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ABSTRACT

A synchronization method is presented for IEEE 802.1la wireless OFDM system. First the coarse symbol
synchronization is achieved by measuring the moving power average of the received envelope signal. The
detection probabilities and optimum thresholds for the symbol synchronization are derived. By measuring the
correlation between the short training signal and received envelope signal, fine symbol synchronization can be
acquired. And the frequency synchronization is achieved using long training signal. A symbol synchronization
error causes a phase rotation of the constellation. After the compensation for fading channel, the rotation due to
the symbol timing error can be corrected. With this method, synchronization can be well achieved over frequency

selective channels.
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FFT3l R(k)S 738 +
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o] FAEE AzElellA A 3418 LS(Least
Squares) ¥4 Wlog et chgat )

T
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quardrature
:
=

-1.264

-1.580
-1.580 -1.264 -0.948 -0.632 -0.316 0.000 0.316 0.632 0.948 1.264 1.580

Inphase

(a)

1.580

1.264
0:948 ﬁ" ’ ?‘ ;ﬂ’
0.632
0316 B k.3 - B
0.000

20316 E S e i e

0.632

0348 E A .
1.264 » '

quardrature

-1.580 —
-1.580 -1.264 -0.948 -0632-0316 0.000 0.316 0.632 0.948 1.264 1.580

Inphase
(b)

a3 4. AR E7) f2xe] =7} 4 SR F) ARk
o =A17)olA AR Al AARE ((a) BAFA,
(b) BAR.

A7k olhe] g Al
o] Fo)lck.

OFDM #4137} A4%]7] AHelli= AWGN #gub &=
A3tz OFDM 234 41359 iﬂ% Zkot -5?
2 Al Eo0] AHEEr] ARlspH FAlE= xERA
Aze e RIG &2 1 *liﬂl o3 =
2hde] o #E o] AWGNe| °Jgh Fekal :fc:j—ﬁ-
A=e] v|(SNR)7} 10 dB) o) AA| £2tide] =7
W37l a3 60l EAIESICE o] ZellA ASrE
80RA A& F7] A7k Alelelli= AWGNef| 2§
24 Ase =717t E/‘IEPH 1 ok 160 4)
9 ) Az Aeldae 22 ¥4 A8 a4
160 &= A7t *P]oﬂﬂ% 7 ¥4 48 2
23l 1 Felli= BAFARE olelel] o3 xA Als
o] =7|7b =AESeE ZHY] 7)ol 16709 e
T AlEEC o8] AR R Alse] A
T 1002 758 A5S o, A5 5 o] B
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o
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Ol %S 2 AEEC 93t oA BaA xgA p,.

m 1 2 3 4 5 6 7 8
Dis 0.1021 -0.2939 -0.0299 0.3168 0.2041 0.3168 -0.0299 -0.2939
Dma 0.1021 0.0052 -0.1742 -0.0281 0 -0.0281 -0.1742 0.0052
m 9 10 11 12 13 14 15 16
D 0.1021 0.0052 -0.1742 -0.0281 0 -0.0281 -0.1742 0.0052
Dy 0.1021 -0.2939 -0.0299 0.3168 0.2041 0.3168 -0.0299 -0.2939

EZA AE p = bt itms E 17 FHrh 25

SNRo] 10 dBQl 7Z-$-ofl= o] x4l AlSol Ak

o =10.121 AWGN #h2o] F7l5lc)t olu] AlA|

a7 39 Igk ¥ Qut 3ol veh = AR A4S

w;, 2 QAE F& u’qgl AR 7b2} 0.057) Itk

Begin

>y <
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: .
[
| L—point moving power average
\

v

= Power >thresho|d

Yes
Coarse symbol sync
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/"160 sampled signal input
(short training signal)

Correlation
| (with 16 short training signals)

Peak detection
——p———
— Peak >!hreshro/lci1, =
Ty Yes

Fine symbol sync \
_ (within *+ 1/2 sample period) ~

Coarse frequency sync
|_(using short training symbols)

No

(

FFT
(long training signal)

