60 ISSN 1990-5548 Electronics and Control Systems 2024. N 1(79): 60-69

TELECOMMUNICATIONS AND RADIO ENGINEERING

UDC 576.3(045)
DOI:10.18372/1990-5548.79.18444

'V. N. Shutko,
’N. S. Fomenko,
*0. M. Klyuchko,
*0. 0. Kolganova

THE LATEST MEANS OF COMMUNICATIONS BASED ON LTE AND MIMO TECHNOLOGIES
IN 3G, 4G NETWORKS: APPLICATION FOR CONTEMPORARY BIOMEDICAL PRACTICE

IN RURAL UKRAINE

23 Department of Electronics, Robotics, Monitoring and IoT Technologies,
National Aviation University, Kyiv, Ukraine,
*Software Engineering Department, National Aviation University, Kyiv, Ukraine
E-mails: 'vnshutko@ukr.net, *flankero2 146@gmail.com *kelenaXX@nau.edu.ua
*kolganovae79@gmail.com

Abstract—The network organization of the systems of economic entities, which are distributed remotely
over large territories, require the creation of high-quality communications for them. The purpose of
present work was to demonstrate the possibility of using the latest means of communication based on
Long-Term Evolution and Multiple-Input Multiple-Output technologies (LTE- and MIMO- technologies)
in 3G and 4G networks to solve contemporary tasks of organizing of high-quality mobile communication
in some places of the territory of Ukraine for the works that need biological and medical information in
rarely settled, remote regions. The publication provides the author's data on the practical organization of
communication in rural areas and considers the following issues. 1- Determination of spatial parameters
of the LTE standard network. 2- Preparation of a map of the area. 3- Choosing an LTE network planning
option. 4- Principles of construction and operation of LTE networks. 5- P-GW (Packet Data Network
Gateway) functions. 6- MME (Mobility Management Entity) functions. 7- Functions of PCRF. MME
(Mobility Management Entity) functions. 8- Functions of PCRF. 9- Peculiarities of using upper and lower
frequencies for LTE. 10- Application of MIMO technology in LTE. 11- Application of MIMO technology
in 3G and 4G networks. The results of the performed works can be applied for the networked structures
development for the use in domestic economy, agriculture, for the science branches like biology, nature
protection, and for information systems for such branches. In the result of the work done the type of
antenna, other equipment were suggested; they should be used to strengthen 3G and 4G Long-Term
Evolution communication in such conditions, as well as suitable 4G antenna for modem or router.
Obtained results are suitable for providing of the work of information systems in agriculture, ecological
monitoring, other areas of activities, based on biological and medical information, they all need quick
data exchange as well as for scientific centers, other settlements, for which such communication
possibilities primarily were developed.

Index Terms—Analysis and modeling of panel and wave channel antennas; long-term evolution;
MIMO-technology; wave channel; 3G, 4G networks.

I. INTRODUCTION

The network principles of system organization in
engineering and economy have reliably taken the
leading positions today. This was facilitated by the
rapid development of information and computer
technologies (ICT) and contemporary
communication systems [1] — [4]. This trend arose at
the beginning of the creation and improvement of
computer systems, but it became aware and widely
used only from about the end of the 1980s. As it
always happens, the dominance of such systemic
approaches began in the field of technical disciplines

and solution of related technical problems in
industry and economy. Tested with success in these
areas, the network principles of system organization
have attracted the attention of those who are
engaged in the organization of works and are solving
topical problems in biology and medicine. However,
in contemporary world, it is impossible to solve the
problems of the successful functioning of network
systems, if reliable communication between system
elements, correlation and coordination of their
performance of functions is not ensured, which is a
guarantee of effective control of system elements
and itself as a whole. Information systems with
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databases of biological and medical information were
in focus of the authors’ attention during the last
years; some of their samples had been already
constructed [5] — [7] and supplemented with
telecommunication possibilities [5], [8] — [10].

