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Abstract—Vehicular Ad-Hoc Networks (VANETs) are a long-
term solution contributing significantly towards Intelligent 
Transport Systems (ITS) in providing access to critical life-safety 
applications and services. Although Vehicular Ad Hoc Networks 
(VANETs) are attracting greater commercial interest, current 
research has not adequately captured the real-world constraints 
in VANET handover techniques. Therefore, in order to have the 
best practice for VANET services, it is necessary to have 
seamless connectivity for optimal coverage and ideal channel 
utilization: this comes at the cost of overlapping signals of 
adjacent RSUs. This overlapping effect can be investigated using 
concepts such Network Dwell Time, Time Before Handover and 
Exit Times. In this simulation study we investigate the feasibility 
and benefits of providing a ubiquitous communication in 
VANET under different mobile environments. We also study the 
impact of beacon frequency and velocity on Network Dwell 
Time, Time Before Handover and Exit Times, which will help us 
to predict the handover times and thus make proactive handover 
possible. Therefore understanding handover issues is critical in 
supporting life-safety applications and services in VANETs. 

Keywords— IEEE802.11p, beaconing, VANET, Vehicle to 
Infrastructure Communication (V2I), handover. 

I.  INTRODUCTION 
Significant research efforts from both automotive industry and 
academia have been underway to accelerate the deployment 
of a wireless network based on short-range communications 
among moving vehicles (Vehicle-to-Vehicle, V2V) and 
roadside infrastructure (Vehicle-to-Infrastructure, V2I). This 
network is called a Vehicular Ad Hoc Network (VANET) and 
is characterized by high node speed, rapidly changing 
topologies, and short connection lifetime.  
 
Several applications for VANETs have been categorized for 
road-safety, traffic efficiency, and infotainment applications 
(i.e. information/entertainment applications) [2]. The latter 
two can be typically referred to as non-safety applications; 
they aim to provide information and comfort/entertainment to 
travellers and have the great potential to increase the chances 
of success for VANETs and to accelerate their market 
penetration. 
 
In the next couple of years, it is evident that Intelligent 
Transport Systems (ITS) will entail the global deployment of  

 
 
VANETs. For this purpose it is not only imperative to have a 
proper infrastructure with several RSUs being placed in a 
resourceful and cost-effective manner but also to serve the 
main purpose of ITS in order to have seamless connectivity 
for optimum coverage with ideal channel utilization where 
vehicles are able to access applications and services quickly 
[1]. Unfortunately, in order to have ideal channel conditions 
and complete coverage, the infrastructure design brings new 
insight with regard to the placement of the RSUs. The 
paradox of deployment issues are, that on one hand Intelligent 
Transport Systems (ITS) demand the deployment of the 
infrastructure in such a way that it supports seamless 
connectivity but on the other hand, this comes at the cost of 
having many RSUs placed along the road-side leading to 
interference issues. 
 
Beacons are used to discover and maintain neighbor 
relationship [2], [3] & [4]. The European ITS VANET 
Protocol (EIVP) defines Beacons as Cooperative Awareness 
Message (CAM). Beacons also include a security component 
and the size of a beacon is approximately 400 bytes long [2], 
[3] & [4]. Beacon messages are generated and issued 
periodically between the car and the RSU (V2I). Beaconing 
mechanisms will therefore affect the overall performance of 
the handover and a key goal of this paper is to investigate the 
interaction between beaconing and handover parameters such 
as NDT and ET.     
 
Though other research efforts have looked at many issues in 
VANET networks, very few papers have looked at handover 
issues. Most papers assume that handover does not take a 
significant time and does not affect overall VANET operation. 
However, this paper shows that by using a simulation 
approach to analyse the effects of handovers, providing 
ubiquitous communication for VANET systems is a non-
trivial task and a proactive approach is needed which must 
take several factors into account. 
 
The aim of this paper is to evaluate the overall VANET 
handover performance for providing ubiquitous 
communication using an OMNeT++ simulation [5]. We 
investigate the impact on Network Dwell Time (NDT), Time 
Before Handover (TBH) and Exit Time (ET) in a VANET 



scenario and which could be used to support proactive 
handovers [6]. Proactive handover mechanism will help in 
reducing the handover time and in providing ubiquitous 
communication, which is critical in making life-safety 
applications and services reliable. Using the proactive 
approach, the mobile node can know or estimate the network 
state at a given point before it arrives at that point. Proactive 
policies allow us to maximize the use of available channels, 
provided you know the amount of time a channel will be 
available [6]. This kind of performance evaluation is highly 
recommended, in circumstances where deployment of 
VANETs is seen to be the future solution for Intelligent 
Transport Systems (ITS). 
 
