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AN OVERVIEW OF COMPONENTS FOR ENERGY EFFICIENT MULTIMEDIA
NETWORKS BASED ON 5G RADIO ACCESS TECHNOLOGIES

Modern society is actively transitioning into an information-based one, and multimedia
technologies have become an integral part of this process. Thanks to the proliferation of wireless access
networks, users are becoming more mobile, and the development of the fifth generation of mobile
networks, known as 5G, is a significant step in the advancement of information and communication
technologies. 5G networks offer low latency and reliable connectivity, expanding the capabilities of mobile
internet and machine communication. However, along with the opportunities provided by multimedia
communication, there is a responsibility to consider the impact of associated technologies on the
environment, as well as to address new challenges and the need for prudent resource utilization.The
article defines the concept of ""multimedia™ and discusses various aspects of this concept, including digital
storage and processing of information, components (text, photos, audio, and video), interactivity, and
hypertextuality. It is noted that the transmission of multimedia data and the use of information
technologies are closely linked to wireless access networks.

The authors discuss challenges and solutions in the field of energy efficiency for networks. They
provide statistics indicating that the information and communication technology (ICT) industry is
responsible for a significant portion of global energy consumption and CO2 emissions, with radio access
networks being a major contributor. Various components and technologies that can contribute to the
development of energy-efficient multimedia networks based on 5G radio access technologies are
examined. Specifically, heterogeneous networks, non-orthogonal multiple access (NOMA) technologies,
and multiple-input multiple-output (MIMO) technologies are highlighted as key components for achieving
energy efficiency.The importance of using heterogeneous networks to reduce the distance between
transmitters and receivers is emphasized, along with the possibility of putting small base stations into sleep
mode when there is no network load. Technologies like NOMA and MIMO are discussed as crucial
components for achieving spectral efficiency and energy efficiency.Additionally, the article focuses on
wireless sensor networks (WSNs) and suggests ways to optimize them for energy efficiency. This includes
operating sensor units only when necessary, implementing wireless charging, using energy-efficient
optimization methods, and applying efficient routing schemes. The authors also highlight the role of
green data centers in reducing CO2 emissions and optimizing the use of green energy in high-
performance networks. Methods such as using renewable energy sources, increasing the energy efficiency
of hardware, and implementing energy-efficient routing are discussed. In conclusion, the article
underscores the importance of energy efficiency and reduced CO2 emissions in modern multimedia
networks, particularly in the context of 5G networks. It calls for interdisciplinary efforts to address these
critical challenges in the field of information and communication technologies.
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Introduction. Modern society is shaping its socio-cultural and economic ties, effectively
transforming itself into an information society. The modern technological form of the information
society is multimedia technology [1].

The modern user of multimedia and information technology is a "mobile” user. Mobility is
inextricably linked to wireless access networks. In particular, it is promising to increase the share of
fifth-generation mobile networks, widely known as 5G networks, which is an important step in the
development of information and communication technologies (ICT). 5G networks stand out from
previous generations, providing low-latency and ultra-reliable connectivity, advanced mobile
broadband and machine-type connectivity. 5G communication systems are aimed at continuously
improving the "quality of experience (impressions)” (quality of experience, QOE), and increasing
data rates.



Along with the opportunities provided by multimedia communication, comes the
responsibility for the impact of related technologies on the environment, as well as new challenges
and the need to use available resources wisely.

Multimedia. "Multimedia” refers to the complex manipulation of at least some of the
information presented as continuous media data. Continuous media data means time-dependent data
in multimedia systems (eg, audio and video data), which are manipulated in clearly defined parts
over a time interval in accordance with established norms [2]. Thus, the multimedia resource is
distinguished from the non-multimedia on several grounds [1]:

- Data is stored and processed digitally by using computer technology;

- Data consist of one or more components, such as text, photo, audio or video information;

- Interactivity, active interaction of resources, programs, services and people, etc;

- Contains hypertext.