Fine frequency sync ‘
(using long training symbols)
: v
Symbol & frequency sync ‘
error compensation
(using long training symbois ‘

R 2

[ Symbol & frequenoy sync )

a8 5. z7] 7] A9 A,

Amplitude

0.0 — ™ T 1
0 100 200 300 400 500 600
Time (sample period)
T2l 6. SNR = 10 dB 9 =) 4~4] OFDM %24 4%

o] =17] ws},

zejg)e] djebdel Bl o] EeH AE) 4
299 ke LA skl 2 HF AHE 34

Ymar =
oz o]Foixlr}.
R(@) = + B Irun? a3
oluf g= MEY FVIE SR = A7 3l
Z717F Lol dEHwindow)] 3 WA AE 91
= eItk g 3= A% FTkEY] xS el

=
Fe #2157 & WA o BE 9 R(D)

7} =A=cHL-point moving power average).
R(d) el d=mu P 7JAA|(threshold)E =

b w3 m+L—1 AE A7 Alelol =9l
A2k A7ke] EAlshs o2 A AE RS} L
ql dizhbg 418 F7)). olw o] wbd AAXZ}F v+
2HA A= ofx] =ZH|gle] ARtEA] gkt
zgle]  AzkEl Zlem AR IHE EHE
(probability of false detection)e] ZF7}glc) w2
o] A7} v A A=A #H2 F4 Alsot
AAbE Qe o] 718 7154 £ &-E{prob. of
miss detection)o] Z7}gkcl =Z#gle] A zkEl 7o
2 #A=E 10 vhEye] HAPEe] e FH
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A% 16071 AE 3E Hol B4 e &4 Al

1671 zkate] AkbAd(correlation)-S- =A)sle] @ 27}
+1/2 AE A7 ol v AHE3 A8 TIE

el 5 D). 233 AlA] ZH]) ARR o]
1607) A1 Ak %7b el EAfehzdle 47el
T A FEe] =ZHgle] ARk Zleg AR oA
(false detection)¥]%l =1 sz#|Q] Foke- A2 7|7}
oFoiAA Fajo] 2 el vhe) dlolelE w5
AWSA Foh= A} zeleick e 1607 4
£ AZHL=1691 7% 1055 AI7hHEskl AlE
F717F AR A g @7t wilg- Zolek &
t}. AWGN #hgab 228 of Ixk 2 Qutelli=
Aol 22t ah= ah= 120k A HHAQ S

d

w2t w7b FAFERE A (13)el] o7 4+ H
o A R ok Al o] xdFIch
= A 2 2
R= LZ:,(W. + W, ") (14)

ol9} o] ERiFela zhE mofe] REF VHA|=
oo it RS ARse] ez olRelAli
W RS thew) 7-8- chi-square pdfE 7pxIc)?

- 1 L—1 _—r[2d
pl?( 7’) - OzL 2 L Ij( l,) v e (l 5)
ol /'(-)+ gamma 3ol & = 1/2Lof ©]th
o] E4+3 Wi R o] oW AAA M} AR
e 71 #hE9] gHedf : cumulative distribution
chest 2k

Fr)=1-—e""% EU#( 222):, -

au BAAZE r o W BE Y] » FE
Z33le] A% F7)7F & w4 9 g 2] P
i 1-Fp(r)e] "ok w2b L=162 2§ 103
E(160 AT A7hHEt & W ol £ A o] Ue]
g HE Pye th A A

function) Fg(r)<

Py= #Jl ( 1,8 )P}‘(l — p)l-+ (17)

=S ol 2 F Alzrl Bler] Axkst
W R(d) S TP ARRIE aElnE A=
$- W LS AE ASvF BY R 13 2 27
o] o Fu AFZE5Y F7)E= AWGN #ALow
AYHS W R(d) F2 FHu7p Hlokh olwel=
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R(d) 3to] #hd ZAAE Z3eb#] Fshd =z
5715 o]FA] EghKmiss detection). 12 o]uj
R(d) gkl 7ZAA » B} A2 S 7P 259
cdh)o] vz AE 5715 o7 ¥ && P,
o] ¥lvk oJuf E4f# W4 RS noncentral
chi-square pdf& 7}A|v] L cdfi= o} o).

