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Abstract

There is a need of high data transmission rate for wireless
multimedia communication and the OFDM 1is proposed as a
suitable modulation technique for this purpose. The performance
of the OFDM system has been examined by using computer
simulations, and verified by a narrow bandwidth baseband signal
experiment. Four performance criteria such as multipath delay
spread, peak power clipping, channel noise effect, and start time
error have been considered on bit error rate characteristics.
Adopted modulation techniques for OFDM include DBPSK,
DQPSK, D16PSK, and D256PSK.



It was found that DBPSK was best among four test
environments. However, data capacity increases by using
D256PSK compared with DBPSK, at the expense of the bit error
rate. Thus, OFDM system performance may increase by choosing
dynamically the modulation technique based on the type of data
being transmitted.

In this paper, OFDM implementation for high data transmission
system has been focused, but in practice should be adopted to
improve the system performance several error correction
techniques. Thus more investigation needs to be done on
studying error correction schemes that would be necessary for

high speed data transmission.
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BhdaA Jbe Gl g AEstn wE dolg HAES ¢85t

A2 A (source coding) 7]& < daa HAEgAle] o2& HA3sE)

l:l

37l Y3l 2 d Z " (channel coding)®] 7]&0] ¥asE
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BEETE olgst  dAFete WAL gswrgs HER(MCM;
Multi-Carrier Modulation), i1 Fa4 & ©F53HOFDM,
Orthogonal Frequency Division Multiplexing) %l tsgh ol & o
2 Zgozn glen, ol YAE 2vle W (DAB; Digital
Audio Broadcasting)[1 - 4] % tJx]¥ u|f e H#4(DVB; Digital
Video Broadcasting)[5] &l AH&H 1 U+ AF ZIwoly, A9 o
A e A(LMDS; Local Multi-point Distribution Service)
A o]FFA WEF AL E AN Ao

OFDM B4& Fozl F35 fge oy 79 F& ddoz
Uiro] zizte] RgE RAEL Fobo] dolHE Wz Ads:
WaoltHe - 8l of W Ztzte] RAde Mz AuAol fA5 WA
WMEHES sh7] 9% dEe) wERE Agen, ARHon we
Fo WEHE Aol deldE A4S FEE OFDME o3

% 3}

MCM ®2]9] dFeojtf. OFDMe] A A<l FDM3} g8
AHEY AE ZAEE Eol7] A3 4 F ALY 2HEFHo]
FHEAZE FhE Holts, 9l.

OFDM #Ad A e 483 A& Alold REFztolgtn dt= 4
BAZ wlgte] ze AIZF 7S AAFoZA AEAMlY HY
(ISI; Inter-Symbol Interference) = xHEAlolel ZFAHICL Inter-
Channel Interference)& €33] AAZ 4 A}HI0L o] BRE 7S
Aol ddx § Aolnt AA &) Folof &, o]FA Foz
A o] AstE Adeld AE ANzl xzlo] &Areln AHHE

F71 WellA 2zt BRkdaEs ko HuAdo] fFAHERE ICIE AAE
T Atk B, 1Y AE e AddAe Azt o] BRI
= AgHER A8 FHol BVIA obAl ISIE HAATS, 9.



2. A7 Wg B P

B ERME AEH ABAIAL TN FAPEUT B
2 9% OFDMe 7 WzwAd we 4%< BERZ ®Astgth
Agdlde BERAA B3, ASAd Ad g, BF A
Clipping §° T8 7bdel Adazeln Agsigon, vz
° 2+ DBPSK, DQPSK, DI6PSK, D256PSKE 7H#H3ste HE st
o DFAME AWA olF FA A4 AREHS GF AL
71%0) sl Lotugtow, MAe|ME OFDMS Wx7)%ed o
e AN sAte s VN Aes Beg
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Fig. 2.1. Radio propagation effects

