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Channel Analysis for 3.5 GHz Frequency in Airport
A. S. Macedo, T. A. Costa, E. M. C. Matos, L. E. C. Eras, J. P. L. Araújo, P. V. G. Castellanos and F. J. B. Barros

Abstract—This letter presents an analysis of the radio propaga-
tion channel based on measurements at the 3.5 GHz frequency.
The measurement campaigns were carried out inside the Val-
de-Cans airport using line-of-sight (LOS) transmissions. First,
the channel small-scale dispersion parameters were extracted
through channel probing and the results are similar to those ob-
tained by ITU-R P.1238 for the bands below 15 GHz considering
commercial indoor environments as well as for those using the 3.5
GHz band in outdoor environments utilizing WiMax OFDM-256
signals. Then, the floating-intercept (FI) and close-in (CI) models
are applied and analyzed to evaluate the received signal behavior
for co-polarized and cross-polarized antennas. The results show
that the CI path loss exponent values are close to the free space
propagation loss model, while the FI model provides a lower root
mean square error (RMSE) to the measured data. The results
show that the FI and CI models are suitable for large-scale indoor
propagation loss modeling for 5G networks with a frequency of
3.5 GHz.

Index Terms—Frequency of 3.5 GHz, Airport, Channel Sound-
ing, Small and Large Scale, Co and Cross Polarized.

I. INTRODUCTION

THere are several studies in the literature on different fre-
quency bands as alternatives for the new fifth generation

(5G) mobile network [1]–[3]. The 5G will cover the frequency
spectrum from around 500 MHz to 100 GHz, with emphasis on
frequency bands below 6 GHz or so-called Sub-6 GHz bands
[3]. Thus, regulators are moving forward with the process
of auctioning the spectrum to be used by 5G. In 2021, the
Brazilian regulator, Agência Nacional de Telecomunicações
(ANATEL), held the auction of the frequency bands that will
be used for the implementation of 5G technology, including
the 3.5 GHz band [4]. This increases the expectation that the
new technologies will provide telephony services with greater
coverage and signal quality, presenting a new scenario in
telecommunications, new service experiences and economic
impact [5]. The growth of multimedia data stream has created
new challenges for the development of wireless access tech-
nologies that meet the demands of indoor environments with
high traffic, such as bus, rail, port and airport terminals [6]–
[9]. In this context, experiments are conducted to characterize
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the mobile radio channel to evaluate the signal using predic-
tive propagation loss models that support telecommunication
systems projects.

Research can be found in the literature on evaluating path
loss as a function of distance indoors [10]–[12] and outdoors
[13]. In this path loss evaluation, it is of interest to quantify
the loss and analyze important parameters, such as the Path
Loss Expoent (PLE). In [6], the authors performed a mea-
surement campaign in a Seoul railroad station and an Incheon
international airport at 28 GHz, it was estimated that the PLE
was 2.15-2.17 and 2.68-3.03 for LOS and NLOS conditions,
respectively. In [7], results of losses in two indoor airports
environment in the bands 5 and 31 GHz were reported. The
study showed that the PLE has similar characteristics to an
internal office environment. Industrial scenarios are also of
interest for path loss analysis. In [11] the main Sub-6 GHz
bands (3.5, 4.9 and 5.8 GHz) were evaluated, and the obtained
PLE was less than 2 (in the case of LOS). Moreover, the
loss at 3.5 GHz was lower compared to the other frequencies,
suggesting better coverage. In [10], the channel at 4.1 GHz
is characterized and parameters such as CI model loss are
evaluated (with PLE for LOS and NLOS, 1.96 and 2.72,
respectively).

Indoor antenna polarization characteristics are studied in
various combinations to evaluate the propagation loss behavior
through the radiocommunication channel [10], [12], [14]. Such
as [10], measurements are reported using directional horn
antennas in the same polarization (V-V and H-H) and in cross
polarization (V-H) in LOS and NLOS situations for 8-11 GHz
indoors environment. In [12], the "n" approach to evaluate path
loss with same-polarization and cross-polarization antennas at
11 GHz is considered, where the PLE ranges from 2.0 to 3.0
for the NLOS case and from 0.36 to 1.5 for LOS.

