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The Vehicular Ad-Hoc NETwork (VANET) consists of a set of vehicles moving on roads which can communicate with each other through ad hoc wireless devices. VANET has attracted a lot of attention in the research community in recent years with the main focus on its safety applications. One of the challenges for vehicular network is the design of an efficient Medium Access Control (MAC) protocol due to the hidden node problem, the high speed of the nodes, the frequent changes in topology, the lack of an infrastructure, and various QoS requirements. Motivated by this observation, we design a fully distributed and locationbased TDMA scheduling scheme for VANETs networks, named DTMAC. The main goal of this work is to propose a MAC protocol that can provide fairness in accessing the transmission medium, as well as reduce access collision and merging collision under various conditions of vehicular density without having to use expensive spectrum and complex mechanisms such as CDMA or OFDMA. An analytical model of the average access collision probability and throughput are derived which can be used to evaluate the performance of DTMAC protocol as well as to validate the simulation results under different traffic conditions.

I. INTRODUCTION

Increasing road traffic accidents in the world have motivated the evolution of Intelligent Transportation Systems (ITS) and other applications to improve road safety and driving comfort. A communication network, called Vehicular Ad-hoc NETwork (VANET) in which the vehicles are equipped with wireless devices has been developed to make these applications possible. In a VANET, communications can either be Vehicle To Vehicle (V2V) or Vehicle To Infrastructure (V2I) [START_REF] Hadded | Tdma-based mac protocols for vehicular ad hoc networks a survey, qualitative analysis and open research issues[END_REF]. Based on these two types of communications, a VANET can support a wide range of applications for safety (such as dangerous situation detection), for infotainment (such as Internet access and data exchange) and for traffic management (such as vehicle traffic optimization).

Motivated by promising applications of VANET network, The Federal Communication Commission (FCC)

[2] has established a wireless protocol similar to WiFi, called Dedicated Short Range Communications (DSRC) [START_REF] Jiang | Design of 5.9 ghz dsrc based vehicular safety communication[END_REF] in order to make V2V communication an effective reality. The DSRC radio technology is defined in the frequency band of 5.9 GHz with a total bandwidth of 75 MHz. This band is divided into 7 channels of 10 MHz for each one. These channels comprise one Control CHannel (CCH) reserved for the exchange of periodic and high priority messages and 6 Service CHannels (SCHs) dedicated to data transmission.

Since the safety applications in VANET network have stringent QoS requirement, an efficient Medium Access Control (MAC) protocol that can provide a broadcast service with bounded access delays and minimum transmission collision is required. Recently, MAC protocols, notably those that are based on the TDMA technique are used to enable multiple vehicles to use the same frequency channel without interfering with other vehicles [START_REF] Hadded | Tdma-based mac protocols for vehicular ad hoc networks a survey, qualitative analysis and open research issues[END_REF]. The TDMA principle consists in allocating the bandwidth to all the vehicles by dividing the time into different frames and each frame is divided into several time slots. Each vehicle can access the channel during its dedicated time slot to send data messages, while it can only receive during the time slots reserved for other vehicles. However, many issues arise due to the high vehicle mobility in VANETs which can affect the performance of these protocols. Therefore, the scheduling mechanisms in TDMA based MAC protocols should take into consideration the mobility features of VANETs so as to avoid collisions. In this paper, we propose a completely Distributed and infrastructure free TDMA based MAC protocol (DTMAC) which exploits the linear feature of topology in VANET network. This protocol is based on VeMAC protocol which has been recently proposed for VANET network. DTMAC uses the vehicular location information sufficiently to help the vehicles access the channel in an efficient way, so as to solve the collision problem caused by high mobility of nodes and to reduce the access delay.

The rest of the paper is organized as follows. In Section 2, we review related work. Section 3 describes the system models and presents the TDMA problems that may occur in a fully distributed VANET due to the high mobility of nodes. Section 4 describes our TDMA based MAC protocol, called DTMAC and how it solves the hidden node problem without having to use complex wideband mechanisms such FDMA or CDMA. An analytical model for the average access collision probability and throughput are presented in Section 5. The parameters tuning problem of DTMAC is formulated as a multi-objective optimization problem in Section 6. Finally, conclusions and future work are reported in Section 7.

