutcomesofeSIM
multihomingdiffusionanditspossibleimpactsoncompetitiondynamicswerefurtherstudiedbased
ontheconstructedmodels.Themodelswerecreatediterativelythroughextensivedeskresearchand
interviewswith13experts.Theresultsofthisstudycanberelevanttopolicymakersinassessing
embeddedSIMasatoolforincreasingmarketcompetitionandformobileoperatorsindeveloping
theireSIMandmultihomingstrategies.

Therestofthepaperisstructuredasfollows.Section2providesbackgroundinformationonthe
embeddedSIMandreviewstherelatedwork.Section3presentstheutilizedmethodandinformationon
theinterviewedexperts.Section4introducesthequalitativesystemdynamicsmodelsforthediffusion
ofeSIMandeSIM-basedmultihoming,aswellasforthemarketcompetitionwithmultihomingwidely
adopted.PossiblescenariosforeSIM-basedmultihomingdiffusionandthecompetitiondynamics
arepresentedinSection5.Thediscussionofstakeholders’interestineSIM-basedmultihomingis
giveninSection6.Section7endsthepaperwiththeconclusionsofthestudy.

2. BACKGRoUND

2.1. embedded SIM
Machine-to-machine(M2M)devicesconstituteagrowingshareofmobilesubscriptions.Justlike
smartphones, such devices use a SIM card for identification and authentication to the cellular
network.Toincreasereliabilityandsavespace,SIMcardsareoftensolderedtothesurfaceofM2M
devices.Typically,SIMcardscontainpre-provisionedunchangeablecredentialsofasingleMobile
NetworkOperator(MNO),meaningthatinahomecountry,thedevicecanaccessonlythenetwork
oftheoperatorthathasprovidedtheSIMcard,andswitchingbetweenoperatorsisonlypossible
byphysicallychangingtheSIMcard.WithsolderedSIMs,thisimpliesthatM2Mserviceproviders
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becomelocked-intoaninitiallyselectedMNO.Solvingthisproblemfacilitatedthedevelopmentof
EmbeddedSIM-astandardforreprogrammableSIMcardsenablingremoteandlocalmanagement
ofsubscriptions.

GSMAssociation(GSMA)startedthedevelopmentofEmbeddedSIM(eSIM)specificationin
2011(GSMAssociation,2011).EmbeddedSIMwasoriginallypromotedasastandardforM2M
devices.TheusageofeSIM-basedremoteandlocalsubscriptionmanagementforconsumerdevices
wasinitiallyignoredbymobileoperators,likelybecauseofbusinessconcerns(EY,2015).However,
asnotechnicallimitationsexistedforapplyingeSIMinnon-M2Mdevices,andasthevalueofsuch
applicationwasrecognized,GSMApublishedaninitialspecificationforconsumerdevicesin2016
(GSMAssociation,2016).Thisspecification,however,providescertainrestrictionsthatlimitthe
functionalityofeSIM.Forexample,thespecificationlimitsthedevicetoasingleenabled(active)
profile, which means that customers cannot access several networks simultaneously. Moreover,
thespecificationstatesthatlocalprofilemanagement,thatis,switchingbetweenprofilesalready
downloadedtotheeSIM,mustrequireexplicituserintentandcannotbeautomated(GSMAssociation,
2017).Overall, these limitations seem tobe set up artificially fordecreasing the risksof losing
customers.

2.2. Current Implementations of eSIM and Alternative Solutions
Multiplemobileoperators,SIMmanufacturers,anddevicevendorshavepilotedorcommittedto
deployproductsandservicescomplianttoGSMAEmbeddedSIMspecificationsforM2Mdevices
(GSMAssociation,2015).However,littleindicationofcommercialeSIMimplementationcanbe
found.ThedeploymentofeSIMbycarmakers,expectedtobepioneers,isstillinaninitialstage.
Likewise,eSIM-basedconsumerdevicesarenearlynon-existent,withSamsung’ssmartwatchGear
beingarareexample(Samsung,2016).

ApartfromeSIM,thereareothersolutionsprovidingsimilarfunctionality.Forexample,many
M2MdevicesuseforeignSIMcardsandoperateinapermanentroamingmodetobeabletoaccess
thenetworksofseverallocalpartneroperators(MachinaResearch,2016).However,roamingusage
typically implies additional charges, and permanent roaming may be prohibited in some cases.
Furthermore,travelingcustomerscanuseaMulti-IMSISIMofferedbysomemobilevirtualnetwork
operators(MVNO).TheseSIMcardscontainseveralIMSIs(InternationalMobileSubscriberIdentity),
whichallowsubscriberstoavoidhighroamingchargesbyselectingandusingasuitableidentifierin
eachcountry.UnlikeeSIM,thetechnologyofmulti-IMSISIMoftendoesnotprovidethecapability
forremotemanagementorusesproprietarymechanisms.Whileamulti-IMSISIMisintendedfor
travelers,Google’sMVNOProjectFI1enablessubscriberswithintheUSAtochangebetweenthree
localcellularnetworksandWi-Fibasedonthesignalstrengthandquality.Thiscanbeviewedasan
earlyexampleofthe“alwaysbestconnected”approach.

Furthermore,deviceswithmultipleSIMcardslots(mostoften,two)enableend-usermultihoming.
Typically,bothSIMcardsareactiveatstandby,butonlyonecanbeactivelyusedatatime.However,
recentlydevicemodelswithdualactiveSIMcardsstartedtoappear(e.g.,AsusZenFone2ZE550ML).
Suchdevices includeanadditional radio transceiverand thusallowusers tousebothSIMcards
simultaneouslyforcircuit-switchedcommunication.However,typicallyonlyoneSIMisusablefor
mobiledataaccess.Anotherdisadvantageofmulti-SIMphonesisthatfittingseveralSIMslotstoa
handsetisproblematicfromthedevicedesignpointofview.

2.3. Switching Costs
In a simple case, switching costs may induce so-called “bargain-then-ripoff” pricing (Farrell &
Klemperer,2007),whenasupplierreducesthepricesintheinitialperiodtogainacustomerbase,
andincreasesinalaterperiodto“harvest”thelocked-incustomers.Therefore,inmaturemarkets,
whichareinalaterperiod,switchingcostsreducecompetitionandsocialwelfare(Klemperer,1987),
whichsuggeststheneedforregulatorybodiestousepolicytolowerswitchingcosts.Oneexample
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ofsuchpolicyismobilenumberportability(Buehler&Haucap,2004).Atthesametime,regulators
shouldalsoconsidertherelationshipbetweencompetitionandinnovationthatwasfoundtohave
aninverted-Ushape(Aghion,Bloom,Blundell,Griffith,&Howitt,2005),meaningthatexcessive
competitionmayharminnovationandleadtoalossinsocialwelfare.

