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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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abasestationisneeded,thenthemacrocellsremainaneffectivealternative.The(Fratuetal.,2014)
referstoapurelytechnologicalanalysisofthefemtocelltechnology,analyzingtheinterference,energy
efficiencyandspectrumefficiencyinheterogeneousnetworks.Thetechno-economicanalysis(Yunas
etal.,2014)presentsathoroughinvestigationofsmallcells,microcellsandmacrocellsbytakinginto
accountfactors,suchasthecoverage,thecapacity,theenergyandthecostefficiency.Theresearch
endsupconcludingthatultra-densityisthemainkeyto5G.In(5G-PPP,2014;Networld2020ETP,
2014)arediscussedtheunderlyingdemandsoftheadventof5G.Themostimportantdemandsof
5Gareaugmentednetworkcapacity,morecoverage,betterredistributionoftheavailableresources,
safernetworkconnectionetc.

3. ALTERNATIVE DEPLoyMENTS

Inthissection,weanalyzethemostvaluablecharacteristics,thatsmallcellsandDASdeployments
presentanddepicttheirbasicstructures:

3.1. Small Cells
AccordingtoNetWorld2020in(Networld2020ETP,2014),5Gmobilenetworksshouldalsoprioritize
theprovisionofmethodsforflexiblepricingmechanismsandsmallcellsconstituteasuggestion
thatoffersmanypossibilities.Inparallel,theInternationalWirelessIndustryConsortium(IWPC)
stressesthevitalityofultra-densificationinnextgenerationofcellularsystems,i.e.,the5Gsystems
(IWPC,2014).Itisconsideredthatultra-densificationFigure2isthefundamentalrequirementthat
5Gsystemsshouldmeetinordertoachievefundamentalrequirements,suchas:

• 50xtimesmorecapacity(competentspectralefficiency,wideravailablespectrum)(IWPC,2014).
• Peakdataratesexceeding10Gbit/s.
• Ultra-lowlatencybelow1msec.

Thesetypesofdeploymentareexpectedtobecomeextremelyefficient,whentheyareaddressed
inplaceswheretrafficpatternsarehighasdescribedinFigure1.

Ultra-densityoffersmanysignificantbenefits forsubscribersandmobilenetworkoperators.
Onekeyevolutioninmobilenetworksistheshiftfromcellsofferinglargecoveragetoprogressively

Figure 1. The proximity of the cells in Ultra-dense deployments
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smallercells,andultimatelyleadingtosuper-densedeployments.Ultra-densitybringsbasestation
nexttothemobiledevice.Subsequently,itoffersthefollowingbenefitstoend-users:

• Higherthroughputaswellaslowerround-tripdelays.
• Improvementinindoorcoverageduetointernalbasestationdeployment.
• Seamlesshand-offs fromoutdoors (macrocellular access) to indoors (small cell access) and

viceversa.
• Closedusergroupaccessibility.Onthecontrary,totheopenusergroupaccess,enablesthechoice

ofpre-decisedgroupofusersordevicesthatwillaccessaparticularcell.
• Strictersecurityprotocolsandalgorithms.

Additionally, apart fromcustomers’ satisfaction, thereare several importantbenefits for the
mobiletelecommunicationoperators.Themostfundamentalonesarethefollowing:

• Lowerexpendituresforobtainingthebasicassetsandfortheoperationofthesystem.
• De-congestionofthemacrocellnetworkbyreusingspectrumfromthesmallcellsperspective.
• Thespectrumredistributionaugmentsthenetwork’scapacity.
• Powerconsumptionandenergycostsdiminish,becausesmallcellsarewell-knownforbeinga

greentechnologicalsolution.
• Degradeproblemsandissuesoflawandadministrationthatarisefromthemacrocells’use.

Ultra-densityhasseveralsignificantbenefitsforbothsubscribersandmobilenetworkoperators
thatmakeitanappealingserviceandasolutionthatcompetesuccessfullyagainsttheconventional
solutions.Subscribersinterferewithoutspecialknowledgeintheterminalofsmallcells.Another
importantproblemsolvedbytheadoptionofthemicrocellulartechnologyistheoneofthehandovers.
Smallcellsaremoresecurecomparedtoothersolutions,becausetheyofferthepossibilitytolimit
theaccesspermissionswithinapreselectedgroup.

Ontheotherhand,thereareseveralchallengesthatultra-densedeploymentsface.Basedonthe
analysispresentedin(Fratuetal.,2014),theyaresummarizedasfollows:

• Self-organizingnetworkfeatures,sinceoperatorswillnotbeabletoperformconventionalnetwork
planningoverultra-densedeployments.

Figure 2. There are many antennas and cells inside the coverage area of a bigger cell in Ultra-dense deployments
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• Inter-cellinterference,becauseoftheexistenceofthefemtocelltierovertheexistingmacrocellular
infrastructure.

• Energyefficiencyfeatures,sincethetotalenergyconsumptionwillbelikelytoincrease.
• Spectral efficiency features, which will enable the high re-usage of the available spectrum

resources.
• Costefficiency,whichisnotonlyatechnicalchallengebutalso,isthemaintopicofthispaper.