Another feature of signal propagation in a channel is the
multipath between the transmitter (Tx) and receiver (Rx),
which affects the channel and can be represented by dispersion
parameters such as mean dispersion, mean delay, coherence
bandwidth and others [12].

This paper studies the signal propagation at 3.5 GHz with
a bandwidth of 60 MHz at Val de Cans International airport
in Belém, Pará, Brazil. Small and large-scale parameters are
extracted from the measurements. The main contributions are
the more detailed analysis of the propagation losses at different
antenna polarizations and the extraction of their dispersion
parameters by channel sounding.

In the next section, the setup and the measurement campaign
are presented. Then, the methodology used to characterize the
small and large scale channel and the obtained results are
described. Finally, the conclusions are presented.
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II. SETUP AND MEASUREMENT CAMPAIGN
A. Measurement Setup

The equipment used for the measurement campaign is
described below. The Fig.1 illustrates of the transmitting (Tx)
and receiving (Rx) systems architecture for the channel. This
schematic is described in detail below.

Fig. 1. Transmission (Tx) and Reception (Rx) Systems.

• TX: An Anritsu MG3700A signal generator with a power
of -11 dBm was used to transmit the signal, connected to
a power amplifier (MilMega AS0204-7B: 2-4GHz-7W)
according to the linearity curve, with 46 dB gain at the
output. A Hyperlink HG3515P-120 panel antenna with
an operating frequency in the range of 3.4 GHz to 3.7
GHz, 120◦ horizontal aperture, 8◦ vertical aperture, and
gain GTx of 16 dBi. Therefore, Ptx is the value of the
amplifier output 35 dBm added to the GTx 16 dBi, with a
value of 51 dBm. The transmitted signal has a bandwidth
of 60 MHz. The Tx antenna height was 7.9 meters above
the ground.

• RX: A cart was adapted to receive the signal, on which
was mounted an omnidirectional receive antenna (Hy-
perlink HG3505RD-RSP) with an operating frequency
range of 3.4-3.6 GHz, with 5 dBi GRx gain, a horizontal
aperture of 360◦, a laptop computer, and an MS2692A
signal analyzer for data acquisition. The cart’s average
speed was about 0.87 m/s. Fig.2 shows the radiation
pattern of the Tx and Rx antennas [15]. With the signal
analyzer, the trigger function was activated to capture raw
data in the form of I and Q at a specific moment, for our
study case was every second. Subsequently, they are sent
to a notebook via a network cable using Matlab software
through a script specially coded for this signal analysis
methodology. The transmitted signal is captured by the
Rx antenna with gain (GRx ), and the I and Q components
are allocated in the notebook for post-processing analysis.
The received data are in .dgz and .xml format.

Fig. 2. Radiation Diagrams: a) Vertical Flat Tx Antenna. b) Horizontal Flat
Tx Antenna. c) Vertical Flat Rx Antenna. d) Horizontal Flat Rx Antenna.

B. measurement campaign
Measurements were made in the arrivals lounge of Val de

Cans International airport in Belém do Pará, Brazil. The Fig.

3 shows the lounge’s floor plan, highlighted in yellow, with
a 25 m width, 60 m length, and corresponding area of 1.480
m2.

Fig. 3. Floor Plan of the Arrivals Hall

The lounge ceiling is inclined and its height varies from 8
m to 12 m. Inside the lounge have kiosks, stores, and totem-
shaped air vents made of iron. The exterior walls are made
of concrete columns, glass and a plaster ceiling. The second
floor is made of concrete and steel ventilation ducts (see Fig.
4).

Fig. 4. Arrivals Hall and Routes defined for measurements

Two parallel routes, free of obstacles between the start and
end points, were chosen to collect the raw data (in dgz and xml
formats). They were named Routes 1 (R1) and 2 (R2) with a
length of 24 meters and are represented by the blue and red
colors, respectively. Data collection was conducted during the
night, when the airport shops were closed, and considering the
schedules provided by the airlines when passengers passengers
were not arriving. Therefore, The environment had a minimum
flow of people.

