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Abstract

In this paper, we analyze the performance of UWB MC-CDMA system and compareit with DS-CDMA and OFDM
systems, which have been drafting in standardization even now. Too many Rake Fingers are needed in the DS-CDMA
system to separate multi-path signals, which results in highsystem complexity. OFDM radio power fails to qualify for
FCC certification unless frequency hopping. From this reason, MC-CDMA system considered is proposed in this paper. It
has lower complexity compared with DS-CDMA and shows good performance against frequency selective fading. In
additionfor a wide-band communication, less radio power per spectrum is allowed in the MC-CDMA system than in an
OFDM system. Simulation result show that the DS-CDMA system has better performance with single user,but
MC-CDMA system shows best performance in case of multi user environment.
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MC-CDMA Low Band
(3.168 to 4.752 GHz Theoretical Spectrum)

\

RN

Ay
A

e
,
f
3
£
)

i

H

i

4 DS-UWB Low Band
u i (311049 GHz)

» ]

o

3978 \

MB-OFDM Group A(3-band)
(3.168 to 4.752 GHz Theoretical Spectrum)

1
i
i
'

)

[

v o

Frequency (MHz)

3100 5100

a8 1. DS-CDMA, OFDM, MC-CDMA F < Hi= H|
i,

Fig. 1. Spectrum comparison of DS-CDMA, OFDM,
MC-CDMA.

AolA A& Fig W=gE
FIr WEE

BaFoh DS-CDMA
1368MHz %& A}g3&i OFDMs}
MC-CDMAE 1584 £& ALg@tk DS-CDMAS] F3
TT UHE Y F 4 4o wAE 2¥EYoR
A3 HA AA = 9 1.584MHz7} = i OFDM ¥
MC-CDMA %42 Fu¢E 3 vEaa Yol A}
37 Wi dejE AT FaF dige] Fuye
2 434 "olAt}t. OFDM #4e o] gde A A
2 ro] T 39e gozH YT JYE 2
g AR Fag¢ YL AR ¥ AL
OFDMe] Al 9]+ FCC 738 23484 ")

MC-CDMA %42 OFDM9] F3 thgrrt A
el g AFoER 2 duAe Asg By
71 918 Fo HzF 49E 182 ¥& 5 Yk

A AR £ Ase 9] W g 2ok

o P-1M-1

suc@ =22 >b, (), (m)p,(t-iT))
i=—00 p=0 m=0
IR (PR () ®)
A+T =PT,
A =1/T, - A)

A dol8 b, , (1) PAS) WE dlojgl2 May
i, ZAZe delge Aol MU i
€;0,c,L .c,(M-D} gl Zajxm T= we =
lelx T Bukgsie] 4% F7lolt AL BE 7

Bola Af & HA Futds) hFojv) ps(t) B& b
Foz vgdy e 7Y YAE /PRt

A=)

S-V 4 oM UWB DS-CDMA/OFDM/MC-CDMA MAHE 45 H|i

(776)

0187 9

l, —A<t<T -A
D)= { otherwise

b;p(i)o o aum—,} a8 M =PIT,-A)
oltt. MAY ZE7t B9E S48 He P But
$32 o|Folx OFDM 43¢ 2tk Adg T4
FA9 AsE o3 2k

J-1 ®

Huc® =, [Stc(t—7)® K (z,0dr +n(t)

J=0 o
o P-1M-1J-1

= 2 Z Z Z Z;,m (t)bj,p (i)cj (m)

i=—0 p=0 m=0 j=0

- p,(t —iT))e>™ PPN 4 p(y)

9

2 (t)E piA ALgate] mPpHA
¥ehalojr}.

