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ABSTRACT

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, hasto 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 INTRODUCTION

An ad hoc network is a multi hop wirelessnetwork in
which mobile hostscommunicateover a sharedcchamel. It
is charaterizedby the absenceof a wired backlone that
managsetheintercanectionbetweerits mobilenodes.The
role of themedium accessontrolprotacol (MAC)in adhoc
networks is to decidewho haschanrel accesn a shared
medium We call a MAC pratocol in ad hoc networks, a
contentiom basedMAC pratocol. The knowvn contertion
basedVAC pratocolsare Pure ALOHA, SlottedALOHA
and Carrier SenseMultiple Access(CSMA). The CSMA
protacol is themostperformant.In CSMA, eachnodetests
the chanrel before usingit. In caseof collision, backoff
techniges are usedto checkagainthe chanml asin the
standardEEE 80211.

With pure CSMA, anadhoc network is still avictim of
theknown hiddennodeproldem (seefigure 1 (a)). The so-
lution adopied to this problam is to introduce a handshk-
ing pratocol to inform all therecever’s neighloursthatthe
chanrl is occipied: the transmitterhasto senda Request
to Send(RT'S) messagdo the recever and the recever
hasto reply with a Clearto Send(CT'S) message.Even
thoudh, this solutionraisesthe exposednodeproblem (see
figurel (b)). Many pratocolsin theliterature proppseMAC
solutionsbasedon the hanaghakingprotoml: Sende Ini-

@) (b)

Figure 1. Exampes of Hidden (a) and Exposed(b) Node
prodems.Thecirclesindicatetheradiotransmissiomanges

tiated ChannelReseration Proto®ls [1, 2, 3, 4] in which
the transmitterinitiates communicationsand Recever Ini-
tiated Channé Reseration Protocds [5, 6] in which the
recever informs the transmitterthatit is readyto receve.
Other protacols [7, 8] add the useof busy tonesto mini-
mize collisions. Theseworks arebasedon omnidirectioral
antenm use.Recently directinal andsmartantennashave
alsobeenconsicred. We presenin the next paragaphthe
directioral andsmartantenms.

An omnidrectional antenm is an antenm that radiates
andreceves equallywell in all directions. It hasthe dis-
adwartagethat desiredusersarereachedvith only a small
percemageof the overall enegy sentout into the erviron-
ment. Its omndirectioral broadastimpactsspectralef-
ficiengy and limits frequeng reuse. For this reason,di-
rectiond antenmas are desigred to have fixed transmission
andrecepion directiors. Eventhough directioral anten-
nasdo not overcomethe mostimportant disadwartage of
anomridirectioral antemawhichis interfelence.The next
steptowardsperforman antenaswasthussmartantenna.
A smartantemais compaedof an array of antenasthat
canbearrangdin linear, circularor planarconfiguratiors.
Most often, smartantenasareinstalledat the basestation,
althoudn they may also be usedin mobile phores or lap-
top computers[9]. Their pumposeis to augment the signal
quality through morefocusedtransmissiorof radio signals
andto enhancecapacitythroughincreasedrequeng reuse.
Their smartnessesidesin a comhbnation of their Digital
SignalProcessingDSP)with theantennarray Principdly,
this combiration is basedon diversity technigiesthat get
benefitfrom multipathsignals.

There are basically two types of smart anten@as:
switched-leamor fixed beamantenmas and adaptve array
anten@s. A switched-bam antenia geneatesa multiplic-
ity of juxtappsedbeamswhoseoutpu may be switchedto
arecever or a bankof recevers. Therole of the DSPin



switched-lgamantenmsis limited to signalstrengthdetec-
tion, a fixed beamchoaing and switchingfrom onebeam
to anotherasthe mobile moves. It is to note that beans
in this kind of antenis are preceterminedand fixed. In
an adaptve array antenia which is more advarcedthana
switchedbeamantenia, the beamstructue adaptsto Ra-
dio Freqeng (RF) signalervironment and directsbeans
to bonafide signals,depressinghe antena patternin the
directionof the interferes [10]. In adaptve array anten-
nas, an algorithm is neeckd to contiol the output, i.e. to
maximizethedesiredsignalpower (e.g: Applebaim Algo-
rithm andWidrow Algorithm [10]). Thedifferencebetween
both kinds of smartantenias can be resumedas follows:
fixed beamantenmasfocus their smartnessn the strongst
strengthsignalbeamdetectionrandadaptve arrayantenas
benefitfrom all thereceived informationwithin all antenna
elementgo optimize thesignaloutpu throughaweightvec-
tor adjusting It is to mentionthat switchedbeamantenias
outpeform directiond antenna.

