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M-ary DPSK Error Performances
with Noise and Interference
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Abstract

This paper presents the investigation of the theoretical symbol error performances of an

M-ary differential phase shift-keyed (DPSK) system in an interference environment | A simple
DPSK signal

, but additively corrupted by Gausstan no-

method is presented which vields the exact probability of error for an M-ary
which 1s transwitted over a nondistorting channei
ise and cochannel interference, Computed DPSK symbol ervor performance results tor M= 2,
4,and 8 are compared with the corresponding curves tor coherent phase-shift keyed CCPSK)

system as a function of carrier -to-noise power ratio(CNR) with carrier-to-interfercr power

ratio (CIR) as u parameter,
ht expect ,

1. Introduction

Multi

efficient technique for trading bandwidth for sig-

-phase digital modulation proves to be an

nal - to-noise ratio to reduce spectrum congestion,

In a phase-shift- keyed (PSK) digital radio trans-
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Comparisons betwecn DPSK and CPSK systems reveal as we mig
that DPSK system suffers more degradation,

mission system  while some tactors contribute to
the overall system performance two major sources
of pertormance degradation are the thermal noise
and cochannel interference,

i.ately the error performance of dilferential
phase-shitt keyed(DPSK) transmission systems
in an interference environment has been investi -
gated by many authors. However  —most of the
earlier studies used the bounding technique by
which tightness of error rate could not be obta-
mned without studving specific cases,

Among the results obtained for the case of

Gaussian noise only explicit expression of the

. 1?;
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probability of error is given by Cahn{!) and for
the case of Gaussian noise and angle-modulated
interference  the error rate has been obtained by
Rosenbaumt?1

In treating the problem of interference for
calculation of the exact probability of error it
is desirabie to have a simple but adequate repre-
sentation. Accordingly we use an approach that
is different from Rosenbaum’s method, and derive
in this paper an alternative probability density
function(pd f) of the phase difference of compo -
site receiver signals by using the characteristic
function method!3.41  This approach yields a
simple and exact probability of error,

Using the derived equation we evaluate the the-
oretical symbol error performances of an M-ary
DPSK system in the presence of noise :and co-
channel interference for M=2,4, and §, Also, per -
formance comparison will be made between co-
herent phase-~shift-keyed (CPSK) and DPSK sys-
tems with respect to interference immunity,

2. Model and Assumption

In this paper we assume that there is a steady
received signal which is corrupted by random
Gaussian noise and cochannel interference, The
transmission channel is assumed 'to be nondis-
torting. and stationary white Gaussian noise is
assumed to be introduced at the front end ot
receiver with interference

A typical DPSK receiver for our analysis is
shown in Fig. 1. The receiver consists mainly of
a bandpass filter and a standard DPSK detector,
The bandwidth of the bandpass filter is assumed
to be sufficiently wide to prevent any signal

In an M-ary DPSK system transmitted infor -
mation is conveyed with the phase transition of
2g7/M(3=0,1,-- M-1) between adjacent
pulses rather than with the absolute phases of
the pulses
[f we assume that each signal transmitted has a
duration T, Mth transmitted signal can be re-
presented as

Sy(t)=8Scos(ws t+)y, NTat=(N+DT (1)

where § is the amplitude of signal and ws the
angular frequency which is assumed to be an
integer multiple of 27/ T.

[f symbol ; is to be transmitted during the ( N
+1)th interval | then the transmitted signal
during the (N+1)th interval is given by

Sw+1(t)=8 cos(ws t+(+%/ll]'),
(N T= ¢t s=(N+2)T. (2)

Here all message symbols are assumed to be
equally likely Then the composite signals at the
bandpass filter output can be written as respec-
tively

{aN(t)l Sy (t)+nN(t)+z'N(t),

NT=¢f=(N+1)T, (3-a)
Zyri ()= Sy O nyer () + 4y (1),
(N+D Tt (N+2) T, (3-b)

where n(f) and 1 (f) are referred to the pres-
ence of noise and interference.

