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Abstract

ITU-R B.O. 11304 Digital System E adopted for Korean satellite DMB service is a multimedia broadcasting system
based on DS-CDM-QPSK technique which broadcasts audio and video contents via the satellite or terrestrial gap-filler.
However, Digital System E can not provide full loading services because the multi-channel interference (MCI) is increased
due to the loss of orthogonality between signature waveforms in multipath fading channels. In this paper a chip equalizer

using tap selection algorithm that enhances the receiving performance is proposed and compared to the conventional rake
receiver for the satellite DMB system.
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Fig 1. DS-CDM-QPSK satellite DMB transceiver
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Table 1. 6-path IMT-2000 B channel characteristic

42| X% AIZH [ns] e M3 [dB] XA & 2ol [chips)
1 0 25 1

2 300 0.0 5

3 8900 -12.8 146

4 12900 -10.0 211

5 17100 -25.2 280

6 20000 -16.0 328

E 194 Z+ A2 Al AE A7+ ZHd] 20000 ns=E
24 DMB9) AFEE 3 7HE <) 61.035 nsE 7IEF2E 328

305
ol SFehs FOZ 6 bit A=) AA A|7HE ZHA A,
o]F 283 WA st B =FAME 6 bitdl T

ahe 3aarle) 9L AEE A 53 FA/1E ALech

. ¢/d DMBE © MeEX F &3 47|

2 R AU 4 58 SIS A93! 22
A 9 A$E QOIS REst go=e U A%
Aol s AIE $AHE SR Wrolar

1. ;3 F2holMe) | A5 gHlolE J1Y

I 28 Y3 FelAe) § AE ¢ne S-S AR
3 53} 719 FAZEA stdBlo] AFEHE FRIM
FARE o) &3t § AFE FGelolEs= FAE0IT

| |
r NLMS J,ﬂ_

D2l 2, mE FZholsel & g YHOIE §Z TEE
Fig 2. Tap coefficient update composition in pilot section

1Y 29 I2 FAEAA i vEE YEL nd F
HEQ ] 29 3 vehich £AE AE r(in) S 2

HE E J 992 FA 24 SF ) BHF olFdH N
Mol & AL g(i,n) 9 F3e) oluf AlME SFx19] $E
2 ZH= b, A (6)F Btk b,(in) S FIH AE
o, (im) 2 Q823 (WA HE b ()& Fack J o4
2 sF UF oFEe N A 9§ AsE AR
SFx(N+SF) 88 qel§ 2 Glin)e 4 (5% 2o
E§ B8 AE ¢ (i,n)E A (N 2ok OIKR 9 s
N Ade) Hd AA A7 FE8] RS 7 e <2
gt



306
Glin) =
g(i,0) g(3,1) ... g(3,8F—1) --- g(i,n—1)
0 g(,0) - g(i, SF~2) -~
0 .. 0 g(40)
gp(i;n) = G(’L,TL) ¢ T(i;n) (6)
Cp(iyn)z[cp(i$0) Cp(ial) """ Cp(l,SF—l)] (7)

b,(5) Sk THIB HIE NF b, ()9 Ao ZRE 4 (8)%
7ol 23} & F33 NLMS (Normalized Least Mean
Square) LT AHEatal 4 (9)% o] T HEY
9 AS+E FulolEdTh @714 = NLMSY 29
Aol Z gho @ &) (10)3 2o,

e(d) =b,., ()~ 5, (8)

9G+1,n)= g(i,n) + ppppes - € () - b, (i) (9
-
Hypps = I;,,Hb,,"‘ﬂ (10

o] i YukzgoZ q gL 0.1~0.5, B S 0.0~0.0019)
#E 7AW BE7}0'0] HE ALE w2 =8
AME a FOE 05, B HLE 00012 AL

