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Background. As a result of the reflection of rays from buildings, from the surface of the Earth or from
horizontal boundaries between different layers of the atmosphere, multipath effects occur that cause fast fading,

which affects the quality of service.

Objective. Determine the spatial-time parameters of the directly received and reflected signals for the
conditions of conducting wireless communications specific to 5G technology.

Methods. The delay time of the beam reflected from the obstacle with respect to the direct beam at the
receiving point and the transmission rate of the streams for different frequency ranges are calculated.

Results. For the 900 MHz, 2.4 GHz, and 5 GHz ranges, the maximum delay of the reflected beam, at which
the end of the main signal coincides with the moment of arrival of the reflected beam, corresponds to the
transmission rates of the streams 1.1, 1.2, and 1.34 Mbps, respectively.

Conclusions. A technique is proposed for determining the spatio-time parameters received directly and
reflected signals for the conditions of conducting wireless communications, typical for 5G technology.
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Introduction

5G technology is characterized by a small
distance between subscribers and base stations
(500 - 1000 m) and relatively high frequencies
for communication (2 - 5 GHz) [1].

When the distance between subscribers and
base stations is very small, usually only a direct
ray arrives at the receivers, but when the distance
increases, more obstacles appear on the ray path
and more factors arise for its reflection [2].

If the ray, which was delayed after reflection
from the obstacle, arrives at the receiving point
after registering the symbol transmitted from the
emitting station, then it is overlap on neighboring
symbols and destroys them, because the delay
time of the ray is longer than the pulse duration
of the signal. And, the higher the signal
transmission speed, the shorter the pulse, and the
more difficult it is to distinguish between
received signals distorted by reflected rays
decorrelated with the signal.

Formulation of the problem

OFDM is a tool [3], which allows
transmitting a common stream in such a way that
the speed in each of n subcarriers is n times less,
and, accordingly, the pulse length is n times
longer. With a constant delay time of the
reflected signal, an increase in the number of
subcarriers makes this delay shorter than the

pulse duration, and, therefore, the signal energy
loss is determined only by its correlation
function with the reflected ray. As the number of
OFDM subcarriers increases, the value of the
correlation function (with incoherent reception)
tends to 1.

Thus, having spatial characteristics in a
particular channel, it is possible to select such a
number of subcarriers at which the real delay
time becomes much less than the pulse length
and thereby improves the noise immunity of
reception in multipath conditions.

The purpose of the article is to determine the
spatial-time parameters of directly and reflected
signals received for the conditions of conducting
wireless communications, characteristic of 5G
technology.

The solution of the problem

Consider a mobile communication channel in
which a signal is transmitted from a transmitter
(point A) to a receiver (point Al), which are
located at a distance R from each other. Fig. 1
schematically shows two points A and Al - the
transmitter and receiver, respectively. The main
signal arrives at point Al, but there are other
signals that are reflected from nearby surfaces,
i.e. the ray along the trajectory R2 is reflected
from the circle at point C and also arrives at
point A1l. This is the response of the main signal,
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where the radius of the circle is much less than
the path length.

At the same time, we consider that the circle
is the boundary inside which all the signals that
can be perceived at point Al are located. Signals
that are reflected outside this circle are lower
than the sensitivity of the receiver and are not
perceived as reflected rays, i.e. outside this area,
obstacles and reflective surfaces have no effect
on reception.

Fig. 1. Schematic representation of a communication
line and a random reflected ray

The region of formation of reflected rays
using a geometric shape in the form of Cassini
ovals could be described using the mathematical
model [2].

Cassini Oval is a curve that is a geometrical
place of points, the product of the distances from
which to two given points is constant and equal
to the square of a certain number a’ = RR,, and
the distance between the points is 2c = R [4].

Fig. 3 shows the four most characteristic
variations in the shape of the zones of formation
of reflected rays, depending on the parameters a
and c.

In the first case (Fig. 2, a at ¢ > 2), the Cassini
oval is actually an oval with foci at the locations
of the receiving and transmitting stations. For ¢
<a <cV2, the oval is more compressed in the
middle of the path (Fig. 2, b).

