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ABSTRACT

Ultrawideband (UWB) has been attracting attentions
by promising very high data rates along with low cost
hardware and low power consumption.However, since
UWB occupiesa very wide frequencyband, it is forced
to coexist with numepuspowerfullicensedcommunication
systemstransmitting in the sameband. The interference
causedby thesesystemsnay complicateor evenblock the
UWB communicationsln the literature, there is consid-
erable amountof work regarding narrowbandinterference
(NBI) suppession.Most of the proposedmethods,which
can be classifiedas NBI avoidanceand NBI cancellation
techniques require interferencestatistics.In this paper we
propose an NBI identification approad, which aims at
figuring out someusefulinterferencestatisticsby assuming
somepreliminary informationaboutthe possiblesourcesof
NBI.

INTRODUCTION

Ultrawideband (UWB) has emepged as a tempting so-
lution for wireless applicationsrequiring very high data
rates and low cost circuitry. This rather new technology
is assignedhe frequeng bandof 3.1 GHz to 10.6 GHz by
the FCC, where it is permittedto coexist with the other
licensed and unlicensedcommunicationsystemswithout
requiringalicence.This permissionhowever, is valid under
the condition that the transmittedUWB signal hasa very
low power spectraldensity (PSD).

Due to the restrainton their transmissionpower level,
the UWB systemaunavoidably suffer from the interference
causedby the coexisting systems,which are narrovband
relative to UWB andtransmitat muchhigherpower levels.
This narravbandinterferencecansometimede so effective
thatthe UWB communicationss totally prevented.There-
fore, NBI suppressions of primary importancefor UWB
systems.

NBI is notarecentproblem.For otherwidebandsystems
such as code division multiple accessing(CDMA), this
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issuehasbeenstudiedextensiely. In thesesystems NBI
is partially handledwith the processinggain, and by em-
ploying interferencecancellatiortechniquesncludingnotch
filtering, predictive techniqguesminimum meansquareer-
ror (MMSE) detectors,and transformdomain techniques.
However, NBI problemin UWB is more challengingdue
to certainreasonskFirst, comparedto the licensedCDMA
systems the unlicensedUWB extendsa much wider fre-
gueng band, but transmits less power. This forces the
UWB systemdo coexist with a highernumberof powerful
interferers.Secondly in carrier modulatedwidebandsys-
tems,thereceivedsignalis down-corvertedto the baseband
and sampledabove the Nyquist rate, which allows it to
be processedigitally. However, the UWB signal, being
alreadyin the baseband¢annot be sampledat the Nyquist
rate with the existing technology Therefore the numerous
NBI suppressiortechniquesproposedfor other wideband
systemswhich canberealizedby meansof advancedsignal
processingnethods.are not applicableto UWB systems.
In theliterature therearenumerousnfluential studiesfo-
cusingon NBI suppressiofior UWB systemsThe methods
proposedn thesestudiescanbe classifiedasavoidanceand
cancellationtechniquesNBI avoidancemethodsare based
on avoiding the transmissiorover the frequencief strong
narrovband interferers.Multi-carrier approach[1], multi-
bandscheme$2], [3], andpulseshaping[4] areamongthe
various avoidancemethods.The cancellationmethods,on
the otherhand,aim at eliminatingthe effect of NBI on the
receved UWB signal. MMSE combining[5]-[7], frequeny
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domaintechniquessuchas notch filtering, time-frequenyg
methodslike wavelet transform[8] and time domain ap-
proacheg9] constitutethe primary cancellationmethods.
A significantfeaturecommonto almostall of thesestudies
is that an approach,in which no information about the
interferencestatisticsis assumed,s exhibited. However,
suppressingNBI without ary interferencestatisticsis a
quite challengingtask and as a result of this, mary of the
methodsproposedin the literature are infeasible because
of their high comple&ity. Hence,somepreliminary knowl-
edgeaboutthe interferencesourcesis strongly neededfor
practicalimplementatiorof bothavoidanceandcancellation
techniques.

When dealingwith NBI in UWB systems,t shouldbe
consideredthat there are some potential interferers with
predeterminedcenter frequenciesand bandwidths.These
interferers are the narrovband systemsoperatingin the
frequeny band of 3.1 GHz to 10.6 GHz, and the most
effective oneamongthemis the IEEE 802.11a(seeFig.1).
In the light of this information, in this paper we detect
the existenceof NBI and try to determineits statistical
characteristicswhich are necessanfor suppressing\NBlI,
assumingthat the interferers centerfrequeny and band-
width are known exactly or are confinedto a possibility
region. Fromthis point of view, our approackcanbe named
as’NBI identification’.

INTERFERENCE MODEL

Investigationof the NBI modelsis anecessarjnitial step
for identifying the interference.Narravband interference
can be modeledin mary ways dependingon its type. One
of the commonly usedmodelsconsidersNBI as a single
tone,leadingto

i(t) = AV/2P; cos(2mft + ;) Q)

where A denotesthe channel gain, P; is the average
power, f. is the frequeng of the sinusoid,and ¢; is its

phase Anotherfrequentlyemployed modelis basedon the
assumptiorthat NBI is causedby a bandlimited interferer

The correspondingnodelis a zero-mearGaussiarrandom
processandits power spectraldensity(PSD)canbe shovn

as

-P’int7 fc_% < |f| Sfc‘*’%
0, otherwise

s ={ e
whereB and f, arethe bandwidthandthe centerfrequeny
of theinterferer respectiely and P;,,; is the power spectral
densitywithin B.

