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Optimum BPF Bandwidth of Noncoherent
Tau-Dither Loops for PN Code Tracking
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ABSTRACT

The optimum design and performance of noncoherent TDL considering the effect of distortions
due to the IF bandpasss filters are described. NRZ data and ideal filter 15 presumed in the sirmu-
lation, The optimum filter bandwidth is calculated in the sense of minimizing the loop 's squaring
loss, which is equivalent to minimizing the loop’s tracking jitter for a given data rate and data sig-
nal-to-noise ratio. As a result, the optimum filter bandwidth depends on the signal-to-noise ratio,

and is obtained in the range of about 1-2 times of the data rate,

DGR SIEAT W LA

Dept. of Control & Instrumentation Eng., Wonkwang 1. =2
Univ.
= EE T T SRR AU PR
ETRI o 5} A A 2 E Ji= 1oz O 22 ALiAl
vl o L g Ak AoA] ZsEoff Al el o g A
-1 PN I AR S el A ‘4 e 1;' ST e e ]
Dept. of Electronic Eng., Korea Univ. ko] 3 )‘"' H-5e 1 =7 otk cHa T Shak Ot
LB - 93142 Fop A=alvle] ahh 2Rak LE qhe] g )7k gk A o]

BT 119938 8H 611

www.dbpia.co.kr



SR B ek 943 Vol 19 No.s

(quUlSltlon)
oty iz slol
ElE R E
g ] kel 4]
e g o
o A sk g

-0 L'}~ <O] ul

$ & 7174l (tracking) J'VQJOI NS S Y S S
191 HH o] ShabN-& g v)7h o] ko] 2lup !

tHol gk Al ~wle] F ’]—F‘l AR T A
O WS A oluh sl el Gkl g4k

o & of yhell mhah Arafefglin o mparsio) it

L5l LR R Qluh ekl abe] ) et
LS B g

e A0 o] s

Al al g e ot ubal skl

2
FNY )3 Gianof Axahiav], o]o 1t il o] Nhyl
Al gyt by 5]-\? AAlHAull time) v
[ R %‘?!, AR rak e A et
- Mg (r dither) &0k 7] e
R e B )
#Hel cfofahal ol af wlof o] A goll o 2 o]
921 Sk} 2o Ll E o) ok s kb 4zl o)

Aok olspol Al il el Ml Hlal]olel

sk, vieal et 4 f:Hm KRR ERTEE
Aol Wgel ko] o) Shes abefell ] 4 ol

i, suelo] girtal ‘.'1-3,::1‘1»91 WA o) ao)
W olel i Blol ik UED ] Al ARl A e
G4l el 2lele] gl o s of
elak g dole] wiats Al qupel o] g 1

i

Goofsd Al s bRl @i W gak Al vl o)

vIgh b ot Qlal nlsrsloglr Ao} da) b v
s A 3o ol g ‘,—‘ {dealy locked
loop) 7} v1] AFE-& 50 9lom . gR A9l "z;- dEReRY
AEEE Al Skl

ab At ol el 3k DLLel M S5 k<] ) flo) o, 1
ERIE G R ) SO R B I AR
a4l elef o ftolz]ol ghubis foju ukel A
FUogkell o tpeol dbatdlolu) svtel kel ”' SR
V9l v o] Aol 9 0 Ml (offset ) o] =] &t
sk ‘” ¥ slo]

71 tele), 4 A7k R IS IR & A | 20

1422

T e R ST A B L

R

Uhg atshe] ko] ol ok e fths Holvt of
T D T
I R R A P

Bek o sl et aload, L uivha whalalis v
A A el b gl uhis sk s

of 4bitsl W gl dlvhis slolu),

Movstell As TDLO A4 A A% §14 thol%
A1) ool tetel Luakeban, 415 4ol gt
AL b #H 2 s1E4 A el whgel 4] TDL

DLl AN S v sl ar #f sl
X ASI | Rzl oA

Wil A r ksl 4] Sk UFS-3As v
EE B R R B B A A I A
ARAET-2 n] nek o] kLqu /‘ AR ] -1 4017} Q
1 B A UL R Bt i A N q(t)OH olal &4yt
VHRS L s s wbe) afiar ot s o
et ks £91 sl £ kS
ok =191 49
5(}! G

