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This paper is concerned with a equalization technique for Orthogonal Frequency Division Multiplexing
(OFDM) systems based on a block type pilot arrangement over slow fading channels. The bit rates obtained
in underwater channels are relatively modest compared to some other communication channels such as
cellular phones or indoor wireless systems. Consequently, the Doppler effect is the important parameter in
tracking a channel. In case of a coherent demodulation scheme, the residual mean phase errors due to
Doppler frequency may be fatal for the performance of the system. The equalizer could not solely handle
mean Doppler shift. To account for the common Doppler effect a phase error tracking loop is used with the
frequency equalizer, so that the rotation errors are avoided. Furthermore, simulations show that we can
reduce the computational load of the tracking loop with negligible effect on performance.
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Fig. 1. Pilot arrangement types of OFDM.
(a) Block type, (h) Comb typs.
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Fig. 3. Model of time-variant frequency-selective channel.
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(a) Contour plot.

(b) Channel transfer function in a time frame.

A3 RF 4139 AQ At vlmsls, UWA 2730
Ae A A| At =4 ms Teloltt A&dt wie}
Zo] £5 Adold d& F Yk HE 5= AEY
Zolup A B4 Aad"a 22 oet F4 Add v
sto] iz e B2 Holg, ulebd A A =%
# 837t $a% setulgrt get

a9 32 FY¥ IEZL A QPSK (Quaternary
Phase Shift Keying) AZE 1287)9] Hutsatz H4
e ALE ABTO)IA A Qg BXol, of7)
o4 A4 3-ray Rayleigh Hjo|gd Hd2 =dl3 g
Rolct,

2. =8¢ 13}

omME NS AR YR Aekh: U0l B
HEZR whlog IDFT (Inverse Discrete Fourier
Transform) W DFTE 7|¥leZ 5ln Qi) wzhi ¢
olo] Bukgul kofl izt 441 4Y X(k)E OFDM Af
A% x(n)e2 FH3}Y,

%) = IDFT {X(B)} = }_i;X(k}ej%k" §1
o gt}
OFDM 7j-& Fahp A€ wHo|d g 479

A

Block Type DiRIS¢ WX SIS OFDM ALMEI| SM I M4 115

dlAEy Yo FAIER HIAA HAT 5 A&
7ol Utk wetA dee] S ey P g
< flat Hlo|g FEE2] Fos ZASE + Uk ¥
o3 A& e wWiAelL, 25 3 AAT 39
OFDM 4] A% thdt Z2o) B3g = UtH7-8).

5 N(k+e I

Hm) = 2 X(DHDe' )

q7]o0A Hk)= $8k63 ko] Fake $do|n, eo
< AEHE Tk 1A QRoln AR AL 5
713 AL 441 A% r(n)& DFT BRE AXYH ke
o) 4 (97} 2ol BB 4 3}

R(%) = DFT{r(n)}
N-1 -2
1 N=1N
¥ ZXU)H{I) %
o 2r 3
LSS xtae 74w
=04{=

0

L+, !n j = kn

2|

_ 2
xR )T

0

+%2 S xome ¥

A 39 T ¥ 3 e H2AdY £408 gt
ICl (Intercarrier Interference) AlE o8 ZL AT}
AR 492 Blrh b A R 5 X(pHe ki
A FAde] gt AEE 23E}L Y ABolnt, KA
de] 7l No| 23 Fak HAL JRo] AL Fe

X(pE ST Zol A & ¢ Q)
) = X)) 2;: T
= X(k) Hik)— Z(1+J Vo)
= XOH)+ X6, 3 (2] @
=X(k)H(k){1+JN“' m}
= XA KIexe| i, 5 (2|
= Xtk)H(k)exp(#,,,)

A (@2 Z2o] 35 =57 42 JEE OF B2
T-ZojA FejEA EHESHH, 4 A8t A A
2L BEgPgolzie) o3 ABE & 4 ek
£ =39 2u2 Q% BRydolE s OFDM 4
W AR jfavg THE AT A o] FHo| ofy|Hck
ARAos =E7t zerod A9 AY AY ¥



116 SSRIRISR| H253 MRS (2006}

He 94 o 5312 24 7153, 38 =
&2 AZEE RS seg duRges 3T
ALt

I, OFDM =218 M3

3.1 FH: Fo

A =5 YdE A8k bl AT 999 38y
SE717} ARREZ|® S, OFDM W4l 835 F
Sk FYolA dUYoR A 53E S8 7
& 4 gl of2T OFDME T3l A7 9 Fage
FHAA B4 wjA]Et g WSS 4% £ e A
ol gl Mt v} Pol OFDMoM = Y 573 &
S35 ST HAslel vhAjo) wet block typert comb
typel 2 FEE 4 Y}, Comb type?] F¢ YT uj
29| ate} okt Ma ol AA|=lo] 9lan] AW AR}
o upet BARS F7HA AEE 243t slct. 19
U A% 5§ SHA kgt 3td3 Ae £40] F
o, Agtdow Juo vleste] B WAL A
= FA0) FHEe %S 2ol otk

- Block type2 comb typei} ge| HEo] ©7F Ailo]
oA got F27t Idskn gaa ggol 71 g
wasP, Adel B4 vt mEA §Eg FHe o
xstA] Eshe o] BT ¢ AUt b A¥
Ad S0 wet dAY AL F7)8 2YSALY ©z
g ool oy, 28y U3l F71E EolAU
HE fdS YEHE AR ol Ad 80| wolz
2, dloly 7oA 44 A% W9 F3E =
Agsto] Bl A}l #7188 AABLL dlolE AFES

