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The growing interest towards wireless communication advancement with
smart devices has provided the desired throughput of wireless
communication mechanisms. But, attaining high-speed data packets
amenities is the biggest issue in different multimedia applications. Recently,
OFDM has come up with the useful features for wireless communication
however it faces interference issues at carrier level (intercarrier
interferences). To resolve these interference issues in OFDM, various
existing mechanisms were utilized cyclic prefix, but it leads to redundancy in
transmitted data. Also, the transmission of this redundant data can take some
more power and bandwidth. All these limitations factors can be removed
from a parallel cancellation mechanism. The integration of parallel
cancellation and Convolution Viterbi encoding and decoding in MIMO-
OFDMA will be an effective solution to have high data rate which also
associations with the benefits of both the architectures of MIMO and
OFDMA modulation approaches. This paper deals with this integrated
mechanism for efficient resource allocation and power consumption.
For performance analysis, MIMO-OFDMA system is analyzed with three
different approaches likeMIMO-OFDM system without parallel cancellation
(MIMO-OFDMA-WPC), MIMO-OFDMA System with parallel cancellation
(MIMO-OFDMA-PC) and proposed IMO-OFDMA system with parallel
cancellation and Convolution Viterbi encoding/decoding (pMIMO-OFDMA-
PC &CVed) for 4x4 transmitter and receiver. Through performance analysis,
it is found that the proposed system achieved better resource allocation
(bandwidth) with high data rate by minimized BER rate and achieved least
power consumption with least BER.
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1. INTRODUCTION

The growth in wireless communication with smart devices has enhanced the necessary throughput
of wireless communication mechanisms [1]. But, attaining high-speed data packets amenities is the biggest
issues various multimedia communications applications [2]. Among different existing wireless techniques,
MIMO-OFDMA is considered an effective scheme to achieve this high data rate [3, 4]. Together these
approaches can offer better performance and high data rate in wireless communication mechanisms [5].
In a recent trend, a huge number of high data rated devices were facing the problem of intersymbol
interference (ISI) [6]. To perform the computation of the desired channel at the receiver end, channel
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estimation approaches can be used which improves the device capacity of OFDM system [7]. The channel
estimation mechanisms mainly focus on the conceptuality of the favorable multiple path channels [8],
but the existing techniques have introduced OFDM concepts with the real-time implementation of
the multiple paths channels having a wide bandwidth that brings in OFDMA architecture [9, 10].
These multiple path communication channels acquire some propagation delays. Using conventional
approaches, most of the elements of impulse response are of zero have some noise floor with least number of
delayed path elements, and it idealizes that the multiple path channels exhibit the sparse architecture [11-16].
Thus, no such mechanisms exist for computation of sparse data. Hence, the traditional computational
techniques do not use this communication channel having a sparse signal. However, with available MIMO-
OFDMA transceiver system, it is the biggest concern to achieve minimized BER for the receive data signal
generated by the device. This manuscript gives an integrated approach for resource allocation and power
consumption in a MIMO-OFDMA system having 4x4 transmitter and receiver by considering BER and SNR
with better signal quality. The categorization of this paper is performed as Background of MIMO-OFDMA
system with existing techniques, Problem description, System model and implementation (Section 2),
Performance analysis (Section 3) and Conclusion (Section 4).

- The background

This section deals with the review of existing techniques that considers MIMO-OFDMA.
The previous work of Archana and Sureka [17] discussed a research survey stating the current state of the art
in research domain subjected to MIMO-OFDMA system for efficient communication. To mitigate the inter-
cell interference Perez et al. [18] have presented a self-organizing algorithm which enhances system-level
performance. The [18] limits with intercell communication.