II. RELATED WORK

Generally, MAC protocols fall into one of two broad categories: contention-based and contention-free. In contentionbased protocols, each node can try to access the channel when it has data to transmit using the carrier sensing mechanism [START_REF] Ye | Congestion control to achieve optimal broadcast efciency in vanets[END_REF]. The IEEE 802.11p [START_REF]IEEE standard for information technology -Telecommunications and information exchange between systems -local and metropolitan area networks -specific requirements part 11 : Wireless LAN medium access control (MAC) and physical layer (PHY) and physical layer (PHY) specifications amendment 6 : Wireless access in vehicular environments Std[END_REF], which is the emerging standard deployed to enable vehicular communication, is a Contentionbased MAC protocol, using a priority-based access scheme that employs both Enhanced Distributed Channel Access (EDCA) and Carrier Sense Multiple Access with Collision Avoidance (CSMA/CA) mechanisms [START_REF] Uzcátegui | Wave: A tutorial[END_REF]. Since the IEEE 802.11p standard is a Contention-based MAC, it cannot provide reliable broadcast mechanism with bounded communication delay. This disadvantage is particularly important in VANETs which are specially designed to improve road safety.

In Contention-free MAC protocols, only one vehicle can access the channel at any given time. Therefore, these protocols provide collision-free transmission with bounded access delay for real-time applications. In [START_REF] Lu | Dmmac : A dedicated multichannel mac protocol design for vanet with adaptive broadcasting[END_REF], the authors propose Dedicated Multi-channel MAC (DMMAC) protocol which is an alternative to the IEEE 802.11p standard. DMMAC has an adaptive broadcasting mechanism providing collisionfree and delay-bounded transmissions for safety applications under various traffic conditions. The DMMAC architecture is similar to IEEE 802.11p with the difference that, the CCH Interval is divided into an Adaptive Broadcast Frame (ABF) and a Contention-based Reservation Period (CRP). The ABF period consists of time slots, and each time slot is dynamically reserved by a vehicle as its Basic Channel (BCH) for collision-free delivery of safety messages or other control messages. DMMAC implements a dynamic TDMA mechanism for BCH reservation based on the distributed access technique R-ALOHA (Reliable R-ALOHA [START_REF] Borgonovo | Rr-aloha, a reliable r-aloha broadcast channel for ad-hoc inter-vehicle communication networks[END_REF]). The length of the ABF frame is not uniform in the entire network. Each vehicle dynamically adjusts its ABF length according to its neighbors. Omar et al. developed and evaluated in [START_REF] Zhuang | Vemac: A novel multichannel mac protocol for vehicular ad hoc networks[END_REF], [START_REF] Omar | Evaluation of vemac for v2v and v2r communications under unbalanced vehicle traffic[END_REF], [START_REF]Vemac: A tdma-based mac protocol for reliable broadcast in vanets[END_REF] a contention-free multi-channel MAC protocol proposed for VANETs. In contrast to DMMAC, VeMAC is completely contention-free. This protocol supports efficient one-hop and multi-hop broadcast services on the control channel without the hidden terminal problem caused by node mobility. These broadcast services are presented in [START_REF] Borgonovo | Adhoc mac: new mac architecture for ad hoc networks providing efficient and reliable point-to-point and broadcast services[END_REF] for ADHOC MAC. VeMAC reduces the merging collision rate by assigning disjoint sets of time slots to vehicles moving in opposite directions (Lef t, Right) and to Road Side Units (RSUs). An efficient MAC approach called, ATSA [START_REF] Weidong | Adaptive tdma slot assignment protocol for vehicular ad-hoc networks[END_REF] which is an improvement of the previously proposed MAC protocol based on the VeMAC protocol is named the Decentralized Adaptive TDMA Scheduling Strategy DATS [START_REF] Ke | A decentralized adaptive tdma scheduling strategy for vanet[END_REF]. Like VeMAC, ATSA divides the frame into two sets of time slots Lef t and Right. However in ATSA, when a vehicle accesses the network, it chooses a frame length and competes for one of the time slots available for its direction. Moreover the frame length is dynamically doubled or shortened based on the binary tree algorithm, and the ratio of two slot sets is adjusted to decrease the probability of transmission collisions.

The design of distributed TDMA based MAC protocols for VANETs should consider mobility (i.e., the slots scheduling mechanism should be periodically aware of the neighbors' slot allocation), scalability (i.e., they should scale under different traffic load conditions), and fairness (i.e., all the vehicles have equal access to the medium during a fixed time interval), Packet loss (i.e, hidden nodes and access collision) [START_REF] Hadded | Tdma-based mac protocols for vehicular ad hoc networks a survey, qualitative analysis and open research issues[END_REF]. In this paper, a distributed and infrastructure free TDMA based MAC protocol (DTMAC) is proposed to address above problems. In DTMAC, the road is dissected into small fixed areas in which the time slots will be reused between them in such a way any vehicles in different adjacent areas access to the channel at the same time and thus no interference will occur.

