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Abstract: The project will include about what is 5G in general, its evolution, what it is capable of and the
obstacles present in the current technologies like LTE. The report will further include what is 5G NR, the
problems and challenges related to the network and the range of 5G. Further, the study will be continued
on how massive MIMOs help the 5G network and show its efficiency for the general use of mobile
devices. Unlike previous generations of mobile networks, 5G is expected to fundamentally transform the
role that telecommunications technology plays in society.

WHAT IS 5G ?

5G Technology simply stands for 5th generation mobile technology. It is a phase of mobile
telecommunication ethics beyond the upcoming 4G standards. Mobile networks, which have a
40-year history similar to the Internet's, have seen a lot of changes. Increased bandwidth, ultra-
low latency, and faster connectivity are expanding civilizations, revolutionising industries, and
radically improving day-to-day experiences.
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1980 E-health, networked automobiles and traffic systems,
1G: Mobile voice calls . . .
and smart mobile cloud gaming, which were formerly
considered futuristic, have finally arrived. Today, the

1990

! 2G: Mabile voice calls and SMS industry is shifting from 4G (which supports data rates in
the few megabits per second) to 5G, which promises a
2000 tenfold increase in data rates.

3G: Mobile web browsing

2010
4G Mobile mideo consumption

and higher data speed

; 2020
clik ) 5G: Technology to enhance
experiences and drive
digitahzation of industries

The aim of a 5G based telecommunlcatlon network would perfectly answer the challenges that
® ...and Mobile broadband and [oT

a4G prototypical would present once it has entered ubiquitous use. 5G represent the next major
Mobile and wireless networks that have made remarkable development in the last few years.

Benefits of 5G Technology

Advancing societies
5G opens cutting-edge ways of improving safety and sustainability.

Smarter electricity grids for greatly reduced carbon emissions
5G will bring a connection speed that's significantly faster than 4G, meaning more data
transfer in less time, promising results without delay.

e 5G can support more devices and allow simultaneous data transfer because of its larger
spectrum band.
Connected sensors that can detect and warn of natural disasters early
Remote expertise with specialists smoothly consulting/diagnosing patients elsewhere

Transforming industries

e Lower latency willimprove 10T devices' safety and functionality, allowing real-time viewing
and guaranteeing zero lags in operations.
Logistic networks autonomously routing goods based on real-world conditions
Remote access to powerful robots and vehicles for improved safety in risky environments
Self-driving cars will soon become the new norm. But motorists can also enjoy better data
processing between vehicles and networks - that means safety on the road and improved
traffic management.

e Increased use of I0T in agriculture to efficiently grow crops
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Elevating experiences

5G sets the stage for more immersive entertainment and more engaging education.

e No more difficulty getting connected -- 5G brings a better signal to places that were once
difficult to reach. Enjoy stronger connections and better communication with 5G.
More engaging methods of teaching through immersive content
Nothing says excellent entertainment, quite like uninterrupted streaming. Thanks to 5G,
we can enjoy unlimited data capacity, short lag times, and multisensory digital content.
Stable and reliable connectivity in crowded spaces
New angles and interactions for live and remote event spectators

How Fast is 5G?

Speeds of up to 70 Gbps have been reported by operators conducting 5G speed trials.
Simulated data speeds in the millimetre wave range from 71 Mbps for 4G users to 1.4
Gbps for 5G users, according to industry-sponsored simulations.

The considerable increase in speed is accompanied by a significant reduction in latency. This
is a critical factor for new technologies that rely on instantaneous communication,

such as self-driving automobiles and "virtual" robotic surgery. Latency in the 1 millisecond (ms)
range is usual for 5G, whereas latency in the 20 ms range is typical for 4G.

There are a few details to nail down when it comes to 5G speed. Instead, we prefer to think of
5G as having a wider speed range in its early phases. That's because the speeds you get are
determined by the wireless network you're using, your location and how busy it is, and the
device you're using. The maximum speeds of each generation of cellular network technology,
as well as the average speeds in the actual world, are shown in this table.

Generati 2G 3G 3G 4G 4G LTE-A 5G

on HSPA+

Max 0.3Mbps 7.2Mbps  42Mbps 150Mbps  300Mbps-1  1-10Gbp
speed Gbps S

Average  0.1Mbps 1.5Mbps  5Mbps 10Mbps 15Mbps-50  50Mbps
speed Mbps and up

Because the peak or maximum speed is merely theoretical, the average speed row is more practical
than the max speed row. The varied technologies utilised in each generation, geographical
variances in coverage, and the ongoing growth and advancement of mobile technology over time
make determining real speed difficult. The latest 4G LTE-A improvements may theoretically deliver
up to 1Gbps, which overlaps the range that 5G promises to deliver. In the real world, average speeds
are significantly lower.

To put that speed into perspective, 1Gbps (gigabits per second) equals 1,000 megabits per
second (megabits per second). Megabits differ from megabytes in that a megabyte has 8
megabits (Mb) (MB). As a result, 1Gbps is 125MB per second. A 5MB MP3 file, a 350MB TV
episode, and a 15GB Blu-ray movie are all examples of file sizes (15,000MB). You could
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theoretically download a Full HD Blu-ray-quality movie in two minutes if you have a 1Gbps

connection. You can get between 10Mbps and 50Mbps on 4G, which is still improving. Netflix
recommends 15Mbps for Ultra HD and 5Mbps for HD, according to their streaming
requirements.

HOW DOES 5G WORK ?

A mobile network has two main components, the ‘Radio Access Network’ and the ‘Core
Network’.

Radio Access Network

It comprises of a variety of infrastructure that connect mobile users and wireless devices to the
main core network, including small cells, towers, masts, and dedicated in-building and
residential systems.

Small cells will be a key component of 5G networks, especially at the new millimetre wave
(mmWave) frequencies, where connection ranges are extremely short. Small cells will be
dispersed in clusters depending on where customers want connectivity to give a continuous
connection, complementing the macro network that provides wide-area coverage.

MIMO (multiple input, multiple outputs) antennas with multiple elements or connections will be
used in 5G macrocells to send and receive more data simultaneously. Users benefit because
more people can connect to the network at the same time while maintaining excellent
throughput. MIMO antennas with a huge number of antenna elements are known as "massive
MIMO," yet their physical dimension is comparable to conventional 3G and 4G base station
antennas.

Core Network

All mobile voice, data, and internet
connections are managed by the mobile
exchange and data network. The ‘core
network' for 5G is being revamped to better
interface with the internet and cloud-based
applications, as well as incorporate
distributed servers around the network,
which will improve response times (reducing
latency).

The core will control several of the
sophisticated capabilities of 5G, such as
network function virtualization and

network slicing for diverse applications and services. Local cloud servers supplying faster
material to consumers (movie streaming) and low latency apps for car collision avoidance
systems are shown in the diagram.

5G Core Architecture

One of three key components of the 5G System, also known as 5GS, is the 5G core network,
which enables the expanded functionality of 5G networks (source). The 5G Access Network
(5G-AN) and User Equipment are the other two components (UE). To enable authentication,
security, session management, and aggregation of traffic from connected devices, the 5G core
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uses a cloud-aligned service-based architecture (SBA), which necessitates the intricate

integration of network operations depicted in the 5G core diagram.

