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A Study on the Narrow-band Interference
Rejection in DS Spread-spectrum Systems
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ABSTRACT

A new lattice structure using decision feedback and augmented prediction for estimating and
suppressing the narrowband interference is presented. The performance of the proposed inter-
ference canceller is compared to the conventional interference cancellation filter.

The reference signal of the interference canceller is formed by using the chip decisions, which is
correlated with the narrowband interference components of the received signal, The decision
feedback techniques reduce the distortion of the desired signal which is introduced by the inter-
ference canceller through the use of feedback chip decisions. And by linear prediction of the error
signal, the residual interference component of can be eliminated, Using this unconteminated error
signal to update the adaptive filter coefficients, the performance of the rejection can be improved.

In the simulation, it is assumed that the processing gains are 7 and 15, signal to interference ratio
is —10[dB], and 5% interference band. The results show that the BER performance of the
proposed filter structure is improved by 1~3 dB.

* AR BIL THOP T E T8
WIEW 93198

1994

www.dbpia.co.kr



WL/DS RAE S Al o) el A A AN wa A

et B2 A& ol g, Y AV v 1
glil Balel st Feof FHG A oA AL
M FA ol 2lojA #wra] vt ol Fof]
o1t

o 5}"‘ 412 4ud Jehdle Hegl Ay ol
E(processing gain)& A Ao s el ghab K
ol aE A F Aot 4 or YA hein
Al 2zl 2| o] sAS 2R Qlele] el ghatke] XKool
Ao o] 28 A olE Be &lE U AR A
2l7} HgshA B,

19783 Hsu®t Giordanoo] A& o Zof) o8t DS
(direct sequence) thed shat A]2:gjo] A9 1144
7] W& AlQEl o] F A &t & HE H ALESho
o 7hd A B E Qe 4 sl o] 9ty o
stH(3104 151061

OEJH)-ZJ © 2 DS 'EHC:F‘ i)-A]. Al 13‘_0“ H) sty 7H4d Al
T ool g LMS(least mean square) % *
S dug o oste (HY ANZE FH ko] A A
4= qlvh, ey ofel sk e trgA vl el Ve
Al & (reference signal) 2 A Q¥ =4 A5 5% ARG

sl g Aalzo s 7oA o) o] e 2

o] Ay -‘f—"‘(correlatlon property)-& Hojrr ] 4
Fal7) 9] A AakE b e ok

e o2 iyl olg] st Y™ 2rElv] 95}y
19843 Ketchumel] ¢jald 24 #H & equalizerol A
A8 W) W) gk o HAH(chip de-
cision) & B3 M AdE #4 AERELE FH x| o]
2 Y NFE WW‘@P.:?—.’H, s s e B B B |
"}'9-511‘ 71‘”01 A QFE ALt

o e A4 5ol A3 S z]«az-a}:u sto}
A= =7 AR A ol Z PR S glon R

2718 o ezl A3t vlwel A
[

Zead w)

B ool M AR wwel ols) HEYH
B2 gebdel HaE QANEE Bl
QAN EES) AARA Kekw viop W YAE w.
B A% RES AT A ol
Sl THAzlE el AR dZNE Fatal AN G
F AEAL wGo) AR g S W
A 21715 Aetabar zh 3o sk el Hd Al

A7le) e AHH AEdClHS Bal vl B
shaich.

Mol i A 8ol
el Asn H1geld 273 A o
WA} 9 A E

o] oIgH LA A 7o
24 A

o A oz ozt Are wralel o1k 2ha A /1Al
-2 M BB VIOl A E 28-S WA

II. DS CHd &4t AJABIOHA{2] BCHS Zh
XA

1
e wes 11]91 @ ole] s Wa A
1

zhv) widoluh, hA Al

@ oAEE e wl mizel A AT Aelo)
slatel A8 4 ek FHAES] Kol Aol

ahel S ebE 48 v A e N AR

Hatel b NS H sk b # 5 vk A

S oshA Y] ael B A8 3 e g

olt} FFTol| ulele & otiigl &

oeizhx Wy 3 Hel o] 2k of
 eAHE Hash Al7IRE
(Least Mean Square) &itel &8 3 & s},
)\\_} R ‘H u,f

