ISSN 2073-7394

Cucrtemu ynipaBIliHHS, HaBirarii Ta 38'13ky. 2024. Ne 4

YK 004.72: [621.39:004.451]

Oleksandr Shefer, Stanislav Myhal

doi: 10.26906/SUNZ.2024.4.219

National University "Yuri Kondratyuk Poltava Polytechnic", Poltava, Ukraine

ANALYSIS OF THE MAIN REQUIREMENTS FOR 5G/6G NETWORKS

Abstract. Not long ago, the fifth-generation (5G) telecommunications standard was introduced, and active development is
already underway for the sixth-generation (6G) standard. The subject of the study is the key characteristics and requirements
of 5G/6G networks. The purpose of the research is to conduct a comparative analysis of the main features of communication
networks built using 5G and 6G technologies. The following results have been obtained. Several key aspects of research
directions and new technologies for designing 6G radio access networks, which meet the requirements of future wireless
communication systems, have been examined. The main characteristics of terrestrial communication networks that must meet
the declared requirements for 6G applications are analyzed in detail. Requirements for fifth-generation communication
networks are identified, including distributed processing and analysis of large data volumes combined with content caching
and delivery to mobile devices, support for ultra-low latency, scalability of arrays, and mobile communication management.
These are compared with the projected features of sixth-generation communication networks. Conclusions. The transition to
6G will inevitably intensify the requirements for fifth-generation communication networks and introduce new ones to ensure
the operation of systems demanding ultra-high reliability, high availability, and ultra-low response times.
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Introduction

This study examines the architecture of a terrestrial
network capable of handling traffic from all levels,
including dynamic terrestrial and flying networks. The
terrestrial network, which serves as the core of the system,
is designed with the requirements of 6G applications in
mind [1]. The key features of 6G Radio Access Networks
(RAN) focus on creating ultra-dense, heterogeneous,
intelligent, and adaptive networks while improving overall
network energy efficiency [2]. Integrating terrestrial and
flying networks is one of the most complex challenges [3].
The network core is considered using the Software-
Defined Networking (SDN) paradigm [4]. The core
incorporates SDN  multi-controller  structures and
OpenFlow switches [5]. The system must ensure
interaction between terrestrial and flying networks,
meeting 6G requirements. Integrated flying networks are
key components of 6G networks [6]. These networks are
expected to play a significant role in fulfilling the 6G
wireless communication requirements. Moreover, their
integration with terrestrial networks is highly demanded.
However, such infrastructure faces numerous challenges,
including the interaction of heterogeneous channels,
processing vast amounts of traffic, and meeting security
requirements [7]. This paper outlines the essential
specifications supported by inter-layer communication
technologies, primary use cases, and key performance
indicators (KPIs) for various network levels. The
architecture of the terrestrial network processes all types of
traffic [8]. Numerical modeling and simulation using high-
level software continuously support hardware prototyping
within such a network model, helping to predict
performance and interpret results [9]. Additionally, the
development of the model includes determining precise
technical specifications, such as power, bandwidth, and
interfaces required by devices and equipment. These
include radio access modules, high-performance edge
computing nodes, SDN controllers, OpenFlow switches,
and network interfaces [10]. The characteristics of all key
network devices and elements are also defined.

Objective of the Study: To conduct a comparative
analysis of the main characteristics of communication
networks built using 5G and 6G technologies.

1. Radio Access Networks

The design of 6G Radio Access Networks (RAN)
encompasses several key aspects and technologies that
align with the requirements of future wireless
communication systems. While 6G standards are not yet
fully defined, several research directions and emerging
technologies for designing 6G RAN have already been
identified. Below are some of the key aspects:

Spectrum Utilization: 6G RAN is expected to
utilize a broad range of frequency bands, including
higher-frequency ranges such as terahertz (THz) and
sub-terahertz (sub-THz) frequencies. These bands
provide extensive resources for high-speed data
transmission and massive device connectivity.
Developing efficient spectrum utilization methods, such
as advanced beamforming, carrier aggregation, and
dynamic spectrum sharing, will be critical to
maximizing 6G RAN capacity and efficiency.

Massive MIMO and Beamforming: Massive
Multiple-Input  Multiple-Output (MIMO) technology,
combined with advanced beamforming techniques, will be
a core component of 6G RAN. Massive MIMO involves
deploying a large number of antennas on both base stations
and user devices, enabling spatial multiplexing and
enhanced spectral efficiency. Beamforming focuses radio
signals toward specific wusers, improving coverage,
capacity, and signal quality. These technologies will be
further advanced in 6G to support even larger antenna
arrays and more complex beamforming algorithms.