The components of the 5G core architecture include:

User plane Function (UPF)
Data network (DN), e.g. operator services, Internet access or 3rd party services
Core Access and Mobility Management Function (AMF)

Authentication Server Function (AUSF)
Session Management Function (SMF)

Network Slice Selection Function (NSSF)
Network Exposure Function (NEF)

NF Repository Function (NRF)

Policy Control function (PCF)

Unified Data Management (UDM)
Application Function (AF)

The 5G network architecture diagram below illustrates how these components are associated.

NEF NRF PCF UDM
Network Exposure Network Repository Policy Control Unified Data
Function Function Function Management
AUSF AMF SMF
Authentication Server Access and Management Session Management
Function Mobility Function Function
UE L] RAN UPF

User Equipment Radio Access Network User Plane Function

Network functions are divided by service in 5G, which was built from the ground up. This
architecture is also known as the 5G core Service-Based Architecture (SBA).

=> User Equipment (UE) such as 5G smartphones and cellular devices link to the 5G core
and then to Data Networks (DN) such as the Internet via the 5G New Radio Access
Network.

-> The Access and Mobility Management Function (AMF) serves as the UE connection's
single point of entry.

-> The AMF selects the appropriate Session Management Function (SMF) for managing the
user session based on the service requested by the UE.

-> Between the User Equipment (UE) and the external networks, the User Plane Function
(UPF) transfers IP data flow (user plane).

- The AMF uses the Authentication Server Function (AUSF) to authenticate the UE and
gain access to 5G core services.

=> Other functions such as the Session Management Function (SMF), Policy Control
Function (PCF), Application Function (AF), and Unified Data Management (UDM) offer
the policy control framework for governing network activity by applying policy decisions
and obtaining subscription information.
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Behind the scenes, 5G network architecture is more sophisticated, but this complexity is

required to deliver superior service that can be adjusted to a wide range of 5G use cases.

The LTE RAN and eNodeB are often close together in a 4G LTE network architecture, often at
the base or near the cell tower and running on specialised hardware. On the other side, the
monolithic EPC (Evolved Packet Core (EPC) is a framework for providing converged voice and
data on a 4G Long-Term Evolution (LTE) network ) is frequently centralised and located further
away from the eNodeB.

Figure 3: End-to-End Network Slicing

Radio RAN Transport Core Application
Resource Infrastructure Infrastructure Infrastructure Infrastructure
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5 k Consumer Internet
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Other Mission-
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Source: Heavy Reading

When 3GPP and infrastructure providers like Nokia and Ericsson designed the 5G New Radio
(5G-NR) core, they dismantled the monolithic EPC and built each function separately so that it
could run on common, off-the-shelf server hardware. This enables the 5G core to become
decentralised and highly flexible 5G nodes. 5G core operations, for example, can now co-exist
with applications in an edge data centre, shortening communication pathways and boosting end-
to-end speed and latency.

Another advantage of these smaller, more specialised 5G core components operating on
common hardware is that network slicing can now be used to customise networks. Within the
5G network infrastructure, network slicing allows you to have several logical "slices" of
functionality designed for certain use-cases, all running on a single physical core.

SG Network SliCing Source: SDX Central
5G network slicing enables service providers to build virtual A 5G network operator might offer one
end-to-end networks tailored to application requirements. . . .
—_— S slice targeted for high bandwidth
- -Lommunication . R ) R
Broadband L N —— - Entertainment applications, another optimised for low
obile Broadban ce ~ .
Inenet latency, and yet another tailored for a
Machine Massive loT Slice -Retal large number of loT devices. If you
to Machine =% — :;'::S;gfturing exclusively service loT devices, for
— Mission Critical IoT Slice example, you won't need the voice
I - Aut ti e . . .
P _ o capability that is required _for mobile
Other Slces - Infrastructure phones. Because not every slice needs to
have the same capabilities, the available
i 5G -Other Applications  processing power is put to better use.
network
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Pros of 5G

High speeds

Low latency
Increased capacity
More bandwidth
Powering innovation
6. Less tower congestion

aswdPE

Cons of 5G

Limited global coverage

Decreased broadcast distance

Upload speeds

Weakened device batteries

Cybersecurity

Lack of encryption early in the connection process

ook wNE

5G NR

5G New Radio, or 5G NR, is a set of wireless communications protocols that will eventually
replace the LTE network. One of the main goals of 5G NR is to encourage the growth of wireless
communication by increasing the efficiency of the electromagnetic radiation spectrum for mobile
broadband.

It is built to handle fiber-equivalent bandwidth transfers for bandwidth-hungry applications like
streaming video, as well as low-bandwidth transmissions for large machine-to-machine
communications. 5G NR will also handle transmissions with very low latency requirements, which is
critical in vehicle-to-vehicle and vehicle-to-infrastructure communications.

The 3rd Generation Partnership Project (3GPP), a consortium of telecommunications
organisations that produce technical standards for wireless technology, created the 5G NR
standard, just like its predecessors. In 3GPP Release 15, the first generation of 5G NR was
released.

5G NR's Advantages

The following are some of the advantages of 5G New Radio over even the best Long-Term
Evolution (LTE) networks:

Larger wireless area capacity

improved technology for maintaining the quality of a connection over a broad
geographical area;

Increased energy saving per device

increased speed and data rates, meaning more bits are processed per unit of time;
improved data sharing efficiency

The three main 5G deployment modes are the following:

1. For standalone mode, the entire 5G technical paradigm has been implemented. There
are no remaining 4G technological underpinnings. All 5G benefits will be achieved if
clients can take advantage of the deployment.
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2. In non-standalone mode, a website in essence is a hybrid. A portion of the 4G network

infrastructure remains in situ. While the radio frequency side of 5G NR has advantages,
the overall experience is inferior when compared to the standalone mode. This concept
allows carriers to deploy full 5G architecture at sites in stages, allowing them to brag
about their progress.

3. Using an improved antenna and transceiver processing, the third deployment mode,
dynamic spectrum sharing, allows the same frequency to do time-sliced duty in both
4G and 5G modes. As a result, no single spectrum band will be dedicated only to 4G or
5G.

5G New Radio (NR) enables:
e Enhanced Mobile Broadband (eMBB)

High-speed data transfer will be available to portable devices in the first stage of 5G adoption.
Smartphones will be able to stream or download HD content in seconds, surf the web at
breakneck speeds, and upload information to their preferred social media network in real time.

e Ultra-Reliable Low-Latency Communications (URLLC)

For mission-critical services like Public Safety Networks, reliable data interchange with minimal
to no latency is essential. Smart manufacturing, autonomous driving, remote surgery or medical
diagnostics, and smart energy grids are all potential URLLC applications.

e Millimeter-band radios (mmWave)

5G utilises bandwidth (between 24 and 100 GHz) with incredibly small wavelengths. In highly
populated places, mmWave's capacity to deliver data rapidly and correctly will be a tremendous
benefit.

e Massive Internet of Things (IoT) - mMTC

While MTC (Machine Type Communication) has been present for a few years, 5G technology
aspires to enable Massive Machine Type Communication, which would allow millions of devices
to connect with one another. 5G will seamlessly connect networks of embedded sensors in smart
devices with minimal latency, as well as the capacity to scale down data rates, power, and
mobility to give low-cost solutions, in order to enable connection without driving up
implementation, maintenance, and energy costs.

e Massive Multiple-Input Multiple-Output (MIMO)
Massive MIMO allows dense network architecture, allowing multiple users to connect without
experiencing slowdowns in the same location. Consider a congested street: if 4G

is a two-lane highway, massive MIMO with 5G is a four-lane highway with carpooling, providing
a huge boost in capacity and data throughput.

