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Abstract: Owing to its efficiency in the Internet of Things (IoT) applications in terms of low-power
connectivity, IQRF (Intelligent Connectivity using Radio Frequency) technology appears to be one of
the most reasonable IoT technologies in the commercial market. To realize emerging smart building
applications using IQRF, it is necessary to study the propagation characteristics of IQRF technology
in indoor environments. In this study, preliminary propagation measurements are conducted using
IQRF transceivers that operate on the 868 MHz band in a peer-to-peer (P2P) configured system.
The measurements are conducted both in a single corridor of a building in a Line-of-Sight (LoS)
link and two perpendicular corridors in a Non-Line-of-Sight (NLoS) with one single knife-edge
link. Moreover, the measured path loss values are compared with the predicted path loss values in
order to comparatively assess the prediction accuracy of the well-known empirical models, such as
log-distance, ITU, and WINNER II. According to the results, it is concluded that the ITU-1 path loss
model agrees well with the measurements and could be used in the planning of an IQRF network
deployment in a typical LoS corridor environment. For NLoS corridors, both ITU-3 and WINNERII-2
models could be used due to their higher prediction accuracy. We expect that the initial results
achieved in this study could open new perspectives for future research on the development of smart
building applications.

Keywords: indoor propagation model; internet of things; IQRF; path loss channel modelling; wireless
sensor network

1. Introduction

Recent developments in the Internet of Things (IoT) have led to the concept of smart
buildings becoming popular due to the benefits and services offered [1,2]. These smart
building and their applications can mainly be realized using a system of sensors connecting
wirelessly, known as Wireless Sensor Networks (WSNs) [3]. In the deployment of WSNs,
one needs to give extra attention to, among others, the cost of the IoT wireless technology,
its power consumption, and coverage. In this context, well-known wireless communication
technologies, such as Low-Energy Bluetooth, Wi-Fi, and XBee/ZigBee, using unlicensed
ISM (Industrial, Scientific, and Medical) bands are mostly preferred to be used in smart
building applications [4–6]. However, the main concern in their implementation can be
linked to the limited network coverage. In order to solve this concern, Low-Power Wide
Area Networks (LPWANs) technologies, such as SigFox and LoRa, have appeared [7,8].
Among the LPWANs technologies, LoRa has gained much more popularity as it provides
large network coverage with low deployment cost and power consumption [9].

Alternatively, IQRF technology has been introduced for the IoT commercial market [10].
IQRF is a cost-effective IoT wireless technology that enables low-power connectivity. Its
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efficiency in IoT applications has been addressed by many studies in the literature [11–16].
Additionally, its usability in smart city applications is discussed by evaluating its network
coverage performance in outdoor environments [17]. Overall, from the results achieved
from these studies, it can be inferred that IQRF can be used in many IoT solutions without a
doubt of its effectiveness. Here, it is important to note that the coverage provided by IQRF
in outdoor environments is relatively inferior when compared to LoRa. Nevertheless, it is
still possible to compensate for this concern with the help of IQRF mesh network topology
(IQMESH).

On the other hand, in recent years, the demands on smart buildings have increased
around the world, as it offers an environment where people can live more securely and
comfortably. The concept of smart buildings has become more intelligent because of the
growing developments in the IoT based on the use of WSNs. For such networks, choosing
a proper IoT technology enabling low-power consumption and wide network coverage
is a key issue that needs to be addressed in order to realize smart building applications.
In this context, IQRF appears to be one of the reasonable IoT technologies due to its
efficiency in terms of low-power connectivity. However, in order to realize smart building
applications using IQRF, the characteristics of IQRF links in indoor environments need to be
comprehensively studied. In the literature, only a few studies that focus on the deployment
of IQRF networks in indoor scenarios have been presented. In [18], the operability and
stability of the IQRF mesh topology in an indoor scenario are analysed using the measured
Received Signal Strength Indicator (RSSI) values. The presented results show that IQRF
performs well in terms of communication range, sensitivity, and power management.
In [19], the RSSI values of an IQRF network are measured in a multi-floor building. Instead
of evaluating the communication range performance of IQRF, the main efforts are directed
at the measurements of the packet transmission delay and the RSSI by varying the number
of walls/ceilings. The obtained results show that the stability of the IQRF network is directly
affected by the transmission power. In [20], experimental measurements using IQRF nodes
and simulations are performed by considering both indoor and outdoor scenarios in order
to evaluate the performance of IQRF in terms of communication parameters, including
range, network latency, and convergence. For indoor cases, measurements are performed
in a room that is divided into grids with specific spacing to build a peer-to-peer (P2P)
network. From the indoor measurements based on the RSSI values, it is concluded that
IQRF provides good signal coverage in a typical indoor room consisting of multiple walls.

