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Abstract—The problem of accessing the medium to support
safety applications in vehicular networks is challenging, when
vehicles’ mobility increases and time constraints become tight.
In such environments, and particularly for vehicular-to-vehicular
communication where safety is the main concern, time delay
bounded data packet delivery is a prerequisite. Consequently,
topology-independent MAC policies that guarantee a number
of successful transmissions independently of the underlying
topology, can be employed as a suitable choice for the particular
vehicular environment. One such policy is revisited in this
paper and its performance is demonstrated against VeMAC
— a well-established MAC protocol in the area of vehicular
networks — using simulation results. As it is shown in this paper,
throughput under the considered topology-independent policy
remains comparable to that of VeMAC whereas the number of
retransmissions are significantly reduced leading to a reduced
time delay.

Index Terms—Vehicular networks, TDMA, MAC, Topology-
independent.

I. INTRODUCTION

Vehicular networks have seen a significant growth over the
last decade and they are closely related to human everyday
life either for improving the quality of a journey or — and
most importantly — for safety reasons. Improving safety [1],
[2] is closely related to efficiently accessing the medium in
terms of time delay even though throughput may be severely
compromised [3].

Even though contention-based medium access control
(MAC) protocols are mainly proposed for vehicular networks,
it appears that there are scalability problems, especially when
traffic load is increased. In particular, regarding the most
prominent standard, IEEE 802.11p [4], it has been shown
[3] that it suffers from time unbounded transmissions and
therefore, it is not suitable for improving road safety. The
current research trend is to employ TDMA-based approaches
for medium access control to capitalize on the inherent time-
coordinated transmissions [3].

For the purposes of vehicular-to-vehicular communication,
that is the focus of this paper, a distributed TDMA-based MAC
protocol of common and synchronized frame is considered.
Several such protocols have been proposed in the past like
ATSA [5], CFR [6], STDMA [7], VeSOMAC [8] and VeMAC
[9]. An extensive survey of the various TDMA-based MAC
protocols can found in [3]. Under VeMAC [9], every node
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initially listens to the channel for one frame time so as to
obtain information about neighboring nodes and subsequently
reserves a slot that neither its one-hop nor its two-hop neigh-
bors use. In addition, it splits the frame in two disjoint sets
associated with the moving direction whose length is adjusted
according to the traffic conditions. ATSA [5] suggests a slot
management mechanism based on a binary tree and employs
a variable frame length according to the traffic density. CFR’s
[6] medium access control mechanism further divides these
two disjoint sets of time slots according to the speed of
vehicles thus, dealing with the problem of nodes selecting the
same slot when they move in the same lane but at different
speeds. Other protocols, especially for non-safety application
have been proposed, e.g., STDMA [7] and VeSOMAC [8].

The main idea of this paper is to revisit fopology-
independent MAC policies proposed in the past that guar-
antee data packet delivery on a per frame basis [10], [11].
This is achieved by allowing users (in this case vehicles) to
transmit, within a frame, during a specific set of time slots
carefully selected according to polynomials of Galois fields
[12]. Since this approach is fully distributed and makes no
assumptions regarding the topology — apart from an upper
bound on the network size and the number of neighbor nodes
— it can be effectively employed in vehicular networks. Its
guaranteed nature despite the topology unawareness, motivates
its introduction in vehicular networks.

The comparison between the aforementioned topology-
independent MAC policies and VeMAC is carried out in
this paper using simulation results for different topologies
and for various velocity levels. Even though VeMAC has
specific features for vehicular environments (e.g., time slots
assigned depending on the direction of the vehicle, knowledge
of two-hop neighbors), the particular topology-independent
MAC considered in this paper (to be referred to hereafter as
TiMAC) corresponds to the one originally described in [10],
without any enhancements due to the vehicular environment.
The obtained results demonstrate the effectiveness of TIMAC
for vehicular network environments. It is shown here that
throughput is close to that of VeMAC and depending on
the case it may be slightly higher. In addition, the number
of retransmissions is significantly smaller under TIMAC than
under VeMAC, thus motivating the revisiting of the particular



topology-independent MAC policies.