Why 5G NR is a much better standard in terms of enabling low network energy
consumption?

Will a future network with 5G NR everywhere, require less energy than current networks, even
as traffic grows at an exponential rate? Should this be a cause of concern?

Fortunately, the 5G NR standard performs far better in terms of low-energy operation than prior
standards. The most significant improvement is the significantly increased support for energy
conservation in low-to-medium traffic. 5G NR also provides significantly more capacity, resulting
in a reduced load in terms of the percentage of capacity used by a given traffic volume.
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Even during peak traffic times, some short gaps in data transmissions can be seen when looking

at network traffic patterns (Figure 2). By immediately placing components into sleep mode and
then activating them again before the next transmission, these small pauses are used to reduce
network power usage. The larger these time gaps are, the more components that can be put to
sleep, resulting in decreased energy use.

Max
feattic These time intervals where
a m RS micro-sleep TX and other
% energy-savmg features can
= work in the 4G standard are
= always very brief, at most
E H ‘ }H HMHH 0.2ms. Because the 4G LTE
P standard requires a huge
ol 1 second number of synchronisation
signals, reference signals, and
,N,Zfﬁc " system information to be carried
24 hours throughout the full bandwidth,

this is the case.
These signals are required to ensure cell coverage and a strong user connection.
However, they also limit the amount of energy savings that LTE may provide.

The 5G NR standard was created using knowledge of normal radio network traffic patterns and
the necessity for radio network equipment to enable sleep states. As a result, 5G NR offers
significantly improved support for incorporating energy-saving technologies into network
equipment.

In 5G NR, the time between mandatory transmissions can be as long as 20ms in stand-alone
mode and 160ms in non-stand-alone mode. This is 100 to 800 times longer than the LTE
comparable value of 0.2ms. Furthermore, 5G NR necessitates considerably fewer frequency-
domain always-on signalling transmissions. This is referred to as the 5G NR physical layer's
ultra-lean design.

When there is little or no active data transmission, 5G NR's ultra-lean architecture enables both
deeper and longer durations of sleep. In this instance, little refers to the cell's capacity as a
relative measure. A high-capacity 5G-NR cell has a lower utilisation than a lesser-capacity LTE
cell for the same traffic volume, hence the high-capacity 5G-NR cell will use less energy.
Because more components can be put into sleep mode for longer periods of time, there is a
considerable opportunity to lower 5G-NR product energy consumption and, in turn, overall
network energy consumption.

The energy efficiency of early products (seen above) is only the beginning. We expect future
5G-NR goods to enhance much more. There is still opportunity for development, particularly in
digital radio components and base-band goods. More load dependence in RAN products will
allow RAN optimization solutions based on Al and ML to have a much bigger impact. The lower
energy usage that 5G NR provides would cut service providers' operational costs as well as
cellular networks' environmental effect. Because heat dissipation is the major limiting factor for
product downsizing, this will also result in a significant reduction in product size and weight.
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Frequency bands of 5G Spectrum

The wireless standard and foundation for the 5th generation of mobile networks is known as
New Radio (NR). NR seeks to provide wireless broadband as good as landline broadband, with
fiber-like performance at a far lower cost-per-bit. To do this, NR is looking into additional
spectrum opportunities in the cmWave and mmWave bands to address the predicted capacity
and data rates.

A multitude of low-, mid- and high-frequency bands are supported by the 5G NR standard.
Frequency range 1 comprises bands with a low range mixed with a high bandwidth; frequency
range 2 contains bands with a low range combined with a high bandwidth; and mmWave.

5G NR also supports licenced spectrum and unlicensed spectrum 5G NR-U, which includes
bands that can be accessed by anybody. This vast variety of spectrum slices is unique to 5G
NR, but it aids in meeting the spectrum-intensive technology's demands.

The full spectrum is depicted in the diagram below, which shows (in Yellow) the existing bands
that may already be in use and might be used by NR for mobile broadband and large loT
applications. Then there's the green band, which is being studied by the ITU WRC-19
(International Telecommunication Union - World Radio Communication Conference), and the
red band, which has a higher bandwidth.

Existing Bands / ITU WRC-15
ITU WRC-19 Al1.13 Study

System
Y 20 MHz 200 MHz 1GHz FCC “Spectrum Frontiers”

Bandwidth

||||||||I‘||||‘]H\)HII’IIIIlllll‘llll‘HHUHI}IHI’IHI‘ IHrIIII‘IHl’HII‘]HI’IIII‘HII’IIII‘llll‘lllw||II‘|H|’|III‘HIIII||||7|||||||l’l||||

Cellular
Bands

1234 5 6 10 20 30 40 S0 60 70 80 90
GHz

Traditional Mobile Bands

New mmWave Bands for High-Bandwidth 5G Use Cases
+600/3500 MHz

5G NR can use frequencies ranging from 6 to 100 GHz. When compared to LTE-A, 5G system
bandwidth increases by a factor of ten (from 100 MHz to 1 GHz+). The bands for NR are classed
as Low Band, Mid Band, and High Band, and these bands can be used for the following
applications:

e Low band 5G (Low bands below 1 GHz): longer range for e.g. mobile broadband and
massive 0T e.g. 600 MHz, 700 MHz, 850/900 MHz. This band makes use of spectrum
that is now accessible and in use for 4G LTE, effectively creating an LTE 5G architecture
for 5G devices that are ready now. Low-band 5G's performance is so comparable to 4G
LTE, allowing it to be used with current 5G devices.
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e Mid band 5G (Mid bands 1 GHz to 6 GHz): wider bandwidths for e.g. eMBB and
mission-critical e.g. 3.4-3.8 GHz, 3.8-4.2 GHz, 4.4-4.9 GHz. This frequency band has
peak rates in hundreds of Mbps. Regardless, towers built with mid band radios can offer
service within several-mile radiuses — shorter than low band, but further than high band.
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e High band 5G (High bands above 24 GHz (mmWave)): extreme bandwidths e.g.
24.25-27.5 GHz, 27.5-29.5, 37-40, 64-71 GHz. Because high frequencies have a hard
time passing past obstructions, high-band 5G is limited in range. Furthermore, mmWave
coverage is restricted, necessitating additional cellular infrastructure.
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5G mmWave

When the 5G standardisation process began, certain needs for connectivity for services with
high availability, latency, and dependability were specified. In response, 5G radio frequency
bands were expanded to accommodate the increased data and performance requirements.
They currently cover all frequencies up to 6GHz (Sub-6) and the high band (mmWave)
spectrums, which were formerly held by 4G. As a result of rising data demand, Sub-6 5G
capacity in mature areas could theoretically run out by 2023 and 5G mmWave would become a
vital resource for the continuous provision of upgraded mobile broadband services.

