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Effects of Stochastic and Deterministic Defer
Times on Time-Stable Geocast in VANET's

Phuchong Kheawchaoom and Somsak Kittipiyakul

Abstract—A contention-based forwarding is a popular ap-
proach for forwarder selection in wireless vehicular ad hoc
networks. Requiring no information of neighbors, the selection
depends on distance-based defer time where the furthest node
rebroadcasts first while the others suppress their rebroadcasting
after receiving duplicate message within their defer times. In
this paper, we study the effects of some previously proposed
distance-based defer times in both deterministic and stochastic
versions, with our previously proposed time-stable geocast
protocol (called iDTSG). The simulation results show that the
stochastic defer times are better than the deterministic defer
times in dissemination time while having similar overhead. In
addition, we also propose a method to determine deterministic
distance-based defer time to avoid collision. Our proposed cri-
teria works well to prevent packet collision in highly connected
networks.

Index Terms—stochastic defer time, time-stable geocast, de-
terministic distance-based defer time, VANETS, contention-
based forwarding

I. INTRODUCTION

EHICLE-TO-VEHICLE vehicular ad-hoc networks

(VANETS) operate in a self-organized manner without
any infrastructure. They have an important role in safety
transport system applications. In these applications, drivers
can be informed of important traffic information such as
accident incident or road condition. To distribute such emer-
gency information, we need a reliable and efficient broadcast
protocol, which must take care of the two major and well-
known problems in VANETS: broadcast storm problem and
network disconnection problem. The broadcast storm prob-
lem happens especially when flooding is used to perform
broadcast in multihop relay networks [1]. The broadcast
storm results in high packet loss due to collisions. On the
other hand, the network partitioning problem is due to the
high mobility caused by fast moving vehicles or sparse
traffic densities during off-peak hours and/or during initial
deployment. Among the two problems, the broadcast storm
problem is more important for networks with many nodes
(dense networks) while the network disconnection problem
is more important for networks with very few nodes (sparse
networks).

Many articles use contention-based forwarding proto-
cols (e.g., [2]) for forwarder selection in VANETSs. The
contention-based forwarding protocol requires no informa-
tion of neighboring vehicles. In this protocol, receiver waits
for a time duration, called defer time, before deciding to
broadcast the received message. If the receiver does not
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receive any duplicate messages during its defer time, the
receiver broadcasts the received message after the end of its
defer time, otherwise it drops the message. The defer time
is a crucial factor of contention-based forwarding protocols
for broadcast storm suppression in dense networks.

Several proposed defer times (e.g., [3], [4], and [5])
depend deterministically on distance. Hence, they are called
distance-based defer times. The distance-based defer time is
inversely proportional to the distance between sender and
receiver. The further the distance from sender, the smaller
the defer time of the receiver. If there are more than two
receivers at the same distance from the sender, the receiver
will broadcast with the same defer time and hence a collision
occurs. There are other defer times that depend not only
on distance, but also angle [6] and link probabilistic [7]. In
addition, stochastic defer times have been proposed such as
uniform and Gaussian random defer times [8], and bi-zone
random defer time [9] to decrease the dissemination time in
non-line-of-sight transmission or probabilistic channel.

In this paper, we apply stochastic defer times to sup-
press broadcast storm in our previously proposed time-stable
geocast protocol (called iDTSG [10]) which is used for
emergency message notification. iDTSG uses contention-
based forwarding process. Some effects of some existing
deterministic distance-based defer times in both determin-
istic and probabilistic (i.e., fading and shadowing) channels
were studied in our previous work [11]. It was shown in
that contention-based forwarding protocols are better than
position-based forwarding protocols in probabilistic channel
[12]. However, an influence of the undesirable shadowing
attenuation becomes more significant when the traffic be-
comes dense since the progress of transmission is reduced
by the shadowing problem [13]. With the shadowing effect,
the message dissemination time may be longer than desired
for an emergency notification in VANETs. Here, we show
by simulation that stochastic defer times are better than
the deterministic ones when the protocol is used in real
world and faces with probabilistic channels. Furthermore, for
deterministic defer time, we show that for a highway of a
single lane in each direction, we can determine the minimum
defer time such that no collision occurs.