Thus, “multimedia communications” refers to the transmission, protocols, services and
mechanisms for discrete and continuous media over digital networks. But it is important to clarify
that, for example, the transmission of digital video over a certain dedicated television network, is
not multimedia data, if it is not possible to additionally transmit a certain type of discrete media data

[2].

Challenges and solutions. The ICT industry is quite an energy-intensive environment.
According to statistics, this industry is responsible for about 2-10% of world energy consumption
and 2% of CO- emissions. It is important that radio access networks are responsible for 60% of the
reported consumption and pollution [3]. The network does not stand still and constantly growing
like a living organism. Intelligent devices are connected, and, in particular, the number of user
devices is increased, cars, household appliances, etc. are connected. The number and quality of
services provided in the network is growing, such as remote monitoring, road safety, real-time
management, virtual, augmented reality and the development of the concept of the Internet of
Things, etc. [4]. As a result, data traffic and networks' growth are expected to continue to grow
exponentially.

Literature review. Increasing energy consumption and growing carbon footprint from
cellular networks have led to constant offers of "green™ solutions from researchers, governments,
and in particular telecommunications providers. In addition to its environmental value, the goal of
energy efficiency (EE) is also to reduce the operating costs of mobile network operators and
increase user satisfaction by increasing the battery life of their devices. Thus, energy efficiency is
an integral part of the new generation of networks. To control energy consumption, the need for
efficient allocation of resources, optimal network planning, and the use of renewable sources has
been identified. The challenge is to keep energy consumption at the same level, or even reduce it,
against the background of increasing data transmission, along with an increase in the number of
base stations (BS).

When describing an energy efficient network, it means the ability of radio interface
technology to minimize energy consumption by the access network, relative to traffic bandwidth.
An EE device is a device that can minimize the power consumed by its device modem, depending
on specific traffic characteristics. The same definition applies to user equipment, which should
support the speed of mobile broadband data while reducing power consumption. In general, the
devices must meet the requirements set out in ITU-R M.2410-0 (Minimum requirements related to
technical performance for IMT-2020 radio interface (s))[5].

In general, the mobile network consists of base stations and access points that allow mobile
terminals to interact with the network core. In mobile communications, base stations are the main
source of energy consumption. The reality of today's, is that 5G New Radio consume three times
more energy than the base stations of the same LTE and use 10% of their energy efficiency.

Methodology. When discussing the energy efficiency indicators of base stations, certain
metrics are used. The most commonly used efficiency metric is bit / joule. Therefore, the basic
value of EE [6]: EE (bit / joule) = (Data rate) / (Energy consumption).

One method to reduce consumption is to turn off BSs' components that they do not need or
use during this period of time. From the point of view of the use of hardware resources, there are



several paradigms, namely - resource consolidation, virtualization, selective connection and
proportional calculations [7]. These include the following:

- Resource consolidation involves the regrouping of underutilized resources. At different
times, network infrastructure resources are loaded differently, depending on the specific traffic.
Thus, all equipment that is designed for peak loads may not be needed at a particular time.

- Distributed selective connection mechanisms allow individual components on the edge of
the network to stand for as long as possible, staying in standby mode, avoiding supporting network
connection tasks in an open environment to the rest of the network.

- Virtualization allows more than one service to operate effectively within a single physical
environment. This is effective because, for example, one heavily loaded computer can consume less
than a few lightly loaded computers.

- The paradigm of proportional calculations is based on the correspondence of the amount of
work performed to the amount of energy consumed by the device, described by Prem et al. [7].

The environmental friendliness of technology has become a must for wireless networks.
Researchers talk about environmentally friendly "green radio”. This term is firmly entrenched in
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Figure - 1 Power consumption of a typical ~ without loss of bandwidth. Studies are being
wireless cellular network [8] conducted to balance energy, spectral

efficiency (SE) and sustainability of the 5G
network. From this point of view, three goals were set: first, to use unused spectrum, in particular
unlicensed spectrum; second, to reduce the distance between receiver and transmitter, and to
improve the frequency reuse; to increase spectral efficiency by deploying structures in large
numbers. The technologies that achieve these goals increase system throughput.

