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A Study on Novel XCP-OFDM System using

Cross-handed Circular Polarization

Byung-Ok Kim
Dept. of Electronic Eng., Graduate School,

Pukyong National University

abstract

Digital transmission systems with high speed and high quality are required for
multimedia radio communications. The multicarrier transmission systems are more
desirable for high-speed and high quality communication than single -carrier
transmission systems. The OFDM is a special case in multicarrier transmission,
where a single data stream is divided into many subcarriers and transferred in a
parallel way. The OFDM symbol has a long interval between symbols than a
single carrier system. Because the symbol duration increases for the lower rate
parallel subcarriers, the relative amount of dispersion in time caused by multipath
delay spread is decreased. One of the basic reasons to use OFDM is the efficient

way it can handle multipath propagation. In a single carrier system, a single fade



or interferer can cause the entire link to fail, but in a multicarrier system, only a
small percentage of the subcarriers will be affected. Error correction coding can
then be used to correct for the few erroneous subcarriers.

In a classical parallel transmission system, the total signal frequency band is
divided into many frequency subchannels. Each subchannel is modulated with a
separate symbol and then the total subchannels are frequency-multiplexed. However,
the OFDM system reduces the necessary bandwidth using the orthogonality between
subchannels. To keep the orthogonality between subchannels, the OFDM inserts
guard interval into every OFDM symbols. The guard interval is chosen as larger
than the channel delay spread, so that multipath component from one symbol
cannot interfere with the next symbol. In this guard interval, a copy of the cyclic
extension of the frame is fitted. This cyclic prefix can keep the orthogonality
between subchannels. However, when the multipath delay becomes larger than
guard interval the phase transitions of delayed path fall within the fast Fourier
transform (FFT) interval of the receiver. The summation of the first path with the
delayed path no longer gives a set of orthogonal waves and the orthogonality
between subcarriers becomes lost. This result in a certain level of inter-channel
interference and makes the system performance degrades. For single carrier systems,
the frequency offsets only give degradation in the received signal-to-noise ratio,
rather than introducing interference. For OFDM systems, the frequency offsets
causes the inter-channel interference as well as degradation in the received

signal-to-noise ratio. This is the reason that the OFDM is more susceptible to
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frequency offset than single carrier systems.

In the conventional OFDM system, cach spectrum of subchannels is overlapped
with spectrums of adjacent subchannels. It means that a small amount of frequency
offset can cause the degradation of system performance since the orthogonality
between subchannels could not be kept. If the spectrum overlapping of subchannels
can be reduced, then we can minimize the degradation due to frequency offset.

In this study, a modified OFDM system using cross-handed circular
polarization(XCP-OFDM) is newly proposed. The purpose of proposed XCP-OFDM
is to eliminate the overlapping of subcarriers and reduce the time delay spread in
order to improve system performance. The proposed system adopts the characteristic
of circular polarization to the conventional OFDM system for the purpose of
minimizing the delay spread and the interference of reflected waves as well as
inter-channel interference(ICI). The circular polarization has the characteristic that it
cannot receive waves that are reflected by odd times because the phase is inverted
whenever it reflect. Therefore, the circular polarization can reduce multipath delay
spread without decreasing the received power. By using this characteristic, the
interference caused by reflected waves can be minimized and as a results, the
system performance can be improved. The proposed XCP-OFDM system also
divides the subchannels into a right-handed circular polarization(RHCP) channel and
a left-handed circular polarization(LHCP) channel that alternate each other.
Therefore, the overlaps between subcarriers in XCP-OFDM system can be reduced

to a great extend compared to the conventional OFDM system. This makes the
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orthogonality between subcarriers improve and reduce inter-channel interference due
to frequency offset.

