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ABSTRACT

This paper compares the pet formances of
two different  types of data-denved symbol
synchronizers, namely, Filter and Squa e (F S)and
Digital Data Transition Tracking 1 .oop (12ITL), in
the presence of unbalanced datastreams. When the
probability of transmittinga + 1 pulse, p, deviates
fiom 172, the data beecomes unbalanced causing,
potential dcgradationto tile tracking performance of
the symbol synchronizers.  This paper 1clates the
unbal anced data strcaims with the minimum transition
densitics and asse ss their impacts on the tracking
performances of the two symbol synchronizers under
investigation. The tracking perfor mances of these
two symbol synchronizers are charactenized by the
variances of the track ing phase jitters (01 symbolsyne
jitters). The results show the symbol syne jitter as a
function of symbol Sip,nal-lo-Noise Ratio (SNR), loop
bandwidth and the probabitity p.

L INTRODUCTION

in the past, considerable effor Is have been
Spent [ 1-1 i ] by wvarious author s to study the
performance of "data-derived”symbol synchronizer.
Most of theseauthors [1, 2, 6-8] have assumed 50%
transition density, i.e., perfectly bala need data.
Severalauthors [3-4, 9-11] have studied the effects of’
transition density on the "data-deri ved" symbol
synchronizer such as DTTI. A paper by Simonctal.
[5] addressed the effects of the minimum  transition
density on the tracking performance of these bit
syuchromizers. It [5] pointed out thatthe ability of a
bit synchronizerto maintain its locked condition
depends on the minimum transition density-tilat is,
the minimum number of tansitionsrequiredinany
symbol sequence of specified length. Recently, {9-
i 1] have investigated the effect of miimum
transition density onthe performance of 11711,

The purpose of this paper is to assess the
immpact of the unbalanced data stream onthe
performance of IS symbol synchronizer and compare

the results with those found in [11-12] for 1 Y1'1]..
1. FS SYMBOL SYNCHRONIZER

A typical }Ssymbolsynchionzer is shown
m Figure 1. In this paper the bascband Low Pass
Filter (1 .PF) is assumed 10 be ideal with bandwidth f,
and assoc. 1ated transfer function (®). The baseband
input signal is desc ribed by

Y(0)=Ad@) +n() €y

where A is the signalamplitude, d(1) is the base band
NRZ, data symbol sequence with each symbol being
statistically independent of cach otlier. Consider now
tile data d(t) can be expressed as

d= )_: d,m(-k1) 2)

k=-o

where d; is a 1an dom variable taking on value 11
with probability of having + i ispand -1 is q and is
independent from sample to sample, anti m(t) is the
NR7 symbol pulse with period ‘17, From [6], it can
be shown that, for an ideal LPF, the average value of
the data at the output of the square-la\v device is
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where q(t) is the filte red symbol waveform and it is
given by

= 1 for
q(1) —»Qn:{H(w)M(w)ef dow )

wlicre M(ow) is the Fourier transform  of 1H](t).
Clearly, Egn (3) is periodic with complex Fourier
cocfficient is given by [6)
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where J© denotes the Fourier tiansform operation
Evaluating Eqn (5), we obtain
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where
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a, =2nfy(1+ p ) (&)

The noise, N(t), at the outputof the squarc-law
device is given by [6]

N@ty=2Ad (Hnyn)+ [n@)) 9)

Note that dy(t) and ny () alc the data and noisc at the
output of the LPF. The Power Spectral 1 density
(2’s1 D) of f* n/I'for the Second terminlign (9) call
be shown to have the following form
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Evaluating YEqn (1 0), we get

] n. Ny , n .

S =)= T 1(- yn-signum n
)= g [-2sigmnCn=signun(p )
+2signum(f YR+signum(P n

+2signum(B )R] amn
where
R-fyT (12)
2R+n
250 (13)
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The PSD of f =n/T for the fustterm of lign
(9) is given by

and
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where Se.(f) and S, (N are the PSDs forthe NR7. data
and noise at the output of the 1.PY, respectively.
Since the 1Pl is idcal and the data in unbalanced,
Lgn (14) becomes

Jo
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Note thatthe fi1 st term of Equ (15) equals zero when
R <n, and it beecomes 2AN(1-2p)2 when R >n.
I.et 1), denotethe ttansition probability, then it is well
knownthat 7', =2pq= 2p( 1 -p).

Since the tone is generatedatf=n/l,n=1,
2, 3>,.., and hence the Phase-l.ockedl.oop (1'1.1) can
be used to track this tone and synchronize to the bit
stream. If we neglect the self noise at low SNR's (<
10 dB), the sy 'mbol synchromzation timing error
var iance can be shown to be [6]
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where S, (0/1), S, (0/1), and ICn] arc given by

Eqns (1 1), (15) and (6), respectively. Substituting,
Eqns (1 1) and (15) into Egn (16), we obtain
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N ote that Rs denotes the symbol Signal-to-Noisc
Ratio (SNR).

1. DTTLSYMBOL SYNCHRONIZER

Atypica 1>'1"1'1. symbol synchionizer i s
shown in Figure 2. Theperformanceof thel)' 1711
foir perfect data stream, i.e., p =1/?, has becen
analyzed in [1]- While the performance of the ITT1,
for an arbitrary transition density has been
investigated in [9-1 1]. Reference [ 10]shows that the
vanance ofthe timung Cl101 1s given by
o’ hQQ)B, T

T

R (22)
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where g,(0) denotes the derivative Of the S-cuive
c.valuated at 1= O and is given by

£,0)=2Perf/R) (23)

and h(0) denotes the normalized noise spectium and
is piven by

hO)=p*+q-erf*([R)lp 9% P,

P 2 F 1 ) ] » > (?11)
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Note that for high SNR h(0) reducesto 21', anti the
tiniing variance becomes independent of P, [ 11]-

IV. NUMERICAL RESULTS

The amplitude of the. tone created by the
squaring opcration can be calculated using ign (6).
Figure 3 shows the plot of the tone amplitude and
this figure shows that the amplitude of the tone is
maximum whenn=1anti R=1. Using these values
for nand R, the plots of the normalized timing
variance of the IS synchronzer (qn 17) for BT,

0.01 areshown in Figures 4 and 5. Figure 4 plots
the Normalized timing variance for p = 0.5 (perfect
data stream) for variousvalues Of R. 11 is clear that
for R = 1, the ¥FSachieves its best performarnce.
Figure 5 show the timing variance for various values
of p atR=1.1It is shown that the timng variance of
I'S synchronizer is not very sensitive to the unbalance
data strecam for symbol SNR > 4,45, Figure 6 shows
the plot of lqu(17), the normalized timing variance
of 1)'1"'1'1, syncluonizer, for B'1'= 0.01 and various
valucs of p. This fipure indicates that the
performance of the DTTL. is independent of p fot
symbol SNR >4.54dB,and (hat the timing variance
is also not very sensitive to unbalanced data strcam
atlow symbol SNR, i.e., symbol SNR < 4.45 dB.

V]. CONCLUSIONS

This paper analyzes and compares the
performance of the FS and 1) 1 "71'1, symbol
synchronizers under various conditions of unbalanced
data stream. Mathematical models for the timing
jitter  have been derived t o characterize the
petformance  of  the two  synchionizers  under
investigation. It was found that for symbol SNR >
4.45dB, both I'S and DTTI. synchionizers are not
scnsitive to the unbalanced data stream. 1 lowever,
the performance of the 1 YI'TL synchronizeris always
better than that of I'S synchromzer.
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Figure 4. Normalized Timing Variance of kS
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Figure 5. Normalized “liming Variance of I'S
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