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ABSTRACT

In thispaperweproposeanew techniquefor assigning
radiochannelsin TDMA-basedfixedbroadbandwireless
accesssystems(FBWA) with full frequencyreuse. The
proposedtechnique, namedPower-ShapedAdvancedRe-
source Assignement(PSARA),has the aim of partially
organizing the intercell and intersector interferencein
a cellular systemwhere basestationsassignradio re-
sources in an uncoordinatedfashion. This is doneby
usingan appropriatesetof powerprofilesthat limit (or
shape)the power transmittedin each slot of the frame.
Theallocation algorithm assignstime slots to users on
the basis of the power required to fulfill a predefined
carrier-to-interferenceratio,which is suitablyestimated.
Simulationresultsfor a typical cellular FBWA system
showthat this techniquesignificantly improvesthe ca-
pacity with respectto a systemthat assignsresources
withoutpowershaping, evenwith powercontrol.

1 I NTRODUCTI ON

Fixed BroadbandWirelessAccess(FBWA) systems,
including broadbandwireless local loops and LMDS,
have beenrecentlyintroducedto provide integratedin-
teractive multimediabroadbandservices,suchasvideo
conference,video on-demand,high-speedaccessto the
Internet,to residentialandbusinessusers.They should
be able to provide a large amountof on-demandband-
width in averyflexible mannerto fixedterminalswithout
the needfor laying cables.In a typical FBWA scenario
thecoverageareais dividedinto cellshaving a basesta-
tion equippedwith sectoredantennasposedonasuitable
siteoverlookingtheservicearea;subscriberterminalsare
usuallyequippedwith directionalantennas[1, 2].

For these applications resourcemanagementtech-
niquesplay a key role to ensurean efficient useof the
radiospectrumandto increasesystemcapacity. To sup-
portdataandmultimediatraffic, dataunitsfrom different
usersat theradiointerfacehave to besuitablyscheduled
in orderto sharethe availableradio channelsaccording
to theneedsof upperlayerprotocolsandapplications.In
orderto achieve efficient useof theradioresources,it is
requiredthatschedulingalgorithmsbechannelawareor
channeldependent[3].

Different choices are possible when designing re-
sourceallocationand scheduling. A centralizedalgo-
rithm (running on a network unit controlling a set of�
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cells) would be the optimal choice since it has com-
pleteinformationandthereforecanperformoptimalde-
cisions. However, it may be complicatedandrequirea
large signalingburden,which requireslarge computing
power and/ormay result in excessive latency in the de-
cisions. A distributedalgorithmmay be simpler, but it
requiresa smartmanagementof radio power andband-
width with incompleteinformationto achievealargesys-
tem capacity. This potentialinefficiency dueto lack of
full information is the price to pay for keepingthe al-
gorithmssimpleandavoiding singlepointsof failure in
the network. A relatedissue,which also affects how
userscansimultaneouslytransmit,is thefrequency reuse
plan. A systemwith full reusegreatlysimplifies plan-
ningneedsandallowsfor easyintroductionof additional
basestations.The resultinginterference,often intolera-
ble in classicnarrowbandcellular systems,is mitigated
in FWBA systemsby usinghighly directionalantennas
(especiallyat theuserterminal)whichgreatlyreducethe
amountof powerwhich interfereswith otherusers.

Having this view in mind, we proposea resource
assignmentmethod,which can be advantageouslyap-
plied in distributedchanneldependentschedulingalgo-
rithms. The proposedtechnique,namedPower-Shaped
AdvancedResourceAssignment(PSARA),hasthe aim
of partially organizingtheintercellandintersectorinter-
ferencein acellularsystemwherebasestationsassignra-
dio resourcesin anuncoordinatedfashion(with theonly
requirementof framesynchronization).This is doneby
usingan appropriatesetof power profilesthat limit (or
shape)the maximumpower transmittedin eachslot of
the frame. The allocationalgorithm assignstime slots
to userson the basisof the power requiredto fulfill a
predefinedcarrier-to-interferenceratio,which is suitably
estimated.