Sl el o })\] (s

UEAL sk =t
A S R S R e

aep g = A

) 22 lFHB.PF]' © [ . wL)
[ ]

alt)
¢ LOCAL
- OSCILLATOR

:\Lu ——qt)

clt-§ + 4% /z)r lc(v%» AT, /2)

SPREAmNu vee Loop
FILTER r‘—
('ENERATDR 8. F(s)

o =2 R TV R e A S S AN P
Fig. 1. Noncoherent tau-dither loop

| ®Zo| SampY
R IR At I R !

W et sl e A9l NL/29) el
DAWGN S| shounl v Se s dlel el

www.dbpia.co.kr



i /PN g o] 451 A48 918 v]aig] ol ¢l TDLe A H % o] BPF uj ol &

r(t) = /20 mlt—1)c(t— 1 )cos(w,t + @) +nlt)
(1)

n(t) = 2 nt)coslw,t+¢) = 2 n,(Hsinlw,t +¢)

(2)

= OEFEsE A At W AR F

7 EeAl et o7 (1) 9} n,(t) PSS
1. 7

J— AT ,
alt) = /2P ,clt—1a—qt) == Jcos|w;,t+¢ ]
(3)

AN o0 =@y ot SRR e) 2Rkl
Al g LR ME R AL S 2] 9] AFolu),
oldl q(¢) 9] F=ub f,4= IF BPF o[ t o} %ol u] s

F¥8l A om A o] T e A 4 9l

vk o))k 49 sl 1ol gk b Ael gyl 1
F 20l el ol Y- Em g (1), g.(eyel o) vt A

Ug w g ,*.T]'xol&]%f- N RREw gpd e

ALk o] 74 q,(), gult)i= vk 2)ut (rol g el Ry,

() =t (4)
L
() — LTt (5)
- 2
(t) (11( , 2 t)o] _40_]0 -LLI 3;’} "L}-
T 2004 AN ST el e the Ao 7]
ERiie

alt) = 2P, clt—1,+AT.[/2)cos.w;,t +¢] (6)

alt) = 2P, clt—1,— AT [2)coslwy ,t+4'] (7)

LOCAL
OSCILLATOR

clt- + at /) (t-% - aT, /2)

SPREADXNG vee LOOP
FILTER
asnsnnon £. F(s)

O3 2 B §- A5 ae] v vl
Fig. 2. An equivalent loop model for tau dither loop

q(t)

+1

(a) 0 t

(b)

O3 3 dgdEane] =914 gk
Fig. 3. Dither loop switching fuctions : (a)g(t): (b)q(t)
o) golt)

AN w = w,—wp i R 7] 9] 7H5 uh o)
AL g A E ] el g Abolut o] Hvbmwl]
O dol Al whAlsh IF s o] 548 29
spal migl 1o crdeet §AES o 4 3l w3l
o] LVl Bulo vhx] s M A mdo]rtg & Ry
7h fvhiz ARl v19lehi: s alvle) 914 28} ¢ (8),
g (00 T gk Rl Al A9l shy F e

BRI 1
[91ell 1091 DLL 5ok el ghg o 4+ alvh.

1423

www.dbpia.co.kr



B ER ik '94-8 Vol 19 No.y

IF EHOjE“L" JI] [‘1 o] LA] T j]' ‘ll (7R “4_':(‘

o252 polek st 1A R e ol 4
ol 213k AR Aol vk, Rk i
& welshn el FA O e A o

y (Y =Kyv2P mlt—t)clt—1,)

Clt—T 4+ AT [ 2)coslit+p—¢")

FKyV2 nfticli—1, 2 AT, [2)coslm t+d—¢)
(&)

—~RKy'2 nelt—t, 2 AT [2)sinlw, t +¢—47)
o 71 A Ky viae] wghE A el ey
el W gelstolan b el
oAl ehikitE el AL AN S L2 el 4
9] stet
Solt 14 SI=Clt Tt T4EAL[2)

