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Unicast Communication in Vehicular Ad Hoc Networks: A Reality Check
Mate Boban, Ozan K. Tonguz, and João Barros
Abstract—We characterize the unicast performance available
to applications in infrastructureless vehicular ad hoc networks
(VANETs) in terms of connection duration, packet delivery ratio,
end-to-end delay, and jitter in both highway and urban VANET
environments. The results show the existence of several stringent
QoS constraints for unicast applications in infrastructureless
VANETs.
Index Terms—VANET, QoS, connectivity, unicast applications.

the underlying restrictions of the PHY and MAC layers of the
DSRC standard and the dynamic nature of VANETs; and c)
carefully modeled urban and highway scenarios based on real
maps, vehicle densities, and speed distributions. In this letter
we focus on vehicle-to-vehicle (V2V) communication, which
will play a crucial role in VANETs, as infrastructure support
is not envisioned to be available ubiquitously.
The main contributions of this letter are the following:
∙

I. I NTRODUCTION

V

EHICULAR Ad hoc NETworks (VANETs) have been
envisioned for safety, traffic management, and commercial applications: vehicles can inform other vehicles of
hazardous road conditions, traffic congestion, or sudden stops;
furthermore, commercial services (e.g., data exchange, infotainment, rear-seat multiplayer games) can create an incentive
for faster adoption of VANET technology.
With respect to the applications running over VANETs,
Bai et al. in [1] presented a comprehensive classification
of VANET applications based on their underlying network
requirements. The study showed that unicast communication
(both single-hop and multi-hop) will be one of the key
communication paradigms required for a number of VANET
applications. Apart from the unicast-based applications listed
in [1], there are numerous others envisioned to be suitable for
VANET environments (e.g., real time audio/video communication, instant message exchange, coordinated movement of two
or more vehicles, etc.). To determine the feasibility of such
applications, in this paper we determine the level of Quality
of Service (QoS) that will be available in VANETs.
In order to determine achievable QoS performance in
VANETs for a defined set of parameters, we implement a
simulation model with the following characteristics: a) realistic
implementation of PHY and MAC layers of the Dedicated
Short Range Communications (DSRC) technology; b) a unicast routing scheme that exhibits optimal performance, given
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Characterization of constraints imposed by DSRCenabled VANETs to which future unicast routing protocols and applications running over them will have to
be adapted.
Analysis of the available QoS performance (end-to-end
delay, jitter, packet delivery ratio) for unicast applications
in highway and urban environments; analysis of attainable connection duration for common vehicle densities in
highway and urban environments.

II. VANET E NVIRONMENT C ONSIDERED
Seeking to understand the achievable QoS in infrastructureless VANETs, we build a realistic simulation environment
which assumes the optimal values of the unspecified VANET
characteristics. The specified VANET characteristics include
all of those that currently cannot be influenced by VANET
protocol design: vehicle density, vehicle mobility, road topology, signal propagation, and DSRC as the emerging standard
(we note that vehicle density and mobility could be affected
by future VANET deployment). On the other hand, the routing
protocols, the transport protocols, and the interference as a
function of the employed routing and transport protocols, are
unspecified characteristics (i.e., those that can and will be
optimized by VANET research community).
To ensure optimal functioning of the routing layer, we opted
for the following solution. For every message between the
observed sender and receiver, all of the available paths (i.e.,
routes over intermediate nodes) are analyzed, and the optimal
path is selected based on the minimum-delay criteria. The
network layer forwards a message over each available path
(if any) between the sender and receiver to determine the best
path for the specific message. The process is then repeated for
every message. Consequently, if the PHY and MAC layers of
DSRC are able to relay the message between the sender and
receiver, the network layer will deliver each message over the
optimal path without additional loss or overhead. Furthermore,
we employ only one sender/receiver pair per simulation run,
in order to avoid the interference generated by other data
sources.
Coupled together, the optimal path selection and the environment with minimal interference ensure that every message is delivered with minimum delay and without any loss
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TABLE I
S IMULATION PARAMETERS

