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Improvements of the OFDM System Performance
By Using the Characteristic of Circularly Polarized Waves
and Carrier Interferometry Signals
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ABSTRACT

In this paper, in order to enhance the performance improvements of both BER and PAPR characteristic for
the conventional OFDM system, both circularly polarized waves and carrier interferometry signals which shows
the robustic fading reduction effect are applied to the system, and then the performance of the proposed system
has been evaluated by computer simulation. From the analysis, it can be seen that the system BER performance
can be improved by 2 or 3 dB. Furthermore, it can be also seen that the PAPR characteristic can be markedly

reduced.
I.ME o2 A=z gl OFDM AlAawlelrde Awy
wHaksl Nje| v ESS N9 Aashs Haldalz
OFDM 213 gl dlo|elg W2 A3ksle] & FAl AFEnZ s1d0) "ol o] 7hgdin]
REHe vl Hulesly wzsle] n&o 2 oy Fol AHA Aol vl R 23 o]
£ Agsle o2y 34 FALANS 22 71 = o5 738l v OFDME Fbgale] 2w
o] ek 2 FARsAaRe] 55 vk & FAEA Esle 7-Solle Alse] d3sh Hek

¥ o] =g 2004 % FATShEA | FAlEe] Aol gl ATH S
* BT AR EATST} (2js999 @pknuac k), ¥+ HZEE ARFE A REAI TR (hadh@pknu.ackr) (°: TAIAAD
=W E CKICS2007-03-134, AUz} 2007\ 39 284, HE=TA4da}l 20074 7€ 18

794



=/ gt

43 ahest 455 A4 OFDM A2 A5 iA

w3 5HoR wHayl o] Hukislee] F 9
o= 3= 7% A3 =} =4 =) PAPR
(Peak-to-Average Power Ratio)e] =LA vlepdr}
PAPRe| #FA|® Alx®Hle] Balwsl Z7)st3 RF A
H5Er] Fgo] 3R E AnFe] A st
o] 8elo] AP o) & AlAlEly] 3] A3 A4
V& SAHER A7 S 7o, 9
S22 Aesle] B A3 g 7ML Eole
4] 5 PAPRE 72:A17]7] 918 ekl W&ol
Ak gl
ol A= A HINCP: Circular Polarization)
Aol widal 7Y B(CL Carrier Interferometry)
ol 7l BEAE o]83l4, olF 7189
OFDM  Alz=dlef] AFAl 2431 BERYGS 2
PAPREAo] Al AAE 4 8-S AFE =4
& F3le] glapck

T i

¢

I. AIZ20lMd AlAR 714

2.1 Ygwulel ciEnt ZiMAaZ ol Holg HASY

dubd oz sl Hap= Aefgel 28 2kt
7b =, o S QRS giake] 180 WA
HARE FAHE JRe] Ak A9 LA {4
H7] ol WAk wiwict A13] ulgkol wiH= =
Ao] slek AAl AWESAA oshd, YHARE F
Alsk A3 HUR A A9l 7153
wkalels A3 wlele] wulty}l =lmg A% 5 ¢l
Al =l AFH R delgdE AFAE E3E 7}
A & 5 oA =P ole} e daiwize] )
ATEAE o] g3le] 7]E9] OFDMA|~Hol| 2413
dgHs) 2 9438 AFAE B S A
26E FAs, Ade] Aaadel ¥ BER A
5 e B2 A9E eE Y 5 o
oo} ZH2 UPRAE A3l A -Foll= LOS 7
oM o $& Hold AEHE vehA|RE NLOS
el 2 &3t ¢lok e NLOS #7349
735l A5} clel Al Hile] od) E ¥ 4
7} sirk &, dgugE FAlEla G4 37
2 AR P pAlshe d3ggcle A E S
g3 =9, e 23 o A3 o
oM AlE]l B} Hold BAS AFH o HZAA
4= e,

@, Cal R Nassar 23 Akl CIMA(Carrier
Interferometry Multiple Access)A 52 283 OFDM
w2l cDMA WAlEe ge] - akblel] 94

