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Abstract

Based on this article, I have analyzed the OFDM system which applies three types of equalizer
forms in the two—path channel of the microwave baseband. The Two-path channel of microwave
baseband had been simulated through the Rummler channel.

In the Two-path channel, the OFDM system which has three forms of equalizer has been
analyzed and the result is, equalizer 1-tab has great improvement in efficiency compared with
Pre-FFT 11-tab which has noise power ratio less than 18dB. On the contrary, if the symbol energy
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to the noise ratio is more than 18dB. the equalizer which applies Pre-FFT 11-tab has greater

efficiency compared to the equalizer which applies 1-tab frequency.

Last but not least, the OFDM system which applies Dual equalizer has better efficiency

compared to the system which has 1-tab frequency and equalizer which applies Pre-FFT 11-tab.

» Keyword : OFDM, Equalizer, AWGN, Fading, S317|, Ho|<!

.M E

FEohe FE BN 89} okt HH ujsg) o] o)
Soldel maEtd B Mulas OAY 9 gl ud Ay
25 Y82 3 HAck oldt B B 87 2AE W
Z317] st WE AdT uF whutE o) 23 ae 54
WAl weksH =92, OFDM (Orthogonal Frequency
Division Multiplexing) A% W2lo] 714 de] d2id v5
gkt Al2wle] shfolti(l, 2).

£ =FXe AWGN (Additive White Gaussian
Noise)# o], ZE]T 4 - s3leke] ukdsl B7] ex12 Q)
3 BAske Fog 2 mAlo] 9fgfo) AlA”] Aol Fe JF
& Ak, Fulg njdey 2 Jey Hold AiddM B
7] 7IHE A4% OFDMA 29 %S B8 (3, 4)

B =Ee 5F0E THEeH Al 1 3 MEd] olo] A 2
FoMe OFDM 4 - $49e 7887 ) g 712g
2] g o]&& Andlt} A 3 Alde A BAL A8 AL
3k T3l o AdwEginh £ =RdME di9
training sequence & pilot sym bol°] 2323 blind
e ¥ Sarlolt). B =8olMe FEE Fuke
1-¥ A% 8], Pre-FFT 11-9 A¢ 53] a8z 5
531 WAl AR Dual 3¢ 5370}

Al 4 BelME Fo H9A wolg ndg nlo)zzs}
A% 3] R A= de] A5 Rummler Ad 29
< 4385, o] AdE o847 Two-path THEAE o]
9 S =]lste Z2be st AlBdold g £33
g AWGN, W9t g 224 t}574=2 Ho|go
EAste EAA 8F 71 2 g4 7ML ol &3t
o OFDM Al=89] 4% $43ch

opAlgo 2 53 e nlel22n tige] Tow-path
4 239 738 Dual A8 58718 #43 OFDM Al
28] Ay B4 498 Edz 488 den

t

Il. OFDM A|AH

OFDM ®4& HEZAlH 14 Flo @8 (FFT :
Fast Fourier Transform) €x2|&& AM4stnz 3|29
TEE A & 4 A3, =F OFDM A5t HelHE ¥E
gl AEshe EAS 7N RE g wigT) v ¥e
AE EE 7R B2 Q8 Zhzte] B Ald 4lse JUg &
A& 7FA Hol 14 AFAldE HAg F ukgae] sl
£ MYsled F34 ¥)H9A (Frequency Non-Selective)
Fojgde] d¢& A=F TE & 3o 21 B3 S
Al 98] B3 77 do] B} AA Alzke] 2 A4
23l 95 HAIS= ISI (Inter-Symbol Interference) |
dae 43 AA & F sivke FHo| glemz FH2
IEEE 802.11a ¥ HIPERLAN/2 WLAN (Wireless
LAN) E&<MIME OFDM #2je] A= ATH5, 6).

OFDM Ag¥ae Ade] ~dEy 84S Iz
sl F AE ol WASHA| F=E §F AT A
& FAsl AEsfok sk Aol AU Apgtelct. et
n&HolEE AFr] HalMe Bz Jdg Ade
ALEE Hol AAAR] AE Y EE nEA W Foky
A FHolg @do] BAEA B}, o] Fukg Hdd o
9 A E Aigo] A A2l A At dA
A "ot oled A% AsE HAE] Hsled OFDM A
S Ms ARIEY HAdEd 8 RETHGuard
Interval)S AHdeke W o A9A Hold AdeEe
B 9g 5371, A ollefel Hrt ZeiA AR A5E
&4 2 B8] A8 ez 9 Ad 29 5o U
& 7S A gslo] AA2Ele deAEE Bdshl "ot
(7, 8).

