j.-t' “ARe
¢ TISREM 3

Sy e Jeurnal

W Volume: 09 Issue: 11 | Nov - 2025

International Journal of Scientific Research in Engineering and Management (IJSREM)
SJIF Rating: 8.586

ISSN: 2582-3930

UMTS Network Architecture

Miss. Pranjal P. Farakte!, Shashank Gokhale?, Janhavi Powar?®, Vedika Suryawanshi*,Soham Patil’

'Guide, Department Of Electronic & Telecommunication Engineering, D .Y .Patil Collage Of Engineering
And Technology Kolhapur, Kolhapur, Maharashtra, India
234.5 Student, Department Of Electronic & Telecommunication Engineering, D .Y .Patil Collage Of
Engineering And Technology Kolhapur, Kolhapur, Maharashtra, India

sksksk

Abstract - To offer superior voice, data, and multimedia
services compared to legacy mobile systems like GSM through
the Universal Mobile Telecommunications System (UMTS), a
third-generation wireless communication technology is being
developed. Through the 3rd Generation Partnership Project,
UMTS has been developed to enhance global roaming
capabilities, lower spectral efficiency, and higher data rates
through its core radio access technology, WCDMA. By
examining the architecture, performance parameters, and
security measures of UMTS, this research paper is intended to
offer a thorough analysis. In this comparative analysis, UMTS
is examined for throughput, latency, and security improvements
as it evolves from GSM to LTE and 5G. These findings
emphasize the importance of UMTS in bridge-tingling 2G
networks with modern broadband systems, and show continued
relevance to [oT as fallback communications environments.

Key Words: UMTS, WCDMA, 3G, Mobile Networks, UTRAN,
Core Network, QoS, Wireless Communication, Radio Access,
LTE Evolution, Identity Preference Protection and Spectral
Efficiency

1. INTRODUCTION

The rapid development of mobile telecommunication
technologies has greatly changed the world of connectivity and
information exchange worldwide. The Universal Mobile
Telecommunications System (UMTS), which was launched as
part of the Third Generation (3G) standards of mobile telephony,
is a significant breakthrough in wireless network development.
Designed by the 3rd Generation Partnership Project (3GPP),
UMTS aimed to provide increased data transmission rates,
greater spectral efficiency, and better global interoperability than
its predecessor, the Global System for Mobile Communications
(GSM)

UMTS relies on Wideband Code Division Multiple Access
(W-CDMA), a radio access technology that provides the ability
to transmit voice and high-speed data simultaneously on the same
channel. This enabled mobile operators to provide a new set of
services, such as video calling, mobile internet browsing, and
multimedia streaming—applications that heralded the move from
circuit-switched to packet-switched mobile networks. The
system had the ability to deliver data rates up to 384 kbps to
mobile and up to 2 Mbps to fixed users, a substantial performance
improvement from second-generation (2G) technologies.

The network architecture of UMTS consists of three principal
elements: the User Equipment (UE), the UMTS Terrestrial Radio
Access Network (UTRAN), and the Core Network (CN). The
modular and layered architecture facilitates flexibility,
scalability, and backward compatibility with GSM networks. The
design principles of the architecture focused on economical
utilization of spectrum, robust mobility management, and
support for a wide variety of quality-of-service (QoS)
requirements.

Later upgrades, including High-Speed Packet Access
(HSPA) and HSPA+, further enhanced UMTS network
performance by providing broadband-like data rates and lower
latency. These developments set the stage for the shift towards
Long-Term Evolution (LTE) and Fourth Generation (4G)
technology. Though UMTS has progressively been replaced by
more recent systems, it remains a base technology in parts of the
world where LTE and 5G rollouts continue to be limited,
highlighting its enduring significance in worldwide
telecommunications.

2. LITERATURE REVIEW

The Universal Mobile Telecommunications System (UMTS)
is a significant advancement in mobile communication
technologies. To offer enhanced multimedia capabilities, higher
data rates, and voice quality in comparison to second-generation
2G) like GSM (Global System for Mobile
Communications), the 3rd Generation Partnership Project
(3GPP). To provide mobile users with a mix of circuit-switched
and packet—switched services, UMTS uses wideband code
division multiple access (W-CDMA) as its primary air interface
(Holmage & Toskala, 2004). Early research on UMTS focused
on the shift from GSM to 3G networks, which was driven by
higher data throughput and reduced bandwidth requirements
(Etemad&Gulati, 2000). The implementation of W-CDMA
enabled UMTS to accommodate variable data rates up to 2. The
speed is typically around 384 kbps in mobile settings, and Mbps

systems

when stationary.

