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ABSTRACT

The Dedicated Short Range Communication (DSRC) tech-
nology is currently being standardized by the IEEE to en-
able a range of communication-based automotive safety ap-
plications. However, for DSRC to be cost-effective, it is im-
portant to accommodate commercial non-safety use of the
spectrum as well. The co-existence of safety and non-safety
is achieved through a periodic channel switching scheme
whereby access to DSRC alternates between these two classes
of applications. In this paper, we propose a framework that
links the non-safety share of DSRC as effected by the channel
switching to the performance requirements of safety appli-
cations. Using simulation experiments, we analyze the non-
safety opportunity in the DSRC under varied road traffic
conditions. We find that non-safety use of DSRC may have
to be severely restricted during peak hours of traffic to in-
sure that automotive safety is not compromised. Our study
also provides interesting insights into how simple strategies,
e.g., optimizing the message generation rate of the safety
applications, can significantly increase the commercial op-
portunities of DSRC. Finally, we find that adaptive schemes
that can dynamically adjust the switching parameters in re-
sponse to observed traffic conditions may help in maximizing
the commercial use of DSRC.
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1. INTRODUCTION
To combat road fatalities, the U.S. Federal Communica-

tion Commission (FCC) has allocated a 75MHz spectrum at
5.9GHz for vehicle-to-vehicle and vehicle-to-infrastructure
communications. The proposed vehicular communication
technology, known as the Dedicated Short Range Communi-
cation (DSRC), is currently being standardized by the IEEE
[1, 2]. Many major car manufacturers have responded pos-
itively and are actively working together in bringing this
promising technology into fruition [3, 4].

Although the primary purpose of DSRC is to enable comm-
unication-based automotive safety applications, e.g., coop-
erative collision warning (CCW), the standard also provi-
sions for a range of non-safety applications, from electronic
toll collection to multimedia downloading [3]. The motiva-
tion for allowing non-safety over DSRC is to create com-
mercial opportunities thereby making the DSRC technology
more cost-effective. Commercial operators wishing to con-
duct business over DSRC will be expected to acquire the
appropriate spectrum licenses.

Figure 1 shows a typical vehicular communications sce-
nario of the future, where vehicles communicate with each
other (for safety purposes) as well as with road side infras-
tructure (for non-safety transactions). For non-safety to co-
exist with safety applications over the same DSRC spec-
trum, it is absolutely necessary to have proper mechanisms
in place to protect safety communications from the harm-
ful interference of non-safety data transmissions. To this
end, the DSRC standard divides the entire 75MHz spectrum
into seven 10MHz channels and reserves one of the channels,
called control channel (CCH), exclusively1 for safety commu-
nications. The remaining six channels, referred to as service
channels (SCHs), are to be used for non-safety applications.

At first, it may appear that a large share of the DSRC
(6 out of 7 channels) is available for non-safety communica-
tions. However, continuous non-safety communication on a
SCH would be possible only if all DSRC devices were capa-
ble of simultaneously monitoring the CCH while exchang-
ing non-safety data on SCH. To accommodate single radio
DSRC devices that must switch between CCH and SCH to
support both safety and non-safety, it is mandatory for all
devices, single or dual-radio, to synchronize their safety (and
consequently non-safety as well) transmissions. The syn-
chronization requirement leads to the cyclic transmission
phenomenon in vehicular networks where safety activities
on CCH are followed by non-safety on SCH in a repetitive

1Except for some occasional service advertisements at low
priority.



Figure 1: Concurrent support of safety and non-safety communications over DSRC

fashion. In such cyclic transmissions, the share of DSRC
available for non-safety is strictly given by the length of the
two intervals. For non-safety to avail a large share of DSRC,
the safety interval has to be very small compared to the non-
safety interval.

