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ABSTRACT

This paper studies the design of layer-2 protocols for a vehicle to
send safety messages to other vehicles. The target is to send vehicle
safety messages with high reliability and low delay. The commu-
nication is one-to-many, local, and geo-significant. The vehicular
communication network is ad-hoc, highly mobile, and with large
numbers of contending nodes. The messages are very short, have
a brief useful lifetime, but must be received with high probabil-
ity. For this environment, this paper explores the efficacy of rapid
repetition of broadcast messages. This paper proposes several ran-
dom access protocols for medium access control. The protocols
are compatible with the Dedicated Short Range Communications
(DSRC) multi-channel architecture. Analytical bounds on perfor-
mance of the proposed protocols are derived. Simulations are con-
ducted to assess the reception reliability and channel usage of the
protocols. The sensitivity of the protocol performance is evaluated
under various offered traffic and vehicular traffic flows. The re-
sults show our approach is feasible for vehicle safety messages in
DSRC.
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1. INTRODUCTION

Dedicated Short-Range Communications (DSRC) is 75 MHz of
spectrum at 5.9 GHz allocated by the Federal Communications
Commission (FCC) to “increase traveller safety, reduce fuel con-
sumption and pollution, and continue to advance the nation’s econ-
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omy [9].” This promising development is designed to support vehicle-
to-vehicle and vehicle-to-infrastructure communication using a vari-
ant of the IEEE 802.11a technology [1]. DSRC will support safety-
critical communications, such as collision warnings, as well as other
valuable Intelligent Transportation System applications, such as
Electronic Toll Collection (ETC), real-time traffic advisories, digi-
tal map update, etc. The versatility of DSRC greatly enhances the
likelihood of its deployment by various industries and adoption by
consumers.

The 2004 FCC ruling [10] specifies DSRC will have six ser-
vice channels and one control channel. The control channel is to
be regularly monitored by all vehicles. The FCC has recognized
safety messages and “safety of life” messages. Safety of life is to
have the highest priority, whether originated by vehicles or road-
side transmitters. The non-safety data transfers have the lowest pri-
ority. Given these requirements, this paper adopts the reasonable
assumption that safety communications take place in the control
channel!. Further, a licensed roadside unit could use the control
channel to inform approaching vehicles of its services (often non-
safety applications) and conduct the actual application in one of
the service channels. For example, a roadside unit could announce
a local digital map update in the control channel and transfer this
data to interested vehicles in a service channel.

This paper explores the feasibility of sending safety messages
from vehicle to vehicle in the DSRC control channel (hereafter
simply channel). We reason about safety applications and estimate
the range of data traffic they might produce. We develop Qual-
ity of Service (QoS) measures appropriate for safety applications.
Finally, we build network models analytically and in simulation
to assess the feasibility of supporting safety applications relying
on vehicle-vehicle communication over 802.11a radios within the
spectral resources allocated by DSRC.

In both simulation and analysis we use the simple collision model.
Packets are lost if two nodes within interference range of each
other transmit packets overlapping in time. The interference range
is derived by assuming the Friis and two-ray models. The colli-
sion model is widely-used for network analysis, e.g. in [8], [12],
and [22]. It is simple enough for large-scale simulation. We sim-
ulate networks with up to 1000 moving vehicles. It is the model
implemented in the network simulator NS-2 [2]. The DSRC simu-
lator used here is based on NS-2.

The rest of the paper is structured as follows. Section 2 reviews
the relevant literature and technologies.Section 3 is the problem for-

THowever, the techniques described in this paper could be applied
to service channel monitored by all vehicles.
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Data Rate (Mbps) 6,9,12, 18, 24, 36, 48, 54
10 (jammed) | 30 (smooth)
Message Range (m) 10-100 30-300
Lane Number 4,8
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Figure 6: Validation of Simulation Results with Analytical
Model
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Table 3:

Protocol
SFR 12
AFR 18
SPR 12
APR 18
APR-CS 18
AFR-CS 18
802.11 24
control channel comes down. are a good
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Figure 12: repetition

Figure 13: Feasibility Regions for Probability of Reception
AFR-CS Protocol
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