MC-CDMA A71&
7] 918 A HAEVIE A 719}
TR W) A3 2R FA dold by, (i) o
3 Buda JELS FFTOA E7] @%51 et
ol5& 47 9 g, T FAEL AASFE 1FE
ZIANY RS Foz gg3 2,

T

4}

Di (t=iT,)

= ZG (m)[ZZ (T))b;c,(m) + n,,,(n;')]

m=0

~5,5:G,mz10T)
m=0
J-1

+ )b ZG (m)z?, (;T ) ,(m)

J=0.j%j  m=0

+ 36, (m)e, (mym, T,

m=0

=a+c+7n

(10)

ax j AR 44 dolEaN
a=b,3 G, el aT)

o, (& UF AR A ARMUDZ

5= Y b,Y.G,mz(T)e,ome, (m)

J=0.4#4



20058 118 HAZ&s| =X A 42 A TCEH A 11 =

o, pi t =i T 014 meAA $eEshel B 7194
F ggoz

n= 2 G, (m)c, (m)n, GT,)

m=0

o|ch.
§l Al 7R Ro] 9 ALgR A AHgHTh
MRC W& o 28 A5 o3 AZRT o ge
AEAE Fo] tholHAE oSS J& WHolth o]
BE 58 o5 G;(m)=4,0lt}. o] F3o|5L A
Aze A s 98 Zee pAHED o 53

ojSe) W A AFHE o

J-1

c= 3 b3 Jetf o me (m)

oly], AWGN M+
M—l jk ]
1= z}c,(mmn,(T,)
m=0
o|tk.

V. AEdold gt 24

5.1 AMEgjojd ma2tig M3
# 5-12 Z4zhe] A 2dld] dis 529 ARdA A

g Buusen. A Azde Fis wer
DS-CDMA$} MC-CDMA HH4]2 F5% Ud9& AL

331 OFDM W4& 528 MHzZ 1/3% A48t A&
doj oA Fig YL AR Ped
MC-CDMA Alzd"d] AMEHE Fdas=s do] 163
Walsh-Hadamard (WH)E AH$-3t3 DS-CDMA Al
do] AHEHE FAmses o] 2491 Byl PNIZEE
A3t WH Z=e Auas a2 sggada ¢
Al Nzl AmAo] fAE W Aol £ HEd
MC-CDMA #2lolA F2stA %t DS-CDMA "4d]
AMe QB SIZ sty Aol X8 4 §i7]
H & PN =& A48tk OFDME 4% 34< 9
3 A=Y Fug Tujle] e dloEE A

T

57

Hyjo] tholBAEE &t} OFDM2 128709 FFT At
o]2& A}&3x|vt MC-CDMAL: ¢ #d9& ALME3t
7] W&o 25670¢] FFTE AMg3th Data Rates
DS-CDMA #213 MC-CDMA #2245t OFDM
A2 A7 Sk =Hd golHAEE 25 et
= Afdez o At A% OFDM H4L & AL

A% Az 449 Wae ot g
5.2 N Edo|MdE =4
a8 2= AdRdE 1, 2 3, 4994 DS-CDMA,
T 1. DS-CDMA/OFDM/MC-CDMA Z2}o|e{ d|,
Table 1. Parameter comparison of DS-CDMA/ OFDM
/MC-CDMA.
DS-COMA OFDM MC-COMA
SDBe;::m 1.386GHz 528MHz 1.584GHz
Diversity Time diversity Tim:;:::it'yency Freauency diversity
SF Code 24 PN Code 16 WH Code
FET 128 256
Data Tone 100 200
Modulation QPsK QPsK QPsK
Symbol Length 17.54 ns 312.5ns 219.333ns
Prefix Length 60.6ns 53.0303ns
Guard Interval 9.5ns 4.6518ns
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Fig. 2. Single user performance comparison of DS-

CDMA/OFDM/MC-CDMA(CM 1).



58 S-v d'd oM UWB DS—~CDMA/OFDM/MC-CDMA A AN 45 HlW 0187

—+ DS-CDMA(Juser) B —+ DS-COMA(1user
-0 DS-CDMAQusen) ~0 DS-COMARuser)
—+ DS-COMAQuseq) L .
=+ DS-CDMA{3user)

. . DSCOMAGuse))
—= ' DS-CDMA{4user)
£ —— MC-CDMA(lusar) _ MC-COMA(tusej
1-8 MC-COMAQuser) ~B& MC-COMAQusen
{4 MoCOMAGusn | 6= MCC!
- MCCOMA{user)

A3\
-~ MC-COMA{Ause

-
i
AT
| art

i
i

T
P

12 3. DS-CDMAMC-CDMA CIS Al2XF M& ] 38 5 DS-CDMAMC-CDMA - b= ALEAF M& H]
Z(ECM 1) wW(CM 3). ‘ ‘

Multi user performance comparison of DS- Fig. 5. Muli. user “performance -comparison of DS-

CDMA/MC-CDMA(CM 1). CDMA/MC-CDMA(CM 3).

