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ABSTRACT

In this paper, the efficient equalization method for OFDM (Orthogonal Frequency Division Multiflexing) system
using the QAM (Quadrature Amplitude Modulation) in multipath fading channel is proposed in order to faster
and more efficiently equalize the received signals that are sent over real channel.

In generally, the one-tap linear equalizers have been used in the frequency-domain as the existing equalization
method for OFDM system. In this technique, if characteristics of the channel are changed fast, the one-tap linear
equalizers cannot compensate for the distortion due to time variant multipath channels. Therefore, in this paper,
we use one-tap hon-linear equalizers instead of using one-tap linear equalizers in the frequency-domain, and also
use the linear equalizer in the time-domain to compensate the rapid performance reduction at the low SNR

(Signal-to-Noise Ratio) that is the disadvantage of the non-linear equalizer.
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In the frequency-domain, when QAM signals, consisting of in-phase components and quadrature (out-of-phase)

components, are sent over the complex channel, the only in-phase and quadrature components of signals distorted

by the multipath fading are changed the same as signals distorted by the noise. So the cross components are

canceled in the frequency-domain equalizer. The time-domain equalizer and the adaptive algorithm that has

lower-error probability and fast convergence speed are applied to compensate for the error that is caused by

canceling the cross components in the frequency-domain equalizer.

In the time-domain, To compensate for the performance of frequency-domain equalizer the time-domain

equalizer equalizes the distorted signals at a frame by using the Gold-code as a training sequence in the receiver

after the Gold-codes are inserted into the guard signal in the transmitter.

By using the proposed equalization method, we can achieve faster and more efficient equalization method that

has the reduced computational complexity and improved performance.

I.M8

o] B4l 714 fAldlA] FAeZ, opdE
WAl A wpAlez, 8] 915e] Afu]ZellA
HleA B AMIAE Fvlshe WEkeR F53H)
updsla giok B3], HE A Adeld age
2 doleE A4Y 4 v WA o vy
£ A3 OFDMHMlo] g8 #le T gl
aet}, OFDM HH] ARl o i =04
zb ARl Ad AL ] sl sk o
$o) olck A3 Ad AelMe hHIHA A8
M-S AejstAR Sk gl go|d @ikt
7+ wlo] Q) A Bxdo] EAsHA =W AZRRE
o] gkt Ald7re] zhAel A& EAEHA =
th. el 2 dlele] HE Aol A3 ¢
HxJo] t]2 AlslEo] ojel HIRE S3p|7F 83}
A "ok aejEg vle)Akzel Aol opr|E=
nlAEAQl sl izl 7 leHE ZE 3]
9} ojulgt Wil HAUZ 3L vpR Hd F
7171 oA Pek o]2id 87l wjFe] & ),
OFDM HhAlollx] e} F3pbale] vlidd] ¥ F317]
ot7re]Z sfutel] thEh A7)t zsEejo} gt

B =844 A= OFDMA| A sl gl
3 A9e sl MAelsde Ad 48 2 A
g o)l =ol) ciEh oA wilel] ohaled Awsiich NV
Aol A= OFDMAI2EloAe] alubdel F8l7 |3}
Aok =3}719S vlwslglen] VAlAE 25t
29) AFe £33 AQME e A% wla ARE
e, siAee 2 Aels 488 derk

I. OFDM Al2H Tl

gubdoz  wmAAQ WY ApAle A

signal frequency band& N7i2] non-overlapping
frequency subchannels® i}yo] AMgslgl o) o]
1AL spectrum®] ARg-of| gleiA wlEgA ol 1
Aa] QY 2e] Aersl vhrlo] overlapping multicarrier
modulation ®Ajelc}. et o] A ukEultel]
E48 w9l ksaiatel Aol fAls ook
g} ©]213t multicarrier AHEHPA] F 7 &3
3 A %¢] izt OFDMMMolck
OFDM W} HlolElE ofel 7ie] v]= ddz
31 0] 48 ofe] s wkEkmE AREsle] WZs)
uirlolry. &, OFDM Ajxdle Ay v|E oS
g HlE g2 wpteid Faart MR OE o
o] BukpalE ARgsle] HRE FAMA ASshe
Axdlo|t}. she] wkbalE AMg3le] dlolHE &
AH o Apeh= Afurt AdsEe AR o)
Aeiz] g 2|dAZE AE J WA = A%
2 AR 7k ZHS EY ¢ slel o AR A
of dsl Zpslch =3 ~HERS] &S ¥ F
glen] 3£ H4o] 7Hs8lo] bandwidth efficiency
o e