—elt—t)eli—1 g+ AT [2) (9)

AN o (g1 1010, ko] e g4

g ouisich sl shaiEe 4 g s, 0

- T4 ()‘),‘0 ;\]}u]o] ,(1‘7]0]1 o] FL fl 0 o‘ Srul ¢ 1 /]4

it o

P = ~ o) A -
Hom AR A= 9lan, 148 Ukl fro] & Gtk

y. (8 =

KTt =) clt—t)elt =1y AT (2008 ooy 1 +6—9 )
F Ry Pmlt—1)s, (t—14 d)cos(w, t +¢—¢")

+ Ky t)elt—1 42 AT, [ 2)coslany t +d—¢ ) (10)

—RKyny(t)ell~1,+ AT [2)sinlw, t+ g~ ¢)

oq/w F17E NQUPN A el Ak ehicr

i g el e

T I

1 ,[‘[(I‘F\,) 0< {1

_ I < (N=1)7 (1D
‘,\. T .

tﬁ(‘\,/:“/ 0+ L \1 (NS < el NT

1424

NTe

8 4. PN V%ol 2} g ot ghge
Fig. 4. Autocorrelation function of PN code

0]1‘{1 L]o} IO Jvk ml] His o] s /] /%O:]l v} 515}?
"{";vf' [[’,(S Lv]. ‘ﬂ‘.", LHO]' rl ,1] { ré—i’]'?; o] ;(;3;9

SE Uk A

't
|

x, (f) =
Kyv2p “’l“"l’/]) : ()+A/Z ]COS((J)II"t+¢4¢/)
FRyV2 n () coslawy t+d—¢) (13)

sin(og, t +¢—¢)

SRy 2 om0

a1 mt—cy) = His) imlt—1,)] (14)

w0 = IS nADelt—t £ AT /2] (15)

() HS)  m ) e =1y 2 AT /2) ] (16)
SEAtell s A9 14+ Heaviside 914+ 4% vhebaicl
oA Ay H kA ) k] E B Jy}o}oq Ll

A SR oA by H b ol A%

el 8) = [x (g () ~x3 gD ],

Riym (=1 g (DR (= ADT =g (R (0+A/T ]
+ R WD g (O Fag; (NT}'—!{,(/)U}}“"U)+;z,‘f;(l)]1
+URG NP mt ) g (O, (DR ((6~A/2)7 )
“qAn, D RIS+ AT (17)

=R Pm U =)D S+ RKEn L, 8)

www.dbpia.co.kr



# [PN B.2) /154 % 916 v s8]0 911 TDLo| 4 # %1 9] BPF tho] %

o 7| A B2 9] Satal Iy 7] BEA D(S) =91A
Wb RE w4, 8) v vhe- 3t 3ho] Heojeit

DS = q (DR G—A/DT, 1= q,( R [ 6+ A/2)T,]
(18)

n (8 =q ) ai () +m; (D ]=q.(Dlai () +a/ (0]

+o P mit—t)igOn (ORIG-A/2T] (19

~q,)n (ORLGS+A/DT T

g, q, ()% q,()F glt) ] TR kAl shd, D(s)1z

Do) = ; (RO AT ]~ K2 L5+ AT ]

%{R?L(a—A/z)anR’ (S+ADT ] (200

_1 _ 4l
=—D(5) >

F8)
e} ol v, of 7] A
D) =R2{(3—A/T 1—R: (6 +A/DT.] (21

) =RE(S—A/T ]+ RL+A/DT,]  (22)

oleh A (2002 ) 288 AT S, o ok
o s, £, el o< el v o)
o bl A aAs YAl A,

Ki . .
elt, 8) = ,,,é_.,v, Pmit—1)D(S) + Kin, (8, 8)
(23)

P .
|
/\\
—1-&/2 -1+4/2 —‘A/Z f | e
I | ¥z 1-42 1+ /2
i
1
B !