III. SYSTEM MODEL AND TDMA PROBLEM STATEMENT

A. System Model

The VANET network in highway scenario consists of a set of vehicles moving in opposite directions and under different traffic conditions (speed, density). DTMAC is based on the assumption that each vehicle in a VANET is equipped with a GPS (Global Positioning System) or a GALLILEO receiver that also allows it to obtain an accurate real-time three-dimensional geographic position (latitude, longitude and altitude), direction, speed and exact time. Moreover, the synchronization among vehicles may be performed by using GPS timing information. Each road is dissected into small fixed areas (see Figure 2). Note that the area size depends on the transmission range of vehicles (around 1000 m). DTMAC is based on VeMAC protocol, such that the channel time is partitioned into frames and each frame is further partitioned into two sets Lef t and Right. In the next section, we will explain in details the slot scheduling mechanism in DTMAC and we will show how this protocol can provide an efficient time slot utilization for the participating vehicles while minimizing transmission collisions due to the hidden node problem.

B. TDMA Problem Statement

When a distributed scheme is used to allocate a time slot, two types of collision can occur [START_REF] Borgonovo | Impact of user mobility on the broadcast service efficiency of the adhoc mac protocol[END_REF]: access collision between vehicles trying to access the same available time slots, and merging collisions between vehicles using the same time slots. When the traffic density is high, the rate of access and merging collisions will increase rapidly which will lead to inefficient channel utilization and high access delay for safety application.

An access collision problem occurs when two or more vehicles within the same two-hop neighborhood set attempt to access the same available time slot. This problem is likely to happen when a distributed scheme is used. On the other hand, merging collisions occur when two vehicles in different two-hop sets accessing the same time slot become members of the same two-hop set due to changes in their position. Generally, in VANETs, merging collisions are likely to occur in the following cases:

• Vehicles moving at different speeds.

• Vehicles moving in opposite directions.

• There are RSUs installed along the road. Figure 1 shows an example of the second case of the merging collision problem, when vehicle B in the first twohop set moving in the opposite direction to vehicle E in the second two-hop set is using the same time slot as B. Since B and E become members of the same two-hop set, a collision occurs. 

IV. DISTRIBUTED AND INFRASTRUCTURE FREE TDMA BASED MAC PROTOCOL

A. DTMAC Preliminaries

We propose a completely distributed and infrastructure free TDMA scheduling scheme which exploits the linear feature of topology in VANET network. Indeed, the vehicles motions in highway environment are linear due to the fact that their movements are constrained by the road topology. Our scheduling mechanism is also based on the assumption that each road is dissected into small fixed areas, denoted by x i , i = 1, . . . , N (see Figure 2).

The time slots in each TDMA frame are equally partitioned into two sets Lef t and Right, associated with the vehicles that are moving on the left and right direction, respectively (see Figure 3). Moreover, the Lef t and Right sets are further divided into three sets associated with vehicles in three contiguous areas: S 0 , S 1 and S 2 , receptively (see Figure 3). Each frame consists of a constant number of time slots, denoted by T and each time slot is of a fixed time duration, denoted by s. Each vehicle can detect the start time of each frame as well as the start time of a time slot. In the studied VANET network, all vehicles are equipped with a Global Position System (GPS) and thus the one-Pulse-Per-Second (1PPS) signal that a GPS receiver gets every second from GPS satellites can be used for slot synchronization. To prevent the collision on the transmission channel, our TDMA scheduling mechanism requires that every packet transmitted by any vehicle should contain additional information, called Frame Information (FI). The FI consists of a set of ID Fields (IDFs) of size equal to the number of time slots per frame, T . Each IDF is dedicated to the corresponding time slot of a frame. The basic FI structure is shown in Figure 4. Each time slot is dynamically reserved by an active vehicle (the vehicle whose communication device is working) for collision-free delivery of the safety messages or other control messages. The Node ID field contains the ID of the vehicle that is accessing this slot. Each vehicle is identified by its MAC address as well as an integer number. The Status field contains the status of each slot which indicates whether the slot is Idle, Busy or Collides. Finally, the Type field indicates the type of the packet transmitted by the corresponding vehicle, i.e. periodic information or event-driven safety messages.

