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Abstract : 5G wireless technology is built on top of modified 4G, which currently has numerous
issues meeting its performance targets. The speed, frequency spectrum, switching architecture, and
forward error correction of 4G and 5G wireless technologies are compared. The issues of
inadequate coverage, poor interconnection, low service quality, and flexibility are all addressed by
5G wireless technology. Significant system enhancements over previous wireless technologies are
described, along with an ideal 5G wireless technology to address the shortcomings and difficulties
of 4G installations. For equipment like wireless devices and other hardware to connect and
communicate quickly and effectively, the significance of the comparative study is estimated.
Keywords: 5G, wireless communication, MIMO antenna, FR4 (Fire Retard 4), and PIFA (Planar
Inverted F Antenna)
INTRODUCTION:

Fourth-generation wireless and fifth-generation wireless are two industry titans that are driving the
rapid advancement of mobile network technology. This wireless maze is made even more difficult
to navigate by the integration of the Internet of Things (IoT) world into both 4G and 5G
technologies.

The IEEE 802.11ac standard serves as the foundation for the upcoming fifth-generation wireless
broadband technology, or 5G. Compared to 4G, 5G will offer faster speeds and more coverage.
With a 5 GHz signal, 5G is expected to provide speeds of up to 1 Gb/s for tens of connections or
tens of Mb/s for tens of thousands of connections. Long Term Evolution (LTE) technology, which
is an advancement of the current 3G wireless standard, is referred to as 4G. Actually, LTE is a
more sophisticated version of 3G that represents a bold move away from hybrid voice and data
networks and toward data-only IP networks.

MIMO and OFDM are two essential technologies that allow LTE to surpass earlier 3G networks
in terms of data throughput. A transmission method called orthogonal frequency division multiplex
(OFDM) makes use of a large number of closely spaced carriers that are modulated at low data
rates. High data speeds are made possible by this spectral efficiency system, which also allows
several users to share a single channel.
By employing several antennas at the transmitter and receiver, the multiple-input multiple-output
(MIMO) approach significantly increases data throughput and spectrum efficiency. It sets up
several data streams on the same channel using sophisticated digital signal processing.
Both frequency division duplex (FDD) and time division duplex (TDD) duplex operations are used
in the LTE standard.
Lastly, a brief word regarding the LTE classifications. From the standpoint of the consumer, the
primary distinction between the various types of LTE networks is their theoretical speed under
optimal circumstances.
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The link between 4G and 5G is LTE-Advanced.
The development of the original LTE technology toward even greater bandwidths is known as
LTE Advanced or LTE-A. LTE-A, which consists of the following five building components,
promises to be almost three times faster than the standard LTE network:

1. Aggregation of Carriers
2. A higher MIMO
3. Multipoint Coordinated (CoMP)
Four. Station of Relay
5 HetNet, or Heterogeneous Network

6. HetNet or S Network

Layer 3 Relay
Carrier
Aggregation -

Heterogeneous Lower
Network Latency

* CoMP: Coordinated Multipoint transmission/reception

Figure-1. LTE building blocks

Up to 20 channels from several spectrums can be merged into a single data stream using a
transmission  technique known as carrier aggregation or channel aggregation.
Next, LTE-A uses the beamsteering approach to enhance the amount of radio streams by raising
the MIMO bar to 8x8 antenna configurations.
Third, in order to minimize interference from neighboring cells and guarantee optimal performance
at the cell edges, mobile devices can send and receive radio signals from several cells using
cooperative MIMO, or CoMP.

Fourth, a relay in an LTE-A context is a base station that retransmits a weak signal with improved
quality by using multi-hop communications at the cell edges.
HetNet, a multilayered system of overlapping large and tiny cells to generate cheap bandwidth, is
the fifth and most important.
As tiny cells add hundreds or even thousands of entry sites into the cellular system, HetNet—a
slow evolution of the cellular architecture—becomes an exponentially more complicated network.
The self-organizing network (SON) idea is one of the primary enabling technologies being studied
for LTE-A applications.
Here, it“s worth noting that while LTE-A standard creates a bridge between 4G and 5G worlds, in
many ways, the notion of HetNet is serving as glue between LTE-A and 5G worlds. For this reason,
many watchers of the telecom industry refer to 5G as an improved version of LTE-A.
That makes sense because the basic concept behind 5G systems is to push the idea of small cell
network to a whole new level and create a super dense network that will put tiny cells in every
room.

The following is how the Next Generation Mobile Networks (NGMN) Alliance defines 5G:
"5G is an end-to-end ecosystem designed to make society completely mobile and connected." It
empowers value generation toward customers and partners, through existing and emerging use
cases offered with consistent experience and facilitated by sustainable business models.”
The 5G radio access network (RAN) below 6 GHz is essentially built on LTE-A, while new
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technologies will be investigated concurrently at frequencies between 6 GHz and 100 GHz. For
example, 5G increases the threshold for Massive MIMO technology, a vast array of radiating
elements that expands the antenna matrix to a new level—16x16 to 256x256 MIMO—and takes
a risk in terms of wireless network coverage and speed.

