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Abstract:

Introduction/purpose: The presented review paper deals with the
standardization proces for 5G technology and beyond and its impact on
military communications.

Methods: Dominant methods such as analyzes and syntheses were
provided for considering the key aspects of the 5G standardization evolution
process through presentations of the roles of different Third Generation
Partnership Project (3GPP) standard releases and its implementation and
usage in military communication networks environment.

Results: The background and key areas in 5G evolution and beyond are

presented. Also, 5G standardization and military issues and challenges are
discussed.
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Conclusion: Standardization for 5G and the emerging 6G landscape is
extremely complex and highly innovative with many rapidly evolving
industry-driven and societal requirements. Standard development
organizations, industry, and academia need to collaborate on
standardization to facilitate worldwide interoperability. The paper gives
an overview of standardization functionalities and efforts to improve 5G
system performance as well as its impact on military communications
and services. It analyzes the areas of major enhancements for the
existing features and expansion to new use cases and industries as well
as to military usage through the 3GPP Releases, starting from Release
15 as 5G Basic, over 16 and 17 as 5G Evolution, up to 18 and 19 as 5G
Advanced which precede the upcoming Release 20 and the initial 6G
network whose launch is expected by the end of this decade.

Key words: the fifth generation (5G) technology, 5G standardization
process releases, 5G functionalities, 5G interoperability.

Introduction

Standardization on a global level is of fundamental importance and
even more for wireless networks because of the need for worldwide
interoperability (Shafi et al, 2017). First of all, the data rate supported by
each generation of mobile networks has significantly increased over time.
The advantages of 1G technology included service areas. There was
neither roaming between operators of various networks nor a capability of
networks to use different frequency bands. The widespread adaption of
1G enabled the introduction of 2G mobile networks, in spite of these
shortcomings. 2G networks have a throughput of 9.6 — 236 Kbps. 3G
increased this range to 42 Mbps, while 4G further improved it from 100
Mbps to 1 Gbps. 5G has made a leap with of 10 Gbps to 20 Gbps. As for
6G, it is expected to reach 100 Gbps to 1 Tbps. Latency has decreased
significantly with each generation. For example, 2G had a latency of 300-
1000 ms, 3G reduced it to 100-500 ms, while 4G further decreased this to
30-100 ms. As for 5G, it has lowered latency to 1-10ms. 6G is expected to
achieve submilisecond latency. 2G had low spectrum efficiency, while 3G
and 4G made significant improvements. 5G has very high spectrum
efficiency thanks to Multiple-Input-Multiple-Output  (MIMO) and
beamforming technologies. For 6G, it is expected to push the limits of
spectrum efficiency further using THz frequencies as well as advanced
network architectures (Fowdur et al, 2024). Nowadays, there is a focus on
wireless regional network standards. Scientific efforts for the fifth
generation (5G) specification are going to be finished with the full phase,
soon. Also, today there are different studies towards the sixth generation
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(6G) standardization. The 3GPP and its first full Release for 5G started
with Release 15. Release 15 consists of the Non-Stand Alone and the
Stand Alone specifications. Also, Release 15 is recognized as the
foundation for network implementation and devices. Release 15 becomes
an excellent performance for mobile communication broadband service,
that is, data rate, spectral efficiency and latency. The Release 15
performance is recognized as excellent in the Key Performance Indicators.
Therefore, Standard Development Organizations and academic society
are necessary to cooperate in the standardization process to facilitate
interoperability (Abdelkafi et al, 2021).

The evoluton of 5G standard started from Release 15 as 5G Basic,
continues with Releases 16, and 17 as 5G Evolution, and achieves
Releases from 18 to 21 as 5G Advanced. Next, Release 21 will establish
a road map for the 6G standard. Currently, Releases 18 and 19 are open
while Releases 20 and 21 are planed.

Key areas in 5G evolution and beyond

It is projected that 5G networks will be widely available all over the

world because of some key features such as:

- Data transfer rates on 5G networks are expected to be significiantly
higher than those of previous mobile network generations (10 Gbps
or more),

- Latency reaching levels are as low as a few miliseconds,

- 5G networks are designed to support a larger number of devices
and connections, enabling new applications and services, and

- 5G networks offer improved coverage and reliability.

The first official specification to outline a complete 5G network was
Release 15 available in 2018. It includes the specifications for 5G New
Radio (NR) (Kim et al, 2019). Representing the current state-of-the-art in
cellular network technology, Release 15 forms the basis for the
deployment of 5G network all over the world (Bertenyi, 2021).

Releases 16 and 17 respectively belong to the key standardization of
the 5G evolution system (Bertenyi, 2021). The specifications for Release
16 were frozen up in the first half of 2020. Next, the Release 17
specification process was underway towards its completion at the end of
2021. The main focus of both Releases 16 and 17 is to expand the
ecosystem in order to provide possibilities of different industries to use 5G
advantages (Wang et al, 2014). Both releases contain many features in all
the key areas of 5G environment, i.e., Industrial Internet of Things, vertical
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industries (Ghosh et al, 2019), network deployment and automation, and
device evolution.

Releases 15, 16 and 17 unified platforms for innovations in
technological advancement of the 5G 3GPP (Lin & Lee, 2021).

The most recent Release 18 named 5G Advanced brings a new wave
of innovations especially in the area of Atrtificial Intelligence and Machine
Learning (AI/ML). Further enhancements in Al/ML are expected in the
forthcoming Release 19. The first 3GPP standards release for 6G is still
several years away, while the work being done today gives the foundation.

Role of Release 16

Additional improvements to the 5G NR air interface brings Release 16
in 2020. In that way, Release 16 complements the full 5G specification
which allows for the advanced use cases and applications such as network
slicing (NS) and enterprise services (Wijethilaka & Liyanage, 2021).
Release 16 expanded on the success of Release 15 conserving consumer
and enterprise service field. Two examples of new services and
applications it supports are: mission-critical communication as well as the
Internet of Things (loT). Release 16 includes the next main areas such as:
massive machine — type communication, ultra — reliable low-latency
communication and improved mobile broadband. In order to help cellular
networks to continue with progress, additional technical improvements and
support for new frequency bands are included in Release 16 (Chen et al,
2021).

The Ultra Reliable Low Latency Communications (URLLC)
functionality, critical for Industrial loT (lloT) scenarios is completed in
Release 16.

Release 16 introduces support for Time Sensitive Communication
including integration with Time Sensitive Networking.

Also, Release 16 introduces some significant features which allow NR
to use the unlicensed radio spectrum.

