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RESEARCH OF THE EFFICIENCY MULTISERVICE NETWORKS
USING MIMO TECHNOLOGY

Abstract. The presented research relates to the field solving the problem of increasing the efficiency transmission and
noise immunity reception discrete messages used for the exchange traffic flows between communication systems and radio
engineering complexes of entities. The object of the study is hardware and software systems and radio channels multiservice
communication networks using multi-antenna technologies. Multi-antenna systems in multiservice communication networks
allow increasing the capacity radio channels by transmitting a signal using several antennas on the transmitter side and several
antennas on the receiver side. It is worth noting that the capacity of the radio channel is still limited due to the use of a power
distribution algorithm. The efficiency and noise immunity indicators of the functioning of communication systems in the
presence of interference sources are analyzed based on the architectural concept of the following and future public
communication networks. The subject area is the problems applying a new approach to multiservice communication
networks for optimal use resources end-to-end digital technology and modern wireless cellular communication technologies.
The purpose of the study is to develop a new approach to constructing a method for calculating the evaluation of the
characteristics of transmission efficiency and noise immunity when receiving traffic flow messages in a complex signal-noise
environment. Based on the methods for calculating the evaluation of the performance indicators of multiservice
communication networks, important analytical expressions for further research were obtained. As a result of the study, the
main conclusions of the study were obtained, which can be implemented and used in multiservice stationary and wireless
cellular networks to calculate the transmission efficiency and reception noise immunity indicators. The technical and
economic effect for multiservice networks and radio engineering complexes consists in increasing their throughput by
attracting funds and resources of modern cellular mobile network technologies. The substantiation proposed main stages of
the study is provided, the results of the analytical study and simulation modeling are presented, confirming the validity of the
theoretical conclusions made.
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cellular mobile communication; networks.

Introduction

Construction and development of multiservice
public communication networks based on the
architectural concept of the following NGN (Next
Generation Network) [1] and future FN (Future Network)
networks [2], given the intensive growth of the volume
transmitted heterogeneous traffic, requires the creation of
a new approach to the construction highly efficient
communication systems using modern multi-antenna
technologies, ensuring high transmission efficiency and
noise immunity discrete signal reception [3].

The studied characteristics efficiency and noise
immunity multiservice public communication networks
under the influence of various interferences, including
general fading, are complex characteristics of the quality
of functioning communication systems when using end-
to-end digital technologies and modern wireless cellular
communication technologies [4. 5].

Modern technologies for future generation networks
(ITU-T, Y.3000) include MIMO (Multiple Input Multiple
Output) [6], SDN (Software Defined Networking) [7],
NFV (Network Functions Virtualization) [8], IMS
(Internet  Protocol Multimedia  Subsystem)  [9],
WDM&DWDM (Wavelength Division Multiplexing &
Dense WDM) [10], OFDM (Orthogonal Frequency-
Division Multiplexing) [11], 4G-LTE (Long Term
Evolution), 10T (Internet of Think) [12], 5G-NR-U (New
Radio-Unilence) and Al (Artificial Intelligence) [13].

The analyzed advanced and digital technologies for
building communication systems with increased
efficiency and noise immunity, a special place is
occupied by MIMO technologies, where algorithms are
implemented — multiple input and multiple output [14,
15].

It is known that MIMO technologies are a method
of organizing data transmission in wireless cellular
networks, in which several antennas are used
simultaneously on both the transmitting and receiving
sides [16, 17]. With the help of MIMO technology, tasks
such as increasing the transmission speed mixed-type
traffic [18], increasing the reliability communication
networks [19] and improving the spectral efficiency
communication systems are implemented [20].

Depending on the place of use of MIMO
technology, important varieties are widely used: SU-
MIMO (Single User MIMO) — MIMO for one device
[21], MU-MIMO (Multi User MIMO) — transmission of
different streams of traffic packets simultaneously to
different devices, where it is actively used in the Wi-Fi 5,
Wi-Fi 6 system [22], as well as Massive MIMO - a huge
number of antennas at the base station, especially in the
4G-Voice LTE and 5G-New Radio system [23].