We assume that every vehicle participating in this system
is equipped with a localization device such as GPS and an
IEEE 802.11p transceiver. Hence, each participating vehicle
knows its current location and can notify other vehicles of
the accident and include its current position in its message
rebroadcast as well. Each node does not know the current
position and speed of any of its neighbor nodes.

A. Related Works

1) Deterministic defer times: A popular form of defer
time has been used in multiple papers, e.g., [3], [4], [5],
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Fig. 1. Different defer times T'p: the inverse defer time T'p 7 in (2), T in
(1) with e = 2,1,0.5, and 0.2, the probabilistic-channel defer time T, p
in (3)

[8], [14]. It is given as

TD(d)_{ Tooe[1-(4)], 0<d<R
0, d> R,

where € > 0 is a constant, and 7},,,, is the maximum defer
time. Due to the definition of 7Tp, the farther node from
source waits less and rebroadcasts faster.

Other forms of defer times have also been used. For
example, in [15] and the original version of our iDTSG
protocol [10], the distance-based defer time is inversely
proportional to distance, and given as

K
Tpr = P

D

d>0 2)

for a constant K.

In [11], we proposed a defer time which takes into account
the fact that in probabilistic channels, the further the distance,
the lower the packet reception probability.

fod Pr(z)dz ]

fooo Pr(z)dx ®)

Tp,p =Tumax [1 —
where Pg(z) is the probability that a node at distance  from
the transmitter receives the transmission.

Fig. 1 shows the defer times given in (1)-(3) with R = 300,
Tyax = R/smax = 8.57 S, Spmax = 35 m/s, and
K = R? /Smaz for different values of € in (1). Without
confusion, we denote Tp(e = ¢) for Tp with € = ¢y. T
is linear, convex, and concave for e = 1, ¢ < 1, and ¢ > 1,
respectively. Note that when € = 0 or Tp = 0, we have the
simple flooding scheme with no broadcast storm suppression
since all nodes use the same defer time of zero.

2) Stochastic Defer Times: To include the effect of prob-
abilistic channel (caused by e.g., shadowing effect of cars
and trucks), the authors in [9] proposed a stochastic defer
time which is selected uniformly between Tqe, and Ty pper
where:

Tma;c 1- 4 ) d>D v
Tupper(d) = { Tm( o i<Dy @
B O7 d> Dtha
Tlower(d) = { Tmam(]- — %), d < Dy, ©)

where Dy, is a threshold distance.
Other uniform and Gaussian defer times were proposed in
[8] as:

Ty (d) € Thnazll — %] x UniformRV(0,1),  (6)

-~ e

-
Braking distance B

Intended region Extra region

D Forwarding region

Fig. 2. Problem model and an illustration of the intended, forwarding, and
extra regions.

and

d
Te(d) € Thar X GaussianRV ((1 — E)’ 0.3). ()

B. Our Contribution

In this paper, we study the effects of the popular determin-
istic distance-based defer time given in (1) and the stochastic
defer times in probabilistic channel with fading and shad-
owing. We base our evaluation on our previously proposed
iDTSG protocol [10]. This study extends our preliminary
work in [11] which studied the effects of the determinis-
tic distance-based defer times in deterministic channel and
probabilistic channel. Some results from [11] are included
in this paper for convenience. Our main contribution are as
following:

(1) For deterministic defer times in bi-directional single-
lane highway, we analyze and show that there is an optimal
parameter design to avoid packet collisions and achieve the
best message dissemination time.

(2) We show that the stochastic defer times can give a
better performance, comparing to the deterministic ones. The
reason is that the randomness in the defer times introduce
possibility of a closer receiver to broadcast the received
packet sooner than another further receiver which may not
receive the packet due to signal blocking by other vehicles.
This behavior should be included when selecting the defer
time function.

The rest of the paper is organized as follows. Section II
provides background and a brief description of iDTSG,
bound on minimum defer time, channel models, our pro-
posed defer time, and performance metrics. Section III gives
simulation results showing the effects of both stochastic and
deterministic defer time shapes and parameters. The paper is
summarized in Section IV.

