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ABSTRACT
Diversity combining is a technique in wireless network that uses multiple antenna system to improve the
quality of radio signal. Mobile radio system suffers multipath propagation due to signal obstruction in the
channel. A new hybridized diversity combining scheme consisting of Equal Gain Combining (EGC) and
Maximal Ratio Combining (MRC) was proposed in this paper. Theperformance of the hybrid model was
evaluated using Outage Probability (Pout) and Processing time (Pt) at different Signal-to-Noise Ratio
(SNR) and Signal Paths (L=2,3) for 4-QAM and 8-QAM Modulation Schemes. A mathematical expression
for the hybrid EGC-MRC was realized using the Probability Density Function (PDF) of the Nakagami
fading channel. MATLAB R2015b software was used for the model simulation. The result shows that
hybrid EGC-MRC outperforms the standalone EGC and MRC schemes by having lower Pout and Pt values.
Hence, hybrid EGC-MRC exhibits enhanced potentials to mitigate multipath propagation at reduced
system complexity.
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1. INTRODUCTION
The wireless communications industry has experienced considerable popularity in the past few
years because of many services available in mobile radio system [1]. The wireless
communication systems suffer from problems introduced by multipath propagation fading and
shadowing effects such as signal attenuation and path loss [2]. The signal fading is due to rapid
fluctuation of signals in the mobile wireless channel as a result of shadowing from obstacles
which brings about multiple copies of signals transmitted to the receiver over short period of
time [3]. The interference between two or more mobile wireless signals which arrives the
receiver at slightly different time resulted to signal fading. In other to cushion the effect of signal
attenuation in the wireless system due to obstructions in the communication channel, fading
compensation scheme is required. The diversity scheme is used to combat multipath propagation
in wireless system when multiple copies of Radio Signal (RS) produced in the channel are sent to
the receiver. The multiple signals are combined using various diversity combining schemes in
other to compensate for signal loss in the channel.
In wireless system, different diversity schemes are deployed to solve the problem of poor
received signal and to obtain better network performance in mobile radio system [4]. Diversity
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scheme combine signals suffering from multipath propagation to obtain a reliable and improved
output signal [5]. Some of the frequently used fading channel model in wireless communication
system are Wiebull, Rician, Rayleigh and Nakagami [6]. The Rayleigh fading channel is
applicable to a scenario where no clear Line-of-Sight (NLOS) path exist in the channel [7]. The
Rician distribution mostly applicable to a situation where clear Line-of-Sight (LOS) exist in the
communication system. The Nakagami fading channel combine the characteristics of both
Rayleigh communication channel and Rician communication channel [8]. The commonly used
existing diversity combining schemes applicable in wireless systems are Maximal Ratio
Combining (MRC), Selection Combining (SC), Equal Gain Combining (EGC) and Threshold
Combining (TC) [9].
These conventional diversity combiners such as MRC and EGC utilize multiple Radio Frequency
(RF) chain and many filters which made the model to suffer hardware complexity at the receiver
[10]. The most commonly used hybrid diversity schemes are Hybrid Selection/Equal Gain
Combining (SC-EGC) and Selection - Maximal Ratio Combining (SC-MRC) [11]. The hybrid
diversity scheme EGC-MRC in cellular radio system has not been proposed in previous works
reviewed. The development of a new hybrid diversity scheme was carried out in this
paperprimarily to mitigate the effect of multipath fading in wireless system. The outage
probability and processing time was used to evaluate the performance of the hybrid model. The
modulation schemes are used to encode and protect the signal against unwanted noise in mobile
radio channel [12].The Quadrature Amplitude Modulation (QAM) modulation scheme was
deployed with hybrid EGC-MRC diversity technique at the receiver with single Radio Frequency
(RF) chain and Matched Filter (MF) to obtain non-overlapping signal at the receiver front end.

