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Abstract — The use of array antennasin mobile t-
elecommunication systemshas proven to increasethe
spectral efficiencyin the system.However, the useof an
N elementarray antennaat the basestationsite implies
that the amount of radio hardware must be increased
N-fold. This will make basestationdarger, more expen-
sive and more power consuming Much effort must be
put into combine functionality asamplification into one
device, using a multicarrier amplifier (MCPA), capable
to amplify a number of signalswith differ entcarrier fre-
guenciesin a singledevice.

In this study we investigate by measurementsand
simulationsthe effectof a nonlinearity in the MCPA:s in
the downlink for a cellular system.The nonlinearity will
intr oduceintermodulation distortion and also decrease
the null-depth of the beamformer. This will have anim-
pact on the carrier -to-interfer enceratio of the mobiles
in the system. The simulations givesthe CDF of the re-
ceivedcarrier -to-interfer enceratio of the mobiles,which
canbeusedin link budgetanalysis. The transmitted in-
termodulation distortion from an array will be spatially
dispersed. This is shovn by measuementsin an ane-
choic chamber on a four elementarray using an analog
Butler matrix asa beamformer.

I.INTRODUCTION

Introducing antennaarrays at the basestatiorsite in-
creaseshe sizeof the basestationby multiplication of the
numberof radiomodemsamplifiersandsoon. Simply, if a
basestatiolis operatingon M frequeng channelsjt needs
M radio modemsand M amplifiersif the corventionals-
ingle carrieramplifier (SCR) technologyis applied. And
by introducingan N elementarrayantennathe numberof
amplifiersincreaseso N M. Thus,it is highly desirableto
integratethe hardwareusedatthe basestationsiteto reduce
cost,power dissipationandthe spacea basestatiorsite oc-
cupies.Oneproposedsolutionis to combinethesignalspri-
or to amplificationand co-amplify themin a Multi-Carrier
Paver Amplifier (MCPA). Herebythenumberof amplifiers
arereducedo N andno needfor bulky filter combinersare
needed.

Whenseveralconstant-evelopesignalsarecombinedas
whenusingthe MCPA, theernvelopeof thecompositesignal
becomeson-constanandthe amplifiercannotbe operated
in thehigh-eficientnonlinearregion of theamplifierdueto
the generatiorof intermodulationdistortion. The amplifier
mustthus be linearizedto increaseits efficiengy. Thelin-
earisationof MCPA:s hasbeenthe subjectof considerable
researcteffort. The combiningof seseralindependensig-
nals give rise to a large peak-to-mearratio of the MCPA

input signal. Evenif it is possibleto constructan MCPA
which meetsthe stringentlinearity requirementsijts peak
powerrequirements muchgreateithantheindividual pow-
erof the M carriers.For example,a 16 channebasestation
running 10 Watts per channel the peakpower in the MC-
PA couldbe ashigh as2.56kW [1]. The amplifier hasto
be biasedwith a large back-of from the saturatingpoint to
avoid thatthe peakpower rating of the MCPA is exceeded.
Consequentlya largeback-of implieslow poweraddedef-
ficiengy (PAE), somostof the DC poweris lostasheat.

Theinputback-of (IBO) andthe outputback-of (OBO)
percarrierof anamplifieris definedin dB as

Psa in
IBO = 10logy, (—t> (1)
avg,in
P,
OBO = 10logy, (M> 2)
avg,out

where Ppyg,in, Pavg,out 1S the averageinput/outputpower
per carrier and Psqt in, Psat,out 1S the input power when
the outputpower is saturatecandthe correspondingutput
power. Nonlinearitiesin communicatiorsystemsare com-
monly characterizedy the amplitudeto amplitude mod-
ulation (AM/AM) distortion characteristicand amplitude
to phasemodulation (AM/PM) distortion characteristics,
whichis theinputamplitudedependengainandphasecon-
versionof theamplifier We presenia parametrianodelfor
thesecharacterizingunctions,so differentdegreesof non-
linearity canbe studiedby varyinga singleparameter

When simulating multicarrier communicationsystems
operatingover nonlinearchannels the requiredsampling
ratecontributessignificantlyto long executiontimes.When
the sub-carrierdhave constanernvelopesandthe numberof
carrierss large,theintermodulatiordistortionis oftenmod-
eledby anadditive Gaussiamoisesource[2]. In smartan-
tennasthe signalsthat entersthe MCPA hasa time vary-
ing ervelope,dueto weightadaptionandthis will make the
signalscorrelatedwith eachotherandwith the intermodu-
lation products.To simulatethis, the samplingratemustbe
extremelyhigh andthe executingtime becomewery long.