M s6
M
Msc
| Pl

I NR Spectrum Combination

B7/B38/B41 - 2.6GHz
ot > » B40 - 2300MHz
I Y S Y - -
i)
B3 - 1800MHz
. o o

P 1 B28-700MHz
} Time
Figure 1: Spectrum allocation overtime for 2G, 3G, 4G and 5G networks.

High bands above 24GHz can now be allocated for telecom infrastructure thanks to 5G. The
new spectrum's availability is contingent on regulators releasing spectrum for service providers
to use. mmWave spectrum allocations are frequently very broad, with 800 MHz or more per
service provider and band.
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This allows for higher capacity delivery and better handling of peak rates. For the high band,
wide radio carriers are defined to be employed within large spectrum licences. These large
carriers enable shorter transmission time intervals and decrease radio-interface latency, making
low-latency-sensitive applications easier to introduce and support.

Capacity
High bands
o (24GHz - 48GHz)
e New High capacity dense
urban/localised
Mid bands TDD deployments
e (2.3GHz - 6GHz)
* Legacy
Low bands FDD
e (1GHz - 2.6GHz)
* Legacy
Ui Moderate capacity

Low band wide area/

s Wide Area outside-in coverage

e (Sub - 1GHz)
* New/Legacy

Coverage

Figure 2: The capacity and coverage characteristics of 5G radio frequency ranges.

Applications and use cases for 5G mmWave

High network capacity in urban contexts will immediately help many scenarios using enhanced
mobile broadband. Popular, congested venues and hotspots with significant numbers of
smartphone users, such as stadiums or other large indoor events, are examples. Last-mile
fiber/copper complements, as well as solutions like Ericsson's mmWave portfolio at macro and
street macro levels, enable service providers to deliver high-capacity connection to city dwellers
and professionals. Street solutions, which are part of the Ericsson Radio System, are network
elements with feature parity and end-to-end performance.

S TOw neem apmn e

Surveillance and video streaming/broadcast Crowded area capacity
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Smart factories industry 4.0 Street macro applications

Hundreds of 5G tiny cells, powered by mmWave spectrum, will be required to provide the
reliable connectivity and ultra-low latency required for industrial and corporate applications such
as Massive IoT and Virtual Reality (VR).

Small cells come in a variety of sizes, powers, and ranges, but they are always compact. Some
can even be mounted on street furniture like lampposts, bus stops, and building tops. Because
fibore may not be available at all locations, wireless backhaul is a popular choice, and in the
future, it may even be powered by mmWave frequencies.

Small Cell Networks

A macrocell is a type of cell phone tower used in 4G networks. These towers are built to send
out powerful signals over long distances. As a result, they are unable to receive 5G mmWave
signals.

Instead, tiny cells are used by carriers to provide 5G coverage. On mmWave frequencies, these
tiny, low-power cells give a concentrated signal. However, because of the limitations of mmWave
technology, they're used in small cell networks — often in clusters of hundreds or even
thousands — to give enough 5G coverage.

The disadvantage is that carriers must deploy a large number of these small cells to cover bigger
areas, sometimes thousands. Even yet, there are still concerns about building penetration.
However, as technology advances, more tiny cell networks will certainly be employed, at least
in bigger urban regions.
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5G MASSIVE MIMO

Multiple-input/multiple-out (MIMO) technology is a well-known wireless communication
technique that improves radio links by utilising the multiple paths over which signals travel from
the transmitter to the receiver, principally as a result of the signal's many reflections and the
numerous paths over which it might travel. Wi-Fi, 3G, 4G, and 4G LTE networks all use MIMO
methods.

However, 5G New Radio takes it a step further by introducing the concept of massive MIMO,
which, as the name implies, entails the use of MIMO technology on a much larger scale for
increased network coverage and capacity. Massive MIMO increases transmission gain and
spectrum efficiency by using many more broadcast and receive antennas. Multiple UEs must
emit downlink traffic at the same time to achieve massive MIMO capacity gains. The actual gain
provided by massive MIMO is influenced by a number of factors.

The beam is substantially narrower with massive MIMO since there are many more antennas
than UEs in the cell, allowing the base station to send RF energy to the UE more precisely and
efficiently. The phase and gain of each antenna are managed separately, with the channel
information remaining with the base station, making UE simpler without the need for numerous
receiving antennas. The signal-to-noise ratio in the cell will be improved by installing a large
number of base station antennas, resulting in increased cell site capacity and throughput.
Because 5G massive MIMO uses mmWave frequencies, the needed antennas are tiny and
simple to install and maintain.

Massive MIMO ’
= Only base station keeps the

Multiuser MIMO when number of antennas >> number of UEs channel information
* Base station antenna number >>
the number of UEs

Massive amount of beams 1| User 1: single antenna
point to single user Only decode user 1 data = Each antenna can be controlled
> |_ (gain and phase)

Channel transfer = Dramatically improves SNR at UEs,

e
seense
function :
User 2: single antenna better overall capacity
i UP: known pilots Only decode user 2 data = Channel noise can be reduced with
< — increased number of antennas

Infographic: Massive MIMO operation principle.

There is no clear characterization of the difference between a regular MIMO system and a huge
MIMO system. It is typically used in systems with tens of antennas or more. Massive MIMO
antennas for 5G are available with 64, 96, and even 128 antenna systems.

MIMO and beamforming at mmWave frequencies, however, provide many new issues for device
designers. To support 5G enhanced mobile broadband (eMBB) data speeds, 5G NR standards
include the physical-layer frame structure, new reference signal, and new transmission modes.

The overall physical dimension of the 5G massive MIMO antennas will be identical to that of 4G,
but because the frequency is greater, the individual antenna element size is lower, enabling for
more elements (in excess of 100) to be packed into the same physical casing. MIMO antenna
technology will be implemented into 5G User Equipment, including mobile phones and devices,
for the mmWave frequencies.
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The building blocks of MIMO systems capitalize on three key concepts, which are spatial

diversity, spatial multiplexing, and beamforming:

Beamforming MIMO — spatial multiplexing
Increase signal quality by focusing power Increase data rates via parallel data streams
High beamforming gain Low beamforming gain

("|"’ all

\nll ‘ D

ey

Null forming
Reduce interference by D

avoiding "directions” o
(tlll») S

A D («||h)

Spatial diversity and spatial multiplexing

One of the most important advantages of MIMO technology is spatial diversity. In a nutshell,
diversity seeks to improve system reliability by transmitting the same data through many
propagation, or geographical, pathways.

Spatial diversity turns into "spatial multiplexing,” a more complicated concept. Not only are the
various experiences of the over-the-air-channel being used to improve performance, but many
messages may now be carried simultaneously without interfering with one another due to their
spatial separation.

Consider a pipeline where data flows between the
base station and the phone on a mobile network to
better understand the notion of spatial multiplexing,
Consider a situation where there is just one anten
on the base station and one on the phone, allowing
only a limited amount of data to flow. Multiple virtud
pipelines can now be built in the space between the
phone and the base station by placing extra
antennas on either side with suitable spatial
separation (see diagram below). As a result, more
data can travel between the base station and the
mobile device over several paths.