O 5 Bb R F 9 a7 S b
Fig. 5. Tau-dither discriminator S curves

= '\'“\P?ﬂ@ 4= 0an, 0< AC1RD Aol sl D)
1 (112 ol Gah, thest po] Grah Weh,

DY) =
. 1 . 1
0 NI <81+ )
2 2
1 o, A R
v -1+ 5+ 5 )(1+ N )]
A
—(1+A )<= (1~ )
2 2
=201+ i JAL1+ ¢ 1+ = )3 ] (1- )S()/';
A
21+-te-a+ Dale -2 <o+
(24)
"(1“{’ JALT—(1+- i )OJ + <§{(+(1- 5
1 A er
[1“(1+N )(0_2 ) ]2 v
A A
+(1— ) <d{+(1+-=)
, 1 (1 5 le 1 5

1< AC29] 4S5 e ubzbvpx g2 H8 &
glvl PN 4-3e] 527] Nol 1o ula] vl §- Z1v}i= 9
WA Q) by stell A cigd Do) o] =kl I19 5o ¢t
Lh of V] A] s nhek AR A== 191 98] ’c_‘%‘
pull-in @ 9] Hh7} v, Av} #rold =8 HEq
ol Y] & 717} FVESvRs Absloltt, $hd, é!(23)%
*J’”’*?H,S)]"l N(17) v vlaa] b wf, TDLO A3
AJikol] that yiwlv] Fele DLL9 499 dFow
Fatch: AMHE o AlL‘]r ol¥x TDLeo] Al &%l
e uiol 2] DLILoY H]a] 3dB FavE dvbar § M.
K. Simon®] 7 #}9}4= b PélO]L} 3. o]1= DLLA
th st Simone] sl Aol 4] A=Al A1F 7} &yt V2] (branch)
B2ovkold o) dAl Ao Abgve el B ) s
A shR] ¢Fok /] whitoll v ?1 Bl Ao, olH ary
344 kit TDL2} DLL®| 4%-% v atat M, K. Simon
o WML 9 vhAlAL Athar AbE O

ol4dl PN gk al e} F ol rf« 1'-*1 A S
YAl g, /T 7 elt, §Y2) Alo)E wbAl g goln] 11 3)

Av: b o 714 3 ek

T

e & F(s)
[e

= (t, 3)) (25)
1 s

1425

www.dbpia.co.kr



s ELH TR il "9 -8 Vol 19 No.g

o 71 A F(s) iz frlf'ﬂﬂf?l detghaoliy, gs-
PN ’l("}i?} %‘ 7]"“ : téi‘ ¥ (/o] O] ‘o] L}
wheb ] C1ql 1] AR G eol o & g Abu 4 O

vhg- b ¢rol vz dk = qlv)

7, RE(s) P -

"i - '7}"" S’) [’ - (f*f,/)/)((’) +n U {))I
! s 2

(26)

o1 714 K= K3 g3z 5350] o8 vhepil ), gl
MUt =1 ) DIS)EE TR ko] g ghvh vy
291 7] g0 oL Lheb ek

=}

Mt — 1) INS) = {m=E—1,) 3 DAD)

F [ mt =)~ <mHt—1g) 0 1D (27)

S 14) Coix AL RS o) S,

mit =1y =a— [ SSAOMLG2R O df (98)

oluh. groll 4 sk nhHIhA o] frk KoL)l g3 0)
Holef & RALUE WG e e Al e

[ERr <3 B

Al7bgskeh l& sretell sl Do) s vhS- {‘0\
[

Garakshul, D(o)el 60 sixlel g fo
JolL).

DY) =nD, () (29)
o] 7] 4] V]j2<l+”\l, He—-(1+ \l A ] (30)

olth, o el AbHE ofgapul, 2 (260 0.8

(O LT,

nO) e (31)
L I

St

2 ls 4ol of /)4

1
s+ o I, KI(s)

e ARanel dergholu),
2. ST Bt Ee M s
ol & FrkA v f} Trom e a) e Al L sl

1426

O R B I VA R e S o e

olir Slal wx 91 ghael Abvbeta g theal

(ol (R AlE) /)AL Sk,

Ryto) =g () q it +1) 0 (33)
Ryl =g q.t+1) > (34)
Ry Ao =<q ) g+t (35)

AUl vhg-e] vbA Aol Ristui( iy 6 HE).