A S,

A4
¢t & (additive white gaussian noise) nf
Wel A s (ol slstel shapelh Foiel (b
A& = vh2 ot 3re] CW tonetr 2 v 2e® 4= 9l

(2].

i(t) = V Amcos(2nf,t +6,)

A7, ¢ 1 (0, 2n) oM oY BEE ke dy A
foimA A tonee] F-ub4s
A, :mH A tone 2} 11?]0]1;}
webd FAE NS o 32 e g A
(t) =s(t) ++i(t) +nlt) (2)

olwf £ N A5 E AYSIEERE Fn UG

www.dbpia.co.kr

o] A&k ol & 7] gl daf 1
Fatd on VoA AFE AlBd ol ola

= coherent & thel st

wo] A &5 7] ek
o714 A8 el zol ol (hdalE A Zlo) o shed

Asg 2Yshs LMS

GE LRI EIR R A

t)e}h ¥



HEAERERLIE 9312 Vol 18 No.12

ol A AME-E S ke PN Alo]f A7 4Ht7](correlator)
E AXA Gu Alold v A EE Hhe ’VS*]
39 A gt G¥7] Akl A el -

1ol vebl ATl

LA A e A a2 e
oA Al NEE 72 Al7]5 Fle] ot K H o] H
} 4 (2)e 4 s(t)i o7 ARAEE PN sirof
o] &te] o Ak ’\‘_13’:0]1 Ht) s THA v el
Alzolm n(t)y= AWGN(H7E o s v19-A)9b ﬂ )

olgbx vhA gk WA r(t)7F PN Alojdl aef 4
& (chiprate) 2 4E4 At b4 e of

r(k) =s(k) +i(k) +n(k) (3)

7)1 s(k), itk), n(k)i= 435 F¥Huncorrelated)
hal stk) iz 1ol e whisvkal vpg st ksl ool
S i(k)i- (k) N E oJ’Il‘}V”, kel 5=
& otrtar 7R skar Alw (stationary ) el upal ¢!

W r(k—1), r(k—2), rlk—m)ire ] Fas 5
A},
i) =% ¢ rlk—1) (4)

i=1

o714 ¢i= M@l F719) A o),
ez A" A2 s(k)i= rkk—10, i=1,2...
mis S le ol (] A ENS o= 4 2l

Hri9]

r(k)= s(k) + i(k)} + n(k) +

+ —>{ correlator [—>data

Maptive L— PN code
>{ Digital estimate

Filter of (k)

3% 1. "Eel 3 FA A It A A%
Fig 1. Inetrfenence estimation and rejection of 'I'DL fil
ter,

. ZMH e @RS of|E 7] ghA

(1) &Y Hstoll 2|8t 2H KA
oleldt M& o & o 1o oyl Ay o

= O HTT WSl
1996

L HA] AlEel o e gHAF A &) el 524l AlFo)
)&t M ANFE FAstuz
shel flabiz dg o]t Hado] "ol gio
th ol AE =1HE7] 91t e AleE Fld
A&7k opl #7214 (chip decision)ell 2lste] thad
b Alzvh wuioldl NS (k] AF 4
p-AlRE gHE) & ol Bate] sl A WG A e
Ak At

e ﬁ He w5 FH(chip) B4 #AHg 7}
kA el &hs . ©] ¥Ed (correlation prope-
rty) & ol ‘ﬂ l‘? tHgol el

o) Ao A A% (chip decision)ell 2)ste] 21 Al
ol g s g Aol e AlsE A
ol 71 A g E5E wd # Ak
Salvkel H oAl it vik), ralvbol Al o] 5 2

7 wlk)ebar sl Al g A vlel

ahol iyl Alo) 4l 2 v 2w g,

Wik) = S Ay (k=~n) (5)

o 714 r(k) = & (chip rate) & ‘r‘i%‘f%‘ﬂ A=Al &
VA 7t 5

"]10,' ﬂﬂ’\ 7}‘01\]0} ﬁ ﬂ}

olaL ol A

wjojQlof ofeff 9} yrol WpEbH 4= it
r(k) = v(k)+ntk) +1(k) (6)

o] /141, h(n) £ ¢H4d Al A 71 e) Algel o] A sF
ol 4] -tk Ha b hin)®
Mas r<k)<f- ] 5‘3§} SH:- HE A& o 4 9
cho b A7) el Fe e Rl A ARg ¥l PN
_\:_o] leal & 5rrs 9] 1]J¢ Jr}, Oﬂ 010}04 ] ‘igo}