II. BACKGROUND AND PROTOCOL DESCRIPTION
A. Problem Model and iDTSG Protocol
Consider a portion of a two-way highway with L lanes
per direction illustrated in Fig. 2 for L = 3!. There is a

IFor illustration purpose, the figure shows three lanes per direction.
However, in our simulation we consider only one lane per direction.
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Fig. 3. iDTSG protocol flow chart

source vehicle S that after having an accident or having
encountered an accident, immediately starts broadcasting
the alarm message to the behind vehicles traveling in the
same direction, to warn them of the accident. The goal of
our time-stable geocasting protocol is to disseminate the
alarm message within a specific region of D km behind the
breaking distance B from the location of the accident, for
a duration of T" hours. We call this region of D km as the
intended region. We divide all vehicles except the source S
into intended and helping vehicles. As illustrated in Fig. 2,
the intended vehicles (I) are the vehicles that are moving
toward the accident. They are the target recipients of the
alarm message. The helping vehicles (H) are the vehicles
that are moving in the opposite direction on the other lanes,
with respect to the source. The helping vehicles from the
opposite direction help relaying the message to the intended
vehicles which are may be disconnected from each other
due to sparsity. To keep the messages within the intended
region, we define two additional regions: forwarding and
extra regions. The intended region and the opposite region
in the opposite lane are together called forwarding region.
Both ends of the two forward regions are extra regions.

In this paper, we are interested in evaluating the effects
of deterministic and stochastic defer times in the broadcast
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Fig. 4. Packet reception probabilities for the deterministic and probabilistic
channels.

storm suppression part of iDTSG. For brevity of the paper,
the iDTSG protocol is described via the flowchart in Fig. 3,
which is an updated chart of the one given in [10]. In
summary, the protocol is mainly composed of two major
parts: the first part deals with the broadcast storm suppression
and the second part focuses more on how to keep the message
alive in the intended region for the given time duration. More
details of iDTSG can be found in [10].

B. Deterministic and Probabilistic Channels

In deterministic channel model, every receiving node
within a radius R from the source can always receive the
broadcast packets. This channel is a result of the Friis
propagation model, which considers only a free-space path
loss. Hence, the deterministic channel model assumes a line-
of-sight propagation and no multipath. However, in real
highways the wireless channel is affected by multipath,
shadowing (signal blocking), and non-free-space path loss.
As in our previous work [10], to model these effects we
use the Nakagami fading channel and log-distance path loss
model which agrees with the empirical data in [16].

Using ns-3 simulation and the same transmission power
of 5 dBm, Fig. 4 shows the reception probabilities versus
distance for the deterministic channel and the probabilistic
channel based on the Nakagami and the log-distance path
loss. We denote the reception probability under the proba-
bilistic channel as Pg(-).

C. Performance Metrics

We study the effects of the defer times to the system
performance, which we define below. Generally, in broadcast
protocols including time-stable geocast protocols, we are
interested in reliability and transmission efficiency which can
be measured in multiple ways. In our work, the reliability
is measured in term of the packet loss ratio while the the
efficiency is measured via overhead.

1) Loss Ratio: Assuming the time of the first broadcast of
the message as time ¢ = 0, the loss ratio at time ¢ is the ratio
between 1) the number of those intended nodes that have not
received the message up to time ¢ and ii) the total number
of intended nodes up to time ¢. In emergency notification
scenario, we are also interested in the dissemination time,
which is the shortest time that the loss ratio reaches almost
0%.
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2) Overhead: The overhead at time ¢ is the total number
of packet rebroadcasts up to time ¢. This number includes
the collided rebroadcasts.

D. Bound on Minimum Deterministic Defer Times

In our earlier work [11], we studied the relation between
¢ in the popular defer time T (d) given in (1) and the
performance of iDTSG with probabilistic channel. Via sim-
ulation, we observed that e = (0.2 gave better loss ratio,
while having similar overhead, than other higher e. Although
€ = 0 (corresponding to the flooding scheme) gave the worst
performance among all considered €’s, the loss ratio for
€ > 0.2 monotonically increases with decreasing e, while
having similar overhead. Hence, there must be a minimum
€, denoted by €,,;,, that gives the best dissemination time
while keeping the overhead as small as possible (i.e., negli-
gible collision). While this €,,;, can be found via repeated
simulations, it is better to find at least its approximate bound.