In the literature,several works have appearedwhich
dealwith resourcemanagementin fixedwirelessaccess
systems(i.e., [4, 5, 6, 7]). [4] dealswith resourceallo-
cation in a micro cellular LMDS with OFDM, whereas
[5, 6, 7] proposetime division schemesfor genericfixed
wireless. The allocation algorithmsin [6, 7] are dis-
tributedandtake advantageof cell sectorization,taking
into accounttwo key points:� resourceassignmentcantakeadvantageof thesmall

numberof interferersin thesystemthanksto theuse
of directionalantennas,therebyavoiding “unfavor-
able” time slots(i.e., slotswith significantinterfer-



ence)or usingthemonly asa lastresort;� in a fixed environment, it is very useful to utilize
interferencemeasurementsobtainedfrom wireless
terminalsto performtheassignment.

Thefirst schememanagesintercell interference,is fully
measurementbasedand doesnot requireany planning
[6]. Thesecondschemehandlesbothintracellandinter-
cell interferenceandrequiressomeform of preplanning
[7]. In our proposalwe try to considerthe two points
outlinedabove in a flexible scheme,which is usefulfor
bothintercellandintracell interferencemanagementand
resultsin simplifiedplanningneeds.

The paperis organizedas follows. In Section2 we
introducethesystemmodelfor thecellularenvironment
considered,Section3 describesthe resourceallocation
strategiesconsidered,includingtheproposedPSARAal-
gorithm.Section4 reportssomenumericalresultsshow-
ing the benefitsof the new scheme,andSection5 con-
cludesthepaper.

2 W I REL ESS SYSTEM M ODEL

We considerthe downlink of a fixed wirelesscellu-
lar systemwith squarecells. Eachcell hasfour sectors,
obtainedwith four 90degreebeamwidthbasestationan-
tennas.Eachsectoris assigneda label (A or B) which
is suitablyreusedaccordingto a given reuseplan. The
meaningof this label and its usewill be madeclear in
thenext section.Thesimulatedscenarioincludes

�
cells

on a wrappedtoroidal structure. � user terminalsare
randomlyplacedin the serviceareawith uniform spa-
tial distribution, and eachterminal is equippedwith a
directionalantennapointedtowardsthe directionof the
basestationwith the smallestchannelloss. The propa-
gationmodelincludespathlossandlognormalshadow-
ing. The latter is assumedto be constantin time dueto
the fixed positionsof the users.Onceall userantennas
areoriented,therelationshipbetweenthepower ���	��

�����
transmittedby sectorantenna
 ( 
���� ��������� ) of base �
( ����� ��� � �"!�# �$� andthecorrespondingpower �&%'�)(*� re-
ceivedat terminal (+� is givenby
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where ; is a constantwhich accountsfor the effectsof
carrierfrequency andantennagains, = is the link length
betweenthe transmittingantennaof sector 
 of base �
and user ( , I is the propagation coefficient, AJC6/D� # �	EK�
is a lognormalrandomvariablewith unit medianvalue
anddB spreadE . F8����G+�H� and F8%'��G+%�� take into account
the effect of the directivity of transmitterand receiver
antennasat an angle G betweenthe direction of maxi-
mumgainandthedirectionof anidealline joining trans-
mitter andreceiver antennas;morespecifically, we have�MLNF&��G:�OL #

and F���GP�Q- #
for GR-N� , which is

assumedto bethedirectionbetweena userandits serv-
ing sector. Anglesareconsideredonly on thehorizontal

plane,hencenot takinginto accountantennaheightsand
tilting. Eachuseris servedby thesectorandthecell for
which thereceivedpower is maximum.

Thedelivery of thepacketsto usersis performedon a
TDM framecomposedof S slots,numberedfrom � toS !T#

. All basestationsareassumedto beperfectlysyn-
chronizedon eachslot (i.e., appropriateguardtimesare
assumed).As a first stepin determiningthe throughput
efficiency, wedonotconsiderany arrival distributionbut
ratherassumethateachuseralwayshaspacketsto trans-
mit, andthatthebasestationtriesto scheduleonepacket
peruserperframe.A packet doesnot reachsuccessfully
the usereitherif thereareno availabletime slotsin the
frameor if the packet is transmittedbut at the terminal
sidethesignalto interferenceplusnoiseratio (SINR) is
below areferencethresholdSINR�)U1% . TheSINRfor user( servedby sector
8V of thebase��V is definedas
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Futurestudieswill addresstheeffect of thetraffic distri-
butionandof moreadvancedschedulingpoliciesaswell
astherelevantqueueingbehavior andperformance.