As can be deduced from the discussion above, propagation modelling techniques
to achieve the accurate deployment of IQRF networks in indoor environments have not
been studied in the literature yet. However, it is necessary to comprehensively analyse
the propagation impairments that might affect the IQRF links. It is widely known that
one of the most significant propagation impairments that can be considered is path loss
(PL) [21]. Basically, path loss defines the variation in the received signal power over the
distance between the transmitter (Tx) and receiver (Rx). Inevitably, the environment in
which the sensor network is planned to be deployed highly affects path loss. For this
reason, the environmental conditions that might influence path loss are often taken into
consideration. Thus, accurate path loss modelling is strictly required in the deployment
of the IQRF network in indoor environments in order to predict the transmission range
(network coverage) and performance.

This study aims to describe some preliminary propagation measurements that can be
used to build WSN based on IQRF technology in an indoor environment. To this end, first,
the propagation measurements were carried out in an indoor environment at 868 MHz
through the IQRF transceivers (TRs). In the measurements, two different measurement
scenarios are used within the context of a P2P configured system. In the first scenario,
IQRF TRs were assumed to be connected to each other in the same corridor of a building
in a Line-of-Sight (LoS) link. In the second scenario, a simple Non-Line-of-Sight (NLoS)
link was built by considering a single knife-edge link where IQRF TRs were assumed to be
connected to each other at two perpendicular corridors. Then, for the sake of simplicity,
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well-known empirical path loss models, namely the Log-distance, ITU, and WINNER
II, were accounted for, and their prediction accuracies were assessed by comparing the
predicted and measured PL values. From the comparison results, the empirical PL models
that fit the measurements with more prediction accuracy were proposed to be used for the
deployment of IQRF networks in the considered indoor environments. To the best of our
knowledge, this is the first study that provides the assessment of popular empirical path
loss models for IQRF links in an indoor environment.

The structure of this article is organized as follows. Section 2 discusses empirical PL
models that are compared with the IQRF-obtained PL models for IQRF network deployment
in the indoor environment. The experimental setup and the measurements are described in
Section 3. The measurement results and their analyses are then presented in Section 4. The
article is concluded in Section 5.

2. Empirical Path Loss Models

In the following, we briefly discuss various well-known empirical path loss models
for indoor propagation to be compared with the IQRF path loss model.

2.1. Free-Space Model

The free-space path loss (FSPL) model is a fundamental way t estimate the losses over
the link. In this model, the antennas for both transmitting and receiving purposes are
considered to be located in an open area where no obstacles or reflecting surfaces exist.
Therefore, the path loss is simply calculated by [22]

LFS(D, f )[dB] = 32.44 + 20 log(D) + 20 log( f ) (1)

where D is the separation distance between Tx and Rx in km and f represents the frequency
in MHz.

