
Second Order Statistics for SSC Receiver in the Presence of Hoyt 

Fading  
 

DRAGANA KRSTIĆ 
Department for Telecommunications  

Faculty of Electronic Engineering, University of Niš 
Aleksandra Medvedeva 14,18000 Niš 

SERBIA 
dragana.krstic@elfak.ni.ac.rs 

 
PETAR NIKOLIĆ 

Tigartyres, 18300 Pirot 
nikpetar@gmail.com 

SERBIA 
 

GORAN STAMENOVIĆ 
Tigar, Nikole Pašića 213, 18300 Pirot 

goran.stamenovic@tigar.com 
 

DEJAN RANČIĆ 
Faculty of Electronic Engineering, University of Niš 

dejan.rancic@elfak.ni.ac.rs 
SERBIA 

 
 
Abstract: - The second order statistics such as level crossing rate (LCR) and average outage duration (AOD) for 
switch and stay combining (SSC) receiver are analyzed in this paper. The presence of Hoyt fading at the 
branch's inputs is observed. The obtained expressions are calculated and shown graphically for different fading 
parameters and values of threshold decision. 
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1 Introduction 
The signal propagation through wireless 
communications channels has great importance in 
research interest [1]. The random fluctuations of the 
signal envelope and phase in a radio channel are 
caused with two propagation phenomena: multipath 
scattering - fast fading and shadowing -slow fading. 
The fast fading is characterized by the reception of 
an infinity number of waves from reflection, 
diffraction and scattering of a transmitted signal in a 
propagation environment. The deterministic analysis 
of the received signal is very difficult because the 
characterization of these phenomena is very 
complex [2]. Many authors in the literature show 
that the use of stochastic approaches is a good 
option that corresponds good to experimental data in 
various communication applications, such as 
satellite propagation channels [3]. 

Hoyt distribution allows the modeling of a 
propagation channel without a dominant component 
over the scattered waves (a situation of non-line of 
sight). Now, the sum of various waves that arrive at 
the receiver results in two complexes Gaussian 
processes with in-phase and quadrature Gaussian 
distributed variables with different standard 
deviations and means equal to zero [4]. It involves 
the range of the fading from the one-sided Gaussian 
to the Rayleigh distribution  

For reducing fading effects and influence of 
shadow effects various techniques are used in 
wireless communication systems. These are: 
diversity reception, dynamic channel allocation and 
power control. The main purpose of diversity 
techniques is enhancing the reliability of 
transmission and increasing of channel capacity 
without increasing transmission power and 
bandwidth.  
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One of the simplest diversity combining 
techniques is switch and stay combining (SSC). The 
second order statistics for SSC receivers has not 
been studied enough in the literature.  

Exact expressions for the level crossing rate and 
average fade duration of M-branch equal-gain and 
maximal-ratio combining systems in a Hoyt fading 
environment are presented in [5]. The expressions 
are applied to unbalanced, nonidentical, independent 
diversity channels and have been validated by 
specializing the general results to some particular 
cases whose solutions are known.  

In this paper [6], the second order statistics of the 
Nakagami-Hoyt fading channel model (Nakagami-q 
model) is considered. Expressions for the level 
crossing rate (LCR) and the average duration of 
fades (ADF) are derived. It is shown that the 
obtained analytical quantities best fit the 
corresponding measurement data for an equivalent 
mobile satellite channel in the case of an 
environment with heavy shadowing.  

A study on the statistical properties of double 
Hoyt fading channels has been presented in [7]. 
Analytical expressions for the mean value, variance, 
PDF, LCR, and ADF of the double Hoyt processes 
have been derived. 

The closed-form expressions for the average 
level crossing rate (LCR) and average outage 
duration (AOD) of switch and stay combining 
(SSC) in the presence of Rayleigh, Nakagami and 
Rician fading are presented in [8]. 

These authors are determined the average level 
crossing rate (LCR) and average outage duration 
(AOD) of switch and stay combining (SSC) in the 
presence of Rician, Nakagami and α-µ fading in [9] 
- [12]. The influence of slow log-normal fading to 
the second order statistics of SSC receiver is 
determined in [13]. 

This paper is organized as follows. First Section, 
Introduction, presents an abstract about Hoyt 
distribution and techniques for reducing fading 
effects on system performances. After is Section 2 
which introduces the system model.  Section 3 is 
focused on system performances derivation. For 
mathematical expressions for the second order 
statistics: Level Crossing Rate (LCR) and Average 
fade Duration (ADF) in the presence of Hoyt fading, 
derived in previous section, graphical presentation 
are given in Section 4. Finally, Section 5 presents 
the conclusions and the future work proposals. Also, 
we present the Acknowledgment. 
 