The ability to support emerging data-driven applications like
mobile internet, video conferencing, and multimedia messaging
made UMTS a valuable asset. The scientists highlighted that the
utilization of a broadband spectrum (5G) was significant.
Channels with frequencies in the MHz range and spread
spectrum techniques both increased capacity while reducing
interference as opposed to the narrowband 2G systems (Sesie,
Toufik & Baker, 2011). Three primary components of UMTS
network architecture are the User Equipment (UE), Utran, and
Core Network (CN). The UTRAN is responsible for radio
resources and maintaining communication with mobile devices,
comprising Node Bs (base stations) and Radio Network
Controllers (RNCs). It also provides network management
capabilities. The Core Network offers circuit-switched services
(e.g. voice calls) and packet-based services, such as Internet
browsing. services.

UMTS' modular architecture made it easy to integrate with
existing GSM networks, leading to simplified deployment and
reduced operational costs, as noted by Dahlman et al. (2008) in
their study. UMTS (or HSDPA and HSUPA) was an important
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development, often referred to as 3.5G.U. The enhancements
made a significant difference in data transfer rates and reduced
latency, making it possible to provide real-time services like
mobile streaming and online gaming. Holma and Toskala (2006)
demonstrated that HSDPA permitted theoretical downlink
speeds of up to 14.4 Mbps. With the speed of MMbps, UMTS
was able to compete with early broadband technologies.
Adaptive modulation and coding, hybrid automatic repeat
request (HARQ), and fast scheduling mechanisms were
introduced to enhance the efficiency and performance of the
UMTS radio interface.

A significant amount of research was conducted on mobility
management and QoS in UMTS networks, with particular
attention given to resource allocation, load balancers, and
handover strategies. In 2001, Lin and Chlamtac (2001) wrote
that "the difficulty of maintaining good connectivity during
inter-cell and inter—system handovers is particularly significant
when users move between UMTS and GSM networks.

To mitigate the risk of missed calls during a transition, the
majority of applications in the UMTS system utilized soft
handover techniques, which allowed mobile devices to
communicate with multiple base stations at once. The research
has highlighted the importance of security in UMTS. UMTS
introduced more advanced authentication and encryption
methods, including mutual authentication between the network
and the user, which were not present in GSM.

According to Khan and Al-Begain (2005), the implementation
of AKA protocol in television networks enhanced data integrity
while decreasing interference with broadcasters. UMTS is no
longer the primary choice for mobile network designs, but its
fundamental principles such as packet-switched
communication, QoS management and spectrum usage
continue to shape modern mobile networks. UMTS served as a
link between circuit-switched voice-centric networks and fully
IP enabled broadband systems, making it possible to access
mobile data worldwide.

According to Cisco (2018), of UMTS
contributed to the acceleration of mobile internet services' global
penetration and played a significant role in shaping

the success

real world as a 10 GBPS speed in Finland. However, the
interval is in addressing energy efficiency and global spectrum
allocation, areas where the ongoing 3GPP standards are cleaned.

3. UMTS EVOLUTION

UMTS was first developed as an evolution of GSM to
provide higher bandwidth for the Internet and enhanced
multimedia features. The first Release '99 of WCDMA
technology provided data rates of up to 384 kbps. This was
unique. Downlink speeds were increased to 42 Mbps with the
introduction of HSDPA, HSUPA and HSPA+ in later releases.
These three policies remain in place today. Uplink speeds
surpassing 11 Mbps. Mbps. These advancements boosted the
longevity of UMTS before LTE was introduced.

Key feature of Max Downlink Max Uplink Release
Technology.

1. R99. Baseline service on UMTS, WCDMA, and 384
kmbps at 128 kbps is available.

2. R5. HSDPA 14.4. Mbps 384 kbps Fast downlink.
R6. HSUPA 14.4. Mbps 5.76. Mbps Fast uplink.
4. R7.HSPA+42. Mbps 11.5. Mbps MIMO, 64-QAM.