2% 1€ 7|83q] OFDM £5417] 25 el
H AHolck

2 13 1014 QAM A& A48 7§ OFDM
Ax~de] £ 2RHATE «(HEl sl oL
Zo] AHojg 4 glrk

ok rr ¢

o N-1
)= Y Y, Cpkre/ N £ kT,

k=—co m=0

M

N
Y, o+ 0, 00lcos(2af,, (- kT, )+ jsint2af,, (-, Ny ¢ —kT,)
m=0

3

i

= Nl

+i 3 Y [,k )sin(an, (T, )+ @y, (koos(2af, kT, D (= 4T, )

k=woo m=0

(m=12,---,M) 6))

1083



2183 =] '00-6 Vol.25 No.6B

g N
. Insert Remove .
. IFFT ¥ Guard Guard FFT Ps —»

gp L]
Birary . A | symoal xgw,g) 7o) | symbol . Binary
Highrspeed Hghvspeed
data data
G G

2] 1. 7184 OFDM $5:417] %

714 C,2 complex number® C,=1I,+jQ,,
ol L% Q.v A *1, +3& dehlE in-
phase 43¢} out-of-phase (quadrature) Al o]
T.= OFDMAIZS| A% F7]& vehich aelz
e miA ¥Rl TSz 2h g
AuAdE FAAF7] Sl wkgmpzke] A S —}—

o Wiz Ao Bukw} A5 chew A Wek
Sm = fo+tmAf = fo+m/ NAt ?)

OFDM Alzgle A2 ZAAE Noje) wxigatz
FHEEE AE go] folm AR 74
al=1/7)018 ¥ukgw Foki £, & chewt 7
Al =k,

fn=Ffotm/T, (m=0,- ,N-1&T, = NA) 3)
a8]3 AHv 4 AR pulse waveform 2 &

che} 7ol el ®ek

1 (0<t<T,)
fy=
0 (otherwise) ()]

ela o] o yukgsw)l Als=

Gim)=8n(t=kT,) (m=0,+ . N-1&k=—o0,--,00) (5)

e =le’T" osisT
m 0 otherwise ©)

oli, 2zt ¥agwle) AMERL chew o] Aol
e,

Flg,,@}=T, sinc(f ~ £, )T,
=T;sinm(f = fi )T I 7(f - fi )T, ')

1084

A 79) pigme) AdERE T3lew ey
" ekt 2.

8 2. OFDM®| 3ulss) AvEd

T3 2¢4 o = URe] 72 Fukbas o B
ksl Falpellais 00] Ho] Fuliatol] glo] &
HEETRE S oA o o] FulgrulETl
AL 918l $Aldks} Aol FFTE AR
¥t FFTE A 7% DFTS 283 o) ur}
operation & NollA] Nlog N2 2 < 9jrk

1
j2 —t
exp(J er )

exp(— jZfr«Tth)
&

exp( jZﬂ%t)

X
b——

G 3 ~
C, d —
~
C, | ——— — C]
Parallel Serial
1
o o [xo, ) S o
sonal Pparaiel
‘converter ‘converter
A
CN—l 2 CN—I

(b) OFDM system using IFFT and FFT
323 3. OFDM AjxE) 7z



1/ AR v’ A4 QAME

A}5H=OFDMA 298] B&42) $3714 A 2 A58

a8 39 (@, b= F2 QAMAIZE ARRE
OFDMA|=le] F-xe} o] 2o} Fiproa Fr}
Holw IFFT¢} FFTE o]-43le] OFDMA|AglE T
g 725 Jepd Aok

