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Abstract:  The rapid growth of mobile radio and its applications 
to cellular terrestrial. The multipath fading channel, time 
variations in the channel are evidenced as a Doppler broadening. 
There is a relation between time variations of channel and 
Doppler Effect. The Doppler frequency Shift is one of the main 
channel impairment in aeronautical mobile communication 
environment. The effect of Doppler frequency on Rician fading 
channels for BFSK system. We have used characteristic function 
method for the analysis of error performance and achieved 
closed form expression.                                                                                                                                       
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1. INTRODUCTION 
 

The mobile communication system at short term 
fading caused by multipath reflections of a transmitted signal 
by local scatterers for moving mobile unit shows Doppler 
effect.  The above system requires the mobility of high speed 
trains of pulse and also the development of system with high 
speed capability. Such systems depend on coding and 
modulation. In presence of propagation conditions typically 
for high speed situation where Doppler frequency shifts of the 
carrier, Nakagami, Rice or Rayleigh fluctuation of the signal 
envelop, random FM noise etc. becomes very important. The 
BFSK and DPSK receiver suffers from frequency shift and 
hence study of DPSK with frequency shift becomes essential. 
Study of DPSK and BFSK on fading channel has achieved 
much attention among researchers and scientists. For this 
purpose, various techniques have been developed. Analysis of 
error performance for non-coherent DPSK receiver has been 
extensively studied over Nakagami [1], Rician and Rayleigh 
channel. [4] They have used either post detection equal gain 
combining technique for diversity of branches or post 
detection maxima ratio combining technique. Some authors 
have studied equal gain combining of multichannel DPSK in 
Rician fading with Doppler spread. They computed the 
probability of error using Gauss-Chebsev integral of moment 
generating function for coherent DPSK and symbol to symbol 
correlation. Biglieri et al discussed the relative performance of 
coherent BPSK, DPSK and D2PSK modulation scheme over a 
mobile radio channel for Rician fading in presence of additive 
noise, a constant carrier offset and a constant Doppler 
frequency. 

Bit error performance of DQPSK, and D2QPSK in presence of 
various noises and Doppler Spread on Rayleigh fading 
channel in studied by Albano et. Al.[2] 

In this paper, we have studied The main theme of the 
paper is to achieve joint complex Nakagami distribution for 
characterization. The organization of section is as follows. The 
system model is presented in section-2, section-3 contains 
receiver with Doppler estimator, section-4 contains Rician 
model, , In section-5 Error probability is discussed, results and 
discussion is presented in section-6 and finally section-7 
contains concluding remarks. 

 
2. THE SYSTEM MODEL 

 
  In order to study the Doppler effect the kth 
channel gain is defined by a joint complex vector [gk(τ), gk (τ 
− 1) T in which the amplitude and phase of channel vary with 
time  
gk (τ) = ak (τ) e

jфk (τ)    (1)  
and 
gk (τ-1-1) = ak (τ) e

jфk (τ-1)          (2) 
 
where αk (τ) and αk (τ-1) are the amplitudes and фk(τ) and фk(τ-
1) are the phase angles of channel. 
The received signal at kth diversity branch in a symbol 
interval (n – 1) Ts <t < nTs, Ts is symbol period, is given by 
r k (t) = Re {([gk (τ), gk (τ-1)]T s (t) + nk (t) e

j2nf c t}    
     (3) 
Where k = 1, 2, 3… L, s (t) is the complex base band 
information bearing signal, n k (t) is additive White Gaussian 
Noise with zero mean and variance σ 2

n, noise is independent 
of channel gain. 
Let us define a vector 

X =[g k (τ) , g k (τ-1)]T           (4) 
 

T
XX . = α 

2

k  (τ) + α 
2

k  (τ - 1)  (5) 
So, instantaneous signal to noise ratio (SNR) of kth diversity 
branch can be written as 
     

