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In multi-cell OFDM/OFDMA wireless communication systems, any subscriber station (SS) that intends to
enter the system needs to establish time and frequency synchronization with the base station (BS) and obtain the
identification code of the base station, where in frequency synchronization one usually needs to estimate the
fractional carrier frequency offset (CFO) and the integral CFO. (“Fractional” and “integral” refer to, respectively,
the fractional and the integral parts of the ratio of the CFO to subcarrier spacing.) The present invention assumes
that the SS first does timing and fractional CFO synchronization and then conducts integral CFO estimation and
BS identity detection. The present invention considers integral CFO estimation and BS identity detection jointly,
i.e., it proposes solutions that address these topics jointly. The present invention formulates the problem as a
signal detection problem in multi-channel interference and obtains the theoretically optimal solution first, then
derive simplified, approximate optimal solutions, in which the present invention employs frequency-domain
filtering to calculate the required correlation values which can drastically reduce the high computational
complexity of the original theoretically optimal solution but results in little impact on precision. In addition, the
present invention proposes several further simplified algorithms, some of which can even eliminate the use of
multipliers. The above proposition of frequency-domain filtering has high extensibility in application to related

signal sequence detection problems.
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-~ BHRAHA
CLEN FEEEED

RKEBK —F OFDM/OFDMA £ B B A R & il & F 4
R Bl b BB H KRB AEE T L HE M E R
Kt B M B R % 2 OFDM/OFDMA M & B A B K ~ B & £ %l
R Bl ke B OBOER B R OB AN A Tk e

[ %% wif £ flr )

AXRFABAOHBEE  FTERZEAMBEMZIBHBENRE
(R 8 32 fm B Bl 7~ 8k o [ BE & Bb il 19 8 8 B ) & i 5 & K
Mo @A s - BB EE S W
HoMBEM  KRIEAEAREERXEARALE - EX KO BE -
MK AT Bl b BE A OB OB R NS S B SR A A
HiE o wa=KEWNT :

1. A£ Kf 3K (time domain)alh 5 # B 2 & GA B 8 — & 5 & 2 A
B Y 2L RE RH B MR B - MR BB 8 b A B MR Bk G RO R
BoA e &G HrhE SR ECARRRRERRS
B R B R R B OBE M B B S K R E - B a0 Ok R OB i R
A F ZE[US 2006/0133321 Al, “Method and apparatus
for cell search in wireless communication system,” June
22, 20061~ [US 2006/0126491 A1, “Cell search apparatus
and method in a mobile communication system using
multiple access scheme,” June 15, 2006.][US

2006/0114812 A1, “Method and apparatus for embodying
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signal in mobile communication system and method for

searching cell using the same,” June 1, 20061k X WK [T.

M. Schmidl D. C. Cox, “Robust frequency and
timing synchronization for OFDM,” IEEE Trans.

Commun., vol. 45, pp. 1613 - 1621, Dec. 199715k & K &

i

M5k e

oL LR E R SRR HEEERW
%8 3% (frequency domain)at 8 2K # 7 - @ a1 56 A £ iy b =
F) %2 [ US 2005/0271026 A1, “Method and apparatus for
detecting a cell in an orthogonal frequency division
multiple access system,” Dec. 8, 200515k & & &8 8 Ji &
16 BH Bk B & 2 4> fH BH % B (differential correlation) »
MRORGE R BOK Ml BT OER B RO P E B Ek A o B
S i oB i B Rl & [US 2005/0157637 Al, “Cell search
method for orthogonal frequency division multiplexing
based cellular communication system, July 21, 20057 ~
[ US 2006/0078040 Al, “ Apparatus and method for cell
acquisition and downlink synchronization acquisition in a
wireless communication system, Apr. 13, 2006.]~ [US
2006/0133321 A1, “Method and apparatus for cell search
in wireless communication system,” June 22, 2006]5 X

