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ABSTRACT

Short Range Communications
(DSRC) standard equipped with seven channels
is designated for Intelligent Transportation System (ITS) applications to improve the driving
safety and support networking services among
moving vehicles. Making best use of the DSRC
multichannel architecture, we propose a clusterbased multichannel communications scheme,
which integrates the clustering with contentionfree/contention-based MAC protocols. In our
proposed scheme, the elected cluster-head (CH)
vehicle functions as the coordinator (like
WLAN’s basestation) to collect/deliver the realtime safety messages within its own cluster and
forward the consolidated safety messages to the
neighboring CHs. Also, the CH vehicle controls
channel-assignments for cluster-member vehicles
transmitting/recieving the non-real-time traffics,
which makes the wireless channels more efficiently utilized for the non-real-time data transmissions. Our scheme uses the contention-free
MAC (TDMA/Broadcast) within a cluster and
the IEEE 802.11 MAC among CH vehicles such
that the real-time delivery of safety messages can
be guaranteed. The simulation results show that
our proposed scheme can significantly improve
the throughputs of vehicle data communications
while guaranteeing the real-time delivery of safety messages.

INTRODUCTION
Intelligent Transport System (ITS) architecture
provides a framework for the much needed overhaul of the highway transportation infrastructure.
The immediate impacts include alleviating the
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vehicle-traffic congestion and improving operations management in support of public safety
goals, such as collision avoidance. Equipping
vehicles with various kinds of on-board sensors
and instrumenting the vehicle-to-vehicle (V2V)
communication capability will allow large-scale
sensing, decision, and control actions in support
of these objectives. The allocation of 75 MHz in
the 5.9 GHz band licensed for Dedicated Short
Range Communication (DSRC) [1], which supports seven separate channels, may also enable
the future delivery of rich multimedia contents
to vehicles at short-to-medium range via either
V2V or vehicle-to-roadside (V2R) links in Vehicle Ad Hoc Networks (VANETs).
While there has been a large body in the literature studying both V2V [2, 3] and V2R [4, 5]
networks, there are several advantages of using
V2V-based VANETs as compared with the
V2R-based VANETs. First, the V2V-based
VANET is more flexible and independent of the
roadside conditions, which is particularly attractive for the most developing countries or remote
rural areas where the roadside infrastructures
are not necessarily available/furnished. Second,
the V2V-based VANET is less expensive than
V2R-based, since it does not need expensive
roadside infrastructures. Third, V2V-based
VANET can avoid the fast fading, short connectivity time, high frequent hand-offs, and so forth
caused by the high relative-speed difference
between the fast-moving vehicles and the stationary basestations. Finally, the V2V-based
VANET much better fits vehicle-related applications, which only needs to exchange
data/information among neighboring vehicles
within their nearby areas. Motivated by the
above observations, in this article we will focus
on the V2V-based VANETs.
The data transmitted over the VANETs can
be classified into the real-time traffic (such as
safety messages and video/audio signals) and the
non-real-time traffic (such as e-maps and
road/vehicle-traffic/weather information), which
impose the diverse quality-of-service (QoS)
requirements for VANETs designs. Supporting
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■ Figure 1. Our proposed cluster-based multichannel communications architecture. The white vehicles
represent the elected CH vehicles and the radio-wave symbol indicates that two vehicles are performing
point-to-point communication.

the delay-bounded QoS is challenging when the
VANET is under the contention-based (e.g.,
IEEE 802.11 MAC) environments, where the
packet delay and data-congestion level increase
dramatically as the total number of vehicles contending for the common wireless media (and
thus the collision rate) becomes large. On the
other hand, clustering [6, 7] is an efficient technique to reduce the data congestion and support
QoS over wireless networks. To provision QoS
over our V2V networks and reduce data-congestion, under the DSRC multichannel architecture
we propose a distributed cluster-based multichannel communications scheme, which integrates the clustering with contention-free/
contention-based MAC protocols.
Our proposed scheme mainly consists of
following three core protocols. First, the Cluster Configuration Protocol groups all vehicles in
the same direction into clusters, each containing a cluster-head (CH) vehicle elected. This is
viable, since the vehicles flowing in the same
direction share the similar speeds and the
moving patterns, which are regulated by the
traffic laws and road structures/constructions,
resulting in the relatively stable topology in
each cluster. Second, the Intercluster Communication Protocol dictates the transmissions of
the real-time safety messages and non-realtime traffic among clusters over two separate
IEEE 802.11 MAC-based channels, respectively. Third, the Intracluster Coordination and
Communication Protocol employs the multichannel MAC algorithms for each CH vehicle
to conduct the following two major tasks within its own cluster:
• Collecting/delivering safety messages from/to
cluster-member vehicles using upstreamTDMA/downstream-broadcast method
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• Allocating the available data channels to cluster-member vehicles for non-real-time traffic
The simulation results obtained show that our
proposed scheme can significantly improve the
throughputs of vehicle data communications
while guaranteeing the real-time delivery of safety messages.
The rest of this article is organized as follows.
We start by presenting the system architecture,
and then develop our distributed cluster-based
multichannel communications scheme. Finally,
we evaluate our proposed scheme through the
simulations, followed by the article’s conclusion.

