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Performance Analysis on Multipath Fading Channel Equalization
in a Generalized Filter Bank Based OFDM System
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ABSTRACT

A novel decision-feedback equalization technique for a generalized filter bank based orthogonal frequency
division multiplexing data transmission system operating in a frequency selective multipath fading channel is
presented in this paper. At the cost of relatively increased computational complexity in comparison to the
conventional OFDM systems, the proposed system achieves a better performance in terms of bit error rates. The
simulation results confirm of superiority and robustness of our method, particularly, in the low SNR channel

environments.

I.ME

OFDM Al ¥4 LAN|} ti<id ks
e 3 341 Sgolld] A Apgsm e
ol AlEd HelZHlA] uho] wjs Fa £&
HelZAA] wie] B kA S /A 7l o
olrt. dlE Eo] OFDM A|2gle Fuj Alels
Helgel FA A Foizl Bl Fope iy
L& Bl AgHoE 4% F glod, xi &3
T cyclic prefix)e} 7bddt 1-#ie] B3| E A}
g3}  Halhdzl  2MA(inter-channel interference:
ICH3 A7k 7RAl(inter-symbol  interference: ISI)
& FaHe g AAY 5 ol

gy &8 350 ARES dioly] bl
Folzl tdEe] odRE Lwsld HA godEFg
#g31A]) F3MA 3= el elok Sun¥ Tong
ol2ldt +& AHFFE AR U508 M dlolE]
Aol AA HEE-E AHgsl= DFE 7]k
OFDM A|~d& Akt o] sidelxie 7129
OFDM Al4Hlz} whe] ICI % ISIZF 441 A1 Z o)A
AA=RA] ¢kx dolgleni ol DFE 7|y 23
AAF} zeiv FFT gE] wi=as] Folg A0
7; ol3led olF 7ol 3] AAE & guvt
17118}

whde] Bl 71 Zele) Wiz WS AH3l= o
ubdQl "e] Wiz AaRle] 739 FFTe} Blasled

* HEEty AxRA RFEy vic]e] Al PA(thilbong @cholliannet),  ** HEchsbw H=}A ¥ 23+ (wave @moak.chonbuk.ac.kr)

=FWF 0 010112-0522, A5UA} 2001 59 22

A 3 2Aled 74 http:/fzion.chonbuk.ac kr

¥ P RS 2000 HREAY 7|27l 2% A7 Aot

1841



T2 EAER =54 '01-11 Vol26 No.l1A

4 y(1)

i=0

O

3
|
T
|
T
{
1
:
|
|
]
|
|
T

PR < R
FT ' max ‘{ ‘T C+(N —])Ts
— Cyclic Prefix ~ —| ¢ b Suffix ]
a8 1. gukAal OFDM A|Agle] 441 A1E
o}l St Fol BAE AR gleng o)y o] HEY F7|2 N2 AEe] Hejzck A

T e woh Eddez AR 4 b
IOy =gollxls duksle B Wag A
B3] TR OF Ud A2AE A A2
DFE 7jute] 53 714& ARl 21 A58 7]
Zo] OFDM Al=d3} vlwslgict

I. O ghamt AlAH T

1. 7I1E2] OFDM Alag)

i) OFDM A4 Alzbol NAAe] A s,()
S35k Qukgel OFDM Alxdle) 441 A5 w2l
& oest .

Zmn(t iT)
x(1) = ZZs (e M p(t—iT)
fx —oo n={ (1)
oi7]4 T OFDM 4de] 7], T A& F71,
YT Alade] AMESe A gigZen], Uik

Q] OFDM AJAElA T, =Tpelt). BE T2+ ¢
g AE 47 6 W, T=(N+GTela, pos=
OFDM AlHel| W&k A2 shaping DEfolch

ole} Ze- ATyt dlY FHERVF e A Ad
2 Agd o, #4 A5 vy o o) 3¥E
= 3k

d
= At —T.)+
() ;a,< )x(t—1,)+n(t) @

7)ol Oy jHA AR Ba 3R Aol
1= oA A2 A A7) a@)s additive w4
7HEARE ARgeleh AlZlE TAIZE Bl Ts