The author's experience of implementation of 3G,
4G connection technologies on the territory of
Ukraine that could be used for the purpose of
agriculture will be given briefly in the proposed
article in continuation of the previous one [10]. Such
technologies of communications are rather useful for
agriculture modernization in Ukraine, many spheres
of modern life, linked with biological and medical
information exchange. For example, core entities in
spheres of activities linked with biology (remote
scientific centers of ecological monitoring for
ecology protection, nature preservation, other ones
like these) as well as agricultural industry were
developed in rural regions of Ukraine. The situation
is similar with rural dispensaries and small remote
medical centers in many villages of Ukraine. They
can be characterized by a) great squares of remote
territories; b) limited communication capabilities —
absence of all communications, as well as good
modern types of communications.

The materials in this article were presented in
following order. At the beginning, the importance of
using the described communication technologies in
the branches of Ukraine related to medicine and
biology is substantiated. Further, numbers of issues
of technical implementation of such communication
were given in the next order. Determinations of
spatial network parameters of the Long-Term
Evolution (LTE) standard were given. Preparation of
a map of the area was described. Choosing an LTE
network planning option was done. Principles of
building and functioning of LTE networks
(examples of the structure of LTE network for
solving this problem were shown at figures). Packet
Data Network Gateway (P-GW) functions. Mobility
Management Entity (MME) functions. Functions of
PCRF — in fact, a management server that provides
centralized management of network resources, etc.
Peculiarities of using upper and lower frequencies
for LTE were given. Applications of Multiple-Input
Multiple-Output (MIMO) technology in LTE, as
well as application of this MIMO technology in 3G
and 4G networks were described.

The purpose of this publication was to
demonstrate the possibility of using the latest means
of communications based on LTE and MIMO
technologies in 3G and 4G networks to solve
contemporary tasks of organizing of high-quality
mobile communication in some places of the
territory of Ukraine for the works that need

biological and medical information in rarely settled,
remote regions.

II. PROBLEM STATEMENT

In our previous works, we have already
demonstrated the possibilities of network creating
for information systems in area of biology [5], [6],
[8], [9] in order to monitor the state of the
environment by observing biodiversity (Fig. 1a, b),
and medicine [7]. The successful implementation of
the idea of monitoring the state of the environment
in Ukraine is also ensured by the fact that since the
middle of the 20th century, there was organized a
powerful network of biostations in Ukraine [5].
Using such a network, even at the then level of
technical development, the relevant tasks of
accounting of bioindicators were solved, as well as
monitoring of their reproduction and movement.
Obtained information was generally used for the
science-intensive  development of agriculture,
increasing yields, solving environmental problems
of preserving flora, fauna of Ukraine [5], [6].

At the same time, similar methods were
implemented in medicine and the sphere of health
care of Ukraine. During the 20th century, wide
networks of dispensaries, dispensary centers, clinics,
etc., were created throughout the territory of Ukraine,
which provided monitoring of the state of the health
of population [5], [7]. Thanks to this, epidemics of
deadly infectious diseases were stopped and
overcome, and later, in the post-Chernobyl years, all
measures were taken to prevent the mass
development and progression of cancer throughout
Ukraine, primarily in Polissia.

For a number of years, the authors contributed to
solving similar problems [5] — [16]. Having their
many-year experience in the elaboration of
information systems for such networks of biological
centers [5] — [10], in linked developments [11], [12],

we see the necessity to provide them by
communication possibilities of high quality,
especially telecommunication possibilities. The

subject of this publication — is the attempt to provide
our networked system by contemporary 3G, 4G
mobile connections [15] —[31].

In our previous publication [5] we had already
described the example of information system, one of
functional sectors (subsystem) of our developed
information system “EcolS”. Such system was
supposed by Dr. Klyuchko O.M. for bioindicators
accounting for the purposes of monitoring of the
state of insect fauna in Ukraine; it was developed
primarily for the accounting of the moths —
Noctuidae (Lepidoptera) [5], [8], [9].



