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Abstract—One of the latest developments today is the SG, or Sth
generation mobile network. In addition to a number of
innovations, the new system also includes millimeter-wavelength
frequency ranges denoted with FR2, that formerly not applied for
these specific purposes. Proper management of the transmitter
and receiver antenna beams is required for efficient
communication in this frequency range. For future use, the
simplest implementation way is electronically shaping the antenna
beams by an algorithm to orient the antennas in the best possible
direction. The prerequisites for these algorithms are appropriate
propagation models, which are currently lacking, and those that
publicly available are not accurate enough for practical use.

Due to its complexity, solving this task is expected to be feasible
only with artificial intelligence based solutions that require large
amounts of input data for training. This amount of data requires
long-term measurement data, which is not a feasible solution
considering the rate of development. There are two possible ways
to solve this: creating more accurate propagation models or apply
simulations. For the latter solutions, it may also be necessary to
validate based on measurement results and models.

In this paper we provide an overview of the wave propagation
conditions in the new FR2 frequency range in the case of indoor
use, intending to create an accurate propagation model. We
present the existing models in other fields of applications and the
typical propagation conditions in these bands in view of the
existing research in this area. By analyzing the measurements
performed at the department, we point out the shortcomings of the
previous models and the parameters to be taken into account.
Then we present an improved model based on the ITU
recommendation for indoor propagation.

Index Terms—S5G, environmental coefficient, FR2 band, indoor
propagation, path loss model

I. INTRODUCTION

HE next generation of wireless networks is the S5th

generation mobile network, for which some of the
standards are still being developed today. The need to develop
a new system is caused by the drastic increase in consumer
demand [1], based on current trends. The number of devices on
the network simultaneously is continuously growing, requiring
a faster and higher capacity network creation.

With regard to the standardization processes, it is worth
saying a few words about the bigger and more significant
organizations. The 3GPP (3rd Generation Partnership Project)
umbrella  organization brings together the various
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standardization processes of mobile communication. The ITU
is the UN specialized agency whose task is international
facilitating telecommunications cooperation. In this work,
IMT-2020 (International Mobile Telecommunications-2020)
standard was the guideline for specifications and standards [2].

A. 5G system requirements

In 5G a number of new uses are planned, based on past trends
[1]. With the new system for wireless connections in existing
areas a drastic increase in speed would be achievable. Without
wishing to be exhaustive, the main areas of application are: [2]:

e Support for real time video calls.

e High-speed data connection support (50 MB/s or higher).

e Serving high-speed users (up to 500 km/hr).

e JoT support (such as wireless operation of sensor networks).
e Ultra-reliable communications (URC).

e Massive machine type communications (mMTMC).

e Enhanced mobile broadband (¢eMBB).

In fact, to meet user needs (existing and future) requirements
for the 5G network [3], assumed increasing number of assets
necessitated the designation of new frequency bands as listed in
Table I:

TABLE I
5G REQUIREMENTS
Downlink: 100 Mbps - 1 Gbps
Uplink: 50 Mbps - 500Mbps
Downlink:20 Gbps; Uplink: 10 Gbps

User data speed

Maximal data speed

Bandwidth 100 MHz — 1 GHz
Mobility Up to 500 km/hr

Ultra-Reliable and Low Latency
Delay Communications: 0.5 ms

Enhanced Mobile BroadBand: 4 ms
Connections density 250.000 user/km?
Local traffic capacity 15 Mbps/m2

The new frequency bands used previously only for satellite-
to-Earth communications or in the access network of the mobile
communications system. The characteristics of these new
domains are different for mobile communication bands so far
used, so their empirical description is particularly important for
implementation.

B. The frequency range examined

One of the many designated frequency bands is 38 GHz (and
vicinity), which is the main subject of this paper. However, the
statements made are similar to the other higher frequency
ranges. The signal propagation in the investigated band has a
different nature than the traditional lower frequencies. In
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addition, it is no longer negligible that solid bodies are also have
significant attenuation effect [4]. Among other things, this is
why we can talk about different indoors and outdoors models.

