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In this work the discrete cosine transform is proposed for LTE systems with the aid of
feed-forward neural network as a suitable equalizer to retrieve the effect of channel
within Rayleigh Faded channels. This system was implemented using the Quadrature-
Phase Shift Keying as a modulation technique, and using different Maximum Doppler
Shift, which represents the highest Doppler shift that can occur between the transmitter
and the receiver in a given wireless channel. by using DCT-FFNN with different MDS
values effectively mitigates signal distortion resulting from multipath propagation and
common issues in wireless communication networks and demonstrates higher accuracy
in predicting BER values. According to the research, the performance will be better at
MDS 50 when compared to the rest of the MDS used in the paper. These advantages
come with minimal loss in data rate and bandwidth and no additional expense in terms
of power. The simulation results indicate that an FFNNs-based channel estimator
outperforms the pilot-based channel estimator in LTE systems operating over a
Rayleigh fading channel, because FFNNs have low complexity and can quickly and
accurately adjust the signal strength of incoming signals based on their input. All LTE

system models were implemented using MATLAB 2016.

1. INTRODUCTION

Long-Term Evolution, is a wireless communication
standard that was developed to provide faster and more
efficient data transfer rates for mobile devices. It is a 4G
technology that enhance the quality of the voice and offers
internet connectivity with high speed. It is based on the
GSM/EDGE and UMTS/HSPA network technologies, and by
using different radio interfaces it will improve capacity and
speed in addition to network improvements at their core [1].
LTE contain downlink and uplink transmission, OFDM used
for downlink and Single Carrier Frequency Division Multiple
Access (SC-FDMA) for uplink transmission. This helps it to
increase the data rates than previous technologies, as well as
enhance spectral efficiency, reduced latency, and get better
support for mobility [2].

Another feature of the LTE standard is Quality of Service
(QoS) which allows to give priority of the operators to some
types of traffic over others. Because of this feature it can be
used to ensure that services that enhance user experience, like
VolIP and streaming video, has precedence over other kinds of
traffic. In addition, the MIMO technology which is supported
by LTE, used to increase the data rates by uses multiple
antennas at the transmitter and receiver. This technology
makes possible to achieve better coverage in places with weak
signal strength and higher data rates in both directions [3]. In
the downlink, DCT- OFDM is used instead of conventional
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FFT. DCT transforms a signal into frequency domain, it assists
to reduce the complexity of the signal by decomposing it into
its frequency components, which can then be transmitted over
the air. This method allows for higher data rates and enhanced
spectral efficiency as comparison to other modulation
techniques [4]. Hospitals use devices that are frequently used
and accessible for use in healthcare to monitor medication
administration records and patient physiological data [5].

In a study conducted by Zhou et al. [5], it was found that
BER can be lower by up 20% in LTE system by using DCT.
This reduction was attributed to robustness of DCT based
modulation schemes and enhance spectral efficiency.
Furthermore, DCT are more resilient to channel fading and
interference than FFT and can enhance overall system
performance and reduce latency. It is clear that the system
speed and spectral efficiency can significantly improve by
used DCT SCFDMA rather than DFT SCFDMA [6]. PAPR
and BER performance can successfully reduce by using DCT
[71.

In their study, Padaganur and Mallapur demonstrate that the
using a FFNNSs can enhance the packet-transmission ratio and
effective data rate. Additionally, it can be found from the result
that the suggested method provides a noticeably high
throughput even with extremely low SNR [8].

In Shakir et al.’s study [9], the BER performance of an LTE
system by using DWT-OFDM with a FFNNSs as an adaptive
equalizer. The result shows that the BER performance reduced
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and the system can be improved by using FFNN.

The main challenge in LTE systems is the high Bit Error
Rate (BER), which represents the frequency of errors that
occur during data transmission due to the noise and
interference. This issue is particularly pronounced in scenarios
where minimizing power consumption is essential.
Additionally, high Peak-to-Average Power Ratio (PAPR) is
another concern. To address these challenges, there is a
pressing need to improve the LTE system. In this paper, it was
proposed to use (DCT based FFNN-LTE) to reduce the bit
error rate (BER) while maintaining an appropriate power level.

