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AN RAXBHBE:

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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o~ BRRY -
[ % W5 B 2 B 8% )

KX EZ B MW — B OFDM/OFDMA # B BR KK < 81 & F 5
BRHEBBBERBMGLGS i PHZ2 - BEHH AR MEK
KA EHBEFEE Z OFDM/OFDMAEE R B AR K I & F 5
BRAKRKBHEREBERRE MG H&E -

[ 5% 61 & 7 1

AEMBBRYHBEE T ERANBMIBHRBEKLRR
(AMHEEREE TR EBEECHLEENBEEE D) MG K&
WwEBRNB A - EANRKmEAY A HHE P -FRHE
EobE®sE HKHHUEAERREBLEIXEZESAR HERLXKBRE -
mEKRKSB > AEEWMPBREHERBEMAT AR NS R AN
Fe A= XKEEWOT:

1. £ Bf 2 (time domaim)Ef E KW B 2 A3 8 — & R E « A

R EEMABEFEE  HREBESMHEBNFR B XAMGF & KR
AR RR B A

W

BRAETEBERNBG HPEERKFEL
WA & s e EEME R B RERE - B WL AT B W
H H M & [US 2006/0133321 Al, “Method and apparatus
for cell search in wireless communication system, June
22, 2006] - [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 1n mobile communication system and method for

searching cell using the same,” June 1, 2006)5 3L B [T.

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

Commun., vol. 45, pp. 1613 - 1621, Dec. 19978 @ & &
MhA & -

HUERBENHFEXRAEPHN - FSHE HESFRADN
S8 3 (frequency domain) &t 5 2K i 17 - Bl 40 5% A7 £ 7 & K
#l £ [ US 2005/0271026 Al, “Method and apparatus for
detecting a cell 1n an orthogonal frequency division
multiple access system,” Dec. 8, 20058t i & 8 /5 &
£ EH B E = 7o HH B & 8 (differential correlation) * B
BREBEELEREBERMGHBERB A EE S RINB - 6
4 Al BEofir M K [US 2005/0157637 Al, “Cell search
method for orthogonal frequency division multiplexing
based cellular communication system,” July 21, 2005] ~
[ 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] K X
MR [Y. H. Kim, I. Song, S. Yoon, # S. R. Park, “An

Efficient Frequency Offset Estimator for OFDM Systems
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1.

and Its Performance Characteristics,’ IEEE Trans.
Vehicular Tech. vol. 50, no. 5, pp. 1307- 1312,Sept.
2001] * [M.-H. Hsieh # 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 8/ D. S. Kwon,
“Initial Synchronization for WiBro,” in Asic-Pacific
Conf. Commun., 2005, pp. 284 - 28815t s K 8 H / & -

Br T EESRBE LN RN EHERRBEZH > BRNEMLEZ

- 79 N I3 1 B N

(heuristic)Hy 8 5t -~ Bt = B & w &=
W - Wt SUWBEBELUAALABEEIEBER XA
BRAERMW SRS ERGELEHRORES -

REBENS  RENFEEREBRERE & —M
BB R ®E ERZBAEAFHHEEEXNFHLBERE
EEBEBNFE RO RDEREFRERS FH & -

WMaoar hEmMBFTEWEMFEREL AXF S IEEE 802.16e

EESTEETERER
H &

OFDMA/WIiMAX #H# - DT R BB FFHENRH
HbEFEHEREARARXRERA A ——Fw-BIWE[T.
M. Schmidl and D. C. Cox, “Robust frequency and timing
synchronization for OFDM,” [EEE Trans. Commun., vol.

45, pp. 1613 - 1621, Dec. 19971 B E R BEEEW S AW

in



1375412

% H 7F W5 (pilot symbols) » M EFEHE N R A K M
(coherencetime) B ] Z @B UL ELRB M KR Z E & b
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X B [M.-H. Hsieh and C.-H. Wei “A Low-Complexity
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Channels,” IEEE Trans. Vehicular Tech. vol. 48, no. S,
pp. 1596 - 1609, Sept. 19991 & H #H F & & 8y & & & fE
LB EEERRFE BHOUAFZEBHEBRERBM RS BRE
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B 4 B M X [US 2005/0271026 Al, “Method and
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MR BEE Rz M@ o A K $ ¥ IEEE 802.16¢
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#il
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B LHEHMANEUNRER  HBERERR M ERBK
A 3 5 fH B 4% B (correlation) Bt % & ff (metric) > X i@
BIEEEEBEE - LA ABPREHEEBLCOELS
o R B AR -