L 4g And 5g Difference

a) First and foremost, 5G networks primarily consist of research papers and pilot projects, whereas LTE-
based 4G networks are rapidly being deployed.
b) Up until 4G, wireless networks mostly concentrated on supplying raw capacity; however, 5G aims to
provide ubiquitous connectivity to create the foundation for quick and reliable Internet access for
consumers, whether they are underground a subway station or on top of a skyscraper. While 5G
technologies are being developed from the ground up to handle MTC-like devices, the LTE standard is
including a variant known as machine type communications (MTC) for IoT traffic.
cInstead than being built as a single network unit, the 5G networks will be built using a variety of
technologies.

a) technologies, such as Wi-Fi, M2M, LTE, LTE-A, 3G, and 2G. Put differently, 5G will be built
to accommodate a wide range of applications, including immersive gaming, augmented reality,
connected wearables, and the Internet of Things. In contrast to its 4G 5G networks, on the other
hand, will be able to manage a wide range of linked devices and different kinds of traffic. For
instance, 5G will offer low-data-rate speeds for sensor networks and ultra-high-speed links for
streaming HD video.
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Figure-2. 5G Application architecture. T

a) To enable a more centralized network setup and optimize server farms through localized data
centers at the network edges, 5G networks will pioneer new designs including cloud RAN and
virtual RAN.
b) Lastly, 5G will lead the way in the application of cognitive radio technology, which will enable
the infrastructure to autonomously determine the kind of channel to be provided, distinguish
between mobile and stationary objects, and adjust to current conditions. To put it another way, 5G
networks will be able to simultaneously support social network apps and the industrial Internet.

FAY |

Table 1. Comparison of 4G and 5G Technologies

Specifications |4G 5G
Full form Fourth Generation Fifth Generation
Data Bandwidth  |2Mbps to 1Gbps 1Gbps and higher
as per need
Frequency Band |2 to 8 GHz 3 to 300 GHz
Al access convergence including
Standards OFDMA MC-CDMA network-LMps | CPMA and BDMA
Unified 1P, scamless integration of Unified 1P, seamless integration of broadband
Technologies broadband LAN/WAN/PAN and WLAN LAN/WAN/PAN/WLAN and advanced technologies based on
OFDM modulation used in 5G
. Dynamic information access, wearable Dynamic information access, werable devices, HD streaming, any
Service - . .
devices, HD streaming, global roaming demand of users
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Multiple Access |CDMA CDMA,BDMA
Core network All TP network Flatter IP network, 5G network interfacing(5G-NI)
Handoff Horizontal and vertical Horizontal and vertical

OFDM, MC-CDMA, LAS-CDMA, UWB, Network LMDS, and IPV6 power these fifth generation
systems. The table above highlights the distinctions between 4G and 5G technology.
1L The Next Generation Of Mobile Technology:
The Internet Of Things And Sg

By allowing items to exchange data with linked devices, the Internet of Things (IoT), sometimes
known as the "Industrial Internet" or even the "Internet of Everything," is a relatively recent
phenomena that elevates these basic automated operations.
IoT as we know it will eventually advance from basic building and home automation to more
complex application areas. In the perfect Internet of Things, mobile devices will be able to talk
with "smart objects" and gather and analyze information like location and preferences without any

input from us.
The Internet of Things has a vast array of potential future uses, such as:
Media

Data gathered by our gadgets reveals the kind of goods being sold as we pass a billboard on the

highway or watch a commercial on television, and we are promptly notified with further details.
Transportation

Not only can car parallel park, but it can navigate and drive on its own. Similar improvements to trains and aircraft

are just a few of the ways that IoT can help us get around as technology progresses.
Healthcare

Medication is automatically administered by medical devices, which also keep an eye on patients'
health and circumstances. Heart monitors, hearing aids, and pacemakers all communicate with
patients and physicians to expedite medical care.

Environment and energy conservation

Sensors optimize energy use by using a person's activity to power devices and lighting. More
broadly, an enhanced IoT aids in the monitoring of environmental issues such as air and water

pollution.

Infrastructure

For safety and security, [oT sensors keep an eye on the structural stability of waste management
systems, railroads, and bridges.

The widespread use of smartphones in society has made it simple for the Internet of Things to
gather and exploit our personal information in order to connect with smart devices and objects.
However, we must develop the next generation of mobile technology to maximize smartphones in
order to get a head start on enabling the Internet of Things.

