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Performance Improvement of MC-CDMA System
for Synchronous IMT-2000 System
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Abstract

In this paper, the DS(direct sequence)-CDMA and MC(multi-carrier)-CDMA, which are being researched
recently as a synchronous IMT-2000 scheme for next-generation mobile multimedia communications, are studied
in terms of BER(bit error rate) performance. The BER performance of MC-CDMA with EGB, MRC, and
improved MMSEC detection scheme are analyzed and compared to that of conventional DS-CDMA adopting
RAKE receiver through the computer simulations under the environments of synchronous IMT-2000 transmission
channel. Not only single user case but also multiuser case is considered in the given system.

As a result, it is shown that MC-CDMA with MMSEC detection outperforms all other schemes improved
the Ep/N, by about 5 [dB] and 6 [dB] when the BER is 2x 10°, for the indoor/outdoor fading channel and
synchronous-IMT-2000 transmission channel, respectively. Also in the multiuser case, MC-CDMA with MMSEC

detection scheme exhibits better performance than all the other schemes.

Keyword: MC-CDMA, MMSEC detection, IMT-2000, multi user system, indoor/outdoor fading

LM B Al 3G o]EEA Al2EQ] IMT(international
mobile telecommunicattion)-2000 Al2ElL T A F 7]
I ugrdes FREE dFHL o HE 74
Al2~Ele dolEl g HAELET} 4.096 [Mbps]E <]

* KRR TN EFI2 K
(Dept. of Electronics Eng., Dankook Univ.)
BZH: 19995 7H26H, {EIEET H: 199911 46A
(196)



JiskH 714 IMT-2000& 918 MC-CDMAZ2] A% 74 37

NTT-DocomoE FAHLZ FAH1 it A 74
IMT-2000 Al2®2 HujgEyrozn

HE&Fe ARE HEstr] A3 dF 10 Mbps)el o
GTL $837) 4% N2Re ETFoT Ausm
A,

#A A A28 € pCS Toll AMHEHI U=
DS-CDMA $4¢] 4% 7h1A 4880 Frhs 3
Zou n&oz UolEE HEY W AF 4T
&k 23S 2 ARz rdacndd s 2 A
9ol Qlrt ojep ZE ud dolH
OFDM(orthogonal frequency
Ho) AdE o, o] WA
Al g Eﬂ;f&fs}cﬁ el Am Fukgniz

o

off 4z o
fot

2
ofy
o
o
_?{_L
=
z
o
0,
o3
fr

division multiplexing)

=2 °16H Istell 3%t Wéﬂ ¥ ~HEH 5SS 2
v a8y OFDME tEd4 Ajx"doz
A& A3l e 7lYdale) 8fo] Yol
@xdol ATi1,2].
MC-CDMA(multi-carrier CDMA)E  ISIo] 73k
OFDM®] 33} 7k4A; 48 §%¢] & DS-CDMAS
TR *]oﬂ Hs}‘ ohF AlaEloz FUg g

rlr

s 2
2

s

spread) 2.0} B 2
of o3k Jzpgh %5}% Z%Z] ‘-’%2“4, 2Awys wEs

=
HAA Fae °5‘°“’°ﬂ*1 A2 FH(overlap)H 7] HE ol
2 2¥EY 58S 48 F AUz
2 lf—%oﬂﬁ% U4 AAY o] FFA B
F714 IMT-2000& 13 AW 3 A9 A$83E =
deta, o e #AF 3FelA DS-CDMA
MC-CDMA91 SESHS AFH AEdoldE 3l
zEs}PH. F, RAKE 41718 A=e DS-CDMA

W3 BEGC(equal gain  combining), MRC(maximum
ratio combining) @ 7}AE MMSEC (minimum mean
square error.combining) Walel] ois) w©d 2 tF A}
A} K- kgt -r°ﬂ mE HE &84S B4
ato] AAstA} gt 2g B =FelA AAle A

MMSEC A4S 43 MC-CDMA A|Z#o
Bogbpmol fo W2 2 EE5A S HAso F7|
IMT-2000 Al2=8ell A&8E Ao dg 7154
A Al g},

)