a2y, OFDM A2l e there] 7 uigse AMg3)
A HER 4§ FATA B2 9 Bz ALY vhate)
Fatert B LREA P A 9o vEat P
Hjslo] ojele] F7kgo] FolriAl ®r}. oldt widsl T3t
F9| 22t 12|51 Ho[Ee] AlF AR FE3] 2R B3l




ato} 225} he Two-path AQEANM ALY Dual ALEI7E AL OFDMY A%FEM 59

LRBkE AIRFE7] 93 B2 OFDME] E43) Adsied 4
74 geAate] agle] Ha Yrk9).

sEdME Ad §F AL B3] ) AR E
9] 1_1 3 5318 AL A7 el Aed S35
I 1-9 A 5371, Pre-FFT 11-9) 3¢ S3]9}
3718 233ted AME3 Dual -2 S3b7]olth. UukA
Ble] 28 53l 28 194 VERIITHI0, 11).
S A2 NS AT HHe AS WEE
—'—‘6]—0-‘] H.*"EH = odg ‘}E]- N;ﬂz—]__i__ J_]z-l 21]/\ ul
HE 78] Haiat wkEA<l (iterative procedure) 78S

L
¥

i

e i
e Mo

oft of

FE ARG 7P 3 B 7Pe a3 20 vl A
3 Zo] 4eje 7] AlF
ke W

Y ¢ (£9] ¢y #3holAM Al

Apetel 74718 e A8,

s

cn

VN
Con =6, +Ae)y(x) A

e(x)=y(x)~z(x)

02
T K+ ()

I3 1. X8 M3 5ap| 2He| of
Fig. 1. Example of Adaptive Linear Equalizer

AF e 4 ()3 o] ®@dr}

A (DM Aol Hazke 74 W7 98 g
Al coll diel S HaE 2] (2)¢ 2o

de’*(t)

.

el chtt kT)] y(t—nT)

=— 26(t)y(t—nT)

dcn (t) d62 (t)
gt — A an ................................... (3)
e, g3 2E 271 A% B9 3H AsE S
& 4 gk
de,, (t)
7 =2A€( )y(t—nT) ............................ (4)
t
Cnit) (t0)+Af E(T)y(T-—nT)dq- .........
tO
............................................................................... (5)
0.2
g A=
@M+1)y*(t)
714, Ae ¥HEA £32 9% step-sizeol e} et

njEjo|th, ¥hE 7| MelM BAE £8S Qe AY
gow ze =y)e] % e Ada &9 71er] dEe
4 (zero)2 2 s €}

<

Initial guess

T 2. 7180] LnakEe) £ S of

€

Fig. 2. Example of the Convergence Characteristics of a

Gradiant Algorithm
2

31 Fu=r -8 Mg SEVI
°ld

Foia AdA # 2739 M OFDM Al &9 & vzt



60  WEEFEBREE HGE(2009. 7))

S R Fog vHay JEg BT A0
Zyzte] B ukgslso] v wlojqd EAL dEAA HeEz
Far JPH 0T e wolde] Ggg wie E ukbn)
EAE ¢ Ut o]H ASole 2 B oAde Agde F
HelolElE Bdap] faide 39 7 1 gy
F9el B dlole FEAM 1 B ahde dgete Fa
999 A so|d Asel I+ FAFA 9. OFDM
Azol e Z2te] B vl AsE0| FuUg BAS
7R Fo dhdy B A'd¥E TDL (Tapped
Delay Line) 729 1-§ 5371& AF$E &= git}. 29 3
ol OFDMeIA 9] Fa4= 1-9) A G319 g Bt

FFT

Yoll)=x(1)+n

raa %Y ..
/C.
= 6+ Be(R) Y1) ==
03¢

a0
QK+ Dy

Y2y (2)=x(2)+n

i
I/VC
e L
(
&

Z,(2)

D
elx)=yn(2)-2,,(2)

YV r——t Z,(N)

PO
(2K +1)y'(x)

T3 3. Ful Clls Me sap) og
Fig. 3. Frequency 1-Tap Adaptive Equalizer

FANE g, (n) & B2E 482 4 (6)3 Lo] e

A7A, me 49 Ada ne AYY 4T Nz
ez, ki Fak GGolnle) ¥ wgstel dusg vehd
o 4 ()€ Ao thest 2ol Yekd & gk

o, H, (k)& Adel F3¢ $goln D, (k)& 7}
LA FeS ekt 53] 298¢ X, (k)3T 2 o
53719] 4248 thet 2] vehiH,

AFHTE HER sk T Are 4 (99 2
g gngFer 78 & Sk

Cpir (k)= Cp, (k) + pe,, (k) Vi () oo (9)