SYSTEM ARCHITECTURE
As mentioned above, our proposed scheme aims
at supporting QoS for timely delivery of realtime data (e.g., safety messages, platoon commands, etc.) and increasing the throughput for
non-real-time traffic (e.g., e-maps download,
movie downloads, etc.) over the V2V-based
VANETS. To achieve these goals, we develop
the cluster-based multichannel communications
scheme under the infrastructure-free VANET
environments. The key of our proposed scheme
is to integrate the clustering algorithm with both
the contention-free and contention-based MAC
protocols under the DSRC architecture. The
Federal Communication Committee (FCC) mandates the seven-channel bandplan to the DSRC
standard for vehicle communications. In particular, DSRC’s 75 MHz bandwidth at 5.9 GHz band
is divided into seven channels, including Ch172,
Ch174, Ch176, Ch178, Ch180, Ch182, and
Ch184, each spanning 10 MHz bandwidth, where
Ch178 is the dedicated control channel for delivering safety messages and announcements,
Ch172 is the high-availability-and-low-latency
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■ Figure 2. Cluster-based multi-channel communications scheme structure diagram.
channel for vehicle safety and high-priority applications, and the remaining five are unreserved
service channels [8]. Complying with the DSRC’s
seven-channel bandplan, we define the particular
functions for these seven channels in our scheme,
which are summarized by the table contained in
Fig. 1. Specifically, the definitions of these seven
channels in our scheme are as follows, Ch178 is
Intercluster Control (ICC) channel, Ch174 is
Intercluster Data (ICD) channel, Ch172 is Cluster Range Control (CRC) channel, and the
remaining channels (Ch176, 180, 182, 184) are
Cluster Range Data (CRD) channels.
In our proposed scheme, each vehicle is
equipped with two sets of transceivers, denoted
by Transceiver 1 and Transceiver 2, respectively,
which can operate simultaneously on three different channels. 1 As shown in Fig. 1, our proposed scheme works as follows. The vehicles
within a nearby proximity form a cluster where
one of them is elected to act as cluster-head
based on the given election rules. In each CH
vehicle, one transceiver uses contention-free
MAC over CRC channel to collect and deliver
safety messages as well as control packets within
this cluster, while the other transceiver exchanges
consolidated safety messages among CH vehicles
through contention-based MAC over ICC channel. In each cluster-member vehicle, one
transceiver is dedicated for communicating with
CH vehicle over CRC channel within its cluster,
and the other transceiver can be used to transmit the non-real-time traffic over one of the
ICD/CRD channels assigned by the CH vehicle.
As shown in Fig. 2, our proposed scheme handles the following three tasks:
• Cluster-membership management
• Real-time traffic (such as safety messages)
delivery
• Non-real-time data communications (such as
e-maps download, movies download, etc.)
Then, to accomplish the systems functions of our
proposed scheme, we develop three different
protocols, namely, the cluster configuration protocol, the intercluster communication protocol,
1

Note that the cost of two sets of transceivers is practically
trivial when compared to the cost of the vehicle itself.
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and the intra-cluster coordination and communication protocol, as shown in Fig. 2. First, the
cluster configuration protocol employs contention-based MAC over ICC channel to perform cluster management tasks (such as joining
and leaving a cluster, cluster-head election, etc.).
Second, the intercluster communication protocol
is responsible for the exchange of safety messages and non-real-time traffic among clusters
over ICC and ICD channel, respectively. Third,
the intracluster coordination and communication
protocol utilizes the multichannel MAC protocol
to arbitrate the communications between clusterhead and cluster-member vehicles within a given
cluster. Each CH vehicle collects/delivers safety
messages and assigns ICD/CRD channels to
cluster-members by using contention-free MAC
protocol over CRC channel. Each cluster-member vehicle uses one transceiver to exchange the
safety messages with its CH vehicle. Meanwhile,
the cluster-member vehicle uses another
transceiver to communicate with its peer vehicle
within the same cluster over the CRD channel
assigned by its CH vehicle.