Inmobiletelecommunications,switchingcostsmanifestinfinancialcosts,includingacontract
terminationpenalty,aswellasinproceduralcosts,includingtheeffortsrequiredforthearrangementof
anewsubscription,changeofaSIMcard,anduncertaintyaboutthequalityofanewMNO.Although
multihomingremovessomeoftheswitchingcosts,forrealizingitsfullpotentialcustomersneedto
beabletocomparetheservicesofavailablenetworkstochooseoneofthemforacommunication
session.Suchamechanismisnecessarytoensurethatcustomersreceivethehighestqualityofservice
byusingthebestavailablenetwork.

2.4. Multihoming and Dynamic Network Selection
Whilethe“alwaysbestconnected”conceptisrelativelywell-researchedinthecontextofheterogeneous
cellular -Wi-Finetworks (e.g.,Kassaretal.,2008),only fewworksconsidercombiningseveral
cellularnetworksforimprovingtheservicequality.Deb,Nagaraj,&Srinivasan(2011)developeda
model,inwhichusersholdingdeviceswithseveralsimultaneouslyactiveradiointerfaces(e.g.LTE
and3G)mayassociateapplicationsandchooseanoperatoratfinetimescaleforeachradiointerface.
Theirmodelshowed4-timescapacitygainsincomparisonwithusingasinglenetwork.Accordingto
theauthors,users’devicescannotindependentlycollectsufficientinformationforefficientselection
ofamobilenetwork,andthereforetheyproposetheoperatorstobroadcastcertaininformationfor
enablingappropriatenetworkchoices.However,astheauthorsacknowledged,thereisalittleincentive
forMNOstocollaborate.

Tofacilitatetheselectionofthebestavailablenetwork,Evensenetal.(2011)suggestedamethod
forbandwidthestimationthroughthelookupofacrowdsourceddatabasethatcontainsinformationon
theservicequalityofavailablenetworksatacertainlocationandtime.Themainchallengesofthis
methodaredatabaseinformationgatheringanditsmaintenance(Sonntag,2016).Inturn,Yuanjieet
al.(2016)createdaclient-sideservicecallediCellular,whichenablesmobiledevicestoselectthe
bestavailableoperatorbasedonlow-levelcellularinformation,suchasQoSandradioprofileofeach
availablenetwork,whichiscollectedwithoutattachingtothenetworkandinterruptinganongoing
connection.Sincerealnetworkperformanceishardtomeasurewithout thenetworkregistration,
iCellularpredictstheperformanceofeachoperatorbasedonthecollectedcellularinformation.

Betterseamlessnessofdynamicnetworkswitchingcanbefurtherachievedbyusingmultipath
protocols,suchasMultipathTransmissionControlProtocol(MPTCP).Thisprotocolcanincrease
thequalityofservicebyenablingtheuseofmultiplelink-levelchannels(Sonntag,2016).Moreover,
MPTCPcanautomaticallychangeaconnectionfromonenetworktoanothereveninthemiddleof
asession.ThedevelopmentofMPTCPisongoing,butsofarMPTCPhasnotbeenwidelyused
(Suomi,2014).

3. MeTHoDS

3.1. Qualitative System Dynamics
Systemdynamicsmethodiswidelyusedbyresearchersandpractitionersforlearningthestructure
anddynamicsofcomplexsystemsanddesigningthepoliciesforbringingthesesystemstodesirable
outcomes(Sterman,2000).Systemdynamicsfocusesontheinternalfeedbackstructureofasystem
that generates dynamics through the interaction of variables presented in a model. A modeling
processstartsfromaconceptualizationphase,whereaqualitativemodelisconstructed.Afterthat,
modelingtypicallyproceedstoaquantificationstage,wherenumericalinputsaredefinedandcausal
relationshipsbetweenthevariablesarequantified,sothat themodelcanbesimulated.However,
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sometimesthequantificationofamodelinvolvessomanyuncertaintiesthatproducednumerical
outputscouldbemisleading.Thisisespeciallytruewhentheproblemunderinvestigationisfuturistic.
Inthiscase,aqualitativemodelprovidesvaluableinsightsintotheresearchquestionswithoutthe
danger of producing unrealistic numerical results (Coyle, 2000). In our research, the qualitative
systemdynamicsmodelingisused.

Systemdynamicsmodelspresentkeyvariablesandcausalrelationshipsbetweenthem.These
relationshipscanbeofapositive(+)ornegative(-)polarity.Apositive(negative)polarityimplies
thatthevariablesarechanginginthesame(opposite)direction(s).Forexample,withmeteredpricing,
thereisanegativepolarityconnectionbetweenaservicepriceandconsumption:thelesstheprice,
themore theconsumption (ceterisparibus).On theotherhand, the relationshipbetweenservice
consumptionandaveragerevenueperuser(ARPU)ispositive:themoretheconsumption,themore
theARPU(ceterisparibus).

Therelationshipsbetweenvariablesformfeedbackloopswhenachangeinonevariablealters
othervariablesthateventuallycausetheinitialonetochangeagain.Feedbackloopscanbereinforcing
(markedwithR)orbalancing(markedwithB).Reinforcingloopsincludeanevennumberofnegative
polaritylinksandresultinanexponentialincreaseordecreaseofthevariablesintheloop,whereas
balancing loopshaveanoddnumberofnegative linksand lead toagoalseekingandbalancing
behavior.Theideaofsystemdynamicsistocapturetheinteractionbetweendifferentfeedbackloops
thatdeterminetheevolutionofasystem.

3.2. Interviews
The models were created iteratively through extensive desk research and two rounds of expert
interviews.Duringthefirstround,fourexpertswereinterviewedfordeterminingpreliminarymodel
inputs,whereasduringthesecondroundtheconstructedmodelswerecheckedthroughadditional
nineinterviews.Table1presentsbackgroundinformationontheparticipatedexpertsandthecodes
assignedtothem.Thecodesareusedtorefertotheintervieweesintherestofthepaper.

4. CoNCePTUAL MoDeLS

First,weassumeboththeavailabilityoftechnicalcomponentsrequiredforeSIMsupport,andtools
forautomated,transparentprofile(operator)selection(sincealthoughcurrentlyprohibitedbyGSMA
suchselectionistechnicallyfeasible).Furthermore,sincemobiledataisanincreasinglyimportant
mobileservicethatisgrowingrapidlyintermsoftraffic(Mölleretal.,2017)andrevenue(Lopes,
2014),weassumemobiledataastheprimaryservicethathandsetalgorithmstrytoimproveand
optimizethroughtheoperatorselection.

