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Abstract

Diversity systems solve avoid signal degradation caused by fading by simultaneously sending several signals with identical symbols to the
receiver. Because of its many advantages, including portability, affordability, Wi-Fi accuracy, and scalability, wireless communication
systems are widely employed. Problems with fading and interference create most of the problems with wireless communication systems'

dependability.
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Introduction

Given that the network management layer is necessary for
the automation of the communications grid. In the
telecommunications industry, Self-organizing Networks
automate the solution of certain management problems
beyond those posed by static rules bases; these solutions are
necessary to optimised operating expenditures while
maintaining good service quality. To that end, we've
developed a working prototype of a tool that might help
users better comprehend the limitations and characteristics
of autonomic network management systems. In this article,
we have taken a look at the growth of wireless
communication and its features over various generations,
from 1G to 5G.

In today's world, wireless communication has become the
most vital means of communication. More evolution must
occur since it can go through the atmosphere's strosphere or
move more efficiently. The advent of 5G networks in our
cellular networks has highlighted the urgent need for
additional extensive improvements to wireless technology.
In this article, we also detail the extensive modifications to
wireless communication that will follow 5G networks,
namely 6G and 7G, which will shape the industry going
forward. Additionally, we detail the many developments
that have taken place to ensure the security of data while
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transmission via wireless media, as this is a crucial need for
the user. The security features included into 6G and 7G
networks make them more secure than 5G wireless
communication, which contains many sophisticated layers
of network protection.

Architecture, security, and transmission are the three pillars
of 5G network communication that we outline. Compared to
4G, the 5G network is superior in every way, including
speed, security, and overall advancement. Technologies that
take use of 3D beam control are looking good for 5G
cellular networks. In real-world applications, such urban cell
scenarios, BSs and users are dispersed over three-
dimensional space. 3D beamforming may boost on average
throughput per cell and 5% throughput per tile when the
angle of ray propagation is a factor. Additionally, the 3D
beamforming layout, the performance assessment approach
that takes 3D space into account is a key challenge. Instead
of focus sing just on a 2D distribution, more complex
simulation results may be achieved for 3D beamforming
gain by creating users and business services in the vertical
and horizontal axes.

Literature Review
Zhang, Mengchen. (2024) M. A major obstacle that has
arisen the need to keep up with the rapid advancements in
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wireless communication technologies improve data
transmission speeds, system capacity, and dependability.
Different Inputs Multi-Output Multi-Mode Antenna
(MIMO) and its potential uses in wireless communication
are explored in this research. The MIMO technique
improves channel capacity and reduces the impact of
multipath by transmitting and receiving signals via a
number of antennas all at once. Other topics covered include
channel models for MIMO systems, techniques for
optimizing capacity, and methods for allocating power.
Findings show the use of MIMO technology substantially
improves transmission speeds and signal quality in
complicated propagation settings. But problems like antenna
correlation and channel estimate mistakes persist in real-
world applications. Consequently, the study emphasises the
value of MIMO technology for cellular communication
networks and suggests avenues for further study in this area.
Abed, Muntadher & Thaher, Raad. (2020) [@. Systems for
wireless data transmission Method of the MIMO technique.
When it comes to increasing the system's capacity and
dependability, MIMO is an outstanding technique. This
enhancement scales with system size may be achieved
without boosting transmit power or bandwidth, and it is
related to the number of send-receive antennas. For MIMO
systems to improve their channel capacity and
communication reliability in the presence of interference, as
well as to protect data from deliberate interference in several
applications, it is vital to use coding methods in conjunction
with these systems. This work aims to provide a method for
improving the bit error rate (BER) and capacity of MIMO
systems with adaptive white Gaussian noise (AWGN) and
space-time block coding (STBC) across Rayleigh fading
channels. The impact of bit error rate (BER) and various
modulation schemes (Bpsk, Qpsk, and 16-QAM) across a
Rayleigh fading channel are also examined in this research.
The findings demonstrated that MIMO systems had
increased capacity compared to MIMO systems without
coding, and that Bpsk modulation outperformed other forms
of modulation (Qpsk, 16-QAM).