2. RELATED WORKS
The authors of [3], presented diversity technique, a hybrid of Maximal Ratio Combining (MRC)
and Selection Combining (SC) schemesover two Waves with Diffuse Power (WDP)
communication channel. The proposed model reported to be good but suffers high hardware
complexity. In [2], worked on hybrid SC-MRC system in Rayleigh communication channel. The
results obtained showed that MRC-SC scheme provided good performance compared to
Selection Combining (SC), but suffered high hardware complexity. [11] investigated the
performance of the MRC-SC as hybrid diversity scheme in Rayleigh communication channel. It
was reported that MRC-SC had a better performance by selecting branch with highest SNR, but
with high hardware complexity. The works of [13], proposed a hybrid diversity scheme in
wireless radio network using Binary Phase-Shift Keying (BPSK) modulation for Single InputMultiple Output (SIMO) in mobile communication channel.
The SC and MRC was hybridized for signal transmission. The Bit-Error-Rate (BER) for SCMRC diversity combiner and other three conventional diversity techniques (i.e. SC, MRC, EGC)
were computed and simulated. The result showed that at low bit rate, the Hybrid SC-MRC
diversity scheme performed better than the conventional diversity combiner at lower values of
SNR. Also, at high bit rate, the hybrid SC-MRC diversity combiner outperforms MRC for all
values of SNR. The model suffers high hardware complexity due to multiple output with Radio
Frequency (RF) chain and filters that can lead to increase in cost. In [14], presented the analysis
of diversity combiner in SIMO multicasting wireless network over Rayleigh communication
channel. The mathematical expressions were derived for the Probability Density Function (PDF)
and Cumulative Distribution Function (CDF) of the multicast capacity with and without applying
diversity scheme. These parameters such as PDF, CDF and Complementary Cumulative
Distribution Function(CCDF) were applied with SC and MRC to obtain multicast capacity
expression. The results obtained from the combining scheme was presented. MRC gave better
performance than the SC scheme though suffered high hardware complexity.
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3. SYSTEM MODEL
In the proposed EGC-MRC hybrid model, the signals are transmitted over Nakagami
communication channel. The randomly generated bits are modulated using 4-QAM and 8-QAM
modulation schemes. The base band signals from the transmitters are received by multiple EGC
antenna having N diversity branches. These N branches of the EGC select and combine signals
with equal gains with respect to the set threshold value. The output signal from EGC was
received by Kbranches of MRC combiner. The MRC accept only the branches that produced
signal power above or equal to the set threshold value. These K signal powers are combined and
the mean value was obtainedto give maximum value of SNR as the output signal. The output
signal from EGC-MRC hybrid model passed through single RF chain and single MF to the
receiver. The proposed system block diagram is represented in Figure 1.
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Figure1: The Proposed model for the hybrid MRC-EGC combiner

4. MATHEMATICAL EXPRESSIONS FOR EGC DIVERSITY COMBINING
The N-branch Equal Gain Combiner (EGC) receiver over Nakagami environment is considered.
The output of the combiner is the instantaneous SNR of theEGCas presented in equation
(1)as:[15].
𝛶

𝛶𝐸𝐺𝐶 (𝛶𝑧 ) =

− ⁄̅
𝛶
𝛶 𝑁𝑝 −1 𝑒
̅
𝛶 ┌(𝑚)

(1)

where;
𝛶𝐸𝐺𝐶 (𝛶𝑧 )is the output instantaneous SNR
𝛶̅ is the average SNR of received signal
𝛶 is the SNR of received signal
┌(𝑚) is the Gamma function
𝑁𝑝 is the Number of signal paths

4.1. Probability Density Function (PDF)
The PDF of the combiner is presented in equation (2) as: [16].
𝑃𝑑𝑓𝐸𝐺𝐶 (𝛶𝑧 ) =

1
̅𝑣
𝛶

∗ 𝑒
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(2)
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where;
1

1

[𝐴(𝑘, 𝑠𝑓)] = (
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( 𝑧) )
𝛾
̅𝑣 𝛾
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𝛾̅𝑣 = the average SNR of the combiner
𝛶𝑧 =the output instantaneous SNR of EGC
Substituting the instantaneous SNR in equation (1) into PDFof EGC diversity combiner given in
equation (2). The overall PDF of EGC is given in equation (3) as;
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where,
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4.2. Outage Probability (𝑷𝒐𝒖𝒕 )
The Outage Probability(𝑃𝑜𝑢𝑡 ) of the signal in EGCis the integral of PDF with threshold value as
the maximum limit[15], [16]. This is presented in equation (4) as;
𝛶0