In order to investigate the performance of XCP-OFDM system, a computer
simulation as well as theoretical analysis was conducted using the parameters of
IEEE 802.11a. With the theorctical and simulation results, it can be scen that the
proposed XCP-OFDM system shows robust against multipath fading and frequency
offset. The XCP-OFDM system shows the gain of BER performance by about 4~
6[db] in multipath fading circumstances. The XCP-OFDM system also shows better
performance compared to the conventional OFDM system by about 1~6[dB] due
to frequency offset. This paper shows that the proposed XCP-OFDM system is
applicable to the high-speed digital transmission system even though the

transmission channel is suffering from multipath fading and frequency offset.
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Fig. 3.1 Magnitude and phase of reflection coefficient.
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Fig. 3.3 Polarization characteristics due to distance in LOS.
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Fig. 3.4 Characteristics of circular polarization in LOS.
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Fig. 3.5 Characteristics of circular polarization in NLOS.
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Fig. 3.6 Characteristics of circular polarization due to obstruction.
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Fig. 4.11 Structure of transmitter in CI-OFDM system.

B0 -

40t

20F

Envelope of Cl signal

a 1 2 3 4
Time

19 412 CI-OFDM Al=#le] F-31d Az (k= 0, 15, 31, 47)

Fig. 4.12 Subchannel signal of CI-OFDM system. ( 2= 0, 15, 31, 47)

_79_



CI-OFDM #|=®1e] =41 A3 542 v 4 4103 Zo] vetd & Advh

r()= 2 5 a,d, wcosQat+id0,+ 6:)+ () (4.10)

I n) = AWGNe|th webA] ARkl CI-OFDM Al ~#le] FAl7] Fx+=

the 1% 4133 #rh

Ai‘ —ixGAf +id6y)
“ Y

=0
—>®—> fOT( ) dt x°—>a’0
0,

Aile —ixGAf 6

=0

—>®—> fOT( Yt N>,

7' (1)

Jl\fzge,-,imfﬂdﬁw) .
@_» fo (- )dt 7‘«—»%]4

218 413 CI-OFDM A 2d"le] =417] F%

Fig. 4.13 Structure of receiver in CI-OFDM system.

_80_



> "l
I

A 5 & XCP-OFDM A

5.1 XCP-OFDM A| ="l -4

UEpdITh et A wte)

HANDoZA Az Aol

ojy

—
o

o
H

0

i

iz

]

R4

sk OFDM A

[l .

S

olEl HF me&o] A

w
N

-

ot

e
Hr

i

A

—
o

N
il

A

oy
0
e
o}
<
o
<
Y

500
™o
ol
of

=
2}
of

+

.

£
2

de s A

s A

3

-0
o =

OFDM A|~=®1¢] BER 4

o

A A A 7ol

wEA}3t2)

oy 51

Ko
]

t}
S/Nwlol whe} v

olp
NI

ol
<7

—
o

-

_81_



HIE obfe] EolrEt 1 Aol AA MRHHA EEE & 5 Avh

% SNR=5dB |:=
-@- SNR=10dE |:i:
-5~ SNR=1506 |-
-7 SNR=20dB

-4~ SNR=30dEB |:5
SNR=50dE |21

------------------

1 2 3 4 5 [ 7 ] ] 10
Delay Time [Sample Times]

19 5.1 WkAbste] A del wE BER de

Fig. 5.1 BER Performance due to delay of reflected waves.

oA = XCP-OFDM

o
i)
ot
O
T
)
=
>
>
jaii)
lo
i
jatn)
o
4l
Je
_0|L
N
do
:C?L_',
yus

A 2~E8 A ekstt), A¢ld XCP-OFDM Al A#le 943 A (RHCP) A4

o072 &Y 4 9ty 9HE YHHAE o] &3 XCP-OFDM A|2=®le] G4 12

3 Fukdwle] ~deEde 2zt 738 52 2 ¥ 533 72}

_82_



IFFT B Gl Add Prefix -»y
—> &dd Prefix 'Vy

FFT S Rmv. Prefix R S/P 3
s e T i I —
ﬂ<— Pleﬁ\ < S/P

L>

18 52 XCP-OFDM A <8l A4 uk2]

Fig. 5.2 Structure of XCP-OFDM system.