Schneideret.al. [2] presenteda methodto simulate
a multicarrier digital communicationsystemover a band-
limited channelwith a nonlineardevice. The methodis
basedn Shimboswork [3] andreduceghesimulationtime
significantlyby only consideringhe intermodulatiorprod-
uctsthatfallsin thebandwidthof the obsenedsub-carriers.
The simulationmethodis appliedin this paperto evaluate
theimpactof nonlinearitieson adaptve antennaystenper
formance.



By introducingMCPA:s in adaptve antennaarray sys-
tems,and assumingthat they are not perfectlylinearized,
threeeffectscanbe obsened:

1. Intermodulationdistortion power will be emitted from
the basestation. As opposedto a corventional (one-
antennapasestationthe array antennamakesthe inter-
modulationdistortionto be dependenbn the azimuthal
angle. Thusin somedirectionthe intermodulatiorprod-
ucts from someor all antennasaddscoherentlyand an
mobile on thatfrequeny andin thatparticulardirection
will experiencearaisedinterferencdevel. This haspre-
viously beenstudiedby Litva [4] for receving arrays,
wherethe conceptphantom-lobesvereintroduced.

2. The AM/AM andAM/PM corversionin the MCPA will
male the transmittingantennabranchesinmatcheddue
to phaseshifts andgaincompressionThustheresulting
radiationpatternwill bedistorted,andanintended‘null”
in the radiationpatterntowardsa known co-channels-
erwill beshifted,andtheinterferenceor thatparticular
userwill increase.

3. DuetothelargeamplitudevariationgCrestFactor)of the
combinedsignalon theinput of the MCPA, the peak-to-
mearnratio of theinputsignalis oftenlimited prior to am-
plification, sothe peakpower rating of the amplifiercan
bereduced.This leadsto considerabldenefitsin terms
of power and cost sarvings in the designof the MCPA.
The limiter will alsogeneraténtermodulationproducts,
thatwill betransmittedn somedirection,dependenbn
the weightsettingsfor thatparticularbeam.And conse-
qguently the signalto interferencdevel for the mobiles
will increase.

I1. BASIC CONSIDERATIONS
A. Downlinktransmission

The basic operationof an adaptive antennaarray at a
basestationis to enhancehe receved signalby suppress-
ing interfererstransmittingon the samechanneland opti-
mally combinethe signalsto reducemultipathfading. The
transmitterarchitectureis shavn in Fig. 1. Therecever
estimategheradio channelandperformsa spatio-temporal
equalizationDueto thelow correlationbetweerthe uplink
anddownlink channelin frequeng division duplex (FDD)
systemg5], downlink beamforminchasto bebasecdn oth-
erinformationthantheestimatediplink channel.Thisstudy
considersa FDD system,which is a very commonduplex
method(GSM, AMPS, 1S54,1S136,IS95areall FDD sys-
tems). If the angularspreadof the signalis small, thenthe
spatial signatureof the channelwill be approximatelyre-
ciprocalwherethe spatialsignatureis characterizedsthe
directionof arrival (DOA), angularspreadandpower of the
recevedsignalsasseenfrom thebasestatiomrrayantenna.
Thisinformationis usedin calculatingthe downlink beam-
forming weights. The downlink algorithmis describedn
[5] andis basedon the solutionof a generalizeatigervalue
equation.
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I1l. THE MULTICARRIER SIGNAL

The multicarriersignalat the amplifierinput at antenna
branchn canbewritten as:

M
za(t) = Re{z wn,-%-si(t)ej(“’CJr‘”i)t} ©))
i=1
wherew,,; is the complex weightfor signali at antennan

and s;(t) is theith complec informationsignal. The gain
factor~; is dependenbn and controlledby the downlink

power controlalgorithm.We assumén our simulationghat
the power controlis implementedso the transmittedoower
from the arraygivestherecevedpower atthe mobile equal
to therecevedpower atthe basestatiofrom thatparticular
mobile. If anarrayantennais used,the transmittedpow-

er perantennads the total transmittedpower divided by the
numberof antennasV. Thus,theamplificationis distribut-

ed over several amplifiers,which showvs to be beneficialin

termsof peakpower requirementsandgeneratedntermod-
ulation distortion. The weightsandthe gainfactorareas-
sumedconstanunderthetime periodof study

