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Vehicular Ad-hoc NETworks (VANETSs) have lately gained the interest of researchers due to their unique
properties of high mobility and constantly changing network topology. As mentioned in IEEE 802.11p
which is the standard for VANETs, CSMA is used as the channel access mechanism. However, CSMA causes
high contention and leads to lower network performance in terms of packet delivery ratio and average
end-to-end delay. Many-to-Many (M2M) communication is a technique which makes use of simultaneous
transmission of packets by using Code Division Multiple Access (CDMA). Although M2M communication
helps to improve the performance of VANETs, further improvements can be done to fully reap the ben-
efits of M2M communication. In this paper, we suggest piggybacking of information along with M2M
communication in a vehicular network scenario. This leads to dissemination of more information from
a vehicle at a time, thereby increasing the average packet delivery ratio and average end-to-end delay.
Our simulation results confirm that piggybacking along with M2M communication helps to improve net-
work performance in terms of packet delivery ratio and end-to-end delay. We mathematically analyse
average packet delivery ratio and average end-to-end delay of such a system by modelling the buffers
at vehicles and RSUs as M/M/1 and M/D/1 queues, respectively. Our analytical results are verified by ex-
tensive simulations. In M2M communication, vehicles are chosen randomly to enter in a communication
session. In this paper, we formulate an optimization problem for selection of vehicles which can enter
in a communication session and also propose an efficient vehicle selection algorithm for the same. Our
proposed algorithm not only improves the average packet delivery ratio and average end-to-end delay of
the network but also significantly reduces the number of packets dropped in the network.

© 2016 Elsevier B.V. All rights reserved.

1. Introduction

ious applications supported by VANETs range from safety appli-
cations, for e.g - collision warning, lane change warning etc, to

Vehicular Ad-hoc NETwork (VANET) or vehicular network is a
network where communication happens between moving vehicles
which are considered as nodes. For establishing communication,
every vehicle is equipped with wireless devices known as On-
Board Units (OBUs). In such a network, exchange of information
with the Internet is also necessary for execution of applications.
For this purpose, static infrastructure units known as Road Side
Units (RSUs) are placed on the roads in a particular manner. They
act as gateways between the Internet and the network of vehicles
[1].

In recent years, VANET has emerged as a booming research area
due to the challenges placed by high mobility of vehicles. The var-
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non-safety applications, for e.g - video download, gaming, chat-
ting etc. Information about safety applications is communicated
through emergency messages and periodic state messages. Emer-
gency messages are high priority messages which are generated on
the occurrence of critical safety events such as, road accidents, col-
lision warning etc. Periodic state messages inform about the cur-
rent state of a vehicle which include its current position, speed,
and direction of movement. These messages are generated peri-
odically. Information about non-safety applications is transmitted
via infotainment messages. Since emergency, periodic, and info-
tainment messages support applications of VANETs, they are im-
posed with strict delay constraints. All these messages are trans-
mitted over Dedicated Short Range Communication (DSRC) Spec-
trum which has one control channel and six service channels [1].
Emergency and periodic state messages are transmitted over the
Control CHannel (CCH) and infotainment messages are transmitted
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Fig. 1. IEEE 802.11p channel switching [12].

over the Service CHannels (SCHs). A transceiver has to switch al-
ternately between CCH and SCH in a 100 ms long Synchronization
Interval (SI), as shown in Fig. 1. Any technique can be considered
to improve the performance of VANETSs only if it improves the per-
formance of all the various types of messages in VANETs.

It has been mentioned in the literature [1,2] that high mobil-
ity and constantly changing vehicle density are characteristics of
VANETs which negatively impact and pose challenges in meeting
the delay constraints of VANET applications. Also, to have an up-
dated network it is necessary that the average Packet Delivery Ra-
tio (PDR) is high. PDR is defined as the ratio of the number of
packets successfully delivered to the total number of packets gen-
erated in the network. In high vehicle densities the challenge of
achieving high PDR and low delay is enhanced due to contention.
Contention arises due to — a) struggle between messages in the
buffer of a vehicle so that they are chosen for transmission and, b)
struggle between vehicles in order to acquire the channel to trans-
mit their information [3,4]. IEEE 802.11p is the standard used for
VANET applications. It follows IEEE 802.11e Enhanced Distributed
Channel Access (EDCA) for prioritizing messages for transmission.
Thus, messages in the buffer of a vehicle contend with each other,
in order to get chosen for transmission. IEEE 802.11p uses Carrier
Sense Multiple Access (CSMA) as the channel access mechanism
[5,6]. In high vehicle density scenarios, use of CSMA leads to poor
network performance [4]. This is because, CSMA enforces one-to-
one communication scheme which allows only one pair of vehicles
to communicate at any instant of time [3]. However, in general,
in a VANET scenario, vehicles broadcast their information to the
other vehicles/RSU in its transmission range. Also, with high vehi-
cle density, contention to access the channel increases. A number
of studies that overcome the drawbacks of CSMA are reported in
the literature [7-11]. Hence, there is a need for an efficient mes-
sage dissemination technique such that the drawbacks of CSMA are
overcome and high PDR and low end-to-end delay are achieved.

