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Abstract 

 

The upper and lower bounds for Average Bit Error Probability (ABEP) of 

Binary Phase Shift Keying (BPSK) modulation in OWDP fading has been 

derived. The OWDP fading model has one specular component and many 

diffused components. The probability density function (pdf) is used to obtain 

the expressions for the upper and lower bound conditions. The results are 

therefore obtained and are verified with the results found in literature. 
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I. INTRODUCTION 

The one wave diffuse power (OWDP) consists of only one wave with constant 

amplitude. The OWDP fading Channel is come across in wireless sensor network that 

are mounted within a cavity such as tunnel, aircraft, public buses, trains etc. OWDP is 

a special case of Two wave diffuse power (TWDP) fading channels [1]. The Bit Error 

Rate (BER) performance in TWDP fading for Binary Phase Shift Keying (BPSK) has 

been obtained in [2]. The probability density function (pdf) expression of 

TWDP is expressed in [1]. The performance analysis of BPSK system in N TWDP 

channels with pre-detection maximal ratio combining (MRC) technique is done in [3]. 

The cumulative distribution function (cdf) based method has been used for the 
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performance analysis of Quadrature Amplitude Modulation (QAM) over TWDP fading 

channel [4]. The performance analysis of Selection Combining (SC) receiver with L-

branch in κ-μ and η-μ fading channel has been presented in [5]. In [6], the expression 

for Symbol Error Rate (SER) of the SC receiver with M-ary Phase Shift Keying 

(MPSK) and MQAM has been evaluated. The moment generating function (mgf) based 

approach is used to obtain the expression for symbol error probability (SEP) using M-

ary rectangular QAM over TWDP fading channel in [7]. The capacity expressions have 

been obtained over TWDP for various adaptive transmission techniques in [8]. The 

expression of spectral efficiency for power and rate adaptive transmission techniques 

with uncoded MQAM over TWDP fading channel has been presented in [9]. The 

expression of outage probability and ABER for coherent and non coherent modulation 

with SC receiver has been derived [10]. The expression of pdf, mgf,and cdf has been 

obtained over κ-μ shadowed fading channel in [11].The expression of capacity for 

different adaptive transmission with Maximal Ratio Combining (MRC) over TWDP 

channels has been obtained in [12]. In [13], the expression of capacity for different 

adaptive transmission with Dual-MRC over non-identical TWDP channels has been 

evaluated. In [14], the authors have obtained the expression for outage probability and 

Average Symbol Error Rate (ASER) of a single channel system over TWDP fading 

channel. In [15], the ergodic capacity expression in κ-μ shadowed fading channel has 

been derived. The average capacity expression of channel with four adaptive 

transmission technique over log-normal distribution has been obtained in [16].  

 

From the literature study it can be observed that no work on analysis of upper and lower 

bounds on ABEP has been presented over an OWDP fading channel. This gives the 

idea and motivation to work on the upper and lower bound on ABEP of BPSK system 

over OWDP Fading Channels. 

 

The remaining part of the paper is organized as follows. The channel and system has 

been discussed in section II. In section III, the upper and lower bounds on ABEP over 

OWDP fading channel have been evaluated. In section IV, numerical results and 

discussions are presented. The conclusion is given in section V. 

 

 

II. CHANNEL AND SYSTEMS 
The OWDP fading channel contains only specular components with many diffused 

components. The channel has been considered to be slow, frequency nonselective, with 

OWDP fading statistics. The complex low pass function of the received signal over one 

symbol duration Ts can be expressed as 

 

      ,jr t re s t n t    (1) 

 

where s(t) is the transmitted bit signal with energy bE and ( )n t  is the complex Gaussian 

noise having zero mean and two sided power spectral density 02N . Random variable 
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 represents the phase and r is the OWDP distributed fading amplitude. The envelope 

pdf of OWDP fading can be written as 
2
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where I0(·) is the Bessel function of the first kind and zeroth order, K is the ratio of 

total specular power to diffused power. The order of approximation is represented by 

i. Performing the square and random variable transformation, the signal-to-noise ratio 

(SNR) pdf of OWDP fading channel is given as 
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III. PERFORMANCE OF SINGLE CHANNEL RECEIVER 

In this section, the expression of lower bound and upper bound on ABEP of BPSK 

modulation over OWDP fading channels are derived. 

