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ABSTRACT—

After the emergence of 5G’s long-term innovation, students, mobile workplaces and remote businesses began to use 5G technology due to its potential emergency,
data transfer, better connectivity, minimum downtime and quality management (QoS). According to international experts, 5G technology will enable remote
communication from anywhere in the world. In this article, | will share different timelines of the wide-ranging innovations, and then explain the latest 5G innovation,
its advantages and disadvantages, along with 5G organization design, 5G radio range and the impact of 5G on the organization in society. One of the main
motivations for using this remote 5G organization is to use cloud storage and remote/wired network assets to support various collaborations with organizations.
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1. INTRODUCTION

5G is the fifth generation of mobile phones. It is a new global wireless standard based on 1G, 2G, 3G and 4G networks. 5G enables a new type of network
designed to connect nearly everyone and everything, including machines, devices, and appliances. 5G networks are mobile networks in which the service
area is divided into smaller areas called cells. All 5G wireless devices communicate with cellular base stations via radio waves via fixed antennas on the
base stations' dedicated channels. Base stations (called nodes) connect to telephone switches and routers via high-bandwidth fiber optic or wireless
backhaul connections for Internet access. The theoretical peak speed of 5G technology is 20 Gbps, while the peak speed of 4G is only 1 Gbps. 5G also
promises to reduce latency; This can improve work performance and other experiences like online gaming, video chat and driverless cars. You may see
a model called 5G-NR (NR stands for "New Radio"). If the first generation of mobile phones without instant calls, text messages, phone data or web
browsing were the first generation, 5G would be its descendants. 5G operates on RF (radio frequency) currently used in smartphones, Wi-Fi networks
and satellite communications, but allows the technology to continue. When today's 4G Long-Term Evolution (LTE) mobile phones began shipping almost
a decade ago, consumers ushered in a new era of mobile communications. 5G technology represents the evolution of 4G standards and a revolution in
radio technology that is expected to transform 2020 into an era of unprecedented connectivity and repair technology development. With higher capacity,
faster speeds and ultra-low latency, 5G drives innovations that cannot be matched by standard 4G LTE. Along with the ability to download full-length
HD videos to your phone in seconds, even in the stadium, 5G will improve connectivity everywhere without the need for room testing, so people will be
able to measure, understand and manage 5G Technology.

2. OVERVIEW OF THE 5G TECHNOLOGY

1. Speed:

5G speeds range from 50 Mbps to approximately 1,000 Mbps depending on the RF channel and base station load. Using millimeter wave bands, higher
speeds are required, reaching 4 Ghps via MIMO (multiple input multiple output) with carrier aggregation and excellent channels, and no load from other
parking lots. The most common band by far, offering speeds from 10 to 1,000 Mbps; It will cover more than millimeter wave bands. In the under-6
category, many players in the United States are using C-band (n77/n78) in 2022. Verizon had originally planned to launch C-Band in early 2022 but
delayed it due to security concerns. According to Nokia, GSMA (Special Operations Association) identifies the spectrum in the 3.3 GHz to 3.8 GHz
range as particularly attractive. but their speeds are lower than mid-band and high band. HARQ (Hybrid Automatic Repeat Request) retransmissions,
handovers, etc. Eliminate caused delays. Verizon reported 30-millisecond latency in initial 5G deployments. Edge servers closer to the Tower can reduce
latency to 10 to 15 milliseconds. Depending on the type of delivery, the range is between 50 and 500 milliseconds. Shortening delivery times is an area
of ongoing research and development; When the error rate exceeds a very low threshold, the transmitter switches to a lower MCS with fewer errors. This
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method ensures an almost zero error rate. BLER closely reflects radio frequency channel conditions and interference levels. For a given switching depth,
the cleaner the wireless channel or the higher the SNR, the less likely the transmission will be mis received.

2. Latency:

The best latency in 5G is around 8 to 12 milliseconds, i.e. from HARQ (Hybrid Automatic Repeat Request) retransmissions, handovers, etc. Delays
caused by this are not included. Verizon reported 30-millisecond latency in initial 5G deployments. Edge servers closer to the Tower can reduce latency
to 10 to 15 milliseconds. Depending on the type of delivery, the range is between 50 and 500 milliseconds. Shortening delivery times is an area of ongoing
research and development

3. Error Rate:

BLER (Bit Error Rate) is very low as 5G uses modified MCS (Modulation and Coding Scheme). When the error rate exceeds a very low threshold, the
transmitter switches to a lower MCS with fewer errors. This method ensures an almost zero error rate. BLER closely reflects radio frequency channel
conditions and interference levels. For a given modulation depth, the cleaner the radio channel or the higher the SNR, the less errors the transmission
receives.

