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Abstract- Problems including intercarrier interference, delay spread, doppler spread, and inter
symbol interference (ISI) may occur in wireless communication due to multipath signal
transmission. The use of OFDM technology with a cyclic prefix is used to tackle these challenges.
But there's a catch: a high peak-to-average power ratio (PAPR), which makes the power amplifier
act more non-linearly. Hence, spectral efficiency, in-band distortion, out-of-band emissions, and bit
error rate (BER) are all impaired. There have been a number of complex PAPR reduction solutions
proposed within the last few decades. Due to its inadequacy in meeting the requirements of 5G
wireless communication, OFDM technology is not suited for 5G communications. We proposed a
modification to the 5G candidate waveform, OFDM, and FBMC that would enhance spectral
efficiency while reducing latency, out-of-band emissions, and PAPR. The output of the FBMC is
sent into Uplink-Massive MIMO communication systems to enable communications over longer
distances. The proposed Massive MIMO uses space temporal block coding (STBC) to increase
security with little computational complexity. Several simulated metrics show that the proposed
method performs better than more conventional 5G alternatives.

Keywords — FBMC, Massive MIMO, OFDM, BER.

INTRODUCTION

When it comes to wireless communication, Massive MIMO is crucial for 4G and 5G services. We
provide a high-level overview of Massive MIMO systems and MIMO channel models before
pointing out the limitations of MIMO technology in meeting the requirements of the Long Term
Evolution (LTE) Advanced standard. Cellular communication has become more popular for
business uses because to the fast development of analogue and communication technology.
Generations provide a window into the development of cellular systems. From first-generation
analogue cellular communications to second-generation digital systems, the evolution of cellular
communications has been remarkable. 4G focuses on high-speed data and multimedia services with
transmission rates ranging from 100Mbps to 1Gbps, whereas 3G systems offer a huge number of
phone calls per cell with a data rate of 2Mbps. The 3rd Generation Partnership Project (3GPP)
standardised LTE-Advanced as Release 10 to meet the requirements of international mobile
telecommunication (IMT)-Advanced in 4G. One of the technologies that will allow us to achieve
high-speed broadband wireless transmission is Massive MIMO, according to the experts. The next
generation of cellular connectivity, 5G, promises to usher in a golden age of ultra-high speed
multimedia transmission. Limited transmission power and spectrum resources are the primary
obstacles to improving wireless communications' capacity and efficiency. Demand for high-speed
communication, driven by an ever-increasing number of wireless users, is quickly exhausting the
available spectrum. An array of antenna components, referred to as a Massive MIMO system, may
meet these criteria. To achieve possible capacity gains in rich scattering environments without
additional bandwidth needs, massive MIMO systems are used in wireless communication. In order

885



W :
¢ International Journal of ISSN 2347-3657

Infarmation Technology & Computer Engineering Volume 12, Issue 2, 2024

to improve link reliability and spectral efficiency in the face of channel fading, it employs spatial
multiplexing and spatial diversity, respectively. In recent years, there has been a lot of focused
study on the function of MIMO in wireless communication, thanks to these important qualities. In
the case of channel fading, the link dependability is enhanced by the multiple route propagation of
signals in Massive MIMO via the use of spatial diversity [1]. Spatial multiplexing improves the
spectral efficiency of massively multiple-input multiple-output (MIMO) systems by multiplexing
and transmitting many data signals over a single channel. When using spatial multiplexing, the
throughput is doubled and quadrupled under the same channel bandwidth, respectively. In an LTE
network, for instance, a SISO throughput of about 100 Mbps is possible. Even though the
bandwidth need was the same, the throughput improved to 172.8 Mbps and 326 Mbps when
Massive MIMO systems were used. Although SU-MIMO (single user multiple-input multiple-
output) ensures high
capacity through the use of space-time codes and multiplexed transmission; the spatial Degree of Freedom (DoF) of
multiple antennas can be exploited for further augment in channel capacity. This could be achieved through sharing
spatial channel by multiple users with proper scheduling. The Massive-MIMO system incurs extra hardware cost in
terms of filters and antennas without any extra bandwidth requirement [2]. In addition, Massive-MIMO systems are
protected against the channel rank loss. Also, it permits existence of cheaper terminals through the possibility of

multiplexing gain at base station (BS) without entailing multiple antenna terminals. In order to acquire above
benefits, the channel state information at transmitter (CSIT) is crucial to properly successor the multiplexed user.
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Figure 1. Evolution of wireless communication [3].