In [12], we have proposed an M2M communication framework
which helps in achieving the aforementioned requirements. M2M
communication enables multiple vehicles to form a group and si-
multaneously transmit information among themselves. Simultane-
ous communication leads to reduced channel access delay and
hence leads to improvement in average PDR and average end-to-
end delay in the network. However, there is scope for further im-
provement in PDR and end-to-end delay. Piggybacking is a tech-
nique which refers to relaying the information of a few other ve-
hicles along with a vehicle’s own information [13]. We believe that
using piggybacking of information along with M2M communica-
tion will further increase the performance of the network. Also, in
M2M communication, vehicles are chosen randomly to enter in a
communication session. Hence, there is no guarantee that all vehi-
cles will get a chance to enter in any of the communication ses-
sions. Vehicles which are unable to enter in a given communica-
tion session will not be able to send their data at that time. They
wait to be chosen in the subsequent communication sessions. This
may lead to high packet drops and high delay. This is because, a
packet remains in the buffer of a vehicle until it gets a chance to
transmit and if a packet is not transmitted before its delay bound
is reached then the packet will be dropped and delay will also in-
crease. Using an efficient way to select vehicles which can enter

in a communication session will help in improving the PDR and
end-to-end delay of the network.

In this paper, we propose the use of piggybacking of informa-
tion in a VANET where M2M communication is used for trans-
mission of messages. Piggybacking improves the average PDR and
average end-to-end to delay of a VANET scenario for all types of
messages (emergency, periodic, and infotainment). We have per-
formed mathematical analysis to calculate average PDR and aver-
age end-to-end delay when piggybacking of information is used
along with M2M communication. We have performed the analy-
sis by modelling the buffers at vehicles and RSUs as M/M/1 and
M/D/1 queues, respectively. Our analytical results are verified us-
ing extensive simulations. We have also formulated an optimiza-
tion problem for efficient way of selection of vehicles which can
enter in a communication session. We have proposed an Efficient
Vehicle Selection (EVS) algorithm to select vehicles which can en-
ter in a communication session. The EVS algorithm ensures that
vehicles do not have to wait for long to enter in a communication
session and guarantees lower delay and packet drops. It also helps
in improving the average PDR.

2. Related work

In the recent years, vehicular networks have gained a lot of in-
terest from researchers due to the wide range of applications it
can provide as well as the challenges which are faced in their ex-
ecution. All the applications in VANETs require their correspond-
ing messages to have stringent delay constraints. As mentioned in
IEEE 802.11p which is the standard for VANETs, CSMA is used as
the channel access mechanism [6]. Use of CSMA leads to poor net-
work performance due to high contention [4]. This is because in a
VANET scenario, CSMA enforces only one pair of vehicles to com-
municate at a time.

In [7], the authors propose a medium access control proto-
col design where each packet is broadcast multiple times within
its life time. The proposed method is designed for transmission
of safety messages. Although the proposed protocol enhances the
packet reception performance, but repeated rebroadcasting may
lead to network congestion. In [8], Kaul et. al propose an applica-
tion layer broadcast rate adaptation algorithm to achieve minimum
delay. However, with increase in number of vehicles in the sce-
nario, the delay increases. The authors in [14] propose a context-
aware MAC protocol where improvement in network performance
is brought by assigning priorities to vehicles which are contending
for channel. However, in this technique too, only one communica-
tion takes place at a time. The authors in [10] propose a multichan-
nel operation to improve the MAC protocol used in VANETs. This
work focusses on efficient dissemination of safety related informa-
tion. As a different approach to solve the problems posed by CSMA,
dynamic adjustment of transmit power at PHY layer is proposed in
[9]. This technique is proposed for transmission of safety related
information. Although this technique lowers the end-to-end delay
but dynamic estimation of channel conditions remains a challenge
in a constantly changing network topology like VANETs. In [11],
Kaul et. al propose a slotted transmission mechanism for dissem-
inating periodic state messages. However, assigning time slots to
different vehicles in a constantly changing network topology is a
big challenge.