In such a high frequency range, the transmitter and receiver
antenna beam orientations are particularly critical [5] for good
reception conditions, in fact, for as long as a device is connected
to the network. In many application areas the receiver moves
relative to the transmitter while connected to the network. But
even if both the transmitter and the receiver are in a constant,
fixed position, a change can and will happen in the space
between them. For all these reasons, it is essential that at least
in the receiver, be able to control the antenna beam, thus
provide better reception conditions [6]. However, the time
required for control should be as short as possible, regardless of
outdoor or indoor use, and no user can feel that there is
significant fluctuation in the received signal level.

Summarizing all this, it becomes necessary to change the
operational environment as quickly as possible by adaptive
beamforming, in order to maximize the transmitter and receiver
antenna directing at each other, over the entire range of
operating time. The beamforming control must be such that the
user does not take anything from it and the quality of service
also meets the expectations.

The complexity of the task is predicted to require an adaptive
beamformer solution based on artificial intelligence algorithms
in the future application of higher frequency ranges. With all
this, the goal is to ultimately produce a model with which the
necessary beamforming algorithms will be trainable for future
use.

C. The structure of the paper

In Section 2, we present the frequency ranges of the 5G radio
interface. Following this, in Section 3, we describe the various
public propagation models, highlighting them separately the
one that is best used for our purpose.

After all, we will briefly summarize how the department
developed the competence required for the task in Section 4 and
what tools are available to us to perform the measurements.
Next, in Section 5, we analyze the completed measurements and
compare these results with the relevant models and show what
further steps are taken necessary for the end use. Finally, in
Section 6, we present a new model designed to facilitate
adaptive beamforming based on the experience shared in the
previous chapters.

II. 5G FREQUENCY BANDS AND THEIR CHARACTERISTICS

5G NR (Abbreviation for 5G New Radio) [8] stands for layer
radio access technology (standard abbreviation: RAT) [9]. The
5G NR defines two frequency bands, and several within
subbands:

e Frequency Range 1 (FR1): Bands below 6 GHz

e Frequency Range 2 (FR2): Between 24.25 and 52.5 GHz

There are also currently plans to expand the FR1 range to
410 MHz and 7125 MHz and that, in the case of FR2, bands up
to 100 GHz should be established. How much bandwidth will
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eventually be needed will be determined by the user needs.

In 2018, the n260 has already been allocated for use in the
US (among other things) [10]. In the case of Hungary, during
2019 they were only allocated in FR1 bands for the operation
of 5G [11]. The mobile service providers that have won these
bands are already advertised as an available service.

This paper covers the frequency range of 38 GHz and
surrounding in the FR2 band for a more thorough examination.

A. Path loss in FR2 frequency bands

When using 5G, the radio waves will in most cases propagate
in the air, respectively sometimes through walls, objects, but
ultimately in a dominant path in open space. The relative
dielectric constant of air is the function of frequency,
temperature, pressure and humidity [12] (only the very first
parameter has an actual influence). For outdoor use, this means
that this frequency band is already highly exposed to the
weather [14]. From a practical application point of view, the
attenuation of the medium will change, which will be
proportional to the distance [12].

Another significant factor besides attenuation is the
occurrence of reflections (related to even the issue of
transmission, but this is now secondary). The electromagnetic
wave reflected at a certain percentage at the medium boundary.
The degree of reflections is basically affected by material
properties or the frequency, while the physical size of the
reflecting object must be larger than the wavelength.

It is important to talk about interference on the topic of
reflections. Interference occurs when two or more waves meet
and their phases are different. We can speak of constructive or
destructive interference, depending on whether the amplitude
of the wave (signal) will be larger or smaller than it was
originally. Where there is reflection, there is a high chance of
interference that is greater it is likely to be destructive rather
than constructive.

B. Uses of the 38 GHz band to date

The department has former experience with this frequency
band for Alphasat (Inmarsat-4A F4) [15] to communicate with
a satellite and during these the main propagation characteristics
were examined. A feature of this application is that the exact
position of the satellite is always known, so the antennas are
directed at each other without any particularly great obstacle in
the path. The most important factor of the mode of use is the
individual antennas orientation [5]. In terms of practical
implementation, it is typically narrow in direction antennas with
high gain are used.