III. When 5g Replaces 4¢g Lte...
5G will be the term used to describe the next generation of wireless communication. The mobile industry
has a lot of work ahead of it because 5G is expected to be adopted by 2020, even if it is still simply a
concept.
When 5G succeeds 4G LTE, most wireless communication specialists agree that it must fulfill three crucial
requirements:
1. A latency reduction of less than a second.
2. Enhanced data speeds for tens of thousands of users at once, at least one gigabit per second.
3. A higher level of energy efficiency.
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Five Challenges & Scenarios

Great service

Amazingly fast
&Y in a crowd

Best experience

Ubiquitous things follows you

communicating

Super real-time an
reliable connections

Figure-3. Challenges and Scenarios

Improving 5G and Internet of Things Antenna Design
5@, the next generation of wireless communication, and the Internet of Things are both on the horizon. The
performance of the current mobile device antennas must be improved first.

The optimization of mobile device antennas is a crucial area to explore among the several advancements
for 5G that scientists from all over the world are currently working on. We can begin by looking at a simple
introductory model that demonstrates how to create a small antenna in a mobile device, even though 5G
applications have not yet been standardized and numerous researchers are creating a variety of gadgets to
expand the world of IoT.

IV. Optimizing The Design Of A Mobile Device Antenna

In order to fit into the short space provided for it in the design of a smartphone, a mobile device antenna
needs to be lightweight and small. For mobile devices, planar inverted-F antennas (PIFA) are a promising
option. VI. communication due to their efficiency, power, and small size. These antennas have a
wide frequency range bands for Bluetooth®, WiFi, and cellular devices, which makes them an
excellent option for items and gadgets that are compatible with the Internet of Things.

The mobile device antenna simulated in this work contains a 4G device made out of a PIFA on a
PTFE block with a FR4 circuit board, ABS enclosure, and glass with a composite silicon substrate.
The antenna itself is made up of the PTFE block with a thin copper layer for high conductivity, a
lumped port between a perfect electric conductor (PEC) ground plane and feeding strip, as well as
another strip shorted to the ground plane and adjacent to the feeding strip for impedance matching
purposes. It also has an impedance matching gap that matches the antenna to the reference
impedance of 50 Q.

Thin copper layer

PTFE block

Shorted pin
for impedance matching

Lumped port

Figure-4. Model geometry of a planar inverted-F antenna in a mobile device.
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Due to its low downlink frequency range, this antenna can be simulated using PEC boundaries.
Because of the copper layer's excellent conductivity, the metal's losses are negligible. In order to
absorb its outgoing radiation, the PIFA is modeled in a spherical domain surrounded by perfectly
matched layers (PML). The PIFA is excited and its input impedance is measured using the lumped
port, which has a reference impedance of 50 Q.

We have computed the field distribution plot for the PIFA using simulation. The field is strong at
one end of the metallic surface near the top of the model, far from the feeding strip, according to
the results. In fact, these readings are similar to those of a quarter wave monopole antenna, which
is the design that the PIFA is based on.

We have computed the field distribution plot for the PIFA using simulation. The field is strong at
one end of the metallic surface near the top of the model, far from the feeding strip, according to
the results. In fact, these readings are similar to those of a quarter wave monopole antenna, which
is the design that the PIFA is based on.

Figure-5. Results plot of the electric field distribution at the top of the PIFA.

The polar-formatted far-field radiation pattern is also computed by the simulation. Due to the
antenna's recent miniaturization and placement on a single ground plane corner, the azimuthal
radiation pattern is no longer omnidirectional.

The voltage standing wave ratio (VSWR) is less than 2:1, as can be seen from the S-parameters.
This indicates that the reference impedance, a common parameter in network analyzers, and the
antenna input impedance are properly matched.

S-parameter

12F A
-12.21 I —— S-parameter, dB, 11 component [_
-12.4F
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15.4t
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Figure-6. The S-parameters of the given AWS downlink frequency range are calculated.

S-parameter (dB)

Beyond the outcomes of 2D far-field calculations, we can examine the simulation in a 3D radiation
pattern to display null and maximum radiation.
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Figure-7 The far-field radiation pattern of the PIFA plotted in 3D.

V. Conclusion

There are numerous advancements beyond the basic model to take into account in order to handle
5G applications. The working frequency must be raised to a millimeter range in order to
accommodate higher data rates, from which we can obtain a larger bandwidth. Antennas must have
greater gain in order to cover a greater distance because this will increase the path loss between
transmitters and receivers.

However, because to the strong radiation pattern, this will drastically restrict the covering range in
terms of angle. Because phased array antennas may direct a radiation beam in desired directions,
they are necessary to overcome the angular dependence limit of high-gain antennas.
The perfect Internet of Things will here before we realize it, and we will be prepared to accept the
new technology if mobile device antennas, including those just described, are optimized in terms
of both design and performance.
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