In the third case, where a = ¢ - the reflection
zone is a lemniscate (Fig. 2, c). Finally, when a
<c, the oval turns into a figure close in shape to a
circle around the locations of the antennas (Fig. 2
d) [5].

Thus, Figure 1 is a special case of the Cassini
oval, where the formation of the reflected ray for
the case a <c is more clearly demonstrated.
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Fig. 2 Forms of zones of formation of reflected rays

Based on the ratios given in [2], we calculate the
parameters a and c¢ using real parameters for

mobile communication between the base station
and the mobile phone:
a=.,/R{R,
R4R, =

\/(h% + hg)(h% + hg)\/P1G17l1b17720)Bx/st (1)

where h; = 30 m — transmit antenna height,

h, = 2 m — average height for the mobile
terminal,

hy =5 m — minimum effective antenna height,

P, =40 W — base station transmitter power,

G, = 18 dBi = 63,1 — antenna gain,

1n1 = 0.9 — the efficiency of the system for
transmitting energy from the transmitter to the
transmitting antenna,

wgx = 75 Q — receiver input impedance,

Uz = 0.7 mV — sensitivity of the receiver
(mobile terminal).

Parameter b; — is the height of the obstacle
located at a distance R; from the mobile terminal
(radius of the first Fresnel zone).

The task is to determine the area where the
energy of the reflected signal exceeds the
sensitivity of the receiver of the mobile terminal.

According to [2], b; can be determined from
the dependence:

by =/ (AR/3)k(1 — k) )

where R = 1 km - distance from
transmitting to receiving antenna;

k = 0,05 — ratio of distances to obstacles and
from transmitting to receiving antenna;

A — wavelength equal

1=CJF, 3)

C =3*108 — speed of light;

F = 2.4 GHz — frequency at which the signal
is transmitted.

Using the initial parameters, we calculate the
parameter a provided that the distance between
the receiving and transmitting devices is 1000 m,
and half of this distance is ¢ = 500 m.
Substituting all the values in formula (1), we
obtain:

a = /R R, =+/122029,4 = 349 m.

So, with ¢ = 500 m, a = 349 m, the Cassini
oval takes the form of two separate circles (a < c)
around the locations of the receiving and
transmitting antennas (Fig. 2d), which is
identical in shape to Fig. 1.



L.URYVSKY,V.SOLIANIKOVA.ANALYSISOF SPATIAL-TIMECHARACTERISTICSOFARADIOLINEWITHMULTIPATHWITHINS5G

TECHNOLOGY

Next, it should be calculated the delay time of
the reflected signal relative to the time of arrival
of the main ray.

For simplicity of calculation, assume that the
method of processing the transmitted signal is
incoherent.

Fig. 3 shows the sequence of pulses and their
responses that arrive at receiver Al.
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Fig. 3. Delayed signal response at the receiver

The time graph shows that the response of
pulse 1 is late for the delay time Aty and overlaps
pulse 3, while the duration of the pulse itself is
To-

T0=1/V,, “
where v, — this is the symbol rate;
Atd = Ar/C, (5)

where Ar is the difference between the length of
the path that the signal passes directly to the receiving
point and the reflected response of the signal.

Fig. 4 shows a graph of the pulse 1 extended in
time by n times and its response 1*, where the delay
of the response from the main pulse remains the same
ATy, but the pulse duration becomes n times longer: T;
=nto - due to application OFDM technology, where
n is the number of subcarriers.
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Fig.4. The delay in the response of the signal in the
receiver, provided that the original signal is stretched
n times

In order to calculate Ar, for a start, we
consider a particular case of the formation of a
reflected signal from the boundary of a sphere in
which the reflected rays are sensitive to the
receiver.

Fig. 5. Schematic representation of the
communication line and the reflected beam (special
case)

In Fig. 5, assume that R, is a tangent to a circle,
then it forms a right angle with the radius of the circle
R,. Therefore, the triangle AA B can be considered as
a rectangular one.

Then we calculate R, taking into account that:

R =2c, a R|R,=a’.
AsR; =a’/R,, s0 R”>=R;>+R,’
4-C2 = 3.4/ R22 + R22
R’ —4c’ Ry +a* =0
The solution of the quadratic equation is the
result:

2¢%2 +V4c*a* = 122,96 m,
R;=992.41 m.