2139 293824 (Shadowing)2 £5A17] Alold] Waj&Eo] 9l&
Huict B F gt ole dRtHoZ HEoY AYd i T
A= 7 8% 373 724 8]lolth

A4S Mol B2 AN HF Aste 53 dEo

G agel s st 2 29 e BAE 4od 5 Uk @
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Table 2.1. Typical attenuation in a radio channel

£ A | edddd % A9A 44
W=A | Aeivi 20dB At

FEA | dEAEG 0B 9 & 15399
Al H TEARY 20dB ¥ & AsAH
4 ¥ | 3~20dB A3 A wst

f wEd SF@A2 HolEdd st A= HolFomH
=¥ Hold& S 7HA 7] WFo = #Ho|d(Slow Fading)elgtn
Fag. B3, S9d84e F4 dAA ZFxe ¥t Log-Normal &
FEIXITE 27 mgF ) Log-Normal #Hlo|dolglnxe HEt}

oA, old HES s & W olTFAN A2dE AAY A

12 5= 4%

121 dde #Held

Tagac A $47]9 RFAEE Aoy Uy Tx A3 2
o walgerE WAl 5 gtk oldd wabs Fasle BE A
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Levet -10
(dB)

-20
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Fig. 2.2. Typical rayleigh fading while the mobile

unit is moving(for at 900Mk)

doe PEE RE FA0E Ao FAM AW AL sl
tul AHgET ol Holgel o3 FAHE NEdAWe] FEL
g9 Bde ®¥ol g3 A5 el SES Table 22014 B
=A% 212

Table 2.2. Cummulative distribution for rayleith distribution

Az (FYAZE dB) | Foi gEg A2 Asede 8%
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oeti Bk gAY ALgelM A FAL SIS FET 5 9

ol e AEd THAE Add vFT 2 AZE dEoly. o ISl

.

55 TDMAS A8 8 wol 2& 149 Aadey 2 dds §
o A el of@ ISI FFE Fig. 23014 RAFE
. o] dFe N Sabo] HE Az of 50%nTh F ) WS F

el 27] A=)

ol
;
p
loi

Direct Signal

YA W A
J S

Reflected 8 Delayed Signal

[N [ N [ e
T T

Resulting Received Signal showing Multipath

AT

o) 72 #ANA T & = AFAHY AdSAke Table 23
ol BReErh A9 FAA Y Hd AA &4 A 20psolv, o
ZHA ISI @742 26kbps WE 9] W HESAME 2T + Ut



Table 2.3. Typical delay spread

373 = A4 A A g4k Hd A= A
A (L) 40ns ~200ns 12m~60m
2 2 1us ~20us 300m ~ 6km

ISIE g 7AA wHe HAaAsY & Aok @A wEe 7
Aol e dolHEe FUozH 4
FDM& AHgstel tl9%2 o e A4z $¥shs ot &, o

& WS CDMAAE ISl AdE $353 7leS Abgste 2o
t}.
13 %8 av

Agds 2717 M2 g2oln e W FANFT FifEe
S 2R g Flolth ojEo] NEE Fa FHY # £ A
o] Fage FAdBYG A He M2 ZHE o Foa5s EolE
o ol =39 &gt @k olygE de AT A2 Tl
4w AFaade 9z wWglo|tt o] F3E= olF
A w Fed 247t @ =& Ade %
2 Aste] Ha&ret FEAALel Ad $Fo EIT. =EY
Fog "ol gfe HC-DF 2ol & & Ut

v
A.f ~ 1 0
¢ (2-1)



oA7)A, dfv FA7IA B a2 Foo Wsloln, fii= LA
S F2 Apole) &EAl o BEolnh

d& B9, fo=10k v=60kn/hr (1667"%)Q w =32 Ho|x 55Hz
o, o] MEolE dWHo 2 A% JFE FA Fed. Yy
ghol A &7]Eol(cdlE £ COFDM) Ago] F34 oAl 91z
FAY, dd&srt & d(dE EW LEOYA) =3 Holy &
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o)% ASAAAN F g Ee AP 50Molm, ol A
9ag FEes A8 woz PyAG =

