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Abstract

Wirelesssystemsoperating in the ISM frequencybands
and sharing the sameenvironmentare likely to interfere
with each other. We addressthe problemof coexistence
betweenIEEE 802.11and IEEE 802.15devices, and we
presenta mechanismthat mitigates the interferencebe-
tweenthesedeviceswhenIEEE 802.15supportsvoicetraf-
fic. Theproposedschemecanworkwhen802.11and802.15
devicesoperate in non-collaborative mode, i.e., indepen-
dently of one another. The performanceof the proposed
algorithm is compared to the resultsobtainedthroughthe
so-calledMEHTA scheme, which is a collaborativemecha-
nismrecentlypresentedto theIEEE802.15WorkingGroup.
Simulationresultsshowthat the proposedalgorithm gives
goodperformancerelatively to the MEHTA schemewhen
co-locatedinterferingdevicesonly are considered,while it
outperformsthe MEHTA schemewhennon co-locatedin-
terferingdevicesarepresent.

1. Introduction

In this paper, we deal with the problemof mutual in-
terferencebetweenIEEE 802.11 WLANs (WirelessLo-
cal Area Networks) [1, 2] and short-rangeradio systems
basedon the Bluetooth technology[3], or equivalently,
IEEE 802.15WPANs (WirelessPersonalArea Networks)
[4]. Thesesystemswill operatein theISM (Industrial,Med-
ical and Scientific) frequency bands,i.e., the unlicensed
spectrumat 2.4 GHz. IEEE 802.15usesa FHSS (Fre-
quency Hopping SpreadSpectrum)scheme,while IEEE
802.11caneitherusea FHSSor a DSSS(Direct Sequence
SpreadSpectrum)technique.Interferencebetween802.11
and802.15devicesoccurswhenevertheinterferenceenergy
is sufficient to causeadecreaseof thesignalto interference
ratioatthereceiverandthetransmissionsof thetwosystems
overlapbothin frequency andin time.

Accordingto the IEEE 802.15Working Group,coexis-
tenceof 802.11and802.15occurswhen the two systems
canoperatein a sharedenvironmentwithout significantly
impactingthe performanceof eachother [5]. In order to
mitigateinterferencebetweenthetwo wirelesssystems,the
IEEE 802.15Working GrouphascreatedtheTaskGroup2
(TG2),which is devotedto thedevelopmentof coexistence
mechanisms[4].

Two classesof coexistencemechanismshave beende-
fined: collaborative and non-collaborative techniques[4].
With collaborative techniquesit is possiblefor the WPAN
andtheWLAN to exchangeinformationto reducethemu-
tual interference;collaborative techniquescan be imple-
mentedwheninterferingdevicesareco-locatedin thesame
terminal.With non-collaborativetechniquesthereis noway
to exchangeinformationbetweenthetwo network systems
andthey operateindependently.

In thispaper, wepresentacoexistencemechanismbased
on a simpletraffic shapingtechnique.Theproposedmech-
anismis to beperformedat theWLAN stationsin presence
of a802.15voicelink. It doesnot requireacentralizedtraf-
fic schedulerandcanbe implementedin non-collaborative
mode, thus allowing for interferencemitigation between
co-locatedandnon co-located802.11and802.15devices.
Performance,aswell asadvantagesanddisadvantages,of
thepresentedalgorithmarecomparedwith thoseof theso-
calledMEHTA scheme[6], which is a collaborative algo-
rithm proposedwithin theIEEE802.15Working Group.

The remainderof the paperis organizedasfollows. In
Section2, webriefly introducethe802.11and802.15tech-
nology. Section3 presentstheMEHTA schemeandthepro-
posednon-collaborativecoexistencemechanism;Section4
describesthe simulationscenario.Section5 shows perfor-
manceresults;finally, Section6 concludesthepaper.



2. System Scenario

WeconsideraIEEE802.11WLAN operatingat11Mb/s
and using a DSSS (Direct SequenceSpreadSpectrum)
scheme[1]; theWLAN bandwidthis takenequalto 17MHz
[7]. The fundamentalbuilding block of the network is the
so-calledBasicServiceSet (BSS),which is composedof
several wirelessstationsthat are underthe control of the
sameMAC function. Wirelessstationscandirectly com-
municatewith eachother forming an ad-hocnetwork, or
througha centralizedaccesspoint, which also providesa
connectionto the wired network [1]. We assumethat the
WLAN supportsasynchronousdatatransportandusesas
MAC schemea DCF (DistributedCoordinationFunction),
which is basedon the CarrierSenseMultiple Accesswith
CollisionAvoidance(CSMA/CA) protocol[2].