Beamforming

Qualcomm

Another important wireless approach is beamforming, which use improved antenna
technologies on both mobile devices and network base stations to focus a wireless signal in a
specified direction rather than broadcasting to a large area. Consider the contrast between using
a flashlight, which floods the room with light, and a laser pointer, which can identify and track a
single user.
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When a gigantic MIMO system has a large
number of antenna elements,
beamforming becomes "3D
Beamforming." 3D Beamforming directs
horizontal and vertical beams toward
users, enhancing data speeds (and
capacity) for all users, including those on
high-rise  buildings' top floors (see
illustration).

Qualcomnw

Beamforming is a technology that allows huge MIMO base station antennas to focus radio

signals on users and devices rather than broadcasting them in all directions. Advanced signal

processing methods are used by beam steering technology to identify the optimal path for the

radio signal to reach the

user. This improves efficiency by lowering

. o MIMO BEAMFORMING

interference (unwanted radio signals).

Elevation (Vertical)
Beamforming

Mobile feedbacks to the network allow the
network's beam to identify any location in s>
space, ensuring that a mobile user's device
are always serviced by a focused beam
they move along the street or between flool
in a building. The interference between bea T e
aimed in opposite directions is also reduct @.},
by having such thin, direct beams. '
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Null Forming

Null forming is a type of beamforming that aims to limit or even eliminate beam gain in specific
directions. Interfering signals can be filtered away by purposely creating nulls or reduced gain
in the directions where the interfered transceivers are located, resulting in a lower interference
level, higher SINR, and higher spectral efficiency.

Massive MIMO Features

Both hardware (one or more Massive MIMO radios) and software are required for all Massive
MIMO implementations (Massive MIMO features). Three factors can be used to describe a
Massive MIMO feature:

e The network requirement(s) that Massive MIMO is supposed to fulfill

e Knowledge of the accessible channels

e The multi-antenna approach (or combination of techniques) that can be used to achieve

the requirements using the channel knowledge gained.

Different combinations of these three elements will provide unique Massive MIMO features,

each with its own set of trade-offs and circumstances of applicability.

To begin, it's critical to understand the requirements that the feature is supposed to fulfil - should
it expand coverage, capacity, or throughput? In some circumstances, a single feature might fix

IJNRD2304484

International Journal of Novel Research and Development (www.ijnrd.org)



http://www.ijnrd.org/

© 2023 IJNRD | Volume 8, Issue 4 April 2023 | ISSN: 2456-4184 | INRD.ORG
several issues, whereas in others, trade-offs are required. For example, a feature that enhances

energy efficiency may have a detrimental impact on capacity. As a result, determining which
performance criteria are most necessary for a given cell at a given time is critical. For example,
during off-peak hours, a cell's capacity demand may be minimal, making a feature that
compromises capacity to enhance energy efficiency acceptable or even desirable.

The three main multi-antenna techniques — beamforming, null forming, and spatial multiplexing
— are combined to produce all Massive MIMO capabilities. How to get the channel knowledge
required for beamforming, null forming, or spatial multiplexing is a key question. This can be
accomplished in a variety of methods, but it's crucial to remember that obtaining channel-state
information (CSI) always comes at a cost. One example is increased overhead.

There is also a CSI availability issue. The 3GPP standard allows for alternative sounds and
feedback mechanisms, and each user equipment (UE) may have varied capabilities and support
different CSI feedback and sounding formats. As a result, the network must handle many
Massive MIMO capabilities at the same time. Even if a UE supports a particular CSI feedback
and sound format, it may not be available at any given time. When a UE first connects to a cell,
for example, there is no channel information accessible and measuring or sounding
configurations must be set up, meaning that there is a delay before such CSl is available to the
network.

When limited CSI is available, different sets of MIMO characteristics are required than when
CSl is present. Massive MIMO uses either feedback- or sounding-based channel information
and employs either SU-MIMO or MU-MIMO. In actuality, there are various ways to implement
these parts of a feature, both from a 3GPP standard standpoint and from a proprietary algorithm
standpoint.

When the Massive MIMO features are compared to the network's main performance measures
(coverage, capacity, and user throughput), different strengths and limitations emerge. In terms
of coverage, feedback-based beamforming outperforms sounding-based beamforming.

Similarly, SU-MIMO outperforms MU-MIMO in terms of coverage. This is because MU-MIMO
necessitates a more precise CSl and must divide the available transmit power among numerous
users. To fully use the potential of a Massive MIMO solution, it is important to dynamically
adapt/switch the algorithm so that coverage, capacity, and peak rate may all be maximised at
the same time, as is the case with most Massive MIMO solutions.

Network evolution example

Figure 3 shows a network evolution example in which 5G mid-band spectrum is added at three
different site locations — sites A, B and C. The colors orange, purple and green represent the
traffic load levels high, medium and low, respectively.
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Traffic load

Dense urban

Suburban

Figure 3: Suitable radio solutions when adding 5G mid-band spectrum at three site locations

Site A is in a high-traffic location with high traffic increase, and there are no deployment limits
in terms of size, weight, or other factors. It is advocated to use a high-end Massive MIMO radio
with big bandwidth, high effective isotropic radiated power (EIRP), and multiple radio branches
to enable superior horizontal- and vertical-domain beamforming to fully use the 5G mid-band
spectrum in this scenario. The huge UE distribution in the vertical domain motivates vertical-
domain beamforming. All available capacity-enhancing features should be applied from a
feature standpoint.

Site B is located in a suburban area with a long inter-site distance, a high traffic load, and high
traffic growth forecasts. In this scenario, as in site A, a high-end Massive MIMO solution with
huge bandwidth and high EIRP would be recommended to meet coverage and capacity needs.
The UEs in site B, in contrast to site A, are confined to a narrow angular area in the vertical
domain. As a result, a product that allows for less vertical-domain beamforming (i.e., fewer radio
branches) would suffice.

Site C is located in a low-volume suburban neighbourhood with modest traffic growth, making
deployment a priority. The latter point necessitates a compact radio solution, whilst the former
suggests that a low-end radio with less capacity might suffice. In this circumstance, a traditional
radio solution with fewer radio chains would be a more cost-effective option for Massive MIMO.

WHAT IS A 5G TOWER ?

Despite much of the negative headlines surrounding 5G hazards, most people are unaware of
what a 5G mast truly accomplishes. 5G towers are the key ingredient in getting ultra fast mobile
networking into the hands of users around the world.

Masts are necessary for a 5G network's radio layer. Masts, in the most basic sense, convey
data from and to a device to the wider network. They're generally built to blend in with the
environment as much as possible, but there's only so much that can be done to minimise the
aesthetic impact.
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Indeed, in the early 2000s, an ill-fated mandate imposed on Orange and T-Cell ordered
engineers to grow trees to camouflage 'unsightly’ mobile sites. By 2015, network quality has
been harmed since no one had anticipated that the trees' growth would block antennas.

For the first time, mobile networks will be able to provide connectivity that is stable enough to
serve essential applications thanks to 5G's ultrafast speeds, increased capacity, and ultra-low
latency. This necessitated a rethinking of how mobile networks are built at each of the three
essential layers: radio, transport, and core. This has focused attention on the 5G tower
technology that operators must install in order to deliver 5G.

