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However, both methods require, in general, processing of
a large number of symbols to approach the performance of
coherent detection, thus implying a large architectural
complexity [6].
In this paper we address the detection of DQPSK
signals in fast fading Rice channels affected by significant
carrier
frequency
offsets
caused
by
relative
transmitter/receiver motion (Doppler effect), or poor
frequency alignment between oscillators.

Abstract — Parameters optimization of a DQPSK signal
receiver based on the principles of [structure is considered
in this paper. It was shown that the performances of the
newly proposed receiver, with optimally chosen parameters,
are always better than the ones of the conventional DQPSK
receiver, regardless of the presence or absence of carrier
frequency offset. The proposed receiver has good
performances within a wide range of carrier frequency
offsets ('f = r 10kHz), and, in this case, the performances of
the conventional receiver are drastically deteriorated.
Keywords — adaptive transversal filter, differential phase
shift keying, Doppler frequency shift, Rician fading.

II. SYSTEM MODEL
Block diagram of the proposed DQPSK signal receiver
is shown in Fig. 1.
x(t)

I. INTRODUCTION
Modern mobile links are characterized by frequency
selectivity due to multipath propagation, as well as time
selectivity arising from relative transmitter-receiver
motion, oscillator drifts, or phase noise. When channel
state information is not available at the receiver,
differential schemes can obviate channel estimation and
may collect diversity at the price of signal-to-noise ratio
loss as well as decoding delay. One of the widely used
differential schemes is differential quadrature phase-shift
keying (DQPSK). Differential detection uses the phase
and frequency of the carrier corresponding to the previous
transmitted data symbol as a demodulation reference. In
conventional
differential
detection
(two-symbol
observation) the phase of the current symbol is compared
with the phase of the previous one (reference) and a
decision is made based on the phase difference [1]. If the
phase reference is not stable, due to fading, Doppler effect
or poor frequency alignment between oscillators, the
detector performance degrades leading to irreducible error
floors [2]. To deal with this problem the phase reference
can be averaged from more than one symbol interval [3] or
multiple-symbol differential detection can be performed
using maximum likelihood sequence estimation [4, 5].
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Fig. 1. Block diagram of the proposed DQPSK signal
receiver
Signal at the input of the receiver is:
x(t ) s (t )  n(t )
(1)
where s(t) is the useful DQPSK signal:
s (t ) cos(Zˆ c t  T (t  Ts )  d (t )  S / 2)
(2)
and symbol d(t) has one of the following four values:
d (t )  ^0,1,2,3`, pTs d t  ( p  1)Ts , p r1,r2... (3)
Ts is the symbol interval.
Zˆ c Zc  'Z is the carrier frequency, Zc is the locally
generated fixed reference carrier frequency, 'Z is the
frequency offset, and n(t) is white Gaussian noise with
variance V2.
Within the block Down conversion the input signal is
multiplied by the fixed frequency reference carrier and
passed through the integrate and dump circuit. The
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complex baseband signal at the input of the adaptive filter,
can be expressed as
( k 1)Ts
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where k is discrete time at which there is output of the
integrate and dump circuit.
Signal at the output of Signal processing block is given by
the equation
1
2L  1 l
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Where 2L is the length of the proposed structure, and
Rl (k ) are weights determined as:
Rl (k )
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arg min | X (k )  r  X (k  l )  Wl (k ) |2
rS
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where S e , p  0,1,2,3 .
This structure has Wl(k) transversal filter weights, which
are being adjusted by LMS algorithm [9]:
E (k )[ X (k  l ) Rl (k )]
Wl (k  1) Wl (k ) 
(7)
| X (k ) |2
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where P is the convergence factor.
Detection of kth symbol is performed as
2
°
§ u  S · ½°
dˆ (k ) arg min ® Y (k )  Y (k  1)W1 (k ) exp¨ j
¸ ¾
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and E (k ) is the LMS algorithm error signal, given by

E (k )
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receiver [1]

