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Abstract—In this paper, we consider a Switch and Stay Combiner
(SSC) diversity scheme operating over a—y—u fading channel
New and closed-form expressions for the average output SNR
(ASNR), the moment-generating function (MGF), the outage
probability (P_out), and the average symbol error rate (ASER)
for M-ary quadrature amplitude modulation (QAM) signaling
are derived. The expressions are obtained in terms of the well-
known bivariate Fox’s H-function (BFHF). It is worth pointing
out that the BFHF and the bivariate Meijer’s G-function
(BMGF) have recently been used extensively in wireless
communications literature to study the system's performance.
The evaluated results are plotted for channel parameters of
interest, and the effect of fading severity on the combiner
performance is studied. Moreover, the results are shown to match
those previously reported in the literature for other channel
models such as n—p as a special case, which confirms the validity
of the obtained expressions. Also, insights on the optimal choice
of the switching threshold are provided.

Keywords—switch and stay combiner SSC diversity; a—n—u
fading channel; M-ary QAM; average output SNR (ASNR);
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1. INTRODUCTION

There are many distributions that describe properly the
statistics of the mobile radio signal. The long-term signal
variation is acknowledged to follow the lognormal distribution,
whereas the short-term signal variation is described by various
other distributions such as Hoyt, Rayleigh, Rice, Nakagami-m,
and Weibull. It is typically accepted that the path strength at
any extend is characterized by short-term distributions over a
spatial dimension of a few hundred wavelengths, and with the
aid of the lognormal distribution over areas with larger
dimensions. The o—#—u distribution is a generic fading
distribution used to signify the small-scale variation of the
fading signal. Channel multipath fading is an important
consideration when designing a wireless communication
system, therefore fading mitigation techniques are needed.
Diversity combining is an effective technique used to mitigate
fading and improves the performance of wireless systems over
a fading channel. There are various types of diversity
combining techniques used in practice [1], for example
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Selection Combining (SC), Equal Gain Combining (EGC),
Maximal Ratio Combining (MRC) and Switched Diversity
Combining (SDC). Two strategies can be used in SDC: Switch
and Stay Combining (SSC) which is considered in this paper,
and Switch and Examine Combining (SEC). In an SSC
diversity system, the receiver selects a branch until its signal-
to-noise ratio (SNR) drops below a predetermined threshold.
When this happens, the combiner switches to another branch
and stays there regardless of whether the SNR of the original
branch is above or below the predetermined threshold.

Several works have been conducted on the analysis of SSC
scheme over fading channels including [2-14]. In [2-5], the
performance of SSC for non-coherent binary frequency shift
keying (BFSK) and noncoherent M-ary frequency shift keying
(MFSK) over correlated Nakagami-m and Rician fading
channels was studied. In [6], the performance of non-coherent
MEFSK with selection and switched diversity was analyzed over
a Hoyt fading channel. The performance of correlated Rician
fading channels and correlated Weibull fading channels with
SSC diversity was evaluated in [7] and [8] respectively. The
performance of a dual-branch SSC systems over Nakagami-m,
correlated o—u, correlated #—u and correlated generalized-K
(KG) fading channels were studied and analyzed in [9-14].
Popular fading distributions have been derived assuming a
homogeneous diffuse scattering field, resulting from randomly
distributed point scatters. The assumption of a homogeneous
field is truly an approximation because the surfaces are
spatially correlated characterizing a non-linear environment.
With the aim at exploring this non-homogeneity, two new
fading distributions, x—u and #—u have been discussed in [15,
16], and to discover the non-linearity of the propagation
medium, which was also addressed more currently in a new
proposed common fading distribution, the a—u distribution
[17].