Here DCT is used to provide high data rates and low latency.
This technique uses artificial neural networks to learn the
characteristics of the radio propagation environment in order
to accurately estimate the channel parameters. Neural network
also can be used as an adaptive equalizer, the adaptive
equalizer is responsible for compensating for distortions and
impairments that occur during transmission. Traditionally, this
has been done using linear equalizers, which are limited in
their ability to handle nonlinear distortions [10]. The neural
network model demonstrates higher accuracy in predicting
BER values compared to traditional analytical models or rule-
based algorithms. The study of DCT and NN within the
context of LTE systems holds significant importance for
several reasons, improved BER performance, achieve better
spectral efficiency, reduced overall complexity of LTE system,
ultimately leading to more reliable and efficient wireless
communication networks.

2. TRADITIONAL LTE SYSTEM

Figure 1 shows the system model of LTE system [8]. It is
based on OFDM and FFT technology. It is a multi-carrier
modulation technique which divides the frequency spectrum
into multiple sub-carriers. The FFT or DCT, is computed using
an algorithm that can be used to detect and decode transmitted
data. OFDM provides robustness against interference and
fading, FFT algorithm enable for efficient data transmission
over multiple sub-carriers. LTE can accomplish lower latency
and high data rates by using the combination of OFDM and
FFT. This combination allowing LTE networks to support
more users with less spectrum also allows for efficient
resource allocation. LTE also uses advanced coding

techniques such as Turbo codes, convolutional codes, and
LDPC codes to improve the performance. These enable LTE
to give higher data rates with lower error rates [11].

The basic building blocks of an LTE system are in
references [12, 13]:

i. Channel Encoder: This block helps to lower errors
caused by noise or interference by introducing
redundancy to the data stream. The input data takes by
the channel encoder and adds a set of redundant bits to it.
Then these parity bits are makes used by the receiver to
detect and correct any errors might have happened
during transmission.

ii. Modulator: Input data is received in this block and then

an appropriate modulation scheme (such as QAM or

PSK) is used to modulate it over multiple subcarriers.

Inverse Fast Fourier Transform (IFFT): The

modulated signals in this block takes the modulator and

using an IFFT algorithm to converts them into time
domain signals. The IFFT yields the OFDM symbol

consisting of the sequence x[n], ..., x[N-1] of length N,

where:

x(n) = 2232 X (1) /) (M

where, (n = 0,1, ..., N — 1), x(n) denotes the input of the FFT,
X(k) denote the output of the DFT.

i. Parallel-to-Serial Converter: This block converts the
parallel symbols from the cyclic prefix insertion block
into serial symbols for transmission over the RF channel.

ii. Cyclic Prefix Insertion: This block adds a cyclic- prefix
to each symbol in order to reduce inter-symbol
interference (1Sl), the inserted CP should not greater than
or equal to maximum channel delay along with every
OFDM symbol, the duration of the original OFDM
symbol is represented as Tyyging; in addition the Guard
interval (GI) employed via cyclic prefix is represented
as T, then the extended OFDM symbol by cyclic prefix

at this time will have the duration assumed as in Eq. (2)
[14] and explained in Figure 2 [12].
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Figure 1. Traditional LTE system
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Figure 2. Cyclic prefix [12]

i. 2>2 MIMO: This block is used to increase the capacity
of the network by allowing more users to access the same
frequency band at once. It also helps improve signal
quality by reducing interference from other signals in the
area. MIMO- system can be represented by the following

matrix [12]:
B4 hy4 hime X1 7'11
[ : :[ : : N I I l (3)
Ymr Py Pagrmed L X, nm,
y=Hy tn “4)

where, (M, M,.) are transmit and receive antennas respectively.

X represents M, dimensional transmitted symbol. n represents
M, dimensional noise vector

ii. The Cyclic Prefix: Consisting of the u samples is then
removed and converted to the parallel and passed
through an FFT.