3.2. DAS
Anotherpossiblesolutioninordertoaugmentthenumberofusersconnectedtothenetworkisthe
useofaDASdeployment.DASFigure3isanetworkofspatiallyseparatedantennanodesconnected
viaacommonsourceviaatransportmediumthatprovideswirelessservicewithinastructure.There
areseveralassetsintheusageofDASrelatedtomoreefficientcoverage,lowerpowerconsumption
etc.AtypicalDASconsistsofthefollowingcomponents:

• AnumberofremoteDASnodes,eachoneincludesatleastoneantennaforthetransmissionand
oneforthereceptionofwirelessprovider’sRadioFrequency(RF)signals(2antennas).This
structureisequivalenttotheexistingconventionalantenna,butinthiscase,itsfunctionalityis
partedinsmallerantennastructures.Thereisalsoagreatneedinsupportingassetsandequipment,
suchasamplifiers,remoteradioheads,signalconvertersandpowersupplies.

• Ahighcapacitysignaltransportmedium.Thedesiredmediumisfiberopticcable,becausedoes
notincursignallossunlikeothercheapermeansoftransmission.

• Agreatvarietyofradiotransceivers,thatprocessandcontrolthetransmittedsignal.

Abasicstructureincludestwoantennasandtwofeedersperfloor.ThecaseofindoorDASis
implementedinsidebuildingsandincludesallthecomponentsmentioned.Ineachdown-linkexists
apassivefeeder.Ifthenumberofdevicesservedaugments,morethanonestructuresineveryfloor
areintroduced.DAStechnologyalsohasseveralsignificantbenefitsforbothsubscribersandmobile
networkoperatorsthatmakeitanappealingsolutionsuchas:

• Betterdefinednetworkcoverageandredistributedcapacity.
• Manycoverageholesthatenablenetworkstoovercomethecapacityproblems.
• Offeringofthesamecoverage,butlesspowerconsumptioncomparedtoothersolutions.
• Thedistributedantennasarenotplacedinsuchhighaltitudesastheequivalentsingleones.

Ontheotherhand,someoftheissuesraisedbyDASopponentsarethefollowing:

• Highcosts,duetotheadditionalinfrastructures,thathavealreadybeenreferred.
• Possiblehealthconcerns,duetogreatervisualimpactonusers.
• Differentnetworkdesignthanthemicrocellularsolutions.
• Expertiseforengineersfordesigningandmaintainingthenetwork.

4. CoST ANALySIS

Inthissection,itisofvitalimportancetomathematicallyassessthecostsoftheprevioustechnologies.
Weproposethreefinancialmodelsthatareusedforthecostestimationofthetechnologicalcases
presentedbelow:smallcells,macrocellsandDAS.
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4.1. Methodology
Forthetwobasictypesofdeploymentformacrocellsandsmallcells,weassumetwotypesofcosts
thecapital(CAPEX)andtheoperationalexpenditure(OPEX).TheCAPEXistheamountofmoney
anetworkoperatorspendsinordertoobtainnewequipment,sites,etc.Ontheotherhand,theOPEX
sumstheexpendituresthatarerelatedwiththecosts thatoccurduringthewholeyearandcover
thebudgetneededformaintenanceandoperation.Previousstudies,haveadoptedaunitedpattern
ofcomputingthesecostsandhavefollowedthesamereasoning.Themethodologyispresentedin
(Claussenetal.,2007),thatpointsouthowimportantistoestimatetheCAPEXandOPEXannually.
CAPEXisforeseenforthenewequipmentbyusinganimportantassumption.CAPEXisconsidered
tobealoan,soCAPEXisvaluedasthecapitalthatisacquiredthroughtheloan.Finally,theannual
paymentsfortheinstallationanddeploymentofthenewequipmentarethebudgetneededtorepay
theloan.

Figure 3. Description of the DAS system architecture of a building
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Generally,itispossibletomakeanassumptionovertheloanofaprincipalamountP,which
shouldberepaidannually.Themoneyneededtoberepaidispresentedbytheannualinstallment
payment,representedbyAandisexpressedbytherepeatingpaymenttype:

A P
r r

r

n

n
=

+( )
+( ) −
1

1
1

 (1)

whererrepresentstheperiodicinterestrateandnrepresentsthenumberofpayments,i.e.,thelength
oftheinstallmentplaninyears.

4.2. Ultra-Dense Deployment
Inthissection,weanalyticallypresentthecoststhatbearasubscriberoranoperatorthatchoosesto
implementtheultra-densityinanetworkanditisimportanttopresentthetwocasesofexpenditures
ofultra-densedeployments.