The a—n—u distribution is an accepted distribution for a
short-time fading model. The probability density function
(PDF) of a—n—u distribution is in the shape of three parameters
a, n and u, which are associated to the nonlinearity of the
environment, the scattered wave power ratio between the in-
phase, and quadrature components of each cluster of multipath
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and the number of multipath clusters in the environment
respectively. The a—#—u model includes, as special cases, other
short-time fading distributions, like Rayleigh, Nakagami-m,
Nakagami-g (Hoyt), Weibull, #—x and One-Side Gaussian
distribution. By setting a=2, it reduces to n—u distribution.
Furthermore, from #—u fading distribution, Nakagami-m model
could be obtained in two cases: first for #—1, with Nakagami
parameter m being expressed as p =m/2, and second for #—0,
with parameter m being expressed as u =m. It is well-known
that n—p distribution reduces to Hoyt distribution, when p=1,
with Hoyt parameter g defined as g=(1-n)/(1+#). From the
Hoyt distribution the One-Sided Gaussian is obtained for
qg—+1 or g——1 (y—0 or y—°). In the same way, by equating
the in-phase and quadrature components variances, namely by
setting 7=1, Rayleigh distribution is derived from Hoyt. Also,
Weibull distribution could be obtained as a special case of the
a-n-p model by setting corresponding values to the parameters
p=land #=1. In [18], a—#—u and a-x-u distributions have been
discussed. =~ The performance analysis of  wireless
communication over o-y-¢ fading channel has been
investigated in [19], where the outage probability, PDF and
CDF of the received signal to interference ratio were derived.
The performance analysis of a-n-p fading channel is carried out
in [20], when the communication is subjected to influence of
co-channel interference. In [21], the performance of digital
communication systems that operate over o—x—u fading
channels was analyzed and evaluated. Specifically, exact
closed-form analytical expressions for MGF, CDF, average
channel capacity, and ASEP for different coherent and non-
coherent modulation schemes were derived.

Switched diversity combining schemes such as SSC are less
complex diversity combining schemes, as SSC does not require
channel estimation at the receiver, and minimizes the switching
rate required the available diversity branches. Though this
diversity combining scheme was already examined over
different fading channels including Rayleigh, Rician,
Nakagami, etc., analysis over fading distributions such as o-1-p
is not available in the literature. In this paper, we derived novel
and closed-form expressions for ASNR, outage probability
(Pout), MGF, and the ASER for the M-ary quadrature
amplitude modulation (QAM) scheme, of a dual-branch SSC
operating over generalized o—n—u fading channels. The
expressions are obtained in terms of the bivariate Fox’s H-
function (BFHF). It is worth pointing out that the BFHF and
the bivariate Meijer’s G-function (BMGF) have recently been
used extensively in the wireless communications literature
when studying the systems’ performance. The evaluated results
are plotted for channel parameters of interest, and the effect of
fading severity on the combiner performance is studied. Our
derived expressions are valid for arbitrary values of the fading
parameters a, # and u. Other short-time fading distributions,
like Rayleigh, Nakagami-m, Nakagami-q (Hoyt), Weibull, 7—u
and One-Side Gaussian distribution, are derived from our
results as special cases.

II.  SYSTEM MODEL AND OUTPUT STATISTICS

In this paper, we focus on the performance evaluation of
SSC systems over a-y#-u fading channels. In these dual-branch
diversity systems the receiver selects a branch until its SNR

drops below a predetermined threshold. When this happens, the
combiner switches to another branch and stays there regardless
of whether the SNR of the original branch is above or below
the predetermined threshold.

A. The a —n — u Distribution

1) Probability Density Function:

We assume that the channel envelope R follows the a-7-u
distribution. The probability density function (PDF) of the
channel under consideration is given as [22]:

1 I a
2 ’_nah”u”+2ra(u+2) 1 1(2[;?1{[ )
=3

fr(@) =

)
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where T'(z) = fooo t?~texp(—t)dt is the Gamma function,
I,(") is the modified Bessel function of the first kind and
2 —n2
@a+m ,H=(1 i ), >0,
4n 4
and 7% represents the a-root mean value of the enveloper. To
derive the cumulative density function (CDF) of the SNR, we
need first to derive the PDF for the SNR. As such, we define

the instantaneous SNR, y, as [23]:
2
r=7(%" @
where ¥ = E[F?]E/N, and E/N, is the energy per bit to the
noise power spectral density ratio. After performing random

variable transformation using (1) and (2) [24], then the PDF of
y is obtained as:
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The unified PDF defined in (3) can be written in terms of
the Fox’s H-function as [21]:
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where H,,"'[. ] is the Fox’s H-function [25].