BR[Y. H. Kim, I. Song, S. Yoon, #l S. R. Park, “An

Efficient Frequency Offset Estimator for OFDM Systems
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and Its Performance Characteristics,” [EEE Trans.
Vehrcular Tech. vol. 50, no. 5, pp. 1307 - 1312,Sept.
2001] ~ [M.-H. Hsieh £l C.-H. Wei “A Low-Complexity
Frame Synchronization and Frequency Offset
Compensation Scheme for OFDM Systems over Fading
Channels,” [EEE Trans. Vehicular Tech. vol. 48, no. 5,
pp. 1596 - 1609, Sept. 1999] ~ [H. Lim B D. S. Kwon,
“Initial Synchronization for WiBro,” in Asic-Pacific
Conf. Commun., 2005, pp. 284 - 28815k a M &8 80 H &% -

BT bt fE SRE E BN R B R BE 2 A B Al

£ N T 3 (1 N

B % EE EH ® (heuristic)® 3% 51 > Bt Z B H K M
i BB NI AP 2HNERLAAFTFEERERE K2
Hals B hAAmA - H et MmO RN RE -

MEBREE NS » AIWBEN A EEEEBEYRS & — M
il & K > HekZ R FIMEREEXXNFHB RS
EHERWN & WAXRDERFNEHZ i -

o 5 odk Bt R oE Ry E fF B OB RN & IEEE 802.16¢
OFDMA/WiIMAX 1R #¥ - LN B XM FEHEZWRH -
HoEgagug ANRAERERE WA — —F @ -BlUscB[T.
M. Schmidl and D. C. Cox, “Robust frequency and timing
synchronization for OFDM,” [EEE Trans. Commun., vol.

45, pp. 1613 - 1621, Dec. 199711 & 7 Wi il & & i © & 0
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® 5 T W5 (pilot symbols) - M R & W & & N A & K M
(coherence time) » H H % & ¥ W& W " B W K F & & i
o ek Al e OE I R M B AT Bk R i R BB R o R B A
A Wk [M.-H. Hsieh and C.-H. Wei “A Low-Complexity
Frame Synchronization and Frequency Offset
Compensation Scheme for OFDM Systems over Fading
Channels,” [EEE Trans. Vehicular Tech. vol. 48, no. 5,
pp. 1596 - 1609, Sept. 19991 1fk & fH A8 7 &, ¥ 0 & & & fE
L AEEEBRMG BB FERBEERENKREEE
Mo e HREMKESEHRLE  MREHME - H X
Bl a1 H F] % [US 2005/0271026 Al, “Method and
apparatus for detecting a cell in an orthogonal frequency
division multiple access system,” Dec. 8, 2005]H" AT
e By B E K 0 k& W B - R #F ¥ IEEE 802.16¢
OFDMA/WiMAX B GA 3% %5 I & tf 9 o 09 3% 3F > S
C EHF AR A -

[ %8 AR ]
A8 R Sk oAl Bl % B OBk ZNIR JE I T s s
OFDM/OFDMA f % i A R # < v & 7 51 & & % 8 % R

-

BGEr AT #F KWK - f£ OFDM/OFDMA # # % # i i@

M EMAREARKEZZHPFHEEEEL ML E NG R
M B RE T NG EBERNG > HPEEREDS - ®F
lat > WME RN EE LR - (5 BB %R
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e B 2% ok 55 MR 7 R SR B 6T B o BB R B )
ABVHKHFAEATHABHHES>HERAELS » H KX
THRHBEHRRBE MM REMESRNG W - & AR
Wi o B B B AE B B RO 2 AR R OE AR 2R
o