Connection Duration − Urban and Highway
1

Value

Number of messages per sender

20 per second

Message size

Normally distributed
mean = 100 B; std. dev. = 15 B

TTL (max. # of hops allowed)

10

Vehicle densities (highway)

10, 20, 40 veh/km

Vehicle densities (urban)

10, 50, 100 veh/km2
(≈ 1, 5, 10 veh/km)

Speeds of vehicles

Normally distributed

Mean

highway = 100 km/h
urban ≈ 40 km/h

Standard deviation

highway = 25% mean
urban = 35% mean

Signal propagation model
(highway)

Two-ray
(based on measurements in [5])

Transmission range (highway)

550 m [5]

Signal propagation model (urban)

Shadowing

Shadowing parameters

𝛽 = 2.6; 𝜎𝑑𝐵 = 6
(based on measurements in [6])

Noise model

Additive channel + thermal noise

Transmission rate

6 Mb/s

or overhead due to routing1 . Details on the implemented
routing solution can be found in [2]. The solution was implemented in the Jist/SWANS simulator with the STRAW
mobility model. JiST/SWANS is a publicly available Javabased wireless network simulator. STRAW [3] is a vehicular
mobility model that implements the car-following model with
lane changing and intersection control. It is built on top of the
JiST/SWANS platform, and constrains the node movement to
real U.S. streets based on the U.S. Census Bureau’s TIGER
data (http://www.census.gov/geo/www/tiger).
DSRC, specified under IEEE standard 802.11p, is becoming
the de facto standard for physical (PHY) and medium access
control (MAC) layers of the VANET proposed communication
stack, Wireless Access in Vehicular Environment (WAVE),
defined in IEEE 1609.x family of standards. Therefore, we implemented DSRC PHY and MAC layers based on the ASTM
standard [4], and we used connectionless unacknowledged
(Type 1) operation of the LLC as specified in the IEEE
standard 802.2. We did not make use of DSRC’s multi-channel
functionality, since we only analyze a single sender/receiver
pair sending messages to each other, and only 40 messages
per second are sent in the entire system (20 messages/second
in each direction between the observed pair). On top of the
DSRC, we implemented the aforementioned routing solution. Simulations of highway scenarios were conducted on
a 43.5 km long section of I-80 interstate in Elko County,
NV, whereas for the urban scenarios we used a 7.5 km2
area of downtown Chicago. We distinguish between same
direction and opposite direction highway scenarios. In the
same direction scenarios, the sender/receiver vehicle pair was
1 Naturally, such a routing solution is not implementable in real life, since it
would lack the global knowledge necessary to make the optimal path selection;
nevertheless, this scenario provides us with means to analyze the optimum
unicast performance achievable by DSRC-enabled VANETs.
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Fig. 1. The distribution of connection duration in urban and highway
environments for various vehicle densities.

initially placed next to each other and proceeded to move in
the same direction. In the opposite direction scenarios, the
sender/receiver vehicles were placed approximately 10 km
apart and they moved towards each other. The remaining
vehicles were distributed randomly. In urban scenarios, the
sender/receiver vehicles were initially placed next to each
other and moved in a random direction. The remaining vehicles were distributed randomly. The effective range in urban
scenarios was up to a maximum of 400 meters, with the
vast majority of messages (90+%) received within the 150
meter radius. Message size and frequency were selected to
model a real time unicast communication. The desired speed
of vehicles for both environments was based on the normal
distribution, often used in traffic engineering literature. Vehicle
densities in highway scenarios were based on US DOT metrics
of “low”, “medium”, and “high” traffic levels. Each simulation
run was 900 seconds, with 200 seconds of warm-up time
before any packets are sent, in order to achieve the steady state
of the implemented mobility model. Simulation parameters are
presented in Table I.
III. R ESULTS AND D ISCUSSION
Fig. 1 shows the connection duration as a function of
vehicle density in the highway (same and opposite direction)
and the urban environment. Clearly, higher vehicle densities
on a highway significantly increase the connection duration
for the opposite direction scenario, with the average duration
increased by five times for 40 vehicles per kilometer (veh/km)
compared to 10 veh/km. Vehicle density does not have such a
significant impact when nodes move in the same direction
on highways, mostly due to the fact that the variance in
the relative speed between the sender and receiver has a
much greater impact than the increased number of relaying
vehicles. In the urban environment, the average connection
duration lies between 30 and 70 seconds. This is relatively
low when compared to highway and results from the twodimensional, shadowed environment which makes continuous
communication much harder to achieve. Since the observed
vehicles travel in two dimensions and it cannot be assumed
that they will travel in the same direction, the connection
duration decreases noticeably.
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(b) End-to-end delay vs. distance.
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QoS (packet delivery ratio, end-to-end delay, and jitter) performance of unicast communication in an infrastructureless VANET.