FUNCTIONS AND DESIGNS OF PROTOCOLS
We use the Finite State Machine (FSM), as
shown in Fig. 3, to precisely describe the principle and operating process of our proposed
scheme. Each vehicle operates under one and
only one of the following four states at any given
time:
• cluster-head (CH)
• quasi-cluster-head (QCH)
• cluster-member (CM)
• quasi-cluster-member (QCM)
The cluster stability, which depends on both
the vehicle movement pattern and the cluster
configuration protocol will significantly affect
the performance of the intracluster coordination and communication protocol (e.g.,
TDMA). Because of the high mobility of the
vehicles, even a well-designed clustering algorithm cannot guarantee the stability of the
cluster topology. Also, the CH vehicles may
malfunction due to the unreliable wireless
channels or the CH failure. Thus, we introduce
the states of the QCH and QCM to provide
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THE CLUSTER CONFIGURATION PROTOCOL
The state transitions of the FSM depicted in Fig. 3
are controlled by the cluster configuration protocol. There are seven state-transition conditions
for the protocol FSM on each vehicle, which are
described as follows.
• Entering highway (initiate): when vehicles just
enter the highway
• Joining a cluster: when QCH vehicle receives
the valid advertisement message from the
nearby CH vehicles
The CH vehicle broadcasts the invite-to-join
(ITJ) advertisement message every t j time
units. Once the QCH vehicle, which does not
belong to any cluster, receives the ITJ message, it checks the received signal strength,
denoted by P r . The received ITJ message is
considered valid if its signal strength is greater
than the predefined threshold denoted by Prth.
When receiving a valid ITJ message, the vehicle sends a request-to-join (RTJ) message,
including the vehicle’s ID and network address
to the advertising CH. After the CH receives
the RTJ message, it sends an ACK, and also
adds the requesting vehicle into the CM list.
Note that the threshold P rth determines the
cluster size, or the cluster radius denoted by
LC (Fig. 1).
• Electing cluster-head: when the duration of
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the system with fault-tolerance (i.e., to ensure
that the vehicles can always timely exchange
the safety messages).
The functions of the four states are described
as follows. First, in the state of CH, the vehicle’s
Transceiver 1 works on ICC channel to forward
consolidated safety messages to the neighboring
clusters, and the Transceiver 2 is tuned to CRC
channel to collect/broadcast safety messages
from/to CMs. Second, in the QCH state, while
Transceiver 2 is turned off, the Transceiver 1 of
the vehicle works on the ICC channel so that it
can also receive and send the safety messages. In
fact, the QCH vehicles function as the real CHs,
except for the ability in forming clusters. Third,
when entering the CM state, the vehicles should
let their Transceiver 2s work over CRC channel
where the CM vehicles receive the consolidated
safety messages and send their own safety messages as well as data-channel reservation
requests. Each CH vehicle uses the centralized
multichannel control algorithm to assign appropriate CRD or ICD channels to cluster members
after receiving the data channel reservation
requests. According to the decision on the
assignment of CRD/ICD channels by the CH
vehicle, the CM vehicles set their Transceiver 1s
to either the corresponding CRD channels for
communications with other CMs within the cluster or the ICD channel for non-real-time traffic
data-packets exchange among clusters. Finally,
the function of the QCM state is to guarantee
that the CM vehicles can receive and transmit
the safety messages by switching Transceiver 1s
to ICC channel, even if CM vehicles temporally
lose contact with the CHs or the CHs’ malfunction. In the QCM state, the vehicle’s Transceiver
2 still monitors the previous CRC channel and
tries to resume the communications with the
previous CH vehicle.