Figure 1 shows the evolution of wireless communication. First Generation 1G (1970-1980s) is
fundamentally for analog communication and voice is the main deciding factor for design purpose and no
data communication was supported in a system [3]. Second Generation 2G (1980-90) system is
characterized by digital voice, and hence supports digital communications. However, voice still remained
as the most important traffic that is to be carried. While things were going from 2G to 3G there was a
period which is sometimes referred to as 2.5G where data was introduced to be carried over mobile
networks systems and would carry data within the same channel used to carry the voice signals. Around
in the period of 1990 to 2000, Third Generation 3G was developed which is digital system and the
deployment of 3G was happening in the early period of 2001 onwards. It introduced separate paths for
voice and data [4-5]. The need for data service is increasing rapidly with the use of wide spread of
internet by people and hence requires a high data rate in the system. For all purposes right from
entertainment to scientific and administration purposes there was more and more demand for data centric
services, because of this developed a fourth generation 4G mobile communication system which is
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fundamentally developed to carry data traffic. 4G network generally carried as voice over Internet
Protocol also known as VOIP [6]. Fifth Generation 5G is getting developed, as needs for higherdata rate
are increasing day by day. New Generation wireless communication devices allow common people and
machines to communicate with each other in a totally mobile manner [7]. Earlier, the data rate
requirement was very low. To increase the data rate, newer systems with new applications are
incorporated in the system and hence the technology has moved beyond 4G into the era of 5G. Amongst
many things which are moving next to 4G, there havebeen development of small cells, there has
been development to device to device communication, self organizing network etc. Some of the
important things which 5G is expected to see are millimeter wave communication and massive
MIMO amongst others technology. All 5G systems are expecting to use MIMO communication
system that is one of the fundamental technology changes beyond earlier systems [8-10].

The remaining part of the paper is systematized as follows. Section 2 describes the related works
for Massive MIMO systems with their drawbacks, section 3 deals with proposed method of
STBC encoding scheme for Massive MIMO systems. Section 4 deals with experimental results
of proposed method and comparison with respect to the various

state of art approaches using quantitative evaluation and finally section 5 the conclusion and
scope for futureenhancements.

I. LITERATURE SURVEY

The profit of multiple antennas array structure at either side of transmitting system is very well
studied in [11-12]. Inorder to gain the benefits of MIMO systems, the wireless engineer should
design an appropriate signal transmission strategy at the transmitter side and detection scheme at
the receiver side. If else, the separation of the parallel data streams at receiver become tiresome
and that serves as the main drawback with MIMO systems. In multiple access channels, multi-
user detection is used for retrieving the individual data stream from parallel data stream.the
precoding technique which helps in processing the parallel data stream has been discussed. For
pre-equalization, the precoding techniques need channel state information at the receiver (CSIR)
for pre-processing. Though, the CSIR helps in better performance of MIMO system, further
enhancement could be achieved through the channel state information at the Transmitter (CSIT).

In [13-14] authors discussed the types of CSIT and the method to acquire channel state
information (CSI) are discussed elaborately. The precoding can be defined as a pre-processing
technique which exploits CSIT to match the signal to channel conditions before transmission.
The precoder design varies depending upon the CSIT and performance requirement. The
precoding strategy turns into most important with MIMO systems due to the following reasons.
First, the pre-processing of signal before transmission reduces the degradation in performance
caused by channel fading and signal interference. Second, the multi user detection can be
avoided in UE after signal pre- processing at transmitter end. Hence, the precoding preserves the
power consumption at the UE.

In [15-16] authors designed to nullify the Multi user interference (MUI) caused in each data
stream with the help of CSIT. The linear precoder also performs well in certain circumstances
with partial CSIT. The linear precoder always makes the receiver system simple. While, in non-
linear precoder, cancel the known interference prior to transmission over the channel. However,
the non-linear precoder results in high capacity gain than linear precoder; itis averted in most
systems due to its computational complexity.