𝑃𝑜𝑢𝑡 = ∫0 𝑃𝑑𝑓𝐸𝐺𝐶 (𝛶𝑧 )𝑑𝛾(4)
By Substituting equation (3) into (4) and equation (5) is presented in integral form as;
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𝛾𝑜 is the threshold value
𝛾 is the SNR of received signal

5. MATHEMATICAL EXPRESSIONS FOR MRC DIVERSITY
The K-branch MRC diversity receiver operating in Nakagami fading communication channel is
considered to obtain maximum signal level that is fed into single RF chain and Match filter.The
output of the combiner is the instantaneous SNR of the MRC diversity receiver givenas:[15].
−𝛶⁄
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where;
𝛶𝑀𝑅𝐶 (𝛶𝑥 ) is instantaneous SNR output for MRC
𝑙 is the number of branches
𝛾̅ is average SNR of received signal
𝐾 is the Number of signal paths

5.1. Probability Density Function of MRC
The Probability Density Function for MRC (𝑃𝐷𝐹𝑀𝑅𝐶 )with 𝐾-number of branches given in
equation (7) as: [17].
(𝛶 )𝐾−1

𝛶

𝑀𝑅𝐶 𝑥
𝑃𝑑𝑓𝑀𝑅𝐶 (𝛶𝑥 ) = (𝐾−1)!(𝛾
̅

𝑎𝑣 )

𝑁

+ √𝜋 exp (−

𝛶𝑀𝑅𝐶 (𝛶𝑥 )
𝛾
̅𝑎𝑣

)

(7)

Substituting the instantaneous SNR in equation (6) into PDF of MRC diversity combiner in
equation (7). The overall 𝑃𝑑𝑓𝑀𝑅𝐶 of MRC is represented as:

𝑃𝑑𝑓𝑀𝑅𝐶 (𝛶𝑥 ) =
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(8)

where;
𝑃𝑑𝑓𝑀𝑅𝐶 (𝛶𝑥 ) = the pdf of MRC
𝛾̅ =the average SNR of received signal
𝛶 = the SNR of received signal
𝛶̅𝑎𝑣 = the average SNR of the combiner
𝑘 = the number of branches

5.2. Outage Probability for MRC
The outage probabilityofMRC,𝑃𝑜𝑢𝑡 (𝑀𝑅𝐶) is given as the integral of pdfas presented in equation
(9) as:[15],[16].
𝛶0

𝑃𝑜𝑢𝑡 = ∫0 𝑃𝑑𝑓𝑀𝑅𝐶 (𝛶𝑡 )𝑑𝛾

(9)

Substituting equation (8) into equation (9)to produced integral of equation (10) as;
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where,
𝑃𝑜𝑢𝑡 (𝑀𝑅𝐶) is the outage probability of MRC
𝛶0 is the set threshold
𝛶 is SNR of received signal
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5.3. The Developed Hybrid Model
The closed form expression for the developed hybrid EGC/MRC is combination of the PDFs of
EGC and MRC diversity scheme. Thus, the PDF of the developed hybrid model is given in
equation (11) as:
𝑃𝑑𝑓𝐸𝐺𝐶/𝑀𝑅𝐶 (𝛾𝑡 ) = 𝑃𝑑𝑓𝐸𝐺𝐶 (𝛾𝑧 ) ∗ 𝑃𝑑𝑓𝑀𝑅𝐶 (𝛾𝑥 )

(11)

where;
𝛾𝐸𝐺𝐶 (𝛾𝑧 )is the instantaneous SNR output for EGC
𝛾𝑀𝑅𝐶 (𝛾𝑥 ) is instantaneous SNR output for MRC
by substituting equations (3) and (8) into equation (11) to produceequation (12). The simulation
of the new hybrid EGC-MRC was carried out using MATLAB R2015b software
𝑃𝑑𝑓𝐸𝐺𝐶/𝑀𝑅𝐶 (𝛾𝑡 ) = {𝑍(𝑘, 𝑛𝑦) + 𝐴(𝑘, 𝑠𝑓)} ∗ [𝐵 (𝑘, 𝑟𝑙 )]