Section II briefly presents the most important characteris-
tics of the considered vehicular network. In Section III and
Section IV, VeMAC and TiMAC are presented, respectively.
The evaluation of their performance using simulation results
is included in Section V and the conclusions are drawn in
Section VI.

II. VEHICULAR NETWORK CHARACTERISTICS

A vehicular network can be seen as a special case of a
mobile ad hoc network where the nodes are the vehicles. As
it is the case in ad hoc networks, nodes are self-organized, may
have access to infrastructure (even in a multi-hop manner) and
are expected to move. Clearly, vehicles move on predefined
routes, i.e., roads. Furthermore, even though energy consump-
tion may be an issue in mobile ad hoc networks, this is not the
case in their vehicle counterparts due to the latters’ inherent
battery recharging capabilities.

Vehicular communication may be distinguished as commu-
nication among vehicles (i.e., vehicle-to-vehicle communica-
tion) and communication between a vehicle and an existing
infrastructure at the roadside (i.e., vehicle-to-infrastructure
communication). The latter communication type is usually
realized as an ad hoc communication between the vehicle and
the roadside unit that is usually connected to the Internet [13].
This work focuses on improving safety through vehicle-to-
vehicle communication.

A distinctive characteristic of vehicular networks is high
node mobility and therefore, a MAC protocol should be able
to adapt to the frequent changes of topology and the various
patterns of these changes (e.g., vehicle move along roads and
not randomly). Three different environments may typically be
considered: (i) Highway (high speed environment with variable
density of traffic and number of vehicles depending on time
and day); (ii) City (lower speed than in highways and a high
density of cars depending on time); and (iii) Urban (speed
in between that in highways and city environments and car
density lower than in the other two environments). The typical
speed in vehicular network is between 30km/h and 50 km/h
in a city environment, between 50km/h and 80km/h in an
urban environment, and between 90km/h and 150km/h in
a highway environment. Such mobility characteristics — not
typical in mobile ad hoc networks — may have significant
effects on the overall performance (e.g., [14], [15], [16]). The
fact that vehicles have to some extent a predictable behavior
with respect to their movement, also limits the upper bound
on the number of neighbor vehicles. For example, the worst
case with respect to the number of neighbors is during a traffic
jam in cross-roads.

Another special characteristic of vehicular networks refers
to the inherent capabilities of vehicles like including a GPS
(Global Positioning System) [17] device that can give accurate
measures with respect to position, velocity, direction and time.
In addition, vehicles have ample energy for operating their
electronic devices that can be of adequate processing power
and storage capacity.

Finally, when the focus is on vehicular-to-infrastructure
communication, there are different constraints with respect
to performance (e.g., throughput may be more important
compared to time delay) than for the case of vehicular-to-
vehicular communication. For the latter case, and particularly
for safety applications, as it is the case in this paper, time delay
plays a critical role. As it will be shown later, the number
of retransmissions under TIMAC are significantly smaller
than under VeMAC for comparable values of throughput.
Both VeMAC’s and TiMAC’s main characteristics are briefly
described in the following two sections.

III. VEMAC DESCRIPTION

VeMAC [9] is a TDMA protocol operating in a multichannel
manner, thus suitable for both safety and non-safety appli-
cations. One channel is used for safety applications and the
rest for non-safety ones. In this paper, the focus is one safety
applications, thus, on VeMAC’s single channel operation.

Time is divided in frames of fixed number of time slots.
Synchronization among nodes is achieved using GPS. GPS
is also employed to determine the moving direction of each
vehicle. Each frame is divided in three separate sets of
time slots: L and R for those nodes moving on the left
and right direction (or downwards/upwards) and .S for those
communicating with roadside units. Since the focus here is
on vehicular-to-vehicular communication, the latter set will
be omitted, focusing on the L and R time slots only.