3 RESOURCE ASSI GNM ENT M ETHODS

Considera full reusecellular systemin which packet
traffic is to be transmittedfrom thebasestationto fixed
users. Only downlink traffic (expectedto be the domi-
nantflow in typicalfixedbroadbandapplications)is con-
sideredin this paper. Thebasestations,placedon a reg-
ular squaregrid andsectorizedinto four beams,areas-
sumedto beslot-synchronouswhile beinguncoordinated
for any otherfunction. On theotherhand,sincethefour
sectorsof agivencell aremanagedby asinglecontroller,
weassumethatoperationin thefour sectorsof any given
basestationcanbefully coordinated.

Sincein this paperwe focusour attentionon theeffi-
ciency of resourceassignmentmethodsfor intercell in-
terferencemanagement,we considerherea systemwith
cellshaving idealnonoverlappingsectors,i.e. F8����G+�H�J-#

for G+�J�O� !hgji'k � gji'k � and0 outside.Thismakestheco-
ordinationamongthesectorsof acell in thiscasenotnec-
essary. Therefore,this aspectof theresourceassignment
methodsis not addressedhere,but it hasto be suitably
consideredin thegeneralcasewith overlappingsectors.

Whenused,power control is assumedto work asfol-
lows. Basedonchannelmeasurements,auserterminalis
ableto estimatetheworst-caseinterferencecomingfrom
basestationsother than its own. In order to do so, it
is assumedthat a transmissionis performedin all cells
at the maximumpossiblepower. This correepondsto
the worst possiblecase,andmakesit easyto handlein-
tercell interferencewhich is estimatedthrougha simple
constant.On theotherhand,theactualintracell interfer-
encecanbe consideredwhendecidingwhich power to
transmit. In the ideal casein which intersectorinterfer-
enceis zero(via idealnonoverlappingantennapatterns)
thepowerassignmentis trivial, whereasif intersectorin-
terferenceis to beconsideredthepower assignmentis to
bedonejointly in acell by solvinga linearsystem.
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or the sake of comparison,andin orderto highlight

thebenefitsof theschemeproposed,weconsiderherethe
following resourceallocationstrategies.

1) Randomresource assigment(RRA)without power
control

In this case,theassignmentof packetsto slotsis done
randomly, i.e., no channelinformation is taken into ac-
count.Themultipleaccessstrategy acrossdifferentcells
is essentiallyslottedALOHA. The power usedin each
slot to transmita packet is constantandequalto ��mhn6o .
This scheme,similar to [8], is very simpleandwill be
consideredhereasthebaselinecase.

2) RRAwith powercontrol (RRA-PC)
A slightly improved versionof the previous scheme

usessomechannelinformation in order to decidehow
much power to usebasedon channelattenuationmea-
surements.In this case,thepower controlstrategiesde-
scribedabove is implemented.

3) PSARA
Theaim of this methodis to partially organizethein-

terferencepower affecting eachslot of the framein or-
der to determinedifferent levels of interferencein the
slots. Within this framework the allocation algorithm
canassignslotsaccordingto different levels of protec-
tion againstinterferencerequiredby eachuser. Theallo-
cationalgorithmalsoassignsthe power level neededto
ensurethepredefined

WPX SpYq�)U1% .
To achievetheoutlinedtasks,eachsectorof eachbase

is assigneda power curve, calledpower profile, that is
a function of the label of the sector. It determinesthe
maximumtransmissionpower thata sectorantennathat
usessuchprofile is allowed to radiatein time slot r . In
this study two different power profiles are considered,�s�)r9�	t7� and �s�)r9�2uv� , with �s�)r9�	t7�w-x�s�)S !y#z! r9�2uv�
(symmetricprofiles). Two simplechoicesfor thepower
profilesarethestraightline (linearshaping)

�s�)r9�2t7�:-y�&m{n�o ! r �&m{n�o ! �&mh|�}S !�# (4)

andthestep(stepshaping)

�s�)r9�	t7�:- ~ �&m{n�o if r,L�S��
��&mh|�} C8�9�B�6�[�qr\
8� (5)

