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Abstract - The aim of this paper is the determining the
system performance in detecting the QPSK signal. The
error probability is determined when the signal, Gaussian
noise, interference, Nakagami fading and imperfect
carrier phase recovery are taken into consideration. Phase
locked loop, as the constituent part of the receiver, is used
in providing the synchronization reference signal
extraction, which is assumed to be imperfect. The
reference carrier is extracted by the first order loop. The
system performance is determined when the signal
affected by Nakagami fading, interference and Gaussian
noise are applied at the input of the receiver.
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. INTRODUCTION

The performance evaluation of binary and M-ary (M>2)
phase-shift-keying communication systems have been
analysed in a great variety of papers, which have appeared in
the literature [1-7]. Quaternary phase-shift-keying (QPSK or
4-PSK) systems have the greatest practical interest of all
nonbinary (multiposition) systems of digital transmission of
messages by phase modulated signals. Currently, QPSK is one
of the prevalent modulations in use for digital communication
systems (since bandwidth efficiency) [1,2]. The only
significant penalty factor is an increased sensitivity to carrier
phase synchronisation error.

Any successful transmission of information through a
digital phase-coherent communication system requires a
receiver capable of determining or estimating the phase and
the frequency of the received signal with as few errors as
possible; any noise associated with carrier leads to
degradation of the detection performance of the system. In
practice, quite often the phase locked loop (PLL) is used in
providing the desired reference signal [3,4,5,6]. Frequently, a
PLL system must operate in such conditions where the
external fluctuations due to the additive noise are so intense
that classical linear PLL theory neither characterises
adequately the loop performance, nor explain the loop
behaviour [7]. Numerical results for QPSK system is
presented so that this results combined with the characteristic
of the phase recovery circuit will enable the best practical
design of a QPSK system.

The error probability, as a measure of systems quality, is an
important issue and has received much attention in the
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literature. Noise influence and interference are often
fundamental limiting factors in digital transmission systems.
An expression for the bit error probability was calculated
when the signal and Gaussian noise are applied at the input of
the QPSK system [8]. QPSK system performance when the
signal, Gaussian noise, interference, Nakagami fading and
imperfect carrier phase recovery are considered as source of
degradation, are determined in this paper.

Il. SYSTEM MODEL

Let the input signal at QPSK receiver consists of the signal,
interference and Gaussian noise:

r(t) = Acoswyt + A cos(wyt +8) +n(t), D
where A is a signal amplitude, @, is a constant carrier
frequency, A; is a interference amplitude, n(t) is a Gaussian

noise and @ is the uniformly distributed phase with the
probability density function:

p@ = frsesn @

Input signal can be also written with the form;

r(t) = ARcos(wyt +¢) +n(t),

, R=41+n%+2ncosh,  =arcty

where 1 is a interference to signal ratio. It is assumed that the
signal is affected by the Nakagami fading:
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where Q:F. The constant m is the fading parameter.
Hence the one side Gaussian pdf is obtained for m)0.5 and
m)1 gives the Rayleigh pdf. The nonfading case correspodents

From now on, interference, additive Gaussian noise, fading
and imperfect phase carrier recovery, are taken into account in
our detection analysis. All other functions are considered
ideal. The block diagram of a QPSK receiver would be
adopted is shown in Figure 1. The recovered carrier signal is
assumed to be in the form of the sin wave. Also, it would be
adopted that a original message is in binary form.
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Figure 1. Block diagram of a QPSK receiver

Under the assumption of a constant phase in the symbol
interval, the conditional error probability for the given phase
error @ (the phase error ¢ is the difference between the
receiver incoming signal phase and the voltage controlled
oscillator output signal phase) can be written as [8],

P, ,(p((p) = %{erfc [\/ﬁ cos[(n/ 4) + (p]]
+erfc [\/ﬁ cos[(n/ 4) - (p]]}

where the function erfc(x) is the well known complementary
error function defined as:

()

+00
erfc(x) = % Ie‘zz’zdz. (6)
X

The received signal to noise spectral density ratio in the
data channel (demodulator) denoted by Ry, is given by
Rp=E/N,, where E is a signal energy per bit duration T. N,
represents the normalised noise power spectral density in
W/Hz, referenced to the input stage of the demodulator, since
the signal to noise ratio is established at that point. The signal
detection in receiver is accomplished by cross-correlation-
and-sampling operation. The effect of filtering due to H(f) in
Figure 1. is not considered here.