Access to the NR-Unlicensed Spectrum (NR-U) provides an important
tool to increase capacity for both service providers and private networks.
Release 16 NR-U uses the same flexible frame and slot structure, physical
layer design, and protocol as NR Release 15 (Milovanovic et al, 2020). In
that way, the magnitude of changes to the user equipment compared to
the licensed-band operator is limited. The fact that Release 15 provides
the basic positioning protocol support is extended in Release 16 to include
the capability of locating devices using 5G radio signals themselves
leading to an expected accuracy in the order of metrics for a vast majority
of users.
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The means to reduce operating expenses of running 5G systems
enables new application capability for communication service providers. In
order to improve the overall separability and automation of network slice
deployments, Release 16 is applied. It allows the operator to outsource
network slice subscription management to third parties who are using the
operator's networks to provide services to their customers. Release 16
introduces network slice-specific authentication and authorization which
allows a third party to manage a user's subscription to a particular slice
without requiring the operator to be involved in managing transportation.
Integrated access and backhaul (IAB) has been introduced in Release 16
as a key enabler for fast and cost-efficient applications, mainly targeting
dense mmWave deployments outdoor when using the same spectrum and
air interface for access and backhaul, creating a hierarchical wireless
multi-hop network between sites. The main purposes for deploying IAB
nodes are: to have isolated coverage gaps, to provide backhaul with filter
deployment sparse, to enhance system capacity, and to bridge coverage
from outdoor to indoor. There are some aspects of 5G standards that
directly impact the energy efficiency of devices. Release 16 introduces
signaling from the network to the devices enabling the device power
consumption to be well optimized during the period of additive
transmission and reception.

In Release 16, the 3GPP further expanded the 5G NR frequency
spectrum in order to support operation with bands starting from under 1
GHz up to 52.6 GHz with 5 MHz and more channel bandwidth.

Also, Release 16 further enhances the NR support for URLLC
services by enabling latency in the range of 0.5 to 1 ms and improved
reliability with a target error rate of 106 in order to provide new use cases,
such as factory automation and transport industry as well as to improve
use cases such as Augmented Reality (AR)/Virtual Reality (VR) and
gaming.

Also, NR Release 16 introduces native positioning support not only
for regulatory but also for commercial and other use cases with positioning
accuracy down to at least 3 meters and end-to-end latency less than 1
second for commercial use cases.

The improvements due to Release 16 are described in Table 1
(3GPP, 2021).
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Table 1 — Areas with the improvements due to Release 16

IMPROVEMENTS DESCRIPTIONS
« Strong management to increase connection stability
Massive MIMO e Enhance coverage at the cell edge

o Full power uplink for MIMO-capable devices

Enhanced Ultra-
Reliable, Low-latency
Communication
(eURLLC)

o Vertical user cases (industrial automation)

e High connection dependability provided by improving the
5G URLLC architecture

o Strict latency restriction

e Continues communication even if one link is temporally
blocked

Power saving

o Low power optimization

e Overhead reduction

o Better power control techniques

Integrated Access and
Backhaul (IAB)

e Combine access and backhaul to reduce the cost of mm
Wave densification

* Allows a single base station to serve as a wireless access
point for end devices and a backhaul node

e Operators may add more base stations on the fly without
having to deploy extra fibers for more backhaul capacity

* More adaptable densification plan

Unlicensed spectrum
(NR-U)

e Enabling 5G service in unlicensed bands

o Cellular technology can operate "standalone" in unlicensed
spectrum

Time-Sensitive
Networking (TSN)

e Introduced support for TSN which can guarantee time-
deterministic delivery of data pockets

Cellular-Vehicle-to

Everything (CV2X)

o Prioritizes the use of 5G to improve automotive safety

Role of Release 17

Release 17 was published in March 2022. It refers to further
enhancements and improvements to the 5G NR air interface. The Release
17 development is the result of evolving needs and requirements of the
mobile industry. The first stage decade’s technological evolution area
concluded with Release 17. The 3GPP is part of the Release 16 and
Release 17 specifications. These enable 5G media streaming and
enhancements edge processing, analytics and event presentation as well
as extended reality (XR) experiences.
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Enhancements to IAB in Release 17 will improve the options for
multiplexing concerning links of an IAB node. Also, increased flexibility and
robustness in the network topology will be improved.

In both Releases 15 and 16, the design of 5G NR allows the network
to operate in the conventional cellular radio spectrum and the mmWave
spectrum up to 52.2 GHz.

The 3GPP makes effort to provide new bands together with band
communications for 5G implementation (Zong et al, 2019).

The main goal was to recognize demands of network operators
worldwide.

The major step in Release 17 in this domain is the introduction of
support for 5G NR in the 52-71 GHz frequency range.

Release 17 scales the existing 5G NR design to expand the mmWave
spectrum range from 24.25—52.6 GHz to up to 71 GHz in order to cover
the original 60 GHz band (57-66 GHz) as well as the 66-71 GHz frequency
band together with 5 MHz and more channel bandwidth.

Also, Release 17 scales down the wideband 5G NR design (i.e., 100
MHz bandwidth) to 20 MHz/100 MHz in the sub-7/mmWave to efficiently
support lower complexity loT devices.

In the focus of Release 17 is power saving for devices in order to
improve the battery life (Milovanovic & Bojkovic, 2020).

Release 17 seeks to provide time-sensitive communication (TSC),
offering in that way enhanced specific tools for the 5G system in order to
support TSC in the application domain.

In that way it is possible to allow the implementation of private wider
area networks (WANSs).

Release 17 private network support is being further extended in order
to support neural host models where the network owner and the service
provider need not to belong to the same entity. This provides accessing
private networks together with public network operators.

Release 17 offers support of the |oT by NR, in order to support optimal
operational device type’s characteristic for the lloT network services.

Next, Release 17 has potential to enhance NR to address the
following use cases in the Industrial l1oT and other verticals:

» Industrial wireless sensors with 99.99% availability, latency less

than 100ms in general and 5-10ms for safety-related sensors, and
a medium data rate (<2 Mbps), and a battery life of a few years,

» Video transmission with 99%-99.9% reliability, latency less than

500ms, and a medium to high data rate (2-25 Mbps), and

» Wearables with a high data rate (up to 150 Mbps for downlink and

up to 50 Mbps for uplink) with a long battery life (up to 1-2 weeks).
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In order to support enhanced positioning in Release 17, the study item
focuses on more high-accuracy positioning targeting commercial loT use
cases such as location of assets and moving objects within factories, with
sub-meter-lever accuracy and end-to-end latency less than 100 ms.

Release 17 supports a wide but key range of military services,
Enhanced Mobile Broadband (eMBB), URLLC, and Massive Machine-
Type Communications (MMTC). The description of the improvements due
to Release 17 are presented in Table 2 (3GPP, 2022).

Table 2 — Capabilities for primary use cases in Release 17

CAPABILITIES DESCRIPTION

o Support for 5G NR from 52.6 MHz to 71GHz frequency range

e Thanks to the expansion of the NR frequency range, more
spectrum up to and including the unlicensed 60 GHz is
available

o Multicast and broadcast services such as vehicle-to-vehicle
(V2X) public safety, IP multicast, software delivery, and loT
are the primary targets

o Allows the network notification and the avoidance of paging
collisions when the user equipment changes networks

e Support for non-terrestrial networks

e Through the use of high-altitude platforms, better coverage
can be achieved in remote places

o Sidelink relaying including single hop, User Equipment (UE)
to UE and UE to network relaying

e Enhanced physical layer feedback for manufacturing
automation

e Positioning, reduced latency, especially for loT applications

e Sidelink, V2X, public safety, resource allocation

URLLC enhancement

» Continuity mechanisms for ultra-radio access technology

o UE can quickly read the cell that provides the desired slice

e Anything reality (XR) evaluations

o Help for a wide variety of XR applications

o Small data transmission in the inactive state

e Sensors benefit from lower connection establishment

mMTC overhead

o Support of reduced-capabilities NR devices

o Useful for transmitting data over machines

eMBB
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Role of Release 18

Release 18 refers more to 5G Advanced, which is represented in
industry and technology that comes between 5G and 6G (Lin & Lee, 2021).
It has started in the second quarter of 2022 as the first standard which will
witness a greater emphasis on Al, ML and extended reality (XR). Also, it
should be noted that there will be a greater focus on sustainability
initiatives. The initial freeze data for this standard package was planned in
December 2023. After that time, vendors will start integrating the approved
changes into commercial equipment. 5G Advanced with XR applications
such as video streaming, remote sensing, etc. will create financial
improvement in the consumer enterprise market. In order to encourage
mass market adoption, 3GPP working groups are going to enhance XR-
specifies traffic performance and power consumption. AlI/ML is also
becoming of great interest for future networks. As for generators, they
need to save system-level energy in order to reduce deployment costs and
maintain network performance for a range of use cases (Lin, 2022).