HetNet. To reduce the distance between the receiver and the transmitter, it is proposed to use
so-called heterogeneous networks (HetNETS). A heterogeneous wireless network uses a variety of
connectivity technologies. That is, a heterogeneous network consists of subnets, with different
technologies, and they all form a single integrated environment, which provides a seamless invisible
to the user transition from one subnet to another. An access network consists of a macrocell and
several small cells, such as a microcell, a picocell, or a femtocell. The backhaul network is formed
by connecting the base station using a mixed, wired or wireless architecture. An example of a
heterogeneous network is shown in Figure 3 [9].



Although macrocells control powerful
radio beams and have a large coverage area,
they can sometimes cover areas, most of
which may be empty, i.e. without users.
Thus, the power can be excessive and used
in vain. Femptocells provide power where
needed. Because they are closer to the user,
they need less RF power for high bandwidth.
The femtocell also offers EE features such as
denser user coverage, better QoS
capabilities, and longer battery life. Also, it
IS important that it is possible to put small
cells in sleep mode, in the absence of load on
the network [10]. It is important to be able to Figure - 2 Network Architecture of a 5G
integrate femtocells into macrocells, creating  HetNets [9]
different, necessary combinations for more efficient network planning.

Thus, HetNETS bring end users closer to network access, thus improving the signal-to-noise
ratio as well as more efficient reuse of frequencies [9].

When describing the transfer of cells to sleep mode, it means a system that has been used in
mobile transmitters in order to save battery life for a long time. The discontinuous transmission
(DT) system makes it possible to transmit only when the need arises, otherwise the transmitter
enters a low power state. As for the cell as a whole, this technology is already called cell DT and is
based on hardware shutdown functions to ensure low power levels. There are two modes, fast-cell
DT and long-cell DT. In the case of a fast-cell DT radio in the cell, may be in a microsleep state at
intervals when user data is not transmitted. Long-cell DT works slower and belongs to the mode of
low cell activity, this condition can be considered a cellular “sleep™ with lower power consumption.

NOMA and MIMO. To achieve spectral efficiency and better frequency reuse,
heterogeneous networks incorporate NOMA non-orthogonal multiple access technology. In
NOMA, multiple users can operate in the same range simultaneously, being divided by power
levels. The transmitter uses superposition coding so that the receiver, using a successive
interference cancellation (SIC) unit, can separate users in both uplink and downlink lines. In SIC,
decoding of simultaneously received packets is achieved by the receiver decoding first the stronger
signal, subtracting it from the combined signal, and then decoding the difference as a weaker signal
(fig.4) [11]. Thus, the incorporation of NOMA into small cells of heterogeneous networks using the
well-known Multiple Input Multiple Output technology to serve N number of users, enabling
efficient use of bandwidth and finding a trade-off between bandwidth and energy efficiency [12].

Also, a critical technology for building NOMA
efficient wireless networks is multiple-input,
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and providing spatial diversity. MIMO is a key tool for promoting all aspects of wireless
communication. It plays an important role in 5G technology and influences how users interact with
these technologies on a daily basis. These effects include the following:

- High network capacities;

- More coverage;

- Better user experience (UX).

Wireless sensor networks. Wireless networks are inextricably linked to the concept of the
Internet of Things, which uses sensors, particularly for the industrial Internet of Things (lloT).
Sensors of various types in combination with wireless communication form the so-called wireless
sensor networks (WSNs). Today, WSNs are the core of 11oT networks and are the main source of
energy consumption. In the loT, it is used to monitor objects, monitor the environment, identify
threats, and more. WSN consists of sensors and base stations, the sensors in turn are distributed
autonomously, monitoring the physical conditions of the environment. As this network will only
grow, it is necessary to work in advance towards an ecological WSN, in order to improve the
autonomy and efficient use of resources [14].

- Sensor units should be operated only when necessary;

- Applicate a wireless charging, introduce mechanisms for collecting solar, kinetic, vibration
energy;

- Use EE optimization methods (transmitter power control, modulation optimization,
cooperative communication, directional antennas, cognitive radio(CR)).