Similarly, Alsohaily et al. [19] analyzed the user access for multi-radio which also lags with
intercell communication. The resource allocation in smart devices is considered by Huang et al. [20] and
introduced a protocol based algorithm by using Nash equilibrium which brings better gain and sum rate.
A computationally efficient optimal algorithm is presented in Xiao et al. [21] which improves the quality of
service (QoS) through efficient resource allocation, and it is not compared with any existing technique.
The OFDM systems are lacking with the high peak to average ratio (PAPR), and this issue is addressed in
Ait-Saadi et al. [22]. The considerable reason behind high PAPR is due to non-linear distortions generated by
power amplifiers. Among various existing techniques, partial transmit sequence is a significant technique
which helps in minimizing the PAPR. However, achieving a considerable level of PAPR reduction is
the biggest concern as it leads to higher computational complexity. Thus, [22] introduced an algorithm of
self-adaptive multi population differential evolution which brings a low-cost system for PAPR optimization.
The efficient scheduling mechanism for resource allocation in MIMO is found in Cao et al. [23] where
the two-step method is used to bring the balance to computational complexity and resource allocation.
The previous work of Archana and Sureka [24] presented a compressive sensing based channel estimator for
MIMO-OFDMA. With the numerical outcome of [24] suggests that the system was a low-cost system to
have better MIMO-OFDMA system. The work towards performance analysis of MIMO-OFDMA system in
energy efficiency perspective is found in Singal and Kedia [25] where different mechanisms for antenna
selection were considered, i.e., per-subcarrier and bulk selection, etc. with hardware architecture.
On analyzing both the mechanisms, it has been found that bulk selection of antenna has come up with energy
efficient than the per-subcarrier selection of antenna mechanism. From the above surveys, it was observed
that very rare works were incorporated with the minimization of BER, resource allocation, and power
consumption.

- The Problem Statement

The significant features of OFDM made it as an efficient modulation scheme. However, it exhibits
some interference at carriers, i.e., inter-carrier interference. TO overcome these interferences some of
the existing techniques utilized cyclic prefix but it leads to redundancy issue in transmitted data.
Further transmission of this redundant data can utilize more power and bandwidth during transmission.
This redundancy in data can be eliminated by using parallel cancellation technique. The research practices in
recent years have suggested that many real-time multi-path channels with a broad bandwidth may lead to
sparse in architecture. During this, the communication channel of multipath collects some propagation
delays. The conventional approaches provide impulse response elements of zero under the noisy
condition with few delayed path elements which indicate sparse architecture of multipath channel.
Hence no conventional mechanism performs the estimation of sparse data where these mechanisms ignore
the sparse signal to minimize the BER of received data. Thus, there is a need of a system to be developed
which can consider the above pitfalls and come up with energy efficient and better resource allocation in
MIMO OFDMA.
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2. SYSTEM MODEL AND IMPLEMENTATION

In order to overcome the above-discussed problems, the MIMO-OFDMA system is analyzed with
three different approaches likeMIMO-OFDMA system without parallel cancellation (MIMO-OFDMA-
WPC), MIMO-OFDMA System with parallel cancellation (MIMO-OFDMA-PC) and proposed MIMO-
OFDMA system with parallel cancellation and Convolution Viterbi encoding/decoding (pMIMO-OFDMA-
PC &CVed) for 4x4 transmitter and receiver. In the proposed system, MIMO-OFDMA concept is considered
to minimize BER ratio under high noise condition. The MIMO works on the basis of optimal binary search
tree (OBST) scheme. The transmitter side of OFDMA uses IFFT operation while the receiver side uses FFT
operation. However, to overcome Inter-Carrier Interference issues few transmitters data is processed by using
IFFT operation in a MIMO system. In the proposed system, instead of the parallel operation of IFFT and
FFT, all the transmitter data are processed through FFT operation at transmitter side while IFFT operation at
the receiver side. The inter-changing of both FFT and IFFT at transmitter and receiver the zero value of BER
can be achieved at 5 dB in traditional MIMO-OFDMA system while in proposed MIMO-OFDMA system
zero BER can be achieved at -5dB. In this paper also, a method of Forward error correction (FEC) and
detection approaches like Convolutional encoding and Viterbi decoding utilized before the modulation of
transmitted data and after demodulation of the received data respectively. The FEC mechanism also provides
an additional protection layer for data in terms of detection and correction of errors in received data by
the 1dB improvement.

