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Abstract: A rapid change in usage of mobile data and mobile based applications such as online gaming, mobile
TV etc. motivates the mobile wireless communication system to work on new emerging trends Long Term
Evolution (LTE). LTE-4G architecture provides an optimized packet based radio access technology. The basic
signal format of LTE is Orthogonal Frequency Division Multiplexing (OFDM) Modulation. This modulation
scheme satisfies the spectrum flexibility requirement in LTE. LTE-MIMO-OFDM with IFFT and FFT transform
introduced to provide the cost-effective solution for very wide carriers with high PAPR. Inter-symbol
Interference (ISI) and inter carrier interference (ICI) are predominant factors which exist in the wireless
communication channel. Existing methods of ISl and ICI reduction to improve signal quality have been
achieved using conventional OFDM techniques. However, a better modulation scheme is required to achieve
high data rate, low latency and flexible bandwidth deployment. This paper has proposed a Wavelet based LTE-
MIMO-OFDM modulation scheme with multi equalizer that improves the performance of system by reducing
PAPR and BER in MCM. Experimental results show the performance of this scheme and the results is
compared with existing MMSE and Multi equalizer MMSE and achieves a flexible spectral efficiency with
reduction of PAPR and BER.

Keywords: Multiple Input Multiple Output — Orthogonal Frequency Division Multiplexing, Discrete Wavelet
Transform — Orthogonal Frequency Division Multiplexing, Long Term Evolution, Multi-equalizers, Minimum
Mean Squared Error, MLE, Bit Error Rate, Additive White Gaussian Noise.

1. Introduction

Wireless communication systems [1-2] have been exploited widely across the world in present days,
due to its requirements as part of even a small business. The wireless communication systems WI-FI, WiMAX
etc. adopted various IEEE 802.11 wireless standards and LTE/LTE-A cellular communication standards [3-4] to
achieve faster transmission with high data rate and flexibility in data accessing. The wireless communication
system suffers from the problem of interference of signals whenever signals are transmitted through open
communication medium like air. A technology that minimizes the interference of frequency signals among
channels, and achieves clean data transmission has been obliged. Orthogonal frequency division multiplexing
(OFDM) [5-6] has been introduced to replace the existing conventional modulation scheme. OFDM is a
modulation technology which has the tendency of reducing signal corruption and interference of signals, so that
it overcomes the performance of the conventional modulation technology.
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Figure 1. Basic Model of OFDM
OFDM is a multiple carrier frequency modulation scheme, in which a high data rate stream is divided
across sub carriers at different frequencies. The subcarriers are orthogonal to each other so that the signals in
one carrier do not interfere with other carrier. The general basic system model of OFDM is shown in Figure 1.
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In conventional OFDM [7], Inverse Fast Fourier Transform (IFFT) introduced for multiplexing the signal
together at the transmission end and the multiplexed transmitted signal is enhanced with the cyclic prefix and
then the resulting signal is transmitted to the carrier. At the receiving end, the cyclic prefix is removed from the
received signal and then the signals are de multiplexed using Fast Fourier Transform [8] (FFT). The adding of
cyclic prefix has the disadvantages of affecting the performance of data throughput and power efficiency even
though the purpose of adding cyclic prefix is to diminish inter symbol interference (ISI). The characteristics
such as multi-carrier modulation and introduction of guard symbol at each symbol make OFDM free from ISl
transmission.

The main problems that influence the performance of the conventional modulation scheme are Inter-
Symbol Interference (I1SI) and Inter-Carrier Interference (ICI). Deformation in the transmission signal is called
Inter Symbol interference. Deformation, one signal is interfering with consequent signal, is happened due to the
multipath propagation. Multi propagation occurs due to transmission of signals through many reflected and
diffracted surroundings. Some signals follow the direct path and others follow the reflected path to reach the
receiver so that the transmitted signal are slightly out of phase and causes different propagation time for the
transmitted signal at the receiver side. The vector value of multipath propagated signals is combined at the
receiver end and produces a signal with small scale frequency fading. This causes the inter symbol interference.
The carrier frequency offset and sampling frequency offset are the main reasons for interference of signals of
one subcarrier to another called ICT. Doppler spread and imperfect synchronization offset of signals causes
distortion within the same signal. A promising technique is required to handle the situation of time dispersive
nature of wireless channels occurs due to inter symbol interference and losing of orthogonal property occurs due
to inter carrier interference. The popular technology in 4G wireless mobile network that can minimize the inter
symbol interference and inter carrier interference effect and achieves high data transmission is known as
OFDM.

