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1. INTRODUCTION

Recently, Vehicular Ad-hoc Networks (VANETs) have attracted great attention among
governmental organizations, industrial sectors, and academic institutions due to their significant applications.
It can be utilized mainly to improve vehicle safety, enhance traffic management conditions and provide
infotainment in vehicles such as Internet access, video streaming, etc. However, VANETS are a sub-class of
Mobile Ad-hoc Networks (MANETS) with several different characteristics that distinguish them from other
MANETS, such as large number of nodes, high mobility, change rapidly on network topology, no power
constraints and availability of GPS [10]. Thereby, the medium access control (MAC) protocols presented for
MANETs are not fit for VANETS, owing to the unique features of VANETS. In designing the MAC
protocols for VANETS, one should consider a specific way for the nodes to share the underlying channel, as
well as the type of message [1].

VANETSs are considered as a type of distributed self-organizing network among vehicles equipped
with wireless communication devices to provide communication among nearby vehicles. This type of
communication is known as intelligent transportation System (ITS) application. The communication can
either be between vehicles (V2V), or between vehicles and the roadside infrastructure (V2I) to generate
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significant improvement to the transportation system performance. The significant objective of
communication between vehicles is to disseminate alert messages to neighbor vehicles about an accident, a
bad weather or to communicate with RSU to obtain the traffic light status. However, VANET acquires
sensors to be embedded on the vehicles and infrastructures [1]. Moreover, communication between vehicles
can be developed by integration of embedded computers supported with sensing devices, digital maps,
navigation systems (GPS) and wireless communication devices as well. Each vehicle has On Board Unit
(OBU) to provide communication with another OBU that merges to another vehicle or with Road Side Units
(RSU) that is installed at a road side [19].

The proposed technology to perform this kind of communication is Dedicated Short Range
Communication (DSRC). DSRC is a wireless technology developed based on Wi-Fi to support the
information exchange between V2V and V2I, because it is designed for very high dynamic networks. These
communication networks have 75 MHz frequency spectrum in the range 0f5.9 GHz allocated by the Federal
Communications Commission (FCC) [5]. The 75 MHz frequency spectrum of the DSRC is divided into
seven channels, 10 MHz for each channel and 5 MHz for guard band. One of the channels is the control
channel (CCH_178) and the other six are service channels (SCHSs) [11]. In particular, the control channel is
used for safety applications while the other six channels are used for non-safety applications. Furthermore,
another standard merged within this protocol is Wireless Access for Vehicular Environment (WAVE) to
work in the upper layer. WAVE is a new standard developed based on the IEEE 802.11p and the IEEE 1609
standards. The 802.11p or WAVE is a major area of interest in the field of research and development to
provide enhancements on the physical (PHY) and medium access control (MAC) layers of the 802.11
protocol. IEEE 1609 family has sub-detailed standards that include IEEE 1609.1, IEEE 1609.2, IEEE 1609.3,
and IEEE 1609.4, used for remote management services, security services, network services and multi-
channel operations, respectively [11].

However, a typical transmission range in VANETS has not been specified yet, although its standard
proposed a range for distance up to 1km. Subsequently, the transmission range is considered as one of the
obstacles in vehicular networks. The reason lies in the unique features of VANETS in terms of, various
communication environments, highly dynamic topology, high node mobility, propagation model and
potentially large scale. Therefore, VANETSs are prone to suffer from a broadcast-storm in high vehicular
density as a result of using a fixed transmission range especially in urban areas, while in sparse vehicular
density (e.g., highway) the network could be disconnected frequently.

As derived from the literature study, a considerable amount of researchers have discussed this issue,
of those include [2], [3], [7]. [8], [12], [14], [15], [22]. In [2], the authors discussed the comparison in the
performance of Ad-hoc On-Demand Distance Vector (AODV) routing protocol with Optimized Link State
Routing protocol (OLSR) on two different road network scenarios. The first road scenario is a complex road
network which represents the city road network with multiple crossroads, and the other is an intersection of
two roads. The main objective of the study was to do an assessment on the applicability of AODV and OLSR
protocols in VANET with different traffic scenarios and transmission ranges of IEEE 802.11p standard. The
V2V connectivity for vehicular communication in fading channels was introduced by [3]. The vehicles were
considered traveling in opposite or similar direction. From the results, it was known that the connectivity in
VANET can be improved by adapting the transmission range based on the predicted local vehicle density
(and velocity), as well as switching into a less-congested frequency band. The connectivity of a Vehicular Ad
hoc Network (VANET) formed between vehicles that move on a highway was scrutinized in [12]. The
authors also discussed the analytical model to determine the network connectivity of vehicular network by
assuming vehicle speeds follow normal distribution. The results illustrate increment of network connectivity
when the transmission range of vehicles increased. On the contrary, the network connectivity degraded with
increasing average vehicle speed. It is known from the study that increasing the average speed would
increase the critical transmission range required to meet a given connectivity probability criterion. The effect
of wireless transmission range on the lifetime improvement of the routing path in VANET was presented by
[14]. The model has taken unicast routing and number of vehicles moving on the lane having their respective
speed. The results showed that increasing the wireless transmission range can improve the reliability of the
routing path in an Inter-vehicular communication network. Also, the path setup probability in an Inter-
vehicular communication network can be increased as the wireless transmission range is increased.

