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Abstract—The evolution of vehicular networks continues with
the advent of LPWAN (Low Power Wide Area Network). Thus,
several studies currently concern the integration of LPWANs
with ITS (Intelligent Transportation Systems). Among these
LPWANs, LoRa with LoRaWAN, with its coverage capabili-
ties, support of mobility, and implementation cost, is in the
spotlight. However, the latter presents performance problems
in highly mobile environments. Therefore, optimizing mobility
in LoRaWAN is imperative for its integration into ITS. This
requires performance improvements such as loss containment in
very dense environments. In this paper, a resource reservation
approach is proposed. It is based on device trajectory prediction
and traffic differentiation in a dense multi-operator environment.
This mechanism aims at reserving resources before the arrival of
the device on the predicted antenna, thus reducing the rejections
at the join phase while favoring ” its subscribers ”.

Index Terms—LoRaWAN, LoRa, resource reservation, service
class, vehicular.

I. INTRODUCTION

Studies on vehicular communications have been going on
for many years, with several solutions and standards proposed
in the literature. Nevertheless, it is a field that remains in tune
with the constant evolution of the automobile thanks to the
integration of IoT and ’ smart ’ concepts by adopting different
types of communication between vehicles, between vehicles
and their infrastructure, or passers-by. These communications
allow different categories of services like security, manage-
ment, or comfort purposes [1]. Faced with the short range of
Dedicated Short Range Communications (DSRC) and the cost
of 5G technologies, the integration of Low Power Wide Area
(LPWA) technologies, LoRa, in particular, seems to be a way
to combine long-range and low-cost [2].

LoRa is a low-power, long-range communication technol-
ogy. It uses ISM (industrial, scientific, and medical) bands that
do not require any license. LoRaWAN defines the communica-
tion protocol and network architecture, while the LoRa physi-
cal layer enables the long-range communication link [3]. The
LoRaWAN architecture is mainly composed of 4 parts: the end
devices (ED) are generally composed of actuators and sensors
that collect physical measurements and send the information
to a gateway (GW), which decodes and re-transmits them to a
network server (NS). The NS is the brain of the network and
has a global view of the network. It can store data analytic
applications, or send data to the designated application server
[4]. Moreover, LoRaWAN supports handover. So when an ED
arrives in a network, a join-request message is sent to the NS.
The NS then contacts the home NS in case of roaming to

access the join server (JS) and check if this ED can use this
service. This is the join procedure [5].

LoRaWAN uses Adaptive Data Rate (ADR) to manage the
devices by proposing a set of values for the transmission
parameters. These parameters (Spreading Factor, Transmission
Power, Bandwidth, and Coding Rate) depend on the number
and position of the device about the gateway are proposed
while taking into account the current situation of the network
to avoid collision [6]. However, this mechanism encounters
problems when the application integrates mobile objects. The
network may experience local overload. But, if the vehicular
network can be predicted, the resource can be booked in
advance. The question of optimizing LoRaWAN in VANET
(Vehicular Adhoc Networks) and simply in case of mobil-
ity arises. As a result, slicing and prefetching solutions are
proposed in the literature to optimize the Quality of Service
(QoS).

In this paper, we inspire from [7], where the vehicular
prediction was used to ’ prefetch ’ DNS information. In
this study, we use vehicular prediction to book in advance
LoRaWAN resources. The idea is to accept newly arrived
devices at an NS only when there is sufficient resource to
serve the devices with adequate QoS. If too many devices are
accepted, even if the probability that they transmit at the same
time is low, congestion may occur. We consider two different
classes of service: a priority one and a non-priority one. For
example, the priority ones could originate from the operator’s
customers, while the non-priority ones can be from incoming
other operator’s customers.

The advantage of Lora is that it’s free of charge and
integrates real handover mechanisms, making it ’suitable’ for
the development of non-critical vehicular applications. Beyond
Lora, what’s interesting is the possibility of using trajectory
prediction to manage network resources. The study considers
a scenario where a neural network-based vehicular mobility
prediction is used to reserve the resource in advance. The
remainder is organized as follows: the second part covers
related work, then part III describes our approach. The fourth
section presents the results obtained and the limitations. Fi-
nally, section V concludes this paper with the conclusion and
some perspectives.

