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Abstract— In this paper we presenta new iterative ap-
proach for channel estimationin an OFDM systemunder
Hiperlan/2 conditions. The algorithm of the iterative esti-
mationwill bepresentedand thesuitability in a slow fading
environmentwill beproven by simulation. Additionally the
systemwill beappliedfor the useof channel tracking in a
fasterfading environmentaswell asin an environmentwith
a frequencyoffset.
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I . INTRODUCTION

Hiperlan/2 is a wirelessindoorcommunications
protocol standardizedby ETSI. For the physical
layer OFDM is usedas transmissionscheme.To
accomplishvarious data ratesHiperlan/2 makes
useof differentcoherentmodulationschemeslike
BPSK, QPSK etc. For a correct data detection
thesemodulationschemesimply achannelestima-
tion (CE) in order to equalizethe amplitudeand
phasedistortionof thereceivedsignal.
In a Hiperlan/2 systemshort sequencesof data
(bursts) are transmitted. Thesebursts contain a
certainnumberof OFDM symbolsprefixed by a
preambleincluding two symbolsfor training pur-
poses.Four of the system’s 52 active subcarriers
arereserved for permanenttransmissionof known
pilot symbols.Sincestandardizationof Hiperlan/2
is alreadycompleteda changingof thesetransmit-
ter basedparametersis not desirable. In order to
improvetheoverallperformanceof thesystemit is
mostpromisingto look for moresophisticatedre-
ceiverconcepts.
This paperpresentsa CE thatusestheredundancy
of a FEC asproposedin [1]. Furthermore,an it-

erationoveravariablelengthof OFDM symbolsis
introduced.Thisiterativechannelestimation(ICE)
is implementedin a standardHiperlan/2 environ-
mentasdescribedin [2].
Of greatinterestis notonly theimprovementof the
overall bit errorperformancebut alsothe tracking
behaviour undertheinfluenceof a frequency offset
or at high Doppler frequencieswhich could open
up new areasof employmentfor this standard.
In sectionII a motivation for a modified channel
estimationin a slow fadingenvironmentis given.
Section III describesthe applied iteration algo-
rithm. In sectionIV thesimulationparametersare
givenandsectionV shows a performanceanalysis
undervariousconditions.

I I . MOTIVATION

Whenestimatingchannelparametersin amobile
environmentwith overlaidadditivewhiteGaussian
noise(AWGN) by transmittingtraining data,it is
inevitable that the estimationis also affected by
noise. A received date
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channelcoefficientand

�������	�
theoverlaidAWGN.

Capitalsdenotethefrequency domain.
Thusanestimationof achannelcoefficient yields
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is the estimatedcoefficient for the time
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Fig. 1. Iterativechannelestimationfor a receivedburst

the
� th receiveddate.

In slow fadingenvironmentsthepowerof theover-
laid AWGN canbedecreasedby takingtheaverage
outof ablockcontaining
*) data.Thisyields
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andreducingthepowerof thenoiseby 
6) .
However, this assumptionis only valid when the
channelcanbe assumedto beconstantover those
*) data.
Since transmitting referencedata is diminishing
bandwidthefficiency, suchdatahasto be limited
to a small amount. In the Hiperlan/2 systemtwo
OFDM symbolsareprovided for channelestima-
tion. In thispaperwepresentamethodto construct
anarbitrarynumberof trainingsymbolsusingthe
FEC.Thus,theadvantagesof equation3 canbeex-
ploitedwithout thetransmissionof furthertraining
data.