Fig. 3.

-+ DS-CDMA(used
-0 DS-CDMARussr) -0 " DS-COMAQusen
— DS-COMAC —+ DS:COMAGuser)
~s DS-CDMA{4user)

—x MC-COMA(I s

-2 MC-COMARuser)

—9~ MC-CDMA(
~- MC-COMAG

a8 4 DS-CDMAMC-CDMA CEHs AL8AL d& H]

2 6. DS-COMAMC-CDMA CiE AL8A M& H|
‘(CM 2) (CM 4). e
Fig. 4. Multi user performance comparison of DS- Fig. 6. Muli user performance comparison of DS-
CDMA/MC-CDMA(CM 2).

CDMA/MC-CDMA(CM 4).
OFDM 183 MC-CDMA 39l &) ARgzo] g 7k F34 tola|A g E 91tk MC-CDMAE 16719
A 2YEZE HAFL DS-CDMAL . 24709 PN WH Z&=E A}%%}_s’iﬁ}. DS-CDMASH MC—CDMA "
229} 16719 RAKE 3AE AH4315 1, OFDME 4| oA ik o)=L A7) 918 $4 W MRC %4

(778



20058 118 HA3EY =X M 2 A TCE A 11 =

2 AT B AHSRD A9 o AN Ad BE
DS-CDMA '$4o $5% A% & % dtk ol

DS-CDMA 4 o] 24708 PNIZEE A}g3te] A& o
Eo] MC-CDMA #49] 16719) WHREE AHg&3he
A Bo tolyAE Ryt Ave
CM4E 743 B2 tF4271 e
o] RAKE FA17]%H& Ag3ltlgte 953 H5S 2
3 A& B <+ Utk OFDME 2E AddA 7+
Y AsE RAE ol OFDMY] Alzh, F3k4 t
oW AE]7} 2 w3 eA FEatte A o)
Fig=s

oAl DS-CDMA 4e od Agxd o
MC-CDMA #2lEt) 943 Ag 2gth. 18 354
67445 DS-CDMASH MC-CDMA ] 9] t% Abg
A sl digk Alg# ol Aoltt. AlEHolA A
MC-CDMA #2o] 5 AHEAY H$ A% 84
53 A B F 9tk o] DS-CDMA oA A
e PNIEZL Fo¢ A9 Hojd Ao A 2=
19}

o o o

;q

Aoltt. MC-CDMA #42 Fubg A # o]
sl Zahr] Wil ZEre] AwAol AR &
Foll AHEAE Bolz A% 937t A9 9l A
F Atk

ol o

o

N

o
&

tlo

2 =5
-2 9) UWB
9t DS-CDMA ¥4 15
3 RAKE 341718 AHg3iof @}, 3kA1%k RAKE 3
AL AHE g we BERETt a4 SUkstes 9A
FF olAl9] RAKE HAE AHgo] Erbs3lc) wid
£ AEgol MM 16719) RAKE JAE AHE3IA
th. 3 I=E DS-CDMA 4L 4NE AHgatga
MC-CDMA w42 16719 WH AHg-at AT
MC-CDMA 42 RAKE FAE AHE3HA &7 W&
o Atjdez DS-CDMA WA BT kst A
F= AHET o Z FFT 2712 28 OFDM st
EZ3th 314 OFDM #2]2 3L 9497t iAo
2 AA FCCAA AR de AFE: deth
MC-CDMA ]2 OFDM Xt} Al wje] Fuig o
& AHggoz 22 BER A%5Y A% 359 A
B E 132 ¥E F 9o FCCY Ags U5