Muttair, Karrar & Al-Ani, Oras & Sabaawi, Ahmed &
Mosleh, Mahmood. (2022) Bl., MIMO antennas, which
stand for many inputs and outputs, are developed and
evaluated. A microstrip line feeds the intended antennas,
which are small, printed microstrip patch antennas with two
sides. Applications in the medical, industrial, scientific, and
5G networking and communications sectors need antennas
tailored to frequencies between 3.5 and 10 GHz. Improved
matching conditions are indicated with a voltage standing
wave ratio (VSWR) below 2, improved outcomes in terms
of reflection coefficient (S11 and S22), mutual coupling
(S12 and S21), and MIMO system design that accounts for
the polarization unpredictability of the individual antennas.
Among the antennas' notable features are a gain of around 2
dB and an envelope correlation coefficient (ECC) below
0.002 that were developed. Furthermore, the suggested
MIMO antennas demonstrated an ideal level of isolation for
5G mobile antennas— -25 dB at 6 GHz.

Han, Lijun & Ang, Ling & Palaniappan, Sellappan. (2023)
41, Spectrum resources are becoming more scarce, which is
slowing the development of wireless communication in
modern civilisation. A lot of study has gone into Massive
Multiple Input Multiple Output (MMIMO) and practical
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implementation in recent times, serving as the foundational
technology used in 5G networks. It is expected to be useful
for wireless communication systems. Very large-scale
multiple-input multiple-output characterised by a high-
dimensional wireless system channel, which is a
consequence of the system's enormous antenna array. This
article takes a look at how large-scale multi-antenna MIMO
systems deal with Common Channel Interference (CCI) by
using precoding technology. First, the paper defines linear
digital precoding and then gives mathematical proofs of
three different techniques. The MATLAB simulation and
analysis of these schemes' performance reveals a
considerable improvement in the MIMO system's bit error
performance and combining rate.

Ngobi, Christopher & Ahaneku, Mamilus & Ojomu,
Sunday. (2023) Bl An effective strategy for future using
multiple-input  multiple-output  (MIMOQO) technology,
wireless communication include numerous antenna
components. Modern wireless networks are known for their
lightning-fast data transfer rates, increased bit error rate
(BER), and constrained bandwidth. Wireless networks
sometimes have channel issues such as slow data transfer
rates, poor signal-to-noise ratios (SNRs), and device power
waste. Finding the sweet spot between channel capacity and
system performance is what this study is all about. In this
research, we provide a thorough evaluation performance of
the channel's capacity under the Rayleigh fading channel
that employs the water-filling technique. After analyzing the
procedure, and simulated using MATLAB. The water-filling
method was able to optimised the wireless communication
system's channel capacity according to the simulation
findings.

Evolution of wireless communication system
First-Generation Systems (1G): A reimagined voice
service was unveiled in the early 1980s. The vast majority
of these systems relied on frequency modulation for radio
transmission and were analogue in nature. They operated
inside the 824-894 MHz frequency range and included a 30
KHz channel capacity, all built on top of the Advance
Mobile Phone Service technology. The current crop of
youngsters is entirely dedicated to phone calls and does not
include any data services; it employs circuit switching.

Second Generation Systems (2G): We completed the
second generation in the late 1990s. One digital technology
that is still widely utilised in many areas of the globe is the
2G mobile communication system. Other services, including
they were the ones that brought us text messages and email
who mostly utilised voice communication. There are two
types of TDMA and CDMA, which are the two digital
modulation techniques utilised in this generation, operating
inside the 850-1900 MHz band ). 2G GSM uses eight
channels per carrier and has a gross data rate of 22.8 kbps
(13 kbps net rate) in the full rate channel and 4.6 ms frame
time.