3L

2EAG Agshs WAHOR, ARARY S Het
FFHeR 29 4 ol wrleg g3jd Qi
B Aola= A71e F AlE EACPAEY Hu) o}
o] Ae] Aol 9J3}F o] 7t BAJT}, CrilZol
2]gt PAPR 7HAEANE 719 OFDM Al2Ele] A
43lo] AJEHElE FAIBISTh

2.2 vksm ZHd AlE0ke HZske Alag

71Z2¢] OFDM $Al71e a3 13} 3, wkgs
7455 243 OFDM A ~el(CI-OFDM)2] 441
715 a7 20 27t JESIch 29 26l o $
Aol 24 vlESe] Ao uigsle wxsEls o
12] OFDM = =2l, CI-OFDMS 7 B EE<] N7
o] ukpz AAZ MEE Fogkbael 94 o=
AL A4} BE B|EE] FAld 5o vk}
Fojslmng A vEES] AuAds Foshe 4
LAl A9 2 Alde] i Fasich

e
bit1 %
eﬂAﬂ
Data bits oit2
PRSSEN—S S
sip z
-
H
g
bitN

72! 1. OFDM $47]
Fig. 1 OFDM transmitter.

iy @0

NG Thae

Duta birs
* s

1% 2. CI-OFDM $417]
Fig. 2 CI-OFDM transmitter.

795



PFEA3}5])=F ] *07-8 Vol. 32 No. 8

AA vlE kol gt nHA ksl g 94 &
ZAL A0 ,0)1, BIE ko ukeglel A8 4
(P, ™% . TV ol o] uE
kol gt b 3;=e gl S emaAle
A6 ,=(21/N)k ok o] ZHHw, k WA v|Ee
gk A Alse ok A ()3 2ol 3=

F

su(H= —\/% ]:2)1 azcos (201t

+2nft+ {A8))

@

71, g, k WA HlEo]H 413} -19] ALE
ol BUsith f=iAf ol Af=1/Ty T,)= I
E $)EH NIl Al Foidich A o
= A N WElel elaled A0 ,= @n
Nk 7} =2 349, ¥l k o Spa=g $As
7] 918 1 23] Fel N /He] Wl E o] A
g FoishA ok w3, BB kel g piA b
Fajol 914 eZA A0, F IR AL A
74 7 ukgste) £l $ix)el] WA NAfe) vl eSS
2e)@ 4 YuE |9 Aotk VNS BF
3 v|E o2 gt C-OFDMe] AA A
% AsE e 4 @9} 2tk

_]_N*lNAl
s(h= Y ;_,‘0 Zbakcos(Zﬂfct
+2nf 4 A0 )

)]

A

23 29 CLOFDM A|A8e R-3318 #4835
B2 v g7 olck dwbder Hasid
Coded-OFDM  Al~®l-& 18] 2ellxje} Zho] =i
WEhe 3] Aoll, b i 31 RIECEE Bl i=DF
2 n B9 &8 H|EEE B0 n=2)E Yol
o] HhAlellA], 1 7Re] AEB|EE AAAOT n 79
ukbsl g2 RgEln, Xejake AiasAR Fue o
o|MAE] o] 5& Zherit

F, AAEE o Al 3 2ok

(2

7( t) — vl_ﬁ IZZ_OI IZIZ;G A pCOS (Z‘HfClL

3

A7, a2t = 35 AHA Rayleigh o]

196

Adell 2s) i WA wkglel] 4=l Hol= Fet
mlejo} 9ab e mAlolh. TIR]3 (e AWGNO|
o} 339 7=3E fd A 5717t s o) F
o] 2 Zleg st a9 30 k WA BES A
%3}7] 93 CL-OFDM $A7 |5 vehdich

a3 394, (P N Y Ax ukeaz 2
ok 2 ukm2HE k WA BlES 4t e 3xAle]
AAES 7 = (r,ry .o, i) 0] I, = o
Al @} o] AL 4] @old F WAl 3Lk
WA v e digh Jelx] n]EEC] 3t JoeH
H|E 7} 7HA o]t

el el

l2naft oiat C
y 0o
!
® e E ANy
n(t) B Decision k
i 1 Device
| i N
E
ei2nN-Daf GiZRN-1)A6; R
%I—»‘—& S