�&m{n�o and �&mh|�} areparametersthatshouldbesuitably
set.In thecasedepictedin Fig. 1 thetwo profiles,A and
B, aresuitablyreusedin thecellularscenarioaccording
to thegeometricalconstraintsof a squarecellsscenario.
Specifically, thelabelingis donein sucha way thatfor a
userin a sectorlabeledwith A (B), the largestinterfer-
encecomesfrom sectorslabeledwith B (A). In thisway,
slots that allow a large (small) transmissionpower, are
mainly interferedwith a small (large) power leadingto
slotswith differentlevelsof protection.�&m{n�o is takenasthemaximumpower at thetransmit-
ter. The �&m{n�oj�[�&mh|�} ratio hasbeensetby considering
the interferencecondition experiencedby a set of uni-
formly distributedusersplacedonatestsectorwith label
A. Poweringonall A sectorsto �&m{n�o , andall B sectorsto

Figure1: Sectorpattern

�&mh|�} , someusersarebelow theSIR targetfor any value
of �&m{n�oj�[�&mh|�} , whereasotherusersreachtheSIR target
by raising ��mhn6o'�[�&mh|�} . �&m{n�oj�[�&mh|�} is setto the value
for which the mostcritical usersin the testareacanbe
servedat thetarget

WPX STY .
The allocationalgorithmis performedindependently

baseby baseand it is composedby the slot allocation
procedure(thatassignsusersto timeslots)andthepower
allocationprocedure(that decidesthe servingpowers).
Eachsectorof eachbaseknows the usersto serve and
their link gains / .

Theuserallocationprocedureis repeatedfor eachsec-
tor 
1� of eachbase��� andactsasfollows:

1. For eachuser( in thesector
1� of base��� ,

(a) Computethemaximumvalueof intercelland
intracell interferencefor eachuser ( in each
slot r9�[rP-y��� � S !�# �X1���9� �)r9�9(*�.- X ���9� ^ |�} b �)r9�2(*�*� X ���9� ^ VH��� b �)r9�2(*�

(6)X ���9� ^ V\�[� b �)r9�2(*�:-��a�de a�����_ e � /*�5�1��

�9(*�\�s�)r9�	� aH` _ �
(7)X ���9� ^ |�} b �)r9�2(*�:-R�_6de _ � /*�5�	�
��

�9(*�\�s�)r9�	� a � ` _ �
(8)

where � a9` _ is thelabelof sector
 of base�8�
(b) Computethe power that the sectorantenna

should radiateto counteract
X6�P�H� � in slot r9�

with r:-y�3��� S !�#

�P�8�)r9�9(*�.- WPX STYz�)U1%.� X6�P�H� �)r9�9(*�D�����/7�5���[��
1�
�9(*� (9)

where � is thenoisepower, that in our simu-
lationshasbeenconsideredasnegligible.



Basedon �P�1�)r9�2(*� , we have slots (insecure slots)
where �P�1�)r9�2(*� exceedsthepower profile andother
slots(secure slots) where �:�1�)r9�9(*� is lower thanthe
power profile. In a secure slot a packet will be re-
ceived by user ( with a SINR� SINR�)U1%
� whereas
in an insecureslot, this is not known a priori, since
a basestationis not allowedto radiatea power that
exceedsthepower profile. On theotherhand,since
the interferenceevaluationis performedby consid-
eringa wirst casescenario,transmissionin aninse-
cureslotdoenotnecessarilyleadto a failure.Some
usershavenosecureslots:suchusersarecalledbad
users. Usersthat have at leastonesecureslot are
calledgoodusers.

2. Sort goodusers by increasingnumberof their se-
cure slots. Thereforethe priority is given to users
thathave fewersecureslots.

3. Allocategoodusers in theordergivenat theprevi-
ouspoint andbetweenfree slotschoosethe slot r
thatcorrespondsto theminimumvalueof �P�1�)r2�9(*�	�
It is worth noting thatwhenalmostall slotsareal-
located,it may occur that a gooduser is allocated
in a insecureslot: this is thereasonfor theorderes-
tablishedat thepreviouspoint. Finally, it is possible
thata userfindsall slotsbusy: in this caseit is not
allocated.

