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ABSTRACT 

Fading is a ubiquitous problem in wireless communication. In 

digital systems, fading results in bit errors, and evaluating the 

average error rate under fairly general fading models and 

multichannel reception is often required. In this paper we 

presented a unified analytical framework to obtain the closed-

form solutions for the average symbol error rates (ASER) of 

MDPSK and coherent MPSK, including with or without 

diversity reception over slow, flat Rican. But in this thesis, 

equations are analytical; simple for the exact average symbol 

error rates (ASER) for M-QAM transmitted over slow, flat, 

identically independently distributed (i.i.d) fading channels 

using MRC. The dependence of error rate on the channel 

specular-to-scatter ratio (k), are plotted and examined. 

Performance comparisons for a range of values of the Rician 

parameter K, corresponding with the measured statistics of 

mobile and indoor wireless channels, are made for the 

different digital modulation schemes. Again, the obtained 

expressions for M-QAM are in the form of sum of 

exponentials where the number of terms can be determined 

according to the required accuracy. The analytical results 

presented in this paper are expected to provide information 

that is important for radio systems design and the evaluation 

of performance over a fading channel. 
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1. INTRODUCTION 
In wireless radio channels, a signal from the transmitter may 

arrive at the receiver's antenna through several different paths. 

The transmitted electromagnetic wave may be  reflected,  

diffracted, and  scattered by  surrounding buildings  and  the  

terrain  in the case of mobile radio communications, or by 

troposphere and  ionosphere in  the case of  long-distance 

radio communications.  As a result, the signal picked up by 

the receiver’s antenna is a composite signal consisting of 

these multipath signals. Sometimes a line-of-sight (LOS) 

signal may exist. The multipath signals arrive at the receiver 

at slightly different delays and have different amplitudes. The 

different delays translate to different phases.  This results in a 

composite signal which can vary widely and rapidly in 

amplitude and phase. This phenomenon is called fading. The 

increases in speed of mobile systems during the past twenty 

five years have come about in the main with a corresponding 

increase in the number of signals in a two-dimensional (2-D) 

modulation format, where M-QAM is the best candidate 

today.  Knowledge of the error performance of M - PSK , M – 

DPSK and M - QAM signal set in additive white Gaussian 

noise (AWGN) and in fading channel is very useful to a 

particular system design, such as reduced implementation 

complexity. 

For indoor 800/900 MHz radio channels, experimental 

measurements show [58] that at any fixed terminal, the 

temporal envelope fading is best fit by a Rician distribution 

with the Rician parameter k , i.e., the specular – to - scatter 

ratio which varies between 6 and 12 dB. In [58], a slow, flat, 

Rician fading performance analysis for differential phase shift 

keying (DPSK) transmission on some typical indoor radio 

channels is developed which uses measured statistics and 

certain approximations in the numerical calculations.  

 

 

 

 

 

 

 

 

 

 

From figure 1.2, the received signal at the input of the 

demodulator can be expressed [5, P-3] as  

𝑟(𝑡)  =  [𝐴 (𝑡)] [𝑠 (𝑡) ∗ 𝑕 (𝑡)]  +  𝑛 (𝑡)  --------1 

Where * denotes convolution. In figure 1.2 the channel is 

described by three elements. The first is the channel filter. The 

impulse response of the channel filter is  

𝑕 𝑡 =  𝑕𝑇 𝑡 ∗ 𝑕𝐶 𝑡 ∗ 𝑕𝑅 𝑡      ---------------2 

Where, 𝑕𝑇(𝑡), 𝑕𝐶(𝑡) and  𝑕𝑅(𝑡) are the impulse responses of 

the transmitter, the channel and the receiver respectively.  The 

second elements are the factor 𝐴 (𝑡) which is generally 

complex. This factor represents fading in some types of 

channels, such as mobile to radio channel. The third element 

is the additive noise and interference term 𝑛 (𝑡). 

2. COMMUNICATION CHANNELS  
Channel characteristics play an important role in studying, 

choosing and designing modulation schemes. Modulation 

schemes are studied for different channels in order to know 

their performance in these channels.  