Losing contact
with clusterhead
completely

ZHANG LAYOUT

CM
CRD/
ICD
T2 CRC)

(T1

Losing contact with
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■ Figure 3. Finite state machine of our proposed scheme. T1 and T2 represent
Transceiver 1 and Transceiver 2, respectively.

being a QCH is longer than t j time units.
Because the CH vehicles repeat the ITJ advertisement messages every tj time units, a QCH
vehicle can receive the ITJ advertisement
messages within tj time units if it is within the
CH’s transmission range. Thus, a QCH vehicle will elect itself as a CH if it cannot receive
a valid ITJ advertisement message within t j
time units.
• Losing contact with cluster-head temporally:
when CM vehicle cannot receive the schedule
assignment broadcasted every T time units
from the CH.
If this condition holds, the state of the vehicle
changes from CM to QCM in order to guarantee the timely delivery of the safety messages. The vehicles in QCM state can send
and receive safety messages by tuning the
Transceiver 1 to the ICC channel. On the
other hand, the QCM vehicle tries to resume
the communications with the previous CH by
keeping the Transceiver 2 operating on the
CRC channel because the disconnection may
be temporally due to the unreliability of the
wireless channel.
• Losing contact with cluster-head completely:
when QCM vehicle cannot receive the schedule assignment consecutively for two times.
The QCM vehicle considers that it loses contact with the previous CH completely and thus
changes its state to QCH. In the CH, it will
delete this vehicle from the member-list if it
cannot receive packets from this vehicle consecutively for three times.
• Discovering cluster-head: when QCM vehicle
receives the schedule assignment from the CH
again.
The QCM vehicle changes to CM state and
resumes the communications with the CH.
• Merged by another cluster: when CH vehicle
receives the valid ITJ advertisement message
from the neighboring cluster-head which has
more CM vehicles.
The CH vehicle changes to CM state and joins
the cluster under that neighboring CH, and its
previous CM vehicles either join the cluster
under that neighboring CH or form another
new cluster according to the cluster configuration protocol.
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■ Figure 4. Time division in the CRC channel.

THE INTRACLUSTER COORDINATION AND
COMMUNICATION PROTOCOL
The intracluster coordination and communication protocol is based on a multichannel MAC
protocol, where each CH employs scheduling
scheme over CRC channel to collect/broadcast
safety messages and coordinate the clustermember vehicles to transfer non-real-time data within/between cluster(s). In the CRC channel, time
is partitioned into regular time intervals with the
equal-length of T, called “repetition period.”
Figure 4 shows the time division in the CRC
channel. The repetition period consists of
TDMA upstream period denoted by T t and
broadcast downstream period denoted by T b .
The length of time slot assigned to each member
within a cluster, denoted by t slot, can be determined by:
tslot =

Tt Tt (l gap + l v )
≈
N
2 LC N lane

(1)

where N is the number of CMs
within the clus–
ter, L C is the cluster radius, l gap is the average
gap between– the leading vehicle and the following vehicle, l v is the average length of the vehicle, and Nlane is the number of lanes in one way
on the highway.
The TDMA scheme can guarantee that each
vehicle within a cluster has a chance to transmit
data every T time units. Hence, if we denote the
updating interval of safety messages by T safety,
the size of the safety message (including payload
and overhead) by Hsafety, and the channel rate by
R, then the timely delivery of the safety messages can be achieved when the following conditions hold:
 T < Tsafety

H safety

.
R ≥
t slot


(2)

Because driver reaction time to traffic warning
signals (such as brake lights) can be on the order
of 700 ms and longer, the maximum delay for
safety messages should be less than 500 ms [5].
Otherwise, the safety system is useless to help
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TDMA (upstream)

the driver deal with the emergency situations. In
order to provide timely driving condition information, a safety message of 200 bytes is updated
every 200 ms. Thus, we set T = 200 ms and Hsafety = 200 bytes in this article.
The operating procedure of the intracluster
coordination and communication protocol can
be divided into the following four phases. First,
each CH vehicle creates a TDMA schedule specifying each vehicle when it can transmit according to the number N of vehicles in the cluster.
This TDMA schedule is broadcast back to the
CM vehicles in the cluster. Second, the CMs
send safety messages and data-channel reservation requests to the CH during their own
assigned time slots. Third, the CH vehicle consolidates the safety messages collected from both
its CMs and neighboring CHs, and makes a decision on the assignment of ICD and CRD channels according to the data reservation requests.
Then, the CH vehicle broadcasts consolidated
safety messages and data channel assignments
back to the CMs. Finally, the CM vehicles switch
their Transceiver 1 to the assigned channel
transmitting/receiving the non-real-time traffic.
Because only two CMs are assigned to operate
over the same CRD channels, they can use pointto-point communication without any contention.
Note that the non-real-time traffic and safety
messages can be served concurrently in our
scheme due to two sets of transceivers used. To
reduce the interference of CRC and CRD channels between clusters, different clusters use different code-division multiple access (CDMA)
codes.