1
Ry(e) = Rplo) =

~ Ry (1) = R(1) (36)

Rq{7)=Rq (r)=Rq,(r)

1/2
N W

’
Tq Tq  37q
2 2
Rqq,(7)
1/2
(b)
r

Tq  Tq 3Tq
B 2

R L B A B TR U
Fig. 6. Autocorrelation and crosscorrelation function of
switching functions

of el bt nelske] wf drel A Ak

AR I e I Y S L
R, (1, a) “n, o) n (t+1, 0)
. B l
BR, IR, () + 8K, 0) 2R, ()~ ] (37)

FAPR, (DR, (DR 1) f ()
o 14
/)P exp(j2nft) df  (38)

Ry(o) = ‘ [Hj2

Ryt - \ SO HA 22 ) 12 expl2nft) df (39)

www.dbpia.co.kr



®L/PNILE e

P71 %28 918 n)ats]ofgl iz TDLeM A

# ¥ o] BPF th o}

olm, of 7144 §,,(f) = tlo] e} £ 9] psdoltt.
f(é = 2 (22)o] delsl wt ‘2151”1, 0 A< 19!
Ooﬂ o) &) L}n v} ‘10] LEH

0 ,~A\'+1+{3~<(ss—»<1+—§ )

L,
G ]

,—(1+? ><5g—<1--24 )
. 1 A LA
2[;1+<1+':\f }+(1+ )2 (5 ﬂ*(l—l)»\os 5
1,4 Loy A A
21— (1+\ 2]+(1+‘\,)ol, os+2
(40)
1 1R _l, 2 ,,A._ 2
2D -A4-sF+ a4 0 )]
R RCERIE
1 . A, 1
[1-Q+ v J(6— 5 )2+ N

A A
JE— N + i
,+ (1 2 15 < (1+2 )

TDLe] e Z e autaow 5, (4 8)9 S %

o od Fofl vl ‘acﬂ‘ﬁo]”‘r’ n, (¢, 8)2] F= 4‘,1
tﬂr__ \4 L}- o] O\;:L X’!LJ‘”LX L%j l’-trk“/'\Q} L'
E}gl4me WO FA S (LA}8}E} - 4%1\1/}‘

R, (1) dt (41)

-

s
o~
>
Z
—

whab ] o] Al #HS u, (¢ 3 dc FH H4HE 9
ul s} A o},

g1, ol ko) 717 213} Parsevalel 42l % ol gohm

N(8) =16 ( [Sx (NSNS =N df
) (42)
+827(6) [ © 1838, ()15~ 1) df
7hES 2, o)A
N, , , .
Si(f)=F[R; 1)]:*2* IH(j2nf) |2 (43)

S ) =FIR;(1)]=

Su(H) IH (G2rf) |

() = FIR (1)) = ;11"‘““

T e

n-.oonm T,
nodd
)8

18 Agabel thepsbabu,

)

N (8) :712\ 22 fio)+-2

AN

]

5 2E& 7 i o7IA

L2
ay = +2 Y
n

2
T[V )H Xan
7l

n odd

p=pt2s (2p
n 1 nn

n

nodd

a,= | UG P L2 =1

T,

Ifﬂ -

[ 1HG2r )1 L 2e = D) df

K

[»’ H j2n )12 df

[ |H ]an I‘df
/’»:: T A _
[ G2 ) df

u= [ SN HGeR ) df

N r

N \v“ 13\

By= [ IH(j2nf) N df
SES

3. TDL2| E7|FH M0l thEt JEEH”

(44)

(46)

(47)

(50)

oot A2 4ol 5 b oA
T P B P
el 4l sl e (el el 44

www.dbpia.co.kr



SREUH (R A Lok 94 -8 Vol 19 No.s

el thal D,(8) = oolar, Al (31l 4] uia gt
AVEFH(1 - Hs)i4r Aol abglirel i qsgk g
g/ 1ol 005 v sy,

