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ABSTRACT

Carrier frequency offset (CFO) is one of the most important problems in an orthogonal frequency division
multiplexing (OFDM) system, which seriously degrades the performance of the systems due to its time-variant
behavior. In this paper, the performance of a pilot-assisted fine CFO estimator in OFDM-based mobile WiMAX
systems is analyzed. Analytical closed-form expression of the mean square error (MSE) of the post-FFT based
CFO synchronization scheme is reported for time-variant fading channels. Taking into account the frame structure

of the IEEE802.16e standard, simulation results are used to verify the theoretical analysis developed in this

paper.
I.M & IEEE802.16e %3 ollA 743} = 9lrh.
IEEER02.16e E5~> WIMAXE <% OFDM 7%
T FEWT 9l:= WIMAX  (Worldwide 2 NLOS 37& AHosta, 459 MBS
interoperability for microwave access) + UWEA| (multicast and broadcast service) 43 $Jg+ Z1 R
el FAlellA 3] dHlole] AFE Alge] 7} HAF Ve E A3 A R S i @
& AR AlzEoln, WIMAX A|l2g Afek T Sl gk meb QA S 2 olE TV A

% The authors wish to acknowledge the assistance and support of the Center for Advanced Transceiver Systems and the Ministry
of Knowledge Economy, and this research is supported by Seoul R&BD Program.

* AlEEa 7571382 yhyou@sejong.ac.kr), ** (F)FAHAI2E]
= F D KICS2008-04-152, A4zl 120089 4% 39, FHEFw=EA4dzt: 2008 79 159

815

www.dbpia.co.kr



241513 =52 °08-08 Vol. 33 No. 8

2Z 913 o] WIMAX A|xdElo] FEuly gt}
‘} |5k, OFDM A28l & - FAIszke] 57]

5} ool el il RIZFeb, o]eidl F7]s}
o AR AlzEl s AsE o'l B
o] =EEe] Az 2 FIk F7Islel HEA ohF
3 glar, 2Elgk thee] wiEellA] A’k
& Aol EAlsks FFT 34 $of] 2Hgsk
BIB Sealetellrde] digbdel Falss 57)3}
Foll= zte] 2 S T 5] 22t
Al ==, SHIEA] AN A ok Ahod ‘i—i d
TP 7] A= A BT Alder
2 AR s rHenR Fa 571 22
o] AL OFDM A|Z~El 7|04 wi$- F83F
Fgolr, u}am Al 2~g] Age] AsE 9] S
g 9 o 4 2 ARIE flste] FRdsl vk
$IE 1%’6l~c o] baeE|gEe] o7 =il
A A= hepeHE

B =Rolx= OFDM 7]Hke] o]% EAl A|~E
oA pds] Ae o] gat zh] Ful F7] A}
FA719] Aes A Feld Ad AdelA +
Agiet Al el sl A AT ASS
9]3) IEEE802.16e ¥ 7]Hke] WiMAX A]2~H]
of| 4] me] AY Ao} vl 7353k

e o 22 S uEch T4
£ OFDM AJ2=HlS $J Al3 wdls 7]|&sh,
IAgellAs 2t Fa 57] 2 4 daels
A17]19] MSE (mean square
error) A%5S fFxdtth VA= #o] T34 5
7] L2k FA7)Y] A5s RAYPS FIl] AS
sl vixEte g2 VAelA AES Wik

F

o

l.‘
p
r@J
qul

>
mlm
o ot of

;

N

0. AAH 28

OFDM A|z=dlellA] N7ie] B4 s 7H]=
ofe] AlE FAldtel|x]e] a7fe] FukEslr} IFFT
(Inverse Fast Fourier Transform) Z}4-2 A Wz
glr} oA wz=l *Ji‘ﬂlﬁ £ el AE=
N,7N¢] IFFT ﬁ‘ji‘éﬁ TRk @Akt A
S5, 223 BE ke Z7ke] OFDM Al
Az o] AR b 4] BEE 9]
sle] Nv7He] shedEl pakgstel NN 7Re] dHlelE
THLH}; o] Foixl 1ls 7] E<ke] OFDM Al
WS X (k)2 Rk