18 53 XCP-OFDM ®-ukes} A9 e

Fig. 5.3 Spectra of subcarriers in XCP-OFDM.

_83_




A}
hom R EE
0| Jooo N - = O
il X w of o o I TS
o o o e s T B X ¥
O o}/ il N WA
& o o - -
oL O ﬂr G % N4 w o o= i ) X0 &) v
_E o — ,mmo A ‘mﬂ ! f JLIE 0 w . fse) _E an) o E#E -
I S 5 2 %o ¥ o= © " wETZF
qzﬂm%ﬂf& EEERE v Es g
=N = Ho o g H TG W T ofp . o
o P o} T E P R N = o)) )
D = N o ~ oy -~ = by o ™
=es < al8] = N & ol th mu ol ~ ) olp
o = & T Yo T o A w5 B noEEC &
T T o X n oo B o . %
¥ oo 2o o 2 T ow Z I D T =
5o = X ~ S o — o o B . hOF
BoR oM R R B = IF T L3 oy 5ok o
o T T T ) —
Ll cwo 2 o S oA ) i N Mm < B
ol T o T 3! "y o Uﬁ qﬁo " B T ! i ME
o X Lo o B = " % SRS % - N o]
- @U_ = T < X G Mw - 1@ o o mo we N _ﬂ o
o B _ = 7 e P E T T £ o2 S
Jﬁmo HT © ‘N g Exg \mgo ﬂ ﬂ :i R EE oﬁ J 1ﬂ| gln,ﬂ ZT o ﬂwa MH
- a4 ° ~ 5 N N A m W T =
D B . - T B v®
R o T 2 el e Y P 5 D
— O N RE
R N T < w TR
B ap M o) mo oo P HICA x W = 6N
i = "o el ) u wooN o o= B
— _E ho o o} ° T io OE \_ﬂo.ﬁ ,AL ,ﬂi WUHL
~ S B T r . 5 o B
N TR S do ol A N = B AF )
B LS o o X e S Y = T = B3
oo T o = & T o® o W4 Wo® L
o T o= O W T a9 o G T T w B2 ol
M 5 " oo il 7 2 AT E x4 e <
iy ) < ; T — =<3 r X )
oA % < @ 2 o 3 22 G T e P ) o
Foo B S S Br o T N~ T ol X B
> F W B = £ T T Mo ﬂ P w W
mL e ° OC ‘mﬂ MWL fy ar I
o = M oR oy =T ol e XO
= = w A A i g N B
0 ) jad T
ol < W

-84 -



XCP-OFDM Al ="l A 943 AHRHCP) Ay g A
(LHCP)AlY el 44 058 7b7t sy(p), s (D@3 sk, 7 N2 7149
Ao BB A 29T the} o] ved F vk

o (N=D/2 o

sp(p) = 2 Td”’@k) & f(wtl?(l‘— %Ts) (B5.1)
n=—o k=0 s
o (N=D/2 o

si(t) = 2 2 %a’n,@kﬂ)eﬂ f(2“l>tp(t— nT,) (5.2)
n=—c k=0 s

ol9} o] A3 dHMe] Ad Moo HAAE dHA Ad MNEE AdE
wgstd ZF "y doA= 19 533 Zo] FrkHazte] AHER F3o| A
A Fashes SA4E 7HAA A

Gd AT F7 [ wT, (v+ DT 104 depvs 438 90 Ady (4
3 At ALY FA NEE HolH AR FE AFIS AV NEE 217
et Zo] e 4 gt

< C i2 k| N
SR(m) = TS dn,kejz / ) dn,(k:eyen) =0 (5.3)
aim) = > &g, N g ) (5.4)
L = Ts n,k ’ n, (k= odd) .