The receved signal can be shavn as

x(t) = v(t) +i(t) + n(t) , (3)
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wherewv(t) denotegshe UWB signal,i(t) is NBI, andn(t)
is the additive white Gaussiamoise (AWGN) with a PSD
of Ny. In the NBI identification analysis,the correlation
betweenthe samplesof the receved signal plays a signifi-
cantrole. Dependingon the fact that the UWB signal has
autocorrelationpropertiesquite similar to that of AWGN
(seeFig. 2), v(t) canbeassumedo bea partof n(t) for the
sale of algorithmdevelopmentAlong with thisassumption,
it hasto be consideredhatn(t) is not correlatedo i(¢) and
hasanimpulsive autocorrelationHence,if NBI is modeled
asa singletone,the correlationbetweenthe sample<f the
receved signal canbe shovn as[10]

Ri(7) = B |A? cos(2r feT) + Nod(T) , (4)

wherer is thedurationbetweertherecevedsamplesin the
caseof the bandlimited interferer the correlationfunction
becomes

R;(1) = 2P, B cos(2m f.7) sinc(BT1) + Nod(7) . (5)

NBI IDENTIFICATION

Determinationof interferencestatisticsis a highly re-
quiredpre-processor bothNBI cancellatiorandavoidance
techniquesln theproposed\BI identificationapproachthe
main purposeis to obtain statisticalinformation aboutthe
interferencewhich canfacilitate NBI suppressionin order
to extractthe featuresof NBI, we utilize somepreliminary
knowledgeaboutthe potentialinterferers.

The most significant source of interferenceinside the
UWB frequeny band(3.1-10.6GHz) is the IEEE 802.11a
WLAN systemswhosefrequeng allocationsare shavn in
Table| [11]. Thesesystemshave a fixed bandwidthof 20
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TABLE |
FREQUENCY ALLOCATIONSFOR 802.11A WLAN

Band (GH2) Channel # | Center Freq. (MH2)
U-NII lower band 36 5180
(5.15-5.25) 40 5200
44 5220
48 5240
U-NIlI middle band 52 5260
(5.25-5.35) 56 5280
60 5300
64 5320
U-NII upperband 149 5745
(5.725-5.825) 153 5765
157 5785
161 5805

MHz andtheir centerfrequeng lies in the 5.15-5.35GHz
or 5.725-5.825GHz band.

The three main factors characterizingthe interference
are its model, center frequeny, and bandwidth. There
are numerouspossible NBI related scenariosdepending
on the existing preliminary information about thesethree
factors.In eachscenariothe main objectve is to detectthe
existenceof interferenceandif it exists,to find its statistics,
mostimportantly the interferencepower.

DeterminedCenter Frequency

The first caseregarding NBI is the one in which the
interferer is a single tone and f. is already known. In
order to find P;, the correlation betweenthe samplesof
the receved signal is computed. When determining the
correlation,attentionshouldbe paidthat is not very close
to 0, suchthat,accordingto (4), the AWGN relatedcompo-
nenthasa negligible contritution to the correlation.Using
the correlationscomputedfor mary different 7 values,a
decisionaboutthe existenceof NBI is automaticallymade
andthe receved interferencepower is easily estimated.

A differentsituationoccurswhentheinterferences band
limited and f. is given. In (5), which is the correlation
function correspondingo this case,thereis a sinc(BT)
term. Consideringthat B hasthe fixed value of 20 MHz
for 802.11asystemsand doesnot exceed50 MHz for ary
other narrovband interferer and 7 is in the nanosecond
range,a reasonabl@ssumptiorcanbe sinc(B7) ~ 1. With
the help of this assumptionand using the correlation of
the receved datasamplesthe systemcan decideaboutthe
presenceof NBI. P;,; is determinedperfectly for 802.11a
systems,but with some proximity for interfererswithout
explicitly known bandwidth.

Even if the model of the interferer is undetermined,
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the problem does not becomemore complicatedas long
as the centerfrequeng of NBI is known. Repeatingthe
assumptiorsinc(BT) ~ 1, the correlationfunctions(4) and
(5) becomealmostthe sameequationexceptthe B factor
Hence,the interferencepower canstill be found exactly or
roughly dependingon the knowledgeaboutthe bandwidth.

