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Abstract: With an increased emphasis on transportation safety requirements, Vehicular Ad-hoc
Networks (VANETs) have emerged as the key underlying technology in the realization of Intelligent
Transportation Systems (ITS). The IEEE-1609 set of standards for Wireless Access for Vehicular
Environment (WAVE) specifies an architecture that includes new standards for vehicular
communication, aimed at supporting applications for ITS. IEEE-802.11p standard forms the bottom
layers of WAVE protocol stack and includes enhancements to the physical (PHY) and medium access
control (MAC) layer protocols. The IEEE-802.11p MAC protocol is derived from distributed
coordination function (DCF) of the IEEE-802.11, and also uses the IEEE-802.11e EDCA based quality-
of-service (QoS) amendments. To meet the requirements of safety applications, it is important to for a
VANET MAC protocol to reduce the medium access delay.  Some of the issues that need to be
addressed include prioritized access, unpredictable response and reliability. In this work, we have
evaluated IEEE-802.11p MAC method by developing a VANET model using MATLAB simulations.
We considered a highway scenario where time-critical packets are periodically broadcast in vehicle-to-
vehicle communications and evaluated channel access delay and probability of channel access. We
observed how quickly a node gets access to the network because transmission or communication would
only be possible until a node get access to the network. A node must get access before the deadline
expires because if it will not succeed in, then it will not be able to transmit critical information like
accidents to its neighboring party.
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INTRODUCTION

Vehicular communications have attracted considerable attention over the last decade for enhancing road
safety and travel efficiency. According to the USA Bureau of Transportation Statistics reports, in year 2004, the
number of various types of vehicles commuting on about 6.4 billion kilometers of US highways was about 243
million.  And due primarily to the rear-end collisions, the number of accidents was estimated to be about 6.1
million during the year 2004 and approximately 25% were caused by (USA National Transportation Statistics
2007). This very large number of crashes has resulted in deaths, disabilities and enormous economic losses. This
has necessitated increased emphasis on road safety and is attracting the considerable attention of governmental
and non-governmental agencies. Moreover, vehicles manufacturers have come forward with investments to
develop technology to help reduce the losses (Mostafa M. I. Taha1, 2007). Therefore, with this highly augmented
emphasis on security oriented applications, vehicular communications has attracted significant investments from
auto manufacturers and public transport authorities. 

Recent research efforts have shown that vehicular communications can be highly effective in reducing
accidents, specifically in preventing intersection crashes (Mostafa M. I. Taha1, 2007). Further, with the
availability of vehicular communication systems, a number of new, exciting and challenging applications can be
supported. One of these is the Intelligent Transportation System (ITS) that includes automatic and efficient traffic
control services for reducing traffic congestion and increasing passenger comfort. The Intelligent Transportation
Systems (ITS) aim to improve safety as well as comfort of vehicular users. This involves inter-vehicle
communications or vehicle-to-vehicle (IVC/V2V) and vehicle-to-roadside communications or vehicle-to-
infrastructure (VRC/V2I) (Jui-Hung Chu, Kai-Ten Feng, 2010).

An important step in this direction has been to equip vehicles with On Board Unit (OBU) that provide the
ability to warn the driver of any possible danger. Further devices are being used that aid in the working of the
OBU in increasing the road safety. Such devices include GPS (Global Positioning Systems), Event Data Record
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(EDR), interconnected multiprocessors, short range radars, night vision and navigation systems. The many modern
day recently produced vehicles that are equipped with these tools and devices are being dubbed as "Computers-
on-Wheels" (Mostafa M.I. Taha1, 2007). Through continuously increasing efforts, researchers have been able to
develop highly effective vehicular communications systems that allow automobiles communicate and update each
other of imminent dangers. These systems, being called as "Computer Networks-on-Wheels", can facilitate
responses to those risks in a supportive approach (Mostafa M. I. Taha1, 2007; J. Guo and N. Balon, 2006). 

Vehicular Ad-hoc Networks (VANETs) constitute the key underlying technology in the realization of an
Intelligent Transportation System (ITS), with an increased emphasis on transportation safety requirements.
VANETs involve both vehicle-to-vehicle (V2V) and vehicle-to-infrastructure/roadside (V2I or V2R)
communications that relies on short-to-medium-range communication techniques. VANETs target both vehicular
safety as well as non-safety applications. Safety applications include safety related warnings such as collisions
whereas non-safety applications are exemplified by high-speed toll, real-time traffic congestion, traffic routing
and on-the-move infotainment (Mostafa M. I. Taha1, 2007; J. Guo and N. Balon, 2006).