(12)

where:
𝑍(𝑘, 𝑛𝑦) =

𝛶
(𝛶𝑧 )
1 −2𝛶𝐸𝐺𝐶̅ (𝛶𝑧)
− 𝐸𝐺𝐶
̅𝑣
𝛾𝑣
𝛾
𝑒
+ √𝜋 𝑒
𝛾̅𝑣
1

1

1 𝛶𝐸𝐺𝐶 (𝛶𝑧 ) 2
𝐴(𝑘, 𝑠𝑓) = (
(
))
1 −
𝛾̅𝑣
𝛾̅𝑣
2(𝛾̅𝑣 𝛶𝐸𝐺𝐶 (𝛶𝑧 ))2
𝐵 (𝑘, 𝑟𝑙 ) =

(𝛶𝑀𝑅𝐶 𝛶𝑥 )𝑘−1
𝛶𝑀𝑅𝐶 (𝛶𝑥 )
+ √𝜋 exp (−
)
𝐾
̅ 𝑎𝑣 )
(𝑘 − 1)! (𝛾
𝛾̅𝑎𝑣

6. PERFORMANCE METRICS FOR EGC- MRC RECEIVER
The Outage Probability(𝑃𝑜𝑢𝑡 ) and Processing Time (𝑃𝑡 ) are the metrics deployed to evaluate the
suitability of the new hybrid model in Nakagami environment. The(𝑃𝑜𝑢𝑡 ) describes the
probability at which the SNR of the received signal falls below a given threshold while the (𝑃𝑡 )
is the time taken by a propagating signal to travel from source to the destination measured in
seconds

6.1. Outage Probability of EGC-MRC
This is the probability that output SNR (𝛾) will fall below a specified threshold value (𝛾0 ) given
as: [16].
𝛾

𝑃𝑜𝑢𝑡 = ∫0 0 𝑃𝛾 (𝛾) 𝑑𝛾

(13)

The outage probability of the new Hybrid model is presented in equation (14) as:
𝛾

𝑃𝑜𝑢𝑡 (𝐸𝐺𝐶/𝑀𝑅𝐶) = ∫0 0 𝑃𝑑𝑓𝐸𝐺𝐶 (𝛾𝑧 ) ∗ 𝑃𝑑𝑓𝑀𝑅𝐶 (𝛾𝑥 ) 𝑑𝛾

(14)
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Substituting equation (5) and equation (10) into equation (14) to have equation (15) produces the
new hybrid outage probability model deployed.
𝛾

𝑃𝑜𝑢𝑡 (𝐸𝐺𝐶/𝑀𝑅𝐶) = ∫0 0 [

1
𝛾
̅𝑎𝑣

𝑒

𝛾
(𝛾𝑧 )
−2 𝐸𝐺𝐶
̅
𝛾𝑎𝑣

+ √𝜋𝑒

𝛾
(𝛾𝑧 )
− 𝐸𝐺𝐶
̅
𝛾𝑎𝑣

∗ 𝐵(𝑘, 𝑠𝑓)] ∗ 𝐶 (𝑘, 𝑟𝑙 ) 𝑑𝛾(15)

where:

𝛾0 is the set threshold
𝛾𝐸𝐺𝐶 (𝛾𝑡 )is the instantaneous SNR output for EGC
𝛾𝑀𝑅𝐶 (𝛾𝑡 ) is instantaneous SNR output for MRC

7. SIMULATION PARAMETERS
The simulation of the hybrid model and conventional models were carried out using MATLAB
R2015b software. The choice of the software was due to low cost implementation compared with
the field test measurements. The online random generated binary data with4-QAM and 8-QAM
modulation schemes were used for the simulation. Table 1 shows the parameters implemented in
the simulation.
Table 1: Simulation parameters

Parameters
Modulation scheme (M)
Fading channel
No of paths (L)
Carrier Frequency (Fc)
Noise
Line of Sight Component (k)
SNR
Data length
(Set threshold) Y0
Base Station power

Variables
4-QAM, 8-QAM
Nakagami
2,3
2.3GHz
AWGN
3
2 dB – 10 dB
20,000
2.0 dB
1watts