The work of [15] proposed a novel broadcast algorithm known as Transmission Range Adaptive
Broadcast (TRAB) derived from the location-based ideas for vehicles with different transmission ranges. The
simulation results showed that even in the case of different transmission ranges from different vehicles,
TRAB can significantly bring lower dissemination redundancy as to improve broadcast efficiency, and
guarantees better real-time performance and reliability of message dissemination. In [22], the authors
specifically focused on the transmission power and its effect on UDP throughput in vehicular networks. The
authors found that throughput was mainly influenced by the number of hops between the source and the
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destination. Consequently, increasing the transmission range decreased the number of hops between source
and destination. Theoretically, as the transmission range is correlated to the average number of hops, lesser
hops would effectively increase throughput. The study concluded, increasing the transmission range until a
certain point (i.e. 1000 meter) saturates the throughput due to higher interference. They realized that the
effect of vehicle density is only important at lower transmission ranges to provide the required connectivity.

In this paper we studied the interaction of AODV for VANETS under different transmission ranges
with varying data rates and number of flows. This study evaluated particular vehicles with certain mobility
and broadcasting messages synchronously using the wireless access environments available in our scenario.
At the end of simulation, the packet delivery ratio and end-to-end delay were calculated. Rest of the paper is
organized as follows: The DSRC AND WAVE STANDARDS are presented in Section 2. In section 3, we
demonstrate the simulations used in this study. Section 4 contains the results and analysis. The paper is
concluded in Section 5.

2. DSRC AND WAVE STANDARDS

Dedicated Short Range Communication (DSRC) is a wireless technology developed based on Wi-Fi
to support information exchange amongV2V and V2l [11]. DSRC has been designed to be exploited in
automotive industry. It is a set of protocols and standards containing all parts of layers, including the PHY
layer and application layer for VANET [18]. American Society for Testing and Materials (ASTM)
subcommittee (E17.51) is the organization that has started to work on the DSRC standard. Thus, ASTM has
the authority to manage the issues in vehicle roadside communications [9]. The standard version, E2213-03
(ASTM 2003) for DSRC was published in July 2003 by ASTM. This standard relies on the IEEE 802.11a
protocol by merging with some editing on PHY and MAC layers specified in IEEE 1999 and 2003,
respectively. DSRC is a licensed spectrum and can be used without any charges as permitted by the Federal
Communications commission (FCC) [9].

Despite the free usage band, a few restricted rules which were issued by the FCC in 2004are
emphasized. Moreover, DSRC is used in a highly dynamic network to provide reliable communication with
minimum latency. Thereby, DSRC is dedicated for short time responses. The communication network for
DSRC has 75 MHz of the frequency spectrum in the range of 5.9 GHz allocated by the FCC for distance up
to 1km to support safety and non-safety applications [5]. As mentioned before, the 75 MHz frequency
spectrum of the DSRC is divided into seven channels with 10 MHz each, and 5 MHz for guard band as
shown in figure 1. One of these channels is called control channel (CCH_178) and the other six are service
channels (SCHs) [11]. Moreover, the control channel is used for safety applications while the others are for
non-safety applications. Safety applications are given higher priority over non-safety applications.

5.850 |,750H_1?5‘,( <« SCH 181 __, 5015
GHz GHz

Reserved| SCH_172 |SCH_174| SCH_176| CCH_178 SCH_180| SCH_182| SCH_184

3 MH=z 10 10 10 10 10 10

Figure 1. DSRC spectrum band and channels in the U.S.