=
GAE-S

e
T

o] YmMAN A 2Eg T8 WA £

(779

59

et

ANEH o)A A7} DS-CDMA 22 v A8xd
74 MC-CDMA #4nt} 958 A5s BAF3Ur
A utk thE ALALY 49 DS-CDMA 942 243
Aol A AL B 4 ik ¥ MC-CDMA W
Ao o] Abgxd 449+ DS-CDMA Want A%
o] ypmx| vt v ALExY A4ol® 4 3t A9
= AL HoFYth OFDM e 2E 2 ddlA
74 G AeS Bol Rk

MC-CDMA %42 &4 st A¢tsof
Aut UWBSE 22 29 FAld At Alzdo
NEY ol A FALEAlA £ A5 S BAF
A7) Wi 8% UWB %53 Asdd glo] shtel o
ooz dEoje} & Aot

2171

&2

ZAnes

Ho

[1] A. A. Saleh and R. A. Valenzuela, "A statistical
model for indoor multipath propagation,” IEEE J.
Select. Areas Commun., vol. 5, pp. 128-137,
Feb. 1987.

Jeffrey R. Foerster and Andreas F. Molisch, "A
Channel Model for Ultrawideband Indoor
Communication,”  Channel  Modeling  Sub-
committee Report Final, November, 2002.

Paul Runkle, John McCorkle, Tim Miller, and
Matt Welborn, "DS-CDMA: The modulation
technology of choice for UWB communications,”
Ultra Wideband Systems and Technologies, 2003
IEEE Conference, NOVEMBER 2003.

Anj Batra and Jaiganesh Balakrishnan, "Design
of a Multiband OFDM System for Realistic
UWB Cahnnel Environments,”IEEE transactions

(2]

(3]

(4]

on microwave theory and  techniques,
SEPTEMBER. 2004.
[5] J. R. Foerster, "The performance of a

direct-sequence spread spectrum ultra-wideband

system in the presence of multipath,
narrowband, interference, and multiuser
interference,” IEEE  Conference on  Ulira

Wideband Systems and Technologies, May 2002.
L. HANZO, MMUNSTER, B.J. CHOIL T.
KELLER, "OFDM and MC-CDMA for
Broadband Multi-User Communications, WLANs
and Broadcasting,” p241-p252, WILEY

H. Luediger, S. Zeisberg, "UWB performance
assessment base on recent FCC regulation and
measured radio channel characteristics,” CESs
Mobile Summit 2002, Thessaloniki, June 2002.

6l

(7



60 S-V Y #FHolM UWB DS-CDMA/OFDM/MC—CDMA NAH dE Hl 0187 <

[8] Shinsuke Hara, Ramjee Prasad, "Design and
Performance of Multicarrier CDMA System in
Frequency-Selective Rayleigh Fading Channels,”
IEEE Transactions on Vehicular technology,
September 1999.

[9] Shinsuke Hara, "Overview of Multicarrier
CDMA,"IEEE Communications Magazine,
December 1997.

S PN |

of & 7[(339)

19854 249 Q1& )&t
ARZ 8 (3HA})

19873 8¢ <U3idigw
AARF e (A

19894 6€~1992d 3¢ LG AR
T2 HEYIAAAR =F

. 2 M (959)

19793 <1stgistw A7) Fsta
(F A AL

1981d v} = University of
Southern California
WEed (EEXAD

19883 1] =+ University of

1998 2€ <Qstuistn AxTE T (GA-R) California San Diego
19929 ~d A AFds JRFAH Busy _ g3ty (S48 ¥
<FHAHAECF : UWB, FALAN, RFA|2=> Al2=¥ gkxh) '
198811 ~1989d © = Hughes network system
da4T4

19891 ~1990d ©|= IBM <d7+4

1990 ~2002'd A3 Egn FAFE A} A

1995 ~1999¢ IEEE Seoul Section %% °]A}

1995 ~2001d 3= B33 Aol AL

1999 ~1999d Ystdta F3ofst A7 dA,
AFHFEE TG

2001 ~20023 st Em
ARBANAENG LA

2002 ~@A Qe FRJAFIE 2F

2002 ~2003\d ¥ EAIE 3 HIF

2004 ~2005 54183 AA)

2005 ~ @A gxFAEI 4 FIF

<F A4 : Multiple Access Communication

System, - Mobile Satellite = Communication

System, Dta Network, Wireless Multimedia. >

(780)