It has been mentioned by authors in [15] and [16] that VANETSs
can be considered as a subclass of Mobile Ad hoc NETworks
(MANETs). VANETs differ from MANETs only due to their addi-
tional features such as, high mobility and constantly changing net-
work topology. In [17], the authors show that use of Many-to-Many
(M2M) communication in a MANET scenario improves the capac-
ity of the network. This is because M2M communication enables
multiple devices in a group to simultaneously communicate among
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themselves for a given communication duration. This is enabled
by using Code Division Multiple Access (CDMA) and also with the
help of location services such as Global Positioning System (GPS)
on a single IC chip [18,19]. In our work in [12], we have proposed
that using M2M communication in a VANET scenario improves the
average PDR and average end-to-end delay. However, there is still
scope to improve the performance by sending more information at
a time from a vehicle and by intelligent selection of vehicles which
can enter in a communication session.

In this paper, we propose the use of piggybacking of informa-
tion as an information dissemination technique along with M2M
communication in a VANET scenario. This leads to transmission of
a number of messages from a single vehicle at a time. This in-
creases the average PDR and decreases the average end-to-end de-
lay. Our simulation results confirm that piggybacking of informa-
tion along with M2M communication helps to improve the average
PDR and average end-to-end delay of a VANET. We also analyse the
average PDR and average end-to-end delay of such a system by
modelling the buffers at vehicles and RSUs as M/M/1 and M/D/1
queues, respectively. The analytical results are in good agreement
with the simulation results. For a further enhancement in perfor-
mance, we formulate an optimization problem for selecting vehi-
cles which can enter in communication session and propose an
efficient vehicle selection algorithm. Our proposed algorithm not
only improves the average PDR and average end-to-end delay but
also reduces the number of packets dropped in the network.

The rest of the paper is organized as follows. Section 3 de-
scribes the settings of the network scenario along with the de-
scription about the routing scheme and the mobility model. We
have described the M2M protocol in Section 3.1. The impact of
piggybacking of information on the average PDR and average end-
to-end delay with detailed mathematical analysis is presented in
Section 4. The corresponding simulation results are also mentioned
in Section 4. We have formulated an optimization problem for
finding an efficient way of selection of vehicles and have pro-
posed efficient vehicle selection algorithm in Section 5 along with
the corresponding simulation results. Section 6 concludes the work
and presents future work.

3. System model

Our system model consists of a two-dimensional city scenario
with multiple lanes and intersections. Each road is divided into
cells/sections of length I. An RSU is placed in the middle of a cell
and is also capable of M2M communication. It has been shown in
[20] that a transmission occurring at a distance greater than 2.2 x
transmission range will not cause any interference to the ongoing
transmission. We assume that RSUs are placed on the road in an
optimal manner such that they do not interfere with each other
during downlink transmission. This is done by placing RSUs after
every 4 hops where one hop is the same as the transmission range
of an RSU. This eliminates any interference between RSUs during
downlink transmission. Vehicles are equipped with devices which
enable M2M communication. GPS on the vehicle enables them to
discover which cell they are in and also helps them to synchronize
their communication.

3.1. M2M protocol

Many-to-Many communication allows several vehicles to trans-
mit concurrently to many other neighbouring vehicles. It allows
multiple transmitters to simultaneously transmit their information
and also receivers to receive information from multiple transmit-
ters. All the transmissions in M2M communication are decoded.
This is done by using Code Division Multiple Access (CDMA).
Each cell in the scenario is assigned a set of codes depending on

the number of channels and the decoding hardware capability, as
shown in Fig. 2. It is assumed that whenever a vehicle has to trans-
mit its information it is assigned a code by a centralized server (or-
acle) which considers the vehicle’s location for assignment of the
code [17,19]. It is assumed that the centralized server has instanta-
neous information about the network and assigns codes to vehicles
while allowing code reuse and mitigating the adverse effects of in-
terference in each cell. Communication in such a scenario happens
along half-duplex links and multiuser detection is used at the re-
ceiver to decode packets.

In our scenario we have assumed that M2M communication
happens in a VANET scenario as shown in Fig. 3. Cells in which
RSU is not present, M2M communication takes place among ve-
hicles. Cells in which RSUs are present, communication takes place
between vehicles as well as between vehicles and RSUs. This is be-
cause, RSUs act as gateways to the Internet for the ad-hoc network
of moving vehicles. Hence, it is most important to send and receive
messages from RSUs. Finally, RSUs broadcast information to all of
the vehicles in their transmission range.

3.1.1. Channel assignment and channel access

In our scenario, we assume that vehicles are aware of their cur-
rent location (current cell) with the help of GPS. GPS also helps in
time synchronization among the vehicles which also ensures that
communication in all the cells are synchronized. If a vehicle has
data in its buffer and it is able to access the channel then it can
start transmission.