In the preseh paper we are interestedin smartanten-
nasthat are a kind of directioral antenms able to trans-
mit/receve in differentangles. Thesecan be both kinds
of smartantenas sincewe are basedon the capability of
commuicationsectorizatia.

It is to notethatin literature[10, 11, 12], mostof smart
antennaareexploitedto optimize signalreceptia. It is true
thattheirsmartnessr theirDSPis desigredto optimizethe
quality of recepion. Although, we canbendit from this
DSPto optimize thetransmissionThis canbeensuredvith
fixedbeamantenna sincethetaskis redu@dto fix abeam
amongseveral fixed beams.With adapive arrayantennas,
thetaskis morecomplicatedsinceaninfinity of beamscan
be used.Eventhowgh, we canat leastobtainthe samepos-
sibilities offered by switchedbeamantenias.

In this pager we useangle,sectoror beaminterchange-
ably to describeafocusedbeamof smartantenms.

Theremainer of the paperis organizedasfollows: sec-
tion 2 reviews relatedwork. In section3 we analysethe
prodemdiscusseth thispaper Thesectiond and 5 present
our solutiors for a CSMA pratocol basedon smartanten-
nas. Finally, corclusionand perspetivesare preseted in
section6.

2 RELATED WORK

Recently the useof directicnal and smartantenias has
beenconsiderd in multihopMAC pratocols. Thisuseaims
bandwidh improving in wirelessnetworks.

The useof smartantenmsis principally basedon their
smartnessndcapaliity of collision minimization: paclets
canbereceved correctlyin thepreseweof interferingpack-
ets. In the paper[13], the authas have proved that using
adaptve arrayantennaganmake the perfamanceof a sin-
gle hopslottedALOHA paclet radionetworksto improve.
In [14], the sameauthas proposean optimization of [13]
by theuseof aMultiple-BeamAdaptive Array (MBAA) that
cansuccessfullyeceve two or moreoverlappingpacletsat
the sametime. The MBAA is a systemwherethe signals
from a setof arrayelementsarecomhbned with morethan
onesetof weightsto form several simultaneas receving
patterng14].

Otherworks have focusedtheir effort on the optimiza-
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Figure2: A SmartAntenra MAC Protool

tion of a CSMA protacol by use of directiona anten-
nas[15, 16, 17]. Theseworkstendto make possibleeffi-
cientusingof the sharedmediun. This meansprincipally
increasinghenunberof simultaneos communicationsn a
sharednediumby resolvingtheexposednodeprodem. All
directioral antena CSMA relatedworks are basedon the
samelogic protacol: RTS andCTS transmissiorto inform
neigtboursandthusresole the hiddennodeprotdem and
blocking directioral antenastowardsareaof communica-
tions (steeringnulls). In [17], the authos proposethe use
of directicnal RTS and omnidirectional RTS. Directioral
RTS messagesesol\e the exposednode prodem but col-
lision may occurbetweeracknaviedgmers andnev RTS.
For thisreasonpmnidrectionalRTS messageareaddedo
mitigatethis prodem.

3 PROBLEM ANALYSIS

We assuméeheuseof a CSMA protoml atthe MAC layer
anda smartantennawithin eachterminalof anadhocnet-
work. An active signallingcanbe addedo the CSMA pro-
tocolasit is specifiedn the HIPERLAN standard18]. We
assumealsouseof acknavledgmets. Let N, bethe num-
berof antenma elementswithin thesmartantennandN gs
the nunber of beamfoming modules. Whenthereare a
numter of simultaneos transmissionsa termiral attempts
to receve up to Npy pacletssimultaneasly by forming
multiple antemabeampatterns Eachmodude is capableof
directinga beamat a desiredpaclet. Eachnock is thenca-
pableof receving at maximum N pgj, pacletsat the same
time. It is to notethatthis is a modelfor switchedbeam
antenmsasfor adapive arrayantenms.

Our objectie is to add a sub-layerbetweenthe CSMA
layerandthe physicallayer This new layer hasthe job of
optimizing the smartantena CSMA pratocol on the base
of the information provided by the physical layer (seefig-
ure2).