Clearly, to answer the question posed in the title of this
paper, one has to work out the channel intervals that would
satisfy the requirements of safety applications. In this paper,
we propose a framework to derive these intervals as a func-
tion of the required updating frequency and communication
reliability for safety messaging, the latter being dependent
on the vehicular traffic density on the roads. The frame-
work is numerically analyzed using detailed simulations of
the DSRC channel coordination scheme. We discover sev-
eral interesting results. We find that a large share of DSRC
is available for non-safety usage only in low to moderate
traffic conditions. Contrary to the first impression, non-
safety activities may have to be severely restricted, or even
shut down altogether, in high density traffic. We also show
how simple strategies, e.g., optimizing the message genera-
tion rate of the safety applications, can significantly increase
the commercial opportunities of DSRC. Finally, we observe
that, given traffic density on our roads varies over time and
space, it may be necessary for the DSRC channel synchro-
nization to adaptively adjust the safety and non-safety in-
tervals based on the traffic situation (or time of day).

The rest of the paper is organised as follows. Section 2 re-
views the DSRC channel synchronization and coordination
scheme proposed in the IEEE standard. In Section 3, we
present our approach to derive the channel intervals, and
consequently the share of non-safety usage, from the perfor-
mance requirements of safety applications. The simulation
setup is described in Section 4 followed by the discussion of
the results in Section 5. The impact of the DSRC availabil-
ity restrictions on the service completion times of non-safety
applications is discussed in Section 6. We briefly review the
related work in Section 7 before drawing our conclusions in
Section 8.

2. DSRC CHANNEL SYNCHRONIZATION
Figure 2 shows the channel synchronization and coordina-

tion scheme proposed by the IEEE 1609.4 standard [5]. It
is assumed that the devices participating in the communi-
cation are synchronized to a common time base through ex-
ternal sources such as GPS. The periodically repeated Sync
Interval (SI) contains a CCH Interval (CCHI) followed by a
SCH Interval (SCHI), along with two Guard Intervals (GIs).
A GI is used at the beginning of each channel interval to en-

Figure 2: DSRC channel synchronization and coor-
dination scheme specified in IEEE 1609.4

able the radio devices to complete channel switching and
account for any synchronization inaccuracy. The radio de-
vices must stay in CCH to transmit and receive the safety
application packets. The communications of non-safety ap-
plications are performed during the SCHI.

At this stage, the standard has not recommended any spe-
cific values for the CCHI, SCHI, and GI. However, in the
following section, we use these variables to reason about the
share of DSRC that is available for conducting non-safety
activities in the vehicular environment.

3. PROBLEM FORMULATION
With the channel coordination scheme explained in the

previous section, the share of DSRC available for non-safety
use is directly given by the fraction of time a vehicle stays
in SCH. Let us denote this fraction as ρ = SCHI

SI
. Clearly,

to support potentially unlimited non-safety applications, we
would like the ρ to be as high as possible. However, because
safety has the priority, ρ would be limited by the perfor-
mance requirements of safety applications.

Typical safety applications, e.g., the CCW, rely on ve-
hicles acquiring the positional and kinematic status infor-
mation from all nearby vehicles at a certain frequency f ,
typically about 10Hz2. To fulfil this requirement, both the
SI and the CCHI parameters have to be adjusted properly.
In the context of channel switching, status information can
be exchanged only during the CCHI. Therefore, the fHz re-
quirement could be met by setting SI equal to 1/f seconds,
which would give the vehicles f opportunities per second to
tune to the CCH.

In addition to setting the SI to 1/f, we also need to make
sure that vehicles are indeed able to successfully exchange
their status information in every CCHI. The status informa-
tion are embedded in broadcast packet and transmitted in
the channel which is accessed abiding the contention based

210Hz is the communication frequency for most of safety
applications considered by the automobile manufactures[6]
and the researchers[7, 8]



802.11 MAC protocol. It is widely perceived that the broad-
cast channel will be congested when the traffic density is high
[4, 7]. When the channel is congested, the packet loss rate
is high so the status information updating becomes unreli-
able. We define the reliability of safety applications under
the multi-channel operation as the probability of receiving
at least one packet from a given vehicle within a CCHI.
Intuitively, confining the broadcast transmission within a
shorter period of time (i.e. shorter CCHI) will aggravate
the channel congestion and the shorter this period is, the
more packet loss will happen. Clearly, the reliability R is a
monotonically increasing function of CCHI. To meet a tar-
get reliability requirement3 r, there exists a minimum CCHI
so that:

for any CCHI ≥ CCHImin, R(CCHI) ≥ r (1)

Assuming that the CCHI is always set to the minimum
value allowed by the reliability requirement of the safety
applications,we can derive ρ as:

ρ =

{

SI−CCHImin

SI
= 1/f−CCHImin

1/f
, CCHImin < 1/f

0, otherwise
(2)

The second half of Equation (2) says that the DSRC is
not available to non-safety applications at all if the mini-
mum CCHI required to meet the reliability target of safety
applications exceeds the Sync Interval. Indeed, this would
be a very unfortunate outcome given the goal of DSRC to
concurrently support both safety and non-safety communi-
cations. As we will show later in the paper, such outcomes
are very likely to occur during peak periods of traffic when
a large number of vehicles contend for the channel access.