1842

OFDM Aldol 49} ks W& 3h& yii) = y(T+
c+kT), k=0,1,..,N;- 12 Jehd 4 glony o
714 c= OFDM APHel Az} Aztezie] A&
AES Hzke AR Azkelct

a3 18 4l Alze] moky AEEEE A
Bo3Fw 9Jch o714 FTi= shaping H-~o el
AZtelet

o714 YO = YoDysy Yy
s gk s TE Az e He) A

A7} To?t TREF Atha 7138 o, ches) o)
EIE 5 g0k

s(i) = (5,(1),...,

y(i) =H"" ()s()) + H” (s 1) +n() 3)
047]/(_] H(m)(i) = (C(m) (i)E(m)) Oi 01:11 o] 7}—3—&"

C™ (e C" = 7 ()=, (T +c+kT,)p(mT +c

+kT, — r)O]E‘ E™e ¢ o e —exp[]2n'(mT

+e=T)n/(NT;)] - Fe ¥V o Fen =explj2mnk

KNT, ITOVNT, T, o) sy qa22

2. B%57} 9= DFT 718t OFDM Al2H
ST AR kg 73l $19] dubd
Qd A2g) 2dg a2 ARE S Qlck ) RS
Tkl YlenZ c=00]w, T=NT2 FA7 ¥
gek obs AR S Azl FAe] deuvx
Z ISI % ICIP} #hAglct

2t7} 7)Ale.

3. HMitE T W3 7|8t OFDM AlAH



=/ dukste "e| W=2E A4 OFDM Aagdiye] o A2 deld Ad F3br] A% 84

¥ @ =H" (D)s( —m)

SomT +c—1), (iT +¢)

H"(i)=

SomT +c+T,—7)e,GT +c +T,)

SimT +c~7)o, (iT +¢)
JimT +c+T,~1)o, (iT +¢+T,)

folmT +c+(N, =T, =7,)a,(iT +c +(N,

Sya(mT +c—1)0,GT +¢)
Sva(mT +c+T, —1)0,(iT +c+T,)

o fuamT +c+(N,

—1)T, 7,004, T +c + (N,

~DT,) f,(nT +c+(N, =DT, 7,5, iT +c + (N,

-D7,)

OFDM A& Zol9] 2u} oji}e] Aol& P&
9y gz 739 dus o5 A OFDM A
2dle] $41 A3 2de g 2ol

oo N-1

)=, Y 5, () f, ¢ —iT)

j=—oo n=0

- (—1)‘7:
£, ()= py(t)cos ”('H-OS)(F_E;V__I)_ )

7]l poe A 54¢ 7w ¥ e
o gT9| Zeo]& 7Ktk 1§ 2+ goll ©& dH
vl=e] Fulr BAE RAFT glvk orlerie
Ad A7E 169 7S 0 apd gele) =7] $%
S FAIEE Flolck DFTY H wg ¥eodo] -13dB
Axe) ubd g =291 He| w=9] 7¢- -23dB, g =
49) 790l -30dB HE7HA| Holxlct

o] Alxd] w3t BE F7hg AMESIA] dert 4
@9} #2 o A2 e F8) A= FAaH
AZE ohgF zo] P 5 9t

Or— —— DFT
g=2
N g=4
20+ ! o
“1“
!JK\ : Y ¥ . \’r" i
-40 h o . \w‘,\,r Syt i _ i
I A T
[ i : N b
[ \’, . ! e B
60 1 . li by
| #
P, i b ! L
0 0.5 1 1.5

a8 2. 9 Wz Fo 54

o N-i

)= ZZZS () f,(t=iT - ), (t) + n(t) ©
A A A7k AEE A Als
=3 7}

»()= o

-m)f,(mT +c+kT 7))

d g N~
n=3 33 s
j=1 m=0 n=0
(T +c

+kT,)+ n(iT +c +kT,) )]

mARA S A HE] s -myo] miA A
2E F3lo] A A1 Al FE 9% vUO
Axks 1— #d H'O = A @9} o] mJF
ek ¥, 7 AR $4 ABE BF Ol
- AR 41 A ] s - mo) iR A A
kol AE) 54 24 1E yi)ol 7198k %% y™0)
£ y"@) = H™()s(i - ;)22 AR 4 <Qleh 97)
A g HPOe ™ o ILH™ og Auig 4

glom 7t Qi BYWO=ZL,f,(mT+c+kT, -1,

a(iT +c+kT,) olc}, whebr] 441 WE y()& the
s} o] #8¥ 5 9k

oh‘,

b

N~

(.)= H(m) ._ + »
yG@ go s(i —m)+n(i) ®

. S8 A

1. ggtsol OFDM AlAg

o Az Hd Ad ARt Twekh & HET
748 AH43F OFDM A Adofxje o]d Alde] o
3 b3 Adl 4 glen welx AEgd 4

