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Comparison of Channel Estimation Schemes
for Digital Broadcasting System in a Mobile Environment
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Abstract

In this paper, the performances of various channel estimation schemes for DVB—H system are
investigated. The linear interpolation, the second order interpolation, the cubic spline interpolation,
and the time—domain interpolation, which are used in frequency domain, are chosen as the channel
estimation schemes. We derived the performances of Mean Square Error (MSE), Bit Error Rate
(BER), and the complexity of calculation in Rayleigh and Rician fading channel through computer
simulations. From the simulation results, the cubic spline interpolation shows the best performance
under high £ /N, environments.
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Fig 1. DVB—H transmitter system block.

DVB-HE $19 443t tAd wh A2
DVB-T (Digital Video Broadcasting— Terrestrial)
Eos FUdE7lolA 14 o) 34 Folk b

g W 0] Thsel s Bk 91 HEetol
T} [1]-[4]. DVB-H A28l o]F 441 a1g3}

of OFdZ dFoly A A= IS
(Intersymbol Interference) ¢ <3Fol| 73 OFDM
(Orthogonal Frequency Division Multiplexing) 7
& AS ARSI AR e vh 4o
2 o]gale oA T A AR Fold
3} Doppler spread®] FS HAS] AdiM = 4
gek g F4 7ol FH R Fasith A
FA 7 ARES BellA F

x4 u_l E’““-E /i].oib}

;q il E_N‘o]‘L‘ H]—/\l

= otk 2 =FoA= OFDM A4 WHale] EA
& TS oA WA= AR B o] 88l

= A AREEE A FA A2 whe
o7 7Es Ad FAHo] 7p5e LS (Least
1o ]

AR [5][6], cubic spline  H7HH

time—domain B [8] T o2 Wrolxit), Tt
LS %218 gl 4°H 911*01 HgEt e R (6], o
& BAs] Sl NSl Bt Fshks S

489t (9] 7 A 34 B4 A5 vg 9
s dlde] At oAk AdelA MSE (Mean
Square Error) A%, BER (Bit Error Rate) %
ANkl B3 %Oﬂ el 3 7}get,

0. DVB-H A&

DVB-H A|2H1¢] $4l &
AAHY TV 5= 4
0:] ISO/IEC 13818 X9k MPEG-2 &4
o3t oL HEE A o) 1 o
2 FAEY 7 7le Qg Fasld o) A&
3}¥] 31 QAM (Quadrature Amplitued Modulation)
vjzle] o)) WzE F OFDM AE= A$Hr), o
W 7 Bkpie) An A% Aold] vz} Aejw 7
Aol weh A% ES Hedehn 18 olge) AY
& F4ake Aage 9 29

(k) x(n)

Channel
estimation and
Compensation

eeeee

Jg 2. 7<H"‘I =g gt OFDM A|AEIQ|
NEEEEE
Fig 2. Simulation block to estimate the channel
impulse response for OFDM system.

N4 Zol& 7= (k) HlolE AlAAE IFFT &
< AA AR A i (o Wadr} 1 %



A7

A, ZAF; o)F
a4z AAoz 9k ISI9F ICI (Intercarrier
Interference) & A A3}7] $18F4 cyclic prefix7} 4
Jet AdH e Ao Fap, A7 A8HQl 5

o|d 7} AWGNe| 93] 9j==c}.

Y(s, k) = X(s,k)H(s, k) + W(s, k) (1)
9, H(s, k) sHA AE, e Bt 2d &
9 Y(s, k)T T21¥ OFDM A&, X(s,k) T A5
5= OFDM A2, W(s, k) AWGNS 9|3t}
FAG) = cyclic prefixE A AT FA1 A&
y(t)S FFT E202 Bty gdE Bo] 258
FFT &3 59 Aol F=dh 59 9%
5 ol gste] Hdx wETe Ad dAE 54
&3}

X(s k:P)H(s kp)+ W(s, kp)
X(s,kp)

A4 2004 FAE Ho(s,k)E ol8ale] i
Zol ngl oa) dole FukeuE £y
el U $H 1 (s.k)E FE 5 Ik

m. 27t

I
mjo

0|8

rol

g x

ozt
e
o
o
ol

3-1 Fhte Aol 27t

T G A Bk APRIPY [5], oA
B2 [5][6], cubic spline ®HIZMH  [7],
time—domain ®.7HH [8] & #8313t

