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ABSTRACT

The phase tracking error of the reception of a QPSK signal transmitted in a severe fading
environment is derived. The phase estimate derived from the phase lock loop (PLL) will be
used by a binary phase shift keying (BPSK) receiver for the recovery of the data. The
resultant probability of bit error is analyzed, and is shoen to be significantly improved
when the phase of the transmitted signal is tracked by a PLL separately and utilized in the
coherent detection.

INTRODUCTION

Signal transmission in a severe fading channel, modeled as the Rice/Rayleigh channel, is
subject to amplitude, phase, and frequency scintillations. To mitigate the error in
transmission, coherent combining of phase lock loop derived signal with an RF
demodulation process can be used. In this paper, the error of a transmitted signal of
quadrature phase shift keying (QPSK) modulation is being studied. The conventional
demodulator is aided by a phase lock loop (PLL) tracking output from a single antenna.
The performance of a single PLL in the presence of severe fading is derived, along with
the resultant probability of error of signal transmission.

PLL IN FADING CHANNEL

The received signal from a scintillated channel can be written as

(1)

where H(f, t) is the time variant transfer function of the channel and S(f) is the spectrum of
the signal. The transmitted signal is given by



where A  and f  are the transmitted signal’s amplitude and frequency, respectively. Weo  o

characterize the perturbed signal as

(2)

where a(t) and 2(t) are the random amplitude and phase functions. The additive noise n(t)
is assumed to be a zero mean white Gaussian process with two-sided spectral density No/2
watts/Hz. The phase variations will be estimated by using a PLL shown in Figure 1 with its
phase estimate as an input to a conventional PSK demodulator. The output of the voltage
controlled oscillator is

where 2(t) is the estimate of phase change and K  is the gain. Let us denote1

(3)

The equation of the PLL is [1, 2, 8, 9, 10]

(4)

where K is the total gain and N(t, N) is the equivalent noise. The probability density of
phase tracking error is given by [6, p. 83]

(5a)

where I (") Is the modified Bessel function ando

Let us assume that the p.d.f of the amplitude a(t) is a Rician r.v. [6, p. 141) and



(5b)

where F  is the fading amplitude variance and A is its mean and it assumed that a(t) is2
s

slowly varying, i.e., constant over a decision interval and represented by the letter a. The
p.d.f. of the phase tracking error is

(6)

where
(7)

using Eqs. (5a) and (5b). ( is the ratio fading mean square to its variance.

The ratio of the output power to input power is

(8)

Let us define

(9)

D  is the signal to noise and fading power ratio.0

From Eqs. (7), (8), and (9) we get

(10)



Therefore, the p.d.f. of the phase tracking error is

(11)

The variance of the phase tracking error is shown in Figure 2 for (  = 0.1dB, 2dB and2

10dB.

For the Rayleigh Channel, i.e., when A = 0, the p.d.f. of the amplitude a is [6, p. 141]

(12)

Therefore, the p.d.f. of the phase tracking error in the case of Rayleigh fading is

(13)

ERROR PROBABILITY

We shall consider the case when the transmitted signal is binary phase shift keyed (BPSK)
modulated. The transmitted signal is

(14)

where A  is the amplitude of the transmitted signal and R(t) is the phase modulation. The0

conditional probability of error, when the signal passes through a nondispersive channel, is
[3, 7]



(15)

(16)

(17)

The received energy , is a random variable, and its distribution is given by the Rice/
Rayleigh distribution. The tracking error N is also a random variable and its distribution is
given by Eq (11). Therefore, the probability of error for the fading channel [5] is

(18)

where f(,) and f(N) are the p.d.f of , and N. The error probability for the Rician channel is
then given by

(19)

When A60, the probability of error is



(20)

where

Note that

(21)

From [4], (p. 258)

(22)

where B(m, n) is the beta function [7]. Therefore, from Eqs. (21) and (22), we get

(23)



Equations (20) and (23) yield

Substitute

Therefore, we obtain the probability error as

where

(23a)

Note that if K 6 4 and C 6 0, I (CF  z) 6 1 and the integration in Eq. (23a) becomes0 s



where m(•) is the Gamma function [7]. Hence, the probability of error is

(24)

CONCLUSION

The plot of the variance of the phase error for various fading power and noise power is
shown in Fig. 2. Aiding the BPSK receiver with a PLL tracking the phase will improve the
bit error probability at least 3-8dB at the bit error rate of 10 , depending on the fading-5

parameters. The initial finding is based on small values F  • C such that the higher order2
s

terms are neglected and when N  is assumed to be 1 in the bandwidth of interest. Thiso

assumption is valid when the loop gain is very large.
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Figure 1. Phase Lock Loop System Coupled with BPSK
Demod in Fading Channel



Figure 2: Variance of Phase Tracking Error

 