2. § ME 2T2|1EE ASE WS HolH S 7Y

&8 U dolE B4 /e
a4 @7 A9 9P AL
g § Ay g3
32 FAEE 19 3%

HAZ 9 94 DMBE ¥ €93 3 38 47

0 0
g(i,(t—l) 0.0 (5

eglin—1)

rin) — Gi,n) | cdi, n) bafi)

oA gn2E

7203 Y Me YDRIEES ASE Wa HOH B8 32 A
Fig 3. Recovering data composition using tap selection aigorithm

T4 3004 8 A3 r(in) S 9 AY gxEFol 9
3 AHE Nopgea NS A AT Gln)F F312 HY312
A s WHE Ade] MR35 (i) E ) DUZ qF§
sto] ME AF b,(i) & HATOIN ks HE dolg
g 548 o | ¢,(in)2 A (11)F 232 guHlo|EH
q AT Gln)S A ()% 22 ol W | A8 G F
o3 AR &2 | A g(in) 0’0 Brk HE A
3 bi) & A (12)% 22H o|AE AW Bdsiy
A= s HiolH HE p,(i)E TFETL

¢ (in) =lc,(40) ¢;(3,1) -+ ¢, (4, SF—1)] (mn
by(6) = ¢,(3,n) - Glin) - r(i,n) (12)
3. B MEf HmzjE
9 MY ¢rHE2 T8 39 W ol B4 329

A dElolEE Glin) 9] e YFE dee ¢rYEe
2 J¥ 49 2.

] ! |

------

[ Sfind guadi, )

1 + )

[ Setectifglim) > 1 grafin) | threshold 4]
] | |
+ + +

T4, B Me ehiE e
Fig 4. Tap selection algorithm



W3R 20063 AllE A3Z

Glin)®) YUCIER N & A% g(i,n) ZAN 7%
2 e e g (in)e 2ED 22 9 A5y 27)
plin) & A (13)3 o] T3ked 718 2 plisn) ROl Hi
g(im)®l g, (im)°] Bk g, (n) S AHR3H W o)
olf Egd] A4 W& Ao 4 (148 DEI=
g(in)ol AFFe An Aoy Agsx) o3& Fo A

FE 0ol Hol A

\_.
2e

43E B3 IS F=h

p(i,n) = g(i,n) - g'(6,n)

gGn)> A« gy, (in)

A7 ES AR A
B 9 A guEF
A ¥ 73 Fo|t)

WA 2z pEE

.2 (149 AE AR

2 71E Z B8 £A7|9 Mot & S8 £AI7|9f Kb H|R
Table 2. Computation compare between conventional and proposed method

Bl CHat JIE & S8 4101 Hior & S8t 44101
Chip FIR Multi : SF X Nrowar Multi : SF X Nrow
Equalization Add : SF X Nretar Add : SF X Nrowr
g H A Despread Multi : Ny Multi : Ny
o0l E + Integrator Add : Ny Add : Nrot
NLMS Multi : 2Ny + 2 Multi : 2-Nyta + 2
Update Add : 2:Nyp +1 Add : 2°Nypwa +1
Computate Multi : 2-Nyprar
g e | +find Max None Add : Ny
2215} Computate Mutti : /
+ Select None Add: N 1
o Chip FIR Multi : SF X Nroat Multi : SF X Ng.tecrea
HTO—IS Equalization Add : SF X Nrowar Add : SF XN, 1ecred
= _?‘JE-l Despread Multi : SF Multi : SF
- + Integrator Add: SF Add: SF
& oS @SF =64, Multi : 50370 Multi : 27523
Niowar= 384, Nietecrea= 15 Add : 50369 Add : 27520

307

BN Ny AR F, Ny VAT H FE X
ot T3 B Q4 SFE 64, Ny S 384, Nygpueas 15
2 7HR% o) 7 7IE H 53 #AVE QY g
50369 ¥, 34 HAHE 50370 ¥ 3k 1Y AdEe=
3 B3 FANE A GAE 27520 W, A G

27523 W 3t}

V. ®itzel AY o dxn 24

o A 2] A E 7IE J 538 718 A%
3 o Ad 43dES AT FH 53 FA78 FA
BER 453} MSE A%< #4131t} E3 44 BER 4%
& 71 94 DMB A€o A AHE-3l= Rake 54179
AEHE v} of7]A Rake F417]= Sed Ad
3 33 A4 A17HE 0] 83 MRCE AHE-3 6 Finger
FA7IZ MR A EAE A3 B9 49 87
E 3% 2t

