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Abstract-Beacon messages are periodic 1-hop broadcast messages
which are sent by each vehicle to let neighboring
vehicles/infrastructures be aware of its position, speed, and change
of direction. Beacon information plays a crucial role for many
applications including active safety applications through which
vehicles can predict the position of neighboring vehicles and be
able to take instant decisions to avoid any emergency situation.
However, such influx of broadcast messages may lead to beacon
overhead and congestion. These result in low message reception as
well as excessive delay. Beacon overhead and congestion may
affect emergency messages, channel arbitration messages and
other control messages which share a common channel as
specified by DRSC/WAVE. This paper proposes a mechanism for
controlling beacon overhead by adopting packet level network
coding. The simulations prove that our scheme has higher packet
delivery ratio and higher successful channel utilization compared
to CSMA/CA protocol.

when N becomes large. This indicates that the higher the value
of N, the higher the accuracy, or the lower the position error.
In the DSRC/WAVE proposal [14], only a single channel is
reserved for control and emergency messages; and seven
channels are used for non-safety applications. Even though
separate channels are allocated for non-safety applications,
source and destination should have the same channel for
communication. For channel alignment in non-safety based
channels, the control channel act as the arbitrator.
Accommodating several kinds of messages (i.e. beacon, control
messages, emergency messages, and channel arbitration
messages) generate considerable overload to the overall
performance of a common channel.
In our approach, the number of beacon transmissions is
reduced by lowering the transmission power of each node.
Unlike existing approaches [8][15-17][19], we have reduced
the transmission power to obtain a transmission range much
lower (e.g. halved) than the required transmission range for
safety applications. However, to achieve the application layer
transmission range required by safety applications, we propose
a forwarding mechanism that uses packet level network coding
to forward network coded beacons in 2-hop. Basically, a
forwarding zone is determined within the transmission range
and nodes in that zone contend with each other to select one of
them as the forwarder. Since, network coding reduces the
number of beacons forwarded in 2-hop, congestion in the
channel can be reduced substantially.
The paper is organized as follows. Section II presents a
detailed discussion of state-of-art and challenges. Section-III
describes the proposed protocol. Section IV evaluates, via
simulations, the performance of the proposed approach. Finally,
Section-V outlines the conclusion and future work.

Index Terms- Beacon, Congestion Control, Network Coding.

I.