Further to augment OFDM systems, some notations on OBST-OFDMA were analyzed with the 4x4
OBST-OFDM codeword matrix which offers diversity order 2 having a coding rate of 1. For the complex
transmission, this orthogonality can't be achieved with a code rate of 1 during the transmit diversity is
exceeding 2. There exist some of the studies to offer a framework for non-orthogonal complex transmission
with a coding rate of 1 and having diversity order equal to the number of transmit antennas. Thus, a 4x4
OBST-OFDM system is considered with a non-orthogonal transmission matrix, the coding rate of 1, and
transmission diversity of 4. Also, the system of orthogonal transmission matrix is analyzed with
a code rate of 0.5. The Following Figure 1 gives the architectural model of the proposed system.
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Figure 1. Architectural model of the proposed system

In the proposed system an image is considered and is then converted into a binary format.
On the same binary data pre-processing operations can be performed to get good quality of input signal.
Further, the convolution encoding approach is adapted over the input signal. The same signal is modulated by
using the QPSK modulation technique. This modulated signal is encoded using the OSTBC encoding
technique depending upon the number of transmitters are used in this framework. At the transmitter end,
the OFDM modulation will be done along with the parallel cancellation scheme. Then the signal is converted
time domain to frequency domain. This signal is transmitted through the communication channel.
The channel includes the MIMO channel along with AWGN noise. This signal to noise ratio is adjusted using
signal range. Then it is transmitted. The received signal is demodulated using the OFDM Demodulating
scheme along with parallel cancellation method. These received and demodulated signal is applied with
OSTBC combining scheme depending upon the number of receiver devices are used in this framework.
Then, this signal is demodulated using the QPSK demodulating method. The Viterbi decoding scheme is
used to filter all the noise present in the received signal. In the end, the received data is converted to
the original format. Then, the performance analysis is performed by considering bit error rate (BER).
The BER is compared with three different approaches likeMIMO-OFDMA system without parallel
cancellation (MIMO-OFDMA-WPC), MIMO-OFDMA System with parallel cancellation (MIMO-OFDMA-
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PC) and proposed MIMO-OFDMA system with parallel cancellation and Convolution Viterbi
encoding/decoding (pMIMO-OFDMA-PC &CVed) for 4x4 transmitter and receiver. The flow diagram given
in Figure 2 represents the implementation of the algorithm in the system model.
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Figure 2. Flow representation of the implemented algorithm

During first step of the algorithm, the initialization of sampling rate (A =le6), path delay
(6= [0 2e-6]), average path gain (t= [0 -10]), maximum Doppler shift (n =30) is performed. Later, an image
from the disk is selected and is resized with a multiplication factor of 0.1. The resized image is converted into
binary form and is stored as data. Using MATLAB, trellis structure (t) of a stored binary form of data is
formed for convolution encoder which provides every possibility of input to the encoder subjected with both
outputs and state transition of the encoder having states of binary form 00, 01, 10 and 11 which yields 2-bit
output from 1-bit input.

Further, considering both the factors data and t the convolution encoder is applied which gives
a convoluted data (Cd). The modulation scheme QPSK is applied to the signal to yield the modulated signal,
and then the encoding is performed by using orthogonal space-time block code (OSTBC) encoder block that
encodes the input symbol sequence using OSTBC. The use of OSTBC along with MIMO helps to yield high
SNR and low BER. The OSTBC can be adapted with a system having feedback to the transmitter from
the receiver. Later, the signal is demodulated by using the QPSK demodulation approach. For the same
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signal, the SNR values will be calculated and then apply the MIMO-OFDMA technique by considering
original data, SNR value, transmission range, and receiver range. Later, the Viterbi decoding mechanism is
adapted to filter the noise in the received signal. Finally, the received signal is converted/reshaped into
the original format. Table 1 exhbits the description of the notations used in the proposed implementation
algorithm as discussed in Figure 2.