In this work [4], algorithms and methods for
increasing the efficiency of transmission and noise
immunity of reception information traffic flows using
MIMO are analyzed and assessments of the indicators
information efficiency and throughput of communication
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systems are carried out. The analysis carried out in this
work shows [13] that the problem of studying and
evaluating the performance indicators of multiservice
telecommunication  networks based on MIMO
technology with the required parameters has not been
solved at a sufficient level.

The solution to the above formulated problem of
research and analysis of the characteristics of the
efficiency and noise immunity functioning multiservice
networks and radio engineering complexes using modern
wireless cellular communication technologies MIMO s
considered.

General statement of the research problem

The conducted research and analysis have shown
that the current state of modern multiservice networks
and radio engineering complexes based on modern
technologies does not fully satisfy the requirements of the
ITU-T and ITU-R recommendations for ensuring the
quality of operation digital signal transmission systems
in terms of transmission efficiency and noise immunity
of discrete signal reception [24—26].

To solve the proposed problem, a comprehensive
approach is required in studying the main characteristics
of the communication channel capacity, the signal-to-
noise ratio (SNR, Signal to-Noise to Rate) and the
frequency efficiency communication systems and radio
engineering complexes using MIMO technology [27, 28].

At the same time, an important task arises - the
development of a new approach to creating methods for
calculating the efficiency and noise immunity
multiservice public communication networks, which will
most accurately reflect telecommunication processes.

To solve the problem under consideration, a
calculation method is proposed for assessing the
performance of communication systems and was selected
as the target function of the constituent technical
components of the vector multiservice networks using
MIMO technology, which is functionally described by
the following relationship:

E(A,Ep) = W{ArgmaxQK [H(ﬂj,Eb)J}, i=lk. D
(%4, Ep)

under the following restrictions

nse (Vo) 215 ain. (Vo );

Crnax (ﬂ1 Vb ) > Crnax all. (ﬂ1 'Vb); (2)
SNR (Ep,No) = SNRyy;, (Ep, No )

where  Crhax (4, Vp)— the maximum value of the

communication channel capacity taking into account the
bit rate of signal transmission V}, and the intensity of the

incoming traffic 4; flow using MIMO technology and is
equal to:
Crnax (ﬂ1 !Vb) =

— 3
= AFg -(0g, [ 1+ SNR(Ep, Ng ) ], =1k; @

nee (AF) — frequency efficiency of communication
systems and radio engineering complexes using MIMO

technology taking into account the frequency band, AF;
Q[H(%4,Ey)] - criteria telecommunication

processes occurring in multiservice communication
networks during transmission and reception of traffic

flows, taking into account the indicators 4; and Eg,

which are determined by the functional dependence of
both the transmission efficiency function and the noise
immunity of reception;

SNR (Ep, Ng) — Signal to Noise to Rate (SNR) at

the output of the communication channel, taking into
account the energy of the bit signal E, and the spectral

power density of the interference Ng, which characterize

the complex indicators of the communication system and
radio engineering complexes, and is also a metric of the
quality of data transmission in the radio channel is the
ratio of the average signal power to the average noise
power and can be expressed as [4]:

SNR(Ey,Ng) =[Py, / No], dB. (4)

Expressions (4), taking into account the noise
covariance matrix and the power of the signal transmitted
by the communication system, where it is limited by the
value Py, , will take the following form:

SNR(Ep, No) = Iwr [2Ep / No ]y, = )
= Ey[dBm] - Ng[dBm],

where Iyr — identity matrix of dimension MgxMy [4].

Expressions (1) — (5) define the essence of the
proposed new approach, with the help of which the
methods for calculating the transmission efficiency and
noise immunity signal reception based on MIMO
technology are constructed, taking into account the
communication quality indicators. In addition, the last
formulas characterize the essence of the approach for
analyzing the problem of managing telecommunication
processes occurring in the communication system under
study under the influence many heterogeneous sources
interference, including general fading.

Scheme of functioning of the studied systems
message transmission using multi-antenna
MIMO technologies

For the purpose of system-technical analysis of
characteristics transmission efficiency and noise
immunity of reception, a structural scheme of functioning
of the studied systems of message transmission based on
multi-antenna MIMO technologies [26] is proposed,
which is shown in Fig. 1.

