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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.

Key words: multimedia, energy-efficient, WSN, 5G, HetNet.

CTEITAHOB Muxaiino, JABPIHEHKO Bnagucias

Hamionansauit TexHivHMi yHiBepeuteT Ykpainu « KuiBcbkuit nomitexHigHmii yHiBepenTeT iMeHi Iropst Cikopchkoroy

OrJisii KOMIHOHEHTIB U1 EHEPTOE®@EKTUBHUX MYJbTUMEIIMHUX
MEPEK HA OCHOBI TEXHOJIOI'IA PAIOAOCTYIIY 5G

Y cyyacHe cycriifibCTBO repebyBac B akTUBHOMY MEPEXOAI 4O HGOPMALIVIHOrO Turly, a TEXHOJION My/IbTUMELIA BXeE
HEBI'€EMHa YaCTUHa LibOro rpoLecy. 3aBAKH MOLMPEHHIO BE34POTOBUX MEPEX AOCTYIIY, KOPUCTYBAaYi CTaroTe OifibLy MOBI/IbHUMHY, |
PO3BUTOK [1'TOrO IMOKOJIIHHSI MOBIIbHUX MEDEX, BIAOMUX SK 5G, BUSB/ISETLCS BaX/MBUM KPOKOM Y PO3BUTKY iH@OPMAaLiiHO-
KOMYHIKaLiiHNX TeXHOOr, Mepexi 5G HagatoTe HU3bKY 3aTPUMKY Ta HaJiiHWA 3B'S930K, PO3LUMPIOIOTE MOXJ/IMBOCTI MOGI/IbHOMO
IHTEPHETY Ta MaLIMHHOro 38'93ky. OAHAK Pa3oM 3 MOX/IMBOCTSIMY MyJIbTUMELIMHOIO 3B 93Ky MPUXOANUTE BIAINOBIAA/IBHICTL 3a BB
CYryTHIX TEXHOJIOM HA HABKO/MLIHE CEPEAOBMIUE, @ TAKOX HOBI BUKIMKU [ NOTPEOa pPALIIOHA/IbHO BUKOPHCTOBYBATHU HASBHI
pecypen.

Y cTarTi BU3HAYaETbCS MOHATTA "My/IbTUMELRIA" Ta PO3ITISAAIOTECS Pi3HI aCrEKTU LIbOro OHSTTS, BKIIOYA0qYM UM@PPoBe
36epiraHHss 1@ 06pobKy IH@opmauli, ckiagosi (TekcT, ¢oTo, ayhio Ta BiAEO), MOXJ/MBICTL IHTEPAKTUBHOI B33emMoaii Ta
rINEPTEKCTOBUY XaPaKTED. 383HAYAETHCS, LU0 MEPEAAYE MY IbTUMELIMHUX AGHNX T BUKOPUCTAHHS IHGOPMALIVIHUX TEXHO/IOMY TICHO
10B593aHi 3 6E34POTOBUMU MEPEXAMU [OCTYIIY.

ABTOpU OOroBOPIOIOTH BUKIMKU Ta PILLIEHHS B 1a/ly3i eHEDroe@heKTUBHOCTI MEPEX. BOHN HABOAATL CTATUCTUKY, 3r4HO 3
SKOKO IHPOPMALIIVIHO-KOMYHIKALIVIHA rasly3b BIANOBIAAE 38 3HAYHY YaCTKy CrIOXvBaHOI eHeprii Ta Bukugis CO2, | 3BEpTaroTe yBary Ha
TE, WO MEPEXI PaaIoAOCTYIly € OCHOBHUM [IKEDESIOM CIIOXUBAHHS EHEDTI Ta 3a6PyAHEHHS HaBKO/MLLIHBOIO CEPELOBAILYE B LI
ranysi. fani y crarri po3r/isgaoTsCs Pi3Hi KOMIIOHEHTU Ta TEXHOJIO, SIKi MOXYTb CrPUSTU CTBOPEHHIO EHEPrOepEKTUBHUX
MYJIbTUMELINIHUX MEPEX Ha 6a3f TEXHOMOM pagiogoctyny 5G. 30Kkpema, po3r/iSAaroTbCs ETEDOrE€HHI MEDEX], TEXHO/IOrT
HEOPTOrOHAa/IbHOr0 MHOXWUHHOIO AOCTyrly Ta TexHosorii MIMO.
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ABTOpYM 06IrOBOPIOIOTL BaX/INBICTL BUKOPUCTAHHS METEPOr€HHNX MEPEX A/IS1 IMEHIUEHHS BIACTaHI MK MEPEAABAYEM Ta
npMAMaYem, a TaKoX MOX/MBICTL BUKODUCTAHHS PEXUMY CHY AS Ma/mx 6a308ux CTaHUid. TEXHO/OrMT HEOPTOroHasbHoro
MHOXHHOro goctyrly (NOMA) 1@ MHOXUHHOrO BBEAEHHS-MHOXUHHOIO BuBeAeHHs (MIMO) Takox po3r/isfatoTscs 5K KIOHOBI
KOMITOHEHTH [U151 AOCSAMHEHHS CIIEKTPA/IbHOI @QEKTUBHOCTI Ta MIABULLEHHS EHEPrOEPHEKTUBHOCTI.