HEYL FHHE AL Yoo RAG ASH SIS wolV] I

T2 %44 (FDMA; Frequency Division Multiple
Access), AlEg TFH<E(TDMA; Time Division Multiple
Access), 23 2% OFHE £ =2 dFH%(CDMA; Code
Division Multiple Access)©] F4 Alx®le] A &G Z L thFA}
271 Fa8hE 37HA Fask welth orlde BE &80
ou] OFDMelA 2544wy o2 FDMA, TDMA, CDMA7E &5

29 & Ao g, 3 Fee PEe s R o 3
We e837] glal Basto
2.1 FDMA

FDMAE Agat5o] o8 7b5% Axl F34 nde A3 =
79 Mg oz Grn zAze] AgAEA A2 SPHel F

S AGe BFekel AEAE A AYS FHAAT AFHA
e AR ERHES e dFASRHIL F AsAE &
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o] MEgo] P AY Fue HE/ dasiAn E4lel st
At EF ol & F U AA FoF dgo] A glonz
AHEAe) £E FEed® A7 Aok ey, o] e At
Bo] Hol ATV & 72N Fdo| usiti14].

FDMA$S] Al4& Fig. 24004 RoFn oz AHaz LU=
& @93t 2E Fig 25004 RoFEr

RE AHEAAA

Fig. 2.4. Frequency division multiple access (FDMA)
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Frequency

Fig. 2.5. FDMA spectrum, where the available bandwidth is

subdivided into narrower band channels

2.2 TDMA

TDMAE 3& 2HEHE tF9 time sloteZ Wiyo] 7 A&

Aol Al dtite] time slotE F9 o] & o] &3 FFANE & 5 3l

A st G HE YA 02 Fig. 263 2.

RE ALg o

{ |

. T T,
AR Ty

—

Fig. 2.6. Time division multiple access (TDMA)
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o714, 2+ AFEA 7 Z Y (frame)d 3HUY] time slotS SRR
o} round robin¥H . Z time sloto] A} EA SN A o2 A TF T
7}E Fig. 27914 B Et},

e

Chl | Ch2 ChN | Chl | Ch2 Ch N

A i

Time

Y
A

Frame

Fig. 2.7. TDMA scheme where each user is

allocated a small tile slot

TDMA Al2=®-& W (buffer)9} W A~E(burst) YO E HolgE
Fagith & 7} Ade AL AEFolA] R FAT Y
ole}i= Abd Zal ol oisl MHAET, 2 A2 time slotEF =S
2 W2E AEEY TDMAE W o] HQsug ofgdza 4l
S5 2 Bd Qv F dAE delHE $AF wivt ALE
. TDMAE A% &o] gukdog w9 E7] Wi vFz o
1S 4k o] ISIE ¥odE tFER ANE wEe o9
Aol BT TDMAE % L&A EZ S A7l A=
7] 918 2% FDMAS® dZste] ALg€h ol W HolH &
o] AIREHEE &, AT AHEAFLE Fol7] fs FAT. o
AET AQ &t §34E Foled =50 I
TDMA 7l&& o|n] 2:E¢ 944 T ALgso] gtom H
de olF FTAdME wol ARgstn Utk 2, oF FAlCA
o Ad 54 944 B9 Ad EAY g=23, 94 S B

ot
o
29
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ol olF FA &894 TDMA 22 Fd9 TDMAS}
Fdied TDMAZ vz 4 led vi=a 429 34 gdade, &
Hel 49 ddgde AEsigod ¢ Axde HAZ AMEATE A
oAl &dd F3F A time sloto 2 g g

W
S B5F AMg3sl2 2 FDMAS TDMAE Z%s Ao|cH14].

