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

which degrades the quality of service.

Objective. The purpose of the paper is to determine the multipath effect on the signal-to-noise ratio in a
wireless communication channel. Compare the results obtained for a communication channel at operating
frequencies of the IEEE 802.11xx standard: 5 GHz and 2.4 GHz.

Methods. The useful signal powers and the total interference powers for a communication channel with
multipath are calculated. The signal-to-noise ratio for such a channel is compared at operating frequencies of 5

GHz and 2.4 GHz.

Results. The results of the study showed that the higher the frequency of the carrier of the wireless radio

link, the less pronounced the effect of multipath is.

The frequency rating significantly affects the quality of communication in multipath conditions. In this case,
lowering the frequency significantly improves the reception condition outside of multipath effect. However, it
deteriorates significantly due to the effects of rays reflected from the Earth's surface.

In the considered case, the useful signal power in the 2.4 GHz band is 4.2 times higher; at the same time, the
power of reflected interference is 19 times higher than in the 5 GHz band.

Conclusions. Suggested model makes it possible to determine the effect of interference power in the ranges
traditionally assigned in IEEE 802.11xx technology, specifically 2.4 GHz and 5 GHz.
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Introduction

IEEE 802.11 - a set of communication
standards for communication in a wireless local
area network area with frequency bands 0.9; 2.4;
36; 5 and 60 GHz. Wireless broadband
technologies have been developed to provide
services comparable to those of wired networks.
Cellular networks now support high-bandwidth
data transmission for many mobile users at the
same time. In addition to this, they also provide
mobility support for voice communication [1].

Wireless data networks can be divided into
several types depending on their coverage area,
such as [2]:

WLAN: Wireless local area network in an
area with a cell radius of up to one hundred
meters, mainly in home and office environments.

WMAN: wireless city network; usually cover
wider areas, as large as entire cities.

WWAN: A wireless wide area network with a
cell radius of about 50 km, covering areas larger
than a city.

Formulation of the problem

In recent years, the rapid development of
wireless communication technologies [3, 4] has
radically changed our way of life. Compared to
wired communication, a wireless communication
channel is more complex [5]. Wireless channel
limitations include limited bandwidth, multipath,
Doppler shift and complex noise pollution, etc.
First, intersymbol interference (ISI) caused by
multipath increases the bit error rate (BER).
Second, the Doppler shift generated by mobile
terminals and scattered clusters results in time-
varying channel properties[6].

Multipath ~ propagation occurs when
environmental conditions cause combinations of
reflected and/or diffracted echoes to arrive at the
receiving antenna. These signals, in combination
with the original line-of-sight signal, can cause
distortion of the correlation function of the
receiver and, ultimately, the discrimination
function and, consequently, errors in the range
estimate [7].
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Evaluation of spatial-time characteristics
of a wireless communication channel

To understand the benefits of features of
wireless communication channel usage, let's first
consider an example of a simple wireless
channel. Fig. 1 shows the transmission of a
signal from a transmitter (let's call it point A) to a
receiver (point Aj). The receiver and transmitter
are at a distance R from each other. The main
signal comes to point A;. But at the same time,
there is a response of the main signal, which
passes the trajectory R, and, reflected from a
certain surface at point B, also comes to point A;.
In this case, the response of the main signal will
interfere with the useful signal. Will be assumed
that the circle is the boundary, within which all
signals that can be perceived at point A; are
located (at the same time, the radius of such a
circle should be much less than the length of the
trace). Will be considered that the signals that are
reflected outside this circle are below the
sensitivity of the receiver and are not perceived
as reflected beams. It means that outside this
area, obstacles and reflecting surfaces have no
influence [8].