n(¢) is the result of the passage of zero-mean
stationary white Gaussian noise through a band -
pass filter and can be written asl?J

distortion, ()= ne (1) cos®s t - ns (#) sinwst, ()
STATIONARY WHITE
GAUSSIAN NOISE
z, . .(t) | DIFFERENTIAL
s{t) S Bg’;E?ééS N+ T PHASE = QUTPUT
{DPSK SIGNAL) DETECTOR
i{t) ?ZN(t)
(INTERFERENCE) ONE
TIME-SLOT
DELAY

Fig. 1. DPSK receiver,
—13—
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where nc(¢) and ng(¢) are zero-mean indepen -
dent stationary lowpass Gaussian random pro -
cesses 'with powers equalto ¢,2, Here, the noise
is assumed to be independent between symbol
intervals ,

Let the bandpass interference at the output of

the receiver filter be written as
1(2)=1coslws t+2(¢) ], (5)

such that it has a constant envelope [ and phase
2 with respect to the carrier, For the interference
we assume that the phase 1 has a uniform prob-
ability density function (pdf) of (2z)7'. Also

we assume that the interference is independent

between symbol intervals, Thus the interference

as well as the noise possesses circular symmetry
in the two-dimentional signal space,

In the presence of additive Gaussian noise and
interference when each ; symbol is assumed to
be transmitted with equal probability DPSK sys-
tem is characterized by a phase reference which
suffers random perturbations,

3. Error Probability Analysis

we show in Fig, 2 the phasor diagram of two
successively received composite signals during
Nth and (N+1)th intervals. In that figure Sy
and Sy are the PSK signals transmitted during
Nth and (N+1)th intervals respectively, [y and
Iy+: the interferers, Ny and Ny., the narrowband

QUADRATURE AXIS

Gaussian noises, 7, and Zy.: the composite sig-
nals. Also, g, and fy.: are the phase angles of
composite signals, 2z j/M the phase transition
between adjacent PSK signals  the phase angle
of the Nth transmitted PSK signal and ¢ is the
phase difference between two composite signals
to be detected by the phase detector as .a mes-
sage. The noise and interference introduce dis-
tortion to each PSK signal both in amplitude and
in phase as shown in Fig, 2.

With the two resultant phasors, Zy and Zy.,,
the differential phase detector acts as follows: It
measures the phase difference ¢ between two

phasors, Zy and Zy.1, and quantizes this angle
@ to the nearest (2z k)Y/M(k=0,1,--- , M-1)

then it decides £ was transmitted

]

Now  without any loss of generality we asume
that the phase angle ¢ of the Nth transmitted
signal is zero and zeroth symbol,i.e., 7=0, is
transmitted in (N+1)th signal| an error then
occurred in the Nth symbol if and only if ¢ of
With
this assumption the probability of error depends

reduced modulo 27z is greater than + Iir/[ .

only on # and can be calculated by integration
of the probability density function (pdsf)of ¢,
P (8), over the error region,

Then from the previous assumptions that the
components of the noise and interference at the
same instant of time are independent of each
other and are also independent of the phase

IN-PHASE AXIS

Fig. 2. Phasor diagram of received composite signals,
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modulation of any other instant of time we know
that the probability density functions of phase
angle 0y and Oy+ of the received composite sig-
nals Zy and Zy.1, are the same. Accordingly |

the probability density function p(jN(ﬁ) is derived
by the characteristic function method as

follows [4.5] :

1

_ 1 < , )
Py, (=10, (0= or 2 S @m cos m, (6)

m=1

where

e r-t
(e ”

F+l

an2 S AP eyl m+ D)1
=0 2 2

-,F,(é’@w;mﬂpa)

a(=S%20a,%) is carrier-to-noise power ratio
(CNR) and 7(=8%*) is the carrier-to-interferer
power ratio (CIR), I" (- ) is the Gamma function,
and ,F,(-;-;-)is the confluent hypergeometric
function,
Because g, and gy, are independent  the pd/f,
D¢ (8), of the phase angle ¢as detected by an
ideal phase-comparator is given by convolution of
Py, () and pg,,,, () ast®)