2.3 CDMA

P

CDMAE F35 33 time slotg Ao A435E 7lde
HER #4F 7]solth. CDMACA F& dlg wAA(dgHo=z ¢
Ad @ 24 dole)e YA B 2(PN; Pseudo Noise) ¥ &<l &
g E 5o FalXth. CDMA Al&=¥le] BE Algales 2L F
F WIS AHESE TAl dAFET. FAAzE FANEE FA
71l AR RE PN 5o A o2 Bdth. CDMAC o

3 7| EAG S Fig. 28904 BEA3 2uH15].
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Fig. 2.8. Basic concept of CDMA

CDMA 7l&2 & 22t i3 T A<D (Jamming)&73lA B2 F
e BHor T /AEHAeH, CDMAY 5HLS g3 2o
@ Sl A3
@ 9F4 2 deld LS oAU, F2AME F US
@ FIardgE G A F/E + Ue
@ Bl Hold
© avjdHe] H4A &9 &% FFEHI 7T

® CDMA E.=ox gjdEAle] 7%

@ HE=7t =49

FEEd 24dEY A Vel T&&d U e A
ol gk @i, LSI9h VLSIS] W /s 48 AAdo] ALg
Ha o
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A9EY A e olHdty] A B MY e AdF
shbe He) o Solch A2de He oS it o

A% 2HEY b AjxdoMe) o5 Ee Asd FEHolth Al

>
jaii)
o
R
o

[0

1Se gdel dolggd da e 2HE=Y B

e Fof vlo} o F, A5 A(2-2)% o] & F U

(2-2)

714, BWree HolE 7} &4H8 $9 FA G Fol, BWins &
AZH ) S Folnt

CDMA %9 ZAE Fig. 2994 RoFth 48 HeolE(a)=
PN #359 Faizl F Wxdgdozr gdd ey, ol (b9

e 2ol drh of dolx AYlSe

I
)

e Ao

=

o] tlojg i F o) 125ufo]lm g 12571 €t} (o= FA"E 259

>

ERS BoFEm o RPAE, WALS ¥ e CDMA A4
} FA source2 S DA Az Foldh FAABE o] A%
g dde i Rz ggozs 2eHn, o B Y A

AEE A FAldolHz A&t shA ot 1@y, AFEFE PN

>

2
DAAe g Ase §A 4" 3 JFE g AAS
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ds) oA Ly A

10kHz . 1.25MHz
Transmitter
—
. / N
(a) Data to be transmitted y (b) Wideband spread signal

/ Radio transmission
1.25MHz 10kHz

Receiver

(c) Received signal, with (d) Despread signal
noise and interference

Fig. 2.9. Basic CDMA transmisson
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CDMA A 9] gikas = dolg 2o PN 2358 FaiA 4=
o PN ¥3& dHelge vELRY AN F& chipgd 7M.
PN #35 A& dgstA ¥gst= 19 Ochipeldt #8)9 Algol
. dolH= PN AE€3 Mod-2E 7Moo 2A wizdn £3, o

==

oJB{e} PN # 57} 13 OcfAlell 13} -1oj2t= A& & PN F&9 &
A d& F vk 7]2A1 CDMA $417]18 Fig. 210914 BoE
ct.

Mod-2 Adder BPSK imodulator

Data Bit Strcam

Local
Oscillator

PN
generator

Fig. 2.10. Simple direct sequence modulator

HolHE Fistr] As) AHEE PN #5: % 7hx 288 d9)
4 F Ut Short PN F3(d¥2 22 10-128chip Zo)& & 9|
B HEZE Wz A AHEE ¢ Ao 282 YA Short PN
Foe o dHely HEvid gEEHT A7 wan 3dg §
71& ¥ &g

Chip Z°]7} 10?1 Short PN 3% & A}l€3l+= CDMA A& 24
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PN %3= 2537] olgl$ms vots gyshd LSt
1 bit period .1 chip period
~

:‘ l Data Sigml

PN-code
I I | | l i l (10 chip length)
| l I I I l Output Spread

Signal

Fig. 2.11. Direct sequence signals

233 CDMA %3 9329 Y53

NAZF A olFHoRo] CDMA &3 Aax e A
thE AHEAFE Relshr] sl Walsh #32 st 5¥% AW PN
Ha& AMEE 4 9lth ol Walsh & 71z, Walsh &
< 27 94&E HAe AW dHEoly, Ade 29 Holg o]&

Walsh(l) = W = 02 7|22z 245, 4(2-3)1} 2] ad3¢H.