In the systems of transmission of the message based
on MIMO technologies shown in Fig. 1 consists of the
following important blocks: the system of transmission
and reception of data using MIMO, the MIMO
transmitter and the MIMO receiver, and multi-antenna
radiotechnical complexes. In addition, the MIMO
system, like any data transmission system, is generally
divided into three components: the transmitter, the
communication channel (channel matrix H) and the
receiver.
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Fig. 1. Structural diagram of message transmission systems based on MIMO technologies

To describe the algorithms of MIMO technology
operation, this diagram proposes the principle of
operation and functioning of the MIMO configuration in
a multiservice network using a MIMO transmitter and
receiver - the system.

In these MIMO systems, multiple antennas are used
in the transmitter and receiver to create different data
transmission paths, the so-called traffic subflows.

The channel capacity in MIMO systems in a single

frequency band AF without errors is expressed as [2]:
Gem (Ps. AF) =(F, - Fl)"€092(1+(PS/Nm)'G(2))I (6)

where ag— noise spectral power; Pg — transmitted
signal power; N, — number of transmitting antennas
(N, € Mg e H).

Expressions (6) characterize the capacity of the
MIMO system and are limited information and network

resources, in these circumstances scientists came up with
the idea using multiantenna technologies.

Analysis transmission efficiency
and noise immunity indicators
for reception discrete signals

Now consider a multi-channel MIMO system, in
which several subscriber user stations with Mg

receiving antennas each simultaneously operate in a

certain frequency band AF with one base station with
transmitting antennas Mt .

Based on the conducted research, it was established
[1] that one of the main and important indicators of the
quality of operation of multiservice networks is their
transmission efficiency and noise immunity reception of
discrete signals in communication systems using MIMO
technology. It should be noted that, given the formulation
of the problem, the indicators of the quality of operation
of multiservice networks as a function of transmission
efficiency and noise immunity reception are determined
by the following functional dependence:

Qk [H(4.Ep)]=
= F[[Ber (%.V5).D(Ey, No)]. =1k,

where Bgp (4;,Vy) —criteria that take into account the
performance indicators of communication systems,

taking into account the intensity of incoming traffic 4;

()

and the bit rate message transmission V, and are
characteristics of network paths and hardware and
software complexes and are expressed by the following
functional relationship:

Ber (4:Vb) =
=[me (A1 V) 7ee (Vo). mee (Ps) ], 1 =1k,

where 7 (1i.Vp) ,77ee (Ps) — information and energy

efficiency of communication systems and radio
engineering complexes using MIMO technology, taking
into account the bit rate Vy, of transmission and signal

power Pg, respectively; D(E,, Ng)— criteria that take

into account the indicators of noise immunity reception
taking into account the energy Ej of the bit signal and the

spectral density N of the interference power, which

characterize the complex indicators of the quality of
communication when using MIMO technology and are
multi-channel characteristics of the system receiver.

The quality of communication when using MIMO
technology is expressed by the following functional
dependencies:

D(Ep,No) = F [ Pger, SNR(Ep,No)Vp |, (9)

where Pggr — bit error probabilities of MIMO signal

reception.

First, let's consider a model with data transmission
via a downlink - from the station to the subscriber. In this
case, an important characteristic of the multiservice
network and radiotechnical complex is the signal power
at the receiving end, which depends on the user's
location. In this case, the signal power received by
the i-th subscriber is determined by the following
expression [21]:

U(4,b)=H;-Stb)+n(t), i=Lk, (10)

where n; (t) — complex Gaussian random vector dimension

®)

Mg x 1 independent identically distributed noise of equal
power N, dBm, on each branch of the distribution.

Results of the analysis
numerical calculation and experimental study

In the case under study, we assume that the
distributed noises are of the same power and are
described by the probability density by the normal law as
follows [2]:
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F(%,0) = ———-exp| - K (11)
] o\2rx 262 |
Based on formula (6), each component of the vector
ni(t) has a complex normal distribution with zero

2

mathematical expectation and variance o“ equal to

2 =05 Ng . In this case, the noise covariance matrix
and variance are equal to:

Imcov. = (No/2)- Iygr:
o2 =0.5N,.

Before proceeding directly to the analysis of the
numerical calculation of the communication system
using MIMO technology, we will present some formulas
known from information theory, which will be used in
further experimental research [18].