The DSRC supports different types of transfer rate such as 3, 4.5, 6, 9, 12, 18, 24 and 27 Mbps for a
10 MHz channel. The most optimal transfer rate in DSRC is 6 Mbps as in [20]. Two specific channel pairs
are able to be merged with a 20MHz channel to support transfer rates of 54 Mbps in special conditions:
channel 174 with 176, and channel 180 with182. In addition, Wireless Access in Vehicular Environment
(WAVE) is a new standard, designed for VANET to support a CCH and multiple SCHs. However, WAVE
interface was developed based on the IEEE 802.11p and IEEE 1609 standards to operate on Physical (PHY)
layer, Medium Access Control (MAC) layer and higher layer protocols [11],where IEEE 802.11p is the base
layer standard and IEEE 1609 is the upper layer standard [19]. Meanwhile, IEEE 1609 family is categorized
into four standards as follows: IEEE 1609.1[23], IEEE 1609.2 [6], IEEE 1609.3 [16], and IEEE 1609.4 [13],
often used for remote management services, security services, network services and multi-channel operations
respectively as in figure 2. The channel access time in WAVE stack was represented in figure 3, which is
evenly divided into repeating synchronization (sync) intervals of 100 ms [13], and each sync interval is
divided into CCH Intervals (CCHI) of 50ms and SCH Intervals (SCHI) of 50 ms. In addition, the standard
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defines a Guard interval at the beginning of each channel interval. Typical values for the guard interval are
between 4 and 6 ms, using for radio switching and not for transmissions. Synchronization between vehicles is
achieved by receiving the coordinated universal time (UTC) provided by the navigation satellite systems
(GPS) equipped in each vehicle.
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Figure 2. DSRC and WAVE standards architecture
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Figure 3. Sync interval, guard interval, CCH interval, and SCH interval

The IEEE 802.11p standard defines the PHY and MAC layers of the WAVE architecture protocol. It
is based on the 802.11 standard which was established in 2010 [5]. Furthermore, since IEEE 802.11p is the
amendment of IEEE 802.11 Distributed Coordination Function (DCF), thus, 802.11p uses the Enhanced
Distributed Channel Access (EDCA) as the MAC method. EDCA uses the Carrier Sense Multiple
Access/Collision Avoidance (CSMA/CA) method for accessing the shared medium. The operation method of
CSMAJ/CA is by listening to the channel at first. Therefore, if the channel is free for an arbitration inter-frame
space (AIFS), the node starts transmitting directly, if it is busy or becomes busy during the AIFS, the node
must perform a back-off [21]. The main purpose of the IEEE 802.11p standard is to give channel access
through the EDCA by supporting different types of Access Categories (ACs) which has a range from ACO to
AC3, from the lowest to the highest priority as in table 1 [17]. At the MAC sub-layer, the IEEE 802.11p
standard provides a different role. It defines an extremely low overhead WAVE Basic Service Set (WBSS) to
form groups of vehicles communicating at the same area to support V2V and V2I communications for safety
and non-safety applications [4].

Table 1. Default EDCA parameters in IEEE P802.11p [17].

AC No. Access Class CWpin CWiax AIFSN[AC]
0 Background traffic (BK) 15 1023 9
1 Best Effort (BE) 7 15 6
2 Voice (VO) 3 7 3
3 Video (VI) 3 7 2
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3. SIMULATIONS

To have a feasible scenario for the system, a computer-based simulation is necessary. Our
simulation program aimed to study the impact of transmission range for VANET protocol and to evaluate its
performance under different transmission ranges with varying data rates and number of flows. For this
purpose, a traffic scenario of a highway was designed using Simulation of Urban Mobility (SUMO) [24]. NS-
2 [25] was utilized as the network simulator to validate the results. Simulations were conducted for 802.11p
based on CSMA/CA algorithm for the CSMA/CA of algorithm. Moreover, the length of highway was 8 km
with 6 lanes in both directions which comprises 3 lanes in each direction. Particularly, the scenario of a
highway was built because the environment was suitable for investigating the biggest challenges of the MAC
layer. One hundred nodes (vehicles) with speed 60 km/h were tested in the scenario. The simulated sensing
ranges were100-700 m. Four different data rates were being considered including 64,100,250 and 512 Kbyte.
AODV was the selected routing protocol for the simulation and the behavior of AODV protocol was
evaluated in terms of packet delivery ratio and end-to-end delay. The most optimal transfer rate to be
supported by 802.11pwas 6 Mbps as according to [20].Table 2 shows the parameters of simulation settings.
In order to describe briefly the execution of the program, initially we selected the network type (i.e. VANET)
to build the scenario (i.e. highway), followed by setting the initial values to be used for the model. The initial
values should be inserted first into the traffic simulator (i.e. SOMU) to create nodes mobility for the proposed
model. The movement details were generated using SOMU/MOVE. Furthermore, the mobility file that has
been achieved by the traffic simulator was converted and sent to the network simulator (NS-2) to configure
the network by assigning UDP, AODV, and IEEE 802.11p MAC protocol. In this case the nodes connectivity
should be initiated. With respect to the nth simulation cycles for the model, the transmission range, nodes
connectivity and traffic load were changed constantly to study the impact of different transmission ranges
and the number of flows in the network.