Cloud-based cores will power 5G networks, allowing physical functions to be virtualized and
transferred throughout the network. Edge computing will enable ultra-low latency, while software
changes will make it easy to roll out new capabilities. New technology must be deployed on 5G
towers to do this.

Upgrade programme for 5G towers

Operators have started upgrading masts with new equipment compatible with their new
spectrum in preparation for 5G. Ericsson, Huawei, and Nokia, for example, have been working
to guarantee that their 5G radio equipment supports as many services and standards as
possible while being compact and lightweight.

There are two explanations for this. The first is that lighter equipment is more quickly and easily
installed. As a result, labour needs are reduced, and operator expenses are reduced. The
second reason is that because some cell towers will serve various networks (2G, 3G, 4G, and
5G), the number of kit that a site can handle is physically limited. The use of lightweight,
compact, multi-functional equipment decreases the amount of room required.

Another important factor to consider while building a 5G tower is the availability of fibre, as
having ultrafast radio speeds is useless without the necessary backhaul. Operators have backed
any measure that encourages investment in fibre networks, but they've been particularly vocal
about mast height.

1. Microwave ‘Anyhaul’

The ability to extend existing 4G LTE and 5G connections into locations where a physical,
fibre or copper link to a 5G tower isn't viable has been a big hurdle for mobile network
providers. Microwave technology, for example, can be used to construct a point-to-point
link capable of multi-gigabit speeds.

When fibre is unavailable, microwave anyhaul is used to transmit data to the core
network. It sends radio signals (up to 170 GHz) across an air interface, enabling data
transmission over long distances at ultra-high rates while also facilitating network slicing
to handle the increasing demands of 5G.

2. Integrated Access Backhaul (IAB)

In other news, Verizon and Ericsson have conducted a proof-of-concept trial to deliver
Verizon's 5G Ultra Wideband service without the need for fibre infrastructure, instead
relying on a specific part of available mmWave bandwidth to link to the core network.
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Safaricom, Kenya's largest telecommunications firm, has announced that it will use

Aviat's WTM 4800 multi-band radio technology to bring 5G to its consumers.

The introduction of 5G will hasten the penetration of mobile networks into daily life and is a top
goal for governments and operators around the world.

The relevance of tower infrastructure is expanding as the construction of 5G networks continues
at a rapid rate, as seen by operator initiatives to monetise their assets and increased
investments from third parties. Vodafone has spun off 62,000 of its European towers into a new
firm, with intentions to go public in 2021, potentially garnering billions.

Although some people see 5G towers as a blight on the landscape and a health danger, they
are necessary for the brave new world of mobile communications.

5G CHALLENGES

Designing for 5G networks presents numerous obstacles. It will take time for the market to
completely comprehend the challenges and opportunities that 5G will bring, as with any new
wireless technology.

Spectrum availability and cost of eveolution

5G networks use higher frequencies, nearly up to 300GHz, and these bands have more
capacity, allowing them to deliver ultra-fast speeds 20 times faster than LTE networks. However,
spectrum band availability and cost remain a concern for operators. As they continue to create
and operate 5G wireless networks, they will need to bid for these higher spectrum bands.

Infrastructure Overhauls

mmWave is significantly more difficult to design for than the low frequency spectrum, and RF
professionals may need advanced training. Poor signal range and excessive reflection from
building materials are two of the challenges of designing for mmWave. In-building mmWaves
necessitate an infrastructure makeover, with new antennae, fibre cable, and tiny cells all
needing to be deployed across a location for proper connectivity.

The time investment of Beamforming

Beamforming, a crucial component of 5G NR, allows for ultra-precise data transport but
necessitates high-level processing and input during the planning and design stages. It's a
powerful tool that necessitates a large amount of design work.

The complexity of reliable, consistent low latency

Latency can be disastrous with 5G set to enable smart technology such as self-driving cars and
automated medical equipment. In these businesses, precise, well-designed 5G networks are
critical for reducing latency. Its feature-rich structure makes it more complicated than ever, and
managing such a network necessitates skilled people with good technical understanding.
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Scarcity in 5G devices

There are still fewer 5G phones on the market than non-5G phones. The availability of 5G
devices, which are in short supply, determines the timing of 5G installations. This is due to a
variety of technological problems, including multi-band frequency band support in the upper and
lower range, which offers design challenges for the frontend. It also has heating concerns as a
result of the high power consumption required to transmit high frequency bands, as well as a
considerable performance impact for bigger bandwidths and data rates.

Deep coverage

To reach challenging locations Strong security
Ultra-low energy e.g. Health/ government/ financial trusted

10+ years of battery life

28
Massive
Internet of
Things Mission-
critical
Slelglife] & Ultra-low latency

As low as 1 millisecond

Ultra-high reliability
<1 out of 100 million packets lost

Ultra-low complexity
10s of bits per second

Ultra-high density
1 million nodes per Km?

Extreme capacity @il Enhanced

10 Thpeparim* mobile broadbapd » "
/ Extreme user mobility
/ Or no mobility at all
Extreme data rates Deep awareness
Multi-Gbps peak rates; Discovery and optimization

100+ Mbps user experienced rates

The areas where 5G provides substantial improvements over 4G are:

e Enhanced mobile broadband
o Extreme data rates (multi-Gbps peak rates; 100+ Mbps user-experienced rates)
o Extreme capacity (10 Tbps per km?) to handle more devices in a small area
e Mission-critical control
o Ultra-low latency (as low as 1 millisecond of lag time)
o Ultra-high reliability (10 per 1 millisecond)
o Extreme user mobility (connection is maintained for devices/vehicles moving up
to 500 km/h or 310 mph)
e Massive Internet of Things
o Ultra-low energy connections that help give 10T devices 10+ years of battery life
o Ultra-high density (1 million nodes per km?) so more devices can be connected
simultaneously
o Ultra-low complexity (10s of bits per second)
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5G Recommended Network architectures

1. Latest Hotspot and Directional Outdoor Antennas

Two Cross-Polarized
Outdoor Antennas

//K ' [—U 7/ \ For best data rates and not mind

IL""” relying on WiFi for distribution

1 , Ll'| l' r | ‘ | within, use the latest hotspot from
I_U W ’ n. ‘ ' your carrier with external antennae
. —\QT\;«(P placed outside the building or
Bt vehicle.

Advantages

e Highly cost-effective if you already have a hotspot.
e Easy to support MIMO (multiple antennas for improved performance)
e Directional outdoor antennas can improve SINR, enable you to access weaker

outdoor bands, and improve MIMO performance.

Disadvantages

e Requires a hotspot.
e Requires a line of service for the hotspot.
e The system is hard-wired - and any phones can connect via WiFi but won'’t see

better 4G/5G signal.

2. LTE/5G Signal Booster and Directional Outdoor Antennas

Outdoor
Antenna

/ Jrieer| i ﬁ\

> For the best data rates, a cell

Ai‘g::i_,, “ '» phone signal booster enhances

&3 TH ‘” . ’ the signal from outside and

té\ P no ey — B0 wirelessly rebroadcasts it
g indoors.

Advantages

Wireless coverage for multiple devices.