Considering the features Fig. 1 and the
communication channels - the channel matrix on the
receiving side, in the case of a single-user MIMO system,
the probability of a bit error per carrier is calculated using
formula [16]:

(12)

Peer =1- (- Rye)%,

ol =057 3 By (13)
R -y,

where M, — modulation scheme alphabet (M-ary

Quadrate Amplitude Modulation, M-ary Phase Shift
Keying); Q(*)— complementary gaussian error function
[20].

Formula (13) is the theoretical value of the bit error
probability when using different modulation schemes
such as 4-QAM and 4-PSK.

Based on the obtained results, calculations were
carried out using modeling in the Matlab environment
(R 2019b, 9.7; 64 bit) of the signal receiver indicators in
the MIMO message transmission system using the
Communications Toolbox extension package, designed
for  calculating  and modeling multiservice
communication networks [20].

In Fig. 2, the dependence of the bit error probability
on the signal-to-noise ratio was presented based on

numerical values, Pggg =W [ SNR(Ep, Ng).Vy |-

Analysis of the graphical dependence shows that
an increase leads to a decrease in the probability of bit
errors that meets the requirements, communication
quality and the level of noise immunity of reception. In
this case, the noticeable change in the MIMO scheme
starts with the values SNR(E,, Ngy) > (7.0,...,9.5) dB at

a given bit rate V,, =70M bps when using Mg =4x4
and M =8x8.

Thus, the conducted studies show that one of the
main advantages of MIMO technologies, operating in
multi-antenna mode in multi-service networks, is the
ability to transmit message streams to several users
simultaneously due to the formation of several parallel
data streams, which allows to significantly increase the

transmission efficiency and noise immunity of the
reception communication system.

0
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/a '1 -5-*"-:_\_ - — MR: gxg
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Fig. 2. Graphic dependence of the probability of bit errors
on the signal-to-noise ratio at a given transmission rate

Conclusions

As a result of the study, a new approach to the
construction of a method for calculating the transmission
efficiency and noise immunity of reception indicators is
proposed, taking into account the noise covariance matrix
and the power of the signal transmitted by the
communication system using MIMO technology.

Based on the study of the calculation method, formulas
for estimating the minimum required signal-to-noise ratio,
the value throughput depending on the signal processing
method in the MIMO scheme were obtained. In addition,
analytical expressions were obtained for calculating the
probability of bit errors in signal reception at a given bit rate
of transmission.

A structural diagram of a communication system
based on MIMO technologies is proposed and, based on the
results obtained, calculations were carried out using
modeling in the Matlab environment and a graphical
dependence of the probability bit errors on the signal-to-
noise ratio at a given transmission rate is given.

The analysis shows that the increase leads to a
decrease SNR(E,,Ng) in the probability of bit errors,

meeting the requirements communication quality and the
level noise immunity reception in multi-service
communication networks and in radio engineering
complexes.
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JocaimkeHHs e)eKTHBHOCTI MYJIbTHCEPBICHHX Mepesk 3 BHKOPHCTAHHAM TexHoJorii MIMO
E. I'. Tamumos, b. I'. I6parimos, 1. /1. IcmamoB, A. M. Tani6os, P. I'. AxyHmoB

