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ABSTRAC T

Smart and directional antennas can be used to improve
the throughput performance of wireless communications
in ad hoc networks. This improvement consists basically
of minimizing collision and increasing simultaneous com-
munications. Directional antennas reduce potential colli-
sion zone since data packets are directionally transmitted.
Smart antennas are more intelligent than directional an-
tennas since they can dynamically point pattern nulls in
the direction of interfering stations. In this paper, we con-
sider the link capacity achieved by a set of portable sta-
tions sharing the same medium and equipped with smart
antennas. We present an overview of related work based
on directional and smart antenna use to improve signal re-
ception. We introduce and discuss the problem concerned
with smart antenna use for transmission based on CSMA
MAC protocols. This problem consists principally of beam
selection and handoff. A CSMA MAC protocol within a sta-
tion equipped with a smart antenna, has to interact with the
physical layer to manage beam use. Our discussion, tak-
ing into account hidden node and exposed node problems,
is motivated by underlying overhead, symmetry assumption
and beacon use.

1 I NTRODUCTI ON

An ad hoc network is a multi hop wirelessnetwork in
which mobilehostscommunicateover a sharedchannel. It
is characterizedby the absenceof a wired backbone that
managestheinterconnectionbetweenits mobilenodes.The
roleof themedium accesscontrolprotocol (MAC) in adhoc
networks is to decidewho haschannel accesson a shared
medium. We call a MAC protocol in ad hoc networks, a
contention basedMAC protocol. The known contention
basedMAC protocolsarePureALOHA, SlottedALOHA
and Carrier SenseMultiple Access(CSMA). The CSMA
protocol is themostperformant.In CSMA, eachnodetests
the channel before using it. In caseof collision, back-off
techniques are usedto checkagainthe channel as in the
standardIEEE802.11.

With pureCSMA, anadhocnetwork is still a victim of
theknown hiddennodeproblem (seefigure1 (a)). Theso-
lution adopted to this problem is to introducea handshak-
ing protocol to inform all thereceiver’s neighboursthatthe
channel is occupied: the transmitterhasto senda Request
to Send(

�����
) messageto the receiver and the receiver

hasto reply with a Clear to Send( � ���
) message.Even

though, this solutionraisestheexposednodeproblem (see
figure1 (b)). Many protocolsin theliteratureproposeMAC
solutionsbasedon the handshakingprotocol: Sender Ini-
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Figure1: Examples of Hidden(a) andExposed(b) Node
problems.Thecirclesindicatetheradiotransmissionranges

tiatedChannelReservation Protocols [1, 2, 3, 4] in which
the transmitterinitiatescommunicationsandReceiver Ini-
tiated Channel Reservation Protocols [5, 6] in which the
receiver informs the transmitterthat it is readyto receive.
Otherprotocols [7, 8] add the useof busy tonesto mini-
mizecollisions.Theseworksarebasedon omnidirectional
antenna use.Recently, directional andsmartantennashave
alsobeenconsidered.We present in thenext paragraphthe
directional andsmartantennas.

An omnidirectional antenna is an antenna that radiates
andreceives equallywell in all directions. It hasthe dis-
advantagethatdesiredusersarereachedwith only a small
percentageof the overall energy sentout into the environ-
ment. Its omnidirectional broadcast impactsspectralef-
ficiency and limits frequency reuse. For this reason,di-
rectional antennasaredesigned to have fixed transmission
and reception directions. Even though, directional anten-
nasdo not overcomethe most important disadvantageof
anomnidirectional antennawhich is interference.Thenext
steptowardsperformant antennaswasthussmartantennas.
A smartantenna is composedof an arrayof antennasthat
canbearrangedin linear, circularor planarconfigurations.
Most often,smartantennasareinstalledat thebasestation,
although they may alsobe usedin mobile phones or lap-
top computers[9]. Their purposeis to augment the signal
quality through morefocusedtransmissionof radiosignals
andto enhancecapacitythroughincreasedfrequency reuse.
Their smartnessresidesin a combination of their Digital
SignalProcessing(DSP)with theantennaarray. Principally,
this combination is basedon diversity techniquesthat get
benefitfrom multipathsignals.

