200937899 -
ZREHNRAT

(ARAEEX - EARARBBF HHNEERY HKEeRIFTHEPAE)
O ORPHER: p) 03/
. xdsam: 97 2P XIPC 2% HotJ ljo (2006.01)
— ~BHRLEME  (F/E)
EXH»3E% T (OFDM) ##MA %K T ZRIKFAT Tk

A SYNCHRONIZATION METHOD FOR OFDM SYSTEMS

—SHWFHAI(£TA)
WARLH T (F/HEI)
3 % i# X %/ NATIONAL CHIAO TUNG UNIVERSITY

KEA(P/EX) (F) & E/CHANG CHUN-YEN

EEMHEBEMIAE (T XU/3HEX)
2447 K 2 % 1001 %/No. 1001 Dasyue Road, Hsinchu, Taiwan, R.O.C.

B #:(¥Fyxx/#Ex) PERR/TW
S~BHAI(X2A)
B4 (P/ERX)
tep st 3£/ CHIN, WEN-LONG

% 43 3/ CHEN, SAU-GEE

] B O#:(yU/#x) (§¥R) PERRAMW



200937899

W~ EHFR
(] 2gslxg =+ o#F AR - RAFHRTIFT £
EER4aHMA F A B-
(] #sweaTaRRE (LB) FHEM:
[#X#&: £2RAE GLE) - ¥HB - PHRRK AFue]
BEEISES SRS S Sty &5

(] ax&EABE+ chF-RARELE

O
[] 2% &40 % =+ Atk B —RENE M
[#XEk: #3508  PHER RFER]
[] £ EARF = HE LR
BEEZET
B A (B Fa%#E - 08 RS RAER]
Bt [BXEE: FEER #4488 - RE REFER]

] #AFHL0MHE
PR BATARE Y BARE o WE B NRAT - RAFAE



200937899

E PXEARR

—HAEEXHIES T (OFDM) @BMA LK T ZHKR & Ak AAA
fEAEE > SRS EA B AMIEH T st (maximum SINR) 45 &3R5
Fl %847k - A A A MBS (STO) fiissam (CFO) #fFlE £ -
#EXERETE (IS]) Rk Fi#E (ICD) EAMRKEEREA > A8
B9 4% SR 55 B T 48 ho 2k b AR K AL SR TR A4S Bl 60 3% £ S E B P X F
AR o Hib o AHAREERUBEERETRAAER Ao ERERREER
25K o TERE—REXNRS T AR TORMBE -

N ﬁi‘ﬁ‘aﬂﬁg‘ .

The present invention discloses a synchronization method for orthogonal
frequency-division multiplexing (OFDM) systems based on
signal-to-interference-and-noise-ratio (SINR) maximization. Due to the
incurred losses from inter-symbol interference (ISI) and inter-carrier interference
(ICI), the SINR of the received data drops drastically for synchronization errors.
Owing to this characteristic, the synchronization errors are estimated, the
symbol time offset (STO) and the carrier frequency offset (CFO), by
maximizing the SINR. The invention proposes a SINR metric such that prior
knowledge of the channel profiles and transmitted data are not required, thus the
method is non-data-aided (NDA) and the transmission efficiency can be

maximized.
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U~ BHRA
[ 2588 A7 B 2 4 k48 3% )

ABABAEN —BERLBNALTHRRKR T H L 445
R-—#HRBLEERJES T (OFDM) 2% P X HMIREAF H ik °

CHA TP

iE X 448 % © (Orthogonal Frequency Division Multiplexing,
0 OFDM) & —# &%t 5 REAE AR KN > HNZRERRE
%Rt plse ) - EX RS T (OFDM) B AT#3F 5 @R £
#% A > 4o DVB-T, DAB, xDSL,:2 802.11x AR 2 £ H{ B IREAR
(WLAN) ~ ;A& 3% 802.16x AR EZE X XHBHX MAN A& ° &
2z A 36 UL AHBANALL TN RBEINAS L
(OFDM) » XE&EH > AR THEANAIME A 5B F 4950
o BHRT UM PTG LASERT LA AMAKBATH AL
Bl F ey sh sk o