R BE AN U T F o R 1L R B W A (HD BB R
BoMatREMAEENBIRW)Z — > HBE®WE D HEE
Moo RBEYWP G HEUFBEWE > HEEEGHEHR -

¢ AR WIS EH T BT 0 S A R K OB R R
W o G HE I Mk i NT Bl R (R R - 30 RS BN A6 RN IR T BE SR U B
o k55 A B 4R B (correlation) s 11 ¥t 5 & A (metric) s ul A U
e A E BT WD S o UL AL o K B T HR B WA B ML i E B 4
B oMl R OB R OE B -
[ 5 )
O B bk H MW R AR R 2 KT R %

MARUBRETERBIFEMBRY - BF 22T MH-

1. 808

—fTEBE (MS) MEATHEFRLKAT > B D AHRK

it

=TI B - WITHALEREZHSE (BS) #A%B M
Lo HX > M7 HAELHAENELENE SR HdH L
LAENE G BRNE - R® > TE A DA NG E A
H A o I BB M BE (ranging)® P - IR IEEE 802.16e3% & ER
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o WA I (WIMAX ) R # IER 25 8 % & 17 B0 H
(OFDMA) B #)g§ < B & - ~ # W % ( DL synchronization)
5 B o A R

& A5 (IDcell) Hl % B # (segment) °

e < W/ 2 - B4k - B A RIS S B R

AWM E H 78 A7 A AMM%E (blind CP correlation)
fli 5 IR R 5> % L /IE R 43 % % & {7 il ( OFDM/OFDMA) Z
A A I S R (2 RSB 7 S I - 1 N 1 S T ol A SR SO N
fm B & CHI 4 8K W R & > fractional CFO) 5 Ifi 4 8 #& 3%
s B E 5 FF B WM RRE EM LS 78 % B BN /N
fr - Wit > ATZEH THEALSEREME BRIV ERN H ik
—REAMHERES S T/IERXRDHESZEFENZ ARED
MRk >BBERRERERE HREMHG R REECH
REBEEHRERBEERAMAR FREMENBE SN ) & K©B
ISR

MR 8 TEEE 802.16e ' IE & 4» 48 % & 77 WL £ i /& Bk H &
OB Bl BL# o AELLAfE AT B THME I BE® T
Ha®BEN (H38F ) REBRH (L3% ). RiTE
P H 0 f5 B M # T OBk M A RS E A (k325 ) ko SE B RS (3t
3 ) W - fTE G W HEE XS TR E F Y
IR AN E S S EMEHR -

ABBYHSGMHA R BEERERERGE R EWH KA
HE - MRBEARAMEMEE(ML) B KA % E KK (multipath)

HWE Kk % HE K E M E W (multipath Rayleigh fading)3® 58
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5 2 BB A M R R -

2. RSO BB EBEME R (Integral CFO) H /i & f¥ 51 1
W w78 fh &

EERHE W MME TS (REHENERBRA) IRTRE -

r(n)= I:Z:::akx(n —d,)+w(n) >

H x(r) BESZERANBHREERBELERGF I » ok
d A BE iEEERERM IO BEEBRLTEME - wn) 3
Frm el - AREERATE > BRESFATRRE

r(n):gakx(n—dk),v+w(n) :

Hf NEBEERRE: > O, IXERRES NZHHE
oo

HEfCmz B #EERFSEW - A arEFI 3
114@)EBmAERKNFY  MELRMERFIKERMAE AT REN
HMEFERBEHBERBEEEHRETBEM (BBEHERRK L
EHEHGEAEW ) B —FHzE—-BAATHRE @~ HB
FAl - R RAE RS (3
WERBLABBESETS BB P RERTENFI - R
B MENMEFIEBBERERBOES -5 x0) B F

114 ) B R T EWNFI -

Sl M TR FS - RBERAMUMEE > £ XRME
f€ & & @ A KRB HERT o kKM EEN S
(MLD) KM HERKEMEMIT A F LXK :
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BhoFEOEE S OH R W Sk -
MR C A% E R EE WD) R EE RS R E DR
HY B OKOAH LR 3R OE fE o BE M =2 fE -