There are basically two types of smart antennas:
switched-beamor fixed beamantennasandadaptive array
antennas. A switched-beamantenna generatesa multiplic-
ity of juxtaposedbeamswhoseoutput maybe switchedto
a receiver or a bankof receivers. The role of the DSP in



switched-beamantennasis limited to signalstrengthdetec-
tion, a fixedbeamchoosing andswitchingfrom onebeam
to anotheras the mobile moves. It is to note that beams
in this kind of antennas are predeterminedand fixed. In
an adaptive arrayantenna which is more advanced thana
switchedbeamantenna, the beamstructure adaptsto Ra-
dio Frequency (RF) signalenvironment anddirectsbeams
to bonafide signals,depressingthe antenna patternin the
directionof the interferers [10]. In adaptive arrayanten-
nas,an algorithm is needed to control the output, i.e. to
maximizethedesiredsignalpower(e.g.: ApplebaumAlgo-
rithm andWidrow Algorithm [10]). Thedifferencebetween
both kinds of smartantennas can be resumedas follows:
fixed beamantennasfocus their smartnessin the strongest
strengthsignalbeamdetectionandadaptive arrayantennas
benefitfrom all thereceivedinformationwithin all antenna
elementstooptimizethesignaloutput throughaweightvec-
tor adjusting. It is to mentionthatswitchedbeamantennas
outperform directional antennas.

In the present paper, we are interestedin smartanten-
nas that are a kind of directional antennas able to trans-
mit/receive in differentangles. Thesecan be both kinds
of smartantennassincewe arebasedon the capabilityof
communicationsectorization.

It is to notethat in literature[10, 11, 12], mostof smart
antennasareexploitedtooptimizesignalreception. It is true
thattheirsmartnessor theirDSPis designedto optimizethe
quality of reception. Although, we can benefit from this
DSPto optimizethetransmission. Thiscanbeensuredwith
fixedbeamantennas sincethetaskis reducedto fix a beam
amongseveralfixedbeams.With adaptive arrayantennas,
thetaskis morecomplicatedsinceaninfinity of beamscan
beused.Eventhough,we canat leastobtainthesamepos-
sibilities offered by switchedbeamantennas.

In this paper we useangle,sectoror beaminterchange-
ably to describea focusedbeamof smartantennas.

Theremainder of thepaperis organizedasfollows: sec-
tion 2 reviews relatedwork. In section3 we analysethe
problemdiscussedin thispaper. Thesection4and 5present
our solutions for a CSMA protocol basedon smartanten-
nas. Finally, conclusionandperspectivesarepresented in
section6.

2 REL ATED WORK

Recently, the useof directional andsmartantennashas
beenconsidered in multihopMAC protocols.Thisuseaims
bandwidth improving in wirelessnetworks.

The useof smartantennas is principally basedon their
smartnessandcapability of collisionminimization: packets
canbereceivedcorrectlyin thepresenceof interferingpack-
ets. In the paper[13], the authors have proved that using
adaptivearrayantennascanmake theperformanceof a sin-
gle hopslottedALOHA packet radionetworksto improve.
In [14], the sameauthors proposeanoptimization of [13]
by theuseof aMultiple-BeamAdaptiveArray (MBAA) that
cansuccessfullyreceive two or moreoverlappingpacketsat
the sametime. The MBAA is a systemwherethe signals
from a setof arrayelementsarecombinedwith morethan
onesetof weightsto form several simultaneous receiving
patterns[14].

Otherworks have focusedtheir effort on the optimiza-
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Figure2: A SmartAntenna MAC Protocol

tion of a CSMA protocol by use of directional anten-
nas[15, 16, 17]. Theseworks tendto make possibleeffi-
cient usingof the sharedmedium. This meansprincipally
increasingthenumberof simultaneouscommunicationsin a
sharedmediumby resolvingtheexposednodeproblem. All
directional antenna CSMA relatedworks arebasedon the
samelogic protocol: RTS andCTStransmissionto inform
neighboursandthusresolve the hiddennodeproblem and
blocking directional antennastowardsareaof communica-
tions (steeringnulls). In [17], the authors proposethe use
of directional RTS and omnidirectional RTS. Directional
RTS messagesresolve the exposednode problem but col-
lision mayoccurbetweenacknowledgments andnew RTS.
For thisreason,omnidirectionalRTSmessagesareaddedto
mitigatethis problem.

