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ABSTRACT

This paper proposes a scheme to track channel response in OFDM systems with null sub-carriers. The
proposed channel tracking scheme estimates the channel response first in the frequency domain by using the
decision directed data. The time domain channel estimation is then performed to remove additive white
Gaussian noise (AWGN) components further. Due to the channel estimation in the frequency domain, no
inverse matrix calculation is required in the time domain channel estimation. Computational reduction in the
proposed method is about 93%, compared with the conventional time domain channel estimation method. Mean
square error (MSE) and bit error rate (BER) performances are evaluated by using computer simulation. The
proposed method shows the same performance as that of the conventional time domain channel estimation

even though the significant computational reduction.

I. Introduction oot} gk A 33 ARt ule} WElng 4

A7le AEHeR Ad $5E F4(tracking) ok

F| ol OFDM< tl5 A2 Heo|d 374 2 gl 27le Ald 342 F3 AEE o83l 4
2= dlolg] AL wRrlog Algw 1 gltl. OFDM<: Pl o]F Ad F2-2 AR F=Kdirect decision)
A4 57 AskE fleiMe A S ARE HolelE 71 Al R AREsle] AldS TR

# o]FoizItl. OFDM 41719 A58 Ad 34

AR 20058 E o ohstal Wl Aol 93] A= 91-S(2005AA163)
skl A B EAFEs} Z 04 (hgjeon @deu.ac.kr)
= F CKICS2006-11-470, A4zl 12006% 119 24,  FHEF =40z} 120074 249 21

*

fit rfz

[

418

www.dbpia.co.kr



EE Null FaHshE 2

Zk= OFDM Al2~®lof| 4] wh=stEl A7kl Ad 324 wha

Swo] A F9EnE 25t Ad 4 2
°" oigh B 7ot AlsE ey,

A 4w Foll - Ql 7S least mean
square error (LMSE or LS) "3} minimum
mean square error (MMSE) H}]o] gltl. MMSE
Ad 22 wkle ATyl 55k Ade] =)
FAab qE ghEe] A 3EE mlE] A glefef
317] wftell AAl ARgell ofelgo] ik ool &
o LS We Aol A ARE o wast
3 =EZF maximum likelihood ¥FHoln -&3}7]
w9 J"?}'P’/]-. Av At Ad =S Sl
MMSE S AREghe} ]2t LS whgo®
gk A< Zé el 71 Ad 4 o= AR
t} =3k SNRo| 7% LS )3 MMSE 4t
Ale] s Aol ZA] Ytk B =ellA= LS W
el @ apd 4 WA chEeh

Ls el o3 AN g5k e ok 9
oA FAsh= I A7k el FAs= W
ol itk Fa ddelA] Ad FAH2 ARk

EH‘F‘ JL‘P’/F o] sl b Ad 44 A
°

w o

2

g =3 H]—/U_O_ ZH
OFDM Alvich S ARlsfol stz ALk
o] wrhs o] gk

B Reldl oleldt 2R Adab] 5]
Foke edsh A el B AN A
(estimation) HMA1S- Alksleich #|gkel wpAle A
A F& dloleE o]ste] Ful delx A
TS s adems AZkdgeld 3™
Axk o] S FAske whajelck Al W
oA A ARrde A 4 WA 2o A
AR b e A A WA Mok AR
7188 AIZE 4y A A ] Bt gl Aok

B = AEel e]e] 244 OFDM Al2=Hl
wel 2 7] A7E ode Ad S el dis)
Al 71, Al 3o E Al A A 54
WAl s =dich Al 4 "ol AR W
w3 Al 5-elA s EAell disiA 7]<estas
Xﬂ 6;(401]/\% E‘_E uo 1:}