Optimistically, we may be able to meet the reliability re-
quirement with a CCHI smaller than the Sync Interval. In
that case, the first half of Equation (2) allows us to compute
ρ as a function of the updating frequency f and CCHImin,
the latter being dependent on the reliability requirement r.
In the following two sections, CCHImin is derived by simu-
lation experiments.

4. SIMULATION SETUP
In this section, we describe our simulation testbed that

simulates safety communications in the framework of DSRC
channel synchronization and coordination scheme reviewed
in Section 2.

4.1 DSRC Implementation
The PHY and MAC layer standards of DSRC (a.k.a. IEEE

802.11p) is developed based on IEEE 802.11a. The QualNet
[9] software is widely used to simulate IEEE 802.11 networks
for its detailed implementation of the PHY and MAC layers
of the 802.11 standards. The simulation experiments of this
work are performed based on the QualNet 3.9.5 simulator
with several modifications to represent the characteristics of
DSRC.

First, we modified the PHY layer parameters of 802.11a
to conform the DSRC radio specifications. According to
the draft DSRC standard [2], the carrier frequency is set to

3Some safety applications may have the requirement on the
probability of consecutive packet loss, i.e., not receiving any
packet from a vehicle in i successive CCHIs. Such a proba-
bility can be calculated from r as p = (1 − r)i.

5.9GHz and the channel bandwidth is reduced from 20MHz
to 10MHz. Accordingly, the OFDM symbol duration and
short symbol length are doubled. All broadcast communi-
cations use 6Mbps data rate (QPSK modulation with 1/2
coding rate). The two-ray model is chosen to calculate the
radio signal path loss with constant shadowing effect. The
transmission power and the receiving sensitivity of all the
nodes are tuned to achieve the transmission range of 200
meters.

Second, an add-on module is developed for 802.11 MAC
to implement the DSRC multi-channel operation specified
in IEEE 1609.4 [5]. The synchronization is assumed to be
achieved through external sources without incurring in-band
communication overhead, so all the nodes enter and leave
CCH at exactly the same time. The IEEE 1609.4 patched
802.11 MAC only delivers (collects) broadcast packets to
(from) the physical layer within CCHI. The CCHI, SCHI
and GI values are configurable but all the nodes use the same
values in a single simulation run. Since both the GPS timing
inaccuracy (in nanoseconds [5]) and the channel switching
time (40-80 microseconds [10]) are several orders of mag-
nitude smaller than the channel intervals (in milliseconds)
considered here, the GI is ignored in the simulations. Due to
the carrier sensing and random backoff of 802.11 MAC, there
might be some safety packets remaining in the MAC buffer
waiting to be transmitted when the radio leaves CCH and
starts switching to SCH. We believe that the information
contained in these packets are obsolete and they should not
compete the channel resource with newly generated pack-
ets. In our implementation, these packets are discarded at
the beginning of each CCHI.

Third, a broadcast packet generator/collector is developed
to simulate the vehicular safety applications. The generator
randomly generates k 100-byte packets within each CCHI.
k is configurable but all the nodes use the same value in a
single simulation run. The generation time of each packet
are uniformly distributed in [0,CCHI]. The collector keeps a
record for all the nodes within the transmission range and
update the record only when the first packet is received
within a CCHI.