4. Allocatebadusers with thesamecriterionadopted
at theprevious point. Bad usersareallocatedafter
gooduserssinceall slotsareinsecurefor theformer
andsothey might uselesslysubtractsecureslotsto
thelatter.

The userallocationprocedurepresentedherecan be
further improvedby takinginto accounttheactualvalue
of the intracell interference,which is controlledby the
samebasestation. This is, however, not consideredin
this paper. Notethat,in theabsenceof intracell interfer-
ence,theallocationprocedurealsoincludespower allo-
cation.

4 NUM ERI CAL RESULTS

Numerical resultswere obtainedby simulationof a
cellular environmentof 36 squarecells with 4 sectors
each. Antennapatternswere chosenwith F&��GP��- #
for

! G&���[�pL�G�L�G&���
� and F&��G:�0- # ��F?�H� otherwise,
where G&� and FB�H� arethe antennabeamwidthandfront
to backratio. Sectoredantennasat thebasestationhaveG&� set to 90 degreesand F?�H� to infinity. Eachsectoris
assigneda labelasshown in Figure1. In all figuresex-
ceptFigure5, lognormalshadowing wasnot considered
(dB spreadsetto � dB) andall figuresexceptfigure6 re-
fer to stepshapingcurves. An idealantennapatternfor
basestationsectoredantennaresultsin zerointracell in-
terferenceandpermitsto studyonly theeffectof intercell
interference.In fact,PSARA wasspecificallyproposed
for themanagementof intercell interference.

Figure 2 shows the resultsobtainedwith a propaga-
tion exponent I�-�� and userantennabeamwidthof#8i

and �[� degrees. We note the greatimprovementin
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Figure2: Throughputvs load: effect of userantennadi-
rectivity
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performanceof PSARA over both RRA andRRA+PC,
in a propagationscenarioin which intercell interference
effect is very important( I�-�� and beamwidthof 30
degrees).It is worth noting that the improvementintro-
ducedby PSARA is muchmoresignificantthanthat of
powercontrol.Moreover, thereductionof antennadirec-
tivity appearsto have a remarkableimpact,aswasto be
expected.

In Figure3 the effect of the propagation exponentis
shown: I is setto � and � and,asexpected,thereduction
of theinterferenceby spatialfiltering improvesthrough-
put. The smallergain introducedby PSARA with re-
spectto RRA andRRA+PCwith I�-�� confirmsthat
this techniqueis mosteffective in scenarioswith signif-
icant intercell interference. In Figure 4 the effect of a
finite front to backratioof 30dB is considered.It canbe
notedthat PSARA continuesto mantaina considerable
gain over randomallocation: in fact, PSARA estimates
of the worst caseinterference,and this calculationac-
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countsfor theeffect of nonidealantennasaswell.

Theeffectof lognormalshadowing with spreadE�-< 
dB is shown in Figure5, relative to a propagationexpo-
nent IQ-"� , 30degreeuserantennabeamwidthandfront
to backratio setto �
� dB: thecurvesshow thatPSARA
is effectivealsoin presenceof shadowing.

Finally, Figure 6 reportsa comparisonbetweenstep
and linear power shaping(with IN-¡� ): in the first
two curves,(front to backratio �
� dB, terminalantenna
beamwidth

#8i
degrees)linear shapingperformsbetter

thanstepshaping. The other two curvesarerelative to
idealantennasandterminalantennabeamwidthof �
� de-
grees:in this casestepshapingoutperformslinearshap-
ing. Theaim of this figureconsistsof showing thatthere
arecasesin which oneprofile performsbetterthanone
anotherandviceversa.Also othertypesof powershapes
were studied,but the effectivenessof eachone in dif-
ferentpropagation conditionsanda choicecriterion are
currentlyunderinvestigation.
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5 CONCL USI ONS

In this paper, a new resourceallocationstrategy based
on transmitpower shapinghasbeendescribedandcom-
paredwith a basicrandomresourceallocationscheme
with andwithout power control. It hasbeenshown via
simulationthat thenew strategy outperformsmoreclas-
sic schemeandis thereforepromisingfor applicationto
fixed broadbandwirelessaccesssystems.Sensitivity to
somesystemparametershasalsobeenperformed.
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