I I I . ITERATIVE CHANNEL ESTIMATION

As mentionedabove the Hiperlan/2 standard
providestwo OFDM symbolsfor trainingpurposes
precedingeachburstof datatransmitted.An initial
channelestimationbasedontheevaluationof these
two trainingsymbolsis neededasa startingvalue
for theiterativecomponent.TheICE is now imple-
mentedasanextensionto theconventionalCE.
The received burst

�7
is split into 
38:9<;�=�> blocks

�� >

containing
*) OFDMsymbols.Now, thefirst block
( ? � - ) is equalized(with the initial estimation�@�AB�CA

), demodulatedandfinally decoded.Thisleads
to the received bits

�D > � ABE . For the first iteration
of the first block this leadsto

�D 2 � F . The received
bitsareusedto reconstructthe 
6) transmittedsym-
bols by recodingandremodulating.The resultof
eachiterationis a setof reconstructedtransmitted
OFDM symbols

�7 > � AGE . TheseOFDM symbolscan
now be usedasan expandedsetof training sym-
bols to generatea new channelestimation

�@ > � ABEIH 2
with a reducedinfluenceof the AWGN power as
describedin the sectionabove. The new channel
estimationwill beusedin thenext iteration.
This procedureis repeatedoncefor eachiteration�KJ

in the ? -th block. After thefinal ( 
 ABE -th) iteration�@ > � ��LNM:O 2 is passedon to the next ( ? � - -th) block
whereit is usedas

�@ > H 2 � F . The above strategy is
illustratedin Fig. 1.
Whendecidingon themaximumnumberof itera-
tions two measurescanbetaken into account.Ei-
ther thenumberof iterationswill becontrolledby
a thresholddetermininga minimumdifferencebe-
tweenthecurrentandthepreviouschannelestima-
tion

�@
or limited to a fixednumber. The latteral-

ternative thoughnot necessarilyyielding the best
resultcouldbelimiting theprocesstimeof theICE.
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IV. SIMULATION PARAMETERS

In this paperthe ICE is comparedto the con-
ventionalCEwhich is only evaluatingthetwo pro-
videdtrainingsymbols.Furthermore,boththecon-
ventionalCE and the ICE were combinedwith a
noisereduction(NR) proposedin [1] and[3] which
is basedon theknowledgeof thelengthof theim-
pulseresponseof themobile radiochannel.Since
Hiperlan/2usesa FFT lengthof 64 andmakesuse
only of 52 subcarrieron somesubcarriersno data
is transmitted. This hasbeentaken into account
when performing the noise reductionby using a
modificationto the NR introducedin [4]. In the
following examinationsthe supposedimpulsere-
sponselengthhasbeenlimited to thelengthof the
Hiperlan/2systemsOFDM guardinterval being16
samplesresp.0,8

4*P
. The systemwassimulated

usinga mobile radio channelmodelwith a delay
spreadof 100ns.All furtherparameterswerewere
adjustedaccordingto theHiperlan2standardasde-
scribedin [2].
Simulationswere performedat a datarate of 27
Mbit/s using16QAM. In orderto evaluatethetime
neededfor simulations,parameterswerefixedto a
bursttimeof 400

4
syielding100OFDM-symbols.

Thenumberof OFDM symbolsin ablock( 
6) ) was
fixedto 20 which implies 
38:9<;�=�> �RQ

. Thenumber
of iterations
 ABE waslimited to 2.
The simulation results were obtainedby Monte
Carlosimulationsof up to 7000runs.In eachsim-
ulationof thechannelimpulseresponse10800bits
weretransmitted.

V. PERFORMANCE ANALYSIS

In thissectiontheperformanceof theHiperlan/2
systemdescribedabove is analysed. As already
mentionedin the introductionwe concentrateour
interestnot only on the overall bit error perfor-
mancebut alsoevaluatetheperformancein a sys-
temwith a frequency offsetandinvestigatethebe-
haviour in a fasterfadingenvironment.In thelatter
two casestheability of theICE asatrackingmech-
anismis of greatinterest.

A. Bit error performance

In this sectionan ordinaryanalysisof the over-
all bit error performanceis conducted. In Fig. 2
the bit error rate is shown at 27 Mbit/s for the
Hiperlan/2conditionsgiven above. A velocity of

S F5�UT
m/sbetweenbasestationandmobileunit is

assumed.This is themaximumvelocity proposed
by the Hiperlan/2 specifications.For channeles-
timationweusedconventionalCE andICE. Those
twochannelestimationswereonceagaincombined
with theabovedescribedNR.TheconventionalCE
combinedwith NR andthe ICE without NR yield
approximatelythe samegain of about2 dB at a
BER of -WV OYX . CombiningtheICE with NR shows
optimalperformanceandclosesin to the bit error
curve of theidealknown channel.Thedistanceof
thetwo curvesis 0.5dB at aBER of -�V OYX .