r (L-1)/2
Pu=Falr) = [[J5(%)
6 207 \$ (18)
—(s"+ /20 S
e | (\/—u p ) du

91 AlellAl 1,.,(-)x= 1&F L—17 ¥3 Bessel
grold, & ZF Eat3 weEe] A9 fﬂs&
T Alse] AHHe o] HERE F=1.00c}h =
& 7ol L=16% wl 8 AARe| wE Py, }
p,ol A (173 (18)el s AAk=|glrt. SNR =
10 dB o]l 7499 AE F7] &ES ¥4I
913le] SNR = 10 == 15 dBE AlAsledch o)
Z1gloll4l SNR = 10 dBY w p,e} P,7} B
10°9e] 2R gk 7P ZH#e] 73A|=|(optimum
threshold)7} o2k 0.42¢1 718 <t 4 gjr}. SNR =
6 dBQl Aot oM E =2 FEE A8 F7]
5 olF7] flsiM= 2’ Tb)ellMe} o]l Lo =
717} 48 o]Ato] mojo} gl

2 o AR B xEd A% 4,3 % 13
e M=16708] HA zEERl 7] AR
(correlation)-3- b= okl A M(a) 5 A3l
At Al 5718 T3k

N

M=
P(d) = & (rivm bu) (19)
Q) = S 17 nl? (20)
10° -

107
1024
10°
1044
105
10°4
107
10°
1094
10'y
10y
10y
1014
104 v v T
0.0 02 04 06 08 1.0 12

Threshold
(a)

SNR = 10dB

Pbf & Pm

85

www.dbpia.co.kr



& A18}3] =] "02-1 Vol.27 No.1B

107
10" 4
1024
102
104
10°+
10
1074
1084
10°
10
10y
104
101y
10 N . . .
0.0 0.2 04 0.6 08 10 1.2

Threshold
()
a2l 7. s AAAC 9 Py ¢k P, ((@) SNR = 10
¥+ 15 dB, (b) SNR = 6 dB).

Pbf & Pm

_ IP@)l
ma) = 154 @1
Y 63 2 2r)w Wk E2HAl r,el st

AR M(@)9 el 1 8ol =AY F
& mojo] e F4 Al57} 10 whEEo] R
1125 M(d)2] E-$2l(peak) . 10 viehpe] o]
w9e)ge] Foplrh vehhs A a50] vhe 3
& g2 As7h 22 Adsls Adelth SNR =
10 dBal AWGN Fhg<ll o]3te] o] 7] M(d)
#E0] 0958 FA1loE WEslch

o] AHEM Yehh= M(a)Fe] Badt ¥
AR ohsat 2o] & 4 Qlek v, AlEe} A
o elslel  elgolAmz
(Spiz + 78mg) + (i + FWing) = Toit+ jr,,,,,°]"°1 L
Fake o33t 7] #AXIcH

'ﬂi_u..p

Ym = Smt+ Wy =

Elsi;) = E(s},) = 2 22)

0.8

M (d)

0.6

0.4

0.2

0.0 T T
0 100 200 300 400 500 600

d (sample period)
a2l 8. 23 63 e =y|E wskshs EEFA 4,0l
tiste] A4k M(d)

Copyright (C) 2003 NuriMedia Co., Ltd.

9 2 UEV
whit = Elwh,) = 5 (23)
FAFEE 49 @B S AAM A
Q(d) = 1.0°] H=E=2 FA3A M(d)= |P(d)l
7} ElojA] o)zl o] AJRigich

M=l
M) = 'S [ Garm+ Wi P

= * *
I:Z‘U |SdtmbDmt PmWasm|

Il

—1
LZU [ CS(a+myi Domi + S+ mya Pma (24)
+ Domi Wia+m)i T Pmy w(d+m)q)
+j(p»w W(d+m)i — pmiw(d+m)q) l