62

ISSN 1990-5548 Electronics and Control Systems 2024. N 1(79): 60-69

However, the existence and successful
functioning of such large-scale systems are
impossible  without  ensuring  of  reliable

communication between systems’ elements. In our
example this “EcolS” subsystem (Fig. 1) was
supposed to be developed on the base of the set of
biological stations, field biolaboratories, and other

with the network of rural dispensaries and small
remote medical centers in villages located over the
far distances throughout Ukraine — they all need
reliable, good communications too. At the current
stage, the latest means of communications based on
LTE and MIMO technologies in 3G and 4G
networks could be used for these problems solutions.

biological entities [5]; their well- developed The results of the work described below are a way to
networked system was organized in Ukraine in 20th  solve such problems — development of the high-
century but without the wuse of modern quality mobile communication in some places of the
communications. Similar situation has now arisen territory of Ukraine [10].
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Fig. 1. The system for ecological monitoring of fauna in Ukraine “EcolS”: sector for bioindicators accounting [5]:

a) is the Fragment 1 of the structural diagram of the "EkoIS" information system for ecomonitoring and tracking changes in the
number of bioindicators is drawn; b) is the Fragment 2 of the structural diagram of the "EcolS" information system for ecomonitoring
and tracking of changes in the numbers of bioindicators. Indications: PC is the personal computer; LDB are local databases; NC is the
node computer; CDB are central databases; EES is the electronic expert system; RMI is the information from the radars for insects
monitoring [5], (see the text for other explanations)

III. PROBLEM SOLUTION

A.  Determination of spatial parameters of the
LTE standard network. Preparation of a map of the
area

Solving the problems of providing reliable
communication of functional networks of medical
and biological centers connected by communication
networks, at the first stage, consists in the
preparation of an electronic map of the area on
which the LTE network should be developed. The
map should contain the data describing the relief of
the area, the development of the territory, forest and
water parts of a territory. As a result, we have to

collect and take into account the following detailed
information:

e terrain heights;
e Jand use;

e population distribution, traffic flows and other
factors affecting traffic density;

e forecast of the number of subscribers;

e requirements for operating characteristics to
ensure the appropriate quality of radio
communication;

o Dblocking probabilities;
o losses of a budget;
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e recommended areas for placement of base
stations that meet the requirements of availability of
connection lines to the public networks, power
supplies, the possibility of placing equipment,
installation of antennas, etc.;

e available frequency bands;

e compatibility with other systems.

B. Choosing an LTE network planning option

There are two main options for planning
networks: with the aim of forming the maximum
coverage area or with the aim of ensuring the
necessary capacity. These tasks sometimes
contradict each other. For example, in urban
conditions with a high density of subscribers, the
area of service areas of base stations (BS) is much
smaller than the maximum possible, but they are
optimized in terms of throughput. In rural areas, the
situation is often the opposite, the density of
subscribers is low, and base stations are installed at
the maximal distance from each other so as to cover
the maximum territory for each BS. But in both
cases, radio coverage and network capacity were
evaluated in order to identify factors limiting its
characteristics in network project.

In Ukraine, the fourth generation 4G LTE
communication standard was launched in 2018, and
it is used by the big three mobile operators —
Kyivstar, Vodafone Ukraine and Lifecell. During the
introduction of 4G in Ukraine, operators received
licenses for the LTE standard at frequencies of
1800 MHz and 2600 MHz, and in 2020 also for the
frequency of 900 MHz. Thus, since the second half
of 2020, LTE in Ukraine has been operating at
frequencies of 900, 1800 and 2600 MHz. 4G in our
country works in duplex mode — FDD (Frequency-
division duplexing).

Base stations at the frequency of 900 MHz (LTE-
900) have a range of about 26 km and can cover
enough large areas with a relatively low density of
users. Therefore, such stations were installed in rural
arcas, along the routes of national and local
importance, where large areas need to be covered,
but where the number of users is much smaller than
in large cities.

Base stations operating at frequency of 1800
MHz (LTE-1800) were installed both in rural areas
and in small and large towns. Such a base station has
a coverage area of 13.5 km and sufficiently large
capacity to simultaneously connect a large number
of users both in small settlement and in a city with
billions of population.