UndeterminedCenter Frequency

Another possible scenariois being aware of the NBI
model, i.e. knowing whetherit is a bandlimited or tone
interferer but having poor informationaboutits centerfre-
gueng. An 802.11asystem transmittingsomeavhereinside
the lower and middle U-NIlI bands constitutesa proper
example,sinceits bandwidthis known as 20 MHz but its
centerfrequeny can be arywherein the 5.15-5.35GHz
band.Even without known f, it is still possibleto detect
the existenceof NBI in the UWB channelby measuringhe
correlationbetweerthe samplesP;,;, however, canonly be
estimatedunderthe conditionsthat the centerfrequeng is
confinedto a certainregion (f. — & < f. < f. + &L),
andthe durationbetweenthe receved sampleq7) is made
assmall as possible.Thesetwo requirementsareto ensure
thatthevalueof the f.r productin the correlationfunctions
(4) and(5) doesnot vary too much,sothattheinterference
power can be estimatedreliably.

Effect of Samplinginterval

For the caseof unknowvn f,, the accuray of estimating
P;,+ heavily dependson the sampling interval. Again,
consideringthe 802.11asystem describedabove, where
the center frequeng has an uncertainty of 200 MHz,
for a reliable interferencepower estimation(in which the
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maximumerror doesnot exceed2%), = hasto be lessthan
or equalto 0.1 ns. However, therearetwo basicdravbacks
regardingsucha small r value. First, if the samplestaken
aresocloseto eachother noiseis notuncorrelatecnymore
andthenoisecontritutionin (5) cannotbeignored.Second,
in order to have such a 7, the sampling rate should be
even higher than chip-spacedwhich is not feasible with

the current technology This problem can be overcome
by exploiting the periodicity of the cosine term in (5).

Considering

Af k
T)(T+@))a

(6)

cos (2m(fe %)7) = cos (27 (f. +

wherek is ary integer, it is seenthatthis periodicity feature
allows 7 to be increasedby ary multiple of 1/(f, + %)
Hence, by selecting an adequatelyhigh value for k&, a
realizable sampling rate can be achiezed and a reliable
estimationfor P;,; canbe made.

The NBI identificationapproachis not limited to detect-
ing theexistenceof interferenceor finding the NBI power. It
canalsobe employedto find the entire correlationfunction
R(7) by computingthe correlationvaluesfor all 7. R(7)
is requiredby mary of the NBI avoidanceandcancellation
methods[5], [7], [10], [12]. Although obtaining R(7) can
be a ratherlong processin the real implementation,it is
worth its hardship becausédaving the completeknowledge
aboutthe correlationfunction simplifies NBI suppression
substantially
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SIMULATIONS

The efficiengy of the proposeddeasis testedby simulat-
ing NBI andtheinterferedUWB signal.In the simulations,
the channelmodelsin [13] are usedand IEEE 802.11a
OFDM signals(shavn in Fig. 3) areemployedasthe source
of interference.

The uncertaintyin the centerfrequeng of the interfering
802.11asystem can be as high as 600 MHz, if it is
not known, in which U-NIlI band this systemis located.
Therefore, an investigation of the effect of Af on the
interferencepower estimationerroris considerechecessary
Numeroussamplesyhich areseparatedby 0.1ns+ME¢Af/2
(a small value suchas 0.1 ns is intentionally chosenfor a
reliableestimation), aretakenfrom therecevvedsignal.By
correlatingthesesamplesandtaking the NBI bandwidthas
20 MHz, the interferencepower is computedfor different
A f values.Accordingto the resultingerror curve shavn in
Fig. 4, evenin the worst case the error percentagéardly
exceeds15%. It is also seenthat the error is limited to
2%, aslong asit is determined,n which U-NIlI bandthe
802.11ainterfereris found.

For the802.11asystemthe completecorrelationfunction
(R(7)), which canbe very beneficialin suppressind\NBlI, is
alsoobtained .t is determinedy computingthe correlation
valuesfor 7 valuesbetween0 to 500 ns, increasingr with
a very small increment.The resulting function, which is
demonstratedn Fig. 5, hasa shapethat matcheswith (5)
to a large extent.
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CONCLUSION

In orderto combatthe narrovbandinterferenceeffectsin
UWB systemsboth NBI avoidanceand NBI cancellation
methodsnecessitatestatistical information about NBI. In
this paper an NBI identificationapproachjn which some
basic information about the interferenceis assumed,is
presented.In this approach,first, the existence of NBI
is detected.Then, the statisticsof NBI, particularly the
interferencepower, which is generallythe mostvital input
for a UWB system, are determined.Lastly, the entire
correlationfunction, which is necessaryor numerous\BI
suppressiomethods,is also computed.

In the paper different modelsfor NBI are introduced
and the correspondingcorrelationfunctions are presented.
It is investigatedhow to computethe interferencepower
underdifferentscenariogegardingthe existing preliminary
knowledge. The focus is mainly on the IEEE 802.11a
WLAN systemsas the sourceof interferencein order to
reflectthereal-world scenaridbest.For the caseof NBI with
unknavn center frequengy, thesesystemsare considered
and the proposedmethodis appliedto estimatethe inter-
ferencecharacteristicsThe effect of amountof uncertainty
in the centerfrequeng is quantifiedand shovn. The entire
correlationfunction is alsofound and demonstrated.

The identification approachpresentedin this paperis
considereda useful meansfacilitating NBI suppressiorin
real UWB communicatiorsystemsbecausét canbe easily
combinedwith both avoidanceandcancellationtechniques.
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