4.2.1. Capital Expenditure
TheCAPEX isdescribedasexpenses that stemfrom thebase stationand the routersneeded to
controlthenetwork’straffic.Thereisalsoatypeofcostthatisrelatedwiththecorenetworkof
themobileoperator.Thesecostsarethemostexpensiveones,thisiswhywedonotconsiderother
cheaperexpenses,suchas thecost for theEvolvedPacketCore(EPC).Furthermore,weassume
thattherealreadyexistsamobilenetworkoperatorthatprovidesabroadbandconnection.Thus,we
donotincludeinouranalysisthecostsforthebroadbandequipmentandthebackhaulequipment.
TheCAPEX,basedonthehypothesisin(1)andassoonas,thebasestationcostisrepresentedby
CHeNBandthecostoftheinterfaceneededforthemanagementofthenetworkisrepresentedbyCi/f,
thentheannualcostfortheinstallmentofanultradensedeployment,whichconsistsofNHeNBsis
describedbythefollowingequation:

C
NC

i
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CX i f

ne e

i
=
− +( )

/

1 1
 (2)

Ccx
densedenotestheannualtotalcostofCAPEXandNisthenumberofHeNBs.
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1
1
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Ccx
densedenotestheannualtotalCAPEXandNisthenumberofeNBsconsistingtheultra-dense

deployment.

4.2.2. Operational Expenditure
OPEXdoesnotincludetheexpensespresentedbelow:

• Siteleasingcostisignoredgiventhatthebasestationsareinstalledinthesubscriber’sproperty,
soitisoftheuser’spointtopaythecosts.
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• Powerconsumptionisnegligible,duetosmallcellsizeandenvironmentally-friendlyfeatures
andispaidbythesubscriber.

• Support and maintenance costs bare mainly the broadband service provider as well as the
subscriber.Thesmallcellisacquiredbythesubscriber,soifdamaged,heisobligedtoreplaceit.

Consequently,onlyonecostcategoryisconsideredintheOPEXfortheultra-densedeployment
and is thecost for theequipmentof routingmanagementof thenetwork.Maintenancecostsare
consideredlinearlyproportionaltoCAPEXandarecalculatedasCAPEXmultipliedwithacoefficient
fst, that denotes bandwidth and site costs due to maintenance activities. Subsequently, OPEX is
representedbythefollowingequation:

C f NC
r r

r
d ns st i f

n

n

OX
e e
=

+( )
+( ) −

/

1

1
1

 (4)

Consequently,thefollowingequation:

C f
NC

i
d ns
TCO

m

i f

ne e

i
= +( )

−( )
1

1

/  (5)

whereCTCO
denseexpressestheTCOforsmallcelldeploymentthatbearsthemobilenetworkoperator’s

sideonanannualbasis.Thisexpressionisbasedon(2)and(3)anditshouldberemindedthatiis
theinterestrateandnisthedurationoftheinstallmentplaninyears.

4.3. Macrocellular Deployment
Inthissubsection,wepresentthebasiccoststhatareincludedinamacrocellulardeployment.Inthis
casealso,themacrocellularcostsaresplitinthetwosamesidesaspreviously.

4.3.1. Capital Expenditure
ItrepresentsthecoststhataremadeinordertoexpandthecoreEPCnetwork.Assumingthatthese
costsareexpressedbyCeNBandCEPCrespectively,theamountofmoneyneededforonebasestationis
givenbytheexpression:CeNB+CEPC.ItissignificanttoestimatethecostofasingleevolvedNode-B
(eNB),namelythemacrocellularbasestation.Itconsistsofthenetworkequipment,soweassume
CAPEXisrepresentedbythenetworkbasestationcosts,becauseitfullycoverstheeNBandthe
EvolvedPacketCore(EPC).Forthatreason,thecostisdescribedbythefollowingexpression:CeNB
+CEPC.TheamountsCeNBandCEPCarethecostsforeNBandEPC,whichisthetermusedforLong
TermEvolution(LTE-A)’scorenetwork,respectively.ItisimportantthattheCeNBapartfromthe
costsrelatedtotheeNBequipmentandimplementation,alsoincludesanyadditionalcostsforthe
siteacquisition,constructionandeNB’sbackhaul.TheamountCEPCincludesallthecostsrelatedto
thecorenetwork,suchascostsoccurforroutingthenetwork’straffic.

Usually, the macrocellular deployment consists of several base stations, the number of
macrocellularbasestationsexistingisrepresentedbythecoefficientN,thatiscomputedinnumbers
ofbasestations,thenthetotalcostforallthebasestationsisgivenby:N(CeNB+CEPC).

IfwepresumethattheCAPEXforthemacrocellulardeploymentisaninvestmentamountN(CeNB
+CEPC)thathastobemadeinadvance,thenbasedonthebasicassumption(1)wecanformthe
followingequationforthemacrocellularCAPEX:
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C N C C
r r

r
ma
CX

eNB

n

nEPCcro
= +( )

+( )
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1

1
1

 (6)

whereCcx
macrodenotestheannualtotalcostofCAPEX.