i E e oy
nos Rek 4 it

e o il - - [o R
o] §to} 7l vt
Lyl 2ol &) A gy A A v 9] 7l4l B (reference

signal) ieri> 4241 A 22) 7H M E R gt
Avp odar Aol ghak M Evh Aol A g A v
R Uh % s PN Aol elated g6 4 oAl
olgl 2 Ayl el s e wid o g vk
o] & 4= vt
rl 30 A gholl ofgk JH A A A
o oA ol Al s AdEe S
&2 oslgl o A 3] ol ‘.’Hﬂl Al ¥l Al
Foll ) A Al olsked ¥ wilk) 7 whlA Flh
A4 e.akgle] 4 stal '686%04 22 efyzch. wf

s

www.dbpia.co.kr



#3C/DS AAEG A Al agie] o] (b ol gheh oty

r(k) + FollMe b ek dbdEe] sl wik) =1
>—+ > (Uk>0), wik)=—1 (Uk<O) oz 3 AFE 57

- 2 gho}
Maptive ’ vik}e] @ajsHgo] 71 (¥ DFC(decision feedback
>| Digital estinate interference canceller) 2] A %o 723 Wol= A
"ot o)A g WA e e HENE0

FhAE Ao s odua o Hite oAl
& Abgstel A5 QS Alaalofst e o] sl

(K} Filter of i(k)

J8 2. 718 A 571 s THA A
Fig 2. Interference canceller with reference signal (2) @XIAIZ 0| 3 0| &7
Are] ApsE BYshe AP AHEEHE o3l
- oﬁ = 0}11 L"—] xﬂ 7]5] a1 Ll— Q. 7} Lj )\] X o] A].y})d o]

r(x) + Zag 4 glou o Al A—]o! =758 A
o s heb 4 sloum of ualzel HMael a7l

30)|- Galed N g FagFe] AlE LA EE o)

. 'fﬂ—'r'- A Apgstran HIHe o dss &4

*é,i_t19l i ﬂl A vige] BeaHEg 9y AR

Thal 7h4 0'5’ i(k) —j(k) =ulk) 7} b7 A =
gel 29 e(k)oll EAahA Fut

% 3 A A sl o] gk A A

Fig 3. Interference rejection by feedback process e(k) = € (k) + ulk)
7] € (k) =1i(k) +n(k) (10
2 2FAIH 7 "ol ol et o) 3to] ghelE] glol A
orAub AME o Z wrwlnch Al A aaks vhd (10]e el3hdl ulk) sz 4 ddel @ abg fFuAzich
£ 9 3 glu) ulk) ¥ stationary @ 44> ¢]31 78 Abarekg =l
¢ 200 M Vpeh ol A 718 Al g} A AeBZ S EAT {atg AHete] uk) & M
o Fet 7 olg ol
Let(k) =r(k—1) —w(k—1) (7)
u(k):n‘i:a, ulk—A—i) +z(k) (1

ol Aol o8 Azl 48 A% j(k) e v

2 go = ol
el vehd 5 sl 71N z(k) e @Akl Z7)o] el Aol off
, Ao 4 98w A
k) = L:h(n)[r(k—n)—w(k—n)] (8)
w) = Y a; ulk—A—i) = 2(k) (12)
ol 49 3 Aoldne) ST 4 FYA ’
= @3l 2 719] etz heah o] B + Ak,
Wik = (k) = (k) .
e(k)— Y_ e(k—A—1i)
—r(k)~Lh » (e~ n)+\" rwle~n)  (9)
=e<k>+u<k>—'§_‘;' a;l€ (lk—A=1) —ullc—A—i)]
wik)

i

- Aok e AT Aot B
1997

www.dbpia.co.kr



S {5 42 fram S0k "93 - 12 Vol 18 No, 12

=)~V a, €tk=A=1) 4+ [ (ulk) = ulk—a-11" (13)

[ [

M-
=€)~ Y a, €(k—A-i) +z(k)

i=o0

b elk) B0 Woll A g AN ¢
1

AN AR gyprog A Qv e(k) — }: a; elk

A el ek 1000 € (ool W w4
Qw%~uwrﬂw

9-*ﬁ4w AL 93} o Z 1ol o @) 11y
A 2w S Lheb i)

rik)m uk) + 4(k)+n(x) + ek
g monF- e data
r— FISIR e
r T
!

