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ABSTRACT

In thispaperweproposea new techniquefor assigning
radiochannelsn TDMA-basedixedbroadbandwireless
accesssystemgFBWA) with full frequencyreuse The
proposededniqgue namedPowerShapedddvancedRe-
source Assignemen{PSARA) has the aim of partially
organizing the intercell and intersectorinterferencein
a cellular systemwhere basestationsassignradio re-
sourcesin an uncoodinatedfashion. Thisis done by
usingan appropriate setof power profilesthat limit (or
shape)the powertransmittedin ead slot of the frame
Theallocation algorithm assignstime slotsto users on
the basis of the power required to fulfill a predefined
carrier-to-interfelenceratio, which is suitablyestimated.
Simulationresultsfor a typical cellular FBWA system
showthat this technique significantlyimprovesthe ca-
pacity with respectto a systemthat assignsresouces
withoutpowershaping evenwith powercontrol.

1 INTRODUCTION

Fixed BroadbandwirelessAccess(FBWA) systems,
including broadbandwirelesslocal loops and LMDS,
have beenrecentlyintroducedto provide integratedin-
teractve multimediabroadbandservices suchasvideo
conferenceyideo on-demandhigh-speedaccesgo the
Internet,to residentialand businessusers. They should
be ableto provide a large amountof on-demandband-
widthin averyflexible manneto fixedterminalswithout
the needfor laying cables.In a typical FBWA scenario
the coverageareais dividedinto cellshaving a basesta-
tion equippedvith sectoredantennaposedon asuitable
siteoverlookingtheservicearea;subscribeterminalsare
usuallyequippedwith directionalantenna$l, 2].

For these applications resourcemanagementech-
niguesplay a key role to ensurean efficient useof the
radio spectrumandto increasesystemcapacity To sup-
portdataandmultimediatraffic, dataunitsfrom different
usersattheradiointerfacehave to be suitablyscheduled
in orderto sharethe availableradio channelsaccording
to theneedsf upperlayerprotocolsandapplicationsin
orderto achieve efficient useof theradioresourcesit is
requiredthat schedulingalgorithmsbe channelawareor
channeldependen{3].

Different choices are possible when designing re-
sourceallocation and scheduling. A centralizedalgo-
rithm (running on a network unit controlling a set of

*Thiswork hasbeensupportedy EricssonLab Italy

cells) would be the optimal choice since it has com-
pleteinformationandthereforecanperformoptimal de-
cisions. However, it may be complicatedandrequirea
large signalingburden,which requireslarge computing
power and/ormay resultin excessve lateng in the de-
cisions. A distributed algorithm may be simpler but it
requiresa smartmanagementf radio power andband-
width with incompletenformationto achieve alargesys-
tem capacity This potentialinefficiency dueto lack of
full informationis the price to pay for keepingthe al-
gorithmssimple and avoiding single pointsof failurein
the network. A relatedissue,which also affects how
userscansimultaneouslyransmit,is thefrequeng reuse
plan. A systemwith full reusegreatly simplifies plan-
ning needsandallows for easyintroductionof additional
basestations. The resultinginterferencepftenintolera-
ble in classicnarravbandcellular systemsjs mitigated
in FWBA systemsby using highly directionalantennas
(especiallyattheuserterminal)which greatlyreducethe
amountof power whichinterfereswith otherusers.

Having this view in mind, we proposea resource
assignmenimethod, which can be advantageouslyap-
plied in distributed channeldependenschedulingalgo-
rithms. The proposedechnigue hamedPower-Shaped
AdvancedResourceAssignment(PSARA), hasthe aim
of partially organizingthe intercellandintersectoiinter-
ferencen acellularsystemwherebasestationsassigrra-
dio resourcesn anuncoordinatedashion(with the only
requiremenbf frame synchronization).This is doneby
using an appropriatesetof power profilesthat limit (or
shape)the maximum power transmittedin eachslot of
the frame. The allocationalgorithm assignstime slots
to userson the basisof the power requiredto fulfill a
predefinedtarrierto-interferenceatio, which is suitably
estimated.