In addition to satellite reception, the department has
previously conducted a shorter research on 38 GHz band. In
2018 [7] we examined how behave electromagnetic waves at
this frequency indoors, including in cases when antenna
orientation to each other was not ensured. Measurements
related to the project results were compared with ITU-R
Recommendation P.1238 [16], during which it is concluded that
the recommended model gives an acceptable result as long as
antenna orientation towards each other is ensured.
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III. EXISTING PROPAGATION MODELS

The models can be divided into three large groups: indoor,
outdoor and free space. In addition we can distinguish between
empirical, deterministic, and semi-empirical models.

For empirical models a correlation based on a statistical
approach can be given. Easily and are quick to use, in return
they are not always the most accurate. In a deterministic case
based on some preliminary model, the propagation in the given
space is calculated to get the quantity sought.

For mobile communication networks, outdoor and indoor
models are important, however, outdoor propagation models
can also be used for a kind of control (but these are best for
point-to-point connections in particular).

The number of models dedicated to this frequency band is very
low in the literature. Due to the nature of the problem,
deterministic modelling methods are accurate but require more
computing capacity, while the ray-tracing methods can be used
along affordable computational capacities [13].

From end use, it follows that we want to perform as few
calculations as possible in order to get results as soon as
possible. In this paper, we deal only with the examination of
empirical models.

A. Free-space propagation

In the case of outdoor propagation, most models assume
direct vision or other special circumstances. The attenuation per
unit length thus calculated is typically lower as for indoor
propagation models, but of a similar order of magnitude [17].
Hence an estimate can be used in indoor modelling (taking into
account its limitations). The most common such relationship,
which we simply refer to as outdoor attenuation hereinafter [21]
takes the following form:

P, = 20-logyo(d) + 20 - logyo(f) + 92.45 (1)

where d is the distance in kilometres, f'is the frequency in GHz,
and the result is given in decibels and describes the outdoor
attenuation between isotropic antennas in vacuum. Once the
medium in which the wave propagates is already air, additional
attenuation occurs up. For low distances Fig. 1. depicts the path
loss calculated with Equation (1).
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Fig. 1. Short-range free-space path loss in FR2 band at 38.72 GHz

B. Close-in free space reference distance path loss model

The Close-in free space reference distance path loss model
[22] (hereinafter CI) is a reference model based on outdoor
propagation and it is applied for comparison multiple indoor
signal propagation results:

P{D = FSPL(f,dy) + 10 - n - logyo (di) + x¢&! )
0

where FSPL(f,dy) is the outdoor attenuation at the reference
distance (dypis 1 meter) at the given frequency f measured in
GHz, n is the path loss factor (PLE) and X, is a zero-valued
Gaussian random variable with o standard deviation. The
measured PLE [23] coefficients found in the literature are
largely the same in the ITU model of indoor signal propagation
with distance-based loss coefficients. A semi-outdoor, semi-
indoor measurement can be found in the literature where the
measured PLE is double of the ITU model, however, a high
value for standard deviation was measured here [24].

C. Outdoor propagation models

Outdoor propagation models usually differentiate cases
according to how they are built and whether the area is
environmental or natural. In addition, one can count on
individual models on topography, degree of incorporation,
location of the transmitting antenna, climate characteristics and
other similar factors. In a sense, the simplest such model is the
ITU surface model [25]. Of interest for classification are
models that are essentially outdoor, but are used in a somewhat
enclosed built environment. In the literature can be found a
measurement procedure (and, in fact, a result) that is a corridor
open from one side were thus considered to be predominantly
outdoor measurements [24].

One of the most common relationships describing outdoor
propagation is the Okumura model [23], in the following form:

PL = lf + Amu(f' d) - G(hte) - G(hre) - Garea (3)

where P; is the attenuation, /f is the free-space attenuation,
Amu(f,d) is the relative median attenuation outdoors (as a
function of frequency and distance), G is the transmitter
gain, Gy is the receiver gain, G, is the amplification of the
environment. The model is actually breaks down the attenuation
into two parts: into an outdoor component and factors that
modify the environment, and to the amplifying of the
environment (which can even be attenuation).

An improved version of the Okumura model is the Hata
model [22], which distinguishes the outdoor locations
depending on built-in rate.

