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1 Brief Description

optimUMTS is a simulationprototypefor an optimizedsite selectionof basestationsin UMTS mobile

networks.

optimUMTS hasbeendevelopedin collaborationwith the University of Madrid (“UniversidadPo-

litécnicade Madrid, Dpto. de Sdiales,Sistemas/ Radiocomunicaciones’gndthe University of Vigo

(“UniversidadaleVigo, Dpto. de Telecomunicaciones”).

optimUMTS usessophisticateaptimizationalgorithms(heuristicbranch-and-boundswell asgenetic
algorithms)to computea “good subset’of basestationsamonga setof possiblelocationsfor base
stationggivencertainservicequality parameterandexpectednobile userdistributions. optimUMTS is

avaluabletool in the planningprocesf cellularwirelessUMTS networks especiallyfor the migration

of GSM (“secondgeneration”to UMTS (“third generation”networks.

optimUMTS considerdoththeuplink andthedownlink directionof the connectiorbetweermobileuser
andbasestation. The servicequality andotherUMTS systemparameterare handledindividually per

mobileandbasestation,respectiely. Theunderlyingpropagatiorpredictionis basednthe Xia-Bertoni

modelover digital elevationdatawith building clutters.Any otherpredictionmodelcanbeincorporated
easilyinto optimUMTS.

2 Input Data

2.1 Geometric Data

base stations:
setof basestationswith 3D coordinatesa subsebf the basestationscanbe fixed suchthatthey
alwayswill appeaiin thesiteselection

mobile user:
setof mobileuserequipmentgyivenasa distribution of 3D coordinatesn anarea,or
mobileuserdistribution andactivationfactor

Terrain:

digital elevationdataandcorrespondindpuilding clutterin ary resolution

2.2 UMTSsystem parameters

e objectve F'b/N 0 for uplink anddownlink direction,optimUMTS handleghe parametemdepen-
dentlyfor all Rx-Tx combinations

e parameterfor the Xia-Bertonipropagatiormodelcurrentlyintegratedinto the simulationtool
e basefrequeng, noiseparametersandantennagains
e activity factorof the uplink connectiorandorthogonalityfactorof thedownlink connection

e maximumtransmittingpowerof mobileandbasestation pilot powverandmaximumchannepower
of the basestation

e servicequality (bit rate) andvalidationpercentagei,e. percentag®f userdistributionsto which
theservicequality shouldbe guaranteed
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2.3

Simulation and Optimization Parameters

Thereis a setof parametersvhich allows to selectcertainoptimizationparametersndto finetunethe
simulationruns. Theseparameterguidethe heuristicrespectiely geneticoptimizationalgorithm.

3 Output Data

Theprincipal outputdataincludethe setof basestationsbeingsufficientto guarante¢hedesiredservice
quality to thegiven percentagef mobile users.

4 Software Aspects

optimUMTS hasnorestrictionsin the numberof basestationsor in the numberof userlocations
(besidegshe memoryrestrictionsandaffordablerun timeson the simulationplatform).

optimUMTS is aninteractive tool with graphicaluserinterfacefor Windows andUnix-like opera-
ting systems.

ThecoreroutinesareavailableasC/C++-run-time-librariedothfor Unix andWindows systems.

optimUMTS is basedn deterministicandheuristic/randomizedptimizationtechniquegbranch-
and-boundMonteCarlo,geneticalgorithms). The main optimizationcriterion is the reduction
of the numberof basestationswhile guaranteeindghe servicequality to the mobile users. The
assignmenbf mobilesto basestationsis basedon minimum power requirements.The second
optimizationcriterionreducesitherthe overall power sumof the mobilesor the maximumpower
necessaramongall mobiles.

5 Developments

Currentlythefollowing extensionsarein developmentstate:

integrationof moresophisticateghropagatiormodels(e.g. UTD (RadioTracer))
automaticgeneratiorof parameterizedistributionsof mobile users
automatiogeneratiorof parameterizedistributionsof servicequality

extensionof theassignmento handlesoft-handof in the downlink connection
extensionof the optimizationto handledifferentoptimizationcriteria,e.g.servicequality
integrationof sectorizedantenna@ndtheir radiationpatterns

optimizationof innerloopsto speed-ugertainpartsof the computation

6 Examples

optimUMTS will beavailableasa demonstratiowversionontheinternet

http://ww. nmobi | e- connect . de

Thefollowing screershotsshav somewindow contentobtainedn simulationrunsof thedemonstration
version.
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The following figure shaws the settingsof the UMTS parameters.In the demonstrationversion, the
parametersannotesetindividually permobileuserandbasestationconnectionhowever, thealgorithm
is designedo dealwith individual parametesetsperconnection.