During the measurements, both antenna’s polarization was
adjusted to collect data with equal and crossed polarizations.
The polarization configurations were as follows: Vertical-
Vertical (V-V), Horizontal-Horizontal (H-H). The distances
between TX and the starting points of routes R1 and R2 are
indicated as d0 e d′0 in Fig. 3.

III. MODELING AND ANALYSIS OF RESULTS

This section presents channel sounding and analysis of
small- and large-scale features.

A. Channel Analysis at 3.5 GHz

The channel analysis is conducted using an orthogonal fre-
quency division multiplexing (OFDM) signal, which consists
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of transmitting a wideband signal with multiple narrowband
channels [13]. The profiles are obtained by applying the con-
stant false alarm rate (CFAR) method [16], a profile cleanup
technique that distinguishes multipath components from noise
components [17]. The power delay profile (PDP) allows the
determination of parameters that characterize wireless chan-
nels, such as the mean delay (MD), the delay spread (DS)
and the coherence band (BCO). The BCO is defined as the
smallest frequency separation at which the autocorrelation of
the transfer function reaches a certain value, which in this case
was applied to the values 0.9 and 0.7 [18].

The methodology used to determine the small-scale metrics
is presented in section III - A1 and section III - A4 describes
the path loss models and the results.

1) Small Scale Channel Dispersion Parameters: Initially,
the PDP of the channel is analyzed to obtain the profiles
through the CFAR filtering technique, thereby determining the
valid multipath components given by τ . In order to validate
the behavior of the delay profiles, the calculated multipaths in
the obtained delay profiles were statistically modeled in terms
of the set of components reaching the receiver.

2) Verification step: to perform the analysis of the mean
delay RMS and the mean scattering RMS, the results obtained
on the two routes R1 and R2 were verified. These values were
evaluated point-to-point for the whole samples, according to
the structures present in the environment.

The channel probing technique used to verify the multipath
components is described as follows:

• The first multipath component is found at τ0 = 0. Phys-
ically, however, the first component corresponds to the
direct beam and is taken at a value of τ greater than zero
( τ0 > 0);

• Subsequent components must also be added to τ0. That
is, τi + τ0.

• The value of the first component’s delay is given by the
expression τ = d/C, where τ , d and C representing the
delay, distance, and speed of light, respectively.

Fig. 5 presents the power profiles of the given delay in dB,
relative to the delay time in nanoseconds (ns). Point 20 on
route R2 was selected to verify and understand the multipath
components.

Fig. 5. Delay Power Profile Components

Fig. 6 corresponds to the scenario and the possible paths
taken by the rays between Tx and Rx. These rays are correlated
according to each point in Fig. 5.

Fig. 6. 3D simulation of multipath rays in AutoCad

Each multipath point is identified by a color and numbered.
Point number 1 (cyan) identifies the first component, repre-
senting the direct ray in the time of 37.5 ns and at a distance
of 29.5 m.

Point 2 (salmon) indicates the profile that arrives with a
delay concerning point 1 in 68.35 ns has traveled 50 m.
Furthermore, this ray consists of a reflection or diffraction
signal from obstacles near Rx. This analysis is also valid for
the other points from 3 to 12.

These possible rays validate the measurement campaign on
a small scale since the airport spreaders can reproduce the
multipath components obtained. Table I contains the values
of the small scale scattering parameters for the V-V and H-
H polarizations. Therefore, according to Table I, the V-V
polarization performs better.

TABLE I
SMALL-SCALE CHANNEL DISPERSION PARAMETERS AND COHERENCE

BAND

Pol. Mean Delay (ns) Delay Spread (ns)
Average Median Average Median

VV R1: 162.1
R2: 98.30

R1: 87.5
R2: 89.4

R1: 144.1
R2: 77.00

R1: 89.50
R2: 70.00

HH R1: 110
R2: 104.5

R1: 98.00
R2: 98.50

R1: 90.00
R2: 95.00

R1: 52.40
R2: 57.50

Pol. Coherence Band 0.9 (KHz) Coherence Band 0.7 (KHz)
Average Median Average Median

VV R1: 7.50
R2: 6.90

R1: 7.20
R2: 6.80

R1: 4.50
R2: 4.20

R1: 4.75
R1: 4.20

HH R1: 8.00
R2: 8.20

R1: 8.20
R2: 8.10

R1: 4.47
R2: 4.47

R1: 4.50
R1: 4.30

3) Analysis and Results Stage: Post-processing of the
64.000 raw data consisted of determining the phase (I) and
quadrature signal (Q) for each OFDM symbol and generating
the data for channel dispersion analysis and coherence band
determination. The data was captured continuously with a
sampling rate of 1 second.

