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Abstract—In this paperwe presenta new iterative ap-
proach for channel estimationin an OFDM systemunder
Hiperlan/2 conditions. The algorithm of the iterative esti-
mationwill bepresentedand the suitability in a slow fading
ervironmentwill be proven by simulation. Additionally the
systemwill be appliedfor the useof channel tracking in a
fasterfading environmentaswell asin an ervironmentwith
a frequencyoffset.
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. INTRODUCTION

Hiperlan/2is a wirelessindoorcommunications
protocol standardizedoy ETSI. For the physical
layer OFDM is usedas transmissiorscheme. To
accomplishvarious data rates Hiperlan/2 makes
useof differentcoherentmodulationschemedike
BPSK, QPSK etc. For a correctdata detection
thesemodulationschemesmply achannekestima-
tion (CE) in orderto equalizethe amplitudeand
phasdlistortionof therecevedsignal.

In a Hiperlan/2 systemshort sequence®f data
(bursts) are transmitted. Thesebursts contain a
certainnumberof OFDM symbolsprefixed by a
preambleincluding two symbolsfor training pur-
poses. Four of the systems 52 active subcarriers
areresenedfor permanentransmissiorof known
pilot symbols.Sincestandardizationf Hiperlan/2
is alreadycompleteda changingof thesetransmit-
ter basedparameterss not desirable. In orderto
improvetheoverall performancef thesystemit is
mostpromisingto look for more sophisticatede-
ceiverconcepts.

This paperpresentsa CE thatusesthe redundang
of a FEC asproposedn [1]. Furthermorean it-

erationoveravariablelengthof OFDM symbolsis

introduced.Thisiteratve channekstimationICE)

is implementedn a standardHiperlan/2 erviron-

mentasdescribedn [2].

Of greatinterestis notonly theimprovementf the
overall bit error performancebut alsothe tracking
behaiour undertheinfluenceof afrequeng offset
or at high Doppler frequenciesvhich could open
up new areasof employmentfor this standard.

In sectionll a motivation for a modified channel
estimationin a slow fading ervironmentis given.

Sectionlll describesthe applied iteration algo-
rithm. In sectionlV the simulationparametersre
givenandsectionV shavs a performanceanalysis
undervariousconditions.

Whenestimatingchanneparameters amobile
ernvironmentwith overlaidadditive white Gaussian
noise (AWGN) by transmittingtraining data, it is
inevitable that the estimationis also affected by
noise. A receied dated,, () in the n'" subcarrier
for time slot is describedas

whered,, (i) is the transmitteddate,C,, (i) the true
channekoeficientand NV, (i) theoverlaid AWGN.
Capitalsdenotethefrequeny domain.
Thusanestimationof achannelkoeficientyields

A N Jn(z)
ol = nres (1)

where(C is the estimatedcoeficient for the time
slots andd,, .s(¢) the referencedatereferringto

MOTIVATION

=Cn()) + Nat) (2
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Fig. 1. Iterative channelestimationfor arecevedburst

thei receieddate.

In slow fadingervironmentshe power of theover-
laid AWGN canbedecreasetly takingtheaverage
outof ablock containingn, data.Thisyields

Q>I

ni z_j Co(p) + No(w)=Cr+ N (3)

andreducingthe power of the noiseby n;.
However, this assumptions only valid whenthe
channelcanbe assumedo be constantover those
n, data.

Since transmitting referencedata is diminishing
bandwidthefficiency, suchdatahasto be limited
to a small amount. In the Hiperlan/2 systemtwo
OFDM symbolsare provided for channelestima-
tion. In this papemwe presentamethodto construct
an arbitrary numberof training symbolsusingthe
FEC.Thus,theadwvantage®f equatior3 canbeex-
ploitedwithout the transmissiorof furthertraining
data.