To understand the bound of ¢,,;,, we observe that in our
system no cars that are potential relays in the same direction
use the same defer times. This is because (i) the considered
highways have a single lane per direction, and hence only
two receiving cars at the same distance but opposite from
a transmitter wait the same defer time, and (ii) in the same
direction as the source car, the message should propagate to
the back of the transmitter; hence, only the cars in the back
of the transmitter are potential relays.

Hence, if any two neighbor nodes use defer times that
differ more than the time (called ¢,) to send the message, no
collisions occur during the message multihopping, i.e., for
any defer time function Tp we need the defer time difference
between any neighbors greater than ¢, i.e.,

Tp(d—A) —Tp(d) > tp, ®)

for any distance d from a transmitter and any inter-car
spacing A. Note that the packet transmission time ¢, must
include the time due to multiple access protocol as well
as the link protocol. Although there is no collision in our
situation, there may be time for multiple access protocol such
as channel sensing. The defer time difference Tp(d—A)—Tp
for d closer to R is an increasing function with e. That is, the
best T'p is when (8) holds with equality. Taking the popular
defer time given in (1), no collisions happen when

[ (5]

In this equation the left term increases with ¢, as can be
observed from Fig. 1.

Hence, we are interested in finding the minimum €, €,,in,
given Thjax and R.2 A physical constraint is that neigh-
boring cars do not get too close, i.e., A > A,,;, for some
A,nin which may depends on road condition as well as car
density. Although d can take almost any value within R, it
should be the farthest distance of the node which can still
receive the packet transmission with high enough reception
probability Pr(d). This node is the typical one which makes
a successful rebroadcast. As shown in Section III-C, specific

2A simpler protocol parameter design might be based on the linear defer
time where ¢ = 1. In this case, (9) becomes TrmazA/R > tp, which is
independent of d.

to the parameters in our simulation, €,,;, is between 0.00095
and 0.007.

E. Stochastic Distance-Based Defer Times

Since the car positions as well as the channels are stochas-
tic, it might be suboptimal to use deterministic defer times.
Consider a simple example where the inter-car spacings are
fixed for all cars on the highway. Due to the probabilistic
channels, cars further from the transmitters have less chance
to receive the packet transmission and hence it is sometimes
a waste of time for when there are no the closer nodes to wait
a long defer time further nodes to rebroadcast. It is better if
the closer nodes can randomly pick their defer times, which
might happen to be smaller than those of further nodes.
Stochastic defer times allow a breakdown of the deterministic
dependence of defer times on distance, to combat against
randomness in the locations and channels, possibly at the
cost of higher collisions.

In particular, we consider the following version of stochas-
tic defer times: At each reception of a packet, a node at
distance d randomly and independently picks a stochastic
defer time, denoted by Ts(d), which is uniformly distributed
between 0 and Tp(d) where Tp(d) is the popular determin-
istic defer time in (1), i.e.,

Ts(d) € Uniform[0, Tp(d)]. (10)

III. SIMULATION RESULTS

Using ns-3, we evaluate the performance of iDTSG proto-
col with the defer times in (1) and (2) with different values of
the design parameters € and our proposed defer time Tp p in
(3), with the probabilistic channels given in Fig. 4 and with
the “realistic” vehicle mobility model proposed in [17]. For
the mobility model and channel parameter, we use the same
parameters as in our previous work in [11].

In our simulation, we inject the source vehicle to the 10-
km straight highway. After moving for 6.5 km, the source
stops moving and starts broadcasting an alarm message until
it receives the same message back from another vehicle. The
message is required to be within the region D = 3 km
from the braking distance to the accident and for duration
T = 30 minutes. The speed limit is S,,4, = 35 m/s (= 126
km/h). For each simulation result, we run 10 separate runs
and calculate the average values.

A. Effect of Maximum Deterministic Defer Time

First, we study the effect of the maximum defer time,
denoted by Tpmaz = Tp(0), in (1) to the performance of
iDTSG. We consider here only the linear defer time case
(e = 1) and only three values of the maximum defer times:
TDmax = 0-25TmaxaTmax’ and 4Tmam where Tmaac
R/Smaz- Here we discuss the deterministic channel only.
The results for the probabilistic channel are quite similar to
the deterministic channel case.