2.2. Log-Distance Model

The log-distance is a widely used path loss model that can be expressed as

PLLG(d)[dB] = L(d0)[dB] + 10n log
(

d
d0

)
(2)

where n is the path loss exponent depending upon the surroundings and the type of the
building, L(d0) is the path loss at a reference distance d0 in meters, and d is the separation
distance between the transmitter (Tx) and the receiver (Rx) in meters. The path loss value
can be varied because of multi-path effects. In order to consider these effects, Equation (2)
can be enhanced as follows

PLLG(d)[dB] = L(d0)[dB] + 10n log
(

d
d0

)
+ Xσ (3)

where Xσ denotes a zero-mean Gaussian random variable with standard deviation σ
expressed in the dB scale. It generally represents the shadowing effects, as discussed in [23].
Moreover, the parameters L(d0) and n given in Equation (3) can be roughly calculated
by linear regression of the measurements, whereas parameter σ(dB) can be defined from
experiments by

σ(dB) =

√√√√ N

∑
i=1

(Lmeas(i)− Lpred(i))2

N
(4)

where Lmeas(i) is the measured average path loss while Lpred(i) is the predicted average
path loss value at point i. Moreover, the total number of path loss samples is represented
by N [24].
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2.3. ITU-R P.1238-9 Model

In the ITU-R Recommendation Series P.1238-9 indoor propagation model [25,26], the
path loss is estimated within a closed area inside a building delimited by walls. This
model is applicable only to the indoor environment with a coverage frequency range of
300 MHz to 100 GHz. It approximates the total path loss an indoor link may experience.
Mathematically, the approximation of the ITU-R P.1238-9 path loss model is expressed as

PLITU(d)[dB] = 20 log( f ) + N log(d) + L f − 28 (5)

where d is the separation distance between the Tx and Rx in meters, f is the frequency in
MHz, N is the distance power loss coefficient for both office and commercial areas, and
L f is the floor penetration loss factor, which varies with frequency, type of floor, and the
number of floors. Table 1 lists the parametric values of N and L f for the ITU-R P.1238-9
model. Using three different configurations of the ITU-R P.1238-9 model, we derive three
different models that we call ITU-1, ITU-2, and ITU-3. These models are compared with
the IQRF-obtained PL models.

Table 1. Parameters of the ITU Model.

Model Name
Power Loss Coefficient N Floor Penetration Loss Factor L f

Office Commercial L f (dB)

ITU-1 (0.8 GHz) 22.5 - 0 (same floor)
ITU-2 (0.9 GHz) 20 - 0 (same floor)
ITU-3 (0.9 GHz) - 33 0 (same floor)

2.4. WINNERII Model

In the WINNERII model [27,28], the path loss is estimated by

PLWINNERII(d)[dB] = A log(d) + B + C log
(

F
5

)
+ X (6)

where d is the separation distance between the Tx and Rx in meters, F is the frequency in
GHz, A is the path loss exponent, B is the intercept, C is a parameter dependent on the
frequency, and X is a parameter specific to the WINNERII NLoS for a corridor-room and
heavy walls environment (W-NLoScorridor). Table 2 describes the parametric values of the
WINNERII model in two scenarios, W-LoS and W-NLoScorridor. Similarly, based on the two
scenarios, W-LoS and W-NLoScorridor, we give two names that we call: WINNERII-1 and
WINNERII-2, respectively. As presented in Table 2, the value of C is taken to be 20 dB for
both scenarios. Moreover, the corresponding values of A and B are also mentioned. Our
propagation measurements are performed in a corridor with heavy walls. For this reason,
the value of X is calculated using the relation in the table where nw is the number of walls.

Table 2. Parameters for the WINNERII Model.

Model Name Scenario A B C X

WINNERII-1 W-LoS 18.7 46.8 20
WINNERII-2 W-NLoScorridor 36.8 43.8 20 12(nw − 1)

3. Measurement Campaigns

In order to comparatively assess the prediction accuracy of the popular empirical
path loss models to be used for the deployment of the IQRF networks in specific indoor
environments, various propagation measurements are performed. The details of the
measurement setup and the scenarios are described in the following sections.
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3.1. Measurement Scenarios and Methodology

WSNs enable the physical world to be controlled and monitored. For instance, in an
indoor environment, such as a home or a commercial building, modern equipment is used
to improve indoor infrastructure resources management, such as heating, lighting, etc.,
together with sensors that provide feedback to the users. In this study, we consider two
different indoor scenarios, LoS and NLoS, that lead to two different radio links, as depicted
in Figure 1a. Figure 1b shows the environment where the measurements are performed.
The two radio links are described in the following subsections.