+ > |Adaptive filter PN code
i
r a(k) e(k) ;
PN code
TEJ |
!
A

28 4 AR FA AL A

Fig 4. Proposed interference canceller system

V. AIZgojM dt H ERZ

oFol 2] a1 EEE v]Eme] A& o2yl gokst k4]l
S ol kol A AR 6l ]
el N el g el wlal olul b tone®l
SR ubaL bR bl 3 ol 4] Ay

,
s bt

,,
pilk)=05Y Adcos2nfmk (14)

A% HARISIR) 3= 1p 10y &2 g eolv)m —10dB
2okl me o] tone 2.2 10Hz 20Hz, % 5% ¢
thelo st st Ak HFAe ) gy
o lthir vhgetrh Aldalol Al rA it 5o
LR Sl U

Myl dlole] P VIEINE] +10] g& i dm
Alo] gl 227F wbE ol A PN s bl v] o) $hak 1
off elated 3 o]l sk AT o] 3 Alojgd

1998

b . T

J DATA TIMING

%:w <4— C!JRRE.ATOR 4] W‘

J8 5 Mol 24
Fig 5. Simulation block diagram

roglael Al Maiep wial ool ol ate] o iy
ol AL EvE whiol 4] gHA] A 71T 9] Q] @ o] {!LP.
weoal ol Aol o A& 3+ PN 51153 108 B2 Ma

ximum Length 510030 181 goll do] & 2]~ o]

SLg A e

B B0y

| S—

l

2 6. 104 T Maximum Length arrs whad ¢

Fig 6. Maximum length Code generator

A etalel k}rﬁ—‘{! AT 0.000142 she
ol WP I6A A 07 2 L R ey ‘ol

ol ) BER O ruhﬂ ) gel hehigl e
N R I R PYRURR LA U RTINS U RN
QATHOL S gl A7) Sl 2 noteh A1)
i wol T oLk el Al zwle (el

VAL 019tsl %) photol

} 1
AF S ERbn s,
i ¢

H]o] dE} L= /\|—¢[Ho . 1ol i

A

(BN e}
Gl M Fpotel of @

yigol dgkq) 4] 2

o” l” {;} alal k] (g ,r} ||| oT}
! ]
T

"\~

bl A ] )

L R o elgtakan ol

19182 BER 4ol 4 (a)

t
T b 4 oeluh -
FOAVIOl g Ta 8 2 g0l al (B) - 44 159
i
!

7

oY v :}o

; |
ol o] 7
bobEE ge e M%Wﬂkwﬂ&'ﬂi%ﬂ
BER A & vl 5lv). 3470 791 0% DS 4]
sl dpalbe s 918 A ots BhRo] SNRoll s+

Web ol gofnh A palels Abgato i s g

SN

et s B 49 el A

vE

Al L e el Fan ol o] 4 vl

www.dbpia.co.kr



&/DS S AL S A AT ) Wule} (4] A el ke g

of A 21 Pe] uFal i) 2)rsl nouw “,] Ao Kizo )
°liz °f 1dB el SNRoJIvh 1o} #4215
B2 3 Qo) thaf M, 9 Ai DS A 2] 2

o8 A& + 9liz BERe] SNRell ¥hAIgie] 0.07H %

ol AHEG Ao wM U] S apdslis 74
ANEA S wolsa izt o] 49 v1Ee] A4
B )3k A gk 4ol 4] Q8 o] Aholi: BER

| :
107 71705 oF 3dB 4ol SNR 249 7148
At

AT

(a) conventional

dB (b} proposed

-a. et \; O —

0 fs/2 [Hz]

% 7. notch el o] #A-gHe) dagrs
Fig 7. Transfer function of the notch filter

BER(a) BER(b)
(# of chips=7) (# of chips»15)
(# of tap=16) (¥ of taps=18)

107% :

12! 8. BER 44t
Fig 8. Comparison among BER performance

v.g g

Wositell Az DS o] Sk Al Al ol
§ 457 £A9d DS £A718 HEE UE 24
ANE i E Ve HE A Ea Ay o)
ol z7lol o3 74l slAle] A1) 0] B Al
B} Al Gef o] dol elate] wls #4 shalch