3 PROBL EM ANALYSI S

Weassumetheuseof aCSMA protocol attheMAC layer
anda smartantennawithin eachterminalof anadhocnet-
work. An active signallingcanbeaddedto theCSMA pro-
tocolasit is specifiedin theHIPERLAN standard[18]. We
assumealsouseof acknowledgments. Let ')( bethenum-
berof antennaelementswithin thesmartantennaand '+*-,
the number of beamforming modules. When thereare a
number of simultaneous transmissions,a terminal attempts
to receive up to '.*-, packetssimultaneously by forming
multiple antennabeampatterns.Eachmodule is capableof
directinga beamat a desiredpacket. Eachnode is thenca-
pableof receiving at maximum '/*-, packetsat the same
time. It is to notethat this is a model for switchedbeam
antennasasfor adaptivearrayantennas.

Our objective is to adda sub-layerbetweenthe CSMA
layerandthephysical layer. This new layerhasthe job of
optimizing the smartantenna CSMA protocol on the base
of the informationprovidedby the physical layer (seefig-
ure2).

First,weresumetheprovidedphysicalinformationto the
MAC layer. Then, wegivesomeremarksrelatedto symme-
try assumption in MAC protocols.At theendof thissection,
we explain two principal problemsthathave to beresolved
by thephysicalinformation:AngleSelectionandHandoff.

0 Eachnode hasto know the direction in which it can
communicatewith aneighbour. With this information,
it is ableto well choosetheangleor thebeamto ensure
thiscommunication.This informationcanbeprovided
by anunderlying proactive or reactiveprotocol. In the
first case,control packetsmaintainwithin eachnode
information on its neighbours (angle with maximum
power [19], location[17]: GPS).In the secondcase,
this informationis providedin anon demandmanner:



a onehopbroadcastpacket is sentto askfor the loca-
tion or the maximumpower angle. This demand can
be implicitly included in a RTS packet andanswered
in a CTS packet asit is done in [17]. As in the case
of routingprotocols,in somescenarios,proactive pro-
tocolsperform betterandin otherscenarios,reactive
protocolsperform better.

0 Eachnodehasto know about thecurrent communica-
tions in thesharedneighbourhoodto not disturbthem
andto steeringnulls towardstheir direction. In fact,
with smart antennas, two communications may ex-
ist betweennodes sharingthe same"omnidirectional
medium". Smartantennas reduce the communication
zoneandthusthecoexistenceof communicationsshar-
ing someneighbourhoodis possible.

It is to note that this information will be provided by
theintroduction of control packetsbetweenneighbours. In
fact, it is clear that usingsmartantennaswill be followed
by anaddedoverheadto make it possibleeachnodeto se-
lect transmissionangle. Othercontrol packetshave to be
usedto make nodesawareaboutthe neighbour communi-
cations. The questionraisedis if we have to keepthe use
of RTS/CTSto resolve thehiddennodeproblem andif we
canusethemto provide the information neededto choose
communicationdirection. Comparedto omnidirectional an-
tennas,with smartantennas,control packetscanbeusedin
directional or omnidirectionalmode.

Anotherproblemwethink is worthyconsistsof thesym-
metryassumptionadoptedby mostof relatedMAC proto-
cols.

0 Most of relatedprotocols arebasedon the symmetry
assumption. If a transmittersendsa RTS, it avoids its
neighbourshearing this RTS usethe sharedmedium,
but its neighboursthat have unidirectional links with
it can sendpackets to it sincethey can not hearthe
RTS packet. The sameremarkis valid for CTS. A
simulationstudybasedon realisticpropagationmod-
els(bidirectionalandunidirectional links form thenet-
work)canevaluatetheinfluenceof suchassumption on
the performancesof the MAC protocol in real adhoc
networks.

0 Most of previous work assumedthat two nodescom-
municating togetherarein LineOf Sight(LOS)of each
other [15, 17]. In this case,GPSis useful to know
transmissionanglesincewe assumethe existenceof
a LOS path betweencommunicatingnodes. This is
notusuallytrueif we take into account thepresenceof
asymmetriclinks andunidirectionallinks.

The main problems discussedin this paperare: How
efficiently a transmitterselectsits transmissionangleand
changes it to mitigatemobility andpropagation variation?
Wecall bothproblemsAngleSelectionandAngleHandoff.
We discussin thenext paragraphstheseproblems.
3.1 Angle Selection

The anglein which, a node A cancommunicatewith a
nodeB generally depends on receptionpower or precisely
Signalto InterferenceandNoiseRatio

