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ABSTRACT

Thefifthgenerationofmobilecommunicationsnetworks(5G)iscurrentlyinthestandardization
process,whichisexpectedtobecompletedin2020.Forthisnewgeneration,newapplicationsand
scenariosareimposingnewperformancerequirementsinadditiontohigherdatarates.Specifically,
theInternetofThings(IoT)ande-healthapplicationshaveveryimportanteconomicroles in5G
networksanddefineparticularperformancerequirementsthatmustbeconsideredwhendefiningthe
technologiesfor5Gnetworks.Inthispaper,theauthordiscussestheinfluenceofe-healthandIoT
applicationsonthetechnologicaltrendsfor5Gnetworks.
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1. INTRodUCTIoN

Thefirstgeneration(1G)ofmobilecommunicationsnetworks,implementedinthe1980s,offered
onlyvoicecommunicationsusinganaloguetechnologies.Inthe1990s,thesecondgeneration(2G),
nowusingdigitaltechnologies,provided,inadditiontovoice,textmessageapplicationswithdata
ratesrangingfrom9.6kbpsto19.2kbps.Subsequently,ineachnewgeneration,theprimarygoal
wastoprovidehigherdatarates.Inthe2000s,thethirdgeneration(3G)integratedvoiceandmobile
Internetservices,offeringdataratesrangingfrom144kbpsto2Mbps.Finally,inthe2010s,the
fourthgeneration(4G)supportedhigh-capacitymultimediaapplicationswithdataratesrangingfrom
100Mbpsto1Gbps(Wei,2014).

Thefifthgeneration(5G)ofmobilecommunicationsnetworksiscurrentlyinthestandardization
process,whichbeganin2014andisplannedtobecompletedin2020(ITU,2015).Higherdatarates
areagainanimportantdriverbehindthedefinitionof thetechnicalsolutionsfor thesenetworks;
however,severalnewapplicationsandscenariosaredefiningnewadditionalperformancerequirements
for5Gnetworks.Nominally,theInternetofThings(IoT)ande-healthapplications,togetherwiththe
conceptoftactileInternet,havenewrequirementsinadditiontohigherdatarates.

Theinfluenceofe-healthandIoTapplicationsonthetechnologicalchoicesfor5Gnetworks
has been summarized in (Brito,2016). In this paper, we extend the analyses presented in
(Brito,2016),includingsomenewtechnologicaltrendsfor5Gnetworks,anddetailthetrends
previouslypresentedin(Brito,2016).
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To better understand the evolution process of the mobile communications networks, in the
following section, we present technological, social and economic trends that have significantly
influencedtheemergenceofnewapplicationsandrequirementsforthesenetworks.Then,wepresent
therequirementsfor5Gnetworksfromtheperspectiveofe-healthandIoTapplicationsandthefour
scenariosconsideredfor thisnewgeneration.Finally,wepresent thetechnological trendsfor5G
networks,whichwillenableustosatisfythepresentedscenariosandrequirements.

2. TECHNoLoGICAL, SoCIAL ANd ECoNoMIC TRENdS

Theevolutionofmobileterminalshasbeensignificantlyinfluencedbyfourtechnologicaltrends:
processingcapacity,storagecapacity,cameraresolutionandscreenresolution.

Theprocessingcapacityofgenericmicroprocessorshasgrownexponentially.Forexample,in
1995,thePentiumProprocessorhadacapacityof161MIPS(million(s)ofinstructionspersecond).In
2000,thePentiumIVprocessorhadacapacityof1,342MIPS;currently,thecapacityisapproximately
10,000MIPS(Bit,2013).

Thestoragecapacityofrandomaccessmemory(RAM)hasalsogrownexponentially,andthe
costperstoredbithasdecreasedexponentially.Forexample,RAMcapacitywas256Mbitin2000,
4Gbitin2006andiscurrently256Gbit.Furthermore,thecostfor1GbitofstoragewasUS$500
in2000,US$32in2006andUS$0.25in2015(Bit,2013).Similarly,thestoragecapacityofflash
memoryiscurrentlydoublingevery18months,resultingina10-foldincreaseinstoragecapacity
every5years(Fettweis,2014).

Thecameraresolutionusedinmobileterminalshasalsogrownexponentially.Forexample,the
resolutionwas0.11Mpixelsin2000,2Mpixelsin2005and41Mpixelsin2012(Cardinal,2013).

Additionally,cellphonescreenresolutionhasgrownexponentially.Forexample,theresolution
was19.2kpixelsin2002,153kpixelsin2007and3.6Mpixelsin2015.

Asaresultofthefourtechnologicaltrendspresentedabove,ausercanutilizemorepowerful
applications,takephotosandvideoswithgreaterresolution,visualizephotos,imagesandvideos
withbetterquality,andstoremoredata,includinghigh-resolutionphotos,imagesandvideos.Asa
consequenceofthesepossibilities,togetherwiththehigherdataratesavailableonmobilenetworks,
newmultimediaapplicationshaveemergedandtheuseofmobilenetworkstoaccesstheInternet
hasbecomemassive.Thisscenariohasledtoanewsocialtrend:anormaluser,whowaspreviously
aninformationconsumer,isnowalsoaninformationprovider,whichcanbeeasilyconfirmedby
perusingsocialnetworks,suchasFacebook,Instagram,YouTube,andTwitter.

Thisscenariohasledtoanothertrend:datatrafficinmobilenetworkshasgrownexponentially.
For example, Cisco forecasts 49 Exabytes per month of mobile data traffic by 2021, a CAGR
(compoundannualgrowthrate)of47%from2016(7Exabytespermonth)to2021(Barnett,2015).
Theexponentialgrowthindatatraffichasbeenthemaindriverdefiningtheevolutionofmobile
networkssincethesecondgeneration.However,asalreadystated,new5Gnetworkapplications,
suchasIoTande-healthapplications,havenewrequirementsinadditiontohigherdatarates;wewill
addressthispointinthenextsection.

Inadditiontothetechnologicalandsocialtrendsdiscussedabove,oneeconomictrendisvery
importanttotheevolutionofmobilenetworks:thenumberofmobilenetworkusersisclosetothe
saturationpointinmostcountries,evenindevelopingcountries.Forexample,inBrazil,thenumber
ofmobileterminalsin2012was254million,andinJanuary2017,thisnumberwas243million.

Thistrendhasstabilizedtherevenueoftelecommunicationsoperators.Thus,fromtheperspective
ofa telecomoperator, it isextremelyimportant thatnewapplicationscapableofgeneratingnew
business are developed. Some of these new applications are IoT, M2M (machine-to-machine)
communicationsandapplicationsenabledbythe tactileInternetconcept.Toillustrate thispoint,
forecastspublishedbyCiscoandbyBIIntelligenceindicatethat:thenumberofM2Mconnections
willgrowfrom0.5billionin2014to3.2billionin2019,whichisaCAGRof45%(Barnett,2015);
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