(2-3)
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714, Woe nzxt€e] Walsh sfZojtt. d& E9, otz A

0 00 0
w01 01
W_[OO] ‘T looo 11
2
0 1 0110

Walsh #33= 2iioln], g} F 9 ZH(dot) 04& 2lv|dteh,
ol 49 F Poll ) vESY Hulrs AY HI, UriAe g
3 A% HA gethe AR 7A@tk mebx, Walsh @9 7}
@2 CDMA Al2dolX & AHgAHe] PN #3232 A" S gl
olFA FogA Zt AgARTE Y MEE BE T2 AR O
dl AHoln, AaHoz AzAbeld ISIE do7]A ded. 13
U, Walsh #32 F#stA a7 fal BE A2 RE 9 FA3
2 F7) Holok @k wbek, & Ab&Ael o) A8® Walsh 27}
REE o8 28RS Walsh 3o dis) 5719 1/102Y x5
AL ol HATE o] W Hu JAE foiyn, ol AHEA
ISIEZ do7A o «WdF d3dAH ZE AREAC dizt A3Z=

A= 2R Y AVIH A5E f4A §7] st F Fu{16].

A9 thEv}, s, zZF AFR AR HE

o] Az odk gId A9l FE SourceZ FE AR &7



WEolth 4 ASAZRE Y A4S ARAAY 57] ool ofa
NE Be AR B3 Zolth AL Aold WE 4 gl ©
o] olelel 9 olEe] o o4 Hw} oflr] G| Walsh
58 A3 otk o @ off wWEel T guolAw Ams}

ohd her @ oAy Ado] 7t Alg e PN Rz AT
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. OFDM®) Wz7% H5EA

1. OFDM A4

AEAQde] Az 543 SNR(Signal to Noise Ratio):= 1

Hde T AR AFdAZ AGstd AEstna st AR
Foll FAHNPXE FojstA "ot ol2dF FA LEEy] Y3 x=
H2 A2 537 (channel equalizer), AI'd % 3}7](channel coder)
59 FHE JYEtuA Hon, A% FrFo] Ade AETAl
WS- Zhkel 2 Hojzba gl

R BAF TR AW WE B AHNEA AYE A2y

o] o] WEHHE o]&3le] HHE H$sE OFDM Al 2H o

Aedgel AEdgT S A APHoz e Aemel A}

37t 7hsstAl @ ol HA O Y

mlo

stube] mestzA Abeis
B vatel Y B39 T pus sl 429 ges
U AN AEFS 5 AB 5 ADIT. weba, o wae
Te WAEL AgEE 9 WEIPAG e UKoz w
48E A48 & QA B F AEUel S GLH o
g0l ZbsaA He golth E%, Adtele) 2@ Ass) Boh

o}

¢

Mo

- 24 -



N

A HE Zbzbe) RIS T3 dAgalze HE F)71 Ao A
Hog2 dHA(impulse) @S 2 o A3 IS A e A
A A7t dFEAE fonz olgd e Fgd oFs g
RES o WA e g A 9RE 2y,