FAltellA] Flo] Falg 57 °ﬂ FAL 3]
Aell AZE 7] L2t P =] BAbE

816

ol 7PAgkc}. @28, Quasi-Stationary Ad 373
7143e] shbe] OFDM 74 5kl APde <)
& A sk Aow ww sely e
A oblEli 101 e FASES gt o] )
FFT A o)& ¥4 F7] Z9ko] kA Fukial)
of A2 OFDM Al&+= vA] #te] 2 AES] Fo}
7] 2ake] S ol kgt 3] vehd

PN
T

EJSQ
T 9\1]\ [”]-

oL ﬂllo 2

E(k) ~ }[](k))(](k‘)eﬂrrrb(k)(l}v‘ﬁrA\Z,)/A\'ejw(y—1)4)(1{')/N (1)

A7IA (k)= v A} 3Eo] Foixlvt
d(k) = A(1+¢) + ke =~ A+ ke 2)

w3 o7 N, = NN, AR M 2 A
2 Atst | e T 5] e 2 SR
T 57 23k H(kE FHite] 0o]a #Abe]

7l AL ol SR Wik BT Akl

03} el Fa TMH THARE gl

22t

K A 9 AEY T B7] e o)
ML ICH Heleh A (eld] Aol 2 AEY
Fa §7) 02z QIsel AR IC1 e 7}
A AR W Blsl 7 ghel vk A aho

. 0l WiMAX AJAEIOIAC] u|A1| ESEES]
2 FHI|9 ds 24

o] AellA= FFT A Foll A= Ak ﬁz*jJr
7] & FA7IE Astal 4719 A
q3p7] ¢35l MSE Aes Aoz 243

olr

rn: —[>
—Ylm

3.1 0N Ful Z7| X £8 21215

OFDM A|z=glol|lA] Ziedslair = 2-8-3817] 4
Zte] Fab 5713 WS 7] $18ked FFT A
Foll 2hF3he 7189 A Fag B eab 4
RS- Aeigic). 7)) wpPlell A s =}
o W 7Hke] zle] Fal T 93} 3479
25 Faskd, kA (=1.2,.,8) JHdE Rk
Sk g e o 2k

Mo

o

L

ST,
ni

Gk) =R (k)R ,, (k;) 3)

= H, (k) H,

(k)L (k)PP 3G

www.dbpia.co.kr



=%/ Mobile WIMAX Al2=dlolA] w14 F3h4 5713} 7o) A% 34

A7A Tih)E et 2ek

(k) @

(k?‘)ejQWd)(k)((l+ DJN,+N,)/N

()X (k) Wiy ) 270N M)

A7IA p=N,/Ne|3L D= IpdEl FukETke] Akl
SNA7E 2 7H91 4= OFDM AlYE 7He]
Zelelek. ARk ¥ Gl 2 ohE A} 2]
vhehd 5 glek

run

1714 ¢7} 00 DC AES FAog 99&% By
o] gl ATE ko] A golH, 14
Sex nnel golg AlFEe| A otk
vk Ade] AFgte] Ao Wiz} gl Ful <y
oxe] sldel AT Ee] FUshAl ExEEe] glom,
A& ok o] 2 2 5 gl

N2

k)PIX (k)P + 3 Wk;) (6)

Jj=1

T a7b 19 W= vt o] ekl 4= gk

A ~e(Ae) ejhdlpz\[{

) N,
Ay =e(Ae) e P IRCACAR LN

=N/2+1
N,
+ 3 k)
j=N2+1
0%7]}\_] E(A,E) j?ﬂ'AD/I 77rst(]\/ po]»_]_ Df :l'
7He] OFDM Al Wel|A] o]$5h= %= 7o) sl

RkEE} ko] Azlelt. o uf, At} Fulgr F
22k= 471 A (0T (DS ol8ste] okt 3o
T

~ 1 arg{A1=0}+arg{A1=l}

o714 Ak Fa 571
Al < (2st )~ telck
AFgo] ik 7K & ul, A @] ¥ e

chest o] vhehd 4 Sie.