M(d)7} 252 32 7P A dEelME mol
0olld] M—12 ANz Wt o 5,3 pae
o w3} meko] A& Zow ot 1 AdiFel =2
719 th2ck 2822 SNR = gé/oidl FHelA
SarmP Purss TR Al 2R AL Qlck

i _ | __SNR
Sd+m = 1+ SNR Dm (25)

w3 E LolXLl 3O 9= Dimesir Pmg = Dim+)i
(1<m=8)2] A7} glomng
S (Starmi Do = Scarmu i) =0 ©] Bk

o] Alo] A Q4 A Im ¥ bl
7] gete] A=l Al @O wiar it
Weas mes SRS Hgho] 081 BAFF wigo]
uZ M(d)Q FA%E ok Ze] 78 Qlrk

Il

EM@) = E{ S (starmibuit scasmbm)}

mE{ = (ph4pi)) (26)

SNR

1 + SNR

SNRo| H|A 2 ol sppn=pnolH EZE A
(24)ol4] Re %] =7|7} Im FHe] =7]| Hr}
A ZE Im FEo] A 5 vk e o]
SE aH A 21)% o83l M(a)ell dgt o
24} Ag F=3 5 ok

oluj M(d)-& 7hex BE HE w,f] A3
F47) Huw M(d)E FA 7R pdfE Zhetth

www.dbpia.co.kr



=/ OFDM #4146 o] 83} 341 LAN A 2sle] 5]

= ( Sd+ m)ipml + S(d+mq f)mq + S(d+m)i W(d+m)i + Std+myq W(a+ m)q)

M(d) =~ = = 27
o S sl 7
A QDY BARE TN St mi Dmi T S(ak mia D= o el 29w A T AEEelA o] e
21 26)0lMe} 3ol 1 go]l M(d)e] Hdgke] 2h B-pelEe] EAgt o] Agell He 85
BE M) B 64 T3t u o] s Ak SN M(d)e] B 2 kel 23 119
offich. Z2lW SNRo| wlwd 2 Hgel Zoy) =S
AHEAN M@ Fibe e A3t ek P e S e
v 18] 10(b)7} 7R oibHel M(d) sl
[Af (sm,'wm,+s,,wwmq)]2 o Al Sy Al 'ﬂi]%_ S B R
o ~ E| LR T o gt e twelEe kgl WA 160709
[ 2,1 F] 0 MOBEE 16 WE A WAz 1084 o
. slof 107} 2% % /b 2 @S b age o
e I gk = A WA 2% d= 1, 17, 33, 49, -,
2M(o5 + oiy)” : ~
129, 145 A7k wjo] M(d)Fe 25 vsfar F W
SNRo| ®l§- 2 ASel A @8)elA  ghx A A% d= % B, B, 5@es 196, 196 Al
1/(2 MSNR)°] Asl=lcl. 18] 9o AWGN A Aol M(d)Zh=s iRk
7 seld A M=169 A% F7] S A
M(d) B$215oMe] Hagtat wao] AFe] A l
Belolalel o3t wpog FalA o]2 A (26)3} N -l
@8)ell <3 gt wlaEgick AF7H]= AWGN 08
AHgnio] EAlskE olAel Fu ) Aldd A 5 e
Qo] ke mARGAT o AdEel Fais =
el g Adel A9 selsielo} gt} o]
of FAl71e} 7] SR AR Ao x1/2 02 S
PE F7) A QA AR S gl Fae S
el s el JTC(Joint Technical Commit- 0.05 10 1 20 25 30 3 40
tee)oll A A es)x g4 A mee A4 3 S B}
& 7ol zaue)%3.ap delay profile)S WEA| @
A Ak o] A Al e gl FF AYe
0696, #|10] 50 nsal - A ] 4o P A s
52 0236, Z12]3 x|21o] 100 nsal Al WA we) -
2] 4 A2-8- 0.0680]tf. SNR = 10 dBe|7. 3
§ e 53] OFDM Alsr} A4sie] 417] g, =
o EA AEE Qe 7} olak Alwe] F3 A 6
AHellAl AEE sle] 112 WS F] AR g
olu] @7} HkAi(worst case incorrect timing)&t 10%
o] M(d) kol ZFE] AlEwlo]Adel <J3k ke i
2 Agsle] 3] 106 £AFSICE 23] 109] (b) B 4 % m & 8 = o
= ol 18] (ollA M(d) wel 03& Z3sh= 4 SNR (dB)
FRRE EAIRE AA9] o]AbAQl whgo)r). o] 1] ®)
ol =] #HFH|e] =7]7}F AWGN A A T2 9. AWGN A9 37 slolla] B-9-2]5e)x12] M(d)2)
Swr} zloldon] 72 (b)o] WEs] wAE A gk 2 WA () gk (b) H4D.