[O8)

4. UMTS ARCHITECTURE AND CORE
CONCEPTS.

Fig-1: Architecture of UMTS

The UMTS architecture is composed of three primary areas:
User Equipment (UE), the UTRAN, and the Core Network
(CN). WCDMA technology is utilized by the UE to establish
connections with Uu via its interface. The UTRAN comprises of
Node Bs and Radio Network Controllers (RNCs) who are
accountable for radio management, handover, and resource
allocation. Combining circuit-switched and packet-based data
domains, the CN establishes connections to external networks
like PSTN and the Internet. The simplified UMTS Architecture
Diagram shows that the system's components are UE, Node B,

Core Network (CN)
Circuit Switched Domain
(Voice, SMS)

Packet Switched Domain
(Internet, Data)

UTRAN

RNC
(Controller)

-

[ User Equipment

M

User Equipment [UE) UTRAN Core Network [CN) Extemel Netwark

N MSC =
A BNC | - S GmSC ]
@] || [E R EE @D

Cocat Sacirhed

- L

‘{ E,;c }
!

I Node B }

Fachet Seirched

Natwork

I Core Network (CN) I

RNC: Hado Network Controles
RNS: Rado Network Subrystom

RNC, and CN. Two key interfaces are circuit-switched (Iu-CS)
and packet-sieged (IU-PS) services.? The use of soft, softer, and
hard handover techniques ensures unbroken connectivity. The
UMTS architecture was developed to maintain interoperability
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and improve data
GSM/GPRS

security, while also evolving from

5. PERFORMANCE ANALYSIS

UMTS outperformed GSM in terms of system capacity,
data throughput, and latency. WCDMA's spread-spectrum
efficiency allowed for multiuser access and improved QoS,
which were both achieved by UMTS. The use of High-Speed
Packet Access resulted in higher downlink and uplink rates,
which made multimedia streaming and video calls smoother.
This fusion of speed, intelligence and sensation will convert 6G
to a universal platform for communication and innovation

I. 6G
Connectivity

6g Networks targeting revolutionary reforms in all
executing dimensions, with placement by 2030

Vision: Revolutionary =~ Wireless

5.1 Transformational Performance Targets

Top data frequency: 1 terabit per second (1 Tbps) represents
more than 5¢g increase than 5g.

User experience: 1 Gbps average

Ultra-Lo lightly: End-to-key reduced to 1 millisecond with
radio-keval delay of 100 microseconds

Large scale connection: Support for 10 million equipment
per square mile

Increased mobility: Communication help in speeds up to
1000 km/h for high -speed transport applications

5.2 Terahertz Communication Technology

Infection for Terahertz (THZ) frequencies represents the
most important technical leap in 6G development

e THZ frequency properties:
Spectrum area: Use of frequencies up to 10 THS from 100 GHz
provides outstanding bandwidth availability. Bandwidth scope:
Over access to bandwidth resources is more than 9.9 Thz,
enabling the Terabit-Skand communications rate.
Dissemination Challenges: Innovative Solution is necessary for
the loss of high track and atmospheric atmospheric powerful
distribution.

e Technical implementation:
D-band operations: Early focus of 110-170 GHz series for
applications in close time
300 GHz ties: Research concentration of 253-322 GHz area is
low as 10 db per kilometer of atmospheric ignorance

e Advanced antenna System:
D-band operations: Early focus of 110-170 GHz series for
applications in close time 300 GHz ties: Research concentration
of 253-322 GHz area is low as 10 db per kilometer of
atmospheric ignorance
Advanced antenna System: Compact to Mimo Aryans, take
advantage of short wavelength for high advantage
antennaplacement.

5.3 Sensing and Communication Integration introduces
joint communication and sensation (JCAS) features,
basically expands the role of wireless network:

e Integrated sensational application:

Higher -K noted Status: Sub -10 centimeters accuracy for indoor
environment and industrial applications,

e Environmental
monitoring: real -time  sense  of
conditions, air quality and physical properties
application:

atmospheric
Security

e Advanced Far Detection and Face identification
features
e  Healthcare Integration: Wireless Sensing Technologies

Continuous Health Monitoring

e Al country architecture
Intelligent air interface: Al-driven optimization of physical
Lear-parameters, including BeamForing and Channel State
Information
e Autonomous Network Administration: Self -
organization of making real -time decision without
human interference
6. Edge Intelligence: Distributed Al processing features
integrated throughout the network infrastructure
Digital twin implementation: Virtual network
representation enabled

Future potential of 5G Advanced and 6G

5G advanced capacity is huge, especially in industrial and
consumer applications. It can bring revolution in the health care
system through portable equipment that sends health data in real
time to doctors, which can lead to distant robot surgery
thousands of kilometers away. In production, it supports
industry 4.0 by allowing machines to communicate and adjust
processes. Economically, 5G is estimated as a whole to generate
up to $ 13.1 trillion in global value by 2035, with advanced
variants, it increases through IoT integration and cloud services.
Challenges such as high early investment and compatibility with
old equipment can use slower, but the regulatory support for
spectrum allocation accelerates the rollout.