The feasibility of the wireless communication is highly affected by factors of throughput, data rate, Bits
Error Rate (BER) and the quality of the signal received at the receiving end. These parameters are mainly
estimated by the number of the antennas available at the transmitting and receiving end and, also based on the
noise introduced in the system due to the external disturbance. MIMO based OFDM gets attraction in wireless
communication system now a day. MIMO uses spatial domain multiplexing that combine with orthogonal
frequency division multiplexing in order to provide best signal transmitter and receiver diversity gain.
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Figure 2. Structure of MIMO System
The optimal value of BER is maintained by the multiple antennas at both receiving and transmitting
ends. The MIMO-OFDM produces high bandwidth efficiency so that MIMO-OFDM has been used as a
potential candidate for broadband wireless access.

OFDM with DFT has limitations in achieving high Peak to average power ratio of the transmitted signal
due to amplitude variation. The amplifier will occasionally reach the amplifier saturation region by indicating
large peaks results in signal distortion. The amplifier that is linear and tolerates highest amplitude variations is
required but it has the drawback in terms of efficiency. Even though OFDM eliminates the time delay [8] by
introducing the guard interval, a different form of time delay experienced by OFDM due to the difference
between the first and last delayed path which is greater than the guard interval introduced. This excess delay
difference causes both ISI between two adjacent signals and ICI within the same signal in OFDM system. To
overcome these issues, the wavelet based transform [9] with DWT is introduced in OFDM in place of FFT.
DWT-OFDM with equalization technique is discussed to reduce the Peak to average ratio and reduces the
interference of the channel [10] especially in the case where the excess delay is more than one half of the signal
duration. The paper is organized as follows: Section Il produces the survey of the related works. Section 111
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discusses the proposed methodology and Section IV makes an analysis of experimental results. Section V
concludes.
2. Related Works

In multipath channel, conventional OFDM employs IFFT based operations for mapping the signal and
Cyclic Prefix (CP) augmented with the transmitted signal to reduce the inter symbol interference and then the
transmitted signal is generated for transmission. The CP added at the transmission end leads to the problem of
power loss by degrading the spectral efficiency of the channel. Conventional OFDM has drawback of producing
high Peak-to-Average Power ratio (PAPR). The PAPR can be reduced by introducing IDWT, DWT instead of
IFFT, FFT. The wavelet-OFDM [11-12] based on the sine, cosine functions and number of wavelets is
proposed. The wavelet transformation with various wavelets and the corresponding signal changes for each
wavelet is studied. The performance of the wavelet-OFDM and its various characteristics is analyzed. The
wavelet-OFDM has same bit error rate (BER), less Out-Of-Band (OOB) and less PAPR than the conventional
OFDM. The discrete based DWT-OFDM, does not uses CP [13-14] and thereby it improves the spectral
efficiency. The channel is divided into sub channel and its attributes are decided to improve the sun channel
spectral efficiency [15-16].