4.2 Vehicular Environment Simulation

Figure 3: A typical section of a 4-lane road

To simulate safety applications in an typical vehicular en-
vironment, we set the simulation area to be a 20m×1000m
rectangle, which represents a section of a 4-lane road. Com-
pared with the transmission range (200m), the length of the
area (1km) is long enough to observe the effect of hidden
node effect. All the nodes are uniformly distributed in this
area. For the situation of high traffic density, in the same
lane, the distance between two adjacent vehicle is around 10
meters, so the total number of nodes is about 400. We define
the traffic density n as the average number of other nodes
within a node’s transmission range. Given the transmission
range and the length of the area, n equals 160 in the high
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Figure 4: Reliability (90±10m) as a function of
CCHI

Table 1: CCHI for 90% and 95% reliability (k = 1)
Vehicle density 40 80 160

CCHI (90% reliability) 30ms 50ms 90ms
CCHI (95% reliability) 50ms 90ms 170ms

density scenario. We also simulate the medium and low den-
sity scenario, in which n equals 80 and 40 respectively. The
simulation time of each possible configuration is dynamically
set so that the simulations are run sufficiently long to reach
steady states (at least 2000 cycles were simulated in each
experiment).

All the nodes take part in the communication, however,
to avoid edge effects, the statistics are only collected from
the nodes located in the central 200m area (the shaded area
in Figure 3). We name the nodes inside this area reference
nodes (RN). In vehicular networks, due to the hidden node
and power capture effects, the probability of a packet being
successfully received decreases with the distance between the
sender and receiver [11], so the reliability is a function of the
distance between two vehicles. Because the traffic density is
changed and the positions of nodes are randomly chosen, we
cannot get any arbitrary distance between the sending and
receiving node. For ease of comparing the results of different
traffic density, when collecting statistics of a RN, we divide
the sending nodes in this RN’s record list into 10 groups
(10±10m, 30±10m, ..., 190±10m) according to the distance
between the sending node and the RN, and take average of
the sending nodes in the same group.

5. SIMULATION RESULTS
First, we run the simulations with k equals to 1, i.e., each

node transmits one packet per CCHI. The reliability at the
distance of 90±10m for different traffic densities are plot-
ted in Figure 4. It is clearly shown that the reliability in-
creases monotonically with the CCHI. With the curves in
Figure 4, for a certain reliability requirement, we can find
the CCHImin that guarantees the required reliability. With
the derived CCHImin, ρ can be calculated using Equation(2).

Figure 4 also shows that CCHImin is decided by the traffic
density. For example, in the medium density situation, the
CCHI must be more than 90ms to achieve a 95% reliability,
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Figure 5: Share of non-safety applications for differ-
ent traffic densities
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Figure 6: Reliability achieved when CCHI=50ms

while in the low density situation, CCHI larger than 50ms
will guarantee the same reliability. Table 1 lists the mini-
mum CCHI for the 90% and 95% reliability respectively. It
can be seen from the table that CCHImin is tripled with traf-
fic density increased from low to high, which implies that ρ
drops dramatically with the traffic density.

To quantitatively illustrate ρ, we assume that f equals
to 10Hz. According to the analysis in Section 3, SI equals
100ms in this case. Based on the results in Table 1 , the de-
rived ρ are shown in Figure 5. We can observe that when the
traffic density is high, ρ is very small with the 90% reliability.
Furthermore, it becomes zero if the reliability requirement
is 95%, which means the non-safety applications cannot be
operated because the radio devices have to stay in the CCH
all the time for the safety communications.

The performance results shown in Figure 5 were derived
with the most basic packet generation scheme with k = 1.
It has been shown by other researchers that broadcast relia-
bility could be improved by repeating the broadcast several
times. To be more precise, it was discovered in [11] and [7]
that there exists a optimal packet generation rate to maxi-
mize the broadcast communication performance. To investi-
gate the benefit of such advanced packet generation schemes,
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Table 2: Optimized k values
CCHI 40ms 50ms 60ms 70ms 80ms

High density 1 1 1 2 3
Medium density 2 2 3 4 4

Low density 3 4 5 6 7

we conducted another set of simulation experiments by set-
ting k greater than 1. Figure 6 shows the reliability achieved
with different k. It is interesting to observe that increas-
ing the number of packets generated per CCHI has different
effects on the reliability. Under high density condition, in-
creasing k from 1 to 2 reduces the reliability while the op-
posite effect is observed in the low density situation. The
reason of this phenomena is that the channel is not con-
gested when traffic density is low, so increasing the packet
generation rate creates more chances of receiving at least one
packet within CCHI. However, when the channel is highly
congested, higher packet generation rate aggravates the con-
gestion and reduces the reliability as a consequence of that.
Figure 7 confirms that for a given combination of CCHI and
traffic density, there exists an optimum k that maximises
reliability. To find the optimal k, for each traffic density
and CCHI (10ms, 20ms,..., 100ms) combination, we run the
simulations for different k and select the one which gives the
highest reliability. Some of the optimized k values are listed
in Table 2.

