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Abstract- A radio access network (RAN) is a major component of a wireless
telecommunications system that connects individual devices to other parts of a network
through a radio link, evolving substantially to meet growing demands for enhanced speed,
reliability, and connectivity. This paper offers a detailed exploration of RAN evolution,
technological advancements, and their profound impacts on telecommunications
infrastructure. Beginning with a comprehensive historical overview, it traces RAN
development from early analog systems to today's sophisticated digital and virtualized
networks. Furthermore, it compares various RAN architectures based on the certain
criteria’s and highlights the transformative impact of Open Radio Access Network (Open
RAN) on the global RAN market. Open RAN promotes interoperability and
standardization among components from different vendors, reducing reliance on single
suppliers, cutting costs, and encouraging innovation and competition.
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1.Introduction

The Radio Access Network (RAN) is an integral component of telecommunications systems,
responsible for establishing and maintaining radio connections between individual devices and
other segments of the network. This intricate network layer resides between user equipment,
such as mobile phones, computers, and remotely controlled machines, and facilitates their
interaction with the core network. In essence, the RAN acts as a conduit, seamlessly

transmitting data and enabling communication between devices and the broader network.

As the backbone of wireless communication networks, RANs are pivotal in providing global
connectivity amidst the rapid proliferation of Internet of Things (IoT) devices connected to
mobile networks, expected to grow from 13.2 billion in 2022 to approximately 35 billion by
2028, is significantly increasing mobile data traffic. This surge, projected to grow at a
compound annual growth rate (CAGR) of 24% through 2028, underscores the escalating

demand for connectivity and data [1].

2. Background
In a conventional mobile network setup, the Radio Access Network typically employs a

distributed architecture. This architecture involves strategically placing antennas and Radio
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Units (RUs) in elevated locations such as atop masts or towers. The RU houses the radio
frequency (RF) circuitry of the base station and establishes connectivity to a Baseband Unit
(BBU) via fiber optic cables, utilizing protocols like the Common Public Radio Interface
(CPRI). The BBU serves as the central unit responsible for managing baseband operations,
which include crucial tasks such as signal processing, modulation, and coding. Within the RU,
the Remote Radio Unit (RRU) handles RF functions such as converting signals between RF
and digital formats, filtering, amplification, and frequency conversion. Antennas play a pivotal
role in the RAN architecture by converting electrical signals into RF waves for wireless

communication with cellular devices, and vice versa [2].

This distributed architecture of RANs offers several advantages, including enhanced network
efficiency through reduced transmission losses and the ability to deploy flexibly across diverse
geographical locations. These characteristics are critical in meeting the escalating demands for

mobile data and ensuring reliable connectivity in both urban centers and remote areas alike [2].
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Fig 1: Traditional RAN

3. RAN Evolution - 1G to 5G

e Inthe early 1G networks, RAN comprised Base Stations (BSs) and antennas, supporting

analog voice services [3].
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2G RAN introduced digital technology, enabling more efficient spectrum usage and
supporting voice services over circuit-switched networks. Base Station Controllers

(BSCs) managed multiple base stations [3].

RAN in 3G networks, referred to as Node Base Stations (NB), supported both voice and
data services. It marked the transition to packet-switched networks alongside circuit-
switched networks, controlled by Radio Network Controllers (RNCs). The
specifications for 3G technologies were developed by 3GPP [3][5].

4G RAN evolved to support high-speed data services exclusively through packet-
switched, IPbased architecture. Base stations and their controllers were integrated into
evolved Node B (eNB), streamlining network architecture and operations. 3GPP
continued to drive the standardization of LTE (Long Term Evolution) and its

advancements [3].