First,we resumeahe providedphysicalinformationto the
MAC layer Then we give someremaks relatedto symme-
try assumptiain MAC praocols. At theendof thissection,
we explaintwo principd prodemsthathave to beresohed
by the physicalinformation: Angle SelectiorandHanddf.

e Eachnock hasto know the directionin which it can
commuicatewith a neightour. With thisinformation,
it is ableto well chooseheangleor thebeamto ensure
thiscommunication. Thisinformationcanbe provided
by anundelying proative or reactve protacol. In the
first case,contol paclets maintainwithin eachnode
information on its neigtbours (ande with maxinum
power [19], location[17]: GPS).In the secondcase,
this informationis providedin anon demandmanner



aonehopbroadastpacletis sentto askfor the loca-
tion or the maximumpower ande. This demal can
be implicitly includedin a RTS paclet andanswered
in aCTS pacletasit is dorein [17]. As in thecase
of routingprotacols,in somescenarig, proactive pro-
tocols perfam betterandin otherscenariosreactve
protacolsperfam better

e Eachnodehasto knaw abou the currert comnunica-
tionsin the sharedheichbouhoodto not disturbthem
andto steeringnulls towardstheir direction. In fact,
with smart antemas, two communicatiors may ex-
ist betweennoces sharingthe same"omnidirectional
mediunt. Smartantenna redice the communication
zoneandthusthecoexisten® of communicationsshar
ing someneightourpodis possible.

It is to note that this information will be provided by
theintrodwction of contrd pacletsbetweemeightours. In
fact, it is clearthatusingsmartantemaswill be followed
by anaddedoverheado male it possibleeachnodeto se-
lect transmissiorangle. Other contol pacletshave to be
usedto make noces aware aboutthe neighbour communi-
cations. The questionraisedis if we have to keepthe use
of RTS/CTSto resole the hidden nodeprodem andif we
canusethemto provide the information neededo chocse
communicationdirection Compaedto omridirectioral an-
tennaswith smartantenmas,contol pacletscanbe usedin
directioral or omnidrectionalmode.

Anotherpraoblemwe think is worthy consistof the sym-
metry assumptioradoptedoy mostof relatedMAC prato-
cols.

e Most of relatedprotomls are basedon the symmeéry
assumptionIf atransmittersendsa RTS, it avoidsits
neighlours hearimg this RTS usethe sharedmedium,
but its neighboursthat have unidrectionallinks with
it cansendpacletsto it sincethey cannot hearthe
RTS paclet. The sameremarkis valid for CTS. A
simulationstudy basedon realistic propagationmod-
els(bidirecticmalandunidiredionallinks form the net-
work) canevaluatetheinfluenceof suchassumptia on
the performarcesof the MAC protacol in realad hoc
networks.

e Most of previous work assumedhat two nodescom-
municatirg togethemrein Line Of Sight(LOS) of each
other[15, 17]. In this case,GPSis usefulto know
transmissiorangle sincewe assumethe existenceof
a LOS path betweencomnunicatingnodes. This is
notusuallytrueif we take into accoumthe presencef
asymmetridinks andunidirectionallinks.

The main problems discussedn this paperare: How
efficiently a transmitterselectsits transmissiorangleand
changsit to mitigate mohility and propagatian variation?
We call bothprodemsAngle SelectiorandAngle Handof.
We discussn the next paragaphstheseprablems.

3.1 Angle Selectim

The anglein which, a node A cancomnunicatewith a
nodeB geneally depemls on receptionpower or precisely
Signalto InterfeenceandNoiseRatio STN R (therequired

SINR banded is abou 17 — 18dB [10] in caseof voice
transmission) Anothe criterium hasto be taken into ac-
court: minimization of the frequeng at which the trans-
missionangleis changdor hardoff (moredetailsarein the
next paragaph). For examge, if theminimumapertue the
anten@usego transmitis 30°, anode cansendwithin only
anangleof 30° or within two adjacentngles.eachof 30°.
It canalsousemorethanoneanglethatare not adjacets
andwithin whichthetransmissioris thebest.At maximumn,
A canuse360° transmissiorangleasit usesanomnidrec-
tional antennaln this lastcase no Handdf is needed Op-
timizing thetransmissiorangleneedsa knowledgeof node
mobility relatively to its peerwith which it commuicates.
If the nodehasno informationaboutits mobility relatively
to its peer aperiodc power sensinghasto bedoneto adjust
thetransmissiorangle.

