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A TIMING SYNCHRONIZATION AND CELL SEARCH METHOD FOR 3GPP LTE
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The invention is a novel timing synchronization method and cell search procedure for wireless
communication systems based on OFDMA, such the 3rd Generation Partnership Project (3GPP) Long Term

Evolution (LTE). The procedure can be divided into four steps. First, the received signal is passed through

alow-pass filter to remove signals outside the interested band. Second, timing synchronization is performed
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by examining Secondary Synchronization Signal's self symmetric correlation that is immune to carrier
frequency offsets (CFO). The property can improve the accuracy of timing synchronization. Third, in time
or in frequency domain, using the detected secondary synchronization signal (SSS) initial position to
facilitate the joint blind detection of cyclic prefix (CP) and primary synchronization signal (PSS) for finding
out the CP length, PSS position andNi5. The CFO problem can also be solved in this step. Finally, secondary
synchronization signal (SSS) detection is conducted. After going through the procedure the physical-layer
cell identity (Cell-ID) is obtained and cell search is accomplished.
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The invention is a novel timing synchronization method and cell search procedure
for wireless communication systems based on OFDMA, such the 3rd Generation
Partnership Project (3GPP) Long Term Evolution (LTE). The procedure can be
divided into four steps. First, the received signal is passed through a low-pass filter
to remove signals outside the interested band. Second, timing synchronization is
performed by examining Secondary Synchronization Signal's self symmetric

correlation that is immune to carrier frequency offsets (CFO). The property can
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improve the accuracy of timing synchronization. Third, in time or in frequency
domain, using the detected secondary synchronization signal (SSS) initial position

to facilitate the joint blind detection of cyclic prefix (CP) and primary

synchronization signal (PSS) for finding out the CP length, PSS position and 3.

The CFO problem can also be solved in this step. Finally, secondary
synchronization signal (SSS) detection is conducted. After going through the
procedure the physical-layer cell identity (Cell-ID) is obtained and cell search is

accomplished.
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Rkt 8 R asksrEe (3GPP LTE, 3rd generation
partnership project, long term evolution) R REMREZERTIES
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£ AW e R AEEBE (CFO) #AZRETHE  EFIRE FIERIK > AR
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(downlink) @ YA s(n) & &P B4R 2 A5 5%

N/2-1 . 27kn

1 i )
s(n):-ﬁ Z ae N 1<n<N
-N/2

EFak el BALOFH N &R e kg ¥k (inverse fast

Fourier transform, IFFT) Z K /b o §1&n % %R RAER - B4 B
SR RZEAREEHALRE nLREERGEOVE  ABRUZE
B Atz a5 (additive white Gaussian noise, AWGN) & 4%

BFETATA
N . 2men
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BbathieBegi 0 n, £G5S 5% (Rayleigh-distributed) =48 #3¥%&4%
% A NMRIB R AT R EMSEEH K (spatial channel model, SCM)
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QOn)= Nflr(n +m)r(n—m+ N)
m=l

A, =arg mfx(jQ(n)D
EPim & T8 2 BE% vERGBRRE L EHIE (inverse fast
Fourier transform, IFFT) Z Al o % BB 8 th 2 KN R |0, 00 & 77 5 Mss &
THREZARREFASIRENRBME -
SHI A RMBEEEALTREAREBRFE AP —AERBERTE
BAREMPERTE  ABRATHRACHEBRTE LEMAETREATL/R
FlefiTEBRBRFTEMRR - S HBAARBE (fractional carrier
frequency offset, FCFO) R4 EMBERFEARBBRFTFE—F
AT  UMEBFEARAZ I HBRBARBENWHE NWHEIRETERE
%o PEBEAFRBEZHETHEEL

EERTER A A X IEREELEHE 2382 T (Frequency Division
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n 0) = NCP,normal +N+ Pss

pss (

1 pss (1) = N cp extended + N + s

MOYBELY  LERSHERELLGANRERSEREEMEA L
BROBEMTIERBREARZBERTERE  AMGEARLT

@ i, (0)=3%Ncpoma +3* N +i,

(1) 3% NCP extended +3*N+ I’l

pss

N cpnoma R ESEREFERE  Nepexendea B RFERMBZRE » NERE
MBI EEIRERE > R b EERSIEHALKES -
WATEBEERSERMENE  TRESEBRBEFERGFLERAFERHA
ok @IEEA 0 BAFMKSIAER P RTMBLY - BRFERAE
BB E (VNI EHEE RS AEREABEGETNRAENBLER
@ FromEE-
a. HeFRER P

