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Abstract

Wirelesssystemperating in the ISM frequencybands
and sharing the sameernvironmentare likely to interfere
with eadh other We addressthe problem of coexistence
betweenlEEE 802.11and IEEE 802.15devices, and we
presenta medanismthat mitigatesthe interference be-
tweenthesedeviceswhenlEEE 802.15supportsvoicetraf-
fic. Theproposedsdemecanworkwhen802.11and802.15
devicesoperate in non-collaboative mode i.e., indepen-
dently of one another The performanceof the proposed
algorithmis compaedto the resultsobtainedthroughthe
so-calledMEHTA schemewhich is a collaborative meta-
nismrecentlypresentedo the[EEE 802.15Wbrking Group.
Simulationresultsshowthat the proposedalgorithm gives
good performancerelatively to the MEHTA schemewhen
co-locatedinterfering devicesonly are consideed, while it
outperformsthe MEHTA schemewhennon co-locatedin-
terferingdevicesare present.

1. Introduction

In this paper we deal with the problem of mutualin-
terferencebetweenlEEE 802.11 WLANs (WirelessLo-
cal Area Networks) [1, 2] and short-rangeradio systems
basedon the Bluetooth technology[3], or equialently,
IEEE 802.15WPANSs (WirelessPersonalArea Networks)
[4]. Thesesystemswill operatén thelSM (Industrial,Med-
ical and Scientific) frequeng bands,i.e., the unlicensed
spectrumat 2.4 GHz. |EEE 802.15usesa FHSS (Fre-
gueny Hopping SpreadSpectrum)scheme,while IEEE
802.11caneitherusea FHSSor a DSSS(Direct Sequence
SpreadSpectrum}echnique.Interferencebetweeng02.11
and802.15devicesoccurswheneertheinterferencenegy
is sufficientto causea decreasef the signalto interference
ratioatthereceverandthetransmissionsf thetwo systems
overlapbothin frequeng andin time.
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Accordingto the IEEE 802.15Working Group, Coexis-
tenceof 802.11and 802.150ccurswhenthe two systems
canoperatein a sharedervironmentwithout significantly
impactingthe performanceof eachother[5]. In orderto
mitigateinterferenceébetweernthetwo wirelesssystemsthe
IEEE 802.15Working Grouphascreatedhe TaskGroup2
(TG2),which is devotedto the developmentof coexistence
medanismd4].

Two classef coexistencemechanism$ave beende-
fined: collaboratve and non-collaboratre techniqued4].
With collaborative techniquest is possiblefor the WPAN
andthe WLAN to exchangeinformationto reducethe mu-
tual interference;collaboratve techniquescan be imple-
mentedwheninterferingdevicesareco-locatedn thesame
terminal. With non-collaboratietechniqueshereis noway
to exchangenformationbetweerthe two network systems
andthey operatendependently

In this paperwe present coexistencemechanisnbased
on asimpletraffic shapingtechnique.The proposedmech-
anismis to be performedatthe WLAN stationsin presence
of a802.15voicelink. It doesnotrequireacentralizedraf-
fic schedulemndcanbeimplementedn non-collaboratre
mode, thus allowing for interferencemitigation between
co-locatedandnon co-located302.11and 802.15devices.
Performanceaswell asadwantagesand disadwantagespf
the presentecdlgorithmarecomparedwvith thoseof the so-
called MEHTA schemd6], which is a collaboratie algo-
rithm proposedwithin the [IEEE 802.15Working Group.