The medium access control policy of a node (i.e., a vehicle)
realized by VeMAC 1is based on continuous transmissions
(even in the absence of data) during time slots that are
marked as free within a frame by the one-hop and two-hop
neighbors (i.e., the potential interference nodes due to the
hidden terminal problem). Note that each node is aware about
its direction (L or R) and competes for the corresponding
set of time slots within the frame. In particular, when a node
enters the network, first is synchronized and then keeps track
of the transmissions of its neighbor nodes for one frame.
When a node transmits during a particular time slot, this time
slot is marked as being occupied by this particular node.
Those time slots occupied by the transmitting node’s one-
hop neighbors are also enlisted within the header of each
transmission. Eventually, each node is aware about the set of
time slots occupied by its two-hop neighbors after the first
frame. The next step is to select one of the unoccupied time
slots and keep transmitting during this slot even if data are not
available for transmission, since it is important to announce to
its neighbor nodes the occupation of the particular time slot
and the piece of information regarding its neighbor nodes.
Clearly, if no message is sent in a previously occupied slot,
the corresponding node is either powered off or went out of
range so this time slot is now free again.

Fig. 1 graphically illustrates an example of time slot as-
signment under VeMAC. Nodes in this example are depicted
moving to different directions so each one competes for a time
slot that corresponds to its direction. Take for example, node
3 moving downwards and is now entering the network. Time
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Fig. 1. Nodes 3 and 4, moving towards opposite directions, become aware of occupied under VeMAC time slots by their two-hop neighbors and they randomly
choose one of the non-occupied to transmit (and declare as occupied). The depicted time slots sets are different for each direction.

slots occupied by its neighbor nodes (i.e., nodes 1 and 2 ) are
also depicted. The double lined box contains the information
that node 3 has received (including the information about the
two hop neighbors). Mark “X” corresponds to the occupied
time slots and therefore, node 3 may select (randomly) any
other time slot (e.g., the second one). The same applies for
node 4. Both time slot are different (disjoint sets) since node
4 and node 3 are moving to opposite directions.

However, collisions do happen and there are mainly two
types: access and merging. Access collisions occur when two
or more nodes in the process of randomly selecting their time
slot, select the same one. Merging collisions occur when nodes
initially positioned out of each others two-hop neighborhood
and occupying the same slot, suddenly come close enough
so their transmissions collide. When a collision takes place
(irrespectively of the type), the particular nodes occupying this
time slot release it and choose a new one (randomly) based
on the information gathered during the last frame.The collision
detection mechanism is based on listening the frame following
a transmission. If a collision occurs, then the transmitting node
will become aware of it since it will not included in the list
sent by its neighbor nodes during the following frame.

IV. TIMAC DESCRIPTION

Under TiMAC [10], for a network of N nodes, each node u
is randomly assigned a unique polynomial f,, of degree k with
coefficients from a finite Galois field of order ¢ (GF(¢)). It is
assumed that the maximum number of neighbor nodes in this
network will be D (a realistic assumption to have an upper
limit for vehicular environments). Polynomial f, is repre-
sented as f,(z) = Zf:o a;xt, where a; € {0,1,2,...,q—1};
parameters ¢ and k are calculated based on N and D,
according to the algorithm presented in [10]. It is satisfied
that Kk > 1 and ¢ > kD or ¢ > kD + 1 (k and D are
integers), to allow at least one transmission in one frame to be
successful, and ¢**! > N to satisfy that there exist enough
unique polynomials for all nodes in the network [10].

The frame is fixed and consists of ¢ time slots divided
into g subframes s of size ¢. The particular time slot assigned
to node v in subframe s, (s = 0,1,...,q — 1) is given by

fu(s) mod g, [10]. Consequently, one time slot is assigned for
each node in each subframe. Let €, be the set of time slots
assigned to node u. Given that the number of subframes is g
and a node is allowed to transmit only during one time slot in
a subframe, |Q,| = ¢. Each node u transmits in a slot ¢ only
if ¢ € ,, provided that it has data to transmit.