          
  

  

  

  
CE
CE + NR
ICE
ICE + NR
ideal

Z:[ Z:\ Z^] Z�_ Z:`Za[cbed

Za[cbgf

Za[ bgh

Za[cbji

k%l
/ m�n�o p	q�r

B
E

R

Fig. 2. Simulationresults:BERHiperlan/2conditions

B. Frequencyoffset

As mentionedabove, the ICE can not only be
employed to reducethe noiseof the channelesti-
mation.A seconduseis thetrackingof thechannel
coefficients. Fig. 3 shows a systemat 27 Mbit/s
with the influenceof a constantfrequency offsetsut

at a v58cw �xF
ratio of 13 dB. Usingthepilot car-

riers of the systemto track the channelshows the
bestresultsin ensuringatransmission.Howeveran
ICE ( 
6) ��y

) notevaluatingthepilot carriersman-
agesaswell to sustaina receptibletransmissionup
to a

sut
of 2000Hz (consideringa BER of -WV OYz

asa tolerablelimit for decentreception). This is
a realisticfrequency offset the systemhasto han-
dle afterperforminga pre-synchronisation.Fig. 3
makesclearthat reducingthe effectsof noiseand
trackingchannelparametersaretwo opposedpur-
poses.A larger 
6) yields a low BER whenthere
is no or minimal offset, however no trackingcan
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beperformedat higheroffsetratessincethechan-
nel is changingtoo muchwithin oneblock. To the
contrarya small 
*) permitstrackingbut startsat a
muchhigherBER whenoffseteffectsarestill low.
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Fig. 3. Simulationresults:frequency offset

C. Fastfadingenvironments

Finally, Fig. 4 shows the samescenarioas in
Fig. 3 but now with the influenceof a Doppler
spreadcausedby a velocity up to S F�� Q V�� w�� .
In such an environment a conventional CE with
pilot carriersfails to track the channelsincesuch
aninterferenceis arbitraryfor eachsubcarriersoa
conclusionfrom onesubcarrierto the other is not
valid. To thecontrarytheICE (with a block length
of 
6) � T

OFDM symbols)is able to track the
channel.A limiting factorto thismechanismis the
block length.For thetrackingto work thechannel
mayonly changeto a certainextendbetweentwo
blockssincethelastestimationof oneblockis used
for theinitial equalisationof thenext one.

VI. CONCLUSIONS

In this paperan iterative channelestimationfor
a slow fadingenvironmenthasbeenpresented.In
sectionII the motivation for a modified channel
estimationusing an extendedset of training data
generatedin the receiver hasbeengiven. In sec-
tion III we presentedthealgorithmto performthe
iterativechannelestimation.A performanceanaly-
siswasdonein sectionV with a systemdescribed
in sectionIV. It hasbeenshown that an iterative
channelestimationcanbeusedto reducethenoise
of theestimatedchannelcoefficientsin aslow fad-
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Fig. 4. Simulationresults:Dopplerfrequency

ing environmentaswell asto track thechannelin
fasterfading environmentsor in a systemwith a
frequency offset.Bothaspectsof theICE aremutu-
ally exclusivesincenoisereductionrequiresa long
block lengthandchanneltrackingcanonly beper-
formedwith ashorterblock lengthof OFDM sym-
bols.
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Ph.D. thesis,University of Ulm, Ulm, 1999, In Germanlan-
guage.

[4] H. SchmidtandK.D. Kammeyer, “Impulsetruncationfor wire-
lessofdm systems,” in InternationalOFDM-Workshop, Ham-
burg, September2000.

[5] K.D. Kammeyer, Nachrichten̈ubertragung, B.G. Teubner,
Stuttgart,secondedition,1996, In Germanlanguage.

[6] R. van Nee and R. Prasad, OFDM for WirelessMultimedia
Communications, Artech HousePublishers,Boston,London,
2000.