Serial-to-Parallel Converter: This block converts
serial symbols back into parallel symbols for further
processing by other blocks in the system, such as
demodulation and FFT operations.

Fast Fourier Transform (FFT): This block takes in
time domain signals from the serial-to-parallel converter
and converts them back into frequency domain signals
using an FFT algorithm for demodulation purposes. The
FFT of length N is defined as seen in Eq. (5):

(2T
X(k) = ¥N-3 X[n] eI (F)nk (5)
where, (k =0,1,...,N — 1).

i. Channel Estimation: The most common technique is
known as pilot-based channel estimation, which involves
sending known signals (known as pilots) through the
channel and then measuring their response. This allows
the receiver to estimate the characteristics of the channel
and adjust its parameters accordingly.

ii. Demodulator: This block takes in frequency domain
signals from the FFT operation and demodulates them
back into their original form using an appropriate
modulation scheme such as QAM or PSK.

Error Detection/Correction Block: This block
performs error detection and correction operations on
received data in order to ensure that it is correctly
received at its destination without any errors or losses
due to noise or interference on the RF channel.

3. DCT ALGORITHM

In DCT-OFDM, the data is first divided into multiple
subcarriers, each with its own frequency. The data is then
modulated onto each subcarrier using DCT technique. The
DCT is an efficient way to encode the data onto the subcarriers
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because it reduces the time required for data transmission.
Additionally, it is also reducing the amount of interference
between adjacent subcarriers [15].

The advantage of using DCT-OFDM over traditional
OFDM is that it provides better spectral efficiency and higher
data rates, its design aligns with the need to efficiently transmit
data with minimal errors and signal degradation, ensuring a
seamless and reliable user experience for data-intensive tasks.
This makes it ideal for applications that require high
throughput such as video streaming or file transfers.
Additionally, since the DCT reduces the interference between
adjacent subcarriers, it also improves signal quality and
reliability [16] and it has lower PAPR makes it suitable for
battery-powered devices, as it reduces the energy consumption
of power amplifiers. Eq. (6) shows the common definition of
DCT which is a 1D- sequence of length (N) [17], where
u=0,1,2, ..., N-1.

n(2x+1)u

Cw) = a) L35 f(x) cos [ —] (6)

where, x=0, 1, 2, ..., N-1. While a(u) is defined as shown in
Eq. (7):

®)

J% foru=0
a@) = {7 (7)
\/; for uz0
The 2D of DCT is shown in Eq. (8):
Clu,v) =
a(w)a(v) TN3 TNZ3 £ (x, y)cos[FE D cos KLY

where, u,v=0, 1, 2, ..., N-1, and x, y=0,1,2, ..., N-1, a(u) and
a(v) are shown in Eq. (7).

The 1D basis functions (horizontally oriented) and a
collection of the same functions (vertically oriented) can be
multiplied to produce the basis function of the 2-D DCT. The
cosine basis function waves for N=8 are shown in Figure 3.
These basis functions are orthogonal [17]. Ina DCT-OFDM in
LTE system, during transmission, information bits are
modulated using real values rather than complex values. These
real-valued modulated symbols undergo an (IDCT) operation.
On the receiver side, the signal received has traversed a mobile
fading channel and been subject to additive noise. Following
the removal of symmetric prefix and suffix components, the
signal undergoes a DCT transformation. The resulting
transformed signals are then input into an Artificial Neural
Network (ANN)-based channel estimator and equalizer, which
subsequently feeds into a detector. The detector ultimately
produces the final set of detected information bits.

DCT is performed using real arithmetic operations rather
than complex operations, so offers several advantages over
conventional FFT-OFDM in LTE systems, particularly in
terms of reducing interference, managing power efficiently,
and improving signal integrity. These attributes make it a
valuable tool for addressing BER issues and enhancing the
performance of LTE networks, especially in challenging
wireless environments. Also, it has some potential drawbacks
and limitations that warrant consideration like, the use of DCT
in LTE systems may require standardized compression and
decompression algorithms, which can be computationally
intensive, this complexity can increase the processing
requirements for both network infrastructure and user devices,



potentially leading to higher power consumption and reduced
battery life in mobile devices.