2
qu(ﬁ):_"on pﬁv(“)p@vﬂ (6+m)du, (7)

Substituting (6)into (7)yields

2n oo
J’¢(0)~tj0 [{51-7;+ 1 S am cosmu}{Z—lﬂw‘%

T o=t

i ancosn(@+ud)}ldn

=1

(8)

1 &
+= ¥ an® cosmb .
=1

m

-

4

Accordingly, we can calculate the desired symbol
error probabilities £, (M) of an M-ary DPSK sys-
tem by integrating p¢(0) over the error region

[% <lfl=x]as
[ i -
Bo=2(g podo=2] (3 +1 % o cosmolas
M M m
S am'

me=|

=] = - =

1 n
Vi o7 P 51n(M)7T. (9)
{9)is a general equation for the symbol error
performance of an M-ary DPSK signal corrupted

by Gaussian noise and cochannel interference,

4, Numerical Results

Using the derived expression (9), symbol error
probabilities of an M-ary DPSK system in the
presence of noise and cochannel interference have
been computed numerically for M=2, 4, and 8.
Also for an M-ary CPSK system, we can calkulate
the symbol error probabilities directly by integ-
rating (6) over the error region | Igl “lgl=r].
The calculated results are piotted in Figs, 3-5, as
a function of CNR with CIR as a parameter, The
curves are in excellent agreement with those ob-
tained earlier by different methodst? 71,

In Figs. 3-5 we see that as CNR increases each
error curve is decreasing monotonically. For high
CNR and high CIR it is seen that DPSK system
yields about a 3-dB degradation as compared
with CPSK system except for M=2. With M= 2
the degradation becomes negligible with high
CNR, i.e.,less than 1 dB for the error rate below

1 T 1 T 1 L 1
R i
10 g
E CIR=5 dB =
1wk 5
> - 7
z - ]
=0 =
f=a] sl =3
<< - pm
(==} — —
< L —
o |
o 4‘“
e 107 -
< = =
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- \ V10 dB
C \ \
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I N N TR S DU N O S B | W
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CARRTER-TO-NOISE RATIO (d8)
Fig. 3. Bit error probabilities of binary PSK

system,
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SYMBOL ERROR PROBABILITY

1073, Also it is seen that for high CNR and
relatively low CIR  the effect of the interference
dominates that of the noise

Comparing CPSK and DPSK systems reveals
as we might expect that CPSK system has a
greater immunity for interference i.e, for the
same probability of error, a DPSK system re-
auires a larger increase in CNR when interference

1s present over that needed in no interference

case,
1078
E 5. Conclusion
‘O_OE E Presently PSK appears to be a probable choice
C - of system engineers for high-speed radio and
- \ . . L L
1076 —_— DPSK \\\ waveguide digital transmission, Therefore it is
———— (PSK \\ ‘\20 . important to know the error performance of PSK
o7 \\ \\ systems in an interference environment
\\ \\ In this paper we have presented a simple meth-
\\ \ od for the performance analysis of an M-ary
AN NN T AV G DU N AU T UV SO Y SO B W | ) ) i » ;
s 2 4 s & 10 12 14 DPSK system that is different from the earlier

Fig. 4. Symbol error probabilities of quaternary

CARRIER-TO-NOTSE RATIO {dB)

PSK system.

bounding techniques, This method vielded the
exact probability of error for an M-ary DPSK
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Fig. 5 Symbo! error probabilities of 8-phase PSK system.
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system in the presence of noise and cochannel 3. H Taub and D, L. Schilling, Principle of

interference. Using the derived expression | we
have calculated the symbol error rates of an M-

ary DPSK system for M=2, 4, 8 and comparison 4.

has been done with the corresponding CPSK
results ,
From the results obtained in this paper one

can know the theoretical symbol error perform -

ances of an M-ary DPSK system in an inter- 5.

ference environment .
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