1843



FZEAE 3 =E4] "01-11 Vol.26 No.l1A

A AzE yi) = H2%0)sG) + n()7} e}, o] A

gl 78 ke AT 199 58] AS
& Wil Wil A5 AEF HU) Sl

Azzre FHOWLL. of eizolry,

2. B2t 9= DFT Zigt OFDM A[AE]

b THE Aty 7REgle vz, B3)E
AR s@ol UF 4 AF 2D oI 2 A
A mlz=w)  Z3)7)(decision feedback equalizer:
DFE)el| 2 & + gk

z()=F,()y(@)-B, )y -1)
F,() =HY"(HHCGHH™ () +0’D™
B, () =F,()H" (i) ©)

o714 (i) Al AA Wi, Foi)e feed-forward
geje] A, z2]a B feedback Tele] A4
olch

3. HieHEl HE| W3 I8t OFDM AlAH]

ouisisEl el W=z J o Ad A4 Axd
o= $A1 AlET) 2 AR olAke] o)z Hoht
A 7] ZHAe] whAde). 19 32 g=29 A%
F 2o vk ge] shie] Ad AR sOHE
b H8 y() 2 yG+1) F A HEE 3
Hallop sh=d], o] Aol 27 204 e wie}
v AR s(i-2), s(i-1), s(), s+ 1) F i A
F AL o] Ao Uk 7A@ FAel
Zagh yoi)o yi + 1) o3 ik

YO =H@s()+H" ()s - 1)
+H? (i)s(i —2) +n(i)
yi+1) =H® G +Ds@i+1) + H G + Ds(i)

+H G+ D=1 +n(i+1) (19)

oA Al AME b3l Bislinie E
o], &3} 7o feed-forward % feedback HE]S
AAE 5 ek

y'(O) =y -H" (3G -1)-H? ()5 - 2)
Yi+D)=y(i+)-HPGE+ DS -1 (1

o)% Huz Fol Ty vheat ok

1844

~ v

-2T -T 0 Tmax T 2T 3r

2] 3. OFDM 41413 (g=2)

{y'(i) { y® | [ H°»)  H®G]86-1
YG@+D] |yG+d] {H?G+D 0 |8¢-2] (12)

s =s gtz 7Rdsbd (10), (11) Ao2¥e o}e
3} 7o} 2 4= gk

¥' (i) = H” ()s(i) + n(i)
VE+D=H20+DsG+1)+H"G +1s() +nG +1)

A Ae ddz mdsd

Yo | (] ) H®G@ | . n(t)
l:y'(i+1)}—|:H‘°’(i+1):|s(l+1)+[H“’(i+1) s+ n(+1)

3 0 H @) si+b] | nG)
TH G+ BOG+D| s@) | (nG+n| (13

ojtl. olF wle}oz feed-forward HE]Q Fo()) &
b33 o] - S girk

[Z(ii(:)l)} =F°(i){y’y(i(i)l>} (14)
17141
F,()=H ()HOH' () +0°1)’
HO= [H“’)((]i +1) HI;I”“();(?I)}

feedback e Bi()e} I A 318 nalst
o ohg Ala) ok

[z(f Jfl)]=Fo(i) [ Yo }—B.(i){f(f'_l)]
z(i) y(i+1) s(i—-2)] (15)

3714 Bi)E



=¥/ st ge] w3 4838 OFDM Alxglex o] thg A2 deld Ad 537 4% 24

N H(l)(i) H(l)(i)
B](t)—[ﬂ‘z’(iﬂ) 0

y( 2(i+1)
y(i+1) z! +

- F o(f)

B

2% 4. yuisEl gE = 7|4F OFDM $41719] DFE 5
A & (g=2)

olc}.
I3 4 g=29 Wl "E] W= s
OFDM 4x17]¢] DFE F%& ¥ej371 9ok

V. &8 2o

A 3 AR A SR A2"le] S3h] A
5 BlZE 9lste] =] AjS AAEIcE 5
ol Ad 7L o2} 2

OFDM Al¥ &7} T=12us, ¥Ad 715 N=16
o2 sgnk =3k 47429 HdE BEE =
4 Adg AMste, 7 AR Al A7k 0,
0.02, 005, 0.1 ms, 7} # 2o HF v Z2]
£ 05, 025, 0.15, 0.1= s}k 100742] OFDM
Abdo] x3hEl 7|7F Feke Ade] WFslA] W
i 7HAsl T B5 50,000709] AlHe Hpsig]
t} A4 Alge 8-PSKE 1z 3lgich