BLER = Number of Erroneous blocks
Total transmitted blocks

4. Range:

The range of 5G depends on several factors: transmission power, frequency and interference. The rate of change of mmWave frequency is limited.
Millimeter wave 5G service range measurements were completed approximately 500 meters from the tower; This means that pure 5G deployment will
require large MIMO-enabled antenna arrays. Additionally, the inability of millimeter wave signals to reach relevant issues further limits their potential,
as these issues unfortunately require the creation of a network with phone users. Generation Wireless Technology.

Spectrum Low- Band Mid-Band High- Band
Frequencies 600 MHz 2.5GHz 24 GHz
700 MHz C-band and CBRS 27.5-31
850 MHz 3.45 GHz GHz
37,39, 47
GHz
Cell Tower Range Up to 40 kilometres | 1.6 to 19 15 to 600
kilometres meters.
Coverage Wide Moderate Limited
Capacity Low Medium High
Locations Rural / Suburban Suburban / Urban Urban / Dense Urban
/ Urban

Table 1 : Various Ranges of 5G Wireless Technology

3. GENERATIONS OF WIRELESS TECHNOLOGY

A. Zero Generation (0G — 0.5G) technology

Wireless phones (also known as “0G”) refer to the phone before the phone. Pioneers of first-generation wireless technology, these are called zero-
generation systems. Technologies used in 0G include PTT (Push-to-Talk), MTS (Mobile Telephone System), IMTS (Advanced Mobile Telephone
System) and AMTS (Advanced Mobile Telephone System). Generation Zero refers to life before the invention of cell phone technology, which included
cordless phones that some people had in their cars before the invention of modern cell phones.
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Figure 1: Zero Generation Technology in a car

B. First Generation (1G) technology

This is the first generation of wireless communications that most people have been using for a long time. These phones are the oldest and most important
mobile phones. In 1979, NTT DoCoMo launched its 1G business in Tokyo, Japan. Two years after the introduction of 1G, in 1981, many Scandinavian
countries developed a new standard based on 1G technology called NMT (Nordic Mobile Telephone). 1G is a technology and most phones have poor
battery life, poor audio quality, not much security and poor connectivity. The maximum speed of 1G is 2.4 Kbps. Due to the low frequency bandwidth
and analog format of data transmission, a lot of energy is used to send data over a long distance, causing interference when the signal reaches the receiver.

C. Second Generation (2G) technology

2G or second-generation wireless technology was first commercialized in Finland in 1991. In this version, many improvements have been made in 1G
technology and it has a completely different platform, so it is called the new generation. This machine uses 30 to 200 KHz bandwidth. During the 2G era,
which lasted from the early 1990s to 2003, there were various advances in the spectrum itself, such as GSM (Global System for Mobile Communications),
GPRS (General Packet Radio Service) and EDGE (GSM. Enhanced Data Rates). 2G telephony technology introduced call and text encryption as well as
data services such as SMS, MMS and MMS. The maximum speed is 50 Kbps for 2G GPRS and 1 Mbps for EDGE. These expanded possibilities allow
instant connection once and increase the data transfer rate from 1G's 3-4 Kbps to 14.4 Kbps.

D. 2.5G technology

2.5G is a technology located between the second and third mobile phones. 2.5G is sometimes described as a combination of 2G technology and GPRS.
2.5G developed as an intermediate wireless technology between 2G and 3G technologies. Update package added. This allows a request to be sent in small
packets to the core network rather than being sent over an immediate connection. 2.5G refers to mobile phones with GPRS-based data capacity. Packet
switched areas increase data transfer speeds to 50-60 Kbps compared to traditional 2G technology. This made the Internet available and introduced GPRS.
The G symbol we see on the mobile phone while using the Internet is the symbol of GPRS.

E. 2.75G technology

A few years later, 2.75G was introduced by adding the GPRS system to the EDGE system using the new 8PSK coding technology. This increases the
data value by 3-4 times. In 8PSK coding, a single carrier symbol is used to carry 3 bits, using 1 bit used in GPRS. This further improves call quality. It
provides clear and fast transmission of data and information. Also called IMT-SC or single carrier.

F. Third Generation (3G) technology

3G or third generation mobile technology innovation has surprised us with speeds four times faster than the old 2G model. We were surprised at the point
reached, starting with a speed of around 200 Kbps and constantly changing up to a maximum of 7.2 Mbps with the development of technology. Second
speed is just a number because you can't reach the top value unless you are in the right place at the right time. First introduced in 1998, 3G networks
provided high-speed data transfer so you could use your phone in a variety of ways to consume data, such as voice calls and mobile data. Approximately
2 Mbps for mobile devices and 384 Kbps for traffic. The theoretical maximum speed of HSPA+ is 21.6 Mbps. 3G technology provides better sound and
better connectivity due to wider bandwidth. The W-CDMA standard is widely used in 3G technology because it provides better data transfer speeds than
UMTS. programs and audio and video files. 3G bandwidth is 2 Mbps; This means that the download time for downloading applications is approximately
one minute.

