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I. INTRODUCTION

In wireless communication, a channel may experience fading. Fading occurs due to
multiple transmission paths, irregularities of earth surfaces or varying terrains, or human-
made disturbances such as buildings or concrete walls etc. As a result, the receiver gets
multiple copies of the transmitting signal. Each signal copy will experience differences in
attenuation, delay, and phase shift which causes the received signal to fluctuate. To remove
this adverse effect, a diversity receiver technique can be used. Among the different diversity
combining receivers, the EGC receiver is investigated due to its low complexity and better
performance.

The generalized-K (Kg) distribution can be utilized to model the fading and shadowing
phenomena experience in mobile communication channels [1]. The Kgfading is a composite
fading that includes Nakagami-m and Gamma distribution. The Kg fading model is a
generalized model as it can be used to approximate many other fading models, such as
Kfading, Nakagami-m and Rayleigh-Lognormal (R-L) [1][2][3]. Furthermore, the primary
advantage of using theKg distribution is that it makes mathematical expressions of
performance analysis considerably easier as compared to Lognormal-based models, for
instance the Nakagami-m or the R-L model. It has been verified that the Kg channel model
can simultaneously take into account the propagation path-loss, shadowing, and fast fading. It
can usually cover more communications scenarios in real mobile wireless systems than the
other composite channel models [4]. In [2], the outage probability and the channel capacity
subject to Kgfading channel are analyzed and evaluated. The derivation of error performance
is reflected in [5] for a system with dual-branch selection diversity and experiencing
independent but not necessarily identically distributed generalized-K fading. In [6], the
performance analysis for the different diversity receivers operating over the composite
generalized-K fading channel is presented and also the average bit error probability is
analyzed for EGC and SC receivers applying the Pad’e approximants method. However, a
detailed performance analysis of more general receiver structures such as EGC operating over
the K, channel is not available in the open technical literature. In this article, the outage

probability and ABER performance of the Dual-branch EGC receiver over the generalized-K
fading channel are realized.

In Section 11, the system and channel model is described. The PDF of the dual-branch
EGC receiver output SNR is also derived in this section. The outage probability and average
bit error rate are analyzed in Section Il and Section 1V, respectively. The numerical results
and discussions are provided in Section V. Finally, the conclusions are given in Section V1.

Il. SYSTEM AND CHANNEL MODEL DESCRIPTION
We consider a wireless communication system with two receiving antennas at the

EGC receiver. The channel between the transmit antenna, and the user is modeled as slow flat
fading K channel.

EGC is performed with the user of the system to improve the quality of the downlink
information. In an EGC receiver, the received signals from all L diversity antennas are co-
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phased and multiplied by a unit weight factor before being added together to form the output
signal of the receiver. The complexity of the EGC receiver is less as compared to the MRC
receiver. The instantaneous output SNR y of the EGC receiver is given by [7]

Where E, = EUSH with || and E[.] denoting absolute value and expectation. s is

the transmitted symbol, which can take values from different modulation symbols, for
instance M -phase shift keying (MPSK) and M -quadrature amplitude modulation (QAM),
N, is the single-sided power spectral density of the AWGN. The corresponding average SNR

is [2]

OkE,
N,

y= )

The RV « is the fading envelope, which follows the K distribution. The PDF of o
is given by [2]
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where,x=k-m, f=k+m-1, I'(.) is the Gamma function and K, (.) is the

Ela?
modified Bessel function of order x [8]. Additionally, Q is the mean power defined as %

. TheK,is a two parameters distribution which aremandk. The PDF expression of the

fading envelope can represent the different fading and shadowing models using some specific
value combinations formand k .
With the help of [9], (3) can be simplified as
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Assuming ¢, and «, are the independent envelopes of the signals received at the two
diversity branches of the receiver, their joint probability can be deduced from (4) as

e
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Since e, and «, are two independent envelopes, the convolution of their densitiesis given by
[10],

()

f, () =]¥. f, () f, (- )day. (6)

Where, a=a, +«, .From the formula given in (6) and applying [8, (3.191.1)], the

convolution of the joint probability of envelope for dual-branch EGC receiver given in (5)
can be written as
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Where B() is the beta function. Performing square transformation of the random variable
in (7), it can be shown that,
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Pe_rforming random variable transformation in (8) applying (1) and putting

E, -7 from (2), the output SNR of the dual-branch EGC receiver can be derived as
2N, 2kQ
e Vi
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I11. OUTAGE PROBABILITY ANALYSIS

The probability that the output SNR falls below a threshold SNR y,, is the outage probability
and is given by

Pout(yth): z

{rm{r(ay
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Applying [8,(3.381.8)], it can be rewritten as
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Where ¢ () is the lower incomplete gamma function.