II. RELATED WORKS

Several papers propose optimizations in LoRa resource
allocation. These solutions often involve setting options such
as Spreading Factor (SF) and Transmission Power (TP) [8]



[9] [10] to ensure good performance. With the arrival of
5G, which promotes the association of several networks, and
new technologies such as SDN (Software Defined Network),
approaches taking into account the Quality of Services (QoS)
are increasingly seen with slicing of the network into virtual
sub-networks, each grouping EDs with similar QoS needs [11]
[12]. These models are often based on mathematical models
[12] or machine learning to do clustering [13] [14] to place
devices in the right slices and are accompanied by methods of
resource reservation by the slice. Still in QoS category, Lima
et al. propose APRA an optimization of LoRaWAN resource
allocation by juggling the different communication parameters
(SF, TP, and bandwidth (BW)) [15]. Also, a PDR (Packet
Delivery Ratio)–based QoS differentiation is proposed in [16]
in a dense IoT environment. In [17], a new SF allocation model
in LoRaWAN is based on load-balancing where each ED is
initialized with an SF according to the RSSI and the SNR.
However, most of these solutions are not designed for mobile
devices due to ADR constraints.

To overcome this problem, BADR (Blind ADR), recom-
mended by Semtech for mobile devices, uses a set of three
SF values with SF12, SF10, and SF7 instead of a single
DR as for ADR[18]. It presents satisfactory results in pet
tracking compared to ADR. However, it does not consider
the true mobility of the device since it will blindingly and
alternately assign the 3 SFs regardless of the device’s position
with the GW. Some others solutions propose mobility handling
[19] [20] [10] [21]. In [19], the authors provide an ADR
enhancement for mobile devices following predefined mobility
patterns (e.g. household robot, store camera, production line
robot). They also rely on Received Signal Strength Indication
(RSSI) measurements to determine the optimal transmission
parameters. However, this approach has limitations for devices
with unknown or undefined trajectories. Hence, its optimized
version [21] is based on a Variable Order Hidden Markow
Model (VHMM) to predict the node trajectory. Robbe et al.
propose a mobility handling mechanism [20] that supports
QoS. It relies on signal-to-noise Noise Ratio (SNR) measure-
ments to identify different cases: exit, entry into a cell, on the
PER desired by the ED and adjusts the SF and transmission
power to obtain a reliable application while reducing energy
consumption. This solution requires a modification at the
ED level to introduce the desired PER. The signal reception
power is measured in [10] to choose the initial SF considering
the traffic differences (packet length) in the first step before
choosing the right SF. This choice is based on the distance
between the positions at the initial and current time. This
distance is then compared to a constant α fixed at 10m (choice
based on the constancy of RSSI up to 40m) to decide whether
to change or keep the same SF. However, the solution requires
calculations at the ED and GW levels. Moreover, it is only
suitable for devices with low mobility. An evaluation of the
impact of mobility with the use of LoRaWAN is proposed in
[22]. The study compares two mobility models, the Random
ways-point and the Gauss-Markov model, with the stationary
model through simulations on FloRa with different scenarios.

The PDR (Packet Delivery Ratio), the number of collisions,
and the energy consumption are compared in various cases.
HADR (Hybrid ADR) is proposed in [23] to meet the needs
of applications alternating mobile and stationary conditions in
response to ADR and BADR. It features a two-step mechanism
starting with the computation of the distance between the
current and previous positions of the device to evaluate its
mobility. In the case of mobility, an optimized version of
BADR is executed at the ED level using all the SFs. And
in the opposite case, a modified version of ADR is run on the
NS side. The performances are compared to ADR and BADR.
[24] proposes a model based on the support vector machine
(SVM) to determine the degree of mobility of a node because
this would allow one to choose the adapted ADR algorithm
without needing to know the trajectory of the node. They rely
on the data present at the NS level, especially the RSSI and
the SNR, as training data for ED classification in three classes:
fixed, mobile, or deep indoor.