Ultra-Dense Networks: 6G RAN will incorporate
ultra-dense networks, where base stations and access
points are densely and systematically deployed. This
network densification will increase capacity, coverage,
and overall system performance. Advanced technologies
such as network densification, small cell deployment, and
dynamic base station coordination will be employed to
mitigate interference and optimize resource utilization.
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Heterogeneous Networks: 6G RAN will integrate
various wireless access technologies, including traditional
cellular networks, satellite communications, and new
wireless technologies. This integration will enable
seamless connectivity, continuous coverage, and efficient
resource allocation. 6G RAN design will focus on
developing protocols and algorithms to support seamless
handovers, network selection, and efficient traffic routing
between diverse transmission devices. This will facilitate
the full integration of terrestrial and aerial communication
layers. Deploying new technologies, including artificial
intelligence (Al), distributed edge computing, and SDN,
will help achieve these goals.

Intelligent and Adaptive Networks: 6G RAN will
leverage artificial intelligence (AI) and machine learning
(ML) techniques to create more intelligent and adaptive
networks. AI/ML algorithms can be used for proactive
network optimization, predictive resource allocation,
dynamic spectrum management, interference minimization,
and self-healing. These intelligent and adaptive features
will allow the network to adjust to changing conditions,
optimize performance, and provide personalized services
based on user demands and network status.

Energy Efficiency: With energy consumption
becoming a critical concern, 6G RAN will place
significant emphasis on improving energy efficiency.
Design approaches such as energy-efficient hardware,
power management mechanisms, and the development
of intelligent algorithms for transitioning to sleep modes
will be adopted to minimize energy consumption while
maintaining performance.

2. Terrestrial Network

The terrestrial network is a ground-based
communication network that must meet the
requirements set for 6G applications. The terrestrial
layer of 6G acts as the heart of the system. All traffic
from all levels is transmitted through the terrestrial
network, which imposes significant limitations on its
design. The overall structure of the terrestrial layer of
such a system consists of two main parts: the Radio
Access Network (RAN) and the Network Core.

RAN (Radio Access Network): This consists of the
radio communication technologies and solutions
deployed to provide ground-based communication
services and support ground users.

Network Core: It manages the traffic of radio
access networks and other levels to meet the
requirements of 6G systems. The core network will be
built using the Software-Defined Networking (SDN)
paradigm. SDN with multiple controllers will be used to
manage the vast amounts of network traffic. A special
algorithm will need to be implemented on SDN
controllers to address the placement and distribution of
these controllers. The SDN network core should have
the following characteristics.

Network Programmability: The SDN network
core for 6G networks is expected to offer a high level of
network programmability. This will allow network
operators to dynamically configure and manage network
resources, services, and protocols through SDN APIs.
Such programmability will enable flexible and efficient

resource distribution according to the constantly
changing demands and traffic characteristics, supporting
heterogeneous traffic from various applications and
communication channels.

Virtualization and Orchestration: The SDN
network for 6G systems will use Network Function
Virtualization (NFV) and orchestration methods. An
NFV MANO platform will be implemented to realize
multiple virtualized network functions. Virtualization
allows network functions to be decoupled from
hardware and run in a virtual environment.
Orchestration refers to the automated coordination and
management of virtualized network functions for
deployment, scaling, and managing network services.
Virtualization and orchestration provide efficient
resource utilization, scalability, and flexibility for the
network core.

Service-Oriented Architecture (SOA): The 6G
systems will use a service-oriented architecture (SOA)
for the SDN network core. SOA enables the
decomposition of network functions into smaller
reusable components (network services). These services
can be dynamically combined to create custom network
fragments tailored to specific applications or service
requirements. SOA promotes flexibility, scalability, and
efficient service delivery in the network core.

Network Slicing: Network slicing will be a key
feature of the SDN network core for 6G. It will allow
the creation of multiple logical networks (slices) on a
shared physical infrastructure, each optimized for
specific use cases, applications, or service requirements.
Network slices ensure individualized resource
allocation, guaranteed Quality of Service (QoS), and
isolation between different network services, allowing
the network core to efficiently support diverse 6G use
cases with varying network performance requirements.

Intelligent Resource Management: The SDN
network core will include mechanisms for intelligent
resource management. These mechanisms will use
artificial intelligence (AI) and machine learning (ML)
algorithms to optimize resource allocation, traffic routing,
and load balancing based on real-time network
conditions, user demands, and performance requirements.
Intelligent resource management will enhance network
efficiency, scalability, and QoS in 6G networks.

Functional Interoperability and Open Interfaces:
The SDN network core will use open interfaces and
standardized protocols to ensure compatibility between
network components, domains, and providers. This will
promote seamless interaction between different network
elements, support an environment with multiple
operators, and foster innovation, allowing third-party
applications and services to leverage the capabilities of
the network core.