Im. OFDM AlAE‘Il -II I;|_=| iH"é—' 1*_51

OFDM A|=dlellx] 3k A gt o] wslx]|

o=ty ZIAshE A Al A SAlE Al
I Flg oddellx] Al ()T 7o) #AE £ 3l

RII, k] = H[LKIX[1 K]+ W[I,K],

L-1 .
H[1LK] = 3 h[l,nJe 127/"
n=0

>

hll,n] = Nf%(')ﬂ” —75(1))
0 )

o171 RILKl = Fule oddola] -] Al 771
of ki) 3 ubgsle] 4l AEE ehdil N&
2 3 wlEwe) e eplick Lab X[kl & 7
b as doleh Lusl AP kousl
S48 Eajo] A4 dolEHE Ueid. HIK
s AlgelA S qevel S41 Qe A}
ols] koAl - wgsle] A T gk et
Qe Nl A AlellA] EAL kee) Al
qHelu} Alele] Ad H S5ke] WA A Al
e e i A el i
Ame] of5el aele ¥at ke e
()& 1-ls) A Eok miA A RZellxle] 2o
i st 055D 2LLoigh Ny o
29 A4S ekl 2 =Reld] Al g5te] 7
ol L<N/4olv & glria 7pgdie) WILK] &=
AWGN A5-S vieplis] 3to] 00w Eale] o
otk WILKI= 13} k o Fatslcla 71A)skdc) 2
=R Ad BAL & e Al Zolo= oA
Bt Az A Apolelal Wsbl slekw bgs)
odrk. oz AWl P Fuke 9o A%

7k <
F e

olu)l

r{r rEL _I

E vehla il AIzE e AlSE veRich
n¥ k= 242 Azked ) Fale 5
et 715 a4 ¥ J3k
FAZE Jepdc} B =] AaE]l mdlolA
Al dolele] s} wbAle® maximum likelihood
(ML) 7} whe] AF%EJE}.

OFDMelA] 417 A5 Ad 49 Ao
gegla FA A AZdel| wEbd Wsks] o
ol Ad $HS 4% Fart ek Ade] Azt
of whA Hifﬂ»b A5 ZE|lES ARgsle] st
As Ad F4 e 2R ARESPlells At
ot ¥k dlofe] AE vl Ao Ze]lES
AL AR Fae AR &8e] "ozt ulet

A T A 58S Foln B3] A5E 44

qlE

N @

)
Q>
rr
N
N
I~
3]
lo
1 12
>,
4 %2 _L

419

www.dbpia.co.kr



221313 =] °07-4 Vol. 32 No. 4

sp7] flste] Hxxl HloleE 7% dolHz Ao}
Ad ARZ AL FAsk= Aol dasich Ad 5
L AR 7% dolelE 71E Ale® o]83le] o)
OFDM AWrit A FAgRewxn oozt
OFDMFAZellA] 241 Al AI7E ddellA] 2]
()} 7ol AT = gk

rfI]=x[1Th[1]+n(l] )
X0,00  XILN-1] .. xX,N+1-L]
1 K,0] . x[LN+2-L]
X[I]: e e e e
1714 WIN=1 x[,N=2] .. xI,N-L]

h{1] = (h[1,0], h{1,1],....,.h[l, L-1])"
1] = (700, 00,70, 43,ocpll, N =20)"

{11 = (r[1,0%, r{1, 23, PN =10)

_i'\H j2rkn/N
Wonl=G EXOKE ooy 2] )22e]  least
mean square error (LMSE) WM-8- o]&sle] Ad
FAY 4 olrk F, AFAQ] ARE 4 Ad =4
2 Al1o] fAF FPPS Fale] Al Alse] wiE
ilel] Fall Fofok sl 4] (3)3 !

h[1] = x{11'r{1]=h[1]+x{1]'nll] ?3)

714 [ 4 e vebich $407]e4
A A4S 98 715 dlelelrt Zastd A%
Azt dolel7} 713 dlolEr} Fl XMkE 2z
Zlz¥e A" FgE deldE  Jehx
X0Lk=X[Lkleka 7Pgsbd IFFT3le] xll]e] a1
& e gla A B olgstel ARk A
e AT 5 olvk o] WAl FAlEE el
vl Aldeic} vl ez vl OFDM Aldeke x(1]
oJefledg Fallok sl o] aiE (LxN)3} $4
Az (Nx1)e] Fo] Agshr} weba] o] HhA
o gy ALlom QIFk Ak Futo] W why

g

1 ik

Ao L oo

o

. Mok e = Hial
orolla] elgslel=e] v OFDM Aldwic} 2
F& dlelelE o]g3le] AdS FATemy AW