In the literature, several works have appearedvhich
dealwith resourcemanagemenin fixed wirelessaccess
systemdi.e., [4, 5, 6, 7]). [4] dealswith resourceallo-
cationin a micro cellular LMDS with OFDM, whereas
[5, 6, 7] proposetime division schemedor genericfixed
wireless. The allocation algorithmsin [6, 7] are dis-
tributedandtake advantageof cell sectorizationtaking
into accountwo key points:

e resourceassignmentantake advantageof thesmall
numberof interfereran thesystenthanksto theuse
of directionalantennastherebyavoiding “unfavor-
able” time slots(i.e., slotswith significantinterfer



ence)or usingthemonly asalastresort;

¢ in a fixed ervironment, it is very useful to utilize
interferencemeasurementebtainedfrom wireless
terminalsto performtheassignment.

The first schememanagesntercell interferencejs fully
measuremenbasedand doesnot requireary planning
[6]. Thesecondschemehandleshothintracellandinter-
cell interferenceandrequiressomeform of preplanning
[7]. In our proposalwe try to considerthe two points
outlinedabove in a flexible schemewhich is usefulfor
bothintercellandintracellinterferencenanagemerdand
resultsin simplified planningneeds.

The paperis organizedasfollows. In Section2 we
introducethe systemmodelfor the cellularervironment
considered Section3 describeghe resourceallocation
stratgiesconsideredincludingtheproposedSARAal-
gorithm. Section4 reportssomenumericalresultsshow-
ing the benefitsof the new schemeand Section5 con-
cludesthe paper

2 WIRELESS SYSTEM MODEL

We considerthe downlink of a fixed wirelesscellu-
lar systemwith squarecells. Eachcell hasfour sectors,
obtainedwith four 90 degreebeamwidthbasestationan-
tennas. Eachsectoris assigneda label (A or B) which
is suitably reusedaccordingto a given reuseplan. The
meaningof this label andits usewill be madeclearin
thenext section.ThesimulatedscenaridncludesC cells
on a wrappedtoroidal structure. U userterminalsare
randomlyplacedin the serviceareawith uniform spa-
tial distribution, and eachterminal is equippedwith a
directionalantenngpointedtowardsthe direction of the
basestationwith the smallestchannelloss. The propa-
gation modelincludespathlossandlognormalshadav-
ing. Thelatteris assumedo be constantn time dueto
the fixed positionsof the users. Onceall userantennas
areoriented therelationshipbetweerthe power P;(s, b)
transmittedby sectorantennas (s € [0..3]) of baseb
(b € [0..C —1]) andthe correspondingower P,.(u) re-
ceivedatterminalu, is givenby

P, (u) = g(s,b,u) P; (s,b) (1)
with
9(s,b,u) = kd " Log[1,0f. (1) fr(pr)  (2)

wherek is a constantwhich accountdor the effects of
carrierfrequeny andantennagains,d is thelink length
betweenthe transmittingantennaof sectors of baseb
and useru, 8 is the propagtion coeficient, Log[1, o]
is a lognormalrandomvariablewith unit medianvalue
anddB spreads. f:(y:) and f.(¢,) take into account
the effect of the directvity of transmitterand recever
antennasat an angle ¢ betweenthe direction of maxi-
mumgain andthedirectionof anidealline joining trans-
mitter andrecever antennasmorespecifically we have
0 < f(p) < 1andf(p) = 1for ¢ = 0, whichis
assumedo bethe directionbetweenra userandits serv-
ing sector Anglesareconsiderednly on the horizontal

plane,hencenottakinginto accountantennaieightsand
tilting. Eachuseris senedby the sectorandthe cell for
whichtherecevedpoweris maximum.