8. DISCUSSION OF THE RESULTS
The results of Outage Probability (𝑃𝑜𝑢𝑡 ) and Processing time (𝑃𝑡 )were obtained for EGC, MRC
and hybrid EGC-MRC model at different SNR and 2.3 GHz frequency.
Figure 2 shows the plot of 𝑃𝑜𝑢𝑡 values against different SNR. At L=2 and 4-QAM modulation
scheme, the𝑃𝑜𝑢𝑡 values for EGC were 0.35 dB, 0.19 dB, 0.13 dB, 0.10 dB and 0.09 dB at SNR of
2, 4, 6, 8, and 10 respectively, while the corresponding values of 𝑃𝑜𝑢𝑡 for MRC were 0.22 dB,
0.10 dB, 0.07 dB, 0.05 dB and 0.04 dB. The Hybrid EGC/MRC shows a better performance
compared to EGC and MRC with 𝑃𝑜𝑢𝑡 values of0.07 dB, 0.02 dB, 0.009 dB, 0.006 dB and 0.004
dB at different SNR.
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Figure 2: Outage Probability against SNR for EGC, MRC and hybrid EGCMRC
at L=2 and 4-QAM Modulation Scheme

Figure 3 presents the comparative plot of processing time against SNR at a fixed threshold value.
At 𝐿 = 2 and 4-QAM modulation scheme, the 𝑃𝑡 values for EGC were 1.02sec, 1.03sec, 1.03sec,
1.03sec and 1.03sec at SNR of 2, 4, 6, 8, and 10 respectively, while the values of 𝑃𝑡 for MRC
were 0.91sec, 0.92sec, 0.92sec, 0.92sec and 0.92. The Hybrid EGC-MRC performance better
than EGC and MRC with 𝑃𝑡 values of0.78sec, 0.79sec, 0.79sec, 0.79sec and 0.79sec at different
SNR. The developed hybrid model gave lower processing time compare to conventional
diversity combining.

Figure 3: Plot of Processing Time against SNR for EGC, MRC and hybrid
EGC/MRC at L=2 and 4-QAM Modulation Scheme

Figure 4 shows Outage Probably ( 𝑃𝑜𝑢𝑡 ) values against different SNR. At 𝐿 = 3 and 4-QAM
modulation scheme, the 𝑃𝑜𝑢𝑡 values for EGC were 0.35 dB, 0.14 dB, 0.08 dB, 0.06 dB and
0.04dB at SNR of 2, 4, 6, 8, and 10 respectively, while 𝑃𝑜𝑢𝑡 corresponding values of MRC were
0.17 dB, 0.07dB, 0.04 dB, 0.03 dB and 0.022 dB. The Hybrid EGC/MRC gave better
performance compared to EGC and MRC with 𝑃𝑜𝑢𝑡 values of0.06 dB, 0.009 dB, 0.003 dB, 0.002
dB and 0.0009 dB at SNR of 2, 4, 6, 8, and 10 respectively.
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Figure 4: Outage Probability against SNR for EGC, MRC and hybrid
EGC/MRC at L=3 and 4-QAM Modulation Scheme

Figure 5 depicts the comparative plot of processing time plotted in bar chart against SNR. At 𝐿 =
3 and 4-QAM modulation scheme, the values of 𝑃𝑡 for EGC were 0.9 sec, 0.9 sec, 0.9 sec, 0.9 sec
and 0.9 sec at SNR of 2, 4, 6, 8, and 10 respectively, while the values of 𝑃𝑡 for MRC were 0.76
sec, 0.76 sec, 0.76 sec, 0.76 sec and 0.76 sec. The Hybrid EGC/MRC show a better performance
compared to EGC and MRC with 𝑃𝑡 values of0.45 sec, 0.45 sec, 0.45 sec, 0.45 sec and 0.45 sec at
different SNR. The result shows that hybrid model produce lower processing time. Therefore,
hybrid model can be deployed to mitigate the effect of hardware complexity in the system.