�21 ' �
(therequired

�21 ' �
bandied is about 3547683�9;:;< [10] in caseof voice

transmission). Another criterium hasto be taken into ac-
count: minimization of the frequency at which the trans-
missionangleis changedor handoff (moredetailsarein the
next paragraph).For example, if theminimumaperture the
antennausesto transmitis =;>@? , anodecansendwithin only
anangleof =;> ? or within two adjacentangles,eachof =�> ? .
It canalsousemorethanoneanglethat arenot adjacents
andwithin whichthetransmissionis thebest.At maximum,
A canuse =�A;> ? transmissionangleasit usesanomnidirec-
tional antenna.In this lastcase,no Handoff is needed. Op-
timizing thetransmissionangleneedsa knowledgeof node
mobility relatively to its peerwith which it communicates.
If thenodehasno informationaboutits mobility relatively
to its peer, aperiodic powersensinghasto bedoneto adjust
thetransmissionangle.

3.2 Angle Handoff
In our context, Handoff is concerned with updating the

direction in which a nodeis transmitting. This updateis
necessarysincesmartantenna useis moresensitive to node
moving than omnidirectional antennause. With omnidi-
rectional antennas,theonly node movementinfluencing on
a communicationis relatedto propagationchange or node
moving away from its communicatingpeer. With smartan-
tennas,anodecanmovebutkeepingthesamedistancefrom
its peer. Bothnodesmayhaveto changethedirectionsused
to keepcontacteachonewith eachother.

Due to mobility, transmissionanglehasto be adjusted.
This adjustmentis basedon power sensing. If A and B
communicate,eachonecanbea transmitteranda receiver
during thecommunicationsession.

Adjustment hasto bedoneonly by the transmitternode
sinceadjustment within thereceiver is automatic in caseof
switchedbeamand adaptive arrays antennas: all antenna
elementsareusedfor reception.

We presentthreeapproaches.The first is basedon link
stateinformation to make it possibleeachnodeto benefit
from its complete neighbour view. This informationopti-
mizesbandwidth usedby nodes.This approachis designed
for sparsenetworks sinceit needshigh overheaduseto get
neighbour information. In caseof dense networks, over-
headincreasingmay decreasethe throughput dueto colli-
sions. Previousworksarebasedon thepower criteriumto
choosethe directionof a communication. We introducea
new criteriumwhich is minimizationof thenumberof dis-
turbednodes. Thebasicideaof our first approachis to ad-
just thecommunicationzone(zonesizewhich is dependent
on transmissionpower andzonedirectionwhich is depen-
dentontransmissionangle).Thisadjustmentmaximizesthe
number of potential simultaneous communications,i.e.,we
tendto setthecommunicationparametersthatminimizethe
numberof zonesthatcannotbeexploitedby othernodes.

Thesecondapproachis designedfor symmetriclink net-
works. It is basedon the following assumption:commu-
nicatingnodesare in line of sight of eachother. Finally,
the third approachis designed for nonsymmetric link net-
works. It is morecomplicatedthanthesecondsincemore
overheadis introducedto make moreprecisetransmission
AngleSelectionandHandoff.

We go into detailsof the threeapproaches.At the end,



B C	D�EGF HJI
C	D�E	F HLK M

Figure3: Optimizationof thetransmissionangle:transmis-
sionwithin theangle1is betterthantransmissionwithin an-
gle2

we giveourconclusionandfuture work.

4 FI RST APPROACH : L I NK SATE APPROACH

Thisapproachisbasedonthefollowingassumption: each
nodehasa steerableantenna making it possibletransmit-
ting/receiving and steeringnulls in specificangles. Each
nodeknows for eachangle(for example > ? , =�> ? ,.. , =;A�> ? ),
the corresponding receptionpower within eachoneof its
neighbours.A previouswork [19] proposesto allot for each
communicationtheanglewithin which thereception power
is themaximum. We think that this choice cannot usually
optimizebandwidth utilization. In fact,we think a commu-
nicationcanbesetwithin aspecificanglebymakingatrade-
off betweenmaximizing thelife of the link anddecreasing
interference. Thefirst criteriumcanbe tunedby the trans-
mitter poweror thetransmissionangleor both. Thesecond
criteriumcanbemeasuredby thenumber of nodesthatare
disturbedby a communication. In fact, our idea is to fo-
custhecommunicationrange in a zonewherethepotential
number of disturbed persons is minimized and the stabil-
ity of the link is kept (seefigure3). Although, decreasing
thereceivedpower hasalsoits disadvantages:link lossand
handoff aremorefrequent.