Thediffusionofend-usermultihomingwithdynamicnetworkselection(Figure2)ismodelled
asatwo-stageprocess,whichstartsfromthediffusionofeSIMamongtheendusers(Figure1).The
modelspresentthediffusiononthelevelofaseparatenationalmarket.

4.1. Diffusion of eSIM
TheDiffusion of eSIM among end users2(Figure1)isthesumofeSIMadoptioneventsdividedby
thenumberofhandsetsinuse.eSIMcanbeimplementedinasolderedortraditionalremovableform
factorthatcanberetrofittedtoexistinghandsets(MNO1,MNO2).TheAdoption of eSIM among end 
usersincreasesasthesupplyofhandsetmodelswithsolderedeSIMgrows(Diffusion of eSIM among 
handset models).Devicemanufacturers,inturn,starttoproducemorehandsetmodelswitheSIMas
theyseethedemandforsuchafeature,indicatedbythegrowthinthediffusionofeSIM(soldered
andremovable),asreinforcingloopR1.13“Demand-supplysynergy”shows.

In theinitialstages,handsetsmaybeequippedwithdualSIMcards,oneofwhichcouldbe
asolderedeSIM.Thus,AppleiPadProcomeswithanemptySIMslotaswellassolderedApple
SIM,whichcouldbeviewedasaproprietaryversionofareprogrammableSIM4.Thisillustrates
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Table 1. The background information on the interviewed experts

Interviewee code Organization Position and field of expertise

Round
1

SV SIMcardvendor Solutionsalesmanager,SIMexpert

MNO1 Mobilenetworkoperator Projectmanager,eSIMexpert

MNO2 Mobilenetworkoperator SIMspecialist

EDU1 Researchinstitution Chiefresearchscientist,
Telecommunications

Round
2

EDU2 Researchinstitution Professor,Telecommunications

MINTC Ministryoftransportandcommunications Senioradvisor

REG1 Communicationsregulatoryauthority Seniorspecialist,cybersecurity

REG2 Communicationsregulatoryauthority Headspecialist,technicaloperability

REG3 Communicationsregulatoryauthority Chiefspecialist,spectrum
management

REG4 Communicationsregulatoryauthority Chiefspecialist,stakeholders

BC1 Broadcaster Technologydevelopmentmanager

BC2 Broadcaster Strategymanager,technicalsystems

DM Devicemanufacturer CTO,R&Ddirector

Figure 1. Conceptual model for the diffusion of eSIM
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theinterestofdevicemanufacturersineSIM.Infact,someexpertsnotedthatthethreatofApple
makingownproprietarySIMthatcouldbecomeadefactostandardwasoneofthemaindriversof
eSIMstandardizationactivities(SV,MNO2).Devicevendorscanbeinterestedinpromotingsoldered
embeddedSIMbecauseoftheopportunitytoimprovethedesignofthedevices(MNO1,MINTC).
Moreover,withsolderedeSIM,devicevendorsbecomenewSIMowners,whichallowsthemtoutilize
itasasecureelementandtaketheleadin,forexample,SIM-basedNFCmobilepaymentsolutions
(MNO1,MNO2).

SomeexpertshavenotedthatMNOsdeliberatelyslowdownthestandardizationandadoptionof
eSIM.Thisprocesswasdescribedas“drivingwithahandbrakeon”(SV).Thus,loopR1.2“Indirect
network effect” shows that operators’ unwillingness to support eSIM for handsets (Adoption of 
eSIM support among MNOs)maybecomeoneofthemainpotentialbarriersfortheDiffusion of 
eSIM among end users(BC1,BC2,DM).Withoutoperators’consentandtechnicalsupport,remote
andlocalmanagementofsubscriptionprofilesmaynotbepossiblesinceMNOsmay,forexample,
prohibittheprovisionoftheircredentialsovertheair.Inthiscase,eSIMcanbeeitherunusableor
usedonlyasatraditionalnon-reprogrammableSIMifitcomesfromafactorywithasubscription
loaded.However,thegrowingDiffusion of eSIM among end userscanputpressureonoperatorsto
introducethesupportforeSIM.Furthermore,theAdoption of eSIM support among MNOscanbe
drivenbythebandwagoneffect,asloopR1.3suggests(MNO2,REG1).

Finally,policymakersmayusethesupportforeSIMasatoolfordecreasingswitchingcostsand
promotingcompetition.Thus,iftheAverage switching costistoohigh,apolicymakermaymandate
thesupportforeSIMtopromptitsadoptionanddiffusion,whichwouldleadtothereductionofthe
switchingcost(loopB1.1a“Regulator’scontrolofswitchingcost”).However,fortakingsuchactive
steps,aregulatormustbeconfidentthatcustomersandthemarketwillbenefitfromtheadoptionof
eSIM(REG2).Further,evenifeSIMforhandsetsissupported,operatorsmaytrytooffsetthedecrease
intheswitchingcostbyreducingtheSeamlessness of eSIM support,asshownbyloopB1.2“Degrading
eSIMsupport”.Thisisbecausetheswitchingcostaffectstheintensityofcompetition,decreasesthe
pricelevel,andultimatelyaffectsMNOs’ profits.Thus,operatorsmayrestrictsubscriptioncontract
conditions,chargeafeeforasubscriptionprofilechange(MNO1),orrequiretheirprofilestobe
deletedwhenasubscriptionofanotherMNOgetsenabled,whichwouldmakeeSIMmultihoming
infeasible.However,iftoorestrictiverulesonremoteorlocalsubscriptionmanagementareset,a
regulatorislikelytointerveneandprohibitsuchpractices(EDU2),asloopB1.1billustrates.

4.2. Diffusion of eSIM Multihoming
TheDiffusion of eSIM multihoming(withdynamicnetworkselection-hereinafterleftoutforbrevity)
isaffectedbybenefitsthatitcanbringtothecustomers,whichcanbedividedintocapacity,coverage,
andreliability-related.However,capacityandcoverage-relatedbenefitscanbeonlyrealizedifthe
networksofoperatorsaredifferentinthementionedqualitymetrics.Forexample,iftheoperators’
networkscompletelyoverlapincoverage,multihomingdoesnotbringacoverageadvantage(REG3).
Therefore,asshowninFigure2,therearenegativelinksfromtheSimilarity of networks’ capacities 
per customerandSimilarity of networks’ coverage areastotheCustomer benefit of eSIM multihoming.