INTRODUCTION

Currently, significant research efforts are being witnessed in
the areas of routing, congestion control, safety message
broadcast and content distribution in vehicular networks.
Potential applications like collision notiﬁcations and avoidance,
driver assistance, traffic monitoring and infotainment have
attracted research community to develop a new class of media
access control and network layer protocols. The technical
challenges in vehicular networks mostly include high mobility
of vehicles, large difference in vehicle speed, and stringent
delay and reliability requirements of real-time applications.
In recent years, various intelligent transportation systems
(ITS) applications require a lot of data to be communicated
over Vehicle-to-Vehicle (V2V) and Vehicle-Infrastructure
(V2I) networks. In vehicular networks, beaconing is an
important necessity to cater various safety and non-safety
applications. As per the requirement of DSRC/WAVE safety
applications, beacon frequency is kept as high as 10 beacons
per second to deal with change of directions, head-on collisions
and rear end collisions of vehicles. Since the GPS error, which
is in meters, is inherent in vehicular networks, frequent
beaconing is necessary to improve the accuracy of the
neighborhood information in real-time. This is due to the fact
that N samples of data have a mean error that tends to zero
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II. RELATED WORKS
As per DSRC/WAVE standards [14], a single and separate
channel is allocated to control messages, emergency messages
and beacon messages. Various active safety applications [12],
such as intersection collision warning, lane change assistance
and pre-crash sensing warning, are heavily depended on utmost
accuracy of beacon messages. By increasing beacon frequency,
accuracy of beacons increases. However, the communication
channel gets congested due to higher injection of beacons.
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The analytical and simulation study of beacons, presented in
[1], shows that an increase in node density increases channel
busy time and decreases the reception probability of beacons.
In [2], substantial reduction in beacon reception probability, in
extremely saturated scenarios, is demonstrated. The combined
impact of vehicle density, beacon frequency, and beacon packet
size on reception probability is reported in [3]. To avoid beacon
related problems, many beaconless emergency message
dissemination mechanisms have been proposed in the literature
[5-7][9][13].
Highly dynamic topologies and frequent changes in the
network size make congestion control more challenging. Four
main approaches have been adopted to reduce congestion
incurred due to beacons: contention window adaptation [4][11],
beacon rate adaptation [8][15][18], transmission duration
adaptation [10] and transmit power adaptation [8][15-17][19].
The contention window based binary exponential back off
algorithm (i.e. BEB) is considered as ineffective for broadcast
messages [4]; however, a dynamic variation of contention
window may enhance the network performances. In [11], an
empirical formula is proposed to adapt CW depending on
beacons received from neighbors during last few seconds.
Increasing beacon rate would provide more accurate
information about neighbors at the cost of a higher collision
probability. Schmidt et al. [15] discuss a trade-off between the
accuracy of beacon information and the availability of
bandwidth for emergency messages; they also propose an
adaptive beaconing method in which the beacon frequency is
adjusted based on a vehicle’s own movement as well as on
movement of the surrounding vehicles. The CCC-MAC
protocol [10] is a time-slot-based medium access protocol that
addresses channel congestion by reducing the transmission time
of beacons through the use of multiple data rates; temporal and
spatial partition addresses hidden terminal problem. The VDA
protocol [24] allows vehicles to access the shared medium in
collision-free periods to avoid a lower contention than would
otherwise be possible within a two-hop neighborhood by the
classical 802.11p.
At a fixed beacon frequency, change in transmission power
controls the number of nodes that share the common
channel/bandwidth. Numerous transmission power control
mechanisms, which adapt to change in node density, are
proposed in the literature. A transmission power control scheme
[17] proposed by Artimy et al, estimates local traffic density for
each node and determines the suitable transmission range;
however, its main focus is to maintain connectivity rather than
congestion control. Torrent-Moreno et al. In [19]. a fair power
adjustment algorithm for VANET is proposed where a vehicle
adjusts its transmission power while keeping the beacon load
within a predefined threshold. This always enables a part of the
available bandwidth to be reserved for event driven messages.
Apparently, it requires transmission of beacons in multiple hops;
as a result, more overhead in introduced. Transmission control
mechanisms work quite well in congestion scenarios. However,
they suffer from scalability issues when congestion occurs even
when the transmission power is at its lower limit, as defined by
DSRC standard [14]. In our approach, the minimum
transmission power is reduced to half this lower limit and

beacons are forwarded in 2-hops. To reduce channel usage due
to forwarding of beacons, packet level network coding is
adopted.
III. NETWORK CODING FOR BEACONING
The objective of the proposed protocol named Network
Coding Based Congestion Control (NC-CC) is to reduce the
beacon load on the channel by reducing the application layer
transmission range of a node. When the transmission range is
reduced to half, the number of potential competitors for
bandwidth is also reduced approximately to half of the total
number of competitors. As a result, less congestion in the
communication channel would occur and more bandwidth
would be available. However, since the transmission range is
reduced, beacons need to be forwarded farther, i.e. two hops
farther, in order to attain a range that is similar to the one that
would be attained with a full transmission range. In our
approach, this is achieved though network coding.
A. Basic Idea
We define the application layer transmission range, R, as the
distance within which all vehicles should receive beacons.
Most of DSRC based active-safety applications require an
application layer transmission range of 300m [21].To allow
vehicles to receive beacons sent by vehicles R distance apart,
forwarding nodes are needed to forward beacons in 2-hop. As
every vehicle broadcasts beacons, the resulting overhead will
dominate the effect of reducing transmission range and as a
consequence the channel usage by beacon messages cannot be
lowered. To overcome this issue and to obtain maximum
benefits of a reduced transmission range, we exploit packet
level network coding [22]. Consider a network coding scenario
shown in Fig.1. Node A and node B broadcast beacons say X
and Y respectively. On receiving packets X and Y, node C
performs XOR operation to create the coded packet X XOR Y
and broadcasts it. When node A and node B receive the
network coded packet, they can obtain each other’s packet by
XOR-ing again with their own packet.
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coding, exactly same number beacons must be received from
senders unaware of each other. However, beacons are
accumulated at the forwarder due to lack of coding opportunity.
To overcome this problem, multiple packets are bundled and
broadcasted which is described in Section III.C.

