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ABSTRACT

The performance of a code tracking loop for a spread spectrum signal can be severely
deteriorated in the presence of an interference signal. The interference signal is modeled as
a signal with the same code but with a different delay and carrier frequency. The variance
of the tracking delay error is derived in terms of loop bandwidth, chip duration, the
interference and signal power and bandpass filter bandwidth and the power spectral
density of the additive Gaussian noise.

INTRODUCTION

A noncoherent early and late gate tracking loop can be used to track the delay in a spread
spectrum (SS) signal [1]. The PN coded SS signal S(t) is given by

(1)

where Ps is the signal power, d(t) the binary data of 1 and !1, c(t) the direct sequence PN
code and ) the delay, Tc the angular carrier frequency and 2c the carrier phase. The signal
is subject to an interference signal given by

(2)

where PI is the interference signal power, )T is the frequency offset )/ = $), $ is the
sweeping rate and 2i is the interference signal phase. The received signal is given by

y(t) = S(t) + I(t) + n(t) (3)

where
(4)



nct and ns(t) are independent stationary Gaussian processes with power spectral density
(PSD) equal to No/2. The purpose of this correspondence is to evaluate the variance of the
tracking delay error , = )!)^   where )^  is the estimate of the delay, using the noncoherent
early and late gate delay lock loop [1]. Holmes [2] has investigated the performance of the
tracking loop in the presence of single tone interference with no coding. The behavior of
the phase lock loop (PLL) in the presence of continuous wave (CW) interference signal
has been investigated by many authors, e.g., Bruno [3] , Blanchard [4] and Levitt [5].

TRACKING ERROR

The noncoherent early and late gate delay lock loop is shown in Figure 1. The outputs of
the early and late gate correlator are given as follows:

 
(5)

(6)

where

(7)

Ti = Tc + )T
Tc = chip interval
L(s) = the Laplace transform of the bandpass filter.

Let us denote

(8)

Let us assume that
(9a)

(9b)



Let
(10a)

(10b)

where nL(t) and nE(t) and R(C) are given by (7) and (8). The output of the difference of the
envelope detectors is given by

(11)

using (7), (9) and (10).

Let

(12a)

(12b)
Using (8), (11), and (12), the output of the difference is given by

(13)

 The loop equation is given by

(14)

where

(15)

KM is the multiplier gain in V/chip and KVCO is the VCO gain chip/sec/V. It can be shown
that



(16)

(17)

where

(18)

Further it can be shown that n1(t) and n2(t) are uncorrelated when E(d& (t) ) = 0. We assume
that

(19)
The power spectral densities of n1 (t) and n2 (t) are given by

(20a)

where

(20b)



Sd(f) is the PSD of (L(s) d(t)). The relative chip time error variance is

(21)

where " = E[d& (t)]2    .
If

(1)  "1 = "
(2)  PI = 0

(21) reduces to

(22)

where

= signal to noise ratio.

This is a well known result [1]. When r increases, the relative variance of the error
decreases. However the variance increases with PI the power of the interference signal.

For the sake of com arison and numerical result we assume

(21) reduces to

(23)



Let

 =   Interference to Noise ratio      . (24)

The error variance is given by

(25)

where

When r1 = 0 and r = 104, F, = .32 sec. But F, = 4.48 sec if r1 = 1 r = 104. When r1 = 10 and
r = 105, F, = 1.4 sec. This establishes that the interference can completely lock out the
delay lock loop if r1 > 10. The standard of the tracking error is shown in Figure 2 for PI =
0, 1 and 10. The situation improves if " Ps/No is greater than 70 dB.

It is important to note that a 10 dB interference signal to noise power can cause a loss of
lock in delay, frequency and phase lock loops and demodulation error even when the
signal to noise ratio is 50 dB.

CONCLUSION

The interference can cause a loss of lock in the delay lock loop. The tracking error will
cause navigation error as well as frequency and phase tracking error and data
demodulation error. To minimize the code tracking error, the signal to noise ratio should
be more than 70 dB. The standard deviation of error exceeds more than one chip duration
when the signal to noise ratio is less than 50 dB and PI, the interference to noise power, is
only 1 dB.

The analysis is restricted to small delay error only. The error variance is a function of
interference power and bandwidth of the delay lock loop and bandwidth of the bandpass
filter. For the small error case, the sweeping frequency, $, and the frequency deviation,
)T, have very little impact. When the tracking error is not small, the error will be a
function of and )T. Further analysis is needed to investigate the impact of sweeping
frequency and frequency deviation of the interference signal when the error is not small in
which case the linear analysis is not applicable.
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Figure 1:  Noncoherent Early and Late Gate Delay Loop





 