Fig. 5 shows the performance of varying the maximum
defer times 7;,,, for dense scenario when the channel is
deterministic with R = 180 (hence, Trox = R/Smaz =
180/35 = 5.1 s.

In the dense scenario where the average inter-vehicle
spacing is 40m, Fig. 5 shows that, as expected, a smaller

(Advance online publication: 9 February 2013)
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for deterministic channel and dense scenario.

Tpmax gives a smaller Tp and hence a better loss ratio.
Since the network is highly connected, the message can
propagate to all of the intended nodes within a few seconds
for Tpmar = 0.25T 4. = 1.3 s. However, we require more
than 20 s to disseminate the message for the Tpa: =
4T e = 20.6 s case.

From Fig. 5(a) and Fig. 5(b), the iDTSG protocol contain
three phases: Phase 1 is when the message is being dis-
seminated to all intended vehicles in the simulated highway
section, Phase 2 is when the message has reached the end
of the section but few new cars enter the section, and
Phase 3 is the time-stable part when many new cars are
entering the section and iDTSG needs to keep informing the
newly-arrived vehicles of the message. For example, for the
0.25T 42 case in Fig. 5(b), Phase 1 happens for the first
few seconds, Phase 2 is after that until about 120 s, and
Phase 3 is after 120 s. For dense scenario where nodes are
highly connected in both directions, in Phase 1, the rate at
which the rebroadcasts happen depends on the defer time
Tp. Hence, in this phase the smaller Tp;,q:, the higher the
rate at which the message rebroadcasts happen (this is shown
as the overhead). In Phase 2, there is a small number of
rebroadcasts since all vehicles have received the message. In
Phase 3, the rate at which the rebroadcasts happen depends
on the normal sleeping time of iDTSG.

B. Effect of Varying the Shape of Deterministic Defer Time

Next we show the effect of different shapes of the defer
times. Specifically, the inverse Tp = K/d in (2), the popular
Tp in (1) with e = 2,1,0.5,0.2 and 0, and the probabilistic
channel Tp p in (3).

Fig. 6 shows the performances of above T’s in the dense
scenario and under the probabilistic channel with R = 300.
Fig. 6(a) and Fig. 6(b) show that the smaller the value of e,

T
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Fig. 6. Performance of varying e and shape of T'p for probabilistic channel
and dense scenario

the better the lost ratio, but at the cost of a higher overhead.
The flooding scheme (Tp (e = 0)) gives the steepest decrease
in the loss ratio but at the cost of high collisions and hence
some vehicles did not get the message and the overhead is
significantly much larger. The inverse 7p has the slowest
decay in the loss ratio but the lowest overhead too. Tp (e =
1) is worse than our proposed probabilistic-channel T p
and Tp(e = 0.5) and Tp(e = 0.2) since the overhead for
all these cases are very similar. Our proposed probabilistic-
channel T'p p is also worse than T'p (e = 0.2) in term of the
loss ratio.

C. Minimum Deterministic Defer Times

Here we evaluate our proposed method in (9) to find
the deterministic defer time. To avoid packet collision as
discussed in Section II-D, we consider the minimal inter-
vehicle spacing (A,.:n) to be 6 m, which gives €,,;, to
be 0.007 which is the minimum value to prevent flooding
behavior. However, if A,,;, is changed to 40 m (i.e., the
average inter-vehicle spacing in our simulation), the value
of €, becomes 0.00095 which leads to flooding, as shown
in Fig. 7(b). Since vehicles sometime get closer than the
average spacing of 40 m, a vehicle may not be able to
hear its neighbor’s rebroadcast within its defer time and
hence starts its own rebroadcast which results in collision.
However, in probabilistic channel, each transmission range
is not exactly the same; the packet collisions occur only in
the overlap transmission ranges. This is why the lost ratio of
Tp(e = 0.00095) rapidly decreases to 0% within 0.1 s. Since
the disparity of defer times between two closest vehicles in
Tp(e = 0.007) and Tp(e = 0.05) exceeds the minimum
packet transmission time, the lost ratio of € = 0.007 rapidly
decreases in 0.2 s which it is faster than the ¢ = 0.05 while
the overhead is similar as shown in Fig. 7(a). For Tp p and
Tp(e = 0.2), the longer the defer times, the smaller the
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Fig. 7. Performance of critical deterministic defer time I'p for probabilistic
channel and dense scenario

overhead and hence the slower the decline rate of the lost
ratio.