Yk = ).(
0

TS XX
N

E
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Where ES is the power of signal and N0 is the power of noise. 
We assume that two random variances are independent. 
Hence, 
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At the post detection combiner, we need the total SNR at the 
output 
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Where correlations function 

( ) )2()1().( 0 SDkk TfJE πτατα =−     (10) 

and 

 [ ] )2(2 0
0

1111

SD
S

kk TfJ
N

E
kEkEEkE πγγγγγ +




=




−=




 −

          (11) 
 
 

3. RECEIVER WITH DOPPLER ESTIMATOR: 
 

BFSK receiver system with Doppler Effect is shown 
in fig. (1).  

 

When the received signal s(t) is communicated on channel, 
Doppler frequency ƒD is introduced through the channel gain. 
The Doppler affected signal mixed with noise and modulated 
with generated carrier signal rk (t). The signal passes through 
matched filter and gives the output νk (n). The signal is 
differentially encoded and multiplied by cosine and then 
passes through low pass filter to get real party (in phase) 
component of complex signal. The real signal when through 
phase comparator, it produces the decision output Dk goes 
through Doppler estimator which produces Doppler phase 
shift фk. Dk multiplied with phase shift e-jфD, goes to maximum 
likely hood sequence detector which determines the minimum 
Eludian distance between transmitted and receiver sequences. 
The output of detector is differentially decoded to get original 
massage signal. 

Here, Doppler shift is given as 









+= )2(exp)( 0
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E
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where zk = sk + nk, s = ωj and Dφ SDTfπ2=  

The metric used by ML estimator is 
22
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Where ф is the phase angle of signal plus noise. xk is 
transmitted sequence. 

  = 

2

*( )exp( )
x

k k D kz z s xε− − −  

        (13) 
where εD is the Doppler-phase estimator error. 

εD = )(0
0

D
S J

N

E φφ −        (14) 

Doppler phase estimation [5] is given by open loop Doppler 
frequency 

estimator

1

01
1

0

1
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where L is window length, M is the number of phases, 

F ))(( kρ is the function of ),)(exp()( 2kBk Dπρ −=  
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BD is fading bandwidth BD < ƒD. 

),1()()( −−=∆ kkk kk φφ  phase difference of information 

signals, 

)1()()( −−= kkk kk ννη , phase difference of noise, 

tan -1 takes the value in the interval (0, 2π), 
 

4. RICIAN MODEL  
 
Probability density function for Rician distribution over 
random variable γk [6] is 

0,exp
1

)( ≥

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Since 
1 11 1 11

k k k Here k and kγ γ γ γ γ= +  are 

independent random variable. 

So, the joint distribution over 
111

kk γγ +  for Nakagami fading 

will be given by convolution integral 
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k

I
k k

γ
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 , 

because we are not interested in terms. Solving the integral, 
we get 

1
( ) exp
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where higher terms of Ikγ  have been neglected. 

Taking Inverse Laplace Transform of ( ) ,
I II
k k

kf
γ γ

γ
+

we 

find characteristics function 
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Using eqn. (18), we get 
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Hence, characteristic function over γ = γ1 + γ2 + γ3 ...  … … + 
γL will be 

1

1 0
0

( ) 1 ( ) det ( 2 (2 ) )L S
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E
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 
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     (20) 

Where E DSDkk fTfJ ),2())1().(( 0 πτατα =−  is 

Doppler frequency, TS is symbol time, I is L × L identity 
matrix, s = (s1, s2, s3 … sL) and M is positive definite matrix 
determined by covariance matrix R. 
  
Decision Variable: The decision variables receivev signal 
at the kth antenna to be obtained for  0 t T< <  can be 
written as 

[ ]
2

( ) ( ) ( 1) ( )
j fctT

k e kR g g k Ae
π

ν ν η τ + = − ++ 
 

 (21) 

where [ ]Tkgg )1()( −ν  is complex channel gain vector. 

 A is the amplitude of signal. 