0.5

Figure 3. The bases of cosine function [18]

4. CHANNEL ESTIMATION

Channel- estimation is the process of estimating the
characteristics of a communication channel in order to
improve the communication system performance, as it allows
the receiver to accurately decode the transmitted signal.
Channel estimation helps in mitigating the effects of channel
impairments, such as multipath fading and interference, by
providing the receiver with information about the channel
conditions. Also, it is used to design and adapt equalization
techniques. Equalization helps to reverse the distortion
introduced by the channel, thus enhancing the quality of the
received signal. With accurate channel estimates, receivers can
employ linear or nonlinear equalizers to compensate for the
channel's effects, effectively reducing inter-symbol
interference (ISI) and improving BER performance.

Channel estimation can be done in several ways, including
using pilot symbols, training sequences, or blind methods.
Pilot symbols are known symbols that are sent periodically and
used to estimate the channel characteristics, in channels with
frequency-selective  fading (varying response  across
subcarriers), pilot symbols are used to estimate the channel
response at different subcarriers. This allows for precise
equalization and adaptive modulation and coding. Training
sequences are known sequences that are sent over the channel
and used to estimate the channel characteristics, its suitable for
estimating both the frequency-selective and time-varying
characteristics of the channel, such as Wi-Fi. Blind methods
use algorithms to estimate the channel characteristics without
any prior knowledge of the transmitted signal, it may be
explored, especially when channel conditions are expected to
change rapidly or when the channel is not well-characterized
in advance [19]. LTE typically use a combination of pilot
symbols and training sequences to strike a balance between
accurate channel estimation and efficient use of resources.

According to this estimation approach, the channel is
assessed using the weight and bias values of an Atrtificial
Neural Network (ANN). Consequently, the process of channel
estimation is substituted with FFNNSs. The simulated outcomes,
specifically the Bit Error Rates versus the Signal to Noise
Ratio, illustrate the ANNSs' efficacy in learning and performing
channel estimation within a wireless fading channel context.
The ANN's inherent learning capabilities are fully harnessed
to decode symbols that have suffered degradation due to
severe fading in the channel.
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Figure 4 shows the channel estimation and signal detection
operations in equalization. The binary signal is modulated and
sent over the multipath fading channel after the digital source
is typically protected by channel coding. The total signal is
received after additive noise has been introduced. The received
signal contains some inter-symbol interference (ISI) as a result
of the multipath channel. To accomplish proper balancing (ISI
elimination). The training sequence of bits, which is exclusive
to a given transmitter and is repeated in every transmitted burst,
serves as the foundation for channel estimate. The detector
receives information from the channel estimator about the
channel impulse response (CIR), and the detector uses the sent
bits and corresponding received bits to estimate the CIR for
each burst independently. A separate channel estimator can
perform this task. It should note that ANNSs can take a long
time as compared to traditional methods.

Source |—| Channel Modulation
encoder
Multipath
channel
% Noise
Channel |, Detector L Receiver

decoder filter

|

Channel
estimator

Figure 4. The block diagram of channel estimator and signal
detection in equalization [8]

Signal detectors need to be aware of the channel impulse
response (CIR) of the radio link with known transmission
sequences. Before the channel's modulated, corrupted signal is
demodulated at the receiver, it must first be estimated using
LMS, MLSE, MMSE, and other techniques [20]. Egs. (9)-(10)
state the traditional method of estimation [20].

dk) =x(n+k—m) 9)

e(k) = d(k) —y(k) (10)
where, the required output of d(k) is expressed by y(k), n is the
noise added in the channel, m is the delay given to the input
signal, and e(k) stands for the instantaneous error signal, is
always positive.