The performance of DWT-OFDM is analyzed under AWGN environment and Saleh-Valenzuels [17]
channel environment is proposed. The PAPR and BER performance is compared with existing DCT-OFDM and
DFT-OFDM. The orthogonal property of the channel is maintained by introducing cyclic prefix to the OFDM
frame. In DFT-OFDM, the pilot subcarrier at regular intervals is inserted into the received distorted signals so
that the received signals are equalized. The equalization technique at the received signal improves
synchronization between the signals of transmitter and receiver. The Zero padded guard intervals [18], that is,
inserting zeros at the transmitted signal, is introduced to reduce ISl in both DCT, DFT, thereby resulting in
increase of the channel efficiency. Discrete Cosine transforms and Discrete Fourier transforms have been found
to give ideal and promising solutions into reducing the BER with the former having a marginally superior
performance over the latter. Amongst, DFT-OFDM based methods, zero padded techniques exhibit a superior
performance over cyclic prefix (CP) based methods. In DWT-OFDM system, the various type of wavelet like
Haar, Daubechies, Symlet, biorthogonal are studied and their performances are analyzed. In AWGN channel
environment, Haar, Daubechies produces lower bit error rate compared to DFT-OFDM. In Saleh-Valenzuels
environment, DFT-OFDM produces better performance.

The time domain based zero forcing equalization for comparing the performance of wave let based MCM
and FFT-OFDM [19] is proposed. The wavelet implemented under BPSK signal mapping and AWGM based
multipath channel environment is analyzed. The wavelet uses orthogonal filters called Quadrature Mirror Filter
(QMF) bank. The QMF consists of two filters called low pass and high pass that supports to decompose the
signals into low band and high band signals of equal length. The BER performance is improved by having side
loops that restricts out of band emission. The multi resolution analysis is made for localizing the time, frequency
and resolution using the transformation technique called shifting and scaling. A simple zero forcing
equalization is applied. The channel state is known to the receiver, so that the fair equalization is obtained by
removing the channel error introduced due to the noise.

Minimum mean square error based equalizer algorithm is proposed to wavelet-OFDM to study its
performance based on Meyer wavelet under AWGN channel environment. Frequency domain equalization is
applied to reduce BER. Minimum mean square error equalizer also applied to reduce PAPR as well as BER at
the cost of computational complexity by up to 4.5-6.5 dB of SNR. In order to reduce the computational
complexity experienced by MMSE due to the Doppler frequency of sub carrier, a multi-segmental equalizer
with Piecewise Linear Model (PLM) [20] is proposed. The complexity of the equalizer is minimized by using
small sized segments. The performance improved by increasing the number of segments. Multi-segmental
equalizer replaces MMSE by updating the channel matrix.

A discrete DFT-OFDM system with 4-Quadrature Amplitude Modulation (4QAM), cyclic prefix and
equalization in AWGN environment is used to study the BER performance. The different equalizer, Zero
forcing (ZF) equalizer and Minimum Mean Squared Error (MMSE) equalizer [21], can be implemented at the
receiver side to reduce the interference is proposed. Zero Forcing equalization is the technique of applying the
frequency response in inverse. Let R(f) be the frequency impulses response of the channel, then zero forcing
equalizer C(f) is calculated using the formula

c® ="Ypep €

If the frequency of the signal receive is weak, then the zero forcing equalizer will increase in magnitude. At
the same time, any noise in the channel is also increased in greater magnitude, thereby it affects overall SNR. In
order to reduce the time dispersive nature of the signal and the noise effects added to the signal, minimum mean
square equalizer is introduced to optimize the signal value. The ISI interference and noise is not removed fully,
but the power can be reduced. The modulation system is simulated with three channels and with introducing,
without introducing two equalizers. After using each equalizer, the BER performance and symbol constellation
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is measured. The BER performance for Single Carrier-FDMA [22] against four channels AWGN, Rayleigh,
Pedestrian A and Vehicular A channels analyzed. Zero Forcing and MMSE equalizer is implemented with SC-
FDMA, IFDMA and their performance are studied.

At the transmission end, different Crisp Factor Reduction techniques called clipping and filtering,
windowing, and cancellation is used to reduce PAPR and BER. At the receiver end, the equalizer is introduced
at the distorted signal, so that the PAPR and BER can be reduced. The equalizer can be categorized into Linear
and Nonlinear. MCM with linear equalizer is well studied and analyzed. If the given channel is noisier and not
able to equalize the channel distortion due to the severe noise, then the nonlinear equalizer is used. This paper
proposed a Wavelet based OFDM with Zero Forcing and Maximum Likelihood Estimation equalizer method to
reduce the BER in an attempt to improve the overall communication system performance over the Gaussian
Channel characterized with white noise.