The contributions of this paper are as follows: 

• To provide an analysis of minimum received 
power levels and amount of data received with 
different velocities of the vehicle. 

• Using the concepts of Network Dwell Time 
(NDT), Time Before Handover (TBH) and Exit Time 
(ET) of cars in the coverage area of an RSU to 
analyse the key parameters for ubiquitous handover 
in VANET systems. 

• To investigate the combinatorial effects of 
beaconing and mobility.  
 

The rest of the paper is structured as follows: Section II 
provides an overview of the background and related work. 
Section III contains discussions on reception power, 
beaconing, detection range, Network Dwell Time and Exit 
Time. Section IV shows the simulation experiment and 
results. Section V shows the future work and section VI 
concludes this paper. 
 

II. BACKGROUND AND RELATED WORK 
 

Many papers have looked at VANETs as well as handover in 
essentially isolated or loosely coupled ways: 
 
In [7], the author proposes a distributed routing protocol and 
focuses on two kinds of handovers: inter RSU handover and 
intra RSU handover.  The approximate location of the cars is 
found using the link quality based on Received Signal 
Strength Indicator (RSSI) from the Timing Advertisement 
from RSU.  
 
In [8], a multi-technology seamless handover mechanism for 
vehicular networks is explored. The authors look at 
integrating other technologies like 3G to achieve seamless 
communication between the vehicle and the infrastructure 
without breaking an active session. Using extended mobility 
protocols of MIPv6 and PMIPv6 a test was performed to 
measure the handover latency for different bitrates between 
the same communication technology and between different 
communication technologies. Here speeds of the vehicles 
considered were 50 and 60 Km/h respectively. 
 

In [9], a time coordinated medium access control (MAC) 
protocol named WAVE point coordination function (WPCF) 
for vehicle to infrastructure (V2I) communication is 
investigated. The service disconnection time of various 
channel access technique for V2I handover was shown. In 
order to reduce the handover delay and for a soft handover to 
happen, additional messages were added. 
 
In [10], a new architecture called the MYHand Architecture 
for providing extended information in Next Generation 
Networks (NGN) scenarios is detailed. By using the IEEE 
802.21 protocol Basic Schema [11] and part of the Y-Comm 
architecture [12], MYHand improves the handover managed 
by mobile devices (user centric management). A scenario with 
3 access providers and a mobile user walking through the 
avenue was simulated by using NS2 (Network Simulator 2).  
 
The work in [6] proposes a proactive handover policy using a 
simple mathematical model. Proactive handover facilitates 
minimize disruption due to service degradation or packet loss 
during handover by signalling to the higher layers that a 
handover is about to happen. This work shows how the 
Network Dwell Time (NDT) and Time Before Vertical 
Handover (TBVH) are calculated in heterogeneous 
environments. TBVH is the time a mobile node has got to hit 
the circle for handover given the velocity and direction. The 
paper analysed various vertical handovers (WLAN-3G, 3G-
WLAN) in their work. 
 
From a communications point-of-view, this paper extends the 
work done in [6] & [10] by analysing the effects of Network 
Dwell Time, Time Before Handover and Exit Times in the 
context of VANET to provide ubiquitous communication.  
 

III. DISCUSSIONS 
 

 
Fig. 1. Transmitting RSU ranges. 

The above diagram demonstrates: 
- Detection range: is the region where both the 

vehicle's receiver sensitivity threshold and the SINR 

 



are met for the payload. Vehicles within this range of 
the transmitting RSU are able to decode packets. 

-  Data Exchange range: is the region where the actual 
data transmission takes place. 

- Time before Handover: is the region where the OBU 
gets ready for handover.  

- Time to Handover: is the region where the actual 
handover takes place.  

 
The figure below shows the above scenario, which is 
simulated below.   

 
Fig. 2. Handover process and corresponding messages. 

 
The handover procedures and messages exhibits: 

1) When the car enters the detection range of RSU1 i.e. T1, it 
receives a beacon with timing advertisement. 