The IEEE-1609 set of standards for Wireless Access for Vehicular Environment (WAVE) has been designed
for facilitating a diverse set of intelligent transportation systems (ITS) applications. These applications relate to
traffic management, emergency services toll collections, safety and security aspects in vehicles (R. A. Uzcategui,
2009). IEEE-802.11p standard forms the bottom layers of WAVE protocol stack and contains MAC and PHY
layers derived from IEEE-802.11a. The purpose of these modifications is to make IEEE-802.11p more suitable
for vehicular environment applications (EEE P802.11p/D7.0, 2009). WAVE defines the architecture and
management functions for vehicle-to-vehicle (V2V) and vehicle-to-infrastructure (V2I) wireless communications
in a secure and efficient manner. The Wave protocol forms a local area network (LAN) in order to facilitate ITS
applications. The WAVE LAN defines a WBSS (WAVE Basic Service Set) has two main components: OBUs,
the vehicle-borne onboard units and the RSUs, the roadside units (R. A. Uzc´ategui, 2009). The IEEE-802.11p
MAC protocol is derived from the IEEE-802.11 distributed coordination function (DCF), and also uses the IEEE-
802.11e EDCA based quality-of-service (QoS) amendments (EEE P802.11p/D7.0, 2009). A VANET MAC
protocol needs to address a number of important issues such as prioritized access, unpredictable response and
reliability. In order to fulfill the requirements of safety applications, the medium access delay has to be
minimized.  

In this paper, focus is on the performance analysis of IEEE-802.11p MAC protocol. The paper is organized
as: Section I provides brief background information on VANET protocols and some related work on the VANET
MAC protocols. In Section II, Wireless Access for Vehicular Environment (WAVE), the IEEE-1609 standards
set, IEEE-802.11p and IEEE-802.11p MAC protocol features are described. Section V presents the simulation
details and in Section IV, results are discussed and finally the conclusions are presented in Section V.

I. Background and Related Work
A. Vehicular Area Networks (VANETs):

Vehicular Area Network (VANET) is a specific form of Mobile Ad-hoc Network (MANET). VANETs
facilitate communications in two scenarios, firstly among the close by vehicles and secondly, between the
vehicles and the fixed equipment installed as part of roadside infrastructure (Mostafa M. I. Taha1 2007; (DSRC);
J. Guo and N. Balon, 2006). One of the prime motivations behind VANETs is to enhance the safety of travelers
(R. T. Luttinen, 1996). The applications in VANETs are generally classified into safety and non-safety. The focus
of safety applications is to warn about critical situations in advance to drivers and thus place stringent
requirements on the reliability and delay performance. Whereas non-safety applications are highly bandwidth-
sensitive because these target enhanced driving comfort and efficient transportation systems. On-board internet
access, drive-through payments and electronic map update are some of typical non-safety applications (J. Guo
and N. Balon, 2006). Moreover, they can be categorized into OBU-to-OBU or OBU-to-RSU applications. Some
of these applications are listed as below (Mostafa M. I. Taha1, 2007; J. Guo and N. Balon, 2006): 
� Applications Related to Public Safety Include:

Co-operative collision warnings - Emergency vehicle arrival- Traffic information – Work-zone area warning
– Lane-change warnings, etc.

� Applications related to Non-public safety include
Electronic toll collection - Access and admission control - Drive-through payment - Instant messaging
exchanges - Enhance route guidance - Data transfer - Service Announcement - Service updates 

Although VANETs are particular cases of the general MANETs, VANETs possess some noticeable
characteristics that make its nature an exclusive one. These properties present considerable challenges and require
a set of new especially designed protocols. The most important characteristics of VANETs are described as
follows (Mostafa M. I. Taha1, 2007; (DSRC)):
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� Because of the high mobility of vehicles, that can be up to one hundred fifty kilometers per hour, the
topology of several VANET changes repeatedly and unpredictably. Hence, the time duration for which a link
is active between the vehicles is very short especially when the vehicles are traveling in opposite directions.
One approach to enlarge the lifetime of links is to increase the transmission power, but increase in a
vehicle’s transmission range will result in increasing the probability of collisions and cause degradation in
the overall system throughput. The other solution having a set of new protocols is employing a very low
latency.