5. CHANNEL EQUALIZATION

The channel fading effects can be greatly reduced by
applying a correct equalizer to the received signals. The goal
of the equalizer is to use Np known pilot tones and L unknown
channel response tap values to estimate and equalize channel.
Note that, when no noise is present, the channel impulse
response can be accurately retrieved if Np > L. When noise is
present, then the families of maximum mean-squared
estimator (MMSE) and maximum likelihood estimator (MLE)
can be utilized, which vyield asymptotically similar
performance [21]. Rather than looking into all these
approaches, this paper builds on simple frequency-domain
OFDM equalization process. For pilot tones located in
{kikyyeonon. .. , knp} the least square (LS) estimate of the



frequency response of channel at pilot tone location can be

expressed as:

Vi
H, =— (11)
ki pl
Hyi P; i
Hyy= 2 Pll_’“”kl (12)
Ny
H,. = —
. P (13)

Channel Error

Where, Yki = Hki Pi + Ny

H is the LS estimator and pilot P;is unit energy, n,; is the
noise.

FFNNs are well-suited for this task because they can
quickly and accurately adjust the signal strength of incoming
signals based on their input. This is done by using a set of
weights, which are adjusted based on the input data. The
weights are adjusted to make the FFNN's output as close as
possible to the desired output.

In Figure 5 the received signal is transformed to frequency
domain by taking Fast Fourier Transform (FFT). The
estimation and equalization are performed on this signal
before they are finally demodulated.

X@)
ha) —>
Y4l channel Xa)
: : —>
Estimation
0l —>
‘l’ h @)
> Channel
Estimation

Figure 5. Equalization method [21]

The system observes a channel Hi, which is assumed to be
frequency-flat Rayleigh slow-fading, and the coherence
bandwidth of the channel is wider than that of individual
subcarriers (SCs). Let us denote Xi as the transmitted signal
and Yi as the received signal [21]. Then, in frequency domain,
a narrowband system facing flat fading can be modeled as:

Yi = Hl-Xl-+nl- (14)
where, n; is AWGN with distribution N (0,02), X; is the
transmitted signal and Y; is the received signal.

6. NEURAL NETWORK
Neural networks are a type of artificial intelligence that is

modeled after the human brain. They are composed of inter-
connected nodes, or neurons, which process and transmit
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information. Traditional algorithms are unable to handle some
complex problems, such as recognizing patterns in large
datasets or making predictions based on past data. They have
been used in many different uses, such as autonomous vehicles,
image recognition, and natural language processing. The
output equations of neural network are seen in Egs. (15)-(16)
[22].

(15)
(16)

Net = sum = Y/ W, X; — 0
Output = f(net)

where, W denotes the weight of the inputs (x), is the bias of the
neuron, and f(net) denotes the activation function, which can
be either hard limiter, linear or sigmoid activation function.

Neural networks can adapt and learn from data, which is
crucial in LTE systems where channel conditions can change
dynamically. Traditional communication systems often rely
on fixed algorithms that may not adapt well to changing
conditions. Neural networks can continually adjust their
parameters to optimize performance under varying
circumstances.

The most common connection ways are feed-forward neural
networks and feed-backward neural network [23, 24]. In
FFNN information flows only in one direction, from the input
to the output layer without any recurrent connection, its
typically used for tasks that do not require memory or temporal
dependencies, such as image classification, regression, and
pattern recognition and its well-suited for tasks with fixed-size
input and output data. while FBN permits information to flow
both from input to output and back into the network itself. This
cyclic structure enables RNNs to have memory or “recurrent”
behavior as shown in Figure 6 [23]. This memory is a key
feature of RNNs and is what makes them particularly well-
suited for tasks involving sequential data or time-dependent
patterns. Training RNNs is more complex than FNNs due to
the recurrent connections, so FNNs are chosen because they
are simpler, more stable, and sufficient for the task.