As mentionedabove the Hiperlan/2 standard
providestwo OFDM symbolsfor trainingpurposes
precedingeachburstof datatransmitted An initial
channekstimatiorbasedntheevaluationof these
two training symbolsis neededasa startingvalue
for theiteratve componentThelCE is now imple-
mentedasanextensionto the corventionalCE.
The receved burstd is split into ny,. blocks dy,

I TERATIVE CHANNEL ESTIMATION

containingn, OFDM symbols.Now, thefirst block
(k = 1) is equalized(with the initial estimation
Cin:), demodulate@ndfinally decodedThisleads
to the receved bits f)k,it. For the first iteration
of the first block this leadsto 131,0. The receved
bits areusedto reconstructhen, transmittedsym-
bols by recodingandremodulating. The result of

eachiterationis a setof reconstructedransmitted
OFDM symbolsdy, ;;. TheseOFDM symbolscan
now be usedas an expandedsetof training sym-
bols to generatea new channelestimationCy, ;:.1

with a reducedinfluenceof the AWGN power as
describedn the sectionabove. The new channel
estimationwill beusedin the next iteration.

This procedureds repeatedncefor eachiteration
it in thek-th block. After thefinal (n;;-th) iteration
Cy,n;,—1 1S passedn to the next (k + 1-th) block
whereit is usedas Ck—i—l,O- The above stratgy is

illustratedin Fig. 1.

Whendecidingon the maximumnumberof itera-
tionstwo measuresanbe takeninto account.Ei-

therthe numberof iterationswill be controlledby
athresholddetermininga minimumdifferencebe-
tweenthe currentandthe previouschannelestima-
tion C or limited to a fixed number The latteral-
ternatve thoughnot necessarilyyielding the best
resultcouldbelimiting theprocesgime of thelCE.
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V. SIMULATION PARAMETERS vy = 3m/sbetweerbasestationandmobile unit is

assumed.This is the maximumvelocity proposed
by the Hiperlan/2 specifications.For channeles-
videdtrainingsymbols.Furthermoreboththecon- timationwe usedcorventionalCE andICE. Those

ventional CE andthe ICE were combinedwith a WO channekstimationsvereonceagaincombined
noisereduction(NR) proposedn [1] and[3] which with Ighead\b/f/)'/ idescnbgdr\llR.C'I'hec_ohn/entlona_lclg
is basedon the knowledgeof the lengthof theim- combine Itl I:Ran t el_ EfW'L OUtZNdR yie

pulseresponsef the mobile radio channel.Since approximatelythe samegain of about2 dB at a

Hiperlan/2usesa FFT lengthof 64 andmakesuse BE.R of 10~%. Combiningthe ICI.E with NR.Sh(WS
only of 52 subcarrieron somesubcarriersio data optimal perfprmanceand closesin to thg bit error
is transmitted. This hasbeentaken into account SUMVe Of theidealknown channeI.TheEi:l)’stanceof
when performing the noise reductionby using a thetwo curvesis 0.5dB ataBER of 107",
modificationto the NR introducedin [4]. In the
following examinationsthe supposedmpulsere-
sponsdengthhasbeenlimited to the lengthof the 107"

In this paperthe ICE is comparedto the con-
ventionalCE whichis only evaluatingthetwo pro-

Hiperlan/2system®FDM guardinterval being16 e o CE+NR
samplesresp.0,8 us. The systemwas simulated I, 0 AR
using a mobile radio channelmodelwith adelay 102> >~ i —— ideal

spreadf 100ns. All furtherparametersverewere
adjustedaccordingo theHiperlan2standarcisde-
scribedin [2]. 103t
Simulationswere performedat a datarate of 27

Mbit/s using16QAM. In orderto evaluatethetime
neededor simulations parametersverefixedto a 104 ‘ ‘ NN ,
bursttime of 400 s yielding L000FDM-symbols. 10 12 14 16 18
Thenumberof OFDM symbolsin ablock (n,) was Ey/No [dB]

fixedto 20 whichimpliesny,e = 5. Thenumber  Fig. 2. Simulationresults:BER Hiperlan/2conditions
of iterationsn,;; waslimited to 2.