� Another effect of these high speed nodes is that the usefulness of the broadcasted messages is very critical
to latency. For example, if we guess that a vehicle is suddenly stopping or suddenly stops, it should
broadcast a message to warn other vehicles of the probable danger. Considering that the driver needs at least
0.70 to 0.75 sec to initiate his response, the warning message should be delivered at virtually zero sec
latency.

� Position of nodes changes very quickly and unpredictably in VANETs, so that, building an efficient routing
table or a list of neighbor nodes will tire out the wireless channel and reduce the network efficiency.
Protocols that rely on prior information about location of nodes are likely to have a bad performance.

� However, the topologies of a VANET can be an advantage because the vehicles are not expected to leave
the covered road; therefore, the running direction of vehicles is predictable to some level.

� Although, the plan challenge of protocols in wireless sensor networks is to minimize the power consumption,
which is not a problem in VANETs. Nodes in VANETs depend on a good power supply (e.g. vehicle
battery) and the required transmission power is small compared with power consumption of on-board
services (like air-conditioning).

� It is predicted that, as VANET is deployed in the beginning, only a small percentage of vehicles will be
outfitted with transceivers. Thus, the implementation of the emerging technology, especially OBU-to-OBU
applications, will not go up until many years.

� Privacy, safety and security are of fundamental effect on the public receiving of this technology. In
VANETs, each node corresponds to a specific person and its location tells about his location.

� At last, the main dissimilarity between VANET protocols and any other form of Ad-Hoc networks is the
design requirement. In VANETs, the major design requirement is to minimize latency with no previous
topology information.

VANET is an emerging technology and a number of challenges exist that requires a lot of research and
development. The principal challenges being encountered in development and deployment of VANETs include
(Mostafa M. I. Taha12007; IEEE Std 802.11e™ , Nov. 2005; J. Guo and N. Balon, 2006):
� Broadcasting: Reliable broadcast of LS messages with lower latency and avoidance of hidden node

problems; for broadcast mode, Ready/Clear-To-Send (RTS/CTS) cannot be used.
� Priority scheduling: The communication mechanism should define multiple priority levels for messages to

be transported and attempt to achieve corresponding communication quality effectively.
� Routing: Due to a rapidly changing topology, efficient ad-hoc routing without requiring a-priori information.
� Security: Various aspects of security involve authenticity, integrity, anonymity, accountability and low

latency processing. The authenticity relates to prevention of false alarms, integrity to avoid hacking,
anonymity to stop vehicle tracking, i.e. preservation of privacy, accountability for ensuring penalty for
malicious actions and meeting real-time constraints to guarantee minimal transmission delays.

B. VANET MAC Protocols and Related Work:
The function of the MAC (Medium Access Control) is to coordinate the use of the communication medium.

MAC layer protocols decide which node will access the shared medium at any time. As the safety critical
applications are designed to alert drivers about immediate danger, thus requiring tight delay bounds, consequently
a MAC protocol has to take into consideration these strict application requirements. Fundamentally, there are two
main categories of protocols for channel access. The first category includes contention free or controlled access
protocols in which access to the medium is pre-allocated. Frequency Division Multiplexing Access (FDMA),
Time Division Multiplexing Access (TDMA) and Code Division Multiplexing Access (CDMA) based protocols
belong to this category.  However, these protocols need a central entity responsible for fair distribution of channel
resources among nodes. The second category is contention based or random access protocol in which there is
a single shared broadcast channel, therefore collision may occur, and consequently packets suffer unbounded
delays and losses (K. Bilstrup, 2008). This category includes all those protocols that use Carrier Sense Multiple
Access (CSMA).