1. Yuixel OFDM AlAH]
c=04ms, N;=N, Ty=T.=005uss 3}l o]
shaping 2= 2] (16)3] 2k

1, BIWSISUW
pty= l—sinw 2.05:<£— or L<r<1f—li
B wow w
0, elsewhere (16)

o7]ell4] B=0.2, W=5/6 MHzE. 3}5ich

2. B&77t gl= DFT 2|2t OFDM AlAH
c=0ms, N;=2N, T;=0075ms, T;=T;/2=
0.0375 ms 2. 3} 31, shaping B2+ 4] (16)34 o)

3. Motel e W3 Jjgk OFDM AlAE

c=0ms, Ny=2N, T;=0075ms, T,=0.0375ms
224 H317lo] ¢l DFT 7|8k OFDM AlAH
9] 759} zr} shaping "2 AR WSk,
g=2< A N3 22 ¥y e po(n e A3l
=3

| @IT+Dr
po(t)={zsm( 4N ]

0 elsewhere an -

0<r<2r

a8 5% AY Z3}E SNRe| k& BERZ o]
F5L gtk el B 4 glRe] B3 ks A}
4317 %43 DFEE AM83 DFT 74l OFDM 4|
2®le oubdel OFDM A|Adlxc} BERo] 7+
ul SNR "ellX 8dB AHES] A% AH3E 7L
ok wbd, Aoks Az ge wim 27k ol A
W A2yl 7)) OFDM Alxdlvc) djZ 2dB
Axo) 5 el slsdek

¥ 62 13 SellMuc) 2ufe] HZElg doe
e} Azjelr}. 71€2| OFDM A|~le] 74 N, =
2N, T, =0.025 us7} ==, DFEE A3k ¥ A]_/_’\_
ele] 79 N,=4N, T,=0.0375us7} ) oW A
Z3o} A7 A<l BERY A% 3ol e
v Az 7E) e Aol vlsshA dehdok

a7 7L AljkE A xRlelA] g =291 99} g=
49l 7J$-2 DFE& Al43%F DFT 78} OFDM A|~
g = D3} v)asjd Aojck g=42] A, €Y
Bl vhe-g ARgstget.

n(2t/T+1)
Po) = {V N [“’s”(" co [TH
0,

4714 BO & oyt Rk

1
0.1 . ;:'\

, 0<t<4T
elsewhere (18)

o
L
- —=— DFT with CP \\
0.01 J [ K
| ——DFT with DFE ‘\ I 1
—o-generahzed FB (g-2) ‘ ‘ ‘
L S — ] \
0.001 !
0 5 10 15 20 25
SNR (dB)

gl 5. A2¥ BER A% H@

1845



FTEAIS =52 '01-11 Vol.26 No.l11A

01

BER

S R
0.01 | —=—DFT with CP
| —s— DFT with DFE
|
—e—generalized FB (g=2) }
! 1

0.001

0 5 10 15 20 25
SNR (dB)

2] 6, 29 oversamplingA|9] A5 BlaL

o "
; \
oot | [ -#—DFTwimDFE@=1) | Q»
—— generalized FB (g=2) j
| —e—generalized FB (g=4) ‘
0.001 b1 [
0 5 10 15 20 25
SNR (dB)

o 7. =@e B3 A gell wE A wla

Yu + (@ =4y NIQRT(N -1)) for0<t<T
Yy (T =47, ))RT -)IQT(N-1)) for T <t < 2T
Yy + (47, e =2T)/(2T(N -1)) for 2T <t <3T
Yy + (T =4y, AT =) /2T(N -1)) for 3T <t < 4T

B =

~0.00032084024272 8" +0.01619976915653N
where y,, =0.4717+ ¢ *

Xe ~0.39479347799199N ~2.24633148545678

agolxie} zdo] g7l 42 ZAEE AG, g=29
79-8x} BER &9olld Alxd Ad5o] 4] ¥t
2%, Sple] Aol Wel A A% goll Sfated Al
e Bee & % ek

V.2 8

2 mFdiiE tiE Ad Held Aide] %S
AAs)7] 913 Aduialsl de] wi= 718k OFDM A
"o Z3l] T2 Ak