In [17-18] authors designed the transmitter is equipped with perfect CSI. The acquisition of
CSI is initiated from the channel estimation process either at transmitter or receiver. The
estimation method, channel characteristics, mobility of User Equipment (UE) and Signal to
Noise Ratio (SNR) will decide the estimation accuracy. After CSI estimation, it must be
transported to transmitter for the precoding process. The reciprocity and feedback are the two
general principles used for obtaining CSI at transmitter. The open loop system uses reciprocity
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principle in attaining the reverse channel information and the closed loop system uses feedback
process in transferring forward channel information from receiver to transmitter.

In [19-20] authors designed real time acquiring perfect CSI is limited on the basis of the
following grounds. The feedback delays, limited feedback resources, and scheduling delay in
closed loop systems as well as antenna calibration errors, and turnaround delay with open loop
systems limit the CSIT accuracy. Hence, the assumption of perfect CSI behind the linear
precoder design becomes absurd and it needs to be reinvestigated at few instances. In this work,
linear precoder design with perfect and imperfect CSI has been considered to optimize the Multi
user MIMO (MU-MIMO) performance.

In [21] authors designed the simple linear precoder decomposes the multi-user MIMO downlink
channel into independent parallel SU-MIMO channel. This cancels the MUI between the
adjacent channels. Hence, each data streams in parallel channel are considered for independent
single user scheme at the receiver end. The linear precoder assigns power of transmission using
water-filling method in both time and space. This kind of power allocation over the time period
increases fading channel capacity at low SNR and decreases at high SNR region. However, the
power allocation over space substantially increases the fading capacity gain at all SNR regime.
However, for all above considerations, the system should have higher number of transmit
antennas than the receive antennas at all users. In pragmatic situations, this limitation in number
of transmit antennas restrict the number of user /receive antennas (receiver diversity).

II. PROPOSED SYSTEM MODEL

Frequency spreading can likewise be thought about as Single carrier scheme and numerous such solitary
carrier blocks are transmitted in parallel to attain wanted bandwidth as well as this is similar to the block
spread FBMC- Offset Quadrature Amplitude Modulation (OQAM) transmission system. When compared
to single carrier transmission plan block spread FBMC-OQAM has benefits like flexible time frequency
resource allocation, reducedcomplexity for signal generation, refining block wise as well as basic one-tap
equalization. Similarly, time spread FBMC can be contrasted to windowed OFDM (WOFDM). This
manuscript considered dispersing of M number of

FBMC symbols in time, transmission with a transmission time of M/2F frequency (Figure 2). In WOFDM to get
exact same transmission time the subcarrier spacing is minimized by an aspect of M. FBMC is multifarious when
compared with W-OFDM however it is spectrally efficient.

3.1 Block Diagram

Symbol | Subcarrier OQAM | Synthesis
mapping mapping | | preprocessing | | filter bank
Zadotf—chu Pilot Channel

Preamble msertion Ingertion with AWGN

L

Symbol Subcarrier OQAM Analysis
o i & . ‘:_| ) , % i o
demapping demapping Postprocessing filter bank

Figure 2. Proposed block diagram for Massive MIMO-FBMC.

The square graph comprises of transmitter, collector, and channel with auto white Gaussian
clamor.
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Transmitter

The transmitter consisting of symbol mapping, Subcarrier mapping, OQAM preprocessing and
synthesis filter banksare used.

Symbol mapping

The irregular information is applied to the data mapping or symbol mapping. Here, the
computerized information is adjusted utilizing the any of advanced strategy to be specific
Qudrature Phase Shift keying (QPSK), 4-Quadratuture Amplitude Modulation (QAM) or 64-
QAM. The principal capacity of this modulation method is changes over the approaching parallel
information into data symbols and maps those data symbols as a casing. The BER of the Massive
MIMO-FBMC is mostly relying upon this modulation method.

Subcarrier mapping

The need of subcarrier mapping will be valuable for the FBMC outline creation using pilots and
preambles insertion. The FBMC outline comprise of preludes or preambles, information pilots
and information subcarriers. The information subcarriers are created from the data symbol
mapping yield information. Additionally, in surrounded information, each casing is outfitted with
an introduction that is exceptionally intended for quick tuning of bearer recurrence and timing
synchronization at the beneficiary, upon the receipt of every bundle. Pilots are utilized for the
productive channel estimation and evening out that is required so as to acknowledge ghostly
effectiveness, range sharing methodologies or high portability situations. Pilots are additionally
utilized for the stage following of the eachgot preamble sequence.