Mo 1 X it

II. MC-CDMA Aj AR o] Z b

>
=
ik
el
o)
£
o
o)
=)
<
>
o>

).
o
o
;n,

o & 12 wg
R
of
12
o
>
E
1
Eo{:
1?_".
i
oft
=
i
AL

MC-CDMAS] F3¢ 49 ilo] gt

H 1 elA BE wiep Zroh ol B wigmo)
5 Alo)e] 7HE S AAHE A A"l RE B
97} deep Fo1F ] G WA gonmz F
oJHAIEY aFHE IS + UTh MC-CDMA AT
AE 7|7kl A4 gikrg R 2 N gl
%3 A5 EE TAHY, MC-CDMA A& E ICI
1S17F %XH%W Ytk 3 Ao A8zl AEE
Y F wEaER HEFHAW OE Algxle B
o} 7—‘!4_1'_‘3}5 M2 o PNEEE AgTosy o

&
4 H

X
¥

&
rowd rlr oo ool oy

il

(A

% 1. MC-CDMA F3< 24t
Fig. 1. Frequency Spread Spectrum of MC-CDMA.

MC-CDMA A% 9] FAFAARL b3 &) shu
o HolE A8 NAe HY siA2 BAlEW, 24zt
9 7FA= Aol7l N2 PN 3359} offset PN 532
gt a8 A@F §F uibNERy /T



38 Journal of TEEE Korea Council Vol. 3, No. 2

o é,ZJr

' cos(2nfit)

Data
8 Copier z > SiD

[or8 cos(2nfit + 27/Ts)

Clowe cos(2nft + 2a(Gue-1)/Ts)
(@
i fat UM - 7 (G- TS frequency
(b)
X > LPF ]
cos(2rfit) i
Recevied &) > LPF

Signal | Q% E r_/ of

cos(2rfut + 20y Ts)

& > LPF
Gl

cos(2rfut + 21(Gue-1)UTs)

©

2% 2. MC-CDMA A|2=H®
() 4171 b) $4 Az d¥g A2
(c) A7
Fig. 2. MC-CDMA System
(a) Transmitter (b) Power spectrum of transmitting

signal (c) Receiver.

d dele AE o/(hE 28 s A
s o A71M ke A dolE HEE YEhY
e iAA AEAE Jebdh ol W o/(hE -1 #
19 ge 5938 g8z 2eda Ae a8 2
oA ®E wel o], AR ALY pAA Hold
B Eof sFsts F4 Ao v A3 Zo] Fo3

.

. o Gy | .
= 35 3 A I apli—kT)

== w m=1

n
- cos{22(fo+ (m—1)dD#

A7 ¢, & AR AgAel U@ B FEo
mdA Aol Af(=1/T)E +
H Gpe ® 34 B3 AolFugnte) Fyojn. ®
B T fE 27 AR )% B4 wEs 7o
Folu p(DE e ol AelH: Ax HHol

1 (0<t<Ty)
ps(t) = 2
0 (71eh
MC-CDMA F4171e0 A, ¢4l8 die F35 9
dollA FAEHZ] WEA Ve FHE GHAA
AgE ZE A AE JUAE 3F AT 5 3
o} o] AL thE WA S ¥ MC-CDMA #2jo] 2t
= 788 FHech 2y Aol Fog MY
4 Adelgta #@xlels # wkgaES AR g 1
Zada 9dHels 2g & vl WiEgd ZARHo
2 AMAE 7t AuAs dIJAe ZAFHE 4L

23 29k A AR MC-CDMA $417]
2H A B AuY W 3 294 9
QoA g F4 AE AUAE FANAI A9
05 g0 FaAAT BY WEE 0ed 2o



HHCE F714] IMT-20002 913t MC-CDMAY] A% 7iA 39
Gy [
_ 2 al 3) Gn=CmZm (6)
m=1
;1 rdcl +n, 4) 3) A2 A5 FHE QA FAMMSEC : minimum
‘mean square error combining)
A7y, n,< 47 wdH kgl A, o
I e seF 93 AdolM, o wEe A% Slinear
SRl ges Fr)Ee 3% HEHdown- ) )
© ] ° ° sumel o8] $48 AR /g FRFIYE]. o5
conversion)d 9] FA1A3 9 54 7])A g9 (complex

baseband) 3&3} A&E FE(complex
z LE A g
ojtt.
2 h=2,(=1,2, - - -
MC-CDMA Z=417]ol 4] 2} = HL%J}

v IR OEH 22 A A u

[e>

additive Gaussian noise)©] ™
o g

CE]

midH Burgsiel Bazerdolth @H, s

Aol A=

©]% TA(EGC : equal gain combining)

o

He 7 Burgs Aze 94
Holq A¥ANE T4
st 2 Babgnt Fabad A
Aol Ad e 71dsE FIE scaling?] FFE

Wyel die o5 thgd 2o

A
o
?