M(x,)= 2y, (f

Ho o W Baf FEBKEEREANRE TR -
fEERLE BE LI)KERES S HRETREZRAIB
OB Rl B AR R R - M E R EMBENR W WWRA
‘"EHE WUFEEBUBEE=ER W, H KNEERERF
WOLDLHY 1S B Bh M R SH GE M B B Ih R EE R Rl R E EF

i

Moo FEHE W K # © M (Parseval’ s theorem)® FA 3% B R #
BB oo @ 4/ % B B W (modulation/multiplication
theorem) »  M(x,) 7 f# B 55y, (k) & M 8 4 Fl 2 @ % ( DFT)
MEBBEEROREE - M TUREBERE W HEB 5% - R
B > AL EZ®BE > W& e mERBR

jZ:tIm

Hh foa00 1o w0 BEREE B HMUE yE)Z
T EI FET P RN FY Y
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BOBR OO0 LB o B OH a0 T K e
{567

n=0

2
N

=2 (7 *Y, (n)}

,l 2
’
n=0

oo F{ ) W BQMH R EE R 2 E B o« % CE ) W oE
Y,(n) B oy, (k) Z A% R ED M MG R BE B M 1)

By, (k) & s R S K

Y, (n)=X; (n)R(n)

Hot X (n) F1 R(r) 43 51 55 x;(n) B r(n)2 B 8 M4 F 5 6 0
A fME < RERERMME)DI KB X, (n) # R FH
S OE T o E B2 BBV B S R ME BCE R ZE R BB BN DAL W W
oo RER - T EE - B HRT R E MR BB
B A0 > — BE M8 B (K W M B % (low-pass filter) 2 B &
¥ X T B B 49 W B % ( two-tap moving average filter) + 4% Al
B R B Mz 2 S AH B HE MM E R LT R 2 B fE
JI B B h T BB B 49 W W % ( two-tap moving average filter) :

f :%5(n)+%5(n—l)

3. A ER Gk HE AKX

AEHHMFEER -—BFHRYBETHEEL Z SIBES
oo RE BB EAMEEIERSE S E S AR R
Wy BEEmBRE D W HZS®kM T van de Beek > M.

Sandell’ B8 P. O. Borjesson £ 19974 & H % 2 ( IEEE Trans.
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C

Signal Processing ) % 454 1800 - 1805E ff # £ 2 # 5 ( LU
me oA A B0 PE R A R IE OB 2 2 LRl RO & B B B R R
# & ) ( ML estimation of time and frequency offset in OFDM
systems ) Fr it & 75 5 AT & M B %% > & J.-C. Lin ££ 20034F
+ H %% ( IEEE Trans. Vehicular Technology) % 52% %5 /4 #]
1049 - 1062H & (R & M = 3k @ & P DL KM B0 M %k R
M EFER M TRMEN K TFBERHEERERERE)
( Maximum-likelihood frame timing instant and frequency
offset estimation for OFDM communication over a fast
Rayleigh fading channel) ~ % — B EY K% > i B L& (2)
Frafi i it BB BB R EEGTEF I MEWNZ 5% - Ik
CTHEEEWFEAOEION 2R THAES BEALEMES % E
- P BEESMIMH s EHABE  HELEEAZR - £ — B
EA U A P VAR - O[T T 2 R =t i SR O I VAR -
WAL  ABYITEBSP KN EE T EEHEREBEHRD
MHEME LT EEARAIS X EK MRS EA AR BEESE S
L Fe HAd W e '/ Ok -

a1 mif 3 Froaft > AR IEEE 802.16e4 B & Bk A i i 3¢ %7 W
RMIERX >H S EFNR MR E > R — 7 BEZRHE
WY EEBEEAR EFIMETER BT - & %5 &
POl R BE® - EHFS o S DmAk = on B E RS
LA w o FE AR B W R AP - RE . BT F A
HWEHZERER 3n+s " HB s BHiEF I &K MM EE
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¢