Works with existing phones.

Doesn’t require a hotspot or line of service.
Directional outdoor antennas can improve SINR.
Booster may enable you to connect to weaker bands.
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Disadvantages

e Boosters are SISO (one antenna outside and one antenna inside), so you lose
MIMO support (decreases max speeds by around 33%).
e More expensive than external antennas.

There are five factors that affect the LTE/5G data speeds you experience.

1. Signal Quality (SINR)
Signal quality in 4G LTE and 5G networks is assessed in SINR. Increasing your SINR
can improve your connection speeds significantly. A directed outdoor antenna, either
connected to a signal booster or directly to an LTE or 5G hotspot, is the greatest option
to improve SINR.

2. Number of Connected Bands
Multiple bands can be used by your phone or hotspot to connect to the tower at the same
time. "Carrier Aggregation” is the term for this. The higher your data speeds, the more
bands you're linked to.

3. Signal Strength (RSRP)
Many people believe that this is the most crucial component, but it isn't. Signal strength,
also known as RSRP in 4G LTE and 5G networks, is critical. However, it is not always
the most essential element. A stronger signal won't assist you raise your data speeds if
your RSRP signal is stronger than roughly -100 dBm.

4. Tower Congestion
The lower your data rates are, the more people there are on the tower. Tower congestion
varies by band in reality. Higher frequencies generally permeate structures less than
lower frequencies. As a result, higher frequency bands are less congested in general.
You can gain access to less-congested bands by using outdoor antennas connected
directly to a hotspot or a signal booster.

5. MIMO Support
To enhance data rates by roughly 30%, both the tower and your LTE/5G device use
several antennas in a setup known as "Multiple Input Multiple Output.” The majority of
cell phone signal boosters are SISO (Single Input Single Output), while MIMO can be
achieved by installing two units in tandem.

How to improve 5G coverage and capacity

5G will need to utilise current C-band spectrum and mmWave frequency bands to achieve high
capacity. Large antenna arrays can relieve the difficult propagation conditions imposed by
mmWave communications. RF circuits are required behind each radiating element in an antenna
array.

To reach users, 5G systems will use a combination of access points and even smart relays.
These access points' architecture should scale with the coverage region. A nanocell, for
example, might have a 22 antenna array, but a macrocell would have a 1616 antenna array.
Both the nano cell and macrocell access points would, in ideal circumstances, utilise identical
RF components behind each antenna element. A revolutionary RF architecture would be
required for such a design.
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Network operators employ mmWave frequencies of 24 GHz to 30 GHz, 37 GHz to 40 GHz, and
52 GHz to gain larger bandwidth and better data speeds. Frequency range 2 refers to these
mmWave frequencies (FR2). mmWave bands have two benefits:

e Lower cost: Many mmWave bands are less expensive to acquire. When compared to
licences in the sub-1 GHz frequencies, these bands can cost two orders of magnitude
less per hertz.

e Although mmWave bands have a lot of bandwidth, their propagation distance is
extremely short. To achieve coverage and capacity, operators blend lower and higher
frequency bands. They can, for example, use mmWave base stations to service a
university, sports arena, or other hotspot and unload their lower band frequencies to
cover a larger area.

Radio waves move in four modes from transmitter to the receiver: straight line (line of sight), reflected
from a building, diffracted or bent around obstacles, and scattered from rough surfaces. The
received signal fluctuates in amplitude as a transmitted signal propagates, a phenomenon known
as fading. Millimetre waves, on the other hand, are blocked and experience significantly less
diffraction, reflection, and scattering, according to measurements. As a result, mmWave RF waves
can only move in a straight line. They do not fade, but they do suffer from substantial path loss.

Path loss occurs when mmWave signals lose power as they travel along a line-of-sight path. At
900 MHz, for example, path loss is roughly 91 dB/km, whereas at 28 GHz, it can reach 121
dB/km. At 900 MHz, a 30 dB difference results in 1000 times more loss. These millimetre waves
are further weakened by greenery, windows, and rain. A tree can reduce a transmitted signal
by 6 dB, and a tinted glass window can reduce it by 40 dB. At these frequencies, however,
antenna technology mitigates loss.

Beamforming

Beamforming or beam steering is the process of adjusting the amplitude and phase of an
antenna array to transmit power in a narrow beam. Narrow beams increase line-of-sight travel
while removing diffraction, scattering, and reflections from objects. The radiated power has a
higher chance of hitting a building and being blocked with wide beams, as shown by the yellow
beam in Figure 4.
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Figure 4. A narrow beam can miss possible blockages, letting its full power reach the receiver.

The quality factor of an antenna is described by its half-power beamwidth (HPBW), which is the
concentration of radiated power in one direction. This is the beamwidth when the power is half
that of the peak power (3 dB down from the peak). The number of elements and element spacing
are inversely proportional to the HPBW of a MxN element antenna array. As a result, you can
regulate the beam width and directivity by adjusting the number of antenna parts and their
spacing.

Capacity and Spectral Efficiency

Capacity can be defined as Data Rate/MHz/Unit Area. Therefore, to secure higher capacity, the
reuse factor must be reduced, and the spectral efficiency must increase.

Figure 5 illustrates the concept of frequency reuse. The sectors or cells marked by the red “>”
shape and the yellow arrow illustrate how far away the same frequency can be reused.

1G 3G & Beyond

HP P

Figure 5. Frequency reuse patterns have changed with each generation with wireless
technology.

Interference on the downlink limits the capacity of cellular communication (communication from
base stations to mobile devices). Interference is avoided by separating frequencies by distance.
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By reusing frequencies at closer separation distances and mitigating or eliminating interference,

capacity is increased. Massive MIMO, which employs numerous antennas and signal
processing to enhance capacity, allows for tighter channel reuse.

The data rate in a channel is determined by spectral efficiency, while frequency reuse controls
how frequently a network can reuse the channel to accommodate users.

Mixed cells or access points

Operators will utilise mixed cells to maximise coverage and capacity. Network operators will
utilise gNodeBs (gNBs, base stations) to service many customers over a large area for extensive
coverage. gNBs emit more energy than tiny cells. A network could use smaller cells, each with
lower power, to cover a hotspot with many users, such as a school or sports arena. The hotspot
might employ mmWave frequency, whereas the vast coverage region could use C-band
spectrum. This gives the operator the option of offloading big cells via hotspots. As a result, the
operator might optimise coverage and capacity by deploying different size cells running on
different frequency bands.

Antenna

Macro Cell

Mj I

Femtocell

Figure 6. Cell splitting and nested cells results in higher capacity than with a macro cell alone.

The point is illustrated in Figure 6. The antenna design of a cell covers a large area. Each cell
can be separated sequentially, with lower height antennas and lesser power, to avoid frequency
overlap. If they do overlap, the power and interference cancellation are different. The operator
can reuse the same frequency by splitting a cell, resulting in frequency reuse gains. Interference
is reduced by splitting the frequencies between bands.

Assume the system in the macrocell can support 100 users on a 5 MHz channel. With each split,
less electricity is used to split this macrocell into smaller cells. If the microcell can handle 40
users, the picocell can handle ten, and the femtocell can handle five, the network can now handle
135 users instead of the initial 100. These users do interfere with one another, however the user
signals may be separated utilising antenna arrays (massive MIMO) and modern signal
processing.