For a given VANET scenario, realization of M2M communication
(channel access) happens in each cell in the form of synchronized
“communication sessions” (each of duration t) comprising of two
phases [3]. In the first phase, called the setup phase, vehicles dis-
cover their neighbours and then a random group of vehicles is cho-
sen for communication. There is an upper limit o on the size of the
group chosen. The value of « depends on the decoding hardware
capability. If there are less than « vehicles in the cell then vehi-
cles will be chosen for communication with high probability. Else,
the scheme effectively chooses a random «-sized subset of the ve-
hicles present in the cell for communication. In the second phase,
called the communication phase, each vehicle in the set of size
is assigned a code out of the set of codes assigned to the corre-
sponding cell. This is done by the centralized server. Once this is
done, all the « vehicles can communicate with every other vehicle
in that set.

3.2. Routing and scheduling scheme

A packet/message remains stored in a vehicle’s buffer until
the vehicle enters in a communication session and transmits the
packet to other vehicles and RSU (if present in the proximity). A
packet is considered to be successfully delivered only if it reaches
an RSU and is consequently broadcast to vehicles in the RSU’s
transmission range. Messages are transmitted from the buffer of
a vehicle or RSU in First-In-First-Out (FIFO) manner. Two ray path
loss model is used for signal propagation.

3.3. Mobility model

We consider that vehicles in the system are distributed uni-
formly and the total number of vehicles in the system is fixed.
However, the time after which vehicles change their speed follows
exponential distribution [21]. Vehicles have bidirectional move-
ment and vehicle density at intersections is comparatively higher
than at the rest of the roads. We neglect the width of the road
in comparison to its length and take the difference in the X-
coordinate as a measure of separation between any two entities.
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4. Piggybacking of information

In this section we show the effect of piggybacking of infor-
mation on various types of messages in a VANET scenario where
M2M communication is used. Piggybacking of information for a
vehicle refers to relaying the information of a few other vehicles
along with its own information [13]. It facilitates dissemination of
more information by a vehicle at a given time. In a network where
M2M communication is used, piggybacking of information will fur-
ther improve the average PDR and average end-to-end delay. Here,
we first analyse the effect of piggybacking on the average PDR in
a VANET scenario where M2M communication is used. Next, we
show the effect of piggybacking on the average end-to-end delay
in the same scenario.

4.1. Average packet delivery ratio

In [12], the authors have analysed the effect of M2M communi-
cation on the average PDR in a VANET scenario. We closely follow
the analysis given in [12] and show the effect of piggybacking of
information in the same scenario.

We assume that there are N vehicles in the scenario. Each road
is divided into C cells and RSUs are placed after every k cells. o
is the number of vehicles that can enter in a communication ses-
sion and every vehicle can piggyback p packets including its own
information. We assume that inter-arrival duration of packets at
each vehicle follows an exponential distribution with rate A,. This
is because, apart from periodically generated state messages, inter-
arrival duration of all other messages (emergency and infotain-
ment messages) generated in VANETs follow exponential distribu-
tion. Thus, we consider that the joint inter-arrival distribution of
packets at vehicles follows exponential distribution. The number
of packets generated at a given time instant is given by N/A, and
the number of active communication sessions at a given time will
be C/k.

With piggybacking, a vehicle transmits p packets at a time. Also,
in M2M communication, apart from the RSU, a vehicle also trans-
mits its information to all the other o — 1 vehicles which are in
its communication session. Therefore, the number of packets repli-
cated in a cell will be o(« — 1)p. It should be noted that, we con-
sider a packet to be successfully delivered only if it reaches an RSU
from a vehicle and the RSU then broadcasts it to all the vehicles
in its transmission range. Considering the aforementioned assump-
tion, successful transmissions will happen only in cells containing
an RSU. Therefore, in this scenario, the total number of active com-
munication sessions at a given time instant will be C/k. In all the
C/k cells, « vehicles will be transmitting p packets to the RSU in
their transmission range. Therefore, the total number of successful
transmissions at a given time instant will be given by S = apC/k.
The number of packets remaining in all the vehicles in the net-
work, R, is given by
R:ﬂ_%+a(a—l)pc (1)

Ay k k

After t communication sessions, the total number of packets
generated, T, will be the sum of the total number of packets suc-
cessfully transmitted and the total number of remaining packets.