oAaTkoBo, CTarTs 3BEpTAac yBary Ha 6e34poTosi ceHCopHIi mepexi (WSN) 1a rnpororye wisxu 415 ixHboi ontumizadii B
HArNpsMKy €HEProegekTUBHOCTI. TaKOX 0OroBOPIOIOTECS MOX/IMBOCTI BUKOPUCTAHHS 3€/1EHUX AATa-LEeHTDIB A1 3MEHLUIEHHS
Bukngie CO2 B iHQOPMAaLIiiHO-KOMYHIKALIIVHNX TEXHO/IOTISIX.

Y BUCHOBKY, CTaTTsl [IAKPECTIOE BaX/MBICTb EHEPrOEPEKTUBHOCTI Ta 3MEHLUEHHS Bukngis CO2 B Cy4acHux
MYJIbTUMELIVIHUX MEDEXEX, OCOB/IMBO B KOHTEKCTI MEPEX 5G, Ta 3aK/MKAE 4O MDKAUCLUMIT/IIHEPHUX 3YCuilb A/1S PO3B'S3aHHS LMX
BaXJ/TMBUX 3aBAAHE Y 1a/1y3i iHGOPMALIVIHO-KOMYHIKALIVIHUX TEXHOIONA.

Kito4oBi c10Ba: MysibTUMELIa, eHeproepexkTusHIcTs, WSN, 5G, HetVet.

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;

eInteractivity, 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
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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 academia and industry as a guideline
in research and development of wireless networks,
on the way to high energy efficiency [8]. Different

Cellular network power consumption A h
elements of wireless networks consume different

Retail percentages of energy. Figure 1 shows an example

of the power consumption of a typical wireless

PSR R network. It is clear that it is necessary to increase

Core transmission the energy efficiency of base stations and access
points. It is extremely important to increase the

NSRSy percentage of EE in networks with a large number
fite siation of heterogeneous BS, without loss of bandwidth.

+ T T T T T Studies are being conducted to balance energy,

0% 10% 20% 30% 0% 50%  60% spectral efficiency (SE) and sustainability of the 5G

Power usage (%) network. From this point of view, three goals were

Fig. 1. Power consumption of a typical wireless cellular network [8]. 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 2 [9].
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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 Fig. 2. Network Architecture of a 5G HetNets [9].
[10]. It is important to be able to integrate
femtocells into macrocells, creating 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.3) [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
efficient wireless networks is multiple-input, multiple- NOMA
output (MIMO) technology, which has already been
successfully deployed in previous generation
networks, both for time-division duplex (TDD) and
for frequency distribution division duplex) (FDD). UE-2
This technology is one of the mechanisms that allow
achieving high speeds for data transmission with high
spectral and energy efficiency in 5 G networks, at

frequencies below 6 GHz [13]. It provides work at / @
two levels: a macro level in the microwave bands for i3 :

the implementation of control signals and a micro \ Q

Power

BTS

Frequency

level in the bands mmWave for the transfer of user
traffic. Massive MIMO is efficient in high-frequency e . RS
bands and provides high antenna array gain, covering UE-1 = ‘
path losses and providing spatial diversity. MIMO is a
key tool for promoting all aspects of wireless
communication. It plays an important role in 5G Fig.-3. Non-orthogonal multiple access technology (NOMA).
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 (I10T). Sensors of various types in
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combination with wireless communication form the so-called wireless sensor networks (WSNs). Today, WSNSs are
the core of 10T networks and are the main source of energy consumption. In the 10T, 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.);

eIncreasing 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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