4 1. J. van de Beek ~ M. Sandell £2 P. O. Borjesson £ % & 2 “ML
6 estimation of time and frequency offset in OFDM systems,” (IEEE Trans.
Signal Process., vol.45, no.7) & &} & TR IAF 54 F 0 A 2& & 48 B

( delayed-correlation ) & H & R > ¥ & & X ¥ 44 ( maximum
likelihood) /&) > 12 R & T hott & & S A5 NEE (AWGN) 853R1E
TR AT e RLAE o

HRERAMBREZG— . EEXSHESEIAATA —LRIR
WHAEELE 4k K2 MIREE &3 A A KM B (symbol
time offset, STO) M & &% 4 ;U85 Rl (coarse symbol time, CST ) A&
w5 L5 R (fine symbol time, FST) R34t » 2 42 35 53 4% 82 38 Jic
BEEBRSEBE A LB EEEIE F % (fractional carrier
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frequency offset, FCFO )~ ¥ ##& A X =% (integral carrier frequency
offset, ICFO) R F &K EAFERE (residual carrier frequency offset,
RCFO) =& Kk 1 B4 Mib-Bin il in 8 AHA-FLBR F R
K 5 IR R — B i R IR R KSR R R A5 ( sampling clock frequency
offset, SCFO) °

4 T. M. Schmidl ££ D. C. Cox Fris % 2z “Robust frequency and
timing synchronization for OFDM,” (IEEE Trans. Commun., vol.45,
n0.12)> 32 # — A A B A RF A TRESE S EREAT %
o EEAGA—ERHELHES -

4 H. Minn ~ V. K. Bhargava $# K. B. Letaief pr3g 2 “A robust
timing and frequency synchronization for OFDM systems,” (IEEE Trans.
Wireless Commun., vol.2, n0.4) » # b i e4 &= B3R T AR £-.12%
RS A RE AT R MABEFEERARBN S TR
@ ke —18% EBAE RWARBA £ @ %% 7. 5% P 4% 78] (fine symbol

time estimation ) °

g #& K. Ramasubramanian $2 K. Baum, Fr 3t 2 “An OFDM

timing recovery scheme with inherent delay-spread estimation,” (Proc.

O IEEE GLOBECOM’01. vol.5, pp. 3111-3115, Nov. 2001) » £ % 8842 %
WEE e TURREXEAETE (ISD) 2BH > R ERMEZL

ST R EFERZALBS -

4 M. Speth, S. Fechtel, G. Fock, & H. Meyer Fi# 2z “Optimum
receiver design for OFDM-based broadband transmission-part 1I: a case
study,” (IEEE Trans. Commun., vol.49, no.4, pp. 571-578, Apr. 2001 )
i@ % 98 % % & (channel frequency response, CFR) /A% AR - %
SR MRk A e (IFFT) K4F@#E Ak % & (channel impulse
response, CIR ) » £ A A NALF LG R REATHME -
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[#An%E]

A TRATEME  AFHBNZ —HAHERTRAST
(mDM)%%?%ﬁﬁ@ﬁﬁ%’ﬁmf%tm%%+&m%m%
(maximum SINR) %% > EA1H EASAEMANFAERAR
A &5 SINR 1& -

$%%z%f5%%%ﬁﬁl§%ﬁ&lﬂmmﬂ%%?
W EsE RGBSR R — B AR H 48 Ao 2k 0tk (maximum
SINR) z 77 ik » 3t F 8k 5 1k 4038 £ AR E M R RAL EAR 69 B SR 3F
ﬁ’K%ﬁ%#ﬁﬁﬁ%ﬁﬁﬁ%z%ﬂﬁ%%ﬁ#TWﬂu%%m
g ) 3 o4 B AR e