3. Comparison of Requirements for 5G and 6G
Communication Networks

In the ITU-R M.2083-0 recommendation, the key
design  principles  for fifth-generation  (5G)
communication networks are flexibility and diversity to
support a wide range of use cases [11]. These
requirements vary in importance depending on the
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specific use case. The general list of existing
requirements for 5G networks is shown in Table 1.

Table 1 outlines the following scenarios:

eMBB (enhanced Mobile Broadband): Distributed
processing and analysis of large data, along with content
caching and delivery to mobile devices.

uRLLC (ultra-Reliable Low Latency
Communications): Support for ultra-low latency and
scalable arrays.

mMTC (massive Machine-Type
Communications): Management of mobile
communications.

Table 1 — Requirements for Fifth-Generation
Communication Networks

Possibility Requirements |Scenario
IPeak data rate over terrestrial 20 Gbit/s <MBB
channels
IPeak data rate over radio channels 10 Gbit/s eMBB
User data rate over terrestrial 100 Mbit/s | ceMBB
channels
User data rate over radio channels 50 Mbit/s eMBB
4 ms eMBB
ILatency
1 ms uRLLC
. eMBB,
IMobility 500 km/h URLLC
IDensity of connections 10% km?>  |mMTC
Throughput 10 Mbit/cm®> | eMBB

In Table 1, the requirements for uRLLC networks
include latency and mobility. Additionally, the round-trip
latency must be imperceptible to humans, with a
maximum of 1 ms for applications within the uRLLC
group. Furthermore, mobility support must be maintained
even at maximum object speeds of 500 km/h. Moreover,
communication networks with ultra-low latency require
data transmission reliability greater than 99.9999% [11].
Implementing these requirements ensures high reliability
and accuracy of real-time data transmission, which is
essential for applications in autonomous technology,
telemedicine, industrial automation, and more. To build
the corresponding level of network infrastructure,
advanced technologies such as multi-user MIMO,
broader frequency spectra, high-frequency bands, and
intelligent optimization of network and device operations
must be used. Additionally, new data analytics and
processing technologies, as well as artificial intelligence,
are needed to handle large volumes of information and
make decisions based on the data obtained.

The architecture must be flexible and scalable,
consisting of layers that interact with each other through
separate network interfaces [11]. There should be control
and efficient distribution of network resources. Overall,
the implementation of uRLLC services requires a
comprehensive approach to the development of network
infrastructure and the use of advanced technologies. The
transition to 6G strengthens the discussed requirements
and introduces new ones (Table 2).

Let’s break down the key differences between 5G
and 6G technologies:

Table 2 — Comparison of 5G and 6G

Parameters 5G 6G
Start of operation 2020 Approximately 2030
Information transfer speed 20 Gb/s 1 Tb/s
Frequency ranges 3 -300 GHz 1-10 THz
Accuracy / error m - level cm - level
Coating 2D 3D
Connection density (km?)| 103 devices 10° devices
Delay (ms) 4-5 0.1
Jitter 1 ms 1 ps

. High, using block-
Security Low chgain tech%lology

. Limited b, Unlimited batte

Battery life battery siz}e]: life* i
Spectral efficiency (Hz) 30 100
Mobility support (vehicle{More than 500] More than 1000
speed) km/h km/h
Satellite communication No Yes

* — zero-power devices and chips with external power supply function
are used

Mobility: The maximum allowable speed will
increase from 500 km/h to 1000 km/h.

Network latency: End-to-end latency will decrease
by a factor of 10.

Throughput: The maximum throughput for 6G will
be 1 Tbps, which is 1000 times faster than in 5G.

Energy efficiency and spectrum utilization.: Energy
efficiency will increase by a factor of 100.

Next, let’s focus on reliability, security, and
availability in more detail.

Reliability. Reliability refers to the probability that
the system will operate without failure over a specific
period. As 6G networks will be highly distributed, the
main task for ensuring reliability will be organizing
effective coordination of computing nodes. To achieve
this, appropriate data transmission protocols between
network nodes are necessary, as well as a reliable
backbone network capable of handling large amounts of
traffic generated during data storage and retrieval.

Availability. Availability refers to the probability
that the system will be functioning correctly at any
given moment. Distributed AI solutions for 6G
networks are a promising option to reduce learning time
while simultaneously lowering resource consumption,
thus enhancing the availability of Al-based systems and
services.