(& 530 1]
BERELELEORDIB  ABRUPUFTRBIEIWMF R X
RABHBEEERAFEMNMRNE > B2 T 8 -

1. 8048
—fTEHE (MS)KEATHEFERKLG 2L L AHTK
=EHITE-F— WiTHELAREMSES (BS) REREH

o

c HR - WITH AL AEAEHAEXEEEHM S22 - HbH L
HLAEEHUEMERIE - x> TE8HAELEANSH MR
HA - W EEHEE (ranging) F - IR # IEEE 802.16e3 & K
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HBEMEFN (WIMAX) RHEERXR T H 2 EF I KM@
(OFDMA) B @2 #l % > T# % (DL synchronization)
BEEBEREERAKRFZAEYS - ot  EHEBNEBE
& KB (IDcell) £ 3 B # (segment) °
H— A E E@EBERMMBME (blind CP correlation)
HEXESZ TLI/IERSHESEHFIN (OFDM/OFDMA) X
A THERMES F & %A R R G & EE D H
RBEE (2B EME BB > fractional CFO) M 7 B # %
® FREBEEREBREERGERB EHALE F 8 % B B/ /MBI
- At » I ZH THRSREREHBEVERNGTELZ
—FREAHFEXRES S T/IEXRSTHSERF N ARF
BRHREBRERSBEERBE EXBEMMABHRBERRE 2R
BMBEARRBEA MBS FHEREMENBHRER) & &®
fEEMSABEBFERD -
PR 38 IEEE 802.16e M IER S H L EF N KM /2 K H &
® %&i&ﬁﬂ'ﬂ&ﬁﬁzﬂiﬁ%ﬁ’ZJEIM(EFI%%T%@ETJEF?W%i%T
Hih 5 RBERA (H£38F ) KHEEB (H3%F ) @ RNHETE
FHHEERGT XM ERBERCKI2E ) RHEH (R
3 ) At T8 S THEHENEMEFEMNBDERS
SR ANE B EESRELSHR -
ABPHEAHFBUBEREEEGMERF I EHH R K
HE RBEAKMEMUAEE(ML) B RA 2 E B K (nultipath)

WaE N % EKKEMEMR (nultipath Rayleigh fading)# &
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FEHRERFIEANEAE L -

2. e MM B HRKEE® & (Integral CFO) H #ij & FF % {8
W w fTHBELEE

EBEKRBE—H O NEFN (REENEBR) TERS
r(n) =§akx(n—dk)+w(n) J

Heg xn) BEBRARANBERBERBEECEHERGFY 0 ok
d A BE (AR ERBRA R BEETEM > whn B
HRE A BRERIE  BERMBEFRITIERRE

r(n)=2akx(n—dk)N+w(n) ’

Hep NBEREE > 0, IXRERKER N HEHE
g .
BREMZEWMBEERS FINMHEW - frAElERFI (H®
IM4BEO R TERENFS  MELMERIKENEMRME T ER
BEHFERERBRERBEEAERAR PR (LEBERRLZ
EHBRAEAER ) B FIZE—BULATBRE —EBAFAHB
o - EEFmEMERFY (£ 114 @) HEAT RN FI
WMEBERKSLEAEBREERBIBBPERERTENFY > K
MEARNIBEFIHBBUBERBNES -7 () BF
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M(xj) = Z:'y, (k)r

)
5

2, (0= 37 ()5, (n-1).

LHEEGHAREXEEN L & -
MREAMPERECBEENDRECEESHAE - BT XK
o KM AR R E E Y E

M ()= Sy, o)

Ho o W, BEF IRBEERANBBEL )R -

EEAL BB EDREERBMSE THEERDN
R TR B E AU -EEREMEER W - R A
BEAE UEREALUEEERZ W, E HEE®ERF
AUNEELERGEENEE DR EEER RN E TR
¥ o B fl K B 5 B (Parseval’ s theorem)B F % 82 %
BB g 2 3 4 /% M B M (modulation/multiplication
theorem) » M(x,) AT B/ y(k) Z Bt & 4 A E@WH® (DFT)
WBWMW B 2R - Wk TLRBERE W EKHFE R
B> A EZEY  TEERENEERS

Y
We=|2 fie ®
n=0
s fon00lo o BERBEEE - BLE yEHZ

HMEENESRAMNMDMERE - IRKREEKRS
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M (s,)= Sy, (6 =3