3.2 Angle Handoff

In our context, Handof is concered with updatirg the
directionin which a nodeis transmitting This updateis
necessargincesmartantenia useis moresensitve to node
moving than omndirectioral antennause. With omndi-
rectiond antemas,the only noce movementinfluercing on
a communicationis relatedto propayationchang or node
moving away from its communicatingpeer With smartan-
tennasanode canmove but keepinghesamedistancdrom
its peer Both nodesmayhave to changehedirectiors used
to keepcontacteachonewith eachother

Due to mobility, transmissioranglehasto be adjusted.
This adjustmentis basedon power sensing. If A andB
communicate,eachonecanbe a transmitteranda recever
during thecomnunicationsession.

Adjustmen hasto be doneonly by the transmittemode
sinceadjustmenwithin therecever is autonatic in caseof
switchedbeamand adapive arrays anten@s: all antenna
elementsareusedfor recepion.

We presentthreeappioaches.Thefirst is basedon link
stateinformation to make it possibleeachnodeto benefit
from its comgete neigtbour view. This information opti-
mizesbandvidth usedby nodes.This apprachis designed
for sparsenetworks sinceit needshigh overtheaduseto get
neighbour information. In caseof derse networks, over
headincreasingmay decreasé¢he throughpu dueto colli-
sions. Previous works arebasedon the power criteriumto
chocse the directionof a commnunication We introduce a
new criteriumwhich is minimizationof the number of dis-
turbednodes. Thebasicideaof our first appoachis to ad-
justthe comnunicationzone(zonesizewhichis depenlent
on transmissiorpower andzonedirectionwhich is depen-
dentontransmissiorangle).Thisadjustmenmaximizeghe
numter of potertial simultaneoa communications,i.e., we
tendto setthecomnunicationparaméersthatminimizethe
numter of zoneghatcannotbeexploitedby othernodes.

Thesecondapprachis designedor symmetriclink net-
works. It is basedon the following assumption:commu-
nicatingnodesarein line of sight of eachotha. Finally,
thethird apprachis designé for nonsymmetic link net-
works. It is morecomgicatedthanthe secondsincemore
overheadis introducedto make more precisetransmission
Angle SelectiorandHanddf.

We go into detailsof the threeappraches. At theend,



Figure3: Optimizationof thetransmissiorangle:transmis-
sionwithin theanglelis betterthantransmissionvithin an-
gle2

we give our corclusionandfuture work.

4 FIRST APPROACH: LINK SATE APPROACH

Thisappoachis basednthefollowing assumptioneach
nodehasa steerableantenia makingit possibletransmit-
ting/receving and steeringnulls in specificangles. Each
nodeknows for eachangle(for exanple 0°,30°,.. ,360°),
the correspondirg receptionpower within eachone of its
neighlours. A previouswork [19] proposedo allot for each
commuicationtheanglewithin which thereceptiom powver
is the maximum. We think thatthis chdce cannot usually
optimizebandwidh utilization. In fact, we think acomnu-
nicationcanbesetwithin aspecificangleby makingatrade-
off betweemmaximizang thelife of thelink anddecreasing
interferace. Thefirst criterium canbe tunedby the trans-
mitter power or thetransmissiorangleor both Thesecond
criteriumcanbe measuredby the numbe of nodesthatare
disturbedby a commuication. In fact, our ideais to fo-
custhecommuicationrange in a zonewherethe potential
numter of disturbel persoms is minimized and the stabil-
ity of thelink is kept(seefigure 3). Although, decrasing
therecevedpower hasalsoits disadartages:link lossand
handdf aremorefrequent.

The challerge is how to choasethe functionthat makes
thetradeff betweerbothcriteria. Surely this fundion will
bestronglydepenlentonthetopdogy: if nodesarenotuni-
formly distributed, our function hasto choosea transmis-
sionanglewithin which the numker of disturbel persos is
not too big. If nodesare uniformly distributed, our func-
tion coincideswith the function maximizingthe recepion
power. We explain in the next paragaphhow in this ap-
proach transmissiorAngle Selection the hiddennodeand
theexposednodeprodemsareresohed

Theunderlying overheadaddedo the CSMA MAC layer
can be proactie or reactive as we mentiored in the pre-
cedingsection. This overtheadwill provide informationto
resole MAC protccol problens.