There are a number of MAC issues in VANETs that include prioritized access, unpredictable response and
reliability. It is important to for the MAC protocols used in VANETs to decrease the access delay for traffic
safety services that demand smaller delay to transmit data (H. Menouar., 2006). The hidden and exposed node
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problems make it difficult to provide reliable communication in wireless networks. In order to satisfy the basic
needs of safety applications, these issues need to be resolved. Ensuring reliable transmission in wireless networks
is difficult due to the hidden terminal problem and exposed node problem. Therefore, although deterministic
MAC protocols appear to be more suitable for VANETs, the need of a central entity opposes the basic theme
of VANETs (an ad-hoc network of vehicles). Hence, VANET must support contention based MAC protocols.
Several MAC layer techniques have been developed to resolve these issues and some of MAC protocols have
been evaluated in context of VANETs. 

The European project FleetNet (Hartenstein, H. et al., 2001) proposes Reliable R-Aloha (RR-Aloha) approach
that is based on slotted Aloha and it implements TDMA in a distributed way where nodes perform a reservation
to acquire slots (F. Borgonovo, 2002). ADHOC MAC protocol, developed for the CarTALK2000 project (D.
Reichardt, 2000), is based on the slotted time structure and defines a distributed reservation mechanism that
dynamically establishes a reliable single-hop broadcast channel (BCH) (F. Borgonovo, 2003). However, networks
using ADHOC MAC protocol, the number of slots in the frame time should be equal to or greater than number
of vehicles in same communication range (H. Menouar., 2006). Direct and Relay for Vehicle Communications
(DRVC) is another MAC protocol that has been developed for extending the reach than that of ordinary DSRC
protocol (H. Daizo, Iwahashi, 2004).  IEEE-802.11 is the most widely deployed WLAN standard. The IEEE-
802.11 MAC protocol employs CSMA/CA that is specified in almost all variants of IEEE-802.11 like 802.11a,
802.11b, 802.11g and the new standard 802.11p. IEEE 802.11 uses RTS (Request-To-Send) and CTS (Clear-To-
Send) mechanisms to resolve hidden and exposed node problem. IEEE-802.11b and IEEE-802.11g standards have
been used in some VANET prototypes; one such example is the NoW project where 802.11b standard has been
employed (M. Torrent-Moreno., 2006).

There have been extensive studies on the performance analysis of CSMA based MAC protocols such as
reported in (Yi Wang, Akram Ahmed, 2008; A. Banchs, 2006; G. Bianchi, 1998; G. Bianchi, 1996; F. Cali,
2001). The capacity of IEEE-802.11 was investigated by Bianchi et al. (G. Bianchi, 1996) and they showed that
the transmitter contention window needs to be adjusted dynamically to enhance the throughput. In (F. Cali, 2001),
Cali et al. have developed a model of the IEEE-802.11 MAC protocol on the basis of p-persistent mode of
CSMA. In p-persistent mode, instead of uniformly selecting a back-off interval from the window [0, CW + 1]
after collision, each transmission is associated with a certain value of probability. It has been argued that in order
to approach the theoretically limiting value of throughput in IEEE-802.11 network, time between two consecutive
transmissions needs to be minimized by rendering the transmitting probability adapt to the channel conditions.
Several simulation based studies of the IEEE 802.11 MAC protocols have been carried out such as in (B. P.
Crow, 1997). However, there have been very few studies that address the performance of IEEE 802.11p. In (S.
Eichler, 2007) the performance of the IEEE 802.11p has been analyzed in terms of the limitations and capabilities
and of the protocol. In (L. Stibor, 2007), Stibor et al. considered scenario highway vehicular ad-hoc network and
computed the number of prospective nodes and the maximum length of communication. It was shown that in the
optimal choice of a next node in multi-hop transmissions, the number of neighboring vehicles is a critical factor.