= Set UMTS parameters o e =

Eb/NO downlink [dE] I10. 000000,
Eb/MO uplink [dB]: | 5. 500000
Deownlink hit rate [Khit/s]: |12. 200000
Uplink bit rate [Kbit/s]: |12, 200000
Tw effective gain [dBIl: |5. 000000
Tx noise figure [dEL |5. 000000
T max. power [wl: |20. 000000
Tx pilot power [w]; |2.000000
Tx max. channel power (W]l |1.000000
Orthoegenality factor [%]: |40, 000000
Rx effective gain [dBil: |—3. 000000
R naise figure [dBD: |5. 000000
R max. power [dBmiwl: |21, 000000
R# min. power [dBmw]: |-50. 000000
Rx activity factor [2] | 5. 000000
Frequency [GHzl: | 2.000000
UMTS bandwidth [MHz]: |5. 000000
Temperature [FCI; |17. 000000

Ok | cancel| Reset |
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optimUMTS visualizesthe currentbasestationand mobile userdistributions, the terrainarea,the area
of the building clutter, andthe areaof the distribution parametergor the generatiorof mobile usersin
themainwindow. Varioussetsof outputdataarepresentedn differentsubwindavs.
Theterraindatadefinesanareaof approximatelyl2 km heightand7 km width whichhave beensampled
with 1 m spacing.

6.1 Optimization Results

Beforestartingthe searchalgorithm, the main window looks like the figure on the left handside. The
figureontheright handsideshownstheresultof the optimizationrun.

—|optimUMTS - DEMO - (c) 2001, mobile cof . | [ _| —|optimUMTS - DEMO - (c) 2001, mobile cof . | [ _|
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beforesimulationrun aftersimulationrun

The basestationsbelongingto the optimizedsystemare dravn in black, the unusedbasestationsare
drawnin red. The connectiorestablishedetweera mobile useranda basestationis dravn with a pink
line.
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6.2 Pathloss Coverage Map

The pathlosscoveragemapshowns the pathlossat the userlocationsrespectie to a basestationapplying
thesimplified Xia-Bertonipropagationmodel. Thedatais visualizedin anareaof 600x 600meteraround
a basestation. The following figure shovs examplesof pathlosscoveragemaps,(on theleft handside,
no valuesarecalculatedwithin building blocks):

=] optimUMTS - Coverage (c) 2001, mohile connect GmbH [T | =] optimUMTS - Coverage (c) 2001, mobile connect GmbH e E

pathlosgnoinside) pathlosg+12dB inside)

6.3 MobileUser Distribution Parameter Map

Themobileuserdistribution parametemapshavs the numberof mobileusersbeingpresenin acertain
region. Thefollowing figure shavs the examplemobile userdistribution parametemap:

=] optimUMTS - RxDistribution (c) 2001, mobile connect GmbH e E

File
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6.4 Terrain Map and Building Clutter

Theterrainmap (on the left handside) shows the terrainheightsaccordingto the underlyinggrid. The
correspondingouilding clutter is shavn on the right handside. The datais visualizedin an areaof
600x 600 meterarounda basestation.

—IID[]tIITIUMTS - Terrain (E} Z0Mm L] ITIl]li ' I Bl I J =] OptimUMTS - dutter (c) 2001, mobile connect GmbH [T |

. . ilding clutter
digital elevationdata building clutte

7 Performance

optimUMTS is a high performanceool which usesspecialdatastructuresothto reducethe run time
andto work with large datafiles.

For instancecalculatinga pathlosscoveragemapfor a2x 2 km region of a 12x 7 km urbanterraindata
basewith 1 m sampling(i.e.,alarge UMTS cell) takesapproximatel\8 minutesona800MHz PC-based
platform.