3. Proposed Work

The proposed architecture introduces the Wavelet based MIMO-OFDM improves the spectral efficiency of
sub channel containment by minimizing the interference between the symbols. A novel method of improving the
communication system performance by reducing BER is utilized in this research work by exploiting OFDM
using wavelet transforms. The basic system model of DWT-OFDM with two equalizers is shown in Figure 3.
The DWT-OFDM consists of two basic components, DWT-OFDM transmitter and DWT-OFDM receiver.
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Figure 3. Basic Model of Wavelet OFDM transform

a) DWT transmitter

The DWT transmitter model is shown in Figure 4. It receives the serial bits of data d as input. The serial to
parallel converts the given input d into N parallel data stream Xy. The | mapping of the serial bits d to one of the
Xm0 <1< N — 1 parallel data stream is obtained by QAM modulator. Ortho-normal wavelet is the basis for
discrete wavelet transform. Each Xmg) is converted into serial representation using parallel to serial converter
and produces a vector data Xx. The vector data is then transposed which is actually a negative response of the
input but it can produce as a parallel matrix Xa.
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Figure 4. DWT Transmitter

The signals are approximated to produce approximate coefficient by convolution of the signals using low
pass filter that produces low frequency signal. At the same time, Zeroes padded signals convolved with high
pass filter produces the detailed coefficient. The approximate and detailed coefficient combined to satisfy Ortho-
normal base as wavelet transform. The combined signals are transmitted through the carrier of the channel.

b) DWT receiver

The signal received from the channel is decomposed into approximate and detailed coefficients using two
filters banks called low pass filter and high pass high pass filter. The output of the approximated coefficients Xa
will be processed by applying vector transpose and parallel to serial converter to get Vmg). The signals received
from detailed coefficient Cqis discarded when compared with Xa, since it does not have any useful information
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Figure 5. DWT Receiver
c) Wavelet Carrier
In DWT-OFDM based Haar wavelet, the wavelet carrier is denoted by a function y at different level of
scales [ with time axis x is defined in equation 2

-1 _
@10 = 272927t~ x) 2)
The Orthogonality feature of the carrier is expressed by generating wavelet family at time location t is given in
equation 3
lifl=mandx =n
(0x®@ma®) = {17 A 3)

DWT-OFDM is expressed as the sum of wavelet with its weight and carrier scale coefficient is denoted as in
equation 4
S(t) = ZISIZX Wl,x(t)(pl,x,(t) + Zx al,x(t)(pl,x(t) (4)

where w) , denoted the sequence of the wavelet and a;x denotes the approximation coefficient

d) Estimation of channel coefficient

Channel coefficient can be estimated by the concept of de-convolution over the received signals. The
received distorted signal is de-convolved with the already existing copy at the receiver. Multi equalizer,
Minimum Mean Square Error (MMSE) and Maximum Likelihood Estimation (MLE), are used to estimate
channel coefficients and equalizes the distorted signal with transmitted signal. The objective of MMSE
estimator is to reduce the ISI. MMSE estimator objective is to find the best filter coefficients that produces
smallest error signal in the mean square. MMSE is a quadratic function that has only one extreme that
minimizes the mean square error. The algorithm works based on the error at the current channel time. The
objective is to find best optimal filter design. At the initial step the algorithm stats with smallest filter weights
values. At each step, the gradient of the mean square error find out and weights updated. The weight updates in
the direction opposite to the gradient slope is given in equation (5)

Whir = Wy — 8Ae[n] (5)

Where € is the mean square error and 0 is the constant step size. The mean-squared error function is
defined as

€ [n] = E(er?(k)) (6)
where er(k) is the error signal calculated as
er(k) = d(k) —r(k) ()
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Where d(K) is the desired signal and r(k) is the output of the equalizer which calculated by taking the coefficient
vector from the delay line as input.