4.3.2. Operational Expenditure
crunisacoefficient,thatrepresentsthetotalannualcostsforrunningauniquesiteprovidingthecosts
forpower,in-siteandoff-sitesupport,in-siteandoff-sitemaintenanceandalsointroducesacoefficient
cbh,thatexpressesthebackhaulcosts,whateverthematerialofthebackhaulingis.Wedescribethe
annualOPEXCox

macrobythefollowingequation:C N C C
macro
OX

run bh
= +( ) (7)

Thecosts formaintaining thesiteare linearlyproportional to theCAPEXmultipliedwitha
coefficientfmthatdenotescostsrelatedtotheoperationandalltherestsitecosts,forexamplethe
operation,thesupportetc.aresummedbytheamountcst.Therefore,theamountNcrunisexpressed
as:fmCCX

macro+Ncst.Whereas,thecoefficientcbhisnotonlyconsideredasthebackhaulcosts,butis
linearlyproportionaltotheusedbandwidthBWmultipliedwithacoefficientfBW.Concluding,based
onalltheassumptionsabove,theannualOPEXasdescribedin(Liuetal.,2012)isexpressedas:

C f C Nc f BW
macro
OX

m macro
CX

st BW
= + +  (8)

or,bysubstitutingtheCAPEXprovidedby(6),theOPEXisrepresentedbytheequation:

f N C C
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Reclaimingthe(6)and(11)theTCOformacrocellularforthetelecommunicationoperatoris
representedbythefollowingequation:

C f N C C
r r

r
Nc f BW

macro
TCO

m eNB EPC

n

n st BW
= + +

+

+( )
+ +

−
( ) ( )

( )
1

1

1
1

 (10)

CTCO
macrorepresentstheTCOforamacrocellularbasestation,iistheinterestrateandnisthe

durationoftheinstallmentplanexpressedinyears.
crunrepresentsthemaincostpaidannually,duetorunningasinglesite,includingthecostsfor

energyconsumption,in-siteandoff-sitesupportandmaintenanceandcbhdenotestheexpenditures
fortheintroductionofthebackhaulingtechnology.Thus,theannualOPEXCOX

macroisexpressedby
thefollowingequation:C N C Cmacro

OX
run bh

= +( )

Wehavealreadyshownthatalltherestsitecosts(operation,support,etc.)areexpressedbythe
amountcstandarelinearlyproportionaltotheCAPEX,whichismultipliedwithacoefficientfm.
Therefore,theamountNcrunisfurtherexpressedas:fmCCX

macro+Ncst.Moreover,weindicatedthat
theamountcbhrepresentsthebackhaulcostsandisconsideredtobelinearlyproportionaltotheused
bandwidthBWmultipliedwithacoefficientfBW.So,theannualOPEXissuedin(6),(10)isexpressed
bythefollowingequation:
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Basedon(6)and(11)theTCOforthemobilenetworkoperatoronanannualbasisisexpressed
bythefollowingequation:

C f N C C
r r

r
Nc f BW

macro
TCO

m eNB EPC

n

n st BW
= + +

+

+( )
+ +

−
1

1

1
1

( )
( )  (12)

whereCTCO
macroistheTCOforamacrocellularbasestation,iistheinterestrateandnistheduration

oftheinstallmentplanexpressedinyears.

4.4. DAS Deployment
Inthissubsection,thecostsfortheDASdeploymentisslightlydifferentfromthetwopreviouscases.
TheTCOconsistsofthreemainparts:CAPEX,OPEXandIMPEX(ImplementationExpenditure).

4.4.1. Capital Expenditure
CAPEXhasalreadybeenconsideredandresearchedinthepastandincludesthecostsforthefollowing
assets(Liuetal.,2012):

• TheDASbasestation,
• Thedistributedsystem,suchastheremoteantennas,thepowersplitters,thewide-bandcombiners,

coaxialcableoropticfibercable,cableconnector,etc.
• Thebackhaulequipmentwhetherisopticfiberorcoaxialcableandthesoftwarecost
• Thesupportingequipment, suchasWallmountingkit, thepowercable, thebatterybackup,

possiblyexistingalarmsystem,etc.

TheDAS includes abase station that is similar to themacrocellularone, this iswhy,DAS
andmacrocellularbasestationsincludethesametypesofcosts.Theestimationofthecostsisthat
CeNBrepresentsthecostforoneDASbasestation,aswellasanyothercoststhatstemfromthesite
acquisitionortheconstructionoranybackhaulcostsfortheeNBnodes.CEPCrepresentstheEPC
costsandaremadeforthenetwork’srouting.TheTCOforthenetworkequipmentisexpressedby
thefollowingequation:CeNB+CEPC.

TheestimationoftheCAPEXfortheDASdeploymentshouldbemadeannuallybytakinginto
considerationtheannualinstallmentpaymentsoftheinvestment.Wepayatotalinvestmentplanfor
CAPEX.IfthereareNbasestations,thenthetotalbasestation’scostisexpressedbythesubsequent
equation:N(CeNB+CEPC).Generally,theannualinvestmentplanforthebasestationisbasedonthe
coststhataredescribedinsimilarnetworks,suchasthemacrocellularbasestationpresentedbythe
CEPC(Bourasetal.,2014).