First, the parameters MD and DS were observed. It was
found that for routes R1 and R2, the values of MD and DS
in V-V show, on average, a greater delay compared to H-H
polarization. These values in R1 for V-V were 162.1 ns and
144 ns, respectively, and for R2, the values were 98.30 ns and
77.00 ns, respectively.

Although the routes were close, they had different values.
The results in R2 are justified by the characteristics of this
route, being closer to the walls and 1st-floor ceiling, which
means the signal is more confined, as seen in Fig. 3.

Regarding the coherence band, a variation of 8 to 12 kHz
was obtained for a correlation of 0.9 and 4 to 8 KHz for a
correlation of 0.7, according to Fig. 7, respectively. As seen
in Table 1, these values are higher for R1 and lower for R2
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Fig. 7. Coherence Band 90% and 70% for Route 1 V-V

compared to the H-H polarization. The temporal parameters
found are in accordance with those evaluated in the works
[13], [19], [20] .

4) Analysis and Results on a Large Scale: Signal analysis
and approximation for the LOS condition is performed using
the FI, CI, and CIX models, which allow the addition of the
parameter for loss due to cross-polarized antennas. These mod-
els were chosen because they are applied in the WINNER II
standards and mainly in the 3GPP (3rd Generation Partnership
Project) standards for the Sub-6 GHz bands, they can be used
due to their adequate performance in the mmWave bands for
5G systems [14].

The common model of path loss CI is given by equation
(1), which defines the losses due to propagation in free space
(FSPL), equation (2), at a distance d0 of 1 m between Tx
and Rx. The PLE or n is the loss coefficient as a function
of distance. The CI is calculated by linear regression of the
PLE applying the Minimum Mean Square Error (MMSE)
technique, which fits to the measured data by finding the minor
error using a physical anchor point. The term XσCI is a
Gaussian random variable with a mean of 0 and a standard
deviation σ in dB. [14].

PLCI = FSPL+ 10n(V V )log10(d/d0) +XCI
σ (1)

where d ≥ d0; when d0 = 1m.

FSPL(f, d0) = 10log10(4πd0/λ)
2 (2)

The PLE factors differ depending on the type of environ-
ment and its polarization [14]. Therefore, the CI method of
equation (1) is applied for co-polarization H-H, where the PLE
(nHH ) is the loss factor with the data in H-H. This is how the
PLCIHH is determined [10] .

The CIX model was applied to the V-H and H-V po-
larizations. This resulted in the determination of two new
PLE factors (nV H e nHV ). In addition, a cross polarization
discrimination factor called XPD was also added. This factor
is a constant and is determined via MMSE and expressed in
dB. The expressions are given by equation (3) [10].

PLCIX = FSPL+ 10n(V HouHV )log10(d/d0) + (3)

XPD +XCIX
σ

Fig. 8. Path Loss in Vertical-Vertical Polarization (a); Path Loss in Horizontal-
Horizontal Polarization (b); Path Loss in Vertical-Horizontal Polarization (c);
Path Loss in Horizontal-Vertical Polarization (d)

Another model considered is the FI, which requires two
parameters, one for the offset of the measured path loss, α,
and coefficient b which depends on the distance, equation (4)
presents the FI model [14]:

PLFI = α+ 10βlog10(d) +XFI
σ (4)

Two routes (R1 and R2) were analyzed in the environment.
For each route measurements were made considering the same
V-V and H-H polarizations and the V-H and H-V cross-
polarizations, then FI, CI, and CIX models were applied.
Furthermore, the PLE parameters were determined and the
RMSE and standard deviation (σ) values were calculated to
verify the performance of the models. The Fig. 8 in blue
represent R1 and red R2.