IV. ANONLINEAR POWER AMPLIFIER MODEL

In this sectionwe introducea memorylessnodelfor the
nonlinearpower amplifier. If we expresshe complex erve-
lope of theinput signalas

Zin(t) = o(t) - eI @) (4)

thenthe complex ernvelopeof the outputsignal canbe ex-
pressedy

Zout(t) = g (0(t)) e? PO+ (e()) (5)

whereg(-) andf(-) istheAM/AM andAM/PM corversion
of the nonlinearamplifier Cannsuggested limiter mod-
el thatis linear for small signals,hasan asymptoticoutput
level at largeinput signalsandis analyticin a closedform
whichis desirable Also theamplifiercharacteristiceanbe
changedeasily by adjustingthree parameterg6]. Canns
limiter modelis givenas

g(e(t)) = T (6)
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Fig. 2: ParametricAM/AM andAM/PM corversioncurves

wherev is the smallsignalamplification(setasv=1in the
following), K, is the outputsaturatiorievel as|o(t)| — oo
ands controlsthekneesharpnesr thetransitionsmooth-
nesshetweerthelinearandnonlinearregion, asseenin the
lower part of Fig. 2 for differents andwith K,=1. The
figureshowvs the envelopeoutputamplitudeasa function of
envelopeinput amplitude,i.e. g(o(t))/|o(t)| definedfor a
CW tone.

The AM/PM corversionfor a solid statepower amplifi-
er is usuallysmall ascomparedo the traveling wave tube
amplifiers.At large IBO the AM/PM corwversionis negligi-
ble, but whentheinputamplitudeapproachethe saturation
point, the relative phaseshift becomesresent. This can
empiricallybe modeledby the following expression

_ Ky
1+ o(t)®

whereK 4 controlsthemaximumAM/PM corversionin the
saturatiorregion andthe parametes is the sameasfor the
AM/AM curvesabove. Thisleadsto theuppercurvefamily
in Fig. 2, with K;=0.3radians.

flo(®) )

A. Outputof a multicarrier input signal from a nonlinear
bandpassnemorylesamplifier

To reducesimulationtime we usedthe ShimboAmpli-
tudeFunction(SAF)-method.Thework by Shimbo[3] and
Schneidef2] providestheoutputof abandpasmemoryless
nonlineardevice given the nonlinearityfunctionsg(-) and
f(-), and a multicarrier input with arbitrarily amplitudes.
The assumptiorthatthe memorylessamplifier is bandpass
impliesthatonly the spectralcomponentsn thefirst-zone
aroundtheinputfrequenciesareconsideredn theamplifier
outputsignal. This leadsto a reductionin the simulation
time, becausehe higher order harmonicsand intermodu-
lation that falls outsidethe transmitterfrequengy bandis
easilyremovedby filtering andwe avoid putting effort into
representinghesesignalsin the outputsignal.

Fromthe assumptiorof the memorylessnesshe output
from amplifiern canbewrittenas

yn(t) = g [A] cos (wct + ¢(t) + f [A]) 8)

¢(t) dependson the amplitudesand the phasesof all the
M inputsignals.The detailsof the SAF-methods omitted
here,theinterestedeadercanreferto Shimbos textbooks
onthetopic[7].

In the SAF-methodthe expression(8) is rewritten and
the SAF is introduced. The amplitudefunction gives the
outputamplitudeandrelative phasefor any componenin
the outputspectra(including all intermodulationproducts)
given the input amplitudesand the AM/AM and AM/PM
functions. To simplify the calculations,the AM/AM and
AM/PM functionsareexpressedn a Bessefunctionseries
expansion.Thecarrierto intermodulationratioin theoutput
of theamplifiercantheneasilybecalculatedisingthe SAF

V. THE RADIATION PATTERN

In this sectionthe nominalradiationpatternandthera-
diationpatterndueto intermodulatioris discussedAssum-
ing a linear equally spacedransmittingantennaarray the
recevedcomplex basebandignalatanangled from broad-
sideis given by the antenna-spac® beam-spacéansfor
mation

N
UO) = 3 Q(Byn(t)e I DF O ()

n=1

whered is theantennalementspacing ) is thewavelength
of thetransmittedsignal,2,,(6) is theantennalemenigain
for antennan in directiond andy,(t) is the signaltransmit-
ted from antennan. Herewe assumehatthe antenneele-
mentshaveidenticalradiationpatternsthus(,, (6) = ().