However, the speed and the rapid change of positions,
with the density, are key factors influencing the quality of
the received signal. The application of LoRa in the vehicular
environment is relatively new, though more and more solutions
are being developed. [2] propose experimentation of LoRa in
a suburban setting to evaluate RSSI and coverage for two
scenarios V2I and V2V, and two values of SF (7 and 12).
Haque et al. propose in [25], an evaluation of the use of
LoRa in V2I and V2V communications. In these exchanges,
the ED relies on the RSSI measurements from the GWs in
the V2I framework to choose the most optimal. Moreover,
the V2V messages are made directly without passing by
a GW. They also demonstrate the impact of the Kalman
filter in stabilizing the received RSSI. Nevertheless, the GWs
are relatively close (380 m), and the energy consumption is
somewhat high compared to classical LoRa solutions (about
266 h max). In the same context, a study of LoRaWAN in the
vehicular environment is proposed in [26] with a comparison
of a simulation on NS3 and real experimentation. The impact
of mobility with different speeds is evaluated with metrics
such as RSSI, PDR, and PIR(Packet Inter-Reception) time.
The results show consistent values between the simulation and
the real experimentation. However, the authors still note the
need to use a robust model. Similarly, Torres et al. consider
a simulation and an experimental study of V2V and V2I
communications in LoRa to evaluate the reception power, the
received signal rate, and the Doppler effect in the suburban
context [27].

Thus, as we can observe, most of the LoRaWAN optimiza-
tions in mobile do not consider very dynamic environments
such as VANETS. Moreover, the topics related to LoRaWAN
in vehicular mainly concern application or experimental stud-
ies to see the compatibility of LoRa with VANETs. Thus, the
optimization of LoRaWAN in VANETs remains a relatively
unexplored topic. In this paper, we try to go in this direction
and see the effect of resource reservation in LoRaWAN.



III. PROPOSED APPROACH

Our paper uses the traces of the city of Rome [28] and
the mobility predictor in [29], where the same dataset was
used and validated. For each input, four positions are predicted
corresponding to the positions at t+1, t+2, t+3, and t+4 with t
the current time. The antennas are placed virtually on the map
(520 antennas) about 7 km apart. Each antenna hosts an NS.
The antennas are pseudo-randomly divided into 5 operators
(Normal law). The following figure represents the positions of
the antennas and their distribution according to the operators.
Each color designates an operator.

Fig. 1. Antennas distribution per operator within Roma

Our approach consists of two mechanisms: service differ-
entiation and reservation.

A. Service differentiation

To implement service differentiation, we divide the traffic
into two categories: priority and non-priority traffic. Traffic
is prioritized if the operator to which the device subscribes
is the same as the operator of the current antenna. It is non-
priority traffic in case the subscription operator of the device
is different from the home operator of the antenna the device
is on. Only a device in priority traffic can make a resource
reservation. Therefore, the resource reservation is exclusive to
the device in priority traffic. This should favor the customers of
the current operator at the expense of other roaming customers.
We assumed each device starts from its home network (
home NS and home operator ). And from the first position,
the home operator is deduced for each device. Then, for the
following positions, the home operator of the current antenna
is searched and compared to the home operator of the vehicle
to know the type of traffic (priority, non-priority).

B. Reservation

Resource reservation is only possible for priority traffic.
This means that depending on the capacity of the GW/NS,

the resource will be conserved for eventual priority traffic.
Therefore, a non-priority device can only access a resource if
there is remaining capacity outside the reservation. Thus:

• The standard join procedure is performed: the connection
is allocated as best as possible, regardless of its class and
according to the available capacity;

• Next, based on the results of the mobility prediction
algorithm, reservations are made when possible on the
predicted antennas (the base stations next to the one
where the join is done) given a move and thus a next
join. This is the reservation procedure.

These two mechanisms are illustrated in figure 2.

Fig. 2. LoRaWAN multi-operator resource reservation mechanism

We have studied two reservation mechanisms: nominative
and non-nominative reservations.

1) Nominative reservation: This is the classic case. Every
reservation is recorded with the car id of the reserving party
and the expiration date. In this way, a priority device with no
reservation on the antenna is treated the same as non-priority
traffic.