Intuitively, it is expected that given a reliability require-
ment, the optimal k would yield a shorter CCHImin, which
in turn would increase the share of non-safety (i.e., ρ). The
ρ achieved under optimal k is shown in Figure 8. Compared
with Figure 5, we can observe that the share of non-safety
applications in DSRC is significantly increased with the opti-
mization of the packet generation rate. This finding suggests
that any other schemes that improve broadcast reliability of
safety applications is also likely to increase the commercial
opportunities of the DSRC.

Another insight we gain from Figure 5 and 8 is that it
may be a good idea to adaptively adjust the CCH and SCH
intervals in response to the observed vehicle density. If the
CCHI is fixed, the channel resource will be either wasted
by spending unnecessary time in CCH (when the vehicle is
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Figure 8: Share of non-safety applications for differ-
ent traffic densities (with optimal k)

in low density area) or not allocated properly so that the
performance of safety applications are compromised (when
the vehicle is in high density area). Dynamically adjusting
CCHI and SCHI settings could help maximizing the non-
safety share of DSRC and minimize the risks to vehicular
safety at the same time (it seems to be an interesting re-
search issue worthy of future study).

6. DOWNLOAD PERFORMANCE
In the preceding sections, we have derived the share of

DSRC that may be used for non-safety purposes under vari-
ous traffic densities and safety reliability requirements. How-
ever, a discussion on non-safety communication over DSRC
would not be complete without fully understanding the im-
pact of the DSRC availability restrictions on the service
completion times of various non-safety applications. Service
completion time is a major performance criterion for vehic-
ular applications, because vehicles stay within the wireless
range of a road side unit (RSU) only for a short duration
within which it needs to complete a given service transac-
tion. In this section, we analyze the completion time of
some typical non-safety services as a function of the avail-
able DSRC share.

Content download, e.g., downloading music or digital maps
from a nearby RSU, is expected to be a useful non-safety ap-
plication for vehicular networks. Assuming that such con-
tents will be downloaded using existing Internet protocols,
e.g., the file transfer protocol (FTP), we first provide an
analysis of the download time as a function of the DSRC
share available for non-safety use. The file being down-
loaded is broken into pieces, which are transferred through
TCP. For each piece of file sent by TCP, two packets are
generated by the sender and receiver, one for TCP data seg-
ment, another for TCP acknowledgment. For each packet
transmitted by 802.11 MAC, two MAC frames are sent into
the channel, one for the data frame, another for MAC ac-
knowledgment. Therefore, assuming no TCP or MAC layer
retransmissions and ignoring the packets for FTP control
and TCP connection establishment, we can calculate the



time spent to transfer one piece of file as:

τ =2(2TPHY + SIFS + DIFS)

+
2LMAC + 2LM ack + L + LT ack

Bρ

(3)

where, TPHY , SIFS and DIFS are the physical header
length, short inter frame space and DCF inter frame space of
the 802.11p standard, respectively, which are all measured
in seconds. LMAC and LM ack are the length of the MAC
header and MAC acknowledgment frame, respectively, mea-
sured in bits. L and LT ack are the packet length of TCP
data and TCP acknowledgment (IP and TCP header in-
cluded), respectively, measured in bits. B is the physical
layer data rate, measured in bits/second and ρ is the non-
safety share defined in Equation (2). If the file is divided
into n pieces, the total download time will be nτ .

Before we examine a numerical example with Equation
(3), we must highlight that if we ignore the 802.11 physical
layer overheads, the download time is inversely proportional
to the bandwidth available for the download. Consequently,
ρ will impact the download time inversely, which is clearly
reflected in Equation (3). The implication of this observa-
tion is that the download time will grow rapidly as ρ tends
to a small value. The download time may actually be higher
than the one predicted by Equation (3) due to some of the
peculiarities of TCP congestion and flow control.