6G: The transformation power of 6G can redefine daily life
and industries. In smart cities, it can integrate traffic systems,
energy networks and waste management into Al-operated
networks for real-time adaptation, reducing urban disabilities.
Remote control for the health care system or patient treatment
can continue with monitoring and engaging virtual reality.
Extensive effects include successes in autonomous driving,
robotics and extended reality (XR), and promotes hyper -
connected ecosystems. Marketing indicates that the next
generation wireless sector, including 6G forearms, will increase
from $

35.1 billion to $ 69.7 billion by 2035 in 2025, inspired by
requirements for self -driving cars and industrial automation.
However, obstacles such as infrastructure needs, security
problems and spectrum allocation should be addressed, with the
global R&D already running to ensure permanent distribution.

7. SECURITY IN UMTS

UMTS implemented a robust security system to counteract
the flaws of GSM. Its five domains, namely Network Access
Security (NAS), NDS, UDS and Visibility/Configurability, offer
layers of protection. The AKA protocol is a form of
authentication that allows the user to authenticate and replay
attacks to be avoided by impersonation and network replay. This
is done through mutual authentication. Data is protected by
encryption algorithms like UEA1 (KASUMI) and UIA2
(SNOW 3G), while integrity algorithms (UIIA1, UC2) evaluate
the security of signal transmissions.
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Session keys (CK, IK) are not transmitted over air
interfaces and instead are derived dynamically.edu? The lack of
significant security gaps persists, with issues such as counterfeit
Node B and SS7 breaches being addressed in LTE using EPS-
AKA and AES encryption.

8. RELATED WORK

Related efforts in wireless evolution construct directly on the
5G foundation. The release of 3GPP promotes 5G with 18
Uplink-centered services, high wall connection (eg train and
aircraft), and consecutive XR applications with progress. It is
consistent with the emphasis of Qualcomm on large -scale
network capacity and reliability.

For 6G, by 2030, India's 6G project goals, initiatives such as
Intelligent Connectivity, including THZ waves for traffic control
and Al. Global philosophy, such as Nokia and IEEE, describes
the integration of satellite and 6G of air network for unlimited
access. The focus on 5G advanced with comparative studies
focuses onmicrocondre reactions and 7-20 GHz bands from a
leap of 6G vs. 6g (eg bottom -5 ms delay and 10 Gbps speed).

These tasks collectively indicate our analysis, highlighting
the synergy in Al-operated efficiency, and remember the 6G
novel's spectrum use for wider coverage.

Technical analysis and comparison

To understand the path of the wireless network, a survey reveals
side by side of 5G advanced and 6G both continuity and
success.

9. CONCLUSION

UMTS transformed mobile communication by merging
voice and high-speed data into a single 3G infrastructure. The
evolution of HSPA and HSP created a gap between GSM and
LTE, setting the stage for broadband mobile internet. This led to
its development. Future studies may examine UMTS's
contribution to IoT connectivity, its backward compatibility
with mixed-network environments over time and spectrum
usage for rural areas.

Development from 5G-up to 6G represents a paradigm change
in wireless communication, revolutionary
capabilities for step-by-step improvement. S5G-ups acts as an
important bridge, and improves energy management by
maintaining backwards compatibility with AI-Origin, advanced
spectral efficiency techniques and existing infrastructure.

infection in

The 6G networks promise to change the role of wireless
communication in society basically, so that applications that
originally integrate physically, digital and human world.
Infections for Terrahartz frequencies jointly with Al-Eastern
architecture and common sensing communication skills will
create outstanding opportunities for innovation in all areas of the
economy.

Successful distribution of these technologies requires careful
assessment of international cooperation, adequate research
investment and implications of security, privacy and stability. As
the telecommunications industry leads to this vision, the next
decade will be important to determine how effectively these
revolutionary properties can be translated into practical,
favorable applications that improve human life and solve global
challenges.

Research forecasts for 6G feel from the current 5G
distribution through 5G fuel implementation shows the obligation
to continuously innovate the telecommunications industry. This
development promises to maintain technical management,
ensuring that advanced wireless abilities are available, durable
and favorable to global society.
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