2) Non-nominative reservation: In this case, the reser-
vations are only registered with their expiration date. Any
device in priority traffic conditions can use a reserved resource
without any prior reservation. So when a device arrives, we
check if there is any reservation. If there are, we allocate the
resources. Otherwise, we check if a resource is available (non-
priority treatment).

We considered 4 parameters that could impact the scenarios:
• the reservation threshold: determines the maximum per-

centage of gateway capacity that can be reserved. A
number too large is likely to cause many rejections for
non-priority traffic, and hence for total traffic, due to
unused reservations. And if the number is too small, there
may be no service differentiation.

• the gateway capacity: corresponds to the amount of
available resources and is calculated in terms of several
devices, for simplicity’s sake.

• the join interval: corresponds to the time a connection
remains active between a device and an NS.

• reservation duration: determines how long a reservation
is kept. This parameter may depend on the closeness



of antennas and traffic load, in turn, influenced by road
conditions (traffic jams, rush hour), etc.

We are interested in the number of rejected joins called
rejections because the notion of reservation, as defined here,
intervenes during the join procedure that involves only two
states: acceptance or rejection. Thus, evaluating the number
of rejections seems to be the most appropriate criterion for
measuring QoS. Fewer rejections mean more customers served
from a global point of view. For a customer, this means a lower
probability of being disconnected and unable to access the
requested resource. This is one way of guaranteeing a certain
quality of service. Other parameters like SNR and RSSI can
be evaluated in the QoS but are managed at another level with
other mechanisms, such as ADR. Thus, we evaluate the total
and per-traffic type numbers of rejections for each reservation
mechanism.

IV. RESULTS AND LIMITATION

A. Results

The total number of rejections per priority type is collected.
The average rejection percentage is also calculated. For more
visibility, values are left between 0 and 1. The closest antenna
to the vehicle is chosen for prototype purposes.

1) Reservation threshold variation: Figure 3 describes the
total, priority, and non-priority rejection ratios for the named
and non-named reservation mechanisms, with a GW capacity
of 400, a join time of 17 minutes, and a reservation time
of 4 minutes. It corresponds to the average time it can take
a vehicle to go from one antenna to another given that the
longest distance between two antennas is about 7 km. The
threshold 0.0 means a reservation of 0% of the total capacity,
meaning no reservation. This is the reference point.

There are more rejections on priority traffic than non-
priority traffic up to 10%. Then, it starts to have fewer
rejections for priority traffic and the opposite for non-priority
traffic. This can be explained by the fact that less than 10% of
the traffic is booked and therefore treated as a priority, so more
than 90% of the traffic is treated as non-priority. The rejections
are higher due to unused reservations. As the reservation is
nominative, only the device that made a reservation can use
it. This leads to a total rejection rate higher than the reference,
particularly when the threshold increases. The non-nominative
version allows the minimization of these unused reservations
and thus reduces the prediction errors. Since a device in
priority can benefit from a reservation without having made
one. At the 5% threshold, we see a clear difference between
priority and non-priority traffic. This difference increases as
the threshold increases. However, for very high reservation
thresholds, this type of booking will generate more losses and
converge as the nominative version.

The threshold at which the two mechanisms converge or
start to generate more rejections depends on the number of
requests, the capacity of the gateways, the join time, and the
duration of the reservations. This leads us to study the variation
of some of these parameters.
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Fig. 3. Total, Priority, and Non-Priority rejection ratios for the named and
non-named reservation mechanisms per thresholds, capacity=400, interval
join=17minutes, reservation duration=4minutes

According to [30], a gateway can support up to 1000 nodes.
To evaluate the impact of the different parameters (capacity,
join interval, and reservation duration), we tested with a few
antenna capacities: 200, 400, 600, 800, and 1000. We set the
threshold at 40% and vary one of these three parameters for
each test.