The challenge is how to choosethe function thatmakes
thetradeoff betweenbothcriteria.Surely, this function will
bestronglydependentonthetopology: if nodesarenotuni-
formly distributed,our function hasto choosea transmis-
sionanglewithin which thenumber of disturbed persons is
not too big. If nodesareuniformly distributed,our func-
tion coincideswith the function maximizingthe reception
power. We explain in the next paragraphhow in this ap-
proach, transmissionAngle Selection,thehiddennodeand
theexposednodeproblemsareresolved.

Theunderlyingoverheadaddedto theCSMA MAC layer
can be proactive or reactive as we mentioned in the pre-
cedingsection. This overheadwill provide informationto
resolveMAC protocol problems.

Each node sends(proactively or reactively) a control
messageto request information about the received power
within neighbours. This request, containing the transmis-
sion angle, is sentsequentially within eachangle. Each
neighbour, receiving this request, replieswith onecontrol
messagecontaining the reception power within all angles.
Eachnodehasthus a completeinformation on its neigh-
bours: for eachangle,the corresponding receptionpower.
Thus,it knows,for eachangle,thenumber of potentialdis-
turbedneighbours.We canassumethata nodeis disturbed
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Figure4: ExposedNode Problem

if thereception power is abovea specifiedthreshold.

4.1 Angle Selection
Concerning Angle Selection,we cannotice that tuning

the transmissionangle is a kind of power control. This
control concerns the power at the receiver andnot within
the transmitter. Tuning the power at the transmittercan
alsooptimizethe zone of communicationof two nodes as
it is done in cellular networks asGSM. Thus, taking into
account power control at the transmittingnode andthe re-
ceivedpowerwithin thereceiverandneighboursmakemore
difficult thechallenge to realize.

To resume,themainproblemconcernedwith Angle Se-
lectionis how to choosea functionthatoptimizesthecom-
munication zone within whichtwo nodescancommunicate
withoutdisturbing ahugenumberof neighbours. Thiszone,
determinedby transmissionpower andtransmissionangle,
dependsstronglyonthetopology. Thesimplestfunctionwe
proposeis to choosethe anglewithin which the reception
power is abovea specifiedthreshold andthenumberof dis-
turbedneighboursis theminimum. Theoptimization of this
function is asubjectof ourcurrentresearch.

4.2 ExposedNodeProblem
We keep the use of omnidirectional

�����SR � ���
mes-

sagesto resolve the hidden node problem. Even though,
we proposefew modifications: the first modification opti-
mizesbroadcasttransmissionandthe secondmodification
resolves the exposednode problem. In fact, with classic�����SR � ���

, neighboursblock their communicationsuntil
current communications finishwhichraisesactuallytheex-
posednodeproblem. With the first modification, the om-
nidirectional

�����SR � ���
is sentonly within angleswhere

thereareneighbours, it is not necessaryto useanglesnot
servingactualneighbours. This will save the transmission
power. Concerning theexposednode problem, we propose
that eachnode which is a neighbourof current communi-
cating nodes,testsif it can set a communicationwithout
disturbing anddisturbed by current communications. This
means,communications have not to overlap. Suppose, T
and < arecommunicating(seefigure 4), � wantsto talk
with U . Two assumptions arepossible:symmetryassump-
tion andno symmetryassumption. In thecaseof thesym-
metryassumption, � R U and T R < communications do not
overlap if � R T and � R U do not overlap, � R < and � R U
do not overlap, U R T and U R � do not overlap, U R < and
U R � do not overlap. This information is provided to �
and U sincethey save link stateinformation. � sendsthus
a
�����

within all anglesservingactualneighboursexcept
thoseservingcurrent communicatingnodes( T and < ) as



it is proposedin [17, 19]. This node( � ) hasto steernulls
within unusedangles for

�����
transmission, .i.e. within T

and < . This will save it from the potentialdisturbing by
nodesunawareof its communication. We notethat U , i.e.
thenodetransmittingthe � ���

, will proceedwith thesame
manner. Here,thesymmetryassumptionis usedwhensup-
posingthat � and U will notbedisturbedby T and < since
they steernulls towardsT and < . This is notusuallytrueif
links arenotbidirectional.