WeconsiderthattheCAPEXfortheDASbasestationdeploymentaccruesthefollowingbudget
N(CeNB+CEPC)thatneedstobeoverpoweredfromthebeginning,andbyusingthehypothesis(1)we
couldcalculatetheDASbasestationcosts.TheCAPEXestimationonanannualbasisfortheDAS
basestationisexpressedbythefollowingequation:
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C N C C
r r

r
BS EPC
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n
= +( )
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1
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 (13)

whereiistheinterestrateandnisthedurationoftheinstallmentplanexpressedinyears.
Itisvaluabletoanalyzethenecessaryexpenditures,becauseoftheadditionalequipmentneeded

inaDASsystemfortheDistributedSystem.ThecoefficientCeqrepresentstheequipmentneededfor
theDASstructuresandislinearlyproportionaltoanotherfactord,thatdependsonthetotalnumber
oftheDASstructuresthatexistsinthedistributedsystem.Therefore,wedescribetheCAPEXfor
theantennasystemannuallybyintroducingthesubsequentequation:

C C d
DASEQ
CX

eq
=

r r

r

n

n

1

1
1

+( )
+( ) −

 (14)

whereCCX
DASEQ,denotestheannualtotalCAPEXfortheDASequipment.

ThecompleteDASCAPEXisthesumofthecostsofalltheDASfeaturesandisdescribedby
thefollowingequation:

C N C C
r r

r
C d

DAS eq EPC
CX

eNB

n

n
= +( )

+( )
+( )

+
−

( )
1

1
1

 (15)

whereCCX
DASdenotestheannualtotalCAPEXforthewholeDASsystem.

4.4.2. Operational Expenditure
DASOPEXwasdescribedasthesumoftheaboveexpenditures(Liuetal.,2012):

• Costsofbackhauloperationsandmaintenance.Itispossibleforsomepartsofthebackhaulto
needreplacementafteraperiodoftime.

• Thebackhaulrent,ifthesiteisrent,
• Theconsiderationofthepowerconsumptioncosts,becauseoftheenergyconsumption.
• Theoff-sitesupport,
• Thesitevisitfortroubleshootingormaintenance,
• Theleasingcosts,incasethesiteisleased.

TheDASbasestationdenotescosts,suchascrunthatrepresentstheannualtotalcostforrunning
asinglesite,alsocomputingtheenergyconsumption,in-siteandoff-sitesupportandmaintenance
andcbhdenotesthebackhaulcost.So,theOPEXfortheDASbasestationisdescribedasfollows:
C N C C
DAS
OX

run bh
= +( ) (16)

Whereas, thecoefficientcbhexpresses thebackhaulcosts,whichare linearlyproportional to
theusedbandwidth,thatisdescribedbythecoefficientBWmultipliedwithacoefficientfBW,that
represents thebackhaulcosts inrelationwith theavailablebandwidth.Tosimplify theproduced
equations,weconsiderthatthemaintenancecostsarelinearlyproportionaltotheCAPEXmultiplied
withacoefficientfst,thatdenotestheoperationalandthesitecostsandwerepresentalltheother
kindsofexpendituresbytheamountcrunthatrepresentsthecostsforrunningaDASsystem.Thus,
theOPEXforrunningtheDASbasestationisfurtherexpressedas:
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NC f C
run st DAS

CX=  (17)

whereNisthenumberofDASnodes,andCCX
DASistheCAPEXoftheDAS.

Wecomputethecostsforthemaintenanceandoperationofthedistributedsystem.Thisincludes
themaintenanceoftheantennastructures,becauseoftheantennasandfeedersateveryfloorofthe
building,butalsoincludesanyextraoccurringactivities.ThecoefficientCeqdenotesthecoststhat
areincludedfortheDASassets,forexampletheantennasandthefeeders,thataresituatedinevery
floorofthebuilding.Subsequently,theannualOPEXforthedistributedsystemisexpressedbythe
followingequation:

C C d
r r

r
DASEQ
OX

eq

n

n
=

+( )
+( ) −
1

1
1

 (18)

The DAS system, such as every other network structure needs to consume power, in order
tooperate.It is therefore,significant, tointroducetheenergyconsumptioncostdescribedbythe
coefficientCpwTosummarize,thetotalOPEXperyearfortheDAScellsisexpressedasfollows:

C N C C Nc f BW f C C C d
r r

DAS
OX

run bh st BW st DAS
CX

pw eq

n

= + + + + + + +
+

( ) ( )
( )1

11
1

+( ) −r n
 (19)

4.4.3. Implementation Expenditure
IMPEXisthebudgetthattheownerofthesystemshouldpayifthecellularsiteismoved.Consequently,
itdescribestheamountofmoneythatisspentandisassociatedwithplanningandinstallingthe
networkasreferredinformerresearch.Accordingto(Liuetal.,2012)itissplitinthefollowingcosts:

• Thecostsoftheinstallationofbasestations,
• Thecostoftheinstallationofdistributedsystem,
• ThecoordinationcostduetodisruptiveDASconstructionwork,etc.

