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ABSTRACT

Thenewgenerationsofmobilenetworkswillrequireeconomicalandviablesolutionsinordertomeet
thepromisesraisedbyscientists.Inthisarticle,theauthorsoverviewtheavailableresearchactivities
andpresentanarchitectureforDASandfemtocellsandamathematicalmodelanalyzingtheircosts,as
theyareconsideredtechnologies,thatoffergreatadvantagesformobilenetworks.Theauthorspresent
awideresearchinthesolutions’parametersandprices.Therearethoroughexperimentsincluding
severaldifferenttypesofcosts.Inparticular,Capital(CAPEX),Operational(OPEX)expenditures
andTotalCostofOwnership(TCO)areexaminedforbothtechnologiesintermsofthebackhauling
technologies,ofthesizeofbuildingsthattheyareimplementedinandtheyearsofinvestmentfrom
atelecommunicationcompany.Themainresultsarethatfemtocellsareamoreappealingsolution
whenitcomestosmallplaces,whilethealternativeismorefavorableforbiginfrastructures.
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1. INTRoDUCTIoN

Next-generationofmobiletechnologiesisexpectedtolargelyaugmentthesystem’speakdatarates
andcutdownontheround-tripdelays.Themainideaofusingultra-densityorDAS(Distributed
AntennaSystems)basedontheirproperties,isthattheyareabletoincreaseefficiencyandexpand
networkcapacitywithouttheneedformorespectrumresourcesbyredistributingtheexistingones,
depictthemasthekeysolutionsforthefuturemobilenetworks.SmallcellsandDASwerelaunched
mainlyforaddressingtheissueoflimitedconnectivityindoors.

Thereareseveralotherimportantbenefitsofthesetechnologies,whichconstitutethemasbases
forfuturegenerationsofmobilenetworks,suchas5G(5G-PPP,2014).Femtocells’benefitisthat
theyprovideultra-density,whichisexpectedtobeoneoftheessentialfeaturesof5G.Ultra-dense
networkscoexistwiththeexistingmacrocellularonesformingaltogetherheterogeneousnetworksand
fulfilltherequirementsandthenetwork’sfuturedemands.Scientistsandresearchershavedecidedto
movetowardsthisdirectionbyconductingresearchactivityinthearea(Networld2020ETP,2014;
IWPC,2014).
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Thefuturemobilenetworksaregoingtodemandalargenetworkcoverage.DASwouldbean
idealsolutiontodealwiththelimitedspectrum,becauseitprovidesrepeaters,thatareconnectedto
theantennasystem.Italsoservestheaugmentingnumbersofthesmartdevices,thatinthefuture
willbeconnectedtotheInternetorthesmarthomedevicesoftheowner’shomenetworkaswemove
dynamicallytotheInternetofThings.

Thispaperstudiesthetechno-economicaspectsofultra-denseandDASdeployments.Itpresents
thecharacteristicsandadvantagesforalltheirparts,aswellasatechno-economicmodelingofthese
deploymenttypes.Thedefinedmodelsareusedfortheinvestigationoftheuppertechnologiesfrom
aneconomicpointofview.Theyprovideaninsightinthefuturefinancialandpricingaspectsof
thesesolutionsandconsistausefultoolforthedefinitionoffinancingandpricingpoliciestowards
economicallyviabledeployments.The authors definemodels for selecting themost appropriate
networkarchitecturalsolutionforpublicbuildings’ indoorcoverage.Cost, investment,materials,
coverageandcapacityaretheparametersthataretakenintoaccountforthedefinitionoftheirmodels.
Themainscientificcontributionofthispaperisthatitincludesmultiplecase-studyexamplesofthe
techno-economicmodelsaswellasresultsofconductedexperiments.Italsoanalyzesandpresentsa
techno-economicmodelandsummarizesthemainresearchactivityintheparticularfield.

Theremainingpartofthispaperisstructuredasfollows:thesecondsectionreferstotherelated
researchthathasbeenconductedsofar.Thethirdsectionpresentsthearchitecturesofultra-dense
andDASdeploymentsusedinthemodels.Inthefollowingsectionwedescribecostmodelsforultra-
denseandDASdeployments.Inthenextsectionwedefinetheparameterizationofthecostmodels.
Inthesixthsectionweconducesomeexperimentalscenariosandanalyzethecorrespondingresults.
Finally,intheseventhsectionweconcludeourpaperwiththemostfundamentalconclusionsrealized
intheexperimentalprocedureandinthefinalsectionwelistsomeideasforfutureresearchworkin
thefieldofmobilenetworktechnologies.

2. RELATED WoRK

Inthissection,itisofmajorimportancetopresentthemostvaluablestudiesthathavebeenconducted
inthefield.Therecordofthemostvaluablepastresearchactivityisgoingtoindicatethepathsthat
futurescientificresearchshouldfollowdescribingmobilenetworkdeployments.

Inliterature,theDASsystem’smostvaluablestudiesare(Liu,2013;Liuetal.,2012),thatexamine
technologicalandeconomicaspectsofthetechnologyandcomparetheTotalCostofOwnership
(TCO)betweenDASandfemtocells,leadingtothefactthatfemtocelldeploymentsarecheaperthan
theDASones.TherearenotanyothervitalstudiesinthefieldofDASdeployments,soitisimportant
topointouttheneedofinvestigatingit.

Thereexistssubstantialactivityinthefieldofsmallcells.Scientistshavealreadystudiedthe
technologicalaspects,suchascognitiveradio,self-organizednetworks,andradioresourcemanagement
leadingtoasignificanttechnologicalbackground.Literaturereviewisindicatingthattechno-economic
aspectsofsmallcellshavenotbeenfullyresearched,althoughtherearefundamentalworksthathave
beenpublishedsofar,like(Shettyetal.,2009)thatreferstotheeconomicadvantagesthatstemfrom
thecombinationofthemacrocellsandthefemtocellsfortheoperatorand(Claussenetal.,2007)
thatadequatelyinvestigatesthecostofthenetworkforthepredecessoroffemtocell,thepicocell.
Scientists,butmostly the telecommunicationandnetworkoperatorsare interested in the techno-
economicaspects.Similarworksliketheonedescribedin(Nikolikjetal.,2014)examineseveral
deploymentstrategiesfromacostperspective.

Theauthorsofthispaperhavealsopresentedanintroductiontothepresentworkin(Bouraset
al.,2014),wheretheyanalyzemodelsforfinancingandpricingsmallcellandmacrocellserviceand
comparewhichcaseisthemostfavorablefromtheperspectivesofusersandoperators.(Markendahl
etal.,2010)comparesthetwomaintechnologiesmacrocellsandfemtocellsconductingimportant
conclusionsforthecostswhetherornotanewbasestationisformed.Accordingtothisresearch,if
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