Fig. 1. Schematic representation of a communication
line A-A, and a random reflected ray A-B-A;

Then should be calculated the spatial
characteristics of the channel (R; and R;) using
the parameters of the mobile communication line
between the base station and the mobile
subscriber. the trajectory outlined by the dotted
line will be considered as the locus of points
where the values of Ry and R; are continuously
changing, and their product remains a constant
number (1):
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Where Pr = 40 W — transmitter power,

Gr = 18 dBi = 63,1 — transmitting antenna
gain,

Gr = 2 —receiving antenna gain,

nt,Nr = 0.9 efficiency coefficients of power
transmission systems from the transmitter to the
transmitting antenna and from the receiving
antenna to the receiver,

wgy = 75 Q — input impedance of the receiver

Uy,x = 0.7 mV — receiver sensitivity (mobile
terminal),

ko = 0,05 — energy absorption coefficient of
incident waves by the reflecting surface.;

A — wavelength equal to 4 = ¢/F, where ¢ =
3*10% — light speed;

F =5 GHz — the frequency at which the signal
is transmitted.

Using the MATLAB modeling environment,
it is possible to calculate Ry and R;.

The following calculations for 5 GHz are
obtained:

R; =999 m,

Rz =4 m.

And the following calculations for 2.4 GHz
are obtained:

R; =999 m,

R>=17 m.

When calculating R; and R, it becomes
apparent that the assumption that area around the
receiver, which is essential for reflecting the
beams, is not a circle. This area is an oval,
“compressed” from the side most distant from
the point A;, and “clongated” from the side
closest to the appearance A, Fig. 2. Such an oval
is called Cassini oval (Fig. 2) [9].

Fig. 2. "Transformation" of the shape of the area
critical for reflection on the interval A; - A, from a
"circle" to an oval.

When the distance between the base stations
is very small, only the direct beam reaches the
receiver. But as the distance increases, there are
more obstacles in the path of the beam and more
factors for its reflection. Thus, multipath
conditions arise that destroy the useful signal
[10].

If the reflected beam arrives after the
registration of the symbol transmitted from the
base station, then it is superimposed on the
neighboring symbol and absorbs it. The higher
the signal transmission rate, the shorter the useful
signal pulse, and the more difficult it is for a
positive signal to prove itself (Fig. 3) [11].
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Fig. 3. Timing diagrams of pulses of the main signals
and their responses that come to the receiver

Then, having spatial characteristics in a
particular channel, the calculation of temporal
characteristics may be proceeded. It means that
the maximum response delay time will be
calculated. As shown in Fig. 2, the maximum
response will be delayed if ray goes from A to
Ay, reaches the boundary of the designated area,
reflects from point B, and only then gets to the
receiver.

The time graph (Fig. 3) shows that the pulse
response is being late and arrives at the receiver,
superimposed on the original pulse, forming a
delay time Ay, while the duration of the pulse
itself is 7 (2):

0= 1/v, 2)

where vo — is the symbol rate.
Rates vo = 10 Mbit/s corresponds to 7 = 0.1
us. Then Az; will be calculated (3):

Atq= Ar/c* (
3)

where Ar is the difference between the length
of the paths that the direct and reflected signals
pass through;

c* — speed of light.

The next step is to compare the results. Table
1 presents the results of calculations of the
distance that the response passes before reaching
the receiver and its delay time for the particular
case shown in Fig. 2. The calculations are made
for frequencies of 5 GHz and 2.4 GHz.

Table 1. Comparison of the results of calculations of
the pulse transmission rate for various frequency
ranges

Frequency | The duration of | Maximum

range — F' | the delay path — Response Delay
Ar, m — Aty IS

5 GHz 8.1 0.03

2.4 GHz 35.6 0.12

Evaluation of the signal-to-noise ratio
for a communication channel with

multipath, for the usage of 5 GHz and 2.4
GHz frequencies

Having spatial characteristics, i.e. a specific
area that is significant for re-reflected signals, it
became possible to calculate not only the
response delay time, but also the total power of
all interference within this area.

To do this, consider Fig. 4. It shows the same
communication channel A - A;. In this figure, the
response passes a distance p from the transmitter
(point A) and is reflected from some surface at
point C. Then the response passes the path p’ and
hits the receiver A;. The figure also shows the
radii of the Cassini ovals: Ry and Ra.