Base stations at the frequency of 2600 MHz
(LTE-2600) have a short range (up to 2.5-3 km) and
the largest capacity. Therefore, they are installed in
large cities with a large concentration of users.

C.  Principles of construction and operation of
LTE networks

In present publication LTE-technology includes a
radio access network (Evolved Universal Terrestrial
Radio Access Network, E-UTRAN) and improved
packet core (Evolved Packet Core, EPC) (see Figs. 2
and 3). The LTE network is built as a set of new base
stations eNB (Evolved NodeB, or eNodeB), where
neighboring eNBs are connected to each other by the
X2 interface. The eNB is connected to the EPC via
the S1 interface. Interactions of new elements in the
network architecture: S-GW (Serving Gateway) —
serving gateways containing management software
based on the MM protocol (MME — Mobility
Management Entity) was represented at Fig, 2.

The structure of the LTE network was shown at
Fig.3, where the abbreviation "GW" means
"Gateway". The core of the EPC network (Evolved
Packet Core) consists of serving gateway S-GW
(Serving Gateway), gateway for accessing packet
networks P-GW (Packet Data Network Gateway), as
well as management structure of the Mobility
Management protocol MME (Mobility Management
Entity), connected to S-GW and eNodeB signaling
interfaces.

Functions of eNodeB (Evolved NodeB):

e cNodeB combines the functions of base
stations and 3rd generation network controllers;

e provides transmission of traffic and signaling
over the radio channel;

e manages the distribution of radio resources;

e provides end-to-end traffic channel to S-GW;

e supports transmission synchronization and
controls the level of interference in the cell;

e ensures encryption and integrity  of
transmission over the radio channel, selects MME
and organizes signal exchange with it;

e compresses IP packet headers;

e supports multimedia broadcasting services;

e when using a structure with gain of power on
the antenna mast, it organizes the management of
antennas using a special uant interface.

The S1 interface, as shown in Fig. 3, supports the
transmission of the data from the S-GW and
signaling through the MME. Note that an eNB may
have connections with several S-GWs.
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Fig. 2. Simplified LTE network architecture (abbreviations are given in the text)
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Fig. 3. Aperture of 3G/4G MIMO Yagi antenna with 20 dBi amplification and operating frequency
range 1700-2170 MHz

Functions of the S-GW service gateway:

e routing of transmitted data packets;

e setting quality indicators (Quality of Service,
QoS) of services provided;

o buffering of packets for UEs that are in Idle
Mode;

e provision of accounting data for tariffication
and payment for performed services.

S-GW is an anchor structure that ensures
subscriber mobility. Each active UE is served by a
specific S-GW. Theoretically, a UE can be
connected to several packet networks; then it will be
served by a few S-GW servers.

D.  P-GW (Packet Data Network Gateway)
functions

The P-GW packet gateway provides an access
point to external IP networks. Accordingly, the P-
GW gateway is the anchor gateway to provide
traffic. If the subscriber has a static IP address, the
P-GW activates it. If the subscriber needs to receive
a dynamic IP address during the communication

session, the P-GW requests it from the DHCP
(Dynamic Host Configuration Protocol) server or
performs the necessary DHCP functions itself, after
which it delivers the IP address to the subscriber.
The P-GW includes PCEF (Policy and Charging
Enforcement Function), which provides quality
characteristics of services on the external connection
through the Sgi interface and filtering of data
packets. When serving a subscriber in the home
network, the P-GW and S-GW functions can be
performed by two different devices or by one device.
The S5 interface is a GPRS or Proxy Mobile Ipv6
tunnel connection. If the P-GW and S-GW are in
different networks (for example, when serving a
roaming subscriber), the S5 interface is replaced by
the S8 interface [8].

E.  MME (Mobility Management Entity) functions

The MME control unit primarily supports the
implementation of Mobility Management protocol
procedures: ensuring network security during UE
connection and S-GW, P-GW selection. MMEs are
connected to the HSS of their network in the form of
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an Sé6a interface. The S10 interface, which connects
different MMEs, allows you to serve the UE when
the subscriber moves, as well as when he has
roaming.