(€, u,m) = arg max
m=0,1,u=25,29,34, <, <f

12728,n
=)
(Zy,m(me ]@pu

y,,:,%ﬂ-*r!’e‘iﬁk?zi-ﬁ-ﬂ*/*"1‘,5.,4’«?“{,  mEARABZERFEAEE > m=0 &K TER

FRERFE  Min= ATHRARGZERTFE - p RE=HLIWZELFATHE
RSP IR o u kAN A0, 1, R2ME > A 25, 29K BhiE

BHkERIGE  MARGEMRAAEGLEZGE - o XEMMB -
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b. Z£SA R BT
(€ ,um)=  argmax JZ Y pssm(k +1=€)Y s (k —€))F; (k + DP, (k)
m=0,1,u=25,29,34,5<¢,<f[ =

Hdy HIEERFZEERALER[R nARRERFEHEH  m=0 kTR
RAERBRBFTE  fim=\ RS ZERFTE « p AL ELZAY
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LERA Ak ERFHEREMZETREND » MR BR @RI T8
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P oBARAEERSEEHET A REAMRME T R & X mia
FBEAARIPEAELL R > B eNodeB S48 A H & M2k E BT EAR A 10 ppm e

B ZBARBEBIE T E H A S AR AR H ok X fe B BHR R
MEstbdk » B eNodeB $ig AE % B2 REBEERRA D) ppne 4456 2
Frrit o A HZE ZABE I RMMTERBNE A ZTIKE S R miedd
THEk o ARERRMEEEEMREZRERATMER  ARENRAAER
EWER BT ERMGEIRE S > BR D eI ERO R TAHEA
HEMRESHZHH  ERERETHFASH R LERAINE #£5H
ABAZRAETHHRA  BAKRAEAZ I FRARGAESZLI &
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ko AP HBEMB L HARMARMRERASREZ AT

N/2-1

O(n) = Zr(n+m)r(n—m+N), Ay =argmaxQQ(n)|)

m=1

EPrm R BBRBEEABZHEER  vERGHERME L E8E (IFFT)

ZRE S Ny ROTRATABIB R RER SR AL -

T REFHEANLEE | B2 IR0 ES EFRZIEARKRBN LA LWL LS
O RPHRASBEFERAEETBMRAREIERSREIRMARZ S HGAME S
HERAEFRE  AUBARFEFERE  TZRFERFRME » 28
KA EGE  Rafa A Y %% (VD

8. MEFHIAEEL THXEXNHESEFRLEQLBNL SomibigkH
O RVYHAEREFERESEARMREIERSMERMAR NRARMTHER
AHEE L AL PITFAREEESIRE LRI T ¢
Mo =3* Nep +3* N+ ngg
Ed i MR ERRSRERL Ny RERBEFTERE * Norevendea 1%
BRFELPZRE  NVERGRRELERREE -

9 REFYHEMNEEAS 1B EXDHL EARZIELEANASrmbie tH
O R FHAORBEFERETEARMREZASMERMAR > NEMBUTEE
PRELALT TR R EZRSAEIRIEL T ¢

npss :NCP+N+nsss,
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CR/NE O
N-l (1'27?6:")
O(g,,u,m) = arg max Zypss,m (n)e V R p, ,
m=0,1,u=25,29,34,B<¢,<B|\ ;=0

Edy, mEERTZEEETERAR R AR IBERFEHELE n-0
Q@ R ARETE R ARRAERZRETE RS
ZEBRHERBEMBAET  upbRANHO0, 1, R2ME - 554 25, 29
KM o GEREBBABRRHE R EEHRABEEGLEZED ok
AEAE )

11. REBPFEHNGEEE TBAZI LRI AS EARIERBNA S L EH

FEORVPHASEERETEREET BRARRERRE FERMARMME AR FE BRZ 3T

ok
® . | |
(D(gl aﬁ> ’;7) = argmax Ypss,m(k +1- & )Ypss,m (k — & )Pu (k + I)Pu (k)

m=0,1u=25,29,34,8<¢,< | 4
Eyr, AREEFRTFZEERTERAR  n KRB RFEHEA > n=0KT
ERERBEREFE > im= R TERENZBEERFE S p R C2E g
Bl 1538 3A R BA ] uthAND A0, 1, R2™MT > 554 25, 29 % 34

R EHBABFRE  MpAGERBEBRGLEZRE -
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