BTEH Lk BM ABA-—FRHZEIFTRST
(@%M)ﬁm%%#zm%mﬁﬁ%’aﬁiﬁﬁﬁﬁﬁﬁm%
SEBE ORI AT TR S SRR E A A AR T
B hoskinit BB - RERZ AU R E L RERIRE T
%ﬁmtmeﬁ%m@m%ﬁ+ﬁm%m%(WWJMﬁ’ﬁﬁﬁ
B3R 2 BEBREMPAEINT -

TR EHEBH ABXPAR—FHRHUZEIFTRST
(mmM)ﬁm%%?zm%@ﬁﬁ%’@%1&&ﬁ@ﬁﬁm%
ﬁﬁ%ﬁm%’%ﬁﬁﬁ%ﬂm%:ﬁﬁﬁﬁ%ﬂm%éim%ﬁ%
1B Ao e EL S MR B SRR E R R A B —RENZ B NABRAZ
816 > A 4 BB E Tzt (SINR) # R IEREKH T i
sairk (SINR) 480% > 3£i@IE H — 3R EMK - BARRZRBAALN
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[£#7 K]
#% 78R (Symbol Time ) AR ZEBES SIS T (OFDM)

ASEEW S & ARBEFEEN REEXMRS A LER
samz l BA—EXNAS TRNA KL ZMEHH LA
BEsEE ZEEFNFLA(-D Symbol ~ ())th Symbol & (/+1)th
Symbol » H— L4 A —REER (G HRAEMAAHHEBEE
ECZEXEBHRME P —18  PpE Py ST1 - ST2 & ST3 > 2 RE
A% £ B ST1 RIF e AR 3R £ B ST3 REERFIASE T
O BAaziREER (G M (Ng) BEHRAEERR A 740 &(Dth
Symbol ¥ » % 7LE K 3% £ B & ST3 AAEBRERERR €A XLAR
F4& (ISI) #% e AR £ B STI SR LR
22 £ B 3 ST2 € 4 %1 % 8] (/-1)th Symbol & (/+)th Symbol #4451
(inter-symbol interference, ISI) o Bt > f238 649 5§ UEF R AE R 4 7T
8% F (coarse symbol time, CST) 44k » 54k A ta BRF 7L BF I ( fine
symbol time, FST) 4% B Fi #* éa 2 38 4% OFDM BHAER  TBERZL
% % F # (ISI) # 4 RO oH T OHE o R
( Signal-to-Interference-and-Noise Ratio, SINR) i #|& 4+t °

O % 2B TAARA-—FRHALEXTRST (OFDM)
ANALEBTEE o AATRA T BAFRLMAR (RE
A F=1/T) R EFIR 20 EBMF o4 B 21 BA N 2R 6 B iR
W gk 22 BEBBEE SN EE N BmFEEEHN
BF A EZ Rk N R ABkdx Eaaa (IFFT) 22
ERERALAAY ShHMBILBRS 24 # 34 R B R B K
o BNHELE (R KREE HEPOREEERAH [
BH B AAKZ TR AR RA ZIAB 23 EABERAT
2 (cyclic prefix, CP) °
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Mgk @ b B iE 26 UK E HFIRAMIR A L EATA IR
mo BT sArsa ARAT (FHE ) R ABH T
HRELLEZEREE/L - @aBE LB o ERSE 36 ¥ 3R R A B
Mk ABRBHNEBREAIN BRERNTE > BEN Ih B
M Esie (FFT) 34~ 1% 33 RAKMHBH R 32 H
AETFREMEAMRE  FH LEBERBRAN B AT H
BoAiEk AHBEEEHMNE 30

Hb o B ANEHETFEmRALA RSB 38 ERB L HL
O s 3R % 36 2 A B U B IRER BHE R AEAERSHEST
(OFDM) % % ¥ &9 45 L BF Rl WMBREREERRERERBHRER
Il RBEREREREESNEERERRNERBRET IS AR
yE T E -