 

 Demodulator   Channel         

Filter h(t) 

 

 

 

  Modulator 

Fading 

A(t) 

n(t)  additive  noise 

and                

interference            

Figure 1:  Digital communication system models for modulation and 

demodulation 
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2.1 Additive White Gaussian Noise Channel 
Additive white Gaussian noise (AWGN) channel is a 

universal channels model for analyzing modulation schemes.  

In this model, the channel does nothing but add a white 

Gaussian noise to the signal passing through it. The only 

distortion is introduced by the AWGN. The received signal in 

(1.1) is simplified to 

 𝑟 (𝑡)  =  𝑠(𝑡)  +  𝑛(𝑡)     -------------------3 

Where, 𝑛(𝑡) is the additive white Gaussian noise. The 

whiteness of 𝑛(𝑡) implies that it is a stationary random 

process with a flat power spectral density (PSD) for all 

frequencies. It is a convention to assume its PSD as  

    𝑁 𝑓 = 𝑁𝑜/2  ------------------------------4 

This implies that a white process has finite power. This of 

course is a mathematical idealization. At any time instance, 

the amplitude of n (t) obeys a Gaussian probability density 

function given [5] by  

𝑃 𝜂 =
1

 2𝜋𝜎2
  𝑒𝑥𝑝  

−𝜂2

2𝜎2 ---------------------5 

Where η  is used to  represent the  values of  the  random 

process n (t)  and 𝜎2 is the variance  of  the  random process. 

Strictly speaking, the AWGN channel does not exist since no 

channel can have an infinite bandwidth. 

2.1.1 SER for M-PSK AND M-DPSK 

Transmitted Over Non-Fading (AWGN) 

Channel 
In our paper, we used the result, developed by Pawula et al. 

[37], [53], instead of the classical expression [48, ch.5] for the 

error rate calculation of M-PSK and M-DPSK over AWGN 

channel. It is shown [37] that a simple formula for the 

probability of symbol error for coherent MPSK is obtainable 

from the degenerate case of the statistics of the phase angle 

between two vectors perturbed by Gaussian noise with one of 

the two vectors being noise free. An application of this 

method yields the probability of symbol error [37] for 

coherent MPSK as follows: 

𝑃𝑒 𝛾𝑏  =
1

𝜋
 𝑒𝑥𝑝  −𝛾𝑏𝑠𝑖𝑛

2  
𝜋

𝑀
 . 𝑠𝑒𝑐2𝜃 𝑑𝜃 

 
𝜋

2
−

𝜋

𝑀
 

−
𝜋

2

  

For MDPSK, the probability of symbol error [37] is given by 

𝑃𝑒 𝛾𝑏 =
𝑠𝑖𝑛  

𝜋

𝑀
 

2𝜋
 

𝑒𝑥𝑝  −𝛾𝑏 (1−cos ⁡ 
𝜋

𝑀
 .𝑐𝑜𝑠𝜃 ) 

(1−cos ⁡ 
𝜋

𝑀
 .𝑐𝑜𝑠𝜃 )

𝑑𝜃 
𝜋

2

−
𝜋

2

     

2.1.2 SER Derivation of M-QAM Transmitted 

Over (NON-FADING) AWGN Channel 
A QAM symbol is detected correctly only when two MAM 

symbols are detected correctly. Thus the probability of correct 

detection of a QAM symbol is 

𝑃𝑐 = (1 − 𝑃 𝑀)2-----------------------------6 

Where, 𝑃 𝑀  is the symbol error probability of a  𝑀-ary AM 

with one-half the average power of the QAM signal. From [5] 

we have, 

𝑃 𝑀 =
2  𝑀−1 

 𝑀
𝑄 

3𝐸𝑠

 𝑀−1 𝑁0
------------------------7 

The symbol error probability of the square QAM [5] is  

𝑃𝑠 = 1 −  1 − 𝑃 𝑀 
2

= 2𝑃 𝑀 − (𝑃 𝑀)2---------8 

Substitution equation (3.4) into equation (3.5), we have the 

exact symbol error probability, 

𝑃𝑠−𝑄𝐴𝑀 = 

4
  𝑀−1 

 𝑀
 𝑄( 

3𝐸𝑠

 𝑀−1 𝑁0
) −   4  

 𝑀−1

 𝑀
 

2

𝑄2   
3𝐸𝑠

 𝑀−1 𝑁0
   

Or 

𝑃𝑠−𝑄𝐴𝑀 = 4𝑎  𝑄  𝑏𝛾𝑏   − 𝑎𝑄2  𝑏𝛾𝑏       --------9 

Where,                            

𝑎 =
  𝑀 − 1 

 𝑀
, 𝑏 =  

3

 𝑀 − 1 
 𝑎𝑛𝑑 𝛾𝑏 =

𝐸𝑠

𝑁0

 