A

ag,f(sf:f‘ \HG2r )12 df

(S

(- yp,)"
(55)

sl ,,,,1&:;1(,(5) I

ro

( 5 nl’,)-

af 7] A
B, = ( [H{j2nfol" df (56)
L Aol bl el el vh 4] (46) € i ]
. B PN , 2
7T t Ty 2w Sl Py e

G5 np)” &

of wlar, 2] (300w A (40) 5 o) & vho AL e

e B
. N, B,
an- = T
; op
. 6 8
x L1+ )~+1,’(1+ )t A /‘
N )'\}]‘
1;’
(58)
ool ths)
s
w4 Ly ey
R 1 N 7’\}]‘
oo = (59)
27 2 Ly 1
¥ 1= (1+ )
n-r A\
. TM . N
o] 7] 4]y = SRR an A e R A8 ISR B R R AT
N.oB

oluh Al g9 A £ oA re t

ol SLAle rabflo e Al o] wdly o

1

EAES
, 1
g, =
¢ 2y
w4 Loy B
A ryn- 77 1

DN, (60)

1428

SL/EA S 2 TDL) Al 2 4 4 ol w) | Costas
Genel Alvidz el thEk o)Al fapalAiel ope
e e L A

(61)

. 1. 1
S - 2. 0 . o o Lo
ME X o+ e x g

Wodmlol i o) Al NRZ wleleoll sl Al ¢4
s IR AAE e el AN S s TDL
o 41 ek el AT o] thelE S Srolu
A &St

B0 O ARl e - st H(s) B

1
ol 4k 49l WV (g Dol Hvkahay

Gl
» Ny
{ ‘ df
iy H
: ——
b, \ iy
‘ 2 df
/t‘\.
- SN
por, CnE I LAER
(62)
0 MR,

bulan ol Al Tx i v olshe] Hojel i o))

g} wepa

; 8 & ] 3 o] .
grlt— ¥ — e U = (63)
n a1 RN n-ByT n 1 N
wodd Hoodd

www.dbpia.co.kr



iR /PN & 9| 575318 918 v z8]ojd1E TDL A # ¥ o] BPF t &

2.0

18 r

16 r

15 +

14 +

12

111

1.0

1 ! X L $ 1 L L

0 2 4 6 8 10 12 14 16 18 20
BnT,

O3 7. 014 Hele] g9} By Ty2l #47
Fig. 7. A plot of 87 versus By Ty :ideal filter

&H, diolElgo] Ry =1/T%] NRZd|o|Ei) il a}od

sin‘r fTs
Sl fY=Tp —2F~ (64)
s (nfTs)*
ojm gl7i
ﬁ_\_
2 _osinfafTe
apy = by —— o d.
" By, (nfT5) s
T
Bydy
P )
2 sin‘nx .
= — dx (65)
By Ty (nx)”
BTy nTy
(e T sinnx
- — dx
BT (rx)*

oli, o} % W o 49 av=aq & ol&ah0

By Ty
8§ X 1 2 sin® nx
ay = (1+— : — — dx
¢ 2 ne ByTh (nx)?
nodd ¢ 2
(66)
By Ty nty
3 {5'; 1 2 7y sinnx
- ¥ — - dx
w1 N2 ByTs (nx)?
nodd v Z

2 98 % oloh 19 8 BTy AR ol

ay'far®} ByT,2] A4S e ol

2.0

18 1

1.6 r

as'/as

14
13 +
Lz

LI

1.0 P S S S S W SR
0 2 4 6 8 10 12 14 16 18 20

BnTy

% 8. NRZelolete) 79 ofd3 dee] tis] ByTns
w2 Sy fan2t Ba Ty 24
Fig. 8. Plots of ay/as versus By T, with By Tyas a par-
ameter ; ideal filter, NRZ coding

ol d PN #hihyts o] 7] No] 1o wla) =t 7}
gsta1, TDLe| Al¢EdE o)y i Aahas
H] Es/N,=DPTs/N, 2 3% a2 o] e Z 3] g
olE1 g9 ] By/RpEA VFERRW thS A} grol =
L,