Suppose that two neighbor nodes w and v have been
assigned two (unique) polynomials f,, and f, of degree k,
respectively. Given that the roots of each node’s polynomial
correspond to the assigned time slots to each node, kK common
time slots is possible to be assigned among two neighbor
nodes. Given that D is the maximum number of neighbor
nodes of any node, kD is the maximum number of time slots
over which a transmission of any node is possible to become
corrupted. Since the number of time slots that a node is
allowed to transmit in a frame is ¢, if ¢ > kD or ¢ > kD+1 (k
and D are integers) is satisfied, there will be at least one time
slot in a frame in which a specific transmission will remain
uncorrupted for any node in the network [10]. The assignment
of the unique polynomials, or equivalently the assignment of
the time slot sets {2, to any node Y, is random in the sense that
neither node x nor its neighbor nodes are taken into account
in order to assign any polynomial.

Even though TiMAC could be further improved given the
particular characteristics of the vehicular environment, the
purpose here is to compare it against VeMAC and leave any
possible enhancements for future work.

V. PERFORMANCE EVALUATION

A simulator program in the omnet++ simulation platform
[18] has been developed for the evaluation of TIMAC [10] in
a vehicular environment and to be compared against VeMac
[9]. In order to have a fair comparison, time slot duration was
fixed and equal (3 ms) for both protocols and the comparison
is made in a per time slot basis. Under TIMAC the frame
size is set to ¢2. Given that for any given subframe of length
q a node may transmit only once under TiMAC [10], and
since this is also the case under VeMAC, the latter’s frame
is also set to q. The network size N = 1000 vehicles. It is
assumed that all nodes are perfectly synchronized for both



protocols. Transmission range is the same for all vehicles
and the maximum number of neighbor nodes D = 17 for
all simulation scenarios. According to the algorithm in [10]
these particular values of IV and D correspond to £ = 1 and
q=317.

A. Network Topology, Traffic Characteristics and Evaluation
Parameters

Two different network topologies are considered for the
evaluation. First, a highway, 12 km long, containing two lanes
of opposite directions. Node transmission range is set to 28 m.
The distance between the two lanes is 10 m, so each vehicle
may be in range with vehicles of the opposite lane too. Each
vehicle may move with medium, high or very high speed
which corresponds to 72 km/h, 108 km/h and 144 km/h, respec-
tively. When a node reaches the end of the road, reappears at
the corresponding edge at the other side of the to topology.
The second topology corresponds to an urban road network,
1200m long and 1200m wide, consisting of 4 (parallel)
horizontal and 4 (parallel) vertical roads. Parallel roads are
positioned 400 m from each other and crossroads are formed at
the intersection of horizontal and vertical roads. Each vehicle
may move with low, medium, or high speed which corresponds
to 36 km/h, 72km/h and 108 km/h, respectively. When a node
reaches a crossroad, it randomly chooses one of the available
directions excluding the opposite of its current one. For both
topologies, nodes’ initial positioning and direction is random.
Speed is also randomly chosen among the aforementioned
ones.
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Fig. 2. Throughput as a function of traffic load for a highway vehicular
environment.

Traffic load hereafter corresponds to the probability that
there is a data packet available for transmission for a randomly
chosen neighbor destination at a particular time slot, provided
that the transmitting node is allowed to transmit during this slot
under either VeMAC or TiMAC. This probability (i.e., traffic
load) is the same for all vehicles. The number of successful
transmissions per node per time slot is referred to hereafter as
throughput. The number of retransmissions is used to compare
both MAC policies as indicative of time delays. Note that a

small number of retransmissions result indicates small overall
time delay (e.g., no need for retransmissions).