 

A. Upper and Lower bounds on ABEP of BPSK in OWDP fading channel 

 

The ABEP of different modulation scheme can be derived by averaging the product of 

conditional bit error probability (BEP) and the pdf of fading channel from 0 to  .  
Mathematically, ABEP can be expressed as 

   
0

/ ,E eP p f d   


   
 

(4) 

 

where   /ep   is the conditional BEP of any modulation scheme in Additive White 

Gaussian Noise (AWGN). The expression for upper bound and lower bound is obtained 

below. 

 

1) Upper Bound: The expression for upper bound is obtained by using an 

exponential upper bound derived in [19] as 

 

   
2 221

.
2
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(5) 

 

The conditional BEP of BPSK over AWGN is expressed as 
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(6) 
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where erfc(·) is complementary error function and γ is the instantaneous SNR. 

Therefore, by using the upper bound condition (5) and the conditional BEP expression 

(6) of BPSK can be given as 

   21
/ .

4
ep e e       

 

(7) 

 

Substituting  /ep   and  f   into (4), the expression can be obtained as  
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(8) 

 

The integral is solved using [18, 3.351.3]. Final expression for upper bound on ABEP 

of BPSK over OWDP fading channel can be obtained as 
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Fig.1. BER of Single Channel system for upper bound condition in OWDP fading 
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2) Lower Bound: The expression for lower bound is obtained by using an 

exponential lower bound derived in [20] as 
 

 
21.2750.56 .xerfc x e  (10) 

 

The conditional BEP of BPSK in AWGN by using lower bound condition (10) can be 

given as 
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(11) 

 

Substituting  /ep    and  f   into (4), the expression can be obtained as  
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(12) 

The integral is solved using [18, 3.351.3]. Final expression for lower bound on ABEP 

of BPSK over OWDP fading channel can be obtained as 
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Fig.2. BER of Single Channel system for lower bound condition in OWDP fading 
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IV. NUMERICAL RESULTS AND DISCUSSIONS 

Numerical calculation of the expressions of Upper and Lower bounds on ABEP of 

BPSK in OWDP fading channel are given in section 3. Results are obtained by varying 

the values of parameter K. 

In Fig.1, the BER vs.   in dB for upper bound have been plotted. The plot is for 

different values of parameter K. In Fig.2, the BER vs.   in dB for lower bound have 

been plotted. The plot is for different values of parameter K. It can be observed from 

both the plot that when the value of K increases, the ABEP of the BPSK scheme 

decreases. 

 

 

V. CONCLUSIONS 

In this paper the expressions for complementary function to obtain the upper and lower 

bounds for ABEP of BPSK system in OWDP fading has been presented. The 

expressions are obtained by using the pdf of output SNR of the system. The results are 

verified and are found to be correct. 

 

REFERENCES 

[1] G. D. Durgin, T. S. Rappaport, and D. A. de Wolf, Jun. 2002, ”New analytical 

models and probability Density functions for fading in wireless 

communication,” IEEE Trans. Commun., vol. 50, no. 6, pp. 1005-1015. 

[2] Soon H. Oh and Kwok H. Li, Jul. 2005, ”BER performance of BPSK receivers 

over two-wave with diffuse power fading channels” IEEE Trans. Wireless 

Commun., vol. 4, no. 4 pp. 1448-1454. 

[3] S. H. Oh, K. H. Li, and W. S. Lee, Aug. 2007,”Performance of BPSK pre -

detection MRC systems over two wave with diffuse power fading channels,” 

IEEETrans. Wireless Commun., vol. 6, no. 8, pp. 2772-2775. 

[4] Himal A. Suraweera, Wee.S.Lee and Soon H. Oh, Feb. 2008, ”Performance 

analysis of QAM in a Two Wave with Diffuse Power fading environment” IEEE 

Commun. Letters, vol. 12, no. 2 pp. 109-111. 