23] 34 TPs yele

arg{/llv[)}-&-arg{/ll,l} (&)

=2mpD, {24+ €[ky +ky )y + D (N /2-1)]}.

T
(2

S|

o)
)
)
A

Tilow 4% pael G5l A2

o= &
3} 285 npo| slele] Alage] 3¢ tjsto]
EEE] gled o *—‘.?Jr 2ee g 4 ol

ky+hy o+ Dy (N /2=1) =k +ky =0 (10)

9] Aell st} Al T F7] 2] A
AA & 4 gtk WIMAX AlzElo|x= A7) 4]
(102 W3 spdEl Frle] EAjgich

3.2 Folg 57| @FF F£A7|9| MSE As 24
Al el 2 o] zte] Fal Fr] eap 47

71

9] MSE A%S FAHom ®ojFr] ¢sle] 4

©)F (DellA A Fale §7] Atz <t 2

A A S-S AAE o ul, 914k FHe]

AR 4, = o A Rl viehfelich

. (d+1)N,/2

Ag= Y (M) + W) 7
j=dN,/2+1

3714 d=0,1013 Yj(k)E the} 7o) Foixlc.

Y,<kj>:H:wmDgw,.)lxl(k»l?eﬂ”““‘” (12)

F1e] 4 WAl ola) el Foe 7] 23
4719 AR el e Asin vhest 2
o] TAlsts}o] Lhehd S olep

arg{4, ,} = (13)

(d+1)N,/2 (d+1)N/2
Im[ > Yk +Im[ M VI{(k/.)]
J=dN,/2+1 ’ J=dN,/2+1 ’

(d+1)N,/2
Re[ Y Yl(k])}
J
A7V a=01, Wlk)=Tlk)e >0 0)5 Refa)
<} Im{z}+ 22y 59 Ao} 34 pES el
o} wkek AEE Tl 7] &b eo] v A
A

el 4 (13)ow°1 PR VRS TRt o]

(d+1)N,/2
Re[ )Y Ylucj)} (14

817

www.dbpia.co.kr



e A18}h3) =] 08-08 Vol. 33 No. 8

A7 B =X (k)PelaL r( )2 Alzkel whE ARt
Frolm thest o] Folxick
r(m)=E[H (W H,, })]/? (15)

A 13)3 (9l SJsle] F4 R chewt
o] viehict,

A7 1) o} uﬂ
4 eleh A (16)
T3} 7o) FolAle).

2 FIF

N, N,
E[E x‘?(kj)}:o, E[Z TP (k) |=

el gl Fulg §7] oA 3rle] BAke
s} o] vehd 4 Set.

Elle,P] = ( QW;DS ) (18)

ZFRRE ARRS F3te] A (18)01]*1«1 R EiRTS
<= ok Aol A Aelste] &

T
MT

F_u_,
)
+
NS
o

A a9l [ P A Sl S
ol ofel At ko] Folxick

AL —2r(k—k)A
r=333 —e A @

i=1j=1p=10pg
A7 7= pHA HE AR, ol plA A2
o] Hg B8], A PuEEREe] 7HAela Le
Ho A Aad 2telok Aoz 4] (19
0)& 2] (18)°ll wisisled Aejsiw, zle] Ful
7] 23 34719 #ARe ohga) o] Hrk

=

818

(22)

2 MY 2SNR?

o] Aolr= ol dold Adexe] viA| Fz}
F7] A FA7] s moAd AAE 53
Z1Z3ic}. 1EEE802.16e %2 42 vl &=
Al AR & kETle] = V= 10249
w, DC kg 2 7WF Fakeals Aljg AlA|
AREL Felgl 2 dely]  ukgdle] e
Nygeq = 851013 B3R N, =128% Al=3}
9ic}. IEEE802.16e OFDMA 3}3 Q%JEMVM SE
74 BT & FUSC R 11709 A% shadg]
A8 71X|+&= constant set¥} AlHwrlc} 9]x|71 Ws}h
= 71709] Felg] AW E o]Fo]z] variable setoE
TAEAA oltk 7 =welde A4 D 3E
e gdEl A ARE ARSI 1k
variable  set?-2- gl 9, ITU-RY
Vehicular-A #d mdlllle] xl8=gdy 4 S}
5 23GHze|w, OFDM Aol fog=e
8.75MHzolc}. ol Ad Aw<l H (k)= Jake’s
model 2 723}it}t  Jake’s model 25-E]e] Al
7 r(m) - o3t 7o) el 4 ik

o 2 4

r(m) :J()(27Tmdeu) 23)