Figure 5: Plot of Processing Time against SNR for EGC, MRC and
hybrid EGC/MRC at L=3 and 4-QAM Modulation Scheme

Figure 6 presents the plot of 𝑃𝑜𝑢𝑡 values against different SNR. At 𝐿 = 2and 8-QAM modulation
scheme, the𝑃𝑜𝑢𝑡 values for EGC were 0.35 dB, 0.19 dB, 0.13 dB, 0.10 dBand 0.09 dB at SNR of
2, 4, 6, 8, and 10 respectively, while the corresponding values of 𝑃𝑜𝑢𝑡 for MRC were 0.22 dB,
0.10 dB, 0.07 dB, 0.05 dB and 0.04 dB. The hybrid EGC-MRC gave a better performance
compared to EGC and MRC with 𝑃𝑜𝑢𝑡 values of0.07 dB, 0.02 dB, 0.009 dB, 0.006 dB and 0.004
dB at different SNR
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Figure 6: Outage Probability against SNR for EGC, MRC and hybridEGC/MRC
at L=2 and 8-QAM Modulation Scheme

Figure 7 shows the comparative plot of processing time plotted against SNR. At 𝐿 = 2and 8QAM modulation scheme, the𝑃𝑡 values for EGC were 1.02 sec, 1.02 sec, 1.02 sec, 1.02 sec and
1.02 sec at SNR of 2, 4, 6, 8, and 10 respectively, while 𝑃𝑡 values for MRC were 0.73 sec, 0.73
sec, 0.73 sec, 0.73 sec and 0.73 sec. The hybrid EGC-MRC gave a better performance compared
to EGC and MRC with 𝑃𝑡 values of0.64 sec, 0.64 sec, 0.65 sec, 0.64 sec and 0.64 sec at different
SNR. The developed hybrid model gave better results in terms of outage probability and
processing time.

Figure 7: Plot of Processing Time against SNR for EGC, MRC and hybrid
EGC/MRC at L=2 and 8-QAM Modulation Scheme

Figure 8 depicts the plot of outage probably values against different SNR. At 𝐿 = 3and 8-QAM
modulation scheme, the 𝑃𝑜𝑢𝑡 values for EGC were 0.35 dB, 0.14 dB, 0.08 dB, 0.06 dB and 0.04
dB at SNR of 2, 4, 6, 8, and 10 respectively, while the values of 𝑃𝑜𝑢𝑡 for MRC were 0.17 dB,
0.07 dB, 0.04 dB, 0.03 dB and 0.02 dB. The hybrid EGC/MRC gave a better result compared to
EGC and MRC with 𝑃𝑜𝑢𝑡 values of0.06 dB, 0.009 dB, 0.003dB, 0.002 dBand 0.001 dB at SNR of
2, 4, 6, 8, and 10 respectively.
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Figure 8: Outage Probability against SNR for EGC, MRC and hybrid
EGC/MRC at L=3 and 8-QAM Modulation Scheme

Figure 9 depicts comparative plot of processing time plotted against SNR. At 𝐿 = 3and 8-QAM
modulation scheme, the values of 𝑃𝑡 for EGC were 0.95 sec, 0.95 sec, 0.95 sec, 0.95 sec and 0.95
sec at SNR of 2, 4, 6, 8, and 10 respectively, while the corresponding values of 𝑃𝑡 for MRC
were 0.81 sec, 0.81 sec, 0.81 sec, 0.81 sec and 0.81 sec. The hybrid EGC-MRC gave better
result compared to EGC and MRC with 𝑃𝑡 values of0.75 sec, 0.75 sec, 0.75 sec, 0.75 sec and 0.75
sec at different SNR.

Figure 9: Plot of Outage Probability against SNR for EGC, MRC and hybrid
EGC/MRC at L=3 and 8-QAM Modulation Scheme

Figure 10 presents the comparative plot of the total outage probably values against SNR. At𝐿 =
2, 3and 4-QAM, the 𝑃𝑜𝑢𝑡 (𝑑𝐵) values for EGC is realized as 0.85 dB at L=2 and 0.67 dB at
L=3, while the corresponding values of 𝑃𝑜𝑢𝑡 (𝑑𝐵) for MRC as 0.48 dB and 0.33 dB. Also,the
result of hybrid EGC-MRC are obtained as 0.11 dB and 0.08 dB at L=2 and L=3, respectively.