The key features in Release 18 involve the 20-MHz or 5-MHz
bandwidth (in Frequency Range 1), full duplex/half duplex and time
division signal duplication, 64-level QAM (256 optional), and 10 Mbits/sec
maximum data speeds (Downlink and Uplink).

Also, Release 18 includes enhancements to the 5G NR technology that
enables lower latency, down to less than 0.5 ms in some cases. These
enhancements include improvements to the scheduling algorithms and
support for low-latency services such as URLLC.

Next, Release 18 has included advancements in spectrum operation
utilization for 5G NR, important for networks which require mission critical
communications. In order to achieve this, the 3GPP has introduced
operation in a narrowband spectrum with channels smaller than 5 MHz,
i.e., it specified a new channel bandwidth of 3 MHz, as well as a new
synchronization raster (600 KHz) and the technique of SSB
(Synchronization Signal Block) puncturing.

The 3GPP radio access network (RAN) approved a work package for its
Release 18. It represents a major emulation in the first release of 5G-Advanced.
The work package includes diverse study and work items which will significantly
contribute to a variety of new use cases. The works conducted in 5G Advanced
will shape the evaluation of wireless networks on the path to 6G. In Release 18,
the standardization sidelink (SL) communication was extended to the
unlicensed spectrum, while the SL positioning is standardized with the licensed
spectrum (Lin, 2022). The notable changes and description of the capabilities
from Release 18 as well as future research are given in Table 3 (3GPP, 2023).
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Table 3 — Description of the capabilities offered by Release 18 and further research

CAPABIITIES DESCRIPTION AND FURTHER RESEARCH
¢ Aslicing on network energy has to be correctly done for NR.
Network energy saving Also, new methods for maximizing network energy

efficiency are welcome

¢ Mobility focuses on improving conditional handover support

Mobility support ¢ UE gets a handover command with a condition from the
network

e Support for antenna ports in the uplink and simultaneous
multipanel uplink

MIMO evaluation e Better support advanced UEs such us customer premise
equipment

¢ Fixed wireless access devices and vehicular UEs

e Increase resources efficiency in RAN sharing scenarios
and extend multicast support to UEs

e Make enhancements to allow UEs in connected state to
receive broadcast service and unicast services
simultaneously

e Accuracy, integrity, and power efficiency along with
positioning

Multicast and
broadcast

Improved positioning

Role of Release 19

Release 19 is the second release of 5G Advanced. Not only is it a
continuation of Release 18, but it also represents a bridge towards 6G
technology of new capabilities and efficiency. As for the specifications,
they are expected to be finalized and frozen in March 2025. What has
emerged, for example, is a set of features which will offer services such as
extended reality.

In Release 19, at least for the 7-24 GHz spectrum, the 3GPP will
validate its existing channel models and if necessary, adopt them to take
into account spatial non-stationarity. As the second Release of 5G
Advanced, Release 19 will focus primarily on the commercial deployment
needs by further enhancing performance, evolving network topology,
improving energy efficiency and utilizing Al/ML. Here the innovation work
carried out will provide the baseline for 6G standardization.

The 3GPP 5G Work Plan for Release 19 deals with the problems such
as: support frequencies up to THz, advanced radio interface including full
duplex, joint sensing and communication, energy harvesting and passive
0T, and cognitive access to wireless technologies cellular satellite WiFi
(Chen et al, 2023).
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Current expectations

Release 20 workshop in July 2024 defined the scope of technology
foundation for the next generation innovation platform going towards its
finalization in September 2026. The current expectations are that the
official specification work on 6G standards will start around 2025.
Anticipating supporting use cases requirements in 2030 and beyond, the
first 6G standard Release 21 will need to be completed and redefined by
early 2028.

5G standardization - military issues and challenges

5G technologies are important in the military environment because it

supports various applications. 5G can be implemented for different

purposes from the traditional ones such as Intelligence, Surveillance, and

Reconnaissance (ISR) systems capabilities for decision making in

command and control (C2), over training, maintenance, logistics, up to

autonomous vehicles, Al, augmented and virtual reality (MiliCevi¢ &

Bojkovi¢, 2024).

Also, 5G wireless technology brings significant benefits for military

forces. Some of them are (Maris, 2024):

1. Enhanced Communication, Control and Operational Efficiency: The
high data rate, ultra-reliable and low latency of 5G enable more efficient
communication and information exchange technology in the battlefield,
improving command and control capabilities.

Command and Control (C2) which is now expanding to incorporate
computers, intelligence, surveillance, target acquisition, reconnaissance
and cyber (C5ISTAR) technologies is incorporating all domains of
traditional warfare theatre which involve air, land, sea and space for
combat operations. To be important in the military domain, C2 has
necessity to follow modern technology advancements in order to
respond to the challenges and requests of modern warfare in combat
fields. In line with this, 5G plays an important role in the optimization and
transmission of leading military C2 applications.

From the military perspective, 5G with its main characteristics has
huge potential to be vital for effective C2 communication systems in
order to provide secure and resilient information exchange between
units and commands as well as for intelligence collaboration in the
battlefield, coupled with real-time data that are processed in different
combat networks.

5G provides enhanced C2 by real-time data transmission with ultra-
reliability and low latency and in that way it allows Real-time situational
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awareness and Distributed Command and Control for military purposes.
In Real-time situational awareness, combat staff have possibility of
faster decision making upon receiving critical information from the
battlefield (video stream, sensor data, and etc.) On the other hand, by
Distributed Command and Control, units operate independently while
staying connected to the central command and can use for this purpose
a 5G robust, high-speed network.

The ability to run secure C2 applications on 5G ensures that both
superiors and subordinates in chain of command can see, monitor and
track the same combat or non-combat activities at the same time as well
as use C2 services which must be able to share and access data at any
time from any location.

2. Real-time Data Processing and Support for ISR systems: 5G allows for
the ultra-rapid processing and sharing of large volumes of data, crucial
and critical for ISR operations.

5G can enhance Intelligence, Surveillance, and Reconnaissance
(ISR) capabilities for military matters by high-bandwidth data rate
transmission and edge computing. High-bandwidth data rate
transmission has potential to provide transmission of HD (high-
definition) and beyond for imagery and video formats from different
surveillance platforms (drones and others). Also, implemented support
for 5G edge computing has purpose to process data closer to the source
and in that way reduces latency and allows for faster analysis and
response.