Copyright (C) 2003 NuriMedia Co., Ltd. 87
www.dbpia.co.kr



24183 =] '02-1 Vol.27 No.1B

12

1.0

0.8

0.6

M(d)

0.4

0.2

0.0

0 20 40 60 80 100 120 140 160 180
d (sample period)
(a)

0.6 1

M(d)

O

041 64 q q

0.2

0.0

[} 20 40 60 80 100 120 140 160 180
d (sample period)

(b)

a7l 10, 39 Fuig AR A Sl - R AE
o AZE AL 12 AEY Az W] M(d)

ole} zlo] 10WA 1F7HA] A% Al 3%
o} w5 WA 2ge] QA 3te]l 7 =coh,
oo aEe A WA AZE $1x =25 ZH8le
Azt AHeleta ARl aElw 2Y 59 F7]
2] A ellAe} o] o] FHd TlAl Fhe] oW A
A Bl ZS glelli= ZH Aot gl A=
sl o] 2] Bo1E e EA o 9A
gS oS Ak SNR = 10 dBod 1
2 1lo4 M(d) ~ 0825, o4~ 0.003(oy=
0.055)0]2&, ol ZAAAZ 10x0.39 = FHshd
0.825 — (0.055 x k) = 0.39 A k=8, & Hd%k
o7RE] TF Azl 8wl =r|wge] FEIF o+
2 AAXE AAg 797} "ok

AlE X771 e B3 mofes T A7
2 o vkEEE 7] F8l AlSE o]83sle] Fu)
T =275 FHdl AgEe] & F 1 F Al
ol ohgah 7 Ak 2 g7t abEn

g
=
)

$=2xnf, T (29)

Copyright (C) 2003 NuriMedia Co., Ltd.

0.8 W

T
= 06
2
—e— theory
0.4 (fiat channel,
correct timing)
—O— simulation
0.2 (3-tap channel,
worst case timing)
0.0 y
5 10 15 20 25 30 35 40
SNR (dB)
(a)
10
—e— theory
(fiat channel.
102 correct timing)
—O— simulation
(3-tap channel,
worst case timing)
10°
o
=
o
10+
10.5
10% ¥
5 10 15 20 25 30 35 40

SNR (dB)
(b)
a2 11, 2% 103 e B el RgelSelnel
M(d)®] Bk H 4t (@) A, () 4D
ol fit - PR Fog WAlelck a2jm
24 (292 o183l fE FAE 4 Uk ¥ 2
2l Als el N =5274e] Alege] Fgsle] 9
on) glo} e upge] Tk A% 34 A 2 3
A e Bake ohest Rl

— =

1 (30)

vari2e]l =~y R

olsh e Fshh Wi 34 WA Fai Ald
solsl A SelE 2 FHelel A GoelAsh
7ro] 13%2le] OFDM Afof S7%= e ¢ 0.04

o Fb 7] BAe wEAR + g
V. ZE

IEEE 802.11a 541 LAN OFDM A~ 3|3t
7] Aol H4e ATsck WA Palss o4k
w2 AlE Lol oiE BE A= Zsiel o
el xel]l 5715 Fedich olw o] A% %7

www.dbpia.co.kr



i,

=1/ OFDM W}4]2

‘L[o

o] 44 41 LAN A|2dle| 7]