To get a feeling of realistic download times, we conducted
a simple simulation to measure the download time for a MP3
music clip. The simulation follows the same setup described
in Section 4.1, except that the data rate is set to 27Mbps
(64-QAM modulation with 3/4 coding rate) and the packets
are transmitted during SCHI instead of CCHI. We assume
that the size of the MP3 file is 3.65MB (about 4 minutes long
for 128Kbps encoding rate) and the file is divided into 2500
pieces to transfer over TCP. Each piece has the size of 1460
bytes4. The simulation result along with the theoretical one
obtained from Equation (3) are shown in Figure 9. We can
see that the two curves follow the same trend, while the
download time is slightly higher in simulation.

It can be observed from Figure 9 that while a typical MP3
music could be downloaded in about 2 seconds if the entire
DSRC was available for non-safety, the download time in-
creases sharply as the non-safety share of DSRC decreases.
For example, if non-safety share was restricted to 10%, it
would take more than 20 seconds to download the same mu-
sic file. If a vehicle was travelling at 90km/hr, it would
travel 500 meters in 20 seconds, which means that a user
would be unable to complete downloading a single MP3 file
if the coverage range of the RSU was less than 500m. Note
that Figure 9 shows the download time when there is only
one user sharing the SCH. For practical cases where multi-
ple users are likely to download at the same time (share the
same SCH), the download time would be proportionately
longer.

The above illustration provides an important insight into
the requirements for non-safety applications. It indicates
that not all shares of DSRC can be effectively utilized. For
our MP3 music example, a DSRC share of 10%, i.e., a con-

4The maximum MAC service data unit (MSDU) of 802.11 is
2304 bytes [12], but most of WLAN drivers set the maximum
transmission unit (MTU) to 1500 bytes. Here we use the
1500B MTU, which leads to the 1460B (subtracting the IP
and TCP header) maximum segment size (MSS) of TCP.
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trol channel interval of 90ms, is basically good for nothing.
There may have to be a minimum DSRC share available for
non-safety applications to achieve meaningful performance.
This observation underlines the need for more intelligent
broadcast techniques that can achieve high reliability dur-
ing heavy traffic conditions without requiring a long control
channel interval.

7. RELATED WORK
The reliability of one-hop broadcast communications in

vehicular environment has been studied through both ana-
lytical models [13, 14] and simulation experiments [11, 7].
However, in these studies the reliability was analyzed as-
suming continuous access to the channel. The DSRC chan-
nel synchronization and coordination was not considered.
To the best of our knowledge, evaluation of the reliability
of DSRC safety applications under the IEEE 1609.4 multi-
channel operation has not yet been reported in the open
literature.

Some researchers have explored multi-channel coordina-
tion schemes that are different than the one specified in
IEEE 1609.4 standard. In [15], the authors proposed a pro-
tocol relying on a road side hot-spot to synchronize the
channel coordination. In [4], a protocol named Peercast
was proposed so that the channel switching is performed
asynchronously. It may be possible that non-safety applica-
tions would get a better share of DSRC under such asyn-
chronous channel coordination schemes, but the analysis of
asynchronous or any other ‘non-standard’ schemes were out-
side the scope of the current study.

8. CONCLUSION
We have proposed a methodology to derive the channel in-

tervals in the IEEE 1609.4 multi-channel operation scheme.
Through simulation experiments, we have evaluated the reli-
ability performance of safety applications with different con-
trol channel intervals and traffic densities. Based on the sim-
ulation results, we have analyzed the share of non-safety ap-
plications as the function of safety performance requirements
and traffic density. We have found that the non-safety use



may have to be severely restricted in densely populated road
segments or during peak hours of traffic. Using the packet
generation rate optimization as an example, we have shown
that the non-safety applications benefit from any improve-
ment to the reliability of safety applications. This calls for
more research into techniques that can improve broadcast re-
liability in 802.11-based transmissions, especially when large
number of nodes compete for the channel. Finally, we be-
lieve that dynamic adjustment of control channel interval,
as opposed to a static configuration, needs to be explored
to support effective co-existence of safety and non-safety in
DSRC.
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