TheinstallationexpenditureshavealreadybeenconsideredaccordingtotheCCX
DASanalysis,

becausethemainassumptionusedincludeseveryassetofthedistributedsystem.Ontheotherhand,
thereemergecoordinationcosts,becausewheneverweinstallsomenewDASequipment,itispossible
tomakeadjustmentstotheexistingnetworkinordertosucceedthebestoperationofthetotalsystem.
ThecostofinstallationandcoordinationisdescribedbyacoefficientCinc.So,thetotalIMPEXfor
theDASisexpressedbythefollowingequation:

C C
DAS
IX

inc
=  (20)

Finally,theTCOperyearforDASisdescribedasthesumoftheCAPEX,OPEXandIMPEX,
soitisrepresentedbythefollowingequation:
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C N C C C d f C C C d

r r

r

DAS
TCO

eNB EPC eq st DAS
CX

pw eq

n

= + + + + + +( )
⋅

+

+( )
( )1

1 nn
N C C f BW C

run bh BW inc−
+ + +

1
( )

 (21)

5. PRICING MoDELS

In thissection, it iscrucial toanalyze thepricingmodels,with theparametersand thevariables
includedintheequationsinordertocalculateallcostsandrunseveralexperimentsinordertodeduce
fundamentalconclusionsfortheadoptionofthemostfavorabletechnology.Beforeconducingany
experiments,itisofgreatvaluetomakeathoroughpresentationoftheparametersofthemodel.The
selectionoftheparametrizationremainsacontroversialissue.Manyoftheparametersarenotonly
timedependent,(e.g.someexpendituresareaugmentingordiminishingwhentimeelapses),butalso
marketdependent,becauseofthedifferentcostssomeassetsandworksmaypresentinalternative
economies.Analytically,theinstallationcostinanAfricanoranAsianeconomyisdefinitelycheaper
thantheonespresentedintheEuropeanorAmericanmarkets.

Byconductingadetailedresearchactivity,wewerefinallyleadtotheparameters’andcoefficients’
costsinGreecefortheyear2016forthecaseofanultra-densedeploymentbasedonfemtocellsanda
correspondingDASdeployment,thatarepresentedinTables1and2respectively.Inthetwotables,
notonlywepresentthevaluesfound,butalsothepapersthattheoccurringexpendituresareincluded.
Weoptedforthefollowingparametersbasedontheassumptionsmadeforthenetworkmarketforthe
nextyearsinEuropeancountries.Inpapers(Bourasetal.,2014;Correiaetal.,2010;Markendahlet
al.,2010)therearemanypricingdatawhenitcomestofemtocellsandsmallcells.(Liu,2013;Liu
etal.,2012)presentathoroughinvestigationonDAScostsandparameters.

6. EXPERIMENTAL RESULTS

Inthissection,weconductedexperimentsforthedeployments’costs.Weanalyzethemostfundamental
suggestionsthatarecombinedwiththecorrespondingtechnologiesandweendupreachingseveral
vitalresults.Weconsiderasafundamentalfacttoshowhowthecostsfluctuateifthereisaneed
increatinganewbasestationfromscratch.Weapplythepricesfoundfromthethoroughresearch
conducted and we tested our mathematical models. We consider, that the most important cases
aretheCAPEX,theOPEXandtheTCO.Inparticular,weanalyticallypresentthefollowingthree
technologicalsuggestions:

• Femtocells(FEMTO).
• DASincludingthedeploymentofabrandnewmacrocellbasestation(DASNB).
• DASwithoutincludingthedeploymentofthemacrocellbasestation(DASW/ONB).

Figure 4 depicted the CAPEX of the upper simple case experiments. It presents the main
comparisonofthethreeuppercasesforCAPEX.Unlike,whatweexpectedtheCAPEXforboth
DASdeploymentsaremuchlowerthantheonespresentedbyfemtocells.Moreover,thecostsofthe
DASarestableandtheaugmentationoftheantennasdoesnotaffecttheinvestmentexpenditure.The
macrocellbasestationcontributesslightlyinthecosts,becauseDASwithdeployinganewmacrocell
basestationisnotmoreexpensivethantheonewithoutconsideringsuchadeployment.Ontheother
hand,femtocells’costsarelinearlyproportionaltothenumberoftheantennasaddedandwhenthe
numberofantennasisincreasingtheexpendituresareaugmentingtoo.
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TheoperationalexpendituresforpreviouscasesarepresentedinFigure5.Theexactopposite
factfromtheonepresentedinthecaseofCAPEXishappeningforthisanalysis.Alltheexpenditures
arestable,whenthenumberofantennasaugments,butinthiscase,femtocellspresentlowercosts.
Ontheotherhand,DAS’operationalexpendituresareveryhighandasamatteroffactcontributea
lottoitsTCO.Also,intheDAScasesthedeploymentofthemacrocellbasestationcontributesto
somemoreexpensesandassiststothefactthatitisthehigherofallthepresentedcosts.DASTCO

Table 1. Cost Parameters and System Variables of DAS

Parameter Description Value

CeNB CapitalcostforEnb 1000€(Bourasetal.,2014)

CEPC Corenetwork’scapitalcostforthedeploymentofasingleeNB 110€(Markendahletal.,2010)