AseSIMmultihomingpenetratesthemarket,competingnetworksbecomemoresimilarinterms
ofcapacitythattheyprovidetocustomers.Thisdecreasesusers’intentiontoadoptmultihoming,
asloopB2.1“Redistributionofcapacities”suggests.Thisrelationshipoccursduetotheloadand
congestionbalancingcapabilityofeSIMmultihoming.Infact,thelastsingle-homedcustomershave
littlecapacity-relatedbenefittogainbyadoptingmultihomingbecauseearlieradopterspreventthe
overloadinastandalonenetworkbydynamicallyswitchingtoothernetworkswithavailablespare
capacity.

In reality, there is always a certain disparity between the networks of competing operators.
However, the adoption of multihoming may be limited by the necessity of maintaining several
concurrentsubscriptions,whichimpliessomeadditionalinconvenienceforcustomers(EDU2,REG1,
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REG2).Furthermore,dependingonpricingmodels,themonetarycostofmultihomingmaybehigh,
althoughwithmeteredorblockdatapricingtherewouldnotbemuchpricedifferencebetweensingle-
homingandmultihomingapproaches(EDU2,DM).Althoughflatratepricingwithunlimiteddata
wouldnotbefeasibleformanymultihomedcustomers,sincetheexamplesoftrueunlimitedmobile
datatariffsarerare(tefficientAB,2016),itisreasonabletoassumethatblockandmeteredpricing
willcontinuetodominateinfuture.However,amoreimportantreasonforpossiblelimiteduptakeof
multihomingisasufficientlygoodperformanceoftheindividualnetworks(REG2,REG3,MINTC).
AsFigure2shows,ifcustomersaresatisfiedwiththeservicequalityofsinge-homing,theywillnot
adoptmultihoming.Therefore,MNOswilltrytoensureCustomer satisfaction with single-homing
byincreasingtheInvestments in network performanceandMarketing spending(loopsB2.2aand
B2.2b“Keepingcustomershappy”).IncaseiftheDiffusion of eSIM multihomingstartstogrow,
operatorscanrespondtothisbyincreasingMarketing spendingthatcanstrengthenthecustomers’
loyalty(EDU1).ThisisshownbyloopB2.3“Reactiontomultihomingthreat”.Nevertheless,ifthe
Diffusion of eSIM multihominggrowstoahighlevelandmultihomingbecomesadefactostandard,
theoperatorswilllikelystopthepromotionofsingle-homingandputtheireffortsintogettingalarger
shareofthetrafficofthemultihomedcustomers.

LoopsR2.1aandR2.1bshowthecompetitionbetweensingle-homingandmultihoming,aswellas
thenegativeimpactofmultihomingoninvestments.Theysuggestthatifcustomersaresatisfiedwith
theirproviders,theywillnotadoptmultihoming,whichwillkeeptheAverage switching costalong
withAverage service priceunchangedandenabletheoperatorstousetheirnon-decreasedprofitsto
furtherincreaseInvestments in network performanceandMarketing spending,whichwillstrengthen
customersatisfaction.However,ifcustomersarenotsatisfiedwiththeirseparateoperators,theywill
adoptmultihoming,whichwillresultinareductionoftheswitchingcost,highercompetition,and
lessoperators’profitstoinvestinmarketingandnetworkimprovementthatwillfurtherdecrease
Customer satisfaction with single-homing.However,ontheotherhand,decreasedAverage switching 
costandMNOs’ profitswillincreaseoperators’Pressure to investtoretaintheirincomes(EDU2).
ThisisshownbyloopB2.4“Multihomingpromotesinvestments”.

Figure 2. Conceptual model for the diffusion of eSIM multihoming
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4.3. Competition under Conditions of eSIM Multihoming
HereweassumehighDiffusion of eSIM multihoming.Networkselectionisassumedtobeseamless
andtransparenttoendusers;however,onlyonenetworkcanbeusedatatimeforadatasession.
Furthermore,operatorsareassumedtouseameteredorblockpricingmodel,sothatusers’handsets
candefinethepriceforeverytransmittedmegabyteofdata.

Figure3presents themodelof theoperationsof an individualMNO inacompetitive local
market.ThefocusvariablesofthemodelarethenumberofSessions served by MNO per unit timeand
Aggregated number sessions served by MNO.Inamultihomingscenario,operatorsarenotanymore
competingforamarketsharetraditionallydefinedastheshareofsubscriptions.Instead,theshareof
sessionsservedbyanMNOandtheamountoftrafficcarriedbythenetworkbecomerelevantmetrics
oftheoperator’sperformanceandsuccess.

CustomersselectanetworkfortheirdatasessionsbasedontheNetwork availability,Average 
capacity per session available and Price per unit of data. Network availability only provides a
competitiveadvantageforanoperatorintheareasnotcoveredbyothernetworks(typicallyruralor
indoorareas)oriftheavailabilityofcompetingnetworksistemporarilyinterruptedbysometechnical
problems(BC1).

Duetoanegativenetworkeffect,thenumberofSessions served by MNO per unit timeincreases
theCapacity utilization per unit time,whichreducestheAverage capacity per session availableand
correspondinglythenumberofsessionsallocatedtotheMNO(loopB3.1a).Furthermore,asloop
B3.1bsuggests,thecongestioneffectbecomesstrongeriftheallocatedsessionsrequirehighdata
rates(Average capacity per session used).DependingontheLong-term average capacity utilization,
anoperatordecideswhetherinvestmentsarerequiredforgrowingtheFull capacitytodecreasethe
capacityutilizationandattractnewsessions,asloopB3.2“Needfornewcapacities”shows.Although
investments are typicallymade if thePotential profitability of investment is positive, sometimes

Figure 3. MNO’s operations in eSIM multihoming scenario
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operatorsareforcedtobuildnetworkcoverageincertainunprofitableareasbecauseoftheregulator’s
requirementandcompetition(EDU2,REG2).However,inamultihomingscenario,themotivationfor
coveringsparselypopulatedareascanbecomelower,sinceunlikeinsingle-homing,inmultihomingnot
gettingaserviceinoneareadoesnotaffecttheoperator’sreputationanddoesnotpreventcustomers
(ortheirdevices)fromselectingthatoperatorinotherareas(REG2).

Apartfrombuildingnewinfrastructure,capacityutilizationcanbeaffectedbythedeployment
ofcongestionpricing.AsloopB3.3shows,anoperatorcanbalanceLong-term average capacity 
utilizationbyadjustingthePrice per unit of datathatwillchangethenumberofSessions served by 
MNO per unit time.