AERTRE T X, AESRE LEFRTABRBEM

X, BEUHE FBFRFQRARER XL AR [ BRATE 1
(B B8 60 05 P BRAR 0 X RAABEAE (CP) SR F R
_N,<n'<N N 2Fsadess - ¥ (1) REus 2@ KeFRR
5 o N 24k 3 ¥4 3% (FFT) # X/ » Ns=N+Ng & OFDM
O b B EE  RASBEANE (CP); UTs RIKAE
ﬁ%ﬁﬁﬁﬁ’eyiﬁ%%%@ﬁ»@é%ﬁﬁﬁmiﬁ&
2 B A Ry visive 2 45 B8] 09 & R SRR T35 Av s 30k (MSINR ) %
AEERB R (STO) & asme & 45 B 8 & X SIEH T #hwsh L
(MSINR) #:ik38% (CFO)° 5% - 4 ¥ N AR TR T
EENBRAORREIERK D ACINEAFRE KR —AF
Aty No iR R RS L E BB AR A AERATE
(CP): £ &35 % —18 OFDM # Lty B4 B A EAMERATE(CP)
TR — 1% E M (guard interval) - TE B i@ XA FRT# (ISD
B RRETFRAMGEXRG NEEETERRRE LR E
AR A PRI B Z R -
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£% 1B ¥ A (ST) naTHE% 4 OFDM # v ey = 1837
rE RO R Tz £EEw ST BRERA
—NG—"AS—NG”,I +1 ~ & & ST3 B ¥ #£ B A
~N, +7,+1<n, <0 ~ B sb—1AF 4 ST2 BB A1 <N-1.
BAEEs (STO) RARBE AR AHMMESE  ZRAMTHR
feie R EAZ S O NE P AN E S A EF OB EBRNIE
— BB SRRE R R X (1) AR

X4 =X/ L+ N, e (1)

e, X/, %Mﬁeﬁ ++nm;%ﬁush (2) v

~d A 1 X -n's (—-JNE —knA)
Xl,k 2 W fH XIkW d (2)
2ok N, 2FEMsae LT it & 650 nEE (AWGN) 3K
;{ (3) AT -
N-1
m—k+£ —IN & kn) ici isi
ZkEW— fH,,, W( T 4w Xlk Xlk L (3)
m;t n=0

w,zge "N BN =N+N,Ra$HENE (CP) 4 RE - &
X% (3) vey ke TFE (ICD MksK (4)°

vrici 1 L (m k+6‘f) ( ~IN&; knA)
Xom—> 2 Wy H, X, Wy L (4)
mzk n'=N—n,
X (3) @B MeFE (IS REAX (5)¢
= m—k+e -INe n +N
mN_z Z fHXI+1mW( o G (5)
m n'=N-n,

b H BE m8TiH#E6EER # #% & ( Channel Frequency
Response, CFR) ©

RAE i EAEGERREAHARG S F LK (6) AT

10
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3 —\m -y )E 2...(6
_ D b gy o (O
N n =0 n,=0
B TEARAET ok d & S A5 MEE (AWGN) k2 o)
ol = EDNM‘ :l
|f\|2 & nl -nz (m- —k+e ;) 2
= W, H
0 N2 {;{ ]Z: o N m
N-1 N-1 (n o )E 2
DDA LA (7)
m=N-np n;=N-n,
N-1 N-1
+2Z Z Z WA;(m—nz)(m—kmf) HmZ—I-O'fk}
m#k py=N-ny ny=N-ny

g m =B =E[ Xl | mypmzgss® o ol AT
Mo e EtsniEid (AWGN) % » SINR ﬂ(nAagf)sﬁsz o 18
= R E N AR ES (STO) |G (CFO) -

O B2 M% 3 BAAEA—FRHLELR SIS T (OFDM) @&
MAGTZRERFHEREE - 03 0 P S HYCEE N R
HFHRE  SHABERMELRX (1) 2X (5) Ak EoHR
BERHE S FHEHERAWGM 1% - oK (6) &KX (7)-

B S ELHFRAFHMEH FEmskt (SINR)
BRAESHRANRZ RS EHLE THHESTBER
AP HMENIEL SINR - #X (1) st EEAAK (8) X (9)
@X (10):