A71M (- )& Al 15 0x Bessel 35
fa=vf/(3x10°) & Hdl =F=
T, =N,/ Apoleh gl 2 ool A=10"°
€ =20ppm = AT flold] v olF X, f,
= Wk} ol

Y 18 VIS o] ol whe vl o
S 5] 3 24719 Ms
eyl f,7 7 00lelskl A3k A (22)
W e oA o 5 oo Sl oles
At 2R Al QAFE mald, e,

FUT,7F 0010144) Aoz ol 25k A} 3
o} wgtew malh ol olEA A%l

shito] 31

www.dbpia.co.kr



=1/ Mobile WiMAX A|=8lel| 4] vlA] 34+ 57131 7149 A 24

17

AE002 - ——————————mmm

1E-003

1E-004

MSE

1E-005 —
Simulation
Analytic
fdTu = 0.0005
fdTu = 0.005
fdTu = 0.01
fdTu = 0.02
fdTu = 0.03

1E-006

1E-007

SNR [dB]
J8 1. ol Ekol W& T 5] 24} 9719 MSE Avs

Fig. 1. MSE performance of frequency estimators versus
mobile speed

1B#000 — — ———— -~~~ — —————mm

N = VIR

1E-002

BER

! |
! |
! |
U [
™~ 0y
[ |
1E-001 3 . e L
& I
|
|
|
|
|
L
|
£\
|

—+—— Perfect Estimation [ — — —

1E-003
J—o—1Ls=14 |
J—8—Ls=2 |
J[—%—1s=1 }
—>%—— Uncompensated | +
1E-004 T i T i i
0 10 20 30

SNR [dB]

32 2. °}F 57} 10kmhd W 575} $41719] BER 8%
Fig. 2. BER performance of synchronization receiver
when v=10km/h

Quasi-Stationary-S 7}43le] =5 e, moAd
HollX+= g OFDM A&7 Ad Wst= ]l ICI
o] F71 A=) wEelck
a8l 29 ¥ 3L A FAV)Y] olF Sk

7} 10km/h % 60km/he! we] BER A%5-2
3 3k L= s EelA] gk =4l A
= T 5] &2k 43 2 3gE el
ot L7F 14 o, $ ASE A e
OFDMA A& 3719] OFDM AlWrelt} HAlo] o]
Folz|a, oluje] Ae-d oAl A-get Ao
= AAsE BoiEs gl &+ glrk

1E+000 —
1001 3
E 1E-002
o E
1E-003 5 —+—— Perfect Estimation |~~~ ~ ~S_ 7~~~ —
J—o©—1Ls=14 : S
1—8—1Ls=2 |
J|—<%—Ls=1 : ‘
—>— Uncompensated | |
1E-004 ; : ‘ : |
0 10 20 30

SNR [dB]

3% 3. o S57} 60k W 5713} +41719] BER A
Fig. 3. BER performance of synchronization receiver
when ©v=60km/h

B =Hoi= OFDM 7|Hke] o]% WiMAX A
2Hlof|A] Ato] Fab F7] L2k FA|e] e w
As Fsigdck A A S wesle] wA|
Fuke 5713} while] MSES ko fwsisl
on, RS F3l MSE 455 ASsisick

]
Ho
rok

i

(1] Part 16: Air Interface Fixed Broadband
Wireless Access Systems, Amendment 2:
Medium Access Control and Additional
Physical Layer Specifications for 2-11GHz,
IEEE Std. 802.16a, Apr. 2003.

(2] T. Pollet, “The BER performance of OFDM
systems using nonsynchronized sampling,” in
Proc. of GLOBCOM’94, pp.253-257, 1994.