Each node sends(proactively or reactvely) a control
messageo requestinformation abou the receved power
within neigtbours. This request, contairing the transmis-
sion angle, is sentsequetially within eachangle. Each
neighlour, receving this request, replieswith one control
messageortaining the receptim power within all angles.
Eachnodehasthus a completeinformation on its neig-
bouss: for eachangle,the corresponthg receptionpower.
Thus,it knows, for eachangle the numker of potentialdis-
turbedneightours. We canassumehata nodeis disturked

<

Figure4: ExpassedNode Problem

if therecepion poweris above a specifiedthreshdd.

4.1 Angle Selection

Concering Angle Selection,we can notice that tuning
the transmissionangleis a kind of power contrd. This
contrd concers the power at the receiver and not within
the transmitter Tuning the power at the transmittercan
alsooptimize the zore of comrrunicationof two nodes as
it is dore in cellular networks as GSM. Thus, taking into
accoumn power contrd at the transmittingnoce andthe re-
ceivedpowerwithin thereceverandneighlmbursmake more
difficult thechalleng to realize.

To resumethe mainproblemcone@rnedwith Angle Se-
lectionis haw to chomea functionthat optimizesthe com-
municdion zore within which two nodescancommunicate
withoutdisturbirg ahugenumterof neighbours. Thiszone,
determired by transmissiorpower andtransmissiorangle,
depenlsstronglyonthetopolagy. Thesimplestfunctionwe
proposeis to choe the anglewithin which the recepion
poweris above a specifiedhreshdéd andthe number of dis-
turbedneightoursis the minimum. Theoptimizatia of this
function is a subjectof our currentresearch.

4.2 ExposedNodeProblem

We keep the use of omnidrectional RT'S/CTS mes-
sagesto resohe the hidden nock prodem. Eventhoudh,
we proposefew modificatians: the first modfication opti-
mizesbroalcasttransmissiorandthe secondmodfication
resolhes the exposednoce prodem. In fact, with classic
RTS/CTS, neighlwursblock their communicationsuntil
currert communicatiors finish which raisesactuallythe ex-
posednodeprodem. With the first modfication, the om-
nidirectional RT'S/CT'S is sentonly within angleswhere
thereare neightours, it is not necessaryo useanglesnot
servingactualneighbouss. This will save the transmission
power. Concening the exposednock problem, we propose
that eachnode which is a neighbourof currert communi-
cating nodes,testsif it canseta comrmnunicationwithout
disturbirg anddisturked by currentcomnunicatiors. This
means,comnunicatiors have not to overlap. Suppae, A
and B are comnunicating(seefigure 4), C wantsto talk
with D. Two assumptios arepossible:symmetryassump-
tion andno symmetryassumptia. In the caseof the sym-
metry assumptia, C'/D and A/B comnunicatiors do not
overlap if C/A andC/D do notovellap, C/B andC/D
do not overlap, D/A and D/C do not overlap, D/B and
D/C do not overlap. This informationis providedto C
andD sincethey save link stateinformation. C' sendghus
a RT'S within all anglesservingactualneighloursexcep
thoseservingcurrert communicatingnodes(4A and B) as



it is proposedin [17, 19]. This node(C) hasto steernulls
within unwsedangles for RT'S transmission.i.e. within A

and B. This will sase it from the potentialdisturing by
nodesunavare of its comnunication We notethat D, i.e.

thenodetransmittingthe CT'S, will proceedwith thesame
manner Here,the symmetryassumptions usedwhensup-
posingthatC andD will notbedisturtedby A andB since
they steemullstowardsA andB. Thisis notusuallytrueif

links arenotbidirectioral.

In theno symméry assumptiortasethereareothercon-
straints. This time, steeringnulls towards A and B can
beinsufiicient: for exampe, A/B transmissioranglecan
sene C evenif C steersnulls towardsA. For this reason,
we propce, when eachcommunicating node sendsin its
RTS/CTS, theneighours detectangleswithin which, the
receptiorcanbea potenial disturking factor Thisinforma-
tion hasto be saved andupdated In our examge, C and
D save therecepion anglesfrom A andB. With theseas-
sumptiors, C' sendsa RT'S within all anglesexcep those
servingcurrent commnunicatingnodes(A and B) asis the
caseof symmetryassumptionThedifferenceis corcerned
with steeringnulls which is pointedto unusedanglesfor
RT'S/CT S andalsoto angleswithin which RT'S/CT'S of
A/B comnunicatiors arereceved.