Similartoatraditionalsingle-homingmodel,withmultihomingmobileoperatorscompetein
priceandquality.However,thecompetitionbecomesmoredynamic.Thus,adecreaseinpriceor
increaseinqualityinstantlyresultsinagrowingnumberofallocatedsessions(giventhatcompetitors
didnotmakeanychanges).“Pricecompetition”loopR3-1and“Closingthepricegap”loopB3.4
showthatifMNOshaveunderutilizednetworkcapacity,theywilltrytoattractmoredatasessions
byreducingthePrice per unit of datatotheLowest market data price.IfdifferentMNOsprovide
similarorsufficientlygoodqualityofservice,customersselecttheoperatorbasedontheirprice.In
thissituation,apricewarbetweenMNOsmaydecreasethepricetoamarginalcost.Thismaylead
tothereductionofoperators’Revenues, Profits,andInvestments in network performance.

QualitycompetitionisillustratedbyloopsR3.2(“Capacitycompetition”)andB3.5(“Closingthe
capacitygap”).OperatorswilltrytomatchtheHighest capacity in the markettoattractmoresessions.
Thistypeofdynamicscanoccursincethedeploymentofadditionalcapacityinstantlyincreasesthe
numberofallocatedsessions(loopsR3.3aandR3.3b“Networkinvestmentspayoff”),giventhe
competitors’pricesareequal.However,matchingthehighestmarketcapacityisonlyfeasibleifthe
investmentisexpectedtopayoffwithinareasonabletime.

5. PoTeNTIAL SCeNARIoS

ThemodelspresentedinSection4canresultindifferentdynamicsandproducedifferentoutcomes,
dependingonthestrengthoffeedbackloops.Thissectionusesthepresentedmodelsforidentifying
potentialendstatesofthediffusionofeSIMandeSIMmultihoming,aswellasmarketdynamics
undertheconditionsofeSIMmultihoming.Figure4showsaconnectionbetweendiffusionofeSIM,
eSIMmultihoming,andnewcompetitiondynamics.

5.1. Diffusion of eSIM
5.1.1. Scenario 1: Zero Diffusion
ThediffusionofeSIMamongendusersmayfailtotakeoffifmobileoperatorsrefusetosupport
eSIMforhandsets(loopR1.2,Figure1)anddevicemanufacturersdonotproducehandsetsequipped
witheSIM(loopR1.1).Suchsituationmaybecausedbya“chickenandegg”problem.Thus,device
producersthatareinapositiontodriveeSIMadoptionmayrefusetoinvestinthedevelopmentof
eSIMhandsetsunlesstheyseeoperators’commitmenttodeploythecorrespondinginfrastructureand
readinesstosupporteSIM.Inturn,operatorscandecidetowaitforasufficientnumberofhandsets
witheSIMtoappearonthemarketbeforemakingtheircommitments.Furthermore,customersmay
alsorefusetobuyaneSIMhandsetifthedevicemodelselectionisnotwideandoperators’support
islimited.

5.1.2. Scenario 2: Low Diffusion
DiffusionofeSIMamongendusersmayremainlowifalimitednumberofcorrespondinghandset
modelsisavailable,andafewMNOssupportremoteandlocalsubscriptionmanagement.Evenif
smalloperatorsadopteSIMforhandsets,theindirectnetworkeffect(loopR1.2)willnotbesufficiently
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strongtomotivatecustomerstoadopteSIM.Moreover,thenumberofhandsetmodelswitheSIM
willremainlowinthiscase(loopR1.1).Furthermore,evenifaservicesupportanddevicemodels
areavailable, thediffusionofeSIMmaystay low if theprocessof remoteor local subscription
management is limited (i.e. operator change is slow, expensive, or otherwise restricted), which
makeseSIMmultihominginfeasible.Theseimperfectionsofswitchingoperatorsmaybeduetosome
technicalorlegalissues,andresolutionoftheseissuesmightbenotinMNOs’interest(loopB1.2).

5.1.3. Scenario 3: Medium to High Diffusion
TheintroductionofeSIMhandsetsbymajordevicemanufacturersanditssupportbylargeMNOscan
ensurethehighdiffusionofeSIM.TheinclusionofeSIMtoanewgenerationofAppleandSamsung
flagshipsmartphoneswouldlikelyinducefastuseradoptionandcreateastrongindirectnetwork
effect,whichwouldmotivateoperatorstosupporteSIMforhandsets(loopsR1.1andR1.2).Similarly,
if,forinstance,Vodafonestartsofferingremoteandlocalsubscriptionmanagementforhandsetsby
supplyingremovableeSIM,theadoptionofeSIMwouldgrow,anddevicemakerswouldwillingly
producecompatibleproducts.Naturally,foreliminatingtherisksoflackingasupplementaryproduct
orservice,handsetmanufacturersandMNOsshouldcoordinatethelaunchofthefirsteSIMhandset
modelsandeSIM(remoteandlocalsubscriptionmanagement)service.Thebandwagonpressure
willlikelyresultinotheroperatorsfollowingthemarketleadersintheadoptionofeSIM(loopR1.3).

ThescenarioforthemediumtohighdiffusionofeSIMismorelikelytooccurifthereisdemand
formultihomingthatsuchSIMmayenable.Furthermore,regulators’promotionormandateforthe
introductionofremoteandlocalsubscriptionmanagementforhandsets(loopsB1.1a,B1.1b)may
berequiredforthisscenariotohappen.

5.2. Diffusion of eSIM Multihoming
5.2.1. Scenario 1: Zero or Low Diffusion
DiffusionofeSIMmayfurtherleadtothespreadofeSIMmultihoming,giventhatthetechnology
forthelatterismature(Figure2).However,multihomingmayfailtobecomewidespreadifthere
isa limitedbenefitofcombining the servicesof several individualoperators.This is true if the
networkshavesimilarcapacitiespercustomerandcoveragefootprints.Moreover,customersthat

Figure 4. Connection between diffusion of eSIM, eSIM multihoming and new competition dynamics
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aresatisfiedwiththeserviceoftheirseparateoperatorsarelesslikelytoswitchtomultihoming.
TheuptakeofeSIMmultihomingcanfurtherbelimitedifMNOssucceedinputtingextraefforts
forthedevelopmentofcustomerloyalty(loopB2.3).Moreover,MNOscanincreasetheirnetwork
investmentstosustaininacompetitionintensifiedbyeSIM(loopB2.4),whichcanincreasecustomer
satisfactionwithsingle-homing.

5.2.2. Scenario 2: Adoption for Special Use Cases Only
eSIMmultihomingcanpotentiallybeusedonlyforsomespecialapplications,forinstance,toprovide
reliable connectivity to mission-critical public safety and military applications. In some cases,
multihomingcanbea cost-efficient substitute for redundantmulti-channel transmission systems
that are usednowadays.Therefore, a regulatormaybe interested inpromoting theuseof eSIM
multihomingasamechanismformaintaininghighreliabilityofpublicsafetyservices.Furthermore,
somebusinesscustomersmaydecidetoadopteSIMmultihomingforensuringthattheyarealways
bestconnected,eventhoughmaintainingseveralsubscriptionscancauseextracosts.Thisscenariocan
happenifordinalusersaresatisfiedwiththequalityofservicethattheyreceivewithsingle-homing,
orperceivebenefitsthatmultihomingprovidesasinsufficientforitsadoption.