Third Generation Systems (3G): Services of the third
generation (3G) combine mobile high-speed connection
with IP-based services. 3G technology is characterized by
being able to provide wireless internet access, multimedia
services, email, and video conferencing. All electronic
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devices, including computers, TVs, and phones, may access
the 3G W-CDMA air interface standard, intended for
packet-based, "always-on" wireless communication, allows
users to access the internet whenever and wherever they
choose. High spectrum efficiency, channel carrier widths
exceeding 5 MHz (depending on mobility/velocity), and
data speeds of up to 2 Mbps are all features of 3G systems.
3G networks may handle data rates ranging from 144 kbps
in rural and outdoor settings to 384 kbps in cityscapes and 2
Mbps inside and at modest distances from buildings,
depending on the call's location. From 1.8 to 2.5 GHz is the
range of frequencies.

Fourth Generation Systems (4G): In most contexts, 4G
denotes the standard that will eventually supersede 3G and
2G. Indeed, LTE Advanced [ has just been standardized by
the 3GPP as the 4G standard of the future. Users will be
able to access voice, streamed multimedia, and data on a
"Anytime, Anywhere" 4G is anticipated to provide a
complete and secure IP-based solution, allowing for much
greater data speeds compared to earlier generations. You
may say that this technology improves upon current
communication networks. For the 4G network, developers
are creating new applications including wireless internet
access, video conferencing, digital video broadcasting
(DVB), high-definition television media, and mobile
television. According to some, LTE release 10, often known
as LTE-Advanced, is the true 4G advancement level. In
order to make it simpler to support older terminals and
ensure backwards compatibility, LTE release 10
incorporates earlier versions as integrated pieces.

Fifth Generation Systems (5G): "5G," which stands for
"fifth generation mobile technology,” is expected to be
operational by 2020. Nobody has ever experienced such a
fast speed before, thanks to the very high bandwidth of 5G
technology. Since 5G enables very fast streaming, It is the
future's most sought-after and powerful technology. It
comes equipped with a plethora of innovative capabilities.
Users will be able to enjoy 5G technology's many benefits,
such as the ability to record MP3s, play videos, have huge
phone memories, fast dialling, and much more El. A new era
is set to start with the introduction of 5G. Thanks to
innovations like Pico Net and Bluetooth, anybody with a 5G
connection may easily share data.

GTECHNOLOGY
EVOLUTION
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Fig 1: Evolution in Wireless Communication.

Real World
Applications

Component of Wireless Communication System

Despite the fact that every protocol is unique in its
requirements and standards, they nonetheless have some
commonalities and objectives. This survey study also
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discusses a number of these procedures. The following are
some broad principles that these conventions aim to uphold:

Multiple-Input Multiple-Output (MIMO) Technology
The IEEE 802.16d/e/j standard has included MU-MIMO
techniques to increase the number of users per cell and
improve cell coverage. The rate of data transfer between a
certain set of transmitters and receivers, as well as the link's
durability may both be enhanced via the usage of multiple
input multiple output transmission. The more antennas a
network has, the more users it can support rates at a given
frequency. Wireless communication is likely to see a
significant increase on the use of mulit-output as technology
progresses. With space-time coding, four streams, and eight
transmit antennas at the base station are requirements for the
next generation of global microwave access compatibility.
Global Microwave Access Interoperability in the Future will
incorporate mulit-output capabilities, including closed-loop
mulit-output. Specifically, it has already been decided to
incorporate mul-output capabilities that use future systems
using channel quality information, a matrix index from
before, and rank feedback.

Techniques that employ multiple inputs and outputs include
cooperative, multi-user, and single-user-many-inputs-and-
outputs strategies. Generally speaking, in order to
implement multiple input multiple output techniques, it is
required to integrate the physical, medium access control,
and upper layers of IEEE 802.16j.

Optimized beam  formation, closed-loop  antenna
grouping/selection, closed-loop codebook-based pre-coding,
open-loop transmit diversity in downlink and uplink, and
collaborative spatial multiplexing in uplink are among the
most significant approaches for multiple input multiple
output. This forum's 1.0 and 1.5 iterations on the topic of
global microwave access interoperability incorporate the
aforementioned functionalities. Antennas m and n are used
by the transmitter and receiver in single many inputs,
multiple outputs for the user. This particular channel is
known as the Raymond Fading Channel. One kind of single
user-multiple input multiple output system is the open loop
type, while the other two are the multiple input multiple
output and closed loop kinds that are based on the extent to
which both the sender and the recipient are privy to details
on the status of the channel.

