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Abstract

This article aims to analyze the use and associated challenges surrounding the implementation of 5G technology
in the United States. 5G is the next generation of cellular technology that offers multiple benefits including high-
speed, low-latency, and highly reliable communication. Despite its significant benefits, deployment of 5G
technology in the United States has faced several obstacles including availability of infrastructure, last-mile
connectivity, spectrum costs, and local regulations. The article offers various recommendation for United States
to overcome these obstacles and expand 5G deployment nationwide.
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I. INTRODUCTION

By design, 5G technology is capable of achieving seamless coverage, high bandwidths, minimal
latency, and highly dependable communication [1]. At the same time, it can optimize spectrum utilization and
network management [2]. In addition, 5G technology is capable of interconnecting a very large number of IoT
devices. The new capabilities of 5G technologies have made it possible to deliver high-quality video services
and facilitate rapid business automation [3].

In addition, 5G technology is also capable of supporting critical services that demand connectivity with
low latency and extremely high reliability. Some of these services include telesurgery and autonomous vehicles
[4]. Businesses can use 5G technology to gain access to high-quality, real-time data analytics. One of unique
characteristics of 5G technology is its ability to dynamically adjust its network parameters. This unique
capability allows 5G technology to meet specific requirements of a large number of use cases [5].

II. NEED FOR 5G

The traditional network architectures require fundamental rethinking to accommodate the unique
service and network requirements of 5G technology [3]. One option is to upgrade existing Long Term Evolution
(LTE) core network. However, given the unique requirements of anticipated use case of 5G technology, this
option is inefficient [6]. The Next Generation (NG) Core is the core architecture that powers 5G mobile
communications. The NG Core offers several advantages such as increased flexibility, adaptability, and the
ability to support a wider range of services and devices [1].

III. USE CASES OF 5G

We can broadly classify 5G technology services into three classes i.e. Enhanced Mobile Broadband
(eMBB), Ultra-Reliable Low-Latency Communications (URLLC), and Massive Machine-Type
Communications (mMTC) [7].

3.1 Enhanced Mobile Broadband (eMBB)

The eMBB is a key component of 5G technology. The eMBB focusses on multimedia content,
information, and service delivery. It supports existing mobile internet applications, 360-degree Ultra-High-
Definition (UHD) video streaming, immersive gaming, virtual reality (VR), mobile cloud computing, and video
surveillance [1]. Broadly speaking, eMBB is an evolution of 4G technology capable of supporting heavy traffic
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loads and efficiently scheduling wireless access [4]. The eMBB aims to maximize data throughput while
maintaining basic reliability requirements [8].

3.2 Ultra-Reliable Low-Latency Communications (URLLC)

The URLLC supports use cases involving critical communications such as industrial wireless control,
telehealth, smart grid, transportation safety systems, and autonomous vehicles [7]. These use cases have
stringent throughput, latency, and availability requirements. URLLC transmissions are characterized by fewer
transmitters, high reliability, and low latency. The focus is to ensures more efficient scheduling of data transfers

[8].
3.3 Massive Machine-Type Communications (mMTC)

The mMTC is used in cases where a vast number of connected devices transmit small, delay-tolerant
data packets intermittently. Devices must be cost-effective and energy-efficient with extended battery lifetimes
[1]. Some popular applications of mMTC include wearable health devices, smart homes, smart grids, and smart
transportation systems. At any time, only a small number of mMTC devices connected to a single base station
can be active. For mMTC, it is important to pre-allocate dedicated resources [8].

IV. NETWORK ARCHITECTURE OF 5G

Before 5G, circuit-switched speech services were provided through GSM (Global System for Mobile
Communications). The General Packet Radio Service (GPRS) introduced packet-switched data transmission and
marked a transition toward a more data-centric architecture [1]. The emergence of Wideband Code Division
Multiple Access (WCDMA) enabled higher speeds of data transfer. The WCDMA was made available within
the Universal Mobile Telecommunications System (UMTS) framework [9]. In UMTS both voice and data
services were supported. However, circuit-switched connections were required for data services [1]. The
Evolved Packet System (EPS) was introduced as part of the transition to Long Term Evolution (LTE). The EPS
did not require a circuit-switched core to support data and voice services. The EPS laid the foundation for 5G
network architecture [10] [22].

V. SPECTRUM OF 5G

The Third Generation Partnership Project (3GPP) is an organization whose members include leading
telecommunications standards development bodies. 3GPP introduced 5G New Radio (NR) to address air
interface of 5G networks [6]. The 5G NR operates across two distinct frequency groups. It was designed to
replace 4G LTE. It offers significantly faster data speeds, increased capacity, improved network efficiency, and
lower latency [1]. The broader 5G frequency spectrum offers higher frequencies to support massive bandwidth
and high data rates. At the same time, such spectrum involves unique propagation challenges due to limited
range and susceptibility to atmospheric absorption.