The case in which the delay in the response of
the signal will be maximum is shown in Fig. 6.
Then the signal will pass through the receiver,
and its response, reflected from a certain surface,
will fall back into the receiver, passing an
additional distance of 2R,.

R2:

Fig. 6. Schematic representation of the
communication line and the path of the reflected ray,
which creates the maximum delay time

Then the difference between the length of the
path that the response of the signal passes and
the main signal is:

Ar=2R,=245m.

Well then, the maximum delay of the
response is equal to:

Atg= Ar/C = 245/3*10%* = 0,82 ps
Analysis of the results

We calculate the critical value of the symbol
stream transmission speed v, at which the pulse
duration 1, coincides with the delay time Aty and
compare the results for different frequency
ranges:

Ve =1/ Atq (6)
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Table 1. Comparison of the results of calculations of
the pulse transmission rate for various frequency

ranges
Frequency | The duration Maximum | Pulse
range — F | of the delay Response | rate v,
path — Ar, m Delay — Mbit/s
ATy, s

5 GHz 224,08 0,75 1,34
2,4 GHz 245,93 0,82 1,22
900 MHz | 278,61 0,93 1,08

As follows from the data of Table 1, when the
radiation frequency changes 5.5 times (0.9 ... 5
GHz), the difference in the maximum delay time
is 24% (0.75 ... 0.93 ps). Therefore, changing the
frequency range is not a significant factor in
changing the delay time. As detailed calculations
show, the communication range is a more
sensitive factor.

Conclusions

Thus, a technique is proposed for determining
the spatial-time parameters received directly and
reflected signals for the conditions of conducting
wireless communications, characteristic of 5G
technology.

For the ranges of 900 MHz, 2.4 GHz and 5
GHz, the expected maximum delay times of
reflected rays are -calculated for the same
distance values between the subscriber and the
base station. It is shown that the maximum delay
of the reflected ray, at which the end of the
duration of the main signal coincides with the
moment of arrival of the reflected ray,

Ypuecvkuit J1.0., Conanixkosa B.FO.

corresponds to the transmission speed of the
streams 1.1...1.35 Mbit/s.

The objective of the subsequent study is to
calculate the recommended values of the number
of subcarriers when using OFDM technology, as
a means of reducing the influence of reflected
rays on the quality of signal reception in
multipath conditions on mobile communication
lines of generations 4G and 5G.
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AHaJIi3 NIPOCTOPOBO-YACOBUX XaAPAKTEPHUCTUK PaioJliHil 3 MHOI0J1y4eBOCTHIO B paMKaXx TexHoJorii 5G

IIpo6aemaTuka. B pesynbraTi

BIIOWTTS MPOMEHIB Bia Oy/iBelb,

Bil moBepxHi 3emuni abo Bij

FOPU30HTAIBHUX KOPIOHIB MK PI3HHUMH BEpCTBaMHM aTMoc(epu BHHUKAIOTh OaraTONpoMeHeBl e(ekTu sKi
CHPUYMHSIOTH IIBU/IKI 3aBMHUPAHHS, 1110 TTOTIPIIYE SIKICTh 00CITyrOBYBaHHSI.

Meta gocJigkeHHsl. BU3HAaUUTH NPOCTOPOBO-YACOBI MapaMeTpH NPUUHATUX Oe3nocepeaHbo 1 BimOUTHX
CHTHAIIIB IS YMOB BeJICHHs 0€3IpOTOBOTO 3B'sI3KY, XapaKTEPHUX JJIsT TEXHOJIOTIT 5G.

Metoauka peadizamii. Po3paxoByeTbcsi yac 3ami3HIOBaHHS BiJIOMTOrO BiJ TEPEIIKOAM MPOMEHS I10
BIJTHOIICHHIO JIO MPSIMOTO MPOMEHIO B TOYIl MPUHOMY 1 MIBHAKICTH Tepejadi MOTOKIB IS PI3HUX Jiara3zoHax

qacCTOT.