Based on Fig. 4, it is possible to draw up a
formula for calculating the total interference
power Py max (4):
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Where R = 1000 m is the distance from the
transmitting to the receiving antenna.

Limit on the x-axis from R — R to R + R3,
and on the y-axis from 0 to y =

\/\/a‘* + 4c?(x — ¢)? — (x — ¢)? — ¢? (provided

that the origin at point A is the center of the
second Cassini oval) (Fig. 4).

Fig.4. The delay in the response of the signal in the
receiver, provided that the original signal is stretched
n times

Using the MATLAB modeling environment, (4)
will be calculated.

Prmax =0.07 pW at the used frequency of 5 GHz;
Pomaxr = 0.5 pW at the used frequency of 2.4
GHz.

The useful signal power will be calculated using

(5):

dxdy +

] dx dy)
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Results of calculation:

Ps = 0.12 pW at the used frequency of 5 GHz;

Ps =2.6 uW at the used frequency of 2.4 GHz.
Table 1 provides a comparison of the obtained
results of calculating the powers of the useful
signal and the total interference power in the
channel.

Table 1. Comparison of the results of calculations of
the useful signal power and the power of interference
for communication channels in the range of 5SHz and
2.4GHz

Frequency | Power of the Cumulative

range — F, | useful signal — P, | Interference

GHz A% Power — Ps,
uW

5 0.12 0.07

2.4 2.6 0.5

Next, it is needed to estimate the effect of
multipath on the quality of communication in the
radio link. To do this, it is necessary to compare
the signal-to-noise ratio for both frequencies (2.4
GHz and 5 GHz), provided that there is no
multipath in the communication channel and
when communication is affected by multipath.

To begin with, it is necessary to calculate the
signal-to-noise ratio (i.e. h?) provided that there
is no multipath in the channel (6) [12].

2__ b (6)
NoAF

Where Ps — power of the useful signal

Ny — noise spectral power, 1.15%107'3

AF — usable frequency band, 5 MHz or 2.4
MHz

Result:

h? = 20 at the used frequency of 5 GHz;

h’ = 86,81 at the used frequency of 2.4 GHz.

Now it is necessary to calculate a new signal-
to-noise ratio (i.e. h2) provided that there is
multipath in the channel (7).

_ Py (7
NO AF + Pn.max

Where Ps — power of the useful signal

No — noise spectral power, 1.15%107"°

AF — usable frequency band, 5 MHz or 2.4
MHz

P, max — Cumulative Interference Power.

Result:

hZ = 1,58 at the used frequency of 5 GHz;

hZ% =0.19 at the used frequency of 2.4 GHz.

hy

Table 2 provides

a comparison of the
obtained signal-to-noise ratio results without

multipath influence and with influence.

Table 2. Comparison of the results of calculations of
signal-to-noise ratios (with and without the influence
of multipath) for communication channels in the

range of SHz and 2.4GHz

Frequency | Signal-to-noise Signal-to-noise

range — F, | ratio provided | ratio provided

GHz that there is no | that there is
multipath  effect | multipath  effect
in the channel — | in the channel —
h? h2

5 20 1.58

2.4 86.81 0.19

Conclusions

1. A technique for spatial evaluations of the
interference influence due to multipath on the
quality of wireless communication is proposed.

2. The proposed model makes it possible to
determine the effect of interference power in
subbands traditionally assigned in IEEE
802.11xx technology, namely 2.4 GHz and 5
GHz.

3. As expected, the effects of interference
due to multipath significantly reduce the quality
of communication, such as:

e in the 5 GHz band, instead of #° = 20, h2

= 1.58 is obtained;

e in the 2.4 GHz band, instead of 4’ =

86.81, h2 =0.19 is obtained;

Thus, it is shown that the effect of multipath
is the less pronounced, the higher the frequency
of the carrier radio link of wireless
communication.