F.  Functions of PCRF

Policy and Charging Resource Function (PCRF)
is essentially a management server that provides
centralized management of network resources,
accounting and tarification of services provided. As
soon as there is a request for a new active
connection, this information is sent to the PCRF. It
evaluates the network resources at its disposal and
sends commands to the PCEF of the P-GW gateway
that establish requirements for the quality of services
and their ratifications.

G.  Peculiarities of using upper and lower
frequencies for LTE

The development of LTE at the frequency of
1800 MHz is on average 60% more economical than
the construction of networks in high frequency
bands. The use of this range allows reducing the
time to market of LTE technology and accelerating
its development. Those companies that can carry out
reforms for the lower frequencies of 800—900 MHz,
where the deployment of LTE networks is several
times cheaper than in the bands above 2 GHz, will
be in a more favorable position. The deployment of
networks in the low-frequency region of the
spectrum is more attractive from the point of view of
costs and is optimally suited to cover areas with low
population density (suburbs and rural areas). Low
frequencies, compared to high ones, provide much
better penetration inside buildings and a larger area
of coverage, which, on the one hand, allows
providing communication to large areas, and on the
other hand, seriously limits the density of base
stations and exacerbates the problem of intra-system
interference. High frequencies are excellent for
building LTE systems in densely populated areas
where high transmission speeds are required.
However, if you work only in the high-frequency
range, the problems with radio coverage arise. The
ability to use a combination of two ranges (high and
low) is a guarantee of volume coverage and
provision of the necessary capacity in places where
traffic is especially demanded. To improve coverage
inside buildings, it is recommended to use
femtocells [1], [4].

H.  Application of MIMO technology in LTE

In modern cellular communication systems, the
requirements for their bandwidth and capacity are
constantly increasing. This can be achieved by

increasing of the number of base stations, the
bandwidth of radio channels or the number of radio
channels, as well as increasing of the spectral
efficiency.

The most extensive and expensive way to
increase the capacity of the cellular network is to
increase the number of base stations in the serviced
territory. In many large cities it is not implemented
today: the density of the arrangement of macro base
stations has already reached its limit. The next step
in this direction will be the transition to micro- and
pico-base stations with simplified requirements for
installation and operation locations. The most
economically justified way is to increase the
efficiency of the use of the radio frequency
spectrum, that is, the measures of the throughput of
the system in one cell of the network, per unit of the
radio frequency range.

MIMO technology can be realized as the use of
several antennas on the transmitting side and several
antennas on the receiving side and allows to
significantly increase the bandwidth and/or
resistance to interference of the communication
system in comparison with a traditional system with
one transmitting and one receiving antennas (SISO —
Single Input Single Output).

In MIMO systems, both spatial diversity on
reception and spatial diversity on transmission can be
implemented. In addition, there are multiuser MIMO
systems (MU-MIMO — Multiuser MIMO), in which a
base station with several transceiver antennas
interacts with several subscriber stations, each of
which can have one or more transceiver antennas.

MIMO systems obviously use multi-element
antennas or antenna arrays on both the transmitting
side and the receiving side. Multi-element antennas
can be used in such a way as to concentrate energy in
the direction of a certain subscriber and to form a
corresponding pattern (beamforming). In addition,
multi-element antennas can be used to form of several
parallel data streams (spatial multiplexing mode).

The joint use of the effects of spatial diversity,
spatial multiplexing and beamforming of the
directional pattern allows:

e increase the system's resistance to interference
(reduce the probability of error);

e increase the transmission speed in the system;

e increase the coverage area;

o reduce the required transmitter power.

These four positive properties of MIMO systems,
unfortunately, cannot be realized at the same time.
For example, an increase in the speed of information
transmission leads to an increase in the probability
of error or to increase in the radiated power of the
transmitter [1], [4].



