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6G NETWORKS - A TECHNOLOGICAL FOUNDATION FOR AUTONOMOUS SYSTEMS
AND THE INTERNET OF EVERYTHING

I. Dvoinikova, S. Sotnik

Kharkiv National University of Radio Electronics

Ukraine, 61166, Kharkiv, Nauky av., 14

E-mail: indira.dvoinikova@nure.ua

Annotation: The study examines the evolutionary transition from 5G networks to 6G technologies,
marking a paradigm shift from the 10T to the IoE. Four key components of the 6G architecture were
analyzed: the implementation of native artificial intelligence, ensuring ultra-low latency (0,1-1 ms) to
enable the «Tactile Internet», the use of Integrated Sensing and Communication technology, and
support for ultra-massive connectivity (100 million devices/km?). The significance of these features for
the operation of fully autonomous robotic systems and the scaling of smart environments was
substantiated. The study concludes on the role of 6G as critical infrastructure for human-machine
cooperation in the context of Industry 4.0 and 5.0.

Key words: 6G networks, IoE, native artificial intelligence, integrated sensors, autonomous
systems.

MEPEXI 6G — TEXHOJIOTTYHUN ®YHIAMEHT JIJII ABTOHOMHUX CUCTEM
TA IHTEPHETY BCbhOI'O

I. €. JIBoiinikoBa, C. B. CoTHuk

XapKiBChKHI HAIlIOHATHHUI YHIBEPCUTET PAIiOCIEKTPOHIKH,

VYkpaina, 61166, Xapkis, np. Hayku 14

E-mail: indira.dvoinikova@nure.ua

Anomayia: Y poOOTi TOCHIPKEHO €BOJIOLIMHMN mepexin Bix Mepex 5SG mo TexHoiorii 6G, 1o
3HamMeHye 3MiHy mnapagurmu Bin «IHTepHety peueir» (IoT) mo «Iurepuery Bcwhoro» (IoE).
[IpoananizoBaHO YOTHUPHU KIIIOYOBI KOMIIOHEHTH apxiTekTypu OG: BHOPOBaKEHHS HATHUBHOIO
MITYYHOT'O 1HTEJICKTY, 3a0e3neueHHss HaaHu3bKkuX 3aTpuMok (0,1-1 mc) st peanizanii « TakTHIBHOTO
[HTEpHETY», BHUKOPHUCTAHHS TEXHOJOrIi iHTerpoBaHoi ceHcopuku © komyHikamii (ISAC) Ta
MIATPUMKA yiIbTpa-MacoBux migkaoueHb (100 muH mpuctpoiB/km?). OOIpyHTOBAHO 3HAYEHHS ITUX
XapakTepUCTUK U1l (PYHKIIOHYBAaHHS TIOBHICTIO ABTOHOMHHUX pOOOTOTEXHIYHHMX CHCTEM Ta
MacmTaOyBaHHS PO3YMHHUX cepefoBUll. 3po0IeHO BUCHOBOK Mpo poib 606G AK KPUTHYHOL
iH(pacTpyKTypH Uit Koorepartii Jiroei 1 MmamuH B ymoBax [Hayctpii 4.0 Ta 5.0.

Knrwouoei cnoea. mepexi 6G, I0E, nHaTuBHUI IITy4YHWI 1HTENEKT, 1HTETpOBaHA CEHCOPHKA,
aBTOHOMHI CUCTEMH.

The development of fully autonomous robotic systems and global smart environments is currently
limited by the capabilities of existing communication networks [1-10]. The rapid digitization of
society has transformed wireless networks from a simple means of interpersonal communication into
a critical infrastructure for connecting machines. Although the introduction of fifth-generation (5G)
standards was the first step towards a global «Internet of Things» (1oT), it is not capable of providing
the technological foundation for a true revolution — the transition to the «Internet of Everything»
(IoE), which will blur the boundaries between the physical, digital, and biological worlds [11-15].

The sixth generation (6G) networks should become such a foundation. The purpose of this work is
to identify and analyze the key components of the technological foundation of 6G networks (such as
native Al, integrated ISAC sensors, ultra-low latency) that make them the basis for future
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autonomous systems and the IoE. A diagram with four key components of the «technological
foundation» of 6G networks is shown in Fig. 1.

The first and most important component of this foundation is a fundamental change in network
architecture associated with intellectualization. The fundamental difference between generations lies
in the role of artificial intelligence. While in the 5G ecosystem, Al algorithms are often just an add-on
to the existing infrastructure, the 6G concept envisions «native artificial intelligence». This means
that computing capabilities and machine learning algorithms are embedded directly into the core of
the network, its periphery, and even the radio interface. This approach transforms the network into a
giant distributed supercomputer.

6G Networks Technological Foundation

Component 1: Component 2: Component 3: Component 4:
Native Ultra-Low Integrated Ultra-Massive
Artificial Latency Sensing and Connectivity
Intelligence Communication
+ 0.1-1 ms delay + 100M devices/km?
* Al in core network *99.99999% » Radio waves as * Smart cities
« Edge computing reliability radar « Industry 5.0
S Radiciterce « Tactile Internet . En\'iromx_lental « Zero-energy
« Contextual « Real-time perception devices
awareness control « CARS systems
¥ ¥ ¥ ¥

AUTONOMOUS SYSTEMS AND INTERNET OF EVERYTHING (IoE)

Figure 1 — Four key components of the 6G network technology foundation

For the Internet of Things, this opens up the possibility of situational awareness: devices don't just
transmit data, they «understand» the context and are able to make decisions locally, without the need
to constantly refer to remote cloud servers. Thus, native artificial intelligence is the first key
component of the 6G technology foundation.