Azele] Bate Smex Alwnw, s kb
A28l e 7)&e] oJukalql OFDM A glo)n, DFE
£ 283} DFT 7|4t OFDM A|Ade] 1¥c) Bt

1846

3l3, YubEel de| wiz 7)Hke] OFDM A AEl-e
g el Aol & a1 weje] o)t Fofuhrn
2 AL a780] 7P gollch

e gEE 8% SgolMe 7|Ee] dubkH
Q! OFDM A|2#le 2 Aol AM83E Zolo] &
3 AHFRE A S 66.7%° 1, DFEE AL
g F Ajadle] ol 25 100% 9k

ol& Zglsle] Bml B EFolA Algkgt Alxw]
] 7128 OFDM Al2He) H]gfo] thi AlAlgko]
e el e by, Y& SNR #Aox9]
BER ¥ Falg o4 #& Zdod Hr} S8
B4 7R 9de-g o £ gk

[«3

o)

#1128

[1]1 J. P. Aldis, M. P. Althoff, and R. van Nee,
“Physical layer architecture and performance
in the WAND user trial system,” in Proc.
ACTS Mobile Summit 96, pp. 196-203,
Granada, Spain, Nov. 1996.

[21 1. A. C. Bingham, “Multicarrier modulation
for data transmission: an idea whose time has
come,” IEEE Comm. Mag., pp. 5-14, May
1990.

[31 D. Dardari, V. Tralli, “High-speed indoor
wireless communications at 60 GHz with
coded OFDM,” IEEE Transactions on Comm.,
vol. 47, no. 11, November 1999,

[4] O. Edfors, M. Sandell, J.-J. van de Beek, D.
Landstrom, F. Sjoberg, “An introduction to
orthogonal frequency-division multiplexing,”
Research Report TULEA 1996:16, Lulea
University of Technology, Sep. 1996.

[51 H. Steendam, M. Moeneclaey, “Analysis and
optimization of the performance of OFDM on
frequency-selective  time-selective  fading
channels,” IEEE Trans. on Comm., vol.47,
no.12, pp.1811-1819, Dec. 1999.

[6] Yi Sun, Lang Tong, “Channel equalization for
wireless OFDM Systems with ICI and ISL”
Proceedings of the 1999 IEEE International
Conference on Communications, vol.1, pp.
182-186, 6 June 1999.

[7Y T. S. Rappaport, Wireless Communications:
Principles & Practice, Prentice Hall, Upper



=8/ diate gy W28 A4 OFDM Aj2dolde) o A2 deiy A3 F3br) 4% B4

Saddle River, New Jersey, 1996.

[8] L. Vandendorpe, J. Louveaux, B. Maison, A.
Chevreuil, “About the asymptotic performance
of MMSE MIMO DFE for filter-bank based
multicarrier transmission,” IEEE Trans. on
Comm., vol. 47, no. 10, pp. 1472-1475, Oct.
1999.

[91 P. P. Vaidyanathan, Multirate Systems and
Filter Banks, Prentice Hall, Englewood Cliffs,
New Jersey, 1992.

[10] R. A. Gopinath and C. S. Burrus, “On
cosine-modulated wavelet orthonormal bases,”
CML TR-92-6, Mar. 1992.

[11] R. A. Gopinath and C. S. Burrus, “Wavelet
transforms and filter banks,” CML TR-91-20,
Sep. 1991.

[12] A. Kirac, P. P. Vaidyanathan, “Theory and
design of optimum FIR compaction filters,”
IEEE Trans. on Signal Processing, Special
Issue on Theory and Application of Filter
Banks and Wavelet Transforms, vol. 46, pp.
903-919, April 1998.

g} el $(Tae-yoon Park) 3]
19951 2% : AEdista
AR 24
1998 2% : HBoidtxw
ZA3Fel-gata) At
1998+ 349 ~&A) : M ¥ofst
AFE T} Al

A
P
i
>
i
R
o

F A2, deluir]e] F4

#| Z§ Z(Jae-ho Choi) 3]
1985\ : 2o Etot TR
3t gt &4
19881 : vl geteut TR
o gt g AL
19931 : s Eelol} F
. e I

1990 ~19931d : wj=t glijx|EnjolefF adFAi A&
H3a dTAE d7d

1999~2001 : AH¥efgta  RFeiFar AT
i

199413 ~ @A : HEofshr AR LFsy- g

<Z4] Bol EAlAIEAE], "Heln|tje}Ea

1847