. A2 #A 3 A oS sfd et

¥ =Eelld me] A AMSIE Ade] A
ETSIoA] AA%F COST-207 c}==7 2 #H73E nled
22 Ads mdy sk of Ade] A YA
Q =A A A NE FE" AR AdR
Adel Aze 2002 3P, zzke]l A=A
random delay+= negative exponential lawol] we}
B¥5le] 9low random phaset= 03} 2mAlo]d]
uniform3}A] #-3¥%o] ¢] ™ random attenuation-2-
Rayleigh#-2& 7Ic) 124 419 A5 «(1) 9
modulus+= Rayleigh ¥¥-8 w2r phasex 03} 2
rwAlolol uniform3t BEE sRzichk oeja wke] Af
de] AR 4 NP FE3] Zcka e AR
Al A8+ central limit o] Eo]] 2]3f o] 09l
complex Gaussian random process”} ¥t} X 14j
£ 2o Agel A oA A sl
2 depielch A9 54 selEe @ ¢ A%
| A QP o) chee) FE Az A
€ Z+e= dkgel 70 A7 Adg 2 vk A
2Z0] ZAjich

[

E 1. Mutipath channel model : drawing of 20 paths
coresponding to the COST-207 urban
Ray Delay([s] Modulus Phase[rad]
1 1.0030 0.0576 4.8550
2 5.4221 0.1768 3.4191
3 0.5186 0.4071 5.8645
4 2.7518 0.3036 2.2159
5 0.6029 0.2588 3.7581
6 1.0166 0.0618 5.4302
7 0.1436 0.1503 3.9520
8 0.1538 0.0515 1.0936
9 3.3249 0.1850 5.7752
10 1.9356 0.4001 0.1545
11 0.4300 0.2957 5.9284
12 3.2289 0.3508 3.0530
13 0.8488 0.2629 0.6286
14 0.0739 0.2259 2.1285
15 0.2039 0.1710 1.0995
16 0.1942 0.1497 3.4630
17 0.9244 0.2401 3.6648
18 1.3813 0.1166 2.8338
19 0.6406 02212 3.3343
20 1.3687 0.2597 0.3939

¥ ETel AR o5 Adel A9 A
el 41 Alse e} 2ol Ao g 4 slek

N
263} =Xpn (t)s[t—'t,, (t)] ®)
n=1

4] 8% normalize A]7]d ol A 99} zlolzlck
N
ip (t)st T, (t)

() o —
N
Ye.0 ©)

n=1

A 83 9l ()= ZIAHAS 4] A%, N
Al o AZ N p.(0% (de A i
A 729 complex attenuation} delayE vjeliict,
oyt oz zt A =29) attenuation?} delay: time-
variant 3lt}. 7|4 A9 =E ~=H=F B,
2}3. &PH mobile receiver®] 79 mobile speedE
2}1 sk carrier frequency S £k dPH EZa]

2sgei 4] 103} o} Ach

v

B, E;fo (10)
E =FollA 28] Algol| M85 carrier frequency
7} 88~108Mhzo|r] | mobile speedE 200
kmhzia dbd 9 4] 106 A4 A3 £3Fe] A~
I eE 20 Hz7} Sk

Correlation -2- 0.52}7 3-8 uj channel coherence
time T, thgst ol 2ok

=1 =
T. = Ad 50ms

712] 3 mean excess delay(first moment of power

63V

delay)+=

7 =2 =1.4641e-6 sec

12)

ay - Modulus

where {rk s excess delay time
©]31, second moment of powerE thS3} Zrhi & o

1085



22183 =82 °00-6 Vol.25 No.6B

=6.2968¢e-11 sec

=1
N
2
Se (13)
rms delay spread o, 2] 148} zto}zlc}

o, =Ve2 [ =7.7990¢-6 sec (14)

222 correlatione] 0.5 o] coherence
bandwidth B = th33} ZolAlc)

=25.644 kHz
50, (15)

Ade] EAAFAM G 5 g9lRe] A
coherence time( T,=50ms)-2 £ 2o} AFeA] A}
45 Az {FFEAH o] (T=1000ps=1ms)2} ¥]
s B w wlg- Zck ol Ade] A st
< 2Jv|3le slow fadingo] WS oj=|gkc}h 1
2|3 #de] coherence bandwidthe] 74-¢- 2o 4
Hollx]  AM8=l  bandwidthe} w®lmA]  Ade
coherence bandwidth”} 25.644kHz¢]l wbH 29 Al
o4} A% bandwidth+ 512kHzol= 2 Ajde]
coherence bandwidth7} Ahjdoes  =r] oo
frequency selective fadinge] ®HAc}