Since 802.16e allows for speeds of up to 120 km/h, open
loop single user multiple input multiple output systems are
ideal for mobility applications since they do not need
channel status information. The 802.16e protocol relies on
space-time coding as its main open-loop multiple-input
multiple-output algorithm. Both the uplink and the downlink
are capable of supporting space-time coding, with a
maximum of four transmit antennas and four multiplexing
rates. While other options are optimised for high difficulty
decoding, space-time coding delivers low complexity
decoding. Some alternative open-loop schemes include
cyclic delay diversity. The receiver channel estimate
accuracy might be compromised if the cycle delay diversity
delay is excessive, since it introduces additional frequency
fluctuations. In comparison to open-loop systems, closed-
loop ones can handle many inputs and outputs from a single
user more efficiently. Several subscriber stations may share
a single time-frequency resource across different locations.
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MIMO greatly enhances cell spectral efficiency and users'
overall experience.

An IEEE 802.16j Each base station and relay station has its
own set of broadcast antennas, and each subscriber station
has its own set of receive antennas. This configuration
forms a distributed multiple input multiple output system.
All of the participating stations-base, relay, and subscriber-
are taken into consideration in this configuration. Both
open-loop multiuser MMOP and collaborative multicell
MMOP are new advancements in the MMOP area. Multiple
base stations in a multicell multiple input multiple output
setup collaborate to provide service to various subscriber
stations situated on the cell's edge. Each base station's
precoding vectors are determined by an entity farther down
the network backhaul. While providing multiplexing speed
and diversity gain, using a multicell MU-MIMO system,
dominant intercell interferences may be reduced.

When just one antenna is used for transmitting and receiving
signals, the majority of wireless communication systems in
use today are SISO systems. You may add variety at the
receiver by wusing additional Rx antennas. Future
developments in communication technology, systems that
use Multiple Input Multiple Output (MIMO) technology are
anticipated to change this. The MIMO system makes use of
(multi-input multiple-output) same frequency resources as
SISO systems to boost system capacity by spatial
multiplexing. When compared to older, single-input, single-
output (SISO) systems, modern MIMO systems are able to
boost transmission rates by using random fading and
multipath delay spread 1. More than that, MIMO improves
transmission quality by spreading out the signal between the
sender and the receiver, which in turn reduces the bit-error
rate (BER). One potential issue with MIMO equalization
algorithms is the fact that they tend to make systems more
complicated in general. Costs associated with implementing
digital signal processing (DSP) have dropped dramatically
in recent years, allowing for the development of MIMO
systems that are both practical and affordable.

Wireless communication's use has been over the roof
recently. A potent technology that may resolve traffic
capacity difficulties in wireless networks is Multiple-Input
Multiple-Output (MIMO). The phenomenon known as
multipath propagation is an aspect of MIMO technology. In
this kind of propagation, the broadcast signal bounces off
various surfaces, such as walls and ceilings, at slightly
varied times and angles, before finally reaching the
receiving antenna. Maximal Interference Multiplexing
(MIMO) is an antenna technology that operates on a huge
scale. It breaks all the rules of conventional systems by
picking a large number of service antennas (dozens or
hundreds) that are operated in a fully coherent and adaptable
manner. An array of antennas helps focus the signal's energy
into ever-decreasingly tiny spaces, facilitating its
transmission and reception. When coupled with the ability
to schedule several user terminals at once, this significantly
improves throughput and energy efficiency. Though
Massive MIMO's primary use case is Time Division Duplex
(TDD) operation, its many transmit antennas have shown
promise in Frequency Division Duplex (FDD) as well.
Massive MIMO has several advantages, including as being
resistant to interference and deliberate jamming, using many
of cheap, low-power components, and having decreased
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latency. It also simplifies the media access control (MAC)
layer.

