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ABSTRACT

TheIEEE802.11nwirelesslocal-areanetwork(WLAN)hasbeenwidelyadoptedduetotheflexible
coverageandlowerinstallationcost.However,theTCPthroughputunfairnesswasdetectedwhen
multiplehostsconcurrentlycommunicatewithasingleaccess-point(AP).Previously,theauthors
proposedtheTCPfairnesscontrolmethodforonlytwohostsintheelasticWLANsystemusing
RaspberryPiAP,whichdynamicallyadaptsthetopologyaccordingtothetrafficdemand.Thedelay
isintroducedinthepackettransmissiontothefasterhostfromtheAP,whichisoptimizedbythePI
feedbackcontrolsuchthatthemeasuredthroughputbecomesequalbetweenthehosts.Inthispaper,
theauthorsproposedageneralizationofthismethodforanynumberofhostsbynewlyintroducing
thetargetthroughputastheequalgoalamongthehosts.Itisdynamicallyupdatedusingthemeasured
throughputs.TheeffectivenessoftheproposalisverifiedthroughexperimentsusingtheelasticWLAN
systemtestbedwithoneAPanduptofourhosts.
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INTRodUCTIoN

Nowadays,theIEEE802.11nwireless local-area network (WLAN)hasbeenextensivelyappliedaround
theworldduetoitscharacteristicsoftheeasyinstallation,theflexiblecoverage,andthelowcost
(Crowetal.,1997).WLANofferstheInternetaccessthroughthewirelessmedium.Thus,itconsists
ofseveralbenefitssuchasmobility,flexibility,andportability.HencethepopularityofWLANis
increasinginoffices,schools,hotels,andvariouspublicspaces(Dashetal.,2017).
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InWLAN,hosts aremostlynon-uniformly located (Mittal et al., 2008), and thenumberof
usersor the traffics tend to fluctuateunpredictablydependingon the timeanddayof theweek
(Balazinska&Castro,2003)(Kotz&Essien,2005).Furthermore,theconditionsofnetworkdevices
andcommunicationlinksmaybeinfluencedbydifferentfactors,suchasweatherchanges,bandwidth
controlledbytheirauthorities,powershortages,ordevicefailures(Nadeemetal.,2009).

Theauthorsthereforehavestudiedtheelastic WLAN systemthatdynamicallyadaptsthenetwork
configurationdependingontrafficdemandsandnetworkconditions,toreducetheenergyconsumption
andimprovetheperformance(Mamunetal.,2016)(Mamunetal.,2017).Inaddition,theauthors
haveimplementedthetestbedusingRaspberry Piasthesoftwareaccesspoint(AP)usinghostapd.
Raspberry Piisacard-size,single-boardcomputerthathasthebuilt-inwirelessnetworkinterface
(NIC)supportingIEEE802.11n(RaspberryPi,2019).

In WLAN, the fairness of the throughput performance among the hosts is the fundamental
requesttobesatisfiedbythenetworkusersforthefairnetworkserviceamongthemregardlessof
hostlocationsinthenetworkfield(Pilosofetal.,2003).Thisfairnetworkserviceisessentialforthe
networkserviceprovider.Thus,thefairnessissuesinWLANhavebeenextensivelyexplored(Shiet
al.,2014)-(Kemerlisetal.,2006).Amongthem,theTCP throughput fairnessisthemostimportant
one,becausetheTCP(TransmissionControlProtocol)istheprotocoladoptedatmostofthecommon
networkservicesforuserssuchasWebsystemsandelectronicmails.

However,ourpreliminaryexperimentsusingtheelastic WLAN systemtestbedhaverevealed
thattheTCP throughput unfairnesswillappearamonghoststhatareconcurrentlycommunicating
with thesameAP,when theyare locatedatdifferentdistances fromtheAP.Thisunfairness
can be caused by the differences in the modulation and coding scheme (MCS) and the TCP 
congestion window size.

Within our survey, most of existing methods to solve this unfairness problem require the
modificationsofthestandardprotocolfordatacommunicationsintheback-off time algorithmofthe
CSMA/CA protocolorintheTCP congestion window control.Becausetheyareusuallyimplemented
attheoperation system(OS)orkernelinacomputer,itisnecessarytomodifythesourcecodesfor
OS(Pilosofetal.,2003)(Blefarietal.,2007)(Huaetal.,2012)(Freemon,2014).Then,itcauses
anotherseriousproblemsuchthateverytimetheOSisupdated,thisupdatedOSmustbemodified
toincorporatethesemethods(Lietal.,2004).

Toovercomethedrawbackofexistingmethods,theauthorsproposedtheTCP fairness control 
methodforconcurrentlycommunicatingtwo hostsintheelastic WLAN systemusingRaspberry 
PiAPin thepreviouswork.In thismethod, the transmission delay is introducedat thepacket
transmissionfromtheAPtothefasterhost,sothattheslowerhostcantakemoretransmission
opportunities,usingstandardLinux commands.Thisdelayisdynamicallycontrolledtoachieve
theacceptablethroughputfairnessbyusingthePI feedback controlastheapplication(Sudibyo
etal.,2019).Thus,ourproposaldoesnotrequirethemodificationsofOS(Sudibyoetal.,2018).
Unfortunately,thismethodcanbeappliedonlytotwohosts,althoughanynumberofhostsmay
communicatewithanAPconcurrently.

Inthispaper,theauthorsproposeageneralizationoftheTCP fairness control methodtodeal
withanynumberofconcurrentlycommunicatinghosts.Thetarget throughputisnewlyintroduced
astheequaltargetamongthehosts,whichisdynamicallyupdatedfromthemeasuredthroughputs
ofthehosts,sincethethroughputisvariedineachnetworkfieldandtopology.

For evaluations, the authors carryout theproposedmethod in theelastic WLAN system 
testbedusingRaspberry Pi APandconfirmtheeffectivenessthroughcomprehensiveexperiments
uptofourhosts.

Theremainderofthispaperisorganizedasfollows:Section2discussesrelatedworksofliterature
whilesection3reviewspreviousworks.Section4presents thegeneralizedTCPfairnesscontrol
method.Sections5and6evaluates theproposal through testbedexperiments.Finally,Section7
concludesthispaperwithfutureworks.
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