343 Amld] & 5 UEo] slow fadingsh
frequency selective fadingo] =gk}l 2@
frequency selective fading ¢}3rol oj-23}7] <73l
adaptive equalization, spread spectrum, pilot signal
F Aolx A oluel WHE A F ool
7345w diversity®} error  correcting  code®}
interleaving-2- ©]-4-8}odo} &} slow fadingel] 2|3F
ool the-8)l7] )8l error correcting codes}
interleaving-3- o]-&3}ojo} 3t} $A1 slow fading
cof) &gk A il ti-8Ekr] 43 W E AE
Aol 348 redundancy &, RE77ME H713ke
ubH-8- 18]35 error correcting code® convolut-
jonal coding®} interleaver® #-&3lgit}®’. 2 ut
e g3l 2o AYS kAR 23k AWGNR
A 385 2L 5ol 790 fading
channel-& £33} A} o}=l7}A] frequency selective
fadingl] 23t #-5-9] <33k} AB7ke] 7Hdel A%
ZAslth. AGWNE o= wed] B E/N, ¥
Jozd Aes: W AA 4 9ok et

1086

frequency selective fading 7ol 23t ¢l=¢] 74
<+ &3] E/NE Eoloigke Aol AMA=A ¢
ot g8 E Jollx] 2133 frequency selective
fading S50l oh-3-317191%F HbH& A-gsledof 3t
o] HMHE F ubdozr 3P frequency
selective fading¥} slow fadingel] &3t ¢=-& wAk
shedl glo el weby mEAS Ao
Alse] o= dato] oS AlslEe] ofd] AHIRF &
17b geashA "ol

V. HietE S|

Uik ez 7)E OFDM A|2dl Salyies &
s odofel whel W AW SE)E ARsRs W
o o] AHE Hgek o] A9 Az A
H740) Azkel me wheA WakA B A Ade
g e e w2 4 gl aejEe
% ERolAE OFDM Azslol] dubdel 3]
el Fo odelo] Bl ) A% S8 AHes)
WA e SalE Agsisied w5
51719 whgal ke SNRoHS) 48 A% A3}
5 R sl ATRle] Al SElE
e ALgalsdch

oo

2]

1. Furdy Ssp|

OFDMA| ~€l2]  Basebandoll4]2] QAMAXl5.9)
in-phaseAl &9} quadratureAl & x{¢), x,()7} oh&
3} zehal

x; () = A(t) cosfp(n)] (16)
x, () = A@sinfp(0)] a7n

Passbandoll4] #Wz2¥E QAMAIE x(p+= thea}
ZrojAley.

x(£) = Ar) cos(@ t +(t)) (18)

= x; (t) cos(@,1) — x, (1) sin(@,.t)

o§7]4] QAMAl S+ complexAl 3. o] 22 complex
baseband equivalent 4132 u}ed vhgsl 7k

x(1)=x, () + jx, () (19)

18]35 complex channel®] 8~ 5% w(nHE}



EETEAR do)dd AdelA QAME AHS-3R=OFDMA| 2’8 f-42lql F3pr AA % deEH

3. 33 complex channel output®] in-phase$}

crossAF-o] thg-Al# iyl
r(@)=x, (0% b ()= x, (D) * by (1) 20)
r ()= x; () *h, () + x, () *h; (1) 730

complex baseband A]AEl9] -85t AHE o9}
ZolAic}.
r(t)=x(t)*h(t) (22)
=r )+ jr.(0)
=, )+ jx, O 0+ jhy (D)
=, ()% b (- x, )k, O} e (D xRy 0+ x, @B 0}

X0 Hy(®)
\%Ri<r>

Hy -

Hy®)

[/
(B—r®
7

X, (0 H(

18 4. Complex baseband system T2

a3 42 A 2% vpEkeE QAMAlE S
complex baseband system?] T-FE vjepH Zlolct

o]9} #to] complex channel-d E3§t QAMAlSE
9] =8 wAKNFT] $isir]+= complex equalizer
2 Algsledol Fkcl. Complex equalizer 9] 73-%-
real in-phase equalizert= complex channelg- £}
3 QAMAIZ 9] in-phase’d#<l »(t)3} crossi)E-
Ql r ()R QIFF ISIZ A|AHsh channel®] w{thA]
Aol 23t in-phase’dHal  r(£)9} crossgEal
rdt)Atololl HHAE=  cross-interferences=  cross-
coupling equalizerol] oja] A|A" 5 e}l