Subearrier
Index

Y

OFDM Symbol Time

TR
[] elolel 2

ao LIR30 o3t FRSe
£ Sap| =B

a8 4. Sl oy I S5 :
Fig. 4. Pilot arrangement and equalization,

AT 4 ok 39 4k AAE Befel block type
o) HY3 FEEH, tlojg FR kM9 53t 33
3 27k Wy RolFT A

I 49) A FAoA dlolg 7k W9 3P| A
& A0S o3 24 A3k a9 proportional $3F o
1ejEE AL3AcHo-101. 24 A3 W] g3l
slowly time—varying #J'@ollA] preamble®] Zo|E 3
A3NBHHA BEHCR AEE AT = oY, =&
2 oot HAE A Al uet 531 ol I¢
H,

Proportional F87|= 43¢ ¢d¥ RLS
(Recursive Least Squares) P22 Thg9] 4|3} 7o)
SEY AsE 298 Wit

)= o=+l 3 - =10 )
AG—1,%)

= (1- W= 1,k}+gRU_w

o704 €,k AR OFDM B8¢) kil £49
S3A7] Ao, AG-LR% R(-Lk)= 242 A A
Wit 4l Adolry, 5317 Ak ol wiek o] Aol
Pt AAEE 9, wt 0oA o) S8 ALt
27 glo] U2 o Ao HgHErt 2] BTN
pe 12 H3E 4 9lom, o LS (Least Squares) ¥
Aap FUE e} g} A4 Booi= 03t 1xle]9]
oz ARED, Agyoeg 587 Aot o] 537
Ae, 27 A A 9 4 Ao 93 f=gt

RLS ¢neiE =Zel auo) gy, dd =F
2 FZES Z 3| AslA] X ¢ Ut} gty 3
7HAR 1 £A47)15E 370l AMgsle] =& 4=
EE BRI EN s MR & k. & BR o
olglof wol e mZe] Ao ojh A4 3 JEE
Hro Y322 B RN 5379 Hes

A7 4 Sk

3.2. BRI FH2

Y coherent AlAgME Haristel A3t
o] R A4A9] UL UA% A5 ASIE 2T
F Ack A @), @ollH BEo] e AL o]
he B dols] AL BE RAdd 5T U3k
2 H4Eo, 3593l (CPE :
Error)2tale 3},

A% AT A Ad Sl QA= B4l

Common Phase



2 9A) 24 A8E §3 £28 ¢+ IO Fae 99
o AR AS AGKe F8 AT Yl o)
gradient A& HE31H jHA OFDM 59| HaF ¢
Aofle] 734l date|Ee oS Z2o) f=E 4 Utk

B(j) = #(j-1)— gv,,[mgq
=2(j-1)- (i)
=(j-1)~- aEiﬁ{A Gk Y'GR ©
=0G=1)~ag; X (eG4 Y G

= #(j—1)}— a%:fnjl [Fr{ 4tk ¥ (ke xi)}]

1= step

(N>Z)

47}ol X E[]= ensemble ¥t AiA}o|n, Imf-=
imaginary $-2& Yehi1, *&= B4 conjugates 9
ojdtcl o= A FABRY loop filter gain® 2 AJA
g 2o et Aghe] APt Yol jHA EE4
t3t MSE (Mean Square Error)Q] gradient g(j)=
FFT 7| We] BE VIS Haste 8 gl ¥
Tl Akl e S FFT 27] Noj v]#s}
25k, Noj & 39 4] (6)9] o9} gojHe} o] LY
o] AR Yot e e ggsto sy At St
2 Y + U4 FFYoR Fulg T3|9} YAl
FH32F AYS T3 A4 o3t A

G, B =[(l—,u)C(j—1,k)+pj‘%§£.k%]e—m.a @

Aoz Pasielele A olF vt &
OB A S B 4 0B, lEt 3
WEHA) G2 A WRelAE B4 A WA 3
Ae) 48 AcsUA ASE BaHY 5 ok 2
s HRele 482 5|8 A depe)
FHEE B2 oo

R(ja’k) | Equalization Yo.0 Decision EA(j,k)
N CG.1 N N

Loop filtering

38 5. FI SHDI9) AR K29 A8t PE
Fig. 5. Combined structure of frequency equalizer with phase
error tracking loop.

Block Type TR HRIE X282t OFDM ALARIC| SBE 7RO 117

IV, A[2zopd Zdat

£ Aggoldollq g 11 37 e BAL A
A 2 Hgat@qon, A4 Ase] Y=L 1kHz
2 Qanh. Rutguke] A N2 1282 Asigien,
olF 100709 FRkss A dS BE g o} gk o}
HAle 7P fRkE F90d AlEdelAd 5 A
29| 2ol 30msE 23R grerhe ARG K
TR N/ALR A5Gt Ad 29 H A
(interleaving) 2 &3] Al2|e A5E 2A AE +
devt, Fafe T3V Y 329 dF ANE
ERI8L7] 93 Ao FEHo|ER B AEYo| oAM=
F7HQL Al B4 7152 viAsk

Y 62 =F8 Fu (fd)7F 0.02HzE wfe]
16QAM (Quadrature Amplitude Modulation) AlE 4
BEE B9 ). 39 6la)= 48 block type
o] 53 ZAA=H, S3P) BA A HE el £33
28 SAA7IA @3, odRe 3 F33 S8 A
= IUE dojg 7o NS He9 Jwol
o 2% éb)e Hasidodalel BRglel Fule 55
whe A83 A2 T el Qo= 3t A4




118  H==EEEK) AR5H HEE (2006)

32 6. 16QAM-OFDMS] 4= MAIE (SNR=18dB, fd=0.02Hz)

{a) 1=0, c=0 (b) p=0.2, =0 {c) u=0.2, 0=0.3

Fig. 6. Signal constellations of 16QAM-OFDM (SNR=18dB,

fd=0.02Hz).
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