The simulation results were obtainedby Monte

Carlosimulationsof up to 7000runs. In eachsim-

ulationof thechanneimpulseresponsd.0800bits B. Frequencyffset

weretransmitted.

As mentionedabove, the ICE cannot only be
employed to reducethe noiseof the channelesti-
mation. A secondiseis thetrackingof thechannel

In thissectiontheperformancef theHiperlan/2  coeficients. Fig. 3 shavs a systemat 27 Mbit/s
systemdescribedabove is analysed. As already ith the influenceof a constantfrequeng offset
mentionedin the introductionwe concentrateur A f ata E, /N, ratio of 13 dB. Usingthe pilot car
interestnot only on the overall bit error perfor  riers of the systemto track the channelshows the
mancebut alsoevaluatethe performancen asys- pestresultsin ensuringatransmissionHoweveran
temwith afrequeng offsetandinvestigatehebe- |CE (n, = 2) notevaluatingthe pilot carriersman-
haviourin afasterfadingen/ironment.In thelatter agesaswe” to Sustairareceptib|aransmissiomp
two casesheability of thelCE asatrackingmech- o a A f of 2000Hz (consideringa BER of 102
anismis of greatinterest. asa tolerablelimit for decentreception). This is
arealisticfrequeng offsetthe systemhasto han-
dle after performinga pre-synchronisationFig. 3

In this sectionan ordinaryanalysisof theover makesclearthatreducingthe effectsof noiseand
all bit error performancds conducted. In Fig. 2 trackingchannelparametersretwo opposedur-
the bit error rate is shavn at 27 Mbit/s for the poses.A larger n, yields a low BER whenthere
Hiperlan/2conditionsgiven above. A velocity of is no or minimal offset, however no tracking can

V. PERFORMANCE ANALYSIS

A. Bit error performance
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be performedat higheroffsetratessincethe chan-
nelis changingtoo muchwithin oneblock. To the
contrarya smalln, permitstrackingbut startsat a
muchhigherBER whenoffseteffectsarestill low.
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Fig. 3. Simulationresults:frequeng offset

C. Fastfadingernvironments

Finally, Fig. 4 shaws the samescenarioas in
Fig. 3 but now with the influenceof a Doppler
spreadcausedby a velocity up to vo = 50m/s.
In suchan ervironmenta corventional CE with
pilot carriersfails to track the channelsincesuch
aninterferencas arbitraryfor eachsubcarriesoa
conclusionfrom onesubcarrierto the otheris not
valid. To thecontrarythe ICE (with ablocklength
of n;, = 3 OFDM symbols)is ableto track the
channel A limiting factorto this mechanisms the
block length. For thetrackingto work the channel
may only changeto a certainextend betweentwo
blockssincethelastestimatiorof oneblockis used

for theinitial equalisatiorof the next one.

VI. CONCLUSIONS

In this paperaniterative channelestimationfor
a slow fadingervironmenthasbeenpresentedin
sectionll the motivation for a modified channel
estimationusing an extendedset of training data
generatedn the recever hasbeengiven. In sec-
tion 1l we presentedhe algorithmto performthe
iterative channelestimation A performancenaly-
siswasdonein sectionV with a systemdescribed
in sectionlV. It hasbeenshowvn that aniterative
channelestimationcanbe usedto reducethenoise
of the estimatedtchannekoeficientsin a slow fad-
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Fig. 4. Simulationresults:Dopplerfrequeng

ing ervironmentaswell asto track the channelin
fasterfading ervironmentsor in a systemwith a
frequeng offset. Bothaspect®f thel CE aremutu-
ally exclusive sincenoisereductionrequiresalong
block lengthandchannekrackingcanonly be per
formedwith ashorterblock lengthof OFDM sym-
bols.
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