 

2 System Model  
The model of dual SSC combiner, analyzed in this 
paper, is shown in Fig. 1. The signals at the 

combiner input are r1 and r2, and the combiner 
output signal is r. 
  

 
Fig.1. Model of the SSC combiner with two inputs 

The combiner first examines the signal from first 
input with probability P1, and it examines first the 
signal from second input with probability P2. If 
combiner examines first the signal from first input 
and if its value is above the threshold, rT, SSC 
receiver will this signal put in the unit for decision. 
If the value of the signal from first input is below 
the threshold rT, SSC combiner forwards the signal 
from the other input to the unit for decision, 
regardless of it is greater or less then the threshold. 

If the SSC combiner first examines the signal 
from the second combiner branch, the algorithm of 
decision is similar to the previous case. 

The analysis is given for channels with Hoyt 
fading distribution for non-identical, independent 
diversity channels, what happens when the distance 
between the antennas is large and there is no 
correlation between the signals. 
 

3 System Performances 

The probability density functions (PDFs) of the 
signals r1 and r2 (combiner input channels) in the 
presence of Hoyt fading, are [4], [6]: 
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where I0(.) designates the zero order Bessel function 
of the first kind, σi1

2 and σi2
2 are variances of 

uncorrelated zero mean low pass Gaussian processes 
in Hoyt model. For σi1=σi2, (1) reduces to the 
Rayleigh distribution. 

The cumulative probability densities (CDFs) are 
defined by 

dxxprF
T

ii

r

rTr ∫=
0

)()(                    (2) 

where rT is the threshold decision. 
In the presence of Hoyt fading, CDFs are: 
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The probabilities P1 and P2 are [1] 

2,1,,,
)()(

)(
=≠

+
= jiji

rFrF

rF
P

TrTr

Tr

i

ji

j

     (4) 
The joint probability densities of the combiner 

input signals, r1 and r2, and their derivatives 1rɺ  and 

2rɺ , in the presence of Hoyt fading, are [6] 
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where βij are variances of derivatives. 

 The expression for the joint probability density 
function of the SSC combiner output signal and its 
derivative will be determined first for the case when 
signal is less then threshold, Trr < : 
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and then for the case if signal is above the threshold, 

Trr ≥ : 
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where Pi, )( rrp
iirr
ɺ

ɺ
 and )( Tr rF

i
 are defined in (4), 

(6) and (2). The joint PDF is in the form of single 
integral. 

The level crossing rate is [1] 
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For the signal below the threshold, Trr < , it is: 
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For the cases that signal is bigger then threshold, 

Trr ≥ , the level crossing rate is: 
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 The average time of fade duration can be 
obtained from the expression [1]: 
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where Pout(r) is outage probability given by [1] 
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Probability density function (PDF) at the output 
of SSC combiner is, for Trr <   
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Pout can be obtained, putting (3) and (13)-(14) in 
(12). It is, for Trr < :  
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4 Numerical Results 
It is assumed that both branches at the input have 
the same channel parameters. rT is the optimal 
decision threshold equal to first moment of PDF of 
the combiner input signals [6]: 
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where qi=σi2/σi1 is Hoyt fading parameter and 
Ω=σi1

2
+σi2

2. F(.) denotes the hypergeometric 
function [14,  Eq. (9.100)]. 

The level crossing rate N(r) and the average 
outage duration T(r) curves versus signal value are 
presented in the next few figures.  

The level crossing rate curves are plotted in Figs. 
2 and 4, and the average outage duration curves can 
be seen from Figs. 3 and 5. 

 
Fig.2. Level crossing rate N(r) for Ωi =1, βi,j=1 and 

varying qi  

 

 

Fig.3. Average outage duration T(r) for Ωi =1, 
βi,j=1 and varying qi 

 

 
Fig.4. Level crossing rate N(r) for qi =1, Ωi =1 and 

varying βi,j 

 
The influence of varying Hoyt fading parameter 

qi is given in Figs. 2. and 3. where, for qi = 1, Hoyt 
fading leads to Rayleigh PDF. 
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The effect of varying variances of derivatives is 
depicted in Figs. 4. and 5. where is adopted that all 
of them are equal. 

 

 
Fig.5. Average outage duration T(r) for qi =1, Ωi =1 

and varying βi,j 

 
It can be noticed that in all cases represented 

curves have the same shape, but there is 
discontinuities on the level crossing rate and average 
outage duration curves when signal value is equal to 
threshold. Numerical values of threshold determine 
the discontinuity moment appearance. Larger rise of 
fade duration corresponds to larger threshold values. 
 