_85_



A9 2 B3HF 2 GHRFEYH 7 Ade AZY NS sp(m)F s;(m)2

sl A dHelHE AdEz Zzp Aokl o ME(IDET)el ofsf dojl

ity

dikel 2 o] AL A3 |y Adst A3 dHs Ade] dolyo| o

g Fukdst WixE 747 e Av])9 IFFTe oste] vxg 3 + A&&

5.2 XCP-OFDM A

>
juii)
o
>
Lol

h2-9) 19l 543 XCP-OFDM Al~®e] A% Ad 2dS Yepya 9o
A3 s AARUHCP)H (43 ddd AL QLHCP)E ol dhet

UE ke AEEFE dERE AdE dSste] A E ealE A

o

P> > < RHCP

hy, LHCP

2% 54 XCP-OFDM A|~=®l9] i wdl

Fig. 5.4 Channel model of XCP-OFDM system.

_86_



7z} A dol| A IFFTo| ¢9&le] ¥izxe A3 Zhzbe] d-S E3sle] 41

W FAR AE (D ()% A7 st ol teb & g
rr(t) = hysp(t) +Tehgysi (1) + Ng(t) (5.5)
ri(t) = hos () +Ihysp(t) +Ni(t) (5.6)

A9 F AelA Np(t)9F Ni(t)i= 2+ Ade AWGNS Yeta, M= ¢
Aol thdlk walHa 2 = (XPD: Cross Polarization Discrimination)®] <&+

2 e 4 G0 2ol vEr & glnh

(5.7)

o2 G, Een B0 A9dm 2 dde ouE dwm Qv
BA il AETielAe) $AF dustel s Qe FA A

w3 2

_87_



(NGY/2 (n+1DT.
re(f) = C f : i
E=0 TS dn,(Zk) W T hu(t) e 7 27(24 Zk)t/Tsdt
(N2 (DT
+ I C f p I
¢ =0 TS dn,(2k+1) T, h21(t)e i2x(2i—2k Dt/Tsdt
T Nn,(Zk)
_ C (n+DT,
T .20 LTS hy (D dt
S (n+DT
+ C : o
koj,l#i T, o, (20 LT hy (D) e 7222 2R/ T, 1,
(N /2 . 58
+ I C f p I
¢ 5=y TS dn,(2k+1) WT, h21(t)e i2m(2i—2k Dt/Tsdt
T Nn,(Zk)
(N2 (4 DT
ri(H) = C f : I
= T @t D nT. Dip(f) @ ~PPREHIS U DT gy
(N /2 (DT
r yel : o
¢ =0 T, dn,(2k+1) LTS hlz(t) e’ 2(2i+1 Zk)t/Tsdt
+N%,(2k+1)
_ Ld (n+ 1T,
Ts m (2k+1) ‘LTS hZZ( t) dt
(N2 (4 DT
+ C : e
(N=D)/2 (it DT 5.9)
+ I C f s 1 ‘
¢ = TS dn,(zk) T, hlZ(t) e’ 2(2i+1 gk)t/TSdt
T Nn,(2k+1)



Al 3% A48 dHde] dyAE A AES dEhlE, A 472 24 H

of 3k AWGNS e}

Tz
nt

53 tAdel A& 9%

OFDM A =gle] Ealdtol A &z 7-7k])

O
)
S
;%
e
o
S
(L
2
Ik
=
o,
o
>
2
2

Adel v AEE g, & A (6103 2o Yerd & v,

k)
el
_O|L
g
k)

7/'n,k = e (510)

9, fF d9E Fue RS e med A5 g, 0 2479

4

Wb 2] gEdel Jhel A e EH2 4 GAD 2ol dERd = 3l

— —jork 2 JE ; _
N 72x(f kNT 5 — km)/N
B = ];:i;r”’ke T &° )

72z ([ NTz— m)
e _

RTNT= N _
e (5.11)
irSNTe G sin[ 2( £,NTg— m)]

sin[ #(f,NT s— m)/N]

- m G sin[ 2 (K4 &— m)]
sin[ #( K+ ¢— m)/N]

= &€

= &€

_89_



= K+ {0l

1N_1O]Jv1 kaTdS

2 G1DANA m= 0,1, -

g HAE 4

¥ 9]

Hrord 0<¢<1e

2 (5.12)¢F 7

-
1.