Ν ThetotalnumberofeNB’sandEPC’sneeded 1(Bourasetal.,2014)

i Annualinterestrate 6%(Bourasetal.,2014)

n Durationofinstallmentplanofasiteinyears 10yrs(Bourasetal.,2014)

r Periodicinterestrate 6%(Bourasetal.,2014)

Ceq CostofDASequipment 11900€(Liu,2013)

d FactorrelatedtothenumberofDASstructures 0.002

fst Linearcoefficientcorrelatingsitemaintenancecostswith
capitalexpenditure

0.8(Johanssonetal.,2005)

cst Sitecostsapartfrommaintenancecostswithcapital
expenditure

3100€(Correiaetal.,2010)

Crun Runningcosts,suchassinglesite,in-site,off-site 892.5€(Liuetal.,2012)

Cbh Backhaulcostsformicrowave/opticfiber 3800€/4800€(Liu,2013)

BW Backhaulbandwidthforasite’sinterconnection 10Gbps(Bourasetal.,2014)

fBW Linearcoefficientcorrelatingsiteannualbackhaulcostswith
providedbandwidthexpressedin€/Gbps

1170(Bourasetal.,2014)

Cpw Operationalcostsfortheenergyconsumptionoffemtocell
OPEXcosts

157.68€(Liu,2013)

Cinc Implementationcostsfortheinstallationandthecoordination
ofthesystem

2800€(Liu,2013)

Table 2. Cost Parameters and System Variables of femtocells

Parameter Description Value

CeNB CapitalcostforEnb 1000€(Bourasetal.,2014)

CEPC Corenetwork’scapitalcostforthedeploymentofasingle
HeNB

110€(Markendahletal.,2010)

Ν ThetotalnumberofHeNB’sandEPC’sneeded 1(Bourasetal.,2014)

i Annualinterestrate 6%(Bourasetal.,2014)

n Durationofinstallmentplanofasiteinyears 10yrs(Bourasetal.,2014)

r Periodicinterestrate 6%(Bourasetal.,2014)

fm Linearcoefficientcorrelatingsitemaintenancecostswith
capitalexpenditure

0.8(Johanssonetal.,2005)
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isveryexpensive,becauseofitshighOPEXanditisstable,whilefemtocells’TCOissmaller,but
augmentslinearlyproportionaltotheantennas’augmentation(Figure6).

Inaddition,examiningtheTCOFigure7fordifferentbackhaultechnologies,whenthenumber
ofantennasaugments,theTCOsofbothDASdeploymentsarehigher,butarefixedamounts.The
DASdeploymentswithamacrocellularbasestationarehigher,thantheotherswithoutimplementing
thebasestation.Thebackhaultechnologydoesnotaffectmuchthecosts,althoughthehighercostis
notedfortheDAScasewithformingamacrobasestationandusingfiberasbackhaultechnology.So,
itenablesnetworkoperatorstoaddopticfibers.Femtocells’expendituresaugmentlinearly,whilethe
numberofantennasisincreasing.IntherespectivecaseofCAPEXpresentedinFigure8,theDAS
withoutabasestationdeploymentformicrowaveorfiberislowertotheotherones.DASCAPEXis
low,whilefemtocells’islinearlyaugmentingwhileaddingseveralantennas.

Figure 4. The comparison of the CAPEX for DAS and Femtocells

Figure 5. The comparison of the OPEX for DAS and Femtocells

Figure 6. The comparison of the TCO for DAS and femtocells
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Itiscrucialtopointouttheneedofstudyingthecaseofaverylargeinfrastructure.Supposing
several decades or a hundred of antennas needed Figure 9, we conclude that the DAS’ TCO
expendituresarestableandhigh.TheDASwithdeployingamacrocellularstationareonceagain
higherthantheotherswithoutthedeploymentofthemacrocellbasestation.Ontheotherhand,the
femtocells’costsarelinearlyproportionaltothenumberofantennasaddedinthesystem.Forone
hundredantennas,thefemtocells’expendituresequaltheDAScosts.Thesameexperimentalprocedure
fortheCAPEXisdepictedinFigure10,whileincreasingthenumberofantennasthefemtocells’
CAPEXisthehighestoneasitislinearlyproportionaltothenumberofantennasadded.Forboth
casesofDAS,theCAPEXareextremelylowerandstablecomparedtothefemtocells’andtheone
withthedeploymentofabasestationremainshigherthantheonewithoutimplementingit.

Figure 7. The comparison of the TCO for DAS and femtocells for different backhaul solutions

Figure 8. The comparison of the CAPEX for DAS and femtocells for different backhaul solutions

Figure 9. The comparison of the DAS and femtocells for very large buildings
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WedepicttheTCOinFigure11consideringtheinstallmentplanovertheyears.TheTCOis
extremelyhigh,inbothDASdeploymentswhilethefemtocells’costsseemtodecrease,whileyears
elapse.Forexample,fromtwotofouryearstheexpendituresarehigherthantheyareinthenext
years.Fromsixtotwentyyearstheexpensesstabilize.TheDAS’costsarehighercomparedtothe
femtocells’.TheCAPEXforalldeploymentsfollowaparabolicorbit.Analytically,thetwocasesof
DASandtheoneoffemtocellsdecreasewhiletimeelapses,butfemtocells’CAPEXishigherthan
thoseoftheDAS’.TheCAPEXcostsaredepictedinFigure12.CAPEXisdecreasingwiththeelapsing
ofyearsforallcases.ThefluctuationislargerforthefemtocellcaseandsmallerfortheDAScases.