Complex channel$ £33 QAMAIEE wAR)
F7] 235k 7]&2]DFE(Decision Feedback
Equalizer)d-$- 2 727} vi-$ 83k} complex-
ity7} 71£2{ql DFE®} ®l=Al wig- AAA Hch
12 oE OFDMA|2Ele] &3] Fulpdy F
3718 Asklen ek A el A" e

o] DFEE 71 5357} wi¢- zu2 Hshdol| %
shct

QAMALZE  in-phase’d¥-3} quadratureAd ¥-0.&
TFAsIgl e RS ARell digle] 53
ole2 fadingell s ef=4% AF % noiseo] 23}
o5l A3 x]% in-phase’dE-3} quadrature]F-2
amplitudeqto] W} 18] B2 noiseol] <3 i
& B e A% PR 7189 53l
A MZ cross®  A¥-S At in-phases}
quadratureAd §-of] 242} E3b718 ARMRsle] 5315
gick o) uhye| 7¢- 7|&e) DFES3P] 729} H]
s3] & o cross® AEE Aoz e
8] ur} BHEgE 29 5 9k

2. MY 3P|

B Rl Alddshs A S
3t zfck. OFDM Zbzbe] AlEL 5 F+
aledl, AA At REgrtolrt

o i
5

A1l ngtkh
(@) trame frame;

Lakal]
frame

n-1E A g2 ) [3adad ')
(b) frame trame! trame
N N4 or N/8 1

time

a2 5. ¥ =Folld Ak frameTE

dubdog REPZRY 79 1¥ 5-(a)9} 3ol
2152 vl BES AlFe ARy B F
oz wrEvk a8ld) a3 5-(b)eh o] BRI
S training© 8 83l B FFIYol| training
sequences ge] o framevit}h whE A 2]|ES o]
fsle) 5318 sl 4 dubdog Eilwol 2
Y S31E A @ 5 ik A7) H
Ay 53 wHe & 7S AR ARgEE A
A A AEE AR ARY 5 gleng o
T2} g Babsiaich zejmz Aok ube
ol43le] BAleg & o 4 Ak

3. Training sequence

AF7HA Aok F3He AMgteEs Bib
=% 9 4 alont Al g ohze] AT A%
o] W& training sequenced W R F 3FHA| Hcl =

1087



PLEAIEE =F] °00-6 Vol.25 No.6B

et OFDMA:RS] A9 2577k Zolr} 34
Ho] 9l Fupdele] A% 74FA training A
7re EYFE AAHe|lng Wyt 2 training
sequenceE o]-83le] P& Ao} Frbd ¥k F
4 S8k olFo] A 4 U Holek WA A
£=3= training sequence®i: PN(pseudo noise)
sequence2} Bessel-type pulse5e] ity M E77RS
training sequence® th2|3}7] #sli4l= o] training
sequenceel] &3t 557|547} o} sequences} %
A PEseel gk 5] A4S ke It

2S o= & auto-correlationgrS 71Ao} 31 T

V. 29| 48 2n}
& B = VAl Alkd 537148 n)
B®o® MATLABS ©|83lo] AWGN 2 [[#bellA]
23 AR Al Fake 2mAle] g
£ ] o FAIAE tisle] AtE T3
71 viEke g e AR Aot ohe E o
2 2o Ageld AR F2 dRblelE Jehy
ek