Fig 2. Forwarding node selection in (a). Ideal Scenario
(b) Real Scenario

Basically, a node, on receiving beacons from two neighbors
which are located more than R/2 distance apart, creates a
network coded packet using received beacons and broadcasts
the coded packet. The neighbors on receiving the coded packet
are able to decode the beacons of each other. An open question
here is how much the application layer transmission range, R,
should be reduced. In the ideal case as shown in Fig. 2(a), node
C has two neighbors: node A and node B placed at a distance of
R/2 from node C and are distance of R apart. In this case,
transmission range R/2 is sufficient to enable node A and node
B to receive each other’s beacon using the network coding
based forwarding approach. However, such a case is far from
reality and hence we need to determine a forwarding region and
use a transmission range bigger than R/2 by a small positive
factor denoted as ¨. As shown in Fig. 2 (b), a forwarding
region size is produced by the intersection of the transmission
ranges of node A and node B. The transmission range of a node
is thus given by R/2+¨. As shown in the figure, a forwarder
which is selected in the forwarding region broadcasts a network
coded beacon to enable node A and node B to decode each
other’s beacons successfully.
The network coding is performed when the senders of
beacons are unaware of each other (i.e. not in transmission
range of each other). To maximize the benefit of network

B. Beacon Forwarding using Network Coding
1) Forwarding Algorithm: The objective of this
algorithm (i.e. Forwarding Node Selection (FNS)), is to
improve overall throughput by applying packet level network
coding. Each node maintains a coding table along with a
neighbor table to take appropriate coding decisions. Neighbor
table contains id, position and speed of neighbors received
through beacons. Each entry in coding table includes NodeID
and beacon received from a node.
On receiving a beacon, a node uses the position of the
sender to determine the forwarding region. If it finds itself
inside the forwarding region, then it knows that it is one of the
candidates to forward the beacon. Given two received beacons,
they can be coded only when their respective senders are not
within range of each other. Let each of the beacon is termed as
the partner beacon. The node thus searches for a suitable
partner in its coding table. For each entry in the code table,
node ID is used to locate the neighbor entry in the neighbor
table. Then, the vehicle dynamics such as position, speed and
acceleration of the neighbor are processed to update position.
The updated position is used to determine if beacon of the
neighbor can serve as a partner beacon for the received beacon.
If a partner beacon is found, the node XORs it with the
received beacon and forms a coded beacon. Otherwise, the
received beacon and the NodeID of the sender are added to the
coding table and stored until a partner beacon is received.
Note that, there can be more than one node in the
forwarding region of the sender. Some of these nodes create
coded beacons using same partner beacon while others create
coded beacon using different partner beacons. If those nodes
send coded beacons at the same time, it results in collision at
the intended receivers. Therefore, a contention mechanism is
needed to select one of them as the forwarder. Basically, before
sending a coded packet, a node selects a slot at random from (0,
cw). To reduce the waiting time, we select a small value of cw,
for example, 5. On hearing a copy of the coded beacon, a node
drops its own coded beacon, deletes the entry of the partner
beacon from coding table and exits the contention. However,
when a node overhears a coded beacon with a different partner
beacon, it drops its own coded beacon as the received beacon
has already been forwarded and forwarding its coded beacon
will result in redundant transmissions. The node then exits the
contention.
2) Forwarding Region Determination: As discussed in
section-III. A, in order to apply packet level network coding on
beacons, the transmission range of a node is R/2+¨. The factor
¨ is assumed to have a small positive value and it is used to
determine the size of the forwarding region of two nodes. The
size of ¨ has an impact on the efficiency of forwarding because
of high fluctuations in node density in vehicular networks. If ¨
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is too large it is highly probable that more forwarders are
found; thus, more than one forwarder may select the same
contention slot, resulting in collision of the coded packet. If ¨
is too small, the probability of finding a forwarder decreases.
Therefore, dynamic adjustment of ¨, based on node density, is
necessary to determine the size of the forwarding region. The
adaptive value of ¨ is determined as follows. We consider a
maximum value for ¨ which is denoted as d. Let the region
generated by d be divided into a number of cells; each cell can
accommodate at most one vehicle. Let W denote the width of a
cell and n denote the number of cells and is given by d/W. For
the sake of simplicity and without loss of generality, we
consider a one-lane highway. We assume a Poisson distribution
of nodes with parameter Ȝ (average node density) [13]. We
formulate the events associated with possible values of ¨; the
minimum value of ¨ is cw*W. For a given node density, we
determine the probability of each event. Let i denote an event
that corresponds to value of ¨ given as follow:

Δ = (cw + i − 1) *W

(1)

The probability of event i is obtained as follows:
n −i

Pi = e −(i −1) μ ∏ μe − μ

(2)

j =1

where i=1,2,.n-cw+1. The adaptive value of ¨ thus corresponds
to event i having the maximum probability among all events.
C. Packet Bundling
Though network coding can reduce substantially channel
usage, some packets cannot be forwarded using network coding
and they remain in the message queue as none of the packets
has another packet to form the couple. This problem happens
when unequal numbers of packets arrive (i.e. due to unequal
node distributions) to a potential forwarder for network coding.
To overcome this problem, multiple packets should be merged
to make a single packet and sent to the desired direction; we
call this process message bundling. However, the total time of
the transmission should be in the multiple of beacon payload
and header duration as we did not apply any encoding scheme
here.
TM = k * Tb + Tp

(3)

where TM is the transmission time of merged beacon, Tb is the
payload transmission time of an ordinary beacon and Tp is
transmission time of physical layer and mac headers.
IV. PERFORMANCE EVALUATION
A. Performance Metrics
1) Packet Delivery Ratio: It is the ratio of the number of
vehicles that receive the beacons to the total number of
expected receivers. Since reliability is an important criterion for
the beacon dissemination, it is worthwhile to compare the
proposed scheme with the CSMA/CA in terms of packet
delivery ratio.

2) Successful channel busy time: It is the average time
period during which the channel is busy in successfully
receiving beacons. It is measured at each node at the end of an
observation period which is set to 1 sec. It is an indirect
measure of channel utilization for successful messages.
Table- I
Simulation Parameters
Data Rate
3 Mbps
Transmission Range
150m, 180m 300m(CSMA/CA)
Channel Model
Two Ray Ground
Number of Nodes
50-100
Number of Lanes
2
Road Length
1 Km
Velocity
15m/s- 20m/s
Packet Size
180 Bytes
Bundle Size
2-5 packets
ǻ
30m, 60m