Furthermore the differencein X for different carrier fre-

guenciesare ngglectedunderthe assumptiorthatthe carri-
ersarecloselyspacedn frequeny comparedo the carrier
frequeny w.. Weassumehatd = \/2 to satisfythespatial
Nyquistcriterion.

We assuméhata MCPA is usedto amplify themulticar
rier downlink signal. A simpleway to createbeamsn the
downlink is to usethe butler matrix transformer The BMT
performsa linear transformationof the N input portsand
hasa structuresimilar to the fastFourier transform[8],[9].
The N outputportsarethe connectedo the N antennasn
thearray Thesignalataninputportp will be presengtall
N outputports, differing only by a phasedifferenceA¢,,.
The normalizedinput/outputrelationshipfor the BMT can
thusbewritten as

N- 2p  (N—1)
D sp(t)e (R =TR) (10)

-

Ty (t) =

-

bS]

wherez, (t) is the outputport n signalto be connectedo

antennan ands,(t) is the signalconnectedo input port p

of theBMT. TheBMT performsessentiallyabeam-spacto

antenna-spadeansformationTheBMT cannotplacenulls
adaptvely towardsinterferersit just transmitsin the beam
correspondingo the direction of the desiredmobile. The
spatialprocessinggain is thus dependentn the side-lobe
level of the transmitradiationpattern. It is however still a
candidateo downlink beamformingarchitecturedueto it's
simplicity andwidebandcharacteristicsThe BMT canbe



The BMT hasthe propertythatthe outputphasegradi-
entis constant,thatis, the phasedifferencebetweentwo
adjacentantennascorrespondingo a particularbeamis a
constantThis propertyimpliesthatin somedirectiond,,, .
all the N signalsare addedcoherently This coherentad-
dition is alsovalid for theintermodulatiorproducts giving
anincreasein intermodulationpower by 10log(N) dB in
a differentdirection then the direction of the desiredsig-
nal (main beam). Thatimplies that the desiredusergetsa
reductionin intermodulationdistortion power by this spa-
tial dispersion.This have beenstudiedfor satellitemounted
phasedarrays[10], whereit wasshovn how this intermod-
ulationdispersioractuallyimprovedthe capacityby radiat-
ing intermodulationdistortionin directionswhereno users
aresituatedor towardsemptyspace.

In thegeneralcase a more“intelligent” weightingtech-
niguemight be usedto createthe downlink beamsasin the
caseshavnin Fig. 1. Now, coherenintermodulatiorfrom
all N antennasnight not add coherentlyin ary direction,
dueto the non-constanphasegradientproperty Conclu-
sively: TheBMT givesthe worst possibleamplificationof
intermodulationproductsof 10log,,(/N) dB in somedirec-
tion.

VI. SIMULATIONS

The simulationsaim to investigatethe effect of usinga
MCPA at eachtransmittingantennaand how the IBO af-
fectsthe carrierto interferenceratio (CIR) for the mobiles
in the system.lt is desireabldor the system-lgel link bud-
getanalysisto know the probability of a certainCIR level
for the mobilesin the systemgiven a certainamplifierand
atagivenamplifierback-of.

We assumea seven cell configurationwith one center
cell andthefirst tier of co-channekells. Eachcell is sec-
torizedinto three sectorsand we assumethat eachsector
useevery frequeng in the system.Uplink co-channemo-
biles are assumedo be downlink co-channelmobilesand
nofrequeng hoppingor discontinuougransmissiorfDTX)
is assumed.

Eachsectorbasestation consistsof an uniform linear
arraywith half-a-wavelengthelementspacing.Theelement
radiationpatternis modeledwith a cos?(#) function. Each
sectorhasthreemobileson differentfrequencieslistributed
uniformly overthearea.

The pathlossslopeis setto 3.8 andthe angularspread
asseenfrom the arrayis 4°. Only one clusterof scatter
ersaroundthe mobile is assumedthus no delay spreadis
usedin thesesimulations,which areintendedto give link-
level systemresultson CIR. The mobilesexhibit slow fad-
ing, lognormally distributedwith a standarddeviation of 6
dB andcorrelateetweertwo basestationith correlation
coeficient0.5.

The simulationis carriedout for threedifferentantenna
arraysizes,with N = 8,4,2. Thereceved power at the
mobileis held constanfor thethreeantennaconfigurations
by adjustingthe transmittedoower. ThuschangingV from
410 2, impliesthatthe I BO of theamplifiershasto be de-
creasedy 3 dB. TheconstantP,, 4 ..+ usedin equation(2)
is estimatedn a pre-runsimulation.
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Fig. 3: Cumulatve distributionfunctionfor CIR usingpara-
metricamplifiermodelswith 12dB OBO

It is assumedhatthesystenis interferencdimited, thus
the Carrierto Interfererratio (CIR) is the quantityusedfor
comparisons.