32 Pre-FFT 11-%Y

g 3|

OFDM Alz=gle] Aoz )88 Sl T3lrle e
= Fu 53719 Pre-FFT 5317] 271A19) de) & 2be
T o} AZe Farle] A 9He B AYs
B3 ol 2o} & "HolME Pre-FFT 11-9 22 53PS
So} Br}, 13 4 oA Pre-FFT 11-9 ¢ 379 72
£ vehlix ot a9 4 & B8 44 9%e] Pre-FFT
11-9 A% S3ple Fud v o 4% F3vl9 vlas)
A el IFFT 85 iyt o F7td B3 728 v
ez 2ok, Pre-FFT 11-9) 3¢ 5319 53] Ase
T o o] 53] Alee BT A (9)9) o] gt
¢ glrH12).

Zm*l
- +
%

Step Size

I8 4. Pre-FFT 118 XS 85| 2
Fig. 4. Pre-FFT 11-Tap Adaptive Equalizer

33 Dual ¥8 37|

Dual 3¢ 83P7)& $Ade] FFT £58 71822 43
Hell 247 Pre-FFT 11-9 2% S3l9 a5 1-8) 4
&% TENE ol 7 W9 538 Y3ke Felolth Dual
A& Tle F U9 S3E Yum uE Fee 53
o Mgl ¥ B3 /e & Aot 22iu T e §3



ol 223 9 Two-path ALBZ AN ML Dual ALE37E H&3 OFDMY

AeEH 61

71E W] ZLgdoz s Aade Ehw 2ol A
ot}
2% 5 94 Dual 24 5318 Uehiz ok

3% 5. Dual-type S S3p| 2
Fig. b. Dual Adaptive Equalizer

IV. Rummler &g 2l

4.1 Rummler zj'd =&

YAd nlo]a R} A PAoe 4 - FAULE Aold|
AR7ARIF EAt AR ty el Fgshte) =
Aste vlo|az gt ME Alxwle) B¢ gL 100 A
o B ghg 2T, oW gl7] 2ACME t7) S wha)
Hol eAlElE Adnrt S5l OEAR Ast dgsie
2 280 golAle A9l itk ©1% volags) giee)
Aol HeiAE Rummler’} $HEo1 Three-path 9=
do] £2 AMgE T gle}

Attenuation = f§
Delay =1,

A}
>
Main ray
ttenuation = a
Delay=1,

I8 6. Rummler2| Three-path 2 2
Fig. 6. Rummier’s Three-path channel Model

Rummler®] Three-path @2 de] thalt JH~ oo
< o33 o] FoFTH13, 14, 15).

h(t) = 8(t) + ad(t—m) + B8 (t—my) oo (10)

o, 7,3 7, Mol B el Sz el
Y A2 Aol
Ade] Foi5 $HISE 4 (1D)% 2o

Huw)=1+ae

A 2\=1
Hw)=1+a+ Be 77

$9) A& 4= Twopath 293 Ze Felo|nz
notch®] $1X17} wyold, thet o) Ade] Fui g5
FHg 4 Uk

Hw)=alt —be 77T o (13)

o, a=1+a°lz b=—73/(1+a)elth
A (13)F o83 A ~¥ELE F31H oy 2ot

AgAez 299 ke 7~ 1/(6B8)9 #47 B
£ 7R3 gitke Ao 48A gt g oM d¥gE B
7} 10MHzQ! 7% 7% 16(nsec] F&=Y &g 24 drt.

2 =M ool U 32 12 e AYIz AdA
2t 7 16(nsec) Sl 72l tal Ad2159] AE b} notch
Fajg} Hgksle AtelE Two-path AdE& 2d#3le]
A8

a9 7 & 2 =FA J831= Two-path Ade] g
HP2HEY UEE notch Fue} WAle] 78] Al

o2} ERf T

ofN

rr



62  WREHFEFEREE HLE(2009. 7))

T8 7. Two-path & BEe| TESE (notch Faps: 294
62504
Fig. 7. Amplitude Response of Two-path Channel
Model
(Interval of Notch Frequency : 62.504))

I¥ 82 HAE FHE AW 4 A5t B 2R A
€3 Two-path 49| B3} F A3 2dEy Ucg
Vel vt @37)A whatsle) 244 Al b & 0.92 24
3925, notch F9E 4418 A5 tge speuo)
¥ Hoe] Aol

I 8. Tworpath i R%lo] XESG
(HN A b = 0.9)
Fig. 8. Amplitude Response of Two-path Channel
Model (Attenuation Coefficient 1 0.9)