AdE FAT 5 glck T deleld Ad

420

© Ankege] s Rk FAslol B wel
N7t W) el AR ddel wlste] s}
Wolxich, A7k el A FAL Tk o
94 ZHL%

4 Aol wlsiA A Axkfe] &

= o] otk B =gelde Ald F4(tracking)

Aol b g el ZhedgE A A4S 7 5
[}

<
ggroma] AZb doellx Ad FAe] ARES

Al AlsE A ()3 ] aEe] Feh el
A e A @)t ek

H[l,k]:R[l,k]i*[l,k]/\)i[l,k]\z
= H[,K]+ (H[LKI(XT1L KT = X1, K])

XTI+ WL KIX LK) /| X1, K]
= H[ILK]+V[I,K] )

714 vilkE A& - ook X[k =
X[1,k]1&1 735l V[Lk]= WILKIXTLK]/|X LK 2
ZrERsHA vEbd 4 gick A @)ellA] dlely] 24

SF= T 9] Ad A E A o
oFlvk= S & otk olEdt A= IFFTE
E3le] Azteded o HEkA NN A WEol A
HAEIE oA Azt EakE Aee o
Hukdulrl gl ALl Ade S5 ZolE 1
b 4] (5)ol] o] W o] A AAL
3ok

ALl n] :%gﬂ[l,k]e”””““ = S[n1*h{l, n]+vl,n]

_ [hln]+v[l,n] ifo<n<L-1
“|vll,n]  otherwise ®)

o714 * 7]ZE convolutions vieERic} Vihnl=
WN)ZVILKE ™™ o]}, o[l Kronecker JE
2 Vel n=0 o]x] dlnl=lo]z n=0 7

° slnl=0olr}. A(5)EHE] L<n<N-17% HAl,n]

www.dbpia.co.kr



EE Null FaHshE 2

Zk= OFDM Al2~®lof| 4] wh=stEl A7kl Ad 324 wha

£ AWGN A¥Ent Zxjslmz hln]=007 o}
AWGN A5 AT 5= glek zeiu 3 ks
37} EAsks 739l Kronecker E2~ 5%
15 S7F glem® HILKLE IFFTSR] 2l(5)E <
g glck webd null F I EAEke 7
AWGN A5 A8k $lsixles e si4
wRje] g3t

B el “H7H‘ﬂ“’“e Zojste] g Hukga)

o

=

o
=
)

T

7h EAlsl A 9olE AWGN A3 el A
@ 4 ol whesiE xm 39 9 e
Akstler Pt Sl el A @ o

A W2 ZIK 2 A)-43)0] *‘(6)i viepd 4= glrh

Q1L K] = Z[KIH[, K] +V [, k] (6)

1714 Z[K]+= null - wkEIbE vehdy] 913 o)
7N o] A|(7)9} 2t

21K = 1, ifl<k<N/2-gorN/2+g<k<N-1
- ifk=00rN/2-g<k <N/2+g ©)

o714 k = 0% D.C. %o - wivls ‘JrEM
th ge= B3 ] null F uETRe] TS
ERdch 2] (6)2 IDFTE H3lo] A7kde] *Jﬁ
viebl A8)<k 2tk

h[l,n] :%g(z[k]H[Lk]+v[|’k])ej27mk/N ®

NxL convolution 3& z-& E8isle] A (8)S ¢}

A iRl A 9 2.

h[l]=zh[1]+v[I] )
z[0] z[N-1] Z[N -L+1]
_ zZ[1] z[0] . Z[N-L+2]
17141 AN-1 2AN-2] .. 2N-L] ;

1 N-1
Z[n] Zz[k]eﬂnkn/N

B[11= (A1, 01, AL, 41, AL 2D,......, AL, L—=1])T
h[1] = (h[l, 0], h[1, 23, h{l, 2], ......h[l, L=1])"
viI1= (1, O VL AL V1, 2], ..., VI, N 1))

Vil n]—i§V[l klez/N
il - N oy ’

olct,

A ©omrE AMdel dds $9e FHsH
Al (1007} 2k

B[1] = 2'R[1] = h[1]+2'v{I] (10)