However, local intelligent processing is only one side of the coin. The second, equally critical
requirement for autonomous systems is ultra-low latency for data and command transmission.

One of the biggest obstacles to the widespread adoption of robotics is system response speed.
Although 5G offers impressive latency of one millisecond, this is still not enough for certain high-
precision applications. 6G technologies aim to achieve latencies in the range of 0,1 to 1 milliseconds
with 99,99999 % channel reliability [16]. This leap is crucial for the realization of the «Tactile
Internet», where a human operator can control a remote mechanism with a sense of complete
presence, or where industrial robots synchronize their movements with microscopic precision. In
such scenarios, the network becomes the «nervous system» of production, where signal delay equals
nerve impulse delay. Therefore, ensuring ultra-low latency is the second critical component of this
foundation.

The development of unmanned transport and autonomous robots requires new network functions that go
beyond data transmission. An innovative feature of 6G is ISAC (Integrated Sensing and Communication)
technology, which allows mobile radio waves to be used as radar. This gives robots and drones a «sixth
sensex: the ability to see through obstacles and measure the distance and speed of objects even in darkness or
fog, without relying solely on optical cameras. This integration enables the creation of Connected Autonomous
Robotic Systems (CARS) that can operate safely and efficiently in complex, dynamic environments such as
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crowded city streets or automated warehouses where GPS signals may not be available. The third key
component is Integrated Sensing and Communication (ISAC).

Finally, the fourth component is support for ultra-massive connectivity. The concepts of «Smart City» and
«Industry 4.0» (and the future 5.0) require the simultaneous operation of billions of sensors. 6G networks are
designed to support «ultra-massive communications», which will allow up to 100 million devices per square
kilometer to be served. This is an order of magnitude greater than the capabilities of 5G. Such connection
density is a prerequisite for creating a pervasive digital environment where every element of infrastructure —
from vehicles to household appliances — is part of a single network. Energy efficiency is an important aspect
here, as servicing such a large number of devices requires a transition to zero-energy technologies powered by
the environment.

The results of the comparison between 5G and 6G networks are shown in Table 1.

Table 1 — Comparative characteristics of 5G and 6G networks

Characteristic 5G 6G
Peak data transfer rate Up to 20 Ghps From 100 Ghps to 1 Thps
Channel reliability 99,999 % 99,99999 %
Latency ~1ms 0,1-1 ms
Connection density 1 million devices/km? 100 million devices/km?
Energy efficiency Standard Extreme energy efficiency / Support for
zero-consumption devices
Frequency range Up to 100 GHz Up to 10 THz (terahertz range)
The basic paradigm 10T, enhanced Mobile Broadband IoE, Tactile Internet, CARS

Table 1 shows that the growth of key parameters by orders of magnitude (speed by 50-100 times,
connection density by 100 times, reliability by 100 times) not only speeds up existing services, but also makes
fundamentally new scenarios technically possible: tactile internet, precision remote control, global distributed
neural networks. The most important change is the shift in the role of Al from an external «superstructure» to a
«native» built-in component of all network levels. This transforms the network from a data transmission
channel into a distributed cognitive system capable of self-optimization and context-dependent decisions.

The transition from 5G to 6G is not just an evolutionary increase in file download speeds, but a
revolutionary change in the way machines interact with the world. The combination of ultra-low
latency, native artificial intelligence, and integrated sensors creates the technological foundation for
the emergence of truly autonomous systems. The networks of the future will become invisible but
critically important infrastructure that will ensure the smooth cooperation of people and robots,
opening up new horizons for the automation of industry, logistics, and everyday life.

This work analyzes the technological foundation of sixth-generation (6G) networks and identifies
its key components, which make it the basis for the development of fully autonomous systems and
the Internet of Everything. The aim of the work was to systematize and investigate the revolutionary
technological changes proposed by the 6G concept, which go beyond the evolutionary improvements
of previous generations of communications. Four fundamental components of the 6G technological
foundation were identified and analyzed. The implementation of 6G networks based on the described
foundation will lead to qualitative transformations in several areas. First, it will be possible to create
truly autonomous systems, as the combination of ISAC for environmental perception and native
artificial intelligence for decision-making will enable the development of robots and vehicles capable
of functioning safely and independently in complex, dynamic environments without constant human
control. The concept of the Internet of Everything will become a practical reality thanks to the ultra-
massive connection of billions of energy-efficient devices, creating a single digital canvas, blurring
the boundaries between the physical, digital, and biological worlds, and forming the basis for smart
cities, Industry 5.0, and a new level of personal services. Ultra-low latency will open up opportunities
for the implementation of the tactile internet and critical real-time systems such as remote surgery,
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precision collective control of industrial robots, and virtual and augmented reality with a full presence
effect.
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