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Abstract. The article makes comparative evaluation of radio waves propagation models in urban areas with
measurement data for Band 3 (1710-1880 MHz) and Band 7 (2500-2690 MHz) in the LTE network. The mathematical
expressions for the Wolfish-lkegami (WIM) model and the modified Hata model are given. These models are based on
averaging a large amount of empirical experimental data and are the most common to solve practical problems of
predicting signal levels in radio channels for various purposes. When predicting signal levels using propagation
models, the relationship between the losses in the radio line and the parameters of the receiving and transmitting
equipment, namely antenna suspension height, transmitter power, frequency, distance from base station, and antenna
pattern is taken into account. The signal level measurement (RSRP) in the LTE network was performed for two base
stations: MCC = 255, MNC = 03, CID = 41, PCI = 403, f = 2647.5 MHz and MCC = 255, MNC = 03, CID = 32,
PCI = 31, f = 1837.5 MHz. The measurements were performed in two Cellular-Z and Net Monitor Lite applications that
have similar and rich functionality for analyzing LTE networks. Quantitative estimates of the standard deviation of the
measurement data with the signal level prediction data for two models under urban areas were obtained. The root mean
square deviation in Band 3 is from 2.98 dB to 3.7 dB, and for lane 7 from 5.98 dB to 7.15 dB. In Band 3, the modified
Hata model and the Wolfish-lkegami model have approximately the same standard deviation to the measurement
results. In Band 7, the modified Hatch model is more in line with the experimental data.
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Anomauin. B cmami nposedeno nopisusiivhe oyinio8anHs mooeell nOWupeHHs padioxeuib 6 yMosax Micbkol
3a6y006u 3 danum sumiprosanv onst cmyeu 3 (1710 — 1880 MIy) ma cmyau 7 (2500 — 2690 MI'y) ¢ mepeoci LTE.
Haseoeno mamemamuuni supaszu onst mooeni Bonvgiwa-Ikeecami (WIM) i moougixosanoi modeni Xama. Lfi mooeni
3ACHOBAHI HA YCEPEOHEHHI BEUKOI KIIbKOCMI eMNIPUYHUX OGHUX eKCNEPUMEHMANbHUX OO0CHIONCEeHb Ma € HAudiIbl
nowiupenumy Oisl BUPiUleHHs. NPAKMUYHUX 3060aHb NPOSHO3VBAHHS DIGHIE CUCHANIE 8 KAHANAX PAdi038'A3KY PI3HO20
npusnauennss Bonu moocyms 3acmocosysamucsi Ons pisHUX yMoe nowtupenns paodioxeunv ax oas LOS (mpama
sudumicms) i NLOS (nenpsiva eudumicms). Ilpu npocro3ysanui pieHie cucHamy 3a OOROMO20K) MOOeiell NOWUPEHHS
BDAX0BAHO 38'130K Midc empamamu 8 padioNinii ma napamempamu RPULLMAIbHO-NEPEOd8aIbHO20 00IA0HAHHS, A came
sucomu nidgicy anmeH, NOMYICHICMb Nepedasayd, 4acmoma nepedasanis, giocmatns 00 6a3080i cmanyii ma diazpamy
cnpamosarnocmi aumen. Ilposedeno sumiprosanns pieus cuenany (RSRP) 6 mepeoci LTE 0ns 060x 6a308ux cmauyiii:
MCC=255, MNC=03, CID=41, PCI=403, f=2647,5 MI'y ma MCC=255, MNC=03, CID=32, PCI=31, f=1837,5 MTy.
Bumiprosanns nposeoeno y dsox npoepamax Cellular-Z ma Net Monitor Lite, wo maroms cxoscuti ma 6acamuii
@yukyionan ona awnanizy mepedxc LTE. Ompumani xinekicni oyinku cepeoHbOK8AOpaAMUUHO20 GIOXUNEHHS OaHUX
BUMIPIOBANL 3 OQHUMU HNPOSHO3YEAHHA DIGHS CcucHamy O 080X MoOerell 8 YMo8ax Micbkoi 3a0y0o8u.
Cepeonvoxsadpamuume 8ioxunreHus 6 cmysi 3 cmanosums 6i0 2,98 ob 0o 3,7 ob, a ona cmyeu 7 6i0 5,98 0B 0o 7,15 OF.
Y cemysi 3 moougixosana moodenv Xama ma modenv Bonvgiwa-Ikezami  marome  npubauzsHo  0OHAKOSL
CepeOHbOK8AOPAMUYHO20 GIOXUNICHHS 00 Pe3yabmamis uMiptoéans. Y cmysi 7 modugixosana modeiv Xama Oinvute
8I0N0BI0AE eKCNEPUMEHMATLHUM OAHUM.