Thedelivery of the pacletsto usersis performedon a
TDM frame composedf N slots,numberedrom 0 to
N — 1. All basestationsareassumedo beperfectlysyn-
chronizedon eachslot (i.e., appropriateguardtimesare
assumed)As a first stepin determiningthe throughput
efficiengy, we do notconsiderary arrival distribution but
ratherassumehateachuseralwayshaspacletsto trans-
mit, andthatthe basestationtriesto scheduleonepaclet
peruserperframe.A pacletdoesnot reachsuccessfully
the usereitherif thereareno availabletime slotsin the
frameor if the paclet is transmittedbut at the terminal
sidethe signalto interferenceplus noiseratio (SINR) is
belov areferencehresholdSINRy,.. The SINR for user
u senedby sectors, of thebaseb, is definedas

g(so, bo, U)Pt(soa bo)
2 (5,6)#(50,b0) (50, ) Pi(s,b)
Futurestudieswill addresshe effect of thetraffic distri-

bution andof moreadvancedschedulingooliciesaswell
astherelevantqueueingoehaior andperformance.

SINR =

(3)

3 RESOURCE ASSIGNMENT METHODS

Considera full reusecellular systemin which paclet
traffic is to be transmittedirom the basestationto fixed
users. Only downlink traffic (expectedto be the domi-
nantflow in typical fixedbroadbanapplications)s con-
sideredin this paper The basestations placedon a reg-
ular squaregrid andsectorizednto four beamsareas-
sumedo beslot-synchronoushile beinguncoordinated
for ary otherfunction. Onthe otherhand,sincethe four
sectorf agivencell aremanagedy asinglecontroller
we assumehatoperationin thefour sectorof ary given
basestationcanbefully coordinated.

Sincein this paperwe focusour attentionon the effi-
cieng/ of resourceassignmentnethodsfor intercell in-
terferencemanagementye considetherea systemwith
cellshaving idealnonoverlappingsectorsj.e. f;(¢:) =
1 for ¢, € [—45°,45°] andO outside.This makestheco-
ordinationamonghesectorof acellin thiscasenotnec-
essary Therefore this aspecf theresourceassignment
methodsis not addressedhere,but it hasto be suitably
consideredn thegenerakasewith overlappingsectors.

Whenused,power controlis assumedo work asfol-
lows. Basedon channelmeasurementguserterminalis
ableto estimateheworst-caseénterferencecomingfrom
basestationsother thanits own. In orderto do so, it
is assumedhat a transmissioris performedin all cells
at the maximum possiblepower. This correepondgo
the worst possiblecase,andmalesit easyto handlein-
tercellinterferencewhich is estimatedhrougha simple
constant.On the otherhand,the actualintracellinterfer
encecan be consideredvhen decidingwhich power to
transmit. In the ideal casein which intersectotinterfer
enceis zero(via ideal nonoverlappingantenngpatterns)
thepower assignmenis trivial, whereasf intersectoin-
terferencas to be consideredhe power assignmenis to
bedonejointly in acell by solvingalinearsystem.



For the sale of comparisonandin orderto highlight
thebenefitoof theschemeproposedwe consideherethe
following resourceallocationstratayies.

1) Randomresouce assigmen{RRA)without power
contol

In this case the assignmenbf pacletsto slotsis done
randomly i.e., no channelinformationis taken into ac-
count. Themultiple accesstratgyy acrosdifferentcells
is essentiallyslotted ALOHA. The power usedin each
slot to transmita paclet is constantandequalto P,
This scheme similar to [8], is very simpleandwill be
consideredereasthebaselinecase.

2) RRAwith powercontrol (RRA-PC)

A slightly improved versionof the previous scheme
usessomechannelinformationin orderto decidehow
much power to usebasedon channelattenuationmea-
surementsin this case the power control stratgjiesde-
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 differentlevels of protec-
tion againstinterferencaequiredby eachuser Theallo-
cationalgorithmalsoassignghe power level neededo
ensureghepredefinedSIN Ry,

To achieve the outlinedtasks eachsectorof eachbase
is assignedh power curve, called power profile, thatis
a function of the label of the sector It determineghe
maximumtransmissiorpower thata sectorantennahat
usessuchprofile is allowed to radiatein time sloti. In
this study two different power profiles are considered,
P(i, A) and P(i, B), with P(i, A) = P(N — 1 — i, B)
(symmetricprofiles). Two simplechoicesfor the power
profilesarethe straightline (linearshaping)

. .P'maz - P’m'un
P(’L, A) = Pmaﬂ: — W (4)
andthe step(stepshaping)
. | Ppas ifi<N/2
P(i, A) = { P,in otherwise ®)

Ppq: andP,,;, areparameterthatshouldbesuitably
set.In thecasedepictedn Fig. 1 thetwo profiles,A and
B, aresuitablyreusedn the cellular scenaricaccording
to the geometricakonstraintof a squarecells scenario.
Specifically thelabelingis donein suchaway thatfor a
userin a sectorlabeledwith A (B), the largestinterfer
encecomesfrom sectordabeledwith B (A). In thisway;,
slotsthat allow a large (small) transmissiorpower, are
mainly interferedwith a small (large) power leadingto
slotswith differentlevelsof protection.