ToRe+st= (N 2@-DpC), 2)
Ay k

The average PDR is the ratio of the total number of packets suc-
cessfully delivered to the total number of packets generated in the
network. In this case, the average PDR, &, is given by

_ o pC
= ‘k(% + a(a;l)pc)

Thus, we can see that in the presence of piggybacking, the av-
erage PDR will increase. We have performed simulations to vali-
date our analysis. The simulations have been carried out on a one-
dimensional (1D) road where M2M communication is used and ve-
hicles piggyback information of other vehicles. The variation of av-
erage PDR with different number of vehicles has been shown in
Fig. 4 for both the analysis and simulation. It can be seen that the
analytical results closely follow the simulation results.

(3)

4.2. Average end-to-end delay

The average end-to-end delay is defined as the total amount
of time a packet has to wait until it gets successfully delivered
to a vehicle. As mentioned in Section 4.1, a packet is said to be
successfully delivered if it reaches an RSU via transmission and is
subsequently broadcast to other vehicles in its transmission range.
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Therefore, for the analysis of end-to-end delay of a packet, we con-
sider a 1D road with RSUs placed in the same way as mentioned in
Section 3. In M2M communication, a packet remains in a vehicle’s
(RSU’s) buffer until the vehicle (RSU) enters in a communication
session and if that particular packet is chosen for transmission.
Also, for M2M communication, « vehicles are chosen randomly
from the transmission range of the RSU. Thus, for a vehicle, the
duration between two successive transmissions is independent of
each other. We assume the service rate of packets from a vehicle to
follow exponential distribution with mean . It should be noted
that, on introducing piggybacking of information, more number of
packets will be transmitted from a vehicle at a time as compared
to an M2M communication scenario without piggybacking of in-
formation. Thus, if the service rate of a vehicle in an M2M com-
munication scenario without piggybacking is w, and the service
rate of a vehicle in an M2M communication scenario with piggy-
backing is 7, then uP > w,. Also, as mentioned in Section 4.1, the
joint inter-arrival distribution of packets at vehicles is assumed to
follow exponential distribution with mean A,. With the aforemen-
tioned conditions, the buffer of a vehicle can be modelled as an
M/M/1 queue and the server utilization factor of a vehicle’s buffer
pv will be given by A,/ub.

For transmission of packet from a vehicle’s buffer to an RSU, the
expected waiting time, E[W,], is given by

LPv
E[W,] = — 2 (4)
RNTACEY S
If size of each packet is assumed to be m, then with piggyback-
ing of p packets, the transmission delay, t,, will increase and is
given by

_mp
b= (5)

where, b, is the bandwidth of each individual link in M2M com-
munication between vehicles.

Once a packet reaches an RSU, it has to wait in its buffer until
it reaches the head of the buffer and is chosen for communica-
tion. In the downlink, only RSUs broadcast information to the ve-
hicles in their transmission range. Therefore, they do not face any
contention in accessing the channel for transmission of packet(s).
Due to absence of contention for accessing the channel, the wait-
ing time for a packet in the RSU’s buffer will only be dependent on
the time it requires to reach the head of the buffer which is depen-
dent on the average buffer size of the RSU. We have assumed that
packets arrive at vehicles according to a Poisson process. In a cell,
packets reach an RSU’s buffer after they are transmitted from the
vehicles which enter in communication session. Since the sum of
independent Poisson processes is also Poisson, arrival rate of pack-
ets at an RSU is assumed to follow a Poisson process with mean
Agsy- Considering the aforementioned conditions, the buffer at an
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Fig. 5. Analysis vs. simulation for average end-to-end delay with piggybacking of
information.

RSU can be modelled as an M/D/1 queue. The service rate at the
RSU’s buffer is denoted by uﬁsu. Similar to the assumption for the
uplink scenario, the service rate at an RSU (,u}‘;SU) where piggy-
backing of information is used is greater than the service rate in
the scenario where piggybacking of information is not used (ugsy)-
The waiting time of a packet at the buffer of an RSU, E[Wggy], is
given by

PRSU
EWrsy] = -—5——7F—— (6)
21k, (1 = pgrsu)
where
A
PrsU = IE,SU (7)
Hgsu

The transmission delay of the piggybacked packets, t,, is given
by

mp

tg = — 8
4= B (8)
where by is the available bandwidth for downlink communication
by RSU.

Thus, the average end-to-end to delay for a packet, E[W], will
be the sum of the delay terms obtained from Eqs. 4-6 and 8 and
is given by

E[W] = E[Wy] + tu + E[Wgsy] + t4 (9)

We have performed simulations with same settings as men-
tioned in Section 4.1 to verify our analysis. Fig. 5 shows the vari-
ation in average end-to-end delay with number of vehicles when
M2M communication and piggybacking of information are used in
a VANET scenario. It can be seen that the trends of both analysis
and simulation closely match.