5
=
f)
&
o

&
ud
o?.:
o

b

®)

al,=chzl 2]

@) #di®] 4 (MRC : maximum ratio combining)

e FA4 BHe £ AFS e 4l A5
qEel dlHeR Zee AA Edtis AMdolA
Zr Rutgg Alde o] ALEtE Mgl
HlEsls o|So] Fo® & i F 7AW
A g AEE 4 Rukds A Ed A9 $£A] SNRE
go| = o] uf o5& Rolaty] 3 9 A==
(cophasing circuitry)7} B 23tc} o] W] Uk o5

& gest go) FolTL

(199)

ah=—chzm! (J1z,)*+ Np)

e |00 B o5 F} BE FEE WA
a7] 9lsl Ao W, |z, vl ol5e
AEAE S AEHES HRATI) AN R
29 A% 2,/ |z, 20 M AsA Aot

. 714 IMT-2000 ®'d &4

B =FdA FEg 57124 IMT-2000 A58
199411 ©|=2] JTCH)A RF AEEA T
A& A4 Foid pcs AEAE B
2AFTHS5]. PCSE A(cel)9] =79 el Fol7b
71E9] o] FEAL AEE WA of2r] Wi JTC
A MEe AL HARE AHEsr] A AR
raste A7re] #ABAAH AR AW S4E
z o] FH FTAFGE BEUE AFAES
=3

B =gA 7HEE AFAde Fu9
delay ‘ine(WTDL) FEH2 FHEY 79 dubH<
=7 o AZssted 9 233 Doppler

Al=w A

PR PE

tapped

H\;‘U

E—‘—E
spectrum, @ 7HAC w2 A5 HE ko] F
A uet EAERSE T F, FAFHLE o
2ee 970 00 53 55 AT A

lo
rok

7V2 X (weighting value)7} FalA1z Zzh A dA
A4 MBS Foz A
AW g AA] AEEHAE, 2(He AdEY

B2 AGEANE, whE 2% AL 4% &



40 Journal of IEEE Korea Council Vol. 3, No. 2

from the
transmitter

2()

P

to the receiver

g 2 HIOU‘J 323 A8
w4 7] 7t $ A d—w IR [ B 7]
= 4 g 484 "

 —

" &)

(a) WIDL 54

by ®7HA A 25

2% 3. IMT-2000 g 24

(a) WTDL model (b) Block diagram of Tab coefficient generator

Fig. 3. IMT-2000 channel model.

Sol Ha A S dsdn o de gol
B 5 Aok
w(D)= 3V PrgDa(t=0) + () ®

o

oA7ZlA P2 n A AR A oy
gn(t)‘— n B-]EH Eét:i_}- di

Ak Aol 7,2 A olE yEhiied),

mlru
N
ol
>
0
g
B
N
%

E 1. AW &7 ¢ TDL FEhlE

Table 1. TDL parameters of Indoor environments.

M ETEERIEE SN
(nsec) (dB) ~WMEH
1 0 0 FLAT
2 100 -3.6 FLAT
3 200 -7.2 FLAT
4 300 -10.8 FLAT
5 500 -18.0 FLAT
6 700 -25.2 FLAT

(200)

Z714 IMT-2000 A4

EEERES

100[ns]= kAt n AR B2

< UElE g,(n4

Bzl 9% Hold §E 2%

Z714 IMT-2000 AR

d@AlAl BE el 232, n el

§~@Hae~%azﬁuza3wm-@w

A e A5t REY AME

Aot A =g F 4 He 2

¥ 2. A9 A=

oA g,(
E R

@79 TDL z}etu]E

Table 2. TDL parameters of Outdoor environments.

o A Hoadg =29
(nsec) (dB) e
1 0 -4.8 CLASSIC
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4 8000 0 CLASSIC
5 27000 -6.5 CLASSIC
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