(a) (b)

Figure 1. Experimental indoor location, Ametystbygget NTNU, Gjøvik. (a) Top view of the building
in which the measurements were conducted. (b) The corridor where the experiment is performed.

3.1.1. Scenario I-Line-of-Sight (LoS) Link

In this scenario, it is assumed that the Tx and Rx are placed on the same straight
section of a single corridor of a building. In Figure 2a, the locations of the Tx and Rx
and the measurement environment are depicted. In this scenario, di represents the Tx-Rx
separation distance. The logarithmic values of distances di at reference distance d0 = 1 m
are presented in Table 3. Notably, there are partitions that may be moved, such as chairs,
boxes, lockers, doors, etc., and which do not span to the ceiling, although the TRs are placed
in the same corridor.

Table 3. Packet Delivery Ratio (PDR) for Line-of-Sight Scenario.

Antenna Type Parameter 10 log10

(
d
d0

)
, d0 = 0.5 (m)

3.01 5.00 7.01 9.00 11.00 13.00 15.00 17.00 19.00 21.00

Embedded PDR (%) 97.00 97.19 97.01 97.02 97.07 96.95 96.92 97.00 97.01 96.81
External PDR (%) 97.01 96.65 97.28 96.94 96.95 97.24 97.08 96.96 97.17 97.00
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(a) (b)

Figure 2. Measurement scenarios. (a) Scenario I—Line-of-Sight scenario, (b) Scenario II—Non-Line-
of-Sight scenario.

3.1.2. Scenario II—Non-Line-of-Sight (NLoS) Link

In this scenario, the Tx and Rx used in the measurements are placed in the corridors
that intersect each other. For this scenario, it is considered that the radio signal transmitted
from the Tx reaches the Rx through a single-knife link. Figure 2b illustrates the locations of
the Tx and Rx and the measurement environment. In this figure, di represents the shortest
distance between the Tx and Rx in meters, which is calculated using Pythagoras’ theorem.
In this scenario, the logarithmic values of distances di at reference distance d0 = 5 m are
presented in Table 4.

Table 4. Packet Delivery Ratio (PDR) for the Non-Line-of-Sight Scenario.

Antenna Type Parameter 10 log10

(
d
d0

)
, d0 = 5 (m)

1.50 2.06 2.73 3.49 4.32 5.21 6.13 7.08 8.05 9.03

Embedded PDR (%) 97.10 97.09 96.84 96.96 97.01 96.98 96.79 97.05 97.11 96.93
External PDR (%) 97.02 97.10 96.93 96.78 97.10 96.88 97.04 97.00 97.26 96.95

It is worth mentioning that the Tx-Rx separation distance is varied logarithmically on
site when the measurements are performed, as shown in Figure 2a,b. The reason behind this
choice is that when a linear Tx-Rx separation distance is used, the measured data of the far
locations from the Rx will statistically have more weight in deciding the PL model tendency
as the Signal to Noise Ratio (SNR) is lower at these locations. In other words, as the power
decreases logarithmically, the use of a linear scale in Tx-Rx separation distance will not give
the best reconstruction of the curve for the power versus the distance. Moreover, although
actual sensors provide a cost-effective mechanism to measure the received signal, they are,
at the same time, less precise and more sensitive to background noise, calibration and to
some other factors compared to specialised equipment, such as spectrum analysers [29].
Thus, the closest locations (samples) to the Rx are the most important to consider, as the
SNR is higher at these locations. Finally, for practical reasons, the Rx stand is stationary in
all scenarios while the Tx stand is moving, as shown in Figure 2a,b.
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3.2. Measurement Setup

In the measurements, two types of IQRF TRs are used. One comprises a Meander
Line Antenna (MLA) embedded on the Printed Circuit Board (PCB) of the TR itself, which
requires no external components. We call this type a TR with an embedded antenna. The
second type comes with a connector to connect an external Straight-Line Dipole Antenna
(SLDA). We call this type a TR with an external antenna. In Figure 3, both types of TRs are
depicted.