—®

Hidden Layer

(@)

Input Layer

l

Output Layer

Feed-back|

/7

Input Layer Hidden Layer Output Layer
(b)
Figure 6. (a) Feed-forward (FNN); (b) Feed-backward
(FNN)



The using of ANNs for channel estimation has main
advantage, they are able to capture non-linearity in the
channel, which can be difficult to model with traditional
methods. It improved the performance in terms of data rate and
SNR, because it allows for more accurate estimates of the
channel parameters [25, 26]. When it comes to channel
estimation, the relationship between the transmitted signal and
the received signal is often non-linear due to different factors
like interference, multipath propagation, and noise. ANNs can
continually adjust their parameters to capture changing non-
linear behaviours while traditional linear models may struggle
to adapt to dynamic channel environments. By doing so, they
can provide more accurate and adaptable channel estimation
compared to traditional linear models, it leads to enhance
system performance in terms of data throughput, error rates
[26]. In the proposed system, FFNN was used by training it to
equalize the received data. In order to obtain output data
similar to the input data, the neural nodes are provided with
the channel estimate value to multiply it adaptively with the
received data. This process effectively counteracts the
distortions and noise caused by the channel during
transmission, so it is considered extremely important. By
harnessing the power of FFNNs and channel estimation data,
we enhance the robustness and reliability of communication
systems, ultimately leading to improved data transmission
quality. The limitations or potential challenges of using ANNs
for channel estimation is, there is a simple circuit that will be
added to the channel estimation, but the results obtained are a
value greater than the cost of the circuit. The block diagram of
FFENN is shown in Figure 7 below.

The proposed system as compared to reference [9], which
studied the variation of different values of the Doppler
frequencies (5,50,200) MDS and using the DWT modulation
instead of FFT with FFNN-LTE, DWT has good orthogonality
because it does not need to CP like DCT this approach
minimizes additional power consumption and incurs only a
slight reduction in data rate and bandwidth. The result in
reference [9] shows that in MDS 5 is better than other MDS
but in DWT the system will losses its characteristics when
MDS is increased unlike DCT. In the proposed system,
utilizing a neural network as an adaptive equalizer will lead to
a reduction in BER by enhancing the channel's adaptability,
thus improving output reconstruction in relation to the input
data. BER of reference [9] is slightly better than the proposed

system, but DCT-FFNN-LTE system is faster in
implementation and gives results close to reference [9].
2 NEORON \/1 ,f"“w‘
(N g
. \1/ 4/2‘

QPSK

Channel __| \
Estimation | V)
Packets | N s
i |Packet| (a)
i 3 \
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EQUALIZER

N=25 In this work

LAYER 1 LAYER 2

Figure 7. Block diagram of FFNN

7. PROPOSED DCT-FFNN-LTE SYSTEM

The proposed system is done by replacing the traditional
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LTE system with IDCT-OFDM with traditional channel
estimation (Pilot aided) as shown in Figure 8, which describes
the transceiver of the proposed scheme.

The proposed method DCT is another transform that fulfills
the fundamental requirement for FFT function. Here, the
complexity of signal processing is reduced and it can be more
stable. It can be described as a collection of cos (2= f; t)
wherever so that 0 <t < T, and f;=1/2T which is the minimum
subcarriers spacing wanted to fulfill the requirement for
orthogonality, and can be given as:

C = fOT\/gcos(anfst) \/gCOS(ZTEmet)dt = (17)
& pem

where, C is the complexity.

In our proposed system we transmitted the pilot as a raw of
ones (1) through the Rayleigh channel and AWGN effect that
make the value of transmitted pilot changed according these
effects on path of data, after we find this effect value (will
denoted it as X) we can include this effect (X) on received
signal to returned it to be similar the transmitted data. This
pilot frame will have been used to make channel estimation
that's used to compensate the channel effects on the signal. We
can find the value of X by Eq. (18) as shown below:

__ transmitted pilot value

X

(18)

recieved pilot value

Then we can multiply the received data by X value to obtain
the correct data on receiver side.

The second approach is by using IDCT with FFNN as
channel estimator to estimating the channel between the
sender and the receiver, this is done by training to learn the
mapping between the characteristics of the channel and the
received signal as shown in Figure 9.

In proposed system FFNN is used in LTE systems, by
training it to make equalization for received data through
supplying the neural nodes with value of channel estimation to
multiply them adaptively with received data to obtain output
data similar to input data.