Knrouosi cnosa:LTE,RSRP, npocrozysanns piens, modens nowupenns.
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1 INTRODUCTION

The energy characteristics of radio channels form the basis for the calculation of radio
coverage zones and determination of conditions for envisaging electromagnetic compatibility of
radio electronic means. The widespread introduction of mobile radio systems in Bands above 1GHz
has caused increased interest in the study of radio waves propagation conditions and the
development of channel calculation approach. Radio waves propagation models are mathematical
tools used to build and optimize wireless networks. These models focus on the prediction of the
average signal power, the preset distance from the transmitter, as well as the variability of the signal
power in the immediate spatial proximity to a specific location. These models can be divided into
two groups: empirical (statistical) and deterministic.

Statistical models based on averaging a large amount of empirical data from experimental
studies of field strength obtained under different conditions of radio communication organization
have gained wider practical application.

At the same time, it remains relevant to study the propagation of radio waves in order to select
a propagation model for specific conditions of radio network organization [1, 2]. In this work makes
a comparative analysis of the results of calculations of energy characteristics, performed on
different models of propagation of radio waves and comparison of the results with the measured
characteristics of radio channel.

2 OVERVIEW OF RADIOWAVES PROPAGATION MODELS

Currently, the statistical model of the Wolfish-lkegami (WIM) [3, 6] and the modified Hata
model [4, 5] are most widely used to solve practical problems of predicting signal levels in radio
channels of various purpose. These models along with ITU-R P.1546-6 and ITU-R P.1812-5 [7] are
recommended for use by the International Telecommunication Union for predicting signal strengths
of mobile radio systems.

The modified Hata model is a further development of the Okumura-Hata model obtained from
experimental studies in Tokyo. For urban areas, the propagation loss of a modified Hata model is
determined by frequency.

For frequencies 150 MHz <f'< 1500 MHz
L =69.6+26.2g( f)—13.82Ig(max {30, H,})+
+ 0] 44.9-6.55g(max {30, H, }) [lg(d) -a(H,) )
For frequencies 1500 MHz <f <2000 MHz
L =46.3+3391g( f)-13.821g(max {30, H,})+
+o[44.9-6551g(max {30, H,}) |lg(d)-a(H,) @
For frequencies 2500 MHz <f <3000 MHz
L =46.3+33.91g(2000)+10 Ig( f /2000)-13.82 Ig(max {30, H, })+
+a.[44.9-6.55 Ig(max {30, H, }) |lg(d) -a( H,) | 3)

f —frequency, MHz; H_ =min{h;,h,} —minimum of the heights of the two antennas considered,
m; H,=max{h,h,}- maximum of the heights of the two antennas considered, m;

d — distance, km, should be less than 100 km; a( Hm)—smallest antenna height correction factor:
a(H,)=(11lg(f)-0.7)min{10, H _}—(1.56 Ig( f)—-0.8)+max{0.20lg( H, /10)}. (4)
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Another model under consideration is the Wolfish-lkegami (WIM) model. WIM model is
used in calculation of attenuation in an urban environment. This model can be used in cases where
the base station antenna is located both above and below the line of the roof level. The empirical
factors taken into account in the calculation formula include the antenna heights of the base and
moving station, the width of streets, the distance between buildings, the height of the buildings and
the orientation of the streets in the direction of signal propagation.