Security. Security is the system’s ability to protect
itself by detecting threats in a timely manner and taking
the necessary actions to safeguard services deployed
within the system, as well as data exchanged between
devices and users. For 6G network services, distributed
AI/MN algorithms are necessary for local model
training to detect and eliminate threats, ensuring the
confidentiality of end-user data. Furthermore, security
also refers to the system’s ability not to cause harm to
human life, the environment, or private property. Since
6G networks will feature use cases where human life
may be at risk, such as with autonomous vehicles, the
role of AI/MN becomes particularly crucial.

Availability and Reliability. Availability can only
be achieved after reliability is ensured. Reliability is the
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probability that the system is operational overall, while
availability refers to the probability that it is operational
at a specific moment in time. Availability guarantees
that authorized access to the system will not be denied.
A major advantage of distributed systems is that the
presence of many nodes and communication channels
helps prevent failures. Current trends in edge computing
research aim to enhance system availability through
careful planning of task and data transfers from end
devices to edge servers, using mechanisms that make
decisions based on network statistics and the
computational capabilities of edge servers. Additionally,
availability can be increased by reallocating tasks from
failed nodes to functioning ones. Since availability and
reliability are interrelated, it is important to note that
both characteristics need to be balanced against each
other, as different systems may require different values
for these characteristics.

Conclusions

The article examines key aspects of research
directions and new technologies for designing 6G radio
access networks that meet the requirements of future
wireless communication systems. It provides a detailed
analysis of the main characteristics of terrestrial networks
that must meet the requirements for 6G applications. The
requirements for fifth-generation communication networks
have been outlined for the following scenarios: distributed
processing and analysis of large data, along with content
caching and delivery to mobile devices; support for ultra-
low latency and scalable arrays; management of mobile
communications. The transition to 6G will inevitably
strengthen the requirements for fifth-generation networks
and introduce new ones that will ensure the operation of
systems requiring ultra-high reliability, high availability,
and ultra-low latency.
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AHaJ1i3 0CHOBHHX BHMOT /10 Mepex 3B’13Ky 5G/6G
0. B. llledep, C. B. Murans

AmnoTanis. [Ipenverom nocTimKeHHS € OCHOBHI XapaKTEPHCTUKK Ta BAMOTH JI0 HUX y Mepekax 5G/6G. MeToro ociimKeHHs €
MPOBEJICHHS TOPIBHAJIFHOTO aHaJi3y OCHOBHHUX XapaKTEPHCTHK MEPEeXK 3B’S3Ky, MOOYIOBaHMX 3a TexHOJOrisiMH Ta 6G. Orpumani
HACTYIHI pe3yabTaTH. Po3ryssHyTI JesKi KIIIOYOBI acHEeKTH HANpsIMIB JOCIIDKEHb | HOBUX TEXHOJIOTIH Il NPOSKTYBAHHS MEPExX
pamionoctyrmy 6G, IO BiANOBIZAIOTH BUMOraM MaHOyTHIX cHcTeM O0e3poToBOro 3B'3Ky. JleTaJbHO pPO3IJISTHYTI OCHOBHI
XapaKTEePHCTHKH MEPeXi Ha3eMHOro 3B'I3Ky, sIka OBUHHA 3a0€3MeYnTH U 3acTOCyHKIB 6G 3asBieHi BUMord. Bunineni Bumorn o
MepeXx 3B'SI3Ky II'SITOr0 IMOKOJIHHS ISl PO3IOJUICHOI 0OpOOKM Ta aHaiily BEJMKHMX NAaHMX Pa3soM 3 KEIyBaHHSAM KOHTEHTY Ta
JIOCTaBKOIO HAa MOOUTBHI MPHCTPOT; MiATPHMKH HATHU3BKOI 3aTPHMKH, a TAKOXK MAaCHBIB, III0 MAcCIITa0YIOTHCS; YIIPABIiHHA MOOITEHIMH
KOMyHikamisiMu. [IpoBeseHO 1X MOPIBHAHHA 13 IUIAHYEMHUMH XapaKTEPUCTHKAMU MEPEX 3B'I3KY IIOCTOrO MOKONIHHS. BHCHOBKH.
[epexin mo 6G y Oymp-sIKOMy pa3i MOCHINTH BAMOTH JI0 MEPEX 3B'I3Ky M'ATOTO IOKOJIHHA Ta JONACTh HOBIi, IO 3a0e3rnedarsh
(hyHKIIOHYBaHHS CHCTEM, SIKi BUMATraroTh HAJIBUCOKOI HAIHHOCTI, BUCOKOIO IOCTYITHOCTI 1 HAAHM3BKOTO Yacy BiATYKY.

Kamo4doBi caoBa: TenekoMyHIKalliifHa Mepeika, Mepexa 3B’A3Ky, Ha3eMHa Mepexa, JiTaroua Mepeka, Mepexa
paxionoctymy, craunapt 5SG, cranmapt SG, mepexka SDN.
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