"
2

a

By/Re 1
Es/No (2—A)?

ay +28°

1429

www.dbpia.co.kr



SR Al 948 Vol 19 No.s

sl —“,0.,1"_”»1*1 H]O]H Fol RSl n—A oo Al
EHE o] fo] (2—-AV RRTL-A F-209] 4 59
A G AR C—’x" A7 o, whdbA T-A I
of ol that Alypd el rad g et uh
of Ayt o] e el s gl
WA el 4 914. Sisl gt NRZUlelu o] 419
o] 4b# Butterworth 16121 By/Reoll W $l 1 -A TDL
OF Al it ol 2Pl Faf Nl sl e slel e
Fh slojut,

o] srMiziirtE] R3O A prEA S Al o)y

]Xlo] J][][HO]JFO] 1—{]—]010 Ol /l o)

o ghAlol ela) o]tz v el g Al

Agbelis At
o] thollg v} HdlE]o] rhol o
(e}

Tryl10e] e

ShARLE ok o alul ol el gl

4
;’ I.s
sl

glal o] 4ol Ahgehis qtinel £y Nl old

A E U F A A

A oo
@ Flskol tpgel whw A Y

ol k9t

Ry
=
=
r 1)
= - p
No B3y N,
ol & o] §-ahH 4] (60)0 u 1]
. 1
Oe min - , . v
20E0/ Ny p St
0 — -
-2
Si'[uB]

sareh o e o)l 2 n i

R RN N EERE TR I R

(69)

o] 4

BwR,
112! 9. NRZ tlejef, ol 4= #ilel 4% 1-ATDL
t\Y o ”
Fig. 9. Squarmg loss for 1A TDIL (ideal filter. NRZ co
ding

1430

35 -
3.0 1
25

BroRy 0
15 —
o |
05
00 b i o

-6 -4 -2 0 2 4 6 8§ 10 12 14
EvN, [dB]
ZIR 0. vlateloj gl DL o b o] 2] ol o b 1
SEEEEE
Fig. 10. Optimum handwidth for deal BPE of noncoher

ent DI NRZ coding

10°

900

2 -1
O e'min 10

10—2 i i 1 1 1 il A 1 1
-10-9 -8 -7 -6 -5 -4 -3 -2 -1 0

Ew/N, [dB]

T 101 A TDLe] A g A ]
Fig. 11. Linear tracking pitter of TDL s 1deal filter

o 4 4t

QL0 4 olan, o)k noAlahul Aubizal iy} 11
UL Lok BT, b S betell ube R
T R R R A
O L R R I ST PR I R
sl el 15 dB A o) v} g e il

I
R I LR F Jetees

VI

R

&

www.dbpia.co.kr



WA /PNY-Z o oA

IERIEEEE

L TDLell A 3 2] BPF thol

NP g AR sPorng AANeg: B§E 0]
Ho g wrAlskA] okt o] »r M E Faw-#[9]el
Z1g) 113 wiacsh o} TDLe) 4o = )
2l o] whao) Al s uw) DLLo] &) ©F 1.10-1.12 dB

Jr- w o »
dr dol g g ok 4 olvh

A says Al ek v el E A kol
g 78 A ekl 2lo} AWGN &4 stoll 4] Lho-
73 AEE mHo L HAL A5 A9 i

B8 AT A0 B

& &5 ¢

¥, 7= 14l -] A SRt el el
2qslolof ek wsbel 243 §18 PLLA 4|
AR el e B9 (0] P AL
s 5] 9 snk 1= wioob sl AWGNO i
Q1 A A 1 42 slat7] 2l A= zlolol &hH

=2, o] ok/q. /}o] 14 1 &8k 2] ;5‘0| Qe l]L} A o}‘”t}.