IV.ABER ANALYSIS

The ABER can be defined as [7]
p.(7) =] p.(elr) T, (»)dr. (12)
0

Where p, (5|7/) is the conditional BER related to the modulation method applied.

1. For Coherent Modulations
The conditional BER is [11], p, (¢[7) = berfc\/z, where b=0.5, ¢ =1for Binary Phase Shift
c

Keying (BPSK) modulations and b=0.5, ¢ =2 for Binary Frequency Shift Keying (BFSK)
modulations. By using [12,(8.4.14.2)],

1

1 4
—b—c2| 2| 1. 13
pe(8|)/) p= 1,2 CO,% ( )

Where, Gy [.] is the Meijer’s G -function. Putting the values of p, (&[y) from (13)
and f, (7/) from (9) into the expression of (12) and simplifying, the ABER can be given as
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Similarly, (14) can be rewritten using [12, (8.4.3.1)] as,
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The integration in (15) is simplified with the help of [13] as
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2. For Non-coherent Modulations : The conditional BER for non-coherent modulations is
given by pe(g|y):%exp(—ay). Where,
Keying (NCFSK) and a =1 for DPSK modulations.

a=0.5 for Non-coherent Frequency Shift

Putting the values of p, (5|7/) and f, (7) from (9) into the expression of (12) and

simplifying, the ABER can be given as
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Solving (17) with the help of [8, (3.462.1)]
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In (18), D, (z) is the parabolic cylindrical function defined in[8, (9.240)]. Where

. 4mk
v=—(2+1-(j,+],))andz = o

V. NUMERICAL RESULTS WITH DISCUSSIONS
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Figure 1: Outage Probability (P,
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Figure 2: ABER vs. Average SNR () for BFSK and BPSK systems with different values of
fading parameters.
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Figure 3: ABER vs. Average SNR (;_/) for NCFSK and DPSK systems with different values
of fading parameters.
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Numerically evaluated results for outage probability and ABER of coherent and non-
coherent modulation schemes have been presented in this section. The results are plotted
considering different levels of fading parameters m andk .

Outage Probability (P, ) vs. Normalized SNR (7, ) has been plotted in Figure 1, for

different values of fading parameters. From Figure 1, it is noticed that the outage
performance improves as the value of mincreases, corresponding to that the fast fading
becomes less severe. Similarly, it has been observed that for a fixed value of m, the outage
performance improves as the value of kincreases, implying that the channel becomes less
shadowing. The performance of the system gets better with the rise of the fading parameters.
This is because the smaller is the fading parameter, the severe is the channel fading, and the
worse is the system performance. Moreover, the outage Probability (P, ) improves with the

ut

increase in normalized SNR (7_/N ).

In Figure 2, ABER vs. Average SNR per branch ( » )for BFSK and BPSK modulation
schemes have been illustrated with different values of fading parameters. The ABER
performance improves with an increase in fading parameter m for a constant value of fading
parameterk . Similarly, one can observe that with an increase in fading parameterk for a
constant value of m, the ABER performance improves. The ABER performance improves
with BPSK modulation as compared to BFSK modulation. It is seen that the ABER
performance using BPSK modulation is better form =3, k =1.5than using BFSK modulation
withm=4, k =1.5after 8dB input average SNR per branch.

In Figure 3, the ABER vs. Average SNR per branch (), has been plotted for NCFSK

and DPSK modulation schemes with different values of fading parameters. From Figure 3,
one can observe that the ABER performance improves with increase in fading parameterk
with the fixed value of m. Similar observations can be made by increasing the parameter m
for a fixed value ofk . It is observed that ABER performance for DPSK modulation system
improves withk =3.5, after 8dB average input SNR per branch, compared to NCFSK
modulation system with k =5.5and keeping a fixed value of m=3. The ABER performance
degrades with NCFSK modulation as compared to DPSK modulation system. The results
obtained numerically through the derived expressions have been validated by Monte Carlo
simulations. The simulated points are in close agreement with the analytical results.

VI.CONCLUSIONS

The outage probability and ABER, operating over the generalized- k fading channels
are investigated. In this work, dual input diversity branches EGC receiver scenario is
considered. The expressions of outage probability and the ABER have also been derived in
terms of beta function, incomplete gamma function, Meijer’s G -function, and parabolic
cylindrical function. These functions are evaluated by MATHEMATICA software. The
ABER expressions are derived for coherent and non-coherent modulation schemes. Arbitrary
values of fading parameters are considered for the analysis. Finally, computer simulations
have been provided to assess the accuracy of the proposed analytical framework.
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