OQAM preprocessing

In FBMC frameworks, any sort of adjustment can be utilized at whatever point the subcarriers
are isolated by using OQAM preprocessing. For instance, if just the subcarriers with even or odd
(anybody) record are utilized, at that point there is no cover and QAM tweak can be utilized.
Nonetheless, all the subcarriers must be utilized and a particular balance is expected to give high
ghastly productivity in recurrence space.

Covering between neighboring subcarriers circumstance is happened, for this reason symmetry is
required between subcarriers. It is accomplished by utilizing the genuine piece of the IFFT
contributions with even list and the

nonexistent piece of the Inverse fast Fourier transform (IFFT) contributions with
odd list. By doing this complex to genuine change, the symmetry is accomplished
in genuine space. What's more, OQAM plan utilize an enhanced pilot sequence
forming, and interpolation by factor 2 for transition of data at the Nyquist rate.

Synthesis channel bank

The methodology utilized by FBMC to beat the issues caused via transporter
recurrence balance, timing balance is to keep the casing size unaltered, along these
lines maintaining a strategic distance from the presentation of whenever overhead.
To keep up the cover among contiguous subcarriers in the time area by including
an extra separating at transmitter and collector side, other than the IFFT/FFT
squares. This is finished by separating each yield of the FFT by a recurrence
moved variant of a low pass channel called a "model" channel. This extra
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separating, together with the IFFT/FFT task and serial to parallel change frames a
combination channel bank structure, where the model channel is intended to
altogether stifle ISI. The examination channel bank likewise shapes in the
comparable way

Channel is a correspondence medium, in which all the produced waveforms will be
travel. The channel contains the few parameters. They are, Velocity determines the
portable's speed in respect to the base station. Spread Distance determines the
separation between base station and the portable station, Path Loss distinguishes
whether the huge scale way misfortune is incorporated. An arrangement of four
adjusted International Telecommunication Union (ITU) station models is utilizing
for multipath blurring of the station. The waveform gets influenced by Gaussian
noise in channel as it were.

Receiver

The perfect beneficiary plays out the correct inverse activity to that of transmitter.
In any case, the parameters (time, recurrence, and stage) of transmitted FBMC flag
must be watched precisely over the beneficiary. So, this is accomplished by down
to earth recipient just by acquainting the additional capacities with the collector.
They are timing and recurrence synchronization, channel estimation, channel
evening out and stage following.

Time, recurrence and stage synchronization

Synchronization is required in any collector to adjust for any distinction between

the bearer recurrence of the approaching sign and the neighborhood oscillator recurrence utilized
crosswise over demodulator. In FBMC, Timing Offset (to) and carrier frequency offset (CFO) [17] results in inter
symbol interference (ISI) and inter carrier interference (ICI). Pilot helped and dazzle synchronization techniques are
utilized to give the synchronization. Stage following strategy which might be utilized to track any remaining
transporter off set amid the payload transmission ofa FBMC outline. The payload begins with a precise gauge of the
bearer stage. Be that as it may, with no transporter following circle, the bearer stage may float over the length of the
payload. Henceforth, there is having to outlined a phased lock loop (PLL) that powers any developed stage mistake
to zero.

Channel estimation

FBMC just fulfills the symmetry in the genuine area, which causes it experiencing inborn
impedance regardless of whether culminate Timing and recurrence synchronization is
accomplished. In any case, to maintain a strategic distance from the inborn obstruction started
from neighboring data symbols in the time space, more than two or three FBMC data symbols
either pilots or prefaces must be distributed just for channel estimation reason. For the most part
the pilots are utilized to drop the obstruction. Thusly, they got fundamental pilots progress
toward becoming obstruction free, and channel estimation can be performed.

Channel balance

In FBMC beneficiaries, leveling is performed at the yield of the examination channel banks. The
channel evening outcan be actualized in the recurrence area or in the time space, contingent upon
the beneficiary investigation channel bank usage. Usually expected that each subcarrier has a
little data transmission; consequently, the channel might be thought to be level over each
subcarrier band. In this circumstance, a solitary tap equalizer for every subcarrier is sufficient.
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In situations where the level gain guess might be deficient of channel and where
transporter and clock jumble between the transmitter and collector is unavoidable,
multitap equalizer per subcarrier band might be important. A tap- dispersing of half
data symbol interim is the most helpful choice. Aside from this activity’s
examination channel bank, OQAM, post preparing, subcarrier demapping and data
symbol demapping additionally performed. Those activities are correct inverse to
the transmitter.