3. Autonomous and Remote Operations Capabilities: The reliable and fast
connectivity of 5G supports the deployment of different kinds of modern
autonomous systems which are increasingly becoming integral and
important to modern warfare.

5G is a technology platform which provides reliable communication
links important to ensuring uninterrupted connectivity for remote control
and autonomous operations as well as high-speed data transfer which
enables real-time video streaming and sensor data transmission for
navigation and mission implementation. Both mentioned characteristics
provided by 5G are important for the operation of autonomous vehicles
and drones.

Autonomous transportation and Remotely Operated Vehicles (ROVSs)
enabled by high capacity, low latency wireless 5G technology are
developed to execute high-risk combat missions without endangering
soldier lives, different navigation tasks in hazardous environments, as
well as special tasks like reconnaissance and explosive disposal.
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Also, they can be used to ensure timely delivery of supplies, provide
real-time intelligence, and support decision making.

Generally, in 5G, anything can be user equipment, not only traditional
cell phones, but also different types of assets like aircraft, ships, as well
as combat and non—combat vehicles.

Equipped with 5G for long-haul communication systems, these
vehicles can use the 5G network to enable communications, high-data-
rate video conferencing, and Internet of Things sensors to become self-
driving or autonomous vehicles in order to remove, for example, soldiers
from some missions, regadless of the fact that someone is required on
board to oversee the vehicle performance.

Also, different vehicles, from base-contained vehicles to field and
combat vehicles equipped with radar, lidar, and sensing techniques to
identify and understand their surroundings, which use artificial
intelligence and machine learning to sort through, process, and act on
this information, can use the potential of 5G to connect all this
information.

4. Augmented Reality (AR)/Virtual Reality (VR)/Extended Reality
(XR)/Artificial Intelligence (Al) enabled simulations and training.

Simulations and training are essential for military units combat
readiness and exactly 5G networks are improving military training
capabilities by implementing advanced AR, VR, XR, and Al
technologies. In the process of implementing military training,
simulations are increasingly used so that accurately reflect real combat
scenarios. Precisely speaking, 5G networks, thanks to their high
bandwidth and ultra-low latency in real time, can provide support for the
modern training process.

The 5G communications capabilities, together with AR for military
training, provide a multi-participant training process by an experienced
trainer in order to provide military personnel with remote access to the
best possible training staff for different specialist jobs as well as to
simplify access to cutting-edge programs and platforms for training,
regardless of where they are stationed, installed or deployed.

5G enables training and simulation in such a way that military staff can
engage in realistic training scenarios using AR/VR as well as in mission
operation planning by AR/VR in order to visualize mission conditions and
plan operations in a virtual environment.

Also, the high bandwidth and ultra-low latency of 5G ensure real-time,
immersive simulations that mirror actual combat scenarios with
precision. Soldiers benefit from interactive environments where AR
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overlays critical information, and VR and XR offer dynamic, scenario-
based exercises.

5. Improved Network-Centric Warfare and Interoperability Concept: 5G’s
ability to connect numerous devices and systems in such a manner to
support the concept of network-centric warfare, enhancing
interoperability among different military forces in operations.

For example, 5G has capacity and flexibility to provide military tactical
networks well known as Mobile Ad Hoc Networks (MANets). MANets
represent some kind of a nomad type of networks that has possibility of
self-configuring (reconfiguring) in order to provide connectivity between
deployed military commands/units without necessity to build fixed
infrastructure in the area of operation, for enabling for users real-time
data sharing, coordination and security in dynamic military operational
environment. Above all, 5G MANets could enhance situational
awareness and have huge impact on a quicker decision-making process
in order to improving operational efficiency by providing rapid
deployment and reconfiguration in response to changing battlefield
conditions.

5G for tactical communications increased flexibility for use cases from
enhanced mobile broadband to ultra-reliable low-latency and massive
machine-type communications, as well as increased security. Also, 5G
tactical networks can provide augmented/virtual reality in combat
situations and training, telesurgery on the battlefield, tactical self-driving
vehicles, ad hoc secure communications, and the interconnection of
different battlefield assets.

Also, the 5G tactical network can be used in different combat/exercise
scenarios, for example, to transfer high-speed, secure and reliable data
from different sensor platforms over the C2 system or Command
Information Systems (CIS) to the command post, for example to choose
targets, and from the command post over the C2 system or CIS to
artillery units that use this data for calculations and after that for acting
on targets in a short period of time in order to eliminate threats on the
field. The positive characteristic of the previous scenario is a possiblity
to fast deploy eMBB, URLLC and mMTC 5G tactical networks with a
smaller propagation footprint for a reliable and resilient communication
data flow in order to plan and solve military tasks. On the other hand,
the negative characteristic will be a possbility of jamming, intercepting
and interupting 5G tactical network communication by enemy electonic
warfare systems.

6. Cybersecurity Challenges and Resilient Communications: With rapidly
increasing cyber threats, 5G’s advanced security features are essential
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to answer to them by protecting sensitive military communications and
ensuring resilient networks.

The advanced key security features that are implemented in 5G
networks for protection against cyber threats are: network slicing and Al-
driven security. Network slicing can enhance security and performance
by creation of separate network segments for different applications. On
the other hand, Al algorithms have a possibility to detect and respond to
threats in real time, promising the integrity of military communications.
7. Improving military logistics and supply chain management.

5G supports automated inventory management by applied loT
devices connected via 5G to monitor and manage inventory in real-time
enabling. Also, 5G supports enhanced tracking and delivery in order to
track in real time supplies, assets, and equipment thus ensuring timely
delivery on the location of interest and reducing the risk of shortages,
especially those of critical supplies.

5G can enhance logistics military operations through:

e Enhanced communication with 5G - integrating 5G in logistics
enables providing a high bandwidth that offers speedy data
movement to multiple systems in real time and allows in that way
devices and systems to interact and share critical information for
logistic operations.

¢ 5G loT application in logistics - is suitable for real-time tracking that
helps transmit real-time data across long/short distances in order to
improve supply chain visibility for command staff with possibility to
track and monitor assets shipment status.

¢ 5G network for smart warehouses — through effective, reliable and
faster data transmission for devices in smart warehouses via 5G
technology, it can be possible to establish smart inventory tracking
and a smart shelves system, because loT sensors can detect and
alert if any product in the inventory is getting out of stock and needs
to be restocked.

e Autonomous vehicles for logistics — applying 5G technology allows
autonomous vehicles to self-regulate themselves reliably, accurately
and safely with its high-speed data transmission, bandwidth and
granular data. These self-driven autonomous vehicles are confined
to warehouses but can also move onto public roads or off-roads.

¢ Optimizing transport routes — optimized routes are important to save
expenses, fuel usage, and environmental damage. Still, in
emergencies situation, it is necessary to change routes immediately
to avoid any disruptions and delays. 5G technology has potential to
take action and optimize new and better routes.
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e Augmented Reality and Virtual Reality training in logistics — 5G, with
its robust technology, higher bandwidth, and fast speed, can help
boost applying augmented reality and virtual reality as technologies
that can be used to train logistic staff to make them more skilled in
their jobs by offering a virtually simulated environment for education
in logistics.