719 AA =Y A

} (5.12)

sin[#(K+&—m) ]
sin[7(K+ ¢—m)/N]

N—-1
N

ja(K+§{—m)

{CKQ

Rm= %

3

o] 3

3L
A=

7P = Aol A

KeN
=

mol el g

-
1.

go] A

BAE FAF 9

o}

ojy
ojn

o] A& R(m) %t

3

A% Ashs A

3
=

A (5.12)2 3¢

-
1.

R(m) ,°) 27]

_90_



| R(m)so | = ‘ CK% (5.13)

sin[ #(K+&—m)] }‘
sin[x(K+ &—m)/N]

— ~”(K+§7m)7N*1
| RO, | = ‘ St{cxe’ v

XCP-OFDM A &"lo A= F-ajde] A9 Ed o] RHCP Ad3} LHCP A4

—_—

< 5o A (B15E YEE & 9l

A AT A

i

= irold 97 We] 2t

.

(NeD/2 jr(2K+ g —my AL

| R(m)fo | XCP = = [C(ZK) €

K+m

sin[r QK+ £—2m)]
sin[z(2K+ £—2m)/ N1 (5.15)

jr 2K+ e+ 1—2m) 2oL
+I' . X Cogrp e

sin[r(QK+ ¢4+1—2m)] ] ‘
sin[r(2K+ &+1—2m)/N]

_91_



9 £5 LYW AEY Lok HojuA Ho| dEAE el o 4F 54
vEAY a8y FAd e =2 AA sk @eE Adit Aol A d o
e ARt o AAA s Axde] Aol FAE AslEi= Aol WA
7] wiitel RAde iz Al A dolEe] we A A% A

ol o] AIzE Al #F4F 5/do] OFDM Z# 99 HE7-3he ZHolwrn Z

oA A W, AdH AEL 1710l A o] HZx #A42l FFT -3k el Eol%
A HmE AR A oR1AY BAG] PuEsizie] Aol G

AE W= 242 b5 2 (616) 2 (G173 2ol vEeRd 4 9t
R=1og sMx1/NT <N (5.16)
W= fy —fo+20=(N—1)/NTy4 + 25 (5.17)

Nr

&3

A76lA s Fwsdel wE feEe Jehlls AowA Hukgud

roll-off AAE gdtar & v §= (1+a)/2NT; 3 %}

_92_



wHekA] XCP-OFDM Al ~le] tho < 58 g U3 2o etk

R log yMX1/NT XN _ log,M
=W~ (N—1)/NT.+25

(5.18)

g = (5.19)

g Wi d T AAHY AAEHRA EIE FEoEN AW F54EF v Easds
o] ©t}. o] HE 47+ OFDM AA Z#del of 25%e| & Fat 4 do]

g Alde] wlawd o= oF 33%0l d%3= Redundancyelth. whela] 2

T ZHA sle] HETREe ZelE HaFste 00 wE £ dud ddE &

_93_



oA A At

i
H

0

s

< °f 1[dB]

oy

55 Aol A

a2 H =2 A

4= HERHE

E X
=

9]

ol A Al

Z 29 (power delay

o

P

o}

)A
o
Bl

Ne

12 4 vt 2 FolAE A

3|

profile) 2 85 -

A

o=
TS

59 A9 A% veh

Al

4o

UEhl = Ao ZH A7k
s er] E o] v},

=
=

i3

2

21 (5.20)3%

s nDeE

A

00141 i AS(H7F AFHATH, 5

ol ehel e,

t

Ak

(5.20)

)= A

=1

(A A=)

Aste] A= #E Jede, A=

ke
T

o171 n

vepdich, e a

o A=

o

3E
=

3

]
=

(5.21) 2 (5.22)9F o] LpERTY

Al
A

way

o 7

_94_



(5.21)
(5.22)
Al

]

[ e fodeers. 99

exp(—1/7)

fooorf(r)droli, E[c%]

tel Al Al

O
2 #Ze °F 45ns

)

=

A A

°

=

=

r=E[7]

b

o F 20ns A =R UERY QdTh ey

o.=V E[cY—E*[7]

4~66Hz ) ¢
74 $-x o)

vheb lTH63]1164].