12 3. k HA v)Ee] & CI-OFDM $4171
Fig. 3 CI-OFDM receiver of K" bit

N—1

1 1
r= —qa.a,t+ —F—a;
i /N ik j=§j;€k /N i

. cos(i(AHk_Aej))+ni

G

AWGN Adelld, AG E AAsiA Ad=sle] v]
EZr AwAde] FAHRCH wkeslge] As A

N—-1
WC= ) F A e o] ek a2 F
i=0

s AdA Aldell 7
HlE2HE] 7] dNRE F .
sl ukpaEe Flel= aol F5530)7] wEe]
ok ofe] 7] Aguirle] rhssiARl, dwiHow
MMSE Z3hi4]e] 71k 9-rd A5-& viepdict 2
E=EollAE MMSE W28 A8ste] Hoje] Fale
el AlE o5& @A 3lo BE 7t 7T A%
< FHi3slgit oleld A okl A 9}
ZHe 7= W4 (decision variable)2 Yebd 4 glrh

3

T

N1 @
C= R P E— 5
En [Na? +No/2] ©



=T GRS W A S EAE 43 OFDM Al2" A% A

2.3 AYHuel gksut ZIMASE B XESt
Al g

227894 A3t PAPR E4le] HiEF sjAdEE
CI-OFDM A]2#lel, #Hlo]e] BAdo} 7kelat Hsjuig)

235 443k CPCI-OFDM Al2®le T3] 40l v}
ot 29 dolxds, A9t AlEE 44
Helm 9413 dPAsfel A APz Be
dte] Sl SPeg TAslaEE] A ARy
ol 120] M=% 351D, IFFT $3 F ¥I7he
AR olAdd ClsE Agshe WAlS A 3
aiglet e deAds ea0d Alse 439
a8 544 7158wl Ao eAlsEA] ghom
2 Azde] A% =A " S e =3 o
olHAEE Agsielr] wiel ZAze] ApAdz
FAE Az v eR saliEel gt g
= ¥ ek S s A #7)2
We HE F BeogS AA) BEdide] A
g PAEE o] a Asob ik 9 o=
= o83 dolelE Eeidrt o]FA a4
el Al oigst Hdakel 27E A%

d
St #F dlolelE whdsle] BUH wlo[eE £

LN oox

|

for 5
i
flo
12

mwpw;kj PS

(Y PA-IM=rE

% 4, CPCI-OFDM AJ2gle] B2%
Fig. 4 Block diagram of CPCI-OFDM system.

Ao B ¥ ksl Agvt Fd 26,
B2 ZHolg A 3 ¥4F djdE ago]
7R WEErke D A F7E
PR G F AASe] ARgERA] REhs pRoR
ZHY F71E "R G F AlA ok deb 99
s o83l RETz) HelE A & 5 glrk
7122] OFDME A4 Z| e oF 25%el #ed3ie]
e dllole] Zolof| mlmshyl 33%el sl 2
CPCIOFDM  Al=Hlolld= (U o)gstmz

BET AolE Azt sk

2.4 NA"o| PAPR §4

o2 OFDM Al g 3o A
TAHe] B, PAPRS dwtd o ofg A (7
o] vtehd 4= glek.

max ;¢ 7) s(H1?

PAPR= (6)

meang ¢ )s(D)|*

Nl ukpmhe Abgshe 4% OFDMS
CPCI-OFDM®] ¢ A¥E p = NFjelc}. o
71 Py & s wkbalel it dadgeas
Py=" A} ol 22l3 Aje FoR st
) 2 Fo|ct. OFDME 318 ARE 2y wighs}
I Agshe 2 v EES] wkEES A Ay
dehde) wiskel st Eo17) AR 9wk
she) 47} Z7Nel wiet o) Aol 2l 27t
a7 €t} OFDMS] RE ulgsirl S9oz A
A A2 Aol 4G ok 4 7 Ao,