A A W e soliz A d3e) o
Al A R AE F, gAEe A E e
Il uu A" 7}_.0.1\10} x}.@o) Aqo] A] 35 /] -@, h=4
g orozm Azl ofstol uastel 1 AlEe)
2 5] ol A Hrt ol @ HE o F wiel

WS ] fletel 4Re B A AN A

._‘

zH} el g 48 H A 527} 2wkt 2 notch 417
ol el e} Al ghaldelol gl

*r UI‘?%M A elsraral olotati: A1
thedol ek Walh vt LA Lebbar 9y vy, #gh
g Alagle) el Adaele e $uaa

A el auw o i qtateleh. BER Aol
N g (Helel )% 7 49, DS Al 2H Awmok
@& 4 213 BERo|] SNRell #HAIg10] 0.1 Bxolut

AAHEE AHE o 2 A ddE %1.9.“1 71&9
A7 E b A ebeh wraloll A A2 el Ao
i 0] 1dB vk c1efuh 440E 168§ 735 DS Al
ety '4“41‘&0 2 2% F iz BERe] SNRell 4
el 0.07 850 A A& oM v & &
el by Aﬂ AEARAE vopa dded o] 4§ 7]
ol Al AHE Al A etsl wlAlo A A& Ao
apoli= BER 107 7]s# 2 & oF 3dB& A o] i=d-ofl A
AjQrgt b Al A balo] the EAF BAA A A

GG F #8E 4 Ag Aelth,

)l

S

Ao
rat

1. R. C Dixon, “Spread spectrum system,” wiley
interscience, 1976.

2. William F. Utlant, “Spread spectrum priciples
and possible application to spread spectrum
utilization and allocation,” IEEE commun, so-
ciety magazine pp. 21-30, sept. 1978.

3. Hsu. F, and Giordano. A. A, “Digital whitening

techniques for improving spread spectrum
1999

www.dbpia.co.kr



S 80368 {3 4R S0 93— 12 Vol 18 No. 12

smmuncation performance in presence of nar-
row band jamming and interference,” [EEE
Trans, commun. vol. COM-26, pp. 209-216, Feb,
1978.

. Ketchum. J. W, and Proakis, J. G, “Adaptive
algorithms for estimating and suppressing nar
row band interference in PN spread systems,”
IEEE Trans. commun. vol. COM-30, pp. 913
923, May, 1982.

. Iltis, R A, and Milstein. L. B, “An approxi-
mate staistical analysis of the Widrow LMS al
gorithm with application to narrow band inter-
ference rejection,” IEEE Trans. commun. vol.
COM-33, pp. 121-130, Feb, 1985.

. Coh-Ming Li, and L. B. Milstein, “Rejection of
narrow band interfence in PN spread spectrum
systems using transversal filters,” IEEE Trans.

on commun. vol. COM-30, pp. 925-928, May,
1982,
. J. W, Ketchum, “Decision feedback techniques

for interference cancellation in PN spread spec-
trum communication systems,” [EEE millitary
commun. conf, pp. 39.5.1-39.5.5, Oct. 1984.

. D.H. Yoon, and J. H. Kim, “An Adaptive Fil-
ter with an Augmented Predictor,” Proc. 18th
Asilomar Conf. on Circ. and Systems. Nov. 1984.

9. 5. T. Alexander, "Adaptive signal Processing,”

New York, Springer-verlag, 1986.

10. T. A, C. M. Claasen, and W. F. G. Meckle-
nbrauker, “"Comparison of the Convergence of
Two Algorithms for Adaptive FIR Digital
Filter,” IEEE Trans, on ASSP, Vol, ASSP 29,
pp. 670-678, June, 1981.

& # B(Sang Dong Ray d ¢ ¢l

196881 390 s ol el o oy o
I I |

197951 99l 7wl o algl
Aol b el el
A} :.])

1991 991 gl df oha i obel
R

L)
197351 390 ~ &l o) olat gl ol 715k
A Sl el 21l

shedwt sl

I AT
s kAl Mol ol spread
spectrum o] &4 41 vt A

olit )i

2000

www.dbpia.co.kr