8. 5G transforms medical care for military personnel.

The 5G-enabled AR training platform which could provide warfighters
with more quality military care by enabling 5G AR telemonitoring for
medical procedures, which would allow streamlined communication
between centrally located medical specialists and their patients in
remote locations.

It means that 5G enables a new application that promises to transform
medical care for military personnel: robotic surgery. With robotic surgery,
military doctors could quickly perform operations from a distance using
robotic arms and cameras. Housing such equipment on medical vehicles
would eliminate the need to transport patients elsewhere to begin
treatment.

From the military point of view, Spectrum, 5G New Radio, 5G Core
Network, Proximity Services, and Non-Terrestrial Networks (NTNs)
(Bastos et al, 2021) are recognized as 5G technology enablers which have
interesting potential and opportunities to be in connection with 5G
Releases 15, 16 and 17, respectively.

One of important 5G technology enablers for military applications is
the available radio-frequency spectrum. A significant amount of the
spectrum for military usage which is arranged in multiple bands from high
or mmWaves bands (above 6 GHz), over medium bands (between 1.5 and
6 GHz) to low bands (below 1 GHz) will be targeting bands for
implementing 5G military technology in order to provide trade-off between
capacity and coverage as well as mobility. The implementation of 5G in
different sub-bands of the spectrum assigned to the military can provide
cost-effective capabilities for 5G military systems.

Next, an important enabler for the military ecosystem is the 5G New
Radio (NR) concept because it offers most prominent features from
supporting several significant frequency ranges (from 410 MHz up to 7
GHz and from 24 GHz up to 52 GHz), over psychical layer design (using
Orthogonal Frequency Multiplexing modulation (OFDM), providing
Frequency Division Duplexing (FDD) and Time Division Duplexing (TDD)
modes, as well as using a massive Multiple Input Multiple Output (MIMO)
concept of active antennas which allow beam forming and steering in order
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to reduce self and external interference and contribute the lower probability
of interception as well as improve the link budget) to Integrated Access
Backhaul (allowing 5G NR base stations to communicate mutually over the
5G NR air interface without the need to be connected on the backbone
network and offer various opportunities to rapid deployment of sustainable
5G networks in the battlefield).

Also, 5G Core Network can play a significant role to support military
usage requirements through network slicing (possibility to define the
subsets of the main network (slices) which can be optimized for particular
military service and performances required of the available network). Also,
together with virtualization, it offers new opportunities to the military. On
the other hand, Mobile Edge Computing (cloud computing can be
distributed to the edge of the network (close to the Radio Access Network
(RAN)) in order to provide low latency and independent operation of 5G
clusters).

5G Proximity services (i.e. D2D technology as 5G Sidelink) have
significant potential to provide reliable and secure communication between
5G military user equipment, especially in some military critical scenarios
without necessity to use 5G RAN and core network infrastructure.

Finally, Non-Terrestrial Networks (provided by 5G satellites, aircraft
or any other airborne vehicles) can extend 5G NR technology in order to
provide military services with a lower propagation delay in the locations
where terrestrial networks are not available. In that way, Non-Terrestrial
Networks (NTNs) create opportunities to extend tactical communications
and application services. Non-terrestrial networking is shown in Figure 1.
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Figure 1 — Non-terrestrial networking presentation
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Also, some of interesting 5G device-to-device use cases for the
military are vehicle-to-everything communication (V2X) and soldier safety.
The block scheme of the V2X communication modes is presented in Figure
2.

Figure 2 shows the basic concept of V2X communication modes
where in some combat scenarios the combat and command vehicle as the
main 5G station is interconnected with other combat vehicles by the
Vehicle-to-Vehicle (V2V) mode, with soldiers by the Vehicle-to-Soldier
(V2S) mode, with field command posts by the Vehicle-to-Network (V2N)
mode, and with stationary command posts by the Vehicle-to-Infrastructure
(V2l) mode using 5G communication infrastructure.

Wherever the network coverage is available, V2X (Vehicle-to-Vehicle,
Vehicle-to-Infrastructure, Vehicle-to-Soldier and Vehicle-to-Network) can
be supported via the stations using the URLLC functionality of NR together
with edge computing to deliver low latencies. To support military safety
applications, enhancement to the side link and proximity services are
introduced. An example of the usage is when sidebank power saving
features are introduced for handheld or manpack devices which are also
used as position devices designed to communicate directly with combat
vehicles in order to provide soldier safety.
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Figure 2 — V2X communication modes
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Next, in the available literature, there are elaborated examples of
different scenarios in several 5G military application domains which refer
to deployable Communication and Information Systems (CISs), land
tactical operations, maritime operations, and static communications
(Bastos et al, 2021).

From the military point of view, Releases 18 and 19 are interesting
because of their focus on Al/ML. Different forms of artificial intelligence
incorporated in 5G communications can support military operations in
order to provide operational success in various situations and scenarios
as well as asset survivability through, first of all, faster situational
awareness based on efficient data sharing together with effective
collaborative decision making. Also, in 5G, the military’s network Al will
apply different techniques to provide an appropriate level of intelligence to
connect different domain architectures and perform dynamic
reconfigurations of the network topology at the edge in order to increase
node and data security and to be more resilient to attack. The ML and
heuristics as forms of Al will enable automation in the process of tracking
and predicting the position of military units and resources, using the
weather forecast systems, detecting different obstacles, rapidly rebuilding
parts of the infrastructure, and expanding or contracting the network as
needed. Al can support deploying swarms of drones in order to form
autonomous, adaptive 5G cellular relays stations, which can continually
adjust their positions to optimize network communications for mobile
combatants and military equipment. For Al, data collection and processing
is necessary to be performed between network edge devices and clouds
or data centers. 5G and Al together can better support combatants,
improve equipment survivability, and contribute to mission operational
success in the battlefield.

Finally, different international organizations including NATO bodies
and the European Defense Agency (EDA) have considered models of
usage of 5G technology for military operations. Generally, they recognized
5G usage potential and benefits for defense reasons especially in the
areas of deployed facilities, support, and battle zones (Zmystowski et al,
2023).

Conclusion

One of the main ways to represent slicing as a powerful tool is to apply
this technology in 5G and beyond to mobile communication systems. On
the other hand, an important feature of the 3GPP Releases 15 and 16 is
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that they pave the way for the introduction of 5G and 5G Advanced as well
as for further development.

In the next period, it will be enabled for use cases to increase mobile
broadbands. This is the time of industrial productivity resulting from the
introduction of Release 16 and Release 17. The initial 6G networks will
start with basic research. Network slicing is one of the types in 3GPP
Release 16 and further addressed in Release 17 which were in progress
in 2021 and 2022, respectively. This motivates an integration of security
aspects in network slicing. Also, Release 18 which represents the first
release named 5G Advanced puts the main focus on Al, ML and XR.
Release 19 as the second release of 5G Advanced with its new capabilities
and efficiency such as a set of features which will offer services based on
extended reality as well as enhancements in AlI/ML will be the next step
towards 6G technology.

Next, Release 20 as one more step closer to 6G is expected in the
near future.