The using of DCT and FFNN will improve the performance
of the overall system because, DCT is implemented using real
arithmetic operations rather than complex operations, and also
FFNNSs will used to improve the performance of the system by
providing better signal detection and interference cancellation.
It can be used to detect and classify signals, reduce
interference, and improve the accuracy of channel estimation.
FFNN is designed to be fast and reduced the complexity of the
system by reducing the number of parameters that need to be
estimated. The FFNN that used is not a design Neural but
rather its approximate neural so as to reflect the influence of
the channel. The cost function of FFNN will be hard limiting
activation function.

DCT-FFNN-LTE system as compared to the traditional
LTE system would be useful. DCT is not inherently
orthogonal like FFT, meaning that there can be some overlap
in the frequency domain, potentially leading to interference
between subcarriers.so it may have slightly lower spectral
efficiency compared to FFT, but when using FFNNs with DCT
will reduce interference, or adapt to changing channel
conditions intelligently. DCT may exhibit better resistance to
certain types of noise and interference due to its energy
compaction properties as compared to FFT.
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8. RESULTS AND DISCUSSIONS

In this section the proposed DCT-FFNN-LTE and FFT-
systems had been simulated using MATLAB 2016a. The
AWGN channel, the flat fading channel, and the selective
multipath fading channel were taken into consideration when
calculating the BER performance of the suggested LTE system
with different MDS value (50, 100, and 200 Hz). All of these
scenarios used 5GHz as the carrier frequency with 2>2 antenna
and 1024 Multicarrier size, utilizing a greater number of
subcarriers enables the simultaneous transmission of more
data, thereby enhancing the LTE system's total data capacity.
This enhancement results in higher data rates and improved
network performance. The type of modulation that used in the
proposed system is QPSK, the using of QPSK typically can
exhibits better error performance and lower BER than higher-
order modulation schemes under challenging channel
conditions. It can reliably convey data even in scenarios with
moderate. The parameters that used in the proposed LTE
system are shown in Table 1.
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Table 1. The simulation parameter

Parameter Value

Multicarrier size FFT or DCT 1024

Types of Modulation QPSK
Bandwidth of Channel (MHz) 20

AWGN, flat fading, selective

Channel fading channel

Figure 10 shows the simulation result of LTE system in
AWGN channel. The level of comparison that will be taken is
BER =107*. and it is shown that in FFT system, the SNR is
27db and it will decrease to 25db when using feed-forward
neural network, while when using DCT the SNR will be 19db
and decreased to 17db when using DCT-FFNN. From the
same figure, it is clearly shown that the proposed LTE-DCT
using FFNN is much better than LTE system that based on
FFT and FFT-FFNN. To improve system spectral efficiency
and performance, the system uses multiple antennas in
transmitters.

Figure 11 shows the simulation result at flat channel model



addition to AWGN in different MDS value, that (DCT-LTE-
FFNN) is superior to traditional systems based on FFT
transform, FFT transform with feed forward neural network
(FFNN), and discrete cosine transform because DCT has better
orthogonality and is simpler to implement. Whereas unlike the
FFT, which uses orthogonal basis functions (complex
exponentials), the DCT uses non-orthogonal basis functions
(cosines). This non-orthogonality can be advantageous for
capturing non-linear channel effects and handling non-
Gaussian noise sources that may be present in wireless
channels. When integrated with neural networks DCT can be
part of an adaptive system. Neural networks can adaptively
learn and optimize the DCT-based processing based on real-
time channel conditions, enhancing their ability to equalize
and detect signals effectively.
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Figure 10. LTE performance in: (a) AWGN channel; (b) Flat
fading channel in 50 MDS