OFDM Al&®12 1960 F4holl chang®] A =&olA AdtH
el M ISI % OICT flo] d:8 4+ 9SS won(l0, 18],
Saltzbergell °jste] A5EA o] o]FojFdo st AFrt &4 s}
HAT19]. 19719 Weinstein®} Ebert7} ©o]AF Falo] W3(DFT;
Discrete-Fourier Transform)el ¢jste OFDMY T&871% 3L B
ATH20]. ol & <l3ted OFDM Alx~®le] o] HYPAoZ 23ty
OFDM <14 71&A7F =71 % gt 19801 Peled®} Ruizol ©
st CP(Cyclic Prefic)?t 24 FAE 4T ¢ J&S Bydu
[21]. o]l = B3 7HGuard Space) 22 ¢ (Zero)E A}£319 =1
CPE AH&3o® <lste #Hojd AldoA AnAdL 448 F A
Helth, 7% OFDM Al&dlo A= 2238~ (Rectangular Pulse)
ALgste] B 2w M (Pulse Shaping)e g A9 o= o}
€ U E B A7 Hu o22].

14 Ax " d 839 (High speed Digital Subscriber Loop)e] 7
7 OFDM A% & o] &g Byl Ago] ufg Lo|stA o o]
A A7 g2 AgH 7tn Jv Folth £, UFAR
olgel EAstE AEE B AT AFe AL tEA
RgozA Bt Az A D Agte] whel Wstate B E

M

Aol este] FAAT e o] WAEA Hu, OFD

H-llx



o4 mRe AgFozA A5 e 2U F A £A A
dol OFDM WzwAe 837 A%s 2§49 DAB o

3 A7oltt. DABOl W A7 1980d ™
ZHE AT, WSelAE 1990 Eolekrel o9 FaAde AYdtn
o] Eokell dig A& s Ye et DABS HE
DVBE OFDM #&44e Aesigded, Luzte] 154 278
RhEskr] 9% LMDSE FA dEugelz wHsm o
1.1 OFDM A 2¢] Ant
OFDM< Multi-carrier A&7]g0], S| 2HEHS B MY
ol uH, 7+ Aol @&&9 deolg 2Edd ofsf Wxd
%. OFDM& H%F AHgAF fH&o] 38 diqEs dFAER Yo
ApgAb Al @3sld W= FDMASE #ARshd. 1eiy, OFDM<
Ade Mz 9 7pto] Ao R AHERS HY ¥ ZA
o2 ALggth. OFDM2 7trto] wixld slelo} Ato]e] HH & 7]
A3 RE Aold ME AusA FozA vE F Ut F
S Fog &S AV AE FuEdEd Fois @ THHR
Nz #molth olg 8 AF FwEHte] Fas 7
2 F719 94471 g o]F 1t = OFDMolY. ISIE AlAst7] 4
8 A& Alelo] B3I F7H(guard interval)S AFY@Th OFDM Al

Hell e BEFrel Null A3 il 83 A& A &

i)
flo
)
jatd

& Balste 49dgkct. o] Cyclic prefixdti %o}, o] & Fig. 3.1
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et H]E Cyclic prefix7} Null A& Adst 7§ vl
SNR oA &HolAvh Byt om Q= o5 Hlaf 22 H|&
o Holo}. 2z 7F AZF BAH (time dispersive) A'd-& & 33t et
T oaAde J¥AgguY 71 Cyclic prefixE 718 1 HAd

el e AASD, B wEazie] Hwye §x 23],

~ o

Cyclic
prefix

Time

\

Fig. 3.1. Cyclic prefix

COFDM< OFDM¥ 2 on] ©@x] FEC7} d&d] Aol &9
Axk g2k COFDM2 Fat¢ A9 ol Ad 75, de d
da AR 4L Agojdl &) HF F Y g E FHIH

FDMAY A 7} ALRZe BE AR BRE AFstr] Al AL
st 9 fds Ao m gddd A4 Ade] g Fe dyAH
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Table 3.1. OFDM system parameters used for the simulations

Parameter Value
) . DBPSK, DQPSK, D16PSK,
Carrier Modulation used DI56PSK
FFT size 2048
Number of carrier used 800
Guard Time 512 samples (25%)
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BER verses Multipath Delay Spread
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Fig. 3.6. Delay spread tolerance of OFDM
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BER verses Channel Signal to Noise Ratio

for OFDM
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