4.3. Validation via simulations

In this section, we present results of simulations carried out
in a VANET scenario where piggybacking of information is used
along with M2M communication. Our simulation scenario consists
of a two-dimensional city scenario with roads and intersections, as
shown in Fig. 6. The scenario can be easily scaled to larger dimen-
sions. Each road in the scenario is of length R and each road is
divided into cells of length 600 meters. RSUs are placed uniformly.
Vehicles are assumed to be distributed uniformly in the simulation
region, keeping total vehicle count fixed during the entire simula-
tion duration. All the OBUs are assumed to have equal transmit
power. RSUs and OBUs are assumed to have equal transmission ra-
dius. In this work, our focus is on messages related to safety and
non-safety applications. We refer to safety applications such as, un-
even terrain gaze, sunshine right in front of eyes, a vehicle needs
help because it broke down, ran out of gas or collided with an
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Table 1

Simulation parameters.
Parameter Value
Road length (R) 10 Km
Lanes (Bidirectional traffic) 2

Average vehicle speed

Transmission radius

30 — 150 Km/Hr
~ 8.33 —41.66 m/sec
300 m

Cell length (I) 600 m
Data rate 6 Mbps
o 4

T 0.1 sec
Periodic & emergency message size 1 KB
Infotainment message size 32 KB

obstacle but poses no risk to anyone. With regard to non safety
applications, we refer to applications such as, looking for nearby
hotels or shopping malls and downloading a map. Messages corre-
sponding to these applications are transmitted according to their
priority. However, these messages are delay-tolerant and their fo-
cus is on relevant and correct information and not on up-to-date
information.

We have used a discrete event simulator based on JAVA and
the obtained results have been averaged over 1000 simulation runs
with 95% confidence interval. The rest of the simulation parame-
ters are shown in Table 1 [5,17,22].

We propose the use of piggybacking of information along with
M2M communication in VANETs. In [12], M2M communication has
been used in VANETs without piggybacking of information. Pig-
gybacking in CSMA-based VANETs has already been suggested in
[8]. Therefore, to manifest the strength of our proposed technique,
we compare its performance with scenarios where - a) only M2M
communication is used, b) CSMA is used as the channel access
mechanism along with piggybacking of information, and c) only
CSMA is used as the channel access mechanism without piggyback-
ing of information. We have compared the results of the aforemen-
tioned techniques for different types of messages - periodic mes-
sages, emergency messages, and infotainment messages.

We first evaluate the performance of the aforementioned tech-
niques with respect to periodic messages which are generated pe-
riodically after every 100 ms, i.e, one SI. The average speed of vehi-
cles is considered to be 20 m/sec. Fig. 7 shows the variation in av-
erage end-to-end delay with number of vehicles for periodic mes-
sages. It can be observed that introducing piggybacking of infor-
mation with M2M communication gives better performance when
compared to scenarios where only M2M communication is used or
CSMA is used (with and without piggybacking of information). This
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is because M2M communication facilitates simultaneous transmis-
sion of information but when piggybacking is added to it, more in-
formation can be transmitted at a time. However, in all the cases,
delay increases with an increase in number of vehicles. This is be-
cause with increase in number of vehicles, contention among ve-
hicles to access the channel or contention to enter in a communi-
cation session increases.

Fig. 8 shows the variation in average PDR with number of vehi-
cles, for periodic messages. Here, M2M communication gives bet-
ter performance with piggybacking of information as compared to
all other techniques. This is because with piggybacking and M2M
communication, more number of messages can be transmitted at a
time leading to high PDR. It an be observed that for lower number
of vehicles, CSMA & Piggybacking performs better than the scenario
where only M2M communication is used. This is due to the reason
that with lesser vehicles in the scenario, number of vehicles which
can enter in a communication session is also low. However, with
piggybacking in CSMA, more information can be transmitted at a
time even with lesser number of vehicles. It should be noted that
for all the techniques, PDR decreases with increase in number of
vehicles due to contention.

Figs. 9 and 10 represent the variation in average end-to-end de-
lay and average PDR with number of vehicles for emergency mes-
sages. The average vehicle speed here is 20 m/sec. It can be ob-
served from Fig. 9 that M2M & Piggybacking gives lower average
end-to-end delay due to transmission of more packets at a time.
However, with an increase in number of vehicles, delay also in-
creases due to contention. For the techniques - M2M and CSMA &
Piggybacking, it can be noted that the delay is approximately equal
for lower values of N. This is because for lower N, in case of M2M,
there are a few vehicles which can enter in communication session
whereas in case of CSMA & Piggybacking, more information can be
transmitted at a time. This leads to lower delay.