FromthepreviousexperimentsweconcludethatDASisslightlydifferentcomparedtofemtocells,
afactalsodepictedintheircosts.DAScontributestoanoperatormuchOPEXandasaresult,itis

Figure 10. The comparison of the CAPEX for DAS and femtocells for very large buildings

Figure 11. The comparison of the TCO for the investment plan for DAS and femtocells over the years

Figure 12. The comparison of the CAPEX for the investment plan for DAS and Femtocell over the years
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fundamentaltoreduceOPEXviadiminishingpowerconsumptionandintelligentnetworkmanagement
practices.Ontheotherhand,femtocell’sCAPEXislarger,butmostlyburdensasubscriberthatopts
forobtainingit.Accordingtotheapplication,onecouldoptforthemoreconvenientdeployment.
DAScoversalargerarea,butcostsmoreandfemtocellscoveracoupleofusers.

Finally,wepointoutthattheexperimentalproceduresandtheresultsdescribethesituationof
theGreekmarketin2016andtherefore,Tables1and2presenttheparametersandcoefficients,that
appearintheGreekmarket.Itispossibletoparameterizetheproblemwithdifferentcostvaluesfor
othermarkets for futureexperimentalcases.Theparametersareobtainedvia thorough literature
activityinthefieldoftelecommunications.Thisstudyisdifferentfromothersimilarones,because
itgathersmanycasesoffemtocellsandDAS.Itcontributeselaboratingonthesubjectandconcludes
aboutalltheimportantmattersraisedbefore.

7. CoNCLUSIoN

In this paper,wepresented several experiments for the cost calculationof femtocells andDAS.
TCOforfemtocellsislowerthanthecostsofDASformostcases.WeexaminedTCO,CAPEXand
OPEXforthetwosuggestions,experimentingwiththenumberofantennasinaccordancewiththe
backhaulingtechnology,theyearsofinvestmentforthedeploymentoftechnologiesandthevery
largebuildingsthatincludemanyantennas.

Inmostcases,femtocellscostlessthanDAS.Forverylargeplaces,femtocellsarenotafavorable
solution,becausetheexponentiallyaugmenttheirTCOandfinally,costmorethanDAS.Ontheother
hand,DASiscosteffectivewhenitcoversalargeareawithoutahighaugmentationofcosts.Forlittle
areas,thecoverageprovidedbyfemtocellsishelpfulandthecoststheyinducearelowandaffordable
byasinglesubscriber.DASimpartslargerOPEX,soitwouldbevitaltechniquestobedevelopedto
decreasethesetypesofcosts.FemtocellsinducelowOPEX,becauseevenanotexpertuserisableto
fixsomeproblemsraisedandplacementandmaintenancecostsaretheminimumpossible.CAPEX
islargerforfemtocells,butauserquicklydepreciateshisinvestmentwhenusesthem,especially
reclaimingpossibilities,theyoffersuchasaccessibilitytootherusers.

8. FUTURE WoRK

Inthefuture,alargeamountofscientistswillbeinterestedinthemobilenetwork’scostcalculation
andwilluseourstudy,inordertoconductseveralexperimentsandinduceawiderangeofimportant
conclusionsintheexpenditurecases.Thisstudypresentsaflexibility,thatisrelatedtothefactthat
itmathematicallydescribesthemodel,soitiseasyforascientisttoapplynewpricesinthefuture
orpricesofadifferentmarket,notnecessarilyEuropeanorGreek.Inthenextyears,wesuggestthat
scientistsshoulddealwithothersignificantissuesaswell,suchastheexpendituresrelatedtothe
bandwidth,thedepreciationforeachtechnology,thepowerconsumption,thetechnology’slife-cycle,
theusage,thebasestationcostsoreventhedensityofthedeployments,improvingthesuggested
modelanddiminishingtheOPEXcostsofDAS.

Scientistswoulddealwithahugevarietyofselectionsforfemtocells,suchasusergroupselection,
femtocellsafety,reductionofpowerconsumption,reductionofbasestationcosts.Marketingand
managementforwardingconvincingusersaboutthebenefitsoffemtocellsshouldalsobeconsidered.
Thereisalsoaneedindelineatingthefutureoffemtocellscombinedwithotherdifferenttechnological
suggestions, such as Software Defined Networking in Wireless Networks and the way of their
managementbytheSDNsoftware.DASshouldbeinvestigatedinordertodiminishitsbasiccosts
forboththeindoorandoutdoorcasesandalternativestoreducetheirhighOPEXshouldbeproposed.
Thereshouldalsobeaninvestigationforhealthconcernsalongsidewithimposingexactlegislation
consideringthesetechnologies.
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