P4, is takenasthe maximumpower at the transmit-
ter. The Ppqx/Pmin ratio hasbeensetby considering
the interferencecondition experiencedby a setof uni-
formly distributedusersplacedon atestsectowith label
A. Paveringonall A sectordo P,,,.., andall B sectorgo
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Figurel: Sectorpattern

P,.in, SOmeusersarebelown the SIR targetfor ary value
of Pz / Pmin, Whereaotherusersreachthe SIR tamget
by raising Praz/ Pmin- Pmaz/Pmin 1S Setto the value
for which the mostcritical usersin the testareacanbe
senedatthetarget STV R.

The allocationalgorithmis performedindependently
baseby baseandit is composedy the slot allocation
procedurdthatassignsisergo time slots)andthe power
allocationprocedure(that decidesthe serving powers).
Eachsectorof eachbaseknows the usersto serne and
theirlink gainsg.

Theuserallocationprocedurds repeatedor eachsec-
tor s of eachbaseb, andactsasfollows:

1. For eachuseru in thesectors, of base,

(a) Computethe maximumvalueof intercelland
intracell interferencefor eachuserw in each
sloti, i = 0..N — 1.

Imax(i’ U) = Imax(in) (74, u) + Imax(out) (7', U)

\ (6)
Imax(out) (Zv u) = Z Z g(b7 S, U)P(Z, lb,S)
b?ébg s=0
(7
Imax(z'n) ('La u) = Z g(bO’ S, ’U,)P(i, lbo,s)
8#80
(8

wherel , is thelabelof sectors of baseb.

(b) Computethe power that the sectorantenna
should radiateto counteractly, ., in slot 4,
withi =0.N -1

. SINRuny (Imax(iyu) + V)
P.(i,u) = 9 (bo, 50, 1) ©)

whereV is the noisepower, thatin our simu-
lationshasbeenconsideredsnegligible.



Basedon P.(i,u), we have slots (insecue sloty
whereP,(, u) exceedshe power profile andother
slots(secue slotg where P, (i, u) is lower thanthe
power profile. In a secue slot a paclet will bere-
ceived by useru with a SINR>SINR;;.., whereas
in aninsecue slot, thisis notknown apriori, since
a basestationis not allowedto radiatea power that
exceedghe power profile. On the otherhand,since
theinterferenceavaluationis performedby consid-
eringawirst casescenariofransmissionn aninse-
cureslotdoenotnecessarilyeadto afailure. Some
usershave nosecueslots: suchusersarecalledbad
uses. Usersthat have at leastone secureslot are
calledgooduses.

2. Sortgooduses by increasingnumberof their se-
cure slots Thereforethe priority is givento users
thathave fewer secureslots.

3. Allocate goodusess in the ordergiven at the previ-
ous point and betweenfree slots choosethe slot ¢
thatcorrespondso the minimumvalueof P, (3, u).
It is worth noting thatwhenalmostall slotsareal-
located,it may occurthata gooduseris allocated
in ainsecue slot thisis thereasorfor theorderes-
tablishedatthe previouspoint. Finally, it is possible
thata userfinds all slotsbusy: in this caseit is not
allocated.

4. Allocate bad usess with the samecriterion adopted
at the previous point. Bad usersareallocatedafter
gooduserssinceall slotsareinsecurdor theformer
andsothey might uselesslysubtractsecureslotsto
thelatter.

The userallocationprocedurepresentecherecan be
furtherimproved by takinginto accounthe actualvalue
of the intracell interferencewhich is controlledby the
samebasestation. This is, however, not consideredn
this paper Notethat,in the absencef intracellinterfer
ence,the allocationprocedurealsoincludespower allo-
cation.