For the purpose of choosing the value of A, we see that if
the value of A greater than the minimal inter-vehicle spacing
is selected, there are many vehicles in this range and the
defer time of each vehicle in this range is less than ¢, which
leads to the packet collisions. The parameter € is inversely
proportional to A. The distance d is proportional to e. This
criteria can be applied to calculate other design parameters
(e.g., Tmaz, R) while € is fixed. T},4, can decrease until
the slope or the disparity between defer times of two closest
neighbors is equal to ,,.

D. Effect of Stochastic Defer Time

Finally, we compare the performance of stochastic defer
times and deterministic defer times. We select deterministic
Tp(e =1) and Tp = 0 to compare with stochastic T (e =
1) and Ts = Tyuas, respectively. As shown in Fig. 8(a),
the stochastic defer times outperform the deterministic defer
times in reliability. The lost ratio of the stochastic defer time
Tp(e = 1) decreases faster than the deterministic defer time
Tp(e =1). The overhead of the stochastic Ty, is less than
the deterministic 7p = 0 and is similar to the others. The
dissemination time of 75,4, is quite longer than the stochastic
Tp(e = 1) because the variance of the defer times for
stochastic 7},,4, is much higher. Note that the shown plot is
a result of averaging 10 independent runs. It happens that in
some runs, many nodes pick small defer times and hence the
dissemination time is small, while in other runs, larger defer
times are picked more often and hence the dissemination
time is larger. Hence as shown in Fig. 8(a), the average of
lost ratio of stochastic 7T;,,, does not sharply decrease to
0%.

In the flooding scheme (¢ = 0), the packet collisions
occur in the first broadcast and all nodes rebroadcast again
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after expiring of the normal sleep time of iDTSG which
depends on the speed of senders. Since speed of senders
is usually different, the second retransmission packet is
likely to succeed. This is why the lost ratio drops to 18%
but stable afterward for a long duration. The lost ratio of
Tp(e = 0) becomes 0% after 10 sec. However, the overhead
of Tp(e = 0) is the highest.

Hence, we have seen that the stochastic defer times in-
crease reliability while they barely incur any extra overhead.
Hence, applying the stochastic defer time is beneficial in
our iDTSG protocol. A caution is that the stochastic defer
times increase the reliability if only 7),,, is much longer
than the minimum defer time. If the disparity of defer
times between two closest neighbors is close to the packet
transmission time, the stochastic defer times actually can be
worse than the deterministic defer times. Due to the fact
that all vehicles have a chance to rebroadcast when nodes
receive a broadcasting packet, we believe that only simple
suppression mechanism (i.e, the vehicles stop rebroadcast
when they receive duplicate messages) is not sufficient for
broadcast storm suppression in the first stage of iDTSG
protocol. We will look into combining this mechanism with
geo-broadcast or limiting the maximum number of hops to
enhance broadcast storm suppression in the future.

IV. CONCLUSION

By simulation, we evaluated the effects of stochastic
and deterministic distance-based defer times in probabilistic
channel with iDTSG protocol. We only considered dense sce-
narios which focused on broadcast storm suppression since
this is the scenario different defer time functions matter. The
simulation results show the following: 1) trade-offs between
reliability and efficiency; 2) reducing the deterministic defer
time (by reducing Tp,,q, Or €) increases the reliability at
the cost of the efficiency; 3) the deterministic distance-based
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defer time has a optimal design value of € to avoid collision.
We also proposed the method for calculating the defer time
to avoid collisions for a bi-directional single lane highway.
Furthermore, the stochastic distance-based defer time is more
appropriate than the deterministic distance-based defer time
in case of increasing reliability if the parameter T, is
larger than necessary. Additionally, efficiency can still be im-
proved in the future by considering the fact that all vehicles
have a chance to broadcast if they hear the first message in
broadcast storm suppression part of iDTSG protocol.
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