2) Capacity variation: In the first step, the join and reserva-
tion times are set to 17 and 4 minutes, respectively. Then, we
increase the capacity between 200 and 1, 000 devices per GW.
Figure 4 depicts the total, priority, and non-priority rejection
ratios for the nominative and non-nominative mechanisms
depending on capacity. With an equivalent traffic volume,
increasing the gateway capacity naturally reduces the number
of rejections. This is particularly true for non-nominative
reservations, whose priority refusal curve shows a pronounced
downward trend. The more capacity the gateway has, the
fewer unused reservations there are. As a result, we note
more resources for non-priority traffic, particularly in the non-
nominative mode and for both in the nominative case.

3) Join variation: To evaluate the impact of the join du-
ration, we set the threshold at 40%, the capacity at 400, and
the reservation time at 4 minutes. We test different values for
join duration. Figure 5 represents the total, priority, and non-
priority rejections for nominative and non-nominative mech-
anisms as a function of the joint duration. The join interval
defines how long the resource is used before it is released.
The bigger this interval is, the fewer resources there are for
new arrivals. As a result, there are more losses. Moreover,
each device has 10 positions in the used data set, so we have
no information about what the device does after. A shorter
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Fig. 4. Total, Priority, and Non-Priority rejection ratios for the named and
non-named reservation mechanisms as a function of capacity,threshold=40%,
interval join=17minutes, reservation duration=4minutes

junction interval allows a quick release of the resources at the
last positions.
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Fig. 5. Total, Priority, and Non-Priority rejection ratios for the named and
non-named reservation mechanisms per thresholds, capacity=400, interval
join=17minutes, reservation duration=4minutes

4) Reservation variation: For this section, the reservation
threshold was set at 40%, the join time at 17 minutes, and

the capacity at 400. Figure 6 represents the total, priority,
and non-priority rejections for nominative and non-nominative
mechanisms by reservation duration. The named reservation
curves depict an inversion of the trends starting at a specific
threshold, while reservation duration has little impact on
the non-nominal mechanism. The reason may be that most
reservations, if not used by devices that reserved them, may
be used, sooner or later, by another device in a priority
traffic situation. However, there is a slight difference for the
nominative type. A device can make up to 4 reservations.
These reservations are nominative and can only be used by
the device that made them. A shorter reservation time reduces
the number of unusable resources and increases the chance of
having more devices covered.
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Fig. 6. Total, Priority and Non-Priority rejection ratios for the named and
non-named reservation mechanisms per reservation duration, capacity=400,
interval join=17minutes, threshold=40%

B. Limitations

The limitations concern firstly how the resource is reserved.
In nominative reservations, the reserved resource can only
be used by the device that made the reservation. As it can
book up to 4 antennas, this means fewer resources for non-
priority and priority traffic. In this case, reducing the duration
of the reservations can be a solution. The Non-nominative
mechanism avoids this issue, as reservations can be used
by any device in a priority traffic situation. However, since
the reservation is not nominative, a device in priority traffic
without prior reservation on an antenna can benefit from the
reservation made by another device if it arrives before. In
addition, the reserved resource is deducted from the maximum
capacity and cannot be used by non-priority traffic even if
it gets to the antenna first. Lastly, we also assume that the



device communicates with only one antenna at a time and that
each antenna hosts an NS, whereas, in practical situations, a
message can be received by several antennas at the same time.
The case studied here can be regarded as a worst-case scenario.

V. CONCLUSION

This paper presents a resource reservation mechanism in
a vehicular environment for LoRaWAN-based IoT devices.
Several simulations are conducted with different parameters
to evaluate the evolution of the number of rejections. Two
methods were compared. The Non-Nominative mechanism is
the most optimal, with fewer rejections while offering service
differentiation between subscribers and others. It is also the
most computationally efficient method. The Nominative mode
is more stable. It provides a more limited service differen-
tiation than the Non-Nominative but with more rejections
when there is congestion. Traffic differentiation is useful in
QoS management to privilege primary subscribers in roaming
states. Still, it can be applied to other directions, for instance,
the needs in QoS differentiation between various application
flows.

ACKNOWLEDGMENT

This work is part of the ongoing Ph.D. training supported
by the Partnership for Skills in Applied Sciences, Engineering,
and Technology (PASET) - Regional Scholarship and Innova-
tion Fund (RSIF).