- Apply rational routing schemes to reduce energy consumption;

Thus, by optimizing the processes of scanning, processing and connection in the WSN
network, it is possible to gradually move to reduce the required energy. This optimized architecture
can be divided into three layers, a sensor layer, a gateway layer, and a control layer.

Green data centers. Each high-performance network is based on data centers (DC).
Improvements are also being made in this direction in order to reduce CO2 emissions, optimize the
use of green energy, and reduce electricity costs. To improve the EE in the environmental data
center, the following methods can be used [4].

- Use renewable / green energy sources (wind, water, solar energy, heat pumps, etc.);

- Increasing the hardware operating in EE modes;

- Introduction of EE routing, in order to use the appropriate number of hardware;

- Build accurate DC power models;

- Establish a clear relationship between DC and wireless networks, in order to coordinate
actions;

The technologies, systems, and algorithms discussed above lead to an understanding of smart
grid and grid communications (SGGCs) designed to promote new insights that contribute to the
design of computer and communication systems. Such systems control a large number of sensors,
meters, etc., and accumulate a large amount of data for optimization and self-development. Several
environmentally interconnected systems provide valuable services to people around the world, such
as transportation, health care, utilities, and more, and can do so efficiently and energy-efficiently.

Conclusion. The realities of today are that protecting the environment is not a whim, but an
extreme necessity. 5G wireless networks are evolving in conjunction with green energy
technologies. There are a large number of tasks facing researchers. The issues facing the future
telecommunications systems require interdisciplinary efforts from diverse networks, power systems,
devices, customers, and corporations to address them.

5G networks stand out in previous generations, creating low-latency and ultra-reliable
connectivity, expanding mobile broadband, and providing machine-type connectivity. Such
advantages simultaneously expand the scope and set higher requirements for data rate, spectrum
efficiency, bandwidth, coverage density, which in turn affects energy efficiency.

Thus, to ensure the integration of advanced technologies with maximum performance,
systems, and models that allow the allocation of available resources efficiently and effectively, have
become a new integral part of mobile multimedia communication systems.
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OorJisii KOMIOHEHTIB 1I51 EHEPTOE®EKTUBHUX MYJbTUMEIIHHUAX
MEPEX HA OCHOBI TEXHOJIOT'TH PAJJIOJOCTYIIY 5G

Cyuacne cycninocmeo nepedyeac 6 akmugHomy nepexooi 00 iHgopmayiiinozo muny, @ MexHoao2ii
MyIbmumeoia eice Hegi0’€MHA YACMUHA UbO2O NPoUecy. 3A80AKU NOUIUPEHHIO De30PpOMOGUX MepPelc
docmyny, Kopucmyeaui cmaiomo O0inbul MOOINbHUMU, § POZCUMOK R'AMO20 NOKOJIHHA MOOIIbHUX
mepesic, gioomux aKk 5G, GUAGNACMbCA ANCAUCUM KPOKOM Y PO3GUMKY THPOPMAUIIHO-KOMYHIKAYITIHUX
mexnonozii. Mepeyxci 5G Haoaiomv HU3LKY 3AMPUMKY mMa HAOIHMHUI 38'A30K, pO3UIUpIOIOmMb
MOHCTUGOCT MOOINbHOZ0 HMEPHEmY ma MAWUHHO20 368'a3Ky. OOHAK pazom 3 MONCAUBOCHAMU
MYTIBIMUMEOIUHO020 36'A3KY npuxooump 6iOn0idanbHicmy 34 6HAUE CYHNYMHIX MEXHON02il Ha
HABKOJIUWHE cepedosulye, @ MAKOMHC HOBI GUKIUKU | nompeda payioHaibHO 6UKOPUCHIOBY8AMU HAAGHI
pecypcu. Y cmammi eusnauacmocsa nouamms ""mynsmumedia’’ ma posenadaomuvca pizHi acneKkmu ybo20
nouAmmsA, eKa0YAIOUU yuppoese 3oepizanna ma oopooOKy ingopmauii, cknaoosi (mexcm, gpomo, ayoio
ma 6ioeo), MoCcIUGICMb THMEPAKMUBHOT 83AEMO0II ma 2inepmeKcmosuii XxapaKmep. 3a3Hauacmovcs, wio
nepeoaua MyJabmMuUMeOiliHUX 0AHUX MA GUKOPUCMAHHA IHPOPMAUIIIHUX MEXHO102ill MICHO no6'a3ani 3
0e30pomosumu mepercamu 00CHmyny.