(o)

w

621)3 (522)2FE I3
f(z) 7} ZopAH Al

8 whap

[}

-
1.

]

hyx

o}
Re

=4
o

Al Al

i3

o] ¥

!

A

5

=]

bubel

°©

3ol

B

XCP-OFDM A| =4l

-

1.

S

°©

AL

=

=

o s

Aoz

o

_95_



5.6 XCP-OFDM Al A" A%
5.6.1 AWGN 37394 2] XCP-OFDM Al A€l9] A%

XCP-OFDM Al z=#lo] Al 18ki= 2159 A8 o2 ¢k Adzt Hiel o3 7t
AR AY op = 919 AGRHR AE9RTH TR F gown, 48 o
Ast A2l W3k daks A5 AY o, & ol 4] (523)F go] FE &
9},

(n+DT, ~(n+DT,

2
UZSR = (% dn,(Zz')) LTS LTS Ry (t— ) didr (5.23)

2l (5.23)l A Ry AGdF k(Do ug Ar)EE FrEE dERY 2

(5.24)2} ZH49].
R;(7) = ¢; JyQ2xfpo) (5.24)

A7GNA fp A BB FAFE JHUR, ¢ ¥ £ A5 A9

S yEE L) 0 MARSEE UEY. o L1/fpelnE R UE



4 (695)9 2ol wAEE 4+ ok
R;(D) = cy{1 —(xfpD)*} (5.25)

wpehd (5238 gt o] UEd & gl
=1- 6 (5.26)

VR EA = 25 AR el g Al S dEE A (GI9)EFE vadt

2 A(n+DT, ~(n+D)T,
JZSL = (L dn (2i+1)) Rgg(t_ Z') dtdr
’s bl (5.27)

TS A AS AR dEE 914 4 68 G9ERFH T g Ao,
ZHL_]

ol thate] vhe3t 2ol ERd 4 ATh

_97_



(N-1)/2 C 2 A+ DT, ~(n+1T,
Tl = 2 (Tsd”’(zz)) fnn LTS Ry(1—2)

1=0,1Fk

X @ — 72x(2k—20)(1— T)/Tsdtdz_

, N2 o 9 At DT, ~(nt DT,
+ I =0 (TS d"’(z”l)) LTS LTS Ry (t—1)

N e*jZi‘[(Zk*Zi*l)(f*l‘)dtdz_

W (fpTY n o (N2 (fp T)°
i 2(26—2)° <= 2(2k—2i—1)°

Ngiz) ¢ 9 (ntDT, A(ntDT,
o, = i f f Ry(t—t
I ioi,‘;ik T, “m@ED ] o, nT, 2l )
X o —727(2k+1—2i— 1)(t— T)/Tsdtdz_
, N2 o 9 At DT A(nt DT,
LR (TS d"’(zm") LT LT Ryp(t=1)

X eij2”(2k+172i)(tir)dtdf

e (A Ty) N , (Nlpr2 (fp T.)*
i 2(2R—20)2 S 22k+1—24)7

=
ot
o
i
o
f
O
e
w
-~
(il
>
oo
o
rir
>
O
I
Q
T
-/
=
>
>
juii)
lo
o
o
9
rir
N

(5.28)

(5.29)

BERS <ub#Ql whel wse] DQPSKe 74¢sh LAsiz Hv g 4

al
[G0]
<
k%
i
o
-
o
i
4
%0

.

_98_



Pp,=P, = 2Q< 7y sin4—f/r§) = erfc(\/ % sin 4% ) (5.30)

o714 = ME % W SNREA AF9 AHFS &, 7R A
& o, BAe A Fetn oo e A (531)3 o] FolAu)

= T — T (5.31)

T UE +E o+ ‘

wpe} A AA Al2ele] BERE vhgap 7).