B. TDMA slot scheduling mechanism

Our distributed TDMA scheduling mechanism uses the vehicular location information sufficiently to help the vehicles access the channel in an efficient way. As in VeMAC protocol, the channel time is partitioned into frames and each frame is further partitioned into two sets Lef t and Right. Furthermore, each half frame is partitioned into three sets of time slots S 0 , S 1 , and S 2 . These sets are associated with vehicles moving in the areas x i , x i+1 , and x i+2 , respectively. As shown in Figure 2, by dividing the time slots reserved for each direction into three sets, the vehicles v 1 and v 3 that are moving within the two areas x 1 and x 3 , respectively, can not transmit simultaneously to the vehicle v 2 because they are accessing disjoint sets of time slots. Therefore, our TDMA scheduling mechanism can decrease the rate of collision due the hidden node problem in VeMAC caused by node mobility. In each area, the vehicles access to the time slots associated to their locations and mobility direction with the same probability. In the next, we assume the following notations:

• S i (x):
The set of time slots associated to the direction and the area in which the vehicle x is traveling.

• N (x): The set of neighbors1 of vehicle x on the transmission channel.

Every active vehicle in the network should a fixed slot in the frame for safety messages or other control packets delivery. It is obvious that a vehicle's slot cannot be reused by any neighboring vehicles within the same area as well as in the adjacent areas, otherwise collisions will occur. The goal of this work is to propose an efficient slot reuse algorithm along the road without having to use expensive spectrum and complex wideband mechanisms such FDMA or CDMA. In fact, the three subsets of time slots will be reused between neighboring areas in such a way any vehicle in different adjacent areas access to the channel at the same time and thus no interference will occur. Suppose an active vehicle x needs to acquire a time slot on the transmission channel. The vehicle x starts listening to the channel during the set of time slots reserved for its direction and for its area in which is traveling, S i (x).

• Each vehicle that hears exactly one node transmission in a time slot reserved to its location and mobility direction, it will set the status of the slot to busy and record the ID of the vehicle accessing the channel at this time slot in the corresponding Node ID field.

• Each vehicle that receives multiple FIs from different vehicles during the same time slot, it will consider that the slot is occupied by more than one vehicle and sets its status as collide.

• If the vehicle does not hear anything during a specific time slot, it will set its status as free.

At the end of the frame, the vehicle x can determine the set N (x) and the set of busy slots in S i (x) used by each vehicle i ∈ N (x), denoted by P (x). In order to avoid any collision problem, this set of time slots are prohibited from being reused by any other vehicle in neighboring areas. Therefore, the vehicle x can determine the set of available time slots V (x) and then attempts to allocate one of them randomly, say time slot k.

Algorithm 1 outlines the details of the frame information formation. In the algorithm, i is the index of the area on which a vehicle is traveling. If no other vehicle is moving in the same area of vehicle x attempts to acquire a time slot k, then no access collision happens. In this case, the attempt of vehicle x is successful and all nodes i ∈ N (x) add vehicle x to their sets N (i) and record that vehicle x is using time slot k. However, if at least one node within the same area of vehicle x accesses Algorithm 1 FI formation Input S i (x) : the set of time slots that the vehicle x can reserve. α i , β i : are the index of the first and the last slot of the set S i (x), respectively.

1: for each slot index s = α i to β i do 2:

if only one vehicle j is heard in the slot s then if more than one vehicle are heard in the slot s then end if 12: end for time slot k, then all the transmissions fail and the time slot k is not acquired by any of the contending vehicles. In this case, the vehicle x will discover that its attempt was unsuccessful as soon as it receives a packet from any node i ∈ N (x) indicating that vehicle x / ∈ N (i). Vehicle x then re-accesses one of the time slots in V (x), and so on until all nodes i ∈ N (x) indicate that node x ∈ N (i) and announce the time slot accessed by vehicle x. However, when accessing collision happens among the vehicles that are moving in the same area, the probability of access collision in the next reservation is maximized since the choice of each colliding vehicle x will be limited in the new set V (x). In order to ensure channel access continuity, each vehicle should determine the expected available time slots on the set of time slots associated with the next area before leaving its current area in which is traveling. In fact, when a vehicle is using a given time slot in the set S i , it should allocate an available time slot on the set S (i+1)%3 as its future time slot before leaving its current area (i.e., dist x mod R ≈ 0), where dist x is the distance traveled by the vehicle x and R is the communication range. Algorithm 2 outlines the details of the slot reservation. It is executed by each vehicle which needs to reserve a time slot. Go back to 4 13: end if V. ACCESS COLLISION PROBABILITY AND THROUGHPUT ANALYSIS this section, the model of the average access collision probability and throughput are derived. In this work, we assume that the VANET scenario taken into account is a twoway highway of length equal to L. We assume that every area in the road has a unique index number such as 1, 2, . . . , N . The probability which the vehicle in the i -th area decides to access the available j -th time slot reserved for its direction and location is denoted by p ij . Such as the probability of the vehicle in the fourth area accessing the 7-th slot is denoted by p 47 . First of all, we calculate the access collision probability where a vehicle appears in every area tries to access an available time slot.