B. Simulation Results

Fig. 2 depicts throughput as a function of traffic load for a
highway vehicular environment. As expected, as traffic load
increases, throughput for both under VeMAC and TiMAC
increases. It is observed that for traffic load less than 0.6,
the obtained throughput under TIMAC is slightly larger than
that under VeMAC, whereas as traffic load further increases
the observed picture changes. This change is attributed (i)
to the disjoint set of time slots under VeMAC assigned
to different directions (and thus, as traffic load conditions
increase, VeMAC behaves better than TiIMAC in terms of
throughput); and (ii) to the fact that as traffic load increases
the collision probability under TiIMAC also increases (note
that under TIMAC nodes transmit only if there are data for
transmission and not during every frame as it is the case under
VeMAC). Still, as it is observed, the obtained throughput under
both policies remains close.
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Fig. 3. Throughput as a function of traffic load for an urban vehicular

environment.

The throughput remains close under both policies in an ur-
ban environment as well, as depicted in Fig. 3. It is interesting
to see that TIMAC slightly outperforms VeMAC under all
traffic load conditions. This is attributed to the fact that in
an urban environment, traffic is not that predictable as it is
the case for highways (e.g., nodes may turn in crossroads)
and therefore, the assigned time slots under VeMAC that
correspond to a certain direction should be reassigned in the
face of collisions.

The average number of retransmissions per node for the
highway and the urban vehicular environments are depicted
on the left and the right side of Fig. 4, respectively. It is
clearly observed that the (average) number or retransmissions
under TiMAC is significantly less than that under VeMAC
and specifically, more than 50% reduced depending on the
traffic load. Given that throughput is close for both VeMAC
and TiMAC, the smaller number of retransmissions indicates
that TIMAC can deliver (almost) the same amount of data in
lesser time than VeMAC.

Fig. 5 depicts the obtained distribution of retransmissions
over nodes for both highway and urban vehicular environments
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load for both the highway and urban vehicular environments.
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Fig. 5. Distribution of retransmissions over nodes for both the highway and
urban vehicular environments and traffic load 0.5.

and traffic load 0.5. It is interesting to see that the majority of
the nodes under TIMAC are concentrated around the average
value, whereas under VeMAC there is a large number of
nodes whose retransmissions are larger than the corresponding
average value (the averaged values are depicted in Fig. 4).
Consequently, a given node under TIMAC is expected (on
average) to retransmit fewer times than under VeMAC for the
same conditions.

VI. CONCLUSIONS

The topology-independent (TDMA-baased) MAC policy
(refered to as TIMAC in this paper) [10], is considered for a
vehicular environment where the underlying network topology
is expected to change constantly and, thus, be practically
impossible to account for. TIMAC is compared against VeMAc
[9], a TDMA-based MAC suitable for vehicular environments,
considering the vehicle-to-vehicle communication case and
highway/urban network environment. It was demonstrated
using simulation results that the throughput under TiIMAC
is close to that under VeMAC (2% ). However, the mean
number of retransmissions under TIMAC is shown to be
significantly reduced, thus permitting this policy to be used
for safety applications as the access delay would be lower
than that under VeMAC. Future work in the area will include

enhancements on TiMAC in oder to adapt further to the
idiosyncrasies of vehicular environments.

REFERENCES

[1] H. Hartenstein and K. P. Laberteaux, “A tutorial survey on vehicular ad
hoc networks,” Comm. Mag., vol. 46, no. 6, pp. 164—171, Jun. 2008.

[2] Y. Toor, P. Muhlethaler, A. Laouiti, and A. D. L. Fortelle, “Vehicle
ad hoc networks: applications and related technical issues,” IEEE
Communications Surveys Tutorials, vol. 10, no. 3, pp. 74-88, Third
2008.

[3] M. Hadded, P. Miihlethaler, A. Laouiti, R. Zagrouba, and L. A. Saidane,
“Tdma-based MAC protocols for vehicular ad hoc networks: A survey,
qualitative analysis, and open research issues,” IEEE Communications
Surveys and Tutorials, vol. 17, no. 4, pp. 2461-2492, 2015.