11

International Journal of Computer Science & Information Technology (IJCSIT) Vol 12, No 3, June 2020

Figure 10: Outage Probability versus SNR for EGC, MRC and hybrid
EGC-MRC at L= 2, 3 and 4-QAM Modulation Scheme

Figure 11 represents the bar chart plot for the processing time (𝑃𝑡 ) against the SNR. The
𝑃𝑡 (𝑠𝑒𝑐) values for EGC were evaluated as 5.07sec at L=2 and 5.09sec at L= 3, while the
correspondent values of MRC were 4.73sec and 4.75sec respectively. The 𝑃𝑡 (𝑠𝑒𝑐) values for
hybrid EGC-MRC was realized as3.53sec and 3.55 sec. The hybrid model showed a better
performance in terms of reduced outage probability and processing time compared to the
standalone models.

Fig. 11: Processing Time versus SNR for EGC, MRC and hybrid
EGC-MRCat L= 2, 3 and 4-QAM Modulation Scheme

Figure 12 presents the comparative plot of the output probability values against SNR. At 𝐿 =
2, 3;and8-QAM modulation scheme, the 𝑃𝑜𝑢𝑡 (𝑑𝐵) values obtained for EGC at 𝐿 = 2 and 𝐿 =
3were0.85 dB and 0.67 dB respectively, while the corresponding values of 𝑃𝑜𝑢𝑡 (𝑑𝐵) for MRC at
𝐿 = 2 and 𝐿 = 3were 0.48dBand 0.33 dB. The hybrid EGC/MRC 𝑃𝑜𝑢𝑡 (𝑑𝐵)values were realized
as0.11 dB and 0.08 dB, respectively.
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Figure 12: Outage Probability against SNR for EGC, MRC and hybrid
EGC-MRC at L= 2, 3 and 8-QAM Modulation Scheme

The 𝑃𝑡 (𝑠𝑒𝑐) values as shown in Fig 13 for EGC when 𝐿 = 2 and 𝐿 = 3 were gotten as 5.12 sec
and 5.1 sec respectively, while the corresponding values of 𝑃𝑡 (sec) for MRC when 𝐿 = 2 and
𝐿 = 3 are obtained as 4.54 sec and 4.50 sec. The hybrid system for the 𝑃𝑡 (𝑠𝑒𝑐)values were
realized as3.11 sec and 3.12 sec, respectively. The hybrid model demonstrated an enhanced
performance with reduced outage probability and processing time relative to the increase in the
number of paths and SNR. The study clearly proved that the hybrid model is suitable to mitigate
the problems associated with multipath propagation in the communication system owing to its
reduced system outage probability and processing time.

Figure 13: Processing Time versus SNR for EGC, MRC and hybrid
EGC-MRCat L= 2, 3 and 8-QAM Modulation Scheme

9. CONCLUSION
The hybrid EGC-MRC diversity scheme was successfully developed with the simulation
procedures carried out using appropriate network parameters over Nakagami fading channel. The
output of EGC was applied as the input signal of MRC diversity combiner. The improved robust
output signal from the EGC-MRC was passed through a single Radio Frequency (RF) chain and
single Match filter (MF). The mathematical expressions for PDF of the output signal was
developed for the hybrid model. This was used to obtain Pout expression for the hybrid model.
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The Pout and 𝑃𝑡 valuesfor EGC, MRC, and hybrid EGC-MRC were obtained using designated
SNR values. MATLAB R2015b was used for the simulation analysis. The performance of the
hybrid system was realized using the following values; when L=2 and L=3,for 4-QAM and 8QAM modulation schemes. The 8-QAM modulation scheme shows better result in terms of P out
and Pt compared to 4-QAM modulation scheme. The results showed that the developed hybrid
model performed better than the EGC and MRC combiners with lower values on the output
probability and processing time. This reduced values of the processing time attribute to reduction
in the number of filters and RF chain. The new model also gave reduced outage probability (Pout)
and processing time (Pt) as number of paths increases from L=2 to L=3 is an added advantage
compared to the existing MRC and EGC models. The developed model is applicable in mobile
wireless communication networks. The hybrid scheme is very suitable to mitigate the multipath
propagation effects, reduced hardware complexity and cost compared to the existing scheme.
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