3.2 Massive MIMO systems

| l@‘“
. X j ; i‘l : RX ||—
Lé—’ J H %@-; RX | 2>

Figure 3. Massive MIMO antenna at transmitter and receiver side.

Massive MIMO is wireless systems in which multiple inputs are provided to the wireless channel
and called as multiple transmit antenna and multiple receive antennas at the receiver in which
multiple elements or multiple measurements or multiple samples are received as the output of the
wireless communication channel. The block diagram of MIMO system at transmitter and receiver
end is given in Figure 3.

In wireless communications, Massive MIMO technology has drawn attention as it provides
important increases in information throughput and connection variety without extra bandwidth or
transmission power. This is achieved by increasing spectral efficiency (more bits per second per
bandwidth hertz) and connecting reliability or variety (decreased fading). Massive MIMO is a
present theme of global wireless studies because of these characteristics. Consider a point-to-
point Massive MIMO framework where antennas are transmitted and received. STBCs have been
suggested through the pioneering work of Alamouti. In the event of two transmitting antennas
Code Alamouti provides complete diversity and data frequency (channel utilization information
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symbol). The main characteristic of this system is the orthogonality across the two transmitting
antennas between the signal vectors. By implementing the concept of orthogonal design, this
system was extended to an arbitrary number of transmitting antennas [5]. Space- time block
codes are referred to as the generalized systems (Figure 4).

Figure 4. STBC based FBMC-Massive MIMO system model.
However, there are no complicated valued STBCs with complete diversity and data rates for more then

1. Consider, for instance, a series of transmission, for example.
2. We communicate in a typical transmission at the first moment, the second moment and third moment and so on.

3. The symbols are grouped into two sets they are Send and submit symbols, they are generated from the first and
the second antenna in the first interval.

4. Two intervals are required, although we group two symbols, to send two symbols. Therefore, the data rate is
not modified.

5. This provides the simple explanation for the Alamouti Space Time Block coding transmission system.

This system utilizes two transmitting antennas and one receiving antenna. The gain in diversity is twice the SISO
system gain. The system works by transmitting two symbols, x_1 and x 2, for two instances: as follows: the symbols
x_1 and x_2 are concurrently transferred by the antennas 1 and 2 during the first moment and then the symbols -x*;
and x*; are simultaneously transmitted during the second moment. The information transferred as a matrix is

therefore
_ | —x%;
x= [ 2 (1)

Where the asterisk * indicates complex conjugation operation. Repeat this method to transmit the next two symbols,
and so on. The transmission would take place over four successive periods .to transmit the four symbols xi, X2, x*,
and x*,. This system has the feature that the pair encoding and decoding of two symbols concurrently a point that in
what continues will be shown.

¥, = hyxy + hyx, + 1y 2)
¥o = —hyx's + foxty +ag 3)

Where n; and n represent the channel gain and additive noise represented by h; and h, The channel is supposed to
be memory less and flat, causing a variation signal size and phase, with out delaying time. Suppose that the recipient
provide perfect information about Channel State Information (CSI), may measure and /4, and /4. The recipient then
calculates of x1 and x2 , denoted x*, and x*, by and according to processing yi and y, expressed as follows

£y =hyy, + yzhy

o= hyyy toyihy 4)

£, = iy tih, = (1P + [hyl?) x, + hing nohy
£ = hawytvahy = () |* + [hal?) xo T Ron4+ 03k, (5)

In addition, the two projections will be affected by each fading channel equally, and the probability of fading

concurrently between two autonomous channels is smaller than that of a single channel. The Alamouti system offers
an efficient means of combating alterations in phase and magnitude occurring on a fading line.

b= e Zalll-n (©)

where H is the matrix of the channel with the orthogonal design of a matrix such as H, we can see that

hi  ha ][h. fa y T
H _ 1 2 1 21 _ Z Z
H H_[hi —JL.IHM —hﬁ]_“hll 1) [ ] )