The frequency rating significantly affects the
quality of communication in multipath
conditions. In this case, lowering the frequency
significantly improves the reception condition
outside of multipath effect. However, it
deteriorates significantly due to the effects of
rays reflected from the Earth's surface.

In the considered case, the useful signal
power in the 2.4 GHz band is 4.2 times higher; at
the same time, the power of reflected
interference is 19 times higher than in the 5 GHz
band.

4. The proposed spatial model is the basis
for determining the characteristics of the radio
link in the OFDM mode, which is the subject of
further research.
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OuiHka BIUIMBY 0araTonpoMiHeBOCTi Ha AKICTH paaio3B’sA3Ky B TexHoJI0rivHoMy niana3oni IEEE

802.11xx

Ilpo6aemaruka. B pe3ynprari BIiZOWUTTS HOPOMEHIB Bia OyaiBenb, Big moBepxHi 3emui abo  Big
TOPU3OHTAILHUX KOPJOHIB MDK PI3HUMH IIapaMu aTMocdepu BHHHUKAIOTH OaratornpoMeHeBi edekTH, 1o
BUKJIMKAIOTH IIBUKI 3aBMHPAHHSI, IO MOTIPIIY€ SIKiCTh 0OCITyrOBYBaHHSI.

Meta nociaigzkeHHsi. BusHauntn BIiMB 6araTonpoMeHeBi Ha BiJHOIIEHHS CHUTHAN/IIyM y Oe3IpOTOBOMY
KaHani 3B'A3Ky. [lopiBHATH OTpuMaHI pe3yJbTaTH KaHaly 3B'I3Ky Ha poOoumx uyacroTax craaapTy lEEE

802.11xx: 51Tmi2,41Tm.

MeTtoauka peadizamnii. Po3paxoByrOThCSI MOTYKHOCTI KOPHUCHOIO CHTHAy Ta CYKYIHICTH IMOTY)KHOCTEH
MEPELIKO ] I KaHaly 3B'I3Ky 3 OaraTonpoMeHeBicTIO. [IOpiBHIOETHCA BiIHOIICHHS CHUTHAJ/IIYyM ISl TaKOTO

KaHalry Ha pobouux vacrorax 5 [T ta 2,4 I'T'o.

PesyabTaTn mocaigkeHHsi. Pe3ynbraTi JOCHTIIHKEHHS TTOKA3aliy, IO Jiss 6araTonpoMeHeBOCTI THM MEHIIe
MPOSIBIISIETHCS, YMM BHIIIA YACTOTA HECYUOT PaJioiIiHil 0e3ApOTOBOrO 3B'SI3KY.

HomMinan 4acTOTH CyTT€BO BIUIMBA€ Ha SIKICTh 3B'SI3Ky B YMOBaX 0araTOIPOMEHEBOCTI. Y IbOMY 3HHKCHHS
YaCTOTH 3HAYHO IOKPAIIly€ YMOBH IIPUHOMY 11032 BIUIMBOM OaraTornpoMeHesi. [IpoTe, iCTOTHO MoripuryeThest 3a

YMOB J1i1 BiTOUTHUX BiJ 3eMJIi IPOMEHIB.

VY pO3IIsSHYTOMYy BHIIQAKy IOTYXKHICTh KOPHUCHOIO cHUrHamy B fOiama3oHi 2.4 I'Tn B 42 pa3u Buie;
OJIHOYACHO IOTYHICTh BIAOUTUX Tepeikon y 19 pa3zis Oiibia nopiBHsiHO 3 nianazonom 5 I'T'o.

BucHoBKH. 3arporioHOBaHa MOJEIb JIO3BOJISIE BU3HAYNUTH BIUIMB ITOTYKHOCTI TIEPEHIKOJ y Alara3oHax, o
TpanuuiiHo BinBoastees y TexHonorii IEEE 802.11xx, a came 2,4 ['Tuta 5 I'T'm.

Knrwwuoei cnosa: 6acamonpomenesicmo, IEEE 802.11xx; osan Kaccini; OF DM, wisuoxi 3aemupammsi.
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