Pe: PeR—I_PeL (532)

56.2 F35 QAo WE XCP-OFDM Al AH9] A%

S kHA QS Tl AFE oy AEs 4w & W 7]A

el Ael Fukga Mxd A5 s(m) & vhs3t 2ol yekd 5 st

s(m) = % d, e 2xknIN (5.33)

_99_



S( m) e —2xim/N

\}
SN
o
10
e
2
=
E
5]
Iy
! 2
=
o g
TN~
2, 2
= [
3 =
V [
= W)
3 e
N
kN,l_x\/._:
8
=
()
S—— | i

(5.35)

dkhkejZE(k+Ak)m/N_l_ n,

0

k=

r.(k) = %

A

kXA H-

-
1.

o171 A hy,

o

3
T

WAoo Aitad g

1
=

=]
-

& oo ts 4

Af 2o

H

(5.36)

(5.36)3F ol et

- 100 -



=
)
>
4
>
A
o
>
e i
1-011
-
r¥
o
2
X
[-4 (]
o
o
rE
of
k)
J
BN
(ld
_O|L
2
ne
2
=
>
1-011

R(m) = 23 rk)e /"

_ m]\il{[ Aildk /27[(k+Ak)m/N:| o } —j2xim/N (5.37)

_ % 0 Aild Ju @ 2rCkt ke DN | Ailn o ~i2imIN
=

R(m) = LN Zi;dkhk m]\ilo o 12x Gt k= ym/N

1 e;‘z;r(k+4k—1)_1
W Zi; dphy, eer[(k+ Ak—DJN _ 1
0.38
1 A= ej;z(k+4k—z>{em(k+4k—1)_e—m(k+4k—1)} ( )
- N = diphy e;‘;z(k+4k—1)/N{e;‘;z(k+4k—z>/zv_e—j;z(k+Ak—1)/N}
_ LR ke DS sin ket dR— 1))
N & “F7k sin{zx(k+ dk—1)/N}
o] HowrE ddl I=kY W Q& gon], mF Azt 3

- 101 -



el

(5.39)

sin x4k
xdk

N

N—1

jxdk

N a’;h;e

Ry, (m)

N—1

(5.40)

sin{z(k+ dk—1)}
sin{z(k+ dk— 1)/ N}

ja(h+dk—1) N

dkhke

O~

=+

e

R, (m) = LN

o}
T}

(5.39) = 5-¢

Al
A

sin(xdk
sin (7 4dk/ N)

A(dk) =

o}

w3 2ol

(5.38) 2 F-¥ ¢}

]

<

- 102 -



= = 2
2 = AS:[ ‘ 1 dhy @ 20 A= DN ‘
3 N

2
Ailem(kﬂrk 1Ym/N ‘
=0

&
e
By
e
(%]

1
NZ
15 ]\:' _ joxCht de— 1) mIN

N iy D€ (541)
1 S

NZ

1

S ]\:‘ (N— Iml) e/Zr:(k+Ak)m/N —j2zlm/N
k=0 m=—(N—

N+ EZ(N m) - cos(4—127rm iﬁdk )

% IE o —/exim/N
m=10

Nz[ =]

. —joximIN .
WA el e FMINo cogine B9 sine SR o F

=
=
A% 5 glon 4 g4 mFNE NEEoo @ ddv) Hee gee)

mﬁoemzm/z\/ _ m;o [cos( Z%M)—jsin( Z%m)]

(5.42)

:{ N, (for m=0)
0, (for m=*0)

A A (54D A (GADRFE Bxg A5 JR BA &L 1o 9
& vk

Ea Bxy AA A5 FoA Y= s AR Ba = thea 7o)

=

- 103 -



2

& = ‘%d;h;e”wl)dm} émgzré’lz)
sin( ") (5.43)
_ 1 sin (zdk) r
N? . ( xdk
sm( S )
ANNA Ak <N olzz sin(BE) x BE oz 2a A2 5 At 9
A oL theat 2ol vehd S gl
_ 1 sin (zdk) |* _ [_sin(x dk) 1°
620 - N2 (ﬂ'Ak) } _[ (ﬂ'dk) ] (544)
N