It is evident that the 5G and emerging 6G landscapes are extremely
complex with many complementary technologies and standardization
effects, spectrum usage models, and industry-driven consortium
developments. In the next period, in no more than five years, it will be
evident that 5G and beyond networks will enable different use cases and
mobile broadbands to increase. This relates, first of all, to the 3GPP
features to be provided with Release 16 and 17. The end of the decade
will witness the appearance of the initial 6G networks, already in
development.

The standardization process for 5G different functionalities and
capabilities contained in 5G Releases up to now as well as in the near
future are recognized as the key enablers suitable for implementations in
the military environment in modern warfare in order to provide: support for
enhanced communication; control and operational efficiency; real-time
data processing and support for ISR; autonomous and remote operations
capabilities; improved network-centric warfare as well as the
interoperability concept and cybersecurity challenges and resilient
communications.

References
-3GPP. 2021. Release 16 Description;, Summary of Release-16 Work Items
(TR 21.916) 21 June [online]. Available at:

https://portal.3gpp.org/desktopmodules/Specifications/SpecificationDetails.aspx?
specificationld=3493 [Accessed: 04 August 2024].

352




-3GPP. 2022. Release 17 Description;, Summary of Release-17 Work Items
(TR 21.917), 20 December [online]. Available at:
https://portal.3gpp.org/desktopmodules/Specifications/SpecificationDetails.aspx?
specificationld=3937 [Accessed: 04 August 2024].

-3GPP. 2023. Release 18 Description; Summary of Release-18 Work Items
(TR 21.918), 01 December [online]. Available at:
https://portal.3gpp.org/desktopmodules/Specifications/SpecificationDetails.aspx?
specificationld=4229 [Accessed: 04 August 2024].

Abdelkafi, N., Bekkers, R., Bolla, R., Rodriguez-Ascaso, A. & Wetterwald, M.
2021. Understanding ICT Standardization-Principles and Practice, 2nd Edition.
Sophia Antipolis Cedex, France: ETSI (European Telecommunications Standards
Institute) [online]. Available at:
https://research.tue.nl/en/publications/understanding-ict-standardization-
principles-and-practice [Accessed: 04 August 2024]. ISBN: 979-10-92620-50-1.

Bertenyi, B. 2021. 5G evolution: What's next?, IEEE Wireless
Communications, 28(1), pp.4-8. Available at:
https://doi.org/10.1109/MWC.2021.9363048.

Bastos, L., Capela, G., Koprulu, A. & Elzinga, G. 2021. Potential of 5G
technologies for military applications, In: 2021 International Conference on Military
Communication and Information Systems (ICMCIS), The Hague, Netherlands,
pp-1-8, May 04-05. Available at:
https://doi.org/10.1109/ICMCIS52405.2021.9486402.

Chen, W., Goal, P., Montojo, J. & Zisimopoulos, H. 2021. Fundamentals of
5G Communications: Connectivity for Enhanced Mobile Broadband and Beyond,
1st  Edition. New York: McGraw Hill [online]. Available at:
https://www.accessengineeringlibrary.com/content/book/9781260459999
[Accessed: 04 August 2024]. ISBN: 9781260459999.

Chen, W., Lin, X,, Lee, J., Toskala, A., Sun, S. & Chiasserin, C.F. 2023. 5G-
Advanced Toward 6G: Past, Present and Future. IEEE Journal on Selected Areas
in Communications, 41(6), pp.1592-1619. Available at:
https://doi.org/10.1109/JSAC.2023.3274037.

Fowdur, T.P., Indoonundor, M., Milovanovic, D.A. & Bojkovic, Z.S. 2024. 5G
NR Modeling in MATLAB: Network Architecture, Protocols and Physical Layer, 1st
Edition. Boca Raton, FL, USA: CRC Press. Available at:
https://doi.org/10.1201/9781003465393.

Ghosh, A., Maeder, A., Baker, M. & Chandramouli, D. 2019. 5G evolution:
A view on 5G cellular technology beyond 3GPP release 15. IEEE Access, 7,
pp.127639-127651. Available at:
https://doi.org/10.1109/ACCESS.2019.2939938.

Kim, Y., Kim, Y., Oh, J., Ji, H, Yeo, J., Choi, S., Ryu, H., Noh, H., Kim, T.,
Sun, F.,,Wang, Y., Qi, Y. &Lee, J., 2019. New Radio (NR) and its Evolution toward
5G-Advanced. IEEE Wireless Communications, 26(3), pp.2-7. Available at:
https://doi.org/10.1109/MWC.2019.8752473.

353

Milicevi¢, Z. et al, Standardization for 5G technology and beyond: impact on military communications, pp.333-358


https://portal.3gpp.org/desktopmodules/Specifications/SpecificationDetails.aspx?specificationId=3937
https://portal.3gpp.org/desktopmodules/Specifications/SpecificationDetails.aspx?specificationId=3937
https://portal.3gpp.org/desktopmodules/Specifications/SpecificationDetails.aspx?specificationId=4229
https://portal.3gpp.org/desktopmodules/Specifications/SpecificationDetails.aspx?specificationId=4229
https://doi.org/10.1109/MWC.2021.9363048
https://ieeexplore.ieee.org/xpl/conhome/9486286/proceeding
https://ieeexplore.ieee.org/xpl/conhome/9486286/proceeding
https://www.accessengineeringlibrary.com/content/book/9781260459999
https://doi.org/10.1109/ACCESS.2019.2939938
https://scholar.google.com/citations?user=U70TV_UAAAAJ&hl=sr&oi=sra
https://scholar.google.com/citations?user=BoTFFpQAAAAJ&hl=sr&oi=sra
https://scholar.google.com/citations?user=JPQfTZgAAAAJ&hl=sr&oi=sra
https://scholar.google.com/citations?user=Nee2fiYAAAAJ&hl=sr&oi=sra
https://scholar.google.com/citations?user=8i29GY4AAAAJ&hl=sr&oi=sra
https://ieeexplore.ieee.org/xpl/RecentIssue.jsp?punumber=7742
https://ieeexplore.ieee.org/xpl/tocresult.jsp?isnumber=8752467&punumber=7742

EVOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2025, Vol. 73, Issue 1

Lin, X. 2022. An Overview of 5G Advanced Evolution in 3GPP Release 18.
IEEE Communications Standards Magazine, 6(3), pp.77-83. Available at:
https://doi.org/10.1109/MCOMSTD.0001.2200001.

Lin, X. & Lee, N. (Eds). 2021. 5G and Beyond: Fundamentals and Standards.
Cham: Springer. Available at: https://doi.org/10.1007/978-3-030-58197-8.

-Maris. 2024. The Future of Connectivity: 5G Technology in The Defense
Industry. Maris, 28 February [online]. Available at: https://www.maris-
tech.com/blog/5g-in-defense-revolutionizing-military-connectivity-and-operations/
[Accessed: 04 August 2024].

Milicevi¢, Z.M. & Bojkovi¢, Z.S. 2024. Review of 5G and 6G applications for
mobile wireless communication in the military environment. Vojnotehnicki
glasnik/Military ~ Technical ~ Courier, 72(1), pp.435-451. Available at:
https://doi.org/10.5937/vojtehg72-47037.