5.2.3. Scenario 3: Medium to High Diffusion
Multihomingcanwidelysubstitutesingle-homingiftheoperatorsfailtoensurethatthequalityof
individualnetworksisgoodenoughtokeepcustomerssatisfied(loopsB2.2a,B2.2b).Thiscanbe
eitherbecauseoflowprofitslimitinginvestmentsinnetworkdevelopmentandmarketingorbecause
ofthepoornetworkmanagementanddistributionofprofits.DiffusionofeSIMmultihomingmay
imposeadditionalbudgetconstraints,whichcanleadtolessinvestmentandafurtherdecreasein
theattractivenessofsinge-homing(loopsR2.1a,R2.1b).Furthermore,thedisparityinthecoverage
andcapacityofdifferentnetworksdrivetheadoptionofmultihoming.However,potentialcapacity
benefitdecreasesasthenumberofmulti-homersincreases,whichslowsdowntheadoptionofeSIM
multihoming(loopB2.1).

5.3. Competition under Conditions of eSIM Multihoming
5.3.1. Scenario 1: Over-Provisioning
ThemodelinFigure3canresultindifferentmarketdynamics.Operatorscaninvestinbuildingnew
networkcapacitytoattractalargershareofdatasessions(loopsR3.2,B3.5).However,ifcompeting
MNOs deploy capacity simultaneously, it may lead to capacity over-provisioning. Taking into
accountarelativelylowincrementalcostofcarryingeachmegabyteofdatatraffic,operatorscan
decidetoincreasethenumberofservedsessionsbydecreasingtheprice,whichcanleadtosevere
pricecompetition(loopsR3.1,B3.4).Thiscanultimatelyincreasetheutilization,butbecauseof
decreasedprofits,operatorsmaynotbeable to invest innewcapacity ina timelymanner (loop
R3.3a),whichcombinedwithtrafficgrowthcanleadtonetworkcongestion(loopsB3.1a,B3.1b).
Congestion-basedpricingcanbeusedtomitigatetheproblem(loopB3.3),buttheconstructionof
newcapacityisrequiredinthelongterm(loopB3.2).Thankstoincreasedprices,profitswillgrow,
andMNOswilllikelybeabletoreacttothecongestionbybuildingnewcapacity.Eventually,the
marketcanreachanequilibrium,inwhichsufficientamountofcapacityisavailabletoprovidea
goodserviceatacompetitiveprice.However,ifoneoftheoperatorsdominatesthemarketandhas
moreresourcesthatallowagreaterpricereduction,itcandisplaceasmallerMNOfromthemarket
iftheregulatordoesnotintervene.

5.3.2. Scenario 2: Under-Provisioning
SinceeSIMmultihomingcomplicatesthenetworkplanninganddimensioning,MNOsmaypostpone
investinginnetworkcapacityexpansion.IfotherMNOsdothesame,congestioncanoccur,even
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thoughdynamicnetworkselectioncaninitiallyhelptoreducetheeffectoftheoverloadspreadingit
equallybetweencompetingnetworks.WhentheMNOsrealizeaneedfornewinvestments,theywill
investtoincreasethefullcapacity(loopB3.2),whichmayinsomecasesleadtoover-provisioning,
asdescribedinScenario1.However,theoperatorsmayalsobeunwillingtoinvestinbuildingthe
infrastructureinsparselypopulatedareaswithlittletraffic,especiallyiftheareaisalreadycovered
byanotherMNO.Thiscanleadtothesituationinwhichanoperatorbecomesalocalmonopolyand
cansetahighermonopolypriceiftheregulatordoesnotintervene.

Ingeneral,forcesdeterminingcompetitionbetweenmobileoperatorsarenotmuchdifferentin
single-homingandmultihomingscenarios.However,eSIMmultihomingmakescompetitionmuch
moredynamic.Thus,operatorscanseeanimmediateeffectofnewcapacitydeploymentorservice
pricechange.However,networkqualityimprovementisultimatelylimitedbytechnologicaladvances
andspectrumavailability.Moreover,mechanismsfordynamiccongestionpricingarenotyetavailable.
Therefore,itispossiblethatinthissupposedlydynamicscenariooperators’marketshares(interms
ofsessionsandtrafficcarried)willberatherstable.

6. DISCUSSIoN

Thereareno technical limitations restricting the implementationof the“alwaysbestconnected”
concept through eSIM multihoming with dynamic network selection. Therefore, its future will
bedeterminedbytheextentitcanservestakeholders’interests.Devicemanufacturersseemtobe
interestedineSIM,sinceitwillallowthemtoimprovethedesignofhandsetsandtakecontrolof
theSIM.Asanexample,AppleisalreadyexperimentingwithaproprietaryAppleSIMinsomeof
itstablets.

EnduserscanalwaysbenefitfromtheeSIMmultihoming;however,thepricingmodelsdeployed
byoperatorsshouldmakeitsensibletomaintainseveralconcurrentsubscriptions.Meteredusage-
basedorblockpricingwouldbetheeasiestandmostsuitablemethodsformultihoming.However,
someusergroups,suchasmission-criticalpublicsafety,military,andbusinesscustomersmayadopt
multihomingevendespitesignificantextracosts.

Mobileoperators seem tobe concernedabout thepotentialbusiness consequencesof eSIM
multihoming.However, thebestperformingMNOsshouldbenefit fromthe implementationofa
multihomingapproach.Operatorswillbeabletoattractnewcustomersmoreeasilybyofferingthem
goodservicequalityandprices.Therefore,theMNOwiththebestservicequalityandpriceshouldget
thehighestmarketshare.Operatorscanalsowinbybeingabletosharecongestionwithcompetitors.
Moreover,multihominglessenstheimpactoftechnicalinterruptionsonthecustomer.Finally,eSIM
savestheoperatorsphysicalSIM-relatedcosts,suchasretailcost.

RegulatorscanalsobeinterestedineSIMhandsetsandmultihoming.However,theregulators’
role would likely be passive unless MNOs try to abandon or restrict the functionality of eSIM
handsets.Furthermore,aregulatorshouldensurethateSIM-basedmultihomingdoesnotresultin
MNOssignificantlydecreasingnetworkinvestment.Especiallyinsparselypopulatedareas,MNOs
maybemotivatedtocoordinatetheconstructionofnewnetworkinfrastructure,sothattheoperators’
networksdonotoverlapintheseareaslettingoneoftheoperatorsbealocalmonopolyandpotentially
makesomeprofitsintheseareas.