In fact, the single line-of-sight path between two mobile nodes was rarely in a wireless
communication; consequently the two-ray ground reflection model which deals with both the direct path and
the ground reflection path has been considered in our work. The received power at a certain distance was
calculated as follows:

P_Pt*Gt*Gr*htz*hr2 1)
"= d** L

given that: Gt and Gr are the gain of the transmitter and receiver antennas, respectively; ht and hr are the
heights of the transmitter and receiver antennas; d is the distance between the receiver and the transmitter;
and L is the system loss, often around 1.

There are two common types of evaluation criteria studied, which are Packet delivery ratio and end-to-end
delay.

D = (Dyac + Dp) *x N 2

where D,Dy4c, Dp and N are delay, MAC delay, propagation delay and hop counts, respectively.

Table 2. Simulation parameters

Parameters Specification

MAC Protocol IEEE 802.11P
Propagation model TwoRayGround
Routing protocol AODV

Packet type CBR

Transmission protocol UDP

Highway length 8 km

No. of lanes 6 (3 in each direction)
Width of each lane 4 meach

No. of nodes 100

Node speed 60 km/h

Packet length 64,100,250 & 512Kb
Packet size 1000

Bandwidth 6 Mbps

Transmission range
Time of simulation end

100 — 700 meter
1796s
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4. RESULTS AND ANALYSIS

This section emphasized and discussed the simulation results. As the goal of this paper was to
scrutinize the behavior of VANET protocol with respect to different transmission ranges, traffic loads and
number of flows, the evaluation was focused on two common performance metrics, i.e. packet delivery ratio
and end-to-end delay. The results were described briefly in the following sections, along with figures that
exhibit the analyzed results in terms of the performance metrics.

4.1. Packet Delivery Ratio (PDR)

The following figures depict the behavior of VANET protocol based on PDR. Figure 4 shows the
performance of VANET protocol using AODV as routing protocol with respect to the different transmission
ranges: 100, 200, 300, 400, 500, 600 and 700 meters. The results imply that PDR is in direct variation with
up to 500 m transmission range which suggests increasing PDR in correlation to higher transmission range.
This increment has affected the reduction in the number of hops and sufficient connectivity by covering a
wide area with higher power signal to ensure that nearly every packet arrives at the destination successfully.
In contrast, when the transmission range was over 500 m e.g. 600 m and 700 m, the PDR decreased that was
probably due to the higher contention flows which had caused higher interference rate. Nonetheless, the rules
of CSMAJ/CA restrict many nodes from communication by using carrier sense that limits the reuse of the
bandwidth. Relatively, when the transmission range was 100 m the value of PDR was low i.e. 0.31 that
reflects upon the influence of number of hops between the source and destination towards the PDR.
Consequently, decreasing the transmission range would increase the number of hops and led to
disconnectivity between the source and destination.

0.8 -

0.7 -

0.6 -
©05 -
o4 A

0.3 -

0.2 -

0.1

0 - . . . ; . ,
100 200 300 400 500 600 700

Transmission range (m)

Figure 4. Packet delivery ratio versus transmission range (meter)

The remaining figures were obtained from the tests using the average and highest protocol
performance from figure 4 i.e. 300and 500 meters. These figures focus on describing the effect of number of
flow variations and data rates under 300 m and 500 m transmission ranges. Figures 7(a) & 6(b) describe the
PDR for certain flows using AODV as routing protocol. A notable observation is the decreasing protocol
performance around several flows for 300 m transmission range. Conversely, when the transmission range
was increased to 500 m, the performance of the protocol increased in terms of the PDR. This indicates that
when the transmission range was 300 m, the packet dropped and disconnectivity increased, owing to the
increasing hops between the source and destination to deliver the data, as well as sparse vehicular density.
Figure 5(a) shows that the PDR is 0.8 for flow 1 and 0.2 for flow 5 in conjunction to the transmission range
of 300 m; this was due to the sparse vehicular density which caused disconnectivity in flow 5.
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Figure 5. (a) Packet delivery ratio to each flow at Tr = 300 m. (b) Packet delivery ratio to each flow at Tr =
500 m

Similarly, figure 6 shows the PDR from different number of flows under transmission range of 300
m and 500 m. As noticed from the figure, the transmission range has a positive correlation with performance
of the protocol. Generally, higher number of flows reduces the PDR due to the exponential proliferation upon
the number of collisions as a result of higher contention flows. As can be observed from the figure below,
under transmission range of 500 m, PDR decreases when the number of flows increases. For instance, when
the number of flows is2, the PDR is0.8 and decreased to 0.6 when the number of flows is 20. One
unanticipated finding was observed, of which initially the PDR was 0.77 with 5 flows and it increased
slightly to 0.8 during 10 flows. A reasonable explanation could be because with the 10 flows, the vehicles
might not be in each other’s transmission range and the vehicular density was high to maintain the
connectivity. Somehow, with 5 flows the vehicles were in the transmission range of each other which led to
higher interferences.