Anotaunis. IlpexcraBmeHe noCHiIPKEHHS BIJHOCHTBCS IO 3aBIaHHS TIIBUIICHHA €QEKTHBHOCTI Tepenadi Ta
3aBaJlOCTIHKOCTI PUHOMY AHCKPETHHUX IMOBIIOMJICHB, IO BUKOPHCTOBYIOTHCS U OOMIHY MOTOKaMH Tpadiky MiX CHCTEMaMH
3B'SI3KY Ta PAIiOTEXHIYHIMHU KOMIUIEKCAMH. 00'€KT JOCITIIKESHHS allapaTHO-IIPOTPaMHi CHCTEMH Ta pa/iiOKaHAIN MYJIbTHCEPBICHAX
MEpeX 3B'SI3KY, B SIKHX 3aCTOCOBYIOTHCS OaraTOaHTEHHI TEXHOJOTil. 0araTOaHTCHHI CHCTEMH B MYJIBTHCEPBICHHX Mepexax
JIO3BOJIAIOTH 301JIbIIYBaTH MPOIYCKHY CIIPOMOXHICTB PaJioKaHaJIiB 32 PaXyHOK Iepe/iadi CUrHaTy AeKiIbKOMa aHTeHa Ha CTOPOHI
nepeaaBaya Ta NMPUHAOMY KilbKOMa aHTEHa Ha CTOpOHi mpuitmada. CiiJ 3a3Ha4uTH, WO HPOIMYCKHA 3/aTHICTH paJioKaHaTy
3aIMIIAETECS OOMEXKEHOI0 uYepe3 alrOPUTM PO3MOALTY MOTY)KHOCTI, IO BHKOPHUCTOBYETHCS. TMOKAa3HUKH e(EKTUBHOCTI Ta
3aBaJIOCTIHKOCTI (DyHKI[IOHYBaHHsS CHUCTEM 3B'S3Ky 3a HasSBHOCTI JUKEpENl MEpeliKoJl aHali3yIOThCs B paMKax apXiTeKTypHOI
KOHIIENIi{ TTOTOYHHX Ta MEPCHEKTUBHUX CYCHIIBHUX MEpEeX 3B'SI3KYy. MpeAMeTHa 00JacTh BKIIFOYA€E MPOOIEMH 3aCTOCYBAaHHS
HOBOTO MiAXO/y B MyJbTHCEPBICHIX MEpeXax /I ONTHMaIbHOTO BUKOPHCTAHHS PECypCiB HACKPI3HUX HU(POBHUX TEXHOJIOTIH Ta
Cy4acHHX 0e3IpOTOBHX CTIIbHUKOBHX CHCTEM. METa JIOCIIPKEHHS - po3po0Ka HOBOTO MiXOy 10 MOOYI0BH METOY PO3PaxyHKY
Ta OLIHKM XapaKTePHCTHK e()EeKTUBHOCTI Mepenadi Ta 3aBafOCTIHKOCTI MPUHOMY MOBIIOMIICHb MOTOKIiB Tpadiky B CKIaTHIN
CHI'HAJIBHO-IIIYyMOBOT OOCTAHOBIIi. Ha OCHOBI PO3POOJEHMX METOMIB PO3PaxyHKy Ta OL[HKH TMOKa3HUKIB ()YHKIIOHYBaHHS
MYJIBTHCEPBICHHX MEPEX OTPUMAHO BaXKIIMBI aHATITHYHI BHUCIOBIIOBAHHSI JUIS MOAANBIINX JOCITIPKEHBb. B pe3yJIbTaTi poOOTH
chopMyIIbOBaHi OCHOBHI BHCHOBKH, NMPWAATHI AJI MPaKTHYHOI peanizalii B CTalliOHAPHUX MYJIBTHCEPBICHHX Ta 0E3IPOTOBUX
CTUIBHUKOBHX Mepexax [Uisl PO3paxyHKy IOKa3HUKIB e(pEeKTUBHOCTI Iepenadi Ta 3aBaJOCTIMHKOCTI MpUHOMY. TEXHIKO-
C€KOHOMIUHHMH e(eKT Uil MyJIbTHCEPBICHUX MEPEeX Ta PaJioTeXHIYHMX KOMIUICKCIB MOJArae y 30UIbLICHHI IX MPOITyCKHOI
CIPOMO’KHOCTI 32 PaXyHOK 3aJIy9€HHS KOIITIB Ta PECypCiB TEXHOJIOTiH CyJ4acHUX CTUTEHHKOBHX MOOUTBHIX MEpexk. 00IPYHTOBAHO
3aIpOIIOHOBAHI OCHOBHI €TalM JOCIIKEHHS, HAaBeACHO Pe3yJbTaTH aHATITHYHOTO aHAJIi3y Ta IMITAliHHOTO MOJEIIOBAHHS, 110
MATBEPDKYIOTH CIIPAaBEUINBICTh 3pOOJIEHUX TEOPETUYHHUX BUCHOBKIB.

Kaw4oBi caoBa: MmysbTHCepBiCHI Mepexi; eeKTUBHICTh; (ikcoBaHi Mepexi 3BSI3KY; MPOIYCKHA CIPOMOXKHICTH;
MIMO; po3moain moTyKHOCTI; CTINEHUKOBUIT MOOITBHUHN 3B'I30K; MEPEXKi.
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