THE INTERCLUSTER COMMUNICATION PROTOCOL
In the intercluster communication protocol, two
types of traffic are served on two separate channels between clusters:
• The real-time safety messages over ICC channel
• The non-real-time traffic over ICD channel
On one hand, cluster-heads, quasi-cluster-heads,
and quasi-cluster members use contention-based
protocols (e.g., IEEE 802.11) to share the ICC
channel. After the CH vehicles collect the safety
messages from their own clusters, they use the
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SIMULATION EVALUATIONS
The highway traffic model used here is developed based on the vehicle-following model
proposed in Simone 2000 [10], which is mainly
composed of the desired gap function and longitudinal control function. In our vehicle-traffic
model, we assume that the vehicles run along a
three-lane one-way circle loop with the circumference of 5 km. The period for each vehicle to
stay on the highway is based on the normal distribution with its mean λ = 2100 s and variance σ = 180 s2, respectively. This implies that
the vehicles will run on the highway for 2100
seconds (i.e., 35 min on average before they
“exit” the highway). A new vehicle is assumed
to enter the highway every 2100 seconds and
run at a random position on the highway loop
initially. The mean and variance values for the
vehicle speeds are set to 35 m/s and 15 m 2 /s 2 ,
respectively.
Through simulations, we compare our proposed scheme with the IEEE 802.11 MAC and
V2V-oriented DCA (V2V-DCA). V2V-DCA,
which supports the safety message delivery, is
derived from the Dynamic Channel Assignment
(DCA) [9] protocol. In V2V-DCA, the control
channel is used not only for the data-channel
reservation, but also for the delivery of safety
messages. In the following simulations, for V2VDCA we assign Ch178 as control channel and
the others as data channels. The performance
metrics we choose include the probability of
safety-message-delivery failure, the aggregate
throughput of non-real-time traffic, and the
channel busy rate. The probability of safety-message-delivery failure is defined as the probability
that a given safety message will not be received
by all the vehicles in the circle area centered at
the transmitter vehicle with the radius equal to
LI (Fig. 1). The channel busy rate is defined as
Tb/S, where S is the total simulation time and Tb
is the total channel busy time (i.e., the time
when channel is accessed by at least a transceiver). Using Matlab, we develop an event-driven
stochastic protocol simulator to evaluate our
proposed scheme based on these performance
metrics. –Our simulation
parameters are set as
–
follows: l gap = 25m, l v = 5m, LC = 150m, LI =
400m, T t = 150ms, T b = 50ms, H safety = 200
byte, and tj = 800ms. We assume that each chan-
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data fusion technique to consolidate the safety
information, and then contend for the ICC channel to forward the processed information to the
neighboring CHs. The transmission range for
intercluster communication protocol denoted by
LI (Fig. 1) depends on the intracluster communication range. In order to let two nearby neighboring CH vehicles communicate in one hop, LI
≥ 2LC should hold.
On the other hand, applying the intracluster
coordination and communication protocol, one
vehicle is assigned to ICD channel in each cluster. By employing the contention-based MAC,
those vehicles from different clusters contend for
the common ICD channel to transmit/receive
the non-real-time traffic packets between clusters. They work as gateways to forward the packets for the other CM vehicles.

Probability of safety message exchange failure
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1000

■ Figure 5. The performance of three protocols against non-real-time traffic
arrival rate: a) Probability of safety-message-delivery failure; and b) aggregate
throughput of non-real-time traffics. The size of the non-real-time traffic packet is 512 bytes.