11
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A 1 —~ 4
Q,=—2, |X,,“, (9)
L =
A ~ 2| ~ 2
R, = —I:—Z lXI,k‘ | I+1,k\ .............. (10)

I
w&ﬁ%k@%ﬁ&%m%%&&ﬁ%ﬁ%%hﬂéﬁuwﬁﬁuw
EX

2 1/2
Skz(Mk+Rk Qk) .............. (11)
Ik :Mk —Sk, .............. (12)
£ %k BFHEER SINR AKX (13):
N, =Sy /1o ... (13)
fr AT 230 F Bk K 435 4k ey SINR » H4E T4 X (14) AR
1
= — . (14
n Kijnk .......... (14)
BTEmERE AKX (8) #X (9) 7% L=] g M, =0, >
TH/L SINR @Rl R B3t EM, RO, 5 A hHSEFHAR
%ﬁ’ﬁ%fﬁ%ﬁ%%ﬁﬁw%;i$%’m%im%ﬁ%&m%
O sk (SINR) @ TRk ey 308 » fIbtk 2R3t % S| @mFER
g% 1] ZMaKeR (15) fX (16) #F
1 S
S/ = ’E’Z ‘XI,kXIH,k‘ .............. (15)
k

R CoIRy (i

ﬂ(w)?z%%%%ﬁ%@@ﬁi%%ﬁz%ﬁ%%’ﬂ%
B 4R SINR T 4o, (17) P

n =S 11 . (17)
BdmA LA ARTHEFE K (18) 23 SINR R v

2)—&', ......... (16)

12
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Lﬁzﬁ%iﬂ%%%&ﬁﬁﬁ%ﬁﬁ%%%ﬁﬁﬁﬁ%@
( channel profile) /¥ Rt - #auX (18) REFAMEAITE
iRl a#s (STO) S&MIRA (CFO) > %X (19):

- - _ =
(P psiNg » gf,MSINR) = arg 2}%’} {’7 (nMEf)}‘ L (19)

ﬁ(w)%;ﬁﬁ§M%#%ﬁ%’Eﬁﬁ§ﬂ%ﬁi%%%
T oKX (19) ’n\ﬁﬁﬁkLLMEIZ*Jﬁ@:‘kéﬁié@f?ﬁcﬂ%l’aﬁ%%& (STO) 1
%3546 (CFO) FA > X (20) A7

—_— . /‘\' —
Ny usivg = argmax {77 (M€ 7 psing )}

nA,gf

-~ —— A' > T
&, usivg — argmax {77 (75 psivR 9gf)}

nA ’gf

EEF AA BT ANReEPRUGER 29 1B 8% 6y B E T
SINR gL Bk @Az & ey BAT B - H N=256 ~ Ng=32 > SINR £ & 43 7L
ey T8 (ISD MBS (3 E 0" 2 M) A — P BRERARAE
Gibs R (18) % SINR 4R 9B BR Bdo % 4B BAT - HAK
O o h s AA E RAEFE - % 4B B ¥ ToUE K (18) # SINR
SRR (14) #k - AmX (18) AAELH SINR #k Btk 28 7% 2
sk iRdE » L% 4B B SINR f23ey STI ERILE 4A BT R
EERE - X (18) Wi B S B RR T ES N &
SINR #5 B T SA R 74 54 1@ (time-variant channel) > 40 & SB B A7
=~ 0§ ¥ 2 E &5/ & #h38 %(Normalized Doppler Frequency, NDF )
#0155 FRAX (14) #5 SINR mRl Xt Ez &R E SA
B 0 TiFseK (14) EARESEFEBETRA

% 6A B 5% 6B BrAriT AKX (14) # X (18) £ 44 CFO {&
& & SINR 4538 » CFO sy 4B A ~1/2<¢; <1/2 » B ¥ SINR th& K{&