==A=-Tr=500m

e Tr = 300 M
0 T T T )
2 5 10 20

Number of flows

Figure 6. Packet delivery ratios vs. number of flows

4.2. End-to-End Delay

In order to evaluate the behavior of VANET protocol in term of end-to-end delay, the following
figures were plotted. Figure 7 illustrates the performance of VANET protocol in term of delay by using
AOVD as routing protocol with respect to the different transmission ranges i.e. 100, 200, 300, 400, 500, 600,
and 700 m. Basically, as the number of hops increases the delay increases as well. Therefore, when the
transmission range was high, the number of hops and delay decreased. Figure 7 displays decreasing delay as
the transmission range was increased up to 500 m. This is due to the decreasing hops along with a high
vehicular density which led to sufficient connectivity between sources and destinations. On the contrary,
when the transmission range was 100 m the delay was very high due to the increasing hops (MAC and
propagation delays) for data to be reached at a destination. In addition, when the transmission range reached
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certain point i.e. above 500 m, for instance 600 m, the delay began to increase slowly which was associated
to the MAC delay from contended data sending from nodes, producing higher collisions and interferences.
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Figure 7. Delay versus transmission range (meter)

Figure 8(a) represents the delay of VANET protocol for transmission range of 300 m. Nonetheless,
the delay was high with most of the flows, owing to the increased hops between source and destination. The
high delay was also the effect from sparse vehicular density which led to frequent disconnectivity. The
behavior of VANET protocol in term of delay for 500 m transmission range is presented in Figure 8(b). In
particular, we noticed very low delays in most cases such as in flow2, flow4 and flow5 with delays 0.05 s,
0.01 s and 0.02 s, respectively. This was possible as higher transmission ranges covered wider area, thus
decreased the number of hops which enabled constant and sufficient connectivity among vehicles. As it can
be observed in Figure 8(b), there is an unusual display for flowl, of which the delay is very high (0.55 s).
This outcome was due to the large distance between the sender and receiver that had increased the number of
hops. Overall, Figures 10(a) &10(b) have proven the inverse relationship of transmission range and the delay.

2 0.6 -
0.5 -
1.5 A
@ /U?O.4 A
814 303 -
Q a 0.2 -
0.5 -
0.1 -
0 - T T T T 0 +
flowl flow2 flow3 flow4d flow5 flowl flow2 flow3 flow4d flows
flow flow

Figure 8. (a) Delay in each flow at Tr = 300 m. (b) Delay in each flow at Tr = 500 m

Figure 9 below shows the performance of the protocol in term of average end-to-end delay with
respect to the different transmission ranges and number of flows. Nevertheless, as clearly seen from Figure 9
the transmission range increased when the average end-to-end delay decreased, and vice versa. On the other
hand, when the number of flows was increased, the average end-to-end delay also increased. This is due to
the higher contention flows among the nodes that led to higher interferences. Taking the 500 m transmission
range as an example, when the number of flows was 2, the average end-to-end delay was 0.3 s, and when it
was 20, the average end-to-end delay was 1.8 s. This was in accordance to the high frequency of collisions
and interferences as the number of flows increased.
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Figure 9. Average end to end delays versus number of flows

5. CONCLUSION

The incorporation of computing, telecommunications (fixed and mobile), and various kinds of
services are facilitating the deployment of different types of VANET technologies. Recently, vehicular
network projects have been taken into consideration by many researchers around the world, and several
VANET standards have been developed to improve V2V or V2l communications. Hence, to understand the
behavior of VANETS, this paper had generated a highway scenario. The main goal of this paper was to
evaluate the impact of different transmission ranges and number of flows that change rapidly in VANET
environment using AODV as routing protocol. In order to validate the simulation of VANET, traffic and
network simulators (SUMO & NS-2) were used. The performance was evaluated in terms of packet delivery
ratio and end-to-end delay. The simulation results show that better performance can be achieved in term of
higher PDR and lower end-to-end delay by lowering the transmission range of less than 500 meters. On the
contrary, when the transmission range was more than 500 meters, PDR will start to decrease and end-to-end
delay will increase. The performance degraded as the number of flows increased.
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