Oﬂ i3} false detection #53} miss detection ZH&
S 73kdck SNR = 10 dB 3H7oll4] L& 1607
5 3E o] BF 10 BHxe] 22
A T °~l°“1 oluf =] by ZJAA|:= 0.42
=y “4"?3"]' =3k e\}'—‘ 2 Alzel A= Al

o . o
ON
ol
o
=)
-t

{
)
o

}d.' £
Lt

] = M(d) 35 o]43 A
3 A8 ‘;c/l Ho“”" AF%U}“ o M(d)e 5AE
WAkt ololA 21 FEl A1EE o]8sle] Fut
T+ B715 FYske S Aok ol#dt &
| ZAellA A= ol 57] 23k A
AT 3 Y AR o] AFIRE 1 Fus
Axpz ztolof sz, o] W& o]83ld SNR =
10 dB #7ellA kel y T 715 3%
T ook =3 AR X exp= AAkwe] 3AS-
A 7= o] B A 7] £ ASE ol
g oAd 2 AAex] A" 4 ik agjEE
OFDM LAN Al2=elof d g3t 93k 54 F}
fEte] £ AT F7] HeE W
Hol o84 & gl& Zlo|rh

>

A =3 =
T+ 9 A8 37|18

=

8

Ho

[1] IEEE, “Supplement to Standard for Telecom-
munications  and  Information  Exchange
Between  Systems - LAN/MAN  Specific
Requirements - Part 11: Wireless MAC and
PHY Specifications: High Speed Physical Layer
in the 5-GHz Band”, P802.11a/D7.0, July 1999.

[2] P. H. Moose, “A technique for orthogonal
frequency division multiplexing frequency
offset correction”, IEEE Trans. Commun., vol.
42, no. 10, pp. 2908 - 2914, Oct. 1994.

[3] T. N. Zogakis and J. M. Cioffi, “The effect of
timing jitter on the performance of a discrete
multitone system”, IEEE Trans. Commun., vol.
44, no. 7, pp. 799 - 808, July 1996.

[4] G. Karam and H. Sari, “Analysis of
predistortion, equalization, and ISI cancellation
techniques in digital radio systems with
nonlinear transmit amplifiers”, [EEE Trans.
Commun., vol. 37, no. 12, pp. 1245 - 1253,
Dec. 1989.

[5] L. C. Cimini, Jr., “Analysis and simulation of
a digital mobile channel using orthogonal
frequency division multiplexing”, /IEEE Trans.

Copyright (C) 2003 NuriMedia Co., Ltd.

Commun. vol. 33, no. 7, pp. 665 - 675, July
1985.

[6] J. -J. van de Beek, M. Sandell, M. Isaksson,
and P. Borjesson, “Low - complex frame
synchronization in OFDM systems”, Proc.
ICUPC, pp. 982 - 986, Nov. 1995.

[71 R. van Nee and R. Prasad, “OFDM wireless
multimedia communications”, Artech House,
2000.

[8] Timothy M. Schmidl and Donald C. Cox,
“Robust frequency and timing synchronization
for OFDM”, [EEE Trans. Commun., vol. 45,
no. 12, pp. 1613 - 1621, Dec. 1997.

[9] John G. Proakis, “Digital communications”,
McGraw - Hill, 1995.

[10] Joint Technical Committee of Committee T1
RIP1.4 and TIA TR46.3.3/TR45.44 on
Wireless Access, “Draft final report on RF
channel characterization”, Paper no.
JTC(AIR)/94.01.17 - 238R4, Jan. 17, 1994.

%| & =X(Seung-Kuk Choi) 3]
F=5A18ks] =2 Al 26 9 3A =
& A A(Kyung-Seok Yun) 3

20001 : QANekaL A REAIFE ()
20001 ~ g1} : QA estaL AW EAIFek} AJxfahy
FAA Fol o] FAl A

A

89

www.dbpia.co.kr



	OFDM 방식을 이용한 무선 LAN 시스템의 동기
	요약
	ABSTRACT
	Ⅰ.서론
	Ⅱ.IEEE 802.11a OFDM 시스템
	Ⅲ.동기 처리 과정
	Ⅳ.결론
	참고문헌