II. IEEE-1609 WAVE/IEEE-802.11p Protocol:
A. IEEE-1609 WAVE:

The IEEE-1609 WAVE (Wireless Access in Vehicular Environments) is family of standards for vehicular
communication encompassing vehicle-to-vehicle as well as vehicle-to-infrastructure communications (R. A.
Uzc´ategui., 2009). WAVE is the architecture that specifies the protocol stack for the vehicular communication
formulated by IEEE. WAVE specifies IEEE-1609, an application protocol, IEEE-1609.2 for security issues, IEEE-
1609.3 presents transport and network layer protocols and IEEE-1609.4 that specifies MAC and PHY layers that
are based on IEEE-802.11 (IEEE Std 1609.4-2006; IEEE Std 1609.3-2006; IEEE Std 1609.2-2006; IEEE Std
1609.1-2006). IEEE-802.11p that is based on CSMA/CA as defined in IEEE-802.11 is the MAC protocol for
WAVE and it includes the QoS (quality-of-service) amendments of IEEE-802.11e. The physical layer (PHY) uses
OFDM (orthogonal frequency division multiplexing) as employed in IEEE-802.11a (IEEE, 2006). Recently, IEEE
has completed work on the 802.11p - local area network standard that employs IEEE-802.11e EDCA (Enhanced
Distributed Channel Access). IEEE-802.11p standard, which is modified from IEEE-802.11a, forms the bottom
layers of WAVE protocol stack. The purpose of these modifications is to make 802.11p more suitable for
vehicular environment applications. This family of standards caters to a wide range of transportation related
applications that include among others the traffic management, automated tolling, enhanced navigation and
vehicle safety. 

In 1999, a 75MHz bandwidth in the frequency band of 5.850-5.925GHz was approved by FCC (Federal
Communication Commission) that was destined for vehicular wireless communications to enable ITS. From this
75 MHz bandwidth, seven frequency channels are formed and one is designated as the CCH. The CCH is
dedicated for transport of messages for safety related applications, system management and control functions.
The remaining six channels that primarily support the non-safety relevant applications are named as SCHs
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(Yunpeng Zang, 2007). Further, a portion of 5.9 GHz band was assigned by European Commission in August
2008 that was destined for high priority critical road safety and additional vehicular applications (Arijit Khan,
2009). This allocation is meant to bring compatibility with the USA. This ensures that even if the allocation is
not exactly the same; the frequencies are amply closer to enable the use of the same antenna and radio
transceivers.

B. IEEE-802.11p Protocol:
The IEEE-802.11p protocol, being designated the WAVE (Wireless Access in Vehicular Environment),

contains approved modifications to the IEEE-802.11 standard that enhance wireless access functionality that will
permit applications for rapidly changing vehicular network environments as part of efforts to enable ITS
(Intelligent Transportation Systems). The enhancements allow exchange of data in both V2V and V2I scenarios
involving high-speed vehicles. The operating frequency for this vehicular communication is the 5.85-5.925 GHz
range in the licensed ITS band of 5.9 GHz. IEEE-802.11p is part of the family of IEEE-1609 standards which
also defines higher layer standards (IEEE P802.11p/D7.0, 2009). IEEE-802.11p operates at 5.9GHz band (U.S)
and 5.8GHz band (Japan and Europe) with 75MHz bandwidth that has been set aside especially for vehicular
communication as part of the DSRC Dedicated Short Range communication). This channel allocation is free but
it uses licensed frequency band. DSRC has seven channels each with 10 MHz frequency band. For safety
applications requiring higher priority, one of the channels dedicated as the control channel.  Other channels are
designated as service channels and thus may serve applications that relate to safety as well as non safety services
(Arijit Khan, 2009). In IEEE-802.11p, both the MAC (medium access control) and the PHY (physical) layers
belonging to the DSRC/WAVE protocols are enhanced. Except for slight parameter changes to enable high user
mobility, IEEE-802.11p physical layer is identical to IEEE-802.11a. Moreover, the transmission power may be
higher (up to 44 dBm) in 802.11p compared to that in 802.11a. IEEE-802.11p MAC (medium access control)
layer is derived from the basic IEEE-802.11 distributed coordination function (DCF) (IEEE, 1999).

C. IEEE-802.11p MAC Protocol:
As mentioned earlier, the MAC (medium access control) layer of WAVE protocol is defined in IEEE-

P1609.4as well as IEEE-802.11p. The fundamental MAC protocol is the identical to the IEEE-802.11 DCF
whereas EDCA (Enhanced Distributed Channel Access) of IEEE-802.11e provides the basis for the MAC
extensions. These include introduction of Access Category (AC) and Arbitrary Inter-Frame Space (AIFS) used
for differentiation and prioritization (IEEE Standards, 2005). Different applications are assigned different access
categories (ACs) and corresponding values are chosen for AIFS and CW (Contention Window). Four different
data traffic categories are available with corresponding priorities: video traffic (VI), voice traffic (VO), best effort
traffic (BE) and background traffic (BK). A window based back-off algorithm is generally employed in wireless
medium MAC protocols that utilize CSMA/CA. In this mechanism, node first senses the medium first. In case,
the medium is use, the node chooses a uniformly distributed random back-off time value from the interval [0,
CW +1] where CWmin is the initial value of the contention window (CW). In case, the subsequent transmission
attempt unsuccessful, the interval size will double until CW value reaches CWmax (Yi Wang, 2008). The main
emphasis of IEEE-802.11p MAC protocol is to ensure reliable transmission of time critical information while
optimizing the available radio resources.