MY B

g ANEEHS Hp(s,0),  Hp(s,1),
Hy(s,m), =+ Hp(s, Np/L)°l2}F 3, Hlojy gt

FAA OAE W Al2"E g Ad 4 7ge

10
O_u
01 r

H| L 43

53 kol Y 2L Te A 33 ek

(Ho(s.m+1) — Hy(s.m))L

+ Hp(s,m)

VA L=tk 9% A D)2
S5e9) SAF A5 B, e FAR A5 94,
1 05 AL (A M 7
o b 128 HAE Aol tE gl
A S E vepi,

TR S 49 9GO ST 4

o

= LA
N m*@%
&40 A 719 FAF AEE A e A

s o] ka5 9]

fé(s,k):c,l(%jﬂp(s,m—l) "

+ co(%ij(s,m) +¢ (%)Hp(s,m +1)

Cubic spline WAPHS Bt 771 Alo]& =

13 A£A9] 3% polynomialS AJAste] H7He
EZ_]_'T: 479 A&AQ A5 E3 22 HEE
o]-&3to] polynomial®] ¢S T-8ko] o] Fo]
o} dlole] FrkgatolA o] Ad FAL vhat
.

iy

oot G &

H,(s,k)= A(%jﬂp(s;m + B(%)HP(S’m+ 1)(5)

2 )M A@/z), BU/L), CU/L),
D(1/L)Z 1/L° &3l A== A, 2(s,m) >



44

mAA FLFE AE A S7e] 23f v)Egtelh
Time—domain ~ HAPHE zero—padding?}
DFT/IDFTe] 71%38F Wajolth, WA 7zt njals vt

Sl FA4% ALEH Hp(s,k)E N,~IDFT
ikeieia=
N,—1 j27rkn
= H f
G(s,n) /;::0 (s,k)e , )
n=0,..,N—1
AZEESY 1xn A5 G(s,n) o 0& A3t

G(s,n) 0<n< ]\/;,/?
Gy(s,n)= 0 otherwise (7)
G(s,;n) N-N2+1<n<N

A 7FE0) A zero—padding® A%, Gy (s,n)<
DFT ®gkste] BE wkEatol Aol AHd FHS T
g 4 Stk
N-1 52
H (s,k)= nZ: Gy (s, n)e s (8)
0<k<N-—-1

T G Bt o3 A FHAE HEl
A3t = Aol 23 vt [6]. B/N7EH
o] w2 Aol el A% gFE FAT 5
QAT B /N7F Ao g et ) Aoz
Ad F4o] RAZEA frk webd ol @ g
o e of3 A& B 918 OFDM 419
7t Baste] Y FAE A7HE 02 OFDM A
B4R B Ao

Sgaets] =5A A 9 A Al 1 = 2006 6

AZEZe A 1074 Wfﬂ AlE
ol 7] A7 7]Ee —?%?%01 Ak B
F g WAl sl 2 dB oY o]52 ¥ F Atk

[9].

AZ o7 § MHE AM&3la DVB-H 4K A4
2o MSE (Mean Square Error)9} BER (Bit
Error Rate) A5S AlEdo|AS E3f gelssit).
EF B BRd S 7 A e A8k
th.
MSE+= Al Bt ol s Jepde= sle= Ald
4 yse] 71849l shefrlElolth MSEE 4 10

—% T 7w
5 o] ek 4 qink,

H,(s,k) (10)

o, H<s,k)% fﬂ“ wo]u% H, (s.k)& 7
3}

Al
= 8 AE A& A7) 448 ps, B RS
& AR A% A7 1/49) 112 s, Ho]E9] Mz
© 16-QAM= ARSSElTh FuEse] = 3409

Hjoln o]F AA R AMEEE Fukdubs 3058 7Y,
A E £o] 351 ojt} AR U9ES 8§ MHzE
71kt [2]