IEEE 802.15WPANs areintendedto provide intercon-
nectionof devices in the user’s vicinity. The basicarchi-
tecturalunit is the piconet,composedof a masterdevice
andseven active slavedevicesat most,which areallowed
to communicatewith themasteronly [3]. IEEE 802.15can
providea bit-rateequalto 1 Mb/s. A FHSSschemeis used
at thephysicallevel; hoppingfrequenciesrangeover79fre-
quency channelsin theISM band,eachof thechannelsbe-
ing 1 MHz wide. The nominalhop dwell time is equalto
625 � s. A TDD techniqueis usedto transmitandreceive
datain a piconet: eachpacket transmittedin a slot corre-
spondsto the minimum dwell time; slotsarecentrallyal-
locatedby the masterandalternatelyusedfor masterand
slave transmissions.

Interferencebetween802.11and802.15ariseswhenever
the interfering power from a 802.15(802.11) transmitter
causesa significantdecreaseof the carrier to interference
power margin at the 802.11(802.15)receiver [8, 9, 10].
For a setof WLAN andWPAN nodesinterferingwith each
other, acollision occurswhenever their transmissionsover-
lapbothin frequency andin time [11].

3. Coexistence Mechanisms

We first describetheso-calledMEHTA scheme,thathas
beenrecentlypresentedto theIEEE802.15WorkingGroup.
Then,we introducea novel coexistencealgorithmbasedon
a simpletraffic shapingtechnique,andwe compareits per-
formancewith theoneobtainedwhentheMEHTA scheme
is applied.

The MEHTA scheme. An exampleof collaborative co-
existencemechanismis the schedulingalgorithm called
MEHTA [6], which hasbeenproposedto mitigatethe in-
terferencebetweena 802.15device and a 802.11device
thatareco-locatedin thesameterminal. MEHTA involves
theuseof a centralizedcontroller, thatmonitorsthe802.15

andthe 802.11traffic andallows exchangeof information
betweenthe two radio systems. The controller works at
the MAC layerandallows precisetiming of packet traffic,
thusavoiding interferencebetweenthetwo devices.802.15
voice traffic has priority over WLAN packets, otherwise
WLAN traffic is transmittedfirst. Whenthereis voicetraf-
fic pending,WLAN packetsarequeued.

The proposed mechanism. It is anon-collaborativealgo-
rithm thatis performedat the802.11stationsto mitigatethe
interferencedueto 802.15devicessupportingvoicetraffic.

In 802.15WPANs, in the caseof voice traffic slotsare
allocatedaccordingto adeterministicpattern.For instance,
for eachphonecall usinga HV3-typelink [3], a single-slot
packet is transmittedperiodically on both the uplink and
thedownlink directionevery six time slots. Thus,to avoid
overlapin time between802.11and802.15transmissions,
a WLAN stationshall start transmittingwhen the 802.15
channelis idle andadjustthe lengthof the WLAN packet
sothat it fits betweentwo successive 802.15transmissions.
We considerthattheWLAN stationsmaybecomeawareof
whichtimeslotsarebusyoverthe802.15channelby listen-
ing to the radiochannel.This informationis directly used
by theWLAN stationsto reducetheprobabilityof collision
with theWPAN devices,without requiringany centralized
controller.

WheneveraWLAN stationis readyto transmit,it checks
on thestatusof theinterfering802.15channel.If thechan-
nel is idle andis expectedto remainso for the next �����
slots,the WLAN stationtransmitsa datapacket with pay-
loadsizeequalto theminimumbetween���	��

����� bytesand
1500bytes. Conversely, if the 802.15channelis busy, the
WLAN stationsendsa packet with a 500 bytespayload.
Noticethattheminimumpayloadhasbeensetto 500bytes
to makethecorrespondingWLAN packettransmissiontime
comparableto thedurationof asingle-slot802.15packet.

Noticethat this schemedoesnot requirea centraltraffic
scheduler, and it canbe implementedin non-collaborative
modethusallowing for interferencemitigationbetweenco-
locatedandnonco-located802.11and802.15devices.

4. Simulation Scenario

We considera IEEE 802.11ad-hocnetwork; all thesta-
tions operateas a self-containedBSS and are able to di-
rectly communicatewith eachother. Thearrival of frames
from a station’s higherlayerprotocolto theMAC sublayer
is modeledwith exponentialinter-arrival timesanda trun-
catedgeometricdistributionfor theframelengths[12]. The
meanvalueof thetruncatedgeometricdistribution is setto
1500bytes,while the maximumframelength is setto the
maximumlengthof the MAC ServiceDataUnit (MSDU)
establishedby theIEEE 802.11standard(i.e., 2296bytes).



The parameterof the exponentialdistribution is a varying
parameterin thesimulations.