W gelmi fAb A & 2710l
Avsh slv] Azl 2718 Al vle) A
el ZRsstn ool A% sFssieh el A
Lg =z ] "H /\]HJU]_D} Tr/p} oﬂau%M 7:“/\]—6]—

gl gl wrE Ak 9 ARl G
AR F7he =) ek A3 A S

S5 A @ ALK A a3t Rk

e
[
rﬁ
A

>

2

&
N

~ L71 ~ .
FlLK] = 3 Al njei2eo
n=0

(11
21(10)9] MSE+= A4(12)3} Zth
MSE = E[(fn[l]—h[l])H (fn[l]—h[l])}
- E[(z’lv[l])H (z’lv[l])}
:Tr{z’lE[v[I](v[I])H ]y }
:o-var{(sz)’l}Z O-VZI:‘Z = NZVZLZZ
Tr{(z Z)} ;HZ'H , (12)
o714 1= norm A4S e, 7= wjEZA

29 A lEls vepdich A (12) 27
MSE= "HEZ2 2 9] E]52] norm Ao el
ulEghchls ARlS oF 4= i) ZKIE pull b
FIE AL BT R4 1o]lBR Az
Aella] Anl 2 n=03} 77k AEES ALl AT
Bo] zn] ZFe Qo] ZAREF Folth z =il di-1],
....... di-L+olug [z dnlo] osks wh=r}
A @A el 7k ool 77ke- 2R AL FARE
Al 12)«] low boundary: ZA| 3 =X

= APdell FE3 davt siek webA A (9)ellA]
(2 \\7} A2 WAS FARReRs wlEEze] =2
718 A 24 5 ook B =l A9)] o

|

B =718 Zol7] $13ke] A ©)elA lal7}h 2

N

421

www.dbpia.co.kr



221313 =] °07-4 Vol. 32 No. 4

e AEoz sol Lhe] il Alesisl
V. HAWE HiZ

1) 7122] Ak dedelld A F4gel 3 A
ARES oy Rk AA FgkE dlole e
IFFTdtelli= Nlog, N o] ao] g gsjct of
Adriep (NxU) o) fap Ssidde Fallof
shog Ne o] el Hesltl HgAow
(LxN)gj=dzt (NxD) wle]e] Fo] dg@sjnz
NLo] o]l Hgshrt wlEbA] F Nlog N
+NL®+NL 2] F-ale] = g3jc)

2) Ak W] ARk chgt Rk A4
gl dolHE o83 ke o A A4
< Fskedl Nwe] Al le] da
stk evb QPSKQl 7§ [XIK[ =20)mz
AR vl diAlel] 93 A ZE ke s
7Fsstek Al Ad 4 gkl IFFTAlel
Nlog,Nwie]  pale]  d@sje)  wixgfom
(Lxb) gt (L) wiEje] o] dgslnz
cHel el Agsih mekd F N+
Nlog, N+ e] FAlo] I gslc)

o2 Zo] L=07x(N/4)~1lo]3 N = 6491 7%

Jobel W2 5 s60m1e] wrAle] 87w 7]l

] o Ad S WAL 8832e) Al Alite]

desih webd Akl ZlE wel wlsiA

93% A= Eolws & & Sk
$19] 9ol QAM <l g XIK[ #20]mz

AR Al sl vk webx QPSKell

aix] Nule] vicAle] v Agsjrk

2
—~

>~
o

~
o T

>4
\
>,
e
i)
L
>
>,
_04
To
2
L
flo
(9%)
N
-
To
Jn
ot
N
1.40
o,

= 7HEke 7 ARe S3A-Q Hé;—ﬂ
olg] dHold& FAevha /MHslek 2t AR =
2 Azk HFAEE £ 16l veEhigdel 100,000
71¢] OFDM Al#-S %384 BER 3413 MSE 4

S 3 P #2 Alsel o)d A 2ol

=

422

b 10 7] 9540 Aol dlaia] AL 34
Shgick & =RelA AlkE Fwelzel A%e @
Q37 slele] A = AMgsA siske wlo]
2 ol A AEelel e Fmia [12]9] B
A mage Agsioleh B3 Fokee AW @
& iehi7] $1304 40HzSH 200Hz7h AHg=Sick