66 ISSN 1990-5548 Electronics and Control Systems 2024. N 1(79): 60-69

L Application of MIMO technology in 3G and
4G networks

The first MIMO schemes for UMTS were
specified in past in Release 99 of 3GPP as optional.
However, they did not find application in UMTS
networks, as they did not provide a benefit in the
conditions of multi-beam propagation of radio
waves when using RAKE receivers in subscriber
stations. 3GPP Release 7 introduced a feedback
spatial multiplexing scheme for High Speed
Downlink Packet Access (HSDPA) for base stations
with two transmitting antennas. MIMO technology
in UMTS was further developed in Release 11,
which specified: MIMO schemes with feedback on
the "down" line for base stations with four
transmitting antennas; as well as uplink MIMO
schemes for subscriber stations with two
transmitting antennas; schemes of multipoint
communication (Multiflow Data Transmission).

3GPP Release 7 includes the following MIMO
schemes for base stations with two transmitting
antennas:

e space-time transmitted diversity (STTD -
Space Time Transmit Diversity), specified in
Release 99;

e Time Switched Transmit Diversity (TSTD —
Time Switched Transmit Diversity), also specified in
Release 99;

o distributed transmission with feedback (TxAA
— Transmit Antenna Array), also specified in
Release 99;

e spatial multiplexing scheme with feedback
(D-TXAA — Double Transmit Antenna Array),
specified in Release7.

STTD and TSTD schemes are optional for base
stations. But support for these schemes is mandatory
for subscriber stations.

IV. CONCLUSIONS

The author experience of implementation of 3G,
4G connections technologies at the territory of
Ukraine that could be used for the purpose of
agriculture, other spheres of economy were given
briefly in present article. Such technologies of
communications have to be rather useful for
modernization not only of agriculture in Ukraine, as
well as numerous spheres of modern life, linked with
biological and medical knowledge exchange. Core
centers in spheres of activities linked with biology
(nature preservation, ecology protection, other ones
like these) as well as agricultural industry — they all
are located in rural regions of Ukraine. They can be
characterized by the great squares of remote
territories with the absence of all communications,

including good modern types of communications.
Taking into account these specific characteristics,
our first works in these directions were done. So,
this publication demonstrated the possibility of using
the latest communication tools based on LTE and
MIMO technologies in 3G and 4G networks to solve
contemporary tasks for organizing of the works in
spheres, linked with transmission of medical and/or
biological information in Ukraine.

1) To achieve this goal, the authors first
substantiated the importance of using the described
communication technologies in the branches of
Ukraine related to the medicine and biology.

2) A number of issues of technical
implementation of communication means and
technologies in such systems were considered above
in detail in the following order. Determination of
spatial parameters of the LTE standard network.
Preparation of a map of the area. Choosing an LTE
network planning option. Principles of building and
functioning of LTE networks An example of the
structure of LTE network for solving of appeared
problems is shown in the Figs 1-3. P-GW (Packet
Data Network Gateway) functions. MME (Mobility
Management Entity) functions. Functions of PCRF —
management server that provides centralized
management of network resources, etc. were
described. Features of using upper and lower
frequencies for LTE were given and discussed briefly.

3) The applications of MIMO technology in LTE,
as well as application of MIMO technology in 3G
and 4G networks were suggested to use for
organization of the works in rural regions of Ukraine,
including medical and biological data transmission
between research and monitoring rural centers.

4) We had proposed external antenna with high
gain factor, which has to be installed at a height not
less than 6 meters above the ground to reduce the
influence of interference on the path of radio waves.

5) Results of presented work can be applied for
the networked structures organization for domestic
science use where the quick exchange of biological
and medical information is necessary. In Ukraine
there are the spheres like agriculture, nature
protection measures providing, monitoring of
population health in rural regions, and etc. need such
communications.
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B. M. lllytko. H. C. ®omenko, O. M. Kiarouko, O. O. Konranosa. HoBiTHi 3aco0u 3B’13Ky Ha 0CHOBI Te€XHOJIOTi i
LTE ta MIMO B 3G, 4G Mepe:xax: 3acTOCyBaHHSI B cy4yacHiil OiomeanuHiii mpakTuni B clibcbKiil MicueBocTi
Yxpainun