B. Simulation Setup
Simulations are performed using an ns-2 simulator [23] to
investigate the performance of the NC-CC protocol. Common
simulation parameters are listed in Table I. The width of a cell
W is set to 6m. cw is set to 5. As described in section-III.B.2,
the minimum value (i=1) of ǻ is obtained as 30m. In the
simulation, we consider two values of ǻ, 30m and 60m
(i=cw+6). The transmission ranges for ǻ=30m and ǻ=60m are
determined as 180m and 210m respectively. The VANET
scenario is a straight 1-km-long highway with two
unidirectional lanes.
C. Results and Discussions
Fig 3(a) presents the comparison of packet delivery ratio
for varying node density and varying bundle size. The node
density varies from 40 to 100 and the bundle size varies from 2
to 5. ǻ is set to 30m. With increase in node density, the packet
delivery ratio (PDR) decreases. However, with increase in
bundle size, the PDR increases initially and decreases later. The
impact of the bundle is such that with higher bundle size and
higher node density it suffers from collisions and congestion in
the channel. When bundle packet size is very small, the 2 hop
transmission is less exploited. Similarly, when bundle packet
size is very large, it results higher the transmission time and the
possibility of collisions is much higher. Therefore, higher
bundle size results in lower packet delivery ratio. In Fig 3(b)
and Fig 3(c), the packet delivery ratio is measured with
increase in node density for two different ǻ values respectively.
It is noticed that, the performance of the proposed scheme NCCC in Fig. 3 (c) is higher compared to Fig 3(b); the reason for
such performance is the higher ǻ value. With lower ǻ, the
forwarding region is small. As a consequence, it is less
probable to find a forwarder; hence, due to absence of network
coded beacons, some of the nodes will not be able to receive
beacons from neighbors located within the transmission range
of beacons but not within the application layer transmission
range.
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Fig 3(a)

Fig 3(c)

Fig 3(b)

Fig 3(d)

Fig 3(e)

Fig 3(a) Packet delivery ratio Vs node density Vs bundle size (ǻ=30 meters), (b) Packet delivery ratio comparing Vs node density (ǻ=30 meters), (c) Packet
delivery ratio comparing Vs node density (ǻ=60 meters), (d) Successful channel busy time (ǻ=30 meters), (e) Successful channel busy time (ǻ=60 meters)

With higher ǻ, the transmission range of beacons is higher
and the protocol continues to perform well till it is affected by
congestion. Once, it is affected by congestion, the steep decline
in performance is noticed. The NC-CC without bundling has
slightly lower performance compared to the NC-CC which
essentially relies on both network coding as well as bundling.
Bundling helps in forwarding beacons that cannot be coded. As
a result, performance is enhanced. The CSMA/CA experiences
the smallest PDR for all node densities except at 100. The
reason behind the performance degradation is that the
transmission range of a beacon is same as the application layer
transmission range. As a result, heavy contention and collisions
occur among nodes resulting in significant loss of beacons at
the intended receivers. Note that, the bundle size is chosen to
be 3 for Fig 3(b), Fig 3(c), Fig 3(d) and Fig 3(e). In Fig 3(d)
and Fig 3(e), channel busy time is measured considering
successful reception of beacons within the observation period
for ǻ=30m and ǻ=60m respectively. With increase in node
density, successful channel busy time increases for NC-CC,
NC-CC (w/o bundling) and CSMA/CA in Fig 3(d). The trend
shows that, in NC-CC, the channel is used by large number of

successful beacons compared to CSMA/CA. As expected, NCCC is superior to NC-CC without bundling. The reason behind
the performance gap is that bundle packets occupy significant
amount of channel time. Since, the contention is already
reduced by reducing transmission range, NC-CC (W/O
Bundling) achieves a higher time period spent on successful
reception of beacons. Unlike a linear performance growth
depicted in Fig 3(d), in Fig 3(e) NC-CC and NC-CC (W/O
bundling) show increase in successful channel busy time till
node density 70. After that, the performance decreases with
further increase in node density. CSMA/CA is consistently
outperformed by both NC-CC and NC-CC (W/O Bundling)
across all node densities.
V. CONCLUSION AND FUTURE WORKS
In this paper, we evaluated the benefit of network coding
and merged beaconing to reduce beacon overhead. By reducing
the transmission range of beacons the channel contention is
reduced. Further, by exploiting packet level network coding,
beacons can be delivered to receivers placed within the
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transmission range specified for safety applications. From the
simulations, it is concluded that the proposed scheme
outperforms the basic CSMA/CA scheme in terms of packet
delivery ratio and successful channel busy time. The scalability
of the proposed protocol is confirmed by the ability of nodes to
send beacons to a significant number of its intended receivers
in the densest scenario.
In the current paper version, to find ǻ we have assumed
static values for CW and ‘d’. In our future work, we would like
to provide an in-depth analysis for these parameters.
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