Milovanovic, D.A. & Bojkovic, Z.S. 2020. An Evolution of 5G Multimedia
Communication: New Ecosystem. In: Bojkovic, Z.S., Milovanovic, D.A. & Fowdur,
T.P. (Eds.) 5G Multimedia Communication: Technology, Multiservices, and
Deployment, 1st Edition, Chapter VII, pp.129-156. Boca Raton, FL, USA: CRC
Press. Available at:
https://www.taylorfrancis.com/chapters/edit/10.1201/9781003096450-
7/evolution-5g-multimedia-communication-dragorad-milovanovic-zoran-bojkovic
[Accessed: 04 August 2024]. ISBN: 9781003096450.

Milovanovic, D.A., Bojkovic, Z.S., & Kukolj, D.D. 2020. 5G ML-Based
Networks toward 6G: Convergence and Key Technology Drivers. In: Bojkovic,
Z.S., Milovanovic, D.A. & Fowdur, T.P. (Eds.) 5G Multimedia Communication:
Technology, Multiservices, and Deployment, 1st Edition, Chapter VI, pp.115-125.
Boca Raton, FL, USA: CRC Press [online]. Available at:
https://www.taylorfrancis.com/chapters/edit/10.1201/9781003096450-6/5g-ml-
based-networks-toward-6g-dragorad-milovanovic-zoran-bojkovic-dragan-kukolj
[Accessed: 04 August 2024] ISBN: 9781003096450.

Shafi, M., Molisch, A.F., Smith, P.J., Haustein, T., Zhu P., De Silva, P.,
Tufvesson, F., Benjebbour, A. & Wunder, G. 2017. 5G: A Tutorial Overview of
Standards, Trials, Challenges, Deployment, and Practice. /[EEE Journal on
Selected Areas in Communications, 35(6), pp.1201-1221. Available at:
https://doi.org/10.1109/JSAC.2017.2692307.

Wang, C-X., Haider, F., Gao, X., You X-H., Yang Y., Yuan, D., Aggou, H. M.,
Harald, H., Fletcher, S. & Hepsaydir, E. 2014. Cellular architecture and key
technologies for 5G wireless communication networks. I[EEE Communications
Magazine, 52(2), pp-122-130. Available at:
https://doi.org/10.1109/MCOM.2014.6736752.

Wijethilaka, S. & Liyanage, M. 2021. Survey on network slicing for Internet
of Things realization in 5G networks. [IEEE Communications Surveys &
Tutorials, 23(2), pp.957-994. Available at:
https://doi.org/10.1109/COMST.2021.3067807.

Zmystowski, D., Skokowski, P., Malon, K., Maslanka, K. & Kelner, J.M. 2023.
Naval Use Cases of 5G Technology. International Journal on Marine Navigation

354


https://www.maris-tech.com/blog/5g-in-defense-revolutionizing-military-connectivity-and-operations/
https://www.maris-tech.com/blog/5g-in-defense-revolutionizing-military-connectivity-and-operations/
https://www.taylorfrancis.com/chapters/edit/10.1201/9781003096450-6/5g-ml-based-networks-toward-6g-dragorad-milovanovic-zoran-bojkovic-dragan-kukolj
https://www.taylorfrancis.com/chapters/edit/10.1201/9781003096450-6/5g-ml-based-networks-toward-6g-dragorad-milovanovic-zoran-bojkovic-dragan-kukolj
https://ieeexplore.ieee.org/author/37266584000
https://ieeexplore.ieee.org/author/37279677800
https://ieeexplore.ieee.org/author/37275507300
https://ieeexplore.ieee.org/author/37280884500
https://ieeexplore.ieee.org/author/38542976400
https://ieeexplore.ieee.org/author/37739840200
https://ieeexplore.ieee.org/xpl/RecentIssue.jsp?punumber=49
https://ieeexplore.ieee.org/xpl/RecentIssue.jsp?punumber=49
https://ieeexplore.ieee.org/xpl/tocresult.jsp?isnumber=7936679&punumber=49
https://ieeexplore.ieee.org/author/37292500000
https://ieeexplore.ieee.org/author/38265533700
https://ieeexplore.ieee.org/author/37277462600
https://ieeexplore.ieee.org/author/37276505600
https://ieeexplore.ieee.org/author/37292959400
https://ieeexplore.ieee.org/author/37276438900
https://ieeexplore.ieee.org/author/37085463374
https://ieeexplore.ieee.org/author/37086520543
https://ieeexplore.ieee.org/author/37425887700

and Safety of Sea Transportation, 17(3), pp.595-603. Available at:
https://doi.org/10.12716/1001.17.03.11.

Zong, B., Fan, C., Wang, X., Duan, X., Wang, B. & Wang, J. 2019. 6G
technologies: Key drivers, core requirements, system architectures, and enabling
technologies. IEEE Vehicular Technology Magazine, 14(3), pp.18-27. Available
at: https://doi.org/10.1109/MVT.2019.2921398.

Estandarizacién para la tecnologia 5G y mas alla: impacto en las
comunicaciones militares

Zoran M. Milievi¢?, Zoran S. Bvojkovic';b,
Natasa Z. Bojkovi¢®, Tanja M. Zivojinovic¢®
2 Fuerzas Armadas de Serbia, Estado Mayor, Telecomunicaciones y

Direccion de Tecnologia de la Informacion (J-6),
Belgrado, Republica de Serbia, autor de correspondencia

b Universidad de Belgrado, Belgrado, Republica de Serbia

¢ Universidad de Belgrado, Facultad de Ingenieria de Transporte y Tréfico,
Belgrado, Republica de Serbia

CAMPO: telecomunicaciones
TIPO DE ARTICULO: articulo de revision

Resumen:

Introduccién/objetivo: El presente articulo de revision trata sobre el proceso
de estandarizacion de la tecnologia 5G y mas alla y su impacto en las
comunicaciones militares.

Métodos: Se proporcionaron métodos dominantes como analisis y sintesis
para considerar los aspectos clave del proceso de evolucién de la
estandarizacion 5G a través de presentaciones de los roles de diferentes
lanzamientos de estandares del Proyecto de Asociacion de Tercera
Generacion (3GPP) y su implementacion y uso en el entorno de redes de
comunicacion militar.

Resultados: Se presentan los antecedentes y las areas clave en la
evolucion de 5G y mas alla. Ademas, se discuten la estandarizacion de 5G
y los problemas y desafios militares.

Conclusiéon: La estandarizacion para 5G y el panorama emergente 6G es
extremadamente compleja y altamente innovadora con muchos requisitos
impulsados por la industria y la sociedad en rapida evolucion. Las
organizaciones de desarrollo de estandares, la industria y el mundo
académico necesitan colaborar en la estandarizacion para facilitar la
interoperabilidad mundial. EI documento ofrece una descripcion general de
las funcionalidades de estandarizacién y los esfuerzos para mejorar el
rendimiento del sistema 5G, asi como su impacto en las comunicaciones y
servicios militares. Analiza las areas de mejoras principales para las
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caracteristicas existentes y la expansion a nuevos casos de uso e
industrias, asi como al uso militar a través de las versiones 3GPP,
comenzando con la version 15 como 5G Basic, pasando por la 16 y 17
como 5G Evolution, hasta la 18 y 19 como 5G Advanced que preceden a
la proxima version 20 y la red 6G inicial cuyo lanzamiento se espera para
fines de esta década.