Fig. 2. Error probability as a function of frequency
offset with convergence factor P as a parameter
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III. NUMERICAL RESULTS
Performance evaluation of the considered receiver is
performed using Monte-Carlo simulation. System
parameters
are
fc = Zc / 2S = 900
MHz,
and
1 / Ts = 100 kHz.
Fig. 2 shows the symbol error probability as a function
of the carrier frequency offset. The parameter is the
convergence factor. The signal to noise ratio is 16 dB.
Constant error probability in a wide range of frequency
offsets (r 10kHz), the system has for P = 0.1. If there is no
frequency offset, the best performance is achieved for
P = 0.01. It can also be noticed that within the frequency
offsets range r 10kHz, performance of the system for
P = 0.01 is better than the performance for P = 0.1. If the
value of parameter P is lower than 0.01, the error
probability is higher in case of zero frequency offset
('f = 0), and, at the same time, the frequency offsets range
with acceptable performance level is more narrow
('f = r 2kHz). Based on this analysis, the optimal value of
parameter P is chosen to be P = 0.01.
Symbol error probability, as a function of filter length
L, is shown in Fig. 3 for SNR = 16 dB. The parameters are
the convergence factor and the frequency offset. In case of
zero frequency offset, the increase in filter length above
L = 5 do not cause any significant decrease in error
probability. Also, if P d 0.01, the filter length has no
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Fig. 3. Error probability as a function of filter length L
influence on error probability (curves for different values
of parameter P are overlapping).
If there is a frequency offset (high or low values) one
can notice a unique optimal value of parameter P equal to
0.01 (curves labelled with b). This is the same conclusion
as in the analysis of Fig. 2.
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for L = 4. Therefore, the optimal value of filter length is
chosen to be L = 4.
The symbol error probability as a function of signal to
noise ratio is shown in Fig. 5. There are two groups of
curves, the curves for the conventional receiver [1], and
the ones for the proposed receiver. The parameters of the
proposed receiver are optimal and equal to L = 4 and
P = 0.01.
It can be seen that the proposed receiver has better
performances for the considered SNR range, regardless of
the frequency offset value. In case of frequency offset
'f = 10 kHz, for SNR of practical importance
(SNR > 10 dB), the proposed receiver has the error
probability for more than order of magnitude lower than
the conventional receiver.
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IV. CONCLUSION
This paper proposes a DQPSK signal receiver, based on
the principles of [structure. It was shown that, in case of
zero frequency offset, its performances are better in
considered SNR range, compared to the conventional
DQPSK receiver. The proposed receiver has equally good
performances for a wide range of carrier frequency offsets
('f = r 10kHz), and the performances of the conventional
receiver are highly deteriorated even for small values of
the frequency offset.
The proposed receiver is especially important for the
application at mobile communications, where the
frequency offset may be caused by mobile unit moving
(Doppler effect), as well as at fixed communications
where the frequency offset at the receiver is caused by the
instability of the local oscillator.
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Fig. 4. Error probability as a function of frequency offset
with filter length L as a parameter

-1

10

DQPSK
receiver [1]

REFERENCES
[1]

Pe

[2]
-2

10

[3]

proposed
receiver

[4]
'f = 0 Hz
'f = 5 kHz
'f = 10 kHz

-3

10

0

5

[5]

10

15

20

[6]

SNR [dB]

Fig. 5. Error probability as a function of
signal to noise ratio
Fig. 4 shows the symbol error probability as a function
of frequency offset for signal to noise ratio equal to 16 dB.
The parameter is the filter length. In case of frequency
offset absence, the error probability decreases with the
increase of filter length. On the other hand, for filter
lengths L d 4 the width of frequency offsets range with
acceptable performances is 'f = r 10kHz. With further
increase of parameter L the width of frequency offsets
range with acceptable performances is more narrow than

[7]

[8]

[9]

505

M. K. Simon and M.-S. Alouini, Digital Communication over
Fading Channels: A Unified Approach to Performance
Analysis,Wiley, N. York, 2000.
I. Korn, “Error floors in satellite and land mobile channels”, IEEE
Trans. Commun., vol. 39, pp. 833-837, June 1991.
H. Leib and S. Pasupathy, “The phase of a vector perturbed by
Gaussian noise and differentially coherent receivers”, IEEE Trans.
Inform. Theory, vol. 34, pp. 1491-1501, Nov. 1988.
D. Divsalar and M. K. Simon, “Multiple-symbol differential
detection of MPSK”, IEEE Trans. Commun., vol. 38, pp. 300-308,
Mar. 1990.
C. Gao, A.M. Haimovich, and D. Lao, " Multiple-symbol
differential detection for MPSK space-time block codes: decision
metric and performance analysis", IEEE Transactions on
Communications, Vol. 54, August 2006, pp. 1502-1510
N. Hamamoto, “Differential detection with IIR filter for improving
DPSK detection performance”, IEEE Trans. Commun., vol. 44, pp.
959- 966, Aug. 1996.
F.D. Nunes and J. M. N. Leitao, "M-DPSK detection, channel
estimation and power control in LEO satellite communications",
ICC 2001 - IEEE International Conference on Communications, no.
1, June 2001, pp. 2655-2659
A.G. Orozco-Lugo, G. M. Galván-Tejada, M.L. and V.
Kontorovitch, “Noncoherent channel equalization for DDPSK,”
IEEE Transactions on Wireless Communications, vol. 6, no. 1,
January 2007, pp. 269-281
S. G. Glisic, Z. B. Nikolic, B. R. Dimitrijevic and G. K. Woodward,
“Multilayer LMS Interference Suppression Algorithms for CDMA
Wireless Networks” IEEE Trans. Commun., vol. 48, No.8, pp.
1413-1423, Aug. 2000.