The conditional steady state probability density function,
for the non-linear PLL model with a known signal and noise
at the PLL input, of modulo 277 reduced phase error is given
by the following approximation [7]:

Q+2m

Beo+a cose
€ J'e—Bx+acosde, )
%

a’e |1 5 (a)

p(p) =

lig(a) is the modified Bessel function of complex order j3 and
real argument a. The range of definition for ¢in the previous
equation is any interval of width 271 centered about any lock
point 2n7T, with n an arbitrary integer. The parameters o and

B, that characterise Eq.(7), for the first order non-linear PLL
model in this case are:

a=agR,  B=pQ, ®)
where ap and [, are constants [7,9]. The parameter a is a
measure of the loop signal to noise ratio in the sense that the
larger the value of a, the smaller are the deleterious effects
due to noise reference signal. The parameter 3 is a measure of
the loop stress. Q is the loop detuning, i.e. the frequency
offset of the first term in Eq.(3) defined by:

_N(n +cosB) d&

d
a=2 (wt+y)- 9
m (ot +p) —wy R2 at )

Since (d@/dt) =0, it follows Q =0, i.e. 3= 0. Therefore, the
average steady-state probability density function of the phase
error is:

p(@ = [[rlp/A8)p(A)p(6)dAde =

2t A S L
-(I:J;Zmo(aoR) r(m)o o

0

(10)

o TT agRcos
g% [

Substituting Eq.(3) into Eq.(10) yields the probability
density function of the phase error that is shown in Figure 2.

The values of parameters a,, o; and A, are given in figure.
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Figure 2. Probability density function of the phase for the non-linear
first order PLL model

I11. SYSTEM PERFORMANCE

Substituting R, = R;R? in Eq. (5), where R; corresponds to
the case when there is no interference, the conditional bit error
probability, given both gand 6 is determined. The total error
probability is determined by averaging the conditional error
probability over random variables ¢ 8and A :

Po=[[[Pero ple/ A6)p(A)p(6)daieiA

@ OA

(11)

On the basis on the Eq.(11) the bit error probability in the
presence of the Nakagami fading becomes:

TT Tt

P, :é J' J’ J’ {erfc[Rﬁ(cosqo—sin¢9]+erfC[R\/§(COSfP+Sin@]}

(12)
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The total error probability is computed on the basis of the
Eq. (12) and is plotted versus signal to noise ratio (R, [dB]) at
the demodulator input in Figure 3 a), and b). The values of o,
m and A, are given in figures.
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Figure 3. Average error probability performance of a QPSK coherent
detector with a noisy carrier synchronization reference signal when
oo is a parameter, while A1 and m are constants a), when m is a
parameter, while ao and A1 are constants b)

The total error probability, when the signal, Gaussian noise
and interference are applied at the input of the receiver, as a
function of the signal to noise ratio for Nakagami fading is
shown in Figure 3. From the figures follows that the system
error probability decreases with the increase of the signal to
noise ratio (Ry). One can see that the system error probability
increases with decrease of both, PLL parameter a,, Figure 3
a), and fading parameter m, Figure 3 b).

1VV. CONCLUSION

The quaternary PSK system is analysed by means of the
system error probability, in this paper. Noise influence,
interference, fading and imperfect carrier phase recovery are
the limiting factors in the observed system performance. The
interference is represented by cosinusoidal signal with the
uniform distributed phase. The influence of the imperfect
reference signal extraction is expressed by the probability
density function of the PLL phase error.

The detailed analysis of the obtained numerical results is
performed in this paper. Case when the signal affected by the
Nakagami fading, Gaussian noise and interference are applied
at the input of the receiver have been considered in this paper.
The influence of the parameters a, as well as the influence of
the fading and the signal to noise ratio R; on the system error
probability are especially considered. On the basis of the
shown analysis one can conclude that the system has better
performances if both, PLL parameter, a, and fading
parameter, m, have a greater values.

However, from all figures, the large signal to noise ratio
system error tends to a constant value (BER floor). In the
BER floor area, the signal to noise ratio is relatively large
with respect to parameter o, and has therefore a small
influence on the system error probability. It is seen from
Figure 3 a) that this BER floor can be reduced by increasing
the parameter a, which depends on the applied PLL loop. On
the basis of the shown analysis it is possible to determine the
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QPSK system parameter a, and useful signal power necessary
to compensate the imperfect carrier extraction. This means
that the presented conclusions can be useful in practice for the
QPSK system design.
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