(BB WSBMHEE) » BETEFI LR KEE I fRFEEIRK
Todk W o DL1024%E PR oE M F 3 B MR OB B 0 BT IE A
BB R 284 T E A& K fE R 86:3:935)+sZ # ¥ -
AR ERERE FCAMERFIINREFHEELH - K
b A G EEBAA B BRRE & ZEF I EE AN H
W Fp gl - AR R PR R R s R RN

i WE 2 B S MEF BB KR R W E RS E
MR B2EPHRUWUESBBEE KRR R HEOE
o 5 B R BE AR ZERE o BB 272 R B RS v BN AU M o B oot > H
MR T i - Hooo S MBS M b G B B S R H
MM E - HX -  IRABGBEREMETES = M
FRREHEMBEFTREAZTE > U DK@ AME R &
(downsample) K 7+ /R3- £ F#HGKME T %A
AR REBMHEFTERER 2T MG 0 EF SRR A
RN BEHBBEREEEENTRFESN - K&K > EBE K AR
WEMEKF Y - AW AT E AT 8Kk By S I B Ay B B
GEFRREREMELE -
EHBYBEEBEEREETHNS R EREHT®Z T/EX
S EAFAMEARFH IR EN BB KMAT - &K
EWETEEFAR TEHE - KK HBOBERERER
Bl EFATRRE

AN =g ax R (AV) ~[R(AN +1)] R4+ 38, )[R (4w 3, +1)
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Ho N, BaliEF Il K& > DL 1024 85 3§ ) 5 i 6 %
BB > MTEFINCEES 284 5 7 i - B — B & 5 A
BREMEWMKNFHAMAZE > ItERB

=g ) R (032 a2,

Rl =[R(R)+[3(R)|.

¢
Boodk 3 MMM F ] Rl K RE R OB Hom oA
eI
§= argmax{i ‘R(3n+s)‘2}.
Mk # > P HE - BEHINEEYE 258
s=argmax{ﬁ|R(3n+s)L}.
A E3 RHRBEREE BB EREREMNE 3%
C

1)

MR RBRMEAER AR - B BBENBEN AR R ZEF
[TZERME - HEBELE > AZPHESHRESE AR EEMF
AL WNBATEFPY BB TOE Mg RS R
fnBAEE e BB A o bR 2 L WE E B O CH BN B - H R
BEFRBEZEBRES  HFEFASHBR AR EER B E 2
B % RESESSIREEMEAESME - & WG
R_EReHTH(BEE) RF > BEBLE > T BE
HAUdEAREZ -

{

i
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IR M - 5 W e b K R - B A 0 M — W W
PE 2o R J vk OSS M AR B MR NUBE 2 W W M HME 4 2R 5T RS
B BA0 0 WD H R B B R I BLE BB w2 I LB
il 2GS R - M BG5S ST W N W 1A B A fE

E1

2 .

B -f > THERREIAS IR AEIIEHEREWE
W (K& D@ RRKE — & BTG 2806 R ®H MM
MEMEE® - TREMNFIODERMEMEN PURE - EH
BLbL s 2 B E B R RN — R R OTREKF YR E A KR
FRZAEMNFIEZET - f& &N KESIE - kb F®EE
AREE FBHUOURB AT EELHERE ZF & - k%o @
REBEERATENFY > BREBHET TEL -
AWML B EE M LR DL EATRE S
ABHIBETB - MLHEHEKAREABRHE 2 GE -
FLAR A 28 B G ORI B B T O 2 BTl R B MOAT B 2 1S
SRLHEEH  BHEEITRAJIHIHFHAGEHA -

[ fEl =0 flf 823 W ]

L i NERLS HEZRE -

el 2 : A G AR BE KRR & EAEF Y S R

< e

B 3: REBEHABEXSEISTHEREEME -

[ = 2 oo fF £F 9 58 B ]
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1.