Thetotal interferenceexperiencedy the testmobile is
the sum of direct interferenceplus intermodulationfrom
neighboringbasestations.Theseinterferencesourcesare
weighted by their respectie radiation patternand if the
beamformings optimal,thedirectinterferencegermis zero
andif theamplifiersareperfectlylinear, nointermodulation
distortionis presentWe considemnly thethird orderinter-
modulationproducts.

VII. SSIMULATION RESULTS

The cumulatie distribution function (CDF) of the CIR
for thetest-mobilewasestimatedrom the simulationsover
800 randomizedmnobile positions. We investigatedhe im-
pactof numberof antennasn the array the OBO andthe
linearity of the amplifiers. Also, the measuredotal degra-
dation (TD) is definedand usedto find a power efficient
choiceof OBO.

A. Impactof numberof antennas

Oneimportantoption in the designof the array is the
choiceof numberof antennasMore antennasmplies that
narraver beamscanbeformedandmoreinterfererscanbe
nulled asthe degreesof freedomincrease.The numberof
antennags limited by spaceandeconomicfactors. As the
amountof transcerersmustbe multiplied with the number
of antennastherewill be atrade-of betweencostandper
formance.

We simulatedthe systemwith N = 2,4 and8 antennas
andwith a moderatdinear amplifier (s = 3) andanam-
plifier with poor linearity (s = 1). Theinitial OBO (for a
singlecarrier)waschoserto 12 dB andthreecarrierswere
co-amplifiedn eachMCPA. TheOBOwasadjustedo com-
pensatdor theincreasan numberof antennas.

The resultsin Fig.3 shavs that when the number of
antennads increasedhe effect of the nonlinearityis de-
creased.Thisis dueto the distribution of the amplification
over several amplifiers. Whenthe numberof antennass
increasedgachamplifier can be usedat a larger back-of



thes = 3 amplifieris usedin a moderatelyiinear region.
When N = 2 the CIR is 6 dB lower for thes = 1 am-
plifer ascomparedo the s = 3 amplifier at the CDF=5%
percentile. Whenthe numberof antennads increasedo
N = 8, thisdifferences reducedo 2 dB. With N = 8 and
s = 3 theCDF curveis closeto theidealamplifier, thusthe
effectof the nonlinearityis negligable.

Anotherbenefitof using more antennass the increase
in degreesof freeedomwhich canbe usedto createmore
nullsin theradiationpattern.Thiscanbeseerin Fig.3asthe
differencebetweerthe curvesusingthe sameamplifier but
with differentnumberof antennasThe numberof detected
interfererswasin the simulation6 to 9, andwith atwo and
afour elementarrayit is impossibleto fully suppresshem
all. Also theanglespread'usesup” degreesof freedom.

An interestingquestionis how much will the perfor
mancedegradeif theOBOis decreased thereanoptimal
choiceof OBO?This s investigatedn the next section:

B. Choosingthe OutputBadk-Off

We proposea methodof choosingthe OBO for maxi-
mal power efficiengy. Theideais the studythelower tail of
the probability densityfunctionfor the CIR of the mobiles,
e.g. the 5th or the 10th percentileof the CIR distribution.
Thenthedegradationin CIR betweera systemwith anide-
al amplifier (perfectly linear) andthis particularnonlinear
amplifier at the chosenpercentileis calculated. To find a
reasonablehoiceof theOBO, we introducethetotal degra-
dation(TD) whichis ausefulperformanceneasurdor digi-
tal systemsn thepresencef nonlinearitiesThis parameter
is definedin dB as

TD = CIR - CIR + OBO (11)

whereC1IR is the uppercarrierto interferenceratio in d-
B for a given percentilewith the nonlinearamplifier and
CIR is the requiredcarrier to interferenceratio to obtain
the samepercentilewith an perfectly linear amplifier A
goodchoiceoperationpoint of the systemscorrespondso
theminimumof equation(11) andyieldsaintuitively pow-
er efficient choice althoughno propertiesof optimality is
claimed.