Nf(f eﬁ'%@Jy, (k)

n=0

RECEFLEcEDNNT K :

{57

n=0

(nr, )

n=0

Hod F{l XBHENESEBRER « RER)EHESR
Y(n) B y(k) 2 HAEZBOFANBE BB M EFHHAK)-
BHR yk)cHHBENEGERS
Y;(n)=X;(n)R(n)
H g X, (n) M1 R(n) 2 5 8B x;(n) 8 r(n)z BE B MG F 3 H 8
R oBHSZ REEEBMEDIHRB X (n) 2 R FMH
B TELE &R B BN BN SRS DK
e E WA BEERE -SFHTCEIFEESBBNMEL
Ao flan > —EEEREKBEBESR (low-pass filter) 2B &
T E X R E T E S ( two-tap moving average filter) o 4% A
FRHEWEADPZZEZ>HMEENEERA T B EMEE

HEBR S BB E T HE K2R ( two-tapmoving average filter) :
1 1
1, =55(n)+56(n—1)

3. A LR FEZHEB LA

AHHMEEES —HHARYBETHRS S HEET
o RE—RBE AGFEXSTHAZEEDNARFBEME
HoBBEREBE T AL HEWM J. van de Beek *© M.

Sandell: 82 P. O. Borjesson £ 19974 & H % 2 ( IEEE Trans.
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Signal Processing ) 454 1800- 1805SH M F R Z 3 X ( WU
%7:*Eﬂlﬁi%fﬁ%ﬁ?c‘%ﬁ}%IH&E%%Z%F&IE@%%%
¥ & ) (ML estimation of time and frequency offset in OFDM
systems) Frat Z EEBE AR ABBM % - & J.-C. Lin £ 20034
+ B % ( IEEE Trans. Vehicuiar Technoiogy) % 528 & /4
1049- 1062HEZ (MR ENMEBRBESP L& KMEMUMEE LB
M ERXRPHEZ IETEACKHEFBEBHABRRRERE &)
( Maximum-likelihood frame timing instant and frequency
offset estimation for OFDM communication over a fast
Rayleigh fading channel) - % “ R BB » B L& (2) &
FRE A BERERBBREN BRI G2 A& - W
THEESRUFOEIFAT ZETRESEELCEMES ®E
S EEEMAECEABE  BHEHERFZR - £ — K
ERMEREAMIEHBAMR Y r EF_HEBE R HMFILE
RS AFHITEBSPRREFBILIEZERE RS
REMIUEHURBASP I EBEMEEH AR RS ER
Z A E A % -

B 3 ATt 0 AR B IEEE 802.16efH B 2 3R & @ M B & W
AMIEXR TR ZEEFNEMCHTAE B T REBZIRHE
HIIEEEEERX £HFI4ETERZBERS - 8 B E
FIRBRER_-_EH®HFI » SLUME_-_THBREFR &
MmEAHEE  BHEAFRMSEHRBREKEHED - A0 G & F 5
BBEHCEER 3n+s "HP s BRHIERFT R EMHEZEE
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(BHEEBHEHRAE) »BREFICRKERE  EEEER
TEHE - NI R EFFBINEHRRABE F GIEFIZ
EER284 - B EFIERNHEER 86:3:935)+s2 8 & -
FMERBHRBERRBEE T CAEFINAFHEEZERZRH -
It - A S EEBRTRBEBEARBECAERFIBRB A
WEFY EtREAREEESRELH -
wmABE2 BEAMHFBBEERGBEEEGER S & A
BSSIRB BEEL PRI ESCBREBEREE A E
® FHHEANEARAER B2 4TS ZHAOWMME T H
MERSTHEMAL - Hd - SAHBHBGETBEBRRERSE R EH
BP#HEENMNE  EXR - EHBRAEAE®KEMPEE = M
TEHEHEEFTFTEASEST > MUT R & A E R DK
(downsample) BIER FH3- HFUEHAOMKMET &K@
TLURARKBEAERABS I SEMEBEEFT EBEE—
N BEBERRBEEEVWITREFY - &R BEEAR
® REMEBFY - A% UG AT AHABK R SRRSO
LA ERKREMEZE -
HHBNBERBERERBEEITASERERES S T/EXR
SHLZEFNRARNTBHIREFT ZIEZE KM - MER
EFETSAEFARTEE  -Alh > A BHBERR
Bt RTERTREB

AN = argmNEle{|R(AN)|2 ~|R(aN +1) +|R(AN+3N, ) ~|R(AN +3N, +1)|2}
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Hog N, BHEFICRE Dl 1024 B REEAEHEBR
B AiBFINZCKRES 284- B TEtk B —BEHM
BBEARFAMAZRE r LEXFEB

N = argmax {[R(am)] ~{R (4N +1), +[R(av+ 3N, ), -Jr(av-+38, +1)]

[R] = [R(R)|+[S(R)|.