PesyabraTn pociimkenns. /s miamazonis 900 MIw, 2,4 I'T i 5 T'Tn MmakcumasnbHe 3ami3HHHS BiIOUTOTO
IIPOMEHS, IIPU SIKOMY 3aKiHUE€HHSI TPUBAJIOCTI OCHOBHOI'O CUTHAJy 30ira€ThCsi 3 MOMEHTOM MPUXOIY BiIOUTOTO
IIPOMEHSI, BIAIIOBIIAIOTH IMIBHIKOCTI nepeAadi motokis 1.1, 1.2, i 1.34 MOGit / ¢ BiIIOBigHO.

BucHoBKkH. 3anpolnoOHOBAaHO METOAUKY s

BHU3HAYCHHS

IPOCTOPOBO-YAaCOBUX IMapaMeTpiB, IO

MIPUIAMAIOTBCST 0€3MTOCEePETHRO 1 BIIOUTHUX CHTHAIB JUISI YMOB BeASHHS O€3pPOTOBOTO 3B'SI3KY, XapaKTEPHUX IS

TexHomorii 5G.

Kurouosi ciioBa: 6araronpomineBicts; 5G; 4G; LTE; opan Kacciau; OFDM.
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Ypuvieckuii J1.A., Conanukosa B.IO.
AHaJIN3 NPOCTPAHCTBEHHO-BPEMEHHBIX XapaKTEPUCTHK PAIAUOJINHUN ¢ MHOTO.IY4€BOCTHIO B paMKax
TexHoJorum 5G

IMpo6aemaTruka. B pe3synbprare OTpakeHHs JIydeld OT 3HaHUi, OT TMOBEPXHOCTH 3eMJIM WM OT
TOPU30HTAJIBHBIX TPAHUI] MEXIY Pa3JIMYHBIMU CJIOSIMH aTMOC(epbl BO3HUKAIOT MHOTOIy4eBble 3(QEKTbI
BBI3BIBAIOIIME OBICTPHIC 3aMUPAHUS, YTO yXYyAIIAET Ka4eCTBO OOCITy>)KUBAHHUSI.

Hears  wucciaemoBanusi. OmnpenenuTs  NPOCTPAHCTBEHHO-BPEMEHHbIE — MapamMeTpbl  NPHUHUMAEMBIX
HEIOCPEJCTBEHHO M OTPAXKEHHBIX CHUTHAJIOB JJIs YCIOBHMH BeleHUs] OECIIPOBOJHOW CBS3H, XapaKTEPHBIX IS
Texnosoruu 5G.

MeTtoauka peanau3sanuu. PaccauTeiBaeTcsi BpeMsl 3ama3fbIBaHUSI OTPAXKEHHOTO OT IPEMSITCTBUS JIyda IO
OTHOIICHUIO K IPSIMOMY JIydy B TOUKE IIPHUEMa U CKOPOCTH Mepeaadn MOTOKOB JJIsI Pa3HBIX AHANa30Hax 4acToT.

PesyabTaThl ucciaenoBanus. s quanazonos 900 MI'm, 2,4 I'Tmt u 5 'y makcumansHOE 3ara3ibIBaHUC
OTPaXXEHHOTO JydYa, MPHU KOTOPOM OKOHYAHHE IIUTEIFHOCTH OCHOBHOI'O CHUTHAJIa COBIAJAeT C MOMEHTOM
NpUX0Ja OTPAKEHHOI'O0 Jyda, COOTBETCTBYIOT CKOpOCcTH Iiepegaun norokos 1.1, 1.2, i 1.34 Mour/c
COOTBETCTBEHHO.

BeiBoabl. Ilpemroxkena wMeTomwka Uil OIIPEACIICHUs] IIPOCTPAHCTBEHHO-BPEMEHHBIX ITapaMeTpoB,
MPUHUMAEMBIX HEIOCPEJICTBEHHO M OTPAKEHHBIX CHUTHAJIOB JUISl YCJIOBHM BeJeHHs OECIpOBOJHON CBS3H,
XapaKTepHBIX JJIs1 TexHoJioruu 5G.

Kuaruessble caoBa: MHOTolyueBocTh; 5G; 4G; LTE; oan Kaccunu; OFDM.
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