4.3 Angle Handoff

In this appr@ach,handff is notnecessarif theundely-
ing pratocol providing angleinformationis proactive. Con-
trarily, if it is reactve, handff hasto be achieved on the
baseof power sensingor in the caseof paclet loss. The
handdf will consistof contrd messageaetransmissionio
getinformationon new transmissioranglecandidates.

5 BEACON BASED APPROACHES

The Link Stateappoachis not suitablefor densenet-
works sinceit is basedon a huge amouwunt of contol pack-
ets. Collisions may dramaticallydecrasethe throughput
in densenetworks. For this reason,we proposethe next
tow appioaches:symmetriclink appr@chandpolling ap-
proach Both shareomnidirectionalbeaconuseto resole
the hiddennode prablem anddirectional datapaclet trans-
mission.In fact,ourideais to keepuseof RTSandCTSbut
ashbeacos sincethey areshorterandwill not deceasethe
throughpu performane. They aresentin omndirectional
modeto avoid potertial collisionswithin thehiddennode

The difference betweenboth apprachesis principally
concenedwith Angle Selection,Angle Handof and how
the exposednodeproblam is resohed Before going into
detailsof both appracheswe explain their comnon basic
contrd pacletsandusedstructue.
5.1 Control messags

As we mentined,beacos areusedascontrd messages
betweercomnunicatingnodes.To male it possibleto each
nodeto recoqizeitself asa destinationwe proposetheuse
of a specificbeaconperiad for eachpair of communicat-
ing noces. Thus, we propose the use of classicexplicit
RTS/CTS messageo allow two commuicating nodes
agreeon a specificvalue. Thesemessagesare sentin an
ondeman manrer, i.e. if atransmitterA doesrt have the
value of A/B contrd beaconperiod it usesRT'S/CTS
messageto obtainit. Thus,thesemessagearenot asfre-
quentasin the caseof thestandad IEEE 802.11.

A nock A that hasdatato transmitto a noce B, sends
anORTS B (OmnidrectionalRequesifo SendBeacon):a
beaconwhich long is alreadyspecifiedby A and B. This
will mitigatethe needof explicit contol pacletsto askfor
sendor to authaize to send. By this way, eachnode can
recoquizethe sourceof beacorwithout any paclet process-
ing. If A doesnt have informationaboutthe beacm pe-
riod it hasto use, it selectsa randbm nunber to be the
periodof the control beacm for A/B communicationand
sendsan ORT'S (Omnidrectional RequesfTo Send)con-
taining this information. B will reply by anOCTS (Om-
nidirectional ClearTo Send)confiming the A/B commu-
nicationcontwol beacorperida. If B recevestheORT SB,
it repliesby an OCT'SB (Omnidrectional Clear To Send
Beacon)o inform A thatit is readyto receve. Actually, the
OCTSB is the sameasthe ORT B, but we usedifferent
notatiors to distincttheir roles. In fact,whenreceving the
beacon B knows thatit is anORT'S B sinceit didn't send
anORTSB. A alsorecogtizesthatthe beacont receves
is an OCT S B sinceit sentan ORT'SB. Collisionsmay
occurif A and B sendatthe sametime the samebeaco to
requet to send. We assumehat this caseis not probable
sinceCSMA resolhestheaccesdo thechamel.

5.2 Structure

Eachnock keeps:

e A table Sect or _Nei ghbour cortaining for each
neighlour, the possibletransmissiorbeans andtheir
lifetime, the beaconintenval andits lifetime. It con-
tainsalsothe otherbeaco periads usedto communi-
catewith othernodes. Thislastinformationis obtdned
throwgh the periodc RTS andCTS paclets. Thetable
contairs alsothe informationon current communicat-
ing neightours. This informationis obtainedthrough
ORTSB andOCTSB.

e Thenode/nodedor whichit waitsa paclet unlesst is
in idle state.