2) The car then sends a Respond Beacon back to RSU1. 
3) Consequently, the connection between RSU1 and car is 

established and Data Exchange takes place. 
4) As the car move along it receives timing advertisements from 

RSU2 after entering the Time to Handover region i.e. T3 to T4. 
5) Further in this region the car sends Handover request to both 

the RSUs. 
6) Handover confirmation is sent from RSU2. 
7) Finally Data Exchange starts with RSU2 as soon as the 

handover is finished. 
 

B. Reception Power 
The Reception power is the power at which cars will receive 
the beacons, but this is dependent on the power at which the 
signal is transmitted. With low transmission power, only the 
closest neighbor may receive the beacon, a more remote node 
might not. With high transmission power, a significant 
number of cars might receive the beacon, but the collision 
probability is also higher [13] and more cars will receive 
interference. The goal of transmission power control is to 
increase spatial frequency reuse. The power control method 
must be fair: a higher transmission power of a sender should 
not be selected at the expense of preventing other vehicles to 
send/receive their beacons. In [1] and [13] adaptive solutions 
to transmission power control are explored in detail. 
 

The minimum received Power is calculated in the OMNeT++ 
simulation module named Connection Manager [5] i.e. it is 
the minimum power level at the car to be able to physically 
receive a signal from the RSU is as shown below,  
 
 minReceivePower = 10sat/10                                 (1) 

 
where, sat -> Minimum signal attenuation threshold and 
minReceivePower -> Minimum power level to be able to 
physically receive a signal.  
 

C. Beaconing & Beacon Generation Rate 
Beaconing can be used for reliability due to the lack of 
acknowledgements and reservation by means of RTS/CTS 
[1]. Beacon messages are generated and issued periodically. 
The generation rate λ is the rate at which beacons are sent to 
the MAC for transmission. Since they are used to create a 
Cooperative Awareness, λ should be in the order of several 
beacons per second to provide the system with accurate 
information about the close surroundings [1], [9], [13] & [14]. 
Though some research efforts consider a fixed λ of 10Hz [4], 
we motivate in [1] that generation rate adaptation as a 
network layer mechanism is one of the instruments to make 
beaconing more scalable. Increasing λ results in more beacons 
being sent and a higher temporal resolution. But this comes at 
the price of an increase in collision probability, especially in 
dense traffic. Hence, an adaptive beaconing is preferable.   
 

D. Detection Range Formula 
Calculation of the detection range [15] & [5] based on 

transmitter power, wavelength, path loss coefficient and a 
threshold for minimal receives power for a communication to 
take place is shown below. 

 Detection Range = ((λ2 x pMax) / (16.0 x π2 x 
minReceivePower))1/α                                          (2) 

Where, minReceivePower = 10sat/10  

λ -> Wavelength = (speedOfLight/carrierFrequency) 
pMax -> Maximum Transmission Power Possible 
α -> Minimum path loss coefficient 
sat -> Minimum signal attenuation threshold 
MinReceivePower -> Minimum power level to be able to 
physically receive a signal.  

 

E. Network Dwell Time (NDT) 
NDT is the time a car spends in a RSU’s network range. NDT 
in a wireless network is given by the reciprocal of the 
mobility leave rate. In the literature [6], the mobility leave 
rate is given by  
 
 µml = Evel * P/(π*A)                                              (3)                  

 
Where, Evel -> Expected Velocity of the Car 
P -> Perimeter of the cell 
A -> Area of the cell 
 

 



 NDT = 1/ µml = (π*RH)/Vmax                               (4)                                            
 
In motor way context, the distance between two travelling 
points can be directly calculated. Hence NDT is given as 
shown below 

 
 NDT = NDD/Evel                                                 (5)                 

 
Where, NDD is Network Dwell Distance travelled along a 
motorway that is in coverage of a given network [6]. The exact 
distance between two points on a motorway can be calculated 
using GPS. 

 

F. Exit Time (ET) 
  
ET [6] is defined as how much time a car can be in a given 
network before it must begin handing over to another 
network. ET is primary dependent on NDT which is in turn 
dependent on the velocity.  
 