Table 1 Description of notations

SI.No Notation Description

1 | Input image

2 11 Binary image

3 Cd Convoluted data

4 Qmd QPSK modulated data
5 o Receiver range

6 B Transmitter range

7 SNRr SNR range

8 A Sampling rate

9 S Path delay

10 T average path gain

11 n maximum Doppler shift
12 ¢ Path gain

13 G Spatial Correlation

14 D Signal power

3. PERFORMANCE ANALYSIS

The proposed integrated mechanism for efficient resource allocation and power consumption in
MIMO-OFDMA system of 4x4 transmitter and receiver is in terms of BER and SNR with better signal
quality under noisy conditions. The simulation of the method is performed by using MATLAB.
The performance is analyzed by comparing with three different approaches likeMIMO-OFDMA system
without parallel cancellation (MIMO-OFDMA-WPC), MIMO-OFDMA System with parallel cancellation
(MIMO-OFDMA-PC) and proposed MIMO-OFDMA system with parallel cancellation and Convolution
Viterbi encoding/decoding (pMIMO-OFDMA-PC &CVed) for 4x4 transmitter and receiver. In the proposed
pMIMO-OFDMA-PC &CVedsystem, the parallel operation of FFT and IFFT were replaced at both
transmitter and receiver which help to reduce BER. The proposed system introduced Forward error
correction (FEC) and detection mechanisms like convolutional encoding before modulating the transmitted
data and Viterbi decoding after demodulating the received data. This significance of the FEC mechanism is
that it offers an additional protective layer for the data in terms of detection and correction of errors in
received data by the 1db improvement. The following section follows with the outcomes accomplished with
respect to different approaches for communication. The comparative analysis is considered with 4-transmitter
and 4-receiver for all the different approaches likeMIMO-OFDMA system without parallel cancellation
(MIMO-OFDMA-WPC), MIMO-OFDMA System with parallel cancellation (MIMO-OFDMA-PC) and
proposed MIMO-OFDMA system with parallel cancellation and Convolution Viterbi encoding/decoding
(pMIMO-OFDMA-PC &CVed) for 4x4 transmitter and receiver. The following Figure 3 gives the outcomes
attained from MATLAB simulation for all the approaches at different SNR values.

The Figures 4-6 represent the plot of different approaches like MIMO-OFDMA system without
parallel cancellation (MIMO-OFDMA-WPC), MIMO-OFDMA System with parallel cancellation (MIMO-
OFDMA-PC) and proposed MIMO-OFDMA system with parallel cancellation and Convolution Viterbi
encoding/decoding (pMIMO-OFDMA-PC &CVed) for 4x4 transmitter and receiver. From Figures 4-6 it is
clearly observed that the BER increases with a decrease in the Signal to Noise Ratio (SNR) value. The SNR
with least value indicates the signal is having more unwanted noise while least value of BER indicates
the least error occurred during signal transmission. In general sense, the BER is reciprocal to SNR.
Thus, the comparison of all these approaches gives that found that the MIMO-OFDMA system without
parallel cancellation (MIMO-OFDMA-WPC) has highest BER than other approaches having MIMO-
OFDMA System with parallel cancellation (MIMO-OFDMA-PC) and proposed MIMO-OFDMA system
with parallel cancellation and Convolution Viterbi encoding/decoding (pMIMO-OFDMA-PC &CVed).
This indicates that the error rate in MIMO-OFDMA-WPC is high as it does not reduce the unwanted noise.
In comparison with the MIMO-OFDMA-PC and pMIMO-OFDMA-PC &CVed, the proposed system has
the least error rate than another approach. Thus it can be said that the proposed pMIMO-OFDMA-PC
&CVedsystem in terms of power and resource allocation (bandwidth) is achieved with high data rate by
minimized BER rate and also with least BER the power consumption is reduced.
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Figure 3. 4 x 4 transmitter and receiver for data

SNR v/s BER without Parallel Cancellation
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Figure 4 SNR vs. BER without parallel cancellation

SNR v/s BER for With OFDM & Parallel cancellation
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SNR v/s BER for With OFDM PC Conv Viterbi
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Figure 6 SNR vs. BER with OFDM-PC convolution viterbi

4. CONCLUSION

This paper presents a MIMO-OFDMA system with parallel cancellation and Convolution Viterbi
encoding/decoding (pMIMO-OFDMA-PC &CVed) system of 4x4 transmitter and receiver to achieve better
resource allocation and power consumption in terms of BER and SNR with better signal quality. Through
this pMIMO-OFDMA-PC &CVedsystem, computational complexity and cost of the system are minimized.
The proposed pMIMO-OFDMA-PC &CVedsystem is having a combination of parallel cancellation, and
Viterbi encoding and decoding (Proposed system) achieved less BER than MIMO-OFDMA system without
parallel cancellation (MIMO-OFDMA-WPC), MIMO-OFDMA System with parallel cancellation (MIMO-
OFDMA-PC) approach. From this, it can be concluded that the system attained high data rate transmission by
minimizing the BER rate and power consumption.The proposed system can be considered in future research
to meet security issues of MIMO-OFDMA having parallel cancellation and Viterbi encoding or decoding
approach.
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