5.3 Secondapproach: Symmetric Link Approach
5.3.1 Angle Selection

In this appoach,if A hasdatato sendto B, it sendsan
ORT S B beacorin anomnidrectionalmode.B will reply
by an OCTSB beaconin an omridirectioral mode This
OCTSB will inform A abou the transmissiorangle for

A/B commuication. In fact we considerthat links are
symmetric thusthe bestrecepion angleis a suitabletrans-
missionanglecandidhte. The transmissiorangledepend
on the undelying smartantema: if a switchedbeaman-
tennais used,the receptionis donewithin the beamwith

themaximumpower, thusthetransmissiomeamwill bethe
receptim beam.If anadaptve arraysmartantenmis used,
the choiceof thetransmissiorangleis notobvious. In fact,
theDSPin anadaptve arrayantennadjustghecoeficients
correspndirg to thedifferentantena elementgo decrase
theeffectof interferingsignals.Radiolinks canbe symmet-
ric but receved signallevel attherecever hasnoreasongo

be symmetricwith signallevel at the transmitter For this
reasonwe proposethe useof the beamwith the maximum
power for transmissioras we proposefor switchedbeam
antenms. Optimizationof thetransmissiorbeamchoice on



thebaseof coeficientadjustmenasit is dore for recepion
is asubjectof currentresearch

5.3.2 ExposedNodeProblem

Al the neightours hearig the A/B cortrol beacao
(ORTSB or OCTSB) block only their commnunicatiors
with A and B. This meansthey caninitiate comnunica-
tionswith othernodes if the potertial angletransmissions
different from thosefor communicationwith A andB. In

fact,all neighbours save theinformation on potentialtrans-
missionanglewith A or B. This informationis obtaired
through the contrd beacm. The receptionangle of A’

ORTSB is thetransmissiorangleto A andthe recepion
angleof B’ OCT SB is thetransmissiorangleto B. This
information is saved in the table Sect or _Nei ghbour .

Then,if for exanple anodeC wantsto communicatewith

anodeD (seefigure4) andA is exposedto C sinceit com-
municateswith B, C' sendsan ORT'SB. It is to notethat
we keepthe transmissiorof contrd beacamsin omnidirec-
tional moce sincecollision of beacmswith otherpacletsis
not prabable.C cansenddatato D only if C//D transmis-
sionangleis differentfrom C'/A andC/ B transnissionan-
gles.Also, D/C transmissiornglehasto bedifferentfrom

D/A andD/ B transmissiorangles As in thelink stateap-
proach steeringnulls is achiezed towards communicating
nodeq 4 andB) sincesymmery assumptiorns adoged: A

andB will notdisturbC andD. Theexposednode prodem

is thusresoled.

5.3.3 Angle Handoff

Angle Handdf is not necessaryn this appioachsincethe
transmissiorangleusedis usuallyupdatedby therecepion
of thecontrd beacorOCT SB.

5.4 Third approach: Polling Approach

This appoach called polling apprach is basedon a
polling mecharsm for both transmissionAngle Selection
andHandof. We usebothmodes:directioral mock if one
beamor a few beamss used(for datatransmissioror sig-
nallingtransmissiopandomridirectionalmockif all beans
areused(for signallingtransmission) As we menticnedat
the beginning of this section,ORT'S andOCT'S areused
to confirmthe periodof the communicationcontrd beaco
and, ORTSB and OCT SB are usedto resole the hid-
dennoce problem. An addced ovetheadis usedto malke it
possiblefor a communicatingnodeto well focusits trans-
mission:in this appioach,links or beamsarenot necessary
bidirectinal, we suppae the presencef asymmetricand
unidirectional beams.The addel overheadis motivatedby
apolling mechamsm.

5.4.1 Angle Selection

The polling mechaism correspads to send a beacm
(DRTSB: Directioral Requestto SendBeacon)within
one or more beamsandto wait for an answer If the re-
ceiver hearsthe polling beaconand canreceve, it replies
with a beaca (OCT'SB: Omnidirecional ClearTo Send
Beacon).In this case thetransmittetknows thatthe polled

beamis acandidatdeamfor transmissionWe proposetwo
apprachedor this polling mechanism.

In the first appoach, we call Dichatomy Polling, the
transmitternoce searchedor the first angleor beamthat
malkesit possibleto it communicatingwith therecever. It
consistof dividing eachcandidatdoeamsetin two subsets.
Thepolling is testedonly within onesubsetlf thenode gets
apolling answeyit will divide thecandidatesubsetasdone
before. Thisprocesgortinuesuntil reachimg theknowledge
of onecandidatebeam.Let N, = 2™ andT), thepropaga-
tion time. Thus,thepolling timeis equalto 27'pn .