 ET = NDT - TEH                                                 (6)               

 
Where,  

TEH -> Time Taken to Handover to next network 
 
 

IV. SIMULATION EXPERIMENTS & RESULTS 
 

For the simulation experiments the discrete event 
simulation environment OMNeT++ [5] is used in conjunction 
with the Veins framework [15]. This is a mobility simulation 
framework for wireless and mobile networks. A beaconing 
model using IEEE 802.11p was implemented in veins 
framework by [15]. A scenario as similar to the figure below is 
created. 

 

Fig. 3. Handover Procedures simulation scenario. 

 

The simulation parameters with which the experiments were 
carried out are shown in the below table I & II. 

TABLE I.  RSU CONFIGURATION PARAMETERS. 

Parameter Value 

Transmission Power 20 mW 

Bit Rate 18 Mbps 

Sensitivity -94.0 dBm 

Thermal Noise -110.0 dBm 

Header Length 256 bits 

Beacon Length 400 bits 

Send Data False 

 

TABLE II.  OBU CONFIGURATION PARAMETERS. 

Parameter Value 

Speed 10, 20, 30, 40, 50 m/s (36, 72, 
108, 144, 180 Km/h) 

Channel bandwidth 10 MHz 
OBU receiver sensitivity -94.0 dBm 

 
 

All the PHY and MAC properties used in the IEEE 
802.11p simulation model conform to [16] & [17]. Two RSU 
are placed such that the detection range of both RSU overlaps 
with each other in order to have a soft handover. The nodes 
remain stationary during each simulation run. Another mobile 
node (i.e., car) is made to run over the ranges of two RSUs for 
collecting various values for our study. The beacon length was 
set to 656 bits. 

During simulation, the mobile node is run at different 
velocities and different beacon generation rate. Beacons are 
sent to the car from RSU with λ, which is varied in the 
different simulation experiments.  An overview of the different 
parameter values used is shown in Table I, though not all 
results are presented in this paper due to space limitations. 
Note that these parameters contain the EDCA default values 
[1]. The experiment is carried out with one car and with 
different velocities ranging from 10m/s to 50m/s. The 
remaining parameters are set according to the default values 
used by the Veins framework [15].  

The data received in bits at the car from RSU has been shown 
in the below graph for different velocities of vehicle. 
 

 
Fig. 4. Data Received at the Car. 

 

 



The graph clearly shows that the amount of data received for a 
fixed distance is reduced as the velocity of the vehicle 
increases. This is because the time spent in the data exchange 
region is significantly reduced at higher velocities. Hence 
more priority must be given to high velocity vehicles 
compared with low moving vehicles to achieve fairness.  
 
The power received at the car from the RSU has been shown 
in the below graph for different velocities of vehicle. 
 

 
Fig. 5. Received Power at Car. 

The graph shows us that the time in the overlapping region 
where handover should take place is greatly reduced as the 
velocity increase. Hence the reception of packets is less. Thus 
a fast and efficient handover is required in order to achieve a 
ubiquitous communication.    

 

A. Detection Range Formula 
Based on the simulation parameters, the detection range is 
calculated in the simulation. The outcome from the formula 
suggests 907.84256664387 meters i.e. the radius (R) of the 
coverage.  
 

B. Network Dwell Time (NDT) 

TABLE III.  COMPARISION OF NETWORK DWELL TIME FROM SIMULATION 
WITH THEORITICAL CALCULATION. 

Speed NDT 
(Formula) 

NDT (Simulation) 
λ  = 1 
Hz 

λ  = 5 
Hz 

λ = 10 
Hz 

λ = 20 
Hz 

λ = 40 
Hz 

0 – 108 
km/h 

60 s 54 s 55 s 57 s 57 s 57 s 

144 km/h 45 s 37 s 39 s 43 s 43 s 43 s 

180 km/h 36 s 30 s 31 s 34 s 34 s 34 s 

 
In Intelligent Transport Systems, we assume that the RSUs 
are placed very close to the road infrastructure so that NDD is 
approximately equal to 2R (where R is the radius of 
coverage).  So the NDT formula in equation (5) represents a 

way of calculating an upper bound on the value of NDT at 
different speeds. 
 
TABLE III shows the NDT values from simulation 
experiments with different λ at RSU and using the formula in 
equation (5) to calculate the upper bound. This upper bound 
does not consider any factors like contention, it assumes the 
medium or channel is ideal and that the only loss is due to 
propagation. A more accurate analytical calculation of NDT is 
dependent on the exact position of the RSU with respect to the 
road infrastructure as shown in [18]. However, we know that 
any simulation results should not exceed the upper bound for 
a given speed.  
 