Figure 3. IQRF transceivers used in the measurement.

For a simple network (setup) implementation, a P2P topology is decided to be used
in the measurements. In this network, one TR is configured as Tx, which continuously
transmits packets, while the other TR is configured as Rx, receiving the packets. The same
topology is used for both LoS and NLoS scenarios. Moreover, both Tx and Rx antennas were
placed 1.5 m from the ground. During the entire experiment, the Tx is configured to transmit
one packet every 25 ms, thereby generating a sampling frequency of 40 packets/s, which is
the maximum packet sending rate that could be reached. Each received packet in the Rx
consists of the RSSI that indicates the signal strength of the last received packet. Moreover,
the packet number is also provided to be used for packet loss calculation. Additionally,
for each scenario, measurements are performed in two stages. In the first stage, the data
are collected through the TRs with embedded antennas installed on both Tx and Rx sides.
In the second stage, the TRs with an external antenna is used to collect the data. The
number of locations for each scenario is fixed to 10 where the Tx-Rx separation distance is
increasing logarithmically, as mentioned earlier. To reduce the multi-path effects and other
variables due to environmental reflections and dynamics, 25 measurements (runs) were
performed, resulting in 25 averaged data points at each Tx location. The used parameters
and configurations are summarized in Table 5.

Table 5. Measurement setup parameters.

Parameter Value Unit

Transmission Frequency 868.45 MHz
Tx power −20 dB
Embedded antenna gain −8.5 dBi
External antenna gain 2.15 dBi
Tx antenna height 1.5 m
Rx antenna height 1.5 m
Packets rate 40 Packet/s
Packet size 3 Bytes
Measurement duration 25 min/location
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4. Results Analysis and Discussion
4.1. IQRF Path Loss Obtained Models

In order to study the performance of the IQRF network in the sub-GHz band in an
indoor environment, we pay close attention to the characteristics of signal propagation
in the wireless channel of this environment by exploring both LoS and NLoS scenarios.
Therefore, the received signal is recorded from both IQRF TRs with embedded and external
antennas and from the recorded data, the path loss is derived. The path loss of Equation (3)
is estimated using

PLLG(d)(dB) = PTx + GTx + GRx − PRx(d). (7)

where PTx is the power of the transmitter, GTx is the gain of the transmitter antenna, GRx
is the gain of the receiver antenna, and PRx(d) is the measured received signal power.
The obtained path loss values from Figure 4, together with the normalized log-distance
are used as input in regression analysis to obtain the path loss models. The regression
analysis of the data applied the least squares method (LSM), and the resulting models are
presented in Figures 4 and 5 for LoS and NLoS links, respectively. The Packet Delivery
Ratio (PDR) for the measured data at each location is also calculated, and the PDR values
for the corresponding scenarios, LoS and NLoS, are shown in Tables 3 and 4, respectively. It
is worth noting that the PDR is only used as an indication to validate the received data for
path loss calculation, and it is not intended to be studied in this work. Hence, only values
of the received power at the locations where the total number of successfully received
packets is higher than 90% are included in the path loss calculation. The obtained models’
regression parameters, such as path loss exponent (PE) n, losses L(d0) at a far-field reference
distance d0 (d0 = 0.5 m for LoS and d0 = 5 m for NLoS), the correlation factor between
measured and predicted values represented by R2, and finally, the fitting error ε for LoS
and NLoS links, are presented in Tables 6 and 7, respectively.