nel has the same data transmission rate of R =
6Mb/s.
Figure 5 shows the performance comparison
among the IEEE 802.11 MAC (operating on
Ch178), V2V-DCA, and our proposed scheme
with the non-real-time traffic loads varying.
From the three plots marked by “(a) Failure
Probability” in Fig. 5, we can observe that the
probability of safety-message-delivery failure in
our proposed scheme is much lower than that in
IEEE 802.11 MAC or V2V-DCA scheme,
regardless of what the non-real-time traffic load
is. Also, the probabilities of safety-messagedelivery failure in IEEE 802.11 and V2V-DCA
become much higher than that for our proposed
scheme when the non-real-time traffic load
becomes heavier, as shown in Fig. 5. When the
non-real-time arrival rate is equal to or larger
than 50 packets/sec, the probability of safetymessage-delivery failure already approaches to 1,
which implies that the IEEE 802.11 MAC virtually cannot provision any real-time delivery of
safety message. These above observations are
expected for the following reasons. First, the
number of vehicles contending for the control
channel in our proposed scheme is much fewer
than that in IEEE 802.11 or V2V-DCA. Second,
our proposed scheme uses two dedicated channels (ICC and CRC) and contention-free
TDMA/Broadcast scheme over CRC channel to
deliver safety messages so that the load of the
non-real-time traffic does not affect the delivery
of safety messages at all, resulting in a constant
probability of safety-message-delivery failure as
shown in Fig. 5, no matter what the non-realtime traffic load is.
The three plots marked by “(b) Aggregate
Throughput” in Fig. 5 show that the aggregate
throughput of the non-real-time traffic increases
as the non-real-time traffic load increases for all
three schemes. From Fig. 5, we can observe that
IEEE 802.11 MAC scheme reaches its saturation
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■ Figure 6. Channel busy rates of the seven different channels. The size of the
non-real-time traffic packet is 512 bytes and the packet arrival rate of the nonreal-time traffic is 200 packets/sec/vehicle.

throughput of the non-real-time traffic after the
packet arrival rate of the non-real-time traffic is
equal to or greater than 50 packets/sec, which is
because the IEEE 802.11 scheme is based on the
single-channel MAC protocol. In contrast, V2VDCA and our proposed schemes can achieve
higher aggregate throughputs than the IEEE
802.11 MAC when the non-real-time traffic load
further increases, because V2V-DCA and our
proposed schemes use the multiple channels to
transmit data. Moreover, when the non-real-time
traffic load is equal to or larger than 50 packets/sec, the aggregate throughput achieved by
our proposed scheme becomes higher than that
achieved by the V2V-DCA. This is because when
the non-real-time traffic-load is equal to or larger than 50 packets/sec, the control channel of
V2V-DCA starts getting saturated. Figure 5 also
shows that if the non-real-time traffic-load further increases to 100 packets/sec or above, the
aggregate throughput of V2V-DCA reaches its
maximum of about 7.5 Mb/s while our scheme’s
aggregate throughput continues increasing,
which is because the control channel of V2VDCA is completely saturated already, preventing
the V2V-DCA’s data-channels utilization efficiency from increasing. In summary, the simulation results described in Fig. 5 show that our
proposed scheme can achieve not only the realtime delivery of safety messages, but also the
high throughput of the other non-real-time traffic.
Figure 6 plots the busy rate of each channel
for three protocols. In the IEEE 802.11 and
V2V-DCA, the Ch178 gets saturated because
both the safety messages and data/control packets of non-real-time traffic contend with each
other for the same channel. For V2V-DCA, the
channel busy rate of data channels (i.e., Ch172,
174, 176, 180, 182 and 184) is low, since the suc-
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cessful transmission probability of control packets used to reserve the data channels decreases
as long as the control channel becomes saturated. In contrast, the channel busy rate of our proposed scheme on Ch178 is lower than that of
IEEE 802.11 or V2V-DCA because only the
consolidated safety messages and ITJ/RTJ packets are transmitted on Ch178. In our proposed
scheme, the channel busy rate of Ch172 is nearly
100 percent due to TDMA’s features. In CRD
channels (i.e., Ch176, 180, 182, and 184), the
channel busy rate is equivalent to channel utilization efficiency because there is no collision
over these channels.

Complying with the DSRC’s seven-channel bandplan, we have proposed and analyzed a clusterbased multichannel communication scheme to
reduce data-congestion and support QoS for realtime delivery of safety messages while efficiently
utilizing wireless bandwidth over V2V networks.
Under our proposed scheme, most safety message
traffic is exchanged within a cluster in the TDMA
and broadcast manner. Only the CH vehicles
need to send the consolidated safety messages
over a contention-based channel. Hence, our
scheme can significantly improve the real-time
delivery of safety messages as compared to the
case using IEEE 802.11 and V2V-DCA. The simulation results obtained show that our proposed
scheme can achieve not only the timely delivery
of safety messages, but also the high throughput
for the other non-real-time traffic.
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