2 (541)3 (5.44)ZFE XCP-OFDM Al &®lo A el 2zt 7HAdo] 93k 3H
AR 2 7 e thet 2ol 7 5 gtk

#, = LI ) = (1+rc>{1—[M]2} (5.45)

1
2 (rdk)

- 104 -



A 6 & XCP-OFDM A|x®lo] A5 H-A]

6.1 A%l A% ¥4 B

et

B =X Aty XCP-OFDM Al~®le] M-S HEslr] dte] #

4

g Algdelde FHsAT A Algdold $4o== AA OFDM 4

S EFo® il 9y 1E F LAN #2el IEEE 802.11a #&rgE 7|+

IEEE 802.11a i1<: H LANQ ZFoAl¥E 32us9 F718 7FA= 64-point
IFFTE AME3la glom AZg F7]= 50nsolil 16719 AZo] & wsl= 0.8
us® BRI 7S AFRE I 9th. OFDM & AE9 F7|& 4uso]lil OFDMe

AF o =2 20Mgel™ FRbgate] Fupp= Skt E AHS-skal THB8] Hl el

- 105 -



-

1.

fDTs
Al2dle] BER
6,0l 3HBEY
HEA} 3} 2]

F 3

-

1.

=

Algr oz A

=

e

sl o

1o

3

R

H]| ol
7(—1_%_
olar, 1§l 6.2

=)

T

%

=

T, Agtstd Hug =

e,
5

3

&

=)

P
Usd 2 374 o A 2

=

=

-
1.

5~20[dB]
OFDM A] 2=

-
-

1.

s

)
A
S

sheiut.

=z ]
=
&)

=

Al
oy 613 19 6.2

AL

6.2.1 453 = G0l A2 Ay

6.2 XCP-OFDM A] 2 ¥l ¢]
XCP-OFDM A)2~®le] H-37} 7}

0.1=

=

A
o
ﬁo
A

o
alo

X

il

¥}

o

3

b2

BN
T

= S e R

3
T

&

Z}
A}

dd e 7 27

°f

o
To
ik
o
alo
N
i
o

o

-

—_
o

- 106 -



JJo

0

ﬁo
W

e R

34

€l
i

= Agd XCP-OFDM A~

oY 6.3%Y 19 65

of ojate] <

oM
<

u

iy
i
~H
)

alo

X

o
<
=0

H

el

}o] QPSK wf %

171 915

o}
™

FEERREEE

e =

9] OFDM A
HA o] qkALs7) 671 2]

P
)

7]

—
o

A7k Fo

e
=

Pl
4

A

9] o

= 19 639

Art 18 64

99 449

=
Aottt 1% 6339 18 64Z8Y wrAbate] Alzb

A7ro =

e
=

Pl
4

A wApgke] Zaf Azko] 17)

A

Z3tell A

ojy
Jjo

0

yin A Skels] e

A ]

=]
o

o) A% WY o

= 18 649

6.5

=3
=

A

LhaL gleir 1 Aol

tol 71538 wabste]

2 olgs

hz

ZEl

Fol A 2

i

W

B

—
o

Fol wkapsto)

S

- 107 -



BER
=]

10 Fzzzzazzzz= Ezzzzizzzza
F=| =& Circular Polarization
—+— “erical Polarization
5| | == Harizontal Polarization

—— Circular Polarization { fag = 80%4)
—&— Circular Palarization {4 = H0%)

—
L]
T

SIN [dB]

2% 6.1 "] W& BER A% (6,=25 )
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Fig. 6.2 BER performance due to polarization ( 8, = 35" ).
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Fig. 6.3 Constellation when delayed path have 6 to 10 sampling times.
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Fig. 6.4 Constellation when delayed path have 1 to 5 sampling times.
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