Figure 4. IQRF path loss model for the Line-of-Sight link.
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Figure 5. IQRF path loss model for the Non-Line-of-Sight link.

Table 6. Path Loss Regression Coefficients and Statistical Results for the Line-of-Sight Scenario.

Antenna Type n L(d0) (dB) R2 ε (dB) dMax (m)

Embedded 2.30 17.27 0.89 4.76 540

External 2.25 30.99 0.93 3.43 1390

Table 7. Path Loss Regression Coefficients and Statistical Results for the Non-Line-of-Sight Scenario.

Antenna Type n L(d0) (dB) R2 ε (dB) dMax (m)

Embedded 3.11 56.64 0.66 5.52 56

External 2.72 65.20 0.91 2.06 258

In addition, the standard deviation (STD) of the log-normal distribution Xσ at each
location is also calculated using the recorded raw data from both types of TRs in each
scenario. Hence, four sets of STD data are obtained. In order to observe the changes in the
STD versus the Tx-Rx separation distance, each set of the calculated STD data is fitted with
a line using LSM. However, it is worth mentioning that the STD dataset values of the TR
with an embedded antenna in the NLoS scenario are not fitted, as the correlation factor, in
this case, will be very low for linear regression. Moreover, STD data values for locations 4
and 5 of TR with an embedded antenna in the LoS scenario and the one for location 3 of TR
with an external antenna in the NLoS scenario are considered outliers and are excluded
from the fitting.

The four STD datasets and the corresponding fittings for the LoS and NLoS scenarios
are presented in Figures 6 and 7, respectively.
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Figure 6. Standard deviation at each location for the Line-of-Sight links using both types of IQRF
transceivers.

Figure 7. Standard deviation at each location for the Non−Line−of−Sight links using both types of
IQRF transceivers.

From Tables 6 and 7, the PE results are promising in both scenarios for both types
of IQRF TRs. In the LoS scenario, approximately similar path loss exponents (PEs) are
obtained; n = 2.30 and n = 2.25 for TR with an embedded antenna and the TR with
an external antenna, respectively. However, a slight difference in PE is observed in the
NLoS scenario; n = 3.11 for TR with an embedded antenna compared to the one with an
external antenna, where n = 2.72. This will result in a faster decrease in power for TRs
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with an embedded antenna compared to the ones with an external antenna. Moreover, a
difference in power (offset) between the obtained path loss models for both types of TRs
in both LoS and NLoS scenarios can be seen in Figures 4 and 5, respectively. This is not
ideal and could be explained by the instability of IQRF TRs with an embedded antenna,
as discussed in [17]. When comparing the performances of both types of TRs, the results
presented in [17] show that IQRF TRs with an embedded antenna (MLDA) show not only
a drop in power due to its lower gain (−8.5 dB) but also a larger spread of the recorded
values at each location compared to TRs with an external antenna (SLDA). This can also be
observed in Figures 6 and 7, where IQRF TRs with an embedded antenna tend to have a
larger spread when compared to the IQRF TRs with an external antenna.

Overall, the results show that using IQRF TRs with an external antenna provides a
stable received power at the expense of an additional part (antenna) and, accordingly, a
larger size of the node in practice. However, if the size of the node is considered a limitation
of the system, TRs with an embedded antenna are still a good option in shorter distances,
especially in a LoS environment.

4.2. Comparison with Other Models

This section is devoted to evaluating the accuracy of IQRF-obtained models and their
applicability and usability in the planning and deployment of IQRF wireless networks in an
indoor environment. Therefore, the obtained IQRF PL models are compared with the mod-
els presented in Section 2. It is important to note that the choice of the empirical PL models
is based on the similarities between the chosen model and the measurement conditions,
such as the environment (indoor), the operating frequency, and the PE. Figures 8 and 9
depict the IQRF PL models for both types of TRs obtained for both scenarios, LoS and
NLoS, respectively. For easier comparison, we also draw the same set of models presented
in Section 2 on both figures.