In the WIM model, there are two cases: line-of-sight (LOS) and non-line-of-sight (NLOS)
propagations. In the case of LOS, if there are no obstacles on the direct signal propagation from the
transmitter and receiver, then the WIM model is described by the equation [6]:

L, =42.6+26lgd, +20Ig f,,., d=>0.02...0.2km. (5)

los

Before considering NLOS model let us introduce the following parameters used in this model:

d,, — distance in km; b — distance between building (20-50 m);w — width of streets
(usually b/2);hgs— base station antenna height (30-50 m from the ground);h — height of the
antenna of user (1-3 m from the ground); h,— height of buildings;

In the case of NLOS WIM model is described by the equation [6]:

I—nlos = Lfs + Lrts + I—msd ; (6)
L, — free-space loss:
L, =32.4+20lgd, +20Ig f,,, ()

L, —diffraction loss and scattering by the roof of buildings:
L =—16.9-10Ig(w)+10lg( f)+20lg(h —h, )+ L, (¢); (8)

Ly, (¢)—loss from the angle between the street and the electromagnetic wave:

¢ =0, if the street and the incident wave are parallel;

if 0< <35 than L,;(¢)=-10+0.354p;

if 35<¢ <55, than L, (¢)=2.5+0.075¢;

in other cases L, (¢) =4+0.114¢
L,..s —losses from multiple diffraction:

Linss = Loy +K, + kg lg(d)+k, (F)lg(f)—9Ig(b); (9)
Ly =—18-19(1+hgs—h,) if hgs > h, , in other cases L, =0;

k, =k, If hyg <h,, in other cases k, =54;

ky =54-0.8:(hgs—h,,) ifd >0.5, in other cases k, =54-0.8(hgs —hm)-%;

ky =18 if hgg > h,, in other cases k, =18-15 hBSh_ h, ;

r

kf(f):—4+0.7-(9—;5—1j.
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3 CONDUCTING AN EXPERIMENT TO MEASURE RADIO SIGNAL
PARAMETERS IN URBAN AREAS

The purpose of the experiment is to measure the dependence of the signal level in the
conditions of urban areas in the LTE network from the distance to the antenna of the base station
and compare the obtained results with the calculations by the models of Hata and Wolfish-lkegami.

During measurements, such parameters of radio signal reception are determined:

RSSI (Received Signal Strength Indicator) is received signal level indicator, shows the
average total receiving power in OFDM characters. The received wide Band power, including
thermal noise and noise generated in the receiver, within the Bandwidth defined by the receiver
pulse shaping filter. The reference point for the measurement shall be the antenna connector of the
UE. If receiver diversity is in use by the UE, the reported value shall not be lower than the
corresponding UTRA carrier RSSI of any of the individual receive antenna branches. [8]

RSRP (Reference Signal Received Power is defined as the linear average over the power
contributions (in [W]) of the resource elements that carry cell-specific reference signals within the
considered measurement frequency Bandwidth. [8] The RSRP parameter measures the signal
strength in a particular sector, excluding noise and interference from other sectors. RSRP levels for
the signal range from -75 dBm near the LTE cell to -120 dBm at the cell coverage boundary.

RSRQ (Reference Signal Received Quality) characterizes the quality of the received pilot
signals. The RSRQ measurement provides additional information when the value of the RSRP
parameter is insufficient to make a decision about the handover or when the cell is re-selected.

SNR - signal-to-noise ratio.

Measurements were made in two applications: Cellular-Z and Net Monitor Lite. These
applications have similar and rich functionality for analyzing LTE networks, namely:

— displaying RSSI, RSRP, RSRQ, SNR values online, including for neighboring cells;

— possibility of graphical representation of corresponding parameters;

— display of the movement of the subscriber equipment on the map with the display of the
level of the parameter to be measured;

— display information about the base station serving the subscriber, such as MCC (mobile
country code) is country code in which the BS is located, MNC (mobile network code) is cellular
network code, LAC (local area code) is local area code, CID is cell ID, an option provided by the
operator to each sector for each BS.

The disadvantages of these two programs are that they do not show the location of the BS
from which the signal is received. There is a Network Cell Info Lite program that displays the
location of the BS serving the subscriber, but this program does not allow the creation of tables for
further processing and analysis of measurement results.