Variety of Input One kind of wireless technology to increase
the amount of data that may be sent simultaneously is called
Multiple-Output (MIMO) technology. MIMO technology,
which stands for multi-input multiple-output makes use of
the phenomena known as multipath in radio waves, in which
data sent through the air rebounds off various surfaces
before finally reaching the receiving antenna at various from
different perspectives and at slightly different periods.

O O O O O O O O
FEE LY

Wireless
access point
O Tk
O O
MIMO Technology

Notebook

\___,5#"

Fig 2: MIMO technology allows for the simultaneous transmission
of more data by using multiple radios.

Through the use of several "smart" receivers and
transmitters that include an extra "spatial” dimension,
MIMO technology significantly enhances performance and
range by capitalizing on multipath behaviour. With MIMO,
a number of antennas may simultaneously transmit and
receive a number of spatial streams.

Multi-input multiple-output (MIMO) technology allows
antennas to be more efficient by combining data streams
that come in at various times and from diverse directions.
This allows receivers to capture more signals. By using
spatial diversity technology, smart antennas find a useful
use for excess antennae. With more antennas than spatial
streams, range and receiver diversity may be enhanced.

MIMO - Basics

The capacity of a channel may be greatly enhanced with
MIMO wireless technology, which makes use of numerous
antennas. The channel's throughput may be increased in a
linear fashion with each additional pair of antennas by
augmenting the system with more receive and transmit
antennas. This is why, in recent years, MIMO wireless
technology has become the de facto standard for wireless
communication. Better use of the existing radio bandwidth
necessitates the development of new techniques, which is
becoming an increasingly precious commodity for radio
communications  systems.  Many-input  many-output
(MIMO) wireless technology is one such method.

MIMO - SISO

According to multiple-input multiple-output theory, the
most basic kind of radio connection is SISO, or limited to
one input and one output. Communicators on both ends of
the line are using a single antenna; thus, this is essentially a
typical radio channel. Diversity is nonexistent, and no
further processing is necessary.
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Fig 3: SISO - Single Input Single Output
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One benefit of a SISO system is how simple it is. With
respect to the many forms of diversity that may be, SISO
does not need any processing. While diversity-enabled
MIMO systems are more resilient to interference and fading,
SISO channels have their limitations. The throughput is
determined by the signal-to-noise ratio and the channel
bandwidth.

MIMO - SIMO

Using a single antenna for transmission and several
antennas for reception is known as SIMO. This variation of
MIMO is known as Single Input many Outputs. Receive
variety is another name for this. To counteract the effects of
fading, it is often used by receiver systems that receive
signals from several independent sources. To counteract
ionospheric fading and interference, It has a lengthy history
of use with stations that listen to and receive short waves.

>))I] -

Fig 4: SIMO - Single Input Multiple Output

Although SIMO's processing has to be handled by the
receiver, it does have the benefit of being straightforward to
implement. Although SIMO has numerous potential uses, it
can be impractical due to factors like battery life, size, and
expense when an example of a portable gadget with a
receiver would be a mobile phone.

Two different implementations of SIMO are available

= Switched diversity SIMO: This kind of SIMO finds
the antenna with the strongest signal and uses it.

* Maximum ratio combining SIMO: The combination
is the result of adding the two signals in this SIMO
variant. Thus, the combined signal strength of the two
antennas is increased.

MIMO - MISO: Transmit diversity is another name for
MISE (Multi-Input Multiple-Output). In this case, the data
being sent by the two antennas of the transmitters is
identical. In this way, the receiver may get the data it needs
by using the best signal it gets.

Fig 5: MISO - Multiple Input Single Output
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The fact that MISO moves processing and redundancy
coding from the receiver to the transmitter is one of its
advantages, which eliminates the need for numerous
antennas. With less processing power needed by the receiver
for redundancy coding and more room for antennas, this
may be a huge boon in cases like mobile UEs. Because less
processing power is required at the lowest level, this
improves space, cost, and battery life.