III. Simulation Model:
We have developed a simulation model of VANET using MATLAB in which we have considered 10km

highway as shown in Figure-1. On this highway vehicles are entering by a Poisson process which means that
vehicles entrance and movement on the highway is independent of each other. It is difficult to prejudge when
and how many vehicles are going to enter a highway at a certain time. Also we have no knowledge of the speed
of the vehicles. Though we can get the average number of vehicles entering in a highway in a certain hour by
statistical data but we cannot exactly pinpoint the number at a certain time. From 10km highway we have
selected 1km part of it as a highway where we are going to implement vehicle ad hoc network. Vehicles within
1km range will only get chance to broadcast a single packet according to random time allocated to them. In our
work we have evaluated what is the time taken by vehicles to access channel and what is the frequency of
channel access. Channel access delay mean that a time elapsed since the vehicle has asked for the access and
finally it gets it. In real time system, the transmitted message has deadlines. If this deadline is not fulfilled then
that information is useless.

There are three input parameters that are varied to provide several simulation scenarios. These include:
Number of Vehicles, Sensing Range and Simulation Time. We have varied one variable at a time and kept the
other two constant to ensure good approximation. We have changed the number of vehicles between 100-500
and sensing range from 500-1000 meters. We have analyzed the performance of VANET in two different sensing
ranges to know how VANET performs. Simulation time is an independent variable and its value is user
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dependent. We have varied the simulations time between 10 to 1000 units. Figure-2 represents the process flow
diagram for various VANET simulation scenarios considered in this work. Initially it determines the total number
of vehicles within the sensing range of 500 or 1000 meters and then a random time is assigned to each of
vehicles.

Fig. 1: Highway 10,000 meters long

Fig. 2: Flow Diagram of CSMA procedure according to IEEE 802.11p 

As discussed earlier that we are considering the first one kilometer patch of highway and are estimating how
many vehicle are within that patch. Then it is checked whether the random time of any vehicle has decremented
to zero.  If “yes”, then that vehicle is permitted to transmit only a single packet and new random time for next
transmission is assigned to that vehicle.  If “No”, the transmission time counter of all vehicles is decremented
until any one of them reaches to zero. If counter of two or more vehicles reach zero than a new random time
is assigned to all of them. This process or simulation is continued until a specified simulation time provided by
the user has elapsed. After the simulation time has elapsed, collected results are analyzed.
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IV. Results and Analysis: 
As mentioned earlier, we have varied number of vehicles, simulation time and sensing range. One variable

is varied at a time and the other two are kept constant to formulate diverse simulation scenarios. The number of
vehicles is varied in the range of 100-500 and sensing range varies from 500-1000 meters. The simulations time
is set to between 10 to 1000 units. For various simulation scenarios, two important performance metrics, the
channel access delay and probability of channel access for IEEE 802.11p are evaluated. Channel access delay
mean that a time elapsed since the vehicle has asked for the access and finally it gets it. Probability of channel
access means that what is the frequency of channel access. We have evaluated two different sensing ranges i.e.
1000m and 500m and their results are depicted in Table-1 and Table-2.

Table 1: Probability of channel access and channel access delay for a sensing range of 1000m
Probability of channel access and channel access delay for a sensing range of 1000m
Sensing Range Number Vehicles Probability of Channel Access Channel Access Delay (ms)

of Vehicles Within Range -------------------------------------------- -----------------------------------------------
Best Avg Worst Best Avg Worst

1000m 200 25  0.55 0.38 0.27 16 18 20

Table-1 shows the results for a sensing range of 1000m. It depicts that we have a total of 200 vehicles in
10km highway and only 25 constitute the vehicular ad-hoc network because only these fall into the desired range
of 1km range. For these vehicles we measured probability of channel access and came up with three scenarios
as best, average and worst. 55% of the vehicles get channel access in our best case, on average channel access
is 38% and for worst channel access is 27%. We also measured channel access delay for the same number of
vehicles. Here also, we came up with three scenarios that are best, average and worst. The best will have
minimum value in form of delay because smaller the times to access channel more the chance to access channel.
At best we can have 16ms delay, on average we have 18ms delay and at worst it goes to 20ms. 

