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1 Brief Description

optimUMTS is a simulationprototypefor anoptimizedsiteselectionof basestationsin UMTS mobile
networks.
optimUMTS hasbeendevelopedin collaborationwith the University of Madrid (“UniversidadPo-
lit écnicade Madrid, Dpto. de Sẽnales,Sistemasy Radiocomunicaciones”)andthe Universityof Vigo
(“UniversidadedeVigo, Dpto. deTelecomunicaciones”).
optimUMTS usessophisticatedoptimizationalgorithms(heuristicbranch-and-boundaswell asgenetic
algorithms)to computea “good subset”of basestationsamonga set of possiblelocationsfor base
stationsgivencertainservicequalityparametersandexpectedmobileuserdistributions. optimUMTS is
avaluabletool in theplanningprocessof cellularwirelessUMTS networks,especiallyfor themigration
of GSM (“secondgeneration”)to UMTS (“third generation”)networks.
optimUMTS considersboththeuplinkandthedownlink directionof theconnectionbetweenmobileuser
andbasestation. Theservicequality andotherUMTS systemparametersarehandledindividually per
mobileandbasestation,respectively. Theunderlyingpropagationpredictionis basedontheXia-Bertoni
modeloverdigital elevationdatawith building clutters.Any otherpredictionmodelcanbeincorporated
easilyinto optimUMTS.

2 Input Data

2.1 Geometric Data

base stations:
setof basestationswith 3D coordinates,a subsetof thebasestationscanbefixedsuchthat they
alwayswill appearin thesiteselection

mobile user:
setof mobileuserequipmentsgivenasa distributionof 3D coordinatesin anarea,or
mobileuserdistributionandactivationfactor

Terrain:
digital elevationdataandcorrespondingbuilding clutter in any resolution

2.2 UMTS system parameters
� objective

���������
for uplink anddownlink direction,optimUMTS handlestheparameterindepen-

dentlyfor all Rx-Tx combinations

� parametersfor theXia-Bertonipropagationmodelcurrentlyintegratedinto thesimulationtool

� basefrequency, noiseparameters,andantennagains

� activity factorof theuplink connectionandorthogonalityfactorof thedownlink connection

� maximumtransmittingpowerof mobileandbasestation,pilot powerandmaximumchannelpower
of thebasestation

� servicequality (bit rate)andvalidationpercentage,i.e. percentageof userdistributionsto which
theservicequalityshouldbeguaranteed
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2.3 Simulation and Optimization Parameters

Thereis a setof parameterswhich allows to selectcertainoptimizationparametersandto finetunethe
simulationruns.Theseparametersguidetheheuristicrespectively geneticoptimizationalgorithm.

3 Output Data

Theprincipaloutputdataincludethesetof basestationsbeingsufficient to guaranteethedesiredservice
quality to thegivenpercentageof mobileusers.

4 Software Aspects
� optimUMTS hasno restrictionsin thenumberof basestationsor in thenumberof userlocations

(besidesthememoryrestrictionsandaffordablerun timeson thesimulationplatform).

� optimUMTS is aninteractivetool with graphicaluserinterfacefor WindowsandUnix-like opera-
ting systems.

� ThecoreroutinesareavailableasC/C++-run-time-librariesbothfor Unix andWindowssystems.

� optimUMTS is basedondeterministicandheuristic/randomizedoptimizationtechniques(branch-
and-bound,MonteCarlo,geneticalgorithms). The main optimizationcriterion is the reduction
of the numberof basestationswhile guaranteeingthe servicequality to the mobile users. The
assignmentof mobilesto basestationsis basedon minimum power requirements.The second
optimizationcriterionreduceseithertheoverall powersumof themobilesor themaximumpower
necessaryamongall mobiles.

5 Developments

Currentlythefollowing extensionsarein developmentstate:

� integrationof moresophisticatedpropagationmodels(e.g.UTD (RadioTracer))

� automaticgenerationof parameterizeddistributionsof mobileusers

� automaticgenerationof parameterizeddistributionsof servicequality

� extensionof theassignmentto handlesoft-handoff in thedownlink connection

� extensionof theoptimizationto handledifferentoptimizationcriteria,e.g.servicequality

� integrationof sectorizedantennaeandtheir radiationpatterns

� optimizationof innerloopsto speed-upcertainpartsof thecomputation

6 Examples

optimUMTS will beavailableasa demonstrationversionontheinternet
http://www.mobile-connect.de

Thefollowingscreenshotsshow somewindow contentsobtainedin simulationrunsof thedemonstration
version.
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The following figure shows the settingsof the UMTS parameters.In the demonstrationversion,the
parameterscannotbesetindividuallypermobileuserandbasestationconnection,however, thealgorithm
is designedto dealwith individualparametersetsperconnection.
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optimUMTS visualizesthecurrentbasestationandmobileuserdistributions,the terrainarea,thearea
of thebuilding clutter, andtheareaof thedistribution parametersfor thegenerationof mobileusersin
themainwindow. Varioussetsof outputdataarepresentedin differentsubwindows.
Theterraindatadefinesanareaof approximately12km heightand7 km width whichhavebeensampled
with 1 m spacing.

6.1 Optimization Results

Beforestartingthesearchalgorithm,themain window looks like thefigureon the left handside. The
figureon theright handsideshowstheresultof theoptimizationrun.

beforesimulationrun aftersimulationrun

The basestationsbelongingto the optimizedsystemaredrawn in black, the unusedbasestationsare
drawn in red.Theconnectionestablishedbetweena mobileuseranda basestationis drawn with a pink
line.
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6.2 Pathloss Coverage Map

Thepathlosscoveragemapshowsthepathlossat theuserlocationsrespective to abasestationapplying
thesimplifiedXia-Bertonipropagationmodel.Thedataisvisualizedin anareaof 600	 600meteraround
a basestation.The following figureshows examplesof pathlosscoveragemaps,(on theleft handside,
no valuesarecalculatedwithin building blocks):

pathloss(no inside) pathloss(+12dB inside)

6.3 Mobile User Distribution Parameter Map

Themobileuserdistributionparametermapshowsthenumberof mobileusersbeingpresentin acertain
region. Thefollowing figureshowstheexamplemobileuserdistributionparametermap:
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6.4 Terrain Map and Building Clutter

Theterrainmap(on the left handside)shows the terrainheightsaccordingto theunderlyinggrid. The
correspondingbuilding clutter is shown on the right handside. The datais visualizedin an areaof
600	 600meterarounda basestation.

digital elevationdata
building clutter

7 Performance

optimUMTS is a high performancetool which usesspecialdatastructuresboth to reducethe run time
andto work with largedatafiles.
For instance,calculatinga pathlosscoveragemapfor a 2 	 2 km region of a 12 	 7 km urbanterraindata
basewith 1 m sampling(i.e.,a largeUMTS cell) takesapproximately3 minutesona800MHz PC-based
platform.