REFERENCES

[1] Y. Khaled, M. Tsukada, J. Santa, and T. Ernst, “The role of commu-
nication technologies in vehicular applications,” Advances in Vehicular
Ad-Hoc Networks: Developments and Challenges, no. January, pp. 37–
58, 2010.

[2] R. Sanchez-Iborra, J. Sanchez-Gomez, J. Santa, P. J. Fernández,
and A. Skarmeta, “Integrating LP-WAN Communications within the
Vehicular Ecosystem,” in The 2017 International Symposium on Mobile
Internet Security (MobiSec’17), vol. 4, no. November, 2017, pp. 1–12.
[Online]. Available: http://doi.org/10.22667/JISIS.2017.11.30.045

[3] T. M. Workgroup, A technical overview of LoRa ® and LoRaWAN ™
What is it? LoRa Alliance, 2015, no. November. [Online]. Available:
https://lora-alliance.org/resource-hub/what-lorawantm

[4] “Lorawan Network Server,” Jul 2019. [Online]. Available:
https://www.actility.com/lorawan-network-server/

[5] L. Alliance, LoRaWAN™ 1.1 Specification, LoRa Alliance, Ed. LoRa
Alliance, 2017.

[6] “Adaptive data rate,”
url=https://www.thethingsnetwork.org/docs/ lorawan/adaptive-data-rate/.

[7] A. Bernard, M. Laroui, M. Marot, S. Balakrichenan, H. Moungla,
B. Ampeau, H. Afifi, and M. Becker, “Prefetching of mobile devices
information - a DNS perspective,” in IEEE International Conference on
Communications (ICC 2022), 2022, pp. 4293–4299.

[8] C. Caillouet, M. Heusse, and F. Rousseau, “Optimal SF allocation in
LoRaWAN considering physical capture and imperfect orthogonality,”
2019 IEEE Global Communications Conference, GLOBECOM 2019 -
Proceedings, 2019.

[9] R. Hamdi, M. Qaraqe, and S. Althunibat, “Dynamic Spreading Factor
Assignment in LoRa Wireless Networks,” IEEE International Confer-
ence on Communications, vol. 2020-June, pp. 5–9, 2020.

[10] S. Farhad, M. A. Lodhi, W. U. Khan, and F. Masood, “An Adaptive and
Lightweight Spreading Factor Assignment Scheme for LoRaWAnNet-
works,” 2020 14th International Conference on Open Source Systems
and Technologies, ICOSST 2020 - Proceedings, 2020.

[11] V. Theodorou and M. E. Xezonaki, “Network slicing for multi-tenant
edge processing over shared IoT infrastructure,” Proceedings of the 2020
IEEE Conference on Network Softwarization: Bridging the Gap Between
AI and Network Softwarization, NetSoft 2020, pp. 8–14, 2020.

[12] S. Dawaliby, A. Bradai, and Y. Pousset, “Joint slice-based spreading
factor and transmission power optimization in LoRa smart city
networks,” Internet of Things (Netherlands), vol. 14, p. 100121, 2021.
[Online]. Available: https://doi.org/10.1016/j.iot.2019.100121

[13] ——, “Adaptive dynamic network slicing in LoRa networks,” Future
Generation Computer Systems, vol. 98, pp. 697–707, 2019. [Online].
Available: https://doi.org/10.1016/j.future.2019.01.042

[14] S. Messaoud, A. Bradai, O. B. Ahmed, P. T. A. Quang, M. Atri, and
M. S. Hossain, “Deep Federated Q-Learning-Based Network Slicing for
Industrial IoT,” IEEE Transactions on Industrial Informatics, vol. 17,
no. 8, pp. 5572–5582, 2021.