In thenosymmetry assumptioncase,thereareothercon-
straints. This time, steeringnulls towards T and < can
be insufficient: for example, T R < transmissionanglecan
serve � even if � steersnulls towards T . For this reason,
we propose, when eachcommunicatingnodesendsin its�����SR � ���

, theneighboursdetectangleswithin which,the
receptioncanbeapotential disturbing factor. This informa-
tion hasto be saved andupdated. In our example, � and
U save thereception anglesfrom T and < . With theseas-
sumptions, � sendsa

�����
within all anglesexcept those

servingcurrent communicatingnodes( T and < ) as is the
caseof symmetryassumption. Thedifferenceis concerned
with steeringnulls which is pointedto unusedanglesfor�����SR � ���

andalsoto angleswithin which
�����SR � ���

of
T R < communications arereceived.
4.3 Angle Handoff

In this approach,handoff is not necessaryif theunderly-
ing protocolproviding angleinformationis proactive. Con-
trarily, if it is reactive, handoff hasto be achieved on the
baseof power sensingor in the caseof packet loss. The
handoff will consistof control messageretransmissionto
getinformationonnew transmissionanglecandidates.

5 BEACON BASED APPROACHES

The Link Stateapproachis not suitablefor densenet-
works sinceit is basedon a huge amount of control pack-
ets. Collisions may dramaticallydecreasethe throughput
in densenetworks. For this reason,we proposethe next
tow approaches:symmetriclink approachandpolling ap-
proach. Both shareomnidirectionalbeaconuseto resolve
thehiddennode problemanddirectional datapacket trans-
mission.In fact,ourideais to keepuseof RTSandCTSbut
asbeacons sincethey areshorterandwill not decreasethe
throughput performance. They aresentin omnidirectional
modeto avoid potential collisionswithin thehiddennode.

The differencebetweenboth approachesis principally
concernedwith Angle Selection,Angle Handoff andhow
the exposednodeproblem is resolved. Beforegoing into
detailsof bothapproaches,we explain their common basic
control packetsandusedstructure.
5.1 Control messages

As we mentioned,beacons areusedascontrol messages
betweencommunicatingnodes.To makeit possibleto each
nodeto recognizeitself asadestination, weproposetheuse
of a specificbeaconperiod for eachpair of communicat-
ing nodes. Thus, we propose the use of classicexplicit�����SR � ���

messagesto allow two communicatingnodes
agreeon a specificvalue. Thesemessagesaresentin an
on demand manner, i.e. if a transmitterT doesn’t have the
value of T R < control beaconperiod, it uses

�����SR � ���
messagesto obtainit. Thus,thesemessagesarenot asfre-
quentasin thecaseof thestandard IEEE802.11.

A node T that hasdatato transmitto a node < , sends
an V ����� < (OmnidirectionalRequestTo SendBeacon):a
beaconwhich long is alreadyspecifiedby T and < . This
will mitigatetheneedof explicit control packetsto askfor
sendor to authorize to send. By this way, eachnode can
recognizethesourceof beaconwithout any packet process-
ing. If T doesn’t have informationaboutthe beacon pe-
riod it has to use, it selectsa random number to be the
periodof the control beacon for T R < communicationand
sendsan V �����

(OmnidirectionalRequestTo Send)con-
taining this information. < will reply by an VW� ���

(Om-
nidirectional ClearTo Send)confirming the T R < commu-
nicationcontrol beaconperiod. If < receives the V ����� < ,
it repliesby an VW� ��� < (OmnidirectionalClearTo Send
Beacon)to inform T thatit is readyto receive. Actually, the
VW� ��� < is the sameasthe V ��� < , but we usedifferent
notations to distinct their roles. In fact,whenreceiving the
beacon, < knows that it is an V ����� < sinceit didn’ t send
an V ����� < . T alsorecognizesthat thebeaconit receives
is an VW� ��� < sinceit sentan V ����� < . Collisionsmay
occurif T and < sendat thesametime thesamebeacon to
request to send. We assumethat this caseis not probable
sinceCSMA resolvestheaccessto thechannel.
5.2 Structur e

Eachnode keeps:

0 A table Sector_Neighbour containing for each
neighbour, the possibletransmissionbeams andtheir
lifetime, the beaconinterval andits lifetime. It con-
tainsalsotheotherbeacon periods usedto communi-
catewith othernodes. Thislastinformationis obtained
through theperiodic RTS andCTSpackets. Thetable
contains alsothe informationon current communicat-
ing neighbours. This informationis obtainedthrough
V ����� < and VW� ��� < .