A FAol AR-E SR =2 DVB-HelA 4



d3oA HAE BE

ot AR £ AR AR =2 B 9
% e 4% % 202 7R gtk 29 3
I o] {Ab AR B2 12709 FEIE
2 AED A R 2o FrHHoR A9y
T dS AR B BE AR 2484 94
o A% Eol et 4K HE B2 el X = 897
o] A& shedE Eo] & 19 A A o] sht
o] OFDM A& & H1He] % Eo] 49+
o

| |
©0000000000O®OOO000 -~ OOOOOO®OOOOO000000®
000000000000 000O000 ~ 0000000000000
©000000000000O0O0O000® - O®OOOOOOOOCO®OOOOO® Symbol 67
©000000000000O0000 ~OOO®OOO0000O000COeOO® Symbol 0
©000000000COBOOOO000 + OOOOOO®OOOOOOOOOOO® Symbol 1
©00000000000O00®O00 -+ OOOOOOOOO®OOOOOOOO® Symbol 2
©00000800000000000® ~ O®OOO000000OO®OOO0O® Symbol 3
[ lelelelo/eolele] loeeleloloccordeleloe eeloeeceeeee o6 ]
©0000000000O®OOO000 ~ 0000000000000 000®

[ Jole] lelelelelelelelelelele] elcloryele/eolo/ololclee] Jooleeleloe] ]

Continual pilots between Kpin and Knax are not indicated
@ boosted pilot
QO data

a8 3. 24 IR =9 AR

Fig 3. Location of scattered pilot tone.

H 1 4K & Ao HS AR EQ K|
Table 1. Location of continual pilot tone in 4K
transmit mode.

432 450 | 483 | 525 | 531 | 618 | 636 | 714 | 759 | 765 | 780 | 804
873 | 833 | 918 | 939 | 942 | 969 | 984 | 1050{ 1101 1107| 1110 1137
1140| 1146| 1206| 1269| 1323| 1377 1491 | 1683| 1704/ 1752| 1758| 1791
1845 1860 | 1896 1905| 1959| 1983 | 1986 | 2037 2136 2154| 2187 2229
2235| 2322 2340 | 2418| 2463 | 2469 | 2484| 2508 | 2577| 2592 2622 2643
2646 2673 | 2688| 2754 | 2805 | 2811 | 2814 2841 | 2844| 2850| 2910| 2973
3027] 3081 | 3195 3387| 3408

Algdloldel AHgdE A AEE DVB-T &
Qtoll = ofol= A FAIA 9] 2Rl At Ad
93} o]F A FdE AY ZES AR
ot o] Ade v A= o529 F (W)7} 20, o=
o Hd AA AZE (7,02 5.422 psolt} [2]. &
ofAlRt Y Edollx Azt o T AR A
gu|el gho]Alok A4 K+ 10 dBE 3t

T 4= olAek Aol MSE, BER A5S
vehdth 28 4 (a)& MSE A%S YehE= 13
O2 E/NyF 20 dBY wWi7hA= A, of Bt
Wol Ago] itz 20 dBE 23 cubic
spline B o] 7FY 943 s Yehys &

P2 AN

X

N2 A A4

4 7] e vl 45

==
I}

T = B/N7E AL s Ad F
Skl ‘3_4} o] Wold4E g7t F7tsl7] witel
o} . 1% 4 (b)E BER 45
HIPF} o|x} HAbol $-3 deS UE
We E2 —’F 9\}\1’/} BER®] 10~ *2] 74-%- cubic spline
7 2k BH7PEET 2 dB A%
o 4~ vk Time—domain HIFHS A4
[FFT/FFTE o]&3to] 1hds] 783 4= 9lont ot
T4E AA AR} A= & whet IFFT/FET ®
ShAjell 7S Ao = gl [10]. o]s Mo
2 Qlste] b Bkl nls) Aol Zﬁ}ﬁﬂr
% 5= g9z A4 MSE, BER A5
etk 218 5 (a)= MSE A% YehlE :1%2
ZA E/N,7F 25 dBY w7bA] AF B ofaf
HZHo] cubic spline HIFHHET & o S35 A
& Bk 29 5 (b)+= BER AsS YEREY
cubic spline B7HHo] 714 948 A%& Hlt}

Z0 o
< A%5Y

(a) MSE

(b) BER
8 4. 2lojAer Ao A MSES BER 85
Fig 4. Performance of MSE and BER
in Rician Channel.



46
(a) MSE
(b) BER
gl 5. el Lo MSER BER &5
Fig 5. Performance of MSE and BER
in Rayleigh channel.

uge) 45g vashe JER 7t
@ Qo) BARE BAge. Save A 3
A4S 98 AeEE FAF 9 AHE BAF
& At 3155 71F0R 9T 7 By
2 date] BREE 7 20 eI A8 w1k
HI} o]z} H7HHol Ak HALEmel| A= cubic
spline ®7HH 3} time—domain ®.7HHol Bla] -
A5 ¢ Ao
H 2. MO HEE
Table 2. The complexity of calculation

oY E ANt 315 .