The COST-Hata model [23], (a further development of the
Hata model) takes the following form:

P, =46.3 4+ 33.9-logo(f) — 13.82-logy(hp)
~ alhg, ) @
+ (4.9 — 6.55 - log;o (hp))
“logyo(d) + Gy

where Py is the median loss/attenuation, f is the frequency in
MHz, hp is the transmitting antenna effective height in meters,
d is the distance in km, hy is the effective height of the (mobile)
receiving antenna in meters, C, is the constant offset in dB.
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The model distinguishes through the parameter a(hg,f)
whether the propagation is urban or suburban.

D. Indoor propagation models

Indoor propagation models are the most important for this
paper, as our primary goal is to create an improved model
describing indoor propagation. The main feature is that the
receiver area surrounded by walls, that represent significant
attenuation for the passing wave. In addition, they are located
at relatively short distances for some antennas, the air
composition does not change for a significant part of the time
(or up to negligible extent), but moving people and living things
can occur [18]-[20]. In general it can be said that most models
were originally for lower frequency bands made. In recent
years, they extended for higher frequency bands (such as ITU
indoor propagation model), upon different considerations [16],
[24], but few models are available for such high frequency
ranges (mainly empirical).

Starting from the COST-Hata model, the TYM model [23]
was created, which is already indoor applicable, the results are
consistent with the measurements can be obtained for the
38 GHz band. The COST-Hata model served as a basic idea for
constructing the TYM model. The studied model takes into
account the effects of temperature and humidity based on the
signal propagation properties:

P, =96.7 — 0.562 - Syyin — 0.3666 - f + 0.092 - d )
—0.187-h+0.257 -t

where Py, is the loss, Sy, is the window size (at a given level
the average window size, which is expressed by the surface of
the window), f'is the frequency, d is the distance (in meters), /
is humidity and ¢ is the temperature.

The biggest flaw of the model, in terms of practical use, is
that of windows the average surface area on a mobile endpoint
is not measurable or only impermissibly large at the cost of
effort.

The ITU's empirical formula for indoor signal propagation is
as follows [24]:

Leotar = L(dg) + N(f) - logy(d/d,) + Lf(n) (6)

where L(dy) is the basic transmission loss at a reference
distance dp = 1 m, N is the distance based loss factor, distance
d in meters with a minimum value of 1 meter, L "floor" transit
loss factor in dB and n is the number of floors crossed. Based
on the measurement results presented in Section 5 and the
literature, in simple, managed cases, the ITU model gives an
acceptable result. If this is not the case above, we can
experience a deviation of the order of 50 dB. There is a high
degree of similarity between the ITU and CI models (Equations
(6) and (2), respectively) as it can be seen at the formula level.
The ITU model can actually be considered an averaged CI
model, which was expanded with slabs intersected by the signal
path.

Because of all this, the conclusion is that the initial model is
hereinafter the ITU indoor propagation model, as it is the
simplest and has only such parameters, which can be easily
measured by a well-equipped receiver.
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IV. THE MEASUREMENT SETUP

Under the frame of ESA’s (European Space Agency)
technology transfer program the Alphasat communication
experiment’s ground receiver system’s elements were applied
in a terrestrial, indoor propagation measurement system,
designed for the Q-band. BME-HVT in collaboration with
Totaltel Telecom Techniques Ltd. [7] developed the Q-band
downconverter unit for the experiment.

The receiver for the indoor measurement setup is originated
from the Alphasat ground receiver station of the department.
The transmitter and receiver are made up of two directional
horn antennas assembled on a motorized tripod with rotating
platform. The 360° horizontal rotating capability allows
scanning the entire horizontal plane and recording of the
received signal power parameters for a specific location as
shown in Fig. 2. The local clock frequency was generated by an
external PLL synthesizer board [7], operating at 9.35 GHz. A
frequency quadrupling in the receiver/transmitter site results the
Q-band carrier signal. The intermediate frequency (IF) signal is
an unmodulated sine wave at 1.32 GHz, therefore the exact
transmit frequency is 4-CLK+IF=38.72 GHz. The fixed
transmitter and the rotated receiver configuration allow
measuring both Non-Line of Sight (NLOS) and Line of Sight
(LOS) scenarios.

With a systematic relocation of the receiver, a signal strength
map of the room can be provided by the angular dependency of
the signal to be measured. In order to measure and process the
received signal a Software Defined Radio (SDR) platform is
utilized. The SDR-based data collection and the platform-
controlling software was developed by other colleagues at the
department as it was published in [7]. The data collection took
place in a GNU radio environment. The measurement data were
generated by rotating the receiver every five degrees, which
were processed with MATLAB. Measurements were made in a
total of five different rooms, but due to lack of space, only one
of them is presented in this article.