[4] “Ieee standard for information technology— local and metropolitan area
networks— specific requirements— part 11: Wireless lan medium access
control (mac) and physical layer (phy) specifications amendment 6:
Wireless access in vehicular environments,” IEEE Std 802.11p-2010
(Amendment to IEEE Std 802.11-2007 as amended by IEEE Std 802.11k-
2008, IEEE Std 802.11r-2008, IEEE Std 802.11y-2008, IEEE Std
802.11n-2009, and IEEE Std 802.11w-2009), pp. 1-51, July 2010.

[5] W. dong YANG, P. LI, yan LIU, and H. song ZHU, “Adaptive tdma
slot assignment protocol for vehicular ad-hoc networks,” The Journal of
China Universities of Posts and Telecommunications, vol. 20, no. 1, pp.
11 - 25, 2013.

[6] R. Zou, Z. Liu, L. Zhang, and M. Kamil, “A near collision free
reservation based mac protocol for vanets,” in 2014 IEEE Wireless
Communications and Networking Conference (WCNC), April 2014, pp.
1538-1543.

[7]1 H. Yu, Z. He, and K. Niu, “Stdma for vehicle-to-vehicle communication
in a highway scenario,” in 2013 5th IEEE International Symposium on
Microwave, Antenna, Propagation and EMC Technologies for Wireless
Communications, Oct 2013, pp. 133-138.

[8] Y. Fan and S. Biswas, “A self reorganizing mac protocol for inter-vehicle
data transfer applications in vehicular ad hoc networks,” in Proceedings
- 10th International Conference on Information Technology, ICIT 2007,
2007, pp. 110-115.

[91 H. A. Omar, W. Zhuang, and L. Li, “Vemac: A tdma-based mac

protocol for reliable broadcast in vanets,” IEEE Transactions on Mobile

Computing, vol. 12, no. 9, pp. 1724-1736, Sept 2013.

I. Chlamtac and A. Faragd, “Making transmission schedules immune

to topology changes in multi-hop packet radio networks,” IEEE/ACM

Trans. Netw., vol. 2, no. 1, pp. 23-29, 1994.

[11] J.-H. Ju and V. O. K. Li, “An optimal topology-transparent scheduling

method in multihop packet radio networks,” IEEE/ACM Trans. Netw.,

vol. 6, no. 3, pp. 298-306, Jun. 1998.

I. Stewart, Galois Theory (3rd Ed.). Chapman & Hall, 2004.

H. Moustafa and Y. Zhang, Vehicular Networks: Techniques, Standards,

and Applications, 1st ed. Boston, MA, USA: Auerbach Publications,

2009.

R. M. de Moraes, H. R. Sadjadpour, and J. J. Garcia-Luna-Aceves, “On

mobility-capacity-delay trade-off in wireless ad hoc networks,” in Mod-

eling, Analysis, and Simulation of Computer and Telecommunications

Systems, 2004. (MASCOTS 2004). Proceedings. The IEEE Computer

Society’s 12th Annual International Symposium on, Oct 2004, pp. 12—

19.

S. A. Jafar, “Too much mobility limits the capacity of wireless ad-hoc

networks,” in Global Telecommunications Conference, 2004. GLOBE-

COM ’04. IEEE, vol. 6, Nov 2004, pp. 3436-3440 Vol.6.

M. Grossglauser and D. N. C. Tse, “Mobility increases the capacity of

ad hoc wireless networks,” IEEE/ACM Trans. Netw., vol. 10, no. 4, pp.

477-486, Aug. 2002.

A. Ebner, H. Rohling, R. Halfmann, and M. Lott, “Synchronization in

ad hoc networks based on utra tdd,” in The 13th IEEE International

Symposium on Personal, Indoor and Mobile Radio Communications,

vol. 4, Sept 2002, pp. 1650-1654 vol.4.

A. Varga and R. Hornig, “An overview of the omnet++ simulation

environment,” in /st International Conference on Simulation Tools and

Techniques for Communications, Networks and Systems & Workshops,

March 2008, pp. 1-10.

[10]

[12]
[13]

[14]

[15]

[16]

[17]

[18]