Fig. 8 (a) contains the measured data and model fits for V-V
polarization. For the CI model, PLE values 2.50 and 2.22 were
obtained for R1 and R2, respectively. The blue measured data
in R1 show few variation in the first meters. However, after 30
meters, the loss increase considerable since R1 passes through
a wide space region and suffers less interposition of signals.
For the FI model, the β was 0.40 and 1.78 in R1 and R2,
respectively, as found in [6], [11]. It was also observed that
the losses in R1 are larger than in R2 because R1 is located in
a larger space that is farther from the side walls according to
Fig. 3. In contrast, R2 is near an enclosed space between the
first floor and the concrete ceiling, as seen in Fig. 3, making
the signal more confined. Furthermore, the RMSE is smaller
for the FI model, presenting a good approximation with the
measured data.

For H-H co-polarization, illustrated in Fig. 8 (b), the values
of PLE, 3.01 and 2.8, were obtained for the CI model loss
in R1 and R2, respectively, as found in [6], [11]. Note
that these values are close due to the radiation diagram of
the TX antenna, which has greater coverage for horizontally
positioning. The FI model had the lowest standard deviation
and RMSE.
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Fig. 8 (c), presents the results in V-H. Note that as the
distance increases, there is no significant variation in the loss
up to 25 m, but after 28 m, the losses tend to vary. Note the
negative β value in FI in both routes, low values found in [10].
This behavior is related to the propagating wave in TX that had
vertical electromagnetic components and now has horizontal
components. Thus, there is a gain in signal transmission due
to polarization mismatch loss reduction [18].

In Fig. 8 (d), the H-V loss results are presented. In this
case, the PLE value was 1.48. Note that loss tends to increase
from 26 meters. Losses in H-V are less compared to V-H. This
similarity was also observed in [12].

All the model’s parameters obtained are listed in Table II.

TABLE II
PATH LOSS PARAMETERS OF THE MODELS CI, CIX E FI EM 3.5

GHZ.

LOSS OF PATH OF THE MODELS CI e CIX
Pol. PLE (n) σ (dB) RMSE XPD (dB)

V-V R1: 2.50
R2: 2.22

R1: 2.71
R2: 2.21

R1: 2.69
R2: 2.19 -

V-H R1: 0.90
R2: 0.32

R1: 2.44
R2: 2.62

R1: 2.54
R2: 2.59

R1: 21
R2: 23

H-H R1: 3.00
R2: 2.97

R1: 3.51
R2: 2.03

R1: 3.48
R2: 2.01 -

H-V R2: 1.48 R2: 1.99 R2: 2.04 18
LOSS OF PATH OF THE MODEL FI

Pol. α β (dB) σ (dB) RMSE

V-V R1: 73.67
R2: 49.70

R1: 0.40
R2: 1.78

R1: 1.81
R2: 2.17

R1: 1.80
R2: 2.15

V-H R1: 97.68
R2: 94.32

R1: -0.017
R2: -0.11

R1: 2.30
R2: 2.59

R1: 2.28
R2: 2.56

H-H R1: 79.51
R2: 61.33

R1: 0.51
R2: 1.73

R1: 2.67
R2: 1.72

R1: 2.64
R2: 1.70

H-V R2: 61.10 R2: 1.48 R2: 1.99 R2: 1.97

IV. CONCLUSIONS
In this paper, measurements from an airport scenario were

analyzed to examine channel parameters at both small and
large scales. In the small-scale analysis, an average deviation
of 144 and 77 ns was found for R1 and R2, respectively, in V-
V, getting better performance compared to H-H. Regarding the
coherence band, for the 0.9 correlation, there was a variation
between 8 - 12 KHz, and for the 0.7 correlation, the variation
was 4 - 8 KHz. For a large-scale analysis, two propagation
loss models, CI and FI, were compared. The results show that
the PLE ranges from 2.22 to 2.50 in V-V and from 2.9 to 3
in H-H. The FI model has a lower RMSE than the CI model,
showing better performance. Consequently, it was found that
there is agreement between this work and the studies found
in the literature for other frequencies in large indoor spaces.
These measurement results and methodology will be beneficial
to the development of channel models in Sub-6 GHz bands.
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