3. BAND LIMITED CHANNEL 
When the channel bandwidth is smaller than the signal 

bandwidth, the channel is band limited. Severe bandwidth 

limitation causes inter symbol interference (ISI)) and interfere 

with the next symbol or even more symbols. 

3.1 Fading Channels 
Fading is a phenomena occurring when the amplitude and 

phase of a radio signal change rapidly over a short period of 

time or travel distance.  Fading is caused by interference 

between two or more versions of the transmitted signals 

which arrive at the receiver at slightly different times. These 

waves, called multipath waves, combine at the receiver 

antenna to give a resultant signal which can vary widely in 

amplitude and phase. 

If there is a LOS or specular component between the 

transmitter and receiver, 𝑔𝐼 𝑡  and 𝑔𝑞 𝑡  have non- zero mean   

and the envelop z is a Rician RV with PDF given by  

𝑃 𝑧 =
𝑧

𝜎2 exp 
𝑧2 + 𝐴2

2𝜎2  𝐼0  
𝐴𝑧

𝜎2  𝑧 ≥ 0  

Where 𝐴2 = 𝑚1
2 + 𝑚2

2 is the non centrality parameter and  

𝐼0(𝑥) is the zero-order modified Bessel function of the first 

End.  Rician fading is often observed in microcellular and 

satellite applications where a LOS path exists [41], [42]. The 

Rice K factor is the ratio of the power in the specular and 

3.1.1 SER Derivation of M-PSK Modulation 

Technique for Single and Multiple Rician 

Fading Channels 
The Conditional Probability of Symbol Error for Coherent 

MPSK Is Given As Follows 

𝑃𝑒(𝛾𝑏)  =
1

𝜋
 𝑒𝑥𝑝  −𝛾𝑏𝑠𝑖𝑛

2  
𝜋

𝑀
 . 𝑠𝑒𝑐2𝜃 𝑑𝜃 

(
𝜋
2
−

𝜋
𝑀

)

−
𝜋
2

 

From equation (3.30) we have the PDF of 𝛾𝑏  of Rician 

channel with diversity N is given by, 

𝑃(𝛾𝑏) =

 𝑘+𝑁 

𝛤
 
 𝑁+𝑘 𝛾𝑏

𝑘𝛤
 

𝑁−1

2
𝑒

  𝑁+𝑘 𝛾𝑏+𝑘𝛤  

𝛾𝛤 𝐼𝑁−1   
4𝑘(𝑘+𝑁)𝛾𝑏

𝛤
   

Putting the values 𝑃𝑒(𝛾𝑏 ) and 𝑃(γb) into (3.1) we find that, the 

probability of symbol error for MPSK is,   
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𝑃𝑒 =  𝑃𝑒 𝛾𝑏 𝑃(𝛾𝑏)𝑑𝛾𝑏

∞

0

 

∴ 𝑃𝑠_𝑀𝑃𝑆𝐾_𝑅𝑖𝑐 =

1

𝜋
 

(𝑁+𝑘)

Γ
 
𝑁

 

exp ⁡[
−𝑘𝑠𝑖𝑛 2 

𝜋
𝑀 𝑠𝑒𝑐 2𝜃

𝑠𝑖𝑛 2 
𝜋
𝑀 𝑠𝑒𝑐 2𝜃+

 𝑁+𝑘 
Γ

]

 𝑠𝑖𝑛 2 
𝜋

𝑀
 𝑠𝑒𝑐 2𝜃+

 𝑁+𝑘 

Γ
 
𝑁

(
𝜋

2
−

𝜋

𝑀
)

−
𝜋

2

𝑑𝜃    

Substituting N = 1 we find the error probability of MDPSK 

over single Rician fading channel. 

