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ABSTRACT

Withtherapiddevelopmentofcommunicationtechnology,vehicularcommunicationssystemsare
evolvingtointelligenttransportationsystem(ITS)byprovidingitswirelessnetworkserviceswith
increasingdemandforhighdatarate.However,thehighlymobilefeatureofvehiclesandvarying
networkdensities insuchcommunicationsystemsposechallengesfor themobilitymanagement,
includingfrequenthandovers,increaseddelay,andfailureofthehandoverprocess.Inthiswork,the
authorsproposeanoptimizedmobilitymanagementapproachusingsoftware-definednetwork(SDN)
inthefuturevehicularnetworks.Inaddition,theauthorshaveproposedanewhandovermanagement
mechanism.Thisnewmechanismallowsvehiclestoselectthemostoptimalnetworkbasedonmulti-
criteriametrics.Thesimulationresultsshowthattheproposedapproachperformswellandachieves
animprovementintermsofhandoverdelayandhandoverfailurerate,comparedtoexistingapproach.
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1 INTRoDUCTIoN 

Vehicle-to-EverythingcommunicationsorV2Xcommunicationspermittheexchangeofinformation
betweenvehiclesandbetweenavehicleandnetworkinfrastructures.ThegoalofV2Xcommunications
is to enhance road safety, augment traffic efficiency, reduce environmental impacts and supply
additionalinformationservicestotravelers.

V2Xcommunications,aspresentedinfigure1,includediversetypessuchas:VehicletoVehicle
(V2V),Vehicle-to-Pedestrian(V2P),VehicletoInfrastructure(V2I),andVehicle-to-Network(V2N)
,(2018).V2Vcommunicationismainlydonebetweennearbyvehiclesexchanginginformationon
location,speed,anddirectiontoavoidaccidents.V2Ptransmissioncoverscommunicationbetweena
vehicleandaroaduser(apedestrianoracyclist).V2Icommunicationtakesplacebetweenavehicle
andtheroadinfrastructure,calledRSU(Road-SideUnit).V2Ncommunicationtakesplacebetween
avehicleandaV2Xapplicationserverviaa4G/5Gnetwork.
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V2Xcommunicationrequireslowlatency,high-speedandultra-reliabletransmission.V2Xapplications
includesecurityapplicationsandnon-security-relatedapplications.Securityapplicationsincludedriver
assistanceandroadhazardwarningapplications.Non-securityapplicationsincluderoadtrafficmanagement
applications,remotevehiclediagnostics,airpollutionmonitoring,comfortandentertainment,(2018).

Security-relatedapplicationsprovidevehicledriverswithinformationaboutvarioushazardsand
situationsthattheyusuallycannotsee.Theseapplicationsrequirehighreliabilityandlowlatencyfor
high-speedmessagetransfer.Examplesofsecurity-relatedapplicationsarecollision,lossofcontrol,
lanechangewarnings,andvulnerableroadusersafetyapplications.

Efficiencyandtrafficmanagementapplicationsaimtoimprovetrafficmanagementontheroads
byprovidingroadtrafficassistancetotheusers.Theseapplicationsrequirehighreliabilityandlonger
latencyrequirementsforhigh-speedmessagetransfer.AvehicleorRSUcollectsinformationabout
traffic conditions.Then it transmits it toothervehicles allowing them tochooseadifferent route,
whichoptimizestraveltime.Examplesoftrafficmanagementapplicationsarespeedmanagement(e.g.,
regulatoryspeedlimitpop-upnotificationandgreenlightspeednotification)andcooperativenavigation.

Entertainmentandcustomapplicationsareancillaryapplicationsandcomfortusecases,which
demandhighdataratesandflexiblecommunicationtypes.Theseapplicationscanhelpextendinternet
accesstothemovingvehiclesothatpassengerscancontinuetoworkwhileonthemove.Passengers
canalsoaccessvariousapplications,namelytheweb,VoiceoverIP(VoIP),video,onlinegames,and
navigationandlocationapplications.Examplesincludeinfotainmentandrouteplanning.

Inthiswork,ourfocusisonidentifyingasolutiontotheproblemofmobilitymanagementforV2X
communicationsinfuturevehicularnetworks.Indeed,thehighlymobilefeatureofvehiclesandvaryingnetwork
densitiesincreasethenumberofhandovers.Thissituationcanleadtoasignificantaccumulationofunnecessary
handovers(Ping-Pongeffects).Inaddition,itincreasestheriskofhandoverfailureandhandoverdelay.

Wepresentasolutiontooptimizethehandoverprocedureinnext-generationvehicularnetworks.Our
approachadoptsanewtechniqueofclusteringvehiclesaccordingtotheirmobilityprofile.Thevehicles
ineachclustercommunicatewitheachotherusingLTEPC5technologyandarealsoconnectedtothe
clusterheadviathemulti-hoprelaymethod.Wehaveadaptedthevehicleclusteringandmulti-hoprelay
methodstoavoidfrequentandunnecessaryhandoversbetweenthebasestationandthevehicles.Also,
thenewapproachintroducesanSDN-basedhandovermanagementmechanism.Thisnovelmechanism
allowsvehiclestoselectthemostoptimalnetworkforV2Xcommunicationsbasedonvariousparameters.

Therestofthepaperisorganizedasfollows.Section2presentsthemainV2Xcommunication
standards.Section3presents the recent researchworksonvehicularnetworks, includingexisting
mechanismsforvehiclesclusteringandhandovermanagement.Section4presentstheproposedhandover
managementapproachusingSDN.Section5presentstheperformanceevaluationandtheobtainedresults.
Finally,thepaperisconcludedinSection6alongwithpresentingpromisingnewresearchdirections.

2 V2X CoMMUNICATIoN STANDARDS

ManystandardprotocolsareusedforV2Xcommunication.IEEE802.11pisthemainnormforsupporting
vehicularnetworks.Ontheotherhand,theLTE-V2Xand5G-V2Xstandardsarerapidlybecomingthe
preferredmodeofV2Xcommunications.ThemainV2Xcommunicationstandardsaredescribedhere.

2.1 IEEE 802.11p Standard
IEEE802.11pstandardderivedfromtheIEEE802.11standardisanamendmentbytheIEEEDedicated
ShortRangeCommunications(DSRC)workinggroupforwirelessaccessintheintelligenttransportsystem.
Indeed,theIEEE802.11pWirelessAccessfortheVehicularEnvironment(WAVE)standardizationprocess
-akindofmobileWi-Fi-stemsfromtheallocationoftheDSRCfrequencybandandthetechnological
definitioneffort.Thistechnologyhelpspreventcollisions,inwhichcarsaremutuallyattentivetochanging
conditions,andcansignificantlyimproveroadsafety.Inaddition,thistechnologysupportsmorethan
200km/hspeedwithatransmissionrangeofupto1000m.TheDSRCspectrumisstructuredintoseven
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