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

Parameter AssignedValue

Long Retry Limit 10

PhysicalHeader 144bits

MAC Header 272bits

Slot Time 20 � s

SIFS 10 � s

DIFS 50 � s

In order to reduce the complexity of the simulation
model,the following further assumptionshave beenintro-
duced: (1) possiblevaluesfor the WLAN packet length
have beenlimited to 500, 1000 and 1500 bytes; (2) the
RTS/CTSmechanismis assumedto be always active; (3)
no interferenceis consideredfrom nearbyBSSsusingthe
sameDSSSspreadingsequence;(4) propagationdelay is
neglected, which is a reasonableassumptiondue to the
smalldistancebetweenstations;(5) transmissionerrorsdue
to theradiochannelareneglected.

A IEEE802.11transmissionis consideredto besuccess-
ful if no collision occurson the RTS frame and both the
datapacketandthecorrespondingacknowledgmentsentby
the receiver arecorrectly received. If a packet is not cor-
rectly received,retransmissionwill take placeaccordingto
the backoff proceduredefinedby the IEEE 802.11stan-
dard. The numberof retransmissionsbeforethe packet is
discardedfrom the stationbuffer is limited andset to the
Long Retry Limit. Thevaluesof theIEEE 802.11parame-
tersusedin thesimulationmodelarelistedin Tab. 1.

For theIEEE802.15system,assumptions(4) and(5), in-
troducedabove for the802.11simulationmodel,still hold.
Weassumethatvoicetraffic is transmittedby usingaHV3-
type link, i.e., for eachactive phonecall a voice packet is
transmittedin eachdirectionevery six time slots. Notice
that in theHV3-link informationin thepayloadis not FEC
encoded[3].

The modeladoptedto evaluatethe mutual interference
betweenWLANs andWPANs is theonedescribedin [11].

5. Results

We first considera 802.11device anda 802.15device
co-locatedin thesameterminal,with the802.15devicesup-
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 presentsthe 802.11goodputasa function of the
802.11traffic load being the goodputdefinedas the 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 collaborative
MEHTA schemegivesthebestperformancewhile thelow-
est goodput is obtainedwhen no mechanismis applied.
Indeed,MEHTA always avoids transmissionsoverlapbe-
tween802.11and802.15co-locateddevicesby meansof
a precisetiming the packet traffic. However, the excellent
performanceof MEHTA is achievedat theexpenseof asig-
nificant increasein the WLAN traffic delay. Fig. 3 shows
the 802.11averagepacket delayversusthe WLAN traffic
load,with the packet delaybeingthe periodfrom the time
instantat which a packet is generatedto thetime instantat
which thepacket is successfullytransmitted.

Figs. 4–6 refer to a scenariowhere, besidesthe co-
located802.11and802.15devices,therearetwo morein-
terferingWLAN stations.FromFig. 4, we canseethat the
proposedalgorithmsignificantlyoutperformsthe MEHTA
schemein termsof 802.11goodput. While, as shown in
Figs. 5 and6, we obtain comparableperformancefor the
802.15goodputandtheWLAN averagepacketdelay.

We concludethatMEHTA is ableto give excellentper-
formancein termsof goodputwheninterferenceis dueto
co-locateddevicesonly, at theexpenseof anadditionalde-
lay in theWLAN packettransferandof anincreasedsystem
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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 .)

complexity. Whennonco-locateddevicesarepresent,the
proposedcoexistencemechanismis preferableto MEHTA
sinceit givesvery goodperformanceanddoesnot signifi-
cantlyincreasethesystemcomplexity.

6. Conclusions

In this paper, we addressedthe problemof coexistence
betweenIEEE 802.11WLANs andIEEE 802.15WPANs.
We proposeda non-collaborative mechanismthat reduces
the interferencebetweenthe two network systemsin the
casewhere WPANs supportvoice traffic. The proposed
schemeis comparedwith a collaborative solution, the so-
calledMEHTA, thathasbeenproposedwithin thestandard-
izationprocessof IEEE802.15systems.Theproposednon-
collaborativemechanismdoesnotrequireacentralizedtraf-
fic schedulerandis abletomitigatetheinterferencebetween
co-locatedandnonco-located802.11and802.15devices.

The presentedresults showed that when co-located
802.11and802.15devicesareconsidered,MEHTA gives
a bettergoodputwith respectto the proposedalgorithmat
theexpenseof a significantadditionaldelayin theWLAN
traffic transfer. Whennonco-locatedinterferingdevicesare
present,the proposedalgorithmbecomespreferableto the
MEHTA scheme.
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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
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co-located with the 802.15 device . (None=no
mechanism is applied; Non-Coll=the pro-
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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 .)