Fig. 2. Receiver on motorized platform with horn antenna and downconverter

The SDR acquires the measurement of incoming and
downconverted L-band signal. After digitization the whole
signal processing will be performed by the controlling
computer using the GNU Radio software platform [7].
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There is a computer responsible for controlling and managing
the SDR. This is an essential issue, because during the
measurement human interaction is minimized as much as
possible, since the millimeter wave frequency band is sensitive
to humans in the measurement area, and this significantly
influences the result. The signal reflections and interferences in
this band can considerably modify the propagation
environment.

V. MEASUREMENT RESULTS

Each measurement was performed in the BME V1 building.
The affected parts of the building, respectively in the rooms we
were locked out of the citizens of the university at the time of
the measurement, so that the environment does not change in
any way. Persons performing the measurements are always as
far away from the antennas as possible.

One of the measurement sites was room 103 of the VI
building, which is on the first floor of the five-storey building
and our measurements and methods are presented here with
through this location. Fig. 3. shows the floor plan of the room.
The measurement points are designated by each x/y format
point, a TX is the transmitting antenna. At the top of the figure
we indicate the windows and some furniture are also shown.
The second measurement site was a classroom on the fifth floor
of the building, and it has two sides with entirely plastic framed
windows.

3,4

I \

——

€/0
e
€z [

o
1413
we
XL

S13

O | F

Fig. 3. Floor plan of room 103 in building V1 and the measurement points
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Both the transmitter and receiver were located 1.5 meters
high. On the moving platform, the receiver turned every 5
degrees, a positive detour direction, thus 73 measurement
results were recorded at each position. The transmitter was
always pointing toward the measured receiver location. As an
example, Fig. 4. depicts a typical measurement where several
reflections are observable besides the main lobe.

After analysing the results, the conclusions are the following:

=  The received signal level is the function of distance, the
angle of the antenna beams and the reflective surfaces
around.

= At this frequency, the glass surfaces have a large angle
of incidence they reflect.

=  Even if the transmitter looks at the receiver, depending
on the latter's direction there are usually two or three
possible acceptable signal levels from reflected
pathways.

=  With a few degrees of rotation, the received signal level
may decrease by 40-60 dB.

= Thessignal level (according to previous models) decrease
by several dB on every few meters.

150 30

210 330

240 300

270

Fig. 4. A measurement result with high signal level reflected components

In Fig. 5. the measurement location is shown, where the
transmitter is on the left side of the picture, while the receiver
on the right side.

Fig. 5. Transmitter and receiver setups in the measurement location

Based on the results so far, it is appropriate to introduce a
relative environment concept. By this is meant that the signal
level that can be received at a given point depends on the
distance and the reflection environment. For the latter, no
matter how far there is a point from the transmitter, all that
matters is the nature of the environment.

According to this the individual receiving points can be
typified, which can be called relative environments, since
ultimately, they specify the nature of the beamforming strategy
required. The distance will only determine the maximum signal
strength. With the concept thus created each acquisition point
can be categorized as needed during the modelling.
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VI. AN IMPROVED INDOOR PROPAGATION MODEL

To develop a new model, the main goal was to find the
simplest solution that acceptably fits the measurement results
and takes into account the physical factors influencing the
spatial distribution. One of the possible alternatives the
empirical expansion of the ITU indoor propagation model
seemed to be the best choice. The following conditions can be
formulated in advance:

= The measured values are considered correct, assuming
only a small error.

= The main parameters should be the distance and the
angle between the transmitter and receiver antenna
directions.

= Work with as few parameters as possible.

= The parameters should be included in the simplest
possible functional relationships.

On the basis of current measurement results and according to
the literature [25], in NLoS situations (but more generally in all
non-LoS cases) the attenuation behaves as if we were adding an
additive term to the outdoor attenuation value. Of course, in
reality, the process more complicated than this, however, in
terms of empirical modelling, this approach is acceptable.