Figure 8. IQRF path loss model comparison with the other model for the Line-of-Sight link.
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Figure 9. IQRF path loss model comparison with the other model for the Non-Line-of-Sight link.

Although there is a difference in the power between IQRF PL models, as discussed
earlier, still IQRF PL with an embedded antenna is compared with other empirical indoor
models. The RMSE between IQRF PL obtained models, and each of the other indoor
models for both LoS and NLoS scenarios is calculated, and the results are presented in
Table 8. Based on the obtained results, in the LoS scenario, the ITU-1 model has better
accuracy for both IQRF TRs with an embedded antenna and with an external antenna with
minimal errors of 7.18 and 8.37 dB, respectively. In addition, the corresponding PEs are
also close to the one of the ITU-1 model. However, for the best use of this model in IQRF
network planning, an offset in power (losses) must be added to the ITU-1 model, which is
approximately the RMSE error found. Thus, −7 dB for the IQRF model with an embedded
antenna and +8 dB for the IQRF model with an external antenna.

Table 8. Comparison of the IQRF Models with Empirical Models for LoS and NLoS Scenarios.

Path Loss Model Path Loss Exponent n
RMSE for LoS (dB) RMSE for NLoS (dB)

Embedded n = 2.30 External n = 2.25 Embedded n = 3.11 External n = 2.72

Free-space 2.00 6.63 9.48 18.02 23.73
ITU-1 2.25 7.18 8.37 16.22 21.88
ITU-2 2.00 6.54 9.61 18.15 23.87
ITU-3 3.30 17.51 7.51 5.73 8.55
WINNERII-1 1.87 6.40 10.35 19.18 24.93
WINNERII-2 3.68 30.22 18.10 13.74 6.65

On the other side, in the NLoS scenario, the best match for the IQRF model with
an embedded antenna is ITU-3, with an added power offset of approximately +1.5 dB.
Moreover, for the IQRF model with an external antenna, the closest models that can be
considered are WINNER-2 and ITU-3, with minimal errors of 6.65 and 8.55 dB, respectively.
The offset in power, in this case, is approximately +8 dB to be added to the ITU-3 model
and approximately +6 dB to be added to the WINNER-2 model. However, PE should be
considered if WINNER-2 is the chosen model for this case.



Electronics 2022, 11, 3972 13 of 14

Finally, it is worth mentioning that the estimated range of IQRF dMax is also calculated
using the obtained models and the sensitivity of the Rx transceiver (−131 dB). The results
are presented in Tables 6 and 7 for LoS and NLoS links, respectively.

5. Conclusions

The deployment of IQRF networks in indoor environments requires accurate signal
analysis and PL modelling to estimate network coverage and performance. In this paper,
preliminary propagation measurements using IQRF TRs that operate on the 868 MHz band
were conducted. The PL parameters were measured in an indoor corridor environment
for LoS and NLoS links using IQRF TRs with an embedded antenna and with an external
antenna. After that, indoor empirical PL models for the IQRF network are obtained. In
order to analyse the accuracy of IQRF PL models, the obtained models are compared with
other well-known indoor models. The comparison results show that in the LoS scenario,
the model that better matches the IQRF models obtained using TRs with embedded and
external antennas is the ITU-1 path loss model that is established at 800 MHz in an office
environment. On the other hand, for the NLoS scenario, the best fit with the IQRF PL
model obtained using an embedded antenna is ITU-3 at 900 MHz in commercial areas.
While for the IQRF PL model using TR with an external antenna, both ITU-3 at 900 MHz
in commercial areas and WINNERII-2 for a NLoS corridor are considered. Additionally,
the STD at each location is also calculated for the different TRs and scenarios. Finally, the
maximum range values of both types of IQRF TRs are also presented.

This work is a preliminary study of IQRF in an indoor environment. Another future
study is planned for the same environment by conducting comprehensive measurements
that cover a larger portion of the indoor scenarios, such as inside rooms or between floors.
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