2) The Cumulative Distribution Function

The CDF of y with its corresponding PDF defined in (3)
can be derived using the main definition of the CDF, which is
given by [1] as:

E=[f,@&d (5

For arbitrary values of u, the CDF of yin (5) can be
expressed as [18]:
H Zuhy%
hl

a
V2
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where

Y, (a,b) = wfm 2“1 1(ax2)exp(—x2) dx
r(waz

denotes the Yacoub integral [15]. Hence, the CDF of y is
obtained as:

F@) =
L) (o)
sz -8 (un ()~ (2 GF)| )

where @, is the confluent Lauricella function [26].

3) The Moment Generating Function (MGF)

The MGF for the a—#—u fading channels is obtained using
the BFHF as [21]:

1

rtuttz
My(s) = . T £ a1
rGo HEZ (spz(t2)
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B. Output Statistics of the SSC System:

The PDF, CDF and MGF of the received SNR at the output
of a dual-branch SSC system over a—#—u fading channels are
derived in this section.

1) The PDF of'the Received SNR

If yssc denotes the SNR at the output of an SSC combiner,
and y;r denotes the predetermined switching threshold, to
derive the PDF of SSC of the output SNR, we first derive the

0,1:1,0;1,1
H1,0:0,1;1,2

2u(h—H)

CDF of the output SNR, Fy (), in terms of CDF of
individual branch SNR,E, (y), as [1]:
E,(yr)E,(¥) , Y <vr
yssc(V) = > (9)
EW) -EOr)+EGDEQ) . v =rr

Therefore, the CDF for a dual branch a-7-u fading channels
with SSC diversity is obtained by inserting (7) into (9) as:

AFy(y) ’ Y<YT
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Fyssc(y) {Fy(]/) —A+ A Fy(]/) ,» Y ZVT o

where
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Differentiating F, s (y) with respect toy, we get the PDF
of the SNR at the output of the SSC combiner, f,5.(y), in

terms of CDF F,(y),and the PDF f,(y) of the individual
branch SNR as [1]:

;Y <Vr
(11)

AFyssc(¥)
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The PDF f,,s.(y), for fading channels with SSC diversity is
found by inserting (7) with respect to ¥y, and one of the PDF
expressions (3) or (4) into (11) as:

; ()_{Afy(y) , Y<Vr 1)
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where A = F, (yr) as mentioned previously in (10).

2) The MGF of the Received SNR

The MGF with SSC diversity receiver, operating over a-7-u
fading channels is obtained using the PDF in (12) thatis [1]:

Myssc(s) = f0°° e_syfyssc(y) dy
=[1+EGIM, ()= [[Te f,(ndy  (13)

Iy

where M, (s)is the MGF for an individual branch under o-#-u
fading channel which is derived in (8). To obtain an expression
for M,sc(s) in (13), we need to solve the second term
integral I;. To calculate the integral I, in (13) we insert (4) in
I, as:
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Note that (14) is found by expressing the exponential
function in /;, in terms of the Fox’s H function [25]. Using the
definition of Fox’s H function [25], (14) is written as:
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The inner integral in (15) with respect to y (i.e.,I;) can be
solved using the power integration rule:

E - J‘OVT y%(ﬂ+%_€1_€2)—f3—1 dy

www.etasr.com

Eyadeh & Al-Ta'ani: Performance Study of Wireless Systems with Switch and Stay Combining Diversity ..