Table 1. The simulation parameters

The number of path Multi-path Rayleigh

fading channel (3-ray)

Modulation in sub-carrier | QPSK
40 Hz and 200 Hz
0, 7, 15 (dB) and 0,3, 7

Doppler Frequency

Mean power and arrival

time of 3-ray (samples)

Number of total 64

sub-carriers

FFT/IFFT size 64

OFDM symbol rate 25 ksps

Symbol period 40 usec

Detection Method Maximum Likelihood
Method

The number of sub-carrier |52

used

The length of channel 10 samples

response

Cyclic prefix 16 samples

Carrier frequency 2.4 GHz

a3 1, 2, 3 ¥ 4= MSE¢} BER A% 4
HolFEy glvk ¥l 17 2= A =2 o
40 Hz®} 200 Hzell*] MSE A58 Xojst) 18
37} 4= Z2F ©Ze] F3 40 Hzé 200 HzollA
BER A5g Holdrh 19 1, 2, 3 2 404 F3)

ojod HlAlO /ﬂ| (4)_3_ %—3].0:] de ;-(HQ _7‘|;;<é
. ¢ 1354 Modified LS B
A7 A= deolelE AREs Tl 3] A
F4E& 308k F null F Hk5Il AR wjEA

ulo.
=2

o]i_:—ﬁ
o e
d
lo
H o
ol
p

4
i

tﬂ N, ot rlo
2 "
o ol
I HE r"" EH N
3
52
3
p
My
ok
gg
1
oo
ol
i)
o
i

o
1>

e}, s ejedelaut A
#418] MSE 455} BER A
o wlala £A e slEe) A7

Fshe wAlel MSE At

}

t}.
, 2, 3 2 404 H9l%o] modified LS
2}

A
o,
5
12 o%

o off
12 K oo
>
~
o2

os]
5

=
o
of g
rlo
e 2L
© 1
-0,
i,
s
=
i)
offt
e
=
oX
or
(o3
fz
e
T

offt
e
e
ox
ofr
ke
=2
bt
iy
ol
o)
K
B
raO
¢
T
o5
=5
o u
2
©
(98]
RN

www.dbpia.co.kr



= Null FHEEIHE ZhE OFDM Al~slol A ehedhe Alzkd A 34 A

% Convenl\onal melhod
—— Freq. domain method
—p— Modified LS method

—+ Proposed method

Eb/NO[dB]
32 1. fd =40 Hzelld Ad 55 549 MSE
Fig. 1. MSE of channel frequency response at fd =40 Hz

10

- Convenllona\ melhod
—#— Freq. domain method
—>— Modified LS method
—+ Proposed method

104

Eb/NO[dB]
T3] 2. fd =200 HzollA A S5 342 MSE
Fig. 2. MSE of channel frequency response at fd =200 Hz

7<l % /Jﬂr

Vi.Z2E

o3

2 =oll 4= OFDMellA Aliteke] A& &
ol Ad 22 wpHS Aokalelch Aokl wpHe

mﬂt

Moo [y e o2

g of 3} Az el &3 Ad =
ARS3Ee] null - BRI} EXE= OFDM A
o] 8403 2g-S AAL = ck Ak
W2 v Alebe) e Alle] Ha 7] o
off 718 AzF A Ad 3= el vl A
S oF 3% AE AR F 9lrk FolE A
o= E7ska Ak W9l MSE ¥ BER

I

ok r.,>L

_—
—&- Conventional method
—— Freq. domain method
7 — Modified LS method
—+— Proposed method

| =& Perfect CE

35

Eb/NO[GB]
T2l 3. fd =40 Hzell”] BER A%
Fig. 3. BER performance at fd =40 Hz

S,
o
|

e e
—&- Conventional method
—p- Freq. domain method
**************** —+ Modified LS method

””””””” || —+ Proposed method
—A— Perfect CE

= I

T =

|

1
0 5 10 15 20 25 30 35
Eb/NO[dB]

32 4. fd =200 HzellA] BER A%
Fig. 4. BER performance at fd =200 Hz

e e Az e A 3 At B
A5 wil

References

(1] Y. (G) Li, N. Seshadri, and S. Ariyavisitakul,
“Channel estimation for OFDM systems with
transmitter diversity in mobile wireless chan-
nels,” IEEE J. Selected Area Comm., Vol. 17,
pp. 461-471, March 1999.