4 NUMERICAL RESULTS

Numerical resultswere obtainedby simulationof a
cellular ervironmentof 36 squarecells with 4 sectors
each. Antennapatternswere chosenwith f(p) = 1
for —po/2 < ¢ < @o/2 and f(p) = 1/ftb otherwise,
wherepo and ftb arethe antennagbeamwidthand front
to backratio. Sectorechntennasit the basestationhave
o setto 90 dggreesand ftb to infinity. Eachsectoris
assigned labelasshavn in Figurel. In all figuresex-
ceptFigure5, lognormalshadaving wasnot considered
(dB spreadsetto 0 dB) andall figuresexceptfigure6 re-
fer to stepshapingcurves. An ideal antenngpatternfor
basestationsectoredantennaesultsin zerointracellin-
terferenceandpermitsto studyonly theeffect of intercell
interference.In fact, PSARAwas specificallyproposed
for themanagemenf intercellinterference.

Figure 2 shows the resultsobtainedwith a propag-
tion exponent3 = 2 and userantennabeamwidthof
15 and 30 degrees. We note the greatimprovementin
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Figure2: Throughputvs load: effect of userantennadi-
rectivity
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Figure3: Throughputvs load: effect of propagtion ex-
ponent

performanceof PSARA over both RRA and RRA+PC,
in a propag@tion scenarian which intercellinterference
effect is very important(8 = 2 and beamwidthof 30

degrees).lt is worth noting thatthe improvementintro-

ducedby PSARA is muchmore significantthanthat of

power control. Moreover, thereductionof antennalirec-

tivity appeargo have aremarkabldmpact,aswasto be

expected.

In Figure 3 the effect of the propagtion exponentis
shawn: 3 is setto 2 and3 and,asexpectedthereduction
of theinterferenceby spatialfiltering improvesthrough-
put. The smallergain introducedby PSARA with re-
spectto RRA and RRA+PCwith 8 = 3 confirmsthat
this techniqueis mosteffective in scenarioswith signif-
icant intercell interference. In Figure 4 the effect of a
finite front to backratio of 30 dB is consideredlt canbe
notedthat PSARA continuesto mantaina considerable
gain over randomallocation: in fact, PSARA estimates
of the worst caseinterference,and this calculationac-
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Figure 4: Throughputvs load: effect of front to back
ratio
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Figure5: Throughputvs load: effect of lognormalshad-
owing

countsfor the effect of nonidealantennasswell.

Theeffect of lognormalshadeving with spreads = 8
dB is shovn in Figure5, relative to a propagtion expo-
nents = 3, 30 degreeuserantennébeamwidthandfront
to backratio setto 30 dB: the curvesshawv that PSARA
is effective alsoin presenc®f shadeving.

Finally, Figure 6 reportsa comparisonbetweenstep
and linear power shaping(with 8 = 2): in the first
two curves, (front to backratio 30 dB, terminalantenna
beamwidth15 degrees)linear shapingperformsbetter
than stepshaping. The othertwo curvesarerelative to
idealantennasindterminalantenndeamwidthof 30 de-
grees:in this casestepshapingoutperformdinear shap-
ing. Theaim of this figure consistof shaving thatthere
arecasedsn which one profile performsbetterthanone
anotherandvice versa.Also othertypesof power shapes
were studied, but the effectivenessof eachonein dif-
ferentpropagtion conditionsanda choicecriterion are
currentlyunderinvestigation.

Beta=2, Step Shaping vs Linear Shaping
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Figure6: Throughputvs load: comparisorbetweenrstep
shapingandlinearshaping

5 CONCLUSIONS

In this paper a new resourceallocationstrategy based
on transmitpower shapinghasbeendescribecandcom-
paredwith a basicrandomresourceallocationscheme
with andwithout power control. It hasbeenshawvn via
simulationthatthe new stratgy outperformsmoreclas-
sic schemeandis thereforepromisingfor applicationto
fixed broadbandvirelessaccessystems.Sensitvity to
somesystemparameterdasalsobeenperformed.
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