Figure 12 and Figure 13 respectively show the result at
selective channel model addition to AWGN in different MDS
value 50, 100, 200 Hz, hence transmitted signals will be
suffering from a linear phase distortion and constant
attenuation through LTE channel model. It can be seen that the
LTE system when using feed forward neural network LTE-
DCT-FFNN outforms the traditional way that based on FFT
and FFT-FFNN and give better BER performance especially

at MDS=50 which is much better than LTE based MDS=100
and MDS=200, because when the Doppler frequency increases,
it means that the relative velocity between the transmitter and
receiver is increasing. This can cause a shift in the carrier
frequency of the transmitted signal at the receiver end. If this
shift is not compensated for properly, it can lead to errors in
demodulating the signal and increase in ICI and thus an
increase the bit error rate (BER).
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Figure 11. LTE performance in flat fading channel in: (a)
100 MDS; (b) 200 MDS

As compared to proposed system, the previous studies [5, 6]
which shown in Table 2, used 512 subcarrier size and used
only OFDMA or SCFDMA. These studies give better BER
performance, but the proposed system which used 1024
subcarriers and involves complex signal processing than other
studies give good BER performance as compared to them. The
other study [9] used DWT and gives slightly better results than
the proposed system, but the difference is that the proposed
system faster in implementation and these leads to reduce the
hardware complexity of the system.

Table 2. Comparison proposed system with the previous methods

References Year Method Channel Modulation Multicarrier Size  SNR  BER
Zhou et al. [5] 2010 DCT-OFDMA AWGN QPSK 512 16dB 10
Pervej et al. [6] 2014  DCT- SCFDMA  Vehicular an outdoor channel QPSK 512 16dB  10*
Shakir et al. [9] 2019 DWT-FFNN-LTE AWGN QPSK 1024 14dB  10*

The proposed system 2023 DCT-FFNN-LTE AWGN QPSK 1024 16db  10*
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Figure 12. LTE performance in selective fading channel in:
(a) 50 MDS; (b) 100 MDS
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200 MDS

9. CONCLUSIONS

LTE system, proving highly effective in various real-time
applications that demand rapid data transmission. These
technologies rely on key parameters, namely Signal-to-Noise
Ratio (SNR) and Bit Error Rate (BER), which are showcased
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as robust measurement metrics within the proposed system.
This innovative approach not only diminishes Inter-Carrier
Interference (ICI) and Inter-Symbol Interference (I1SI) but also
achieves a desirable BER output, all while preserving the
integrity of the input data transmission. In this context,
artificial intelligence assumes a pivotal role in enhancing the
performance of 4G technologies within the LTE system.

The proposed solution employs a FFNN algorithm
combined with Discrete Cosine Transform (DCT) to mitigate
ICI and ISI during data transmission. DCT can be used for
efficient compression of data in LTE systems, reducing the
bandwidth required for data transmission. The DCT process
itself, along with additional compression and decompression
steps, can introduce latency into data transmission.

The central challenge addressed by this approach is the
reduction of BER, yielding remarkable results such as a BER
reduction of 20 for MDS=50, 22 for MDS=100, and 26 for
MDS=200 in selective fading conditions. These enhancements
significantly elevate the system's overall efficiency, ultimately
achieving a BER of 107*dB for 1024 subcarriers within the
DCT-FFNN-based system.

The results show that Doppler frequency has a significant
effect on the BER performance in LTE systems, as the Doppler
frequency increases, the BER performance decreases. The
performance will be better at MDS 50 and beyond this value,
signal degradation occurs, the antennas begin to interfere with
one another, leading to signal loss or attenuation.

It also clear that the proposed system in AWGN gives much
lower BER and power losses than other channels are used in
the paper. In the case of selective fading and flat fading, the
DCT-FFNN give lowest BER than FFT in all values of
Doppler frequency.

Here are suggestions for works for the future:

e This research can be extended to enhance LTE systems
by integrating the Finit Radon Transform as a mapping
technique within the framework of the DCT-FFNN-
LTE system.

e Used Two transform (DCT-DWT) transform instead of
FFT, with FFNN.
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NOMENCLATURE

n; AWGN with distribution N (0,62 )
m the delay given to the I/P signal
e(k) instantaneous error signal

W the weight

Net the activation function

C complexity

x(k) DFT of length N

X(n) IDFT an N-point