13
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4382 CFO=0 8 - & (14) #tX (18) Arf#eyihid ¥4 SINR 1%
Wﬁ%7AEﬁ%7BE%%%’ENDH%ﬁ%UP%7Bﬁﬁﬁﬁ
(w)%Eﬁ%%ﬁﬁ?%ﬂM{%M%ﬁ%%’%%ﬁ7AEzﬁ
(14)-

BEREIBAFPZSH S REF AL A LEALREZ
SR T 4B Auak 2L (SINR); & TV B HEEE 1 7 2 4 643
B o RHBEN M r —Ta B Mapssne + 75 BFEEIRAR > Ta R
AERERIRSEE -

S5 S4 A bRE e IR Tt (SINR) 480k @ 338
AR B EREBENE ESBYAHRATAREAZ
BraBAsAREE iR #X (18) £ L2 SINR 48738
amk—sungad  wRREGOBHB Doy ~Ta &
Ao womg * Ta RS ERMA ST ey AR ST RAIBY X IR
%37, R 2L M B(STO R B K65 & - st sansk e ()
2N 0 BARABRAAERBZ P RZ AR CRATHER
e e, () R 0 Bl F/EM (early/late gate, ELG) F X% £
A E - sk e () RER 085 SR MIT ey TFHA] B
2 S sk X (21) AR

BA(I) = ﬁ;(ﬁAMSINR _TA’gf,AIS]NR)_ﬁ;(ﬁAMSINR +TA’§f,A4SINR)' (21 )

MR ke 9 BATR 0 ERN TR M ERIKE R R E
HREEL 0 ARFEATAES

F(z) B B BIE S

K EWEBEBEE

K SRARE AT ZHEE
K; BiREBZIEH

N, (z) (D) wzwmig;
NA(Z) ﬁA,MSINR(l) o 7 $ik |

14
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E,(z) e,( ey Z i ;
El(z) wwawammee()wzas.

AEOBYT > 6B nathmE N, () &G Z ¥k (z—transform)

#% A4 N,(2) 9N E85PR188 £ (Time Detector) 71 » 3t —
e, (Dey 2z E,(2) 2@BiBE % (Loop Filter) F(z) 72
Raks 72wk E () mka+ Ei(2)mat - L AhBIER RN
sten(D) ey Z#ip - £EIEIREASZ (VCO) 73 + > #H8kM (ST) &
mk (22) AL

(8] ﬁA,MfINR (1) = Ay s (I =D+ Ky NsTgep (7). . (22)
B NG wsk > £a00)MKY Z #i -

FHEIBEBLALTAG A (23) A7 ¢
2 (1—az™h)

L(z)=
(2) 1+24(KT_2)+24(L_K}Q)m““”””“(23)
g K, 2odman®E 7l Agus
K, 2ogznees;
K, e mymipg® (VCO) 73 th3# %
K, =K.K,K,N,T,
O B A X QN T RS
0<a<l and O0<K, <% ... (4

GBI AAESL  RENTBSS BHAFHALEREMLE -

EH—FWHBF o NE 3 BT SI2 U B SRR E R
ERUBE—BENZB PRBRAZIEARE L RBERITE T &R
e, (SINR) ; ##¥5 S4 A bR AR H T witintt (SINR) 48
B @R AR B EMEMENT wE 10 B YT
ARXEHZBABEE (CF RSHREETER  HAF SEHYRE

EAEITNXFHEEGB S e~ Ty BESXTRERS

15
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~

E,musing T Ty 0 Ty T RGEZ RKER (CFO) t4a %€ &
HRMIEHE R R B2 S d e X (25) AR

e, ()= ﬁl’(ﬁA,MSINR > gf,MSINR - Tf) - ﬁ;(ﬁA,MSHVR > gf,MSINR t+7, ). (25)