• A i : Actual number of active vehicles in a given area x i .

• T : Number of time slots.

• P aci : the access collision probability of the vehicle in area x i accessing channel.

• α i , β i : The indexes of the first and the last time slots reserved for the area x i .

The access collision probability of a vehicle in area A 1 can be founded as:

P ac1 = 1 -P nac1 (1) 
P nac1 = β1 ∑ j=α1 p 1j * A1 ∏ k=2 (1 -p 1j ) (2) 
where P ac1 denotes the access collision probability in area x 1 and in a given time slot, while P nac1 denotes the non-access collision probability in area x 1 and in a given time slot.

Based on the above derivation, the expression of total access collision probability of the vehicle in all locations can be given by:

P act = 1 -P nact ( 3 
)
P nact = N ∑ i=1 P naci = N ∑ i=1 βi ∑ j=αi p ij * Ai ∏ k=2 (1 -p ij ) (4) 
where, P act represents the total access collision probability of the vehicle in the studied highway accessing the channel, P nact represents the total non-access collision probability of the vehicle in the studied highway accessing the channel.

P aver-ac = 1 T * P nact (5) 
P aver-ac represents the average access collision probability of the vehicle in the studied highway accessing the channel.

The throughput estimated by the average rate of messages successfully transmitted over the channel. The average throughput is obtained by: T H aver = C T * P nact [START_REF] Uzcátegui | Wave: A tutorial[END_REF] where, T H aver denotes the average throughput, C denotes the total channel capacity of the bandwidth.

VI. DTMAC QOS OPTIMIZATION

The channel time is partitioned into frames and each frame is divided into T slots. Moreover, the road is dissected into N small fixed areas. This means that, there may exist access collision when multiple vehicles try to access to the same time slot at the same time. We are motivated to design an optimal TDMA based MAC protocol with minimal access collision probability and high throughput. According to ( 4) and ( 6), we can note that the access collision probability and the throughput are dependent on the input parameters of DTMAC (i.e., T, N, α i and β i ). We are motivated to optimize the parameters of DTMAC to design an optimal TDMA based MAC protocol with minimal access collision probability and high throughput. Therefore, the DTMAC QoS optimization can be formulated as multi-objective optimization problem whose inputs are the DTMACs parameters and whose objectives are: Reducing the access collision probability, and maximizing the throughput;

The objective functions and the constraint conditions of the optimization problem can be written as:

(1) Objective functions: (2) Constraint conditions:

(s.t.)

         βi ∑ j=αi p ij = 1 ∀ i = 1 . . . N 0 ≤ p ij ≤ 1 ∀ i = 1 . . . N, ∀ j ∈ [α i , β i ] α i < β i < T ∀ i = 1 . . . N

VII. CONCLUSION

The Design of efficient TDMA based MAC protocols is an important issue in VANETs due to the rapid changes in network topology and the lack of infrastructure. In this paper, we propose a completely distributed and infrastructure free TDMA scheduling scheme, named DTMAC which exploits the linear feature of topology in VANET The ways that slots are scheduled and reused between vehicles are designed to avoid the transmission collision caused by the hidden node problem. Analytical models of the average access collision probability and throughput are proposed. Moreover, the parameters tuning of DTMAC is formulated as a multiobjective optimization problem in order to find the optimal parameters that optimize the QoS of DTMAC protocol in terms of access collision and throughput. In our future work, we will evaluate the performance of DTMAC in realistic VANET mobility scenarios by using SUMO/MOVE and ns2 and we will provide simulations results and analysis. Moreover, we plan to compare the simulation results founded by ns2 with those that will be founded by the analytical model.
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  Algorithm 2 Slot reservation 1: Determine driving direction and area x i . 2: Determine the set of time slots S i associated with the areax i . 3: Determine the available time slots V . 4: if V ̸ = {⊘} then

	5:	Randomly reserve an available time slot k.
	6: end if
	7: if All the received FIs in the next frame indicate that the
		slot k has been reserved by the vehicle x then
	8:	Successf ul ← 1
	9: else // There is other vehicle within its area x i reserving
		the same slot k
	10:	Successf ul ← 0
	11:	Release the time slot k
	12:	

The set of neighbors is the set of vehicles that are moving within the same area.