The evolution of mobile networks to 5G has brought about significant advancements in

wireless communication, driven by the 3rd Generation Partnership Project (3GPP) and

its development of the 5G New Radio (NR) standard. Unlike its predecessors, SG RAN,
also known as Next

Generation RAN (NG-RAN), supports diverse service requirements:

1. Enhanced Mobile Broadband (eMBB): Provides high-speed internet connectivity
and supports applications such as UltraHD streaming, virtual reality (VR),
augmented reality (AR), and other high-bandwidth media services.

2. Massive Machine Type Communication (mMTC): Enables long-range and cost-
effective communication for a vast number of IoT devices. mMTC offers high data
rates, extended coverage, and reduced power consumption, making it suitable for
various IoT applications.

3. Ultra-Reliable Low Latency Communication (URLLC): Ensures ultra-low
latency and high reliability for applications that require real-time responsiveness and
robust Quality of Service (QoS). URLLC supports critical services such as

autonomous driving, industrial automation, and remote surgery [5][6].
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Fig 2: Qos requirement of various set of applications

4. RAN IMPACTS

Network operators are transforming their networks to support new 5G services, handle
increased device connectivity, manage mobile data traffic effectively, and optimize network
resources. This transformation aims to ensure satisfactory QoS and Quality of Experience

(QoE) for diverse services
[8].
The emergence of new approaches to RAN, such as O-RAN, C-RAN, vRAN, and xRAN,

represents significant advancements in the telecommunications industry. These approaches
aim to achieve several key benefits, like reduced physical-asset requirements, enhanced
flexibility in network management, improved scalability, and potentially lower operational
costs [7]. Each of these RAN architectures has its own unique advantages and use cases, and
they all represent significant advancements in the evolution of cellular networks. They are

part of the ongoing efforts to make networks more flexible, efficient, and cost-effective [8].

C-RAN (Cloud or Centralized RAN)

Centralized Radio Access Network and Cloud Radio Access Network represent two
evolutionary stages in radio access technology, aiming to consolidate and virtualize baseband
processing to enhance efficiency and reduce costs. C-RAN centralizes baseband units (BBUs)
in a physical location, leveraging high-bandwidth fronthaul interfaces to connect to remote
radio units (RRUs). While it reduces operational expenses and power consumption, it requires
robust fronthaul infrastructure. Cloud RAN takes this further by pooling BBUs in cloud

servers, allowing dynamic scaling and leveraging general-purpose processors for enhanced
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processing capabilities and reduced energy usage. Despite these benefits, both C-RAN and
Cloud RAN face challenges such as high fronthaul overhead, security vulnerabilities, and

potential single points of failure [11][13].
VRAN (Virtualized RAN)

The evolution from C-RAN to virtualized RAN (VRAN) introduces virtualization
technologies, enabling deployment of virtual BBUs (vBBUs) on virtual machines or
containers. VRAN facilitates efficient resource orchestration, dynamic scaling, and improved
service reliability, leading to lower operational costs and enhanced service quality[10].
However, VRAN complexity increases due to the need for fair resource distribution and
adherence to QoS requirements. Additionally, proprietary interfaces still hinder
interoperability and multi-vendor environments, potentially perpetuating vendor lock-in and
limiting cost reductions in network equipment. Future advancements in VRAN will need to
address these challenges to fully realize its potential in next-generation wireless networks
[11].

O-RAN (Open RAN)

O-RAN represents a transformative shift in mobile communication networks towards
openness, virtualization, and disaggregation. Spearheaded by the O-RAN Alliance, which
includes global mobile operators and contributors, O-RAN advocates for a multivendor,
interoperable RAN architecture. This approach aims to increase network flexibility, lower
costs, and foster innovation by enabling competitive ecosystems. O-RAN's mission focuses
on creating an intelligent RAN architecture that supports virtualization and open interfaces,
facilitating the integration of diverse network components. The Alliance collaborates on
developing unified standards, reference architectures, and network interfaces to drive the

evolution of O-RAN technologies worldwide [13].