Engineering, Technology & Applied Science Research

Vol. 9, No. 6, 2019, 5047-5055 5050

yT%(ﬂ+%—f1—fz)—f3
a %(H+%_€1_€2)—f3
By using the identity I'(x + 1) = x ['(x) [27], then (16) can
be written as:

F e S g)s)
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Now, substituting (17) into (15) yields:
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Using A.l from [28], then the inner integral /; is found in
terms of the BFHF as:
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In conclusion, a closed form expression of the M, s (s), is
obtained as:
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III.  PERFORMANCE ANALYSIS OF THE SSC SYSTEM

2pu(h— H)Vr2 ]l
|
[

Many important measures characterize the performance of
communication systems in fading environments, such as the
average symbol error probability (ASEP), the ASNR or the
P,,, can be determined by averaging appropriate performance

functions over the distribution of the effective SNR at the
receiver-side. In this section a detailed performance analysis, in
terms of P,,, ASEP and ASNR, for SSC diversity receivers
operating over a-1-¢ fading channels is presented.

A. Outage Probability

The outage probability is the probability that the SNR at the
output of the SSC falls below a threshold level, y,,, which is
found by replacing y in Fys () with ¥4, as in 9.241 in [1]:

Paslitq(yth) =h [yssc - yth] yssc(yth) (21)

Since the SDC is considered as an optimal implementation
of the switched diversity system, then the optimal switching
threshold in the minimum outage probability is: V7 ope = Vin,
and because the outage probability of a dual-branch SC is
Pie(ven) = [F,(ven) ] 2[1], then the outage probability of a
dual-branch SSC system with an optimal switching threshold is
[17:

Pout(ven) = Poie(ven) = [F,(rn) 1% (22)
where F, () is (7) after replacing y with y¢,. As a result, a

closed form expression of the Pj.¢ (y.,) is obtained after
inserting (7), after replacing y with y,, into (22) as:

=) )
e (22
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B. Average Output SNR

The average SNR at the SSC output, ..., is a useful
performance measure serving as an excellent indicator for the
overall system fidelity, and it can be obtained by averaging y

over frec(¥) [11:

Tose = I3 ¥ frssc @) dy = [L+ E,(rp)17 = [y £, () dy (24)

Iz

Poag (Yen) =

Differentiating (24) with respect to y; and setting the result
to zero, it can be easily shown that Y. is maximized when the
switching threshold is set to yro,, =¥ . To obtain an
expression for y,. in (24), we need to solve the second term
integral I,. Following similar steps as in (13) and using 2.57
from [28], I, is found in terms of the BFHF as:

A Yusd)
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Finally, a closed form expression of the Y, is obtained as:
1 o 1
_ o hi g 2 ()
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C. Average Symbol Error Probability

In this section, the ASEP for M-ary QAM signaling of a
dual-branch SSC operating over a generalized a-n-u fading
channel is derived. For M-QAM modulation scheme, the
average SEP is obtained using the following averaging process

[1]:

Pr(e) = [ B(E) fyssc(Y) dy  (27)

where P,(E) is the conditional SEP for square M-QAM signals
whose constellation size M is given by M= 2* with k even.
From 8.10 in [1], P,(E) is given by:

P(E)=2aerfc(\/by) — a%erfc?(\/by) (28)

where erfc(x) is the complementary error function, (i.e.

erfer) == [Tedt, (1] a=1-Zandh = 2200,

Although (28) is obtained for square constellations, it gives
a good approximation for M for general QAM constellations
with M= 2¥ points which are either in the shape of a square (k
is even), or in the shape of a cross (k is odd) [1]. As a result,
and after substituting (28) into (27), for M-QAM modulation
scheme, the average SEP can be found as:

Pr(e) =[1+ F,(yr)]

T ¥r
_ fy ZaerfC(\/b_V)fy(y)dy_f azechz(Jb_y) fy(y)dy (29)
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I3

erfc2(by) £, ) dy

Iy
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Differentiating (29) with respect to y; and setting the result
to zero [1], it can be shown that there is a generic expression
for yrepe, for which the average error rate is minimal. In
general, this yr,,, will be a solution of 9.254 in [1], but
explicit closed-form solutions will not always be possible to
obtain. In this case, one must rely on numerical root-finding

techniques to find an accurate solution for the optimum
threshold. To find the ASEP for M-QAM modulation scheme
for SSC, we need to find the integrals, I5, I,, Is and I in (29).
These quantities are derived in terms of the BFHF as:
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A closed form expression of the Pr(e) has been obtained,
which is given as:

2p(h—H)
1 X a 1\aa a 1\ aa 1 1
2a ahbutt2 0,2:1,0;1,1 opz | G-5(4)59)0-5(049)35)-(1) @ahtutz 02101120
Pre=1+F X :.::rX 2 2 2/°'2°2 2 2/)°2'2 2 :.::r:r
©=(1+500) oS opaed eomne ™ | s | e o (i i) (mr) | e wt e | 2
®y2z
2pu(h—H) 2u(h i;)yrz
I e o e e v | B L TP AP O G o o ARG T o A MPHERETE
oot | GO GrronGa)| | g meos ) 105212 Sty (5(e)50) s (1) o) 00 (1) | o ez p(r2)
7z
1 byr
[Zu(h H)YTZ ]\
| 75 |
|t (edszn)-anan || g
I[ | Cesgan o (i) o )(on@uj )
www.etasr.com Eyadeh & Al-Ta'ani: Performance Study of Wireless Systems with Switch and Stay Combining Diversity ..



Engineering, Technology & Applied Science Research

Vol. 9, No. 6, 2019, 5047-5055 5052

IV. RESULTS AND DISCUSSION

In this section the P,,;, ASNR and ASEP of a dual-branch
SSC system over a-n-u fading channels are presented using
several numerical examples. The results are obtained using (23),
(26) and (34). The optimum switching threshold was applied in
each example. To validate our results, we plot in Figures 1, 2
and 6, the ABEP for coherent BPSK and coherent BFSK,
the P,,,;, and ASNR over #—u and Hoyt (Nakagami-q), which
are deduced from our results reported in [6, 12]. The results
exactly match the results reported in Figures 5 and 6 in [12],
Figure 5 in [6], Figure 1 in [12], Figure 4 in [6], and Figure 2
in [12] respectively, which validates our work. The
corresponding results for one-sided Gaussian and Nakagami-m
fading channels are presented as special cases of a-#-u fading
channels. Figure 1 presents the ABEP for coherent BPSK and
noncoherent BFSK for some special cases of fading channels.
Figure 2 presents the outage probability with and without
diversity over a-n-u fading channels vs the normalized outage
threshold (y,/7) for different values of a, # and . For a=2,
7n=0.5, ©=0.5 and (y:,/7)=0dB, it is shown that P;;¢(y:,) with
diversity decreases (improves) by 41% when compared to the
outage probability without diversity.

"""" BPSK 0=2.0,n=0.09 p=0.5:1 - p
———BPSK 0~2.071=1.0, u=0.25:One-Sided Gaussian

104 +  BPSKmn=0.09,p=0.5:m- p[16, Fig.5] E
BFSK:0:=2.0,0=0.09 p=0.5:1 - p

. — = -BFSK 0=2.0 1=1.0,u=0.25:One-Sided Gaussian
10°F # BFSKn=0.09,u=0.5:- 1 [16, Fig.6] 3
©  Simulation : [16, Fig.5]
O Simulation : [16, Fig.6]

0 2 4 5 8 10 12 14 16 18 20
Average Received SNR (dB)

Average Bit Error Probability

Fig. 1. ABEP for coherent BPSK and coherent BFSK for some special
cases of fading channels

>
2 0 + I — " !
= ¥ + 7/ —+—0=2.0,n=0.5,p=1.5 :No Diversity

& & 4+ g=20m=05 0515

:.', 10°%  + / 0=2.0,1=0.04 u=0.5 :Nakagami-q,g=0.2 |]
5 + / ———g= = =

= + y; o=25n=0.5u=15

p — = - o~2.0,1=1.0,u=0.25 :One-Sided Gaussian
L 0=2.0n=1.0p=10 :n-p E

) + =02 : Nakagami-q [10, Fig.5)
1wl *  =1.0p=1.0:7-u[16, Fig.1] 1
O Simulation : [10, Fig.5]
O  Simulation : [16, Fig.1]
1D'7 T T I
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Fig. 2. Outage probability of a dual-branch SSC system over a-y-u fading
channels versus normalized outage threshold (y.,/7)