(2) Y. (G.) Li, “Simplified channel estimation for
OFDM systems with transmit antenna, IEEE
Trans. On Comm., Vol. 1, pp. 67-75, January
2002.

(3) Yi Gong, Letaief, K.B., "Low complexity chan-
nel estimation for space-time coded widehand
OFDM systems,” Wireless Comm., IEEE
Transactions on, Vol. 2, pp. 876-882 Sept.
2003.

423

www.dbpia.co.kr



aE

Al8F3| =53] *07-4 Vol. 32 No. 4

(4]

(10)

424

H. Minn and N. Al-Dhahir, ‘‘Optimal training
signals for MIMO OFDM channel estimation,”
Globecom 2004, pp. 219-224, Nov. 2004.

J. Guo, D. Wang, and C. Ran, “‘Simple channel
estimator for STBC-based OFDM systems,’
Electronics Letters, Vol. 39, pp. 445-447,
March 2003.

Z. Yuanjin, ‘‘A noble channel estimation and
tracking method for wireless OFDM systems
based on pilots and Kalman filtering,” TEEE
Transactions on Consumer Electronics, Vol. 49,
pp 275-283, May 2003.

Z. Cheng and D. Dahlhaus, ‘‘Time versus fre-
quency domain channel tracking using Kalman
filters for OFDM systems with antenna arrays,”
VTC 2003-Spring, vol. 1, pp. 651 — 655, April
2003.

D. Schafhuber, G. Matz, and F. Hlawatsch,
““‘Kalman tracking of time—varying channels in
wireless MIMO-OFDM  systems , Asilomar
Conf. on Signals, Systems and Computers 2003,
Vol. 2, pp. 1261-1265, Nov. 2003.

K. A. G. Teo, S. Ohno, and T. Hinamoto,
““Kalman channel estimation based on over-
sampled polynomial model for OFDM over
doubly-selective channels,’ IEEE SPAWC
2005, pp. 116-120, June 2005.

Y. Chen, D. Jayalath, and A. Thushara, ‘‘Low
complexity decision directed channel tracking
for MIMO WLAN system,” ISISPCS, pp
629-632, Dec. 2005, Hong Kong.

(11]) Juha Heiskala and John Terry, OFDM Wireless
LAN: A theoretical and practical guide, SAMS,
2002

(12) H. Harada and R. Prasad, Simulation and
Software Radio for Mobile Communications,
Artech House, 2002.

(13) Bernardini, R. Durigon, M. Rinaldo, R.,
Low-delay reconstruction of  punctured

frame—coded streams, Signals, Systems and

Computers, 2003. Conference Record of the

Thirty-Seventh Asilomar Conference, Vol.2,

pp. 1519- 1523, Nov. 2003

& & T (Hyoung-Goo Jeon) FA1314

1987 24 : ola}ofetw A A}tz A}

199213 2% : AA sk AAgsta) At

20004 84 : At A7) & 23 5FE]g-sk) whak

1987 249~2001d 24¥ : =FAAFEAIA T o] 55
Al 4 Agled4d

2006 19~2007 1% :Texas A&M University
Post-Doc. fellowship

20014 3G~ « Fo| St A W gAlF e} kg

<3HiHEel> MIMO-OFDM, Y9 54, o]5-541

www.dbpia.co.kr



	Null 부반송파를 갖는 OFDM 시스템에서 단순화된 시간영역 채널 추적 방식
	요약
	ABSTRACT
	Ⅰ. Introduction
	Ⅱ. OFDM 시스템 모델 및 채널 추적
	Ⅲ. 제안된 채널 추적 방식
	Ⅳ. 계산량 비교
	Ⅴ. 성능 분석
	Ⅵ. 결론
	References