E 3. 4 DMB Al2glel 4 A5 2M 8 29| My 2
Table 3. Simulation parameter of analysis receiving performance

o J|E | S8 AT | oA 53 A
Hd IMT-2000 B &<
g d2% 6
Walsh £24 20| 64 &
PN 39| F7) 2048
Chip rate 16.384 MHz
g A 30, 45, 63 /M
A o & 384 Jlf (64 x 6)
B 5 384 Y I 384 7§ & Med

% 5% 6-path IMT-2000 B Aidoil A 30 7}<] w4 )
4g 4% 9 $4 P48 4 BER A5 UEL
Atk 71E Rake #4710 HlE) 384 HE AR 71E A
538} 4171 BER = 3.0x107 oM ¢ 5 dB9] 4% °I5
o] glch. E3t At ] 53 FAVE 1€ H 3+



308

10 _
: Rake
| —<— Conventional
""" —e—  Proposed
o =1
w 10
i}
ol
[}]
°
Q ...
e
24072
-3 H H i .
10 0 5 10 15 20 25
Eb/No(dB)

J2!'5. 6-path IMT-2000 B X{0lA Rake TA17), 71Z X Hlok & S35t
TA719| BER M5 (25 e £ 30)

Fig 5. BER performance in 6-path IMT-2000 B channel (30 broadcast
channels)

719} Rake 5~217]¢] B}3 BER = 3.0x10% o)A Z}2} 3 dB,
8 dBY] A% ol5e°] AUt oJAL 1 AA A7+ 7= A
oA £ 4159 Yo BAtEy) g HdlFoez
FE Gl A S AR g ALY A 53 A
717 N1E 3 53 FA79 A% we) S

MSE (30 channels)

-

Mean Square Error (MSE)

! Propdsed

0 500 1000 1500 2000 2500 3000
Number of Samples

JE 6. 6-path IMT-2000 B Ao 7I1& & S8 217|894 Ao
& 85 7|9 MSE Ms (W& E £ 30)
Fig 6. MSE performance in 6-path IMT-2000 B channel (30 broadcast channels)

1% 62 6-path IMT-2000 B Al 71& J 53 &
A71g A% J 53 #2719 MSE 78 £ 2 45S

HAE 9 949 DMBE ¥ 483 § F3 50

........................ a Conventional

a3 —&—  Proposed

30 35 40 45 50 55 60
Channels

38l 7. 6-path IMT-2000 B ZoilA] 25 i £0 m}2 BER M5
Fig 7. BER performance of various broadcast channels in 6-path
IMT-2000 B channel

1% 7 6-path IMT-2000 B 2ol A uk: Ad 5o
& uncoded BER 352 Yehdth 30 79 ks Ade
T8l Rake °417]19) BER A5& 71528 & o 7|2
3 53 FA7)E Rake FA17100 WIE F 17 709} 4 A
g F ol5o] Aok T AAeE A T3 $A7)E Rake
A7) vlE] <k 33 9 B Ad F o] Fo) Qo 7E
3 F3F #2719 vl 16 MY W A'd § o] 5o] Uk

V.4 g

£ =Eo4E DS-CDM #2419 914 DMB Al2" ¢ th
T Ad e s A% #A 45 d3kE AMEe J 3t
FANY FFE Fol7] 98 | AY d1AEFE AL
g} 53t FAVIE AL OF A2 A0 Fat
B NS 58 FA 45E 71E Rake 74719 F 5
3t 41719 Bl #45

6-path IMT-2000 B &g A & a2 7} 304 o,
A A §3t £A71€ 71& Rake F°417]) )8 BER
= 3.0x107004 ¢ 8 dBY] ©150] Y2 71E A £3F 4
7)ol HlE] o 3 dBS] 4 o] 5o) U} FYF 424 BER



WETEE=EA 20069 A11E A3

3591 Rake 541717} 30 719 W AdS 48 o
71E A 58 TN 47 09 B e
A

A3k A%
A 53 FA7)E 63 Y P AYL FAT & 3ok

FnEH

[11 Recommendation ITU-R BO. 1130-4, "Systems for digital satellite
broadcasting to vehicular, portable and fixed receivers in the
bands allocated to BSS(sound) in the frequency range 1400-
2700MHz"

[2] ITU-R M.1225, "Guidelines for Evaluation of Radio Transmission
Technologies for IMT-2000," 1997.

[3] 8. Verdu, Multiuser Detection, CAMBRIDGE University Press, 1988.