ThediffusionofeSIMandavailabilityofthemechanismsfordynamicnetworkselectionmay
attractnewplayerstoenteramobiletelecommunicationsmarket.Forexample,theremaybeaplace
formulti-operatorMVNOthat,similartoGoogle’sProjectFIwouldcollaboratewithseverallocal
MNOsandenableitscustomerstousethebestpartnernetwork.Thisapproachwouldremoveusers’
inconvenienceofmaintainingseveralconcurrentsubscriptions.
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7. CoNCLUSIoN

Embedded SIM and eSIM multihoming are promising directions in the evolution of mobile
telecommunications.However,incountrieswithwell-developedmobilenetworksandwell-functioning
market competition, multihoming may not receive wide adoption, if the coverage and capacity
benefitsofcombiningseveralnetworksarelimited,andcustomersaresatisfiedwiththeserviceofa
singleoperator.Therefore,eSIMmultihomingmayfirststartdiffusingindevelopingandemerging
countries,wheremobiletrafficis increasingrapidly,butnetworkdevelopmentfails tokeeppace
withthetrafficgrowth.

IfeSIMmultihomingpenetrates themarket, theswitchingcostwillbecomeessentiallyzero
andcompetitionbetweenoperatorswillbecomemoreintenseanddynamic.Operatorswillcompete
foreachdatasession,andtheshareofsessionscarriedbyanMNOwillbecomeanewindicationof
theoperator’ssuccess,insteadofconventionalmarketsharedefinedbasedonthenumberofmobile
subscriptions. The timescale of operator switching is significantly different in multihoming and
traditionalsingle-homingapproaches:minutesorsecondsintheformercaseandyearsormonthsin
thelatter.Thus,inasingle-homingscenario,customerscantoleratesomeimperfectionsinservice
qualityandchangeanoperatoronlywhendissatisfactionhasaccumulatedtoacertainlevel.With
multihoming,thedeviceswitchesthenetworkafterithasdetectedabetteralternativeandcanswitch
backwhenthefirstnetworkbecomesthebestagain.Thisshouldencouragequalitycompetitionand
fastdeploymentofnewcapacityindenselypopulatedareaswithastabletrafficgrowth.Ontheother
hand, thismayhaveanegative impacton infrastructure investments insparselypopulatedareas,
whereserviceusageislow.Therefore,regulatorsshouldimposeminimumcoveragerequirementsto
guaranteetheaccessibilityofmobileservicesandbenefitsofmultihomingtotheentirepopulation.

Whenoperatorscannotdifferentiate inqualityandhaveexcesscapacity, increasedemphasis
is put on price competition, which can become severe because of high fixed and low marginal
cost.Thispricecompetitionmayhaveadevastatingeffectonnetworkinvestments,andalthough
undersomecircumstancesthemarketcanrecoverandreachanequilibrium,inwhichthenetwork
utilizationandservicepricearereasonable,insomeothercasesseverepricecompetitioncanresult
inthedisplacementofaweakeroperatorfromthemarket.Inanycase,theregulatorshouldmonitor
competitiontopreventanexcessiveincrease.

ThisstudyanalyzedtheforcesdrivingthediffusionofeSIMandeSIMmultihomingwithdynamic
networkselection.Furthermore,potentialimpactsofeSIMmultihomingonmarketcompetitionwere
researched.Thestudyfurthercontributedtobuildingtheunderstandingofpossiblefuturescenarios
forthediffusionofeSIMandeSIMmultihoming.Finally,itshedsomelightonnewmarketdynamics
thatcanarisewithwidediffusionofeSIMmultihoming.Thestudyresultsarerelevantforregulators,
mobileoperators,anddevicevendorsinstructuringtheireSIMstrategy.Thestudyhassomelimitations,
includingalackofquantitativeestimatesfromthesystemdynamicsmodels.However,futureresearch
canaddressthisissuebybuildingonthestudyasmoreeSIMdatabecomesavailable.

ACKNowLeDGMeNT

ThisworkwassupportedbyDigitalDisruptionofIndustry(DDI)project,fundedbytheStrategic
ResearchCounciloftheAcademyofFinland;andtheInternetofThingsprogramofDIGILE(Finnish
StrategicCentreforScience,TechnologyandInnovationinthefieldofICTanddigitalbusiness).
AuthorswanttothankalltheinterviewedexpertsforthevaluableinputtothisworkandDr.Benjamin
Finleyforvaluablecomments.



International Journal of Business Data Communications and Networking
Volume 14 • Issue 2 • July-December 2018

31

ReFeReNCeS

Aghion,P.,Bloom,N.,Blundell,R.,Griffith,R.,&Howitt,P.(2005).Competitionandinnovation:Aninverted-u
relationship.The Quarterly Journal of Economics,120(2),701–728.doi:10.1093/qje/120.2.701

Basaure,A.,Suomi,H.,&Hämmäinen,H.(2016).Transactionvs.switchingcosts—Comparisonofthreecore
mechanismsformobilemarkets.Telecommunications Policy,40(6),545–566.doi:10.1016/j.telpol.2016.02.004

Buehler,S.,&Haucap,J.(2004).MobileNumberPortability.Journal of Industry, Competition and Trade,4(3),
223–238.doi:10.1023/B:JICT.0000047299.13443.5a

Cisco.(2017).Cisco Visual Networking Index: Global Mobile Data Traffic Forecast Update, 2016–2021 (white 
paper).Retrievedfromhttp://www.cisco.com/c/en/us/solutions/collateral/service-provider/visual-networking-
index-vni/mobile-white-paper-c11-520862.html

Coyle,G.(2000).Qualitativeandquantitativemodellinginsystemdynamics:Someresearchquestions.System 
Dynamics Review,16(3),225–244.doi:10.1002/1099-1727(200023)16:3<225:AID-SDR195>3.0.CO;2-D

Deb,S.,Nagaraj,K.,&Srinivasan,V.(2011).MOTA:engineeringanoperatoragnosticmobileservice. In
Proceedings of the 17th annual international conference on Mobile computing and networking - MobiCom ’11
(pp.133–144).NewYork,NY:ACMPress.doi:10.1145/2030613.2030629

Evensen,K.,Petlund,A.,Riiser,H.,Vigmostad,P.,Kaspar,D.,Griwodz,C.,&Halvorsen,P.(2011).Mobile
videostreamingusinglocation-basednetworkpredictionandtransparenthandover.InProceedings of the 21st 
international workshop on Network and operating systems support for digital audio and video - NOSSDAV ’11
(p.21).NewYork,NY:ACMPress.doi:10.1145/1989240.1989248