VI. CHALLENGES/OPPORTUNITIES FOR IMPLEMENTATION OF S5G IN THE UNITED
STATES OF AMERICA

i) Fragmented Regulatory and Policy Regime

Fragmented local and state regulation poses a major obstacle to 5G implementation in the United
States, despite the fact that the U.S. regulatory environment is more developed than that of developing nations.
Local zoning rules, convoluted permission processes, and different state laws present some major obstacles for
the 5G infrastructure implementation [11]. Accelerating 5G implementation depends on streamlining regulatory
systems at all government levels.

ii) Insufficient Fiber Infrastructure

A successful 5G rollout depends on a strong fiber backbone, which is essential to enabling high-speed
backhaul connections. The urban areas in the United States have relatively high fiber penetration. Still, many
rural and underprivileged areas do not have good fiber infrastructure. Expanding fiber connectivity is necessary
to guarantee nationwide 5G coverage [11] [21].
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iii) Last-Mile Connectivity

In rural areas of the United States, the last-mile connection issues abound. The United States
government has introduced initiatives like the Rural Digital Opportunity Fund to address these issues. Still,
insufficient fiber and wireless infrastructure limit 5G implementation outside cities [12] [20].

iv) Variable Data Transfer Speeds

The U.S. ranks higher worldwide in average mobile data transfer speeds than many others. Still,
significant quality differences are visible in urban and rural service quality. Applications like driverless cars,
smart cities, and augmented reality depend on high-speed data transfer capabilities. This situation requires
ongoing investment in core and access networks [3].

v) Right of Way (RoW) Challenges

The United States federal government has made several efforts to streamline the deployment
guidelines. Still, procurement of right-of-way (RoW) permits for small cell installations varies significantly
from jurisdiction to jurisdiction. Variations in RoW access charges and permitting schedules compound
deployment complexity and expenses [13].

vi) Limited Giga-Backhauling Capacity

Limited high-capacity backhaul options exist, and the situation is more acute in suburban and rural
regions. This situation poses severe difficulties for the scalability of 5 G networks. Microwave backhauling with
E-band and V-band frequencies is a viable solution to offer ultra-high capacity with rapid deployment.
However, backhauling remains underutilized in many areas [11] [19].

vii) Financial Pressures on Telecom Operators

Nationwide 5G deployment in the United States is estimated at $275 billion [14]. However, telecom
operators could find it difficult to maintain the capital outlays required for a complete 5G rollout under margin
pressure and with debt from past spectrum auctions.

viii) Network Modernization

Because 5G depends on higher frequency ranges, its network of tiny cells must be denser than that of
past generations. Small cells must be widely installed on urban infrastructure (e.g., streetlights, bus stops), but
reaching this scale, especially in suburban areas, remains difficult [11] [18].

ix) Cybersecurity and Privacy Challenges

Expanding linked devices and services over 5G creates further cybersecurity concerns. Securing 5G
networks is essential to national security. Hence, the U.S. Department of Homeland Security (DHS) advises
proactive actions including supply chain risk management, improved encryption standards, and revised
cybersecurity frameworks [14].

X) 5G Technical Challenges

High capital expenditure for small cell infrastructure, increased operational and maintenance costs,
limited coverage areas for millimeter-wave (mmWave) frequencies, greater sensitivity to atmospheric
absorption and physical obstructions, and requirement for new 5G-capable devices and management of
interference issues [15] all naturally present technical limitations for 5G networks.

xi) Community Resistance
Small cell and antenna deployment in highly populated regions sometimes encounters public

opposition because of issues with aesthetics, property values, and possible health effects. Local opposition still
presents a challenge even if the FCC has established policies to expedite siting approvals [17].
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xii) Revenue Modeling and Network Slicing

Dynamic management of slice requests for various applications—such as eMBB (Enhanced Mobile
Broadband) and URLLC (Ultra-Reliable Low-Latency Communications)—helps to maximize income from 5G
RANS. Recent studies by [16] investigate ways to maximize long-term and short-term income under different
network conditions by relocating resources among slices.

VIIL.CONCLUSION

This paper provided an overview of 5G technology, explaining its functionality, requirements, and key
service categories, including Enhanced Mobile Broadband (eMBB), Massive Machine-Type Communications
(mMTC), and Ultra-Reliable Low-Latency Communications (URLLC). It also emphasized the challenges facing
the implementation of 5G in the United States, such as regulatory fragmentation, insufficient fiber infrastructure,
limited last-mile connectivity, and complex right-of-way (RoW) regulations.

To successfully overcome these challenges, the United States must continue to invest heavily in fiber
infrastructure expansion, modernize and harmonize regulatory frameworks across federal, state, and local levels,
and encourage public-private partnerships to accelerate deployment. Provided strategic planning and investment,
5G technology can revolutionize nationwide communication. It can also drive economic growth in the United
States and foster innovation in multiple sectors.
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