[4] D. Divsalar, M. K. Simon, and D. Raphaeli, "Improved parellel

(51

(6]

7

(8]

]

309

interference cancellation for CDMA," IEEE Trans. Comm., vol.
46, pp. 258-268, Feb. 1998,

G. Kutz, A. Chass, "Sparse chip equalizer for DS-CDMA down-
link receivers,” IEEE Communications letters, vol. 9, pp 10-12,
Jan. 2005.

I. Ghauri, D. Slock, "Linear receivers for the DS-CDMA down-
link exploiting orthogonality of spreading sequences,” Asilomar
conference on Signals, Systems and Computers, vol. 1, pp.
650-654, Nov. 1998.

S. Haykin, Adaptive Filter Theory, Englewood Cliffs, NI:
Prentice-Hall, 1991.

F. Petre, et. al., "Pilot-aided adaptive chip equalizer receiver for
interference suppression in DS-CDMA forward link," IEEE
VTC-Fall, vol. 1, pp. 303-308, Sept. 2000.

J. C. M. Mota, et. al., "A tap-weight selection method for equal-
ization of wireless channels with large multipath delay,” XIX
Simposio Brasileiro de Telecomunicacoes, SBrT. 2001.

Mol

¥ ¥ & (Byeon, Jeongho)

-2004 : SIUTHSI D MAMT|ZEHE EY (814
- 200614 : HMjoistm M7 |HASEA B (MA)
- FOAEOR: CIXE ghE A|AH, CIX|E 0|SS4l, CDMA

o] & & (Lee, Sangjoon)

-20024 : CIMCHBIE R0IMKIZET ZY (SHAY

-20054 : SMCHStD M7 IMAREEIDE B9 (MAY

20054 ~ K| : SMCHEID 27| KAFESITH AR

- ZpAlE0} : CIXE HEjO|CIo 5 CIXIE 41 AJARL, CDMA, OFDM

ol 2 M (Lee, Goonseop)

+19964 28 : SIS (& H7| Y HAISE EAMAD
- 200544 8¢ : EIHE W MBA Y
19964 28 ~ SiY : SK Telecom Access’|=H7H ozt

- FHAE0}F : OFDM, HFC, xDSL, W-LAN, LMDS, Image Processing, $/4iDMB,

b
=

&

=]

)

=
r=3

g Ad|A



310 H43% 9 - 94 DMBE & 493 J T3 54

XN AAA

0| & & (Lee, Donghahk)

- 198813 : HELNEL MXIZ5 EY(5HAR

19914 ESI ST MARH7 388 E(AMAY

-19964 : EHR LS MAIH7|SE 2 S(UAY

-198844 ~ 19891 : LGNAL, AT

- 199613 ~ B : SK Telecom Access?|SUIT, $A178
- FHAIR0} : W-CDMAZHIAA, OFDM, 2IADMB, YW&/E4A 88 MH|A Beyond 3G A|2H]

fu-s

F ™ & (Yu, Jachwang)

-198411 28 : ZECISIT MAZEIT SiA}

- 198611 28 : OIMCHEIT MALDBIT MA}

<2005 8% : KAIST H7|UMAIZER A}

198813 48 ~ 19934 113 : IHAA} HAD|E A7 MANPS

19931 118 ~ 20067 18 : SK Telecom Network S8, AlX|L|O{2I7|S7HUEIE!, Network?|£7| &I
+20061 18 ~3K) : SKHYIZE Access 7|£ATH XML EIEHFEY

- Z3AI=0F - B3G, USN/BeN, EAets 8817)%, SDR

M & % (Seo, Jongsoo)

1975 - HMCiEtm XSS EY (BAY

19834 : Univ. of Ottawa, Canada %7382 &Y (MAH

- 19984 : Univ. of Ottawa, Canada X7|38nt EY (YAD

197544 ~ 19814 : LGHY ZYTA

-198744 ~ 19894 : IDC, Canada QAT

-1990H ~ 19921 © ANEEVIEH FEALY A7 PHATH

1992 ~ 19954 : CAL, Canada X178

-19951 ~ &K : GIMCNEtD M7|MAIZE Y B, MMC] 2E Tl S ME (ITRC) HIEE
- FHUME0F: CIX|E EAVYS Al2Y, CIXY HE JE