Porpu,. = (1ZN[A)2 = (NA)*

z_%(NAo)zzNzPO

M

714, A= FA wkeole] AaxlZe]n, N& ¥
F3e] solc}k CPC-OFDM®] 79 & W|EE
EE keslE FAlel] AEn, whe] g o=
22 AV A I EES Feld Wik o] 914 &
ZQL- Hd AHE FAFe 549& 2] g
CPCI-OFDM A A$Alse] Hojdse g wy
HlES] ) wigo} ¥ e} vk F AMgA)
Kt Hd) dH ez vepd o AR j(&, k£ He]
AH2 Fagel vl 2R o vehd) i
olc}t. wehy OFDM] HeiH# ®r}l CPCL-OFDMS
FHjdHo] Al viehle] CPCL-OFDMS] PAPRS
o A @ ze] FdErh 4] @)llA FHo A
o] 2| yehs olfz, CPAlEe}l alAlEst ¢4
Fof vehbe Ayt opdel, 3NlewEe] B9
& AARE W] £olEe] Al2w9) PAPR 54
o] WA= a1 A5 T B4l 2Jg Aol

=

Moo
s rlo

197



- 24183 3=7%] °07-8 Vol. 32 No. 8

(3 max g r)s(01?)
NP,

PAPR cper— orpu= <N

®
. 45 AlE8old Za

AlgHolAd 422 A OFDM HHAlS BF
22 3la e 1% T4 LANS| IEEE 802.11a %}
Zolel g 71Eo2 o). 64-point FFTS AHE-3}
AT BEPRE 16709 A2l sidsls 08us &
3ldct. 2 CPCI-OFDM Al=d Eoldgelxe ¥
AT}E o] 43l mE B ETTE ZHolE FHA3 3l =
s FAsch MEE TV 50 s A
£ QPSKZ 3ick CI-OFDM % CPCI-OFDM ©ilA]
Ay wWErje] 2Ad 4= OFDM I 543}
A 47l st913, CL-OFDMolA] AR 1 AlEe)
pakdal e 1602 Aok FAAES
Rayleigh fading V3% A-83lslon, 5= 27
22% AAu} od AQurE 7R 2 sk
2w ukalglel] wbE 412 3dB, HhAle] 2)QdAlZE
2 7+ Ne) AEF A7 AlE rRlE AeR 8
vk 2olAHL OFDM} CI-OFDM WS Fldh
Z71°ll4, CI-OFDM ¥ CPCI-OFDM w8 5d%
Z7A 2=z g3sisdch

a8 5% Aj2o] Ak CPCI-OFDMS] A%5-S 3
3] 3l AR el e 2oy
o) 2Jste] dojull X134 AJAkme|r). of7]olA 1
S (@ dukAal QPSK IS A-4317|&2] OFDM
Al Aakzolct. A5} oo X winje] ukAlr}
6719 AE Ak Fol| ek A5 vEhd 7o)
ol 2% 5@eld & 4 giRe] ukalEke] 7He] =
A Agsr) wiol Aol kA FA] e 2
7} ok 2™ s 2™ S@e) Aot FUd
Z7oA A WA vkl &8 Azl U A
AZke 2 w9l 9] A%5e vEhie Als
A AgEo|rh

I35 @9 ¥ SOEFE Wk Al Al
o] -2 7%l 234 AAd=rt Br} v 24l
A 3 A vehdar gleld 2 Adge]
A B& o4 471 sick a¥ S 2¥ sl A
9} BA3 GEAR 2 YPAAE o)83}
£ CPCI-OFDMolA] 71423 ubalsle] 2418 AAg
7499 Az Aakxelnt 18 sm)et 13 509l
H|oll4] CPCI-OFDM Al2®lol|lAe 7|<3] whbalg}

o

N ¥R

B

798

(© 9FAAE Fgsp] uRrsE AAE ¢
(QPSK-CPCI-OFDM)

I3 5. A= vm
Fig. 5 Comparison of the signal constellation

2% 62 Rayleigh #2273+ OFDM A28l
CI-OFDM Al2=®e] BER A%5-& ®lagk zolcth 1




-85k OFDM Al2% A% 74

3 6ok & = SIRe] 7122 OFDM A2 A
Aol frAlE7] o AdAe|lmg AlaE A
5ol <93} A4, CL-OFDM Al=Hl9] 7% Ak
o] SA4e] /AHER FY"elA g7l wle} o]
TUY Aurt BE AEmE ASEa $A7]A
= Aol Hig Hd FI toAlE o]5L
= UoEE, 71E9] OFDM Al&gHr} A50]
=S & 4 ok

Probability of Bit Error

SNR{dE]
32l 6. Rayleigh ol s'dellq] OFDM#% CI-OFDM 4]
28 A%
Fig. 6 Performance of OFDM and CI-OFDM system in
Rayleigh fading channel.