SR FESS HEREAR -

#4MEIEEZE UEARAE ISEEE BEYAHEATAL
BHRECHAEAESBESEATHRELE A REIRES
$ A — e RiEEAAA 0 — OFDM 4 %4 N=256 T » A # & F]
Ng=N/8=32 B R#E &R Fidld » Ex am#iksiE (QPSK) A% -
9 seearw ) 5 MHz R A13E4 24 GHz > FHESEE R 8.68 kHz » 7L
AR A 115248 « AR KA MEY FEmfbf Al B 8 E X
4 B o E R AL T3 £ (mean-squared error, MSE) o B Bk k42
WG LEHBALAw T a=09997 - k, =03 ~ ERICEHBIAR
% BN T, - ¢ B @B EE%S 005 H—REH % 10.000
BT -

W AE R AR A J Al-Dweik AR Z &/ T#H A
7u4% 8 ( minimum-interference ST estimation) & [5] AR Z B3k + &
o % ¥ 45 8 25 o458 (time-domain NDA ST estimation) X b4 %] 88
FRENERREIZE F13BAREAIFASALEEIE R

(SNR) BTzt £ 14 BARBFAZF AR EEHE
BALAr L 2h3E% (NDF) LT XA tbd 5 5 oh o PR G &R
Ty AEMAME A J Al-Dwek ARZ &/ NT#HF TR

( minimum-interference ST estimation) Z L85 FB-THF 15 B &
Z168 %17 BAASAZHARBERELE R (SNR)
ATz hetbs 0 % 18 B A A4 A2 FASR R G RIE S E LA
& 43a% (NDF) BT ZHAELR

EABE LR AT P AR AT Al-Dweik 4132 8 9 5 )

F 18 % 70448 ( minimum-interference ST estimation) #9tb#k » 3 47

16
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ERFH BB (CFO) ¢ AF— ¥ X BYBAARR
%4 k8% (CFO) sytfit » AEAAMT A B - IR
#&$% (CFO) &M FBRFME -

BE o ABAZAARTeRa LS AT (ISI) 89& =%
RE ARAARR SRR BkSER (CFO) RE > REZY
ANABRTHEREREAERSEREN £ (MSE) 4 /& SNR #2
% NDF AT %248 2 8%E > E/FAEALEERTOEALT LA
A

o

O BA Lk ARAMHERNAS T (OFDM) 44 ¥ o
LR RIAE 0 42— & AHIEH T ikt (maximum SINR) Z
Fok o AA A BEAESAFHARFTERNA ZKS SINR & - HEaE
BB EME AT T AR AR B & P8 PRARE AT A — I
$t35 3% 8h (non-data-aided, NDA) #H ik o B AHAT AN E Ik
P % 358 & %3838 B A& SNR - % CFO {4 #2 % NDF {445 71 T #¢
H by BAEM -

DEF R R AR AR AR RN
Lo ABWASRETLEAREZIATHRIBHRATAIANR
THEAEHR TRAERZIMEALAFAZEHNEE > P AAK
ABAFBTIRPAEZIHERLREH  MREBELR
HFRAZ EHEEBRA -

QZENSE S LD

%1 BATALER YA S TR MA %X =88 & 6 55 70 B 38R
EE -

E2RATARBEASA-FHRAZIEINES LB NAAERT
i@ -

17
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%3 BT AREAEA TR EERHS T (OFDM) @3
A% P2 MR T HEAER o

% 4A B 4B B AT ARIEAE A LSS SNR LT &R &
3| AR -

% SA B 5B B A ARG A £ EEE TS5 SNR
AT 4B %3 AR -

% 6A B % 6B B AT AR AR LS CFO EFRAT &R
F 5 AR THE -

¥ IABRE TBBATAREASALFLEE T NEE CFO &
BT &8 F 5 9%~ B -

2 S BT ARBATA-TRAI/ARTHRARBTEER -

% 0 B pr T AR AR — K2 T/ MBI

~EE -

2 10 BT ARENEA—THRAIREAERTHRIRET
0

Gt

O %11 B2 % 14 Brr7 A AEARLE/AREESEE SNR K HHIL
FHIBELR -

E1SEEL 18E YA 7 AREARELCHRAAE LM NDF &415
T 82 HE Ho B
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