717} ot 28 ul= 09 717kE- auto-correlationgFe- E 2. OFDMAZH 2 Afel M8t 8 Hejele]
7ok )k o]zdk AlE®F  maximal-length Wz uha 16 QAM
; 94 E [KHz] 512
sequence(m-sequence)’} ©]-2%w cross-correlation FFT o 0
N . size
o] 2o f2- £t} o|zl%} auto-correlation Z}t A s o 252
< =v Y2 cross-correlationzh-& ZH= sequence BE7L 7)S(gs) 16 or 32 or 64 or 128
7} Gold sequenceo]t}”. oz B =Foxe= 8 A Ze)(Tw) [ sec] 1000
training sequence. Rayleigh fadings] 53] 73&} T ;j:%g;[[m]] S
.. } A I sec gs=
Gold code& ©]-4 training sequence® A& 3oz Sampling time (T)[ sec] 1.953125
A= A7 ol o 22 dlolsE A4 & 4 gl
=8 ag 7oA d ¢ sURe] SIE AR
thy ¥ 62 B =delld Ak 53 OFDMA|~E]oll42]  AWGN#733}elA]  channel
nlEko 2 gk AlAEle) T2E vehd Aolch coding} interleaving& 831 & Al
Transmitter
CQ CO
2|
C [
Channel e —— X pidord (t)
it [Pl Gomeuie > interioaver f | A s ; IFFT ( PiS T(-‘D)G‘::::‘g:e
coder) i !
Channel
Bt
Noise
R [Guara tme Froquency|
remova corrector ﬁm,‘,(r)
rﬂ
n Time Domain Equalizer
gl
Channel
s {1 | FeT s [l Tor La| De- decoding L yf 1y oicion
Wl 7|
r—”ﬁ Receiver
Frequency Domain Equatizer

=

a3 6. AgH ERpE vpkeR & AlaRl 72

1088



EE/OEAE dold Adold QAME AME5H=OFDMA| ~He) &85 F3p714 A 2 e84

BER(Bit Error Rate)d] o|& 2|9} AFPAE w]ugk
A3} ool eak= qlglont Ash A9 2A
4% d 5 slsdvh 531E AH9J] OFDMA|2H]
olA1e] AWGNE7slol|A] channel codings} inter-
leaving® 44 391& dhe} He3H sk o)
2l 4gYel A% Wl GFC AT channel
coding#} interleaving& &3t A3} AWGNHH7 ol
A Azde) 5ol 4Ee o 4 sk

13 8¢} 99) BERFAIFN AAtw ZAol4 & 4
Q%o At F3IHE A Al training AR
Jubdel PN-codeE ARE-31-S wj¥r} Gold-code
AHE e o AR o] S L
ek ez AL 3]0 4§ DFEFS
7]7} SNRo] 2k dejt AdelM= Adse]l d5%
3] Hojx)= wbA Alrgl 3PS o4 A] SNR
o] zke FAoME FR3] BAE HFES & &

At

1.E+00

1,E-01 1 \‘Q\

ez k*‘?'i:& -

4
E———
1

Y
A

Bit Error Rate

—— wich&int
1,E-03 {..| —#—W ch

eolEA L

1,E-04

] 3 5 8 1 13
Eb/No(dB)

2] 7. BER versus E,/N,curve

‘ 1,E+00 i - T

1,E-01

Bit Error Rate
m
8

1600 | o gocodo sl L\, |
"= —s—pncode_128 [~ -

43 533 64 8 96 11,73
Eb/No(dB)

a2l 8. AlotE S3lrelja] Gold-code®} PN-code AHg-A]
BER =4

V. g8

B E=FoiE QAME AH43h= OFDMA| 2l
Al wlojabA]l el m&oz dlo]elE FHF A
Htsle Alel diewyE] Nl w=w 8%
o2 F3E ) S S Ee ARkka, o
of W e ¥Me sidvhk me| AH¥ Al
o 4 gl%e] 7MAIQE o)z #AellA = channel
coding®} interleaverE o|-¢ ¢S HAR] & &
ARt vlolgHa Ade wEkow F3 A A
ol oJ2k =g nak T4 Eajdck & ol
A Alokxl F3We Helt A Ay EslE
s A AE S YuelEs AeSh, o) e
ekl RE7ke] AfpdsSell 743t Gold-code s
training Al&2 AM-3le] 531 dlFo=2H vAdY
31 @ 2 Ay F3ble EAHES Bt
T Aol B3t training A3E 5024
wE77he Wehel SAolsle] maining AT F 7}
72 Bxlog AMagto s F&AQl 538 3§
< o 5 3lch

#ngd

[1] Jukka Rinne, “An Equalization Method Using
Orthogonal
Frequency Division Multiplexing Systems in

Preliminary  Decisions  for
Channels with Frequency Selective Fading”,
IEEE VIC, 1996.

[2] J.A. Bingham, “Multicarier Modulation for
Data Transmission : an idea whose time has
come”, J[EEE Trans. Mag., pp.5-14, May. 1990.