Table 2: Probability of channel access and channel access delay for a sensing range of 500m
Sensing Range Number Vehicles Probability of Channel Access Channel Access Delay (ms)

of Vehicles Within Range -------------------------------------------- -----------------------------------------------
Best Avg Worst Best Avg Worst

500m 200 10 0.8 0.73 0.4 14 18 20

Table-2 depicts the results for a sensing range of 500m. It can be seen that we have a total of 200 vehicles
in 10km highway and only 10 vehicles constitute the ad-hoc network because only these fall into the desired
range of 1km range. For these vehicles we measured probability of channel access and came up with three

Fig. 3: CDF plot for a channel access delay for 1000m sensing range.
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scenarios as best, average and worst. 80% of the vehicles get channel access in our best case, on average channel
access is 73% and for worst channel access is 40%. We also measured channel access delay for the same number
of vehicles. Here also, we came up with three scenarios that are best, average and worst. The best will have
minimum value in form of delay because smaller the times to access channel more the chance to access channel.
At best we can have 14ms delay, on average we have 18ms delay and at worst it goes to 20ms.

Figure-3 represents the best, average and worst performance in 1000m sensing range. Best and worst
represent the case of single vehicle whereas average represents the case of all the vehicles that are part of the
vehicular ad-hoc network. At best a vehicle can have 55% channel access probability with delay of 16ms (shown
by circle), on average vehicles have 38% channel access probability with delay of 18 ms (shown by dot) and for
the worst case vehicle have 27% channel access probability at delay of 20 ms (shown by asterisk). Higher the
probability of channel access, smaller would be the channel access delay.

Figure-4 represents the best, average and worst performance in 500m sensing range. Best and worst represent
the case of single vehicle whereas average represents the case of all the vehicles that are part of the VANET.
At best a vehicle can have 80% channel access probability with delay of 14ms (shown by circle), on average
vehicles have 73% channel access probability with delay of 18 ms (shown by dot) and for the worst case vehicle
have 40% channel access probability at delay of 20 ms (shown by asterisk). It is clear that the higher the
probability of channel access, smaller would be the channel access delay. Further, when simulations are
conducted for longer durations, the probability of access to the channel increases.

Fig. 4: CDF plot for a channel access delay for 500m sensing range.

V. Conclusions:
In this work, we evaluated medium access control (MAC) method of the IEEE-802.11p using MATLAB

simulations. We have evaluated channel access delay and probability of channel access in different VANET
scenarios involving varying number of vehicles and the sensing range. It is observed that when we increase the
number of vehicles from 100 to 200, channel access delay increases by approximately 20 ms and probability of
channel access decreases by approximately 5%. Increase in number of vehicles also increases the chance of
collision; hence vehicles get less chance to get access to the channel. This is because vehicles spent more time 
in back off time rather than competing to get channel access. Moreover, when we increase the sensing range of
VANET from 500 to 1000 meters, this reduces the probability of channel access by 35%. This is because as the
range increases more vehicles come into the given VANET range, hence contention between the vehicles
increases. This also shows that VANET perform well in small ranges because it becomes easy for vehicles to
communicate with each other in smaller range. Physical interference and probability of hidden terminals also
decreases because in small ranges mostly vehicle location will be known to other vehicles. Finally, when we vary
the simulation time between 50 to 80 ms then probability of vehicles to get channel access will increase 15%.

4096



Aust. J. Basic & Appl. Sci., 4(8): 4089-4098, 2010

The probability of access to the channel increases when the simulation is executed for a longer time. This is
because longer the simulation time, larger the number of vehicles that will get chance to transmit. This work has
focused on determining how quickly a node gets access to the network. A node must get access before the
deadline expires because if it will not succeed in doing this then it will not be able to transmit time-critical
information like accidents to vehicles in its proximity.
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