(3) T. M. Schmidl and D.C. Cox, “Robust fre-
quency and timing synchronization for
OFDM,” IEEE Trans. Commun., Vol45,
pp.613-1621, Dec. 1997.

(4) J. J. Van De Beek, M. Sandel, and P. O.
Borjesson, “ML estimation of time and fre-
quency offset in OFDM systems,” I[EEE
Trans. Signal Processing, Vol .45,
pp-1800-1805, July 1997.

(5] T. Pollet, M. van Bladel, and M.

819

www.dbpia.co.kr



241513 =52 °08-08 Vol. 33 No. 8

Moeneclaey, “BER sensitivity of OFDM
systems to carrier frequency offset and wie-
ner phase noise,” IEEE Trans. Commun.,
Vol.43, pp.191-193, Feb./Mar./Apr. 1995.

(6) 1. Liu and J. Li, “Parameter estimation and
error reduction for OFDM-based WLANS,”
IEEE Trans. Mobile Computing, Vol.3,
No.2, pp.152-163, Apr./Jun. 2004.

(7] K. Nikitopoulos and A.

“Compensation schemes for phase noise and

Polydoros,

residual frequency offset in OFDM  sys-
tems,” in Proc. Globecom 2001, pp.330-333,
Nov. 2001.

(8] M. Speth, S. A. Fechtel, G. Fock, and H.
Meyr, “Optimum receiver design for wire-
less broad-band systems using OFDM-Part
1,” IEEE  Trans. Commun., Vol.47,
pp.1668-1677, Nov. 1999.

(9] K. Shi, E. Serpedin and P. Ciblat,
“Decision-directed fine synchronization for
OFDM systems,” IEEE Trans. Commun.,
Vol.53, pp.408-412, Mar. 2005.

(10) Zhi Wang and Saman S. Abeysekera,
“Performance of correlation-based frequency
estimation methods in the presence of multi-
plicative noise,” IEEE Trans. Veh. Technol.,
Vol.55, No.4, pp.1281-1290, Jul. 2006.

(11) International Telecommunication Union, se-
kera, “Guidelines for evaluation of radio
transmission technologies for IMT-2000,”
ITU-R M. 1225-97, 1997.

ek 3 (Hyun Yang) A3
2006 29 AlFThshal #H5TElF

gt £4]
2008 2 AlFH e el

> SR
- 2008 3U~&A] AlFeea A
_%‘_51 :n_z‘ﬂ—_ﬂ]_ Hl}\}—r]_ﬂ
‘/‘ <FAlidel> o]5E4l, OFDM,
MIMO

820

A 2 5= (Kwang-Soo Jeong) =) 35]9]
2000 79 7 B eta Z et
Bt
| S 2000~2002%  LGHAKZ) 5
| (P FHAT

20023129~ A A 2E]
(& AT
<A Fol AAT o] 5EA

o
e

0] & & (Kyeong-Il Lee) 3
7 1995 294 At st A}
gt 24
1995~20024  LGHAHFZHF-
Adsledd
20024110~ 31A4)
& Adad1d
<FHltol A o] 554l

o

A

0l X & (Jae-Hoon Yi) A5]¢)

19851 24 ghofel sl 2223}
3 412}

| 2004'd 29 sk A=k
AL} )

1985~1994 A1 vl 1 E)()
LIRS

19943~ A 2~E(F) of
o

<420k AAH o154

f A & (Young-Hwan You) 3]
19931 2 Aol shw A x|-E}

I =4
19951 24 oA st 21 =}-g-8h

¢ 3} 444}
19991 24 oAA| el &ka A =}g-st

I} BpAL

2002\ 3~ A AFehEta 7
el et s
<34 Hol> o] 5541, OFDM, MIMO

www.dbpia.co.kr



	Mobile WiMAX 시스템에서 미세 주파수 동기화 기법의 성능 분석
	요약
	ABSTRACT
	Ⅰ. 서론
	Ⅱ. 시스템 모델
	Ⅲ. 이동 WiMAX 시스템에서의 미세 주파수 동기오차 추정기의 성능 분석
	Ⅳ. 모의실험 결과
	Ⅴ. 결론
	참고문헌