From the orthogonality definition, a simple way to determine if the orthogonal design of a matrix is to
determine whether each column is the orthogonal one of the other columns in complex conjugation. For
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example, the Alamouti plan shows orthogonal design by multiplying the following columns. The
Alamouti Scheme uses two symbolic periods to convey two symbols, with a speed of one. A STBC is
methods employed to improve the reliability of data transmission in wireless communication systems
that are using multiple transmit antennas. Space time coding upon transmitting multiple data or
redundant copies of a data stream to the receiver. It basically used to have better performance in fading
environment. The basic building blocks of a Massive MIMO system are shown in the Figure 3. In this
figure, x and y represent the transmitted and received signal vectors. At first, the information to be
transmitted is encoded and interleaved. The symbol mapper maps the encoded information to data
symbols. These data symbols are then fed into a space-time encoder which creates some spatial data
streams. The data streams are then transmitted by different antennas. The transmitted signals are
propagated through channels and are received by receiving arrays. The receiver then collects all the data
from the antennas and reverses the operation to decode the data using a space-time processor, space time
decoder, symbol de-mapper and at last the decoder. Massive MIMO is a collection of many fading
channels one between each transmit and receive antenna pair. Massive MIMO communication system
consists of parallel transmission of several information streams between the transmitter and the receiver,
and this is known as spatial multiplexing. Spatial multiplexing is defined as multiplexing the space
dimension (radio frequency) rather than frequency or time. With increased data rate, Massive MIMO
systems also increase the reliability of the system.

II1. SIMULATION RESULTS

In Every 5G radio access advancements, the arbitrary information must be changed over as data symbols. For this reason,
Modulation composes QPSK or 16-QAM is utilized in this article. Number of subcarriers, this parameter is straightforwardly
identified with the range use of the framework. As the quantity of subcarriers is expanded the range use will be utilized. In this
PROIJECT for all the 5G radio access innovations same measure of subcarrier is considered, which is 128, among this 120 are
Data bearers and 8 are Pilot transporters. Examining rate, this parameter indicates the framework transfer speed. For every one of
the 5@ air interfaces 20mhz-data transmission is considered. Each computerized framework needs to fulfill the Nyquist Shannon
testing hypothesis required toabstain from associating , i.e., Nyquist rate must be more noteworthy than double the examining
rate. So, keeping in mind the end goal to accomplish the Nyquist rate introduction is the best strategy. .In this venture, the
addition is dealt with as over example proportion. This proportion ought to be twice to keep up Nyquist hypothesis.
After age of casing, to transmit this edge or gathering of edges into channel, the casing must be adjusted by radio recurrence
Carrier wave, therefore the Radio Frequency (RF) flag will be required. In this PROJECT1GHZ range is considered with the
transporter Signal intensity of 0.01watts.
In FBMC, model channel utilized in both transmitter and beneficiary. In this undertaking, Phydyas model channel is utilizing,
which is having Filter cover factor of 4 and relating coefficients are P[0]=1, p[1]= 0.9715983, p[2]= 1/root(2) and p[3]= 0.235.
As talked about in introduction configuration area, for FBMC, the Root file 1 is 7, Root record 2 is 3.

Figure 5. Power Spectral densities.

FEMC POWER SPECTRAL DENSITY
t A N 1

Conv.OFDM
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From the Figure 5, for OFDM out of 10-Mhz data transfer capacity, 9-Mhz is used for subcarrier

transmission and remaining 1-Mhz is used by watch bandeven though, the protect groups are
required to enhance ICI and ISI; however it is squandering the range. So, to accomplish this
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OFDM (F-OFDM), which is separated rendition of OFDM, in which no watch band. Subcarriers
are not symmetrical in nature (real downside). Generalized frequency davison multiplexing
(GFDM), which is summed up rendition of OFDM, in which watch band or cyclic prefix will be
utilized and the subcarriers are in incompletely symmetrical nature (each subcarrier is moved by
circularly moved time and recurrence reaction of model filter).

Universal filtered multi carrier (UFMC) is the blend of GFDM+F-OFDM, in this system
adequate number of subcarriers is gathered in into sub band, various quantities of sub-bands are
utilized relying on necessity. By watching the range, the FBMC strategy is vastly improved than
the other multi transporter strategies. Since the proficient phantom limit is accomplished just by
utilizing FBMC. Furthermore, side projections are productively smothered and diminished out of
band outflow by utilizing the proposed technique. It was noticed that by building FBMC

~ FEMC PAPR reduction efficiencies
[ T~ e T

—*— Conv. CP-OFDM
—+—— Conv. GFDM

+—— F-0FDM
—+— Prop. LP-FEMC

PAFPR Reduction Efficiency
5 3

=&
=}
¥}

1074 ' : ' S :
0 2 4 6 8 10 12 14
Probablity of (FAPRo > PAPRI)
frameworks considering all around planned introductions and model channels, the range of each
subcarrier can be contained inside a constrained data transfer capacity.