 The NDT in simulation is calculated by measuring the time 
between the first reception of packet in a coverage area when 
a mobile node moves in and the last packet received in that 
coverage area, i.e. (T4-T1). The NDT increases as the λ 
increases i.e. reaching closer to the upper bound value. But 
increasing λ beyond 10 Hz clearly shows that there is no 
increase in NDT and simulation results show that there is an 
increase in packet loss. Therefore, for handover management 
it is good to only consider λ from 1 to 10. This finding is 
different from other papers that have considered much higher 
values of beacon frequencies.   
 

C. Exit Time (ET) 
  

TABLE IV.  EXIT TIME FROM SIMULATION. 

Speed TEH (Simulation) ET (Simulation) 

λ = 1 Hz λ = 5 Hz λ = 10 Hz λ = 1 Hz λ = 5 Hz λ = 10 Hz 
0–108 km/h 6.9813 s 2.1956 s 1.8978 s 47.0186 s 52.8043 s 55.1021 s 

144 km/h 5.9813 s 1.9956 s 0.8978 s 31.0186 s 37.0043 s 42.1021 s 

180 km/h 3.9813 s 0.9956 s 0.6978 s 26.0186 s 30.0043 s 33.0302 s 

 
The above table shows the Time for Handover and the Exit 
Time (ET) values from simulation. The results show that 
increasing the beacon frequency results in a reduced handover 
time which in turn increases the Exit time including the Data 
Exchange region.   

TABLE V.  OVERLAPPING DISTANCE (Λ= 1HZ).  

Speed Min 
Overlapping 

Needed 

Data 
Received 

Total 
Packets 
Received 

Total 
Packets 

Lost 
0–108 
km/h 

 415 m  64944 bits 99 22 

144 
km/h 

 445 m  50512 bits 77 13 

180 
km/h 

525 m  38048 bits 58 15 

D. Minimum Overlapping distance for a soft handover to 
take place 

The simulation experiments were conducted for three 
different beacon generation rates at RSU and with different 
velocity of the car. Here the two RSU’s were moved closer 
from a far distance until a fair amount of beacons are received 

 



by the moving car in the overlapping region from both the 
RSU’s simultaneously which will ensure a soft handover.  

TABLE VI.  OVERLAPPING DISTANCE (Λ = 5HZ).  

Speed Min 
Overlapping 

Needed 

Data 
Received 

Total 
Packets 
Received 

Total 
Packets 

Lost 
0– 108 
km/h 

215 m 329968 bits 503 102 

144 
km/h 

285 m  251904 bits 384 69 

180 
km/h 

315 m  200736 bits 306 58 

TABLE VII.  OVERLAPPING DISTANCE (Λ = 10HZ).  

Speed Min 
Overlapping 

Needed 

Data 
Received 

Total 
Packets 

Received 

Total 
Packets 

Lost 
0–108 
km/h 

136 m 662560 bits 1010 200 

144 
km/h 

186 m  497248 bits 758 147 

180 
km/h 

206 m  398848 bits 608 117 

 

The above tables (i.e. TABLES V, VI & VII) show the result 
of simulation experiments with Beacon generation rate of 1Hz, 
5 Hz and 10 Hz. It is clearly evident that when the beacon 
generation rate is increased then the overlapping distance 
needed for soft handover is decreased. These results show that 
a proactive approach is needed to prevent pack loss. 

V. CONCLUSION & FUTURE WORK 
 
This paper investigated the challenges of providing ubiquitous 
communication in VANET systems. This preliminary 
investigation shows that in order to do so requires a proactive 
approach which takes into account the nature of wireless 
communications such as path loss, the location of the 
Roadside Units (RSUs), the velocity the user as well as 
operational issues such as the beaconing frequency. In future 
work, additional factors such as the effect of traffic density 
models in urban environments and the changing of the 
contention window (CW) between data exchange and 
handover regions will be incorporated into this effort. 
It is therefore necessary to look at how these factors interact 
with each other and to develop good analytical models to help 
in the implementation of intelligent mechanisms that would 
ensure ubiquitous communication.  This is the next goal of 
this work and will be explored using Matlab to take into 
account all the relevant factors.  
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