Cf  is the carrier frequency, )(+νη is complex noise with 

zero-mean white Gaussian noise with spectral density  2
nσ  

g (k) = j k

k
e φ

ηνα            (22)  

Where 
kα is amplitude by channel. kφ  is the phase delay. 

The noise output components are  
Nk1 and Nk2 

21
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L

T
k k

k

u A gk g k N
=

= − +∑     (23) 

and 
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Decision variable Dk g given by 

Dk = υ 1 2
k ku u−        (24) 

The characteristic function of D 
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Using eqn. (20) in eqn. (25), we get 
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5. ERROR PROBABILITY 
 
The probability of error can be determined from characteristic 
function [7] 

Pe = 0 ( 0)f D dD−∞∫ <        (27) 

= 
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From residue theorem, 
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Re , inRe( ) 0D

e

s
P s poles s

s
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with reference to eqn. (29), probability of error in our case is 
given by, 

2
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The residue represents the closed loop integration of 

ssD /)(Φ over variable s. 

Changing the variable, z = 2 ,n sσ  
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So, 
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Applying Faadi Bruno’s formula [8] and solving eqn. (33) we 
get closed from expression for bit error probability as 
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6. RESULTS AND DISCUSSION 

   
The bit error probability (Pe) is computed with METLAB 
software using equation (34). Pe is calculated for diversity 
L=1, 2, 3 and 5 for different average SNR and is plotted in fig. 
(2) Of Doppler shift FDT = 0.02.  
 

Table – 1 
 fdT=0.02 

SNR Pe(L=1) Pe(L=2) Pe(L=3) Pe(L=5) 
0 2.34E-01 1.33E-01 3.01E-02 2.11E-02 
6 1.53E-01 5.48E-02 7.70E-03 5.70E-03 

9.5 1.14E-01 2.98E-02 3.00E-03 3.00E-03 
14 7.49E-02 1.29E-02 8.48E-04 8.88E-04 
20 4.05E-02 3.70E-03 1.31E-04 2.31E-04 

23.52 2.77E.02 1.80E.03 4.17E-05 5.17E-05 
26 2.11E.02 1.00E-03 1.82E-05 2.82E-06 
28 1.70E-02 9.69E-04 9.56E-06 9.86E-06 

 

 
Figure 2, Graph between Bit Probability Error(Pe) and 
Average SNR (db) for diversity L=1, 2, 3 and 5, Doppler shift 
FDT = 0.02. 
We find that probability of error decrease with signal to noise 
ratio (SNR) for each value of L. The probability of error 
decrease as the value of L increase at a particular as the value 
of SNR. The decrease of Pe for L=5 is minimum and fast. 
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The probability of error Pe is computed and plotted in 
fig (3).  

Table - 2, for L=3 
SNR Pe(fDT=0.08) Pe(fDT=0.24) 

0 3.17E-02 3.85E-02 
6 8.20E-03 1.08E-02 

9.5 3.30E-03 4.50E-03 
14 9.23E-04 8.48E-04 
20 1.43E-04 1.31E-04 

23.52 4.59E-05 4.17E-05 
26 2.01E-05 1.82E-05 
28 1.05E-05 9.56E-06 

 

 
Figure 3, Graph between Bit Probability Error(Pe) and 
Average SNR (db) for diversity L= 3 and Doppler shift FDT = 
0.02, 0.08, 0.24 
 
For different values frequency deviation FDT = 0.08 and 
0.240 for L=3. The probability of error decrease with SNR for 
both values, frequency deviation, initially, Pe for fDT=0.08 
slightly different from fDT=0.24 but for SNR > 10. Pe in both 
cases is the same. 
 

7. CONCLUSION 
 
The presence at Doppler shift in faded increase the probability 
of error. The presence of Doppler shift in a faded channel 
increase the probability of error. The increase in the 
probability of error depends on frequency deviation. As 
frequency deviation decrease, the probability of error 
increases. 
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