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ABSTRACT

Inthisarticle,theinstantiationofthelogicbehindtheso-called“Multi-Connect”modeofWi-Fi
Directisadvocatedforandprescribedinordertomakeitpossibletoincrease,ifnotmultiply,thedata
throughputattainablebyagivenP2PDevicethankstotrafficaggregation.Ingeneral,thedescribed
extensiontotheexistingstandard,definedbytheWi-FiPeer-to-Peer(P2P)TechnicalSpecification,
enablesthereversalofthelogicalrolesofaP2PGroupOwner(P2PGO)anditsrespectiveP2PClients,
whileensuringthatthegeneralarchitecturalframeworkofWi-FiDirectshouldremainunchanged
forbackwardcompatibilityreasons.Thisisachievedwiththeaidofanumberofspecificallytailored
modifications including: new P2P Attribute allocation, extended Group Owner determination,
modifiedP2PStateMachineoperation,enhancedConcurrentandNon-Concurrentoperation,aswell
asexpandedReverseOperationLogicdefinition.Theconceptisillustratedwithandverifiedthrough
theanalysisofcumulativevirtualchannelcapacityand,therefore,theexpecteddatathroughputgain.
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1. INTRoDUCTIoN

Thispaperprescribestheinstantiationofalogicbehindtheso-called“Multi-Connect”modeofWi-Fi
Directforthesakeofincreasing,ifnotmultiplying,asexplainedlater,thecumulativevirtualchannel
capacityand,therefore,theexpectedthroughputgainachievablebyagivenP2PDevicethanksto
trafficaggregation(Lietal.,2019).Takingintoaccountthefactthatthetermof“Multi-Connect”does
notappeartobeexplicitlyreferredtowithintheWi-FiPeer-to-Peer(P2P)TechnicalSpecification,
itshallbeperceivedasmuchmorerepresentingthenotionofapropername,and,thereby,treatedas
equivalenttotheideaofthe“P2P1:ntopology”introducedtherein(Wi-FiAlliance,2016).Givensuch
acontext,theextensioninquestionshallbeunderstoodaspertainingpreciselytothereversallogic
changingthedefaultrolesoftheP2PGroupOwneranditsrespectiveP2PClientsyetmaintaining
thegeneralarchitecturalframeworkofWi-FiDirectunalteredforbackwardcompatibilityneeds.For
thisreason,itbecomesnecessarytoreformulatethesaid“Multi-Connect”functionalityinorderto
allowfortheoperationintheoppositedirection,wheretheP2PGOwouldtaketheroleofalogical
“Client,”whiletheP2PClientswouldformasetofdistributedfeedingnodes,justasiftheywere
logical“Servers”(Khanetal.,2019).
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Mostimportantly,theresultingcumulativevirtualchannelcapacityand,therefore,theexpected
throughputmultiplicationisanticipatedtobeachievableinamuchmoreefficientwaycomparedto
thenowadaysavailableconcatenationofWi-Fiandcellulartechnologies,servingasafairlyeasily
implementable,yetamuchlessscalable,alternative.Inotherwords,theextensioninquestionaddresses
anurgentneedforaneatsolutionthatwouldnotonlybefreeofsuchlimitationsbutcouldalsobe
basedonagloballyadoptedWi-FiDirectstandard,therebyprovidingasubstantiallycompetitive
advantageovertheothernichesolutions.Forthesakeofclarity,oneshouldnote,however,thattraffic
aggregationshallbynomeansbeperceivedaswhattheextensionattemptstosolvedirectly.Infact,
theconceptinquestionratherclaimsthattheoperationofWi-FiDirectbespecificallyreversedso
thatsuchanaggregatedapproachcouldbefacilitated.Fairlyalike,even though the title touches
uponacooperativelyroutedscheme,onceagain,suchadevelopmentisneitherwhattheextensionis
intendedtoinstantiate,especiallygiventhevarietyofoptionsavailable.Thisisso,eventhoughthe
logicoutlinedinmoredetailbelowiswelldesignedtotriggeranysuchschemefollowingadditional
guidelines(Wódczak,2012,2014,2018).

Thepaperisarrangedasfollows.RightaftertheopeningSection1ofafairlyintroductorynature,
amoredetailedcontextsettinginformationisprovidedinSection2,wherenotonlythe5G-realted
context setting is outlined, but also the background information along with the motivation and
objective,aswellastheassumedapproachtowardstheextensioninquestionaretoucheduponinthe
contextoftheglobalpictureoftheWi-FiDirectstandard.Givensuchabackgroundandfollowing
therelatedguidelines,theworkingsoftheextendedlogicareputforwardinSection3,wherethe
keycomponentsaredescribedwithaspecialemphasisbeinglaidontheconceptualsolutionoutline
comprisingthefunctionalitybehindthemajorenablingmechanismssuchasthenewP2PAttribute
allocation,extendedGroupOwnerdetermination,modifiedP2PStateMachineoperation,enhanced
ConcurrentandNon-Concurrentoperation,aswellasexpandedReverseOperationLogicdefinition.
ThispartofthepaperiscomplementedbySection4focusingondiscussionandevaluation,wherenot
onlythequestionofvirtualchannelcapacityandexpectedthroughputgainisinvestigated,butalso
analyticalresultsareprovidedalongwithadditionalcommentaryonpracticalityandcomparability,
aswellasonthetechnicaladvantage.Eventually,thepapercomestoitsconclusioninSection5,
wherethemajorpointsaresummarisedandreinforcedonceagainforthesakeofemphasisingallthe
majoradvantagesbehindtheextension.

2. CoNTeXT SeTTING

2.1. 5G-Related Context Setting
Lookingnotonlyattheconceptof5G(Zhangetal.,2019),butalsotakingintoaccounttheLTE-A
technology (Liu et al., 2015), one may come to a conclusion that still before the forthcoming
commercial roll-out of the former, what is potentially offered by the latter, in terms of Carrier
Aggregation(CA)(Rostamietal.,2018),isratheraspecialmodeofoperationthananout-of-the-box
experience.Inotherwords,despitethepromiseofdirectultra-highdatatransfersbroughtbyboththe
above-mentionedtechnologies,thereappearstostillexistroomforacombinedandcomplementary
solutionasproposedandexplainedinthereminderofthispaper,wherethetransmissionratesmay
scalebeyondwhatispromisedbyregularWi-FiDirect,whichmostobviouslyderivesitscapabilities
frombeingbasedontheWi-Fistandard(Selinisetal.,2018).Infact,oneshouldnotethatthereare
twooptionswhichareingeneraltobetakenintoconsiderationinthispaper,onemorerelatedto
throughputresiliencyandanothermorerelatedtothroughputgain,yetnoneofthemremainingisany
conflictwiththealreadywell-establishedmechanismofWi-Fichannelbonding(Bellaltaetal.,2016).

Thisway,on theonehand,onemay think, in the firstplace,of throughput resiliencyasan
approachtakingplaceshouldthemultipleMACcapabilityofWi-FiDirect,tobeyettouchedupon,be
unsupportedorunavailable,consequentlydemandingtheapplicationoftheso-callednon-concurrent
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