The interfaces of both programs are shown in Figure 1.
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Figure 1- Interfaces for measurement of signal level dependence
in urban areas conditions in the LTE network

Measurements were made for the following cases:

— measuring of RSRP of base station of the «Kyivstar» operator MCC = 255, MNC = 03,
CID =41, PCI = 403, f = 2647.5 MHz;

— measuring of RSRP of base station of the «Kyivstar» operator MCC = 255, MNC = 03,
CID =32, PCI =31, f=1837.5 MHz.

4 COMPARISON OF EXPERIMENTAL DATAWITH THEORETICAL
MODELS DATA

When predicting signal levels by means of propagation models, the relation between the
losses in the radio line and the parameters of the transceiver equipment is determined by the
following expression:

L= EIRP—Pmin . (10)

EIRP — equivalent isotropic radiated power, dBm; P, — signal level at the input of the

receiver, dBm;
EIRP is equal to:

EIRP = Py +(Ggs — F (A ) -7, (11)
where P, —output power of transmitter, nbm; Ggs—gain of transmitting antenna relative to
isotropic antenna, dB; M — loss of the antenna feeder path, dB. F(A, cp)— a factor that takes into

account the decrease in radiated power due to the radiation pattern.
In the main direction, this coefficient equals 0. In the general case, calculated by the formula:

F(A,¢)=20Ig {y}ﬂmg {?} (12)

Max cep
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where E( )/ E @Nd E()/E,,q — Normalized antenna patterns in the vertical and horizontal

planes, respectively; E,_ . — the maximum value of the field strength in the vertical plane; E;, — the

average value of the fleld strength in the horizontal plane (for a circular pattern); A, ¢ — position
angle and azimuth of radiation respectively.
The simulation parameters are shown in Table 1.

Table 1 — Simulation parameters

Parameter Value

Frequency 1710-1880 MHz (Band 3 LTE)
2500-2690 MHz (Band 7 LTE)

Antenna type 80010691v01

Maximum distance 0,5 km

Transmitting antenna height 30m

Receiving antenna height 1,5m

Bandwidth 15 MHz

Transmiter power 5W

Antenna gain 15,2-15,8 dBi

Feeder Loss 1dB

Figures 2,3 show a comparison of signal level measurement (RSRP) data in the LTE network
in Band 3 and Band 7 with signal level prediction data.
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Figure 2 —Comparison of signal level measurement (RSRP) data in LTE Band 3
with signal level prediction data
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Figure 3 —Comparison of signal level measurement (RSRP) data in LTE Band 7
with signal level prediction data

Table 2 shows the standard deviation of the predicted values for the propagation models from
the measurement values.

Table 2 —Estimation of standard deviation propagation models from measured data.

Standard deviation
Band 3 Band 7
Hata WIM Hata WIM
Net Monitor Lite 3.7 nb 3.61 n1b 6.29 nb 7.15 nb
Cellular-Z 2.98 nb 3.43 1b 5.98 n1b 6.52 nb

From Table 2 it can be concluded that according to the criterion of standard deviation in Band
3 modified Hata model and Wolfish-lkegami model have approximately the same standard
deviation in the measurement results. In Band 7 modified Hata model more corresponds to
experimental data than Wolfish-lkegami model because standard deviation is less.

Therefore for Band 3 both models are almost equivalent and for Band 7 it is more appropriate
to use a modified Hata model which provides greater accuracy in signal level prediction.

5 CONCLUSION

The article considers the propagation models in urban areas, namely modified Hata model and
Wolfish-lkegami model. Using these models, was simulated a loss of propagation of radio waves,
with the estimation of the signal level taking into account of the parameters of the LTE network
planning for Band 3 and Band 7.

The simulation results obtained are compared with the signal level measurements (RSRP) in
the LTE network in urban areas. Standard deviation in Band 3 is from 2.98 dB to 3.7 dB, for Band 7
standard deviation is from 5.98 dB to 7.15 dB.

In the general case in Band 3 modified Hata model and Wolfish-lkegami model have
approximately the same standard deviation in measurements results. In Band 7 modified Hata
model more consistent with experimental data.
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