42 MEzo|M

¥ dolA ne{Elel A= A'dL Rummlers njo|z 2 g}
099 g 2938 A esgon, 348 A)2H0] PuE
<+ 10 ¥, 5 st S 160)a Holy ZaASE 0.9
gotdt $4L AEPt 29 9 ~ I 10 AXE vlolazm
# 99 Two-path AE BN AR gelo] 42¥

5218 B84 OFDM Alage ARss A% 248 U
Epin, 2 A%E va 2 HEstnzt g

2% 9¢ rlol2 23} d9 9] Two-path AdolM Ey/N,
7} 30 dBQ A -olA AFEE JeRd Aolt), Zhze) a3
o A A JA=E notch Faprol gl Aol %
A, A AR, vl ¥R AEE notch FoFAA 9% 14
S Bojhol m vebd A3 ojh. Tl 1-9 A
3719 4L 17 9-(0)olM FAF 5 A%o) Azl
ARSI} AN AEA R Pre-FRT 11-9 2L S317]9
vl A 53 €t ool v|af Pre-FFT 11-9 &8 53}
71 28 H@eN #AF F 1%e] Az HAAYEE
SR, AE AFLE Foe 1-tap E8100 Hle @A B
et 38 9-(e)olAe o5 539 Pre-FFT 581719
E70] 29 dual B¢ 5319 HALE Ve

28 10€ Twopath U3 A2 A #7504 Foks 1-
e A3 B39 Pre-FRT 11-8 3¢ S8lrig A4¢ 7
ol 28 4% Yeha ik Ay B4 49 Fukg 1-
9 2 537le 18 dB olstel A$olMe Pre-FFT 11-
o 2g Eaprld vieiM g A% A BEE R gl
1} 18 dB o]4e] H$oME Pre-FFT 11-8 2L S3p
7t & A% Hdo] o) Rl dusid, ¥ wRoA A
rehe 371 Blind $371°12.2 Detector Fate] A&
s A8 AT A greR B3] ASE BREA ot
gk Bg/Ny7t B 7ol Detector 39 Alzrt 22
B A8 Z35] Decision 7} 24sHA Bk a2z
2 ) Ade 25 29E UEo] der wag = 9l
o Faks -9 A8 B3le & oukge) miot 2hzte) 53
7] Al gl Er} o) Fo)AA Bk weF Decision o7}
B Hol Bx e AF Gulo|ES} olFolAd,
Decision of&7} &A%t F 3lbul who] of2)r} Lahgic)
IZA9 Pre-FFT 11-9 32 $37|& Decision &7}t
BAEA BohE ¥ ks R%7) o2y} A 4R gle
22 803 W dBXE Fis B8 55)7) Pre-FFT
11-9 Fsbrlol vl 324 Aed At

38 118 & =RoA Agshe ANE 53 728 2
t 39 3¢ S8 A48 B$ Pre-FFT 11-tap 53
719} 3 1-tap S8 wls) Bol g2 A% A 59
< 7HE ez

24 A7t 0.9¢ Two-path T AE Holg A &
73 OFDM AMzwld) wWal Hg ZE0E Agea,
Eg/Ny7t 18 dBolA] gole] B} shsdt SER = 10-5&
gA )



(d) Pre-FFT 11-9 A 53718 243

e T w s
(e) Dual A& 53|18 H&3 Ade

37 9. Two-path iz SN S3P7| T2lof e OFDM AlAE
Fig. 9. Constellation of OFDM System with Adaptive

Equalizer
under Two-path Channel Environment)

SER
P

Eg/N, [98]

23 10. Two-path *g SdollM Fnj4- 1-84 M2 Ssp|of
Pre-FFT 11-8 XS S5P18 X85t OFDM AlAE! M 84
Fig. 10. Performance Analysis of OFDM with Frequency
1-Tap Adaptive Equalizer and Pre-FFT 11-Tap Adaptive
Equalizer
under Tow-path Channel Environment

T t T 1
8 8 10 12 14 16 18

E¢N, [aB]

I8 11. Tow-path g 2ol AP IX| HEle] MS Ss7(2
g5 OFDM AAH Ms 24

Fig 11. Performance Analysis of OFDM with Three-types

Adaptive Equalizer under Tow-path Channel Environment

V.2 E

E =FdAE vlelags gidel Two-path Ad 8743t
oA AL 5378 ALE OFDM AlA8E 2Msgt) o)
olaz 1} )99 Two-path A'E-e Rummler Y 22