MIMO

Since MIMO employs a number of antennas- a transmitter
and a receiver-to enable the use of several signal routes to
transport the data, it is essentially a radio antenna
technology.

TX

1
1
1
1
n

o hnm
E

Fig 6: MIMO - Multiple Input Multiple Output

The idea of space-time signal processing, which is essential
to MIMO wireless systems, entails combining the temporal
and spatial dimensions to improve the signal that comes
with using several geographically dispersed antennas, or
antennas placed at various sites. Therefore, MIMO wireless
systems are the next logical step in natural progression from
the long-standing practice of using smart antennas to
enhance wireless.

Signals may travel in a variety of directions between a
transmitter and a receiver. Furthermore, the pathways
utilised may be altered by just repositioning the antennas,
even by a tiny amount. There are many potential pathways
because there are many obstacles that could be in the way of
the straight direct visual contact between the two devices.
At one point, these divergent routes did little more than
cause interference. These extra routes may be used to one's
advantage with the help of MIMO. They have the potential
to increase the connection's data capacity or signal-to-noise
ratio, both of which make the radio link more resilient.

The following are the two most common MIMO formats

= Spatial diversity: Diversity in transmit and receive is
often meant when the term "spatial diversity" is used in
this more restricted context. These two approaches are
utilised to boost they are determined by creating the
system's signal-to-noise ratio and more resilient to
different types of fading.

= Spatial multiplexing: Increasing the data throughput
capabilities, this kind of MIMO increases data capacity
by making advantage of the various routes to transmit
more traffic.

More information may be carried by using MIMO spatial
multiplexing, which is a major benefit. Multi-input, multi-
output (MIMO) spatial multiplexing does this by making
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use of the various pathways, which are essentially used as
extra "channels" to send information. A radio channel can
only sustain a certain maximum data rate due to physical
constraints, as stated by Shannon's Law.

MIMO antenna systems are being used by a wide variety of
wireless technologies, including IEEE 802.11n, 3GPP LTE,
and mobile WiMAX systems, among many others. Even
when faced with interference, signal fading, and multipath,
the approach still manages to enable higher data throughput.
Among the main reasons for the creation of multiple-input
multiple-output (MIMO) orthogonal-frequency-division-
multiplexing (OFDM) messaging systems was the need for
higher data rates over greater distances.

The highest possible data transmission rate over a given
bandwidth, assuming no noise is defined by Shannon's law.
Typically, it takes the shape:

Capacity = BW log2(1 + SNR) Eq. 1

In this context, C represents SNR is the signal-to-noise ratio,
BW is the hertz bandwidth, and the bit-per-second channel
capacity.

When seen in the previous equation, channel throughput
improves somewhat when the SNR of the channel increases.
Consequently, widening the signal bandwidth has long been
the go-to method for attaining greater data rates. Multipath
fading becomes more of a problem as Increasing the symbol
rate of a modulated carrier broadens the bandwidth of a
communications channel's signal. One partial solution to the
multipath problem is to use a succession of narrowband
overlapping subcarriers difficulty for wide-band channels.
The use of narrowband subcarriers, which employ lower
symbol rates, mitigates the effects of multipath signal
products, while overlapping OFDM subcarriers enhance
spectral efficiency.

The multipath issue may be solved by using numerous
signal paths in multiple-input multiple-output (MIMO)
communications systems. A fundamental aspect of MIMO
systems is their ability to learn the communications channel
by combining several antennas and signal routes. Multiple
input/output (MIMO) systems allow for the transmission of
more data in less time than older SISO channels because
they take use of the spatial dimension of communications
links. From the source antenna all the way to the receiving
antennas, signals travel in numerous directions in a 2 x 2
MIMO system.

A receiver may use this channel information to recover
separate streams from each of the antennas used by the
broadcaster. By creating two spatial streams, a 2 x 2 MIMO
system can accomplish twice as much data transfer as a
standard 1 x 1 SISO channel.