Figure 6. PAPR Vs CCDF.

By eliminating out the component reduce duplication between the Pseudo Noise arrangements
and pilot signals, by doing as such the PAPR can be effectively lessened as shown in Figure 6.
PAPR is the basic metric to describe the abundancy changes of the flag. So, this abundancy
changes results in out of band outflows, range re development, and accordingly causing ICI and
ISI. A complementary cumulative distribution function (CCDF) bend demonstrates how much
time the flag spends at or over a given power level. From Figure 6, at 1% of CCDF, the PAPR
estimations of FBMC is diminished to 2db by contrasting and the OFDM PAPR esteem and
other 5G air interface methods. The F-OFDM and UFMC are having the same PAPR estimations
of OFDM. The GFDM is having more PAPR esteems then OFDM which are turned into a
downside for GFDM.
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Figure 7. SNR Vs BER.

The BER estimation in FBMC/OQAM framework has been a crucial issue for quite a while. FBMC/OQAM just
maintains a genuine field symmetry which implies non-existent obstruction is forced to each subcarrier. The inborn
obstruction started from neighbouring data symbols in time space. This natural obstruction extremely harms the pilot
motion in the channel estimation arrange prompting poor estimation (Figure 7).

FEMC MSE
i onw O F DM
tot b —— Conv.GEDM )
i F-O FDIM
—if— Frap. LP-FBMC
L
73]
=
102}
10-3 ! ! ! ] !
o 5 10 15 20 25 30

EbNO(DB)
Figure 8. SNR Vs MSE.
A corrupted channel estimation execution implies all the previously mentioned points of interest of FBMC/OQAM
is not ensured. So, it impacts the channel estimation of FBMC, which isn't straight set to conquer this trouble
preface-based channel estimation conspire has been utilized. So, to break down the channel estimation, the mean
square error (MSE) as an element of SNR will be helpful.
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The channel estimation MSE is appeared in Figure 8. The FBMC plot has no misfortune in most SNR ranges while
OFDM conspire has a major misfortune at all SNR focuses. Around, 6dB gain could be accomplished by FBMC
over the OFDM. Such change is because of the effective obstruction use property.
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Figure 9. SNR vs Frequency offset.
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Figure 10. SNR vs Throughput.
CONCLUSION

In order to improve the FBMC/OQAM system, this research suggests a novel preamble design and
an associated channel estimation technique. In order to decrease error rates and power-related
issues, the results of FBMC are fed into STBC-based Massive MIMO systems. An extensive
preamble structure for the frame was generated using the Zadoff chu sequence. In comparison to
the traditional preamble structure, the suggested solution outperforms it in terms of spectrum
efficiency and decreased PAPR values, according to the performance findings. Along with efficient
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BER performance in terms of SNR and MSE for corresponding frequency offset and timing offset,
the suggested technique is simple, which further improves its performance. As a result, it has
immediate use in cutting-edge mobile networks like 5G.