Figures 3 and 4 show the effect of fading parameters on the
outage probability P3¢ (v, ) with average SNR y = 10dB and
Ve =5dB. When a and (or) u increase(s), they result in
improved system performance. For example, in Figure 3, when
n=2 (fixed) and p=1.5 (fixed), the P;:¢(y,) is approximately
decreased by 54% when a is decreased from 1.1 to 0.7. In
Figure 4, when o=1.5 (fixed) and #=0.9 (fixed), Pyt (Ver) 1S
approximately decreased by 57% when y is decreased from 1.5
to 1. Also, as # increases, P55 (V) increases. For example, in
Figure 3, when o=2 (fixed) and p=1.5 (fixed), Pyss (Vi) 1S
approximately increased by 31% when # decreases from 2.5 to
1.5. This occurs for higher values of #. It is clear from the
above discussion that Pjs;¢ (V) improves by increasing a and
u, and degrades by increasing 7, because of the following
reasons: Parameter y represents the multipath in each cluster,
so, when p increases the receiver will have more copies of the
same transmitted signal, so Pj.¢ (V) improves. Parameter a
represents the power exponent of the sum of multipath
components, therefore, as a increases, Ps.¢ (V) improves. The
fading parameter 5 represents the correlation coefficient
between the in-phase and quadrature components of each
cluster of multipath. Therefore, as # increases the correlation
coefficient increases, and then the Pyt (V) degrades.

| ——n=15u=15
——=20,u=15
sl — =25 p=15
— e 5 e
H =20,
— =25 =1

Qutage Probability
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Fig. 3. Outage probability of a dual-branch SSC system over a-y-u fading
channels versus parameter o
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— - as15m=2
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Fig. 4. Outage probability of a dual-branch SSC system over a-y-u fading
channels versus parameter u
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Figure 5 shows the normalized average output SNR of a
dual-branch SSC system over fading channels (y,,./¥) versus
the parameter a for different values of # and u. Figure 6 shows
the ygs./¥ as a function of u for different values of a and 7.
Both figures are plotted at y = 0 dB. The results presented in
Figure 5 show that as a increases, the y /Yy decreases,
resulting in a reduced diversity gain. For example, in Figure 5,
when #=1.5 (fixed) and ¢=0.5 (fixed), Yssc/yY for o=14 is
approximately decreased by 7% compared to 0=0.6. We note
similar observations for the effect of the fading parameter i in
Figure 6. The results indicate that as u increases, the Vy../ is
degraded. For instance, when o=1.5 (fixed) and #=2.2 (fixed),
Vssc/Y for p=1.8 is nearly decreased by 7.5% compared to
4=0.8. In contrast to a and g, it is obvious from Figures 5 and 6
that as the value of 7 increases, ¥, /¥ increases. For example,
in Figure 6, when a=1 (fixed) and p=1.5 (fixed), y .. /¥ for
n=2.2 is approximately increased by 1.5% compared to #=1.2.
This effect of 7 occurs for higher values of 7.

——n=2.0 p=1
7=1.5p=1

= 2 ——n=0.9 p=1

15k e *‘\:\\*\ ..................................... _ w2040
2 e — = 1=1.5p=05
S — < n=09.u=05

Normalized Average SNR

1.25 L L

o, Parameter

Fig. 5. Normalized average output SNR of a dual-branch SSC system over
a-n-p fading channels (¥;5./¥) versus parameter o
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Fig. 6. Normalized average output SNR of a dual-branch SSC system over
a-n-u fading channels (¥,./¥) versus parameter u