In the secondapprach, we call SequentiaPolling, the
transmittemode looks for all possibletransmissiorbeans.
Sequetially, it polls andwaits within eachbeamandkeeps
the informationon all candicaite beams. Thus, the polling
timeis equa to 27, NV,. Thetransmittercanuseoneor all
possiblebeans. It is clearthatincreasingthe numter of
transmissiofbeamsncreasedink qualityanddecreasethe
numter of handdfs but decrasedrequerty reuse.

It is to notethatthe first appro&h is fasterbut lesssta-
ble sincehanaff prokability is higher We remak thatthe
polling time is around few microsecads.

5.4.2 ExposedNodeProblem

We can notice that we do not usethe sameRT'S/CTS

handghaking since neightwurs hearig ORTSB or

OCT S B donotblocktheircommuicationasit is thecase
in the secondapprach. Even though comnunicatiors

with curret commuicating nodes have to be blocked.

In the secondappoach, a neightour obtairs "forbidden”

transmissiorangleghroudh contrd beacos sincewe adopt

the symmetryassumption In the absencef this assump-
tion, a neichbour can only initiate a nev comrmnunication
if it hasinformationabaut transmissiorandalsorecepion

angleswith currert comnunicatingnodes. The recepion

angles can simply be obtain@ throgh ORTSB and
OCT S B messagedyut the transmissioranglescannot be

providedunlessthe neightour savedthis informationin the

table Sect or _Nei ghbour . For this reason,a lifetime

is attributed to the transmissionangleswith neigtbouss.

Thus,theexposednode prodemis partiallyresohedin this

apprachsincethe propsedsolutionis condtioned by the

presencef certaininformation.

5.4.3 Angle Handoff

In this apprach, Angle Selectionis not triggeredat each
new datapaclet transmissiorcortrarily to the symmetic
link appoachwherethe transmissiorangleis usually up-
datedthrough thecontrd beaca OCT SB. In fact,trigger
ing thepolling mecharsmeachtime anodehasdatato send
may dranatically influenceon the throughpu perfamance
of the network. For this reasonwe proposethe introduc-
tion of a handdf mecharsm allowing transmissiorande
updding in caseof propagationcharge. Thehanddf canbe
triggeredin caseof pacletlossor by power sensingHand-
off dueto alossof pacletsis ahardhanddf. Poversensing
hanaff is soft sincetransmissioranglesare updated be-
fore poteriial lossof paclets. Eventhough the soft handdf
is moretime expensive sincereceved signalpower hasto



be cortinuously sensedcandtransmittedto the MAC layer.
Both hanabffs aresimilarly carriedout: the polling mecha-
nismis restartedo selectnew transmissiorangles.

6 CONCLUSION AND FUTURE WORK

We presentedur reflectionson smartantenia use for
CSMA protacolsin Ad Hoc networks. We proposea Link
StateApproachthatmalesit possibleoptimizing bandwdth
allocationfor comnunicatiors sharingthe samemedium.
TheLink Statelnformationis helpfulsinceit providesinfor-
mationon neighbourswithin eachtransmissiomnglewhich
mayoptimize broalcast.It alsoprovidessignallevel within
eachneigtbour This appoachhasthe adwvantag to setthe
transmissiorangle on the baseof two important criteria:
signallevel within therecever andthe nunmberof disturted
personsTo mitigatethe disadwantageof this appioachcon-
cerningthehuge amoun of contrd paclets,we proposetwo
otherappraches:the Symmetic Link Approachandthe
Polling Approach. Both apprachesare basedon beaca
usefor Angle SelectiorandHanddf prodems.Beaconuse
with anallocationof a specifiedcontiol beaca periodfor
eachcomnunicatingnodepair, savesusfrom useof explicit
RTS/CTS message®r eachdatapaclet. The Symmetric
Link Approachis simplerbut basedon the link symméry
assumption

To resumefirst, thecontiol beacasareusedin anomni-
directioral moce to resol\e the hidden nocke problem Sec-
ond, directioral beamsare usedto optimize transmission
Angle Selectionthrough the polling mechanism Third,
the exposednodeprodem is resoled on the baseof infor-
mationabouttransmissiorandreceptim andesfor current
commuicatingnodes. We areworking on simulatingthese
apprachesusingopret simulator We are studyirg perfor-
mancecommrisonbetweena MAC protocd with omridi-

rectionalantenasandaMA C protoml| with smartantennas.

Themajorcriteriumwe expect to optimizeis thebandwdth
utilization.
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