As a starting point, we used the ITU model for indoor
propagation. The reason is that this model describes quite
precisely the attenuation between the antennas directed at each
other. The following model was found to be the most suitable
for the previously stated goals in terms of use:

Liotar = 63.76 + 20.3 - logyo(d) + F(x) + G(a, B) + C (@)

where d is the distance in meters, F'is the relative environment
as a function of attenuation and x is the relative environment in
which it resides, G is the attenuation due to the directivity of the
two antennas and constant C is the specification of the ITU
recommendation constant.

The model formulated in this way leads to a regression
calculation problem, where an algorithm using an iterative
learning method can determine the coefficients.

The problem was solved by regression calculations. In doing
so, LMS (Least-Mean-Square) error criterion was applied,
using the instantaneous gradient method. Denote by F an error
function whose global minimum we are looking for [26]-[27]:

F=[t(k) — a(k)]? = e*(k) ®)

where £ is the current iteration number, ¢ is the target, i.e. the
expected output, and a is the approximate value of the function
in the given iteration. The error e is the difference between the
expected and the calculated value. That is actually can be
considered as supervised machine learning, where for specific
input parameters the expected output is known. By the end of
the process, the algorithm learns in the examined frequency
band the coefficients of the empirical model. Using the
stochastic gradient method (which converges the fastest to a
minimum), the following result is obtained [27]:

VE(k) = Ve?(k) )
It can be deduced that in the case of LMS we get the
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following form [26]:

Wk +1)=W(k)+2-p-&ék)-plk) (10)

where W is the vector of the weights to be updated, constants
of F, G, C members in Equation (7), and € is the error vector,
which in this case will be one-dimensional. pis the input
parameter vector, which in the model is a distance, a is the
localization, and B and constant / for the C term. The learning
rate is less than 0.5 for this method in order to keep the method
stable [26].

Here, in addition to the constants, we also have to talk about
the function relationship with the input parameters. From the
point of view of the implemented algorithm, it is important to
mention the possibility of batch training. As the probability of
occurrence of the parameters is equal, the run can be accelerated
by combining the results of N iteration steps.

A. Parameter estimation

Another important factor in relation to each parameter is the
type of functional relationship with the input parameters.
Considering the angular relationship, we made an assumption
that the transmitter is directed by an acceptable extent to the
receiver, so the difference in angles is due to the fact that the
receiver is not well oriented. Classic transmitting antennas
(when the transmit antenna is wide-beam), this model is
completely correct. In case the transmitter has some kind of
MIMO layout (for which the 5G specification gives the
possibility [2]) the problem goes beyond this simple model, so
it cannot be used for it.

Considering the “classic” case, the main emphasis was on
keeping the angle as small as possible close between the two
antennas, the more accurate is the model, and yet the simplest
functional relationship is existing for faster computation.

The conclusion is that we are looking for the connection in the
form of D \/E where D is the constant sought, closed by the
angle B with the receiver, as they are typically root functions on
those that are simple and have such properties.

Parameter C is to estimate the antenna beamwidth, also
included in the ITU recommendation parameter and it can be
refined, based on the measurement results.

B. The relative environmental coefficient

The relative environmental coefficient is the amount we
introduced for how it could be to squeeze as much information
about the environment into a constant and additionally it is
possible to insert into the model and can be determined by
measurement. We characterize the previously defined relative
environment with a single coefficient at given moment and
point. This constant will always be a function of the current
direction of the transmitter.

The constant (denoted by RK) can be approximated as the
quotient of two integrals:

o (@ 0dd
I5" 9 (@)

where RK is the relative environmental coefficient, f(¢, k) is

(11)
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the set of points above the level &, while g(¢) are values for the
entire range, as represented visually in Fig. 6. The result of the
quotient is a number between 0 and 1.

90°

180 @%oo
270°
90°

180 %W
270°

Fig. 6. Visual representation of Equation (11) for a general case. Top figure
is the numerator, bottom figure is the denominator interpretation.

From a practical point of view, the choice of the coefficient & is
critical. It can also be tied to a specific fixed signal level that
expresses what is the minimum that it is necessary to achieve in
order to measure, but it can also mean what the level is already
important or confusing to us. To do this, we made the following
consideration:

= [fadominant signal level exists, compute only those that
are comparable to and even if there are several orders of
magnitude smaller peaks, we neglect them.