Extensible RAN (xRAN) xRAN (Extensible Radio Access Network)
It enhances upon VRAN by incorporating NFV (Network Function Virtualization) and SDN
(Software-Defined Networking) principles. It introduces several advancements like

decoupling of control plane and user plane, open interfaces, standardized fronthaul, and so on

[4].

PAGE NO: 87



Journal Of Technology || Issn N0:1012-3407 || Vol 14 Issue 8

Characteristics C-RAN vRAN O-RAN
Edge support No (Fully centralized) Yes Yes
Yes (Partially centralized)
Decouple of Data/Control planes No Yes Yes
Virtualization No Yes Yes
Multi-vendors Support No Yes Yes
CAPEX and OPEX High Low Low
Energy consumption Medium Low Low
Latency High Low Low
Al support Medium Medium High
Open interfaces-support No No Yes
RAN controller Non-Real time Non-Real time Near-real Umc.
and non-real time
Control and management Centralized g:i':rllrl;lll:[‘ézd g Si?:;[l:ézd nox

Reference: Deep Learning for BSG Open Radio Access Network: Evolution, Survey, Case Studies, and

Challenges (IEEE 2022)

Fig 3: Comparison of different RAN Types

O-RAN stands out as the most advanced network architecture due to its support for multi-
vendor environments, virtualization, and open interfaces. It offers efficient CAPEX and
OPEX, low energy consumption, and high Al integration. While C-RAN is highly centralized
and vVRAN provides moderate improvements, O-RAN excels with its low latency,
adaptability, and comprehensive edge and management capabilities, making it the superior

choice for modern network needs.

5.  TECHNOLOGICALADVANCEMENTS

The Radio Access Network market is expanding rapidly. Global projections indicate
substantial growth in the RAN market, fueled by the rising need for high-speed internet and
mobile data services.

Expansion of 5G to Beyond 5G

The global Radio Access Network market is experiencing significant growth driven by the
expansion of 5G technology. 5G promises faster speeds, lower latency, and the ability to
connect more devices simultaneously, essential for IoT, smart cities, and autonomous
vehicles. To deliver ultra-fast data speed, SE improvement is vital in 5G networks that can be
improved through D2D communications, mMIMO, by enhancing modulation order, and

acquiring new effective transmission waveforms. To encounter substantial traffic growth, 5G
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wireless systems are expected to achieve higher channel capacity by utilizing mm-wave band,
dense small cell deployment, beamforming and mMIMO technology.
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Fig 4: The potential of SGB communication technology and its use cases

Nokia made the first cellular call using the new 3GPP Immersive Voice and Audio Services
(IVAS) codec, marking the biggest leap forward in live voice calling experience since the
introduction of monophonic telephony. The IVAS codec allows consumers to hear 3D spatial

sound in real-time instead of today’s monophonic smartphone voice call experience.

6. CONCLUSION

The evolution of Radio Access Networks has profoundly influenced telecommunications,
advancing from 1G's analog beginnings to the revolutionary capabilities of 5G and beyond.
This evolution has empowered RANS to transition from basic voice services to supporting
high-speed data, ultra-low latency applications, and extensive IoT connectivity. These
advancements not only meet increasing consumer demands for faster, more reliable mobile

services but also open up new possibilities across various industries.

Furthermore, the research highlights how RAN evolution continues to redefine
communication capabilities, boosting efficiency and expanding the reach of mobile

technologies. This ongoing transformation not only addresses current needs but also lays the
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groundwork for future innovations, shaping the next generation of telecommunications

infrastructure.

The advent of Open Radio Access Network represents a transformative opportunity for the
global RAN market. Open RAN promotes interoperability and standardization among RAN
components from different vendors, reducing dependence on single suppliers and cutting
costs. This approach stimulates innovation and competition, enabling new players to
introduce specialized solutions into the market. As a result, Open RAN not only enhances
network flexibility and efficiency but also fosters a more dynamic and competitive

telecommunications ecosystem poised for future growth and technological advancement.
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