 

5 Conclusion  
In this paper the level crossing rate and the fade 
duration of the SSC combiner output signal are 
determined in the presence of Hoyt fading. The 
results are shown graphically for different parameter 
and threshold decision values. The influence of 
threshold numerical values to determining of the 
discontinuity moment appearance is pointed out. 
 
 

Acknowledgment  
This work has been funded by the Serbian Ministry 
for Science under the projects III-44006 and TR-
33035. 
 
 

References: 

[1] M. K. Simon, M. S. Alouni, Digital 

Communication over Fading Channels, Second 
Edition, Wiley-Interscience, A John 
Wiley&Sons, Inc., Publications, New Jersey, 
2005. 

[2] S. A. Fasolo, R. S. Duque, “Fading Channel 
Simulator for Hoyt Distribution”, 15th Annual 
Wireless Symposium, 2005. 

[3] C-X. Wang, N. Yousssef, and M. Patzold, 
“Level-crossing rate and average duration of 
fades of deterministic simulation models for 
Nakagami-Hoyt fading channels”, 5th 
International Symposium on Wireless Personal 
Multimedia Communications, vol.1, pp. 272-
276, Oct. 2002. 

[4] R. Hoyt, Probability functions for the modulus 
and angle of the normal complex variate, Bell 

Syst. Tech. J., vol.26, pp 318-359, April 1947. 
[5] G. Fraidenraich, J. Filho, and M. Yacoub, 

“Second-order statistics of Maximal-Ratio and 
Equal-Gain Combining in Hoyt fading”, IEEE 

Commun. Lett, vol. 9, No 1, pp. 19-21, Jan. 
2005. 

[6] N. Youssef, C-X. Wang, and M. P¨atzold, “A 
Study on the Second Order Statistics of 
Nakagami-Hoyt Mobile Fading Channels”, 
IEEE Trans. on Vehicular Technology, Vol. 54, 
No. 4, July 2005.  

[7] N. Hajri, N. Youssef, and M. Patzold, “A Study 
on the Statistical Properties of Double Hoyt 
Fading Channels”, 6th International 
Symposium on Wireless Communication 
Systems, 2009. ISWCS 2009, 978-1-4244-
3584-5/09/$25.00 © 2009 IEEE, pp. 201-205. 

[8] L. Yang, M-S. Alouini, “Average Level 
Crossing Rate and Average Outage Duration of 
Generalized Selection Combining”, IEEE 

Trans. on Commun., vol. 51, no. 12, Dec. 2003, 
pp. 1063-1067. 

[9] P. Nikolic, M. Stefanovic, D. Krstic, P. 
Milacic, S. Jovkovic, “Level Crossing Rate of 
the SSC Combiner Output Signal in the 
Presence of Rice Fading”, 17th International 
Electrotechnical and Computer Science 
Conference ERK 2008, Portorož, Slovenia, 
September 29 - October 1, 2008. 

[10] M. Stefanović, D. Krstić, P. Nikolić, S. 
Jovković, D. Stefanović, “The Level Crossing 
Rate and Outage Probability of the SSC 
Combiner Output Signal in the Presence of 
Nakagami-m fading”, The 12th WSEAS 
International Conference on SYSTEMS, (part 
of the 12th WSEAS CSCC Multiconference), 
Heraklion, Crete Island, Greece, July 2008, pp. 
395-400.  

[11] D. Krstić, P. Nikolić, D. Stefanović, I. 
Temelkovski, “Level Crossing Rate of the SSC 
Combiner Output Signal in the Presence of 

Recent Advances in Communications, Circuits and Technological Innovation

ISBN: 978-1-61804-138-8 303



Log-normal Fading”, XLIII International 
Scientific Conference ICEST 2008, Niš, Serbia, 
June 25-27, 2008. 

[12] P. Nikolić, D. Krstić, G. Stamenović, D. 
Rancić, “Second Order Statistics for SSC 
Receiver Over α-µ Fading Channels”, The 20th 
International Conference on Software, 
Telecommunications and Computer Networks, 
SoftCOM 2012, Split, September 11-13, 2012. 

[13] D. Krstić, P. Nikolić, M. Matović, A. Matović, 
M. Stefanović, “The Outage Probability and 
Fade Duration of the SSC Combiner Output 
Signal in the Presence of Log-normal fading”, 
The 12th WSEAS International Conference on 
Commun, Heraklion, Crete Island, Greece, July 
23-25, 2008, pp. 321-326. 

[14] ] I. S. Gradshteyn and I. M. Ryzhik, “Tables of 
Integrals, Series, and products”, 5th, ed. New 
York: Academic, 1994. 

 

 

Recent Advances in Communications, Circuits and Technological Innovation

ISBN: 978-1-61804-138-8 304