[15] E. Lima, J. Moraes, H. Oliveira, E. Cerqueira, S. Zeadally, and
D. Rosário, “Adaptive priority-aware LoRaWAN resource allocation
for Internet of Things applications,” Ad Hoc Networks, vol.
122, no. December 2020, p. 102598, 2021. [Online]. Available:
https://doi.org/10.1016/j.adhoc.2021.102598

[16] A. Aimi, F. Guillemin, S. Rovedakis, and S. Secci,
“Packet delivery ratio guarantees for differentiated lorawanser-
vices.” IEEE, 12 2022, pp. 2014–2019. [Online]. Available:
https://ieeexplore.ieee.org/document/10001145/

[17] M. Hamnache, R. Kacimi, and A. L. Beylot, “Joint load-balancing and
power control strategy to maximize the data extraction rate of lorawan
networks,” Computer Networks, vol. 225, 4 2023.

[18] S. Corporation, “LoRaWAN Mobile Applications : Blind ADR,”
Semtech, Tech. Rep. December, 2019.

[19] N. Benkahla, H. Tounsi, Y. Q. Song, and M. Frikha, “Enhanced ADR for
LoRaWAN networks with mobility,” 2019 15th International Wireless
Communications and Mobile Computing Conference, IWCMC 2019, pp.
514–519, 2019.

[20] B. Robbe and W. Danny, “A QoS-Aware adaptive mobility handling
approach for LoRa-based IoT systems,” in International Conference
on Self-Adaptive and Self-Organizing Systems, SASO, vol. 2018-Septe.
IEEE, 2019, pp. 130–139.

[21] N. Benkahla, H. Tounsi, M. Frikha, Y.-q. Song, N. Benkahla, H. Tounsi,
M. Frikha, Y.-q. S. V.-b. E.-a. Lo, N. Benkahla, Y.-q. Song, M. Sup, and
C. O. M. Loria, “VHMM-based E-ADR for LoRaWAN networks with
unknown mobility patterns To cite this version : HAL Id : hal-03283215
VHMM-based E-ADR for LoRaWAN networks with unknown mobility
patterns,” Wireless Communications & Mobile Computing Conference,
2021.

[22] M. Al Mojamed, “On the use of LoRaWAN for mobile internet of things:
The impact of mobility,” Applied System Innovation, vol. 5, no. 1, 2022.

[23] A. Farhad and J. Y. Pyun, “HADR: A Hybrid Adaptive Data
Rate in LoRaWAN for Internet of Things,” ICT Express,
vol. 8, no. 2, pp. 283–289, 2022. [Online]. Available:
https://doi.org/10.1016/j.icte.2021.12.013

[24] L. Vangelista, I. Calabrese, and A. Cattapan, “Mobility classification of
lorawan nodes using machine learning at network level,” Sensors (Basel,
Switzerland), vol. 23, 2 2023.

[25] K. F. Haque, A. Abdelgawad, V. P. Yanambaka, and K. Yelamarthi,
“Lora architecture for v2x communication: An experimental evaluation
with vehicles on the move,” Sensors (Switzerland), vol. 20, no. 23, pp.
1–26, 2020.

[26] F. M. Ortiz, T. T. de Almeida, A. E. Ferreira, and L. H. Luı́s, “Experi-
mental vs. simulation analysis of LoRa for vehicular communications,”
Computer Communications, vol. 160, pp. 299–310, 2020.

[27] A. P. A. Torres, C. B. D. Silva, and H. T. Filho, “An Experimental
Study on the Use of LoRa Technology in Vehicle Communication,”
IEEE Access, vol. 9, pp. 26 633–26 640, 2021.

[28] L. Bracciale, M. Bonola, P. Loreti, G. Bianchi, R. Amici, and A. Rabuffi,
“CRAWDAD dataset roma/taxi (v. 2014-07-17),” Downloaded from
https://crawdad.org/roma/taxi/20140717, Jul. 2014.

[29] M. Laroui, A. Dridi, H. Afifi, H. Moungla, M. Marot, and M. A.
Cherif, “Energy management for electric vehicles in smart cities: A deep
learning approach,” 2019 15th International Wireless Communications
and Mobile Computing Conference, IWCMC 2019, pp. 2080–2085,
2019.

[30] J. Haxhibeqiri, F. Van den Abeele, I. Moerman, and J. Hoebeke, “LoRa
scalability: A simulation model based on interference measurements,”
Sensors (Switzerland), vol. 17, no. 6, 2017.