3.5G technology

3.5G, also known as HSPA (High Speed Downlink Packet Access), is a 3G mobile communications protocol in the building of HSPA (High Speed
Downlink Packet Access). Networks have greater data transfer speed and capacity, allowing UMTS (Universal Mobile Telecommunications System).
3.5G is an evolution of WCDMA technology based on the GSM standard. The theoretical data rate on the uplink/upload side is up to 14 Mbps, and the
theoretical data rate on the uplink/download side is up to 5.76 Mbps. They also reduce latency and provide up to five times the capacity on the downlink
and twice the system capacity on the uplink compared to the original WCDMA protocol.

G. Fourth Generation (4G) technology

The entire fourth generation is called 4G. It supports mobile communications such as 3G, as well as gaming services, HD mobile TV, video conferencing,
3D TV and other services that need to be faster. The 4G model places several demands on mobile networks, including control of the use of Internet
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Protocol (IP) for data traffic and a minimum data rate of 100 Mbps, which is a huge jump from 3G's 2 Mbps. The model, often referred to as MAGIC
(Mobile Multimedia, Anytime, Anywhere, Global Service, Wireless Connectivity, Personal Service), sets the fastest demand for 4G services at 12.5 Mbps
for high-speed communications and 100 Mbps for high-speed communications. suitable. and 1 Gbps for low-speed communication. LTE stands for Long
Term Evolution and is a way to achieve 4G speeds rather than a technology. This is a new and simple restructuring of the 3G network architecture that
reduces transmission delay and thus makes the network more efficient and faster. It aims to digitize voice packets through circuit switching technology.
In the process, voice quality has been further improved, data security has been improved, and data speed has been increased. VOLTE can carry three
times more data in a 3G UMTS network and six times more data in a 2G GSM network.

H. Fifth Generation (5G) technology

5G is not an upgrade of 4G, it is on another level. It has low end-to-end latency, the ability to connect thousands of devices simultaneously, and incredible
speed for moving computing and processing power from devices to the network. 5G will also be the underlying wireless infrastructure supporting cars,
virtual reality (VR)/augmented reality (AR) headsets, and smart cities. i.e. - 5G - all systems use software 5G NR (New 5G Radio), a term widely used
in late 2018. More capacity and more efficiency. Millimeter waves have more energy than low-frequency microwaves, so the size of the brain is smaller.
Millimeter waves also have many problems passing through building walls. High data. To provide a variety of services, 5G networks can operate at three
frequencies: low, medium, and high. Low-band 5G uses frequencies like 4G phones (600 to 900 MHz) and has slightly faster download speeds than 4G.
Low-band base stations have many features and coverage like 4G towers. High band 5G uses frequencies between 24-47 GHz, which is closer to the
bottom of the millimeter wave band, although higher frequencies will be used in the future. It typically achieves download speeds of gigabits per second
compared to wired networks. The 24.25-29.5 GHz spectrum is the most licensed and used 5G millimeter wave spectrum in the world. The introduction
of 5G technology has sparked controversy over its security and relationships with Chinese suppliers. It has also raised health concerns and misinformation,
including debunking conspiracy theories linking it to the COVID-19 pandemic.
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Figure 2: Features of 5G Wireless Technology

4. ARCHETECTURE OF 5G WIRELESS TECHNOLOGY

The International Telecommunication Union defines the next generation of cellular technology every decade. The current technology is fifth generation
mobile technology or 5G. Each generation of architecture is different from the previous one. Therefore, the fifth-generation cellular technology, called
5G, will have a different architecture than 4G. The architecture of 5G technology consists of a large cell network. It outperforms and provides better
performance than the previous generation. & ¢ It has low latency

A. According to reports, the main features of 5G are as follows:
®  Service oriented
®  Modular

®  Reusable
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®  Self-Contained

In addition, the architectural wireless technology of 5G will have the following features: and a different function of the products of the generation. Higher
frequencies are suitable for crowded areas, while lower frequencies are best for long-distance communication. Multi-access edge computing (MEC)
brings data in data centers closer to end users. Separate hardware and software to create a more open network, including RAN.

5G Network Slicing

5G network slicing enables service providers to build virtual
end-to-end networks tailored to application requirements.