P HEAHEE :

— f OFDM/OFDMA it & # A & # < 0 & 7 51 f 3l e #
BB W B AL G T HoR B R HE AR F S H
B B 8 MR OWE B (frequency domain filtering) kK aF &
K B fE (metric) °

W R OH P @B % 1.2 OFDM/OFDMA fi # & A & #
<R SRR M ke % OB MR R OR A EE Tk Hoh R R
MHEHEHERERREEBEEENFERNATRTDARKRE
(B S VR B B RE -

M PR EE B ORI Hi B % 13 2 OFDM/OFDMA f& # i A R #
ORI HE P b M R B BOE MR A Tk Hh
W W AT LLBR O & RS BB B P W A (moving
average filter) » QI L £ 45 B & % th o] %8 H e &k & -
R EE OB OF| M E 1 Z OFDM/OFDMA & # i 3 R #
CHIETF R A BB EREMEE SE o HPRRE
BEMEETLUMEMN - BEH N (-norm) 2k ¥ 7 — K
@ ¥ J5 (2-norm square) > Al B T DL AE GF B OB K & fH
% M k& & -

a0 EE H R # B 28 4 3« OFDM/OFDMA fE % &

1Y

AR R
SLHTE PR R BERBERRRMAGT HE - KT RE
R0 ER S oo T 6E M BE OB BR (downsample) 2k HU S A8 o F
5 ¥ [ (symbol period)®y FH 3% B K M & B M 2 5 & - U
FRAEKREME BKBEEFTHEMEE -

oy R EE O OF B 28 S &~ OFDM/OFDMA # #3 i#

1

19




200913522

L OHTE A A ) R B OBOER W R OB M B 5k 0 H o R AR

ARG b w] B o MO E - E R S 4 5B R AR B RN

BLPY MR i LE & - BB N E R K E Y BFEE B

fgo

7. W e H M #E B 2 63 < OFDM/OFDMA it £ i A & #

L OHTE P A ke Ml b BB M R MR vk o Hop Lol

2O %0 Ak Wl fi vk > WA FA IEEE 802.16¢ OFDMA/WiMAX

AT A BE B OB b B B BOEK W R (integral CFO) A

abo N W R B ooy o B OB e R
IDcell k¢ 45 B EidAg W0 - 28 o] fl /2 B9 & 19 3% [H & 30 -

8. M EHHFEMESE 7H « OFDM/OFDMA f # i A & #

L OHTE B AR D ke R B ER W RO A ko Ho TR

M % W B W fF & 58 ik IEEE 802.16e OFDMA/WiMAX T

TR BB F 2P B A - £8 — B R

78 B ai &K AHB ( CP correlation) 5 # 2K {8 #l 7% #%

C F Al (symbol timing) k& 7> # # ¥ f" ¥ & (fractional

CFO): S "B P M BB RE LEMS RS

LIFH B ERBEBERERE®WMEBRINB LR
Bwl b o AR H R RS 1 E s W%

O. W W GE H OF % & 55 8 3 2 OFDM/OFDMA % # # i R #

L OHTE S R oW K B B W R Ak H oo ff

FI 38 5 B0 R flr 2R ML AN R B KRB R O R R

PR BRI W B VR R R RE B RO BN R K E AR

1}
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11.

RS A AT AT DL R T W R M R E R K

=

i o

O H GE OEOM) #i B 2E 8 B8 2 OFDM/OFDMA # 4 58 A & %
H

A - I A A T A T IR R o fE &
SO B oal DU - B R OH R (1-norm) 2K 3K L = B 4@
H P Ji(2-norm square) > A1 M AT DL R £ B K G B P AT #
Hy 3k ¥k o

meGEHEMBES 1 H2Z OFDM/OFDMA £ 4 58 A & #
ZHITEFY B BB REREMGHE S o FH®

KB fH (metric)f® i A MH B M v 3K & -
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