The channel capacity, the highest capacity of a multiple-
input multiple-output (MIMO) system, may be estimated as
a function of N spatial streams. Depending on the spatial
streams, bandwidth, and signal-to-noise ratio (SNR), we
may estimate the MIMO channel capacity using the
following equation:

Capacity = N BW log2 (1 + SNR) Eq. 2

It is feasible to study the correlation between spatial stream
count and throughput for different SISO and MIMO setups
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using the MIMO channel capacity equation.

For instance, a SISO setup is required for a WLAN channel
according to the IEEE 802.11g specifications. According to
this standard, a coding rate of 3/4 and a 64-QAM
modulation technique are necessary to achieve up to 54
MB/s for encoded data. Therefore, 72 Mb/s is the uncoded
bit rate, calculated as 4/3 x 54 Mb/s. An estimated 25 dB
SNR is needed as part of a 64-state quadrature-amplitude-
modulation (64QAM) system where the minimum
transmitter error vector magnitude (EVM) is -25 dB.
Regardless, EVM and SNR- aren't always the same, it's safe
to predict that as SNR gets close to its minimum, symbol
magnitude error will outweigh signal error.

The highest data rate that IEEE 802.11g can deliver is
exactly proportional to the maximum channel capacity,
according to the Shannon-Hartley theorem. This theorem
states that given a channel bandwidth of 20 MHz, a
Gaussian channel with a signal-to-noise ratio (SNR) of 25
dB should provide an uncoded data rate of 94 Mb/s.

It is expected that a four-stream MIMO channel would have
four times the capacity of a SISO channel, according to Eqg.
2. The uncoded bit rate for a 20 MHz channel with four
spatial streams while maintaining an SNR of 25 dB should
be 376 Mb/s. The anticipated data rates outlined in the
preliminary IEEE 802.11n physical layer specifications are
very congruent with this estimate. IEEE 802.11n completely
supports MIMO configurations with a maximum of four
spatial streams. The maximum data rate that bursts
employing 64QAM modulation scheme and 5/6 channel
coding rate are capable of reaching is 288.9 Mb/s, while the
uncoded bit rate reaches 346.68 Mb/s. The highest data rate
that the IEEE 802.11n channel can provide with four spatial
streams is 376 Mb/s, which is close to the theoretical limit.
It is clear that MIMO systems are appealing for increased
data throughput since, at all data rates, 4-by-4 (four spatial
stream) bit rate arrangement surpasses the Shannon-Hartley
limit. Although there is no doubt that MIMO systems are
advantageous for customers in terms of applications, there
are considerable obstacles to overcome in the design and
testing of MIMO devices.

The Need for MIMO: For the most part, today's wireless
communication systems are SISO, or SISO, which indicates
that they use a single antenna for both input and output for
transmission and one antenna for reception. To provide
variety at the receiver, more Rx antennas might be used.
The arrival of MIMO communication systems in the near
future is expected to alter this situation.

By spatially multiplexing, MIMO uses the same frequency
resources as a SISO system, increasing system capacity. By
capitalizing on random fading and multipath delay spread,
MIMO systems are able to double transmission rates and
take advantage of multipath propagation, in contrast to
traditional SISO systems [N, Transmitting data with a bit-
error rate (BER) may be improved using MIMO because it
offers spatial diversity at the receiver and the transmitter.
One potential issue with MIMO equalization systems is the
fact that they tend to make the system more complicated in
general. However, the expenses associated with digital
signal processors have dropped dramatically in the last
several years, allowing for the creation of MIMO systems
that are cost-effective.
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Fig 7: Block diagram as it pertains to a wireless system with M x N MIMO

The overall layout of a wireless system with M x N MIMO.
There are M-N subchannels that make up matrix-based
multiple-input multiple-output (MIMO) channel. It is also
possible to think of the MIMO system as a network in which
M Rx antennas take in messages from many separates
transmit beamformers.

Conclusion

In the Alamouti space-time code, the pioneering work of
two branches, which are the transmit diversity scheme and
the receive diversity scheme. After that, we covered how to
build an orthogonal channel matrix that uses a space time
block with several send and receive antennas. Coding and
decoding algorithms are a part of this, as are genuine and
complicated communication constellations.
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