BIH - (Sl Al Equation

Ay 2 1/1 (3)

o| A} 3 2/3 (4)

cubic |, 3/ 4, W% 9 (5)

spline

time— NlogN,+ Nog,N /

e, e ’ (6)~(8)

domain N, /2log,N,+ N/2log, N

g=raasts] =82 Al 9 A A 1 5 20061 6¥

OFDM7|Eke] Foie27]|E 93 #4
} E1 DVB-H Al=glol| T3] &

g gAd
A5t} 114 o) 3o DVB-H A]2Ee] 3
ok A 4 7HS AlEHoIAS Bt Eels)

32
Bu
=

%

=

o)

t

=
Ao,
o
ox
off

o tair<= E,/N, &
o] 2+ 9oz MPFRIFH o] ABIHH cubic
spline HIPHe] Aol Hl=siAw 44 £ /N %
(20—25 dB)S %3}s8HH cubic spline B7HHo] 7}
& ol Aake] BN MY Bk
Woojx} HIPHe] Aol siSith whbA
DVB-H Al2"le] 71 #3het Ad 4 WA
E, /N, kol 2= 7ol o)A} Hibgol, B /N, 3k

o] & 7o+ cubic spline H7HHo] Hgtats 3t
A

[1] D. Lenton, “The small screen [TV to Mobile
Devices],” IEE Rev, vol. 49, no. 10, pp. 3341,
Oct. 2003

(2] Digital Video Broadcasting{ DVB); Framing
Structure, Channel Coding and Modulation
for Digital Terrestrial Television, ETSI EN
300 744 V1.5.1, June 2004.

[3] Transmission  System  for  Handheld
Terminals (DVB—H), TM3037 DVB-H202r4,
June 2004.

[4] http://www.dvb.org

[5] M. Hsieh and C. Wei, “Channel estimation
for OFDM systems based on comb—type
pilot arrangement in frequency selective



A, AE, 2H4E S ol ¥4

fading channels,” /EEE Trans. Consumer
Electronics, vol. 44, no. 1, pp. 217-225,
Feb. 1998.

[6] S. Sampei and T. Sunaga, ‘Rayleigh fading
compensation for QAM in land mobile radio
communications,”  /EEE  Trans.  Veh.
Technol, vol. 42, no. 2, pp. 137—147, May
1993.

[7]1 S. G. Kang, Y. M. Ha, and E. K. Joo, “A
comparative  investigation on  channel

estimation algorithms for OFDM in mobile

communications,” /EEE Trans. Broadcasting,

vol. 49. no. 2, pp. 142—149. June 2003.

1994 29 AMgAakdoista A}

47| HeES)
S (F3AL
19873 ~1991d: (F)Hkdad &

LI ‘éJl.
\ RE

e

> ¢ 19929 ~1997d:  #7]&A T4
a 2919179

19973 29 mEdjsta sk A w38t (3-shA AL

1998 ~&AA: (FHUESDHF djFo]Al

20034 3E~&A: d=rerFoistn gy HuEalEst

EREE
Y FO0F: A" W& A|2~"l UWB, OFDMA

oA HAE WE Al2ES AT A

4 7149 A vl 47

[8] J. J. Beek e a/ “On channel estimation in
OFDM systems,” [EEE 45th Veh. Technol.
Conf., vol. 2, pp. 815—819, July 1995.

(9] B4, edd vhAlE sl9 3, Aes, ‘AN
o W AYoIA OFDM A2l A17F 37t
A FA7Ne e R
A104, #1135, pp. 44-53, 1999. 2.

[10] Y. Baoguo er al, “Windowed DFT based
pilot—symbol—aided channel estimation for
OFDM systems in  multipath  fading
channels,” Proc. IEEE 51th Veh. Technol.
Conf, vol. 2, pp. 1480—1484, May 2000.

1969 29 @ slralEoist 3k
I (EA

19754 29 @ dfrfetn ofsh(
8414}

19811 3¢+ QAP S} Hihed(
B

DSt R 9@ ANE

Ld

OH

o