We now discuss the behaviour of infotainment messages for the
aforementioned techniques. Figs. 11 and 12 represent the variation
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in average end-to-end delay and average PDR with number of ve-
hicles (average vehicle speed - 20 m/sec). As has been seen for
periodic and emergency messages, here too, M2M communication
with piggybacking of information performs better than scenarios
M2M, CSMA & Piggybacking, and CSMA. However, average PDR for
CSMA & Piggybacking is better than M2M and M2M & Piggybacking
for lower number of vehicles, as shown in Fig. 12. This is because,
with lower number of vehicles, vehicles entering in communica-
tion decreases leading to higher delay. However, once there are
enough vehicles in the network such that all the communication
sessions have the required number of vehicles, the PDRs in case of
M2M and M2M & Piggybacking improve.

5. Selection of vehicles

As mentioned in Section 1, performance of VANETs using M2M
communication can be improved by introducing piggybacking of
information and by efficient selection of vehicles for M2M commu-
nication. In Section 4 we have shown how piggybacking helps in
improving average end-to-end delay and average PDR of a VANET
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Fig. 12. Average PDR vs. N, infotainment messages.

scenario. In this section, we focus on efficient selection of vehicles
for entering in communication session, in a cell. We formulate an
optimization problem for finding the vehicles which should enter
in a communication session. We know from Section 3.1 that in a
cell, « vehicles are chosen randomly which enter in a communica-
tion session and start transmitting information to each other. This
may lead to high packet drops and high delay as random selec-
tion of vehicles does not guarantee that all vehicles get a chance
to enter in any communication session. Thus, an intelligent way of
selection will help to reduce delay and increase PDR. Our aim is to
a) decrease the average end-to-end delay and b) increase the aver-
age PDR of the network. Hence, our objectives can be represented
as
N
min > "T;.E[Wj] (10)

i—0
c
max Z X;
Jj=0

Here, E[W;] represents the delay incurred by packets in the it ve-
hicle and T is an indicator variable which represents whether the
it" vehicle is selected for entering in a communication session. I is
given by

if vehicle i is selected for communication

1
Ii = {O otherwise (11)

x; represents the PDR in cell j. The given objectives are subject to
certain constraints which are described below:

N
S =ac (12)
i=0
E[Wi] < Winax Vi=1,--- N (13)
Xj> 8 Vji=1,.--,C (14)

Eq. 13 constraints the number of vehicles entering in a communi-
cation session in each cell to o. Winax is the maximum delay bound
and Eq. 14 represents that the average end-to-end delay for each
vehicle is below Wpax. The last equation constraints the PDR in
each cell (x;) to be above a threshold value §. Due to the presence
of multiple objectives and the combinatorial nature of the prob-
lem, a multi-criteria knapsack problem can be reduced to the given
problem in polynomial steps. Since multi-criteria knapsack prob-
lem is NP-hard [23], the given problem is also NP-hard. Hence, we
propose a heuristic to select the vehicles which should enter in
communication session.

We use the benefits of piggybacking of information along with
the delay incurred by packets at the head of the buffer of each ve-
hicle to select those vehicles which should enter in communication
session.
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Algorithm 1 EVS algorithm

: Input:

: N : List of vehicles in the network.

: C: List of cells in the network.

: V: Set of vehicles in a cell ¢, c e C.

: S: Set of vehicles in a communication session in a cell ¢, c € C.

: v: Any vehicle in the network.

. t: Time left to reach Wpax for a packet.

: B: Buffer size of a vehicle.

: p: Number of packets that can be piggybacked.

: Output:

: Set of vehicles in each cell which can enter in a communication
session.

12:

13: for all c € C do

14: for all veV do

O 00 g O U A W N =

—_
- o

15: if (B> p) A (t <Wnax) then
16: A<v
17: end if

18: end for

19: Sort_by_t(A)

20: while (o nodes are chosen) v (A is empty) do
21: S«v

22: end while

23: end for

5.1. EVS Algorithm

In this sub section, we describe our proposed efficient vehi-
cle selection algorithm. We consider that each packet at the head
of the buffer of a vehicle has a time stamp which determines
the amount of time left before it has to be dropped (or Wnax is
reached). The EVS algorithm is implemented in each cell by a cen-
tralised server which is assumed to have the information of all the
vehicles in the given scenario. The EVS algorithm ensures that ve-
hicles do not have to wait for long and guarantees lower delay and
packet drops. The EVS algorithm states that vehicles whose packets
at the head of the buffer are close to the delay bound are chosen
for transmission. This will help in choosing those vehicles which
are waiting to enter in a communication session, thereby ensur-
ing that currently out-of-session vehicles will have their chance
to transmit information in the upcoming communication sessions.
Algorithm 1 is the EVS algorithm and it helps to determine the ve-
hicles which should enter in a communication session.