E#EHEAANR T TR EREE 8 EMH - HEE %

s=argmax {I§1|R(3n+s5|2}.

At FASE - BESNOREE  RR B
s=argmax{2|R(3"+S)|.}'

n=0

w ARE3 BRREABAEARSESHEREEME - B3R
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(E: 72Y:133:1" 5% 3: ¥ ]
< — 20120213 HEAEE-EIERA

CHEEARE

— & OFDM(orthogonal frequency division multiplexing,
IF % 4 % I )/OFDMA(orthogonal frequency division
multiple access,IER 73 8 % HE # W )E R B A R MK < Hi
BEFIigll R BBHRERBMLGIT T E - EFBERE
HASFEA - F H AR E K (frequency domain
filtering) K 5 & R 3R & {H (metric) » H P Ik R i B & #
FEHREFERENT RMWAKABEARKE S 8% E
WK FF H M B % | T 2 OFDM/OFDMA & # @ A & #
ZAERFRE R BEHBERSEMEE T E - H gy H
BEE TR AHAEERBBENE & F Y E K E (noving
average filter)r WH EHF K W E P ol & H L & -
e R E M EE 12 OFDM/OFDMA # 4 & A R #
CHIBEFI R REHBERBMES A E - Hbh kK
BEENHEITUERN —RBEBH M (l-norm)ZKEEH =
& #H T S5 (2-norm square) > WH AT LU EFTHREKREHE
B % M k& & -

n BH RS H OF #I B 25 33 2 OFDM/OFDMAE SZ B A R &
ZHBEBFIIRBRARBHRBEEREMES T HPRE
BAE H o WM R R (downsample) 2R M & 2 #F
B5 #1 M (symbol period) WA SR BE R B H W 2 57 & - D
EFRRREMEM BEEFHEBEE -

a0 B OH R %‘4 % Z OFDM/OFDMA f % &

st

R
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j4%o>f 2 BB EHRR

20120213 FHFEIE-HEIHERA

CHBFIIRAEBEBHERBMEGS Tk - HPRE
HMstah THEMEME XS TR REHA
HEMEELE  SIRTFTENBEEFY BEEFHEHE
fgo

M HFGEESE SEHZ OFDM/OFDMA & @8 A R &
CHBFI RO ERBEEBRERBME Ak - Hf £t
Z F & & W A/ % - ® M K IEEE 802.16¢
OFDMA/WiMAX(worldwide interoperability for
microwave access,® PR A B 68 5 B W )T 17 #A 5 8 W&
R % B R B (integral CFO)fE & > R A R H &
R AE RN B(EENENRDB IDcell R ME B R
B - B AR E S B -

o PR B H R EIE % 67 2 OFDM/OFDMA fE 4% @ SA R &
CHBFRAREHEBRERBMEE A& > X ATR
i % B B iy F ¥ 52 R IEEE 802.16e OFDMA/WiMAX T
TASBERBORASEZH AR EF —BER$ A
O BB BB MM (CP correlation) 75 ¥ K (8 M % 5
B Rl (symbol timing) & 4 B & & f® B = (fractional
CFO): G _HEITHEHBERE R E o FHR G
CHEARBRE  ERBBERBREREBSFRINB Z KA
BEdh o FARFHEABEESE 1 HARE KL -

M HEHMEESE 7THE 2 OFDM/OFDMA £ B A R &
CHBFIBRB R EHBERB MG H & > H gl
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AZREARTREGBEBEERRE - BFE b AT
Y EBERFERTRBEEN R BEERBERE N O F
BB E o WA DBEEMAANVNBERBEERE 2 &
g .

O. MM FHAEHEE 7 H L OFDM/OFDMA fE R @A R &
CHEBERFIRBRABAREBEEEERBMGT ik HPEEZ
RE@pagLlEHdH—BEH M (I-norm)ZK T il = W &
#F 5 (2-norm square) ME LR EZBREHE P F
Hy 5 &% -

10. IR GE H M & B % | M 2 OFDM/OFDMA fE 2 5@ A R
CHBERIIBRARBEEBERBMEG At HPRER

REME (metric) B AMEUMERKEME -
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