Fig. 2a shows the relationship between the vehicle density
and packet delivery ratio (PDR). Because the nodes in the
urban environment can travel over many different roads in
different directions, the existence of nodes that can relay the
message over a number of hops is essential for an increase in
the PDR. Mean values of PDR amount to approximately 9%,
42%, and 67% for the vehicle densities under consideration.
Fig. 2b shows that the end-to-end delay (which is calculated as
the average end-to-end delay for the messages sent from both
observed nodes) is highly dependent on the distance, and it
increases fairly linearly in the highway environment, whereas
the urban environment exhibits exponential increase of delay
with distance, mainly due to the significantly decreased transmission range of radios, and the consequent need for larger
number of hops to cover the same distance when compared
to highway environment. This in turn increases the average
transmission delay. Values of delay up to 40 ms in highway
environments and up to 90 ms in urban environments show the
capability of VANETs to support even the most delay stringent
applications, but only within a certain distance. Similarly, the
longer tail in the distribution of jitter in urban environment
is due to the decreased transmission range, which implies a
larger number of hops, thus producing larger delay variance.
Fig. 2c shows that the jitter is largely confined to 0 - 10 ms
interval in both the highway and the urban environment.
The results presented underline the capability of a DSRCenabled, infrastructureless VANET to support an end-to-end
delay below 90 ms, jitter largely below 10 ms, and a relatively
high PDR for a high enough vehicle density in an urban
environment or for a small enough region of interest in a highway environment. However, applications requiring a certain
connection duration (all real-time applications do) will have to
be bound to a certain region of interest, since even the optimal
environment implemented in this study, which is based on a
single sender/receiver pair and minimum interference, clearly
shows that all of the QoS metrics progressively deteriorate
with distance, especially in urban environment. In a sparse
network this is true because of the lack of relaying nodes:
store-carry-forward routing could be used to increase the
geographical range and PDR, but the delay and jitter would
be exacerbated, and connection duration would be dismal.
In a dense network, however, relaying the message over a
large number of hops could result in flooding the network,
thus significantly affecting the network performance. This

is especially true for real-time applications, which create a
continuous stream of messages. These results imply that over
larger geographical areas infrastructure support will have to
be utilized for real-time applications, in order to increase the
connection duration, decrease delay, and prevent the flooding
of the network.
IV. C ONCLUSION
In this letter we developed a practical methodology to study
the achievable unicast performance over VANETs. To that end,
we analyzed some of the most important QoS metrics for
unicast communication in both highway and urban environments. The results obtained show that the proposed VANET
technology has the ability to provide satisfactory delay and
jitter for most applications, whereas PDR and connection
duration are both highly dependent on the vehicle density and
the specific environment. Moreover, the connection duration
is closely related to the relative speed of vehicles. The results
presented are significant in several aspects: a) they define
available unicast performance over DSRC-enabled VANET
in both urban and highway environments, b) they shed light
on which applications could be feasible, and c) they provide
insights into which applications will not be feasible in infrastructureless VANETs, given their QoS requirements.
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