Operators are increasingly combining gNBs, tiny cells, and smart repeaters to obtain the
optimum coverage for 5G. Each of these access points employs antenna arrays, expanding the
market for RF chips and devices. Furthermore, 5G mmWave technology allows for cost-effective
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broadband to be delivered to homes without the need for fibre. Customer premises equipment

(CPE) that can receive and redistribute the signal throughout the house can receive data at 2
Gbps from an external 5G repeater or small cell. These technologies give data rates comparable
to existing fibre offers while simultaneously delivering extremely low latency.

Other Proposed Solutions

The question "What is 5G?" is commonly addressed in terms of capabilities at present time:
extreme capacity, ultra-low latency, and ultra-high reliability. None of these reflect the actual 5G
user experience, and some of these capabilities are so arcane that ordinary consumers may not
be able to understand them.

As previously stated, technology development and spectrum investments are not incremental.
They are more astronomical in nature. The user experience in 5G cannot be incremental in order
to balance these investments. It has to be upsetting.

The term "killer app" is frequently used, nearly to the point of being overused. In the case of 5G,
however, the concept of a killer app that provides a disruptive experience is critical. This is
because, while 5G has generated a lot of noise, many consumers are unsure what it entails or
if they should spend when the time comes.

The complexity and diversity of 5G specifications, as well as the constraints of spectrum
clearance and deployment and the lack of a killer app, are all obstacles to 5G adoption. These
are not, however, insurmountable issues. A number of the present hurdles, such as spectrum
clearance and auctioning, as well as equipment deployment, will simply require time and effort.

Given that only 12% of smartphone users in the United States have a 5G-enabled phone,
consumers will have more time to plan and implement their device upgrades. This also allows
providers, operators, and other parties in the rapidly diversified 5G ecosystem to delve further
into potential solutions for the industry's ongoing challenges, as well as explore new
opportunities presented by the technology.

Imagine the challenges for Al in a mobile environment; the biggest challenges are getting
adequate processing power into the hands of mobile users and having instant access to huge
amounts of data. In this arena, 5G technologies offer true difference. Edge computing enabled
by advanced network designs can bring significant computation near to the mobile user without
burdening the device with the power, heat, and expense required to implement these algorithms.
The 3x108 (speed of light) delay in system design is significantly reduced by the ultra-low latency
and ultra-high reliability connectivity inherent in 5G. The huge volumes of data required to power
Al and ML algorithms will be centralised in a cloud repository while being logically or
architecturally "near" to the algorithm's edge processor.

1. Mobile Edge Computing

According to the Cisco’s VNI Report, the evolution of cellular networking and broadband
technology will see a rapid increase in global mobile data traffic with agrowth rate of 47% from
2016 to 2021. Smartphones have become an indispensable tool for millions of people all around
the world in recent years. When it comes to 5G, it will rely more on mobile network coverage
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and high data speeds. To deal with these 5G characteristics, The concept of MEC (Mobile Edge

Computing) is revealed.

Mobile edge computing is a network framework with cloud computing elements that provides an
IT environment at the cellular network's edge. The use of MEC is based on the idea that it
executes the programme and conducts processing chores close to the cellular customer. With
this strategy, network congestion is decreased, and application performance improves.

The main parts of MEC architecture are:

A. Mobile edge platform: The function of mobile edge platform is to set the rules of
configuration for user plane traffic. Apart from providing configuration it also provides
services to compose radio network data.

B. Mobile edge orchestrator: Its function is to maintain anoverall view of MEC servers
which helps in determining optimum locations.

C. Mobile edge platform manager: It is responsible for managing MEC application
platform.

D. Virtualized Infrastructure Manager: It acts as a manager for the resources of virtualized
infrastructure including preparation of infrastructure for running software image.

E. Mobile edge applications: The applications which are part of mobile edge computing it

acts as a platform for them.

Working

The crucial piece of 5G networking for MEC to work is 5G RAN (Radio access network). The
mobile network operators will let third-party tenants to base station, and MEC will leverage this
RAN for edge cloud computing. The application provider will then host its applications on the
network's edge, where they will have high bandwidth and low latency, and the mobile edge
orchestrator will give them with network data like as cell load, bandwidth, and subscriber
location. The telecom providers will eliminate load and congestion from the main network using
this networking module.

5G RAN

5G enables new use cases by linking everything everywhere. To enable these fantastic
applications, a 5G Radio Access Network (RAN) leverages 5G radio FDD frequencies to provide
wireless access to devices.

New 5G use cases will deliver new revenue streams for CSPs and new connectivity
opportunities for subscribers. These use cases include:

Cloud gaming

AR/VR

Autonomous driving
Fixed Wireless Access

2. Software Defined Network

SDN (Software Defined Network) is a cloud computing concept that focuses on automating network
processes to improve the performance of existing network architecture. The basic goal of SDN is to
unify traditional network systems into a single network. The control plane is the major component
that centralises the existing network architecture. It is made up of two or more controller systems
that perform the entire centralization procedure.
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Fig3. The layers of SDN architecture hetwork decisions.

c. Infrastructure layer: It serves as the foundation of SDN, executing SDN data pathways and
forwarding actual traffic to the application and control layers.

3. Smart Antennas

Smart antennas are made up of many antenna arrays that are used to convert radio waves into
tight beams. The primary goal of using smart antennas is to improve signal transmission focus
through complex signal processing.

FUTURE SCOPE OF 5G

There will be no need for any form of connection or wire to supply entertainment or
communications services to your mobile device once 5G is fully operational. If everything goes
as planned, 5G will be the best option for individuals who want to download feature-length
movies in seconds and stream 8K video in a flash. Consumers would be able to make crystal-
clear video conversations and play graphics-rich mobile games without experiencing latency
thanks to 5G speeds and connectivity.

5G is a technology that offers high data speeds, low latency, and quick internet access. Low
latency technology in 5G will assist industries with strict connectivity requirements the most. In
the automobile sector, 5G is the missing link in achieving maximum safety for self-driving cars.
The technology allows for speedy data transmission as well as the ability to interact with the
road and other vehicles at a level that prevents crashes and streamlines the driving experience.

The 5G-enabled cloud robotics, puts system intelligence on the cloud and connects it to robots
on the ground. The network provides crucial technology for maintaining consistent internet
access, remote computing, storage, data resources, data-driven intelligence, solid
cybersecurity, and robot assistance. The cloud will, for example, operate as a central "brain” in
future hospitals, coordinating collaborative robots to guide patients or distribute medicines as a
fleet of machines.
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It would also provide endless information, entertainment, and communication at high speeds,
transforming the Indian mobile user's lifestyle. In several sections of the country, earlier
technologies (4G and 3G) are still being tested. The telecom industry must seriously consider
the future of 5G and take the required efforts to transition networks from 3G to 4G as well as
establish the network foundation for 5G. The government may utilise 5G as an opportunity for
good governance and to create an environment that encourages investment in 5G technologies.
The global rollout of 5G will necessitate a comprehensive revamp of communications
infrastructure, but the transformation that 5G offers far surpasses the challenges.
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