= [f there is no dominant signal level or there are several
similar ones, avoid all of them into the calculation and
all that is comparable to this.

= Unevenness of noise and error during measurement
should not be included in the constant.

To solve this, a constant tied to the maximum signal level
was obtained to best fit the problem. In terms of measurement,
it is necessary to estimate the relative environmental coefficient
from finite number of measurements. It is important that each
measurement should always be made in a different direction, no
two measurement locations should match, taking care to map
the entire space as much as possible. Then let's get closer to
integration with small d elements, which expresses that not at
every point, but some (not necessarily equal) by closing small
angles in each direction a measurements along a complete
circle:

237 g=1f(ni k) : dd) _ 2%:1]“(‘”! k) — DT

R RO R T YT B
_Zﬁ:ﬂ(n.k)
B TI\lI=1n

where RKis the estimated coefficient and its approximated

value RK, can be quickly calculated numerically, #(1,k) is a
function above the corresponding signal level, which takes the
following form (where ¢ is a characteristic or indicator function,
n is the measuring point):

) = {1, if f() > k

0, otherwise

(13)

In determining the approximate value RK, we used the
assumption that a significant part of the calculated area will be
above the specified & level, so we can simplify all of this in both
the denominator and the numerator. According to experience,
this is correct in practice and both solutions gives sufficiently
accurate results.

Applying the numbers thus obtained to the room 103 of V1,
we obtain Fig. 7. with which the model is perfectly functional

and we get a result close to the measured value.
88,4

€0

Lo

G179

A

Fig. 7. Relative environmental coefficients in room 103, building V1

The model obtained by the procedure works well along the
boundary conditions presented earlier. It can be used to
calculate the maximum signal level that can be received at the
individual points for known environment and the receiving
antenna signal drop can be estimated resulted by the
unalignment. On the other hand, with the estimated parameters
required for the model is able to calculate the maximum value
that belongs to the angle at which the beam of the transmitter
and the receiver are directed to each other and are able to correct
themselves based on this. The model is also functional in the
inverse role of angles. As a result of the calculations, the new
model takes the following form:

Liotar = 63.76 + 203 - logyo(d) + 15-RK + 25 /B +C  (14)

where B=0 radians is the direction in which the receiver is
facing the transmitter directly with its beam and, by definition,
may be 7 at most magnitude, its sign always being positive. C
is the antenna beamwidth correction term.

Fig. 8. shows the difference expressed in [dB] between the
measurement results and the individual models in room 103.
For the ITU model, the deviation is between 0 and 40 dB (upper
figure). For our model, the values are between -4.5 and 6 dB.
Similar results were obtained for other measurements in
different rooms.
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Fig. 8. The difference between the measured results and the values for both
models in room 103, building V1

Thus, the average absolute error is calculated to be greatly
reduced. The average absolute error during a given
measurement is nearly 70% smaller (by more than 80% in some
cases) comparing it by the ITU model.

The model created in this way is suitable to describe the
propagation conditions of a real room. This way a large amount
of data can be easily generated to train a machine learning
algorithm to control the antenna beam direction, that is a
desirable goal in 5G technology. However, the algorithm
should be still improved since the initial model only describes
simple, static problems. A future direction of this research is to
implement these algorithms and prove their applicability in real
environment.

VII. CONCLUSION

Possibilities and limitations of using higher frequencies in
connection with 5G developments were known already before.
Several reports can be found in the literature and measurement
concluded that the antennas were directed at each other critical
to a proper radio connection. However, the models available so
far (which are relatively few) only describe cases where this
condition is met. This is a main problem in the practical
introduction of these higher (FR2) frequencies, since an
unresolved issue on the FR2 bands is adaptive beamforming. In
the course of this work, by processing the measurement results,
we successfully prepared an angle-dependent model. This
proves that a model for the frequencies in question can be
created and based on this the beamforming control is feasible.
The new model only includes parameters that by an average
receiver can be measured. In addition, a more useful application
option is that by using the model the results of Ray-Tracing
procedures can be validated without measurements obtained.
Artificial intelligence may already be sufficient for the resulting
data set, which makes the problem much more solvable in real
situations and makes the use of FR2 frequencies available to a
wide range of users. As a further plan, it arises to refine the
model and use the necessary one to create algorithms.
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