Mobile (=) - Communication
Broadband L - Entertainment
Mobile Broadband Slice - Internet
Machine Massive loT Slice - Retail
to Machine - Shipping
- Manufacturing
. Mission Critical loT Slice
Reliable . _ - Automotive
Low Latency ‘oo - Medical
Other Slices - Infrastructure
Others 5510 5 G - Other Applications
network

Figure 3: 5G Network Slicing

B. 5G Core Network Architecture

Developers create the 5G core architecture from scratch and distribute network functions according to business type. Therefore, it is also called 5G Core
Service-Based Architecture (SBA). The characteristics of 5G core network architecture are as follows. Then go to the network file or DN. Selects the
Session Management Function (SMF) to manage user sessions depending on the service. (AUSF) defines the UE to access 5G core services. The main
difference is in virtualization and software-hardware separation. In 4G, many physical systems can be virtualized. This means 5G uses simulated devices
rather than physical treatments. Additionally, this virtualization makes it possible for software to be independent of hardware. Therefore, it makes
distribution easier. However, unlike 4G, they use cloud-based technology. There are also some features specific to the 5G independent core. These include
slice control, network data analysis, performance, and 5G core signals.
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Figure 4: 5G Core Network Architecture

C. Multiple-Access Edge Computing (MEC)

Multi-access edge computing is a key feature of 5G architecture. MEC is a branch of cloud computing that moves applications from data centers to the
edge of the network, closer to end users and their devices. This essentially creates a shortcut along the content network path that separates them. This
technology is not unique to 5G, but it is crucial to its success. III According to the 3GPP 5G specifications, the 5G network is an ideal environment for
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MEC deployment. In addition to the advantages of bandwidth, increased electricity usage will lead to the emergence of a variety of connected devices
that are included in 5G deployment and Internet of Things.

D. NFVand5G

Network Functions Virtualization (NFV) separates software from hardware by replacing various network functions such as firewalls, load balancers, and
routers with virtualized frequencies running as software. This eliminates the need to invest in a lot of expensive equipment and speeds up installation
time, thus delivering profitable services to customers faster. This includes network slicing technology, which allows multiple virtual networks to operate
simultaneously. NFV solves other 5G challenges by leveraging virtualization, storage, and network resources to accommodate applications and customers.

E. 5G RAN Architecture

Network Functions Virtualization (NFV) separates software from hardware by replacing various network functions such as firewalls, load balancers, and
routers with virtualized frequencies running as software. This eliminates the need to invest in a lot of expensive equipment and speeds up installation
time, thus delivering profitable services to customers faster. This includes network slicing technology, which allows multiple virtual networks to operate
simultaneously. NFV solves other 5G challenges by leveraging virtualization, storage, and network resources to accommodate applications and customers

F. eCPRI (Enhanced CPRI)

Enhanced Common Public Radio Interface is a connection used to send data from remote radio stations to base stations. The radio unit (RU) is the
pressure and eCPRI will be used to support 5G through efficient operation. It will provide flexible radio data transmission through packet-based fronthaul
networks. It has been chosen as the standard interface for 5G O-RAN fronthaul elements such as DU.

G. Network slicing

Network slicing is an important element in realizing the full potential of 5G architecture. The technology adds dimension to the NFV field by allowing
multiple logical connections to operate simultaneously on top of a physical network. These features support 5G architecture by creating an end-to-end
virtual network that includes networking and storage. Use Cases. Therefore, network connectivity is an important design decision for 5G network
architecture. Testing 5G services and reducing time to market.

H. Beamforming

Another important technology for the success of 5G is beamforming. Traditional stations transmit signals in multiple directions without considering the
location of the target user or equipment. Using multiple-input multiple-output (MIMO) arrays, which combine multiple small antennas into a single array,
signal processing algorithms are used to determine the best transmission path for all users. Individual packets can be sent in multiple directions and then
arranged to reach the end user in a predetermined order. The effects occur at higher frequencies and greater loss of electricity without penetrating walls.
Since each of these small antennas can adjust or change beam configuration several times per millisecond, large-scale beamforming will be better suited
to support 5G bandwidth challenges. As the antenna speed increases, narrow bandwidth can be achieved with massive MIMO, resulting in high throughput
and better efficiency.

5. CONCLUSION

Different aspects of 5G innovation, such as 5G innovation and its different goals, then the speed of 5G innovation, the inertia of 5G innovation, bugs, and
the scope of 5G high-tech innovation has been discussed. Then, from a distance, the period of change in 1G, 2G, 3G, 4G, and the examined the fifth
period of innovation was examined. 5G innovation, 5G center organization design, and MEC, NFV and 5G, 5G RAN Innovations, eCPRI, Texture Cutting
and Beamforming, where every intricacy of 5G construction can be instantly understood. We must also recognize that, after all, every character and use
of 5G innovation as an innovation with all its advantages and disadvantages has a magic that will not give to this strange world.
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