REFERENCES

[1] "On the MGF and BER of Linear Diversity Schemes in Nakagami Fading Channels with
Arbitrary Parameters" (V.A. Aalo, G.P. Efthymoglou). Pages 1-5 of the 2009 IEEE 69th Vehicular
Technology Conference.
[2] "Digital Communications" by J.G. Proakis, 4th ed., McGraw Hill, 2001.
[3] In the 2017 edition of the Journal of Advanced Research in Dynamical and Control Systems, K.
Mahender, T. Anilkumar, and K.S. Ramesh presented their findings on the performance analysis of
digital modulation schemes across multipath fading channels. The paper can be found on pages
287-291.
AIP Conference Proceedings1952, 020050 (2018) by K. Mahender, T. Anilkumar, and K.S.
Ramesh analyses multipath channel fading techniques in wireless communication systems.
10.163/1.5032012 is the DOL.
The article "Simple Transmit Diversity Techniques for Wireless Communications" was published
in the Smart Innovations in Communication and Computational Sciences volume 669 in 2018. It
can be accessed online at https://doi.org/10.1007/978-981-10-8968-8 28 and contains information
on pages 329-342.
* "Improving throughput in Wireless LAN using Load Balancing Approach" by S. Kunal, N.
Mohan, G. Kavita, K. Monali, and D. Pooja, published in the International Journal of Computer
Sciences and Engineering in 2014, volume 2, issue 4, pages 38—43.
This is a reference to an article published in 2021 in the International Journal of Analytical and
Experimental Modal Analysis by Banoth Prathyusha and Subhrajit Pradhan titled "Efficient Filter
Bank Architecture Design for 5G Wireless Communications." The article can be found on pages
1174-1186.
Publication information: 18.0002.1JAEMA.2021.V1313.200001.0156859021745
Paper presented at the 2014 6th International Symposium on Communications, Control and Signal
Processing (ISCCSP) in Athens, Greece, by F. Schaich and T. Wild, titled "Waveform contenders
for SGOFDMyvs. FBMC vs. UFMC," is cited as 8 in the reference list.
The article "Various Techniques to Reduce PAPR in OFDM Systems: A Survey" was published in
the International Journal of Signal Processing, Data Symbol Processing and Pattern Recognition in
2015 and was written by Mamata Bisht and Alok Joshi.
IOSR Journal of Electronics and Communication Engineering (IOSRJECE), Vol.2. Issue.5, pp.5-7,
2012; Parneet Kaur and Ravinder Singh, "Complementary Cumulative Distribution Function for
Performance Analysis of OFDM Signals" (2012).
(11), "PAPR Reduction of OFDM Signals using Selective Mapping with Turbo Codes" (Pawan
Sharma and Seema Verma, 2011), International Journal of Wireless and Mobile Networks, volume
3, issue 4, pages 12—19.
[12] "Comparative Study of PAPR Reduction Techniques in OFDM" (ARPN Jrnl. Of Systems and
Software, vol.1, no.§8, pp.11-16, 2011) by Ibrahim Abdullah.
[13] "Introduction to SLM and Clipping Techniques and its Comparative Analysis to Reduce PAPR
in OFDM Systems" (vol.1, number 4, pp.321-327, 2015) by Kishore Kumar and RR Nagaralli in
the International Journal of Electrical and Computer Engineering.
14. "Signal Scrambling Techniques for PAPR Reduction in OFDM Systems" by Maan Singh and
Vijay Kumar, published in the International Journal of Engineering and Computer Science, volume
2, number 1, pages 311-317, (2013).
"Performance Improvement in OFDM Systems by PAPR Reduction," International Journal of

897



v .
‘f(Internatmnal Journal of ISSN 2347-3657

Infarmation Technology & Computer Engineering Volume 12, Issue 2, 2024

Signal and Data Processing, vol. 3, no. 2, pp. 1-9, (2012), by Suverna Sengar and PP. Bhattacharya.
A study conducted by Lingyin Wang, Ju Liu, Wenbo Wan, and Jingkai Liu in 2011 was published
at the IEEE 13th International Conference on Communication Technology in Jinan. The study titled
"Scrambling scheme based on information hiding for PAPR reduction of OFDM signals with PSK
inputs" has 16 references.

[17] In the 2011 issue of the IEEE Transactions on Communications, Y. C. Wang and Z. Q. Luo
published an article titled "Optimised Iterative Clipping and Filtering for PAPR Reduction of
OFDM Signals" (vol. 59, no. 1, 11 pages).

Dov Wulich's 2005 article "Definition of Efficient PAPR in OFDM" was published in the IEEE
Signal Communication Letters, volume 9, issue 9, and has the citation 8320834.

[19] In the International Journal of Computer Sciences and Engineering, S. Singh and A.S. Buttar
examined methods for estimating carrier frequency offset in orthogonal frequency division
multiplexing (OFDM) systems (Vol.2, Issue.8, pp.74-77, 2014).

An article titled "Client Server Network Management System for WLAN (Wi-Fi) with Remote
Monitoring" was published in the International Journal of Scientific Research in Network Security
and Communication in 2013. The authors of the article are NV. Jadhav, SC. Panchal, and MR.
Rotti.

[21]The article "An Efficient OFDM system with reduced PAPR for combating multipath fading"
was published in the Journal of Advanced Research in Dynamical and Control Systems in 2017. It
was written by K. Mahender, T. Anilkumar, and K.S. Ramesh.

898