The remainderof the paperis organizedasfollows. In
Section2, we briefly introducethe 802.11and802.15tech-
nology. Section3 presentsheMEHTA schemendthepro-
posednon-collaboratre coexistencemechanismSection4
describeghe simulationscenario.Section5 shows perfor-
manceresults;finally, Section6 concludeghe paper



2. System Scenario

We considea|EEE802.11WLAN operatingat11 Mb/s
and using a DSSS (Direct SequenceSpread Spectrum)
schemd1]; theWLAN bandwidthis takenequalto 17 MHz
[7]. The fundamentabuilding block of the network is the
so-calledBasic ServiceSet (BSS), which is composedf
several wirelessstationsthat are underthe control of the
sameMAC function. Wirelessstationscan directly com-
municatewith eachotherforming an ad-hocnetwork, or
througha centralizedaccesspoint, which also providesa
connectionto the wired network [1]. We assumehat the
WLAN supportsasynchronouslatatransportand usesas
MAC schemea DCF (Distributed CoordinationFunction),
which is basedon the Carrier SenseMultiple Accesswith
Collision Avoidance({CSMA/CA) protocol[2].

IEEE 802.15WPANSs areintendedto provide intercon-
nectionof devicesin the users vicinity. The basicarchi-
tecturalunit is the piconet,composeddf a masterdevice
andseven active slavedevicesat most,which are allowed
to communicatevith the masteronly [3]. IEEE 802.15can
provide a bit-rateequalto 1 Mb/s. A FHSSschemas used
atthephysicallevel; hoppingfrequenciesangeover 79fre-
gueng channeldn thelSM band,eachof the channeldbe-
ing 1 MHz wide. The nominalhop dwell time is equalto
625 us. A TDD techniqueis usedto transmitand receve
datain a piconet: eachpaclet transmittedin a slot corre-
spondsto the minimum dwell time; slotsare centrally al-
locatedby the masterand alternatelyusedfor masterand
slave transmissions.

InterferencéetweerB02.11and802.15arisesvhen&er
the interfering power from a 802.15(802.11)transmitter
causesa significantdecreasef the carrierto interference
power mamin at the 802.11(802.15)recever [8, 9, 10.
For a setof WLAN andWPAN nodesinterferingwith each
other, acollision occurswheneertheir transmissionsver-
lap bothin frequeng andin time [11].

3. Coexistence M echanisms

We first describehe so-calledMEHTA schemethathas
beerrecentlypresentedo thelEEE 802.15Working Group.
Then,we introducea novel coexistencealgorithmbasedn
asimpletraffic shapingtechniqgueandwe comparéts per
formancewith the oneobtainedwhenthe MEHTA scheme
is applied.

The MEHTA scheme. An exampleof collaboratie co-
existence mechanismis the schedulingalgorithm called
MEHTA [6], which hasbeenproposedo mitigatethe in-
terferencebetweena 802.15device and a 802.11 device
thatareco-locatedn the sameterminal. MEHTA involves
the useof a centralizedcontroller, thatmonitorsthe 802.15

andthe 802.11traffic and allows exchangeof information
betweenthe two radio systems. The controller works at
the MAC layerandallows precisetiming of paclet traffic,

thusavoiding interferencebetweerthetwo devices.802.15
voice traffic has priority over WLAN paclets, otherwise
WLAN traffic is transmittedirst. Whenthereis voicetraf-

fic pending WLAN pacletsarequeued.

Theproposed mechanism. It isanon-collaboratiealgo-
rithm thatis performedatthe802.11stationgo mitigatethe
interferencedueto 802.15devicessupportingvoicetraffic.

In 802.15WPANS, in the caseof voice traffic slotsare
allocatedaccordingto a deterministigpattern.For instance,
for eachphonecall usinga HV3-typelink [3], asingle-slot
paclet is transmittedperiodically on both the uplink and
the downlink directionevery six time slots. Thus,to avoid
overlapin time between802.11and802.15transmissions,
a WLAN stationshall start transmittingwhen the 802.15
channelis idle and adjustthe length of the WLAN paclet
sothatit fits betweertwo successie 802.15transmissions.
We considerthatthe WLAN stationsmaybecomeawareof
whichtime slotsarebusyoverthe802.15channeby listen-
ing to theradio channel. This informationis directly used
by theWLAN stationsto reducethe probability of collision
with the WPAN devices,without requiringary centralized
controller

WhenereraWLAN stationis readyto transmit,it checks
onthe statusof theinterfering802.15channel.If thechan-
nel is idle andis expectedto remainso for thenext i — 1
slots,the WLAN stationtransmitsa datapaclet with pay-
loadsizeequalto theminimumbetween(i - 500) bytesand
1500bytes. Corversely if the 802.15channelis busy, the
WLAN stationsendsa packet with a 500 bytes payload.
Noticethatthe minimum payloadhasbeensetto 500bytes
to makethecorrespondingVLAN paclkettransmissiotime
comparabldo the durationof a single-slot802.15paclet.