Palabras claves: la tecnologia de quinta generacion (6G), lanzamientos
del proceso de estandarizacion 5G, funcionalidades 5G,
interoperabilidad 5G.
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cmarO@apmu3zayuu 5G nocpedcmeom rnpe3eHmauuu porel pasuyHbIX
ebinyckoa cmarHOGapmoe [poekma napmHepcmea mpembeao MOKOIEHUST
(3GPP), a makxe e20 8HeOpeHUsI U UCIO/b308aHUs1 8 cpede 80€HHbIX
cemel ces3u.

Pesynbmambi: B cmambe ripedcmaerneHbl npedbicmopus, KiodYeable U
npoyue obnacmu paseumus 5G. Takxe obcyxdaromcs npobremsl
cmarB@apmu3sayuu 5G, 80eHHbIE 80POChI U 8bI308bI.

Bbigodbi: CmaHdapmu3sayusi 5G u ¢hopmupyrowie2ocsi pbiHka 6G
se/1iemcsi ype3sbiyaliHo CHOXHOU U UHHO8aUUOHHOU OesimesibHOCMbIO,
MOCKOMbKY MHO2Ue mpebosaHusi, NPedbsssieMble MPOMbILUIEHHOCMbIO U
COUUYMOM 8 UesloM, CKOpOMmeYHO MeHsitomes. B OanHoU cessu
op2aHu3ayusim, 3aHUMarWUMCs paspabomkoli cma+O@apmos,
MPOMBIWIIEHHBIM rPednpusmMuUsiM U Hay4YHoMy coobuecmeay Heobxodumo
compyOHU4amb 8 obsiacmu cmaHdapmu3lauyuu Onsi moeo, 4mobbl
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obecrnequms cosMecmumMocmb 80 8ceM mupe. B cmamee npedcmasrneH
0630p QYyHKUUOHaIbHbIX 803MOXHOCMeU cmaHdapmusayuu u ycuut rno
M08bIWEHU0 npou3sodumeribHocmu cucmembl 5G, a makxe ee 6/usiHusI
Ha 80eHHYI0 c853b U ycriyeu. Takxe 8 cmambe aHanusupyromes obracmu
enasHbIX yryduweHul cyuecmsyrowux yHKUUU U ux pacrnpocmpaHeHust
Ha  Hoeble  eapuaHmbl  UCIMOMb308aHUS8  pasHbIX  ompacrisx
MPOMbIWIIEHHOCMU, 8 MOM YUC/Ie 8 80EHHOM MPUMEHEHUU C MOMOWbIO
ebirnyckos 3GPP, HaduHas ¢ 15-20 ebirycka nod HasgaHuem 5G Basic,
npodomkasa 16-m u 17-m nod HazeaHuem 5G Evolution u 3akaH4yueasi
ebinyckom 18-m u 19-m nod HazeaHuem 5G Advanced, komopble
npedwecmeytom ripedcmosiwemy 20-my ebirlycKy u nepeol 6G cemu,
3aryck Komopoli oxxudaemcsi 8 KOHUE 3mo20 0ecamuiemus.

Knrouesbie crioga: mexHosnoausi rnsimoeo rnokomneHuss (56N, ebinycku
npoyecca cmaHOapmu3ayuu 5I, yHKyuoHarbHble 803MoxHocmu 5l
cosmecmumocms 5[,

CraHgapausauuja 3a 5[ TexHonorujy: ytuuaj Ha BojHe KOMyHUKauuje n
ocTtane obnactu

3opaH M. Munuuesuh?, 3opaH C. Bojkosuh®,

Hamawa C. bojkoBuh®, Tara M. XXusojuHoBuh®

2 Bojcka Cpbuwje, NeHepanwTab, YnpaBa 3a TenekoMyHukaumje u
nHcopmaTuky (J-6), Beorpaa, Penybnvka Cpbuja, ayTop 3a npenucky

6 Yuusepautet y Beorpagy, Beorpan, Peny6nuka Cp6uja

B YHuBep3uteT y Beorpagy, CaobpahajHu dakynrer,
Beorpag, Penybnuka Cpbuja

OBJIACT: TenekomyHukaumje
BPCTA YITAHKA: nperneaHu pag

Caxemak:

Yeod/yurb: Osaj npeeanedHu pad b6asu ce rpouyecom cmaHdapdusayuje 3a
mexHoroaujy neme 2eHepauuje (5) u mweHUM ymuuajem Ha e60jHe
KOMyHUKauuje u ocmarne obnacmu.

Memode: [JomuHaHmHe Memode Kao WMO Cy aHanusa u cuHmesa
KopuwheHe cy 3a pasmampaHe Kiby4YHUX acriekama rpoueca esorsiyyuje
cmaHOaplusauuje 5 kpo3 npeseHmauyuje yroza  pasIUHUMUX
cmaHOapOHuUx uslarba [lpojekma napmHepcmea mpehe zeHepauyuje
(3ITIM) u Hesoge umnnemeHmMauuje U yrnompebe y OKPYXeHy B0JHUX
KOMYHUKaUUOHUX Mpexa.

Pesynmamu: [lpedcmasrbeHe cy no3aduHa U Kiby4dHe obracmu y
esonyyuju 5. Takohe, duckymyje ce o cmaHOapdusayuju 5 u eojHUM
numarbuma u uzazosuma.

Sakrbyuyak: CmarOaplusauuja 3a 5 u 67 OKpyxere y Hacmajary
U3y3emHO je crioxeHa U eeoMa uHosamusHa U Mopa 3a0080sbUMmu MHoze
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3axmeese uHOycmpuje u Opyuimea Koju ce bp3o pa3ssujajy. OpaaHu3ayuje
3a pas3eoj cmaHOapda, uHOycmpuja U akadeMcka 3ajedHuuya mopajy Oa
capaflyjy @ Ha  cmaHOaplusauuju kako 6u ce  onakwana
uHmeponepabunHocm wupom ceema. Y paldy cy HasedeHe
yHKYuoHanHocmu cmaHOapdu3ayuje u Hacmojarba 0a ce rnoborbwajy
nepgpopmaHce 5" cucmema, Kao U He208 ymuuaj Ha 80jHe KOMyHUKauuje
u ycniyee. AHanuaupaHe cy obriacmu gesnukux noborbwarka 3a nocmojehe
¢byHKYUje u npowuperba Ha Hoee criy4ajese ynompebe y uHlycmpuju, kao
U 3a 80jHy yriompeby kpo3 usdarsa 3ITIl, noyeswiu 00 usdarsa 15 kao 5
OcHosa, npeko 16 u 17 kao 5I Paseoj, na Hasuwe do 18 u 19 kao 5
Hanpednu koju npemxode npedcmojehem usdarwy 20 u noyemHoj 6
MpeXU Yuje ce naHcupar-e o4yekyje 00 Kpaja oge deueHuje.

KrbyyHe pedu: mexHorioauja neme eeHepauuje (5I), usdara rpoueca
cmard@apousauuje 5I, b pyHkyuoHanHocmu, 5" uHmeponepabunHocm.
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