The total degradationcurves for the s = 3 amplifier
is shavn in Fig. 4. At the 5th percentilethe TD showvs
a minima when OBO=14.5dB, 9.5 dB and 7 dB for the
N = 2,4,8 antennacaserespectiely. At larger back-of
the degradationin CIR for the mobilesis smaller but the
MCPA efficiency is lower andat smallerback-of the CIR
degradationgetslarger due to increaseinterferenceevels
in the systemfrom intermodulatiorand distortedradiation
patterns.

Fig.4 showvs asexpected that the eight antennghasthe
smallestotal degradation It will howeverrequiremostDC
poweraswe useeightamplifiers.WhenOBO increasesthe
curvesapproachegiymptoticallythe TD=0OBOline asthe
C1IR approache§’IR. Fromthesecurvesit is possibleto
infer a choiceof OBO level for eachsystemconfiguration
considered.
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Fig. 4: Total degradationusing parametricamplifier model
withs =3
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VIII. MEASUREMENTS OF INTERMODULATION
RADIATION PATTERNS

To verify theresultsof sectionV wherea methodof cal-
culatingthe radiationpatternof the intermodulatiordistor
tion, measurementsasperformedn ananechoicchamber
We usedan 4-elementlinear antennaarray and an 8-by-8
analogBMT. Four standardnicrowave amplifierswasused
andthesetupis shavn in Fig.5.

The BMT was fed with two GSM signalswith center
frequenciesl.8000GHz and 1.8004GHz in two different
BMT input ports. The input power of the two signalswere
adjustedto the appropriatelBO and the radiation pattern
wasmeasuredisingthe anechoicchambemwith a turntable
asshawn in Fig.5. Theanglewassweptin 1° stepsandfor
eachanglethe power densityspectrumwas measuredvith
aspectrumanalyzer

A. Frequency-anglpowerspectal densitymeasuements

Thesemeasurementgives an intuitive picture of the
spatial distribution of the intermodulationdistortion. In-
put port number6 wasusedfor the f;=1.8000GHz signal
and port number4 was usedfor the f,=1.8004GHz sig-
nal. Fig.6 andFig.7 showvs theresultsof themeasurements.
The main-lobeswill, accordingto theorybe in the direc-
tions 22.0° and —7.2° respectrely, while the third order
intermodulationbeamswould appearin direction 61° for
the2f; — fo productat 1.7996GHz and2f; — f; product
at 1.8008GHz in —39°. This is easily verified by study-
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Fig. 7: Normalizedfrequeng-angleplot of power spectral
densitywith saturatecamplifiers(input back-of decreased
8 dB comparedo Fig. 6)

ing Fig.6 andFig.7. Thesefiguresare normalizedto 0dB

maximum. In Fig. 7 thefifth-order intermodulationprod-
uct (e.g.k1 = 3,ka = —2) is weakly visible at the DOA

angles61°®° and—39° . Noteworthy is alsothe orthogonal
propertiesof the beamsfrom the BMT. In direction—7.2°,

wherebeam?2 hasits maxima,the otherbeamshave null-

s, giving a high level of isolation. This includesthe inter-

modulationwhich alsohave a null in thatdirection. So, by

usinga BMT, the spatialdimensioncanbe usedto reduce
theintermodulatiordistortionat the mobile user However,

thelM 3 addsup coherentlyin anothetbeamwhichincreas-
estheinterferencdevel of aneventualco-channeliserthat
is positionedin thatdirection. The analogBMT usedhere
have amanugcturingerrorof 0.8dB and8.5° which spoils
the orthogonalitypropertiesof the beams.Theseerrorsde-
gradesheisolationandexplainsthe not perfectpositioned
nulls in the measurementsThis alsodemonstrat¢he need
for calibration.

We discussedneimpactor nonlineartransmitamplitiers
in wirelesstelephonesystemsandconcludedhatthegener
atedintermodulationdistortionis generallynot radiatedin
thesamedirectionasthemainbeam.Especiallyfor theBut-
ler matrix beamformingnetwork, the intermodulationand
mainbeamsreorthogonal.

By meanwf simulationsit wasshavn how the CDF for
theCIR of amobilein the systenis changedvhenthenum-
ber of antennasthe degreeof nonlinearityandthe OBO is
varied. With moreantennasthe degradingeffectsof anon-
linear amplifier is decreaseénd more degreesof freedom
areavailableto placenullsin theradiationpattern.The cost
of usingmoreantennasasto be motivatedby thisincrease
in performance.The total degradationfunction wasintro-
ducedwhich hasa minima correspondingo a power effi-
cientchoiceof the OBO.
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