EY.(2015).Mobile network operator on-demand subscription management study.Retrievedfromhttp://www.
ey.com/Publication/vwLUAssets/EY-mobile-network-operator-on-demand-subscription-management/$FILE/
EY-mobile-network-operator-on-demand-subscription-management.pdf

Farrell,J.,&Klemperer,P.(2007).CoordinationandLock-In:CompetitionwithSwitchingCostsandNetwork
Effects.InM.Armstrong&R.Porter(Eds.),Handbook of Industrial Organization(Vol.3,pp.1967–2072).,
doi:10.1016/S1573-448X(06)03031-7

Association,G.S.M.(2011).GSMA-LedTaskForceDefinesMarketRequirementsforaStandardisedEmbedded
SIM[Pressrelease].RetrievedJuly3,2017,fromhttps://www.gsma.com/newsroom/press-release/gsma-led-
task-force-defines-market-requirements-for-a-standardised-embedded-sim/

Association,G.S.M.(2015).LeadingM2MalliancesbacktheGSMAEmbeddedSIMspecificationtoaccelerate
theInternetofThings[Pressrelease].RetrievedJuly3,2017,fromhttp://www.gsma.com/newsroom/press-release/
leading-m2m-alliances-back-the-gsma-embedded-sim/

Association,G.S.M. (2016).RSP Architecture Version 1.0.Retrieved fromhttp://www.gsma.com/rsp/wp-
content/uploads/docs/SGP.21Architecturev1.0.pdf

Association,G.S.M.(2017).RSP Architecture. Version 2.1.Retrievedfromhttps://www.gsma.com/newsroom/
wp-content/uploads//SGP.21_v2.1.pdf

Gustafsson,E.,&Jonsson,A.(2003).Alwaysbestconnected.IEEE Wireless Communications,10(1),49–55.
doi:10.1109/MWC.2003.1182111

Kassar,M.,Kervella,B.,&Pujolle,G.(2008).Anoverviewofverticalhandoverdecisionstrategiesinheterogeneous
wirelessnetworks.Computer Communications,31(10),2607–2620.doi:10.1016/j.comcom.2008.01.044

Klemperer,P.(1987).MarketswithConsumerSwitchingCosts.The Quarterly Journal of Economics,102(2),
375.doi:10.2307/1885068

Li,Y.,Deng,H.,Peng,C.,Yuan,Z.,Tu,G.-H.,Li,J.,&Lu,S.(2016).iCellular:Device-CustomizedCellular
NetworkAccessonCommoditySmartphones.InProceedings of the 13th USENIX Symposium on Networked 
Systems Design and Implementation(pp.643–656).SantaClara,CA:USENIX.Retrievedfromhttps://www.
usenix.org/node/194983

Lopes,M.(2014,March13).U.S.mobiledatarevenuesurpassesvoicecallrevenue:analyst.Reuters.Retrieved
fromhttp://www.reuters.com/article/us-usa-mobilephone-data-idUSBREA2C24J20140313



International Journal of Business Data Communications and Networking
Volume 14 • Issue 2 • July-December 2018

32

MachinaResearch.(2016).TheinexorableriseofM2Mroaming[Pressrelease].RetrievedJuly3,2017,from
https://machinaresearch.com/news/press-release-the-inexorable-rise-of-m2m-roaming/

Möller,R.,Barboutov,K.,Furuskär,A.,Inam,R.,Lindberg,P.,&Öhman,K.…Wallstedt,K.(2017).Ericsson 
Mobility Report.Retrievedfromhttps://www.ericsson.com/assets/local/mobility-report/documents/2017/ericsson-
mobility-report-june-2017.pdf

Samsung. (2016). Samsung to Release Gear S2 classic 3G with GSMA Compliant eSIM [Press release].
Retrieved July 3, 2017, from https://news.samsung.com/global/samsung-to-release-gear-s2-classic-3g-with-
gsma-compliant-esim

Sonntag,S.(2016).No Link Left Behind.AaltoUniversity.

Sterman,J.(2000).Business dynamics : systems thinking and modeling for a complex world.Irwin/McGraw-Hill.

Suomi,H.(2014).Techno-economic feasibility analysis of multipath protocols in the Internet.AaltoUniversity.

Tefficient.(2016).Mobile data usage 1H 2015. 5 GB per any SIM and month no longer a utopia - if price is 
right. Retrieved from http://media.tefficient.com/2016/01/tefficient-industry-analysis-1-2016-mobile-data-
usage-and-pricing-1H-2015.pdf

Yap, K.-K., Huang, T.-Y., Kobayashi, M., Yiakoumis, Y., McKeown, N., Katti, S., & Parulkar, G. (2012).
Makinguseofallthenetworksaroundus.InProceedings of the 2012 ACM SIGCOMM workshop on Cellular 
networks: operations, challenges, and future design - CellNet ’12 (p. 19). New York, NY: ACM Press.
doi:10.1145/2342468.2342474

Zhao,Q.,&Sadler,B.M.(2007).ASurveyofDynamicSpectrumAccess.IEEE Signal Processing Magazine,
24(3),79–89.doi:10.1109/MSP.2007.361604

eNDNoTeS

1 https://fi.google.com/about/faq/
2 Thevariablenamesarehighlightedinitalics
3 “B”or“R”in thenameof the loopcorrespondtobalancingandreinforcingloops,respectively.The

directionofanarrowintheloopnotationmatchesthedirectionsofrelationshipsbetweenthevariables
intheloop.

4 https://www.apple.com/ipad/apple-sim/

Alexandr Vesselkov, M.Sc. (Tech.), is a doctoral candidate in Network Economics research group at Department 
of Communications and Networking, Aalto University, Finland. His research interests include diffusion of mobile 
devices and services, business models and business ecosystem analysis of the Internet of things.

Heikki Hämmäinen is professor of Network Economics at Department of Communications and Networking, Aalto 
University, Finland. He has MSc (1984) and PhD (1991) in Computer Science from Helsinki University of Technology. 
His main research interests are in techno-economics and regulation of mobile services and networks. Special 
topics recently include measurement and analysis of mobile usage, value networks of flexible Internet access, and 
diffusion of Internet protocols in mobile. He is active in several journal and conference duties.

Juuso Töyli, D.Sc. (Econ. & Bus. Adm.), D.Sc. (Tech.), is Professor at Turku School of Economics at University 
of Turku and adjunct professor of Network Economics at Aalto University, Finland. His research areas include 
logistics performance, management of services and technology, complex social systems, networking business, 
and business simulation games.