3.1.2 SER Derivation of M-DPSK Modulation 

Technique for Single and Multiple Rician 

Fading Channels 
It is known that MDPSK is an attractive communication 

technique because of its simplicity and robustness compared 

with a coherent receiver-detection system. But it has poorer 

power efficiency than coherent MPSK. However, MDPSK, 

which employs a differential encoding/decoding scheme, first 

suggested by Reed [54], has a better performance over a 

fading channel on which phase acquisition and tracking are 

From equation (3.3), the conditional probability of symbol 

error for coherent MDPSK is  

𝑃𝑒(𝛾𝑏)  

=
𝑠𝑖𝑛  

𝜋
𝑀

 

2𝜋
 

𝑒𝑥𝑝  −𝛾𝑏(1 − cos⁡ 
𝜋
𝑀

 . 𝑐𝑜𝑠𝜃) 

(1 − cos⁡ 
𝜋
𝑀

 . 𝑐𝑜𝑠𝜃)
𝑑𝜃 

𝜋
2

−
𝜋
2

 

From equation (3.30) we find the PDF of 𝛾𝑏  of Rician channel 

with diversity N is, 

∴ 𝑃 𝛾𝑏 =
 𝑘+𝑁 

Γ
×  

 𝑁+𝑘 𝛾𝑏

k Γ
 

𝑁−1

2
𝑒𝑥𝑝  −

 𝑁+𝑘 𝛾𝑏+𝑘Γ

Γ
 ×

𝐼𝑁−1  2 
𝛾𝑏𝑘 𝑁+𝑘 

Γ
    

Therefore, from equation (3.1) we find that the symbol error 

probability for MDPSK is,   

𝑃𝑒 =  𝑃𝑒(𝛾𝑏)𝑃(𝛾𝑏)𝑑𝛾𝑏

∞

0

 

∴ 𝑃𝑠

=
sin  
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Γ

+ (1 − cos⁡(
𝜋
𝑀

)𝑐𝑜𝑠𝜃)
 

(1 − cos⁡(
𝜋
𝑀

)𝑐𝑜𝑠𝜃)  (1 − cos⁡(
𝜋
𝑀
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 𝑁 + 𝑘 

Γ
 
𝑁

𝜋
2
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𝜋
2

𝑑𝜃            

Substituting N = 1 we find the error probability of MDPSK 

over single Rician fading channel. Substitution of M = 2 in 

(3.39) yields the probability of bit error for DBPSK over 

multiple Rician fading channel. Substituting N = 1 and M = 2 

in (3.39) we find the error probability of DBPSK for a single 

Rician fading channel. 

 

 

 

 

 

4. SIMULATION AND RESULT 

 
Fig  2 : BPSK, QPSK, DBPSK, 16-QAM, 64-QAM in 

AWGN channel for N = 1, 2, 12 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig  3: BPSK, QPSK, DBPSK, 16-QAM, 64-

QAM in AWGN channel for N = 1, 2, 12 

 

Fig 4: BER comparison among 64-PSK, 64-DPSK and 64-QAM 

for N = 1, 2, 12 (with and without diversity) over  

Rician (k = 6) channel 
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Fig 5: BPSK, QPSK, DBPSK, 16-QAM, 64-QAM in Rician 

(K = 6) channel for N = 1, 12 

5. CONCLUSION 
We obtained simple closed form expression of ASER to 

determine the performance of M - QAM, M-PSK and M-

DPSK transmitted over slow, flat, identically independently 

distributed (i.i.d) fading channels and using space diversity in 

terms of ASER Bit error rate (BER) analysis of common 

binary and quaternary schemes, namely BPSK, DBPSK, 

QPSK is performed over non-fading (AWGN) and fading 

Rician channels with MRC diversity. Error probabilities are 

graphically displayed for variable rate M-QAM, M-PSK and 

M-DPSK for different multiple and single fading channels. In 

each slow, flat, fading channel, the performance of M-PSK, 

M-DPSK and M-QAM are compared for a specific value of M 

and different values of N. In future . Our work could be 

extended for different types of combining techniques. We 

have assumed that the fading is i.i.d but this scenario no 

longer exists in real life if the diversity is used in the mobile 

terminals, so the work presented here can be extended to the 

case of correlated fading. Another possible extension of our 

work would be to obtain exact ASER of M-QAM over slow, 

flat, fading when the fading channels are non-identical. 
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