A graphical illustration of the impact of the switching
threshold on y, for different values of e,  and u is depicted in
Figure 7. This Figure is plotted with respect to average SNR
¥ = 10 dB. Obviously, we get the best performance for

Yr = Yropt =V - Figure 8 shows the average SEP of 16-
QAM of a dual-branch SSC system over a-7-u fading channels
versus the average SNR () for different values of o, 7 and g,

for switching threshold y=5dB. The curves in Figure 8 are
categorized into different sets according to the average SNR
value. Each combination of the parameters a, # and u
represents different channel model which justifies that each
curve has different rate of change behavior within the same set.
As expected, the ASEP performance improves as input branch
SNR 7 increases. The ASEP for a single branch a —n —u
fading (no diversity) is also appeared in Figure 8. As shown,
the system performance is improved under SSC diversity. For
example, when a=1.5 (fixed), #=1.5 (fixed), 4=2 (fixed) and
Yy =10dB (fixed), the ASEP under SSC diversity is
approximately decreased by 59% compared to the ASEP for a
single branch.
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Fig. 7. Average output SNR of a dual-branch SSC system over a-n-u
fading channels (¥ .) versus the switching threshold ( y).
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Fig. 8. ASEP of 16-QAM of a dual-branch SSC system over a-y#-¢ fading
channels versus average SNR(y)

Figures 9 and 10 show the effect of the fading parameters
on the ASEP. The average SNR y = 10dB and y; = 5dB. As
a and (or) u increase(s), the system performance improves. For
example, in Figure 9, when n=2(fixed) and u=1(fixed), the
ASEP reduction is about 39% when a increases from 0.6 to
0.95. Figure 10 shows the effect of the parameter x4 on the
ASEP. For a=0.5(fixed) and #=1.1(fixed), the ASEP reduction
is about 33% when u increases from 0.75 to 1.35. In contrast
with o and g, it is clear that as # decreases, the ASEP improves.
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For instance, in Figure 9, when 0=0.6 (fixed) and p=1(fixed),
the ASEP reduction is about 10.5% when # decreases from 2.5
to 0.9. Note that, this effect occurs for higher values of .

0.16
— =25, u=2
— = =202
014 — =09 =2
—— =25 =1
0.12 n=2.0 p=1
——=0.9 p=1

Average Symbol Error Probability

o. Parameter

Fig. 9. ASEP of 16-QAM of a dual-branch SSC system over a-y#-¢ fading
channels versus a
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Fig. 10.  ASEP of 16-QAM of a dual-branch SSC system over a-n-u fading
channels versus x
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Fig. 11.  ASEP of a dual-branch SSC system over a-n-u fading channels

versus the average SNR (7) for multi levels of QAM

In Figure 11, we plot the ASEP of a dual-branch SSC
system over o-y-u fading channels versus the average
SNR (7) for multi levels of QAM: 4, 8, 16, 32, 64 and 128.
Figure 11 is plotted for fixed values of a, # and ¢ (=2, #=1.5
and p=2), and for y; = 3dB. The degradation in the ASEP is

obvious with increasing values of M-ary of QAM. The ASEP
get an improvement with increasing the average SNR ().

V. CONCLUSIONS

In this paper, a dual-branch SSC diversity scheme
operating over a-x-u fading channel has been examined. New
and closed-form analytical expressions were derived for
ASNR, MGF, P,,;, and ASEP for M-ary QAM signaling.
Expressions for the optimum adaptive switching thresholds
were also derived. Some of these expressions were obtained in
terms of the well-known bivariate Fox’s H-function (BFHF).
The results P are shown to match those previously reported in
the literature for other channels models such as 7—x model as
a special case, which confirms the validity of the obtained
expressions. Using numerical examples, we observed that the
dual-branch SSC system has improved the performance of
P,., ASNR, and ASEP for M-ary QAM signaling. The P,
and ASNR of the SSC diversity system improve, as a and (or)
4 increase(s), with # kept constant. The ASNR also improves,
as 5 increases, with a and ux kept constant. However,
increasing o and u improves the system performance more
than #.
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