MLE equalizer is used to reduce the nonlinear impairments introduced by the channel. It works based
on the Expectation and Maximization algorithm. It is two step iterative algorithms that repeat expectation and
maximization step until the estimate converge. In EM algorithm, the initial estimate of the channel is denoted
by h (0). The ML estimate of h is

h = argmaxy, (log(P(r|h) (8)
Where log(P(r|h) is known as probability density function of the received sequence r, for given channel
impulse responses is calculated as

log(P(r|h) = log(P (r|a, h).p(a)) )
4, Results and Discussion

The simulation is carried out in MATLAB under the DWT-OFDM based on Haar wavelet with 16
QAM modulation scheme under the AWGN channel environment. The performance of DWT-OFDM is
analyzed with different equalizer in the presence of AWGN environment. The DWT-OFDM with MMSE and
MLE equalizer is compared against DWT-OFDM with MMSE and DWT-OFDM with multi equalizer Zero
Forcing (ZF), MMSE. The performance factors PAPR, BER, upload throughput, download throughput and
spectral efficiency against SNR are analyzed.

Analysis of PAPR
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Figure 6. PAPR vs SNR

Analysis of BER vs SNR
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Figure 7. BER vs SNR
The number of scales L of the wavelet transform decides the PAPR performance against SNR. If the
scale is high, then complementary cumulative distribution function shifted right in time that causes degradation
in PAPR. The multicarrier system can be viewed as a single carrier system since they have the same scale, same
bandwidth and only differ in the shifting in time. The Figure 6 shows that the PAPR performance of the
proposed wavelet has less rate effect than other wavelet when SNR increases. The types of signal mapping also
affect the PAPR performance. The rate of transmission that is the number of bits per symbol depends on the
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modulation schemes scheme used. If the modulation scheme is lower, the data rates is also lower due to less
number of bits per symbol. It results in increasing the symbol pulse-width thus decreasing signal bandwidth and
a better BER performance. 16 QAM modulation scheme Is used so that the pulse width is fixed here. BER
curves for different types of equalizer under different SNR. From the Figure 7, it can be observed that the
proposed wavelet has low error rate than the others, thus it produces best transmission quality. The BER
performance shows the better results as increases with SNR. After SNR=10, the improvement in BER
performance is reduced.

Analysis of Uplink Throughput Analysis of Downlink Throughput
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Figure 8 a) Upload throughput b) Download throughput

The maximum data rate of LTE-DWT-OFDM depends on the bandwidth and channel quality
condition. Modulation scheme also affects the throughput. The higher modulation scheme transmits more bit per
unit time. The wider the bandwidth gives higher the throughput. The upload throughput indicates the maximum
data rate of transmission and downlink indicates the maximum data rate of receiver.

Analysis of Spectral Efficiency
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Figure 9. Spectral efficiency vs SNR

Figure 8 shows the upload and downlink performance for 20MHz, 16QAM modulation scheme with
different types of wavelet. For FDD, TDD different channel bandwidth is used and channel bandwidth decides
maximum data rate. From the Figure 8, it can be perceived that the upload and downlink throughput of the
proposed wavelet increases as the SNR increases. The efficiency of the spectrum is calculated using the
information rate over the channel bandwidth. The multicarrier modulation with filter bank offers high spectral
efficiency. The pulse shaping of QAM is one of the factors that gives profits to spectral efficiency. The spectral
frequency of the proposed wavelet increases with SNR when compare to other wavelet as shown in Figure 9.

5. Conclusion

The performance of the DWT=0OFDM based on Haar wavelet with two equalizer MMSE and MLE is
analyzed. The objective of the wavelet is to reduce both Inter Symbol Interference and Inter Carrier Interference
through which the performance of the wavelet transform is improved. It can be observed that the performance
curve of PAPR, BER, Upload throughput, downlink throughput and spectral efficiency are better than other
wavelets. The scaling level of the carrier is taken out as 2 and 16 bit QAM modulation scheme is used for
implementation of the modulation technique. In future the performance of the proposed wavelet is studied by
increasing the scaling coefficient and by introducing different modulation scheme for modulation technique.
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