0 Thenode/nodesfor which it waitsa packet unlessit is
in idle state.

5.3 Secondapproach: Symmetric Link Approach
5.3.1 Angle Selection

In this approach,if T hasdatato sendto < , it sendsan
V ����� < beaconin anomnidirectionalmode.B will reply
by an VW� ��� < beaconin an omnidirectional mode. This
VW� ��� < will inform T about the transmissionanglefor
T R < communication. In fact we considerthat links are
symmetric,thusthebestreception angleis a suitabletrans-
missionanglecandidate. The transmissionangledepends
on the underlying smartantenna: if a switchedbeaman-
tennais used,the receptionis donewithin the beamwith
themaximumpower, thusthetransmissionbeamwill bethe
reception beam.If anadaptive arraysmartantenna is used,
thechoiceof thetransmissionangleis not obvious. In fact,
theDSPin anadaptivearrayantennaadjuststhecoefficients
corresponding to thedifferentantenna elementsto decrease
theeffectof interferingsignals.Radiolinks canbesymmet-
ric but received signallevel at thereceiverhasnoreasonsto
be symmetricwith signal level at the transmitter. For this
reason,we proposetheuseof thebeamwith themaximum
power for transmissionas we proposefor switchedbeam
antennas.Optimizationof thetransmissionbeamchoice on



thebaseof coefficientadjustment asit is done for reception
is a subjectof currentresearch.

5.3.2 ExposedNodeProblem

All the neighbours hearing the T R < control beacon
( V ����� < or VW� ��� < ) block only their communications
with T and < . This means,they caninitiate communica-
tionswith othernodes if thepotential angletransmissionis
different from thosefor communicationwith T and < . In
fact,all neighbours save theinformationon potentialtrans-
missionanglewith T or < . This information is obtained
through the control beacon. The receptionangle of T ’
V ����� < is the transmissionangleto T andthe reception
angleof < ’ VW� ��� < is the transmissionangleto < . This
information is saved in the tableSector_Neighbour.
Then,if for example a node � wantsto communicatewith
anodeU (seefigure4) and T is exposedto � sinceit com-
municateswith < , � sendsan V ����� < . It is to notethat
we keepthe transmissionof control beacons in omnidirec-
tionalmode sincecollisionof beaconswith otherpacketsis
not probable. � cansenddatato U only if � R U transmis-
sionangleis differentfrom � R T and � R < transmissionan-
gles.Also, U R � transmissionanglehasto bedifferentfrom
U R T and U R < transmissionangles.As in thelink stateap-
proach, steeringnulls is achieved towards communicating
nodes( T and < ) sincesymmetry assumptionis adopted: T
and < will notdisturb � and U . Theexposednodeproblem
is thusresolved.

5.3.3 Angle Handoff

Angle Handoff is not necessaryin this approachsincethe
transmissionangleusedis usuallyupdatedby thereception
of thecontrol beaconVW� ��� < .

5.4 Third approach: Polling Approach
This approach called polling approach is basedon a

polling mechanism for both transmissionAngle Selection
andHandoff. We usebothmodes:directional mode if one
beamor a few beamsis used(for datatransmissionor sig-
nallingtransmission) andomnidirectionalmodeif all beams
areused(for signallingtransmission). As we mentionedat
thebeginning of this section,V �����

and VW� ���
areused

to confirmtheperiodof thecommunicationcontrol beacon
and, V ����� < and VW� ��� < are usedto resolve the hid-
dennode problem. An added overheadis usedto make it
possiblefor a communicatingnodeto well focusits trans-
mission:in this approach,links or beamsarenot necessary
bidirectional, we supposethe presenceof asymmetricand
unidirectionalbeams.Theadded overheadis motivatedby
a polling mechanism.

5.4.1 Angle Selection

The polling mechanism corresponds to send a beacon
( U ����� < : Directional Requestto SendBeacon)within
oneor morebeamsand to wait for an answer. If the re-
ceiver hearsthe polling beaconandcanreceive, it replies
with a beacon ( VW� ��� < : Omnidirectional ClearTo Send
Beacon).In this case,thetransmitterknows thatthepolled

beamis acandidatebeamfor transmission. Weproposetwo
approachesfor thispolling mechanism.