Aemopu 002060p10I0OMb GUKIUKU mMa piUeHHA 6 2any3i enepzoehexmuenocmi mepedxc. Bonu
HABO0AMb CMAMUCMUKY, 32I0HO0 3 AKOW IHGOpMAYIIHO-KOMYHIKAYIHA 2a/1y3b 6I0N06I0Ac 3a 3HAUHY
uacmky cnoxcuganoi enepzii ma euxuodie CO2, i 36epmaroms yeazy Ha me, w0 mepeiici padiooocmyny €
OCHOBHUM 0XCEPEIOM CHOMCUBAHHA eHeP2ii ma 3a0pyOHeHH HAGKOIUUWIHBO2O CEPe0osUa 6 Uil 2ay3i.
Hani y cmammi po3enadaiomupca pizHi KOMROHEHMU MA MeEXHO0102il, AKI MOICYMb CRPUAMU CHIBOPEHHIO
eHepzoeheKmuBHUX MYITbMUMEOIIHUX Mmepeic Ha 0a3i mexHonoziii padiodocmyny 5G. 3okpema,
Po32120a0moca  2emepoeHHi mepesci, MmexHo102ii HeoPMOo2OHANIbHOZ0 MHOICUHHO20 O00OCmyny ma
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mexnonozii MIMO. Aemopu 0062080p1o10me 6aj)CIUGICIMb GUKOPUCHAHHA 2€MEPOZEHHUX MePeHC 014
IMeHUIeHHs GIOCMAaHi Midc nepedasauem ma NPUIMadem, a MAKONC MONCTUGICHIL GUKOPUCMAHHA
pedxicumy cHy 0aa manux o0azoeux cmanuyii. Texnonozii HeopmozoHanIbHO20 MHOMCUHHO20 O00CHYnRy
(NOMA) ma MHOMCUHHO20 88€OCHHA-MHOICUHNHO20 6ugedenHss (MIMO) maxoic po3enadaromucsa AK
K1I0406i  KOMHOHeHmU 0711  OOCAZHEHHA  CHEeKMPAabHOI  ehekmueHocmi ma  NIOGUWECHHS
enepzoehexkmusnocmi. /Jlodamkoeo, cmammsn 3eepmac ysazy na 6e3opomogi cencopui mepesxci (WSN) ma
RPONOHYE WinAXuU 0a IXHbOI onmumizayii 6 HanpamKy enepzoehexmuenocmi. Taxodrc ob2060porOmMbCa
MOHCIUBGOCHI BUKOPUCIMAHHS 3€/ICHUX 0ama-ueHmpie 01 3meHuwenna eukuoie CO2 ¢ inghopmauiiino-
KOMYHIKAUilHUX MexXHOo102iaX. Y 6UCHO6KY, cmamms RIOKPeCII0€ 8aXcIUGICHb eHepzoeheKmueHocmi
ma 3menuennn euxkudie CO2 ¢ cyuacHux myabmumeOdiliHUX MepeiHcax, 0codIu60 6 KOHMEKCMmi Mepeiic
5G, ma 3axknuxae 00 MiNCOUCYUNTIHAPHUX 3YCUNL O PO36'A3AHHS UUX 6ANCIUBUX 3AB0AHL V 2aAY3i
iH(hopmayiiino-KoMyHIKayiliHUX MexXHON02iil.
Knrouoei cnosa: myromumeodia, enepzoegpexmuenicms, WSN, 5G, HetNet.
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