Rayleigh Fading Channel .

"%~ cpororom j
5 CLOFDM _ i

?
!
!

FT O S

2 4 R R R R T - T )

EbNojd8]

32 7. Rayleigh #lo]" Adels CPCI-OFDM 4|28l
A%

Fig. 7 Performance of CPCI-OFDM system in Rayleigh
fading channel.

73 7€ CI-OFDM | 2®3} CPCI-OFDM A|AE)
53] nalgle] 418 11161—— EMJM ——H o
2 <l3led CIOFDM Al~® 2riT 10 BEROIA oF
3B ANAE T 982 & 5 ek o] Ak 4
Aol 12 & He| £0AEE Ax 78sle] no)
AL a3 Ajolry.

1% 82 7152 OFDM3} CPCI-OFDM®]| PAPRS-
Hlagk aglejoh sk &2 Agulelele] 410000
ME vebd Zlo]a Al 252 PAPRS Yehla )
t}. 71&2] OFDM®] 73-9- PAPR®] izt 23.550]
I 328270t} PAPRS| Hulgtw FAe &
Aol Holw QS & & itk Hbd)
CPCI-OFDM®] 7-$- PAPRY] Hujzte 120]32 Js’i
e 6380t ol= A 7|t ule} o] &
ste] EA# CrilEE H4sil =, OFDM-4
FIE0] 9N 732411{— o] FolEe] *l
259l PAPR 54o] /AlEl:= Aotk ¥ 9=
OFDM3} CPCI-OFDMS] PAPRell ti3t &g A%
22 Jehd Zlolc) a3e)A] CPCI-OFDMS A4-2]
oF 90%c]/de] PAPR3Le] 8o3}el Helg vjehix
gt} Hidol| OFDME <F 50%3% =rte] PAPRZI®] 8
olste] & Wbl olctk webA dwste] 54
Hkal 7H4AISE 283 CPCIOFDM  A]AEle]
PAPRSAS A NATo2H Aarle] A5o] )
AgsE o 4 9k

B o -

—
OFOM
' - - CPCI-OFDM

PAPR

Transmission Number(1X1009)

12| 8. OFDM3} CPCI-OFDM2] PAPR
Fig. 8 PAPR of OFDM and CPCI-OFDM

= orom
.. _CPCLOFDM

Cumulative Distribution Function (36)

o

so1! - .
0 16 18 20

a8 9. 71=¢) OFDM#} CPCI-OFDM$] PAPR) tdF CDF
Fig. 9 PAPR CDF of conventional OFDM and CPCI-
OFDM.

799



L2 AIE}E]=FA] °07-8 Vol. 32 No. 8

V. 2dE

o

B =filde d3dge] uialsirt A al=
= AAEA v SIS HldHe]
glo]|gd ol 9] gt AwEAE o] L3l J|E
2] OFDM Alzdl wAo] o5 F Al5E A-43h=
A 2% CPCI-OFDM A|2=d] HhAlel dia] datsich
2 A} Rayleigh 33014 712 OFDM AlARE
t} A%o] 10* BERA I 2~3[dB] A= 7|4
£ 94 ¢ gtk =3 CPCI-OFDMS] PAPRE 7]
Z¢] OFDM®]| PAPR®| izl Hdighs zA 3
A 4 9)iths A= *1“—3} AEHoldS F3t
of g 4= ek FF ATFHAEA B A2H]
o] Zhg tAd #LM]*E.M UWB A| 2=z}
o] Y zu& HFE 3= Aoddd AA
83l 1 g AESR: 97 Hasktt

v

J
o

BIEE

'

(1) IEEE Std802.11a-1999, Wireless LAN medium
access controlMAC) and physical layer(PHY)
specifications : high-speed physical layer in the
5Ghz band,” IEEE-SA standard board, pp.3-45,
Sep. 1999,

(2) S. H Muller and J. B. Huber, ‘OFDM with re-
duced peak-to-average power ration by optimum
combination of partial transmit sequences,” elec.
Letts., Vol.33, No.5, pp. 368-369, Feb. 1997.