In Algorithm 1, the objective is to select a set of vehicles in
each cell which can enter in a communication session such that,
the average PDR and average end-to-end delay are improved. Since
piggybacking will help to increase the average PDR, the algorithm
focusses on first selecting those vehicles in a cell which have at
least p packets in their buffers. This is done to ensure piggybacking
of packets in each transmission. To ensure lesser packet drops and
average end-to-end delay, those vehicles whose packets will reach
Whax soon, are chosen. In steps 13-17, a set of vehicles in each cell
are chosen and kept in a temporary set A. All the vehicles in A have
at least p packets in their buffers and their t value has not reached
Whax. Here, t is the time left to reach Wpax for a packet at the
head of the buffer of a vehicle v. For each cell ¢, A is then sorted
in increasing order as per the t values of each vehicle as shown
in step 19. Finally, o vehicles are selected for each cell which can
enter in a communication session, as shown in steps 20-22.

5.1.1. Simulation results

We have performed simulations on the scenario mentioned in
Section 4.3 with our proposed algorithm. The obtained results cor-
roborate the fact that using an efficient way of selecting vehicles
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which can enter in a communication session will result in bet-
ter network performance. We use Packet Drop Ratio (PDrR) as a
metric to evaluate the performance of the network, apart from the
already mentioned metrics - average end-to-end delay and aver-
age PDR. PD1R is defined as the ratio of the number of packets
dropped to the total number of the packets generated in the net-
work (PDrR = 1 — PDR). A packet is dropped if it is not successfully
delivered before Wpax time. We use the proposed EVS algorithm in
a VANET scenario where M2M communication is used along with
piggybacking of information. We compare the performance of the
EVS algorithm with the VANET scenario where M2M communica-
tion with piggybacking of information is used and vehicles are se-
lected randomly for entering in a communication session. Random
selection is the only vehicle selection technique mentioned in the
literature for M2M communication. Thus, comparison of our pro-
posed algorithm with random selection is justified.

Fig. 13 shows the variation in average end-to-end delay with N
when vehicles are selected using - EVS algorithm and random se-
lection. It can be observed that EVS algorithm gives better delay
performance than random selection of vehicles. This is due to the
reason that selecting vehicles according to delay incurred by pack-
ets leads to lower overall delay. Also, choosing vehicles which have
packets to piggyback, enforces the fact that more number of pack-
ets are transmitted at a time, leading to further decrease in delay.

The comparison of average PDR with number of vehicles for
EVS algorithm and random selection of vehicles is shown in Fig. 14.
In both cases the PDR decreases with an increase in number of ve-
hicles but EVS algorithm performs better than random selection of
vehicles throughout.

The variation in average PDrR with varying number of vehi-
cles is shown in Fig. 15. In this case, selecting vehicles as per the
delay incurred by packets at the head of their buffers leads to
lesser number of packets reaching their delay bound. This results
in lower drop ratio. Thus, EVS algorithm performs better than ran-
dom selection of vehicles. However, as the number of vehicles in-



M. Patra, C. Siva Ram Murthy /Computer Networks 108 (2016) 223-232 231

1 T
EVS —

o Random -
© 08 q
o
o
T 06 q
Q
X
3
o 0.4 -
o
(o))
g | e
o 02+
9
2

0
100 150 200 250 300 350 400 450 500
Number of vehicles, N

Fig. 15. Average PDIR vs. N.

creases, the number of packets dropped also increases due to con-
tention.

6. Conclusion and future work

In this paper, we have shown that many to many communica-
tion when aided by piggybacking of information in a VANET, gives
better performance in terms of average packet delivery ratio and
average end-to-end delay. This is because, piggybacking leads to
dissemination of more messages from a vehicle at a time. We have
analysed the average packet delivery ratio and average end-to-end
delay of such a scenario by modelling the buffers at vehicles and
RSUs as M/M/1 and M/D/1 queues, respectively. Our analytical re-
sults are validated by extensive simulations. We have formulated
an optimization problem which depicts the way in which vehicles
should be selected to enter in a communication session. To further
enhance the performance, we have proposed an efficient vehicle
selection algorithm which improves the average packet delivery ra-
tio and average end-to-end delay. Additionally, our proposed algo-
rithm also reduces the number of packets dropped. Future work in
this direction includes developing a technique to assign codes to
different vehicles in a distributed manner.
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