< B3 gl agint. =9 3% W Ve HE A
& 5371 OFDM Al2HloM 284 & gl Fapr 1-9)
A& 53719 Pre-FFT 11-9 8¢ %3] agn + 58}

o o
71& WAt AN Dual B¢ 87 Al 71/ Ag 2
V718 ALkt

ulo]Z 29 ) 2] Rummlerd Two-path Y 33314
Az='l e B4 dn Fog -9 AS S30|8 A4
B%E Eg/Ny7t 18 dB olulgl A% Ui g
Hul}l Al Pre-FFT 11-9 H$ E3ld vl &

o
9% IS AT & low, Wi AE gy i %

Job

o

X,
(o

ke

A7Y Eg/N,7} 18 dB °149% A$lE Pre-FFT 11-8)
AE TNE A& AlzFlo] ol 1-9 AL B
A 43 Aol HlE T A% o] o|RoiRE 1 &
& oie

SIS e i JEeR Fae 19 A4S SEd
Pre-FFT 11-9 #& 53715 B3l 243 Dual 2¢
T8 ALY Al A B0 EA A9l A



64  BBAFEFREE ®mUGE2009. 7))

A& FIANE AL A2l wg g A5 o] o7
e #UT + Ak

FF 47 WEoRe o /Y A T8 AT
712 A2Re] vjg] ¥ AeE FIAVIEE dale.

o

o

i

(1} O. Edfors, M. Sandell, J.-J. van de Beek, D.

“An introduction to
orthogonal frequency-division multiplexing,”
Research Report TULEA 1996, Division of Signal
Processing, Lulea University of Technology,
1996.

(2] J. A. C. Bingham, "Multicarrier modulation for

Landstrom and F. Sjoberg,

data transmission: An idea whose time has
come,” IEEE Commun. Magazine, vol. 28, no. 5,
pp. 5-15, May 1990.

(3] o]&z, |3, "WiFhl-m #Helq Ay Houig
A oS AF AT FFAFEHY R =T
A, Al 1178, A 5%, 195-201%, 2006 119

(4] o1#¥, o]z, " A Z Ho|g Aol Hello]
IS Al2" A ¥ 3=2FeR e g
=84, Al 1149, Al 3%, 271-279%, 2006 7€

(6] M. Alard and R. Lassalle,

modulation and

“Principles of
coding for digital
broadcasting for mobile receivers,” EUR
Review-Technical, vol. 224, pp. 168-190, Aug.
1987.
(6] Blahut, R. E., “Fast Algorithms for Digital Signal
Processing,” Addison-Wesley, 1985.
(7] S. Hara, M. Mouri, M. Okada, and N. Morinaga,
“Transmission

channel

performance  analysis  of
multicarrier modulation in frequency selective
fast Rayleigh fading channel,” Wireless Personal
Commun., Vol. 2, pp. 335-356, Jan.-Feb. 1996.

(8) Pommier D., and Wu Yi, “Interleaving or
spectrum-spreading in digital radio intended for
vehicles,” EBU Review-Technical Vol. 217, pp.
128-142, June 1986.

(9) T. Pollet, M. van Bladel and M. Moeneclaey,
“BER sensitivity of OFDM systems to carrier

frequency offset and Wiener phase noise,” IEEE

Trans. on Commun, Vol. 43, No. 2/3/4, pp.
191-193, Feb./Mar./Apr. 1995.

(10) N. Kataoka, R. Kohno
multi-carrier communication system,” Technical
Report of IEICE, SST 97-74, pp.1-6, Dec. 1997.
(in Japanese)

(11) Jeruchim, Michel C., Philip Balaban, and K.
Sam Shanmugan, “Simulation of Communication
Systems, New York,” Plenum Press, 1992.

{12) S. Armour, A. Nix and D. Bull, “Performance
analysis of a pre-FFT equaliser design for
DVB-T.,” IEEE Transactions on
Electronics, August 1999.

(13) W. D. Rummler, “A new selective fading model:
application to propagation data,” Bell System
Technical J., No. 5, pp. 1037-1071. May-June
1979.

(14) W. D. Rummler, “More on the multipath fading
channel model,” IEEE Trans. Communications,
Com-29, No. 3, pp. 346-352, Mar. 1981.

(15) W. D. Rummler et. al., “Multipath fading
channel models for microwave digital radio,”

: “Adaptive equalizer for

Consumer

IEEE Communication Magazine, 24, No. 11, pp.
30-42, Nov. 1986.

2 =Re SYTYARAAY 9eA7HAE B9l @

TEUEE ¢9Y

=
1990: d=7eied
A7) R ARz FERE
1999: meicigtn
ARZAFE FAL
2004: rzegista
ARBAFE FEa}
d A gt
ARG ZEE Fag
ok o)EEAAIAE, OFDM,
ARAE 0] F5AIA 2],