(3) E. Lawrey and C. J. Kikkert, ‘Peak to average
power matio reduction of OFDM signals using
peak reduction carriers,” Signal processing and
its applications, 1999, ISSPA’99, Proceedings of
the fifth international symposium on, Vol.2, pp.
737-740, 1999.

(4) Richard Van Nee, Ramjec Prasad, “OFDM for
wireless multimedia communications”, Artech
House Publishers, pp.123-152, 2000.

{5) Jorgen Bach Andersen, Theodore S. Rappaport,
and Susumu Yoshida, “Propagation Measurements
and Models for Wireless Communications
Channels’, IEEE Comm. Mag., vol.33 no. 1,
pp.42-49, Jan. 1995.

(6] Hee-Chang Jung, Jin-Dam Mock, Deock-Ho Ha,
“Analysis of Wideband Propagation Characteristics
for The High Transmission Rate in Indoor Radio

800

Channels’, IEEE Proceedings of The VIC’98
pp298~302, May 1998, Ottawa, Canada

(7] Byung-Ok Kim, Deock-Ho Ha, "OFDM System
Using Cross-Handed Circular Polarization,” $H=-
FI8k3] =7A] AR6A A12EF, pp.1741-1746,
2001 1244

(8] Jin-Dam Mok, Young-Hwan Lee, Sung-Woo
Jeon, Deock-Ho Ha, “The Optimum Propagation
Condition of Polarization Diversity Reception in
Indoor Wireless Communications,” $F5-5-218}3]
=F=], A23A ABE, pp.507-516, 1998 3Y

(9) Nassar, CR. Natarajan, B. Shattil, “Introduction
of carrier interference to spread spectrum multi-
ple access,” Wireless Communications and
Systems, 1999 Emerging Technologies Symposium,
pp4.1-4.5, 1999.

(10) Wiegandt, D.A. Nassar, CR, “High- performance
802.11a wireless LAN via catrier-interferometry
orthogonal frequency division multiplexing at 5
GHz,” Global Telecommunications Conference,
2001. GLOBECOM °01. IEEE ,Vol.6 ,pp.
3579-3582, 2001.

(11) W. Zou, Yiyan Wu, ‘COFDM: an overview,
IEEE Transactions on Broadcasting. Vol4l,
Issue 1, ppl-8, March 1995.

(12) L. Thibault, Minh Thien Le, “Performance evalu-
ation of COFDM for digital audio broadcasting,”
IEEE Transaction on (I) Parametric study
Broadcasting, Vol43, Issue 1, pp.64-75, March
1997.

(13) IEEE Std802.11a-1999, “Wireless LAN Medium
Access Control (MAC) and Physical Layer
(PHY) specifications: High-speed Physical Layer
in the 5GHz Band,” IEEE-SA Standard Board,
pp. 345, Sep. 1999.

ok X A (Je-Sung Ahn) A3l

' 2002 2% : Akl Eka
H B

Temomel 2004 29 RAATISE ARE

A&kt MAt
20049 3Y9~&A ¥R

‘% . A R EAIZ} 3} upalaA
<A Eok OFDM, ©]%-E414]

2w, As) A3hE Y 2 e




Sv

=E/LYUR5A Y s} A5 EA S 483 OFDM Al2F A 7

3t § & (Deock-Ho Ha) A3

19723 3% ~ 19794 24 JeF
g Az (38

| 198433 39Y: ¥ KyototHd (¥
g4 Ah

1987+ 34Y: L& Kyoto™ &} (&
ghatah

197833 119 ~ 19814 19 : (P
FAAL AT A7

1990 89 ~ 1991'd 84 A=)Eio} djhU.C,

Davis)
20001 24 ~ 20019 2¢: V= ZEHEFYYE o
TS

198743 94 ~ A: HA e A w B Al Tst) A wa
<HA Bol> A9 AdEA wddlg] tlo|H A Al
€ t]A]" o] 5-EAIMA] UWB, USN/RFID 5

801