'
~

i
40

e S G E
B R A e o T
R N S R

v, 2 24 NRZ Hels] 47 oy rnow-—w

dHe) A

] I LT o] i]z! ),1

‘\

el & 288k mzs]ol v TDL o] ) prazal 1 3
o) E 3R A paalon. ol ol e
Ay s Auls st Sobor Foate] sv)5E

2] xm}; }1/,:;4-}6]»%-- 49l 3dB Wels ] ol
01340 ol ¢l wlol Bl Rydk 2l $HE 1] Ea/ Nl
‘416}1 ekt At NRZ diole e 4§ §hel #
] H el el ee] gfol X Alsh fhrHlol
whep d sk, o W 3 o dlole] g2 oF 1.2ufe] ¥
QLo At i # 3 91 S A8 4 Qv Heg W
Felvhorgl 1

o gk TDLO] A Ao e gbHv] EF#L DLL
o] Aol Mo g kolgiubiz Ayl elglony ol
¥ TDLol al& ¢l wio|x] DLLel vls) 3 dBe] 4!
A7F sivka g M. K. Simon®} 4 3h9fis ot AR
olck, skl #2g 7154 AE 9] yhaol ) i ) TDL
o] A% & DLLoY His] oF 1.10-1.12 dB g4 el
& o 5 oluh o) abel gubis wiolshsk Ayl A

Aol f&8 vl e

x]— Z).

Tet Azttt

o

o

. J. J. Spilker and D. T. Magill,

. A. Polydoros and C. .. Weber.

. W C

. M. K. Simon,

Lk, At

o
ot

b=

. J. K. Homles, Coherent Spread Spectrum Svstems,

New York : Wiley-Interscience, 1982.

. R. E. Ziemer and R. L. Peterson, Digital Com-

munications and Spread Spectrum Svstems, New

York : Macmillan Publishing Company, 1985.

. M. K. Simon, J. K. Omura, R. A. Scoltz, and

B. K. Levitt,
1'ol. 111, Rocville, Md. :Computer Science Press,
1985,

Spread Spectrum Communications,

“The Delay-
Lock Discriminator-An Optimum Tracking De-
vice,” Proc. IRE. vol. 49, No. 9, pp. 1403-1416.
September 1961.

*Analysis and
Optimization of correlative code tracking loops
in spread spectrum systems,” IEEE Trans. Com-
mun., vol. COM-33, No. 1, pp. 322-335, January

1985.

5. M, K. Simon and W. C. Linsey, “Optimum per-

formance of suppressed carrier receivers with
Costas loop tracking.” IELE Trans. Commun.,
vol. COM-25, No. 2, pp. 215-227, February 1977.
[insey and M. K. Simon, Telecommuni-
cation Svstems Engineering, Englewood Cliffs, NJ
: Prentice Hall, 1973.

“On the calculation of squaring
loss in Costas loops with arbitrary arm filters,”
IEEE Trans. Commun., vol. COM-26, No. 1, pp.
179-184, January 1973,

PN-g ¢ B7)53E 918 vla
| =2 o) 23 4 ool 'J.'P‘"?'}' A"
A, A 18, A 7 &, 1993, 7.

slolvie: el

§ 2] Bt g

1431

www.dbpia.co.kr



180 {5 S i 200k '94—8 Vol 19 No g

19943 391~ &4 ¢

1432

e 3 %(Moon Kyou Song) 4 3]%!
196551 621 891 48

199081 290 el el vhelgl d

b
199441 29 ¢ Aol &l ol kgl A

el gl (el

“F)

ol skan Aol Al pretup A9l dh Al

# ¥ #%(Kyun Hyon Tchah) 4 $]$1
193951 391 26914
1965451 0 -2t obal &gl Cy ohAh
196781 1l obe] ol o )
k} 1\},
1976 A%t 8l e shub AL
19774 ~ ) oo ekan 7 Aby

-
U AT

198751 991 ~ 914 -

www.dbpia.co.kr

AH)
- 1994x1 29 avef ol sty st

% = ;®(Heung Taek Choi) 4 3¢l

196241 29 5% 4

19841 2% e thEhal x) <parek
dbEd A

198651 29 : aledu) ehal el A

A bl &) (]

ootk wpababY S

)
i

R A RN L R

v