In the first approach, we call Dichotomy Polling, the
transmitternode searchesfor the first angleor beamthat
makesit possibleto it communicatingwith thereceiver. It
consistsof dividing eachcandidatebeamsetin two subsets.
Thepolling is testedonlywithin onesubset.If thenodegets
a polling answer, it will divide thecandidatesubsetasdone
before. Thisprocesscontinuesuntil reaching theknowledge
of onecandidatebeam.Let '/(�XZY�[�\ and

�^]
thepropaga-

tion time. Thus,thepolling time is equalto Y ��]5_ ( .
In the secondapproach,we call SequentialPolling, the

transmitternode looks for all possibletransmissionbeams.
Sequentially, it polls andwaitswithin eachbeamandkeeps
the informationon all candidatebeams.Thus, the polling
time is equal to Y � ] ' ( . The transmittercanuseoneor all
possiblebeams. It is clear that increasingthe number of
transmissionbeamsincreaseslink qualityanddecreasesthe
numberof handoffs but decreasesfrequency reuse.

It is to notethat the first approach is fasterbut lesssta-
ble sincehandoff probability is higher. We remark that the
polling time is around few microseconds.

5.4.2 ExposedNodeProblem

We can notice that we do not use the same
�����SR � ���

handshaking since neighbours hearing V ����� < or
VW� ��� < donotblock theircommunicationasit is thecase
in the secondapproach. Even though, communications
with current communicating nodes have to be blocked.
In the secondapproach,a neighbour obtains "forbidden"
transmissionanglesthrough control beaconssinceweadopt
the symmetryassumption. In the absenceof this assump-
tion, a neighbour can only initiate a new communication
if it hasinformationabout transmissionandalsoreception
angleswith current communicatingnodes. The reception
angles can simply be obtained through V ����� < and
VW� ��� < messages,but thetransmissionanglescannot be
providedunlesstheneighboursavedthis informationin the
tableSector_Neighbour. For this reason,a lifetime
is attributed to the transmissionangleswith neighbours.
Thus,theexposednodeproblemis partiallyresolvedin this
approachsincetheproposedsolutionis conditionedby the
presenceof certaininformation.

5.4.3 Angle Handoff

In this approach,Angle Selectionis not triggeredat each
new datapacket transmissioncontrarily to the symmetric
link approachwherethe transmissionangleis usuallyup-
datedthrough thecontrol beacon VW� ��� < . In fact,trigger-
ing thepolling mechanismeachtimeanodehasdatatosend
maydramatically influenceon thethroughput performance
of the network. For this reason,we proposethe introduc-
tion of a handoff mechanism allowing transmissionangle
updating in caseof propagationchange.Thehandoff canbe
triggeredin caseof packet lossor by powersensing.Hand-
off dueto a lossof packetsis ahardhandoff. Powersensing
handoff is soft sincetransmissionanglesare updatedbe-
forepotential lossof packets.Eventhough, thesofthandoff
is moretime expensive sincereceivedsignalpower hasto



be continuouslysensedandtransmittedto the MAC layer.
Both handoffs aresimilarly carriedout: thepolling mecha-
nismis restartedto selectnew transmissionangles.

6 CONCL USI ON AND FUTURE WORK

We presentedour reflectionson smartantenna use for
CSMA protocols in Ad Hoc networks. We proposea Link
StateApproachthatmakesit possibleoptimizingbandwidth
allocationfor communications sharingthe samemedium.
TheLink StateInformationishelpfulsinceit providesinfor-
mationonneighbourswithin eachtransmissionanglewhich
mayoptimizebroadcast.It alsoprovidessignallevel within
eachneighbour. This approachhastheadvantage to setthe
transmissionangleon the baseof two important criteria:
signallevel within thereceiverandthenumberof disturbed
persons.To mitigatethedisadvantageof this approachcon-
cerningthehugeamount of control packets,weproposetwo
otherapproaches: the Symmetric Link Approachand the
Polling Approach. Both approachesarebasedon beacon
usefor AngleSelectionandHandoff problems.Beaconuse
with an allocationof a specifiedcontrol beacon periodfor
eachcommunicatingnodepair, savesusfromuseof explicit�����SR � ���

messagesfor eachdatapacket. TheSymmetric
Link Approachis simplerbut basedon the link symmetry
assumption.

To resume:first, thecontrol beaconsareusedin anomni-
directional mode to resolve thehiddennode problem. Sec-
ond, directional beamsare usedto optimize transmission
Angle Selectionthrough the polling mechanism. Third,
theexposednodeproblem is resolvedon thebaseof infor-
mationabouttransmissionandreception angles for current
communicatingnodes.We areworking onsimulatingthese
approachesusingopnet simulator. We arestudying perfor-
mancecomparisonbetweena MAC protocol with omnidi-
rectionalantennasandaMACprotocol with smartantennas.
Themajorcriteriumweexpect to optimizeis thebandwidth
utilization.
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