[3] Flavio Daffara and Ottavio Adami, “A new
frequency detector for orthogonal multicarrier
transmission  techniques”, [EEE  Letters,

pp.804-809, 1995.

[4] Ramjee Prasad, Universal Wireless Personal

Communication, Boston. London : Artech
House, 1998.

[51 S.B.Weinstein, “Data
Frequency Division Multiplexing Using the

Transmission by

Discrete Fourier Transform”, IEEE Trans.on
Commun. Technol, vol. Com-19, no.5, Oct.
1971.

1089



PZEA 83| =F-A] '00-6 Vol.25 No.6B

-

®

-,
&
- A
o

5
4
4
2 3
2 2
1 1
a
1]
K}
El
-2
2 3
E) 4
5
-4 -5 4 3 2 1 ] t 2 3 4 5
-4 4
(d) SNR=30, PN~code
6
5
N 4
3
2 2
1
]
o
2
3 4
4
3
5 £ 4 3 2 1 0 1 2 3 4 5
E 4 3 2 1 L] 1 2 3 4 s
SNR=25, PN-cod
(¢) SNR=25, Gold-code ® : e
B
8
B
8
4
.
2 .
2
1]
o
' 2
2
-4
1
8
E:J
Ky £ 4 -2 ] 2 4 B 8
8 £ 4 -2 o 2 4 B 8

(® SNR=15, Gold-code () SNR=15, PN-code

37 9. AR S8714elA Goldcodest PN-code AHE A AALE

1090



EE/OEAR dold Aol QAME A4-3-=0FDMA 2dl9] B&Al T3Py AA 2 AeEH

[6] Bernard Sklar, “Rayleigh Fading Channels in
Mobile Digital Communication Systems Part I
Characterization”, IEEE Communication _Mag.,
Sep. 1997.

[7] Bernard Sklar, “Rayleigh Fading Channels in
Mobile Digital Communication Systems Part II:

Mitigation”, IEEE _Communication Mag., July.
1997.

[8] W.T.Webb and L.Hanzo, Modern Quadrature
Amplitude Modulation, New York : IEEE
Press, 1994.

[9] Karkkainen, Kari, Code Families and Their

Performance Measures for CDMA and Military
Spread-Spectrum Systems, Univ. Oul, 1996
[10] S.U.H. Qureshi, “Adaptive Equalization”, Proc.
IEEE, vol.73, n0.9, Sep. 1985.

[11] Simon Haykin, Adaptive Fiiter Theory, Prentice
Hall International Editions, 1996.

[12] Bernard Widrow and Samuel D. Stearns,
Adaptive _signal _Processing, Prentice Hall
International Editions, 1985.

=t A AlSung Sik Nam) T3

19983 24 : greflstar A+
a3 29 (T

199843 89 ~1998d 124 : &=+
AAREAIA T
chi7ead T
i

19993 19 ~1999+ 129 : = ABAATY 54
2Ty fFdrdd
20001 249 : ghefoist i Ak et E4
Ry
<F] Fel viA" AlsAe], A&gE, Hx|
54l 4184l SDR

E-mail : ssnam@casp.hanyang.ac.kr

84 9| 7|(In Ky Baik)
19863 29 : st At
F3} E24(F3HAD
1986'd 29 ~1986:d 12 :
HhHz 25
, 1989+ 24 : AlgrbeliE)ar ohshd
K2 \ AxgE 4
e (D
1989 280 ~#A) : =AAREA AT
199813 34 ~&A) : grefoshar cHehd Azt wt
AP AR ERE<
<FHA] Fop tIAE AlF A, IMT-2000 %7
E-mail : igbaik@etri.re.kr

7z A %(Sung Ho Cho) 241314
198213 29 : Feoisl Axlr
st 290 (@D
19843 124 : University of
Towa %17] 2 ¥
Feks EREEAD
19893 8% : University of Utah
A7) 9 A5t
2 (FEHD
1989d 89~1992\3 84 : F=TAAEANATLE FE
7l ATy
199213 99 ~&A : Sheffdt AAF3T} 2,
Fule
<FHA Fop AlzAD], A-TE], TAREEA, T
54, ARFAA 2

E-mail : shcho@casp.hanyang.ac.kr

1091