Notice thatthis schemedoesnot requirea centraltraffic
schedulerandit canbeimplementedn non-collaboratre
modethusallowing for interferencemitigationbetweerco-
locatedandnonco-located802.11and802.15devices.

4. Simulation Scenario

We considera IEEE 802.11ad-hocnetwork; all the sta-
tions operateas a self-containedBSS and are able to di-
rectly communicatewith eachother The arrival of frames
from a stations higherlayer protocolto the MAC sublayer
is modeledwith exponentialinter-arrival timesanda trun-
catedgeometriadistribution for theframelengths[12]. The
meanvalueof the truncatedyeometricdistribution is setto
1500bytes,while the maximumframelengthis setto the
maximumlength of the MAC ServiceData Unit (MSDU)
establishedy the IEEE 802.11standardi.e., 2296 bytes).



The parameteof the exponentialdistribution is a varying
parameteim the simulations.

Table 1. Parameter s used in the simulation of
the IEEE 802.11 system.

Parameter Assignedvalue
Long Retry Limit 10
PhysicalHeader 144bits
MAC Header 272bits
Slot.Time 20pus
SIFS 10us
DIFS 50 us

In order to reducethe compleity of the simulation
model, the following further assumption$iave beenintro-
duced: (1) possiblevaluesfor the WLAN paclet length
have beenlimited to 500, 1000 and 1500 bytes; (2) the
RTS/CTSmechanismis assumedo be always active; (3)
no interferences consideredrom nearbyBSSsusingthe
sameDSSSspreadingsequence(4) propagationdelay is
neglected, which is a reasonableassumptiondue to the
smalldistancebetweerstationsy5) transmissiorerrorsdue
to theradiochannebreneglected.

A IEEE802.11transmissioris consideredo besuccess-
ful if no collision occurson the RTS frame and both the
datapacletandthe correspondingicknavledgmensentby
the recever are correctly receved. If a packetis not cor-
rectly receved,retransmissionvill take placeaccordingto
the bacloff proceduredefinedby the IEEE 802.11 stan-
dard. The numberof retransmissionbeforethe paclet is
discardedfrom the stationbuffer is limited and setto the
Long_Retry.Limit. Thevaluesof the [EEE 802.11parame-
tersusedin the simulationmodelarelistedin Tah 1.

For thelEEE 802.15systemassumption§4) and(5), in-
troducedabove for the 802.11simulationmodel,still hold.
We assumehatvoicetraffic is transmittedoy usinga HV 3-
typelink, i.e., for eachactive phonecall a voice pacletis
transmittedin eachdirection every six time slots. Notice
thatin the HV3-link informationin the payloadis not FEC
encoded3].

The modeladoptedto evaluatethe mutualinterference
betweenWLANs andWPANSs is the onedescribedn [11].

5. Results

We first considera 802.11device anda 802.15device
co-locatedn thesameterminal,with the802.15device sup-
portingvoicetraffic.
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Figure 1. Goodput of a IEEE 802.11 device
in presence of one co-located 802.15 interf er-
ing device suppor ting voice traffic. (None=no
mechanism is applied; Non-Coll=the pro-
posed scheme; Coll=MEHTA scheme.)