MepeskeBa oprasizalfisi CUCTEM CY0’€KTiB TOCIIONAPIOBAHHS, SKi PO3MOMALICHI BiJIAJICHO IO BEIMKHM TCPUTOPISIM,
BHMAraroTh CTBOPEHHSI IKiCHOT'O 3B’ SI3KY U1 HUX. MeToto poOoTH OYII0 MPpOoIEeMOHCTPYBATH MOMKIIUBICTD 3aCTOCYBaHHS
HOBITHIX 3aco0iB 3B’s13ky Ha ocHoBi TexHoumoriii LTE Ta MIMO B 3G Ta 4G Mepexax Al BHPILIEHHS Cy4acHHX
3aBllaHb OpraHizamii podiT, Ui SKUX MOoTpiOHa MenuyHa, OioyoriyHa iHpopMmalis y ManoypOaHi30BaHUX, BiAJalIeHUX
perioHax Ykpainu. Y myOmikaiii HaBOIATHCS aBTOPCHKI JaHi IMIOAO NMPAaKTUYHOI OpraHizamii 3B’S3Ky B CUIbCBKIil
MICIIEBOCTI Ta pO3IJLINAIOTBCS TakKi NWTaHHS. Bu3HaueHHS NpoCcTOpOBUX IapamerpiB Mepexi cranmapry LTE.
[MiaroroBka kaptu MicueBocti. Bubip BapianTy manyBanus Mepexxi LTE. IIpunimnu noOynoBu Ta po0oTH Mepex
LTE. ®yukuii P-GW (Packet Data Network Gateway). @ynxkiiii MME (Mobility Management Entity). ®ynxkirii [TLIP®.
®ynkuii MME (Mobility Management Entity). ®@ynkuii [TIP®. OcoGnuBocTi BUKOPUCTAaHHS BEPXHIX 1 HIDKHIX YaCTOT
st LTE. 3acrocyBanns texnonorii MIMO B LTE. 3acrocyBanns texnomnorii MIMO B mepexax 3G i 4G. Pesynbratu
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BUKOHAHUX POOIT MOXYTh OyTH 3aCTOCOBaHi JUIsl PO3POOKH MEPEKEBUX CTPYKTYP Ul BHKOPUCTaHHS B HAPOIHOMY
TOCIIOJIAPCTBI, CUTLCHKOMY T'OCIOAAPCTBI, IS TaKUX rajy3eld HayKd, SK O10JIOTisi, OXOpOHa HPUPOIH, & TaKOX IJIs
iHpOpMaIIfHUX CHCTEM IS TakuxX ramy3ed. B pe3ynpTaTi BHKOHAHOI pOOOTH 3allpOIIOHOBAHO THUI AHTEHH, IHIIE
o0JaiHaHHS; 1X CJTiJi BUKOPUCTOBYBATH It mocuieHHs 3B’ 3Ky 3G 1 4G LTE B Takux ymMoBax, a Takox BianoigHy 4G-
aHTeHY I MoJieMy a00 MapipyTuzaropa. OTprMaHi pe3yabTaTH MPUAATHI 11 3a0e3meueHHs poOoTH iH(GopMamiHHIX
CHCTEM Y CLIBCHKOMY TOCIOJApPCTBi, €KOJOTIYHOMY MOHITOPUHTY, IHIMX chepax TisuIbHOCTI, MO 0a3yloThCsl Ha
OioJyoriyHii Ta MeU4HIH iH(pOpMAaIllil; BOHH BCl MOTPEOYIOTH MIBUIKOIO OOMIiHY JaHHMHU — @ OTXKe, Y T.4. JJIsl HAYKOBUX
LIEHTPIB, 1HIIUX MOCEJICHb, VI SKUX TaKi KOMYHIKaIiiHI MOKJIUBOCTI B TEPIIY Yepry i po3pOOIsLTUCS.

KarwudoBi cioBa: aHamiz i MOJENIOBaHHs NaHEIBHUX aHTEH Ta aHTEH TUIY «XBuWieBui kaHam»; LTE-texHomoris;
MIMO-TexHoOTis; XBIILOBUH KaHal; 3G, 4G Mepexi.
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