[5] Rupaban Subadar, T. Siva Bhaskar Reddy, P. R. Sahu,2010, ”Performance of 

an L-SC Receiver over κ-μ and η-μ Fading Channels”, IEEE ICC proceedings. 

[6] Beng Soon Tan, Kwok Hung Li and Kah Chan Teh,Dec. 2011, ”Symbol Error 

Rate of Selection Combining over Two Wave with Diffuse Power Fading,” 

IEEE ICSPCS, Honolulu, Hawaii. 

[7] Yao Lu and Nan Yang, Jan. 2011, ”Symbol error probability of QAM with 

MRC diversity in two-wave with  diffuse power fading channels,” IEEE 

Commun. Lett. vol.15, no. 1, pp. 10-12. 

[8] Bhargabjyoti Saikia and Dr. Rupaban Subadar, April 2012, ”Capacity Analysis 

of Adaptive Transmission Techniques over TWDP Fading Channel,” IJEEE, 

vol. 2, Issue. 4, pp. 1-11. 



ABEP Upper and Lower Bound of BPSK System over OWDP Fading Channels 313 

[9] Bhargabjyoti Saikia and Dr. Rupaban Subadar, 2012, ”Power and Rate 

adaptation techniques with uncoded MQAM over TWDP Fading Channel,” 

IEEE. 

[10] R. Subadar and A. D. Singh, June. 2013, ”Performance of SC receiver over 

TWDP fading channels,” IEEE  Wire. Commun. Lett., vol.2, no. 3, pp. 267-270. 

[11] John F. Paris, February 2014, ”Statistical Characterization of κ-μ Shadowed 

fading,” IEEE Trans. on  vehicular technology., vol. 63, no. 2, pp. 518-526. 

[12] AheibamDinamani Singh and RupabanSubadar, 2015, ”Capacity Analysis of 

MRC receiver with adaptive  transmitters over TWDP Fading Channels,” 

International Symposium on Advanced Computing and Communication 

(ISACC). 

[13] AheibamDinamani Singh and RupabanSubadar, 2015, ”Capacity of DualMRC 

receiver with adaptive  transmitters over non-identical TWDP Fading 

Channels,” International Conference on Advances in  Computer Engineering 

and Applications (ICACEA) IMS Engineering College, Ghaziabad, India. 

[14] Aheibam Dinamani Singh and Suparna Goswami, 2015, ”Performance of 

Digital Modulations over TWDP Fading Channel” International Conference on 

Electronic Design, Computer Networks and Automated Verification (EDCAV), 

pp. 135-138. 

[15] Laureano Moreno-Pozas, F. Javier Lopez-Martinez, Jose F.Paris and Eduardo 

Martos-Naya, April 2015,” The  κ-μ Shadowed Fading Model:Unifying the κ-μ 
and η−-μ distributions.” 

[16] P.K. Verma, Sanjay Soni, Priyanka Jain, R. S. Raw, March 2016, ”Channel 

Capacity of Different Adaptive Transmission Techniques over Log-Normal 

Shadowed Fading Environment,” International Conference on  Computing for 

Sustainable Global Development, Proceedings of the 10th INDIACom, 

INDIACom- 2016, IEEE Conference. 

[17] M. K. Simon and M. -S. Alouini, 2000, ”Digital Communications Over Fading 

Channels: A Unified Approach to Performance Analysis,” New York: Wiley. 

[18] S. Gradshteyn and I. M. Ryzhik, 2007, ”Table of Integrals, Series, and 

Products,” 7th ed.,. 

[19] M. Chaini, D. Dardari and M. K. Simon, July 2003, ”New Exponential Bounds 

and Approximations for the Computation of Error Probability in Fading 

Channels” IEEETrans. Wireless Commun., vol. 2, no. 4, pp. 840 -845. 

[20] N.Ermolova and S. G. Haggman, September, 2004, ”Simplified bounds for the 

complementary error function; application to the performance evaluation of 

signal-processing systems” European Signal Processing Conference. 

 

 

 



314 Suparna Goswami, Shanjit Heisnam Singh & Aheibam Dinamani  

 

 

 

 

 

 

 

 

 