Fig. 1 presentghe 802.11goodputasa function of the
802.11traffic load beingthe goodputdefinedasthe frac-
tion of transmittedinformation that is successfullytrans-
ferred over the radio channel. Fig. 2 shows the good-
put of the 802.15device underthe sameoperationalcon-
ditions. As expected,in both the casesthe collaboratie
MEHTA schemajivesthe bestperformancevhile thelow-
est goodputis obtainedwhen no mechanismis applied.
Indeed, MEHTA always avoids transmissionverlap be-
tween802.11and 802.15co-locateddevices by meansof
a precisetiming the paclet traffic. However, the excellent
performancef MEHTA is achiezedatthe expenseof a sig-
nificantincreasan the WLAN traffic delay Fig. 3 shavs
the 802.11averagepaclet delay versusthe WLAN traffic
load, with the paclket delaybeingthe periodfrom the time
instantat which a pacletis generatedo the time instantat
whichthepacletis successfullransmitted.

Figs. 4-6 refer to a scenariowhere, besidesthe co-
located802.11and802.15devices, therearetwo morein-
terferingWLAN stations.FromFig. 4, we canseethatthe
proposedalgorithm significantly outperformsthe MEHTA
schemein termsof 802.11goodput. While, asshavn in
Figs.5 and 6, we obtain comparableperformancefor the
802.15goodputandthe WLAN averagepaclketdelay

We concludethat MEHTA is ableto give excellentper
formancein termsof goodputwheninterferencas dueto
co-locateddevicesonly, atthe expenseof anadditionalde-
layin theWLAN paclettransferandof anincreasedystem
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Figure 2. Goodput of a IEEE 802.15 device
suppor ting voice traffic in presence of one co-
located 802.11 interf ering device. (None=no
mechanism is applied; Non-Coll=the pro-
posed scheme; Coll=MEHTA scheme.)

compleity. Whennon co-locateddevicesare presentthe
proposedcoexistencemechanisnis preferableto MEHTA
sinceit givesvery good performanceand doesnot signifi-
cantlyincreasahe systemcomplexity.

6. Conclusions

In this paper we addressedhe problemof coexistence
betweenlEEE 802.11WLANs andIEEE 802.15WPANSs.
We proposeda non-collaboratie mechanisnthat reduces
the interferencebetweenthe two network systemsin the
casewhere WPANs supportvoice traffic. The proposed
schemes comparedwith a collaboratve solution, the so-
calledMEHTA, thathasbeenproposedvithin thestandard-
izationproces®f IEEE 802.15systemsTheproposedon-
collaboratve mechanisndoesnotrequirea centralizedraf-
fic scheduleandis ableto mitigatetheinterferencéetween
co-locatecandnonco-located302.11and802.15devices.

The presentedresults shaved that when co-located
802.11and 802.15devices are consideredMEHTA gives
a bettergoodputwith respecto the proposedalgorithmat
the expenseof a significantadditionaldelayin the WLAN
traffic transfer Whennonco-locatednterferingdevicesare
presentthe proposedalgorithmbecomegreferableto the
MEHTA scheme.

10 ! ! ! !
None —»— : :
Non-Coll —8— ‘ ‘
Coll —m— |- e W=

0.3

IEEE 802.11 Avergge Packet Delay [ms]

0.03F A AN T 1

0.01 s s s s
0.1 0.2 03 0.4 05 06

IEEE 802.11 Traffic Load

Figure 3. IEEE 802.11 average packet delay;
the 802.11 device is co-located with a 802.15
device suppor ting voice traffic. (None=no
mechanism is applied; Non-Coll=the pro-
posed scheme; Coll=MEHTA scheme.)
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Figure 5. Goodput of a IEEE 802.15 device in
presence of 802.11 devices; one of them is
co-located with the 802.15 device. (None=no
mechanism is applied; Non-Coll=the pro-
posed scheme; Coll=MEHTA scheme.)
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Figure 6. IEEE 802.11 average packet de-
lay when more than one 802.11 device are
considered. One of the 802.11 devices is
co-located with a 802.15 device suppor t-
ing voice traffic. (None=no mechanism
is applied; Non-Coll=the proposed scheme;
Coll=MEHTA scheme.)



